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Preface

Childhood is a critical period for the development of a healthy lifestyle and the prevention

of chronic diseases in adulthood. However, rapid changes in lifestyle and dietary behaviors have

significantly increased the risk of diet-related chronic diseases in children. In recent years, the

prevalence of diseases such as obesity and hypertension has been increasing and unhealthy lifestyles

are becoming an epidemic, posing a potential future burden of adult chronic disease. Therefore, it

is important to assess children’s health behaviors and reduce the risk of chronic non-communicable

diseases in early adulthood. This book contains studies on dietary and lifestyle behavioral factors

associated with healthy child development.

This book is dedicated to increasing and updating our knowledge of the association between

dietary quality/diversity and childhood diseases. It is focused on food variety, such as a high fruit

and vegetable intake, and the importance of healthy diet patterns in preventing chronic diseases in

children. The book also explores the impact of other lifestyles, such as digital screen time, physical

activity, and sedentary behavior on children’s metabolic diseases. Finally, to evaluate the lifestyle

of children, including nutrition, this book provided various tools and methods which could help

with the assessment of children’s health. It provides the foundation of scientific knowledge for the

interpretation and evaluation of future advances in child nutrition and healthy development.

Readers interested in a broad perspective of dietary factors and the involvement of healthy

lifestyle factors in the prevention and management of childhood non-communicable chronic diseases

will find this book interesting as it explores state-of-the-art discoveries and new research directions.

We thank the authors for submitting their manuscripts and for returning their revisions in time.

We also thank the reviewers for their hard work in publishing this book. We also received great

support from the Editorial Office of Nutrients, which substantially reduced the workload of the Guest

Editors. The combined efforts of everyone made this book possible.

Zhiyong Zou

Editor
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Dietary, Lifestyle, and Children Health

Xiaoran Yu and Zhiyong Zou *

Institute of Child and Adolescent Health, School of Public Health, Peking University, Beijing 100191, China;
yuxr0811@outlook.com
* Correspondence: harveyzou2002@bjmu.edu.cn

Childhood is a critical period for the development of a healthy lifestyle and the
prevention of chronic diseases in adulthood. However, the prevalence of childhood obesity
is increasing and unhealthy lifestyles are becoming an epidemic, posing a potential future
burden of adult chronic disease. Therefore, in order to assess children’s health behaviors
and to reduce the risk of chronic non-communicable diseases in early adulthood, this
Special Issue of Nutrients, “Dietary, Lifestyle, and Children Health”, features 28 original
studies and 3 systematic reviews on dietary or other lifestyle behavioral factors about
children or adolescents. These findings may help to broaden our knowledge and to open
up new research directions.

Dietary quality and diversity are as essential to human health as air is to human
life. The study by Callum Regan [1] indicated that higher diet diversity and increased
fruit and vegetable consumption could be a strategy to improve health-related quality
of life among adolescents. Three papers in this Special Issue explored the relationship
between vegetable and fruit intake, and childhood illness. These studies reported that
moderate fruit consumption was associated with lower odds of lipid disorders [2] and that
high fruit and vegetable intake (FVI) could reduce asthma-related illness [3]. However,
insufficient FVI and low potassium intake aggravate early renal damage in children [4].
Cereals are a major source of dietary energy and a good source of many micronutrients
and dietary fiber. The article by Xiaotong Wang and Tongtong He [5] found that high
soy food intake (>3 times/week) was significantly associated with a lower prevalence of
some chronic diseases in southern Chinese children. In addition to the child’s own diet
behavior, maternal healthy lifestyle factors are associated with their offspring’s health.
Dietary patterns during pregnancy were found by Siyuan Lv and Rui Qin to possibly have
cumulative effects on an offspring’s neurodevelopment [6]. Regarding lactation, there
is clear evidence of the importance of breastfeeding, compared with formula feeding, in
the protection against chronic diseases. However, research by Jiajia Dang confirmed that
prolonged breastfeeding (≥12 months) is detrimental and associated with an increased risk
of offspring obesity [7].

Healthy diet patterns have a positive effect on the prevention of chronic non-communicable
diseases in children. Given the malnutritional problems prevalent among children and
adolescents, health education focusing on behavior intervention and nutrition education
are necessary for containing nutritional problems among children [8]. An important prereq-
uisite for better regulation of children’s diets is the monitoring and assessment of children’s
dietary behavior. In this Special Issue, a systematic review written by Anne Krijger [9]
explored many dietary and lifestyle screening tools, however, with poor prospects for the
application of these screening tools. There is a need for an easy-to-administer screening
tool for children in order to improve a child’s lifestyle at an early age. Additionally, in this
Special Issue, Sheng Ma [10] first described the most commonly consumed food items, in
terms of 29 food groups, nationally and by province and developed a low-burden, food
group-based diet quality questionnaire (DQQ) for China to evaluate diet quality at the pop-
ulation level. Immediately afterward, Huan Wang et al. [11] confirmed that DQQ could be
a valid tool to assess diet quality for Chinese children and adolescents. The Mediterranean
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diet is one of the dietary patterns with the healthiest outcomes, which has a positive role in
protecting people from chronic non-communicable diseases. A longitudinal study found
that children who adhere well to the Mediterranean diet have a lower risk of transient
glomerular impairment [12]. Another randomized pilot trial indicated that a nutritional
intervention based on the Mediterranean diet helps to reduce high glycated hemoglobin
(HbA1c) and insulin levels and, therefore, to reduce the prevalence of prediabetes [13].
Their findings further underscore the necessity of early development of a healthy diet
and contribute to providing some basis for establishing a targeted dietary intervention for
children with certain diseases.

In addition to healthy dietary patterns, other lifestyle factors, including a healthy body
mass index, regular exercise, no smoking, and sufficient sleep duration, are associated
with a lower incidence of chronic non-communicable diseases and longer life expectancy.
Two papers in this Special Issue focus on the impact of sedentary behavior and digital
screen time on chronic disease risk. First, the study by Ning Yin [14] indicated that higher
sedentary behavior time is associated with a higher risk of metabolic syndrome components
among children aged 6–14. Moreover, Agata Rockad et al. [15] surveyed the parents of
preschool and school-aged children during the COVID-19 blockade in Poland and found
that the majority of children were exposed to screens during meals, which is a risk factor of
obesity. Additionally, it may negatively affect physical activity. This suggests an urgent
need to develop effective strategies to limit excessive screen time and promote healthy
eating habits and physical activity in children.

To summarize, the studies featured in this Special Issue are critical in identifying and
assessing dietary factors, as well as other healthy lifestyle factors during childhood and
adolescence. These findings not only will help to regulate eating behaviors and to improve
the quality of children’s diet but also will help healthcare professionals to manage healthy
behaviors in children, thereby reducing the prevalence of childhood chronic diseases.

Author Contributions: Writing—original draft preparation, X.Y.; writing—review and editing, Z.Z.
and X.Y.; supervision, Z.Z.; funding acquisition, Z.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: National Natural Science Foundation of China (82073573).
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Lifestyle Screening Tools for Children in the Community
Setting: A Systematic Review

Anne Krijger 1,2,*, Sovianne ter Borg 3, Liset Elstgeest 2,4, Caroline van Rossum 3, Janneke Verkaik-Kloosterman 3,

Elly Steenbergen 3, Hein Raat 2 and Koen Joosten 1

1 Department of Pediatrics and Pediatric Surgery, Erasmus MC-Sophia Children’s Hospital,
University Medical Center Rotterdam, 3000 CB Rotterdam, The Netherlands; k.joosten@erasmusmc.nl

2 Department of Public Health, Erasmus MC, University Medical Center Rotterdam,
3000 CA Rotterdam, The Netherlands; l.elstgeest@erasmusmc.nl (L.E.); h.raat@erasmusmc.nl (H.R.)

3 National Institute for Public Health and the Environment, 3720 BA Bilthoven, The Netherlands;
sovianne.ter.borg@rivm.nl (S.t.B.); caroline.van.rossum@rivm.nl (C.v.R.); janneke.verkaik@rivm.nl (J.V.-K.);
elly.steenbergen@rivm.nl (E.S.)

4 Reinier Academy, Reinier de Graaf Hospital, 2600 GA Delft, The Netherlands
* Correspondence: j.j.a.krijger@erasmusmc.nl; Tel.: +31(0)6-2461-2722

Abstract: Screening of children’s lifestyle, including nutrition, may contribute to the prevention of
lifestyle-related conditions in childhood and later in life. Screening tools can evaluate a wide variety
of lifestyle factors, resulting in different (risk) scores and prospects of action. This systematic review
aimed to summarise the design, psychometric properties and implementation of lifestyle screening
tools for children in community settings. We searched the electronic databases of Embase, Medline
(PubMed) and CINAHL to identify articles published between 2004 and July 2020 addressing lifestyle
screening tools for children aged 0–18 years in the community setting. Independent screening and
selection by two reviewers was followed by data extraction and the qualitative analysis of findings.
We identified 41 unique lifestyle screening tools, with the majority addressing dietary and/or lifestyle
behaviours and habits related to overweight and obesity. The domains mostly covered were nutrition,
physical activity and sedentary behaviour/screen time. Tool validation was limited, and deliberate
implementation features, such as the availability of clear prospects of actions following tool outcomes,
were lacking. Despite the multitude of existing lifestyle screening tools for children in the community
setting, there is a need for a validated easy-to-administer tool that enables risk classification and
offers specific prospects of action to prevent children from adverse health outcomes.

Keywords: screeners; nutrition; physical activity; sedentary behaviour; lifestyle risk; obesity

1. Introduction

A healthy lifestyle is essential for optimal growth and development as well as for
later-life health of children [1,2]. The World Health Organization proposed the concept of a
healthy lifestyle to be ‘a way of living that lowers the risk of being seriously ill or dying
early’ [3]. A large number of factors can be considered as lifestyle. In children, nutrition,
physical activity (PA), sedentary behaviour and sleep are lifestyle factors that were found
to be associated with health outcomes [4–7]. Overweight, obesity and other cardiovascular
risk factors are common consequences of an unhealthy lifestyle and may already appear
during childhood [4]. The adequate evaluation of children’s lifestyle can contribute to
preventive actions that combat the increasing prevalence of lifestyle-related conditions.

To evaluate the lifestyle of children, including nutrition, various tools can be used.
Two groups of lifestyle tools can be distinguished: lifestyle assessment tools and lifestyle
screening tools [8]. Lifestyle assessment tools, such as food frequency questionnaires,
3-day food diaries and physical activity trackers, are used to examine the child’s behaviour
and/or characteristics in detail. To be of service to youth healthcare, which has a preventive

Nutrients 2022, 14, 2899. https://doi.org/10.3390/nu14142899 https://www.mdpi.com/journal/nutrients
5



Nutrients 2022, 14, 2899

function but limited consultation time, this paper focuses on lifestyle screening tools that
identify risk (factors) on an individual level. Lifestyle screening tools usually comprise
more general items than lifestyle assessment tools, are used for quick evaluation and
assign a certain value to the lifestyle behaviour and/or characteristics of the child. In
practice, a commonly used method for this is a short questionnaire. Outcomes of lifestyle
screening tools may vary; they can, for example, result in an overall lifestyle score or
highlight areas for improvement (‘red flags’). Given the rapid value judgment, lifestyle
screening tools can be helpful in clinical practice or community screening. Here, they
can serve as a basis to enter into dialogue with the parents or provide advice for further
actions, for instance, referral to a dietitian or starting an intervention. Next to the design
characteristics of lifestyle screening tools (such as the number of items, covered topics
and intended target group), the psychometric properties (i.e., reliability and validity) and
implementation methods (such as the manner in which the outcomes or advice for further
action are formulated (prospects of action)), practical application and tool format (online,
on paper, etc.) are likely to affect the usability and effectiveness of such screening tools.

Reviews specifically on nutrition screening tools for children have mainly focused on
tools developed for hospital settings [9–13]. A recently published systematic review by
Becker et al. targeted the reliability and validity of nutrition screening tools for children up
to 18 years of age, including tools for the community setting [14]. The community health
care setting, represented by preventive and primary health care services, is the perfect place
for the usage of lifestyle screening tools. This is because most children with a suboptimal
lifestyle reside in the community setting and will not be admitted to a hospital. A thorough
overview of existing lifestyle screening tools for children aged 0–18 years in the community
setting, not limited to nutrition, is yet lacking.

Therefore, our systematic review aims to comprehensively describe lifestyle screening
tools for children in the community setting. The present study is embedded in a Dutch
governmental project that intends to develop a lifestyle screening tool for children aged
0–4 years. This screening tool will ultimately lead to timely measures to prevent children
from negative lifestyle-related health outcomes. The specific questions to be addressed
within our review are:

(1) What lifestyle screening tools for children in the community setting are available?
(2) What are the main features of these lifestyle screening tools regarding design, psycho-

metric properties (i.e., reliability and validity) and implementation?

2. Materials and Methods

This systematic review is reported as indicated in the Preferred Reporting Items for
Systematic reviews and Meta-Analyses (PRISMA) guideline [15]. An a priori systematic
review protocol was developed (available upon request).

2.1. Search Strategy

We performed systematic searches in the electronic databases of Embase, Medline
(PubMed) and CINAHL to identify articles addressing lifestyle screening tools for children
in the community setting, published between January 2004 and July 2020. Based on the
study objectives, the PICO model [16] was used to further specify the search strategy. The
population (P) was defined as children up to 18 years of age in the community setting, the
intervention/exposure (I) as lifestyle screening tools and the outcomes of interest (O) as
indicators of an unhealthy lifestyle. We did not include a comparison to a control group (C)
as we did not study an intervention effect. Search strings were developed with assistance
from a librarian. Search terms were divided into the categories ‘child’, ‘screening’ and
‘lifestyle’, which were combined with ‘AND’. Emtree terms and MeSH terms were used
to identify relevant articles (Supplementary file S1). Search filters to restrain the results
to humans and English or Dutch language were applied. The search strategies were not
limited to specific lifestyle factors.

6
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As nutrition is such an eminent part of lifestyle, we performed additional literature
searches focusing on nutrition screening tools. Hence, we updated the searches by Becker
et al. and an exploratory systematic search that was conducted in 2019 (unpublished
research, for details, see Supplementary file S1). Similar to the broader search on lifestyle
screening tools, filters to limit the results to humans and English or Dutch language
were applied.

Full details on the search strings are provided in Supplementary file S1. Search results
were exported to EndNote X9 reference management software and deduplicated.

2.2. Eligibility Criteria

For the inclusion of an article, the following predefined criteria had to be met:

1. The study described a screening tool to identify lifestyle risk (factors) on an individual
level for

2. children up to 18 years of age in
3. the community setting.
4. The tool had to be applied by a parent/caregiver, health professional (e.g., physician,

nurse) or by the child him- or herself, and
5. the study was published in English or Dutch
6. between January 2004 and July 2020.

Exclusion criteria comprised:

1. studies reporting on lifestyle questionnaires, with a purpose other than screening
for lifestyle risk (factors) on an individual level (e.g., general questionnaires in na-
tional surveys);

2. studies on lifestyle assessment tools (e.g., (derivatives of) food frequency question-
naires, diet quality scores, anthropometry);

3. studies on a single specific lifestyle or nutrition factor (e.g., solely screen time or
vegetable intake);

4. studies reporting prevalence rates of malnutrition or growth charts as a measure of
nutrition risk;

5. tools to identify eating disorders;
6. tools developed for hospital settings or specific patient groups;
7. commentaries and conference abstracts.

2.3. Screening, Selection and Data Extraction

Applying the abovementioned inclusion and exclusion criteria, two reviewers (A.K.
and S.t.B.) independently screened titles and abstracts of the obtained articles. Thereafter,
they selected the relevant articles based on full texts according to the same inclusion
and exclusion criteria. Additionally, articles included in the review of Becker et al. [14]
and identified with the exploratory search on nutrition screening tools were checked
for eligibility. Discrepancies in opinion on inclusion by the reviewers were resolved by
discussion until consensus or in consultation with a third reviewer (L.E.). A.K. and S.t.B.
then extracted the data from the included studies. Reported general information (reference,
title), study characteristics (study objective, study year, country of origin, study design,
sample size, age, outcome measures, results) and tool characteristics (tool name, tool
aim, target population, person administered, administer duration, administer frequency,
administer method, addressed domains, number of items, response format, tool outcome,
prospect of action, strengths, limitations) were entered into a predesigned data extraction
table. The usability of the data extraction table was tested beforehand by extracting data
from 10% of the articles in duplicate by A.K. and S.t.B.. Articles reporting on the same tool
were grouped. Articles covered in included reviews were also assessed for eligibility.
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2.4. Data Analysis

By summarising the characteristics of the included studies and corresponding lifestyle
screening tools, we performed an initial data synthesis. Subsequently, qualitative analysis
was performed by tabulating and assorting by specific features, such as target age (tod-
dlers, 1–3 years old; preschoolers, 3–5 years old; school age, 6–12 years old; adolescents,
13–18 years old), number of tool items and prospects of action. This enabled us to aggre-
gate the data further and to explore similarities and differences between the identified
screening tools.

3. Results

A total of 2698 articles were identified for screening (Figure 1). After the full-text
review of 105 articles, 48 met the inclusion criteria and were included in the qualitative
analysis. The most common reasons for exclusion were: not describing a screening tool
or describing a general questionnaire instead of a screening tool. We included two sys-
tematic reviews [14,17], yielding no additional screening tools for inclusion. The other
46 articles [18–63] described 41 unique screening tools. The majority of the included articles
reported on the development and validation of screening tools, whereas their implemen-
tation was rarely addressed. Studies were performed between 2001 and 2019 in sixteen
different countries (both Western and non-Western), with nearly half conducted in the
United States (n = 20).

Figure 1. PRISMA flowchart of methodology.
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3.1. Design of Screening Tools

Table 1 demonstrates various characteristics of the included lifestyle screening tools.
The majority of tools were developed to screen lifestyle behaviour and habits. Although
not always explicitly stated in the tool’s aim, articles mostly described that the tool focused
on factors associated with obesity risk. Ten screening tools were distinctively designed
for toddlers (1–3 years old) or preschoolers (3–5 years old) [18–31] and another nine for
school-aged children (6–12 y) [32–39]. Fourteen tools were described as either designed
for children in general or did not specify the children’s target age (0–18 y) [40–55]. Eight
tools were specifically designed for adolescents (13–18 y) [56–63]. The tools aimed at
toddlers and preschoolers were to be administered by parents or health care professionals.
Children of school age reported themselves (n = 6) or their parents did (n = 3). One tool
for children without specified age was divided into a part completed by the child and
a part completed by the parents [55]. Tools for adolescents only were exclusively self-
reported. Tools administered to parents could include proxy-reported items on the child
but also self-reported items regarding parents themselves, such as self-efficacy for a healthy
lifestyle or parental feeding practices. The number of items per tool ranged from 3 to
116, with a median of 22 items (interquartile range (IQR): 17, 34). No article described
the rationale for the number of items. All tools used multiple choice questions (some
combined with open questions), mainly on Likert-type scales. Two tools used visuals to
increase comprehensibility [30,37]. These visuals included portion sizes and images to
make the tool more appealing. The time needed to complete the tool was reported for only
thirteen tools [18–20,30,31,34,37–40,47,52,60,63]. From those who reported the time, the
time needed ranged from 3 [18–20] to 90 [37] minutes; six tools could be completed within
15 min [18–20,31,38,40,52].

Table 2 shows the encompassed lifestyle domains with specified items of the included
screening tools. Specification of the nutrition items is demonstrated in Table 3. The domains
covered most were nutrition (n = 39), PA (n = 25) and sedentary behaviour/screen time
(n = 21) (Figure 2). The median of the number of covered domains was three. Tools for
toddlers and preschoolers covered, with a median of two, fewer domains. All screening
tools intended for toddlers and preschoolers covered nutrition. None of the screening
tools specifically for toddlers included PA items, whereas, in other tools, PA was mainly
evaluated by estimating the frequency and duration per week. Sedentary behaviour was
not determined as such but evaluated with screen time as proxy. Sleep and hygiene were
included in four and five tools, respectively, mainly as sleep duration (n = 2) and dental care
(n = 4). Huang et al. included neighbourhood safety [55]; environmental factors in other
tools were generally related to nutrition and PA (e.g., parental modelling). As for the items
on nutrition, the intake of specific food groups, dietary habits and psychological factors
were predominantly evaluated (Table 3). Of all the tools that evaluated the consumption of
food groups (n = 27), most asked about vegetables (n = 25), fruits (n = 25), sugar-sweetened
beverages (n = 16) and unhealthy snacks/fast food (n = 16). Commonly addressed eating
habits were consuming breakfast (n = 9), eating at the table or while watching TV (n = 6)
and eating with the family together (n = 5). Psychological factors mainly included (parental)
beliefs and attitudes towards healthy eating. In addition, nutrition knowledge (n = 4) and
food costs (n = 2) recurred in several tools.
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Figure 2. Prevalence of most frequently covered domains. N.B. The total number of covered domains
exceeds the number of screening tools (n = 41) since most tools covered multiple domains.

3.2. Psychometric Properties

Table 4 demonstrates the validity and reliability outcomes of the included screening
tools as illustrated by the different studies. For a total of 39 tools, psychometric properties
were evaluated, whereas for two tools [36,61] they were not. The median sample size of
the studies showing psychometric properties comprised 277 participants (IQR: 145, 486).
Regarding reliability, Cronbach’s α, as a measure of internal consistency, and the intraclass
correlation coefficient (ICC), considering test–retest reliability, were assessed for 24 and
11 tools, respectively. Other measures of test–retest reliability, such as Cohen’s kappa (κ,
n = 4), Pearson’s correlation coefficient (r, n = 4) and Spearman’s rho (ρ, n = 2), were less
evaluated. In general, internal consistency was moderate [64], but due to heterogeneity
in the assessed concepts and tool aims, comparison between studies was not appropriate.
Test–retest reliability was also highly variable, with eight tools clearly reaching cut-offs for
‘sufficiency’ based on ICC or κ [22,23,25,26,28,31,52,55,63,65]. Regarding validity, features
of criterion validity were determined mostly. Criterion validity included sensitivity and
specificity (n = 6, e.g., to detect nutritional risk or obesity) as well as concurrent validity
(n = 31, e.g., association of tool score with body mass index (BMI)). Predictive validity was
not assessed for any tool. Specifically, the ‘NutricheQ’ was tested for sensitivity, specificity,
associations with food group intake and nutrient intake based on a 4-day weighed food
diary, and associations with BMI z-scores [18–20]. The other screening tools were validated
less extensively, usually comprising only one dimension of validity.
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3.3. Implementation

A total of 35 tools calculated a subscore and/or total score. Six tools defined score
cut-offs for the identification of risk [18–20,22,23,25–28,53]. Eighteen tools provided some
form of a prospect of action following the answers given. Two of these tools [32,40] based
their prospects of action on highlighted topics, whereas the other sixteen based prospects of
action on tool scores. None of the tools for adolescents provided a prospect of action. The
prospects of action could be intended for the health care professional, child or parent. It in-
cluded counselling, education, a combination of these two, initiating the conversation about
a healthy lifestyle or referring to a specialist for further examination, and/or treatment.
Articles on the ‘NutriSTEP’, ‘Start the Conversation 4–12′, ‘tool by Drouin and Winickoff’,
‘HeartSmartKids’ (HeartSmartKids, LLC, Boulder, US) and ‘Pediatric Adapted Liking Sur-
vey’ described that their prospects of action are tailored to the answers given, but details
on them were lacking [25–27,32,40,48,52]. The ‘NutricheQ’ was advised to be administered
during regular growth check-ups [18–20]. Other tools did not describe recommendations
for administering occasion or frequency. Despite being developed for out-of-hospital use,
the intended target location of administering the tools was merely suggested. When admin-
istration methods were reported, it involved paper (n = 15) or online (n = 10) formats. The
‘NutriSTEP’ paper version was expanded by an internet and onscreen version in response
to the interest of health care professionals [26] and the ‘Food, Health and Choices question-
naire’ used an audience response system to decrease administer burden [37]. Others did
not describe their motivation for the choice of administration methods.

4. Discussion

The 41 lifestyle screening tools for children included in this review varied widely
in their design, but items on nutrition, PA and sedentary behaviour/screen time were
commonly addressed. Nutrition items predominantly covered the intake of specific food
groups, dietary habits and psychological factors, such as (parental) beliefs and attitudes
towards a healthy lifestyle. For most tools, one or more aspects of reliability and/or validity
had been studied with varying results. Nearly half of the screening tools offered prospects
of action, but none described the exact follow-up actions based on tool outcomes. Moreover,
other features of implementation were sparse.

Most tools evaluated lifestyle determinants related to overweight and obesity. Con-
sidering overweight, domains related to energy balance, i.e., nutrition, PA and sedentary
behaviour, were frequently evaluated. Compared to PA and sedentary behaviour/screen
time, which mainly concerned frequency and duration, there was more variety in nutrition
items, which reflects the versatility of this topic. The tools not only addressed the intake of
foods directly related to energy intake, such as sugar-sweetened beverages and unhealthy
snacks/fast food but also foods and dietary habits that might be more indirectly associated
with weight status, such as fruits and vegetables, having breakfast and eating together
at the table [66–68]. The concept of a balanced diet, characterised by adequate amounts
and proportions of nutrients required for good health, is broader than energy balance
alone. The ‘NutricheQ’ aimed to evaluate the risk of dietary imbalances in toddlers, with a
particular focus on iron and vitamin D [18–20]. Next to iron and vitamin D, the total score
of the ‘NutricheQ’ was associated with the intake of fruits, vegetables, protein, dietary
fibre, non-milk sugars and other specific micronutrients [18], and its 18-item version score
was also associated with BMI z-scores [20], indicating extensive dietary exploration. It
could be proposed that screening tools addressing both dietary and energy balance may be
most effective in screening for the risk of overall health problems, including overweight.
This could for instance be conducted through the assessment of children’s adherence to
age-specific recommendations for commonly consumed food groups.

While there is emerging evidence on the importance of sleep on weight status and
overall health [69,70], only four tools covered sleep. This finding accords with the results
of Byrne et al., who conducted a systematic review on brief tools measuring obesity-
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related behaviours for children under five years of age [17]. Only two out of their twelve
appraised tools covered sleep, indicating paucity [17]. Regarding the specific items on sleep,
sleep duration was the most common in our results. A systematic review on sleep and
childhood obesity supports the relevance of sleep duration on weight status but stated that
associations with other dimensions, such as sleep quality and bedtime, need to be studied
further [69]. The previous findings that shorter sleep duration in children is associated with
unhealthy dietary habits and lower PA suggest a pathway from sleep deficiency to obesity
and indicate that certain lifestyle behaviours might cluster in individuals [71,72].

The ten screening tools specifically developed for toddlers and preschoolers covered
fewer domains than the tools for the other age groups; yet, all comprised nutrition. The
early years of life form a critical window of opportunity for growth and development,
in which proper nutrition is fundamental [1]. However, other lifestyle factors, such as
PA, sedentary behaviour and sleep, have also been shown to affect health in toddlers and
preschoolers [5–7]. An explanation for the lack of these domains in tools for toddlers and
preschoolers might be that guidelines on these topics for this age group are not universally
available. Howbeit, none of the reviewed articles clearly justified their choice of the exact
items included. Depending on the aim of the lifestyle screening tool, it could be useful to
base tool domains on clustering lifestyle behaviours in the target population to provide
integrated follow-up advice. In addition, it might be valuable to study accurate indicators
of an unhealthy lifestyle in advance. Furthermore, the accuracy of the questions should be
optimized to obtain the desired information (e.g., the exact question to evaluate general
vegetable intake).

In addition to lifestyle behaviours and habits, the included screening tools evaluated
psychological factors related to lifestyle. Psychological factors, such as parental attitudes
towards healthy eating and self-efficacy to adhere to recommendations, are important [73].
On the one hand, these perceptions can imply certain behaviours. On the other, they
can map motivation and perceived barriers for behaviour change. As children’s lifestyle
behaviour is highly reliant on parental support behaviours [74], it is helpful to evaluate
parental perceptions regarding lifestyle. When health care professionals gain an insight into
parental indicators of behaviour change, they obtain cues for motivational interviewing to
help parents and children shifting towards a healthier lifestyle.

Although 39 out of 41 screening tools had undergone some form of psychometric
testing, the results were inconclusive and hardly comparable due to high heterogeneity
in tool aim and study design. However, a number of tools, such as the ‘NutricheQ’,
‘NutriSTEP’ and Lifestyle Behavior Checklist [18–20,25–27,50,51], have been researched
more thoroughly than others and may therefore have a more solid foundation for use in
practice. Becker et al. [14] concluded in their review that no nutrition screening tool for
children in the community setting provided enough evidence for moderate to high validity
and reliability [14]. As the reliability and validity influence the effectiveness of screening
tools, assessing these psychometric properties is crucial. Nevertheless, the interpretation of
group-level validity and reliability for individual counselling should be performed with
prudence [75]. Proper psychometric assessment should also take into account differences
in socioeconomic status and language and fill the current gap in testing predictive validity.
The lack of a gold standard for screening children’s lifestyle impairs the validity testing of
new lifestyle screening tools. Nonetheless, studying the association of validated dietary
assessment methods and activity trackers with items of lifestyle screening tools could assess
criterion validity. In addition, longitudinal studies addressing a common outcome of an
unhealthy lifestyle, such as overweight, and applying identical intervention strategies could
study the effectiveness of a new tool over another one or over a health care professional’s
clinical view.

Eighteen tools provided recommendations for actions to be taken based on the answers
given. Overall, these recommendations for both children and parents were as general as
‘receiving tips’ or health care professionals ‘offering counselling’ or ‘referring to a specialist’,
and are therefore open to interpretation. Neither of the tools that identified cut-offs for
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particular risk classifications defined clear follow-up actions according to the classification.
This is in contrast with established nutrition screening tools for hospitalised children, which
offer specific action points per identified risk group [76–79]. Defining risk score cut-offs
corresponding with unambiguous follow-up steps, such as ‘no action required’, ‘discuss
lifestyle with parents and repeat screening in X weeks’ and ‘initiate further examination by
a specialist’, might strengthen the effectiveness of lifestyle screening tools. Considering
the various domains of lifestyle, integrating subscores and cut-offs for different domains
could pinpoint the areas that need attention and guide health care professionals to address
these specifically.

With this review, we have created a hitherto lacking overview of the literature. Search-
ing for screening tools encompassing lifestyle in the broadest sense of the term made our
search strategy comprehensive and enabled the inclusion of tools that evaluate a broad
variety of lifestyle determinants. Our additional focus explicitly on nutrition highlighted
the importance of this topic within children’s lifestyle.

Not preselecting specific lifestyle factors (except nutrition) in our search strategy could
also be considered a limitation, as we may have missed articles on screening tools that
only denote specific determinants (e.g., PA and screen time), without framing them in the
context of lifestyle in general. Moreover, we might have missed certain screening tools due
to publication bias. Another important concern was the definition of screening tools, which
we predefined in our protocol as tools that assign a certain value to behaviour and/or char-
acteristics and/or offer prospects of action to an individual. The ascertainment of screening
tools was performed in duplicate and independently, but the lack of a universal definition
may have hampered the robustness of our methods. As this review was conducted to
provide an overview of all recent literature on lifestyle screening tools for children in the
community setting, regardless of methodological quality and tool outcome, we did not
include a quality or risk of bias assessment. However, we expect that the limitations of
this review have not altered the main conclusions and that we gained clear insights into
existing lifestyle screening tools for children.

Ideally, a balance exists between the set of items retrieving as much information as
possible and convenience by the person completing the tool. Considering the association
between questionnaire length and response burden [80], future studies should target the
optimal number of items relative to the aim of the screening tool. Moreover, addressing
aspects of implementation of a screening tool might contribute to fulfilling the potential of
its usage. For example, studies that explore the most effective administration method (e.g.,
paper format, online or mobile application), setting (e.g., at home or at a clinic) and target
group of health care professionals handling the results of the screening tool could detect
vital features in making the screening tool advantageous. Finally, it is crucial to validate
current and new lifestyle screening tools to identify children at risk as early as possible.

5. Conclusions

This systematic review shows that a fair variety exists in lifestyle screening tools
for children in the community setting. The majority addressed dietary and/or lifestyle
behaviours and habits related to overweight and obesity. Domains that were mostly covered
included nutrition, PA and sedentary behaviour/screen time. Tool validation was, however,
limited, and the availability of unambiguous prospects of actions following tool outcomes
was lacking. Considering the importance of a healthy lifestyle during childhood, there is a
need for an easy-to-administer lifestyle screening tool for children with distinct follow-up
actions in order to improve a child’s lifestyle at an early age.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/xxx/s1, Supplementary file S1: Search strategy.
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Abstract: Celebrities, including influencers, are commonly used to market products that are high
in fat, sugar, and salt (HFSS) to children but the impact on dietary outcomes has been unclear. The
primary aim of this study was to systematically review the literature and quantify the impact of
celebrities in HFSS marketing on children’s dietary outcomes. We searched eight databases and
included studies from all countries and languages published from 2009 until August 2021. Participants
were defined as under 16 years, exposure was marketing for HFSS products with a celebrity, and the
outcomes were dietary preference, purchasing behaviors, and consumption of HFSS products. We
were able to conduct a meta-analysis for consumption outcomes. Seven articles met the inclusion
criteria, of which three were included in the meta-analysis. Under experimental conditions, the use
of celebrities in HFSS marketing compared to non-food marketing was found to significantly increase
consumption of the marketed HFSS product by 56.4 kcals (p = 0.021). There was limited evidence on
the impact on preference or purchase intentions and on the comparisons between use and non-use of
celebrities and influencers.

Keywords: child and adolescent health; food marketing; obesity; policy research

1. Introduction

Increased exposure to high in fat, sugar, and salt (HFSS) marketing is occurring
simultaneously with the global childhood obesity epidemic [1]. The marketing of unhealthy
foods is ubiquitous and is particularly impactful for children and young people (the
term ‘marketing’ includes both advertising and packaging) [2]. Children are exposed to
marketing throughout the food environment, including via television and other broadcast
media, in shops and supermarkets, on the street, and, increasingly, online [3]. The majority
of food marketing is for HFSS products, some of which is directly targeted at children [4,5].
Evidence suggests that children from ethnic minority and lower socioeconomic groups are
disproportionately exposed to, and influenced by, food marketing [6]. Children with higher
body weight have also been found to be disproportionately affected by screen advertising
for HFSS products [7].

The need for enhanced regulations of commercial marketing is a priority on the global
health and policy agenda, as highlighted in a recent WHO–UNICEF–Lancet child health
Commission [8]. This follows on from the 2010 WHO recommendations, for policies to
limit the effectiveness of HFSS food marketing to children by limiting its exposure and
power (the creative content, design, and execution of the marketing message/impacted
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by techniques used) [9]. In the accompanying WHO implementation guidance, restricting
the use of celebrities in HFSS product marketing was used as a specific example of how
to reduce the power of marketing [10]. Celebrity endorsements, across a broad array of
categories, including HFSS food products, have been shown to increase sales, bring about
more positive attitudes to brand and product, and increase purchase intentions [11–14].

Celebrity endorsements are thought to work through the process of evaluative condi-
tioning, where liking of a stimulus is the result of its pairing with other positive stimuli [15].
This process is mediated by the parasocial relationships children can form with celebrities
(one-sided relationships between media users and celebrities), especially through social
media interaction [16]. A cross-disciplinary review examining how celebrities influence
patients’ health-related behaviors found that they can help distinguish products and elicit
herd behavior (economics); transfer positive characteristics to the endorsed products (mar-
keting); activate brain regions associated with trust, creating positive associations and
encoding memories (neuroscience); and cause positive reactions (psychology) [17]. This re-
sults in the possibility of celebrities having a substantial influence on people’s health-related
behaviors.

Current restrictions on the use of celebrities in marketing of HFSS products to children
have been identified as an area of concern [18–20]. Whilst the UK, Ireland, Chile, Australia,
Netherlands, Portugal, Spain, and Brazil restrict the use of celebrities in HFSS advertis-
ing to children, loopholes exist in the interpretation of defining celebrities and audience
thresholds, and the implementation of regulations [19,21–24]. In the UK, for example,
the use of celebrities ‘popular with children’ is restricted in broadcast and non-broadcast
HFSS advertisements targeting pre- and primary school children (under 12 years) but no
definition of what constitutes a celebrity ‘popular with children’ is provided [25,26]. Addi-
tionally, the regulation of restrictions varies between self-regulated or statutory legislation.
Evidence has shown that self-regulation is broadly ineffective at limiting HFSS marketing to
children [19,27–29]. An example of voluntary and self-regulated restrictions is the Spanish
Publicidad, Actividad, Obesidad, Salud (PAOS) Code for food and drinks marketing to
children, which prevents the participation, appearance, and exploitation of well-known and
famous persons [30]. The scope of restrictions is mainly focused on broadcast marketing,
with packaging, sponsorship, cinema, and in-store promotions commonly neglected [18,19].
Restrictions frequently apply only to pre-digital media and need to be updated to react to
changes in marketing and media consumption, with digital marketing now accounting
for the majority of UK advertising spend [18,31]. Children as young as 3–4 years old are
increasingly switching their preference and usage from TV to online (e.g., YouTube), and
YouTube is growing as the preferred platform [3]. This has led to a new type of celebrity, the
‘influencer’ (or YouTuber), defined as gaining fame by successfully branding themselves
as experts on social media platforms [32], which has been identified as a new marketing
source targeting children [33]. Experiments have shown that influencer marketing leads to
greater purchase intentions due to participants identifying, relating to and trusting influ-
encers more than other celebrities [32]. Evidence suggests that the integration of ‘real-life’
scenarios into social media marketing (use of advertised product in their daily lives) leads
to greater positive brand effects (brand attitude, purchase intention, willingness to pay
for a product, and feeling connected to the brand) compared to traditional commercial
celebrity-endorsed advertising [34]. Sports celebrities are also of interest in our review,
with research showing that their association with high-sugar products can foster beliefs in
children that they are healthy and improve sports performance [35].

Content analyses show that food marketing featuring celebrities is particularly promi-
nent for HFSS products [36–39]. This was consistent across television advertisements in
the UK [36] and musician [37], athlete [38], and YouTube influencer endorsements in the
US [39]. Celebrities are also used on HFSS product packaging [40]. Analysis of social media
advertising exposure in children aged 7–16 years found that during 10 min of social media
use, 72% were exposed to food advertising, primarily for HFSS products, of which 17%
was embedded in celebrity generated content [41]. Embedded content is not explicitly
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advertising, adding to the difficulty children already face in recognizing online advertising
and impacting their ability to understand the intent of advertising [42,43]. A longitudinal
study, looking at the association between self-reported vlog (i.e., video weblogs) viewing
and consumption of HFSS beverages or snacks at three time points, found a significant
association between exposure and consumption of HFSS beverages 24 months later [44].

Despite the widespread use of celebrities in the marketing of HFSS products and
given the evidence of their impact on dietary outcomes, there have been no systematic
reviews to date examining their impact on preference, purchasing, and consumption
outcomes in children. Reviews have reported that celebrities are a popular marketing
tactic for promoting HFSS foods to children but impacts on outcomes have rarely been
assessed [45,46]. One review examined the impact of food marketing tactics on children’s
attitudes, preferences, and consumption and included the use of endorsers but found
only limited evidence relating to advertising with celebrities [47]. Another review found
evidence that celebrity endorsements positively impact brand attitudes and purchase
intentions but included only one study in adolescents [11]. Due to these gaps in the
literature, we undertook a review to better understand how celebrities used in HFSS food
marketing (advertising and packaging) impact on children’s food preferences, purchasing
behaviors, and consumption. Our secondary aims were to assess the differential impact of
the type of celebrity (sports, YouTubers/influencers, or other), child characteristics (age
and socio-economic status), format of advertisement (content within advertisements versus
on packaging), and length of any effects (short- or long-term).

2. Materials and Methods

2.1. Protocol and Registration

The current systematic review and meta-analysis was conducted and reported in
accordance with the PRISMA statement checklist and was registered with PROSPERO
(CRD42019155037) [48].

2.2. Eligibility Criteria, Information Resources, and Search Strategy

To be eligible for inclusion, studies needed to be quantitative, experimental (ran-
domized or non-randomized) with an advertising exposure featuring a celebrity and a
comparison group (non-food advertisement, no exposure, healthy food advertisement), or
“real-world” (longitudinal, interrupted time series, controlled before and after). Studies
from 2009, in any country or language, were included, as well as both between-subject
and within-subject designs. Studies before 2009 were excluded as they were likely to be
of limited relevance due to rapid advancement of technology and celebrity/influencer
culture. Participant criteria were children aged between 0 and 15 years, in line with UK
advertising regulations. Any marketing modality (TV, online, internet/advergames, poster,
packaging, digital advertising) with a celebrity/influencer was eligible. Outcomes were
all related to the advertised HFSS food product and included consumption (measured
dietary intake, ad libitum consumption), preferences (self-reported, like/dislike ratings),
and purchasing/request (quantity of product purchased, pester intention).

Searches of the following electronic databases were conducted on 22 October 2019
and updated on 16 August 2021: Ovid MEDLINE, Cochrane Library, Scopus, PsycINFO,
ProQuest (Central)—ASSIA, Web of Science—Social Science Citation Index and Emerging
Sources Citation Index and Social Policy and Practice (see Supplementary Table S1 for full
search details and Supplementary Table S2 for search strings). K.M., G.S., and J.P. con-
ducted the searches, imported records into EndNoteX9 and EPPI-Reviewer 4 and removed
duplicates. EPPI-Reviewer 4 was used for screening and for search management [49].

2.3. Study Selection

Exclusion criteria were date (published pre-2009), participant age group (over 16 years),
study design (qualitative, content analyses, cross-sectional), publication type (reviews,
dissertations), intervention (no HFSS marketing exposure with a celebrity), and outcome
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measure (no measure of food intake, consumption, choice, preference, purchase, purchase
intention, or pestering).

Double screening of papers on title and abstract and full-text were independently
completed by K.M., G.S., J.W., and J.P. Discrepancies between reviewers were mutually
reconciled. Full-texts of relevant articles were acquired via library and web services, in
addition to direct contact with authors. All papers eligible for screening were retrieved
successfully.

2.4. Data Extraction and Items

Data were independently extracted and jointly reconciled by K.M., G.S., and J.P.
Corresponding authors were contacted to request additional data, where required, for the
meta-analysis. Four corresponding authors were contacted, of whom one responded with
the required data.

Data extracted included study identification (authors, country, year of publication),
target population (children and/or adolescents), sample group description (size of sample,
age range, and mean age of participants), study description (study design, number of
participants in each condition and assignment to conditions), intervention description
(advertising medium, celebrity/influencer), comparison type (HFSS food advertisement
vs. healthy food or non-food advertisement), test foods used, outcome type (consumption,
preference, or purchasing), and outcome measures (kcals, kJ, grams, preference ratings,
purchase request measures).

2.5. Assessment of Quality

The Cochrane risk of bias tool RoB 2 was used to assess bias in the included experi-
mental studies [50]. Bias assessment was conducted independently by two reviewers with
discrepancies reconciled.

2.6. Data Synthesis

Our primary analysis was meta-analysis, but where studies did not provide sufficient
data, they were included in a narrative synthesis. For inclusion in the meta-analysis,
experimental studies were required to have an appropriate comparison group, including
no advertisement or non-food advertisement. We considered these comparison groups due
to the ubiquity of using celebrities in marketing of both food and non-food products and to
be consistent with previous research [20]. Due to a lack of studies measuring preference or
purchase of a HFSS product, meta-analysis was only possible for consumption outcomes.
Three articles were identified that measured HFSS consumption and reported/provided the
mean values with standard deviations. The consumption outcomes were standardized to
report the total energy content consumed (kcals), which required conversion from weight
(grams) using published nutritional values of the consumed products. Further details
about the standardization methods, and the rationale for the experimental conditions
and outcomes, were included in the meta-analysis, is provided in a supplemental file
(Supplementary Table S3). Due to heterogeneity in study design, including the type of
celebrity (sport or influencer), the advertising exposure (online static image, TV, or YouTube
clip), and the HFSS products advertised and consumed (crisps or chocolate biscuit), a
DerSimonian-Laird random-effects model was used for meta-analysis. We presented
the results graphically using forest plots. Analyses were conducted using Stata 16 (16.1,
StataCorp LLC, College Station, TX, USA) [51].

3. Results

3.1. Study Selection

The search process is shown in the flowchart (Figure 1). The searches resulted in
414 articles, of which 294 were unique records following the removal of duplicates. After
screening on title and abstract, 264 were excluded and 30 were screened on full-text. One
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article was found through screening of a related review. This led to the inclusion of seven
studies, from seven reports. Three studies were included in the meta-analysis.

Figure 1. PRISMA screening flowchart.

3.2. Study Description and Results

A summary of study information is provided in Table 1.

Table 1. Descriptive table of experimental studies.

Author, Year,
Country

Participants Design Advertising
Intervention

Comparison Outcome Relevant Results
Risk of

Bias

Boyland [20],
2013,
UK

N = 181
Age range = 8–11
Mean age = 10.3

Experimental
(school),

between-subject,
allocation not

specified

20 min cartoon with 45
s TV advert for HFSS

product (Walker’s
crisps) with sports
celebrity endorser

(Gary Lineker)

20 min cartoon
with 45 s non-food

advert; food
advert with no
endorser; or TV

footage of
endorser

Post-intervention, ad
libitum

consumption of
potato

crisps, labeled
branded, and
non-branded

(grams)

Celebrity endorsed TV
food adverts

significantly increased
intake of food,

compared to food
advert with no

endorser and non-food
advert.

Some
concerns

Coates [52],
2019,
UK
EoI

N = 151
Age range = 9–11

Mean age = 10

Experimental
(school),

between-subject,
random

assignment

5 min YouTube video
with 1 min influencer
marketing (Zoella and
PointlessBlog) segment

of branded HFSS
product (McVitie’s
chocolate biscuits),
with and without

disclosure

5 min YouTube
video with 1 min

influencer
marketing
segment of

branded non-food
product (Apple

iPhone)

Post-intervention, ad
libitum consumption

of cookies (kcal),
labeled, branded,

and non-branded, 5
min

Influencer endorsed
HFSS advert

significantly increased
intake of promoted
food, compared to
non-food advert

Low

Coates [53],
2019,
UK
SMI

N = 176
Age range = 9–11
Mean age = 10.5

Experimental
(school),

between-subject,
random

assignment

1 min viewing of mock
Instagram profile of

popular YouTube
influencers (not stated
due to copyright) with

marketing of HFSS
product (unbranded
chocolate biscuits)

1 min viewing of
mock Instagram

with image of
YouTube

influencer
marketing healthy
product (banana)

or non-food
(sneakers)

Post-intervention, ad
libitum consumption
of unbranded HFSS

products HFSS
(candy, chocolate)

and healthy (carrot,
grapes) products

(kcal), 10 min

Intake of HFSS
products and overall
snacks significantly
increased following
exposure to celebrity
endorsement of HFSS
products, compared to

non-food condition.

Low
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Table 1. Cont.

De Jans [54],
2021,

Belgium

N = 190
Age range = 8–12
Mean age = 10.04

Experimental
(classroom),

between-subject,
random

Instagram post of
influencer (fictitious)
promotion of HFSS
snack (unbranded

donuts) (either
sedentary lifestyle

versus athletic lifestyle)

Instagram post of
influencer

promotion of
snack high in

nutritional value
(strawberries)

(both (influencer
lifestyle:

sedentary versus
athletic)

Snack choice
between mini donut

or a strawberry.

Children exposed to
influencer promotion

of the donut, chose the
donut 52.2% (47/90)
compared to 49.5%

exposed to influencer
promotion of

non-HFSS product.
Significance not tested.

Low

Dixon [55],
2014,

Australia

N = 1302
Age range = 10–12

Mean age = 11

Experimental
(online school),

between-subject,
random

assignment

Packaging of HFSS
products (cereal, cheese
dips, chicken nuggets,

ice cream, flavored
milk, brands not stated)

with sports celebrity
endorsement (popular

Australian male
athletes, names not

stated)

Packaging of same
HFSS products

with no celebrity
endorsement (no

promotion)

During-intervention,
forced choice of

randomly allocated
HFSS exposure or

comparable healthier
food pack, on a

computer

Celebrity endorsed
HFSS products were

significantly more
likely to be chosen

compared to control, in
boys only. No

significant difference in
girls.

Low

Jain [56],
2011,
India

N = 378
Age range = 13–17

Mean age = not
stated

Experimental
(school),

between-subject,
allocation not

specified

5–10 min viewing of
print advertisement of

HFSS product
(unbranded chocolate)

with celebrity
endorsement (Hindi
actor, Aamir Khan)

5–10 min viewing
of print adverts of

HFSS product
with no

endorsement

Post-intervention,
purchase intention
product (scale NS)

Purchase intentions of
HFSS product

endorsed by a celebrity
were significantly

greater compared to
control or

character-endorsed
HFSS product.

Some
concerns

Ponce-
Blandon [57],

2020,
Spain

N = 421
Age range = 4–6
Mean age = 4.8

Experimental
(education

centers),
between-subject,

random
assignment

8 min episode of
cartoon (Caillou) with

an advert for HFSS
product (Príncipe

Double Choc chocolate
cookies) with sports

celebrity (famous
Spanish soccer player,

name not stated)

No advert control
and non-food
advert control

Preference choice
between advertised
product (Príncipe

Double Choc
chocolate cookies) vs.

similar non
advertised product

(Tosta Rica
Chocoguay, Cuétara

chocolate cream
filled cookies)

Preference for the
advertised product was

not significantly
different between the

conditions.

Low

3.3. Participants

The age of participants across all studies ranged from 6–17 years. One study included
participants aged 13–17, and results were not split by age [56]. The range for the three
studies in the meta-analysis was 8 to 11 years, and the mean age was 10.3 years.

3.4. Settings

All studies were experimental using between-subjects designs. All but two [20,56]
stated that subjects were randomly allocated. All of the studies were conducted in schools
or education centers. Studies were conducted in the UK (n = 3, same research group), India
(n = 1), Belgium (n = 1), Australia (n = 1), and Spain (n = 1).

3.5. Interventions

The HFSS marketing exposure varied: TV advertisements, embedded in cartoons
(n = 2) [20,57], an online advertisement embedded in a YouTube clip (n = 1) [52]; static Insta-
gram posts (n = 2) [53,54]; food product packaging (n = 1) [55]; and printed advertisements
(n = 1) [56]. The celebrities featured influencers (n = 3), sports celebrities (n = 3), and a
Hindi movie star (n = 1). The HFSS products included crisps, chocolate, chocolate biscuits,
donuts, and sweetened cereals.

3.6. Outcomes

The outcome measures were ad libitum consumption of snacks immediately following
the advertising exposure (from which total calories consumed could be calculated) and
self-reported consumption intention (n = 3) [20,52,53], preference/snack choice between
paired items (n = 3) [54,55,57], and self-reported purchase intention (n = 1) [56]. The HFSS
products available for ad libitum consumption were crisps, chocolate biscuits, and jelly
candy/chocolate buttons. Duration of snacking, when reported, was between 5–10 min.
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3.7. Comparisons

Calorie consumption following viewing of advertisements of HFSS products with
celebrities was compared to consumption following non-food advertisements with or with-
out celebrity endorsements in the three studies included in the meta-analysis [20,52,53].
Of the studies not included in the meta-analysis, two studies compared marketing of a
HFSS product with celebrity endorsement to the same HFSS product without celebrity
endorsement packaging [55] or print advertisement [56]; one study compared TV adver-
tisements with celebrity endorsement for HFSS product to non-exposure or non-food TV
advertisements [57]; and one study compared Instagram posts with influencers for HFSS
products to Instagram posts with influencers for non-HFSS food products [54].

3.8. Meta-Analysis

Three studies provided sufficient data on calorie consumption to be included in
meta-analysis of consumption. We found that use of a celebrity in HFSS food marketing,
compared to non-food marketing, resulted in significantly greater consumption of HFSS
products, with a pooled effect size of 56.4 kcals (95% CI 8.50, 104.20; p = 0.021) (Figure 2).
We found evidence of high heterogeneity (I2 = 79.5%); Egger’s regression analysis showed
low risk of publication bias (p = 0.347); and trim and fill analysis suggested evidence of two
missing studies (See Supplementary Figure S1).

Figure 2. Forest plot showing mean difference (kcals) in total snack consumption of HFSS products
between celebrity HFSS advertisement and non-food advertisement. Boyland, 2013; Coates, 2019;
Coates, 2019.

3.9. Other Findings

One study measured purchase intentions and found purchase intentions for HFSS
products were significantly greater in the celebrity HFSS advertisement group compared
to non-food advertisement [56]. Preference was measured in three studies, with mixed
results [55]. One found that when exposed to product packaging featuring an endorsement
from a sports celebrity that product was chosen by participants significantly more when
compared to the same product with no endorsement; however, this effect was only seen
in boys [55]. Two studies found that preference for HFSS product was not significantly
different with celebrity-endorsed HFSS product advertisement exposure compared to
no advertisement exposure or non-food advertisement control [57] or non-HFSS food
product [54]. The impact of SES was only reported in one study, which found no association
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between SES and food preference in response to HFSS advertising [55]. Impact of age
was measured in three studies and was found to not be significantly associated with
consumption (n = 2) [20,52] or consumption preference [57]. We were unable to assess
the secondary aims of differential impact of celebrity type or format of advertisement, as
the data did not support this. None of the included studies were longitudinal; therefore,
long-term consequences of these effects could also not be assessed. Across all studies, there
was little evidence relating to comparisons between use and non-use of celebrities and
influencers (i.e., endorsed vs. non-endorsed) in HFSS food marketing.

3.10. Quality of Studies

The risk of bias across included studies was assessed as mostly low (see Supplementary
Figure S2 for bias assessment).

4. Discussion

Our systematic review included the first meta-analysis examining the impact of celebri-
ties used in the marketing of HFSS products to children and found evidence that mar-
keting HFSS products with celebrities’ influences children’s calorie consumption. The
meta-analysis showed that HFSS advertisements with a celebrity endorser, compared to a
non-food advertisement, resulted in significantly greater calorie intake in children under
experimental conditions. We found limited evidence that celebrities impact purchase inten-
tions and mixed evidence that they impact preference outcomes. The findings from our
review extend the findings of previous reviews, which have indicated that celebrities are
persuasive HFSS marketing tools [11,45–47]. Our previous work showed that, following
exposure to screen advertising for food, children consumed an additional 57 kcals [7]
when compared to non-food advertisement exposure, which is consistent with the finding
here of an additional 56.4 kcals. The impacts of advertising may be modest but over time
can accrue to have substantial impacts on energy balance, body weight, and associated
morbidities [58,59].

There was limited evidence that age did not impact on consumption outcomes but
only one study examined the impact of SES and found no evidence. A review recently
found that children from ethnic minority and low SES backgrounds are exposed to more
HFSS advertising than children from higher SES and non-ethnic minority backgrounds [6].
This emphasizes the need for policy actions that addresses these inequalities.

Our data suggest there is potential for population-level interventions, including policy
action such as enhanced regulations, to have an impact on HFSS consumption by children,
even if effects are modest at an individual level. The use of celebrities in HFSS marketing is
often not restricted or subject to weak regulations, and greater policy action has been recom-
mended by WHO. The quantifiable impact of celebrities on children’s dietary outcomes has
not been previously evidenced in the literature [18,19]. Our findings suggest that tightening
policies regulating HFSS marketing directed at children that contain celebrities may be
effective in reducing children’s calorie intake. Celebrity-endorsed HFSS brand advertis-
ing is frequently omitted from regulations, due to complexities in identifying advertised
products and assessing if restrictions are applicable [60]. An additional concern with using
celebrities in HFSS marketing is the knock-on effect of exposure to them in contexts outside
of HFSS advertisements. This has been shown to increase consumption of the HFSS food
(seeing Gary Lineker in Match of the Day led to children eating more Walkers crisps) [20].
Chile has implemented policies that comprehensively restrict use of celebrities, and these
have been shown to be effective at reducing HFSS food marketing to children [19,60,61].
The UK government announced plans to introduce a pre-watershed ban on HFSS advertise-
ments across television and on-demand program services, and a restriction on paid-for less
healthy food and drink advertising online, which could be effective at overcoming some
gaps and limiting exposure of celebrities in HFSS marketing to children [60,61]. These poli-
cies touch on areas where regulations could be strengthened including a standardization of
approaches to achieve a consistent definition of celebrities, scope (programs and medias),
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audience thresholds (approved composition of the audience i.e., proportion of children),
and enforcement. In the UK, only celebrities ‘popular with children’ are restricted (but this
is not defined), allowing free use of celebrities with general appeal, such as Gary Lineker,
and unrestricted endorsement opportunities for influencers [18,19]. Certain regulations
(e.g., Ireland, UK, and the EU pledge) only apply if children make up between 20–50%
of the viewing audience, but quantifying the audience demographics for broadcast and
non-broadcast media is difficult to accurately assess [18]. This is especially true online,
where user age restrictions on social media platforms are rarely followed by site users and
children often use their parents’ account or devices [3]. Restrictions specific to children’s
programs, mean that family programs popular with children and broadcast during peak
children viewing times (6–9 p.m. in the UK) are out of scope in many jurisdictions but
could be overcome by total bans on HFSS advertising, such as the proposed pre-watershed
ban in the UK [3,29].

Limitations of this review include the small number of search results and limited
number of studies eligible for inclusion in meta-analysis; therefore, care needs to be taken
due to variability. The heterogeneity of the included studies was high, but the random
effects model was used to account for differences. Findings from the meta-analysis should
be interpreted with caution, as all studies were completed by the same research team at
the University of Liverpool but conducted to a high standard. Further primary research
would be beneficial in building the evidence base, especially digital marketing. We were
unable to address the secondary aims, due to a lack of data. Despite our search including
real-world studies, we were unable to identify any and therefore were unable to investigate
the long-term impacts of celebrity endorsers on dietary outcomes. Beyond age, we were
unable to assess the influence of SES on impact of advertising and in future would also
examine the impact of weight status and ethnicity. We were unable to assess if there were
any changes due to COVID-19, as no papers specifically mention this and most of the
data was collected pre-2020. Due to the data available, we were unable to complete meta-
analysis comparing use and non-use of celebrities and influencers in HFSS marketing and
the impact on dietary outcomes (i.e., endorsed vs. non-endorsed). We suggest this as an
area for future primary research; it is also a limitation about the difficulty of separating the
effect of celebrity from marketing more generally. The impact of celebrity and influencers
on promoting healthier food products was not the focus of this review and could be another
area of future research. Evidence suggests food adverts do not appear to work in the same
way for healthy food [62].

5. Conclusions

We found evidence that HFSS food marketing featuring celebrities or influencers
increases children’s food consumption, although this was from a limited number of studies.
These findings suggest that limiting exposure of children to HFSS marketing including all
celebrity types may have beneficial impacts upon dietary consumption. Further research on
the impact of child characteristics such as SES, long-term impacts, and real-world studies
would be beneficial to further inform the thinking of policy makers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14030434/s1, Table S1: Details of search, Table S2: Search
history, Table S3: Rationale for meta-analysis inclusion and data processing, Figure S1: Trim and fill
analysis, Figure S2: Bias assessment for experimental studies

Author Contributions: Conceptualization, J.P., H.C., R.M.V., S.J.R. and C.S.; methodology, J.P., H.C.,
C.S., G.S. and K.M.; software, J.P., H.C., C.S., G.S. and K.M.; validation, J.P., H.C., G.S. and K.M.;
formal analysis, J.P. and H.C.; investigation, J.P., H.C., G.S. and K.M.; resources, J.P., H.C., G.S.
and K.M.; data curation, J.P., H.C., G.S. and K.M.; writing—original draft preparation, J.P. and
H.C.; writing—review and editing, J.P., H.C., C.S., S.J.R., R.M.V., G.S. and K.M.; visualization, J.P.;
supervision, H.C. and R.M.V.; project administration, H.C. and R.M.V.; funding acquisition, R.M.V.
All authors have read and agreed to the published version of the manuscript.

47



Nutrients 2022, 14, 434

Funding: This report is independent research commissioned and funded by the National Institute
for Health Research Policy Research Program. The views expressed in this publication are those of
the authors and not necessarily those of the NHS, the National Institute for Health Research, the
Department of Health and Social Care or its arm’s length bodies, and other Government Departments.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in Boyland [20], 2013;
Coates [52], 2019; Coates [53], 2019.

Acknowledgments: We thank Semina Michalopoulou and Jamie Wong for their assistance in bias
assessment and screening, respectively.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Sahoo, K.; Sahoo, B.; Choudhury, A.K.; Sofi, N.Y.; Kumar, R.; Bhadoria, A.S. Childhood obesity: Causes and consequences. J. Fam.
Med. Prim. Care 2015, 4, 187–192. [CrossRef]

2. Lapierre, M.A.; Fleming-Milici, F.; Rozendaal, E.; McAlister, A.R.; Castonguay, J. The Effect of Advertising on Children and
Adolescents. Pediatrics 2017, 140, S152. [CrossRef]

3. Ofcom. Children and Parents: Media Use and Attitudes Report 2018. 2019. Available online: https://www.ofcom.org.uk/__
data/assets/pdf_file/0024/134907/children-and-parents-media-use-and-attitudes-2018.pdf (accessed on 9 December 2021).

4. Griffith, R.; O’Connell, M.; Smith, K.; Stroud, R. Children’s Exposure to TV Advertising of Food and Drink; The Institute for Fiscal
Studies: London, UK, 2018; Available online: https://www.ifs.org.uk/uploads/publications/bns/BN238.pdf (accessed on 9
December 2021).

5. Boyland, E.J.; Whalen, R. Food advertising to children and its effects on diet: Review of recent prevalence and impact data.
Pediatric Diabetes 2015, 16, 331–337. [CrossRef]

6. Backholer, K.; Gupta, A.; Zorbas, C.; Bennett, R.; Huse, O.; Chung, A.; Isaacs, A.; Golds, G.; Kelly, B.; Peeters, A. Differential
exposure to, and potential impact of, unhealthy advertising to children by socio-economic and ethnic groups: A systematic
review of the evidence. Obes. Rev. 2020, 22, e13144. [CrossRef] [PubMed]

7. Russell, S.J.; Croker, H.; Viner, R.M. The effect of screen advertising on children’s dietary intake: A systematic review and
meta-analysis. Obes. Rev. 2019, 20, 554–568. [CrossRef]

8. Clark, H.; Coll-Seck, A.M.; Banerjee, A.; Peterson, S.; Dalglish, S.L.; Ameratunga, S.; Balabanova, D.; Bhan, M.K.; Bhutta, Z.A.;
Borrazzo, J.; et al. A future for the world’s children? A WHO-UNICEF-Lancet Commission. Lancet 2020, 395, 605–658. [CrossRef]

9. WHO. Set of Recommendations on the Marketing of Foods and Non-Alcoholic Beverages to Children; World Health Organization:
Geneva, Switzerland, 2010; Available online: https://apps.who.int/iris/bitstream/handle/10665/44416/9789241500210_eng.pdf
(accessed on 9 December 2021).

10. WHO. A Framework for Implementing the Set of Recommendations on the Marketing of Foods and Non-Alcoholic Beverages to Chil-
dren; World Health Organization: Geneva, Switzerland, 2012; Available online: https://www.who.int/dietphysicalactivity/
MarketingFramework2012.pdf (accessed on 9 December 2021).

11. Bergkvist, L.; Zhou, K.Q. Celebrity endorsements: A literature review and research agenda. Int. J. Advert. 2016, 35, 642–663.
[CrossRef]

12. Cuomo, M.T.; Foroudi, P.; Tortora, D.; Hussain, S.; Melewar, T.C. Celebrity Endorsement and the Attitude Towards Luxury Brands
for Sustainable Consumption. Sustainability 2019, 11, 6791. [CrossRef]

13. Elberse, A.; Verleun, J. The Economic Value of Celebrity Endorsements. J. Advert. Res. 2012, 52, 149. [CrossRef]
14. Knoll, J.; Matthes, J. The effectiveness of celebrity endorsements: A meta-analysis. J. Acad. Mark. Sci. 2017, 45, 55–75. [CrossRef]
15. De Houwer, J.; Thomas, S.; Baeyens, F. Associative learning of likes and dislikes: A review of 25 years of research on human

evaluative conditioning. Psychol. Bull. 2001, 127, 853–869. [CrossRef] [PubMed]
16. Aw, E.C.-X.; Labrecque, L.I. Celebrity endorsement in social media contexts: Understanding the role of parasocial interactions

and the need to belong. J. Consum. Mark. 2020, 37, 895–908. [CrossRef]
17. Hoffman, S.J.; Tan, C. Biological, psychological and social processes that explain celebrities’ influence on patients’ health-related

behaviors. Arch. Public Health 2015, 73, 3. [CrossRef]
18. WHO. Evaluating Implementation of the WHO Set of Recommendations on the Marketing of Foods and Non-Alcoholic Beverages to Children;

World Health Organization: Geneva, Switzerland, 2018; Available online: https://www.euro.who.int/__data/assets/pdf_file/00
03/384015/food-marketing-kids-eng.pdf (accessed on 9 December 2021).

19. Taillie, L.S.; Busey, E.; Stoltze, F.M.; Dillman Carpentier, F.R. Governmental policies to reduce unhealthy food marketing to
children. Nutr. Rev. 2019, 77, 787–816. [CrossRef] [PubMed]

20. Boyland, E.J.; Harrold, J.A.; Dovey, T.M.; Allison, M.; Dobson, S.; Jacobs, M.C.; Halford, J.C. Food choice and overconsumption:
Effect of a premium sports celebrity endorser. J. Pediatr. 2013, 163, 339–343. [CrossRef] [PubMed]

48



Nutrients 2022, 14, 434

21. WCRF. Restrict Food Advertising and Other Forms of Commercial Promotion; WCRF: London, UK, 2019; Available online: https:
//policydatabase.wcrf.org/level_one?page=nourishing-level-one#step2=3 (accessed on 9 December 2021).

22. Hawkes, C. Marketing Food to Children: Changes in the Global Regulatory Environment 2004–2006; World Health Organization: Geneva,
Switzerland, 2007; Available online: https://www.who.int/dietphysicalactivity/regulatory_environment_CHawkes07.pdf
(accessed on 9 December 2021).

23. Australian Communications and Media Authority. Guide to the Children’s Television Standards 2009. Available online: https:
//www.acma.gov.au/sites/default/files/2019-06/Previous-guide-to-the-Childrens-Television-Standards-2009.pdf (accessed on
9 December 2021).

24. WHO. Marketing of Foods High in Fat, Salt and Sugar to Children: Update 2012–2013; WHO Regional Office: Copenhagen, Denmark,
2013; Available online: http://www.euro.who.int/__data/assets/pdf_file/0019/191125/e96859.pdf (accessed on 9 December
2021).

25. Advertising Standards Authority. The BCAP Code—The UK Code of Broadcast Advertising; The Advertising Standards Authority:
London, UK, 2018; Available online: https://www.asa.org.uk/static/846f25eb-f474-47c1-ab3ff571e3db5910/BCAP-Code-full.pdf
(accessed on 9 December 2021).

26. Advertising Standards Authority. The CAP Code—The UK Code of Non-Broadcast Advertising and Direct & Promotional Marketing;
The Advertising Standards Authority: London, UK, 2018; Available online: https://www.asa.org.uk/static/47eb51e7-028d-4509
-ab3c0f4822c9a3c4/bbca4ed3-9b41-4c6b-8d13299664f119be/The-Cap-code.pdf (accessed on 9 December 2021).

27. Boyland, E.J.; Harris, J.L. Regulation of food marketing to children: Are statutory or industry self-governed systems effective?
Public Health Nutr. 2017, 20, 761–764. [CrossRef] [PubMed]

28. Zhou, M.; Rincón-Gallardo Patiño, S.; Hedrick, V.E.; Kraak, V.I. An accountability evaluation for the responsible use of celebrity
endorsement by the food and beverage industry to promote healthy food environments for young Americans: A narrative review
to inform obesity prevention policy. Obes. Rev. 2020, 21, e13094. [CrossRef]

29. Department of Health and Social Care. Introducing Further Advertising Restrictions on TV and Online for Products High in
Fat, Sugar and Salt (HFSS). Available online: https://assets.publishing.service.gov.uk/government/uploads/system/uploads/
attachment_data/file/807378/hfss-advertising-consultation-10-april-2019.pdf (accessed on 9 December 2021).

30. León-Flández, K.; Rico-Gómez, A.; Moya-Geromin, M.; Romero-Fernández, M.; Bosqued-Estefania, M.J.; Damián, J.; López-
Jurado, L.; Royo-Bordonada, M. Evaluation of compliance with the Spanish Code of self-regulation of food and drinks advertising
directed at children under the age of 12 years in Spain, 2012. Public Health 2017, 150, 121–129. [CrossRef]

31. House of Lords. UK Advertising in a Digital Age; Authority of the House of Lords: London, UK, 2018; Available online:
https://publications.parliament.uk/pa/ld201719/ldselect/ldcomuni/116/116.pdf (accessed on 9 December 2021).

32. Schouten, A.P.; Janssen, L.; Verspaget, M. Celebrity vs. Influencer endorsements in advertising: The role of identification,
credibility, and Product-Endorser fit. Int. J. Advert. 2020, 39, 258–281. [CrossRef]

33. De Veirman, M.; Hudders, L.; Nelson, M.R. What Is Influencer Marketing and How Does It Target Children? A Review and
Direction for Future Research. Front. Psychol. 2019, 10, 2685. [CrossRef]

34. Russell, C.A.; Rasolofoarison, D. Uncovering the power of natural endorsements: A comparison with celebrity-endorsed
advertising and product placements. Int. J. Advert. 2017, 36, 761–778. [CrossRef]

35. Phillipson, L.J.; Jones, S.C. I eat Milo to make me run faster: How the use of sport in food marketing may influence the food beliefs
of young Australians. Proc. Aust. N. Z. Mark. Acad. Conf. 2008, 1–7. Available online: https://ro.uow.edu.au/cgi/viewcontent.
cgi?article=3332&context=hbspapers (accessed on 9 December 2021).

36. Boyland, E.J.; Harrold, J.A.; Kirkham, T.C.; Halford, J.C. Persuasive techniques used in television advertisements to market foods
to UK children. Appetite 2012, 58, 658–664. [CrossRef]

37. Bragg, M.A.; Miller, A.N.; Elizee, J.; Dighe, S.; Elbel, B.D. Popular Music Celebrity Endorsements in Food and Nonalcoholic
Beverage Marketing. Pediatrics 2016, 138, e20153977. [CrossRef]

38. Bragg, M.A.; Yanamadala, S.; Roberto, C.A.; Harris, J.L.; Brownell, K.D. Athlete endorsements in food marketing. Pediatrics 2013,
132, 805–810. [CrossRef] [PubMed]

39. Alruwaily, A.; Mangold, C.; Greene, T.; Arshonsky, J.; Cassidy, O.; Pomeranz, J.L.; Bragg, M. Child Social Media Influencers and
Unhealthy Food Product Placement. Pediatrics 2020, 146, e20194057. [CrossRef] [PubMed]

40. Hebden, L.; King, L.; Kelly, B.; Chapman, K.; Innes-Hughes, C. A menagerie of promotional characters: Promoting food to
children through food packaging. J. Nutr. Educ. Behav. 2011, 43, 349–355. [CrossRef] [PubMed]

41. Potvin Kent, M.; Pauzé, E.; Roy, E.A.; de Billy, N.; Czoli, C. Children and adolescents’ exposure to food and beverage marketing
in social media apps. Pediatr. Obes. 2019, 14, e12508. [CrossRef] [PubMed]

42. Blades, M.; Oates, C.; Li, S. Children’s recognition of advertisements on television and on Web pages. Appetite 2013, 62, 190–193.
[CrossRef]

43. Rozendaal, E.; Buijzen, M.; Valkenburg, P. Comparing Children’s and Adults’ Cognitive Advertising Competences in the
Netherlands. J. Child. Media 2010, 4, 77–89. [CrossRef]

44. Smit, C.R.; Buijs, L.; van Woudenberg, T.J.; Bevelander, K.E.; Buijzen, M. The Impact of Social Media Influencers on Children’s
Dietary Behaviors. Front. Psychol. 2020, 10, 2975. [CrossRef]

45. Jenkin, G.; Madhvani, N.; Signal, L.; Bowers, S. A systematic review of persuasive marketing techniques to promote food to
children on television. Obes. Rev. 2014, 15, 281–293. [CrossRef] [PubMed]

49



Nutrients 2022, 14, 434

46. Cairns, G.; Angus, K.; Hastings, G.; Caraher, M. Systematic reviews of the evidence on the nature, extent and effects of food
marketing to children. A retrospective summary. Appetite 2013, 62, 209–215. [CrossRef] [PubMed]

47. Smith, R.; Kelly, B.; Yeatman, H.; Boyland, E. Food Marketing Influences Children’s Attitudes, Preferences and Consumption: A
Systematic Critical Review. Nutrients 2019, 11, 875. [CrossRef]

48. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. BMJ 2009, 339, b2535. [CrossRef] [PubMed]

49. Thomas, J.; Brunton, J.; Graziosi, S. EPPI-Reviewer 4.0: Software for Research Synthesis; Social Science Research Unit, Institute of
Education, University of London: London, UK, 2010.
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Abstract: This study was aimed at assessing the efficacy and safety of inositol nutritional supplemen-
tation during pregnancy for the prevention of GDM. PubMed, Embase, MEDLINE, and Cochrane
library were systematically searched for randomized controlled trails (RCTs) in this field until May
2022. Primary outcomes were the incidence for GDM and plasma glucose levels by oral glucose
tolerance test (OGTT). Pooled results were expressed as relative risk (RR) or mean difference (MD)
with a 95% confidence interval (95% CI). Seven RCTs with 1321 participants were included in this
study. Compared with the control group, 4 g myo-inositol (MI) supplementation per day signifi-
cantly decreased the incidence of GDM (RR = 0.30, 95% CI (0.18, 0.49), p < 0.00001). It significantly
decreased the plasma glucose levels of OGTT regarding fasting-glucose OGTT (MD = −4.20, 95% CI
(−5.87, −2.54), p < 0.00001), 1-h OGTT (MD = −8.75, 95% CI (−12.42, −5.08), p < 0.00001), and 2-h
OGTT (MD = −8.59, 95% CI (−11.81, −5.83), p < 0.00001). It also decreased the need of insulin
treatment, and reduced the incidence of preterm delivery and neonatal hypoglycemia. However, no
difference was observed between 1.1 g MI per day plus 27.6 mg D-chiro-inositol (DCI) per day and
the control group regarding all evaluated results. In conclusion, 4 g MI nutritional supplementation
per day during early pregnancy may reduce GDM incidence and severity, therefore may be a practical
and safe approach for the prevention of GDM.

Keywords: inositol; myo-inositol; D-chiro-inositol; gestational diabetes mellitus; insulin resistance;
randomized controlled trial; meta-analysis

1. Introduction

Gestational diabetes mellitus (GDM) is one of the most common complications dur-
ing pregnancy. It is defined as “diabetes diagnosed in the second or third trimester of
pregnancy that was not clearly overt diabetes prior to gestation” according to the latest
guideline of the American Diabetes Association (ADA) [1]. The International Diabetes
Federation (IDF) has reported [2] that the global prevalence of GDM among pregnant
women aged 20–49 years was 16.7% in 2021. According to the recommendations of the
International Federation of Gynecology and Obstetrics and guidelines of various countries,
a 75 g 2-h oral glucose tolerance test is suggested to be performed on all pregnant women
between 24- and 28-weeks’ gestation, in order to diagnose and effectively manage GDM [3].
Current evidence indicates that GDM is associated with not only higher risk of pregnancy
complications, but also the long-term health of mothers and infants, such as increased
risk of developing type 2 diabetes, cardiovascular disease, chronic kidney disease, and
cancer for mothers and obesity, overweight, insulin resistance, and delayed neurocognitive
development for their offspring [4,5]. Therefore, it is crucial to find safe, effective, and
acceptable measures for the prevention of GDM, and nutritional supplementation has been
considered as a possible intervention [6].

Nutrients 2022, 14, 2831. https://doi.org/10.3390/nu14142831 https://www.mdpi.com/journal/nutrients
51



Nutrients 2022, 14, 2831

Inositol, or cyclohexane−1,2,3,4,5,6-hexol, is a polyol which naturally presents in
animal and plant cells. Foods that are rich in inositol include cereals, legumes, oil, seeds,
and nuts. Inositol exists under nine stereoisomeric forms, of which myo-inositol (MI) and
D-chiro-inositol (DCI) are the most common forms in eukaryotic cells. Inositol serves as
the structural basis for a variety of second messengers in eukaryotic cells, thus involved in
the transduction of several endocrine signals, including follicle stimulating hormone (FSH),
thyroid stimulating hormone (TSH), and insulin. By increasing glucose transporter type 4
(GLUT4) translocation to the cell membrane, MI and DCI act as insulin sensitizers, thereby
decreasing insulin resistance and plasma glucose levels [7,8].

It has been reported that inositol may reduce hyperinsulinemia and restore ovarian
function in women with polycystic ovarian syndrome (PCOS) [9]. As insulin resistance
increasing during pregnancy is now recognized as the main pathophysiological mechanism
of GDM, it is reasonable to hypothesize that inositol dietary supplementation may have a
preventive effect on the development of GDM and its complications.

Over the past ten years, several randomized controlled trails (RCTs) have investigated
the effectiveness of inositol supplementation for the prevention of GDM. A Cochran review
in 2015 concluded the body of evidence of this topic was of low quality [10]. Since then,
other new RCTs have provided more evidence on this topic. Therefore, this systematic
review and meta-analysis is performed to assess and summarize the efficacy and safety of
inositol nutritional supplementation during pregnancy for the prevention of GDM.

2. Materials and Methods

2.1. Study Design

This systematic review is organized in accordance with current recommendations of
Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guide-
lines [11].

2.2. Search Strategy

A literature search was performed in the following databases: PubMed, Embase,
MEDLINE, and Cochrane library from inception to May 2022. The search terms used
were inositol, myo-inositol, D-chiro-inositol, gestational diabetes mellitus, gestational
diabetes, OGTT, plasma glucose level, insulin resistance, randomized controlled trial, and
clinical trial. Additional searches were performed among the reference lists of relevant
review articles.

2.3. Study Selection

The study selection underwent a two-stage process. Firstly, the titles and abstracts
were screened. The full tests of all relevant trials were then examined, based on the
following inclusion and exclusion criteria. Duplicated studies were removed.

Inclusion criteria:

1. RCTs evaluating the effects of inositol (MI and/or DCI) for preventing GDM dur-
ing pregnancy.

Exclusion criteria:

1. Pregnant women who were already diagnosed with type 1 diabetes (T1DM), type
2 diabetes mellitus (T2DM), or GDM.

2. Interventions included supplementation other than inositol and folic acid.
3. Did not assess incidence of GDM as outcome.
4. Pilots, protocols, observational studies, reviews, case reports, trials, comments, letters,

news, notes, editorial, or conference abstracts.
5. Unable to access the full text of article.
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2.4. Data Extraction

Data were extracted from the selected RCTs, including first author, year of publication,
research site, number of participants, baseline characteristics of participants, detailed
intervention protocols, outcome measures, and any reported adverse events. Outcomes
that appeared at least in two included studies were extracted for further meta-analysis.

2.5. Outcome Measures

Primary outcomes were the incidence for GDM and plasma glucose levels (fasting
glucose, 1-h glucose, and 2-h glucose) of the oral glucose tolerance test (OGTT). Secondary
outcomes included maternal health outcomes, delivery outcomes, and neonatal health
outcomes. Addtionally, side effects associated with the intervention were also evaluated.

Maternal health outcomes measures:
- -Need of insulin treatment (%).
- -Hypertensive disorders (%).
Delivery outcomes measures:
- -Preterm delivery (%): the birth of a baby at earlier than 37 weeks gestational age.
- -Cesarean section (%).
- -Shoulder dystocia (%).
Neonatal health outcomes measures:
- -Birth weight (g).
- -Birth weight (%).
- -Macrosomia (%): birth weight ≥ 4000 g.
- -Neonatal hypoglycemia (%): plasma glucose level of less than 45 mg/dl.
- -Neonatal Intensive Care Unit admission (NICU admission) (%).

2.6. Risk of Bias and Quality Assessment

The risk of bias was assessed within studies in seven domains, following the cri-
teria outlined in the Cochrane Handbook for Systematic Reviews of Interventions [12].
Discrepancies were resolved by group discussion.

The quality of evidence was evaluated by using the Grading of Recommendations
Assessment, Development, and Evaluation (GRADE) approach as outlined in the GRADE
handbook [13].

2.7. Data Analysis

The meta-analysis estimated the risk ratio (RR) with the 95% confidence interval (CI)
for dichotomous variables, and mean difference (MD) with the 95% CI for continuous
variables. Heterogeneity was assessed using I2 statistics, with an I2 between 50 and 90%
indicating substantial heterogeneity [11]. All statistical analyses were performed using
Review Manager version 5.4.1 (The Cochrane Collaboration, Oxford, UK).

3. Results

3.1. Literature Search

The initial search in electronic databases and reference lists of review articles identified
23 potentially relevant RCTs. The full text of nine RCTs was retrieved after screaming titles
and abstracts, of which seven RCTs were finally included in the meta-analysis, with a total
of 1321 patients. The detailed process of the literature search and selection is shown via a
flowchart in Figure 1.
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Figure 1. Flowchart of study search and selection.

3.2. Characteristics of Included Studies

The main characteristics of the included studies are summarized in Table 1.

Table 1. The main characteristics of the included studies. BMI: body mass index. GA: gestational age.
FPG: fast plasma glucose. RG: random glucose.

Study Country Inclusion Criteria Interventions Inositol Group Control Group

Matarrelli 2013 [14] Italy

(1) Prepregnancy BMI < 35 kg/m2

(2) FPG ≥ 5.1 mmol/L and <7.0 mmol/L
in the first or early second trimester
(3) Single pregnancy

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 200 μg folic
acid twice a day

Group A (n = 35)
Age: 33.0 ± 4.9
BMI: 23.5 ± 3.4
FPG: 5.4 ± 0.3

Group B (n = 38)
Age: 33.8 ± 4.7
BMI: 24.7 ± 4.2
FPG: 5.4 ± 0.3

D’Anna 2013 [15] Italy

(1) GA: 12~13 w
(2) First-degree relatives affected by T2DM
(3) Prepregnancy BMI < 30 kg/m2

(4) FPG < 126 mg/dl, RG < 200 mg/dl
(5) Single pregnancy
(6) Caucasian race

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 200 μg folic
acid twice a day

Group A (n = 99)
Age: 31.0 ± 5.3
BMI: 22.8 ± 3.1

Group B (n = 98)
Age: 31.6 ± 5.6
BMI: 23.6 ± 3.1

D’Anna 2015 [16] Italy

(1) GA: 12~13 w
(2) Prepregnancy BMI ≥ 30 kg/m2

(3) FPG < 126 mg/dl, RG < 200 mg/dl
(4) Single pregnancy
(5) Caucasian race

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 200 μg folic
acid twice a day

Group A (n = 107)
Age: 30.9 (18~44)
BMI: 33.8 (30.0~46.9)
FPG: 83.1 ± 8.5

Group B (n = 107)
Age: 31.7 (19~43)
BMI: 33.8 (30.0~46.0)
FPG: 82.3 ± 10.6

Santamaria 2016 [17] Italy

(1) GA: 12~13 w
(2) Prepregnancy BMI ≥ 25 kg/m2,
<30 kg/m2

(3) FPG < 126 mg/dl, RG < 200 mg/dl
(4) Single pregnancy
(5) Caucasian race

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 200 μg folic
acid twice a day

Group A (n = 95)
Age: 32.1 ± 4.8
BMI: 26.9 ± 1.3
FPG: 81.09 ± 8..03

Group B (n = 102)
Age: 32.7 ± 5.3
BMI: 27.1 ± 1.3
FPG: 78.63 ± 6.15

Farren 2017 [18] Ireland

(1) GA: 10~16 w
(2) First-degree relatives affected by
T1DM/T2DM
(3) FPG < 126 mg/dl, RG < 200 mg/dl
(4) Single pregnancy

Group A: 1.1 g MI,
27.6 mg DCI plus
400 μg folic acid
per day
Group B: 400 μg folic
acid per day

Group A (n = 120)
Age: 31.1 ± 5.1
BMI: 26.0 ± 5.3

Group B (n = 120)
Age: 31.5 ± 5.0
BMI: 26.2 ± 5.5

54



Nutrients 2022, 14, 2831

Table 1. Cont.

Study Country Inclusion Criteria Interventions Inositol Group Control Group

Celentano 2020 [19] Italy

(1) Prepregnancy BMI < 35 kg/m2

(2) FPG ≥ 5.1 mmol/L and <7.0 mmol/L
in the first trimester
(3) Single pregnancy

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 500 mg DCI
plus 400 μg folic acid
per day
Group C: 0.55 g MI,
13.8 mg DCI plus
200 μg folic acid twice
a day
Group D: 400 μg folic
acid per day

Group A (n = 39)
Age: 33.1 ± 4.9
BMI: 23.5 ± 3.4
FPG: 5.4 ± 0.3

Group B (n = 32)
Age: 34.4 ± 3.7
BMI: 24.4 ± 4.9
FPG: 5.3 ± 0.2

Group C (n = 34)
Age: 34.1 ± 4.2
BMI: 23.5 ± 4.6
FPG: 5.4 ± 0.3

Group D (n = 52)
Age: 33.9 ± 4.9
BMI: 24.4 ± 4.1
FPG: 5.4 ± 0.3

Vitale 2021 [20] Italy

(1) GA: 12~13 w
(2) Prepregnancy BMI ≥ 25 kg/m2,
<30 kg/m2

(3) FPG < 126 mg/dl, RG < 200 mg/dl
(4) Single pregnancy
(5) Caucasian race

Group A: 2 g MI plus
200 μg folic acid twice
a day
Group B: 200 μg folic
acid twice a day

Group A (n = 110)
Age: 27.18 ± 6.03
BMI: 27.00 ± 1.49
FPG: 82.20 ± 12.12

Group B (n = 113)
Age: 27.95 ± 4.90
BMI: 26.68 ± 1.56
FPG: 83.10 ± 14.10

The seven included studies were published between 2013 and 2021, six of which were
conducted in Italy, the other one in Ireland. The sample sizes ranged from 73 to 240. Two
studies were double-center studies [16,17] and the remaining five were carried out in a
single center [14,15,18–20].

Two studies [17,19] focused on overweight non-obese women, whose pre-pregnancy
body mass index (BMI) was between 25 and 30 kg/m2, while one study [16] focused on
obese women, whose pre-pregnancy BMI was over 30 kg/m2. Two studies [15,18] only
included patients with a family history of T2DM. Two studies [14,19] focused on pregnant
women with elevated plasma glucose levels in the first trimester.

Six studies [14–17,19,20] compared the effect of 4 g MI per day with the placebo; two
studies [18,19] compared the effect of 1.1 g MI plus 27.6 mg DCI with the placebo; and
one study [19] investigated the effect of 500 mg DCI versus the placebo. The placebo was
200 μg folic acid twice a day (or 400 μg per day) in all studies. The duration of intervention
in all studies was from trial entry to delivery.

In all studies, the diagnosis of GDM was based on the Hyperglycemia and Adverse
Pregnancy Outcome (HAPO) study [21] and the International Association of Diabetes and
Pregnancy Study Groups (IADPSG) recommendations [22].

3.3. Risk of Bias of Included Studies

The risk of bias of the included studies is shown in Figures 2 and 3.

 

Figure 2. Review of authors’ judgement about each risk of bias item presented as percentages across
all included studies.
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Figure 3. Review of authors’ judgement about each risk of bias item for each included study [14–20].

3.3.1. Selection Bias

All but two studies used a computer-generated random sequence. Farren 2017 and
Celentano 2020 stated the participants were randomized but did not provide further
information on the method (unclear risk of bias).

D’Anna 2013 and Celentano 2020 did not report the method of allocation concealment
(unclear risk of bias), while the remaining studies used an adequate allocation strategy
(four with sealed envelopes and one with central allocation).

3.3.2. Performance Bias

Matarrelli 2013 is the only study which was double-blinded for both participants and
healthcare providers. The others were open-label studies and therefore were assessed as
having a high risk of bias.

3.3.3. Detection Bias

The outcomes evaluated in these studies were either objective measurements of labo-
ratory values or established facts, which were unlikely to be influenced by the blinding
strategy. Therefore, all studies were assessed as having a low risk of bias.
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3.3.4. Attrition Bias

None of the seven studies had a drop-out rate over 20%. However, Vitale 2021 used a
protocol treatment analysis, therefore was assessed as having an unclear risk of bias.

3.3.5. Reporting Bias

D’Anna 2015 and Santamaria 2016 were assessed as having a high risk of bias because
the outcomes were changed after protocol registration. Vitale 2021 was assessed as having
an unclear risk of bias because the detailed results of several secondary outcomes were not
reported. The remaining studies were assessed as having a low risk of bias.

3.3.6. Other Bias

D’Anna 2015 and Santamaria 2016 were assessed as having a high risk of bias because
a baseline difference in the rate of family history of T2DM between groups was reported,
which might affect the effect evaluation. D’Anna 2013 stated that an intention-to-treat
analysis was performed and did not show results different from those of per-protocol
analysis, but only published the results of per-protocol analysis. Therefore, it was assessed
as having an unclear risk of bias. The remaining studies were assessed as having a low risk
of bias.

3.4. Effects of Intervention
3.4.1. Primary Outcomes

All seven studies evaluated the incidence of GDM and OGTT plasma glucose levels.
Compared with the control group, 4 g MI supplementation per day significantly

decreased the incidence of GDM (RR = 0.30, 95% CI (0.18, 0.49), p < 0.00001; six trials,
n = 995), with substantial heterogeneity among studies (I2 = 52%, p = 0.06). No difference
was observed between 1.1 g MI plus 27.6 mg DCI supplementation per day and the control
group (p = 0.74; two trials, n = 326) (Figure 4).

 

Figure 4. Inositol vs. control: incidence of GDM [14–20].

Compared with the control group, 4 g MI supplementation per day significantly
decreased the OGTT plasma glucose levels regarding fasting-glucose OGTT (MD = −4.20,
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95% CI (−5.87, −2.54), p < 0.00001, I2 = 50%; six trials, n = 995) (Figure 5), 1-h OGTT
(MD = −8.75, 95% CI [−12.42, −5.08], p < 0.00001, I2 = 27%; six trials, n = 995) (Figure 6),
and 2-h OGTT (MD = −8.59, 95% CI (−11.81, −5.83), p < 0.00001, I2 = 44%; six trials, n = 995)
(Figure 7). No difference was observed between 1.1 g MI plus 27.6 mg DCI supplementation
per day and the control group (p = 0.45/0.29/0.48; two trials, n = 326).

 

Figure 5. Inositol vs. control: fasting-glucose OGTT [14–20].

 

Figure 6. Inositol vs. control: 1-h OGTT [14–20].
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Figure 7. Inositol vs. control: 2-h OGTT [14–20].

3.4.2. Secondary Outcomes

Four studies evaluated patients’ need of insulin treatment. Compared with the control
group, 4 g MI supplementation per day significantly decreased the need of insulin treatment
(RR = 0.27, 95% CI (0.11, 0.66), p = 0.004, I2 = 0%; four trials, n = 562).

Five studies evaluated the incidence of hypertensive disorders. No difference in the
incidence of hypertensive disorders was observed between 4 g MI supplementation per
day and the control group or 1.1 g MI plus 27.6 mg DCI supplementation per day and the
control group (respectively, p = 0.06, four trials, n = 686; p = 0.23, two trials, n = 320).

Five studies evaluated the incidence of preterm delivery. Compared with the control
group, 4 g MI supplementation per day significantly decreased the incidence of preterm
delivery (RR = 0.39, 95% CI (0.18, 0.82), p = 0.01, I2 = 0%; four trials, n = 686). No difference
was observed between 1.1 g MI plus 27.6 mg DCI supplementation per day and the control
group (p = 0.13; two trials, n = 320).

Five studies evaluated the cesarean section rate. No difference in the cesarean section
rate was observed between 4 g MI supplementation per day and the control group or 1.1 g
MI plus 27.6 mg DCI supplementation per day and the control group (respectively, p = 0.14,
four trials, n = 686; p = 0.57, two trials, n = 320).

Three studies evaluated the incidence of shoulder dystocia. No difference in the
incidence of shoulder dystocia was observed between 4 g MI supplementation per day and
the control group (p = 0.48, three trials, n = 595).

Six studies evaluated neonatal birth weight. No difference in birth weight was ob-
served between 4 g MI supplementation and the control group or 1.1 g MI plus 27.6 mg
DCI supplementation per day and the control group (respectively, p = 0.12, five trials,
n = 759; p = 0.88, two trials, n = 320). However, compared with the control group, 4 g MI
supplementation per day significantly decreased birth weight in percentiles (MD = −14.86,
95% CI (−21.38, −8.35), p < 0.00001, I2 = 0%; two trials, n = 164).

Three studies evaluated the incidence of macrosomia. No difference in the incidence
of macrosomia was observed between 4 g MI supplementation per day and the control
group (p = 0.22, three trials, n = 595).

Six studies evaluated the incidence of neonatal hypoglycemia. Compared with the
control group, 4 g MI supplementation per day significantly decreased the incidence of
neonatal hypoglycemia (RR = 0.15, 95% CI (0.03, 0.66), p = 0.01, I2 = 0%; five trials, n = 759).
No difference was observed between 1.1 g MI plus 27.6 mg DCI supplementation per day
and the control group (p = 0.53; two trials, n = 320).
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Four studies evaluated the incidence of NICU admission. No difference in the NICU
admission rate was observed between 4 g MI supplementation per day and the control
group or 1.1 g MI plus 27.6 mg DCI supplementation per day and the control group
(respectively, p = 0.08, three trials, n = 489; p = 0.75, two trials, n = 320).

3.5. Side Effects

A total of 1321 patients from seven studies were included in the meta-analysis, among
which no side effect was reported.

3.6. Overall Quality of Evidence

The overall quality of evidence was rated as very low or very low for all the outcomes
evaluated (Table 2).

Table 2. Summary of finding: inositol for the prevention of GDM.

Inositol for the Prevention of GDM

Patient or Population: Women in Early Pregnancy Who Were at Risk of GDM (Those with Pre-Existing T1DM/T2DM Excluded)
Intervention: MI 4 g/MI 1.1 g Plus DCI 27.6 mg

Outcomes

Illustrative comparative risks * (95% CI)
Relative effect
(95% CI)

No of Participants
(studies)

Quality of the evidence
(GRADE) CommentsAssumed risk Corresponding risk

Control Inositol

GDM rate

Study population

RR 0.4
(0.23 to 0.67)

1321
(7 studies)

⊕���
very low 1,2,3,4

317 per 1000 127 per 1000
(73 to 212)

Moderate

306 per 1000 122 per 1000
(70 to 205)

Insulin treatment

Study population

RR 0.27
(0.11 to 0.66)

562
(4 studies)

⊕⊕��
low 1,2,4,5

84 per 1000 23 per 1000
(9 to 56)

Moderate

106 per 1000 29 per 1000
(12 to 70)

Hypertensive disorders

Study population

RR 0.43
(0.2 to 0.91)

1006
(5 studies)

⊕���
very low 1,2,4

42 per 1000 18 per 1000
(8 to 38)

Moderate

30 per 1000 13 per 1000
(6 to 27)

Preterm delivery

Study population

RR 0.4
(0.22 to 0.74)

1006
(5 studies)

⊕���
very low 1,2,4

69 per 1000 27 per 1000
(15 to 51)

Moderate

63 per 1000 25 per 1000
(14 to 47)

Cesarean section

Study population

RR 0.89
(0.77 to 1.03)

1006
(5 studies)

⊕���
very low 1,2,4,6

448 per 1000 398 per 1000
(345 to 461)

Moderate

471 per 1000 419 per 1000
(363 to 485)

Shoulder dystocia

Study population

RR 0.58
(0.12 to 2.68)

595
(3 studies)

⊕���
very low 1,2,4,6

13 per 1000 8 per 1000
(2 to 35)

Moderate

10 per 1000 6 per 1000
(1 to 27)
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Table 2. Cont.

Inositol for the Prevention of GDM

Patient or Population: Women in Early Pregnancy Who Were at Risk of GDM (Those with Pre-Existing T1DM/T2DM Excluded)
Intervention: MI 4 g/MI 1.1 g Plus DCI 27.6 mg

Macrosomia

Study population

RR 0.35
(0.06 to 1.92)

595
(3 studies)

⊕���
very low 1,2,3,4,6

56 per 1000 20 per 1000
(3 to 107)

Moderate

49 per 1000 17 per 1000
(3 to 94)

Neonatal hypoglycemia

Study population

RR 0.62
(0.32 to 1.18)

1079
(6 studies)

⊕���
very low 1,4,6

46 per 1000 29 per 1000
(15 to 54)

Moderate

10 per 1000 6 per 1000
(3 to 12)

NICU admission

Study population

RR 0.53
(0.23 to 1.21)

809
(4 studies)

⊕���
very low 1,2,4,6

37 per 1000 20 per 1000
(9 to 45)

Moderate

39 per 1000 21 per 1000
(9 to 47)

⊕ Upgrade. � Downgrade. 1 Downgraded due to the high risk of performance bias and unclear risk of reporting
bias. 2 Downgraded because the research location and race of participants were limited. 3 Downgraded due
to high heterogeneity. 4 Publication bias due to “positive results” is strongly suspected. 5 Upgraded because
the RR/p value is low. 6 Downgraded due to wide CI crossing the line of no effect. * The basis for the assumed
risk (e.g., the median control group risk across studies) is provided in footnotes. The corresponding risk (and
its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the
intervention (and its 95% CI).

4. Discussion

The incidence of GDM has been increasing worldwide over the past years. As current
evidence indicates that GDM is associated with higher risk of pregnancy complications and
long-term maternal and fetal adverse outcomes, researchers have been focused on finding
more practical measures to prevent GDM. Clinical trials and observational studies have
shown that exercise can be a non-invasive therapeutic option [23,24], while others have
focused on diet control and nutritional supplementation.

Inositol is a polyol which widely exists in eukaryotic cells. It is the structural basis of
various secondary messengers, especially of inositol triphosphates, phosphatidylinositol
phosphate lipids, and inositol glycans. Therefore, inositol is involved in insulin signal
transduction through regulating the phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT) signal pathway and increasing GLUT4 translocation to the cell membrane, which
has been supported by the latest animal experiments in type 2 diabetic db/db mice [25]. It
is natural to consider inositol as an effective insulin sensitizer to prevent GDM, the main
pathophysiological mechanism of which is believed to be insulin resistance.

The present meta-analysis included seven RCTs with a total number of 1321 partici-
pants. In all, 485 patients received the intervention of 4 g MI supplementation per day, and
154 patients received the intervention of 1.1 g MI plus 27.6 mg DCI supplementation per
day. The results suggest that compared with the control group (placebo), 4 g MI supplemen-
tation per day during pregnancy significantly reduced incidence of GDM, plasma glucose
levels of OGTT, and the need of insulin treatment. It was also associated with significantly
reduced incidence of preterm delivery, lower birth weight (in percentiles), and reduced
incidence of neonatal hypoglycemia. The incidence of hypertensive disorders and NICU
admission rate also reduced, although not statistically significant. It showed no remarkable
impact on the incidence of cesarean section, shoulder dystocia, and macrosomia. It is noted
that no difference was observed between 1.1 g MI plus 27.6 mg DCI supplementation per
day and the control group in all outcomes. The dosing regimen for MI+DCI was extrapo-
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lated from previous studies investigating the effects of inositol in women with PCOS [9].
However, this dosage seemed inadequate in terms of preventing GDM.

The present meta-analysis included RCTs that used inositol as the only intervention.
There were also studies investigating the effect of inositol plus other nutritional supple-
mentation. Dell’Edera 2017 [26] suggested that a combination of 1.75 g MI, 250 mg DCI,
plus zinc and methylsulfonylmethane might prevent the onset of GDM in pregnant women
with glucose intolerance. Godfrey 2021 [27], however, found the combination of 4 g MI
plus vitamin D/B6/B12, riboflavin, zinc, and probiotics was not effective in an interna-
tional, multi-center, double-blind trial. Previous studies have suggested that vitamin D
supplementation could possibly reduce the risk of GDM [28], while the effect of probiotics
remained unclear [29]. Whether the other components of the intervention played an addi-
tional role is yet to be investigated. Melvasi 2014 [30] and Melvasi 2017 [31] focused on the
improvement of maternal metabolic profile, suggesting that the intervention of 2 g MI plus
400 mg DCI, and several other components could improve glycemic and lipidic parameters
in pregnant women. In addition, 400 μg folic acid supplementation per day was given to
all participants as a placebo control in the RCTs included in this meta-analysis. Several
cohort studies have reported that folic acid supplementation in early pregnancy [32] and
prolonged duration [33] of it may increase the risk of GDM. This is unlikely to affect the re-
sults of the present meta-analysis but should be taken into consideration when conducting
further clinical trials in the future.

Inositol is included in the list of compounds that are ‘generally recognized as safe’,
according to United States Food and Drug Administration, which means it has been proven
to be free of side effects and is safe for use in pregnancy [34]. Among the studies included
in the present meta-analysis, no adverse event associated with inositol supplementation
was reported, and previous reviews declared the same conclusion [35]. Therefore, as a safe
molecule at usual administered dosage, inositol could be a potential choice of nutritional
supplementation for preventing GDM.

Previous systematic reviews and meta-analyses mostly focused on the effects of MI and
suggested that MI supplementation during pregnancy shows the potential in preventing
GDM, with low quality previous evidence [10,36–38]. The main conclusion is similar
between the present study and previous studies. However, the presented meta-analysis
has included all existing RCTs with the intervention of inositol only (both MI and DCI) on
the topic up to May 2022. Three aspects of a secondary outcome were evaluated, including
ten subitems. A more comprehensive evaluation of inositol’s effect on GDM prevention
was performed by the present study.

Still, several limitations should be taken into consideration. Six studies were conducted
in Italy with Caucasian women. The lack of a blinding method in most studies lead
to an overall high risk of performance bias, and the risk of reporting bias was unclear.
Moreover, there was substantial heterogeneity when performing a sensitivity analysis of
some outcomes. Therefore, the overall quality of evidence was rated as low or very low
for all the outcomes evaluated. Further studies are required in different countries and
ethnic groups. The dosage of inositol and intervention time need to be further evaluated.
Besides, long-term outcomes of both mothers and their offspring should be included in
the evaluation.

5. Conclusions

Inositol nutritional supplementation of 4 g MI per day during early pregnancy may
reduce GDM incidence and severity. It may also decrease the need of insulin treatment, and
reduce the incidence of preterm delivery and neonatal hypoglycemia. Besides, it is reported
to be safe for use in pregnancy. Therefore, inositol nutritional supplementation may be a
practical and safe approach for the prevention of GDM. Further studies are required to
apply inositol into more clinical practice.
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Dora Bučan Nenadić 1,2,*, Ela Kolak 1,2,*, Marija Selak 1,2, Matea Smoljo 2, Josipa Radić 3,4, Marijana Vučković 3,
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Abstract: Obesity is a rapidly growing problem in European countries, Croatia being among them.
According to the latest CroCOSI data, every third child in Croatia aged 8.0–8.9 years is overweight
or obese. The Mediterranean diet (MeDi) and its impact on nutritional status and health has been
the focus of recent research. Therefore, the aim of this cross-sectional, observational study was to
determine the nutritional status and adherence to the MeDi of preschool children in Split, Croatia.
We included 598 preschool children aged 3 to 7 years and, for each child, parents completed a
lifestyle questionnaire and the Mediterranean Diet Quality Index (KIDMED) in order to assess
adherence to the MeDi. The anthropometric assessment included the measurement of weight, height,
mid-upper arm circumference (MUAC), waist circumference (WC) and the z-score was calculated.
According to the z-score, 420 (70.2%) children had a healthy body weight with 54 (9%) underweight
and 124 (20.8%) overweight or obese children. Almost half (49%) of the study participants had a
low KIDMED index score, indicating a low MeDi adherence, 37% had an average score, while only
14% had high MeDi compliance. Statistically significant negative correlations between MUAC and
WC and the consumption of a second daily serving of fruit (p = 0.04) as well as a daily serving of
vegetables (p = 0.03) were found. In conclusion, low compliance to the MeDi principles in preschool
children is concerning. Considering the beneficial effects of the MeDi on overall health, further
education, and the adoption of healthy eating habits in preschool children in this Mediterranean
region are required.

Keywords: preschool children; nutritional status; eating habits; Mediterranean diet; Split-Dalmatia County

1. Introduction

For preschool children, a healthy nourishment characterized by an adequate and
balanced nutritional intake alone can ensure proper physical growth as well as cognitive
and emotional development, a feeling of satiety and sufficient physical ability [1]. In
this preschool period, children shape their dietary patterns by developing independent
feeding skills and forming their own food preferences [2]. In addition to the direct effect on
growth and development, inadequate nutrition can affect the occurrence of certain chronic
non-communicable diseases in childhood such as cardiovascular diseases, obstructive sleep
apnea and psychosocial problems [3]. Given that eating habits acquired in childhood might
continue into adulthood [4] and increase the risk of the development of type 2 diabetes
mellitus, arterial hypertension and arteriosclerosis especially in children with persistent
obesity [5,6], it is important to provide children with quality nutrition and allow them to
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adopt proper eating habits [1]. On the other hand, overnutrition, which leads to children
becoming overweight and obese because of their excessive intake of energy dense food and
a sedentary lifestyle, is a rapidly growing problem in European countries [3] and as such
in Croatia. According to the European Childhood Obesity Surveillance Initiative in Croatia
(CroCOSI, 2018–2019), one in three Croatian children (35.0%) aged 8.0–8.9 years were
overweight and obese [7]. In the past few years, nutrition research has focused on the MeDi
and its impact on nutritional status and health. Considered as one of the healthiest dietary
patterns, MeDi is based on high intake of fresh fruits, vegetables, legumes, whole grains,
dairy products, fish and olive oil; moderate intake of poultry, eggs and wine, and finally,
a low intake of red and processed meat and sweets [8]. Greater adherence to the MeDi is
associated with a significant reduction of risk in developing chronic morbidities [9] and an
inverse relationship with obesity [10]. In order to assess the compliance to the principles of
the MeDi in the pediatric population, the use of the KIDMED index is suggested [11]. As
the growth and nutritional assessment by health professionals become less frequent after
the first year of a child’s life, dietary habits are most often guided by parents, caregivers, or
kindergarten professionals. Therefore, the nutritional status and dietary habits of preschool
children should be given special attention. A departure from the traditional MeDi has
been observed in the general population [12], and according to recent research the same
drift has occurred in preschool children [13]. Therefore, the main aim of this study was
to determine nutritional status and adherence to the MeDi in preschool children from
Split-Dalmatia County, Croatia.

2. Materials and Methods

2.1. Study Design and Population

Five hundred and ninety-eight preschool children aged 3 to 7 years were included in
this cross-sectional study. The study was carried out in randomly chosen kindergartens in
Split, Split-Dalmatia County, Croatia between March and October 2019. The research was
conducted as part of a series of lectures for educators and parents as well as educational
workshops for children about healthy eating habits for this population at the initiative of
the Croatian Association of Nutritionists. Oral and written informed consent was obtained
from parents of each study participant as well as from kindergarten management. Only
one child per household was included in the study. Children who met one of the following
criteria were excluded from the study: (1) refused to participate; (2) had psychological
disorders that prevent them from participating in regular activities; (3) lack of parental
approval; (4) in cases where parents had not fully completed or returned questionnaires.

2.2. Lifestyle Questionnaire

Parents who had consented to their child participating in the study were asked
to complete a lifestyle questionnaire to provide insight into the characteristics of the
population. The questionnaire included demographic information such as date of birth
and sex as well as questions about the duration of stay at the kindergarten, possible present
food allergies, number of meals and the use of dietary supplements.

2.3. The Mediterranean Diet Quality Index (KIDMED)

For each study participant, parents were also asked to complete the KIDMED index.
The KIDMED index was created to assess adherence to the MeDi for children and young
people from two (2) to twenty four (24) years of age based on the principles that reflect
Mediterranean eating habits and those that undermine them [14]. The index itself consists
of sixteen questions that can be answered with the response of yes or no. Questions with
negative connotations were assigned a value of −1 and those with a positive connotation
were attributed a value of +1 [15]. The sum of all values range from zero (0) to twelve (12)
and are therefore classified into the following three levels: >8 which indicates the optimal
MeDi; 4–7, which means adjustment is needed to improve food intake according to the
MeDi principles; ≤3 i.e., very low quality of nutrition according to the MeDi [11].
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2.4. Anthropometric Measurements

Each child underwent an anthropometric assessment at the kindergarten while wear-
ing light clothes. Height was measured using a stadiometer and weight was measured to the
nearest tenth decimal with a calibrated Omron BF511 diagnostic scale (Omron, Kyoto, Japan).
Non-stretchable, flexible body-measuring tape was used to measure the mid-upper arm
circumference (MUAC) and waist circumference (WC). For each study participant, a BMI-
to-age z-score was calculated with WHO AnthroPlus software [16]. Because of its ability
to describe nutritional status, including at the extreme ends of the distribution and the
ability to derive summary statistics, this classification system is recommended by WHO
(for, i.e., means and SDs of z-scores (WHO, 1995)). Z-scores are derived using the exact age
in days for the WHO standards and months for the WHO reference of 2007 [16]. Anthro-
pometric measurements were performed in a playful manner to lessen the anxiety levels
of children. No child was forced to participate in anthropometric measuring if unwilling,
regardless of parental consent.

2.5. Statistical Analysis

A database was created with the information obtained from the questionnaires and
anthropometric assessment were produced for a statistical analysis using IBM SPSS Statis-
tics for Windows, Version 21.0 (IBM Corp, Armonk, NY, USA) software. The categorical
data are represented by absolute and relative frequencies (n and %). Numerical data were
described by arithmetic mean and standard deviation (SD) in cases of normal distribution
following, and, in other cases, median and interquartile range boundaries were used. The
variance of the category variables was tested by the Chi-square test. A point-biserial corre-
lation was used to measure the strength and direction of the association that exists between
one continuous variable and one dichotomous variable. The significance level was set at
p < 0.05, with a 95% confidence level.

3. Results

Out of the 598 children involved in this study, 310 (51.8%) were boys with a median
weight of 21.2 kg. According to the z-score, 420 (70.2%) children had healthy body weight
with 54 (9%) children found to be underweight and 124 (20.8%) found to be overweight or
obese. The basic characteristics and anthropometric measurements of the study population
are shown in Table 1. Nearly 90% of participants were enrolled in a full day kindergarten
programme which provides two main meals (breakfast and lunch) as well as morning and
afternoon snacks. An example of a menu from kindergartens in which the research was
conducted is shown in Table S1.

Almost half (49%) of the study participants had a low KIDMED score, suggesting low
MeDi adherence; 37% had an average score while only 14% had high MeDi compliance.
The highest compliance to the KIDMED components was determined related to points
distributed for eating breakfast, the consumption of dairy products for breakfast, the daily
intake of fruit and juice and eating fast food less than once a week. The total adherence to
the KIDMED score and its components is shown in Figure 1.

There were no statistically significant differences in total KIDMED score regarding sex
(Figure 2) nor its components.

The most apparent differences with respect to age in responses to the KIDMED
questionnaire were found for the consumption of vegetables once a day (p < 0.02) and
dairy product consumption for breakfast (p = 0.04). There was no statistically significant
difference between the total KIDMED score and age groups, as demonstrated in Figure 3.

Differences in adherence to the MeDi, according to the nutritional status are shown
in Figure 4. Statistically significant differences were not found except for a borderline
significance in fish consumption two or three times a week (p < 0.04) for undernourished
children, and dairy product consumption with a frequency of two or more times a day
(p < 0.03) in obese children.
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Table 1. Basic characteristic and anthropometric measurements of the study population.

Sex [n (%)]

Boys 310 (51.8)
Girls 288 (48.2)

Age (years) [Mean (SD)] 5 (1)

Age groups [n (%)]
<4 years 15 (2.5)
4–5 years 290 (48.5)
6–7 years 293 (49)

Body height (m) [Mean (SD)] 1.17 (0.09)
Body weight (kg) [Median (IQR)] 12–40.5 21.2 (18.6–24.3)

Waist circumference (cm) [Median (IQR)] 43–76 54 (51–56)
Mid-upper arm circumference (cm) [Median (IQR)] 13–24 17.7 (16.5–19)

z-score [Median (IQR)] 0.25 (−0.40–0.92)

Nutritional status regarding z-score [n (%)]
≤−1.04 54 (9)

>−1.04, <1.04 420 (70.2)
≥1.04 124 (20.7)

Supplements [n (%)] 124 (20.7)

Food allergies [n (%)] >35 (5.9)

Number of meals [n (%)]
3–4/day 117 (19.6)
4–5/day 396 (66.2)
>5/day 85 (14.2)

Length of kindergarten stay [n (%)]
Half a day programme (5 h) 8 (1.3)
Half a day programme (6 h) 53 (8.9)

Half a day programme (6 h; lunch included) 19 (3.2)
Full day (10 h) 518 (86.6)

 

Figure 1. Adherence to the MeDi and its components for total study population.
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Figure 2. Adherence to the MeDi and its components regarding sex.

 

Figure 3. Adherence to the MeDi and its components regarding age. * p < 0.05; p-values were obtained with Chi-square test.

A correlation between MUAC and WC and components of the KIDMED index was
observed. As shown in Table 2, children who consumed a second daily serving of fruit
(p = 0.04) as well as a daily serving of vegetables (p = 0.03) had a significantly smaller WC,
whereas children who had a vegetable intake of more than once a day (p = 0.01) had a
significantly smaller MUAC.

69



Nutrients 2021, 13, 4252

 

Figure 4. Adherence to the MeDi and its components regarding z-score. * p < 0.05; p-values were obtained with Chi-square test.

Table 2. Correlation between KIDMED index and waist and mid-upper arm circumference (only
statistically significant values shown).

WC MUAC

Second serving of fruit daily −0.085 (0.04 *) −0.050 (0.23 *)
Fresh or cooked vegetables > 1/day −0.091 (0.03 *) −0.101 (0.01 *)

Abbreviations: WC—waist circumference, MUAC—mid-upper arm circumference * p-values were obtained with
Point biserial correlation.

4. Discussion

Out of total study participants, 20.8% were overweight or obese, which was expected
considering the increase in the prevalence of obesity in the pediatric population globally
and in Croatia. Data from the World Health Organization indicate that approximately
32.8 million children under the age of 5 were overweight or obese in 2019 [17]. According
to the latest results of the CROCosi survey from 2019, the percentage of children who are
overweight or obese is 36.9%—the highest in the Adriatic region, and 36.9%, of which
23.1% of children were overweight and 13.8% were obese [7]. Almost half of the preschool
children included in this study presented a low adherence to the MeDi, underlining low
adherence in the general population. These results are in accordance with the study from
Kolčić et al. conducted with adults, in which only 23% of the participants from Southern
Dalmatia adhered to the principles of the MeDi [12]. As shown in Figure 1, a low intake
of fish, nuts, and dairy products most likely contributes to the poor adherence to the
MeDi in children, as observed in this study. In previous studies, the adherence to the
MeDi, calculated using the KIDMED index, has shown poor results among children [18]
and adolescents [19] from the European Union, suggesting the necessity of nutritional
intervention in this particular population. On the contrary, the results of an earlier study
involving preschool children from Split-Dalmatia County indicate an exceptionally high
adherence to the MeDi with only 6% out of 260 children having a low KIDMED score [20].
The difference in the results can be explained by the smaller number of respondents in
the above-mentioned study, as well as parental overestimation or underestimation of the
quality of a child’s nutrition.
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Our results did not show a significant difference in adherence to the MeDi between
girls and boys, which is consistent with the results of previous studies from Spain and
Turkey [21,22].

A difference in the total KIDMED score with regard to age was not found in our study,
but a statistically higher intake of dairy products for breakfast was noticed in the youngest
participants while statistically higher daily intake of vegetables was noticed in participants
aged 4 to 5 years. The Portuguese Eat Mediterranean (EM) programme demonstrated
that participants aged from 6 to 9 years old (68.9%) were the most adherent to the MeDi,
whereas lower adherence to the MeDi was found in children aged 2 to 5 years (59.0%) and
the lowest adherence was found for adolescents older than 15 years (46.0%) [23]. If we
consider that most of our study participants were enrolled in a 10 h kindergarten program
that provides breakfast and lunch as well as morning and afternoon snacks, it could be said
that the diet of these children was uniform and, therefore, age-related differences should be
minimal. Additionally, food fussiness (picky eating) and food neophobia are characteristic
for children aged 2 to 5 years [24]. The most common food group that causes aversion is
vegetables, because of their bitter taste and unique smell [25].

No statistically significant differences were found in the adherence to the total KIDMED
score regarding the z-score values, except a borderline significance for fish consumption
two or three times per week in underweight children and dairy consumption twice or
more per day in overweight and obese children. In contrast to our results, previous studies
found that a low adherence to the MeDi is associated with a high prevalence of overweight
and obesity in children from the Mediterranean countries of the European Union [26–28].
Fish consumption was inversely associated with the z-score, which can be explained by the
lower energy value of fish, as well as higher vegetable intake that is traditionally offered
as a side dish to fish. Nevertheless, the evidence presented in the overview by Naveed
et al. suggests that a diet rich in fish, vegetables and fruit, especially berries, is linked
to better cognitive function and academic performance in children and adolescents [29].
Regarding dairy products intake and obesity rates, Dougkas et al. demonstrated that milk
and dairy products do not have an impact on the development of childhood obesity, despite
being a significant contribution to children’s nutrient intake. Although there may be some
mechanisms that could explain the connection between dairy intake and adiposity based
on appetite, lipid absorption and even intestinal microflora, there is still no evidence that
suggests benefits of limiting dairy products for the purpose of preventing obesity in this
particular population [30].

No significant correlations were determined between the total KIDMED score and
WC as well as MUAC, unlike EnKid [14] and LLAL [31] studies, where the KIDMED score
was inversely correlated to the WC. Regarding individual components of the KIDMED
questionnaire, significant negative correlations were noticed for both WC and MUAC and
vegetable consumption, as well as WC and the second daily fruit serving.

There are some limitations to this study. The KIDMED questionnaire was self-
administered by the parents and data about household income and parental education
are lacking. In addition, the study was conducted in one urban area but included a high
number of age specific participants which is why the obtained results do not reflect the
adherence to the MeDi for the entire Split-Dalmatia County. Further research should
include participants from a larger geographical region, as well as a wider age range, to
assess compliance to the MeDi principles.

5. Conclusions

The results of this study conducted with preschool children showed low adherence
to the principles of the Mediterranean diet, which is characterized by a high presence of
plant-based food as well as fish and dairy products. As such, the MeDi has been shown to
have beneficial effects on body composition and obesity prevention in all age groups, which
further emphasizes the importance of the timely implementation of this dietary pattern in
the pediatric population, especially now, when the childhood obesity epidemic has reached
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its peak. Healthy eating habits play a major role in the growth and development of children,
but also in preventing the development of chronic diseases in later life. Considering the
favourable effects of the MeDi on overall health, further intervention studies could be
useful for educating children and their caregivers about the benefits of healthy eating
habits and of adopting them to reduce the risk of developing chronic non-communicable
diseases in this population.
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Abstract: To investigate associations between fruit consumption and lipid profiles, and to further
explore a satisfactory level of frequency and daily fruit intake for children and adolescents. A national
sample of 14,755 children and adolescents aged 5–19 years from seven provinces in China were
recruited. Fasting blood samples were collected to test the lipid profile. Information regarding
fruit consumption and other characteristics was collected by questionnaires. Logistic regression
models adjusting for confounding covariates were applied to calculate the odds ratio (OR) and 95%
confidence interval (95% CI). Participants who consumed fruits for 6–7 days per week had lower
risks of high triglycerides (OR: 0.66, 95% CI: 0.58–0.75), dyslipidemia (OR: 0.77, 95% CI: 0.68–0.86),
and hyperlipidemia (OR: 0.72, 95% CI: 0.63–0.81), compared to fruit consumption of 0–2 days per
week. Risks of high triglycerides, dyslipidemia and hyperlipidemia of those who consumed fruits for
0.75–1.5 servings each day also decreased, compared to the insufficient fruit intake. The combined
effects of high frequency and moderate daily intake of fruit on lipid disorders did not change
essentially. The associations were more evident in girls, younger children and those whose families
had higher educational levels. Moderate fruit consumption was associated with lower odds of
lipid disorders, predominantly in girls, younger participants, and those came from higher-educated
families. These findings supported the health effect of moderate fruit intake frequently to improve
the childhood lipid profiles.

Keywords: fruit consumption; lipid; dyslipidemia; children and adolescents; China

1. Introduction

Dyslipidemia, characterized by abnormal blood lipids and lipoprotein levels, is a
recognized risk factor for cardiovascular disease [1]. Previous studies have observed a
high prevalence of lipid disorders during both childhood and adolescence in China [2,3].
Observed from the 10-year trend of serum lipids, the pooled prevalence of dyslipidemia
in Chinese children and adolescents was 28.9% in 2014 [2], while in 2015, it increased to
31.6% in a nationally representative pediatric population with 129,426 participants [4]. It
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showed a younger-age trend during recent decades, and could be progressive into adult-
hood. Growing evidence indicated that, in children and adolescents, higher concentrations
of low density lipoprotein-cholesterol (LDL-C), as well as lower concentrations of high
density lipoprotein-cholesterol (HDL-C) were associated with higher risk of atherosclerosis
in later life [5]. As such, screening children and adolescents for lipid profiles, which usually
included the measurements of serum concentrations of total cholesterol (TC), triglycerides
(TG), HDL-C and LDL-C, might have the potential to identify the affected subjects, reduce
the burdens of long-term cholesterol through intervention, and postpone or prevent car-
diovascular events during adulthood. The challenge was to maintain appropriate lipid
levels at the right time, most commonly by early behavioral and lifestyle interventions for
high-risk children and adolescents.

Previous work revealed that the nutritional and diet factors were important deter-
minants for the development of childhood dyslipidemia [1,6], and therefore could be
important targets for prevention strategies. Among the multiple diet factors, vegetables
and fruits are important sources of a healthy diet. Notably, low fruit consumption is
considered to be the fifth leading contributor to the global disease burden [7]. Growing
observational evidence suggested that the fruit consumption might parallel the decrease
in the risks of obesity, diabetes mellitus, and cardiovascular events in both childhood and
adulthood [8,9]. Pan and his colleagues found a significant inverse association between
healthy eating index score of fruits and the risk of metabolic syndrome (MS) among US
adolescents, suggesting that a fruit-rich diet could exert beneficial effects in prevention of
MS [10]. However, inadequate fruit consumption of children and adolescents worldwide
despite the generally higher preference for consumption of fruits than vegetables [11],
interventions to encourage fruit consumption during childhood and adolescence might
therefore be an effective strategy in reducing disease burden.

So far, evidence for the effects of fruit consumption on lipid disorders had been limited
to date. In 2013, a randomized controlled trial demonstrated no significant effect between
increased fruits and vegetables consumption and healthier blood levels of TC [12]. In
contrast, a cross-sectional study in Macao, China indicated that students who consumed
less fruits suffered from a higher rate of low HDL-C level and elevated TG [13]. Besides, a
fruits- and vegetables-rich diet was associated with a healthier metabolic profile, reflected
by low concentrations of TC and LDL-C [14]. However, these studies only determined
the consumption frequency of fruits, such as consuming fruits every day, not focused on
the specific frequencies or average daily intake amount. Currently, the dietary guidelines
for fruit intake were mostly based on adults, with the recommended daily fruit intake of
400 g [15], while there was no consensus regarding daily fruit consumption for children
and adolescents [16], especially aimed at reducing adverse lipid profiles. Different from
children and adolescents, adults could accumulate more complex environmental effects,
while children might be more sugar-sensitive than adults. Guidelines based on findings
in adults may therefore lead to ambiguity about fruit recommendations for pediatric
cardiovascular and lipid health. In addition, fruit also contains a large amount of fructose,
the accumulation of which is detrimental. Whether a causal link exists between natural
sources of fructose present in fruits and the development of lipid disorders continues to
be contested [17]. For these reasons, exploring the exact frequency and amount of fruit for
children and adolescents to prevent lipid disorders was essential.

Given the role that fruit consumption played in pediatric health, we hereby investi-
gated the relationship between fruit consumption and lipid profiles among children and
adolescents aged 5–19 years, based on data of a large cross-sectional survey, which was
conducted in seven provinces in China. The aim of the present study was to provide
evidence on a satisfactory frequency and daily amount of fruit consumption to prevent
deleterious lipid events for children and adolescents.
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2. Materials and Methods

2.1. Study Population

Data in this study came from the baseline of a multi-centered, cluster-controlled trial,
aiming to prevent obesity in children and adolescents from seven provinces or cities of
China (Hunan, Ningxia, Hunan, Chongqing, Liaoning, Shanghai, and Guangzhou; regis-
tration number: NCT02343588). The full trial protocol, including sampling procedure and
measurements has been published previously in detail [18]. In brief, a multi-stage cluster
random sampling method was used to determine the original study population. Firstly,
several regions were randomly chosen from each province. Approximately 12–16 schools
covering primary schools, junior high schools, and middle high schools were then randomly
chosen from each region. In each school, two classes were randomly selected from each
grade. All the students and their parents from selected classes were invited for participation.
Among the original surveyed population of 16,637 participants aged 5–19 years whose
physical examination and blood samples were available, 1862 participants were excluded
from the present analysis because of missing information on fruit consumption, making the
final sample size of 14,755. The study has been approved by the ethical committee of the
Peking University (number: IRB0000105213034). Written informed consent was obtained
from both students and their parents or legal guardian in both waves.

2.2. Questionnaire

The children’s questionnaire was performed in order to collect basic information
and lifestyle behaviors. Besides, the parental self-administrated questionnaire included
information about residence area, monthly household income, parental body mass index
(BMI), and parental educational attainment. Both parental and children’s questionnaires of
children grade 1–3 were reported by parents. Children above the fourth grade would fill in
children’s questionnaire by themselves instructed by the class teacher.

Data regarding consumption of fruits and other eating behaviors were collected. As
previously published [18–21], the frequency (days) and amount (serving per day) of dietary
behaviors, including the total consumption of fruits, vegetables, meat and sugar-sweetened
beverages (SSBs) over the past 7 days, were investigated. Participants were asked “How
many days, over the past 7 days, have you eaten fruit/vegetables/meat or drunk SSB? How
many servings in one day?” [18–21]. Previous studies determined the consumption fre-
quency of fruits as consuming fruits every day [13], in order to avoid extreme few samples
in each group, we categorized the frequency of those dietary behaviors into three groups of
“0–2 days/week”, “3–5 days/week”, and “6–7 days/week”. To better understand the intake
of fruit/vegetable, one serving was defined as the size of an ordinary adult’s closed fist (Sup-
plementary Figure S1) and roughly equaled a medium-sized apple or orange (≈200 g) [22],
which has been described in detail elsewhere [21]. As set in the questionnaire, SSB included
Coca-Cola, Sprite, orange juice, Nutrition Express, and Red Bull [20]. One serving of SSB
was determined as a canned beverage (approximately 250 mL), while one portion of meat
equaled the size of an adult’s palm (approximately 100 g) [23]. The daily dietary intake was
calculated as: average daily intake = (days of consumption × servings in those days)/7.

According to the Dietary Guidelines for Chinese School-age Children 2016 [24], in-
adequate daily fruit intake was defined as eating fruits less than 150 g each day, and the
recommended daily intake was approximately 250–350 g for the pediatric population.
The amount of daily fruit intake was therefore categorized into groups of “<0.75 serv-
ings/day (approximately <150 g)”, “0.75–1.5 servings/day (≥0.75 and <1.5 servings/day)
(approximately 150–300 g)”, and “≥1.5 servings/day (approximately ≥300 g)”.

Information about the child’s physical activity was collected with the International
Physical Activity Questionnaire-Short Form (IPAQ-SF) [25], which is more suitable
for population surveillance and large-scale studies [26]. Instructed by trained project
members, all recruited participants were asked to report their frequency (days) and
duration (hours and minutes) of moderate to vigorous-intensity physical activities
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(MVPA) over the past 7 days, and the average time for MVPA per day was calculated as:
average daily time = (days of physical activity × duration in those days)/7.

Parents were asked to report their height (cm) and weight (kg), while body mass index
(BMI) was calculated as the weight (kg) divided by the square of the height (m2). According
to the criteria established by the Working Group on Obesity in China (WGOC) for Chinese
adults [27], BMI cut-offs of 24 and 28 kg/m2 were applied to categorize each parent into
the categories of normal, overweight and obesity. Parental educational attainment was
surveyed and grouped into “primary school or below”, “secondary or equivalent” and
“junior college or above”. In addition, the residence area was divided into “rural” and
“urban”, and monthly household income was defined with the sum of monthly income (in
CNY) of all household members and then classified into <5000, or ≥5000 CNY.

2.3. Anthropometric Measurements

Anthropometric measurements were conducted by trained project members accord-
ing to standardized procedure, and the measuring instruments were similar at all study
sites. Children were required to stand straight in light clothing and without shoes for the
measurements. Height was measured using the portable stadiometer with 0.1 cm precision,
weight was measured to the nearest 0.1 kg by a Lever type weight scale. Every indicator
was measured twice, and the average level of the two measurements was calculated for
final analyses. BMI was calculated as body weight (kg) divided by height (m) squared.

2.4. Blood Sample Collection and Detection

Venous blood sample was obtained in the morning after an overnight (at least 8 h)
fasting. Children were asked to rest for at least 10 min before blood sample collection.
Blood specimens were then transported in a chilled insulated container immediately, and
then centrifuged at 3000 rpm for 10 min and then frozen at −80 ◦C. All plasma samples
were transported by air in dry ice to the laboratory in Beijing, where the samples were
stored at −80 ◦C before laboratory detections. All the biochemical analyses were conducted
at a biomedical analyses company accredited by Peking University [18]. Lipid profiles
were measured with an autoanalyzer (TBA-120FR, Toshiba, Tokyo, Japan), with TC and TG
assayed by enzymatic method, while LDL-C and HDL-C measured by clearance method.

2.5. Definition of Abnormal Lipid Profile and Overweight/Obesity

Following the 2011 Expert Panel on Integrated Guidelines for Cardiovascular Health and
Risk Reduction in Children and Adolescents [28], high TG was defined as TG ≥ 1.13 mmol/L
for children aged 9 years or younger, and TG ≥ 1.47 mmol/L for adolescents aged
10 years or older. High TC was considered as TC ≥ 5.18 mmol/L, high LDL-C was
regarded as LDL-C ≥ 3.37 mmol/L, and low HDL-C referred to HDL-C ≤ 1.04 mmol/L.
Because non-HDL-C levels showed better prediction of persistent dyslipidemia, the preva-
lence of high non-HDL-C levels was also presented, as was calculated as the differ-
ence between TC level and the HDL-C level. High non-HDL-C were determined as
non-HDL-C ≥ 3.76 mmol/L [28]. A participant with one or more abnormal lipid levels
(high LDC-C, low HDL-C, high TG, or high TC) was defined as having dyslipidemia. In
addition, hyperlipidemia was defined with the presence of high TG or high TC levels [28].

In accordance with the guideline of the Working Group on Obesity in China, partici-
pants with age- and sex-specific BMI < 85th percentile were considered as non-overweight/
obese, and those with ≥85th percentile BMI were considered as overweight/obese [29].

2.6. Statistical Analysis

Data were expressed as mean ± SD for continuous variables and number (%) for
categorical variables. We used Bonferroni multiple comparison methods to examine the
differences in prevalence of adverse lipid profiles between groups. The significance of
Bonferroni formula was set at α = 0.017. To understand whether some demographics,
dietary or lifestyle factors could modify the associations, two separate logistic regression
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models were applied to estimate the odds ratio (OR) and 95% confidence interval (95% CI)
between fruit consumption and lipid profile. In model 1, age and residence area were
adjusted. In model 2, several additional confounding factors, including sex (boy, girl),
BMI values, ethnicity (Han, Hui, Tibetan, Mongolian and Other), monthly household
income (<5000, or ≥5000 CNY), parental weight status (normal, overweight or obesity),
parental educational attainment (primary school or below, secondary or equivalent, junior
college or above), vegetable consumption, sugar-sweetened beverages consumption, meat
consumption and physical activity were included. Additionally, previous studies had
shown that lipid levels were dependent on age and sexual maturation [30], and could be
influenced by the difference of socioeconomic support mainly determined by the degree of
their parents’ education [31]. Besides, BMI values were closely related with lipid health.
Therefore, stratified analyses were conducted according to sex, age, parental educational
attainment and BMI values.

All analyses were performed using SAS software (version 9.4; SAS Institute, lnc.,
Cary, NC, USA). A two-sided p value < 0.05 was considered statistically significant.

3. Results

3.1. General Characteristics

A total of 7420 boys and 7335 girls were included in the final analysis. Table 1 showed
the characteristics of the study population. The mean age was 11.15 ± 3.29 years old and their
average BMI value was 18.74 ± 3.85 kg/m2. The majority of the study population was Han
ethnicity (92.56%), and most of their parents belonged to the normal weight status (paternal:
56.88%; maternal: 79.49%). In addition, 35.33% of the children’s fathers received junior college
or above education, 58.33% for secondary or equivalent and 6.34% for primary school or
below. A similar trend was observed for maternal educational attainment. It was worth
noting that most of them had a monthly household income of less than 5000 yuan. Besides,
the average concentrations of TC, TG, LDL-C, HDL-C and non-HDL-C were 3.89 ± 0.88,
1.09 ± 0.77, 2.01 ± 0.69, 1.90 ± 1.35 and 1.99 ± 1.56 mmol/L, respectively.

Table 1. Baseline characteristic of included population.

Characteristics Total Population (n = 14,755) Boys (n = 7420) Girls (n = 7335) p-Value

Age, year 11.15 ± 3.29 11.13 ± 3.25 11.16 ± 3.33 0.533
Weight, kg 42.27 ± 15.91 44.09 ± 17.46 40.45 ± 13.94 <0.01
Height, m 1.48 ± 0.17 1.49 ± 0.18 1.46 ± 0.15 <0.01

BMI, kg/m2 18.74 ± 3.85 19.04 ± 4.04 18.45 ± 3.63 <0.01
Residence area (n, %) 0.701

Urban 7860 (53.27%) 3941 (53.11%) 3919 (53.43%)
Rural 6895 (46.73%) 3479 (46.89%) 3416 (46.57%)

Ethnicity (n, %) 0.066
Han 13,657 (92.56%) 6876 (92.67%) 6781 (92.45%)
Hui 528 (3.58%) 248 (3.34%) 280 (3.82%)

Tibetan 33 (0.22%) 14 (0.19%) 19 (0.26%)
Mongolian 187 (1.27%) 110 (1.48%) 77 (1.05%)

Other 350 (2.37%) 172 (2.32%) 178 (2.43%)
Paternal weight status, n (%) 0.451

Normal 8393 (56.88%) 4252 (57.30%) 4141 (56.46%)
Overweight 4834 (32.76%) 2395 (32.28%) 2439 (33.25%)

Obesity 1528 (10.36%) 773 (10.42%) 755 (10.29%)
Maternal weight status, n (%) 0.002

Normal 11,729 (79.49%) 5983 (80.63%) 5746 (78.34%)
Overweight 2462 (16.69%) 1176 (15.85%) 1286 (17.53%)

Obesity 564 (3.82%) 261 (3.52%) 303 (4.13%)
Paternal educational attainment, n (%) 0.229

Primary school or below 936 (6.34%) 451 (6.08%) 485 (6.61%)
Secondary or equivalent 8606 (58.33%) 4371 (58.91%) 4235 (57.74%)
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Table 1. Cont.

Characteristics Total Population (n = 14,755) Boys (n = 7420) Girls (n = 7335) p-Value

Junior college or above 5213 (35.33%) 2598 (35.01%) 2615 (35.65%)
Maternal educational attainment, n (%) 0.385

Primary school or below 1277 (8.65%) 619 (8.34%) 658 (8.97%)
Secondary or equivalent 8429 (57.13%) 4246 (57.22%) 4183 (57.03%)
Junior college or above 5049 (34.22%) 2555 (34.43%) 2494 (34.00%)

Monthly household income, n (%) 0.220
<5000 yuan 12,402 (84.05%) 6264 (84.42%) 6138 (83.68%)
≥5000 yuan 2353 (15.95%) 1156 (15.58%) 1197 (16.32%)

Frequency of consumption
(days per week)

Fruit 4.93 ± 2.11 4.75 ± 2.19 5.11 ± 2.02 <0.01
Vegetables 6.02 ± 1.82 5.99 ± 1.85 6.06 ± 1.79 0.011

Sugar-sweetened beverages 1.63 ± 1.78 1.84 ± 1.91 1.41 ± 1.62 <0.01
Meat 5.01 ± 2.24 5.21 ± 2.18 4.80 ± 2.28 <0.01

Average daily consumption
(servings per day)

Fruit 1.33 ± 1.14 1.32 ± 1.19 1.33 ± 1.08 0.567
Vegetables 1.87 ± 1.50 1.89 ± 1.53 1.85 ± 1.46 0.148

Sugar-sweetened beverages 0.46 ± 0.84 0.56 ± 0.96 0.36 ± 0.68 <0.01
Meat 1.24 ± 1.30 1.39 ± 1.42 1.09 ± 1.15 <0.01

Frequency of physical activity,
days/week 3.35 ± 2.53 3.47 ± 2.55 3.23 ± 2.50 <0.01

Average daily physical activity, hours
and minutes 0.37 ± 0.82 0.42 ± 0.89 0.32 ± 0.74 <0.01

TC, mmol/L 3.89 ± 0.88 3.83 ± 0.87 3.94 ± 0.89 <0.01
TG, mmol/L 1.09 ± 0.77 1.04 ± 0.74 1.14 ± 0.79 <0.01

LDL-C, mmol/L 2.01 ± 0.69 1.98 ± 0.67 2.03 ± 0.70 <0.01
HDL-C, mmol/L 1.90 ± 1.35 1.90 ± 1.38 1.90 ± 1.33 0.993

Non-HDL-C, mmol/L 1.99 ± 1.56 1.94 ± 1.58 2.04 ± 1.54 <0.01

Abbreviation: BMI, body mass index; TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein-
cholesterol; HDL-C, high density lipoprotein-cholesterol.

Furthermore, girls tended to consume fruits and vegetables more frequently per week
(p < 0.05), while boys were more likely to consume sugar-sweetened beverages and meat
(p < 0.01). As for the average daily consumption, intakes of fruits (p = 0.567) and vegetables
(p = 0.148) were not significantly different among sex-specific groups, but boys consumed
more sugar-sweetened beverages and meat daily (both p < 0.01). Of note, boys were prone
to exercise more frequently and for longer duration (both p < 0.01).

3.2. The Prevalence of Abnormal Lipid Profile

The prevalence of abnormal lipid profile was present in Supplementary Table S1.
Compared with participants consuming fruits for only 0–2 days/week, the prevalence of
high TG, low HDL-C, dyslipidemia, and hyperlipidemia tended to be low among those who
consumed fruits more frequently. Notably, similar lower prevalence for these lipid disorders
was observed in the group of average daily fruit intake of 0.75–1.5 servings, compared
to those with daily fruit consumption of ≥1.5 servings. Similar trends of prevalence of
adverse lipid profiles were found for boys and girls, respectively.

3.3. Association between Fruit Consumption and Lipid Profile

The associations between fruit consumption and the odds of abnormal lipid pro-
file were present in Table 2, high frequency of fruit intake per week was associated
with lower possibility of unfavorable lipid profiles. In the basically adjusted model 1,
the ORs (95% CI) of frequent fruit consumption (6–7 days/week) were 0.74 (0.66–0.83),
0.83 (0.75–0.92) and 0.79 (0.70–0.88) for the risk of high TG, dyslipidemia and hyperlipi-
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demia, respectively. After controlling for potential covariates included in model 2, the
results did not change essentially.

Table 2. Multivariate odds ratios (OR) and 95% confidence intervals (CI) of fruit consumption and
lipid profile (n = 14,755).

Lipid Profile
Frequency of Fruit Consumption Average Daily Fruit Consumption

0–2 Days/Week 3–5 Days/Week 6–7 Days/Week <0.75 Servings/Day 0.75–1.5 Servings/Day ≥1.5 Servings/Day

Model 1 1

High TC 1 (Reference) 1.09 (0.86–1.38) 1.17 (0.93–1.46) 1 (Reference) 1.01 (0.85–1.20) 0.93 (0.78–1.12)
High TG 1 (Reference) 0.88 (0.79–0.99) * 0.74 (0.66–0.83) ** 1 (Reference) 0.92 (0.83–1.01) 1.09 (0.99–1.21)

High LDL-C 1 (Reference) 1.14 (0.84–1.55) 1.13 (0.84–1.53) 1 (Reference) 0.93 (0.75–1.17) 0.86 (0.67–1.09)
Low HDL-C 1 (Reference) 0.96 (0.84–1.11) 0.88 (0.76–1.01) 1 (Reference) 0.94 (0.83–1.05) 1.06 (0.94–1.19)

High
non-HDL-C 1 (Reference) 0.99 (0.78–1.26) 1.05 (0.83–1.32) 1 (Reference) 1.07 (0.89–1.28) 0.90 (0.74–1.10)

Dyslipidemia 1 (Reference) 0.97 (0.87–1.07) 0.83 (0.75–0.92) ** 1 (Reference) 0.93 (0.86–1.01) 1.05 (0.96–1.15)
Hyperlipidemia 1 (Reference) 0.92 (0.82–1.03) 0.79 (0.70–0.88) ** 1 (Reference) 0.92 (0.84–1.01) 1.07 (0.97–1.17)

Model 2 2

High TC 1 (Reference) 1.13 (0.88–1.45) 1.18 (0.92–1.50) 1 (Reference) 1.01 (0.85–1.22) 0.94 (0.77–1.14)
High TG 1 (Reference) 0.84 (0.74–0.96) * 0.66 (0.58–0.75) ** 1 (Reference) 0.87 (0.78–0.97) ** 1.00 (0.90–1.13)

High LDL-C 1 (Reference) 1.23 (0.89–1.71) 1.09 (0.79–1.51) 1 (Reference) 0.92 (0.73–1.17) 0.80 (0.62–1.03)
Low HDL-C 1 (Reference) 1.02 (0.88–1.19) 0.88 (0.76–1.03) 1 (Reference) 0.91 (0.80–1.03) 1.00 (0.87–1.14)

High
non-HDL-C 1 (Reference) 1.07 (0.83–1.38) 1.05 (0.82–1.35) 1 (Reference) 1.08 (0.89–1.31) 0.87 (0.70–1.07)

Dyslipidemia 1 (Reference) 0.95 (0.85–1.06) 0.77 (0.68–0.86) ** 1 (Reference) 0.88 (0.81–0.97) ** 0.98 (0.89–1.08)
Hyperlipidemia 1 (Reference) 0.88 (0.78–1.00) 0.72 (0.63–0.81) ** 1 (Reference) 0.88 (0.80–0.97) ** 1.00 (0.90–1.11)

1 Model 1: adjusted for age and residence area. 2 Model 2: additionally adjusted for sex, BMI values, ethnicity,
incomes, parental educational attainment, parental weight, vegetable consumption, sugar-sweetened beverages
consumption, meat consumption and physical activity. TC, total cholesterol; TG, triglycerides; LDL-C, low density
lipoprotein-cholesterol; HDL-C, high density lipoprotein-cholesterol. * p < 0.05, ** p < 0.01.

In addition, adjusting for factors in model 2, participants who consumed fruits
moderately for 0.75–1.5 servings each day were estimated to have 0.87 times (OR: 0.87,
95% CI: 0.78–0.97), 0.88 times (OR: 0.88, 95% CI: 0.81–0.97) and 0.88 times (OR: 0.88,
95% CI: 0.80–0.97) lower odds of high TG, dyslipidemia and hyperlipidemia compared
with their counterparts with insufficient fruit consumption each time. There were no statis-
tically significant associations between fruit consumption over 1.5 servings/day and risks
of high TC, high LDL-C, low HDL-C and high non-HDL-C.

Apart from this, consuming fruits for 6–7 days/week combined with moderate intake
of 0.75–1.5 servings each day could improve adverse lipid profiles (Table 3). Children and
adolescents who consumed fruits moderately of 0.75–1.5 servings/day for 6–7 days/week
had lower risks of high TG, low HDL-C, dyslipidemia and hyperlipidemia (all p < 0.05).

Table 3. Combined effects of frequencies and daily intake of fruit consumption on adverse lipid
profile (n = 14,755).

Lipid Profile Unselected Population

6–7 Days/Week (n = 6829)

<0.75 Servings/Day
(n = 61)

0.75–1.5 Servings/Day
(n = 3036)

≥1.5 Servings/Day
(n = 3732)

High TC 1 (Reference) 0.48 (0.11–2.04) 1.10 (0.92–1.32) 1.01 (0.85–1.21)
High TG 1 (Reference) 0.78 (0.36–1.68) 0.68 (0.61–0.77) ** 0.94 (0.85–1.05)

High LDL-C 1 (Reference) 0.71 (0.15–3.23) 1.03 (0.81–1.31) 0.90 (0.71–1.13)
Low HDL-C 1 (Reference) 0.86 (0.35–2.09) 0.83 (0.73–0.96) * 0.97 (0.86–1.09)

High non-HDL-C 1 (Reference) 0.75 (0.21–2.73) 1.12 (0.92–1.36) 0.91 (0.75–1.09)
Dyslipidemia 1 (Reference) 0.69 (0.36–1.33) 0.76 (0.69–0.83) ** 0.95 (0.87–1.04)

Hyperlipidemia 1 (Reference) 0.68 (0.33–1.41) 0.72 (0.65–0.81) ** 0.96 (0.88–1.06)

Adjusted in Model 2: including age, residence area, sex, BMI values, ethnicity, incomes, parental educational
attainment, parental weight, vegetable consumption, sugar-sweetened beverages consumption, meat consumption
and physical activity. TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein-cholesterol; HDL-C,
high density lipoprotein-cholesterol. * p < 0.05, ** p < 0.01.
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3.4. Stratified Analyses

The results of stratified analyses were similar with the main results (Figures 1,2 and S1).
The more frequent of fruit intake was associated with lower odds of high TG, dyslipidemia
and hyperlipidemia both in boys and girls, while moderately consuming fruits each day
could only lower the likelihood of lipid disorders among girls (Figure 1). Notably, compared
to the reference group, significantly lower likelihoods of high TG and hyperlipidemia were
observed among all participants aged 5–19 years old who consumed fruits more frequently,
but only 5–14-year-old children and adolescents had a lower risk of dyslipidemia (p < 0.01).
However, when considering consuming fruits moderately of 0.75–1.5 servings per day, only
5-to-9-year-old children were estimated to have 0.80 times (OR: 0.80, 95% CI: 0.66–0.96),
0.79 times (OR: 0.79, 95% CI: 0.68–0.92) and 0.77 times (OR: 0.77, 95% CI: 0.66–0.91) lower
odds of high TG, dyslipidemia and hyperlipidemia, respectively (Figure 2).

 
(a) 

 
(b)

Figure 1. Sex-specific analysis of the associations between fruit consumption and lipid profile
(adjusted for age, BMI values, residence area, ethnicity, incomes, parental educational attainment,
parental weight, vegetable consumption, sugar-sweetened beverages consumption, meat consump-
tion and physical activity) (a) Frequency of fruit consumption; (b) Average daily fruit consumption.
TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein-cholesterol; HDL-C, high
density lipoprotein-cholesterol; diamond symbol, point estimates; red dashed line, invalid line.
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(a) 

(b)

Figure 2. Age-specific analysis of the associations between fruit consumption and lipid profile
(adjusted for sex, BMI values, residence area, ethnicity, incomes, parental educational attainment,
parental weight, vegetable consumption, sugar-sweetened beverages consumption, meat consump-
tion and physical activity) (a) Frequency of fruit consumption; (b) Average daily fruit consumption.
TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein-cholesterol; HDL-C, high
density lipoprotein-cholesterol; diamond symbol, point estimates; red dashed lines, invalid line.
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When the study sample was restricted according to parental educational attainment,
the main associations did not change essentially, but were more significantly pronounced
among participants from families with higher parental education levels, compared with
those from lower educational families (Supplementary Figure S2). Notably, the results of
the two subgroups presented similar according to BMI values (Supplementary Figure S3).

4. Discussion

Based on the national representative sample, our findings suggested significant inverse
associations between high frequency of fruit consumption per week and moderate daily
fruit intake with the odds of adverse lipid profiles. The associations were more pronounced
among girls, younger participants and those whose families had a higher educational
background, when presented similar by BMI subgroups. These findings supported the
health effect of moderate fruit intake frequently to improve the childhood lipid profile.

Our findings were in accordance with previous studies in direction. A case-control
study in Jordanians revealed that consumption of banana could reduce the odds of car-
diovascular events to about 44% and 62% during adulthood when consuming 1–2 and
3–6 servings per week, respectively [32]. Growing reviews and meta-analyses found consis-
tent associations between fruit consumption and cardiovascular events, diabetes, cancer,
and other chronic diseases [33,34]. Among a pediatric population, a diet rich in dietary
fiber from fruits was beneficial to a healthy cardiovascular profile, regardless of Euro-
pean children’s weight [35]. Since there was evidence supporting that eating behaviors of
children and adolescents were likely to persist into adulthood [36], encouraging healthy
eating habits among school-aged children might therefore represent an effective primary
prevention strategy for reducing the risk of chronic diseases. As recommended by ISPAD
Clinical Practice Consensus Guidelines 2018 [37], intake of a variety of fruit should be
encouraged among children and adolescents with diabetes, which could be particularly
useful in helping to reduce lipid levels.

Although WHO recommends 5 servings (400 g) of fruits and vegetables per day for
the overall population [15], among the pediatric population, studies rarely applied the
criteria of 5 servings per day since only few children and adolescents met this recommenda-
tion [16,38], thus it was unlikely that any significant association between the recommended
levels and lipid health would be detected. Therefore, the absence of a specific frequency
and daily amount of fruit consumption for preventing pediatrics’ lipid disorders was an
important limitation. In the present study, daily fruit consumption of 0.75–1.5 servings
(approximately 150–300 g) for 6–7 days/week was crucial for Chinese pediatrics’ lipid
health. We speculated that the continued increase in fruit intake would not always promote
lipid health, which might be explained by the following reasons: Fructose is a kind of sugar
found in fruits, the excess accumulation of which might be positively associated with the
level of plasma TG and atherogenic indices [39]. Besides, it could disrupt the utilization of
dietary copper, while copper deficiency could produce high TC and high TG [40]. Since
there was no consensus regarding the method of assessing fruit consumption in children
and adolescents [41], additional studies with high methodological quality are needed to
develop informed guidelines for fruit consumption among pediatric population and to
better promote lipid health.

However, the exact mechanisms by which increased fruit consumption reduced abnor-
mal lipid profile were not fully understood. As for these inverse associations, antioxidant
compounds and polyphenols found in fruit (e.g., vitamin C, carotenoids, and flavonoids)
could prevent the oxidation of cholesterol in the arteries [42]. In addition, those compounds
could reduce systemic inflammation through cellular signaling processes, therefore prevent-
ing atherosclerosis and cardiovascular disease [43]. Apart from this, several components
of fruit have cholesterol lowering properties, particularly dietary fiber, as well as high
amounts of water and low amounts of saturated fat, which are associated with reduced
energy density, hunger control, and satiety [44]. Taken together, the evidence accumulated
so far does support that fruit consumption may reduce the odds of lipid disorders.
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Subgroup analyses suggested that the associations between moderate fruit consump-
tion each day and the odds of lipid disorders were more pronounced in girls. A previous
study conducted in Korea also emphasized the sex differences, and concluded that low
fruit intakes were significantly associated with overweight and obesity among adolescent
girls but not in boys [45]. To be noted, we found more frequent of fruit/vegetable con-
sumption and less intake of SSBs among girls; in this context, different behavioral factors
may influence the associations in girls and boys. Another potential behavioral explanation
was that higher fruit consumption might reflect their health consciousness, consequently, a
lower intake of sugar- and fat-rich products, especially in girls.

An interesting age effect was also present; this possibility indicated the potential impli-
cations of different lifestyle behaviors in school and preschool children. Our present study
indicated these associations were more evident in those aged 5–14 years old. One of the
reasons might be that younger children lived healthier lifestyles, while older children and
adolescents were under heavier academic pressure, which often led them to overconsume
SSBs and meat, as well as to reduce their outdoor activities (Supplementary Table S2).
Notably, few studies investigated the association between fruit intakes and lipid profile
among different age groups. Therefore we could not discuss an age-specific association
between low fruit intakes and adverse lipid profile based on the previous findings.

Targeting the family environment for the promotion of lipid health among children
and adolescents is important. Our findings were in agreement with previous surveys
which concluded that family education could potentially modify the relationships between
dietary behaviors and risks of chronic diseases [30]. It was necessary to influence the
fruit consumption preferences of their parents, in order to increase the fruit intake of
children [46]. Higher parental educational background may be related to higher household
income and thus greater availability of healthy foods, increased nutrition knowledge and
higher motivation to follow a healthy lifestyle. In addition, we proposed that health
and education programs should consider these findings and be implemented widely to
make the public aware of the importance of moderate fruit consumption for the pediatric
population. In addition, the similarity of subgroup analysis by BMI showed that the
relationship between fruit consumption and lipid profiles was independent of BMI values,
to a certain extent. Children and adolescents should consume fruits moderately each day
to maintain lipid health, regardless of their weight status.

Our study had strengths of the national representative sample from seven provinces
in China, and we focused on 5–19-year-old children and adolescents. However, there
were also limitations that should be taken into account when interpreting the findings.
Firstly, since 92.56% of the study population was of Han ethnicity, our results may not be
applicable to other ethnic groups. Secondly, we only relied on self-reported dietary intake,
which could lead to a certain degree of recall bias. However, in this process, we carried out
strict quality control to ensure the reliability. In addition, the dietary data recall of 7 days
might not represent long-term dietary behaviors; thus, in future studies, a pilot study using
food tracking, such as photo tracking, could be used to accurately assess the frequency and
amount of fruit and other dietary intake in individuals. Thirdly, this was a cross-sectional
survey and thus could not generate casual relationships of fruit consumption and lipid
profile. A randomized controlled trial was desired to confirm our results. Fourth, measuring
fruit consumption was complex, with interactions of different fruit compounds, cultural
and socioeconomic conditions [47]. Since it was difficult to collect accurate and detailed
information on intake of various types of food in a large population survey, we could not
identify the specific type of fruits consumed by the participants, and different fruits might
have various influences on lipid profiles. However, as for food and diet information, both
parent and child questionnaire of children grade 1–3 were reported by parents. In addition,
trained project members interpreted all the questionnaires in detail. Appropriate guidance
would be given by these project members as effectively as possible. The questionnaires
would be rechecked by 3% within one week for the same participants [18]. Therefore,
the quality of diet information was guaranteed largely. Besides, other important dietary
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factors, such as macronutrient and energy intakes, were not available in the present study.
In order to minimize possible influence of these factors, we included vegetable, meat and
SSBs consumption in the adjusted model. Fifth, the IPAQ-SF questionnaire used in this
study was not completely suitable for the assessment of physical activity of children and
adolescents. However, due to the open-ended questions of IPAQ-SF, and appropriate
guidance would be given by project members, to a certain extent, the IPAQ-SF could reflect
the levels of physical activity of children and adolescents. Further studies with more
information regarding confounding factors and eating behaviors were desired in the future.

5. Conclusions

Our findings confirmed that a diet rich in fruit could be effective for improving lipid
health. Given the reason that the basis of dietary intake recommendations is related with
its health implications, moderate fruit consumption of approximately 150–300 g each
day for 6–7 days/week could be beneficial to lipid health for children and adolescents.
Monitoring dietary habits early in childhood and adolescence might have a positive impact
on lipid health and overall quality of life. For the pediatric population, indicators of family
circumstances should also be applied to identify target groups for interventions aimed at
promoting eating habits and lipid health.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14010063/s1, Figure S1. The size of one serving of fruit or vegetable (as the size of
a fist of an ordinary adult). Figure S2: Parental educational attainment-specific analysis of the
associations between fruit consumption and lipid profile (adjusted for age, residence area, sex, BMI
values, ethnicity, incomes, parental weight, vegetable consumption, sugar-sweetened beverages
consumption, meat consumption and physical activity). Figure S3: BMI-specific analysis of the
associations between fruit consumption and lipid profile (adjusted for age, residence area, sex,
ethnicity, incomes, parental weight, parental educational attainment, vegetable consumption, sugar-
sweetened beverages consumption, meat consumption and physical activity). Table S1: Prevalence of
the abnormal lipid profile (n, %). Table S2: Difference of demographics and lifestyle behaviors among
age groups.
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Abstract: This study aimed at assessing the correctness of a caregiver’s perception of their child’s diet
status and to determine the factors which may influence their judgment. 815 child-caregiver pairs
were recruited from two primary schools. 3-day 24-h recall was used to evaluate children’s dietary
intake, Chinese Children Dietary Index (CCDI) was used to evaluate the dietary quality. Multivariate
logistic regression models were used to explore the factors that could influence the correctness of
caregiver’s perception. In the current study, 371 (62.1%) children with “high diet quality” and 35
(16.1%) children with “poor diet quality” were correctly perceived by their caregivers. Children
who were correctly perceived as having “poor diet quality” consumed less fruits and more snacks
and beverages than those who were not correctly perceived (p < 0.05). Obese children were more
likely to be correctly identified as having “poor diet quality” (OR = 3.532, p = 0.040), and less likely
to be perceived as having “high diet quality”, even when they had a balanced diet (OR = 0.318,
p = 0.020). Caregivers with a high level of education were more likely to correctly perceive children’s
diet quality (OR = 3.532, p = 0.042). Caregivers in this study were shown to lack the ability to correctly
identify their children’s diet quality, especially amongst children with a “poor diet quality”. Obesity,
significantly low consumption of fruits or high consumption of snacks can raise caregivers’ awareness
of “poor diet quality”.
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1. Introduction

Childhood obesity is a major health problem both in the developed and developing
countries [1]. In 2015, amongst the 20 most populous countries, China ranked first in terms
of the number of obese children [2]. The national prevalence estimates of obesity and
overweight among Chinese children were increased to 10.4% for children younger than
6 years and 19% for children aged 6 to 17 years in 2019 [3], and this trend will only continue
to increase with the continuous development of the economy.

Diet quality plays an important role in weight control [4,5]. Diets containing adequate
fruits and vegetables and less energy-dense nutrient-poor (EDNP) foods can not only help
people control their weight [6–8], but also reduce the risk of negative health outcomes
and all-cause mortality [9–13]. Previous studies have revealed that more than 60% of
Chinese school-age children failed to meet the recommendations issued by Chinese Dietary
Guidelines regarding fruit and vegetable intake [14–16], which undoubtedly will have a
detrimental impact on their development. Given that dietary habits developed in childhood
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can be carried into adulthood and impact long-term health outcomes [17,18], early detection
of poor diet quality in children and taking timely action is of great importance.

In order to cultivate healthy eating habits at an early stage, researchers and govern-
ments have started to develop nutrition education activities targeting school-age children.
However, children (especially young children) have little autonomy over their food choices,
with almost all foods being provided by their caregivers. Thus, attitudes of caregivers
are crucial to the effectiveness of these nutrition interventions [19,20]. If they are unable
to recognize unhealthy habits and help their child to change these, the effect of health
education will be minimal. Previous research found parents with correct perception of their
child’s overweight status were more likely to make changes to their children’s lifestyles and
participate in healthy lifestyle behaviors with their children [21,22]. However, it also found
that those who failed to recognize their child’s weight status were less motivated to address
the problem [21,22]. Thus, we have reason to believe that caregivers with correct perception
of their children’s poor diet quality could also be more willing to participate in nutrition
promotion activities with their children, which could greatly improve the effectiveness of
health interventions.

However, limited information is available concerning the caregiver’s perception of
their child’s diet quality, with previous studies focusing mainly on caregiver’s perception of
their child’s weight status. It appears common for caregivers to underestimate their child’s
weight; a meta-analysis indicated that nearly half of parents underestimated their children’s
overweight/obese status and a significant minority underestimated their children’s normal
weight status [21]. Furthermore, Reyes et al. found that 50% of caregivers of children
aged 2–18 years underestimated their children’s weight status [23]. Boys’ weight status
was more likely to be underestimated compared to girls [24], potentially due to different
perceptions of an ideal body shape for boys and girls. Girls were more likely to be correctly
perceived as overweight, whilst overweight boys however were more likely to be regarded
as strong rather than overweight.

Caregiver’s correct perception of children’s health issues is crucial to the maintenance
of children’s health. It has already been reported that caregiver’s perception of children’s
weight status was sub optimal, potentially indicating poor health literacy among caregivers,
therefore it could also be assumed that their perception of children’s diet quality could
require improvement. However, there is still a lack of research regarding the perception of
caregivers of children’s diet quality. Therefore, in the current study, we aimed to examine
the correctness of caregiver’s perception of their child’s diet quality and to investigate the
factors which may influence their judgment.

2. Materials and Methods

2.1. Study Population and Ethical Statement

Participants were recruited from two primary schools using cluster sampling in Hong-
shan district, Wuhan, China in April 2016. Considering that the children’s diet needed
to be self-reported and the cognitive ability of students in lower grades is limited, in the
current study we selected students in grades 3rd to 6th and their caregivers as subjects.
Initially, 1132 eligible child-caregiver pairs were recruited. Of these, 317 were excluded
due to incomplete information or not providing consent. Therefore, this analysis was
based on a final sample of 815 child–caregiver pairs. Figure 1 provides an overview of
the recruitment process. This study was conducted according to the guidelines of the
Declaration of Helsinki and all procedures involving human subjects were approved by
the Ethics Committee of Wuhan University of Science and Technology (No. 201519). All
parents gave written informed consent and children gave assent.
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Figure 1. Flow diagram of subject recruitment.

2.2. Demographic Characteristics

Data relating to socio-demographic status and caregiver’s perception were collected
using customised, self-rated questionnaires. Information on age, gender, frequency and
location of meals were collected for children, whilst information on age, gender, relation-
ship to the children, annual household income and level of education was collected for
caregivers. Members of the research team including faculty and postgraduates of the school
of public health helped students fill out the questionnaire in the school setting. Caregivers’
questionnaires were brought home by the students; the primary caregivers of the children
were then asked to fill in the questionnaire, and after filling it in, the questionnaires were
brought back to school by the students the following days.

2.3. Diet Survey and Evaluation

3-day 24-h recall was used to evaluate children’s dietary intake. The children were
asked to recall all food and beverages consumed in the past 24 h for three consecutive days,
the investigators went into the classroom after lunch, and using food size reference models
recorded all the food consumed by each student in the past 24 h (including drinks, snacks,
inter-class meals, etc.). Data relating to eating behaviors were collected through interviews.
Children’s dietary reference values issued by Chinese Dietary Guidelines vary by age and
sex [25], so food intakes were converted to food density (g/1000 kcal) for the purpose of
comparison (except for snacks and beverages). The daily dietary intake of calories and
nutrients were calculated using the China Food Composition 2004 and were presented as
an average intake over the 3-day period.

The Chinese Children Dietary Index (CCDI) was used to evaluate the diet quality of
the children involved in the study based on the Chinese dietary intake recommendations
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(Chinese Dietary Guidelines and Chinese Dietary Reference Intakes) and health-promoting
behaviors. It was developed by Guo Cheng et al., though it is not widely used at present,
the validity of CCDI in evaluating the dietary status of Chinese school-age children has
been verified in several studies [14,26,27].

The CCDI contains 16 items in four sections. The highest score for each item is
10 points, therefore the CCDI has a total score of 160 points, with higher scores representing
better diet quality. The scoring scheme is based on the amounts and types of nutrients or
foods that the children consumed, and whether they exhibited health-promoting behaviors.
The first part evaluates the intake of 8 food groups (grains, vegetables, fruits, dairy and
dairy products, soybean and its products, fish and shrimp, meat and eggs), water and
sugar-sweetened beverages. The second part evaluates intakes of vitamin A, fatty acids and
dietary fiber. The third part evaluates food diversity and the final part evaluates dietary
behaviors, including breakfast, dinner and energy intake. Criteria relating to maximum
and minimum score of food and nutrients were derived from recent age- and sex-specific
dietary reference values [25,28], and the criteria for food diversity and diet behaviors were
derived from the Chinese Dietary Guidelines. Details relating to these have been published
previously [14].

Since sedentary behaviors or water intake were not assessed in this study, the CCDI
was slightly modified (Table 1). The item “drinking water” was removed, and the score
of “energy balance” was determined only by total energy intake, rather than total energy
intake and sedentary behaviors. “Fatty acid” was changed to total fat intake, and the
cut-offs were derived from the Chinese Dietary Guidelines. Following modification, scores
ranged from 0 to 150. Scores above 60% were considered acceptable, therefore a score
of over 90 points was considered “high diet quality” and a score below 90 points was
considered “poor diet quality”.

2.4. Caregiver Perception

Caregiver’s perception of their child’s diet was assessed using the question ‘How
would you describe your child’s diet quality?’ and they were given three choices: high diet
quality, poor diet quality, and unknown (reason is needed). The accuracy of this perception
was assessed by comparing the caregiver’s perception with the child’s actual diet quality.
Caregivers who had a different perception of their child’s diet quality compared to what
their child’s diet quality actually were deemed to have incorrectly perceived their child’s
diet quality.

2.5. Covariates

In this study, the primary caregiver was defined as the person who takes care of the
child or prepares food for the child most often. The caregiver’s level of education was
defined as the highest degree that the primary caregiver had completed at the time of the
survey. Family income refers to the average annual household income, including but not
limited to wages, self-employed income and agricultural income.

Data relating to the children’s weight and height were obtained from a physical
examination made by Wuhan ChangeDong Hospital; height was measured with a precision
of 0.1 cm and weight was measured with a precision of 0.1 kg. This information was
then used to calculate Body Mass Index (BMI) and obesity was defined according to the
BMI cutoffs points issued by the National Health Commission of the People’s Republic of
China [29].
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Table 1. Adjusted scoring system for the components of the CCDI, a measure of overall diet quality
for Chinese school-aged children.

CCDI Component Range of Score (Points) Criteria for Maximum Score Criteria for Minimum Score

Food Groups a

Grains b 0–10 140–160 g/1000 kcal 0 or >320 g/1000 kcal
Vegetables c 0–10 ≥175 g/1000 kcal 0 g/1000 kcal

Fruits 0–10 ≥110 g/1000 kcal 0 g/1000 kcal
Dairy and dairy products 0–10 ≥110 g/1000 kcal 0 g/1000 kcal
Soybeans and its products 0–10 ≥17 g/1000 kcal 0 g/1000 kcal

Meat 0–10 25–35 g/1000 kcal 0 or >70 g/1000 kcal
Fish and shrimp 0–10 ≥30 g/1000 kcal 0 g/1000 kcal

Eggs 0–10 12.5–22.5 g/1000 kcal 0 or 45 g/1000 kcal
SSBs d 0–10 0 mL/day ≥1 serving/day

Nutrients
Vitamin A e 0–10 ≥100% RNI/day 0% RNI/day

Fat f 0–10 20–30% E/day 0% or >60% E/day
Dietary fiber 0–10 ≥14 g/1000 kcal 0 g/1000 kcal

Diet variety 0–10

>1 serving of food from each of
these groups (grains, vegetables,

fruits, dairy/beans, and
meat/fish/eggs)

<1 serving of food from each of
these groups (grains, vegetables,

fruits, dairy/beans, and
meat/fish/eggs)

Behaviors

Breakfast and dinner 0–10 Eating breakfast and having
dinner with parents regularly

Skipping breakfast and not having
dinner with parents regularly

Energy balance 0–10 0.9 EER ≤ EI ≤ 1.1 EER EI = 0 or EI ≥ 2.2 EER
CCDI total score 0–150

Abbreviations: CCDI, Chinese Children Dietary Index; SSBs, sugar-sweetened beverages; RNI, recommended
nutrient intakes; E, energy; EER, estimated energy requirement; EI, energy intake. a To characterize diet quality,
consumption of food groups were expressed on a per −1000-calorie basis in the CCDI. b Given that grains,
meat, and eggs should be consumed moderately, consumption between the lowest and highest recommended
amount per 1000 kcal according to the Chinese Dietary Guidelines (2007) was chosen as the standard for the
maximum score. c Vegetables, fruits, dairy and dairy products, soybeans and its products, and fish and shrimp
should be consumed sufficiently. The lowest recommended amount per 1000 kcal according to the Chinese
Dietary Guidelines (2007) was chosen as the standard for the maximum score for these food groups. d SSBs were
defined as beverages with added sugar, such as lemonades, fruit drinks, ice teas, soft drinks (soda pop), sport
drinks, tea and coffee drinks, and sweetened milks. One serving is 250 mL. e RNI of vitamin A: 500 μgRAE/day
(children aged 7 to 10 years), 630 μgRAE/day (girls aged 11 to 12 years), 670 μgRAE/day (boys aged 11 to
12 years). f Consumption of fat within the AMDR (Acceptable Macronutrient Distribution Range) was chosen as
the standard for the maximum score.

2.6. Statistical Analysis

Descriptive statistics included frequency and percentages for categorical variables
and median (P25, P75) for continuous variables that were not normally distributed. Rank
sum test for continuous variables with a non-normal distribution and chi-square tests for
categorical variables were used. Variables found to be statistically significant in univariate
analysis and variables that are thought to be associated with diet quality (such as gender,
family income, et al.) were included in multivariate logistic regression, to explore the
factors that could influence the correctness of caregiver’s perception. Statistical analyses
for this study were performed using Stata (version 13.0; StataCorp, College Station, TX,
USA). Differences were considered significant if p < 0.05.

3. Results

3.1. Participant Characteristics

Demographic characteristics of children based on their diet quality can be seen in
Table 2. More than half of the children were migrants (57.9%). Most caregivers were not
well educated and had only completed middle school (51.8%). Half of the families had an
average annual income lower than 50,000 CNY (50.7%). 26.7% of the children were classed
as having a poor-quality diet, with boys and overweight/obese children being more likely
to have a poor-quality diet (p < 0.05) (Table 2).
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Table 2. Characteristics of study participants a.

Characteristic

Child Diet Status

χ2 p-Value
High Diet Quality

(n = 597)
Poor Diet Quality

(n = 218)

Gender Boys 243 (40.7%) 114 (52.3%) 8.714 0.003
Girls 354 (59.3%) 104 (47.7%)

Primary caregiver Mother 400 (67.0%) 151 (69.3%) 1.664 0.645
Father 102 (17.1%) 37 (17.0%)

Grandparents 63 (10.5%) 23 (10.5%)
Others 32 (5.4%) 7 (3.2%)

Family income <50,000¥ 298 (49.9%) 115 (52.7%) 0.514 0.473
≥50,000¥ 299 (50.1%) 103 (47.3%)

Caregiver’s educational level b Primary school 44 (7.4%) 21 (9.6%) 3.646 0.302
Middle school 258 (43.2%) 99 (45.4%)
High school 231 (38.7%) 83 (38.1%)

College 64 (10.7%) 15 (6.9%)
Weight status Normal weight 493 (82.6%) 164 (75.2%) 6.496 0.039

Overweight 73 (12.2%) 34 (15.6%)
Obesity 31 (5.2%) 20 (9.2%)

Caregiver’s perception High diet quality 371 (62.1%) 131 (60.1%) 3.012 0.222
Poor diet quality 69 (11.6%) 35 (16.1%)

Unknown 157 (26.3%) 52 (23.8%)
a Data are presented as counts (percentages). b Caregiver’s educational level: represented as the highest degree of
the primary caregiver.

3.2. Caregiver Perception

Among the 597 children with “high diet quality”, 371 (62.1%) were correctly perceived
by their caregivers, whilst among the 218 children with “poor diet quality”, just 35 (16.1%)
were correctly perceived (Table 2). Whether in the “high diet quality” group or the “low diet
quality” group, most parents believe that their children had a high diet quality (p > 0.05).

Of the 815 caregivers, 209 (25.6%) caregivers could not make a clear judgment on
their child’s diet. These caregivers did not exhibit any significant differences in relation
to educational level, family income and their child’s gender, weight status and diet scores
when compared to caregivers with clear judgment (p > 0.05). Therefore, in further analysis
only those child-caregiver pairs in which the caregiver had given a clear judgment were
included (n = 606) (Table 3).

Table 3. The correctness of caregiver’s perception of diet status of children in with differing diet quality.

Characteristic
High Diet Quality a (n = 440) Poor Diet Quality a (n = 166)

Total Correct b p Total Correct b p

Gender Boys 170 142 (83.5%) 0.718 95 20 (21.0%) 0.991
Girls 270 229 (84.8%) 71 15 (21.1%)

Primary caregiver Mother 303 250 (82.5%) 0.178 114 24 (21.0%) 0.889
Father 67 57 (85.1%) 27 5 (18.5%)

Grandparents/Others 70 64 (91.4%) 25 6 (24.0%)
Family income <50,000¥ 214 173 (80.8%) 0.051 83 16 (19.3%) 0.568

≥50,000¥ 226 198 (87.6%) 83 19 (22.9%)

Caregiver’s
educational level c

Primary school 34 25 (73.5%) 0.096 18 4 (22.2%) 0.923
Middle/High school 352 297 (84.4%) 136 29 (21.3%)

College 54 49 (90.7%) 12 2 (16.7%)

Weight status
Normal weight 365 312 (85.5%) 0.069 121 22 (18.2%) 0.012

Overweight 54 45 (83.3%) 29 5 (17.2%)
Obesity 21 14 (66.7%) 16 8 (50.0%)

a High diet quality (or poor diet quality) represents the child’s diet status which assessed by CCDI. b Correct
means the caregiver’s recognition is consistent with the child’s diet status which assessed by CCDI. c Caregiver’s
educational level represented as the highest degree of the primary caregiver.
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3.3. Children’s Daily Food Intake

Table 4 shows that children with “poor diet quality” had lower intakes of vegetables,
fruits, fish, eggs, beans and milk (p < 0.01), and higher intakes of grains, snacks and
beverages (p < 0.01). Children who were correctly perceived by their caregivers as having
“poor diet quality” consumed less fruits than those who were not correctly perceived, and
they were more likely to consume snacks and beverages than the other groups (p < 0.05).

Table 4. Food consumed by each diet quality group according to diet status and caregiver’s perception
(M (P25, P75)).

Food Group
High Diet Quality a Poor Diet Quality a

Correct b (n = 371) Incorrect b (n = 69) Z p Correct b (n = 35) Incorrect b (n = 131) Z p

Grain (g/1000 kcal) 158.0 (145.0, 173.3) 157.5 (140.6, 172.4) 0.783 0.434 170.5 (160.4, 185.5) 167.5 (154.8, 178.3) 1.045 0.296
Vegetables (g/1000 kcal) 102.8 (85.0, 122.7) 103.1 (85.0, 125.4) 0.123 0.902 95.6 (77.4, 106.6) 93.6 (81.0, 107.3) −0.107 0.915

Fruit (g/1000 kcal) 106.8 (68.3, 150.7) 117.1 (87.2, 145.6) −0.902 0.367 20.2 (0.0, 61.4) 48.3 (0.0, 93.2) −2.380 0.017
Meat (g/1000 kcal) 25.8 (18.5, 35.4) 26.8 (19.1, 33.0) 0.317 0.752 24.8 (15.2, 42.6) 24.3 (14.9, 36.1) 0.424 0.672
Fish (g/1000 kcal) 4.9 (0.0, 13.6) 6.3 (0.0, 16.7) −1.312 0.190 0.0 (0.0, 8.7) 2.8 (0.0, 8.9) −0.431 0.667
Egg (g/1000 kcal) 11.6 (2.0, 20.4) 13.6 (5.0, 20.2) −0.260 0.795 0.0 (0.0, 9.9) 0.0 (0.0, 9.6) 0.992 0.321

Beans (g/1000 kcal) 4.4 (0.0, 10.3) 3.1 (0.0, 9.9) 0.630 0.529 0.0 (0.0, 6.2) 0.0 (0.0, 5.0) 0.353 0.724
Milk (g/1000 kcal) 41.2 (0.0, 97.1) 41.7 (0.0, 109.9) −0.496 0.620 0.0 (0.0, 31.7) 0.0 (0.0, 35.0) −0.220 0.826

Snacks (g/day) 18.5 (12.8, 24.0) 20.4 (16.7, 26.9) −1.765 0.078 30.5 (19.0, 38.5) 19.7 (13.5, 28.2) 3.841 <0.001
Beverages (g/day) 34.4 (0.0, 59.6) 30.8 (0.0, 69.4) 0.312 0.755 71.8 (0.0, 160.7) 46.0 (0.0, 76.4) 2.052 0.040

a High diet quality/poor diet quality represents child diet status. b Correct/incorrect represents whether the
caregiver’s recognition is consistent with the child’s diet status.

3.4. Influence Factors of Caregiver’s Perception of Diet

Migration, child’s gender, caregiver’s association with the child, family income and
breakfast habits did not affect the correctness of the caregiver’s perception of the child
having poor diet quality. Caregivers were more likely to identify “poor diet quality”
among children who consumed less fruits (OR = 0.989, p = 0.031) or those eat more snacks
(OR = 1.074, p = 0.004). Obese children were more likely to be correctly identified as having
“poor diet quality” (OR = 3.532, p = 0.040), and these children were also more likely to be
perceived as having “poor diet quality” even when they had a balanced diet (OR = 0.318,
p = 0.020). Moreover, caregivers with a high level of education were more likely to correctly
perceive children’s “high diet quality” (OR = 3.532, p = 0.042) (Table 5).

Table 5. Regression model of the relationship between caregiver’s perception and other socio-
demographic predictors, and intake of some kinds of food a.

High Diet Quality Group

Characteristic OR (95% CI) p-Value

Family income <50,000¥ Reference
≥50,000¥ 1.555 (0.914, 2.645) 0.103

Caregiver’s educational level b Primary school Reference
Middle/High school 1.932 (0.844, 4.427) 0.119

College 3.532 (1.046, 11.925) 0.042
Weight status Normal weight Reference

Overweight 0.858 (0.392, 1.877) 0.701
Obesity 0.318 (0.121, 0.836) 0.020

Poor Diet Quality Group

Characteristic OR (95% CI) p-Value

Weight status Normal weight Reference
Overweight 1.109 (0.357, 3.443) 0.858

Obesity 3.532 (1.056, 11.805) 0.040
Fruits intake 0.989 (0.980, 0.999) 0.031
Snacks intake 1.074 (1.023, 1.129) 0.004

Beverages intake 1.001 (0.995, 1.008) 0.640
a According to the dietary status of children, two logistic regression models were established respectively, the
dependent variables were the correctness of the caregivers’ judgment. b Caregiver’s educational level: represented
as the highest degree of the primary caregiver.
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4. Discussion

The aim of the current study was to examine the correctness of caregiver’s perception
of their child’s diet quality and to investigate the potential factors that may influence
this. To our knowledge, this is one of the first studies to pair caregivers with their child
to examine caregiver’s perception of child diet quality, given that previous studies have
focused on caregiver’s perception of their child’s weight status [21–24]. In the present
study, our results showed that it is common for caregivers to be unable to identify the diet
quality of their child. This was particularly noticeable in children with “poor diet quality”,
with less than a fifth of children with a poor-quality diet being correctly perceived by their
caregivers. This is worrying to note; if caregivers are not aware of their child’s poor diet
quality, they might be less likely to change their dietary behaviors, and this could lead to
an increased risk of obesity, malnutrition or chronic diseases in the future.

Children in the “poor diet quality” group had lower intakes of several kinds of foods
apart from grains and meat, and their snacks and beverages intakes were significantly
higher. However, it was only extremely low intakes of fruits or high intakes of snacks that
caregivers seemed to be aware of, they did not take other food types (including vegetables,
fish, beans, eggs, and milk) into consideration. According to our survey, children with
“poor diet quality” had significantly lower intakes of fish, eggs, beans and milk, with nearly
half of them having never consumed these foods over a 3-day period, which may suggest
that these kinds of foods were not frequently served as part of school lunches. A previous
study found that the supply of milk, beans, fish and eggs at school lunches in Shanghai,
China, did not reach the recommended level [30]. Although Shanghai is a first-tier city in
China with high standard of living, the schools investigated in this study were average
public primary schools in Wuhan, which are less likely to provide such foods. These foods
are therefore more likely to be prepared by caregivers at breakfast or dinner time. The lower
intake of these foods may be due to the caregivers not understanding the benefits of them,
or not regularly preparing these foods for their children. Therefore, they did not take these
foods into consideration when judging their children’s diet quality. Most of the children in
this study were eating a certain quantity of vegetables, however in those with “poor diet
quality”, their consumption was significantly lower. A potential reason why caregivers
could not make accurate judgments on this insufficient intake might because they were not
aware of the number of vegetables that children should be eating. Therefore, they would
not be able to know whether their children’s consumption matched the recommended
number while making the judgment.

Generally, highly educated caregivers have more access to correct health informa-
tion [22,31] and are more likely to make accurate judgments about their children’s diet.
This was highlighted in this study; caregivers with a college degree or above were able
to make more accurate judgments relating to children with “high diet quality”, but not
“poor diet quality”. Caregivers play an integral role in shaping children’s eating behavior,
and their attitude towards diet can influence children’s eating habits [32]. Compared to
the caregivers with children in the “high diet quality” group, those with children in the
“poor diet quality” group might be less concerned about diet quality and therefore were
not as aware of their children’s diet habits, which may have led to their children having
a poor-quality diet. Therefore, even if they did have adequate nutrition knowledge, their
lack of concern and understanding of children’s diet could prevent them from making
accurate judgments.

Obese children with both “high diet quality” or “low diet quality” were more likely
to be perceived as having a “poor diet quality”, even when their diet quality was in fact
adequate. Caregivers were aware that improper diet can lead to obesity, however they may
have ignored the influence of genetics, sports, mental health and other factors [33], which
indicates that caregivers may not have comprehensive health knowledge.

Regardless of level of education and family income, the inability to correctly identify
poor diet quality appears to be a common phenomenon. It has been suggested previously
that the action of parents’ judging their child’s actual weight is not a cognitive task, but an
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emotional evaluation [34]. This may also be the case for diet judgment; caregivers tend to
believe that their children have a “high quality diet” when they are unsure whether their
children’s diet is up to the standard or not. This tendency may also lead caregivers to be
less motivated when participating in diet promotion courses [21,22]. Thus, it is necessary
for them to be taught how to judge diet accurately.

Therefore, in a future nutrition intervention program, caregivers should firstly be
educated about the importance of a healthy diet for children, which may improve their
awareness of their child’s diet. There is the potential to develop tailored nutrition education
for caregivers, so that they can have adequate knowledge relating to nutrition, be aware of
the standards of a healthy diet for children and learn cooking skills, so that they can spot
any deficiencies in children’s diet and correct them timely. Finally, caregivers should be
informed that causes of obesity are multifactorial, such as dietary, exercise and genetics
et al. They should understand that diet is not the only factor that can cause obesity, and
similarly, obesity does not necessarily mean the child has an unhealthy diet.

Strengths and Limitations

There are several limitations in this study. Firstly, as the participants were recruited
from two local schools, the sample is not nationally representative and therefore the results
of this study cannot be generalized to other samples. Secondly, in order to improve
participant compliance, the 3-day dietary recalls were performed during school hours,
therefore the data may not represent children’s diet on the weekends. At the same time,
best practice for 24-h recalls is three unannounced days, not three consecutive days, so
this may lead to bias caused by changes of food behaviors. Thirdly, since there are no
widely accepted indices to measure diet quality in Chinese children, CCDI was used to
assess children’s diet quality. Although not widely used, the effectiveness of CCDI has
been proved in another study in children of the same age [14]. Finally, although caregivers’
perceptions of children’s diet quality were obtained by asking only one question, which
may not be comprehensive, similar one question-based methods have been used previously
in research relating to caregivers’ perception of children’s weight status [23,24]. Despite
these limitations, this study is one of the first to examine caregiver’s perception of child
diet quality and the factors that can influence this, and these results have highlighted the
inadequate health awareness among parents or other caregivers and can provide direction
for future health interventions.

5. Conclusions

Caregivers in this study were shown to lack the ability to correctly identify their
children’s diet quality, especially amongst children with a “poor diet quality”. Obesity,
significantly low consumption of fruits or high consumption of snacks can raise caregivers’
awareness of “poor diet quality”. However, if the child was not classed as obese or they
did not show any special rejection/preference for fruits and snacks, their poor diet quality
was less likely to be noticed. Caregivers’ judgment was also influenced by children’s
consumption of certain types of food and their body type, rather than the child’s overall
diet. Such information may be valuable for the prevention of obesity and malnutrition
among children through improving caregivers’ awareness of child diet quality.
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Abstract: Dietary fat and fat quality have been inconsistently associated with puberty timing. The aim
of this study was to investigate the prospective associations of dietary fat, saturated fatty acid
(SFA), polyunsaturated fatty acid (PUFA), and monounsaturated fatty acid (MUFA) with puberty
timing. Using longitudinal data from China Health and Nutrition Survey (CHNS) and Southwest
China Childhood Nutrition and Growth (SCCNG) Study, we analyzed dietary data, anthropometric
measurements, and potential confounders. Dietary intakes were assessed by 3-day 24-h recalls.
Age at Tanner stage 2 for breast/genital development (B2/G2) and age at menarche/voice break
(M/VB) were used as puberty development markers. Cox proportional hazard regression models
were used to estimate the relevance of dietary intake of total fat, SFA, PUFA, and MUFA on puberty
timing. Among 3425 girls and 2495 boys, children with higher intakes of total fat and PUFA were
more likely to reach their B2/G2 or M/VB at an earlier age. Associations were not attenuated on
additional adjustment for childhood dietary protein intake. However, higher intakes of SFA or MUFA
were not independently associated with puberty development. A higher intake of dietary fat and
PUFA in prepuberty was associated with earlier puberty timing, which was independent of dietary
protein intake.

Keywords: dietary fat; polyunsaturated fatty acid; monounsaturated fatty acid; puberty timing

1. Introduction

Puberty represents the transition stage from childhood to adulthood [1]. There has
been a global secular trend towards earlier puberty timing in the past decades [2–4]. Such a
trend is concerning because individuals with an earlier puberty onset are at a higher risk of
diabetes, cardiovascular diseases, hormone-related cancers, and all cause-mortality in later
life [5,6]. Identifying modifiable factors of puberty timing is thus critical to public health
ramifications, and nutrition is the most relevant to determine the timing of puberty among
these modifiable influences [7].

Observational studies have demonstrated that dietary intakes of food groups or nutri-
ents during childhood are associated with puberty timing [8–10]. Although dietary fat has
been reported to alter sex hormones in humans [11,12], prospective associations regard-
ing dietary fat and the onset of puberty are limited and conflicting. A prospective study
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has found an inverse association between childhood total fat intake and age at puberty
onset [13], whereas other studies have reported no association [14,15], or positive associa-
tion [16]. From a public health standpoint, it is more meaningful to investigate the possible
effect of fat quality, i.e., saturated fatty acid (SFA), polyunsaturated fatty acid (PUFA),
and monounsaturated fatty acid (MUFA), other than total fat [7], but the relationship
between different types of fatty acids and puberty timing varies: some studies found that
higher consumption of PUFA was associated with early puberty onset [8,17], while others
reported a lack of an association [16,18]; no association between SFA intake with puberty
timing was observed [8,16,18]; inverse [15], positive [17] or null association [16] were re-
ported between MUFA intake and age at puberty onset. Notably, most of these studies were
limited mainly to girls and examined solely a single self-report puberty marker [8,13–18],
usually age at menarche, which highlights the need to consider other puberty timing traits
reflecting different sex hormone pathways [19]. The measurement of different pubertal
markers covering the range from earlier (Tanner stage 2 for breast development in girls
or genital development in boys (B2/G2)) to later stages (menarche in girls or voice break
in boys (M/VB)) of pubertal development might provide more comprehensive pubertal
data. Furthermore, those previous studies were conducted in Caucasian from Western
countries [8,13–18], including the British [8], Germany [13], America [14,17], Canada [16],
and the Netherlands [18]; little is known about the impact of dietary fat and specific types
of fatty acids on puberty timing in Chinese children. Given the secular trend of earlier
puberty has been observed in both Chinese boys and girls [20,21], investigation on the
determinants of puberty timing in this population is warranted.

Currently, the obesity epidemic has received large attention, and body composition in
childhood has turned out to be associated with puberty timing [22]. In recent years, China
has witnessed a secular increase in childhood obesity [23]. Owing to the two trends that
coincide in China, the impact of dietary fat on puberty timing beyond body composition
needs to be investigated. In addition, fat-rich foods, such as red meat, beans, and peanuts,
are also the predominant nutritional source of dietary protein, and whose effect on the
timing of sexual maturation has been largely confirmed [10]. However, few studies handled
appropriately the independent association of dietary fat on the timing of puberty. Hence,
it is important to examine whether a potential effect of dietary fat or fatty acids on puberty
onset is mediated by childhood dietary protein intake.

Using longitudinal data from the China Health and Nutrition Survey (CHNS) and
the Southwest China Childhood Nutrition and Growth (SCCNG) Study, we thus aimed
to investigate the prospective associations between dietary fat and fatty acids intake and
earlier puberty markers (B2/G2) or later puberty markers (M/VB) in Chinese boys and girls.
Moreover, we also examined whether these associations were independent of pre-pubertal
dietary protein intake.

2. Materials and Methods

2.1. Study Sample

We used nationally representative data from the CHNS (1997–2015) and the SCCNG studies.
The CHNS is an ongoing, large-scale, and longitudinal study conducted in China.

Fifteen provinces were selected, and a multi-stage random cluster sampling method was
performed in the ten waves between 1989 to 2015. A detailed protocol of the cohort has
been published elsewhere [24]. Since data on B2 in girls or G2 and VB in boys were
not available in the CHNS, we only included girls with menarche information in the
present study. Based on girls with available data of the occurrence of menarche, our
analysis considered 2405 girls aged 6–13 years that were recruited between 1997 to 2015.
Of these participants, 1433 girls with complete dietary assessment were included for
baseline. Then, 173 girls with incomplete information on household income, anthropometry,
or other potential confounders, and 19 girls with implausible energy intakes (<600 kcal/day
and >4000 kcal/day) [25] were excluded. Finally, 1240 CHNS girls were eligible in the
present analysis.
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The SCCNG study was started in March 2013 and covered three provinces (Sichuan
province, Guizhou province, and Chongqing province) in southwest China, aiming to in-
vestigate the development and nutritional status of Chinese children. The study procedure
was described in detail elsewhere [26]. The yearly recruitment from 2013 onward enrolled
children aged 6–8 years who were cooperative and voluntary. At the first examination,
we collected information on sociodemographic issues, dietary intake and eating behaviors,
physical activity and sedentary behaviors, anthropometry, and pubertal development.
From then on, the participants were followed up for assessment on nutritional status and
growth at regular intervals until the age of 15. Detailed information on the assessments of
anthropometry and puberty status were obtained every year, while data of dietary intake
and physical activity were collected biennially. The study was approved by the Ethics
Committee of the Sichuan University, and all the participants gave their written confirmed
consent before enrollment. Between January 2013 and December 2019, 5439 children aged
6–8 years had baseline dietary information and completed at least 2 follow-up assessments.
Since we were interested in the prospective relevance of dietary fat intake on puberty
timing, 389 children who had already reached B2/G2 at baseline were excluded. Then,
268 participants with implausible energy intakes (<600 kcal/day and >4000 kcal/day) [25]
and 102 participants with incomplete information on potential confounders were further
excluded. A final sample of 4680 children (2185 girls and 2495 boys) was included in
this analysis.

Hence, we included 5920 children (1240 girls from CHNS, 4680 children from SCCNG)
in the present study; 1752 girls reached B2, 1897 girls (732 girls from CHNS, 1165 girls from
SCCNG) experienced menarche, and 1239 boys reached G2, 831 boys experienced voice
break. The flow chart of the sample selection was shown in Figure 1.

Figure 1. Flow chart for the study sample in our study. CHNS, China Health and Nutrition Sur-
vey; SCCNG, Southwest China Childhood Nutrition and Growth; B2, Tanner stage 2 for breast
development; G2, Tanner stage for genital development; M, menarche; VB, voice break.

2.2. Nutrition Assessment

Nutritional data of children in CHNS and SCCNG were collected by trained investiga-
tors via 3-day 24-h dietary recalls. In CHNS, when children were 12 years or older, they
were asked to recall their consumption of all foods and beverages. For children younger
than 12 years, dietary intake data from school were provided by themselves while the infor-
mation on food consumption at home was provided by their parents. In SCCNG, children
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aged 9 years or older were asked to recall their consumption of all foods and beverages.
For children younger than 9 years, parents provided the information on food consumption
at home, while children provided the dietary intake information from school themselves.

Details on recipes and brands of all food items reported were inquired. Food models,
standard tableware including bowls, plates, and glasses, and picture aids were provided to
enhance the accuracy of portion size estimates [27]. In the SCCNG study, a designed photo
book that contains photos of snacks and beverages and pictures of the commonly used
commercial packaging to improve the accuracy of diet recall was also given to children.

Nutrition data of children that were collected via 3-day 24-h dietary recalls recorded
their consumption of foods and beverages, including categories and quantities. Then we
transformed this original information to energy and specific nutrient intake by calculating
the nutrient content in every food item based on the Chinese food composition (FCT).
In CHNS, FCT 1991 was used in the 1997 and 2000 dietary survey; FCT 2002, FCT 2004,
and 2009 (combined) were used in the 2004, 2006, 2009, and 2011 dietary survey, respectively.
While in SCCNG, dietary intake data were converted into energy and nutrient intake data
using the continuously updated in-house nutrient database based on NCCW software
(version 11.0, 2014), which reflects the FCT.

2.3. Assessment of Puberty Onset

In the CHNS study, girls aged 8 years or older were asked whether their menarche
had already occurred and the detail on the month and year of the first menstrual period
were recorded in each survey. If there were different reported menarche ages for one girl,
we only included the first reported menarche age in the panel data for analysis to reduce
potential recall bias. In the SCCNG study, pubertal maturation for breast (girls) and pubic
hair (girls and boys) stages were assessed at each examination by investigators according to
the standardized criteria of Tanner stages. Testicular volume was assessed by comparative
palpation with the Prader orchidometer. If the testicular volumes of the two testes were not
equal, the volume of the larger one was recorded. Testicular volume less than 1 mL was
recorded as 1 mL. In addition, during the annual physical examination, children were asked
whether menarche (girls) or voice break (boys) had already occurred, and the respective
month and year were recorded.

For this analysis, age at B2 in girls and the initiation of G2 in boys as well as age at
menarche in girls and age at voice break in boys were considered.

2.4. Anthropometry

In CHNS and SCCNG study, anthropometric measurements of the participants were
performed at each visit by trained research assistants according to standard procedures,
with the subjects dressed lightly and barefoot. Height and weight were measured to
the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was calculated as
weight divided by the square of height (kg/m2). All anthropometric measurements were
performed twice, and the averages were calculated for each child.

For this analysis, sex- and age-independent BMI SDS and age-specific BMI Z-score were
calculated for each children using the equation by Cole et al. [28] based on a Chinese reference
population [29]. Overweight was defined according to the International Obesity Task Force
(IOTF) BMI cut-offs for children, which correspond to an adult BMI of 25 kg/m2 [28].

2.5. Covariates

In both CHNS and SCNNG study, detailed information about pregnancy and infancy
(i.e., children’s birth weight, exclusive breastfeeding duration, the timing of complementary
feeding), and family characteristics (i.e., place of residence, household income, family size,
smoking in the household, parental age, parental occupation, and parental education levels)
were collected using structured questionnaires.
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2.6. Statistical Analysis

SAS® procedures (version 9.4, SAS Inc., Cary, NC, USA) were used for all data analyses.
All analyses were performed with a significance level at p < 0.05.

Dietary fat intakes were expressed as sex- and age-specific residuals from the re-
gression of dietary fat intakes on energy intake. To examine the potential associations of
dietary fat intakes with puberty timing, their distribution was grouped into tertiles (T1–T3),
with the lowest tertile serving as the reference group. T1 indicates the lowest tertile who
have a lowest intake of dietary fat, while T3 indicates the highest tertile with those having
the highest dietary fat consumption.

Kolmogorov-Smirnov and Shapiro-Wilk tests were conducted to test the normality
of the data. The continuous variables were normally distributed and presented as means
(SD). Differences in anthropometric data, socio-demographic data, and nutritional intake
between genders were tested using ANOVA test for normally distributed continuous
variables, Kruskal-Wallis test for not normally distributed continuous variables, Chi-square
test was used for categorical variables, followed by Student-Newman-Keuls tests or Dunn’s
post hoc tests. Since different pubertal markers were used in boys and girls, statistical
models, as well as descriptive tables, were stratified by sex.

To investigate the prospective relevance of dietary fat intakes at baseline with age
at B2/G2 or M/VB, Cox proportional hazard regression models were used. Censoring
occurred at the age of reaching B2/G2 and M/VB or age at last follow-up if the puberty
events had not been reported. In the basic models, the tertiles of dietary fat intakes at
baseline were the principle independent fixed effects. Cox regression models were adjusted
for birth year, age at baseline, body composition (Z-scores of BMI, overweight (Y/N)),
family income, parental educational level, mother’s age at menarche (only from SCCNG
population), and total energy intake at baseline and dietary protein intake (residuals) at
baseline. Each potential confounder was initially considered separately and included
if it was associated with both the dietary index and indicators of puberty timing and
substantially altered the estimate by more than 10%. Thus, birth year, family income level,
energy intake at baseline, and mother’s age at menarche (for B2, VB, and G2 model) were
adjusted for in model 2. In the final model, Z-scores of BMI at baseline and dietary protein
intake (residuals) at baseline were considered. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated by comparing the second and third tertiles to the first tertile
in these models.

3. Results

This study analyzed data on 5920 children (3425 girls and 2495 boys). There were no
significant differences in age, or the BMI SDS at baseline among these 5920 children.

Table 1 summarized anthropometric, parental, and nutritional characteristics, and puberty
timing in girls and boys. The mean age at baseline was 7.0 (0.8) years for girls from SCCNG
and CHNS, and 7.1 (0.8) years for boys from SCCNG. Most puberty traits occurred earlier
in girls than boys. Among girls from SCCNG and CHNS, 1748 (51.0%) had reached B2
at a mean (SD) age of 9.2 (1.4) years, and 1897 (55.4%) had experienced menarche at age of
12.6 (0.7) years. Among boys from SCCNG, 1233 (49.4%) had reached G2 aged 11.2 (1.1) years,
and 829 (33.2%) had experienced voice break at a mean age of 13.7 (1.0) years. Compared
to boys from SCCNG, girls from SCCNG and CHNS had a lower prevalence of overweight
(10.1% of the girls and 11.9% of the boys) and were more likely to have a highly educated father
and mother and grow up in a family with high income. As for childhood dietary energy and
macronutrients intakes, boys from SCCNG consumed more total energy, dietary fat, and more
dietary SFA, MUFA, and PUFA compared with girls from SCCNG and CHNS.

The associations of childhood dietary fat intakes at baseline with early and late markers
of puberty development were presented in Table 2. According to the Cox proportional
hazard regression model adjusted for birth year, family income level, energy intake, BMI
Z-score, and dietary protein intake at baseline, girls with a higher intake of dietary fat were
more likely to reach their B2 (adjusted HR = 1.13, 95% CI, 1.07 to 1.21, p for trend = 0.03)
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or experience their menarche (adjusted HR = 1.17, 95% CI, 1.11 to 1.23, p for trend = 0.01)
earlier than those with a lower intake of dietary fat. Similarly, boys who consumed more
dietary fat experienced their G2 (adjusted HR = 1.09, 95% CI, 1.03 to 1.15, p for trend = 0.03)
and voice break (adjusted HR = 1.12, 95% CI, 1.07 to 1.16, p for trend = 0.03) at an earlier
age compared with boys with a low dietary fat intake. In both genders, these associations
were independent of dietary protein intake in childhood.

Table 1. Characteristics 1 of participants in our study.

Girls from SCCNG
(n = 2185)

Girls from SCCNG and CHNS
(n = 3425)

Boys from SCCNG
(n = 2495)

Age at baseline (years) 7.1 (0.7) 7.0 (0.8) 7.1 (0.8)
Age at Tanner stage B2 2 (years, n = 1748) 9.1 (1.3) 9.2 (1.4) −
Age at Tanner stage G2 2 (years, n = 1233) − − 11.2 (1.1)

Age at menarche (years, n = 1894) 12.9 (0.8) 12.6 (0.7) −
Age at voice break (years, n = 829) − − 13.7 (1.0)

BMI SDS at baseline (kg/m2) 0.1 (0.8) −0.1 (0.7) 0.2 (0.8) #

Overweight 3 (n (%)) 251 (11.5) 345 (10.1) 299 (11.9) #

High physical activity (n (%)) 572 (26.2) 791 (23.1) 671 (26.9)

Parental data at baseline
High family income 4 (n (%)) 478 (21.9) 688 (20.1) 578 (23.2) #

High paternal educational level 5 (n (%)) 463 (21.2) 671 (19.6) 646 (25.9) # ※

High maternal educational level 5 (n (%)) 412 (18.9) 602 (17.6) 489 (19.6) #

Mother’s age at menarche (years) 12.3 (1.1) − 12.3 (1.0)

Nutritional data 6

Total energy intake (kcal/day) 1762 (237) 1729 (262) 1928 (267) # ※

Fat (g/day) 51.2 (16.9) 50.3 (14.6) 57.6 (15.8) #

Fat (% of energy) 26.9 (7.5) 26.2 (7.6) 26.9 (7.6)
Saturated fatty acids (g/day) 14.6 (3.0) 13.2 (5.6) 16.9 (5.6) #

Saturated fatty acids (% of energy) 7.5 (1.8) 6.9 (1.6) 7.9 (1.6) #

Monounsaturated fatty acids (g/day) 18.7 (4.2) 17.4 (4.6) 19.4 (6.2) #

Monounsaturated fatty acids (% of energy) 9.6 (2.7) 9.1 (2.8) 9.1 (4.2)
Polyunsaturated fatty acids (g/day) 14.1 (4.1) 12.8 (2.7) 17.7 (5.2) # ※

Polyunsaturated fatty acids (% of energy) 7.2 (2.1) 6.7 (1.7) 8.3 (2.7) # ※

Carbohydrate (% of energy) 59.3 (7.2) 60.5 (8.4) 58.9 (8.0)
Protein (% of energy) 13.8 (2.4) 13.3 (2.1) 14.2 (2.3)

1 Values are means (SD) or frequency; test for difference between the groups was performed, using ANOVA test
for normal distributed continuous variables, Kruskal-Wallis test for not normally distributed continuous variables,
followed by Student-Newman-Keuls tests or Dunn’s post hoc tests, and Chi-square test for categorical variables.
p < 0.05 between girls from SCCNG and girls from SCCNG and CHNS, # p < 0.05 between girls from SCCNG and
CHNS and boys from SCCNG, ※ p < 0.05 between boys from SCCNG and girls from SCCNG; 2 Tanner stage 2 for
breast development; 3 definition according to the International Obesity Task Force (IOTF) [28]; 4 average annual
income of family income in each survey year was inflated to values in 2015 by adjusting for consumer price index
and then divided into five groups (yuan): low (≤5000), middle (5000–10,000), and high (>10,000) [30]; 5 school
education at least 12 years; 6 mean values of dietary data at baseline using 3-day 24 h recall.

Furthermore, we examined the effect of the three dietary fatty acids, i.e., SFA, MUFA,
and PUFA, on the puberty timing in girls and boys. Table 3 revealed significant associations
of childhood PUFA intake with early and late puberty markers in both genders: girls
with a higher PUFA intake had approximately 11% higher HR to reach their B2 (adjusted
HR = 1.11, 95% CI, 1.05 to 1.17, p for trend = 0.02) or 13% higher HR to experience their
menarche (adjusted HR = 1.13, 95% CI, 1.08 to 1.20, p for trend = 0.03) than girls with a
lower PUFA intake. Similarly, compared to boys with a lower PUFA intake, boys who
consumed more PUFA had approximately 8% higher HR to reach G2 (adjusted HR = 1.08,
95% CI, 1.03 to 1.13, p for trend = 0.03) or 10% higher HR to experience voice break (adjusted
HR = 1.10, 95% CI, 1.06 to 1.15, p for trend = 0.02). However, no association of SFA intake
with age at B2/G2 or M/VB was found in any model for both genders (Table S1). Moreover,
the associations between MUFA intakes in childhood and pubertal development in our
participants were presented in Table S2: higher MUFA intake in girls was associated with
earlier B2 (adjusted HR = 1.10, 95% CI, 1.04 to 1.18, p for trend = 0.04) and earlier menarche
(adjusted HR = 1.11, 95% CI, 1.06 to 1.17, p for trend = 0.05) in a model adjusted for parental
and childhood characteristics. Nevertheless, further adjustment for dietary protein intakes
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eliminated these associations, indicating that the effect of MUFA, unlike PUFA, on puberty
timing was not independent of dietary protein intake. In contrast, no association of MUFA
with puberty onset was seen in boys in any model.

Table 2. Association 1 of dietary fat intake in childhood with puberty timing.

Dietary Fat Intake at Baseline

Girls T1 2 T2 2 T3 2 ptrend
3

Age at Tanner stage B2 (n = 2185)
Unadjusted model: 1 1.12 (1.06, 1.19) 1.18 (1.13, 1.24) 0.04

Model 2 4: 1 1.13 (1.05, 1.18) 1.17 (1.11, 1.22) 0.03
Final model 5: 1 1.11 (1.03, 1.19) 1.13 (1.07, 1.21) 0.03

Age at menarche (n = 3425)
Unadjusted model: 1 1.15 (1.09, 1.20) 1.20 (1.15, 1.26) 0.03

Model 2 6: 1 1.17 (1.12, 1.22) 1.22 (1.17, 1.27) 0.02
Final model 5: 1 1.13 (1.06, 1.19) 1.17 (1.11, 1.23) 0.01

Boys T1 7 T2 7 T3 7 ptrend
3

Age at Tanner stage G2 (n = 2495)
Unadjusted model: 1 1.09 (1.04, 1.13) 1.12 (1.08, 1.17) 0.04

Model 2 6: 1 1.11 (1.05, 1.17) 1.15 (1.10, 1.21) 0.04
Final model 5: 1 1.07 (1.03, 1.12) 1.09 (1.03, 1.15) 0.03

Age at voice break (n = 2495)
Unadjusted model: 1 1.11 (1.06, 1.18) 1.14 (1.09, 1.19) 0.04

Model 2 6: 1 1.12 (1.08, 1.17) 1.16 (1.11, 1.21) 0.03
Final model 5: 1 1.08 (1.02, 1.13) 1.12 (1.07, 1.16) 0.03

1 Values are models adjusted hazard ratios (95% CI), HR = hazard ratio; 2 values are min-max in tertiles in girls for
age at Tanner stage B2: T1 (12.7–39.2), T2 (39.6–64.7), and T3 (64.9–81.7); values are min-max in tertiles in girls for
age at menarche: T1 (11.6–37.7), T2 (38.1–62.3), and T3 (62.5–76.3); 3 p for trend across tertiles were performed by
including dietary fat intake at baseline as continuous variables; 4 adjusted for birth year, family income level and
energy intake at baseline; 5 additionally adjusted for BMI Z-scores at baseline and dietary protein intake (residual)
at baseline; 6 adjusted for birth year, family income level, energy intake at baseline and mother’s age at menarche;
7 values are min-max in tertiles in boys: T1 (15.8–47.2), T2 (47.3–69.5), and T3 (69.7–93.6).

Table 3. Association 1 of dietary polyunsaturated fatty acid (PUFA) in childhood with puberty timing.

Dietary PUFA at Baseline

Girls T1 2 T2 2 T3 2 ptrend
3

Age at Tanner stage B2 (n = 2185)
Unadjusted model: 1 1.08 (1.03, 1.12) 1.13 (1.08, 1.19) 0.04

Model 2 4: 1 1.09 (1.04, 1.13) 1.14 (1.09, 1.20) 0.03
Final model 5: 1 1.07 (1.02, 1.11) 1.11 (1.05, 1.17) 0.02

Age at menarche (n = 3425)
Unadjusted model: 1 1.11 (1.07, 1.16) 1.18 (1.12, 1.22) 0.04

Model 2 6: 1 1.13 (1.08, 1.19) 1.17 (1.12, 1.21) 0.03
Final model 5: 1 1.09 (1.06, 1.13) 1.13 (1.08, 1.20) 0.03

Boys T1 7 T2 7 T3 7 ptrend
3

Age at Tanner stage G2 (n = 2495)
Unadjusted model: 1 1.08 (1.03, 1.13) 1.11 (1.05, 1.18) 0.04

Model 2 6: 1 1.09 (1.03, 1.14) 1.12 (1.05, 1.20) 0.03
Final model 5: 1 1.06 (1.02, 1.11) 1.08 (1.03, 1.13) 0.03

Age at voice break (n = 2495)
Unadjusted model: 1 1.09 (1.04, 1.13) 1.12 (1.06, 1.18) 0.03

Model 2 6: 1 1.11 (1.06, 1.17) 1.13 (1.08, 1.19) 0.03
Final model 5: 1 1.07 (1.03, 1.12) 1.10 (1.06, 1.15) 0.02

1 Values are models adjusted hazard ratios (95% CI), HR = hazard ratio; 2 values are min-max in tertiles in girls
for age at Tanner stage B2: T1 (4.3–8.2), T2 (8.3–15.6), and T3 (15.7–20.1); values are min-max in tertiles in girls
for age at menarche: T1 (4.1–7.5), T2 (7.6–13.9), and T3 (14.0–18.6); 3 p for trend across tertiles were performed
by including dietary fat intake at baseline as continuous variables; 4 adjusted for birth year, family income level
and energy intake at baseline; 5 additionally adjusted for Z-scores of BMI at baseline and dietary protein intake
(residual) at baseline; 6 adjusted for birth year, family income level, energy intake at baseline and mother’s age at
menarche; 7 values are min-max in tertiles in boys: T1 (3.9–13.1), T2 (13.2–18.3), and T3 (18.4–21.6).
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4. Discussion

We observed that higher childhood habitual total fat and PUFA intakes were associated
with subsequent earlier timing of puberty, which was independent of pre-puberty dietary
protein intake. However, MUFA or SFA was not associated with any puberty markers.

Our findings with total fat and earlier puberty are comparable with previous cohort
studies conducted in Germany [13] and America [31]. Data from 261 German girls aged
8–15 years showed that girls with higher consumption of total fat were associated with
accelerated menarche [13]. Based on data from 64 Caucasian American boys, childhood
fat and animal protein intakes were found to be predictive of earlier age at peak height
velocity [31]. This may lie in the fact that fat intake has the potential to accelerate the
maturation of the hypothalamic–pituitary–gonadal axis and result in differences in hormone
concentrations [32]. However, other prospective cohort studies that conducted in girls
from the USA [17,33–35], Canada [15,16,36], Greece [36], and New Zealand [18] or boys
from Australia [37] and the UK [38] reported inconsistent conclusions with our analysis.
The reasons behind the discrepancies are likely to be multifactorial. The differences in
genetic background, sample size, and dietary assessment may partly lead to inconsistent
results. Our study is the first report of the Asian population with 3425 girls and 2495 boys,
while the participants of others ranged from 67 to 2299. Larger sample size was achieved in
our study and thus might have greater statistical power to reveal diet–puberty associations
than most previous studies. Moreover, main food sources of dietary fat, such as red
meat and milk, are also the predominant resources of dietary protein and have been
demonstrated to be inversely associated with puberty timing [9,39]. However, the influence
of dietary protein on the association of dietary fat with puberty timing has not been
excluded appropriately in these previous analyses [9,15–18,33–35,37–40]. Since dietary
protein intake is associated with puberty timing [10], we adjusted for childhood dietary
protein intake in the Cox model. In this way, we could figure out the independent impact of
dietary fat on puberty development, and we believe that our findings are helpful to build
public health initiatives of dietary fat intake.

We also extended previous evidence of associations between dietary fat quality and
puberty timing [8,15–18,40]. Our findings with PUFA and SFA are broadly consistent with
conclusions of an earlier meta-analysis in 2020 which reported an inverse association of
PUFA and null association of SFA with menarche in girls [10] based on cohorts in the
USA [17] and Canada [15,16,36]. Another cohort of 3872 UK girls [41] and a cohort in-
cluding 63 Caucasian girls [18] also demonstrated the inverse association of PUFA intake
and null association of SFA intake with age at B2, respectively. Nevertheless, most of the
previous reports [15–18,40] on associations between PUFA or SFA and puberty timing
did not adjust for child body composition, which was associated with puberty develop-
ment [22]. In our analysis, we have overcome this common limitation and presented more
convincing conclusions after adjusting for parental characteristics, child body composition,
and other potential confounders. Randomized trials in boys and girls also confirmed
the null association between SFA and puberty timing [42,43]. In addition, we described
associations of higher PUFA intake and higher odds of earlier puberty onset in boys, which
was inconsistent with the only existing data from Avon Longitudinal Study of Parents and
Children (ALSPC) cohort boys from the UK [41]. The reasons for the difference may be as
follows. On one hand, the average timing of G2 (mean (SD), 8.7 (1.6) years) reported in
the ALSPC cohort was unusually earlier compared to that reported in non-Hispanic white
(10.1 (2.1) years) and Hispanic (10.0 (1.8) years) boys [44], which indicated that the subsam-
ple in ALSPC cohort was not a good representation of the total Caucasian boys, and the null
association of PUFA based on these data should be considered with caution; while boys in
our study entered G2 at a mean age of 11.2 (1.1) and close to that (10.55 (95% confidential
intervals, 10.27 to 10.79)) reported in 18,807 urban Chinese boys [20], thus our investiga-
tion on diet-puberty association had a good representative sample. On the other hand,
the mean PUFA intake (11.0 (1.3) g/day vs. 17.7 (5.2) g/day) and age at G2 (8.7 (1.6) years
vs. 11.2 (1.1) years) of participants, nutritional assessment instrument (3-day food diaries
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vs. 3-day 24-h recalls), and statistical method (multivariable linear regression model vs.
Cox proportional hazard regression model) were quite different between ALSPC cohort
and our study, which could partly interpret this discrepancy as well. For MUFA, we found
that there is no association with puberty onset in girls and boys, which has been reported
in existing cohorts [16,41].

Furthermore, except Cheng TS et al. [41], most of the previous studies [8,15–18] have
not ruled out the effect of dietary protein intake on the association between SFA, PUFA,
or MUFA and puberty timing. We considered dietary protein intake at baseline in the
multivariable model using the residual method and figured out the inverse association of
PUFA, which was independent of dietary protein intake. Similar to our results, Cheng TS
et al. reported the independent effect of PUFA using an isocaloric substitution model [41].
However, the exact mechanisms elucidating the association between PUFA intakes and
puberty timing remain to be determined. A higher intake of PUFA may affect steroido-
genic machinery and mammary gland development to accelerate growth and reproductive
progress [45]. In vitro, PUFA modulates adrenal steroidogenesis and acts on the produc-
tion of adrenal androgen, which eventually stimulates gonadotropin-releasing hormone
neurons that are required for puberty onset [46]. In vivo, an increased ratio of n-6 to n-3
PUFA (5:1) modulated the reproductive function in female zebrafish [47]. Our findings
failed to draw a conclusion on specific PUFA, and the optimal ratio of PUFA merited
further investigation. We also found that there were no independent association of SFA
with the puberty timing, but interestingly, the inverse association between MUFA intake
and puberty in girls was changed in the model additionally adjusting for dietary protein,
i.e., this association was mediated by dietary protein intake. Specific associations between
SFA, MUFA, or PUFA and puberty timing suggest that there may be differences in the
origin, metabolism, and biological activity of fatty acids [48]. Children usually get most
of their dietary protein from animal foods, like red meat, milk, and eggs, which are also
rich in SFA and MUFA, but relatively less in PUFA [49]. Similar data reported that chil-
dren consumed most of their PUFA from fish, beans, and peanuts, but these foods have
a relatively low concentration of SFA and MUFA [50]. This might partly explain why we
observed an independent association for PUFA, but not for SFA or MUFA, and the previous
association observed of MUFA and puberty timing may be driven by the dietary pro-
tein [15,17]. Meanwhile, MUFA can be sourced from the diet or endogenously synthesized
from SFA [49], and Stearoyl-CoA desaturase (SCD) is the rate-limiting enzyme required for
this synthesis. The expression of SCD1 gene has been reported to relate to the ratio of SFA
and MUFA in vivo [51,52], and the polymorphisms of SCD1 gene are associated with SCD1
enzyme activity [53]. Thus, genetic variation of SCD1 gene among our participants would
influence their endogenous MUFA levels. In aggregate, the interaction in SFA and MUFA
metabolism may thus partly complicate the null association of SFA or MUFA in our study,
although MUFA could theoretically stimulate mammary gland development. Hence, more
studies that focus on the association of sex-specific individual fatty acids with pubertal
development and the underlying pathway are needed.

Our study has several strengths. In contrast to most of the previous studies, we exam-
ined the puberty data from both girls and boys and provided a representable sample of
Asian children. We also assessed multiple pubertal timing traits in both genders, showing
a global view of puberty development. The prospective design, repeated follow-up for
measurement on anthropometric, pubertal, and dietary data, as well as necessary adjust-
ment for potential cofounders both in children and their parents were other strengths.
Among these confounders, adjustment for dietary protein intake was the major strength in
our analysis.

Some limitations should be acknowledged. In the CHNS, data on parental pubertal
(mother’s age at menarche) characteristics were not available, so we could not adjust for
genetic influences; meanwhile, only the year of menarche occurrence in girls was considered
in this study, therefore potential bias could not be avoided. However, our models have
included a larger number of major potential confounders both in children and in their
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parents than most previous studies [15–18,33–36,40], which could partly overcome this
potential limitation.

In conclusion, our analysis suggested that children with higher intakes of dietary fat
and PUFA in prepuberty would enter their puberty at an earlier age. This association was
independent of childhood dietary protein intake.
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Abstract: The associations between soy food intake and cardio-metabolic risk factors in children
remain unclear due to limited evidence. We aim to explore soy food intake and its association with
the risks of obesity and hypertension in Chinese children and adolescents. A total of 10,536 children
and adolescents aged 7–18 years (5125 boys and 5411 girls) were enrolled in a cross-sectional study in
Guangzhou City, southern China. Data on demographic characteristics and dietary consumption
were collected using self-reported questionnaires, and anthropometric characteristics were measured.
Obesity, abdominal obesity, and hypertension were defined using Chinese criteria for children and
adolescents. A multiple logistic regression model was applied to estimate the association between
soy food intake and obesity and hypertension. Roughly 39.5% of the participants consumed soy
food more than three times per week. The mean amounts of liquid and solid soy food intake were
0.35 ± 0.54 cups/day and 0.46 ± 0.63 servings/day, respectively. The adjusted odds ratios (OR)
of hypertension among those with high liquid soy food intake and a high frequency of all soy
food intake (more than three times/week) were 0.79 (95% confidence interval (CI), 0.67–0.94), and
0.83 (95% CI, 0.70–0.97) compared to those with no intake. Additionally, the adjusted OR of obesity
among those with high solid soy food intake and a high frequency of all soy food intake were
1.34 (95% CI, 1.09–1.63) and 1.30 (95% CI, 1.07–1.58), respectively. In conclusion, 39.5% of southern
Chinese children and adolescents had high soy food intake (more than three times/week), which was
significantly associated with a lower prevalence of hypertension and a greater prevalence of obesity.

Keywords: soy food; obesity; hypertension; children and adolescents

1. Introduction

The prevalence of childhood cardio-metabolic risk factors, specifically obesity and hy-
pertension, are sharply increasing and constitute a major public health threat in China [1–3];
these risk factors may persist into adulthood and are the leading causes of cardiovascular
disease (CVD) [4,5]. Many studies have reported that a habitual diet is one of the most
effective factors in regulating weight and blood pressure (BP) [6–9]. The consumption of
soy food, one of the common habitual diet components, as a valuable source of isoflavones,
phytosterols, lecithin, poly-unsaturated fatty acids, dietary fibers, and high-quality pro-
tein has attracted significant attention [10] and has demonstrated many health benefits,
including a reduction of CVD risk, making soy food worthy of further examination [11–13].

Several studies have reported that habitual soy food intake lowers the risk of high
BP [14–22]. However, some studies observed no significant changes in BP after the con-
sumption of soy food [7,23]. Current epidemiological findings suggest certain effects of
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soy supplementation on weight control and the prevention of obesity [6,24]. For instance,
Ruscica et al. documented significant changes in median percentage of body weight (−1.5%,
p = 0.005) and body mass index (BMI) (−1.5%, p = 0.05) in the soy group [24]. Moreover,
another study showed that soy protein is at least as good as other protein sources for
weight loss during low-calorie dietary interventions in older adults [11]. Nevertheless,
some studies have also shown that the protective effect of legumes on weight remains
insufficient [25–27]. In addition, a systematic review and meta-analysis suggested that soy
had no statistically significant effect on weight in the general population, yet an obesogenic
effect of soy was observed in obese subjects (BMI ≥ 30 kg/m2) and participants whose
daily soy food intake included at least 40 g of soy protein [28].

However, most of these studies have focused on Western populations or older adults;
whether the same relationship exists in children remains obscure. Furthermore, there is
little information on the association between soy food intake and cardio-metabolic risk
factors in children and adolescents; in particular, a better understanding of soy food intake
status and its impact on obesity and hypertension, as well as the underlying influencing
factors, among children and adolescents is needed. This study, therefore, sought to describe
the status of soy food intake and investigate the association of soy food intake with the risk
of obesity and hypertension in Chinese children and adolescents aged 7–18 years.

2. Materials and Methods

2.1. Study Sample

The data were obtained from cross-sectional health and nutrition surveys deployed
among children and adolescents in Guangzhou, southern China, in 2018. Fourteen ele-
mentary schools and 15 middle schools were randomly selected through multiple cluster
sampling, and two classes of each grade from the selected schools were randomly cho-
sen. In total, 13,979 children and adolescents aged 7–18 years old were involved in the
present study and asked to undergo anthropometric measurements and questionnaire
assessments. Participants were excluded if they did not undergo anthropometric mea-
surements or if their completed questionnaire lacked information on dietary intake or
demographic characteristics (n = 3443). Finally, the study sample consisted of 10,536 partic-
ipants (48.6% boys). Informed consent forms were voluntarily signed by all participants
and their legal guardians, and the study was approved by the Ethical Committee of School
of Public Health, Sun Yat-sen University (Number (2018)005).

2.2. Anthropometric Measurements

All participants underwent anthropometric measurements, including height, weight,
waist circumference, and blood pressure, which were collected by trained clinicians and
nurses according to a uniform standard. Height was measured to the nearest 0.1 cm with
the use of a fixed stadiometer (Yilian TZG; Yangzhou, Jiangsu, China) and weight was
measured to the nearest 0.1 kg with the use of a lever scale (Hengxing RGT-140; Yixing,
Jiangsu, China). Body mass index (BMI) was calculated as the weight divided by the height
squared (kg/cm2). Waist circumference (WC) was measured to an accuracy of 0.1 cm at
1 cm above umbilicus using a flexible tape in the standing position. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured on the mid-upper right arm using
a mercury sphygmomanometer (Yutu XJ1ID; Shanghai, China) after participants sat quietly
for at least 5 min. All indices were measured twice and the average numbers were recorded.

2.3. Questionnaire Assessment

The self-reported questionnaire in this study was developed based on previously
tested and validated questions, including those on demographic information (examination
date, sex, birth date, age, and family income) and dietary intake (fruits, vegetables, meat,
sugar-sweetened beverages (SSBs), milk, fried food, and soy food intake). The children and
adolescents were asked to answer the questionnaire on their own if they were over 9 years
old, and children younger than 9 years old were required to bring the questionnaire to
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their legal guardians. Trained staff and teachers interpreted all of the questions so that the
participants understood the questions correctly. The researchers performed quality control
when the questionnaires were collected from each class.

To investigate soy food intake and frequency, every participant was required to answer
the following questions: “How many times have you consumed soy food in the last week
(including soybeans, tofu, soy milk, fermented bean curd, and other products made from
soybean)?” and “How many cups of liquid soy food or servings of solid soy food did you
consume each time? (Milliliters is equal to one cup, the size of an adult’s palm is equal to
one serving)”. The consumption of fruit and vegetables was evaluated using the following
two questions: “How many days have you eaten fruits/vegetables in the last week?” and
“How many servings of fruits/vegetables did you eat each day? The size of an adult’s fist is
equal to one serving”. For meat or meat product consumption, the following two questions
were asked: “How many days have you eaten meat or meat products in the last week?” and
“How many servings of meat or meat products did you eat last week? The size of an adult’s
palm is equal to one serving”. For SSB consumption, the following two questions were
asked: “How many days did you drink SSBs in the last week?” and “How many servings
of SSB did you drink each day? Two hundred fifty milliliters is equal to one serving”. For
this study, SSBs included Coca-Cola (Coca-Cola Company, Atlanta, GA, USA), orange juice,
Red Bull (Red Bull GmbH, Fuschl, Austria), and other beverages containing sugar. For milk
consumption, the following questions were asked: “How many times did you drink milk in
the last week?” and “How many milliliters of milk did you drink each time? Milk includes
fresh milk, yogurt, milk powder, and other dairy products”. Finally, data on fried food
consumption were collected by asking the following question: “How many times have you
eaten fried food in the last week?”. For this study, fried food included fried chicken, fried
dough sticks, fried chips, and so on. For demographic information, family income was
divided into the following five RMB/month groups: 2000 or below, 2000 to 5000, 5000 to
8000, 8000 or above, and don’t know or no answer.

2.4. Definitions

Overweight and obesity were defined by BMIs in at least the 85th percentile and at
least the 95th percentile according to the age- and sex-specific cutoff points recommended
by the Group of China Obesity Task Force [29]. Abdominal obesity was defined by a WC of
at least the 90th age- and sex-specific percentile cutoff point for Chinese children and ado-
lescents [30]. Individuals with SBP and/or DBP values in at least the 90th percentile but less
than the 95th percentile for their age and sex were considered to be pre-hypertensive, while
those with values in at least the 95th percentile were considered to have hypertension [31].

2.5. Statistical Analysis

The data were entered into the EpiData 3.0 software (The EpiData Association, Odense,
Denmark). All statistical tests were performed using the Statistical Package for the Social
Sciences version 21.0 software (IBM Corporation, Armonk, NY, USA). The participants
were classified into three groups according to tertile cutoff points of soy food intake,
as follows: (1) liquid soy food intake (none = 0 cups/day, medium = 0–0.4 cups/day,
high > 0.4 cups/day); (2) solid soy food intake (none = 0–0.1429 servings/day,
medium = 0.1429–0.4286 servings/day, high > 0.4286 servings/day); (3) total soy food in-
take frequency (none = 0–1 times/week, medium = 1–3 times/week, high > 3 times/week).
The average soy food intake by age is shown using mean ± and standard deviation values,
and the characteristics of the participants stratified by soy food intake are presented as
mean ± standard error values for quantitative variables or numbers and percentages for
the categorical variables. The t test was used to compare differences in soy food intake
between boys and girls. When assessing the differences of the characteristics among the
three groups of soy food intake, a one-way analysis of variance (ANOVA) was applied
for quantitative variables, and a non-parametric test was applied if the normality test and
homogeneity test of variances were unsatisfied; meanwhile, a χchi-squared test was applied
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for the categorical variables. Bonferroni’s test was used to analyze pairwise comparisons.
The association of soy food intake with obesity and hypertension was evaluated by using
multivariate logistic regression in four models (model 1, unadjusted; model 2, adjusted for
age and sex; model 3, model 2 plus adjustments for family income and overweight, obesity,
and abdominal obesity, and family income and BMI for blood pressure; model 4, model 3
plus adjustments for dietary intakes (intake frequency of fried food and SSBs)). The results
were reported with an odds ratio (OR) and corresponding 95% confidence interval (95% CI)
values, and p values of less than 0.05 were considered to be statistically significant.

3. Results

3.1. Soy Food Intake in Chinese Children and Adolescents According to Age

In this cross-sectional study, a total of 10,536 Chinese children and adolescents
(5125 boys and 5411 girls) aged 7–18 years old were included. Table 1 shows the sta-
tus of soy food intake according to age and sex. The mean liquid and solid soy food intakes
of boys and girls were 0.35 ± 0.54 cups/day and 0.46 ± 0.63 servings/day, respectively.
The overall frequency of all soy products was 2.41 ± 2.00 times/week among participants.
The servings and frequency of soy food intake were higher in boys compared to those in
girls (all p < 0.05). The trend showed that boys and girls tended to have more soy food
intake as they grew up (both p < 0.001), especially in the middle of adolescence.

Table 1. Soy food intake in Chinese children and adolescents according to age (n = 10,536).

Age (y)

Liquid Soy Food (Cups/Day)
Mean ± SD

Solid Soy Food (Servings/Day)
Mean ± SD

All Soy Food (Times/Week)
Mean ± SD

Total
N = 10,536

Boys
n = 5125

Girls
n = 5411

Total
N = 10,536

Boys
n = 5125

Girls
n = 5411

Total
N = 10,536

Boys
n = 5125

Girls
n = 5411

7 0.26 ± 0.44 0.26 ± 0.44 0.27 ± 0.46 0.33 ± 0.47 0.33 ± 0.44 0.34 ± 0.51 2.01 ± 1.69 1.95 ± 1.60 2.08 ± 1.79
8 0.27 ± 0.38 0.25 ± 0.31 0.29 ± 0.44 0.35 ± 0.51 0.35 ± 0.46 0.36 ± 0.55 2.05 ± 1.65 2.06 ± 1.69 2.04 ± 1.60
9 0.31 ± 0.47 0.34 ± 0.57 0.28 ± 0.34 * 0.47 ± 0.70 0.48 ± 0.74 0.47 ± 0.66 2.23 ± 1.87 2.26 ± 1.97 2.19 ± 1.75
10 0.35 ± 0.51 0.38 ± 0.55 0.32 ± 0.46 * 0.52 ± 0.66 0.55 ± 0.69 0.49 ± 0.63 2.39 ± 2.02 2.49 ± 2.23 2.27 ± 1.76
11 0.38 ± 0.61 0.38 ± 0.64 0.37 ± 0.59 0.48 ± 0.69 0.52 ± 0.77 0.44 ± 0.58 2.34 ± 2.09 2.38 ± 2.26 2.29 ± 1.86
12 0.43 ± 0.56 0.48 ± 0.63 0.39 ± 0.49 * 0.49 ± 0.61 0.51 ± 0.69 0.46 ± 0.52 2.50 ± 1.96 2.61 ± 1.14 2.40 ± 1.77
13 0.44 ± 0.71 0.46 ± 0.82 0.42 ± 0.61 0.49 ± 0.65 0.53 ± 0.77 0.47 ± 0.54 2.59 ± 2.07 2.62 ± 2.29 2.57 ± 1.90
14 0.33 ± 0.43 0.36 ± 0.47 0.30 ± 0.40 0.46 ± 0.60 0.52 ± 0.66 0.42 ± 0.56 * 2.51 ± 2.06 2.63 ± 2.11 2.41 ± 2.02
15 0.38 ± 0.57 0.43 ± 0.62 0.35 ± 0.52 * 0.50 ± 0.65 0.53 ± 0.72 0.47 ± 0.58 2.71 ± 2.14 2.92 ± 2.28 2.53 ± 2.01 *
16 0.40 ± 0.61 0.43 ± 0.67 0.37 ± 0.56 0.50 ± 0.64 0.55 ± 0.68 0.47 ± 0.61 2.72 ± 2.18 2.98 ± 2.45 2.51 ± 1.91 *
17 0.37 ± 0.58 0.42 ± 0.64 0.34 ± 0.52 0.49 ± 0.66 0.54 ± 0.74 0.46 ± 0.59 2.65 ± 2.04 2.82 ± 2.08 2.52 ± 2.00 *
18 0.33 ± 0.51 0.38 ± 0.56 0.28 ± 0.44 0.44 ± 0.66 0.43 ± 0.52 0.46 ± 0.76 2.52 ± 2.20 2.76 ± 2.45 2.31 ± 1.94

Total 0.35 ± 0.54 0.37 ± 0.58 0.33 ± 0.50 * 0.46 ± 0.63 0.48 ± 0.67 0.44 ± 0.59 * 2.41 ± 2.00 2.48 ± 2.13 2.32 ± 1.86 *

Abbreviation: SD, standard deviation. Liquid soy food (cups/day) = liquid soy food (cups/time) * intake of liquid
soy food (times/week)/7. Solid soy food (servings/day) = solid soy food (servings/time) * intake of solid soy
food (times/week)/7. * p < 0.05, t test compared the differences between boys and girls in soy food intake.

As shown in Figure 1A1–C3, about 39.5% of participants consumed soy food more
than three times per week. Boys tended to increase their liquid soy food intake as they grew
up (p < 0.01). In general, the proportion of those with higher soy food intake frequency
tended to increase with age (all p < 0.001), while there was no significant change in solid
soy food intake with age.

3.2. Characteristics of Participants by Soy Food Intake Levels

The characteristics of the participants according to the tertiles of the liquid and solid
servings and the frequency of soy food intake are described in Table 2, including sex,
anthropometry, family income, and dietary intake. A high soy food intake and high soy
food frequency were associated with higher weight, BMI, QC, and SBP (all p < 0.001).
Meanwhile, the high servings and high frequency groups showed greater dietary intake,
including fruits, vegetables, meat, milk, SSBs, and fried food. No significant differences
were found in terms of family income and DBP level among the groups stratified by soy
food intake or frequency.
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Figure 1. Cont.

117



Nutrients 2022, 14, 425

Figure 1. Cont.
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Figure 1. Soy food intake in Chinese children and adolescents according to age 1 for total, 2 for males
and 3 for females; (A1–A3) present data on liquid soy food; (B1–B3) present data on solid soy food;
(C1–C3) present data on the intake frequency of all soy food. (A1,B1,C1) show data for the total
population; (A2,B2,C2) show data for the boys; (A3,B3,C3) show data for the girls.
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3.3. The Distribution of Obesity and Blood Pressure Stratified by Soy Food Intake

The distributions of obesity and blood pressure according to soy food intake are shown
in Table 3. Compared with no servings, a high liquid soy food intake was associated with a
lower prevalence of normal BMI and a higher prevalence of hypertension (both p < 0.05),
and children who consumed a high number of servings of solid soy food were more likely
to be obese (p = 0.032). In addition, the prevalence of pre-hypertension was higher in the
high-frequency group (p < 0.05). However, soy food intake showed no association with
abdominal obesity.

3.4. ORs (95% CIs) for Obesity and Hypertension across Soy Food Intake

The association between the risks of obesity, abdominal obesity, and hypertension in
children and adolescents across the soy food intake categories is shown in Table 4. The
crude OR of hypertension to high servings of liquid soy food intake compared to no liquid
servings was 0.840 (95% CI, 0.717–0.984). After adjustment for age, sex, BMI, family income,
and dietary intake, compared with no consumption, the OR for hypertension in the high
servings of liquid soy food intake and high frequency of the all soy food intake group were
0.790 (95% CI, 0.666–0.937) and 0.828 (95% CI, 0.704–0.974), respectively. The crude OR of
obesity to high solid servings compared to no solid servings was 1.287 (95% CI, 1.062–1.559),
and the adjusted OR was 1.335 (95% CI, 1.091–1.633). The adjusted OR for obesity in the
high frequency of the all soy food intake group was 1.302 (95% CI, 1.070–1.583). However,
no significant correlation was found between soy food intake and abdominal obesity.
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Table 4. Odds ratios (95% confidence intervals) for obesity and hypertension across soy food in-
take groups.

Overweight
OR (95% CI)

Obesity
OR (95% CI)

Abdominal Obesity
OR (95% CI)

Pre-Hypertension
OR (95% CI)

Hypertension
OR (95% CI)

Liquid soy food
(cups/day) a

Model 1
No servings 1 1 1 1 1

Medium servings 0.987 (0.837–1.164) 1.179 (0.968–1.436) 1.044 (0.911–1.197) 0.960 (0.837–1.101) 1.057 (0.906–1.235)
High servings 1.057 (0.904–1.235) 1.112 (0.917–1.348) 1.064 (0.933–1.214) 1.028 (0.903–1.171) 0.840 (0.717–0.984) *

Model 2
No servings 1 1 1 1 1

Medium servings 0.994 (0.841–1.175) 1.141 (0.934–1.394) 1.026 (0.894–1.177) 1.098 (0.954–1.263) 1.076 (0.920–1.257)
High servings 1.071 (0.915–1.253) 1.154 (0.949–1.402) 1.071 (0.939–1.223) 1.000 (0.876–1.142) 0.839 (0.716–0.983) *

Model 3
No servings 1 1 1 1 1

Medium servings 1.009 (0.852–1.239) 1.163 (0.950–1.425) 1.027 (0.893–1.180) 1.123 (0.973–1.297) 1.116 (0.949–1.312)
High servings 1.072 (0.913–1.259) 1.175 (0.964–1.431) 1.079 (0.944–1.234) 0.985 (0.860–1.129) 0.804 (0.681–0.948) *

Model 4
No servings 1 1 1 1 1

Medium servings 1.067 (0.896–1.272) 1.131 (0.918–1.394) 1.032 (0.893–1.192) 1.091 (0.941–1.265) 1.112 (0.941–1.313)
High servings 1.123 (0.951–1.327) 1.194 (0.975–1.461) 1.124 (0.979–1.291) 0.958 (0.832–1.102) 0.790 (0.666–0.937) *
Solid soy food

(servings/day) b

Model 1
No servings 1 1 1 1 1

Medium servings 0.944 (0.802–1.112) 1.195 (0.981–1.455) 0.984 (0.859–1.127) 0.997 (0.871–1.141) 0.975 (0.835–1.140)
High servings 1.113 (0.952–1.301) 1.287 (1.062–1.559) * 1.118 (0.980–1.274) 1.129 (0.991–1.286) 0.942 (0.806–1.102)

Model 2
No servings 1 1 1 1 1

Medium servings 0.961 (0.815–1.134) 1.220 (1.000–1.488) 0.986 (0.861–1.130) 1.005 (0.876–1.154) 0.981 (0.839–1.146)
High servings 1.123 (0.959–1.315) 1.365 (1.123–1.659) * 1.137 (0.997–1.297) 1.027 (0.898–1.173) 0.934 (0.798–1.093)

Model 3
No servings 1 1 1 1 1

Medium servings 0.974 (0.823–1.152) 1.212 (0.992–1.481) 0.974 (0.848–1.118) 1.000 (0.868–1.151) 0.980 (0.834–1.152)
High servings 1.132 (0.964–1.330) 1.330 (1.092–1.620) * 1.123 (0.983–1.283) 0.997 (0.87–1.143) 0.866 (0.735–1.020)

Model 4
No servings 1 1 1 1 1

Medium servings 1.008 (0.848–1.199) 1.189 (0.967–1.461) 0.968 (0.840–1.116) 0.974 (0.842–1.127) 0.985 (0.834–1.163)
High servings 1.158 (0.981–1.367) 1.335 (1.091–1.633) * 1.147 (1.000–1.315) 1.006 (0.874–1.158) 0.867 (0.732–1.027)
All soy food

(times/week) c

Model 1
No frequency 1 1 1 1 1

Medium frequency 0.887 (0.743–1.059) 1.086 (0.878–1.343) 0.912 (0.787–1.056) 1.060 (0.917–1.225) 1.027 (0.871–1.211)
High frequency 1.042 (0897–1.212) 1.180 (0.980–1.422) 1.076 (0.948–1.221) 1.120 (0.986–1.271) 0.891 (0.767–1.036)

Model 2
No frequency 1 1 1 1 1

Medium frequency 0.894 (0.748–1.069) 1.104 (0.891–1.368) 0.916 (0.790–1.061) 1.043 (0.899–1.209) 1.027 (0.871–1.212)
High frequency 1.061 (0.910–1.236) 1.281 (1.060–1.548) * 1.103 (0.971–1.253) 0.972 (0.853–1.108) 0.881 (0.757–1.025)

Model 3
No frequency 1 1 1 1 1

Medium frequency 0.884 (0.737–1.061) 1.119 (0.902–1.389) 0.898 (0.773–1.043) 1.059 (0.911–1.232) 1.034 (0.871–1.227)
High frequency 1.062 (0.909–1.241) 1.256 (1.036–1.521) * 1.089 (0.957–1.239) 0.938 (0.821–1.073) 0.827 (0.706–0.968) *

Model 4
No frequency 1 1 1 1 1

Medium frequency 0.896 (0.743–1.081) 1.089 (0.871–1.361) 0.887 (0.760–1.036) 1.072 (0.918–1.252) 1.051 (0.881–1.254)
High frequency 1.087 (0.926–1.277) 1.302 (1.070–1.583) * 1.119 (0.981–1.278) 0.937 (0.816–1.075) 0.828 (0.704–0.974) *

* p < 0.05. a None 1, 0 cups/day; medium 1, 0–0.4 cups/day; high 1, > 0.4 cups/day; b None 2,
0–0.1429 servings/day; medium 2, 0.1429–0.4286 servings/day; high 2, > 0.4286 servings/day. c None 3,
0–1 times/week; medium 3, 1–3 times/week; high 3, >3 times/week. Model 1 is without adjustment; model 2
is adjusted for age and sex; model 3 is additionally adjusted for family income for overweight, obesity, and
abdominal obesity and family income and BMI for blood pressure; model 4 is additionally adjusted for dietary
intakes (intake frequency of fried food and SSB).

4. Discussion

With the sharply increasing prevalence of childhood obesity and hypertension in recent
years [32], several studies have explored the effect of habitual diet in regulating weight and
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BP. However, the association between soy food intake and cardio-metabolic risk factors in
children and adolescents remains unclear due to limited evidence. Using a cross-sectional
survey of 10,536 children and adolescents aged 7–18 years old, we analyzed the daily soy
food intake and determined that high soy food intake (>3 times/week) was correlated with
a higher prevalence of obesity and lower prevalence of hypertension independent of family
income and consumption of meat and fried foods. However, no association between soy
food and abdominal obesity was observed.

In this study, the mean intakes of liquid and solid soy food were 0.35 ± 0.54 cups/day
and 0.46 ± 0.63 servings/day, respectively, with 39.5% of participants consuming soy food
more than 3 times per week. The overall frequency of all soy products was 2.41 times per
week among participants. Hsiao reported a mean daily soy food intake of 150.1 g among
children aged 8–9 years old in Taiwan [33], which is similar to the intake estimated by our
study. Daily soy food intake was less than 61 g for 7–14 years old participants in Japan [34],
but higher than 40 g of soymilk in 4–14-year-olds in Hong Kong [35]. Nevertheless, Leung
et al. reported that, in Hong Kong, young boys had approximately 10 soy-containing meals
per week [35], which was much higher than the consumption in our study. In addition, a
survey of almost 200 12-year-olds in Beijing found that 41% normally included soymilk or
tofu at breakfast [36]. These findings revealed that soy food intake by children was quite
uneven across Asian countries [37], even in China. This can be partly explained by regional
differences in dietary patterns and a lack of information about soy consumption by children
relative to adults.

The present study has shown that habitual soy food intake lowers the risk of high
BP. A meta-analysis of 12 trials indicates that the ingestion of at least 25 g of soy protein
per day has BP-lowering effects [22], which is consistent with our findings. Addition-
ally, a prospective cohort study in Japan demonstrated that the intake of fermented soy
products showed a protecting effect of BP in healthy populations [21]. Soy and some
of its constituents mitigate hypertension through the effects of vasodilation [10], which
may be caused by isoflavones [38]. However, clinical evidence supporting the underlying
mechanisms remains controversial. There are also some studies showing that no significant
changes in BP could be observed after the consumption of soy food [7,23].

A growing body of literature suggests soy supplementation affects weight control and
obesity prevention [6,24,39–41]. For instance, in a 12-week randomized controlled trial,
Beavers et al. proposed that soy protein is at least as good as other protein sources for
weight loss during low-calorie dietary interventions in older adults [11]. Another study
recorded significant changes in the median percentage of body weight (−1.5%, p = 0.005)
and BMI (−1.5%, p = 0.05) in the soy group [24]. There are also studies reporting that the
protective effect of legumes, including soy food, beans, and soy dietary supplements, on
weight is still insufficient [25–27]. Moreover, some studies present conflicting results. For
example, a systematic review and meta-analysis suggested that soy showed no statistically
significant effect on weight in the general population, but an obesogenic effect of soy was
observed in obese subjects (BMI ≥ 30 kg/m2) and participants whose daily soy food intake
included at least 40 g of soy protein [28], which may be explained by the fact that obese
people have less control over their diet and tend to consume more amounts of various
foods in daily life compared to people in the normal weight range. Our findings, in part,
were consistent with this previous study in that greater soy food intake (>3 times/week)
was associated with an increased risk of obesity. In summary, these controversial findings
might be due to the weight-loss property of isoflavones [42] and the weight-gain effect of a
high amount of soy consumption. Briefly, soy and isoflavones have different impacts on
weight status [28].

However, no significant associations were observed between soy food intake and
abdominal obesity in this study or in previous studies [28] conducted in children.

Our study has several strengths. First, the current study was based on a large sample
of children and adolescents across a wide age range living in Guangzhou City, which is the
third-largest city in China and the largest city in southern China. It has a large immigrant
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population; this could assure the reliability of the data and widen the application of
our results. Second, we analyzed the association between the consumption of soy food
and cardio-metabolic risk factors in a pediatric population stratified by age and sex. Still,
several limitations of the study should not be overlooked. First, as our study applied a cross-
sectional analysis, the causality of the relationships observed could hardly be determined
with certainty. Second, self-reported questionnaires were used to collect the data on dietary
information of the previous week; hence, the data might be affected by recall bias. Finally,
although we controlled for several dietary and other potential confounding factors, residual
confounding by unknown or unmeasured factors might have also been present.

5. Conclusions

In conclusion, 39.5% of 10,536 children and adolescents aged 7–18 years living in
Guangzhou City, southern China, had high soy food intake (>3 times/week), and this was
significantly associated with a lower prevalence of hypertension and higher prevalence
of obesity. Our results may provide a new diet intervention method to reduce the risk of
hypertension in childhood and associated cardiovascular diseases in adulthood. However,
large prospective studies need to be carried out to confirm the present findings, which can
be useful in clarifying the mechanisms and mitigating the current epidemics of childhood
obesity and hypertension.
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Abstract: The evaluation of nutrition is an essential element of preventing chronic diseases and
can be used to determine nutritional recommendations. A child spends about 7–8 h a day in a
kindergarten; therefore, meals served there should be balanced appropriately to ensure the full
psychophysical development of the young organism. At preschool age, children develop eating
habits that can have life-long effects. Based on 10-day menus, the study aimed to estimate the energy
and nutritional value of children’s diets at four randomly selected kindergartens in the Wroclaw
district, Poland. In total, 80 menus were analyzed (40 for summer and 40 for autumn). The data from
kindergartens were analyzed based on the Diet 6D computer program. Regardless of the kindergarten,
the analyzed food rations showed irregularities related to excessive supplies (in reference to the
dietary recommendations) of sucrose, fiber, salt, magnesium, and vitamin A. The preschool food
rations did not cover demands with respect to PUFA n-3, PUFA-n-6, calcium, and vitamin D. The
observed irregularities confirm the need to monitor the content of energy and nutrients in preschool
menus to be able to correct any dietary errors.

Keywords: child; diet; kindergarten; menus; nutritional errors

1. Introduction

The proper nutrition of pre-school children guarantees their optimal health [1,2].
Because a child spends about 7–8 h a day in kindergarten, the food served there should
be balanced appropriately to provide energy and nutrients in the right amounts and
proportions [3]. The collective nutrition of children and adolescents within the education
system must meet the appropriate requirements for given age groups, adhering to the
current nutrition standards for the Polish population [4]. The following standards were
adopted in the latest 2020 Polish nutrition standards: Estimated Energy Requirement
(EER); Estimated Average Requirement (EAR); Recommended Dietary Allowance (RDA);
Adequate Intake (AI), and Reference Intake ranges for macronutrients (RIs) [4]. In planning
mass nutrition in kindergartens, the Recommended Dietary Allowance (RDA) level should
be applied. This guarantees that the planned nutrition will cover the average demand of
the group of preschoolers at the EAR level [5]. In addition, the Tolerable Upper Intake Level
(UL) has been developed for vitamins and mineral ingredients. The UL is the maximum
level of nutrient intake from all sources (food, drinking water, dietary supplements) that
does not cause adverse health effects in almost all people in each group. Consumption of
nutrients above this level may cause adverse health effects. The UL value is a guideline
level that should not be pursued as a standard but should be observed to ensure that it
is not exceeded [4]. A child receives at least 3 meals daily in kindergarten. Therefore,
it is assumed that the daily preschool ration should cover 75% of energy and nutrient
needs [2,5–10].

Proper nutrition in kindergarten is also crucial for shaping the correct eating habits of
children and can prevent the later development of many diet-related diseases (obesity, type
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2 diabetes, cardiovascular diseases) [11]. The statistics related to obesity among children
and adolescents are worrying across the world, including Poland. Data from the World
Health Organization indicate an upward trend in obesity among children aged 5–9 and
10–19 [12]. Over 10 years, boys showed an increase in obesity of 6.3% and 4.8%, respectively,
while girls showed an increase of 3.0% and 1.7%. It is estimated that, by 2025, if the rate
of increase in obesity continues to grow at a similar pace, about 268 million children aged
5–17 years will be overweight, of whom 91 million will be obese [13]. In 2025, 38 million
children will have hepatic steatosis or a buildup of fat in the liver, 27 million will have
hypertension, 12 million will suffer from impaired glucose tolerance, and 4 million will
have type 2 diabetes [14]. A lot of studies show that obesity in childhood is strongly
associated with obesity in adulthood [15–18]. Most children who gained excess weight
before the age of 6 remain overweight during puberty [18]. It has been shown that the
earlier the increase in body fat occurs, the greater the final weight of the child is [15,19].

Many authors point to improper nutrition of children in kindergartens in Poland [7,20–31].
Meals are improperly balanced, both in terms of energy and nutritional value. It also
happens that they are prepared from low-quality ingredients. This situation may be due
to the insufficient knowledge and skills of the people responsible for preschool nutrition,
which suggests the need to implement nutritional education for staff [2]. Perhaps a regular
assessment of menus would help to avoid basic mistakes that occur when composing them.

Based on 10-day menus, the study aimed at estimating the energy and nutritional value
of children’s diets in four randomly selected kindergartens in the Wroclaw district, Poland.

2. Materials and Methods

2.1. Data

The research was conducted in 2019. The menus from the 4 randomly selected
preschool institutions (designated as: A, B, C, D) located in the Wroclaw district were
assessed. There were 5–7 pre-school groups in the facilities, to which children aged 4 to
6 were assigned. Each group consisted of about 25 children. The kindergartens had their
own kitchens where meals were prepared (the services of catering companies were not
used). The 10-day menus from the summer and autumn seasons were assessed in each of
4 kindergartens. In total, 80 menus were analyzed (40 menus for summer and 40 menus
for autumn).

To assess the energy value and the content of nutrients in the food rations, such as
proteins, fats, carbohydrates (including glucose, fructose, sucrose, lactose, starch), fiber,
minerals (sodium (Na), potassium (K), calcium (Ca), phosphorus (P), magnesium (Mg),
iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn)), vitamins (thiamine (B1), riboflavin
(B2), niacin (B3), pyridoxine (B6), and vitamins A, C, D, and E), cholesterol, and fatty acids
(saturated, monounsaturated, polyunsaturated), the Diet 6D computer program [32] was
implemented. The salt content was also calculated. The Diet 6D program has proved
to be the best in Poland so far. It offers the possibility of calculating energy intake and
as many as 89 nutrients. The Diet program contains a food composition database based
on the Polish food composition tables. The portion size was estimated based on the
number of products, meals, and drinks expressed in grams specified in the menus. The
calculations considered losses resulting from technological processes. Therefore, for the
energy value, total protein, fats, carbohydrates, calcium, and iron, losses equal to 10%
were used, and for vitamins A and C, losses equivalent to 20% and 55%, respectively, were
used [33]. Then all values for 10-day menus were totaled. In this way, for each kindergarten,
the average values of energy and nutrients were estimated. Next, the obtained results
were compared with the applicable standards and recommendations for children aged
4–6 years [4]. Energy standards were set at the level of average demand (Estimated Energy
Requirement). The Reference Intake ranges, expressed as a percentage of the energy
requirement, were defined for fat and carbohydrates. The standards for protein, selected
minerals (calcium, phosphorus, magnesium, iron, zinc, copper), and vitamins (thiamine,
riboflavin, niacin, pyridoxine, vitamins A and C) were set as per the Recommended Dietary
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Allowance. Standards for other nutrients (sodium, potassium, manganese, vitamins D
and E, fiber, n-3 PUFA, and n-6 PUFA) were set as per the level of sufficient consumption
(Adequate Intake) [4].

To assess the diet of children aged 4–6 years, with a bodyweight of 19 kg and moderate
physical activity, a daily energy requirement of 1400 kcal was adopted in accordance with
the standards [4]. For children up to the age of 9, the standards are the same for boys
and girls. Their differentiation by gender is applied in the older age groups. The energy
standards for children up to 6 years of age include the same levels of physical activity.
The norms for energy, protein, and fat were established based on body weight, which is
understood as a reference body weight value, not the actual weight of a child. The data
from studies representative of the Polish population were used to determine the reference
body weight values for preschool children (3–6 years) [34]. The reference body weight
value for children aged 4–6 years, based on the median, is 19 kg. The energy and nutrient
content of the preschool diet was compared to 75% of the daily norm for children aged
4–6 [2,5–10]. According to this, the recommended value for energy was 1050 kcal [4]. The
consumption values differing by ±10% from the standard values were assumed to be
correct. The content of minerals (Mg, Zn, Cu) and vitamins (A, B6) was also compared to
75% of the Tolerable Upper Intake Level [35]. Various groups of experts have established
UL levels for individual vitamins and minerals. UL values proposed by the European Food
Safety Authority were used in the study [35]. It was assumed that the children consumed
all served food.

2.2. Statistical Analysis

Two-way variance analysis (ANOVA) was used to evaluate changes in energy value
and nutrients in kindergarten menus. The effect of such factors as the kindergarten (A, B,
C, D), the season (summer and autumn), and a couple of interactions between them were
analyzed. When a significant main effect or interaction was identified, the mean values
were further analyzed using the Tukey’s multiple range test. The results were presented
as a mean ± standard deviation. The experimental data were analyzed using Statistica
version 13.3 (StatSoft Inc., Kraków, Poland) [36]. Differences with a probability level <0.05
were considered significant.

2.3. Ethical Statement

Ethical review and approval were waived for this study as the research was based on
an evaluation of the preschool menus based on the computer program Diet 6D.

3. Results

Based on the analysis of variance results, it was shown that for energy and nutrients
(except for copper, manganese, cholesterol, and PUFA n-3), the main effect was significant
for the type of kindergarten for the adopted significance level of p < 0.05. For most nutrients,
the season factor was not found to be significant. A two-way interaction effect occurred
only with carbohydrates and starch (Table 1).

Based on the results of this research, it was shown that the energy value of meals
differed significantly depending on the kindergarten, both in summer and in autumn
(Table 1). The energy value of meals served in summer was correct in kindergartens A,
B and C, while in autumn, this was the case only in kindergartens A and B. The energy
value of menus in the kindergarten D was higher than the Estimated Energy Requirement,
regardless of the season (Table 2).
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Table 1. Mean values (± standard deviation) of energy value and nutrient content in preschool menus.

Energy
and Nutrients Season (S)

Kindergarten (K) Significant Effects

A B C D K S K × S

Energy (kcal) Summer 945.4 a ± 205.7 1024.4 a ± 148.9 1059.8 a ± 138.3 1397.3 b ± 13.5 *** ** ns
Autumn 1121.8 a ± 116.7 1029.4 a ± 108.5 1217.7 a ± 238.7 1397.1 b ± 6.6

Protein (g) Summer 30.7 a ± 6.7 35.8 a ± 3.6 36.2 a ± 8.0 52.3 b ± 9.6 *** * ns
Autumn 40.5 a ± 9.6 37.5 a ± 4.8 39.1 a ± 10.0 55.4 b ± 14.4

Fat (g) Summer 29.4 ab ± 13.3 24.6 a ± 4.4 23.6 a ± 4.5 40.7 b ± 14.5 *** ns ns
Autumn 30.1 ab ± 7.5 29.6 ab ± 7.5 22.8 a ± 7.8 42.8 b ± 12.9

Carbohydrates (g) Summer 146.7 a ± 27.3 171.5 ab ± 33.5 183.7 ab ± 29.8 212.6 b ± 33.1 *** ns *
Autumn 181.0 ab ± 26.7 159.4 a ± 24.4 222.2 b ± 54.8 205.8 ab ± 28.4

Sodium (mg) Summer 1763.3 a ± 332.5 1747.5 a ± 382.2 2100.5 a ± 422.6 2261.3 a ± 755.9 ** ns ns
Autumn 2172.6 ab ± 386.7 1756.5 a ± 282.0 1974.3 ab ± 378.0 2448.2 b ± 574.5

Potassium (mg) Summer 1928.1 ± 374.5 1652.0 ± 350.7 2085.4 ± 455.0 2070.4 ± 589.4 ** ns ns
Autumn 2337.7 a ± 550.3 1577.2 b ± 321.7 1988.1 ab ± 400.0 2313.3 ab ± 535.5

Calcium (mg) Summer 250.4 a ± 102.6 401.9 ab ± 130.3 373.2 ab ± 107.4 473.2 b ± 201.4 *** ns ns
Autumn 364.0 a ± 148.9 380.6 a ± 110.2 365.9 a ± 111.3 622.3 b ± 222.8

Phosphorus (mg) Summer 476.6 a ± 121.3 652.8 ab ± 82.2 653.0 ab ± 163.5 821.2 b ± 171.1 *** ** ns
Autumn 643.8 a ± 191.7 679.4 a ± 141.3 675.3 a ± 123.8 1022.6 b ± 257.2

Calcium/Phosphorus Summer 0.5 ± 0.2 0.6 ± 0.2 0.6 ± 0.1 0.6 ± 0.1 ns ns ns
Autumn 0.6 ± 0.1 0.6 ± 0.1 0.5 ± 0.1 0.6 ± 0.2

Magnesium (mg) Summer 142.0 ± 35.3 170.4 ± 30.0 182.2 ± 46.5 196.8 ± 51.0 ** * ns
Autumn 194.9 ± 49.7 188.9 ± 57.3 179.5 ± 37.5 259.5 ± 113.8

Iron (mg) Summer 5.3 ± 0.7 5.9 ± 0.8 6.2 ± 1.5 7.3 ± 1.3 * * ns
Autumn 7.0 ab ± 1.8 6.2 a ± 1.4 6.5 a ± 1.1 9.8 b ± 1.7

Zinc (mg) Summer 3.9 a ± 0.6 5.1 ab ± 0.5 4.7 ab ± 1.1 6.1 b ± 1.7 *** * ns
Autumn 5.4 ± 1.9 5.4 ± 1.3 5.0 ± 1.0 6.8 ± 1.7

Copper (mg) Summer 0.7 ± 0.1 0.9 ± 0.2 0.8 ± 0.2 0.9 ± 0.3 ns ns ns
Autumn 0.9 ± 0.2 0.9 ± 0.2 0.8 ± 0.1 1.0 ± 0.3

Manganese (mg) Summer 2.3 ± 0.3 2.7 ± 0.6 2.5 ± 0.8 2.8 ± 1.2 ns ns ns
Autumn 2.8 ± 1.4 3.0 ± 0.4 2.5 ± 0.5 3.5 ± 1.7

Vitamin B1 (mg) Summer 0.6 ± 0.2 0.6 ± 0.2 0.5 ± 0.2 0.8 ± 0.3 * ns ns
Autumn 0.8 ± 0.3 0.6 ± 0.1 0.7 ± 0.2 0.7 ± 0.3

Vitamin B2 (mg) Summer 0.6 a ± 0.1 0.9 ab ± 0.3 0.8 ab ± 0.2 1.0 b ± 0.2 *** * ns
Autumn 0.9 a ± 0.3 0.9 ab ± 0.1 0.8 a ± 0.3 1.2 b ± 0.3

Niacin (mg) Summer 7.8 ± 3.3 5.4 ± 1.6 8.2 ± 3.8 10.4 ± 3.6 *** ns ns
Autumn 9.7 ab ± 2.5 5.4 a ± 1.6 8.4 ab ± 2.9 12.0 b ± 8.5

Vitamin C (mg) Summer 77.5 ± 27.6 51.9 ± 12.6 67.0 ± 29.8 48.2 ± 20.6 *** ns ns
Autumn 98.1 a ± 70.0 37.4 b ± 16.4 62.0 ab ± 22.9 55.0 ab ± 22.6

Vitamin A (μg) Summer 857.4 ± 309.8 689.6 ± 281.1 758.9 ± 426.2 827.9 ± 277.4 * ns ns
Autumn 975.3 ab ± 370.7 631.2 a ± 346.1 801.6 ab ± 289.0 1210.3 b ± 702.4

Vitamin E (mg) Summer 4.0 ± 1.0 3.7 ± 0.7 3.4 ± 0.7 4.7 ± 1.0 *** ns ns
Autumn 4.0 a ± 0.7 4.3 ab ± 1.6 3.7 a ± 1.1 5.5 b ± 1.5

Vitamin B6 (mg) Summer 1.0 ± 0.2 0.8 ± 0.2 1.1 ± 0.3 1.2 ± 0.4 *** ns ns
Autumn 1.2 a ± 0.2 0.8 b ± 0.3 1.0 ab ± 0.3 1.2 a ± 0.5

Vitamin D (μg) Summer 0.8 ± 0.4 1.0 ± 0.7 0.8 ± 0.6 1.8 ± 0.7 * ns ns
Autumn 1.1 ± 0.8 1.2 ± 1.0 0.8 ± 0.4 1.3 ± 0.9

Glucose (g) Summer 10.6 a ± 2.8 5.3 b ± 1.4 7.5 ab ± 2.3 6.0 b ± 3.5 *** ns ns
Autumn 10.4 a ± 3.2 5.0 b ± 2.2 7.1 ab ± 2.2 5.8 b ± 1.8

Sucrose (g) Summer 31.6 ± 8.3 40.1 ± 17.4 51.6 ± 13.7 34.1 ± 17.9 ** * ns
Autumn 40.1 ± 7.2 43.0 ± 12.4 61.4 ± 33.2 43.5 ± 12.2

Fructose (g) Summer 13.3 a ± 3.4 6.9 b ± 2.7 9.2 ab ± 2.6 6.5 b ± 3.2 *** ns ns
Autumn 12.2 a ± 4.7 6.8 b ± 2.0 8.7 ab ± 4.1 7.7 ab ± 2.6

Lactose (g) Summer 2.7 a ± 2.6 8.1 b ± 3.9 6.2 ab ± 4.8 7.7 b ± 2.7 *** ns ns
Autumn 4.9 a ± 3.8 8.6 ab ± 2.5 6.9 ab ± 4.1 10.3 b ± 3.7

Starch (g) Summer 62.0 a ± 12.6 89.1 ab ± 45.5 82.7 a ± 21.4 124.6 b ± 24.1 *** ns *
Autumn 76.3 ± 27.3 76.0 ± 18.3 106.2 ± 34.8 100.6 ± 14.9

Fibre (g) Summer 14.7 ± 2.3 13.2 ± 2.5 16.1 ± 4.7 14.5 ± 3.1 * ns ns
Autumn 17.6 ± 2.7 12.8 ± 2.1 16.3 ± 2.6 16.7 ± 6.4

Cholesterol (mg) Summer 142.6 ± 73.0 165.4 ± 125.6 120.4 ± 88.2 184.2 ± 92.6 ns ns ns
Autumn 187.2 ± 169.9 163.9 ± 101.4 108.3 ± 78.1 183.6 ± 67.5

SFA (g) Summer 15.2 ab ± 8.8 11.6 ab ± 2.4 10.6 a ± 2.4 20.4 b ± 10.3 *** ns ns
Autumn 13.9 ab ± 5.0 13.3 ab ± 3.3 10.7 a ± 5.4 21.0 b ± 7.5

MUFA (g) Summer 9.6 ab ± 3.8 7.7 a ± 1.7 7.2 a ± 2.2 12.7 b ± 4.6 *** ns ns
Autumn 10.7 ab ± 3.4 9.7 ab ± 3.2 6.8 a ± 2.7 13.2 b ± 4.8
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Table 1. Cont.

Energy
and Nutrients Season (S)

Kindergarten (K) Significant Effects

A B C D K S K × S

PUFA (g) Summer 2.2 a ± 0.4 3.2 ab ± 0.5 3.6 ab ± 3.0 4.4 b ± 0.9 *** ns ns
Autumn 2.8 ± 0.6 4.1 ± 1.5 3.5 ± 1.6 4.6 ± 1.1

PUFA/SFA Summer 0.2 ± 0.1 0.3 ± 0.1 0.4 ± 0.6 0.3 ± 0.2 * ns ns
Autumn 0.2 ± 0.1 0.3 ± 0.2 0.4 ± 0.4 0.2 ± 0.1

PUFA n-3 (g) Summer 0.4 ± 0.1 0.4 ± 0.1 0.6 ± 0.5 0.6 ± 0.2 ns ns ns
Autumn 0.5 ± 0.1 0.5 ± 0.4 0.5 ± 0.3 0.7 ± 0.3

PUFA n-6 (g) Summer 1.8 a ± 0.4 2.8 ab ± 0.4 3.0 ab ± 2.6 3.8 b ± 0.8 *** ns ns
Autumn 2.3 ± 0.6 3.6 ± 1.4 2.9 ± 1.5 3.8 ± 1.0

PUFA n-6/n-3 Summer 4.4 ± 1.0 7.4 ± 1.1 4.6 ± 1.4 7.1 ± 2.7 *** ns ns
Autumn 4.7 a ± 1.8 8.6 b ± 4.3 6.1 ab ± 2.8 5.7 ab ± 2.2

Salt (g) Summer 4.4 ± 0.8 4.4 ± 1.0 5.3 ± 1.1 5.7 ± 1.9 ** ns ns
Autumn 5.4 ab ± 1.0 4.4 a ± 0.7 4.9 ab ± 0.9 6.1 b ± 1.4

Significant effects: *** p < 0.001; ** 0.001 ≤ p < 0.01; * 0.01 ≤ p < 0.05; ns—not significant; K—kindergarten;
S—season. a–b: Means. Different letters in the same row indicate differences at p < 0.05 in view of the kindergarten.
SFA—saturated fatty acids, MUFA—monounsaturated fatty acids, PUFA—polyunsaturated fatty acids.

Table 2. Energy and nutrients in preschool food rations constituting 75% of the Polish norms and
recommendations and the UL established by the EFSA.

Energy
and Nutrients Norm

75%
of the Daily

Requirement
Season

Norm Realization (%)

Kindergarten A B C D

Energy (kcal)
1400 1 1050 1 Summer 90.0 a 97.6 a 100.9 a 133.1 b

Autumn 106.8 a 98.0 a 116.0 a 133.1 b

Protein (g) 21 2 15.8 2 Summer 195.0 a 227.4 a 229.7 a 332.3 b

Autumn 257.2 a 238.2 a 248.1 a 351.9 b

Fat (g) 47 3 35.3 3 Summer 83.4 ab 69.7 a 66.9 a 115.4 b

Autumn 85.3 ab 84.1 ab 64.6 a 121.5 b

Carbohydrates (g) 227.5 3 170.6 3 Summer 86.0 a 100.5 ab 107.7 ab 124.6 b

Autumn 106.1 ab 93.4 a 130.2 b 120.6 ab

Sodium (mg) 1000 4 750 4 Summer 235.1 233.0 280.1 301.5
Autumn 289.7 ab 234.2 a 263.2 ab 326.4 b

Potassium (mg) 1100 4 825 4 Summer 233.7 200.2 252.8 251.0
Autumn 283.4 a 191.2 b 241.0 ab 280.ab

Calcium (mg) 1000 2 750 2 Summer 33.4 a 53.6 ab 49.8 ab 63.1 b

Autumn 48.5 a 50.7 a 48.8 a 83.0 b

Phosphorus (mg) 500 2 375 2 Summer 127.1 a 174.1 ab 174.1 ab 219.0 b

Autumn 171.7 a 181.2 a 180.1 a 272.7 b

Magnesium (mg) 130 2/250 5 97.5 2/187.5 5 Summer 145.6/75.7 174.8/90.9 186.9/97.2 201.8/105.0
Autumn 199.9/104.0 193.7/100.8 184.1/95.7 266.1/138.4

Iron (mg) 10.0 2 7.5 2 Summer 70.0 78.9 82.2 97.4
Autumn 93.5 ab 82.7 a 86.8 a 130.2 b

Zinc (mg) 5.0 2/10.0 5 3.8 2/7.5 5 Summer 104.8/52.4 124.8/68.3 124.8/62.4 161.5/80.8
Autumn 144.0/72.0 136.6/71.3 133.0/66.5 180.5/90.3

Copper (mg) 0.4 2/2.0 5 0.3 2/1.5 5 Summer 228.9/46.0 281.8/56.6 274.8/54.7 291.5/58.0
Autumn 285.7/57.3 283.5/56.7 268.0/53.3 331.2/66.0

Manganese (mg) 1.5 4 1.1 4 Summer 203.3 242.5 223.4 245.6
Autumn 244.2 265.4 223.6 305.3

Vitamin B1 (mg) 0.6 2 0.5 2 Summer 130.7 122.1 119.0 173.6
Autumn 169.1 122.1 145.0 158.7

Vitamin B2 (mg) 0.6 2 0.5 2 Summer 143.0 a 203.5 ab 179.3 ab 225.0 b

Autumn 195.8 a 200.3 ab 184.8 a 267.3 b

Niacin (mg) 8.0 2 6.0 2 Summer 130.7 89.9 136.6 173.4
Autumn 162.3 ab 90.5 a 140.1 ab 199.1 b

Vitamin C (mg) 50.0 2 37.5 2 Summer 206.7 138.5 178.7 128.4
Autumn 261.5 a 99.7 b 165.2 ab 146.7 ab

Vitamin A (μg) 450 2/1100 5 337.5 2/825 5 Summer 254.0/103.9 204.3/83.6 224.9/92.0 245.3/100.4
Autumn 289.0 ab/118.2 187.0 a/76.5 237.5 ab/97.2 358.6 b/146.7

Vitamin E (mg) 6.0 4 4.54 Summer 88.0 83.1 75.0 104.9
Autumn 87.7 a 94.4 ab 82.1 a 123.0 b
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Table 2. Cont.

Energy
and Nutrients Norm

75%
of the Daily

Requirement
Season

Norm Realization (%)

Kindergarten A B C D

Vitamin B6 (mg) 0.6 2/7.0 5 0.5 2/5.3 5 Summer 223.3/19.1 180.9/15.4 238.2/20.4 263.3/22.5
Autumn 273.6 a/23.4 169.7 b/14.5 223.1 ab/19.1 275.0 a/23.6

Vitamin D (μg) 15.0 4 11.3 4 Summer 6.9 8.5 7.2 15.6
Autumn 9.9 10.5 7.2 11.7

Glucose (g)

* 10% energy
value

Summer 40.2 a 20.3 b 28.7 ab 23.0 b

Autumn 39.8 a 19.2 b 26.9 ab 21.9 b

Sucrose (g) 26.3 Summer 120.2 152.8 196.7 130.0
Autumn 152.8 163.7 234.0 165.8

Fructose (g) Summer 50.6 a 26.3 b 35.2 ab 24.7 b

Autumn 46.3 a 25.9 b 33.1 ab 29.1 ab

Fiber (g) 14 4 10.5 4 Summer 140.4 125.3 153.2 137.6
Autumn 167.6 122.1 154.8 158.6

Cholesterol (mg) 300 225 Summer 63.4 73.5 53.5 81.9
Autumn 83.2 72.9 48.1 81.6

SFA (g) 15.6 11.7 Summer 130.1 ab 98.9 ab 90.5 a 174.7 b

Autumn 119.2 ab 113.8 ab 91.3 a 179.8 b

PUFA n-3 (g) 1.0 4 0.8 4 Summer 54.8 49.4 82.4 76.3
Autumn 63.5 68.4 64.6 95.5

PUFA n-6 (g) 6.2 4 4.7 4 Summer 39.0 a 60.1 ab 64.2 ab 81.2 b

Autumn 49.0 77.1 61.0 81.8
Salt (g) 2.5 1.9 Summer 234.7 232.5 279.3 301.1

Autumn 289.1 ab 233.5 a 262.8 ab 325.0 b

* 10% energy value of food ratio; 1 Estimated Energy Requirement (EER); 2 Recommended Dietary Al-
lowance (RDA); 3 Reference Intake ranges (RIs); 4 Adequate Intake (AI); 5 Tolerable Upper Intake Level (UL).
SFA—saturated fatty acids, MUFA—monounsaturated fatty acids, PUFA—polyunsaturated fatty acids. a–b:
Means. Different letters in the same row indicate differences at p < 0.05 in view of the kindergarten.

The protein content in the analyzed preschool rations ranged from 30.7 g to 52.3 g in
summer and from 37.5 g to 55.4 g in autumn, respectively (Table 1). This amount of protein
exceeded the recommended level of consumption (intake above 75% of RDA) by two or
even three times (Table 2). The menus from kindergarten D had a significantly higher
content of this nutrient compared to the other kindergartens (Table 2).

The food ration of the children who spend part of the day in kindergarten should
provide 35.3 g of fat. In this study, this amount was exceeded by 15.4% in summer and
21.5% in autumn in kindergarten D (Table 2). In the remaining kindergartens, the fat content
was lower than recommended. From the nutritional point of view, it is also important to
identify the type of fatty acids in the diet. In each kindergarten, the children’s diet was
characterized by too low n-3 and n-6 polyunsaturated fatty acid content. An excess of
unsatisfactory saturated fatty acids was found in kindergartens A and D in both seasons
(Table 2).

The carbohydrate content differed significantly between preschools. The menus were
balanced in terms of carbohydrate content in kindergartens B and C in summer and A and
B in autumn (Table 2). An excessive supply of carbohydrates in summer and autumn was
recorded in kindergarten D (Table 2). In the assessment of the supply of added sugars
(sucrose, fructose, glucose), it was assumed that they should constitute no more than 10%
of the diet’s energy. Regardless of the kindergarten, the sucrose content exceeded the
recommended intake (Table 2). The proportion of carbohydrates from each group in the
children’s meals was inappropriate (Table 3). The children’s diet was characterized by a
too low proportion of starch-containing products. The dietary fiber content was above the
recommended level in each facility (Table 2).

The analyzed menus, compared to the norms, covered the children’s needs for minerals
(such as sodium, potassium, calcium, phosphorus, magnesium, calcium, iron, zinc, copper,
manganese) to varying degrees. Regardless of the kindergarten, a significant calcium
inadequacy was noted in the studied menus (Table 2). Its content in summer ranged from
250.4 mg to 473.2 mg, and in autumn, from 364.0 mg to 622.3 mg (with the recommended
standard of 750 mg) (Table 1).
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Table 3. Percentage of carbohydrate groups in total carbohydrate content in kindergarten menus.

Type of
Carbohydrates Season

Kindergatren

A B C D

Glucose Summer 7.2 3.1 4.1 2.8
Autumn 5.8 2.9 3.2 2.8

Sucrose Summer 21.5 23.4 28.2 16.1
Autumn 22.2 27.0 27.6 21.1

Fructose Summer 9.1 4.0 5.0 3.1
Autumn 6.7 4.3 3.9 3.7

Lactose Summer 1.8 4.8 3.4 3.6
Autumn 2.7 5.4 3.1 5.0

Starch Summer 42.3 52.0 45.0 58.6
Autumn 42.2 47.7 47.8 48.9

The iron content in kindergartens B and C summer and autumn menus was also below
75% of the RDA. The daily supply of this mineral exceeded 75% of RDA in kindergarten
D in autumn (Table 2). At the same time, it should be emphasized that UL standards
for iron have not been determined [35]. The content of the remaining analyzed minerals
(sodium, potassium, phosphorus, magnesium, zinc, copper, and manganese) in all the
analyzed menus was too high according to Polish standards (RDA, AI) (Table 2). It should
also be noted that the intake of magnesium was higher than 75% of the UL in the fall
in the kindergartens A and B and in institution D in both seasons, and for vitamin A in
kindergartens A and D. The UL levels for zinc, copper, and vitamin B6 were not exceeded.

In the analyzed preschool menus there were irregularities in the vitamin content. A
vitamin D deficiency (intake lower than 75% of AI) and an excess of vitamins A, B1, B2, and
B6 (intakes above 75% of RDA) were demonstrated in each preschool (Table 2). The supply
of niacin and vitamins C and E varied depending on the kindergarten (Table 2).

In all menus, there were irregularities in the salt content. The content in preschool
rations ranged from 232.5 g to 325.0 g, respectively (Table 1). This amount of salt was twice
or even three times higher than the recommended intake level (Table 2).

The all-day food ration in the kindergarten consisted of 3 meals: breakfast, lunch, and
afternoon tea. The intervals between meals were adequate at 4 and 3 h, respectively.

Regardless of the kindergarten, breakfast was usually served with wheat bread, butter,
and a high-protein product of animal origin (cold cuts of meat, eggs, cheese) or an item
with high carbohydrate content such as jam (most often strawberry). Children were also
served milk with corn flakes or other cereals. To drink, tea, grain coffee, or cocoa were
provided. The drinks were sweetened with sugar. Each breakfast was served with a piece
of fruit (most often apples, bananas) or a vegetable (most often cucumbers or tomatoes).

Lunch always consisted of two dishes: soup and a second course. The most frequently
served soups included tomato, potato, barley, or chicken, and cabbage. They were prepared
based on meat and vegetable stock. They were not enriched with fresh dill or parsley. The
second course usually consisted of a protein product of animal origin—usually meat, a bulk
product—mainly potatoes and less often pasta or rice, as well as cooked or raw vegetables.
Compote with sugar or fruit and vegetable drinks were usually served with lunch.

Afternoon tea usually consisted of products rich in carbohydrates (buns, jelly, bread
with chocolate spread, honey) and a warm drink (tea, milk, or milk drinks with added
sugar). Sometimes sandwiches were served (with pate, pork sirloin, sausage, or jam).

The meals were prepared in a variety of techniques. The products were fried, boiled,
stewed, or baked. The meals were composed with contrasts in taste, smell, and color
to encourage children to eat. Combining two dishes of a similar nature (sweet, sour, or
similar in color and texture) was avoided during one meal. No seasonality of products was
found in the menus. The disadvantage of the analyzed menus was the lack of whole grain
products, the limited quantities of fish and legumes, and the servings of meat products with
high fat content (mortadella, sausages, and cheese). Spices were added in limited amounts.
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4. Discussion

The statistical analysis of the obtained results showed that the energy value of the
studied menus differed regarding the season and the kindergarten. In autumn, a favorable
tendency of an energy increase in menus was observed when the body’s energy expen-
diture related to the need to maintain the body temperature at about 37 ◦C increased,
with a simultaneous decrease in the surrounding temperature. The energy values of the
kindergarten meals, except for facility D and C (in autumn), were correct. Preschool meals
should cover the energy and nutrient needs of children to a greater extent than home meals.
However, they should not exceed the recommendations because they lead to, among other
issues, excess weight and obesity. The results of this study do not differ from the data in
the literature on the nutrition of children in kindergartens [20,23,27,37–39], which report
too high energy supply as compared to the recommendations.

Kindergarten D also reported excess fat in the children’s diet, which probably came
from chocolate and confectionery products, which provided 10 to 15 g of fat per 100 g of
product [32] and were also a source of unfavorable saturated fatty acids. The consumption
of products rich in fat, including saturated fatty acids, is associated with the risk of ischemic
heart disease and the development of cancer, mainly colorectal and breast cancer [40–42].

The average protein content of the evaluated food rations from the analyzed kinder-
gartens was more than double the RDA norm. Similar results in preschool diets were
also obtained by the other authors [22,27,30,43]. Such a protein supply was determined
by the high consumption of meat and processed meat products. So far, an UL standard
has not been defined for protein but attempts are underway to determine the upper limit
of consumption. However, it is known that high protein consumption may be associated
with hypercalciuria, resulting in osteoporosis, acidosis, and an increased risk of kidney
stones [4,44]. Excess dietary protein content in childhood contributes to an increased risk
of obesity [45].

An analysis of the data in the literature shows that there is a lack of studies on the
intake of specific groups of carbohydrates, including fructose, which is extremely important
because of its negative impact on human health [46–48]. The increased consumption of
products (sweetened soft drinks, candies) to which fructose is added (especially as a
glucose–fructose syrup [4]) during the production process was observed. The highest
fructose content was found in the meals of kindergarten A. Excessive fructose intake
is believed to be one of the factors responsible for the steady increase in excess weight
and obesity problems in modern societies [49]. This is especially true in children and
adolescents [50].

One of the tools to support the improvement of the nutrition of children and adoles-
cents in educational institutions was the Regulation of the Minister of Health of 26 July 2016
on the groups of food intended for sale to children and adolescents within the educational
system and the requirements for food served as part of the collective nutrition of children
and adolescents in educational settings (Journal of Laws of 2016, item 1154) [51]. The
provisions of the regulation covered, among others, requirements for collective nutrition
in kindergartens, school establishments, boarding schools, and boarding houses. The
regulation requires the inclusion of more vegetables and fruit so that they are present every
day in each meal, with the inclusion of more fish in the weekly diet while limiting the
addition of sugar in drinks prepared onsite to a maximum of 10 g per 250 mL of drink. This
was designed to enable easier compliance with the standards’ recommendation to limit
sugars (sucrose, fructose, glucose) added to food during its manufacture and production,
which should provide no more than 10% of energy.

Despite the above-mentioned regulation, in each kindergarten the amount of sugar
added to food during its production process exceeded recommendations. Sucrose content
ranged from 31.6 g to 61.4 g, corresponding to 120% and 234.0% of the standard value,
which is a disturbing phenomenon. It is well known that an excessive intake of sucrose and
simple sugars contributes to the occurrence of many chronic non-communicable diseases,
including excess weight and obesity problems, insulin resistance, diabetes, metabolic
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syndrome, tooth decay, cancer, and non-alcoholic fatty liver disease [52–55]. Other authors
have also noted high sucrose content in the diet of preschool children [24,27].

It should be noted that from 1 January 2021, regulations entered into force in Poland
introducing taxes on sweetened and energy drinks (ACT of 14 February 2020 on the
amendment of certain acts in connection with the promotion of pro-health consumer
choices) [56]. Perhaps this regulation will reduce the sale and consumption of sweetened
beverages and improve the health indicators of the Polish society.

The mineral content of the study rations varied widely. In all the evaluated dietary
rations from the studied kindergartens, the calcium content was too low compared to
the standard. The low supply of calcium in the analyzed dietary rations was caused by
the low supply of milk and milk products (e.g., cottage cheese, kefir, buttermilk), which
represent the main sources of calcium in the diet. Adequate calcium content is particularly
desirable in the diet of small children because calcium is an important building material
for bones and teeth [57,58]; it is also involved in muscle contraction, blood coagulation,
conduction of nerve impulses, activation of enzymes, and the reduction in the permeability
of cell membranes, as well as supporting the proper functioning of the cardiovascular
system. Calcium inadequacy in children’s diets is a common problem [28–30,59–61]. The
utilization of calcium from the diet is hindered by a too-high phosphorus content [62].
An adequate calcium/phosphorus ratio is a very significant factor in calcium phosphate
metabolism. A too low calcium/phosphorus ratio (indicating a high dietary phosphorus
intake) stimulates parathormone secretion and enhances calcium resorption from the bones.
The calcium-to-phosphorus ratio was abnormal in the children’s diets, ranging between 0.5
to 0.6 regardless of the preschool institution and a season.

It should also be mentioned that the factors increasing calcium absorption include,
among others, vitamin D, the amount of which in the analyzed diets was significantly
below the norm. Insufficient intake of calcium and vitamin D raises serious concerns about
the proper condition of children’s skeletons. The results of this research indicate that it
is necessary to educate the employees of preschool institutions responsible for children’s
nutrition. Social campaigns promoting the importance of calcium intake and indicating
food products and their quantities needed to meet the child’s demand for this mineral may
be a way to draw public attention to the consequences of calcium deficiency in children.

Based on the research results, it was found that, regardless of the kindergarten, the
sodium content in the children’s diet was very high (intake higher than 75% of AI). Such
high sodium intake indicates the need to limit the addition of salt to dishes and the
elimination of processed products with a high salt content (e.g., cold meat products). The
results of sodium consumption converted into table salt exceeded the recommendations
by more than 2–3 times. There is no doubt that salt consumption in Poland should be
reduced [2,3,6]. It is advisable to develop proper eating habits from an early age to reduce
the risk of developing cardiovascular diseases, arterial hypertension, and cancer of the
stomach and throat at a later age [63,64]. Many studies report excessive sodium and table
salt intake in children’s diets, suggesting that it is a common phenomenon [30,59,65–67].

Regardless of the kindergarten, the analyzed food rations also contained too high
intakes of potassium, copper, manganese, and magnesium compared to the Polish norms.
It should be noted that EFSA experts concluded that there is currently insufficient scientific
research on the negative effects of the excess of sodium, potassium, and manganese on
the human body [35]. Consequently, it is currently impossible to establish ULs for these
components. The UL for copper intake was not exceeded. In this situation, the intake of
potassium, copper, and manganese is satisfactory. The intake of magnesium was higher
than 75% of UL. Doses of magnesium above 250 mg/day have laxative properties [4].

The analyzed food rations covered the children’s iron needs to varying degrees. In
kindergartens B and C, iron deficiency was demonstrated, while in kindergarten D an excess
was found. At the same time, it should be emphasized that UL standards for iron have
not been determined [35]. It is well known that iron deficiency promotes the development
of anemia [68] and may reduce a child´s immunity [69]. At the same time, its excess
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increases the risk of cancer, gastric disorders, atherosclerosis, strokes, and Alzheimer’s and
Parkinson’s disease [70–72]. Literature data also show large variations in iron consumption
among children, usually insufficient [28,30,39,67,73] or exceeding the norm [22,43].

Regardless of the kindergarten, the children’s food rations showed an excess of vi-
tamins A, B1, B2, B6, and C (except for kindergarten B) and vitamin D deficiency. The
study results do not differ from the results of the studies by the other authors who found
excessive intake of vitamin A in preschool food rations compared to the norms [28,30,43].
An excessive supply of vitamin A manifests itself in irritability, headaches, loss of appetite,
dry skin, and digestive tract disorders, which are accompanied by enlargement of the liver
and spleen [1]. Since the UL values have not been established for vitamins B1, B2 and
C and the UL value standard for vitamin B6 was not exceeded, their intake level can be
assessed positively.

Children’s food rations were characterized by a deficient supply of vitamin D, whose
deficiency may result in the negative calcium balance and impaired bone mineralization,
resulting in rickets in children [74]. Deficiency of this vitamin was due to a very low intake
of fish, which was served sporadically, regardless of the preschool. Vitamin D is found in
smaller amounts in butter, yellow cheese, egg yolk, and meat, which were served to the
children in meals. However, with the deficient intake of fish, the other listed sources of the
vitamin did not cover the children’s vitamin D requirements.

Numerous studies indicate irregularities in the nutrition of children in kindergartens.
The most frequent recurring problem is an excessive supply of fat, vitamin A, salt, and
calcium, and vitamin D deficiency, which is also confirmed by the results of this study.

It should be mentioned that the data on the energy and nutritional value of children
diet were obtained from the tables of composition and nutritional value [32]. The tables’
values are averaged data, so the energy and nutrient content of a product consumed by
children may differ from the values given in the tables. The content can depend on many
factors, both genetic and environmental. The limitation of this study is the lack of data
regarding the real food consumption of children, food waste on the plate, and the real
amount of salt added to dishes. Consequently, the estimated content of energy and nutrients
in the daily food rations of children may differ from their actual consumption. Thus, the
observed deficiencies of the selected nutrients in the children’s diets are hazardous, as
their actual consumption may be even lower. It is essential to be aware that preschool
nutrition represents only a part of the diet. It is not known what foods products the children
received at home and whether their parents introduced supplements into their diet. It is
worth mentioning that the menu data were acquired through 2019 only. However, they are
still valid, as during 2020 and 2021 there were lockdowns, and kindergartens were closed.
Therefore, there were more important issues to combat than kindergarten menu adjustment
to the proper nutrition schemes.

5. Conclusions

The adequate nutrition of children is necessary to ensure their proper development.
The evaluation of preschool food rations is important to prevent nutrition errors in this
group. The study results indicate that the analyzed preschools did not fully implement
the requirements set out in the Regulation of the Ministry of Health of 26 July 2016 [51].
Not every kindergarten meal included vegetable or fruit. More than two portions of fried
food were served per week. The children’s diet did not contain nuts. Fish was served
sporadically. One of the disadvantages of the analyzed menus was the presence of sugary
foods. Chocolate, honey, and cornflakes with added sugar were often served for breakfast.
The afternoon snack was served with confectionery products such as buttered buns and puff
pastries. As is commonly known, sweets in a child’s diet should be limited to a minimum,
and such an institution as a kindergarten should provide children with proper models
concerning nutrition. No seasonality of products was noticed in the menus. The same fruit
and vegetables were served in summer and autumn. The assessment of menus, regardless
of the kindergarten, showed that they were arranged incorrectly, which indicates the need
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for modification of their composition. Therefore, it is necessary to carry out nutritional
education among kindergarten staff. To ensure the health of Polish children and thus the
health of future society, it is necessary to correct dietary mistakes as soon as possible, since
diet-related diseases may develop from childhood.
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49. Okręglicka, K.; Pardecki, M.; Jagielska, A.; Tyszko, P.Z. Metabolic effects of excessive dietary fructose intake. Med. Og. Nauk. Zdr.

2017, 23, 165–170. [CrossRef]
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Abstract: Background: This study aimed to assess the association between single-child status and
childhood high blood pressure (HBP) and to explore the role of lifestyle behaviors in this relationship.
Methods: This study used data from a cross-sectional survey of 50,691 children aged 7~18 years in
China. Linear and logistic regression models were used to assess the relationship between single-
child status and HBP, and interactions between single-child status and lifestyle behaviors were also
evaluated. Mediation analysis was conducted to detect the mediation effect of lifestyle behaviors.
Results: Of the participants enrolled, 67.2% were single children and 49.4% were girls. Non-single
children were associated with a greater risk of HBP, especially in girls (OR = 1.11, 95%CI: 1.03~1.19).
Meat consumption and sedentary behavior mediated 58.9% of the association between single-child
status and HBP (p < 0.01). When stratified by sleeping duration, non-single girls of insufficient
sleep and hypersomnia showed a higher risk of HBP (p < 0.05) than single-child peers, but not in
those with adequate sleep. Conclusion: Findings suggest that non-single children had an increased
risk of HBP, and keeping healthy lifestyle behaviors could help to mitigate the adverse impact in
non-single children.

Keywords: children; blood pressure; single-child status; lifestyle behaviors

1. Introduction

Hypertension is the leading risk for global disability-adjusted life-years (DALYs),
accounting for 9.2% of DALYs for men and 7.8% of DALYs for women in 2015 [1]. A Chinese
national survey [2] conducted from 2012 to 2015 showed that an estimated 244.5 million
adults had hypertension. Evidence has suggested that childhood high blood pressure
(HBP) could track to adulthood [3] and increase the risk of cardiovascular disease events
in adulthood [4]. A meta-analysis [5] showed that the pooled prevalence of elevated BP
among Chinese children and adolescents was 9.8% (95%CI: 7.9~11.9). Thus, preventing
hypertension during childhood and identifying children and adolescents with an increased
risk of HBP is of far-reaching public health significance.

Currently, countries [6] are struggling with population aging, and various policies
have been proposed. In October 2015, China abolished the one-child policy, which lasted
for 35 years, and subsequently implemented the universal two-child policy [7]. Soon after,
in May 2021, the Chinese government further announced the policy that one couple is
allowed to have three children. These new fertility policies may contribute to a large
increase in non-single-child families in the future. Thus far, many research studies have
investigated the influence of single-child status on health issues, including obesity [8–10],
poor vision [11], anxiety and depression [12]. However, cardio-metabolic disorders and
sing-child status are seldom studied.
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Considering the progressing demographic transition in China, we wondered whether
the rising proportion of non-single children would change the risk of HBP in the Chinese
population, from both an immediate and long-term perspective. Furthermore, previous
studies have suggested that lifestyle behaviors might contribute to the differences in body
mass index (BMI) between single and non-single children [13]. It is unclear whether
lifestyle behaviors could also mediate or modify the relationship between single-child
status and HBP.

Using data collected from nationwide Chinese children and adolescents, this study
aimed to examine the association of single-child status with childhood HBP and to further
investigate the role of lifestyle behaviors in the relationship between single-child status and
risk of HBP.

2. Materials and Methods

2.1. Study Design and Participants

This study used data from the baseline cross-sectional survey of a national school
program from seven provinces or cities of China (Guangdong, Shanghai, Hunan, Ningxia,
Chongqing, Liaoning, and Tianjin) in 2013. A detailed description of the study design is
reported elsewhere [14]. Briefly, using the multistage cluster random sampling method,
a total of 93 primary and secondary schools were randomly selected, and 53,532 children
and adolescents were involved in the present study. Exclusion criteria included: (a) partici-
pants aged out of 7~18 years old (n = 250); (b) participants who were not a singleton birth
(n = 1577); (c) participants with a missing value for blood pressure (n = 1014). Thus, a total
of 50,691 participants (94.7%) were involved in analyses. The study has been approved
by the Ethics Committee of Peking University (No. IRB0000105213034). All participating
students and their parents have signed the informed consent.

2.2. Anthropometric Measurements

All participants underwent anthropometric and clinical measurements by qualified
medical physicians from medical establishments in schools. Height was measured two
times using a portable stadiometer (model TZG, China) to the nearest 0.1 cm without
shoes. Weight was measured two times using a lever-type weight scale (model RGT-140,
China) to the nearest 0.1 kg in light clothing and without shoes. The average of two
repeated measures was calculated for height and weight. BMI was calculated as weight
in kilograms divided by the square of height in meters (kg/m2) and then converted into
age- and sex-specific BMI z scores according to the World Health Organization (WHO)
growth references [15]. BP was obtained by Mercury sphygmomanometer (model XJ11D,
Shanghai Medical Instruments Co, Ltd, Shanghai, China) and stethophone (model TZ-1,
Shanghai Medical Instruments Co, Ltd, Shanghai, China) from the right arm using the
appropriate cuffs. Prior to the first reading, children were asked to sit quietly for at least
5 min. Systolic blood pressure (SBP) was determined by the onset of the first Korotkoff
sound, and diastolic blood pressure (DBP) was determined by the fifth Korotkoff sound. BP
was measured twice with a 5 min gap between replicates, and the averages of two readings
for SBP and DBP were calculated for each participant.

2.3. Questionnaires Data Collection

Questionnaires were designed for students and their parents, separately. Students
of grade four or older (≥10 years) finished the student questionnaire independently in
a classroom, while children of grade 1~3 (7~9 years) answered the questionnaire with
the help of parents at home. Child self-reported lifestyle behaviors were obtained by the
student questionnaire, while obstetric information (e.g., gestational age, delivery mode
and birth weight) were obtained from the parental questionnaire. Moreover, information
on family history of hypertension was also obtained from the parental questionnaire, and
children were considered as having a family history of hypertension when either father
or mother self-reported that he/she had been diagnosed with hypertension by medical
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physicians. Both father’s and mother’s education degrees were collected, and the higher
one was defined as the parental highest education degree.

2.4. Definitions

Single-child status was defined using the question “Is your child the only child?” in
the parental questionnaire, and children were assigned to “single children” or “non-single
children” groups accordingly. As suggested by the American Academy of Pediatrics [16],
high blood pressure (HBP) was defined if child blood pressure was ≥90th percentile or
120/80 mmHg. Lifestyle behaviors, including diet behaviors, physical activity, sedentary
behavior and sleeping duration, were investigated in the current study. Diet behaviors
were identified as frequencies (days per week) of consuming meat, fruit, vegetables and
beverages during the past 7 days. Based on child self-reported frequency (days) and
duration (minutes per day) of moderate and vigorous-intensity activity over the past
7 days, physical activity was defined with reference to the International Physical Activity
Questionnaire [17]. Sedentary behavior (h) referred to the total time spent sitting or lying
down at school or home, including watching television, playing computer games and doing
homework. Sleeping duration per day was recorded, and students were divided into three
groups (enough sleep (≥9 h), insufficient sleep (7~8 h) and hypersomnia (<7 h)) according
to the recommendation of National Sleep Foundations [18].

2.5. Statistical Analysis

Continuous variables were reported as mean ± standard deviation, and categorical
variables were reported as frequency (percentage). Differences between single children
and non-single children were tested by t test for continuous variables and χ2 test for cate-
gorical variables. Linear regression models were used to evaluate the association between
single-child status and BP z score, while logistic regression models were used to test the
relationship between single-child status and risk of HBP by sex. To explore the potential
factors mediating the association of single-child status with HBP, a mediation analysis
proposed by Karlson and colleagues, was conducted [19]. This method decomposed the
total effect of a variable into direct effect and indirect effect and calculated the percentage of
the main association explained by the mediators. Moreover, the interaction terms of single-
child status and each lifestyle behavioral factor, such as interaction between single-child
status and frequency of meat consumption, were also tested. All analyses were performed
with R studio 1.2.5033 and Stata software version 14 (StataCorp, College Station, TX, USA).
A two-sided p < 0.05 was considered statistically significant.

3. Results

Characteristics of participants are shown in Table 1 by sex and single-child status.
Among 50,691 participants, 67.2% were single children and 49.4% were girls. Non-single
children were associated with higher z scores of BP, while single children were related to
a greater BMI z score in both boys and girls (p < 0.05). A significant difference in HBP
prevalence was observed in single and non-single girls. In both sexes, single children more
frequently ate meat, fruit and vegetables, and they spent more time sitting, lying, and
sleeping, compared to those children with siblings.

The associations between single-child status and BP levels were assessed by sex,
and non-single children generally had higher BP levels compared with single children
(Table 2). When stratified by sex, similar relationships were detected in girls after adjusting
for confounders (for SBP: β = 0.073, 95%CI: 0.043~0.102, p < 0.001; for DBP: β = 0.062,
95% CI: 0.032~0.091, p < 0.001; for HBP: OR = 1.11, 95% CI: 1.03~1.19, p < 0.05), but not
in boys.
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Table 1. Characteristics of participants involved according to single-child status and by sex (n = 50,691).

Boys Girls

Single
Children

Non-Single
Children

p Value
Single

Children
Non-Single

Children
p Value

Number of children 18,397 (71.7) 7264 (28.3) 15,691 (62.7) 9339 (37.3)

Age, years 10.59 ± 3.2 10.62 ± 3.2 <0.001 *** 10.65 ± 3.27 11.22 ± 3.32 <0.001 ***

Height, cm 146.7 ± 18.3 145.3 ± 18.1 <0.001 *** 144.1 ± 15.5 144.9 ± 15.1 <0.001 ***

Weight, kg 42.7 ± 17.3 40.4 ± 15.7 <0.001 *** 39.2 ± 14.1 39.7 ± 13.5 <0.001 ***

BMI z score 0.48 ± 1.4 0.25 ± 1.3 <0.001 *** 0.07 ± 1.2 −0.04 ± 1.1 <0.001 ***

SBP z score 0.07 ± 1.0 0.11 ± 1.0 0.002 ** −0.10 ± 1.0 0.05 ± 1.0 <0.001 ***

DBP z score 0.04 ± 1.0 0.09 ± 1.0 <0.001 *** −0.11 ± 1.0 0.01 ± 1.0 <0.001 ***

HBP 5647 (30.7) 2237 (30.8) 0.887 3247 (20.7) 2223 (23.8) <0.001 ***

Breastfeeding 15,138 (83.5) 6273 (87.7) <0.001 *** 12,878 (82.9) 8187 (89.1) <0.001 ***

Birth weight, g 3359.9 ± 497.8 3406.7 ± 533.1 <0.001 *** 3273.7 ± 472.8 3306.3 ± 499.8 <0.001 ***

Caesarean section 8814 (48.6) 2104 (29.5) <0.001 *** 7410 (47.8) 2416 (26.4) <0.001 ***

Gestational age, week 39.7 ± 1.2 39.9 ± 1.1 <0.001 *** 39.8 ± 1.21 39.9 ± 1.06 <0.001 ***

Meat consumption
per week <0.001 *** <0.001 ***

0~1 day(s) 1127 (6.4) 630 (9.0) 1105 (7.3) 1019 (11.3)

2~3 days 3164 (17.9) 1608 (23.1) 3151 (20.9) 2648 (29.4)

4~5 days 3013 (17.1) 1340 (19.2) 2692 (17.8) 1749 (19.4)

6~7 days 10,358 (58.6) 3387 (48.6) 8157 (54.0) 3598 (39.9)

Fruits consumption
per week <0.001 *** <0.001 ***

0~1 days 1362 (7.7) 633 (9.1) 703 (4.7) 532 (5.9)

2~3 days 3674 (20.8) 1753 (25.3) 2612 (17.3) 1927 (21.4)

4~5 days 4232 (24.0) 1830 (26.4) 3658 (24.2) 2417 (26.9)

6~7 days 8373 (47.5) 2725 (39.3) 8119 (53.8) 4124 (45.8)

Vegetable consumption
per week <0.001 *** <0.001 ***

0~1 day(s) 775 (4.4) 360 (5.2) 563 (3.7) 391 (4.3)

2~3 days 1408 (8.0) 648 (9.3) 1029 (6.8) 857 (9.5)

4~5 days 1989 (11.3) 938 (13.5) 1522 (10.1) 1132 (12.6)

6~7 days 13,496 (76.4) 5021 (72.1) 11,990 (79.4) 6632 (73.6)

Beverage consumption
per week 0.502 0.071

0 day 5237 (29.8) 2035 (29.3) 5477 (36.4) 3148 (35.0)

1~2 days 7796 (44.4) 3137 (45.2) 6724 (22.8) 4111 (45.7)

3 days and more 4530 (25.8) 1766 (25.5) 2835 (18.9) 1745 (19.4)

Physical activity 0.051 <0.001 ***

Low intensity 2533 (15.9) 932 (15.2) 2457 (18.0) 1477 (18.6)

Median intensity 4970 (31.1) 1847 (30.0) 5354 (39.1) 2874 (36.2)

High intensity 8454 (53.0) 3369 (54.8) 5870 (42.9) 3580 (45.1)
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Table 1. Cont.

Boys Girls

Single
Children

Non-Single
Children

p Value
Single

Children
Non-Single

Children
p Value

Sedentary behavior, h 5.54 ± 3.6 5.25 ± 3.7 <0.001 *** 5.90 ± 3.7 5.64 ± 3.7 <0.001 ***

Sleeping duration 0.020 * <0.001 ***

Adequate sleep 5908 (35.6) 2391 (36.7) 4931 (34.2) 3006 (35.2)

Insufficient sleep 10,275 (61.9) 3938 (60.4) 9264 (64.2) 5324 (62.4)

Hypersomnia 403 (2.4) 191 (2.9) 242 (1.7) 203 (2.4)

Having a family history
of hypertension 1157 (6.6) 495 (7.2) 0.091 1063 (7.0) 662 (7.4) 0.278

Parental highest
education degree <0.001 *** <0.001 ***

Illiteracy or
elementary school 342 (1.9) 496 (7.1) 246 (1.6) 573 (6.2)

Junior high school 4639 (26.0) 3542 (51.0) 3108 (20.4) 4662 (51.9)

Senior high school 5248 (29.4) 1928 (27.8) 4454 (29.2) 2466 (27.4)

Technical
secondary school/

Junior college
3596 (20.1) 586 (8.4) 3492 (22.9) 771 (8.6)

Undergraduate or above 4033 (22.6) 394 (5.7) 3930 (25.8) 516 (5.7)

Note: Continuous variables were expressed by mean values ± standard deviations, and categorical variables were
expressed by frequency value (percentages, %). BMI, body mass index; HBP, high blood pressure; SBP, systolic
blood pressure; DBP, diastolic blood pressure. * p < 0.05, ** p < 0.01, *** p < 0.001.

Table 2. Associations between single-child status and childhood BP.

Model 1 Model 2

β/OR (95% CI) p Value β/OR (95% CI) p Value

SBP z score

Total

Single children 0 (ref) 0 (ref)

Non-single children 0.123
(0.084~0.121) <0.001 *** 0.037

(0.016~0.058) <0.001 ***

Boys

Single children 0 (ref) 0 (ref)

Non-single children 0.043
(0.016~0.070) 0.002 ** 0.005

(−0.025~0.035) 0.735

Girls

Single children 0 (ref) 0 (ref)

Non-single children 0.161
(0.135~0.186) <0.001 *** 0.073

(0.043~0.102) <0.001 ***

DBP z score

Total

Single children 0 (ref) 0 (ref)

Non-single children 0.095
(0.076~0.113) <0.001 *** 0.035

(0.014~0.056) 0.001 **
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Table 2. Cont.

Model 1 Model 2

β/OR (95% CI) p Value β/OR (95% CI) p Value

Boys

Single children 0 (ref) 0 (ref)

Non-single children 0.055
(0.029~0.082) <0.001 *** 0.013

(−0.017~0.043) 0.404

Girls

Single children 0 (ref) 0 (ref)

Non-single children 0.137
(0.111~0.163) <0.001 *** 0.062

(0.032~0.091) <0.001 ***

HBP

Total

Single children 1 (ref) 1 (ref)

Non-single children 1.08 (1.03~1.12) 0.001 ** 1.00 (0.95~1.05) 0.884

Boys

Single children 1 (ref) 1 (ref)

Non-single children 1.00 (0.94~1.06) 0.956 1.00 (0.93~1.07) 0.991

Girls

Single children 1 (ref) 1 (ref)

Non-single children 1.20 (1.13~1.27) <0.001 *** 1.11 (1.03~1.19) 0.008 **
Model 1 adjusted for age and sex if the variable was not the grouping variable. Model 2 adjusted for age, birth
weight, gestational age, breastfeeding, delivery mode, family history of hypertension, parental highest education
degree, BMI z score if the variable was not the grouping variable. BP, blood pressure; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HBP, high blood pressure. ** p < 0.01, *** p < 0.001.

Mediation analysis was conducted to identify the mediation effects of lifestyle be-
haviors on the relationship between single-child status and BP level. In girls (Table 3),
frequency of meat consumption mediated about one-third of the association between
single-child status and SBP z score (mediation effect = 0.017, 95% CI: 0.013~0.021, p < 0.001,
mediation ratio = 30.31%) and DBP z score (mediation effect = 0.016, 95% CI: 0.012~0.020,
p < 0.001, mediation ratio = 31.40%). The corresponding mediation effect for sedentary
behavior was 0.002 (p < 0.01) with the mediation proportion of 4.02% for SBP and 4.18%
for DBP. When HBP was the outcome variable, the mediation proportions of consuming
meat and sedentary behavior were 46.98% and 11.87%, with a mediation effect of 0.022
(95% CI: 0.015~0.028, p < 0.001) and 0.004 (95%CI: 0.001~0.007, p < 0.01), respectively. Simi-
lar patterns were also found in boys, especially the mediation effect of consuming meat
(Supplementary Material Table S3).

When interaction terms of single-child status and different lifestyle behaviors were
analyzed, a significant interaction effect of sleeping duration and single-child status was
observed (p values < 0.05) (for girls: Supplementary Materials Tables S1 and S2; for boys:
Supplementary Materials Tables S4 and S5). Among various sleeping duration groups
(Table 4), non-single girls of insufficient sleep had higher BP z scores (for SBP: β = 0.110,
95% CI: 0.072~0.151, p < 0.001; for DBP: β = 0.098, 95% CI: 0.058~0.137, p < 0.001) than their
single peers, with the risk of HBP raised by 15% (OR = 1.15, 95%CI: 1.04~1.27, p < 0.05).
Similar patterns were also observed in children with hypersomnia, in which SBP z scores
and risk of HBP in non-single girls increased by 0.220 (95%CI: 0.019~0.420, p < 0.05) and
88% (OR = 1.88, 95% CI: 1.08~3.32, p < 0.05), respectively. However, in girls with adequate
sleep, the BP levels were similar regardless of single-child status. The above analyses
were repeated in boys, and similar patterns were observed, although the associations were
mostly not statistically significant.
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Table 4. Associations between single-child status with childhood BP stratified by sex and
sleeping duration.

Sleeping Duration
SBP z Score DBP z Score HBP

β (95% CI) p Value β (95% CI) p Value OR (95% CI) p Value

Girls

Adequate sleep

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children −0.007
(−0.060~0.046) 0.794 −0.003

(−0.057~0.052) 0.927 0.99 (0.86~1.13) 0.860

Insufficient sleep

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children 0.110
(0.072~0.151) <0.001 *** 0.098

(0.058~0.137) <0.001 *** 1.15 (1.04~1.27) 0.006 **

Hypersomnia

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children 0.220
(0.019~0.420) 0.032 * 0.149

(−0.071~0.369) 0.184 1.88 (1.08~3.32) 0.026 *

Boys

Adequate sleep

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children −0.025
(−0.078~0.028) 0.351 −0.049

(−0.103~0.005) 0.074 0.88 (0.78~1.00) 0.058

Insufficient sleep

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children 0.020
(−0.021~0.061) 0.336 0.056

(0.015~0.098) 0.008 ** 1.06 (0.96~1.17) 0.236

Hypersomnia

Single children 0 (ref) 0 (ref) 1 (ref)

Non-single children 0.031
(−0.163~0.225) 0.755 −0.070

(−0.278~0.137) 0.505 1.12 (0.70~1.76) 0.639

Adjusted for age, birth weight, gestational age, breastfeeding, delivery mode, family history of hypertension,
parental highest education degree, BMI z score. BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic
blood pressure; HBP, high blood pressure. * p < 0.05, ** p < 0.01, *** p < 0.001.

4. Discussion

In the present study, non-single girls were positively associated with HBP in those
with insufficient sleeping duration or hypersomnia, but not in those with adequate sleep.
These associations were independent of BMI. Furthermore, lifestyle behaviors, such as meat
consumption and sedentary behavior, mediated 34.3%~58.9% of the association between
single-child status and BP levels. These findings suggested that adherence to a healthy
lifestyle could relieve the adverse impact on BP in non-single children.

Our findings are contrary to some previous research. Kelishadi and colleagues [20]
found that single Iranian children had an increased risk of SBP (OR = 1.58; 95% CI: 1.17~2.14).
Considering that single children were all firstborns, studies [21,22] found that firstborns
had higher blood pressure compared with later-born children. However, these studies did
not take child BMI into account. It has been established that single children were associated
with higher risk of obesity [23–25], which was also supported by our study. Besides, BMI
was also strongly associated with HBP [26,27]. In the present study, BMI was identified as
a confounder, rather than a mediator, in the associations between single-child status and BP,
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because BMI did not show its mediation effect in the mediation analysis. After controlling
for BMI, we concluded that non-single children had a greater risk of HBP than single peers.
In previous studies, results of elevated BP levels in single children also disappeared after
adjusting for BMI [20] and weight status [22].

In this study, lifestyle behaviors were investigated, with meat consumption and seden-
tary behavior identified as mediators. Multiple studies have shed light on dietary behaviors
(such as meat consumption and eating outside) and sedentary time as the mechanism un-
derlying the association between single-child status and their health outcomes [9,20,28,29].
A systematic literature review [30] showed that peers or siblings often had a negative
influence on children’s healthy eating behavior; for example, children may increase con-
sumption of energy-dense foods such as meat because their siblings may tease them about
eating fruits and vegetables [31]. Meanwhile, studies have showed that higher meat con-
sumption is related to greater risk of HBP [32,33]. For example, a cohort study [34] found
that participants who consumed ≥5 servings of red meat had a 17% higher rate of hyper-
tension compared with those who consumed <1 serving/wk. Although these results could
support our findings, the mechanism remains highly speculative, and more studies are
needed to provide further evidence.

Our study additionally found that the adverse effect related to single-child status could
be modified by improving lifestyle behaviors, such as sufficient sleep. Quist and colleagues
reviewed [35] the effect of sleeping on childhood health outcomes and concluded that
inadequate sleep was associated with HBP. Another study conducted [36] on American
children showed that both short and long sleeping duration was associated with an elevated
risk of hypertension, with a stronger association for the short sleeping duration. In our
study, we demonstrated that non-single children with adequate sleep were not related to
a greater HBP risk, while those of both short or long sleeping duration showed a raised
HBP risk. These findings suggested that interventions of a modifiable lifestyle, such as
sleeping, could be helpful in relieving the risk of HBP in non-single children.

Furthermore, we found that the association between single-child status and the risk
of HBP was only statistically significant among girls. Similarly, a study [37] conducted
within the Pelotas 2004 cohort also observed lower SBP and DBP in first-born females, and
another study [38] involving over 1 million Swedish men found no birth order differences
in BP. In our study, the possible explanation for the gender differences among the Chinese
might be partly attributed to the Chinese traditional preference for sons [39]. Chinese boys
may have less discrepancy in lifestyle behaviors with their brothers because they equally
enjoy the family’s attention and resources, which were more than that for girls [40,41]. As a
result, there are limited differences in BP between single and non-single Chinese boys.

Several limitations should be taken into consideration when interpreting the findings.
First, causality is difficult to be inferred from this cross-sectional study. Second, some
factors, such as maternal and paternal BMI and parent–child interaction, were not investi-
gated. In addition, lifestyle behaviors were collected from self-reported questionnaires, and
instrumental measurements are needed to obtain more accurate and objective data, such
as ActiGraph GT3X accelerometers. Furthermore, BP measurements were taken in one
visit for each individual, which may overestimate the prevalence of HBP. Finally, as this
study was conducted in the Chinese population, studies in other countries are warranted
to clarify the generalizability of our findings.

5. Conclusions

To summarize, this study found that non-single children were associated with a greater
risk of HBP than their single-child peers, especially in girls and those with short or pro-
longed sleeping duration. This association was potentially mediated by lifestyle behaviors,
such as meat consumption and sedentary behavior. These findings suggested that keep-
ing a healthy lifestyle could mitigate the disadvantageous impact on BP profile among
non-single children and adolescents. More studies are desired to clarify the mechanisms
underlying the observations that this study presented.
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Abstract: The health effects of diet are long term and persistent. Few cohort studies have investigated
the influence of maternal dietary patterns during different gestational periods on offspring’s health
outcomes. This study investigated the associations between maternal dietary patterns in the mid- and
late-gestation and infant’s neurodevelopment at 1 year of age in the Jiangsu Birth Cohort (JBC) Study.
A total of 1178 mother–child pairs were available for analysis. A semiquantitative food frequency
questionnaire (FFQ) was used to investigate dietary intake at 22–26 and 30–34 gestational weeks
(GWs). Neurodevelopment of children aged 1 year old was assessed using Bayley-III Screening Test.
Principal component analysis (PCA) and Poisson regression were used to extract dietary patterns and
to investigate the association between dietary patterns and infant neurodevelopment. After adjusting
for potential confounders, the maternal ‘Aquatic products, Fresh vegetables and Homonemeae’
pattern in the second trimester was associated with a lower risk of being non-competent in cognitive
and gross motor development, respectively (cognition: aRR = 0.84; 95% CI 0.74–0.94; gross motor:
aRR = 0.80; 95% CI 0.71–0.91), and the similar pattern, ‘Aquatic products and Homonemeae’, in
the third trimester also showed significant association with decreased risk of failing age-appreciate
cognitive and receptive communication development (cognition: aRR = 0.89; 95% CI 0.80–0.98;
receptive communication: aRR = 0.91; 95% CI 0.84–0.99). Notably, adherence to the dietary pattern
with relatively high aquatic and homonemeae products in both trimesters demonstrated remarkable
protective effects on child neurodevelopment with the risk of being non-competent in cognitive
and gross motor development decreasing by 59% (95% CI 0.21–0.79) and 63% (95% CI 0.18–0.77),
respectively. Our findings suggested that adherence to the ‘Aquatic products and Homonemeae’
dietary pattern during pregnancy may have optimal effects on offspring’s neurodevelopment.

Nutrients 2022, 14, 730. https://doi.org/10.3390/nu14040730 https://www.mdpi.com/journal/nutrients
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1. Introduction

Early neurodevelopmental delays have negative impacts on children’s daily life and
school performance, which has become a pressing public health concern [1,2]. Fetal neu-
rodevelopment begins approximately 22 days after conception and develops rapidly in
the second and third trimesters [3]. Existing evidence has demonstrated the prominent
benefits on fetal neurodevelopment from maternal dietary patterns during pregnancy in
a reasonable amount of food and nutrients [4–10]. In contrast, the adverse influences of
an unhealthy diet during pregnancy on the neurodevelopment of offspring remains after
birth and even for long term. For instance, a randomized-controlled trial demonstrated that
the maternal diet of two servings of cod per week during pregnancy might have adverse
effects on infants’ neurodevelopment [11]. A prospective birth cohort study found that
maternal intake of excess folic acid supplements during pregnancy was associated with
adverse psychomotor development in children after the first year of life [12]. The potential
mechanisms include the alteration of epigenetics of fetal genome and the regulation of fetal
brain-derived neurotrophic factor (BDNF) levels by maternal nutrition [13–15].

Indeed, considering the complexity of dietary status during pregnancy, individual
foods and nutrients cannot represent the overall nutritional status. Dietary patterns, proven
to be simple, useful, comprehensive and complementary, have been well-accepted and
increasingly used by nutritionists to assess the overall dietary status [16,17]. Epidemio-
logical data on dietary patterns during pregnancy and neurodevelopment in offspring
after birth are currently sparse. One study conducted within the Avon Longitudinal Study
of Parents and Children (ALSPAC) cohort suggested that children born to mothers who
were prone to the ‘Meat and Potatoes’ pattern and the ‘White bread and Coffee’ pattern
in the third trimester had lower verbal performance and full-scale intelligence quotient
(IQ) at school age as compared to those born to mothers whose dietary pattern was prone
to ‘Fruit and Vegetables’ [18]. Additionally, the Generation R Study suggested that both
low adherence to a Mediterranean diet and high adherence to a Traditionally Dutch diet
during the first trimester were associated with an increased risk of child externalizing
problems [19]. Given the considerable heterogeneity in dietary patterns and habits between
European and Chinese populations, it is of public health significance to assess the effects of
Chinese maternal dietary patterns over gestation on offspring neurodevelopment.

Therefore, in the present study, we aimed to determine the main maternal dietary
patterns across gestation in a prospective birth cohort in Jiangsu, China, and further to
investigate the maternal dietary patterns in relation to infant neurodevelopment at 1 year
of age.

2. Materials and Methods

2.1. Study Population

The present study is a prospective cohort study within the ongoing Jiangsu Birth
Cohort (JBC) Study, which recruits and follows up families receiving assisted reproduction
or conceiving naturally in the Women’s Hospital of Nanjing Medical University and the
Suzhou Affiliated Hospital of Nanjing Medical University to investigate the heterogeneity
of assisted versus natural pregnancies in perinatal outcomes and children health, and to
systematically assess potential influencing factors for child health and wellbeing. Details of
the JBC Study have been published elsewhere [20]. Starting in April 2017, women were
asked to complete the semiquantitative food frequency questionnaire (FFQ) in the first
(10–14 weeks), second (22–26 weeks), and third (30–34 weeks) trimester of gestation. They
were contacted again for children’s follow-up at 42 days, 6 months, and 1 year. The initial
study and subsequent follow-ups of the women and their children were approved by
the Human Research Ethics Committee of Nanjing Medical University. Written informed
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consent was obtained from all participants. The ethical approval code for the project is
NJMUIRB (2017) 002.

By September 2020, a total of 2493 singleton children in the cohort reached 1 year of
age. We excluded children from the present study if (1) their mothers did not complete
two FFQs (one in the second trimester, and one in the third trimester) (n = 440); (2) they
did not complete the Bayley-III Screening Test (n = 462); (3) they completed the Bayley-III
Screening Test aged above 12.5 months (n = 411); (4) their mothers reported daily energy
intake <500 kcal/d or ≥5000 kcal/d (n = 2). Finally, a total of 1178 mother–infant pairs
were included in the analysis. A detailed inclusion and exclusion flow chart was shown in
Figure 1.

Figure 1. Participants flow chart. (Abbreviations: FFQ = food frequency questionnaire; TEI = total
energy intake).

2.2. Dietary Assessment

Dietary intake information was assessed during the second and the third trimester,
using the semiquantitative FFQ. The FFQ was administered by well-trained interviewers
with food models and food maps [21] when women received face-to-face follow-ups. In the
FFQ, the frequency and amounts of 25 food items were recorded. The validity of the FFQ
have been reported in Table S1. The daily nutrient intake was calculated by multiplying
the daily frequency of consumption, the amount per serving, and the nutrient per gram,
which were obtained through the Chinese Food Composition Table [22]. Additionally, the
dietary data used in this paper were converted logarithmically first, and then the residual
method [23] was used for energy correction.
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2.3. Neurodevelopment Evaluation

At the 1-year follow-up, children’s neurodevelopment was assessed by licensed psy-
chologists using the Bayley-III Screening Test, accompanied by their primary caregiver.
The Bayley-III Screening Test is one of the most commonly used screening tools for as-
sessing neurodevelopmental function, for which the effectiveness and reliability has been
proved [24]. The Bayley-III Screening Test consists of five domains: cognition, expressive
communication, receptive communication, fine motor, and gross motor. The children who
received the test were categorized as ‘at risk’, ‘emerging’ or ‘competent’ according to the
cutoff points for specific age [25]. In this study, we classified ‘at risk’ and ‘emerging’ as
‘non-competent’. Additionally, in order to ensure the validity and reliability of the neu-
rodevelopment evaluation, the JBC Study have taken a series of measures. Specifically,
all the psychologists have undergone rigorous training by one appointed developmental
neuropsychologist. After the approval of the guardians, the whole process of assessments
was filmed. All psychologists were not aware of the dietary status of mothers.

2.4. Potential Confounders

All procedures were conducted according to standardized protocols. Maternal and
child socio-demographic and lifestyle characteristics from early pregnancy to 1 year after
birth were obtained via face-to-face or telephone questionnaires and medical records. Mode
of conception (spontaneous pregnancy (SP)/assisted reproductive technology (ARTP)),
maternal age, maternal pre-pregnancy BMI, parity (primipara/multipara), and folic acid
supplements intake (mg/day) were collected at recruitment. We obtained information on
maternal hypertension (chronic or pregnancy-induced hypertension, yes/no), maternal
diabetes (pre-pregnancy or gestational diabetes, yes/no), gestational week at delivery, and
infant sex (male/female) from electronic medical records (EMR). At the 1-year follow-up,
we collected details on the duration of breastfeeding (<6/6–12 months) and child age when
receiving the Bayley assessment.

2.5. Statistical Analysis

Dietary patterns were extracted by principal component analysis (PCA), which turned
a large number of related variables into a small set of unrelated variables and maximized
the explained variance. The foods listed in the food frequency questionnaire were first
grouped into 16 food groups based on the similarity of the nutritional content of food.
The intake of these food groups (g/day) were log transformed and then were adjusted
using the residual method for total energy intake [23]. According to the scree plot and
interpretability, we selected the eigenvalue of >1.3 criterion and determined the number of
components [26]. We named the selected components based on factor loadings above 0.5
(Table S2), and the factor scores for each pattern and for each individual were derived from
the component’s factor loadings for the food groups and the calculated food intake. Finally,
four dietary patterns were extracted during the second and third trimesters, respectively.

After adjusting for potential confounders, Poisson regression analysis was conducted
to investigate the association between different dietary patterns scores and categorical
outcomes of infant’s neurodevelopment. The intraclass correlation coefficient (ICC) and
95% CI were calculated by dietary pattern scores to assess temporal variability of dietary
patterns during pregnancy. Additionally, continuous variables were expressed in terms of
mean and standard deviation, and classified variables were expressed in terms of frequency
(n) and percentage (%). All hypothesis testing was conducted assuming a 0.05 significance
level and a two-sided alternative hypothesis. All statistical analyses were performed using
R software (Version 3.6.1, R Foundation for Statistic Computing, Vienna, Austria. URL
https://www.R-project.org/ (accessed on 30 January 2022)).

160



Nutrients 2022, 14, 730

3. Results

3.1. Basic Characteristics and Neurodevelopmental Assessment

Descriptive characteristics of 1178 mother–infant pairs were presented in Table 1.
In our study population, the mean age of mothers at delivery was 31 years old. One in
five women were overweight or obese before pregnancy, and approximately 30% of them
were complicated with chronic diabetes or gestational diabetes during gestation. Given
that the cohort was originally designed to investigate the heterogeneity of assisted versus
natural pregnancies in perinatal outcomes and child health, we had forty percent mothers
conceived after assisted reproduction (n = 471) included in the study. Less than 1% of
women smoked or drank during pregnancy. With regard to the infants included, 3.8%
(n = 45) were born preterm and 2.3% (n = 27) had a low birth weight under 2500 g. The
prevalence of non-competent neurodevelopment among 1178 infants ranged from 4.1%
(fine motor) to 17.5% (receptive language). Additionally, we compared the characteristics
of mothers who completed the FFQ in both the second and the third trimesters with those
mothers who did not complete the FFQs as requested. As shown in Table S3, women
who did not complete the FFQs were more likely to be those who conceived after ART,
and delivered preterm and LBW babies. No differences were observed in maternal age,
pre-pregnancy BMI, parity and prevalence of diabetes or hypertension during pregnancy.

Table 1. Descriptive characteristics of baseline demographic and lifestyle factors of 1178 mother–
infant pairs *.

Overall

Maternal age at delivery (years) 31.01 (3.92)
Maternal pre-pregnancy BMI (kg/m2) 21.68 (2.98)

<18.5 127 (10.8)
18.5–23.9 807 (68.5)
24–27.9 189 (16.0)
≥28 46 (3.9)

Diabetes a 339 (28.8)
Hypertension b 60 (5.1)
Mode of conception

SP 707 (60.0)
ARTP 471 (40.0)

Primipara 915 (77.7)
Tobacco use during pregnancy 1 (0.1)
Alcohol intake during pregnancy 5 (0.4)
Preterm birth 45 (3.8)
Infant sex

Male 612 (52.0)
Female 566 (48.0)

LBW (<2500 g) c 27 (2.3)
Duration of breastfeeding, months

<6 406 (34.5)
6–12 754 (64.0)

Bayley-III screening test scale
Non-competent in cognition 142 (12.1)
Non-competent in receptive communication 206 (17.5)
Non-competent in expressive communication 62 (5.3)
Non-competent in fine motor skills 48 (4.1)
Non-competent in gross motor skills 131 (11.1)

* Data are presented as mean (SD) or n (%). Abbreviations: BMI = body mass index; SP = spontaneous pregnancy;
ARTP = assisted reproductive technology pregnancy. a Diabetes includes chronic and gestational diabetes.
b Hypertension includes chronic, gestational and pre-eclampsia. c Low birth weight.

3.2. Maternal Dietary Patterns across Gestation

In the second and the third trimester, four dietary patterns were extracted, respec-
tively. The ‘Aquatic products and Homonemeae’ and ‘Nut’ patterns were observed in both
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trimesters. The ‘Aquatic products and Homonemeae’ pattern, which was characterized
by high consumption of high dietary fiber and high-quality protein, explained 9.7% and
10.0% of the variation in the dietary data in the second and third trimesters, respectively.
The ‘Nut’ pattern, mainly associated with consumption of nut, explained 8.6% and 8.7%
of the variation in the second and third trimesters, respectively. In addition, the ‘Haslet,
Beans, Shells and Molluscs’ pattern and ‘Sweets’ pattern were determined in the second
trimester, and ‘Pome, Berry and Melon fruits’ pattern and ‘Citrus’ pattern were observed in
the third trimester, which reflected the variation in the dietary pattern in the mid and late
gestation. Detailed factor loadings for the food groups with different dietary patterns were
shown in Table S2. In the evaluation of temporal variability of dietary across pregnancy, the
‘Aquatic products and Homonemeae’ dietary pattern showed high consistency (ICC > 0.40)
from mid- to late gestation in our study population, while the ‘Nut’ pattern fluctuated
significantly (Table S4).

3.3. Maternal Dietary Patterns and Neurodevelopment in Infants

Among the 1178 infants, the multivariable associations of maternal dietary patterns
in the second and the third trimester with the risk of nonoptimal neurodevelopment in
infants were presented in Figure 2 and Table S5. A higher adherence score of ‘Aquatic
products, Fresh vegetables and Homonemeae’ food consumption in the second trimester
was significantly associated with decreased risk in infants being non-competent in cognitive
development (aRR = 0.84; 95% CI 0.75–0.93) and in gross motor development (aRR = 0.82;
95% CI 0.73–0.91) after adjusting for conventional covariates including mode of conception,
maternal age, maternal pre-pregnancy BMI, parity, gestational week at delivery, hyperten-
sion or diabetes during pregnancy, infant sex, and duration of breastfeeding (Model 1).
After the further adjustments for folic acid supplementation and the scores for the rest
dietary patterns (Model 2), the associations remained steady. Notably, similar maternal
dietary pattern, ‘Aquatic products and Homonemeae’ pattern in the third trimester, also
demonstrated optimal effects on infant’s neurodevelopment with higher adherence score be-
ing associated with lower risk of nonoptimal cognitive development (Model 2: aRR = 0.89;
95% CI 0.80–0.98) and receptive communication development (Model 2: aRR = 0.91; 95% CI
0.84–0.99). In addition, the adherence score of the ‘Nut’ pattern in the second trimester was
observed associated with decreased risk of infants being non-competent in expressive com-
munication (Model 2: aRR = 0.79; 95% CI 0.66–0.94), while the association diminished in
the third trimester. We did not observe the rest dietary patterns in mid- and later gestation
associated with infant’s neurodevelopment in any of the five domains.

3.4. Adherence to ‘Aquatic Products and Homonemeae’ Pattern and Infant Neurodevelopment

To assess the adherence to the ‘Aquatic products and Homonemeae’ pattern from
mid- to late pregnancy in relation to neurodevelopment in infants, we categorized par-
ticipants into tertiles according to their scores of dietary patterns in each trimester. As
compared to the infants whose mothers at the lowest tertile of ‘Aquatic products and
Homonemeae’ pattern in both trimesters, those whose mothers at the highest tertile in both
trimesters demonstrated 59% (Model 2: aRR = 0.41; 95% CI 0.21–0.79; p = 0.008) and 63%
(Model 2: aRR = 0.37; 95% CI 0.18–0.77; p = 0.008) decreased risk of being non-competent in
cognitive and gross motor development after adjusting for potential confounders, respec-
tively (Table 2).
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(a) 

 

(b) 

Figure 2. Adjusted associations of dietary patterns in the second and third trimesters with categor-
ical outcomes of neurodevelopment in infants, respectively. Analyses were adjusted for mode of
conception, maternal age, maternal pre-pregnancy body mass index (BMI), parity, hypertension,
diabetes, gestational week at delivery, infant sex, duration of breastfeeding, principal component
score of maternal dietary intake, folic acid supplements. * p < 0.05, ** p < 0.001. (a), Second trimester;
(b), Third trimester. Abbreviations: RR = Risk ratio; 95% CI = 95% confidence intervals.

Table 2. Multivariable associations of adherence to the ‘Aquatic products and Homonemeae’ pattern
in the second and third trimesters and categorical outcomes of neurodevelopment in infants.

Cognition
Receptive

Communication
Expressive

Communication
Fine Motor Gross Motor

RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p

Model 1
Lowest tertile in
both trimesters n = 196 Ref Ref Ref Ref Ref
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Table 2. Cont.

Cognition
Receptive

Communication
Expressive

Communication
Fine Motor Gross Motor

RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p RR
(95% CI)

p

Highest tertile in
both trimesters n = 180 0.40

(0.21, 0.78) 0.007 0.75
(0.47, 1.20) 0.232 0.84

(0.37, 1.93) 0.682 0.45
(0.16, 1.31) 0.142 0.37

(0.18, 0.76) 0.007

Model 2
Lowest tertile in
both trimesters n = 196 Ref Ref Ref Ref Ref

Highest tertile in
both trimesters n = 180 0.41

(0.21, 0.79) 0.008 0.77
(0.48, 1.23) 0.266 0.86

(0.38, 1.98) 0.724 0.46
(0.16, 1.33) 0.150 0.37

(0.18, 0.77) 0.008

Model 1: adjusted for mode of conception, maternal age, maternal pre-pregnancy BMI, parity, hypertension,
diabetes, gestational week at delivery, infant sex, duration of breastfeeding. Model 2: adjusted for mode of
conception, maternal age, maternal pre-pregnancy BMI, parity, hypertension, diabetes, gestational week at
delivery, infant sex, duration of breastfeeding, folic acid supplements. Statistically significant differences are
highlighted in bold. Abbreviations: Ref = Reference group, which is the group of mothers with the lowest tertile
of dietary pattern scores in both trimesters.

4. Discussion

It is well known that children’s neurodevelopment is affected by various factors such
as mother’s lifestyle [27], environmental pollution [28], food contamination with chemical
compounds [29], and pregnancy leisure physical activity [30]. Notably, maternal dietary
intake has been extensively studied due to its greater controllability. This prospective
birth cohort study conducted in Jiangsu province, China, investigated maternal dietary
patterns across mid- to late gestation in relation to infant neurodevelopment. Our results
demonstrated that the maternal dietary pattern of ‘Aquatic products and Homonemeae’ in
the second and the third trimester was associated with a lower risk of being non-competent
in cognitive development in infants at 1 year of age. Particularly, adherence to this pattern in
both trimesters reduced the risk by 59% and 63% for nonoptimal development in cognition
and gross motor skills, respectively.

The use of dietary patterns to consider the interactions of various foods and nutrients
simultaneously is becoming increasingly common. Western dietary patterns, such as the
‘DASH dietary pattern’ and the ‘Mediterranean-type diet’, have been linked to lower risk
of maternal and infant diseases [31,32], while the ‘Western dietary pattern’ can increase
the risk of adverse health outcomes [33]. The Chinese dietary patterns extracted by a
data-driven method reflected the local food consumption habits well. The Guangzhou
Cohort Study demonstrated that a maternal diet with lots of milk and few vegetables
during pregnancy may be associated with an increased risk of preterm delivery [34]. While
no previous study has examined the relation between maternal dietary patterns in China
during pregnancy and subsequent children neuropsychological function.

The neuroprotective effects of the ‘Aquatic, Fresh vegetables and Homonemeae’ pat-
tern may result from the biological properties of the nutrients contained. Aquatic products
are good sources of high-quality protein, omega-3 (ω-3) fatty acids and minerals such as
iodine. Previous studies have demonstrated that omega-3 polyunsaturated fatty acid (ω-3
PUFA) may play key roles in neural development. The ALSPAC cohort study reported
that the encouragement of maternal seafood consumption during the third trimester may
benefit the neurodevelopment of children aged 6 months to 8 years [35]. In addition, several
meta-analyses showed that children with attention deficit hyperactivity disorder (ADHD)
have lower blood levels of ω-3 PUFA [36,37], and two observational studies suggested
that higher dietary intake of fish or ω-3 PUFA can reduce the risk of psychosis [37,38].
Existing animal experiments showed that a diet rich in omega-3 reduced inflammation
in the hypothalamus in rats [39]. In addition, maternal iodine has been associated with
children neurodevelopment. For instance, the Southampton Women cohort reported that
maternal urinary iodine concentration was positively correlated with cognitive function in
children aged 6–7 years [40]. It has been demonstrated that iodine deficiency in mothers
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leads to insufficient thyroid hormone production, which further affects neuronal prolifera-
tion and migration in the cortex and hippocampus of their offspring [41,42]. In an animal
experiment, maternal mild iodine deficiency promoted developmental hypothyroxinaemia,
which further led to highly retarding the ability of offspring’s hippocampal axonal growth
in rats [43]. Homonemeae, with well-balanced essential amino acids and rich iodine [44],
has been known for its neuroprotective effects. Furthermore, evidence from cell exper-
iments suggested that dimethylsulfoniopropionate (DMSP) produced by homonemeae
could strengthen antioxidant defense in mammalian nerve cells [45]. In addition, fresh
vegetables are rich in folate, vitamin C, beta carotene (provitamin A), and other nutrients.
More fresh vegetables in a mother’s diet have been suggested in relation to better neural
development in offspring [18,46]. Given the difficulty of collecting dietary data repeatedly,
the combined effects of maternal dietary over gestation are less studied in prior studies. A
notable finding of the present study is the remarkable protective effects we observed of
adherence to the ‘Aquatic products, Fresh vegetables and Homonemeae’ dietary pattern
on child neurodevelopment, which indicates the cumulative effect of dietary nutrients on
neural development.

The advantages of this study should be elaborated. First, the use of dietary patterns
captured the overall quality of the diet and were good proxy for dietary status over time [47].
In addition, abundant data on maternal and child characteristics were collected from a
prospective and longitudinal cohort study to control potential confounding factors. Finally,
a range of approaches were adopted to guarantee the validity and reliability of outcome
measures. The study also has some limitations. First, recall bias may be caused by FFQ
because it requires participants to recall their food intake over a period of time. However,
we compared the estimated daily intake using FFQ with the mean of 3-day 24 h dietary
recall (24HR) and proved that FFQ had comparable validity in a pre-survey. Second,
residual confounding may occur due to other unmeasured confounding factors. In our
analysis, factors related to fetal neurodevelopment such as maternal folic acid supplements
and other dietary patterns, were considered as much as possible. Third, though with
available maternal dietary data, we did not determine and assess the dietary pattern in the
first trimester. A large number of women experience nausea and vomiting in their early
pregnancy and thus the dietary pattern might not be well correlated to actual food and
nutrient consumption.

5. Conclusions

In the prospective and longitudinal birth cohort study, our results suggested the cu-
mulative effects of maternal diet on infant neurodevelopment. These findings highlighted
the optimal effects of adherence to the ‘Aquatic products and Homonemeae’ dietary pat-
tern during pregnancy and might provide add-on evidence to nutrition counseling for
pregnant women.
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Abstract: We aimed to identify multiple nutritional health problems and the relevant factors among
children and adolescents aged 7–17 years. This study was part of the China Nutrition and Health
Surveillance of Children and Lactating Mothers in 2016–2017, conducted in Jiangsu Province in
eastern China. After sampling, 3025 school-age children and adolescents were enrolled into this study.
Demographic information collections and anthropometric measurements were conducted by trained
local Center for Disease Control and Prevention (CDC) staff. Venous blood in the amount of 6 mL
was drawn from each participant in the morning and used for testing biochemical and nutritional
indicators. Multivariate logistic regression analysis and Poisson regression analysis were used for
overnutrition- and undernutrition-related disorders to test relevant personal, parental, and household
factors. The prevalence of wasting, overweight, and obesity was 5.5%, 14.8%, and 12.7%, respectively.
Metabolic syndrome (MetS) was prevalent among 5.1% of participants. Among the study participants,
29.5% had hyperuricemia. The overall prevalence of high low-density lipoprotein (LDL) and high
total cholesterol (TC) of all participants was 4.8% and 7.4%, respectively. 0.9% of the participants
had vitamin A deficiency (VAD) and 14.6% had marginal vitamin A deficiency; 25.1% had vitamin
D deficiency (VDD) and 54.5% had inadequate vitamin D levels. Anemia was present in 4.0% of all
participants. The prevalence of zinc deficiency was 4.8%. Demographic characteristics, behavioral
characteristics, parents’ characteristics, and family characteristics were associated with these multiple
malnutrition disorders. The double burdens of malnutrition, which includes overnutrition- and
undernutrition-related diseases, were prevalent among the school-age children and adolescents in
Jiangsu Province in eastern China. There were various factors related to different nutritional problems.
Thus, health education focusing on behavior intervention and nutrition education are necessary in
containing nutritional problems among children.

Keywords: nutritional status; children and adolescents; malnutrition; overnutrition

1. Introduction

Nutrition is essential for children’s neurodevelopment and reproductive develop-
ment and is associated with linear growth [1]. Improving children’s nutrition is urgently
needed for global development and for reducing the burden of noncommunicable diseases
(NCDs) [2]. Nutritional conditions in the early stages of life may have both short-term and
longer lasting effects, including an increased risk of NCDs and other chronic diseases [3].
Cardiovascular diseases, which are the most common causes of mortality among adults
worldwide, are rooted in childhood, underlying the urgency of identifying and intervening
with at-risk children [4,5].
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Further, approximately one-half of all childhood deaths globally are caused directly
or indirectly by malnutrition [6]. Various malnutrition diseases, including undernutrition-
and overnutrition-related disorders, are highly prevalent among children and adolescents
in many countries [7,8]. For example, vitamin A deficiency (VAD) remains a public health
problem in China, where the prevalence of VAD in children was 5.16% in 2015 [9]. A high
prevalence of vitamin D deficiency (VDD) has also been reported in infants, children, and
adolescents from diverse countries around the world [10]. The overall prevalence of anemia
was 8.8% among children in Hunan Province in China [11] and 17.49% among school-age
children in Latin America and the Caribbean [12]. Zinc is an essential trace element for
growth and development in children, but zinc deficiency is a serious nutritional problem in
China. In 2012, the China Nutrition and Health Survey showed a 6.8% prevalence of zinc
deficiency in 3407 school-age children [13].

In addition to undernutrition, overnutrition is a serious problem. The results of five
consecutive national surveys from 1995 to 2004, as part of the Chinese National Survey on
Students’ Constitution and Health, showed that the main growth problems had changed
from undernutrition to overnutrition in the past 20 years [14]. The nutrition issues of
children and adolescents have become more important in view of the global epidemic of
obesity, metabolic syndrome (MetS), and other metabolic risk factors. Worldwide, more
than 100 million children are obese [15].

One predictor of future health risk is Metabolic syndrome (MetS), a cluster of cardio-
vascular risk factors that include abdominal obesity, which is mainly measured by high
waist circumference (WC), hypertension, high fasting triglycerides (TG), low high-density
lipoprotein (HDL) cholesterol, and high fasting blood glucose (FBG) [16]. The recent preva-
lence of MetS in American children and adolescents was 9.83%, according to the results of
National Health and Nutrition Examination Survey (NHANES) [17]. Data from the China
Health and Nutrition Surveys (CHNS) showed that the prevalence of MetS in Chinese
children and adolescents aged 7–18 years was 3.37% [18]. Meanwhile, recent evidence
suggests that hyperuricemia is at a high level in children and adolescents in both China
and America, with the prevalence ranging from 10.1% to 26.02% [19–21].

With sustained economic development, the living standards of Chinese residents, and
especially residents of Jiangsu Province, which is a relatively developed area in the country,
have continuously improved. However, China still faces many nutritional problems, such
as the coexistence of undernutrition- and overnutrition-related disorders among children
and adolescents and the lack of clarity regarding the sociodemographic factors that are
related to these nutritional problems. Sociodemographic differences play important roles
in nutrition status, especially among children and adolescents [22–24]. To date, there
have been few studies conducted in Jiangsu Province to describe comprehensively the
nutritional status of school-age children and adolescents. Thus, this study aimed to identify
the multiple nutritional health problems among children and adolescents aged 7–17 years
in Jiangsu Province in China, and the relevant factors contributing to those problems, based
on provincial representative data.

2. Materials and Methods

2.1. Study Participants

This study was part of the China Nutrition and Health Surveillance of Children and
Lactating Mothers in 2016–2017. We selected school-age children and adolescents from
12 survey sites, including urban and rural areas in Jiangsu Province in eastern China. The
representative provincial samples for accessing the nutritional and health status of school-
aged participants were randomly selected by multistage stratified cluster random sampling
methods. The study design and sampling methods were described by Dongmei Yu et al. in
an article introducing the China Nutrition and Health Survey from 1982–2017 [25].

In the first stage of the study, 12 survey sites were randomly picked from the whole
province, including two survey sites in large cities, eight sites in medium cities, and two
sites in generally rural counties. In the second stage, two townships/subdistricts were
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randomly picked from each survey site. In the third stage, two communities or villages
of township/subdistricts were randomly selected. In the last stage, 70 school-age chil-
dren and adolescents were randomly picked from the selected communities or villages.
There were at least 280 children aged 7–17 years, with equal numbers of males and fe-
males, selected in each of the survey sites. Replacements were allowed only from the
same village/neighborhood and similar households as those of the original participants.
The replacement rate had to be less than 35%. After sampling, 3360 school-aged chil-
dren and adolescents were enrolled into the study. In the final analysis, 3025 participants
were included, after excluding participants who were unable to provide key informa-
tion, such as sociodemographic characteristics, lab-testing information, or anthropometric
results (n = 335).

2.2. Ethics Approval and Consent to Participate

This study was performed according to the Declaration of Helsinki and approved by
the ethical committee of the China Center for Disease Control and Prevention (the China
CDC); the corresponding ethical approval number was 201614. All of the participants
agreed to take part in this study and signed the required informed consent form.

2.3. Data Collection and Measurements

Interviews were based on household and individually structured questionaries pro-
vided by the China CDC project group, to collect demographic information and additional
information concerning physical activities, screen time, parents, household sizes, and other
details. Interviews were conducted by a strictly trained investigator in a face-to-face manner.

Screen time refers to the time using an electronic screen every day. A low level of
screen time was defined as <2 h and a high level was defined as ≥2 h. The assessment
of physical activities was based on reaching a level of coarsened breathing or a heart rate
rise for more than 30 min. An exercise level of 0–3 days per week was defined as a low
physical activity level; an exercise level for more than 4 days per week was defined as a
high physical activity level.

Anthropometric measurements including height, weight, WC, and blood pressure
were conducted by trained local CDC staff. All equipment used in the measurements
were selected according to the guidance of the national project group. Height and weight
were measured without shoes or coats. A stadiometer (TZG, Nantong, China) was used
for height measurement, with an accuracy to 0.1 cm. The equipment used for weight
measurement was an electric scale (TANITA HD-390, Tokyo, Japan) and the results were
accurate to 0.1 kg. A soft tape was used to measure WC and the participants were measured
in fasting states, at the midpoint between the bottom of the rib cage and the uppermost
border of the iliac crest, following exhalation. An electronic sphygmomanometer (Omron
HBP 1300, Kyoto, Japan) was used for the measurement of blood pressure. Each participant
was measured three times for blood pressure, in 5 min intervals, and the average value
was recorded.

Laboratory sample collection and tests included the collection of participants’ fingertip
blood for testing hemoglobin by a Hemocue 201+ Hemoglobin Analyzer (HemoCue, An-
gelholm, Sweden). In addition, 6 mL of fasting venous blood was drawn from participants
in the morning and used for testing biochemical and nutritional indicators. Blood glucose,
lipids, uric acid, serum vitamin A, vitamin D, and zinc, etc., were detected according to the
standard methods provided by the China CDC project group.

2.4. Diagnostic Criteria and Definitions

The Chinese “screening standard for malnutrition of school-age children and adoles-
cents” was applied to screen wasting among children by age-specific values [26].

The Chinese “screening for overweight and obesity among school-age children and
adolescents” was used to identify overweight and obesity by age-specific values [27].
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MetS was diagnosed according to the modified criteria of the National Cholesterol
Education Program-Adult Treatment Panel III (NCEP-ATP III) for children and adoles-
cents aged 7–17 years [28]. When participants had more than three of the following five
components, they were diagnosed as MetS:

(1) Abdominal obesity, where WC ≥ age- and gender-specific 90th percentile [29];
(2) Elevated triglyceride (TG), where TG ≥ 1.24 mmol/L;
(3) Low high-density lipoprotein (HDL), where HDL ≤ 1.03 mmol/L;
(4) Elevated blood pressure, where systolic blood pressure (SBP) or diastolic blood pres-

sure (DBP) ≥ 90th percentile for gender, age, and height [30];
(5) Elevated fasting blood glucose (FBG), where glucose ≥ 6.1 mmol/L.

The following diagnostic criteria and definitions were applied in this study:
Elevated total cholesterol (TC): TC ≥ 5.18 mmol/L [31]; elevated low high-density

lipoprotein (LDL): LDL ≥ 3.36 mmol/L [31];
Hyperuricemia: serum uric acid (SUA) ≥ 357 μmol/L [21];
Vitamin A deficiency (VAD), marginal deficiency in vitamin A (VAMD), and vitamin

A sufficiency were referred to serum retinol levels less than 0.2 μg/mL, 0.2–0.3 μg/mL, and
more than 0.3 μg/mL, respectively [32];

Vitamin D deficiency (VDD), inadequacy of vitamin D (VDI), and vitamin D sufficiency
were defined by serum 25(OH)D levels less than 12 ng/mL, 12–20 ng/mL, and more than
20 ng/mL, respectively [33];

Anemia: for participants aged 5–11 years, hemoglobin < 115 g/L; for participants
aged 12–14 years, hemoglobin < 120 g/L; for male participants aged 15–17 years,
hemoglobin < 130 g/L; for female participants aged 15–17 years, hemoglobin < 120 g/L [34];

Zinc deficiency in children and adolescents was defined as serum zinc concentrations
< 76.5 μg/dL [35].

The number of overnutrition-related disorders included a count of five MetS compo-
nents (abdominal obesity, high TG, low HDL, elevated blood pressure, and elevated FBG)
and hyperuricemia, high LDL, high TC. The number of undernutrition-related disorders
included a count of prevalent vitamin A insufficiency, vitamin D deficiency, anemia, and
zinc deficiency.

2.5. Statistical Analysis

All statistical analysis was conducted on R software (Version 4.1.0, developed by
R Development Core Team, originated from the Statistics Department of the University
of Auckland, Auckland, New Zealand). According to the normality of the continuous
variables, they were displayed as either median (interquartile range, IQR) or average
(standard deviation, SD). Pearson’s chi-square test was used to compare the distribution of
different characteristics and metabolic risk factors between gender groups. Multivariate
logistic regression analysis was applied to find the related factors for multiple nutritional
problems in the research populations.

In order to understand the relevant factors for children’s and adolescents’ nutritional
status, we conducted the multivariate logistic regression analysis by including the follow-
ing potential factors in the analysis: participants’ demographic characteristics, behavioral
characteristics, parents’ characteristics, and family characteristics. Multivariate Poisson
regression analysis was carried out for the overnutrition- and undernutrition-related dis-
orders to test the participants’ personal, parental, and household factors. A two-sided
p < 0.05 was utilized to define statistical significance.

3. Results

3.1. Characteristics of Research Populations

Of the 3025 school-age children and adolescents (7–17 years old) in the study, there
were 50.2% males and 49.8% females; 34.6% of the participants were from urban areas and
65.4% were from rural areas. As displayed in Table 1, the distribution of most characteristics,
such as age, age group, living area, physical activity level, screen time, age of mother, age
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of father, education of mother, and education of father, were not significantly different
between male and female participants (all p > 0.05). There was a remarkable difference
in household size between genders (p = 0.009). When it came to anthropometric indexes,
male participants had higher height, weight, and SBP than female participants (all p < 0.05),
except for DBP, which was not different between males and females (Table 2). There were
noticeable differences in many biochemical indices. Male participants had higher levels of
FBG, serum uric acid, vitamin D, and serum zinc than did females (all p < 0.05). The TG,
TC, LDL, and HDL of female participants were at higher levels than they were males (all
p < 0.05). However, there was no significant difference in vitamin A level between genders
(p = 0.963), as shown in Table 2.

Table 1. Basic characteristics of the research population.

Variables
Males (%) Females (%) All

n = 3025
t or χ2

Values
p Value

n= 1520 n = 1505

Age (years) 11.4 ± 3.0 11.4 ± 3.0 11.4 ± 3.0 0.074 0.941
Age group 0.089 0.765
7–12 years 990 (65.1) 988 (65.6) 1978 (65.4)
13–17 years 530 (34.9) 517 (34.4) 1047 (34.6)
Living area 0.001 0.982

Urban 1272 (83.7) 1259 (83.7) 2531 (83.7)
Rural 248 (16.3) 246 (16.3) 494 (16.3)

Physical activity 0.613 0.434
Low 907 (59.7) 919 (61.1) 1826 (60.4)
High 613 (40.3) 586 (38.9) 1199 (39.6)

Screen time 3.432 0.064
Low 1320 (86.8) 1340 (89.0) 2660 (87.9)
High 200 (13.2) 165 (11.0) 365 (12.1)

Age of mother 0.170 0.680
≤37 (median) 783 (51.5) 764 (50.8) 1547 (51.1)

≥38 737 (48.5) 741 (49.2) 1478 (48.9)
Age of father 0.389 0.533
≤39 (median) 806 (53.0) 781 (51.9) 1587 (52.5)

≥40 714 (47.0) 724 (48.1) 1438 (47.5)
Education of mother 1.900 0.387

Primary school and below 226 (14.9) 206 (13.7) 432 (14.3)
Middle school 1007 (66.3) 989 (65.7) 1996 (66.0)

University and above 287 (18.9) 310 (20.6) 597 (19.7)
Education of father 0.908 0.635

Primary school and below 134 (8.8) 119 (7.9) 253 (8.4)
Middle school 1027 (67.6) 1034 (68.7) 2061 (68.1)

University and above 359 (23.6) 352 (23.4) 711 (23.5)
Household size 6.907 0.009
≤4 members 924 (60.8) 844 (56.1) 1768 (58.4)
≥5 members 596 (39.2) 661 (43.9) 1257 (41.6)

As noted above, screen time refers to the time of using an electronic screen every day.
A low level of screen time is defined as <2 h and a high level of screen time is defined as
≥2 h. The assessment of physical activities was based on reaching a level of coarsened
breathing or a heart rate rise for more than 30 min. An exercise level of 0–3 days per week
was defined as a low physical activity level; an exercise level of more than 4 days per week
was defined as a high physical activity level.
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Table 2. Nutritional and biochemistry indicators for the research population.

Variables
Males

Median (IQR)
Females

Median (IQR)
All

Median (IQR)
Z Values p Value

Anthropometric measurements
Height (cm) 152.1 (138.4, 168.0) 152.0 (138.0, 160.3) 152.1 (138.1, 162.6) −5.826 <0.001
Weight (kg) 45.0 (32.6, 59.4) 42.2 (30.9, 52.1) 43.5 (31.7, 55.3) −6.791 <0.001

WC (cm) 66.4 (59.1, 75.1) 62.5 (56.1, 68.5) 64.0 (57.7, 71.5) −11.076 <0.001
SBP (mmHg) 116.8 (108.3, 125.5) 113.0 (105.3, 120.5) 115.0 (106.7, 122.7) −9.233 <0.001
DBP (mmHg) 67.3 (62.0, 73.3) 67.7 (62.7, 73.3) 67.7 (62.3, 73.3) −1.155 0.248

Biochemical indexes
FBG (mmol/L) 5.29 (5.00, 5.59) 5.16 (4.90, 5.45) 5.22 (4.94, 5.52) −7.172 <0.001
TG (mmol/L) 0.77 (0.60, 1.06) 0.83 (0.65, 1.09) 0.80 (0.62, 1.06) −5.747 <0.001
TC (mmol/L) 3.95 (3.50, 4.49) 4.03 (3.63, 4.54) 4.00 (3.59, 4.52) −3.282 0.001

LDL (mmol/L) 2.16 (1.80, 2.55) 2.21 (1.88, 2.59) 2.19 (1.84, 2.57) −2.448 0.014
HDL (mmol/L) 1.56 (1.30, 1.84) 1.60 (1.37, 1.87) 1.59 (1.34, 1.86) −2.801 0.005

Serum uric acid (μmol/L) 336.0 (276.0, 405.0) 297.0 (254.0, 339.0) 310.0 (260.0, 369.0) −13.106 <0.001
Vitamin A (μg/mL) 0.38 (0.32, 0.43) 0.38 (0.32, 0.43) 0.38 (0.32, 0.43) −0.046 0.963
Vitamin D (ng/mL) 16.1 (12.8, 20.1) 14.5 (11.4, 18.1) 15.3 (12.0, 19.1) −8.368 <0.001

Zinc (μg/dL) 94.0 (87.0, 102.0) 93.0 (85.0, 99.0) 93.0 (86.0, 101.0) −4.386 <0.001

IQR = interquartile range; WC = waist circumference; SBP = systolic blood pressure; DBP =: diastolic blood
pressure; FBG = fasting blood glucose; TG = triglyceride; TC = total cholesterol; LDL = low-density lipoprotein;
HDL = high-density lipoprotein.

3.2. Nutritional and Health Statuses of School-Age Children and Adolescents

The nutritional and health statuses of school-age children and adolescents are dis-
played in Figure 1 and Table 3. Figure 1 is presented according to the sequences of the
prevalence of the relevant nutritional and health problems. The prevalence of wasting,
overweight, and obesity were 5.5%, 14.8%, and 12.7%, respectively. MetS was prevalent
among 5.1% of the participants. The prevalence of the five MetS components, including
abdominal obesity, high TG, low HDL, elevated blood pressure, and elevated FBG, were
18.7%, 15.0%, 4.1%, 41.3%, and 3.5%, respectively. Among the study participants, 29.5%
had hyperuricemia. The prevalence of high LDL among all participants was 4.8%. The
prevalence of high TC among all participants was 7.4%; 0.9% of the participants were
VAD, 14.6% had marginal vitamin D deficiency, and 84.5% were sufficient in vitamin A
levels; 25.1% of the participants had VDD, 54.5% had inadequate VDD, and 20.4% were
sufficient in vitamin D levels. The prevalence of anemia among all participants was 4.0%.
The prevalence of zinc deficiency was 4.8%. There were significant differences between
genders in the prevalence of weight groups, MetS, hyperuricemia, high TC, and vitamin D
conditions, as shown in Table 3.

After age group stratification, we compared the nutritional status within each age
group and between the age groups, as shown in the Supplementary Materials, Table S1.
The proportions for weight groups, vitamin A, and vitamin D were significantly different
between participants in the 7–12 years age group and the 13–17 years age group (p < 0.001).
The 13–17 years age group had a significant higher possibility of hyperuricemia and anemia
than did the 7–12 years age group (both p < 0.05).

3.3. Related Factors Associated with Various Nutritional Diseases

In Table 4, the multivariate logistic regression of multiple nutritional diseases (MetS,
hyperuricemia, vitamin A insufficiency, vitamin D deficiency, anemia, and zinc deficiency)
are displayed. Table 4 includes the most common factors of demographic characteristics,
behavioral characteristics, parents’ characteristics, and family characteristics. These com-
mon factors were considered in the multivariate logistic analysis. The adjusted odds ratios
(AORs), along with their 95% confidence intervals (95% CI) and p values, are portrayed in
Table 4.
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Figure 1. Sequence of prevalence of the relevant nutritional and health problems among school-age
children and adolescents. VDI = vitamin D inadequacy; elevated BP = elevated blood pressure;
VDD = vitamin D deficiency; high TG = high triglyceride; VAMD = vitamin A marginal deficiency;
high TC = high total cholesterol; MetS = metabolic syndrome; high LDL = high low-density lipopro-
tein; low HDL = low high-density lipoprotein; elevated FBG = elevated fasting blood glucose;
VAD = vitamin A deficiency. MetS and its five components (central obesity, high TG, low HDL,
elevated BP, and elevated FBG) were diagnosed according to the modified criteria of the National
Cholesterol Education Program-Adult Treatment Panel III (NCEP-ATP III) for children and adoles-
cents aged 7–17 years.
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Table 3. Prevalence of various categories of nutritional status among school-age children and
adolescents in Jiangsu.

Nutritional Status Males n (%) Female n (%) Total n (%) χ2 Values p Value

Weight groups 102.298 <0.001
Wasting 96 (6.3) 70 (4.7) 166 (5.5)

Normal weight 893 (58.8) 1136 (45.5) 2029 (67.1)
Overweight 271 (17.8) 176 (11.7) 447 (14.8)

Obesity 260 (17.1) 123 (8.2) 383 (12.7)
MetS 6.215 0.013
No 1427 (93.9) 1443 (95.9) 2870 (94.9)
Yes 93 (6.1) 62 (4.1) 155 (5.1)

Abdominal obesity 18.075 <0.001
No 1190 (78.3) 1269 (84.3) 2459 (81.3)
Yes 330 (21.7) 236 (15.7) 566 (18.7)

High TG 1.403 0.236
No 1304 (85.8) 1268 (84.3) 2572 (85.0)
Yes 216 (14.2) 237 (15.7) 453 (15.0)

Low HDL 3.160 0.075
No 95.3 (1448) 1453 (96.5) 2901 (95.9)
Yes 72 (4.7) 52 (3.5) 124 (4.1)

Elevated BP 0.159 0.690
No 887 (58.4) 889 (59.1) 1179 (58.7)
Yes 633 (41.6) 616 (40.9) 1249 (41.3)

Elevated FBG 15.868 <0.001
No 1446 (95.1) 1472 (97.8) 2918 (96.5)
Yes 74 (4.9) 33 (2.2) 107 (3.5)

Hyperuricemia 194.297 <0.001
No 897 (59.0) 1236 (82.1) 2133 (70.5)
Yes 623 (41.0) 269 (17.9) 892 (29.5)

High LDL 0.432 0.511
No 1451 (95.5) 1429 (95.0) 2880 (95.2)
Yes 69 (4.5) 76 (5.0) 145 (4.8)

High TC 7.727 0.005
No 1427 (93.9) 1373 (91.2) 2800 (92.6)
Yes 93 (6.1) 132 (8.8) 225 (7.4)

Vitamin A 0.049 0.976
Sufficiency 1285 (84.5) 1272 (84.5) 2557 (84.5)

Marginal deficiency 222 (14.6) 219 (14.6) 441 (14.6)
Deficiency 13 (0.9) 14 (0.9) 27 (0.9)
Vitamin D 68.349 <0.001
Sufficiency 383 (25.2) 233 (15.5) 616 (20.4)
Inadequacy 835 (54.9) 815 (54.2) 1650 (54.5)
Deficiency 302 (19.9) 457 (30.4) 759 (25.1)

Anemia 31.863 <0.001
No 1490 (98.0) 1415 (94.0) 2905 (96.0)
Yes 30 (2.0) 90 (6.0) 120 (4.0)

Zinc deficiency 3.417 0.065
No 1458 (95.9) 1422 (94.5) 2880 (95.2)
Yes 62 (4.1) 83 (5.5) 145 (4.8)

MetS = metabolic syndrome; high TG = high triglyceride; low HDL = low high-density lipoprotein; elevated
BP = elevated blood pressure; elevated FBG = elevated fasting blood glucose; high LDL = high low-density
lipoprotein; high TC = high total cholesterol.

We found that age groups and weight groups were significantly associated with MetS.
Compared to the 7–12 years age group, the 13–17 years age group was more prone to have
MetS (AOR = 1.79, 95% CI: 1.17–2.73, p = 0.007). Participants in the overweight groups
were more likely to have MetS (OR = 7.47, 95% CI: 4.26–13.11, p < 0.001), compared to those
in the reference group (in terms of wasting and normal weight). Furthermore, participants
in the obesity group were more likely to have MetS than were those in the reference group
(OR = 41.14, 95% CI: 25.05–67.56, p < 0.001).

176



Nutrients 2022, 14, 758

T
a

b
le

4
.

M
u

lt
iv

ar
ia

te
lo

gi
st

ic
re

gr
es

si
on

an
al

ys
is

of
va

ri
ou

s
nu

tr
it

io
na

l
d

is
or

d
er

s
am

on
g

sc
ho

ol
-a

ge
ch

ild
re

n
an

d
ad

ol
es

ce
nt

s
in

Ji
an

gs
u

Pr
ov

in
ce

.

M
e

ta
b

o
li

c
S

y
n

d
ro

m
e

H
y

p
e

ru
ri

ce
m

ia
V

it
a

m
in

A
In

su
ffi

ci
e

n
cy

V
it

a
m

in
D

D
e

fi
ci

e
n

cy
A

n
e

m
ia

Z
in

c
D

e
fi

ci
e

n
cy

C
h

a
ra

ct
e

ri
st

ic
s

A
O

R
(9

5
%

C
I)

p
V

a
lu

e
A

O
R

(9
5

%
C

I)
p

V
a

lu
e

A
O

R
(9

5
%

C
I)

p
V

a
lu

e
A

O
R

(9
5
%

C
I)

p
V

a
lu

e
A

O
R

(9
5

%
C

I)
p

V
a

lu
e

A
O

R
(9

5
%

C
I)

p
V

a
lu

e

Se
x

M
al

es
(r

ef
er

en
ce

)
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
Fe

m
al

es
1.

20
(0

.8
3–

1.
74

)
0.

33
1

0.
30

(0
.2

5–
0.

36
)

<0
.0

01
0.

91
(0

.7
4–

1.
12

)
0.

37
8

1.
80

(1
.5

1–
2.

15
)

<0
.0

01
2.

95
(1

.9
3–

4.
51

)
<0

.0
01

1.
33

(0
.9

4–
1.

88
)

0.
10

2
A

ge
gr

ou
p

7–
12

ye
ar

s
(r

ef
er

en
ce

)
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
13

–1
7

ye
ar

s
1.

79
(1

.1
7–

2.
73

)
0.

00
7

5.
09

(4
.1

3–
6.

27
)

<0
.0

01
0.

34
(0

.2
6–

0.
45

)
<0

.0
01

2.
53

(2
.0

9–
3.

08
)

<0
.0

01
1.

82
(1

.2
0–

2.
77

)
0.

00
5

0.
94

(0
.6

3–
1.

41
)

0.
77

4
Li

vi
ng

ar
ea

U
rb

an
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
R

ur
al

0.
76

(0
.4

3–
1.

34
)

0.
34

5
0.

97
(0

.7
5–

1.
25

)
0.

79
6

1.
24

(0
.9

5–
1.

62
)

0.
11

6
1.

14
(0

.8
9–

1.
44

)
0.

29
8

1.
43

(0
.8

9–
2.

31
)

0.
14

2
1.

80
(1

.2
1–

2.
68

)
0.

00
4

W
ei

gh
tg

ro
up

O
th

er
s

(r
ef

er
en

ce
)

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

O
ve

rw
ei

gh
t

7.
47

(4
.2

6–
13

.1
1)

<0
.0

01
1.

94
(1

.5
3–

2.
46

)
<0

.0
01

0.
63

(0
.4

6–
0.

87
)

<0
.0

01
1.

02
(0

.8
0–

1.
31

)
0.

87
7

0.
71

(0
.3

9–
1.

28
)

0.
25

5
0.

78
(0

.4
6–

1.
32

)
0.

35
7

O
be

si
ty

41
.1

4
(2

5.
05

–6
7.

56
)

<0
.0

01
4.

38
(3

.3
8–

5.
67

)
<0

.0
01

0.
37

(0
.2

5–
0.

55
)

0.
00

5
0.

85
(0

.6
4–

1.
13

)
0.

26
9

0.
37

(0
.1

5–
0.

93
)

0.
03

4
0.

81
(0

.4
5–

1.
44

)
0.

46
6

Ph
ys

ic
al

ac
ti

vi
ty

Lo
w

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

H
ig

h
1.

31
(0

.9
1–

1.
88

)
0.

14
6

1.
19

(0
.9

9–
1.

43
)

0.
06

1
0.

93
(0

.7
5–

1.
16

)
0.

52
8

0.
69

(0
.5

8–
0.

83
)

<0
.0

01
1.

07
(0

.7
3–

1.
56

)
0.

74
6

1.
25

(0
.8

9–
1.

77
)

0.
20

4
Sc

re
en

ti
m

e
Lo

w
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
H

ig
h

0.
60

(0
.3

3–
1.

10
)

0.
09

7
0.

91
(0

.6
9–

1.
19

)
0.

48
7

1.
45

(1
.0

9–
1.

94
)

0.
01

1
1.

40
(1

.0
9–

1.
80

)
0.

00
8

1.
25

(0
.7

3–
2.

13
)

0.
42

0
0.

78
(0

.4
6–

1.
32

)
0.

36
0

A
ge

of
m

ot
he

r
≤3

6
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
≥3

7
0.

93
(0

.5
5–

1.
55

)
0.

77
5

1.
46

(1
.1

3–
1.

89
)

0.
00

4
0.

78
(0

.5
8–

1.
06

)
0.

11
3

1.
13

(0
.8

8–
1.

45
)

0.
34

9
1.

34
(0

.7
8–

2.
29

)
0.

29
0

0.
88

(0
.5

3–
1.

45
)

0.
62

1
A

ge
of

fa
th

er
≤3

6
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
≥3

7
0.

97
(0

.5
8–

1.
63

)
0.

90
1

0.
94

(0
.7

3–
1.

23
)

0.
66

8
1.

07
(0

.7
9–

1.
45

)
0.

66
2

1.
03

(0
.8

0–
1.

33
)

0.
78

8
0.

75
(0

.4
4–

1.
27

)
0.

28
5

0.
82

(0
.4

9–
1.

36
)

0.
44

3
Ed

uc
at

io
n

of
m

ot
he

r
Pr

im
ar

y
sc

ho
ol

an
d

be
lo

w
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
M

id
dl

e
sc

ho
ol

1.
08

(0
.5

8–
2.

03
)

0.
80

4
0.

94
(0

.7
1–

1.
25

)
0.

69
3

0.
64

(0
.4

7–
0.

88
)

0.
00

5
0.

68
(0

.5
2–

0.
89

)
0.

00
4

1.
27

(0
.7

0–
2.

29
)

0.
43

8
0.

95
(0

.5
8–

1.
56

)
0.

84
7

U
ni

ve
rs

it
y

an
d

ab
ov

e
1.

09
(0

.4
7–

2.
50

)
0.

84
7

1.
23

(0
.8

2–
1.

83
)

0.
31

5
0.

55
(0

.3
5–

0.
89

)
0.

01
4

0.
58

(0
.4

0–
0.

86
)

0.
00

6
1.

03
(0

.4
3–

2.
45

)
0.

94
7

0.
48

(0
.2

0–
1.

16
)

0.
10

4
Ed

uc
at

io
n

of
fa

th
er

Pr
im

ar
y

sc
ho

ol
an

d
be

lo
w

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

M
id

dl
e

sc
ho

ol
0.

92
(0

.4
5–

1.
87

)
0.

81
7

0.
86

(0
.6

1–
1.

22
)

0.
39

7
1.

10
(0

.7
4–

1.
64

)
0.

62
6

1.
17

(0
.8

4–
1.

62
)

0.
36

4
1.

06
(0

.5
1–

2.
20

)
0.

88
6

0.
72

(0
.4

1–
1.

28
)

0.
26

8
U

ni
ve

rs
it

y
an

d
ab

ov
e

0.
58

(0
.2

4–
1.

40
)

0.
22

8
0.

63
(0

.4
1–

0.
97

)
0.

03
5

0.
73

(0
.4

3–
1.

22
)

0.
22

3
0.

97
(0

.6
3–

1.
48

)
0.

88
3

1.
03

(0
.5

1–
2.

20
)

0.
94

2
0.

47
(0

.2
0–

1.
09

)
0.

07
8

H
ou

se
ho

ld
si

ze
≤4

m
em

be
rs

1.
00

–
1.

00
–

1.
00

–
1.

00
–

1.
00

–
1.

00
–

≥5
m

em
be

rs
1.

20
(0

.8
3–

1.
73

)
0.

32
7

0.
93

(0
.7

7–
1.

12
)

0.
46

5
1.

20
(0

.9
7–

1.
47

)
0.

08
8

1.
25

(1
.0

5–
1.

49
)

0.
01

4
1.

10
(0

.7
5–

1.
62

)
0.

60
9

1.
30

(0
.9

2–
1.

83
)

0.
13

6

177



Nutrients 2022, 14, 758

With respect to hyperuricemia, a participant’s sex, age group, weight group, age of
the mother, and education of the father were relevant factors. Females had significantly
less likelihood of hyperuricemia than did males (OR = 0.30, 95% CI: 0.25–0.36, p < 0.001).
Participants in the 13–17 years age group had a higher possibility of hyperuricemia than did
those in the 7–12 years age group (OR = 5.09, 95% CI: 4.13–6.27, p < 0.001). The overweight
and obesity groups were both higher in the prevalence of hyperuricemia than were other
groups (OR = 1.94, 95% CI: 1.53–2.46, and OR = 4.38, 95% CI: 3.38–5.67, respectively).
Compared to the participants whose mothers were younger than 37 years, the participants
whose mothers were older than 37 years were more likely to have hyperuricemia (OR = 1.46,
95% CI: 1.13–1.89, p = 0.004). Participants whose father’s education was university and
above were less likely to have hyperuricemia than were those whose father’s education
was primary school and below (OR = 0.63, 95% CI: 0.41–0.97, p = 0.035).

When focusing on vitamin A insufficiency, a participant’s age group, weight group,
screen time, and education of the mother were the relevant factors. Participants in the
13–17 years age group were less likely to have a prevalence of vitamin A insufficiency,
when compared with the those in the 7–12 years age group (OR = 0.34, 95% CI: 0.26–0.45,
p < 0.001). Participants who were overweight had less risk of vitamin A insufficiency than
did those in the reference group (in terms of wasting and normal weight, OR = 0.63, 95%
CI: 0.46–0.87). Obesity subjects also had less risk of vitamin A insufficiency than did those
in the reference group (OR = 0.37, 95% CI:0.25–0.55, p = 0.005). In addition, participants
with higher screen time were prone to have vitamin A insufficiency (OR = 1.45, 95% CI:
1.09–1.94, p = 0.011). Children and adolescents whose mothers had higher education levels
were less likely to have vitamin A insufficiency, compared to those whose mothers had
primary school education or below; the OR were 0.64 and 0.55, respectively.

With reference to VDD, a participant’s sex, age group, physical activity, screen time,
education of the mother, and household size were the relevant factors. Females were
more likely to have VDD than males, with AOR = 1.80, 95% CI: 1.51–2.15, p < 0.001.
The 13–17 years participants had a higher risk of being VDD than did the 7–12 years
participants (OR = 2.53, 95% CI:2.09–3.08, p < 0.001). Remarkably, participants with a high
level of physical activity were less likely to have VDD (AOR = 0.69, 95% CI: 0.58–0.83,
p < 0.001). Subjects with high screen time were associated with an increased risk of VDD
(AOR = 1.40, 95% CI: 1.09–1.80, p = 0.008). In addition, VDD was related to participants’
mothers’ education levels (middle school vs. primary school and below: AOR = 0.68, 95%
CI: 0.52–0.89; university and above vs. primary school and below: AOR = 0.58, 95% CI:
0.40–0.86). Those participants whose household size was ≥5 members were more prone
to have VDD than were those whose household size was ≤4 members (AOR = 1.25, 95%
CI = 1.05–1.49, p = 0.014).

When considering anemia, the sex, age group, and obesity of participants were the
relevant factors. Sex was associated with anemia (females were more likely to have anemia,
with AOR = 2.95, 95% CI = 1.95–4.51, p < 0.001), as well the age group (13–17 years:
AOR = 1.82, 95% CI: 1.20–2.77, p = 0.005). Inversely, obesity groups were less likely to
show prevalence in anemia (AOR = 0.37, 95% CI: 0.15–0.93, p = 0.034). For zinc deficiency,
participants living in the rural area had a higher risk than did those who lived in urban
areas (AOR = 1.80, 95% CI: 1.21–2.68, p = 0.004).

3.4. The Relevant Factors of Overnutrition- and Undernutrtion-Related Disorders

The Poisson regression analysis took the amount of overnutrition-related disorders
(i.e., the prevalent five MetS components and hyperuricemia, high LDL, and high TC)
and undernutrition-related disorders (i.e., vitamin A insufficiency, VDD, anemia, and zinc
deficiency) as dependent variables to test the personal, parental, and household factors. We
found that the factors of sex, age group, and weight group were related to overnutrition-
related disorders, seen in Table 5. Females were less likely inclined to overnutrition-related
disorders (AOR = 0.81, 95% CI: 0.51–0.85, p < 0.05). The older age group (13–17 years) and
the overweight and obesity participants were more prone to have a variety of overnutrition-
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related disorders (AOR = 1.44, 1.66 and 2.77, respectively, all p < 0.05). With respect to
undernutrition-related disorders, we found that a participant’s sex, age, living area, weight
group, physical activity, screen time, education of mother, and household size were the
relevant factors. Females, older age group (13–17 years), rural areas, higher screen time,
and large household size (≥5 members) were significantly and positively associated with
the occurrence of undernutrition-related disorders (all AOR > 1). Conversely, participants
who were overweight or obese, or who had a high level of physical activity or a mother
with higher education, were less prone to clustering in undernutrition-related disorders.
(All AOR < 1 and all p < 0.05).

Table 5. Multivariate Poisson regression analysis of overnutrition- and undernutrition-related disor-
ders among school-age children and adolescents in Jiangsu Province.

Overnutrition-Related
Disorders

Undernutrition-Related
Disorders

Characteristics IRR (95%CI) p Value IRR (95%CI) p Value

Sex
Males (reference) 1.00 – 1.00 –

Females 0.81 (0.51–0.85) <0.001 1.33 (1.20–1.48) <0.001
Age group

7–12 years (reference) 1.00 – 1.00 –
13–17 years 1.44 (1.35–1.54) <0.001 1.17 (1.04–1.32) 0.008
Living area

Urban 1.00 – 1.00 –
Rural 1.00 (0.91–1.08) 0.939 1.21 (1.06–1.38) 0.005

Weight group
Others (reference) 1.00 – 1.00 –

Overweight 1.66 (1.53–1.79) <0.001 0.86 (0.73–1.00) 0.05
Obesity 2.77 (2.58–2.97) <0.001 0.67 (0.55–0.81) <0.001

Physical activity
Low 1.00 – 1.00 –
High 1.05 (0.99–1.12) 0.095 0.89 (0.80–0.99) 0.027

Screen time
Low 1.00 – 1.00 –
High 0.94 (0.86–1.03) 0.202 1.23 (1.06–1.42) 0.005

Age of mother
≤37 1.00 – 1.00 –
≥38 1.07 (0.98–1.16) 0.122 0.99 (0.86–1.15) 0.946

Age of father
≤36 1.00 – 1.00 –
≥37 0.98 (0.90–1.07) 0.658 0.99 (0.85–1.15) 0.852

Education of mother
Primary school and below 1.00 – 1.00 –

Middle school 0.99 (0.90–1.08) 0.759 0.81 (0.70–0.94) 0.006
University and above 1.03 (0.91–1.18) 0.631 0.68 (0.54–0.89) 0.001

Education of father
Primary school and below 1.00 – 1.00 –

Middle school 1.01 (0.90–1.13) 0.913 1.04 (0.86–1.26) 0.689
University and above 0.90 (0.77–1.04) 0.135 0.83 (0.65–1.07) 0.147

Household size
≤4 members 1.00 – 1.00 –
≥5 members 1.02 (0.96–1.09) 0.435 1.17 (1.05–1.29) 0.004

Overnutrition-related disorders: the prevalent five MetS components and hyperuricemia, high LDL, and high
TC. Undernutrition-related disorders: prevalent vitamin A insufficiency, vitamin D deficiency, anemia, and zinc
deficiency. IRR: incidence rate rations. 95%CI: 95% confidence interval.

4. Discussion

The present study illustrated the multiple nutritional statuses of school-age chil-
dren and adolescents in Jiangsu Province, China. The presence of the double burden

179



Nutrients 2022, 14, 758

of malnutrition was common among the children and adolescents. To be more specific,
overnutrition-related diseases such as overweight, obesity, MetS, hyperuricemia, high
LDL and high TC, and undernutrition-related diseases (vitamin A insufficiency, VDD,
anemia, and zinc deficiency) were prevalent in the 7–17 years age group of participants.
Demographic characteristics, behavior characteristics, parents’ characteristics, and family
characteristics were associated with different malnutrition disorders.

In this study, 5.5% of school-age children and adolescents in Jiangsu Province showed
prevalence in wasting, according to the Chinese standard, and males were more prone to
wasting than were females (6.3% vs. 4.7%). Based on data from 2014 Chinese National
Surveys on Students Constitution and Health, wasting was present in 5.5% of Chinese
children and adolescents, which was consistent with the findings in our study [36]. In
present study, the prevalence of overweight and obesity was 14.8% and 12.7%, respectively.
The prevalence of both overweight and obesity was higher in males than in females.
Results from the 2015 China Health and Nutrition Survey (CHNS) showed that, generally,
overweight prevalence was 15.43% and obesity prevalence was 11.06% among children and
adolescents aged 6 to 17 years [37]. Data from NHANES indicated that obesity prevalence
among America youth aged 2–19 years, from 2015–2016, was 18.5% [38].

Overweight and obesity have become a serious nutritional problem in children all
around the world [39,40]. The prevalence of MetS in this study’s participants was 5.1%,
while the results of the CHNS yielded an overall 3.37% prevalence of MetS [18]. The
Jiangsu Province’s level of prevalence of MetS in school-age children and adolescents
was higher than the national average. This indicated that urgent measures must be taken
to contain MetS. Among school-age children and adolescents, 29.5% had hyperuricemia
(≥357 μmol/L). The overall prevalence of hyperuricemia among American adults had
increased from 18.0% in 1988 to 21.4% in 2008 [41], which suggested a high prevalence level
of hyperuricemia in a large number of children and adolescents.

In our study, we found VAD and marginal deficiency in vitamin A were prevalent,
respectively, in 0.9% and 14.6% of the participants. Similarly, the national results of the
China Nutrition and Health Surveillance of Children and Lactating Mothers, in 2016–2017,
showed that the prevalence of VAD and the marginal deficiency of vitamin A was 0.96%
and 14.71%, respectively [42]. The prevalence of VAD and marginal deficiency in vitamin
A among school-age children and adolescents in Jiangsu Province were at the national
average level. Based on these findings, vitamin A marginal deficiency was the main form
of vitamin A insufficiency in Chinese children. The prevalence of VDD and inadequacy of
vitamin D were 25.1% and 54.5%, respectively. In spite of different diagnostic criteria, VDD
was very common among school-age children [43,44]. Sufficient sunlight, dietary vitamin
D and vitamin D supplements are recommended for children.

Our study indicated that the presence of anemia in children and adolescents aged
7–17 years was 4.0%. Anemia was more common in girls than in boys, at 6.0% vs. 2.0%,
respectively. These results were consistent with data from the Chinese National Nutrition
and Health Survey (CNNHS) [45], where 4.8% of children had zinc deficiency and the
prevalence of zinc deficiency was not different between genders. Zinc is an essential
microelement for growth and development in children, but zinc deficiency is still a serious
nutritional problem, especially in school-age children [13]. These findings indicated that
multiple overnutrition-related diseases and undernutrition-related diseases coexisted in
the surveyed areas.

In addition, we analyzed the roles of different factors, such as demographic charac-
teristics, behavioral characteristics, parents’ characteristics, and family characteristics in
the development of different malnutrition diseases. Age and weight are related to MetS.
Participating adolescents over 13 years, obese participants, and overweight participants
are more likely to suffer from MetS. Other research has also shown that age and obesity can
increase the risk of developing MetS [46]. These results indicate that more attention should
be paid to obese and overweight children, and to adolescents aged 13–17 years.
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Based on our study, age, weight and the age of mothers were positively associated
with hyperuricemia. Females and children whose mothers had high education levels were
less likely to have hyperuricemia. The level of uric acid increased with age in children
aged 5–14 years in southeast China [47]. One study showed that boys had higher mean
serum uric acid concentrations than girls [19], and this difference was consistent with our
results. Age and education of the mother were new influencing factors for hyperuricemia
in children. These results support the view that family factors, especially factors pertaining
to mothers, may have some influence on the development of hyperuricemia in children.

When focusing on vitamin A insufficiency, age, weight, screen time, and the education
of mothers are relevant factors. Older, overweight, and obese children, and those whose
mothers have higher education levels, are less likely to be insufficient in vitamin A. Similarly,
a meta-analysis reported that a prevalence of VAD and marginal VAD both decreased with
increasing age in Chinese children [9]. Furthermore, a Chinese nationally representative
study reported that the average of serum retinol concentration was notably higher in
over-nutrified than non-over nutrified children and adolescents [48].

The screen time of children was positively associated with vitamin A insufficiency. This
can be understood by the fact that vitamin A is the key nutrient implicated in maintaining
the function of normal vision; prolonged eye use may consume vitamin A [49,50]. Vitamin
D, with its influence on calcium and phosphorus homeostasis, as well as bone health
and immunity health, is the essential micronutrient in the growth and development of
children [51]. VDD is associated with numerous adverse health issues, such as MetS [52],
dyslipidemia [53], and cardiovascular diseases [54]. In our study, sex, age, physical activity,
screen time, the education of mothers, and household sizes were related to VDD. The
factors of female gender, age more than 13 years, high screen time, and large household
size were positively associated with VDD in this population.

One Chinese study investigated VDD among 460,537 children and concluded that the
factor of female gender contributed to VDD and vitamin D insufficiency [55]. Girls and
boys have different fat distributions and girls have a higher physiological level of estrogens
that play certain roles in vitamin D metabolism [56]. Older children have a higher risk of
VDD, which can be demonstrated by the facts that muscle mass increases after puberty and
muscle is a storage site for vitamin D metabolites [57,58]. Higher screen time means less
sun exposure, which can affect vitamin D synthesis [59]. Meanwhile, family factors, such
as education of mothers and household sizes, may have some roles in the development
of VDD.

In our research, the anemia-related factors were sex, age, and weight. Our results
accorded with the CNNHS in 2010–2012, which analyzed the factors associated with anemia
in Chinese children and adolescents [45]. That study found that girls and older children
were less likely to have anemia and that obese children had a significantly lower prevalence
of anemia than did those who had normal or low body weight, which could be due to a
better dietary nutritional intake in overweight or obese people [45].

The present study found that children living in rural areas were more likely to be zinc
deficient than were those who lived in urban areas. A systematic review of the literature
came to the same conclusion [60]. Zinc deficiency may result from low zinc dietary intake
and/or the reduction in bioavailability of zinc. Consumption of foods with high phytate
content (e.g., rice and wheat) in the rural areas may lead to low zinc absorption and reduced
bioavailability [61].

Moreover, the Poisson regression analysis results showed that girls seemed to have
a higher risk of undernutrition-related disorders and less risk of overnutrition-related
disorders than boys, which was consistent with previous evidence [62]. There is evidence
that girls are more vulnerable than boys to disadvantage in nutrient intake, due to China’s
“son preference” norm [63]. Novel findings in our study revealed that the ages of children,
and adolescents aged 13–17 years, were related to multiple overnutrition and undernu-
trition disorders. In this study, adolescents aged 13–17 years had a higher prevalence of
overweight, MetS, and hyperuricemia. On the other side, adolescents aged 13–17 years
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had a higher prevalence of VDD and anemia. Therefore, we should pay special attention
to the various nutritional and health problems of adolescents in puberty and late puberty.
Children’s caregivers in poor areas of China have a lack of feeding information and cannot
give their children complementary foods in a proper way, including proper starting times,
frequency, and quality [64]. Lower education among rural caregivers was another risk
factor in children’s stunting. This result was consistent with previous studies [65].

Furthermore, childhood obesity is linked to serious complications in adulthood, which
include an increased risk of ill health and premature death [66]. The high prevalence
and dramatically rising trend in childhood obesity suggest that aggressive approaches in
prevention and treatment should be pursued to reduce the attendant health and social
consequences of obesity. One previous study indicated that children and adolescents aged
6–17 who participate in moderate to vigorous physical activities are likely to experience
multiple positive health outcomes [67]. Thus, providing sufficient physical activity time
is essential for children’s and adolescents’ health. Screen time, including the daily use
of mobile phones, TV watching, and playing computer and video games, was related to
the nutritional status of children [68], and especially to vitamin A insufficiency and VDD.
For children’s nutrition and vision health, it is necessary to strictly limit everyday screen
time. In addition, domestic factors have influences on children’s nutritional health. For
example, the significant positive effects of a family economy on the weight of children and
adolescents have been gradually and persistently increasing [69].

It is noted that this study does have some limitations. First, this study did not take into
consideration dietary factors and some other influences, such as environmental factors or
genetic susceptibility; however, these factors may raise issues affecting different nutritional
and health problems among children and adolescents. In future studies, we will further
explore the roles of these factors in the nutritional status of children. Second, this study,
as a cross-sectional design, only provides clues on the relationships between nutritional
problems and relevant factors; thus, further studies are needed to verify these relationships.
However, through rigorous surveys and scientific sampling methods, a large regional
representative sample of participants among eastern Chinese children and adolescents can
present findings on multiple nutritional issues.

5. Conclusions

The presence of the double burdens of malnutrition are common among school-age
children and adolescents in Jiangsu Province in eastern China. Demographic character-
istics, behavior characteristics, parents’ characteristics, and family characteristics were
associated with multiple malnutrition disorders. Health education, focusing on behavioral
intervention and nutritional education of children, and on their living environments, may
be a practical strategy in preventing multiple malnutrition disorders in school-age children
and adolescents.
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Abstract: Insufficient fruit and vegetable intake (FVI) and low potassium intake are associated
with many non-communicable diseases, but the association with early renal damage in children
is uncertain. We aimed to identify the associations of early renal damage with insufficient FVI
and daily potassium intake in a general pediatric population. We conducted four waves of urine
assays based on our child cohort (PROC) study from October 2018 to November 2019 in Beijing,
China. We investigated FVI and other lifestyle status via questionnaire surveys and measured urinary
potassium, β2-microglobulin (β2-MG), and microalbumin (MA) excretion to assess daily potassium
intake and renal damage among 1914 primary school children. The prevalence of insufficient FVI
(<4/d) was 48.6% (95% CI: 46.4%, 50.9%) and the estimated potassium intake at baseline was
1.63 ± 0.48 g/d. Short sleep duration, long screen time, lower estimated potassium intake, higher
β2-MG and MA excretion were significantly more frequent in the insufficient FVI group. We generated
linear mixed effects models and observed the bivariate associations of urinary β2-MG and MA
excretion with insufficient FVI (β = 0.012, 95% CI: 0.005, 0.020; β = 0.717, 95% CI: 0.075, 1.359), and
estimated potassium intake (β = −0.042, 95% CI: −0.052, −0.033; β = −1.778, 95% CI: −2.600, −0.956),
respectively; after adjusting for age, sex, BMI, SBP, sleep duration, screen time and physical activity.
In multivariate models, we observed that urinary β2-MG excretion increased with insufficient FVI
(β = 0.011, 95% CI: 0.004, 0.018) and insufficient potassium intake (<1.5 g/d) (β = 0.031, 95% CI: 0.023,
0.038); and urinary MA excretion increased with insufficient FVI (β = 0.658, 95% CI: 0.017, 1.299)
and insufficient potassium intake (β = 1.185, 95% CI: 0.492, 1.878). We visualized different quartiles
of potassium intake showing different renal damage with insufficient FVI for interpretation and
validation of the findings. Insufficient FVI and low potassium intake aggravate early renal damage in
children and underscores that healthy lifestyles, especially adequate FVI, should be advocated.

Keywords: fruit and vegetable intake; potassium intake; renal damage; children; China

1. Introduction

Insufficient fruit and vegetable intake (FVI) is associated with almost all major non-
communicable diseases [1], including emerging chronic kidney disease (CKD) in the general
population [2]. Adequate FVI plays an important role in ensuring good development in
children and adolescents, reducing risk of obesity and micronutrient deficiencies and
improving health status in adulthood [3,4]. The unmet recommended standard of FVI in
terms of composition and frequency among children ages 6–17 years in China has gained
attention in efforts to optimize childhood diets [5,6].
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Dietary intake affects the acid-base balance in the human body. Plant-based foods
including fruits and vegetables are rich in mineral cations (such as potassium [7]) and bicar-
bonate precursors with alkalizing effects [8]. Insufficient FVI is associated with increased
acidity and kidney function declines in CKD patients [8]. High consumption of fruits and
vegetables may have a buffering effect on metabolic acid load [9]. This is postulated as
having a potentially protective role in avoiding renal damage. One study showed that
increased FVI intake for 8 weeks was associated with a decrease in net endogenous acid
production (NEAP) [10].

Potassium is a major factor in NEAP, and estimated NEAP is negatively correlated
with potassium intake [8]. Studies among adults have shown that higher dietary acid
load is associated with CKD, and higher intake of potassium is negatively associated with
CKD [11]. Potassium is freely filtered at the glomerulus, with approximately 60–80% of
the filtered potassium reabsorbed in the proximal tubule and 10% excreted in the distal
tubule [12]. Increased β2-microglobulin (β2-MG) and microalbumin (MA) in the urine
are markers of early renal damage [13,14], and are used to assess a worse status of renal
proximal tubular and glomerular function, respectively [15]. A prospective, population-
based cohort study conducted in adults with normal renal function showed that low urinary
potassium excretion was associated with an increased risk of CKD [16] and another young
adult study suggested that higher potassium intake may help prevent renal damage [17].

The effects of FVI and potassium intake on renal damage have not been studied
among school-aged healthy children, and we sought to determine their associations using
longitudinal data. We hypothesized that insufficient FVI and lower potassium intake may
aggravate early renal damage in children.

2. Materials and Methods

2.1. Study Design and Participants

This study was nested within the PROC study conducted in Beijing enrolling 1914
children aged 6-8 years in six non-boarding primary schools (detailed elsewhere [18]). We
conducted 4 waves of repeated urine assays for the same cohort. The single baseline urine
was obtained in October–November 2018, and three subsequent urine assays were obtained
from each child within a one-week span in November 2019 at the one-year follow-up visit.
All 1914 participants provided at least one urine sample and were included in this study.
Figure 1 illustrates the procedures and the number of children in each frequency category
of urine collection.

2.2. Anthropometric Measurements

Anthropometric measurements were conducted by trained staff from October to Novem-
ber 2018 for the baseline survey and the anthropometric indicators in November 2019 were
estimated using the measurements of the baseline and the following visit in September
2020. In short, the standing height was the average of two measurements and rounded to
0.1 cm. The weight of participants was measured in light clothes and rounded to 0.1 kg
(detailed elsewhere [18]). Body mass index (BMI) was calculated as weight in kilograms
divided by height in meter squared (kg/m2).

2.3. Blood Pressure Measurements

We performed three blood pressure measurements on the same day in June 2019
to estimate mean blood pressure by using an electronic sphygmomanometer (OMRON
HBP-1300, Dalian, China). Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were calculated as the average of the last two measurements.

2.4. Urine Collection and Measurements

Urine collection was conducted in four waves. The first wave was a baseline fasting
urine assay in the morning in 2018. Wave 2 of 24 h urine samples were collected from
Sunday morning to the following Monday morning, and waves 3–4 including two more
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fasting urine samples were collected on Wednesday and Friday morning within 1 week
in November 2019. Urinalysis (including glucose [GLU], protein [PRO], bilirubin [BIL],
urobilinogen [URO], pH, specific gravity [SG], blood [BLD], ketones [KET], nitrites [NIT],
leukocytes [LEU], color tone, and turbidity) of wave 1 were performed using an automatic
clinical chemistry analyzer Arkray AUTION MAX AX-4030 (Osaka, Japan) with AUTION
Sticks. Urinalysis in wave 2 was performed by three instruments: URIT-500B (Guangxi,
China), Dirui H-800 (Guangdong, China) and Combi Scan 500 (Lichtenfels, Germany), with
corresponding urinalysis sticks to cope with many samples needing to be studied in a short
time frame. Urine chemical tests (sodium, potassium, β2-MG and MA) of wave 1 and
(sodium, potassium, creatinine, uric acid, β2-MG and MA) of waves 2–4 were performed
using the automatic clinical chemistry analyzer Beckman Coulter AU5800 and AU680
(Osaka, Japan), respectively.

Figure 1. Flowchart of the procedure and frequency of urine collection for the study.

Based on spot urinary potassium excretion, we calculated the estimated 24 h urinary
potassium excretion [19] and the estimated potassium intake [20]:

24hUK = 39.1 × 5.2×
[

0.1 × SpotUK
SpotUCr

(−4.72 × Age + 7.58 × Weight + 6.09 × Height − 64.50)
]0.5

24hKIntake = 1.3×24hUK/1000 (g/d)

We defined the abnormal cutoffs value as <1.5 g/d [21] for insufficient potassium
intake, >0.2 mg/L for elevated β2-MG and tubular damage [22] and ≥20 mg/L for elevated
MA and glomerular damage [23].

189



Nutrients 2022, 14, 1228

2.5. Lifestyle Covariates and Definition

FVI, sleep duration, screen time, and physical activity were reported by parents. FVI
was assessed via the 16-item Mediterranean Diet Quality Index in children and adolescents
(KIDMED) [24] and grouped as sufficient (≥4/d) and insufficient (<4/d). Short sleep was
defined as sleep duration <10 h/d; long screen time was defined as computer/cell phone
screen time ≥2 h/d; insufficient physical activity was defined as <1 h/d.

2.6. Statistical Analysis

The main outcome indicators were the longitudinal urinary β2-MG and MA con-
centrations. Descriptive statistics are presented according to FVI status. Categorical
variables are presented as counts and percentages. Continuous variables are described
as the mean ± standard deviation (SD) or as median and interquartile range (IQR). Mul-
tiple imputations were performed for variables with missing values; thus, 50 complete
datasets were obtained. Independent t-tests, the Mann–Whitney U test and the χ2 test
were performed to compare the difference between sufficient and insufficient FVI groups.
Linear mixed effects models were generated to determine the associations and coefficients
with 95% confidence interval (95% CI) of renal damage indicators with FVI and urinary
indicators, while the weekday and intra-wave of the urine assays were included as random
effects. Sankey diagrams were used to visualize the associations of elevated β2-MG and
MA with FVI status and potassium intake quartiles. The results in Table 1 are based on
the first imputed dataset. We generated Table 2; Table 3 via valid statistical inferences of
the parameters based on 50 datasets using PROC MIANALYZE. A two-tailed p value of
0.05 was used to determine statistical significance. All data were analyzed using Statistical
Analysis System V.9.4 (SAS Institute Inc., Cary, NC, USA).

Table 1. Descriptive characteristics of 6–9 year old children categorized by sufficiency of fruit and
vegetable intake or not in Beijing, China (N = 1914).

Factors Total
Sufficient
FVI (≥4/d)

Insufficient
FVI (<4/d)

p

Sex 1 0.018
Boy [n (%)] 956 (50.0) 465 (47.3) 491 (52.7)
Girl [n (%)] 958 (50.0) 518 (52.7) 440 (47.3)

Age (year) 2 6.6 ± 0.3 6.6 ± 0.3 6.6 ± 0.3 0.09
Height (cm) 2 122.5 ± 5.3 122.3 ± 5.4 122.6 ± 5.3 0.25
Weight (kg) 2 24.8 ± 5.9 24.7 ± 5.9 24.8 ± 5.9 0.72
BMI (kg/m2) 2 16.4 ± 2.9 16.4 ± 2.9 16.4 ± 2.9 0.94
SBP (mmHg) 2 101 ± 8 101 ± 8 101 ± 9 0.27
DBP (mmHg) 2 56 ± 6 56 ± 6 56 ± 6 0.93
Short sleep (<10 h/d) 1 1441 (75.3) 706 (71.8) 735 (78.9) <0.001
Long screen time
(≥2 h/d) 1 95 (5.0) 37 (3.8) 58 (6.2) 0.013

Insufficient physical
activity (<1 h/d) 1 1451 (75.8) 739 (75.2) 712 (76.5) 0.51

Spot urinary potassium excretion (mmol/L) 2

Wave 1 27.36 ± 12.53 27.41 ± 12.54 27.30 ± 12.53 0.85
Wave 2 30.42 ± 12.30 30.34 ± 12.47 30.50 ± 12.12 0.77
Wave 3 26.59 ± 12.86 26.82 ± 13.00 26.36 ± 12.74 0.45
Wave 4 28.00 ± 13.56 28.26 ± 13.45 27.73 ± 13.68 0.46

Estimated 24 h urinary potassium excretion (mg/d) 2

Wave 1 1253.5 ± 370.3 1272.4 ± 371.1 1233.6 ± 368.7 0.022
Wave 2 1363.1 ± 260.2 1383.4 ± 267.0 1342.4 ± 251.5 <0.001
Wave 3 1116.7 ± 276.5 1134.8 ± 270.8 1097.9 ± 281.3 0.005
Wave 4 1114.4 ± 266.6 1131.0 ± 263.3 1097.3 ± 269.1 0.017

Estimated 24 h potassium intake (g/d) 2

Wave 1 1.63 ± 0.48 1.65 ± 0.48 1.60 ± 0.48 0.022
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Table 1. Cont.

Factors Total
Sufficient
FVI (≥4/d)

Insufficient
FVI (<4/d)

p

Wave 2 1.77 ± 0.34 1.80 ± 0.35 1.75 ± 0.33 <0.001
Wave 3 1.45 ± 0.36 1.48 ± 0.35 1.43 ± 0.37 0.005
Wave 4 1.45 ± 0.35 1.47 ± 0.34 1.43 ± 0.35 0.016

Spot urinary β2-MG excretion (mg/L) 3

Wave 1 0.08 (0.04–0.13) 0.07 (0.04–0.12) 0.08 (0.05–0.13) 0.011
Wave 2 0.15 (0.12–0.18) 0.14 (0.12–0.18) 0.15 (0.12–0.19) 0.066
Wave 3 0.16 (0.13–0.21) 0.16 (0.13–0.20) 0.16 (0.13–0.21) 0.19
Wave 4 0.16 (0.13–0.21) 0.16 (0.13–0.21) 0.16 (0.13–0.21) 0.52

Spot urinary MA excretion (mg/L) 3

Wave 1 9.13 (6.45–12.56) 8.85 (6.36–12.18) 9.28 (6.53–12.96) 0.019
Wave 2 6.70 (6.10–8.50) 6.60 (6.10–8.30) 6.70 (6.10–8.90) 0.027
Wave 3 7.00 (6.20–9.10) 6.90 (6.20–9.00) 7.00 (6.20–9.40) 0.35
Wave 4 6.80 (6.00–8.90) 6.70 (6.00–8.80) 6.85 (6.00–9.10) 0.16

(FVI: fruit and vegetable intake, BMI: body mass index, SBP: systolic blood pressure, DBP: diastolic blood
pressure, β2-MG: β2-microglobulin, MA: microalbumin.). 1 Comparison by FVI status using χ2 test. 2 Mean and
standard deviation (SD) compared by FVI status using independent t-test. 3 Median and interquartile ranges
(IQR) compared by FVI status using the Mann–Whitney U test.

Table 2. Bivariate associations of renal damage indicators, FVI and potassium indicators using linear
mixed effects models among 6–9 year old children, Beijing, China.

Dependent
Variable

Independent
Variable

Model 1 Model 2 Model 3

Estimate (95%CI) p Estimate (95%CI) p Estimate (95%CI) p

Estimated
pota-ssium

intake

Insufficient FVI −0.049 (−0.071, −0.027) <0.001 −0.049 (−0.071, −0.027) <0.001 −0.050 (−0.072, −0.027) <0.001
Spot urinary
potassium 0.013 (0.012, 0.014) <0.001 0.013 (0.012, 0.014) <0.001 0.013 (0.012, 0.014) <0.001

β2-MG Insufficient FVI 0.011 (0.004, 0.018) 0.003 0.011 (0.004, 0.018) 0.004 0.012 (0.005, 0.020) <0.001
Estimated
potassium

intake
−0.043 (−0.052, −0.034) <0.001 −0.042 (−0.052, −0.033) <0.001 −0.042 (−0.052, −0.033) <0.001

MA Insufficient FVI 0.616 (−0.020, 1.253) 0.058 0.669 (0.034, 1.304) 0.039 0.717 (0.075, 1.359) 0.029
Estimated
potassium

intake
−1.837 (−2.656, −1.019) <0.001 −1.753 (−2.574, −0.933) <0.001 −1.778 (−2.600, −0.956) <0.001

Model 1: unadjusted; Model 2: adjusting for age, sex, BMI; Model 3: adjusting for age, sex, BMI, SBP, sleep
duration, screen time and physical activity. (FVI: fruit and vegetable intake, BMI: body mass index, SBP: systolic
blood pressure, β2-MG: β2-microglobulin, MA: microalbumin. All models included two random effects: the
weekday and wave of the urine assay.).

Table 3. Multivariable associations of renal damage indicators with insufficient FVI and insufficient
potassium intake using linear mixed effects models among 6–9 year old children, Beijing, China.

Dependent
Variable

Independent
Variable

Model 1 Model 2 Model 3

Estimate (95%CI) p Estimate (95%CI) p Estimate (95%CI) p

β2-MG Intercept 0.142 (0.104, 0.180) <0.001 0.090 (−0.004, 0.184) 0.061 0.043 (−0.058, 0.145) 0.40
Insufficient FVI 0.009 (0.002, 0.017) 0.010 0.009 (0.002, 0.017) 0.011 0.011 (0.004, 0.018) 0.003

Insufficient potassium
intake 0.031 (0.023, 0.039) <0.001 0.031 (0.023, 0.038) <0.001 0.031 (0.023, 0.038) <0.001

MA Intercept 8.940 (7.911, 9.969) <0.001 6.614 (−0.662, 13.890) 0.075 2.228 (−5.736, 10.193) 0.58
Insufficient FVI 0.558 (−0.077, 1.193) 0.085 0.612 (−0.022, 1.246) 0.059 0.658 (0.017, 1.299) 0.044

Insufficient potassium
intake 1.255 (0.563, 1.947) <0.001 1.171 (0.479, 1.863) <0.001 1.185 (0.492, 1.878) <0.001

Model 1: unadjusted; Model 2: adjusting for age, sex, BMI; Model 3: adjusting for age, sex, BMI, SBP, sleep
duration, screen time and physical activity. FVI: fruit and vegetable intake, BMI: body mass index, SBP: systolic
blood pressure, β2-MG: β2-microglobulin, MA: microalbumin. All models included two random effects: the
weekday and wave of the urine assay.
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3. Results

3.1. Sociodemographic Characteristics

A total of 1914 children aged 6.6 ± 0.3 years old at the baseline were enrolled in this
study. The prevalence of insufficient FVI is 48.6% (95% CI: 46.4%, 50.9%), and more common
in boys (51.4%) than girls (45.9%). In the insufficient FVI group, short sleep and long screen
time were significantly more prevalent, and urinary β2-MG and MA excretion of wave 1
were significantly higher than that in the sufficient FVI group. In wave 1–4, estimated 24 h
urinary potassium excretion and estimated potassium intake were significantly lower in
the insufficient FVI group. There were no significant differences in height, weight, BMI,
SBP, DBP, prevalence of insufficient physical activity, and spot urinary potassium excretion
between the two FVI groups (Table 1).

3.2. Binary Regression of Renal Damage Indicators, FVI, and Potassium Indicators

The unadjusted model 1 and adjusting for age, sex, and BMI model 2 suggested that
estimated potassium intake was associated with insufficient FVI and urinary potassium
excretion, urinary β2-MG and MA excretion were associated with insufficient FVI and
estimated potassium intake, respectively. The coefficients of these associations remained
stable and significant (all p ≤ 0.05) after adjusting for age, sex, BMI, SBP, sleep duration,
screen time and physical activity (model 3). The results in model 3 showed that higher
estimated potassium intake was negatively associated with insufficient FVI (β = −0.050,
95% CI: −0.072, −0.027), and positively associated with higher urinary potassium excretion
(β = 0.013, 95% CI: 0.012, 0.014); higher urinary β2-MG excretion was positively associated
with insufficient FVI (β = 0.012, 95% CI: 0.005, 0.020), and negatively associated with
higher estimated potassium intake (β = −0.042, 95%CI: −0.052, −0.033); higher urinary MA
excretion was positively associated with insufficient FVI (β = 0.717, 95% CI: 0.075, 1.359),
and negatively associated with higher estimated potassium intake (β = −1.778, 95% CI:
−2.600, −0.956) (Table 2).

3.3. Multivariable Regression of Renal Damage Indicators with Insufficient FVI and Insufficient
Potassium Intake

The multivariable analysis (unadjusted model 1 and adjusting for age, sex, and BMI
model 2) showed that urinary β2-MG and MA excretion increased with insufficient FVI
and insufficient potassium intake. After adjusting for age, sex, BMI, SBP, sleep duration,
screen time and physical activity (model 3), the urinary β2-MG excretion increased with
insufficient FVI (β = 0.011, 95% CI: 0.004, 0.018) and insufficient potassium intake (β = 0.031,
95% CI: 0.023, 0.038); urinary MA excretion increased with insufficient FVI (β = 0.658,
95% CI: 0.017, 1.299) and insufficient potassium intake (β = 1.185, 95% CI: 0.492, 1.878)
(Table 3).

3.4. Visualization of Early Renal Damage with Insufficient FVI and Quantiles of Potassium Intake

Tracking the proportion of children with elevated β2-MG (Figure 2a) or elevated MA
(Figure 2b), they were more likely to appear in the lower quantile of estimated potassium
intake. Lower potassium intake contributed a larger proportion of both indicators of
renal damage.
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Figure 2. Sankey diagrams of renal damage with estimated potassium intake; elevated β2-MG (a)
or elevated MA (b) urinary excretion were more likely to originate from lower quantile of
potassium intake.

4. Discussion

This longitudinal study with large sample size assessed the associations between
FVI, estimated potassium intake and early renal damage among a general population of
school-aged children in urban China. We found that children with insufficient FVI and low
potassium intake were more likely to have increased urinary β2-MG and MA excretion,
after controlling for potential sociodemographic and lifestyle confounders, including age,
sex, BMI, SBP, sleep duration, screen time and physical activity. These findings highlight
the potential importance of adequate FVI intake and potassium intake to prevent early
renal damage in children.

The prevalence of insufficient FVI (<4/d) was 48.6% (95% CI: 46.4–50.9%), which
was lower than previous surveys, i.e., 58.0% of urban Chinese children in 1982 and 72.7%
in 2012 (both reported prevalence corresponds to the WHO recommendation of 80%,
i.e., <4 servings/d instead of 5 servings/d) [6]. The difference in prevalence may be due to
many factors, including economic status [25], time period differences, and methodologies.
For instance, we used KIDMED surveys that focus on frequency of fruit and vegetable
consumption each week rather than quantities of consumption. Even so, we could observe
significant differences of estimated 24 h urinary potassium excretion and potassium intake
in the insufficient FVI group. Furthermore, the longitudinal negative association we
observed between estimated potassium intake and insufficient FVI validated such findings.
We also found children with insufficient FVI are more likely to have short sleep [26] and
long screen time [27]. The clustering of healthy lifestyle features suggests that a set of
needed interventions should include increased FVI alongside shorter screen time and
enough sleep to prevent early renal damage [27–30].

In both the unadjusted analysis and those that adjusted for age, sex, BMI, SBP, sleep
duration, screen time, and physical activity, we observed consistent longitudinal positive
associations between insufficient FVI (<4/d) and urinary β2-MG excretion, but not urinary
MA excretion. This finding suggests that insufficient FVI leads to earlier renal tubular
stress than glomerular stress, and evidence suggests tubular damage precede glomerular
damage [31]. Clinical management practices in CKD patients with glomerular or tubular
abnormalities include dietary intervention with base-producing foods such as fruits and
vegetables to increase potassium absorption [9] and reduce metabolic acidosis [32]. We
observed a longitudinal negative association between urinary β2-MG or MA excretion and
estimated potassium intake. Many studies have evaluated the effect of potassium intake
on renal damage, and most results reached a consensus that insufficient potassium intake
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was associated with an increased risk of CKD in different populations [11,16,17], while our
result provided the same evidence in the general pediatric population.

We found urinary β2-MG and MA excretion increased with insufficient FVI (<4/d) and
insufficient potassium intake (<1.5 g/d) in multivariable models, adjusting for age, sex, BMI,
SBP, sleep duration, screen time, and physical activity. This finding suggests a consistent
synergistic effect of FVI and potassium intake on early renal damage, i.e., at least 4/d FVI
and 1.5 g/d potassium intake may mitigate or prevent glomerular or tubular damage. Our
data support a conclusion that school-aged children should have no less than 4 kinds of
FVI daily, even independent of the quantity of fruit and vegetable consumption. Moreover,
the Sankey diagrams show that children with renal tubular or glomerular damage more
likely originate from the lower quantile of the potassium intake group. The comprehensive
analysis of the association between FVI, potassium intake and early renal damage leads to
the robust conclusion that insufficient FVI and low potassium intake are associated with
early renal damage and have a synergistic effect.

The major strength of this study was its use of multiple measures and longitudinal
data from a population-based healthy children cohort in China. The imputation method for
estimating missing data can maximize the use of information and avoid reporting bias. We
selected appropriate linear mixed effects models and covariates to adjust for associations
between renal outcomes and independent variables, especially SBP and lifestyle factors
such as sleep duration, screen time, and physical activity. Therefore, our conclusions that
insufficient FVI and low potassium intake aggravate early renal damage can be placed
into a more relevant public health context. This study was limited by not considering
other renal function indicators. Urine β2-MG, MA, and potassium were tested via different
machines due to the limited capacity of each testing site, but these effects were minimized
by longitudinal data.

5. Conclusions

In conclusion, we present the longitudinal effects of FVI and potassium intake on early
renal damage in school-aged children in China. We found that insufficient FVI and low
potassium intake aggravate early renal damage in children. Our findings underscore the
necessity of advocating more FVI for children to protect renal function from early damage
in the context of other healthy lifestyle choices such as enough sleep, less screen time, and
more physical activity.
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Abstract: Background: Leptin is a hormone regulating lifetime energy homeostasis and metabolism
and its concentration is important starting from prenatal life. We aimed to investigate the association
of perinatal leptin concentrations with growth trajectories during the first year of life. Methods:
Prospective, longitudinal study, measuring leptin concentration in maternal plasma before delivery,
cord blood (CB), and mature breast milk and correlating their impact on neonate’s bodyweight from
birth to 1 year of age, in 16 full-term (FT), 16 preterm (PT), and 13 intrauterine growth-restricted
(IUGR) neonates. Results: Maternal leptin concentrations were highest in the PT group, followed by
IUGR and FT, with no statistical differences among groups (p = 0.213). CB leptin concentrations were
significantly higher in FT compared with PT and IUGR neonates (PT vs. FT; IUGR vs. FT: p < 0.001).
Maternal milk leptin concentrations were low, with no difference among groups. Maternal leptin
and milk concentrations were negatively associated with all the neonates’ weight changes (p = 0.017
and p = 0.006), while the association with CB leptin was not significant (p = 0.051). Considering each
subgroup individually, statistical analysis confirmed the previous results in PT and IUGR infants,
with the highest value in the PT subgroup. In addition, this group’s results negatively correlated
with CB leptin (p = 0.026) and showed the largest % weight increase. Conclusions: Leptin might
play a role in neonatal growth trajectories, characterized by an inverse correlation with maternal
plasma and milk. PT infants showed the highest correlation with hormone levels, regardless of source,
seeming the most affected group by leptin guidance. Low leptin levels appeared to contribute to
critical neonates’ ability to recover a correct body weight at 1 year. An eventual non-physiological
“catch-up growth” should be monitored, and leptin perinatal levels may be an indicative tool. Further
investigations are needed to strengthen the results.

Keywords: leptin; preterm neonate; intrauterine growth restriction (IUGR); growth trajectories;
children health prognosis

1. Introduction

The adipose tissue is a dynamic endocrine organ that produces and secretes various
adipokines and bioactive peptides, including leptin. Leptin is a hormone (16KD) synthe-
sized by the obese (ob) gene, [1] the secreted amount is directly related to the mass of
adipocytes. Leptin activates anorexigenic neuropeptide circuits and inhibits orexigenic
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routes after binding at hypothalamic receptors, decreasing food intake, and increasing
energy expenditure.

Leptin stimulates lipid catabolism while constraining lipogenesis at the adipose cells
level, through both central and peripheral energy homeostasis control and metabolism
balance [2]. In addition, the physiological leptin concentration indicates that the body has
sufficient energy stores, thus inhibiting appetite [3].

The role of leptin in the overall metabolism regulation starting at prenatal life has
been previously suggested. In particular, the interplay between maternal and fetal leptin
concentration might anticipate the aptitude to develop metabolic diseases in adulthood.
Furthermore, maternal plasma, cord blood, and breast milk leptin concentrations from birth
and during the first years of life seem good predictors of growth outline later in life [4–13].

Maternal leptin secretion rises during gestation due to the growing fetus and fat and
body fluid increase. Maternal excessive weight gain during gestation is associated with
gestational diabetes, pre-eclampsia, polycystic ovary syndrome, and preterm or growth-
restricted newborns [14]. Thus, pregnancy is a critical period for programming children’s
metabolism in a manner that influences their long-term risk [13,14]. In addition, during
early infancy, a rapid weight gain may result in an increased risk for obesity and non-
communicable diseases (NCDs) in childhood and beyond [15–17].

Leptin is also produced by the mammary gland but can pass to breast milk from
maternal serum, and the significate of maternal leptin has been previously investigated
with contrasting results [18,19]. In recent years, maternal milk leptin has been evaluated
for its potential role in the postnatal programming of healthy phenotype in adulthood [2].

This study aims to assess the contribution of maternal plasma, cord blood (CB), and
breastmilk leptin concentrations to neonates’ weight trajectory during the first year of life
in different neonatal populations.

2. Methods

2.1. Study Design and Patients

This was a prospective longitudinal observational study. The Bioethical Committee of
the Hospital approved the study and written informed consent was obtained from both
parents before the neonate’s enrollment. The results described herein have never been
reported before, nevertheless this cohort was part of a population previously evaluated
for cord blood and maternal and neonatal leptin from birth to 3 months of age, from the
same authors [20]. This study pertains to fully breastfed infants only, evaluated during the
first year of age. The inclusion criterion was breastfeeding until the end of the 3 months of
life. We measured maternal plasma leptin one week before delivery, umbilical CB at birth
and mature breast milk (one sample in the first two weeks from the delivery). Maternal an-
thropometric and clinical data and blood samples were collected before delivery; children’s
data were collected at birth and after 1 year of life.

Forty-five mother-infant dyads exclusively breastfeeding until the end of the third
month of life could be enrolled. Dyads consisted of 16 full-term (FT), 16 preterm (PT), and
13 intra-uterine growth-restricted newborns (IUGR) and their mothers. FT babies included
healthy newborns, gestational age (GA) ≥ 37 weeks, with adequate for gestational age
(AGA) bodyweight. Infants born at GA 36 + 6 weeks of gestation or below were included
in the PT group; IUGR newborns were born to mothers with altered flussimetric findings
during ultrasound imaging and did not reach their genetically determined potential growth.

Exclusion criteria were infants with congenital malformations or infection, genetic
syndromes, formula-fed, and infants large for gestational age.

2.2. Procedures

Leptin concentrations in maternal plasma and CB were determined as reported in the
previous study [20]. Briefly, all plasma samples were processed simultaneously using Sim-
ple Plex™ Assays running on the Ella™ Automated immunoassay analyzer (ProteinSimple,
Biotechne brand powered by R&D Systems, Inc., Minneapolis, MN, USA). (https://www.
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rndsystems.com/products/simple-plex-human-leptin-cartridge_spckb-ps-000309, last ac-
cessed on 14 October 2018).

Maternal milk samples (30 mL) were obtained at the end of the first morning breast-
feeding, by pumping manually for five minutes, and were stored at −80 ◦C until analyses.

To separate fat from the aqueous phase, all samples were thawed, vortexed, and
centrifuged (4000× g) for 30 min at 4 ◦C, to separate fat from the aqueous phase. Leptin
concentration in freshly skimmed milk samples were determined as for plasma sam-
ples. The Low limit of quantification (LLOQ) is 2.20 pg/mL; the Upper LOQ (ULOQ) is
13,810 pg/mL. The limit of detection is 1.71 pg/mL. The intra-assay precision (within an
assay and each control was tested 16 times in one assay) is 93.2 ± 8.70 pg/mL for low QC
and 4319 ± 143 for high quality control (QC). The inter-assay precision (between assays,
replicates of each QC were tested in multiple assays performed by 3 technicians using
2 lots of reagent, QC was tested 16 times in one assay): 94.7 ± 9.70 pg/mL for low QC and
4305 ± 178 pg/mL for high QC.

2.3. Statistical Analysis

Quantitative variables were summarized as median and Interquartile range (IQR,
25th−75th percentiles). Qualitative variables were described as counts and percentage. The
Kruskal–Wallis and Fisher exact tests were applied to compare quantitative and qualitative
variables between the three groups of neonates (FT, PT and IUGR). For the analysis, we used
a zero-skewness log-transformation of leptin concentrations. Generalized linear regression
models, with Sandwich standard errors (to allow for intragroup correlation), were fitted to
assess the association of the log-transformed leptin and the increase of offspring weight,
while adjusting for neonate type and time. Using residuals derived from the model, the
partial correlation of leptin and weight, was computed together with its 95% bootstrapped
confidence interval (95% CI), overall and by neonate type. The corresponding scatterplots
are presented. The interaction of leptin concentration and groups was tested to assess
whether any effect modification by group was present.

A 2-sided p-value < 0.05 was considered statistically significant. The Bonferroni
correction was used for post hoc comparisons. Data analysis was performed with the
STATA statistical package (StataCorp. 2019. Stata Statistical Software: Release 17. StataCorp
LLC: College Station, TX, USA).

2.4. Study Endpoints

To assess the association of leptin concentrations in maternal plasma, CB and maternal
milk with growth trajectories up to one year of age in all the neonates, adjusting for
confounders (time and neonate types).

To verify whether the associations depend on the specific subgroup of mother-neonate
dyads: FT, PT, and IUGR.

3. Results

Maternal plasmatic leptin concentrations were highest in the PT group, followed by
the IUGR and FT groups, without reaching statistical differences (p = 0.213). Conversely,
CB leptin concentrations were highest in FT and lowest in PT and IUGR neonates (PT vs.
FT and IUGR vs. FT p < 0.001, both). Maternal milk concentration showed large variability
within the same group, without significant differences.

At 12 months of age, PT and IUGR change in weight was higher (absolute value),
although not significantly, than FT neonates (p = 0.272), while percent (%) change in weight
was statistically significant in PT compared to FT, similarly to IUGR infants compared to
FT (p < 0.001, both) (Table 1, Supplementary Materials Table S1; Figure S1).

199



Nutrients 2022, 14, 1451

Table 1. Demographic data of mother-newborn couples, leptin concentrations, and weight increase
in the three groups.

FT (n = 16) PT (n = 16) IUGR (n = 13) p-Value
Post Hoc Comparison
p-Value—Bonferroni

Maternal age,
years # 31 (30–32) 32 (29–36) 32 (30–37) 0.377 -

Cesarean section
delivery § 1 (6.3%) 11 (68.8%) 10 (76.9%) <0.001 PT vs. FT: 0.002

IUGR vs. FT: <0.001
IUGR vs. PT: >0.90

Maternal BMI
before pregnancy *

23.5 (3.65)
(range 16.5–29.8)

23.5 (3.98)
(range 18.7–30.48)

23 (3.68)
(range 19.0–31.2) 0.814 -

Maternal BMI at
delivery *

28 (3.63)
(range 20.8–33.2)

27.5 (4.0)
(range 20.8–35.0)

26.0 (3.35)
(range 220–33.6) 0.228 -

Male neonate § 8 (50%) 7 (43.8%) 5 (38.5%) 0.929 -

Gestational Age,
weeks # 40.5 (39.4–41.0) 33.7 (29.7–34.6) 36.6 (32.1–37.3) <0.001 PT vs. FT: <0.001

IUGR vs. FT: <0.001
IUGR vs. PT: 0.217

APGAR 1′ 10 (9–10) 7.5 (5.5–9) 9 (6–9) <0.001 PT vs. FT: <0.001
IUGR vs. FT: 0.027
IUGR vs. PT: 0.304

APGAR 5′ 10 (10–10) 9 (8–10) 10 (7–10) 0.022 PT vs. FT: 0.003
IUGR vs. FT: 0.100
IUGR vs. PT: 0.402

Maternal plasmatic
leptin

concentration
pg/mL #

44,473.5
(22,214.5–50,302.4)

75,575.2
(27,219.9–89,243.3)

71,768.5
(41,890.1–12,1378.1) 0.213 -

Maternal milk
leptin

concentration
pg/mL #

620.6
(462.3–881.6)

622.0
(329.7–1235.0)

844.3
(444.9–1008.9) 0.782 -

CB leptin
concentration

pg/mL #

19,280.5
(11,800.8–32,894.8)

3958.1
(1982.9–11,545.6)

1588.8
(1223.1–6912.0) <0.001 PT vs. FT: <0.001

IUGR vs. FT: <0.001
IUGR vs. PT: 0.632

Birth weight g # 3242.5
(3022.5–3585.0)

1802.5
(1367.5–2203.5)

1770.0
(1265.0–2265.0) <0.001 PT vs. FT: <0.001

IUGR vs. FT: <0.001
IUGR vs. PT: >0.90

Change in weight
g # (increase at

12 months)

6135
(5893–7110)

7062
(6275–8565)

6295
(5970–6955) 0.272

% Change in
weight (increase at

12 months)
191.7 (183.4–224.8) 374.9 (288.9–564.6) 341.6 (288.5–549.8) <0.001 PT vs. FT: <0.001

IUGR vs. FT: <0.001
IUGR vs. PT: >0.90

* mean and (SD); § n and (%); # median and (IQR 25th–75th percentiles). Abbreviations, FT: full-term; PT: preterm;
IUGR: intrauterine growth restriction; BMI: body mass index.
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3.1. Association of Leptin Concentrations and Neonate’s Weight Trajectories

Maternal plasma leptin concentration (log-transformed) was significantly associated
with infants change in weight (p = 0.017), adjusting for time and neonate type (confounders)
in the multivariable analysis; the partial correlation of maternal plasma leptin and change
in weight was −0.27 (95% CI −0.48 to −0.05).

A marginally non-significant (p = 0.051) association of CB leptin concentration and
weight change was observed. The partial correlation for confounders was −0.30 (95% CI
−0.58 to 0.0).

Finally, maternal leptin milk concentration (log-transformed) was significantly as-
sociated with neonates’ weight change (p = 0.006). The leptin-change in partial weight
correlation was −0.33 (95% CI −0.51 to −0.15).

3.2. Association of Leptin Concentrations and Neonate’s Subgroups Weight Trajectories

Figure 1 illustrates the association of change in weight and leptin for each compart-
ment and each different type of neonates, together with the corresponding partial corre-
lations. Neonatal characteristics did not significantly modify the relationship of weight
changes and maternal plasma leptin concentrations in PT and IUGR compared to FT (p
for interaction = 0.268); however, partial correlations ranged from −0.04 (FT) to −0.28 (PT)
and to −0.52 (IUGR).

Figure 1. Partial correlations of leptin concentrations and change in weight by type of neonate.
Residuals from the multivariable regression are plotted to account for time. Circles = maternal plasma
leptin concentrations. Squares = CB leptin concentrations. Triangles = milk leptin concentrations.

In the case of CB leptin concentration, the effect modification by neonate type reached
statistical significance (p = 0.026) and a significant partial correlation was elicited in the PT
group (partial R −0.59 for PT; R −0.02 for IUGR; R −0.05 for FT). No significant modification
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by neonate type was found when considering the residual analysis from the multivariable
regression plotting maternal milk and growth trajectory (p for interaction = 0.120). The
inverse correlation was heterogeneous between the neonate’s types and was highest in the
PT group (partial R −0.50 for PT; R −0.27 for IUGR; R 0.04 for FT).

4. Discussion

We investigated the relationship of maternal plasma, cord blood, and milk leptin
concentration with offspring’s growth trajectories up to 1 year of age in three different
mother-neonate dyads, FT, PT, and IUGR.

The multivariable analysis, adjusted for confounders, showed an inverse though weak
correlation between leptin measured in the three different biological samples and growth
trajectories up to one year of age. Maternal plasma leptin concentration was associated with
infants change in weight (p = 0.017) and confirmed in the partial correlation when adjusting
for time and neonate type (−0.27). Previous studies reported no association between
maternal leptin concentration and birthweight/weight change [6,20]; or higher incidence of
IUGR neonate in pre-eclamptic pregnancy, if maternal serum leptin levels were elevated [21].
Moreover, a significant rate of low-birth-weight infants in non-diabetic mothers with high
leptin plasma concentration was reported [22,23]. Our results highlighted a marginally
non-significant association between CB leptin concentration and weight change at one year
of age for all neonates.

Conversely, the analysis of the specific sub-group demonstrated that PT neonates
elicited a significant negative correlation. Other studies investigated the relationship
between CB leptin concentration, birthweight, and growth pattern. Fonseca et al. [24]
demonstrated a negative association between CB leptin with BMI and length change during
the first six months of life of preterm infants, furthermore lower leptin levels correlated
with greater catch-up growth. Equally, Karakosta et al. [25] evaluated the association of CB
leptin and growth trajectories up to four years. Children with higher leptin concentration
resulted in lower height, weight and BMI until early childhood; at the same time, a negative
association was observed in small for gestation age infants and children with rapid infant
growth during the first three months of life. Conversely, Chaoimh et al. [8] showed that cord
blood leptin was positively associated with fat mass at birth, while higher concentrations
were associated with slower weight gain in early infancy.

Since the preterm delivery leads to a premature separation from the maternal/placental
leptin source, the infant is predisposed to postnatal hormone deficiency, enhanced by the
lack of adipose tissue, which increases during the last three months of fetal life. Thus,
leptin in the breastmilk could be a substitute source for neonates, particularly those born
preterm [26]. In our study, leptin concentrations in maternal milk resulted in a similar small
amount in each group, lower than the corresponding levels in maternal plasma and CB.
Anyhow, maternal milk leptin was negatively associated with all the neonates’ change in
weight. In particular, the sub-group analysis showed the most significant values plotting
mother’s milk with PT neonate’s growth trajectories.

Aydin et al. [27] confirmed that leptin levels in colostrum (2.01 ng/mL) and mature
milk (2.04 ng/mL) were more than five-fold lower than the corresponding blood levels
(11.54 ng/mL). Schuster et al. [12] measured leptin concentrations in maternal milk 22-fold
lower than the maternal serum; the same study showed a negative association between
breast milk leptin and the infant’s weight increase during the first six months of life.

Dundar et al. [28] reported that maternal milk from small, large and adequate for
gestational age infants had different leptin levels during the first months of life. Indeed,
small for gestational age infants had a significant milk leptin reduction associated with
higher weight gain. Andreas et al. highlighted no significant associations between milk
leptin concentration and the timing of sample collection (measured at one week and three
months post-partum) and hind and foremilk, demonstrating a constant concentration of the
hormone through the first 3 months of lactation [29]. On the other hand, Kratzsch et al. [18]
showed a variability of breast milk leptin concentrations depending, in particular, by
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maternal adipose tissue. In our study, maternal BMI, before pregnancy and at the delivery,
resulted homogenous, without statistical differences among the three groups of mothers. In
parallel, leptin concentrations in maternal milk resulted as well alike in the three groups and
statistically associated with neonates’ change in weight. Besides maternal influences, the
role of breastmilk leptin concentration is still a matter of debate: a recent review highlighted
contrasting findings concerning the potential action of milk leptin on modeling growth,
either showing infants’ association to weight changes or reporting no correlation [30].

Moreover, a recent study on 50 preterm infants found an association between higher
maternal leptin intake and higher weight gain at 36 weeks of post menstrual age, suggesting
a potential role for breastmilk leptin in earlier neonatal weight increase [31], which contrast
with the known “appetite-inhibiting” role of the hormone [2].

Our study demonstrated for all group an inverse association between leptin of breast
milk and neonatal growing trajectories, which was stronger in newborns born preterm.
The outline of change in weight in the first year of life was significantly associated with
low hormone levels: small and critical newborns struggle to rescue the appropriate size
over time. Low leptin concentration contributes reaching the ideal body weight, avoiding
the satiety perception, increasing feeding need. We found the most significant correlation
between leptin concentration in each biological sample and weight gain in newborns
born preterm.

Leptin concentrations were demonstrated to play a role in defensive mechanisms for
survival, enhancing hunger, and expansion of energy stores needed for rapid growth. On
the other side, monitoring for abnormal “catch-up growth” is mandatory. The associa-
tion between excessive growth in infancy and overweight/obesity, insulin resistance, and
elevated blood pressure in childhood or adulthood has been reported [32]. Therefore, mea-
suring growth trajectory and leptin concentration is a valid tool for monitoring children’s
health. In particular, the period of early infancy known as “the first 1000 days of life”, is a
narrow but essential window for promoting future wellbeing [33,34].

During pregnancy, prevention measures can be adopted to promote healthy fetal
growth and programming [17]. Similarly, in the post-natal period, it is possible to avoid
future obesity and metabolic diseases, as an example, with prolonged breastfeeding that
acts on an infant’s microbiota and immune system. [35].

The low number of subjects included in our study requires caution in the interpretation
of results, and we did not include other perinatal and postnatal factors that have a part in
children growth. Contrariwise, the inverse correlation between leptin in PT infants and
change in weight was significant throughout the first year of age, regardless of the source
of the biological compartment.

We speculate that leptin plays a role in neonatal growth trajectories, characterized
mainly by an inverse correlation with leptin concentration in maternal plasma and breast-
milk. The PT infants elicited the highest negative association with each leptin source. Low
hormone levels appeared to contribute to critical neonates’ ability to recover a correct body-
weight similar to full-term children at 1 year. An eventual non-physiological “catch-up
growth” should be monitored, and leptin perinatal levels may be an indicative tool. Further
investigations are needed to strengthen the results.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu14071451/s1, Table S1: Weight percentile at 12 month of age in the three different groups of
children, Figure S1: Distribution of weight percentiles across types of neonate through 12 months of
age (Fisher’s test p = 0.016).
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Abstract: Dietary quality is of great significance to human health at all country income levels.
However, low-cost and simple methods for population-level assessment and monitoring of diet
quality are scarce. Within these contexts, our study aimed to identify the sentinel foods nationally
and by province of 29 food groups to adapt the diet quality questionnaire (DQQ) for China, and
validate the effectiveness of the DQQ using data from the China Health and Nutrition Survey (CHNS).
The DQQ is a rapid dietary assessment tool with qualitative and quantitative analysis to determine
appropriate sentinel foods to represent each of 29 food groups. Dietary data of 13,076 participants
aged 15 years or older were obtained from wave 2011 of CHNS, and each food and non-alcoholic
beverage was grouped into 29 food groups of the DQQ. The data were analyzed to determine the
most commonly consumed food items in each food group, nationally and in each province. Key
informant interviews of 25 individuals familiar with diets in diverse provinces were also conducted
to identify food items that may be more common in specific provinces. China’s DQQ was finalized
based on identification of sentinel foods from the key informant interviews, and initial national
results of the quantitative data. Consumption of sentinel foods accounted for over 95% of people
who consumed any food item in each food group, at national levels and in all provinces for almost all
food groups, indicating the reliability of the sentinel food approach. Food-group consumption data
can be obtained through DQQ to analyze dietary diversity as well as compliance with WHO global
dietary guidance on healthy diets, providing a low-burden, food-group-based and simple method for
China to evaluate diet quality at the whole population level.

Keywords: diet quality questionnaire; food groups; sentinel foods; dietary diversity

1. Introduction

Diet quality, including food quality and diversity, is as essential to human health as
air is to human life. Poor diet quality is the main contributor to morbidity and mortality
worldwide, with micronutrient deficiencies persisting and diet-related non-communicable
diseases rising across the world, especially in low-income countries [1,2]. Dietary diversity,
one of the best ways for people to meet the requirements for essential nutrients, has long
been recognized as a key dimension of high-quality diets [3]. Furthermore, healthy diets
must protect against diet-related non-communicable diseases (NCDs) [4]. Appeals to
improve diet quality and nutrition call for more programmatic action to measure diet
quality, promoting better nutritional status for people.

Many kinds of dietary quality indicators exist as important tools to evaluate the quality
of the diet [5]. One major category is nutrient-based indicators, which require quantitative
intake of food information and food-nutrient conversion tables to convert food weight
into nutrient content, and further compare the nutrient adequacy rate, such as the Healthy
Eating Index, the Healthy Diet Indicator, the Diet Quality Index, and the Chinese Healthy
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Food Diversity (HFD) Index [6,7]. These indicators usually require substantial financial
and technical support and are often designed for use in high-income countries/regions
with life-cycle assessment databases, which are not available in low and middle-income
countries/regions [5,8]. There is a need to be able to quickly and inexpensively monitor
diet quality in populations worldwide. Therefore, another category is food/food group-
based indicators, one of which that is widely used is Minimum Dietary Diversity for
Women (MDD-W), for which only the consumption (not the quantity consumed) of a
food group was needed [3]. However, the MDD-W only assesses 10 healthy food groups
and has a weak correlation with non-communicable diseases (NCDs), which has brought
many restrictions to its own application [4]. Dietary diversity scores, which calculate
the number of food groups consumed during a given period, are validated indicators of
micronutrient adequacy [9]. Currently, two standard dichotomous indicators correlated to
achieving nutrient adequacy are used internationally: one is the minimum dietary diversity
(MDD) (≥5 of 8 food groups) [10], while the other is MDD-W (≥5 of 10 food groups) for
women of reproductive age (15–49 years) [3,11]. A second indicator, the Global Dietary
Recommendations (GDR) score, has been developed as an indicator of diet patterns that
protect against NCDs [4]. Based on WHO global recommendations [4], the GDR score
consists of two subscales. The first is the GDR-Healthy score, including foods for healthy
diets such as whole grains, legumes, dark green leafy vegetables, vitamin A-rich fruits, and
nuts and seeds, while the other is the GDR-Limit score, including foods that should be
limited to intake due to the high content of free sugar, salt, and total or saturated fat, such
as grain-based sweets, deep-fried foods and packaged ultra-processed [12] salty snacks.

These indicators can be useful for helping to formulate intervention strategies and
monitor intervention effects [3,13]. However, no consistent, reliable method for gathering
food group consumption data had been standardized or adapted for individual countries
with a wide variety of diets, including China. There is a need for a valid tool for food group
consumption to reflect diet quality in China, promote the establishment of targets, and
advocate and formulate policies aimed at improving diets and nutrition.

In the present study, we adapted the diet quality questionnaire (DQQ) for China
and used data from the China Health and Nutrition Survey (CHNS) 2011 and qualitative
interviews to determine the sentinel food items appropriate for China in each of 29 detailed
food groups. Furthermore, we tested the validity of the questionnaire for each province.

The DQQ, a tool for collecting food group level data to reflect healthy dietary patterns
at the whole population level [14], uses sentinel foods to capture food group consumption:
since it is difficult to enumerate every single food currently available in each group in
China, selecting foods known to be major contributors would be suitable. In addition, a
previous study has already proven the reliability of the sentinel food method, reporting
that using sentinel food data obtained similar results as those using all foods in dietary
data collection [4]. This study is not only a part of international work on the validation
of diet quality indicators that could be used globally, but also provides a new and more
suitable method for China to investigate dietary diversity, helping to shape both national
and regional programs and policies effectively.

2. Materials and Methods

2.1. Quantitative Dietary Data Source

The quantitative data in this study were obtained from wave 2011 of CHNS. The
CHNS met the standards for the ethical treatment of participants and was approved
by the Institutional Review Committee of the University of North Carolina at Chapel
Hill, and the National Institute for Nutrition and Health, Chinese Center for Disease
Control and Prevention (2015017). Written informed consent was obtained from all subjects
before they participate the survey. Further details of the CHNS data have been previously
published [15,16].

The 2011 wave of CHNS included nine provinces (Liaoning, Heilongjiang, Jiangsu,
Shandong, Henan, Guangxi, and Guizhou) and three municipalities (Beijing, Shanghai,
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and Chongqing) that differ in economic development, geography, health indicators, and
public resources [17]. Basic data cleaning was performed by the CHNS team before the
datasets were uploaded online [18]. Using a multistage random cluster sampling method,
5923 families in 289 communities with over 15,000 participants in total were involved from
urban and rural areas. A total of 648 participants with incomplete dietary information were
excluded. Our study focused on respondents aged ≥15 years, resulting in the removal of
1927 individuals. Moreover, 74 respondents with implausible intakes (carbohydrate intake
greater than 1500 g/d, calcium intake greater than 3000 mg/d, or sodium intake greater
than 30 g/d) were further excluded. Finally, 13,076 subjects were included in the analysis.
Specific exclusion and inclusion criteria are shown in Figure 1.

Figure 1. Exclusion and inclusion criteria of this study.

The basic sociodemographic characteristics and food consumption information of
households were collected by trained interviewers from local Centers for Disease Control
and Prevention through face-to-face interviews. Diet was assessed with a combination of
24-h recalls of individual dietary intake and a food inventory at the household level consist-
ing of foods that they consumed at home or away from home in three consecutive days [19].
More detailed information on the dietary survey has been previously reported [20]. Since
China’s DQQ is designed to obtain food group intake data of the study population in the
past 24 h, dietary intake data in the first day during the three consecutive days were used
in this study to verify its validity.
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2.2. Qualitative Data Collection

Key informant interviews of 25 people from diverse provinces were carried out by the
research team. In each interview, key informants were asked to identify or confirm the food
items they perceived to be most commonly consumed in each of the 29 DQQ food groups
across China, inclusive of regions and seasons. Key informants ranged in occupation from
health professionals, government officials, food industry professionals, consumers, expats,
and students. These interviewees were familiar with the diets in their local regions, so the
most commonly consumed food items in each food group were identified according to the
data on how local interviewees name and refer to their local foods. Key informants were
also asked to rank the popularity of each food, which influenced where each food item
appears in the final DQQ tool question formulation. Each interview lasted 60–90 min and
were conducted until consensus was reached. The China DQQ was drafted on the basis of
these interviews, and accuracy was confirmed by using the national-level data analysis of
the CHNS data.

2.3. Data Analysis

All foods and non-alcoholic beverages consumed by subjects were divided into 29 food
groups of the DQQ as follows: (1) staple foods made from grains; (2) whole grains; (3) white
root/tubers; (4) legumes; (5) vitamin A-rich orange vegetables; (6) dark green leafy vegeta-
bles; (7) other vegetables; (8) vitamin A-rich fruits; (9) citrus; (10) other fruits; (11) grain-
based sweets; (12) other sweets; (13) eggs; (14) cheese; (15) yogurt; (16) processed meats;
(17) unprocessed red meat (ruminant); (18) unprocessed red meat (nonruminant); (19) poul-
try; (20) fish and seafood; (21) nuts and seeds; (22) packaged ultra-processed salty snacks;
(23) instant noodles; (24) deep fried foods; (25) fluid milk; (26) sweetened tea/coffee/milk
drinks; (27) fruit juice; (28) sugar-sweetened beverages (SSBs) (sodas); (29) fast food.

To identify sentinel foods, all foods were ranked in descending order according to the
consumption frequency contributions in each group nationally and by province, after which
cumulative consumption frequency was calculated. Food items that captured consumption
of 95% or more of the surveyed individuals, were identified nationally and by each province.
Furthermore, the proportion of the population consuming the food group that was captured
by the sentinel foods in each food group was calculated. For example, of all people who
consumed any vitamin A-rich fruit, 96.5% were captured by the sentinel foods nationally.
Data analyses were performed with the Statistical Package for Social Sciences (SPSS),
version 25.0 for Windows.

3. Results

3.1. General Information

The sociodemographic characteristics and food consumption information of a total
of 13,076 participants aged ≥15 years are described in Table 1. Nationally, 52.9% of the
respondents were female and more than half (57.8%) were from rural villages. The mean
age of all participants was 49.7 years with a standard deviation (SD) of 16.0 years old, while
the average body mass index (BMI) was 22.8 ± 6.3 kg/m2. The average intake of energy
was 1929.1 ± 790.2 kcal nationally, with average intakes of carbohydrates, protein, and
fat of 273.6 ± 130.8 g, 69.2 ± 34.9 g, and 66.1 ± 45.9 g, respectively. Characteristics for
participants of each province are also shown in Table 1.

3.2. The DQQ for China

Sentinel foods identified through key informant interviews were used to draft the
China-adapted DQQ. They were then checked against draft data analysis at the national
level (but not at the province level). Table 2 shows the finalized DQQ for China.
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3.3. Sentinel Foods Items and Consumption Proportions for Each Food Group, Nationally and
by Province

The sentinel food items (represented by “X”) in 29 food groups nationally and by
province are shown in Table 3. The quantity and kind of sentinel foods differed by province,
due to the diverse dietary habits or different local crops of distinct provinces. Taking the
staple food made from grains (group 1) as an example, the sentinel food items in Liaoning
Province were rice, steamed buns and bread, whereas those in Henan Province were
noodles, steamed buns and bread. However, in almost every food group, different provinces
contained at least one sentinel food item in common. For instance, carrots, pumpkin or
butternut squash, and sweet potatoes that are orange inside were three national sentinel
foods for vitamin A-rich orange vegetables (group 5), and 12 provinces or municipalities
had the same or two of the three.

Moreover, in almost all cases the DQQ selected items represented >95% of people who
consumed each food group nationally, and over 90% in each province (Figure 2; detailed
data shown in Table S1). For example, in the legumes group (group 4), 98.1% of people
consumed the sentinel foods (bean curd or tofu, bean curd sheet, soybean milk, soybeans,
and other dried beans) nationally, while same sentinel foods captured >95% of people
consuming any legumes in almost every province; only one province (Shanghai) would
have required additional sentinel food (soy meat) in this category (shown in Tables 3
and S1). Therefore, although there were differences in most common food items between
different provinces, the DQQ is valid for use in any province of China, in addition to use at
national level.

Figure 2. Percent consuming of DQQ sentinel foods in each food group compared to all items,
nationally and by province (%).

Food group 1: staple foods made from grains; 2: whole grains; 3: white root/tubers;
4: legumes; 5: vitamin A-rich orange vegetables; 6: dark green leafy vegetables; 7: other
vegetables; 8: vitamin A-rich fruits; 9: citrus; 10: other fruits; 11: grain-based sweets;
12: other sweets; 13: eggs; 14: cheese; 15: yogurt; 16: processed meats; 17: unprocessed
red meat (ruminant); 18: unprocessed red meat (non-ruminant); 19: poultry; 20: fish and
seafood; 21: nuts and seeds; 22: packaged ultra-processed salty snacks; 23: instant noodles;
24: deep fried foods; 25: fluid milk; 26: sweetened tea/coffee/milk drinks; 27: fruit juice;
28: sugar-sweetened beverages (SSBs) (sodas); 29: fast food.
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4. Discussion

This present study validated the use of the DQQ in China, based on dietary intake
data from CHNS 2011. It is the first study to report commonly-consumed food items in
each of 29 food groups among Chinese residents by 12 provinces or municipalities, and to
determine whether the DQQ sentinel food items are applicable for each province.

The DQQ for China is a low-burden tool to track trends in diet quality over time at
low cost and without high technical expertise requirements or large-invested quantitative
dietary intake surveys. If implemented widely, the diet quality monitoring data from the
DQQ can give researchers and policymakers guidance to promote higher diet quality and
heathier diet patterns in certain populations or in certain areas. Dietary data obtained from
the DQQ could also be used to evaluate nutrient adequacy and trends of overnutrition,
and may be useful in predicting the risk of diet-related NCDs due to its detailed food
groups [21]. For China, a country with a long-standing food culture and a wide variety of
food, DQQ would be helpful to measure the diet quality and diversity of Chinese people
more accurately and more closely to the actual situation at national level. What’s more,
similar to a previous study which proved the reliability of sentinel food method [4], our
results showed that sentinel foods the DQQ selected captured over 90% of people who
consumed each food group in almost every province. Therefore, even if different dietary
patterns exist, China DQQ can be effectively applied to each province to evaluate their
trend of diet quality and to compare the differences between different provinces, so that
decision makers could formulate intervention plans with a targeted approach.

This study has several strengths. First, to our knowledge, this was the first work that
attempted to report commonly-consumed Chinese food items in 29 food groups nationally
and by province, which could obtain more detailed information on dietary diversity at the
population level. Second, the DQQ for China was validated to be effective and could be
a low-burden indicator for diet quality measurement without substantial technical and
financial support. Third, the development of DQQ for China was part of international
collaborative research on diet quality which allowed for comparison among different
population groups in different countries or regions. However, several limitations of this
study should be noted. First, data collected by DQQ were effective at the population
level and can be used to measure and track the diet quality of the population, but are not
available for the dietary diagnosis of individuals. Second, DQQ is not designed to collect
quantitative intake data, so quantitative surveys such as the CHNS will still be needed
periodically to gather nutrient and energy intake information. Third, the application of
diet quality indicators based on data from DQQ needs to be further verified in China.
The GDR score has been validated in other countries [4]; work is underway to validate
it in China. It is also possible to create a composite score which includes both the GDR
score and Food Group Diversity Score (FGDS) to reflect nutrient adequacy and the global
dietary recommendations, and further to capture the total diet quality [4]. These new scores
require further validation, as they may complement or substitute for other indicators in
use. Currently, the MDD-W (and its complement for the total population, the FGDS), is the
most widely used diet-quality indicator based on food groups, but it did not perform well
in reflecting total diet quality or meeting global dietary recommendations [4]. Previous
studies reported that in various demographic groups in China, and in pregnant women
in Bangladesh, MDD-W led to a high percentage of misclassification, indicating that its
applications to other human groups should be well considered [17,22]. The development
and application of DQQ may make improvements toward understanding diet quality at
population level. Moreover, although this study used data from people over the age of 15,
China’s DQQ is developed for general population, including children and adolescents. The
validity of China’s DQQ would be validated in children and adolescents in the near future.

5. Conclusions

This study first described the most commonly-consumed food items by 29 food
groups nationally and by province and developed a low-burden, food group-based DQQ
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to evaluate diet quality at the population level. The DQQ could be used to evaluate
multiple aspects of diet quality and risk factors for NCDs, and could be developed into
a tool of low-burden, food group-based indicators, reflecting the dietary quality of the
Chinese population.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14091754/s1. Table S1: Percent consuming of DQQ sentinel
foods in each food group compared to all items, nationally and by province (%).
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Abstract: (1) Objective: This study aimed to examine the prevalence of metabolic syndrome (MetS)
in children aged 6–14 years in Beijing, and to determine whether sedentary behavior is a risk factor.
(2) Methods: Using a multistage stratified cluster random sampling method, 3460 students were selected
for the Nutrition and Health Surveillance in Schoolchildren of Beijing (NHSSB). Data on children’s
sedentary behavior time and MetS indicators were collected using the questionnaires, physical measure-
ments, and laboratory tests. MetS was defined according to the CHN2012 criteria, and logistic regression
analysis was used to compare the effects of different sedentary time on MetS and its components.
(3) Results: The overall prevalence of MetS among children aged 6–14 in Beijing was 2.4%, and boys, sub-
urban children, and older age were associated with a higher prevalence (χ2 values were 3.947, 9.982, and
27.463, respectively; p < 0.05). In boys, the prevalence rates of abdominal obesity, hyperglycemia, high
triglycerides (TG), and low high-density lipoprotein cholesterol (HDL-C) were higher in the high-level
sedentary behavior group than those in the low-level sedentary behavior group (p < 0.05); and in girls,
the prevalence rates of high TG, low HDL-C, and MetS were higher in the high-level sedentary behavior
group than those in the low-level sedentary behavior group (p < 0.05). After adjusting for confounding
factors, the multivariate logistic regression results showed that compared with children with low-level
sedentary behavior, the risks of abdominal obesity and low HDL-C were higher in boys with high-level
sedentary behavior (odds ratio (OR) 1.51, 95% confidence interval (CI) 1.10–2.07, p = 0.011; OR 2.25, 95%
CI 1.06–4.76, p = 0.034, respectively); while the risk of abdominal obesity was higher in girls with medium
and high-level sedentary behavior (OR 1.52, 95% CI 1.01–2.27, p = 0.043; OR 1.59, 95% CI 1.04–2.43,
p = 0.032, respectively). (4) Conclusions: Higher sedentary behavior time was related to the higher risk
of MetS components among children aged 6–14 in Beijing. Reducing sedentary behavior may be an
important method for preventing metabolic diseases.

Keywords: sedentary behavior; metabolic syndrome; children

1. Introduction

Metabolic syndrome (MetS) is a group of clinical syndromes that are closely related
to lifestyle and characterized by a combination of obesity, hyperglycemia, hypertension,
and dyslipidemia, including elevated triglyceride (TG) and low high-density lipoprotein
cholesterol (HDL-C) [1,2].

In recent years, the prevalence of MetS in children and adolescents has gradually
increased throughout the world [3–6]. Sina E et al. found that the prevalence of MetS
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was 5.5% in European children and adolescents aged 2–16 years [7]. According to the
analysis by DeBoer et al., the prevalence of MetS by U.S. census division ranged from
4.6% to 13.6% among 4600 U.S. adolescents aged 12–19 years [8]. Ye et al. conducted
a meta-analysis and found that the prevalence rates of MetS were between 1.8% and
2.6% among Chinese children and adolescents aged 6–20 years [9]. These data indicate
that the prevalence of MetS in children and adolescents cannot be ignored. MetS or its
components in childhood and adolescence may increase the risk of chronic diseases, such
as cardiovascular disease (CVD) and type 2 diabetes mellitus (T2DM) in adulthood [10,11].
The increasing prevalence of MetS in children and adolescents may have implications for
future global health burdens [12].

Sedentary behavior refers to the behavior in which energy consumption does not
exceed 1.5 metabolic equivalents of task (METs) when sitting or in a reclining posture in an
awake state in an education, family, community, and transportation environment [13–15].
It includes two types of sitting: sitting without looking at the screen and sitting in front of
the screen; the time of the latter is called screen time. Song et al. analyzed the surveillance
data of Chinese residents’ nutrition and health status from 2010 to 2012 and found that
the average daily sedentary behavior time of children aged 6–17 years was 2.92 h, and
85.8% of them had sedentary behaviors for more than two hours a day [16]. A survey
conducted by Wu et al. in 12 provinces of China found that 16.2% and 41.5% of primary
and middle school students, respectively, had screen time exceeding the recommended
range of 2 h/day on study days and on weekends [17].

The “Guidelines on physical activity and sedentary behavior” issued by the World
Health Organization (WHO) in 2020 suggests that, among children and adolescents, in-
creased sedentary behavior is associated with the following adverse health outcomes:
increased obesity, cardiovascular metabolism, and reduced sleep time; children and ado-
lescents should limit the amount of time spent being sedentary [14]. At the same time,
available studies have found that sedentary behavior is associated with an increased risk of
CVD and MetS [15,18,19], and a systematic review by Tremblay et al. concluded that lower
sedentary behavior, of any type, is associated with favorable health indicators [20].

China has experienced rapid social and economic changes in the past decade, conse-
quently, lifestyle and health behaviors may have changed among Chinese children and
adolescents. However, there are few descriptions of sedentary behavior in school-aged
children in China, and few studies have analyzed the prevalence of MetS in school-aged
children in Beijing. Therefore, we used data from the Nutrition and Health Surveillance
in Schoolchildren of Beijing (NHSSB) in 2019 to describe the prevalence of MetS among
children aged 6–14, analyze the relationship between sedentary behavior and MetS, and
provide scientific evidence for its prevention and treatment.

2. Materials and Methods

2.1. Study Design and Participants

Beijing launched the Balanced Meal Campus Health Promotion Action Project in
2014–2020, which uses health education as the main means of guiding primary and sec-
ondary school students to develop healthy eating habits. To evaluate the changes in
the nutritional health status of primary and middle school students during this period,
the Beijing Center for Disease Prevention and Control conducted a baseline survey in
2015, a mid-term survey in 2017, and a third round of Nutrition and Health Surveillance in
Schoolchildren of Beijing (NHSSB) in 2019. This surveillance adopted a multistage stratified
cluster random sampling method (Figure 1).

This surveillance was approved by the Ethics Committee of the Beijing Center for
Disease Prevention and Control (approval number: No. 14, 2019), and all participating
students and their guardians signed the informed consent.
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Figure 1. Flow diagram of the study participants.

2.2. Questionnaires Data Collection

The questionnaires used in this study were generated after expert argumentation
based on the nutrition surveillance over the years. Questionnaires were designed for
students and their parents separately. Students’ nutrition, health-related knowledge, and
eating behavior were obtained by the student questionnaire; basic family information,
family behaviors, students’ physical activity, and health information were obtained by the
parental questionnaire. Questionnaire items on sedentary behaviors include (1) watching
TV; (2) playing computers, tablets, mobile phones, and other electronic devices; (3) reading
newspapers, novels, and other paper reading; (4) doing homework; (5) other sedentary
activities. The sedentary behavior time of children on school days and weekends was
measured separately. We only counted the sedentary behavior time of children after school
considering that children have almost equal sedentary time in class.

2.3. Anthropometric Measurements

(1) Height and weight: The measurement of height and weight was carried out in
accordance with the requirements of GB/T 26343-2010 “Technical standard for physical
examination for students.” Height was measured in centimeters (cm) to the nearest 0.1 cm;
weight was measured in kilograms (kg) to the nearest 0.1 kg.

(2) Waist circumstance (WC): Using a tape measure, WC was measured horizontally
at the midpoint between the inferior edge of the costal arch and the iliac crest in the mid-
axillary line, at the end of a normal exhalation. The measurement was performed twice,
with cm as the unit and accurate to 0.1 cm. The average of two repeated measurements
was calculated for WC.

2.4. Blood Pressure Measurement

The measurement instrument was a digital sphygmomanometer (model HBP1300;
Omron Healthcare (China) Co., Ltd., Liaoning, China). BP was obtained from the left arm
using the appropriate cuff for each participant. The participant rested quietly for at least
5 min before the measurement and at the same time we ensured that the measurement
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environment was quiet and comfortable. BP was measured three times with a 1-min
interval between repetitions; the average of three measures was calculated.

2.5. Laboratory Biochemical Examination

After 10–12 h overnight fasting, blood samples were collected by qualified medical
physicians, centrifuged at 3000 rpm for 10 min within 30 min, collected the supernatant to
aliquot, and then stored in a refrigerator at −80 ◦C. Blood glucose, blood lipids, and other
biochemical indicators were tested by an automatic biochemical analyzer (model 7600;
Hitachi High-Tech (China) Co., Ltd., Beijing, China) and corresponding reagents (Wako
Pure Chemical Industries, Ltd., Osaka, Japan). Glucose, TG, and HDL-C were analyzed by
hexokinase method, free glycerol method, and direct method, respectively.

2.6. Calculation or Diagnostic Criteria
2.6.1. Sedentary Behavior

Sedentary behavior time was estimated by counting the minutes per day spent watch-
ing TV, computer, tablet computer, mobile phone, and other screens, reading newspapers,
novels, and other paper reading time, and doing homework and other sedentary activities.
Average sedentary behavior time could be calculated by the following formula:

Sedentary behavior time (min/day) = (sedentary behavior time on school days × 5 + sedentary behavior
time on weekends × 2)/7

The sedentary behavior time was categorized in tertiles (low, medium, and high).
There were 1090, 1114, and 1075 participants in the low-level, medium-level and high-level
groups, respectively.

2.6.2. Metabolic Syndrome

MetS was defined according to the CHN2012 criteria [21]. Abdominal obesity is an
essential component for the diagnosis of MetS. The waist-to-height ratio (WHtR) is used
as the screening index [21–24], and the cut-off point of WHtR is 0.48 for boys and 0.46 for
girls as the screening cut-off value for abdominal obesity [22]. At least two components
of the following should be provided at the same time: (1) Hyperglycemia: a. Impaired
fasting blood glucose (IFG): fasting blood glucose ≥ 5.6 mmol/L; b. or impaired glucose
tolerance (IGT): oral glucose tolerance test (OGTT) 2 h blood glucose ≥ 7.8 mmol/L, but
<11.1 mmol/L; c. or type 2 diabetes [21]. (2) Hypertension: using the rapid identification
method, children aged ≥10 years with systolic blood pressure (SBP) ≥ 130 mmHg and/or
diastolic blood pressure (DBP) ≥ 85 mmHg are identified to be hypertension; children
aged 6–10 years with SBP ≥ 120 mmHg and/or DBP ≥ 80 mmHg are identified to be
hypertension [22]. (3) Low HDL-C: HDL-C < 1.03 mmol/L or non-HDL-C ≥ 3.76 mmol/L.
(4) High TG: TG ≥ 1.47 mmol/L [21].

2.7. Statistical Analysis

EpiData 3.0 software (The Epi Data Association, Odense, Denmark) was used for
data entry, and all data received were double-checked. All analyses were performed with
IBM SPSS version 26.0 software (IBM, Aromonk, NY, USA). Continuous variables were
reported as mean ± standard deviation or the median and interquartile range (IQR), and
categorical variables were reported as frequency (percentage). Chi-squared test was used to
compare the constituent ratios between groups, t-test was used to compare the differences
in height, weight, WC, glucose, and other indicators between the MetS and the non-MetS
groups, nonparametric tests were used to compare differences in time to sedentary behavior
between groups, and binary logistic regression was used to analyze the correlation between
sedentary behavior and MetS and its components. A two-sided p < 0.05 was considered
statistically significant.
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3. Results

3.1. The Status Quo of MetS

The overall prevalence of MetS among students surveyed was 2.4%. The prevalence
rates of abdominal obesity, hypertension, hyperglycemia, high TG, and low HDL-C were
23.0%, 4.0%, 7.9%, 7.8%, and 5.5%, respectively. Table 1 shows the distribution of partici-
pants’ characteristics by MetS. Boys were more likely to have MetS than girls (χ2 = 3.947,
p = 0.047) and suburbs were more prevalent in the MetS group than in the non-MetS group
(χ2 = 9.982, p < 0.01). The prevalence rates of MetS among students in different age groups
were also different (χ2 = 27.463, p < 0.001), and the prevalence was higher with increasing
age. Children in the MetS group had longer sedentary behavior time (Z = 3.409, p = 0.001).
The high-level sedentary behavior group had more MetS than the low-level sedentary
behavior group (χ2 = 9.363, p < 0.01). All components of MetS differed between the two
groups, and the MetS group showed worse profiles with higher WC, WHtR, systolic and
diastolic blood pressure, fasting glucose, and triglyceride, and lower HDL-C (p < 0.001).

Table 1. Characteristics of participants by MetS #.

Group
Total

(n = 3392)
Non-MetS
(n = 3311)

MetS
(n = 81)

p-Value

Gender 0.047 *
Boy 1724(50.8) 1674(50.6) 50(61.7)
Girl 1668(49.2) 1637(49.4) 31(38.3)

Age (years) <0.001 ***
6~8 895(26.4) 886(26.8) 9(11.1)
8~10 805(23.7) 796(24.0) 9(11.1)
10~12 859(25.3) 831(25.1) 28(34.6)
12~14 833(24.6) 798(24.1) 35(43.2)

Residence 0.002 **
Urban 1328(39.2) 1310(39.6) 18(22.2)
Suburbs 2064(60.8) 2001(60.4) 63(77.8)

Height (cm) 140.95 ± 15.21 140.67 ± 15.13 152.33 ± 14.53 <0.001 ***
Weight (kg) 37.52 ± 14.12 36.96 ± 13.59 60.84 ± 15.86 <0.001 ***
Average sedentary time
(min/day) 175.7(128.6228.6) 175.1(127.1227.9) 208.9(154.6251.8) 0.001 **

Sedentary behavior time group 0.009 **
Low level 1069(33.3) 1055(33.6) 14(18.4)
Medium level 1091(33.9) 1064(33.9) 27(35.5)
High level 1055(32.8) 1020(32.5) 35(46.1)

Caregiver’s education 0.125
Junior high school or below 477(14.1) 462(14.0) 15(18.5)
High school/Technical

school 640(18.9) 621(18.8) 19(23.5)

College/Vocational college 703(20.7) 683(20.6) 20(24.7)
Undergraduate or above 1571(46.3) 1544(46.6) 27(33.3)

Per capita household income (CNY/year) 0.257
<20,000 307(9.1) 297(9.0) 10(12.3)
20,000~39,999 489(14.4) 473(14.3) 16(19.8)
40,000~69,999 721(21.3) 702(21.2) 19(23.5)
≥70,000 1427(42.1) 1402(42.3) 25(30.9)
Not clear 448(13.2) 437(13.2) 11(13.6)
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Table 1. Cont.

Group
Total

(n = 3392)
Non-MetS
(n = 3311)

MetS
(n = 81)

p-Value

Leisure time MVPA (min/week) 0.826
≤60 1151(40.3) 1126(40.4) 25(39.7)
61~120 710(24.9) 693(24.8) 17(27.0)
121~240 611(21.4) 600(21.5) 11(17.5)
>240 381(13.4) 371(13.3) 10(15.9)

WC (cm) 62.40 ± 11.37 61.71 ± 10.45 82.60 ± 8.61 <0.001 ***
WHtR 0.44 ± 0.06 0.44 ± 0.06 0.54 ± 0.05 <0.001 ***
SBP (mmHg) 109.03 ± 10.14 108.62 ± 9.73 121.26 ± 11.16 <0.001 ***
DBP (mmHg) 64.32 ± 7.08 64.18 ± 7.01 68.12 ± 7.31 <0.001 ***
Fasting glucose (mmol/L) 5.03 ± 0.43 5.03 ± 0.42 5.36 ± 0.51 <0.001 ***
Serum TG (mmol/L) 0.78 ± 0.47 0.75 ± 0.41 1.83 ± 0.92 <0.001 ***
Serum HDL-C (mmol/L) 1.46 ± 0.29 1.47 ± 0.29 1.01 ± 0.18 <0.001 ***

#: Data were presented as means ± standard deviations, or median (P25, P75), or frequency values (percentages, %).
Abbreviations: WC, waist circumference; WHtR, waist-to-height ratio; SBP, systolic blood pressure; DBP, diastolic
blood pressure; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; MVPA, moderate-to-vigorous
intensity physical activity. *: p < 0.05, **: p < 0.01, ***: p < 0.001.

3.2. The Status Quo of Sedentary Behavior

The median sedentary behavior time of the participants was 175.7 (128.6, 228.6) min,
the mean was 182.9 ± 75.2 min, and 77.5% of participants had more than 2 h of sedentary
behavior per day. There were no statistically significant differences between the seden-
tary behavior time of participants of different genders and regions (Z = 0.599, p = 0.446),
but screen time of the boys was higher than that of the girls (Z = 4.034, p < 0.001), and
screen time of suburban students was higher than that of urban students (Z = 7.697,
p < 0.001). Older children had longer daily sedentary behavior time, and the difference in
each age group was statistically significant (p < 0.001). Figure 2 shows the composition of
sedentary behavior among children by gender, age, residence, and school days or weekends.
The median sedentary behavior times on school days and weekends were 140.0 min and
240.0 min, respectively.

Figure 2. The composition of sedentary behavior time among children by gender, age, residence, and
on school days or weekends.
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3.3. Relationship between Sedentary Behavior and MetS

Table 2 shows the prevalence of MetS components in the different sedentary behavior
time groups by gender. In boys, the prevalence rates of abdominal obesity, hyperglycemia,
high TG, and low HDL-C were higher in the high-level sedentary behavior group than those
in the low-level sedentary behavior group (p < 0.05); and in girls, the prevalence rates of high
TG, low HDL-C, and MetS were higher in the high-level sedentary behavior group than those
in the low-level sedentary behavior group (p < 0.05). Figure 3 shows the percentages of people
with abnormal numbers of metabolism in different sedentary behavior time groups by gender.
The high-level sedentary behavior group also had more metabolic abnormalities than the
low-level sedentary behavior group in both boys and girls (p < 0.001).

Table 2. Prevalence of MetS components in different sedentary behavior time groups by gender #.

Boys Girls

Low Level Medium Level High Level p Value Low Level Medium Level High Level p Value

Abdominal obesity 140(25.2) 168(30.3) 172(33.0) 0.018 * 68(13.2) 91(17.0) 90(16.9) 0.161
Hypertension 22(3.9) 25(4.4) 35(6.5) 0.101 13(2.5) 21(3.8) 17(3.2) 0.460

Hyperglycemia 38(6.7) 50(8.8) 61(11.4) 0.024 * 25(4.8) 33(6.0) 42(7.8) 0.123
High TG 30(5.3) 43(7.6) 50(9.3) 0.036 * 29(5.5) 50(9.1) 54(10.0) 0.020 *

Low HDL-C 16(2.8) 29(5.1) 38(7.1) 0.005 ** 19(3.6) 37(6.7) 41(7.6) 0.017 *
MetS 10(1.8) 17(3.1) 19(3.6) 0.174 4(0.8) 10(1.9) 16(3.0) 0.031 *

#: Data were presented as frequency values (percentages, %). p-values were obtained by the chi-squared test,
*: p < 0.05, **: p < 0.01. Abbreviations: TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; MetS:
metabolic syndrome.

Figure 3. Percentages of people with abnormal numbers of metabolism in different sedentary
behavior time groups by gender.

Single-factor logistic regression analysis of sedentary behavior time and MetS and its
components revealed that compared with low-level sedentary behavior time, high-level
sedentary behavior time had higher risks of abdominal obesity, hyperglycemia, high TG,
low HDL-C, and MetS (p < 0.05). After adjusting for the confounding factors of age, gender,
residence, caregiver’s education, per capita household income, and leisure time moderate-
to-vigorous intensity physical activity (MVPA), further analysis found that, compared with
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children with low-level sedentary behavior, the risks of abdominal obesity, high TG, and
low HDL-C were higher in children with high-level sedentary behavior (odds ratio (OR)
1.49, 95% confidence interval (CI) 1.16–1.92, p < 0.01; OR 1.57, 95% CI 1.05–2.35, p = 0.028;
OR 2.02, 95% CI 1.22–2.32, p < 0.01, respectively) (Table 3).

Table 3. Logistic regression analysis of sedentary behavior time, MetS, and its components of children
aged 6–14 years (OR (95% CI of OR)).

Model Sedentary Time
Abdominal

Obesity
Hypertension Hyperglycemia High TG Low HDL-C MetS

Crude Low level 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Medium level 1.29(1.05,1.59) * 1.30(0.83,2.03) 1.31(0.94,1.84) 1.59(1.14,2.23) ** 1.90(1.25,2.89) ** 1.91(1.00,3.67)

High level 1.37(1.11,1.68) ** 1.53(0.99,2.37) 1.73(1.25,2.39)** 1.87(1.34,2.61) *** 2.39(1.59,3.59) *** 2.59(1.38,4.83) **

Model 1 Low level 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Medium level 1.25(0.98,1.59) 1.05(0.61,1.82) 1.01(0.67,1.51) 1.44(0.98,2.14) 1.57(0.95,2.58) 1.39(0.65,2.96)

High level 1.49(1.16,1.92) ** 1.23(0.71,2.14) 1.26(0.84,1.89) 1.57(1.05,2.35) * 2.02(1.22,3.32) ** 1.63(0.76,3.47)

Crude: Unadjusted confounding variables; Model 1: Adjusted for age, gender, residence, caregiver’s education,
per capita household income, and leisure time moderate-to-vigorous intensity physical activity; ref: reference;
*: p < 0.05, **: p < 0.01, ***: p < 0.001.

A stratified analysis by gender found that compared with children with low-level seden-
tary behavior, the risks of abdominal obesity and low HDL-C were higher in boys with
high-level sedentary behavior (OR 1.51, 95% CI 1.10–2.07, p = 0.011; OR 2.25, 95% CI 1.06–4.76,
p = 0.034, respectively); the risk of abdominal obesity was higher in girls with medium and
high-level sedentary behavior (OR 1.52, 95% CI 1.01–2.27, p = 0.043; OR 1.59, 95% CI 1.04–2.43,
p = 0.032, respectively) (Table 4).

Table 4. Logistic regression analysis of sedentary behavior time, MetS, and its components of children
aged 6–14 years by gender # (OR (95% CI of OR)).

Sedentary Time Abdominal Obesity Hypertension Hyperglycemia High TG Low HDL-C MetS

Boys
Low level 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Medium level 1.15(0.85,1.56) 0.67(0.32,1.41) 1.06(0.62,1.81) 1.35(0.77,2.36) 1.53(0.71,3.30) 1.18(0.45,3.06)
High level 1.51(1.10,2.07) * 0.91(0.44,1.86) 1.41(0.83,2.40) 1.53(0.87,2.70) 2.25(1.06,4.76) * 1.43(0.56,3.68)

Girls
Low level 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Medium level 1.52(1.01,2.27) * 1.87(0.80,4.37) 0.89(0.47,1.68) 1.56(0.89,2.71) 1.61(0.83,3.12) 2.08(0.58,7.42)
High level 1.59(1.04,2.43) * 1.89(0.77,4.64) 1.03(0.54,1.96) 1.61(0.91,2.86) 1.83(0.93,3.59) 2.25(0.61,8.26)

#: Adjusted for age, residence, caregiver’s education, per capita household income, and leisure time moderate-to-
vigorous intensity physical activity; *: p < 0.05.

4. Discussion

This study aimed to examine the prevalence of metabolic syndrome (MetS) in children
aged 6–14 years in Beijing and determine whether sedentary behavior is a risk factor.
Through the cross-sectional study design, the overall prevalence of MetS among children
aged 6–14 in Beijing in 2019 was 2.4%, which was consistent with the results of the 2017
Guangzhou City and 2010 nationwide surveys among the same age group [25,26], which
was lower than the 3.6% in Pudong New Area, Shanghai [27]. Boys were more likely to have
MetS than girls, which was consistent with the results of most studies [25,26,28]. Possible
reasons for this result are the physiological structure and genetic differences between boys
and girls, and the prevalence of abdominal obesity among boys is much higher than that of
girls. Some studies have shown that obesity is an important factor affecting the prevalence
of MetS [2,29,30]. In addition, the screen time of the boys was higher than that of the
girls. Carson et al. found that current evidence suggests that screen time may have a larger
impact on health than overall sedentary time [19]. Suburbs were more prevalent in the MetS
group than in the non-MetS group, which may also be related to the higher obesity rate
and screen time among students in suburban areas than in urban areas in Beijing [31]. The
prevalence rates of MetS among students in different age groups were also different. The
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overall trend was that prevalence goes up with increasing age. This trend was consistent
with the results of previous studies [25,28]. The reason for this result may be that individual
hormone levels and body fat distribution characteristics change significantly with age [32].

The study found that the median sedentary behavior time for children aged 6–14 in
Beijing was 175.7 min, and the mean was 182.9 ± 75.2 min, which was similar to the average
total sedentary behavior time in Guangzhou in 2017 of 3.06 ± 1.34 h [33], and 77.5% of
students had more than 2 hours of sedentary behavior per day, which was lower than the
86.2% reported by Song et al. [16]. The median screen time was 47.14 min, and the average
daily screen time exceeding 2 h for children accounted for 8.2%, slightly lower than the
9.0% in Guangzhou in 2017 [25] and higher than the 6.7% in Beijing in 2018 [34]. Changes
in social development and lifestyles, as well as cultural differences in different regions, may
be responsible for the different sedentary behavior time and screen time of children. In
addition, inconsistencies in findings may reflect inconsistencies in data collection methods.
Therefore, it is necessary to establish a uniform standard for the collection of sedentary time
for children to facilitate comparisons between multiple regions. In this study, almost half of
the sedentary behavior time came from homework, which is a problem that should be of
concern. Moreover, the government of China released the Opinions on Further Reducing
the Burden of Homework and Off-Campus Training for Compulsory Education Students
(“Double Reduction” policy) on 24 July 2021; future studies focused on the effect of this
policy on children’s sedentary time are expected.

This study found that the prevalence of each MetS component was higher with longer
sedentary time. In boys, the prevalence rates of abdominal obesity, hyperglycemia, high
TG, and low HDL-C were higher in the high-level sedentary behavior group than those in
the low-level sedentary behavior group; and in girls, the prevalence rates of high TG, low
HDL-C, and MetS were higher in the high-level sedentary behavior group than those in the
low-level sedentary behavior group. It suggested that the effects of sedentary behavior on
MetS and its components might be different in different genders. Thus, gender should be
considered in studies on metabolic outcomes. This study used waist-to-height ratio (WHtR)
to screen for abdominal obesity. Several studies have shown that WHtR is more predictive
of abdominal obesity in children and adolescents than body mass index [23,24,35]. It can be
a useful substitute for body obesity when skinfold measurements are not available. Because
height affects waist circumference, correcting WHtR can eliminate the effect of height and
the potential impact on reference values related to age, gender, and race [36]. Research
by Jorge Mota et al. found that boys with higher sedentary behaviors are more likely to
suffer from central obesity [37]. Available evidence indicates that sedentary behavior is
also independently associated with an increased risk of abnormal glucose metabolism,
including decreased insulin sensitivity [38] and increased fasting insulin levels [39,40].
Hjorth et al. showed that a longer duration of accelerometer-derived sedentary time was
significantly associated with lower high-density lipoprotein (HDL) cholesterol [41].

A longitudinal study by Greer et al. found that men with moderate (12–19 h/week)
and high (>19 h/week) sedentary behaviors had 65% and 76% higher risks of MetS than
men with low sedentary behaviors (<12 h/week), respectively [42]. Berg et al. used an
accelerometer to measure sedentary behavior time, and further analysis found that an
additional hour of static activity was associated with a 39% increase in the risk of MetS [43].
Edwardson et al. also conducted a meta-analysis and found that the longer the sedentary
behavior, the greater the risk of MetS. Reducing sedentary behavior may play an important
role in preventing MetS [44]. In this study, after adjusting for confounders, compared with
children with low sedentary behavior time, the risk of MetS was not higher in children with
high sedentary behavior time, but the risks of abdominal obesity and low HDL-C were
higher in boys with high-level sedentary behavior, while the risk of abdominal obesity was
higher in girls with medium and high-level sedentary behavior. A long sedentary behavior
time has been suggested to be correlated with metabolic abnormalities in children. The
mechanisms underlying the adverse effects of sedentary behavior on metabolic syndrome
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remain unclear. A possible reason for this is that prolonged sedentary behavior affects body
weight and lipid metabolism [41,45].

When adjusting for confounding factors, leisure time MVPA, which might affect the
prevalence of MetS, was not statistically significant, further verifying the difference between
sedentary behavior and physical inactivity. A few studies have found that even if the time of
MVPA meets the requirements of the recommended guidelines, excessive sedentary behavior
still leads to metabolic abnormalities [42,45,46]. The amount of physical activity does not
cancel out the negative effects of sedentary behavior, so it should be clear that sedentary
behavior and physical inactivity are two different concepts that affect health independently.

However, this study has some limitations. First, this study was a cross-sectional
investigation, which could not clarify the causal relationship between sedentary behavior
and MetS. Therefore, a prospective study should be conducted. Second, the collection of
sedentary behavior time depended on students’ self-reports or parents’ reports, which
were prone to recall and reporting bias. In addition, sedentary traffic time refers to the
behavior time in which energy consumption does not exceed 1.5 METs in the transportation
environment. However, due to the lack of a feasible and effective measurement method
for sedentary traffic time, it is not involved in this paper, which may lead to a lower total
sedentary time and underestimate its influence. Therefore, objective devices such as ac-
celerometers, inclinometers, and sports bracelets should be used to measure the level of
sedentary behavior, or a reliable and effective subjective measurement method of sedentary
behavior should be developed and used regularly. Third, the International Diabetes Feder-
ation (IDF) considers impaired fasting glucose (fasting blood glucose (FPG) ≥5.6 mmol/L)
as an independent indicator of abnormal glucose metabolism. However, clinical studies
have found that FPG is not stable enough for being easily influenced by factors such as
emotion, stress, and diseases [22]. Therefore, OGTT or repeated measurement of FPG
should be performed in future experiments.

5. Conclusions

Higher sedentary behavior time is related to the higher risk of MetS components
among children aged 6–14 years in Beijing. Reducing sedentary behavior may be an
important method for preventing metabolic diseases.
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Abstract: Microbial colonization of very preterm (VPT) infants is detrimentally affected by the
complex interplay of physiological, dietary, medical, and environmental factors. The aim of this
study was to evaluate the effects of an infant formula containing the specific prebiotic mixture of
scGOS/lcFOS (9:1) and glycomacropeptide (GMP) on the composition and function of VPT infants’
gut microbiota. Metagenomic analysis was performed on the gut microbiota of VPT infants sampled
at four time points: 24 h before the trial and 7, 14, and 28 days after the trial. Functional profiling was
aggregated into gut and brain modules (GBMs) and gut metabolic modules (GMMs) based on the
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways. Enterococcus faecium, Escherichia coli,
Klebsiella aerogenes, and Klebsiella pneumoniae were dominant species in both the test group and the
control group. After the 4-week intervention, the abundance of Bifidobacterium in the test group was
significantly increased. We found two GBMs (quinolinic acid synthesis and kynurenine degradation)
and four GMMs (glutamine degradation, glyoxylate bypass, dissimilatory nitrate reduction, and
preparatory phase of glycolysis) were significantly enriched in the test group, respectively. The results
of this study suggested that formula enriched with scGOS/lcFOS (9:1) and GPM is beneficial to the
intestinal microecology of VPT infants.

Keywords: preterm; prebiotics; glycomacropeptide; metagenomics

1. Introduction

Globally, the preterm rate is rising and is the major cause of infant mortality. Preterm
infants have immature and fragile organs, which leads them to be more susceptible to
a series of health problems, especially when they are born very preterm (VPT) (born 28
to <32 weeks of gestation) [1]. Despite recent advances in neonatal care, VPT infants
remain at high risk of necrotizing enterocolitis, respiratory problems, neonatal jaundice,
and neurodevelopmental impairment [2].

Due to various health challenges, VPT infants are usually hospitalized in the neonatal
intensive care unit (NICU) for an extended period of time, being put on artificial respiration
and fed artificially or parenterally. Moreover, antibiotics and other medications are widely
used during the treatment of these infants. All these factors may interfere with the natural
pattern of microbiota acquisition and development, resulting in an aberrant establishment
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or deviation of the composition of the gut microbiota [3,4]. The microbiota of healthy
term infants is dominated by Bifidobacterium and Bacteroides; however, these bacteria only
exist in low abundance in premature infants [5]. In contrast, premature infants show low
diversity and increased colonization of potentially pathogenic bacteria from Gram-negative
Enterobacteriaceae of Proteobacteria [6]. These alterations may dramatically affect short- and
long-term health [7].

Nutrition is a key factor in shaping the composition and function of the early micro-
biota [8]. Breastmilk is considered the gold standard of infant nutrition and is recommended
for preterm infants [9]. However, preterm infants (especially <32 weeks of gestation) often
face the dilemma of insufficient breast milk. In this condition, infant formula provides a
healthy alternative that attempts to mimic the nutritional content of breast milk [10]. The
most common infant formula is based on bovine milk, which has a very different nutritional
composition than human breast milk. Human milk oligosaccharides (HMOs) not only have
a “prebiotic” effect [11] but are also rich in sialic acid found in brain gangliosides [12], the
content of which is significantly lower in formula than in breast milk [13]. Sialic acids are a
class of alpha-keto acid sugars with a nine-carbon backbone [14]. A study on piglets con-
firmed that sialic acid derived from casein glycomacropeptide could improve the learning
and memory abilities of piglets during early development [15].

Studies have found that the addition of prebiotics in term infant formula promotes
the development of a neonatal gut microbiota resembling that of breast-fed infants [16].
Furthermore, feeding infant formula containing a GOS/FOS mixture has a positive effect on
bifidobacterial abundance [17]. Glycomacropeptide (GMP) is a glycopeptide rich in sialic
acid that can also promote the growth of beneficial bacteria and bind to pathogenic bacte-
ria [18]. It has numerous biological effects on gut health, including preventing pathogen
adhesion, decreasing intestinal barrier dysfunction, limiting lipopolysaccharide production,
and attenuating inflammation [19].

However, most of the previous studies only focused on individual prebiotic-associated
microorganisms and did not elucidate the whole gut microbiota of subjects; some studies
reported gut microbial composition at the genus level without a detailed description of the
species-specific effects of prebiotics. In the present study, we hypothesized that preterm
formula supplemented with a prebiotic mixture of scGOS/lcFOS and GMP would facilitate
the establishment of normal gut microbiota in VPT infants and confer health benefits. The
aim of our study was to investigate the effects of a preterm infant formula enriched with
scGOS/lcFOS and GMP on the composition and function of healthy VPT infants’ gut
microbiota, using metagenomic data collected at four time points. The effects on infant
growth and stool characteristics were further aims of this study.

2. Materials and Methods

2.1. Study Design and Subjects

This study is a prospective, non-randomized, controlled trial conducted between
October 2019 and November 2020 in the NICU of Peking University Third Hospital. The
study was approved by the Peking University Third Hospital Medical Science Research
Ethics Committee (No. S2016159). It was registered in the Chinese Clinical Trials Register
(registration number ChiCTR2100051988). Written informed consent was obtained from
parents before infant enrollment in the study.

Healthy VPT infants born at a gestational age between 28 and 32 weeks and whose
mothers could not offer sufficient breastmilk or elected not to breast-feed were recruited as
the study subjects. Exclusion criteria included severe gastrointestinal dysfunction, congen-
ital malformations, genetic diseases, or any other disease requiring surgery. The infants
were assigned to receive either a standard formula (control group) or an experimental
formula (test group) according to the preference of parents.

Basic clinical information about the parents and their offspring was obtained through
the medical records, including the mother’s age, mode of delivery, gestational age, infant
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sex, Apgar score, antenatal and postpartum antibiotic therapy, birth weight, length, and
head circumference.

Due to considerations of feeding tolerance and safety, the trial was started when the
infants’ enteral feeding volume reached 80 mL/kg/d. Prior to this, both groups were
fed the same standard formula for preterm infants. When the prescribed enteral feeding
amount was reached, the test group was fed the experimental formula, and the control
group continued to feed the standard formula. The control and experimental formulas
were comparable in nutritional composition, except that the experimental formula con-
tained a prebiotic mixture providing 0.65 g scGOS/lcFOS (9:1) and casein GMP providing
40 mg sialic acid/100 mL. Both formulas were bovine milk-based, containing energy
316 kJ/100 mL, protein 0.68 g/100 kJ, and lipid 1.30 g/100 kJ. The intervention was car-
ried out when the infant was hospitalized in the NICU and lasted for 28 days. During
this period, they underwent a daily clinical follow-up, including feeding volume, stool
consistency, and stool frequency.

2.2. Stool Collection

Fresh stools were collected by a trained nurse from the infants’ diapers within 24 h
before, 7 days after, 14 days after, and 28 days after the intervention using a collection
tube containing 8 mL of DNA stabilizer reagent (PSP® Spin Stool DNA Plus Kit, STRATEC
Biomedical AG, Birkenfeld, Germany). The samples were kept frozen at −80 ◦C until DNA
extraction.

2.3. Fecal DNA Extraction and Metagenomic Sequencing

The metagenomic DNA was extracted using MagPure Stool DNA kf kit (MP, Guangzhou,
China), following the manufacturer’s instructions, which included a step of mechanical cell
disruption by bead beating.

Metagenomic sequencing was performed by China National GeneBank (Shenzhen,
China), following the protocol published previously [20]. Briefly, DNA was fragmented and
barcoded, then subjected to amplification to produce DNA nanoballs. High-throughput
sequencing was performed on BGISEQ-500. Adaptor and low-quality reads were removed,
and human DNA reads were filtered out.

2.4. Taxonomic and Functional Profiling

MetaPhlAn 3.0 was used to estimate the relative abundance of taxonomic profiles.
Putative amino acid sequences were translated from the gene catalog [21] and aligned
against the proteins or domains in the Kyoto Encyclopedia of Genes and Genomes (KEGG)
databases (release 79.0, with animal and plant genes removed) using BLASTP (v2.26,
default parameter, except -m 8 -e 1e-5 -F -a 6 -b 50). Each protein was assigned to a KEGG
orthologous (KO) group on the basis of the highest-scoring annotated hit(s) containing
at least one segment pair scoring over 60 bits. The relative abundance profile of KOs
was determined by summing the relative abundance of genes from each KO using the
mapped reads per sample [21]. The abundance of each gut metabolic module (GMM) (-a 2
-d GMM.v1.07.txt -s average) and gut neuroactive module (GBM) (default parameter) were
calculated as shown in the former article [22,23].

2.5. Statistical Analysis

All statistical analyses were performed using R statistical software version 4.0.3.
Baseline characteristics and clinical results of the study participants were presented as
mean ± SD for continuous variables and frequencies for categorical variables.

Alpha-diversity (Shannon index) was calculated using the Vegan package and com-
pared by using Wilcoxon rank-sum test. Phylogenetic measures of beta-diversity based
on the genus level abundance profile were also calculated by using the Vegan package,
and PCoA plot based on Bray–Curtis distances were performed using the ggplot2 package.
The top two principal coordinates (PC1 and PC2, representing the maximum amount of
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variation present in the dataset) were compared in each group. In order to investigate the
specific differences in the gut microbiome composition and function between the test and
control groups, Wilcoxon rank-sum test was used, and p-values were corrected for multiple
testing using the Benjamin and Hochberg method. In order to compare the microbiota
community structure across four time points, Kruskal–Wallis test was used and pairwise
test for multiple comparisons was performed using Bonferroni’s p-adjustment method.
Statistical significance was assumed at p < 0.05.

2.6. Data Availability

The datasets used to analyze for this study can be found in the China National
Genebank (CNGB) with program ID CNP0001742.

3. Results

A total of 155 samples from day 0 (24 h before intervention), 7 days, 14 days, and
28 days after intervention were obtained from 72 infants (Figure 1). One participant in
the test group dropped out because of sepsis, and one in the control group dropped out
because of necrotizing enterocolitis, and they were not included in the analysis. In the test
group, an average of 2.3 stool samples were collected per participant, and in the control
group, an average of 2 stool samples were collected per participant. The characteristics of
the participants are shown in Table 1. Thirty-seven infants were allocated to the test group
and thirty-five to the control group in the present research. No significant differences were
found in baseline characteristics between the two study groups except that the test group
was more mature (p = 0.040) and had a shorter hospitality stay than the control group
(p = 0.039). However, there was no significant difference in the corrected gestational age at
the beginning of the intervention.

Table 1. Characteristics of the study participants.

Test Group (n = 37) Control Group (n = 35) p

Male sex (n [%]) 14 (37.8) 20 (58.8) 0.077
Siblings at birth (n [% yes]) 11 (29.7) 13 (37.1) 0.505
Cesarean delivery (n [%]) 23 (62.2) 22 (64.7) 0.824

Maternal antibiotics at delivery
(n [% yes]) 11 (29.7) 10 (30.3) 0.958

Infant antibiotics after inclusion
(n [% yes]) 12 (32.4) 14 (40.0) 0.504

Maternal age (year) 32.2 ± 4.8 32.8 ± 4.7 0.589
Birth weight (g) 1329.2 ± 268.1 1265.1 ± 257.1 0.305

Birth length (cm) 38.3 ± 3.3 37.7 ± 2.5 0.384
Head circumference (cm) 27.6 ± 1.7 26.9 ± 1.7 0.060

1-min Apgar score 8.6 ± 2.0 8.2 ± 2.1 0.356
5-min Apgar score 9.4 ± 1.1 9.0 ± 1.2 0.227

10-min Apgar score 9.5 ± 0.8 9.4 ± 0.8 0.562
Gestational age at birth (week) 30.4 ± 1.8 29.5 ± 1.6 0.040

Corrected age at the beginning of
intervention (week) 32.4 ± 1.3 31.8 ± 1.5 0.095

Hospitalization (day) 41.4 ± 15.2 49.4 ± 16.9 0.039
Continuous variables are represented as the mean ± SD.

PCoA based on Bray–Curtis dissimilarity was used to examine the microbial commu-
nity structure across different groups and stages (Figure 2a). The distribution of samples
by groups and stages is shown along the first and second axes of the PCoA plot. Along
the first axis, the value of PC1 in the control group showed an increasing trend over time,
and there was a significant difference in microbiota community structure between stages
three and four. A similar trend was found in the test group, but no significant difference
was observed between the four stages. Along the second axis, the microbiota community
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structure of the test group showed significant differences between stages one and two, as
well as stages one and three. There was no such difference found in the control group.

Figure 1. The study cohort. A total of 72 very preterm infants were included in this study, among
which 37 infants were given a test formula containing prebiotics and sialic acid. Fecal samples were
collected 24 h before, 7 days after, 14 days after, and 28 days after the intervention.

We compared the number of genera between the test group and the control group over
the sampled time points (Figure 2b). We found that the genus number of the control group
showed an increasing trend over time while the test group remained constant. The number
of genera in the control group at stage four was significantly higher than that at stage one
(p = 0.0036) and stage three (p = 0.046). After 28 days of intervention, the genus number of
the control group was significantly higher than that of the test group, indicating that the
test formula had an effect on the richness of microbiota in the VPT infant gut (p = 0.028).

The alpha diversity of the infant gut microbiota was measured by the Shannon in-
dex. There was no significant change in the microbial diversity within either group over
the intervention period. When comparing between feeding groups, the test group was
significantly lower than the control group at 7 d (p = 0.009) and 28 d (p = 0.031) (Figure 2c).

The main phyla in the feces in both the test group and the control group were Pro-
teobacteria, followed by Firmicutes and Actinobacteria. Consistent with the results of previ-
ous studies, we detected that Enterobacteriaceae-related genera such as Klebsiella, Escherichia,
and Enterobacter, and genera of Enterococcus, Clostridium, and Bifidobacterium predominated
the intestinal microbiome of VPT infants (Figure 3a). The relative abundance of the gut
microbiota in both the test and control groups fluctuated during the intervention period.

We found that Enterococcus faecium, Escherichia coli, Klebsiella aerogenes, and Klebsiella
pneumoniae were dominant species in both groups (Figure 3b). The test group was char-
acterized by a higher relative abundance of Bifidobacterium on day 28 (adjusted p = 0.023,
Figure 3c). Four Bifidobacterium species were detected: B. longum, B. animalis, B. breve,
and B. pseudocatenulatum. Among them, B. longum was most affected by the administered
prebiotics and showed the greatest increase in the test group (Figure 3c).

Using gut and brain modules (GBMs) and gut metabolic modules (GMMs), we evalu-
ated the functional capacity development of gut microbiota. After 28 days of intervention,
two significantly changed GBMs between two groups were observed. Quinolinic acid
synthesis and kynurenine degradation were enriched in the test group (Figure 4a,b). Four
significantly changed GMMs between the two groups were observed. Glutamine degrada-
tion, glyoxylate bypass, dissimilatory nitrate reduction, and preparatory phase of glycolysis
(Figure 4c–f) were enriched in the test group compared with the control group.
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Figure 2. The effect of formula supplemented with prebiotics and sialic acid on microbial diversity
in the VPT infant gut. PCoA of Bray–Curtis distances based on the profile of genera, * indicates
difference at p value < 0.05, ** indicates difference at p value < 0.01 (a); comparison of genus numbers
between the test group and control group (b); alpha diversity of gut microbiota measured by the
Shannon index (c).
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Figure 3. Relative abundance of gut microbiota at the genus level (a) and species level (b). Comparison
of the relative abundance of Bifidobacterium between the test group and the control group (c).
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Figure 4. Comparison of gut and brain modules (GBMs) and gut metabolic modules (GMMs) between
the test group and the control group. Quinolinic acid synthesis (a), kynurenine degradation (b),
glutamine degradation (c), glyoxylate bypass (d), dissimilatory nitrate reduction (e) and preparatory
phase of glycolysis (f).

Infants in both groups consumed an increasing amount of formula during the study
period. No significant difference was observed between the two groups in daily intake of
formula, weight, length, and head circumference. No significant differences were shown
at any timepoint for stool consistency and stool frequency between the test and control
groups (Table 2).
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Table 2. Clinical results at 4 time points.

T1 T2 T3 T4

Infant feeding volume (mL/day)

Test 175.1 ± 63.5 214.7 ± 69.5 258.4 ± 55.1 297.5 ± 38.0
Control 171.9 ± 78.3 199.0 ± 64.2 249.7 ± 59.7 293.9 ± 36.8
p value 0.136 0.719 0.217 0.314

Weight (g)

Test 1420.9 ± 199.9 1459.2 ± 186.4 1634.6 ± 199.5 1900.0 ± 197.2
Control 1393.1 ± 210.1 1456.8 ± 222.8 1599.1 ± 235.3 1900.0 ± 129.2
p value 0.582 0.966 0.583 0.699

Length (cm)

Test 39.8 ± 2.9 40.3 ± 2.1 41.3 ± 2.3 44.7 ± 2.5
Control 38.8 ± 2.7 40.0 ± 2.6 41.1 ± 2.7 44.4 ± 2.8
p value 0.231 0.736 0.814 0.794

Head circumference (cm)

Test 28.0 ± 2.0 28.3 ± 2.0 29.1 ± 2.1 31.2 ± 3.1
Control 27.5 ± 1.8 28.2 ± 2.3 28.6 ± 2.3 29.7 ± 2.5
p value 0.323 0.861 0.488 0.187

Stool consistency (Bristol stool score)

Test 3.9 ± 0.5 4.0 ± 0.0 3.9 ± 0.4 4.0 ± 0.0
Control 3.8 ± 0.6 3.9 ± 0.3 3.9 ± 0.3 3.9 ± 0.4
p value 0.359 0.103 0.865 0.253

Stool frequency (times/day)

Test 1.7 ± 1.5 1.7 ± 1.3 2.2 ± 1.5 2.3 ± 1.1
Control 1.9 ± 1.2 2.1 ± 1.4 2.2 ± 1.3 1.7 ± 1.3
p value 0.643 0.268 0.908 0.778

4. Discussion

To the authors’ knowledge, the present study was the first study using metagenomic
shotgun sequencing to profile the gastrointestinal microbiome of VPT infants. We found
that after the 4-week intervention of the specific prebiotic mixture of scGOS/lcFOS (9:1)
and GPM, the abundance of Bifidobacterium in the test group was significantly increased.
Gut and brain modules (GBMs) and gut metabolic modules (GMMs) showed differences
in neuroactive compound production and energy source utilization between the test and
control groups.

It is acknowledged that gestational age is an important factor in the establishment of
the infant gut microbiota [24]. VPT infants have a delayed progression to a Bifidobacterium-
dominated microbiota compared to term infants [6]. Consistent with previous studies [25,26],
we observed that Klebsiella, Escherichia, and Enterococcus predominated the intestinal microbiome
of VPT infants. Although the gut microbiota of VPT infants is highly dynamic, the composition
and longitudinal progression trend of the gut microbiota in the two groups were similar
because they were both fed with formula.

In our study, we found a significant increase in the abundance of Bifidobacterium in the
test group, with a proportion similar to that reported in breast-fed counterparts [27]. Both
scGOS/lcFOS and GPM have been reported to promote the growth of Bifidobacterium. A
dose-related bifidogenic effect of GOS/FOS supplementation has previously been shown
in formula-fed term infants, ranging between 0.4–0.8 g/dL [28], which was comparable to
our study. On the other hand, Korpela et al. studied probiotic and galactooligosaccharides
(GOS) supplementation in breast-fed and formula-fed neonates; they found the bifidobac-
terial community in the formula-fed infants have a weaker response to the supplement
compared to the breast-fed infants. Only breast-fed infants showed the expected increase in
bifidobacteria and reduction in Proteobacteria and Clostridia [29]. GMP supplementation pro-
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moted the growth of Bifidobacterium in the feces of rats with atopic dermatitis and increased
the contents of acetic acid and butyric acid [30]. The administration of GMP to 6-week-old
infants for 6 months augmented the levels of Bifidobacterium compared with baseline [31].
At the species level, we found 4 Bifidobacterium species in the VPT infant gut: B. longum, B.
animalis, B. breve, and B. pseudocatenulatum. The former two were relatively abundant in
the VPT infant gut, and B. longum showed the greatest response to the intervention. This
finding was in correspondence with a previous study in bacterial cultures, which showed
that B. longum strains had the ability to utilize both GOS and FOS and used a major extent
for growth [32].

Moreover, the premature gut microbiota is different not only in composition but also
in functionality. The main short-chain fatty acids (SCFAs) produced by the intestinal
microbiota were found at lower levels in fecal samples from preterm and VLBW infants
than in the feces of full-term infants [33]. In this study, we found that the intervention also
improved the function of the microbial community. Glutamine is the amino group donor
for many cellular biosynthetic reactions and serves as a storage reservoir of ammonia,
playing a central role in nitrogen metabolism [34]. The glutamine degradation enriched in
the test group might indicate the enhanced ability of microorganisms to utilize nitrogen
sources. Glyoxylate bypass is also known as the glyoxylate shunt, in which acetyl-CoA is
converted to succinate for the synthesis of carbohydrates. The glyoxylate shunt acts as a
microbial survival pathway [35,36] and is essential for the production of bacterial acetate
and fatty acid metabolism [37]. Dissimilatory nitrate reduction is a pathway related to
bacteria’s respiration. Nitrate is one of the alternative electron acceptors allowing bacteria
to respire in the absence of oxygen [38]. The glycolytic pathway is a major metabolic
pathway for microbial fermentation, and the preparatory phase forms a key intermediate
of the pathway. In the preparatory phase of glycolysis, one glucose molecule is converted
to two glyceraldehyde-3- phosphate [39]. The kynurenine pathway is responsible for
90% of tryptophan metabolism, and the downstream metabolites kynurenic acid and
quinolinic acid of this pathway have recently been identified as relevant for the nervous
system, as they exert neuroprotective and excitotoxic effects, respectively, through their
interaction with N-methyl-D-aspartate (NMDA) receptors [40]. Recently, it became evident
that intestinal bacteria can affect brain function and behavior through signaling pathways
of the microbiome gut–brain axis [41].

Since previous studies have reported that the preterm infant gut cluster is independent
of sex or delivery mode [42], we did not subgroup these factors in the subject recruitment
and analysis. Antibiotics are another factor that has an important influence on the intestinal
microbiota. In this study, all infants received one course of antibiotics, with a third receiving
at least one additional course. Thus, despite the potential confounding effects of antibiotic
use, this study represents a typical characterization of the bacterial community of VPT
infants under clinical supervision.

The present study has several limitations. Firstly, although the study was conducted
out of humanitarian interest and left to parents to decide which preterm formula to feed
their infants, this non-randomized study design may give rise to imbalances and biased
estimates of treatment effects [43]. A relatively small sample size may limit the power of
statistical analysis. However, our study found some significant differences in the composi-
tion and function of the gut microbiota between the test and control groups, which were
consonant with previous findings. The loss of our study samples was mainly attributed to
(i) extracting DNA from VPT infant stool samples being challenging and (ii) subjects being
unable to adhere to our longitudinal intervention and collection schedule when discharged
from the NICU. It is of great importance that safety is taken into account when trials are
performed in VPT infants because those infants are at increased risk for infections, so the
trials are conducted under close supervision in the NICU. This also resulted in a short trial
period, which was insufficient to observe the trajectory trends of the intestinal microbiome
over a long period of time.
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5. Conclusions

In summary, our results show that formula enriched with scGOS/lcFOS (9:1) and
GPM is safe for VPT infants, and it promotes the growth of Bifidobacterium. VPT infants
fed the experimental formula have a microbiota more active in neuroactive compound
production and energy source utilization, which might benefit their health. However,
future randomized controlled studies with larger samples are warranted to further confirm
these findings.
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Abstract: Background: Additional metabolic indicators ought to be combined as outcome variables
when exploring the impact of breastfeeding on obesity risk. Given the role of a healthy lifestyle in
reducing obesity, we aimed to assess the effect of breastfeeding duration on different obesity pheno-
types according to metabolic status in children and adolescents, and to explore the offsetting effect of
healthy lifestyle factors on the associations between breastfeeding duration and obesity phenotypes.
Methods: A total of 8208 eligible children and adolescents aged 7–18 years were recruited from a
Chinese national cross-sectional study conducted in 2013. Anthropometric indicators were measured
in the survey sites, metabolic indicators were tested from fasting blood samples, and breastfeeding
duration and sociodemographic factors were collected by questionnaires. According to anthropo-
metric and metabolic indicators, obesity phenotypes were divided into metabolic healthy normal
weight (MHNW), metabolic unhealthy normal weight (MUNW), metabolic healthy obesity (MHO),
and metabolic unhealthy obesity (MUO). Four common obesity risk factors (dietary consumption,
physical activity, screen time, and sleep duration) were used to construct a healthy lifestyle score.
Scores on the lifestyle index ranged from 0 to 4 and were further divided into unfavorable lifestyles
(zero or one healthy lifestyle factor), intermediate lifestyles (two healthy lifestyle factors), and fa-
vorable lifestyle (three or four healthy lifestyle factors). Multinomial logistic regression was used
to estimate the odds ratio (OR) and 95% confidence interval (95% CI) for the associations between
breastfeeding duration and obesity phenotypes. Furthermore, the interaction terms of breastfeeding
duration and each healthy lifestyle category were tested to explore the offsetting effect of lifestyle
factors. Results: The prevalence of obesity among Chinese children and adolescents aged 7–18 years
was 11.0%. Among the children and adolescents with obesity, the prevalence of MHO and MUO
was 41.0% and 59.0%, respectively. Compared to the children and adolescents who were breastfed
for 6–11 months, prolonged breastfeeding (≥12 months) increased the risks of MUNW (OR = 1.35,
95% CI: 1.19–1.52), MHO (OR = 1.61, 95% CI: 1.27–2.05), and MUO (OR = 1.46, 95% CI: 1.20–1.76).
When stratified by healthy lifestyle category, there was a typical dose–response relationship between
duration of breastfeeding over 12 months and MUNW, MHO, and MUO, with an increased risk
of a favorable lifestyle moved to an unfavorable lifestyle. Conclusions: Prolonged breastfeeding
(≥12 months) may be associated with increased risks of MUNW, MHO, and MUO, and the benefits
of breastfeeding among children and adolescents may begin to wane around the age of 12 months.
The increased risks may be largely offset by a favorable lifestyle.

Keywords: breastfeeding; obesity phenotypes; healthy lifestyle; children and adolescents
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1. Introduction

Recently, childhood obesity has been among the looming global public health issues,
which could cause metabolic abnormalities, type 2 diabetes, cardiovascular diseases, and tu-
mors in adulthood, thus representing a serious medical burden [1–3]. China has the largest
number of children and adolescents with obesity in the world [4], where the prevalence
of overweight and obesity among children and adolescents aged 6–17 years has exceeded
19% [5]. Body mass index (BMI) is a combination of weight and height, thus representing
a typical way to identify obesity. However, it has been shown that individuals with the
same BMI may have different status of metabolic components, including blood glucose,
blood pressure, and blood lipid levels [6]. Therefore, the definition of obesity by BMI alone
does not accurately reflect obesity-related metabolic status and susceptibility to metabolic
diseases. There are two obesity phenotypes based on BMI combined with metabolic compo-
nents. People with obesity and normal metabolic characteristics are considered as metabolic
healthy obesity (MHO), while people with obesity and metabolically unhealthy status are
defined as metabolic unhealthy obesity (MUO) [7,8]. MUO is associated with a higher risk
of cardiovascular disease and mortality compared to MHO [9]. Given that different obesity
phenotypes have varying disease risks, identifying the modifiable risks and protective
factors of obesity phenotypes may contribute to future precise stratified management of
obesity intervention.

Among modifiable risk factors for childhood obesity in the first 1000 days of life,
breastfeeding was considered as an effective protective factor to reduce the risk of childhood
obesity due to the bioactive compounds of breast milk [10–15]. However, breastfeeding as
a measure to prevent overweight and obesity in children and adolescents has produced
conflicting results. Some systematic reviews, most of which were conducted in European
countries [16–18], as well as several studies from the United States [19–21] and Brazil [22],
reported that breastfeeding duration was inversely related to the risk of obesity in children
and adolescents. However, a large randomized controlled trial that promoted longer
breastfeeding duration in Belarus did not show significant or meaningful changes in obesity,
blood pressure, or cardiometabolic risk factors in children and adolescents [23–25]. Another
cohort study in Japan had similar findings [26]. In addition, cohort studies in Finland and
Sweden found a positive association between breastfeeding duration and obesity [27,28].
According to these findings, the association between breastfeeding duration and childhood
obesity may vary by study design, ethnicities, confounding factors, and the definition of
obesity itself, thus necessitating further exploration [29,30].

Previous studies that measured only BMI in children may have underestimated the
true impact of breastfeeding on obesity risk [31], and more metabolic indicators need to
be combined as outcome variables such as MUO with higher health damage to assess the
effect of breastfeeding. More studies urgently ought to explore the associations between
breastfeeding duration and obesity phenotypes. Studies have found that breastfeeding was
associated with healthier eating behaviors in later childhood, such as higher consumption
of vegetables and fruits and lower consumption of sugary drinks and ultra-processed
foods [32–34]. Additionally, a large number of studies showed that a favorable lifestyle
such as healthy diet, adequate sleeping duration, and physical activity established in later
life would significantly decrease the risk of childhood obesity [35–37]. However, it remains
unclear whether adherence to a healthy lifestyle could influence the associations between
breastfeeding duration and obesity or obesity phenotypes.

We hypothesized that breastfeeding duration was related to obesity phenotypes,
and that these associations might be affected by a healthy lifestyle. In this study, we
aimed to assess the effect of breastfeeding duration on different obesity phenotypes and to
investigate whether a healthy lifestyle would modify these associations among children
and adolescents aged 7–18 years using the data from a Chinese national cross-sectional
study in 2013.
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2. Materials and Methods

2.1. Study Design and Population

Data were collected and maintained by a national cross-sectional study conducted in
September 2013. Children and adolescents aged 7–18 years from seven provinces, namely,
Tianjin, Shanghai, Chongqing, Liaoning, Hunan, Ningxia, and Guangdong, were selected
by a multistage cluster random sampling method. The seven provinces in this study
came from different economic levels and different geographical regions of China. The
detailed description of the study design was reported in a previous study [38]. In brief,
3–4 districts were randomly selected from each province, with 12–16 schools randomly
selected from each district, and 2–3 classes per grade randomly selected from each school.
A total of 15,733 children and adolescents aged 7–18 years with a blood sample were
included (Figure 1). In our study, children and adolescents with normal weight and obesity
were extracted, and cases with missing data about systolic blood pressure (SBP), diastolic
blood pressure (DBP), and breastfeeding were excluded. The remaining 8208 children and
adolescents were included in final analysis.

Figure 1. Flow chart of data. SBP, systolic blood pressure; DBP, diastolic blood pressure.

2.2. Data Collection and Questionnaire Survey
2.2.1. Anthropometric Measurements

All anthropometric measurements were conducted using standardized instruments
and procedures. Height (cm) was measured to the nearest 0.1 cm by a portable stadiometer
(model TZG, China) where participants need to stand straight with light clothes and
without shoes. Body weight (kg) was assessed by a lever-type weight scale (model RGT-
140, China) to the nearest 0.1 kg. Body mass index (BMI) was then calculated as weight
(kg) divided by the square of the height (m). Children and adolescents were required to sit
quietly for at least 5 min prior to the first measurement of SBP (mmHg) and DBP (mmHg)
using a mercury sphygmomanometer (model XJ1ID, Shanghai Medical Instruments Co.,
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Ltd., Shanghai, China). Each indicator was measured twice, and the mean of the two
measurements was calculated for the final analysis. Specifically, a 5 min break was allowed
between the two measurements of blood pressure.

2.2.2. Blood Sample Collection and Detection

Venous blood was collected by venipuncture after fasting for 12 h. After centrifuging
at 3000 rpm for 10 min, serum was collected and transported to the experimental center at
low temperature (−80 ◦C). Blood biochemical analyses were performed by a biomedical
analysis company certified by Peking University [39]. Fasting plasma glucose (FPG),
triglyceride (TG), and high-density lipoprotein cholesterol (HDL-C) were analyzed using
the hexokinase method, enzymatic method, and clearance method, respectively.

2.2.3. Questionnaire Survey

A self-administered questionnaire of children and adolescents was used to obtain
information on basic characteristics (e.g., age, sex, residence, and single-child status),
dietary consumption (meat, sugar-sweetened beverage, fruit, and vegetable consumption),
physical activity, screen time, and sleep duration. The questionnaires were revised in the
early stage of our project and validated by experts, before being deemed feasible and
acceptable for children and parents. Some questionnaires (3%) from the same participants
were re-examined within a week. All questionnaires were also checked for logicality and
integrity. Children aged 7–9 years were administered the questionnaire with the assistance
of their parents. We gathered the frequency (day) and amount (servings) of each food over
the course of a week. The average daily intake of a single food was calculated using the
following equation: (day × quantity in each of those days)/7 [40].

A self-administered parent questionnaire was used to obtain information on breastfeed-
ing duration, birth weight, delivery time, and delivery model for children and adolescents,
education level and tobacco and alcohol consumption for parents, maternal age at delivery,
and family household income. Family history of diseases was considered as having a
family history of obesity, hypertension, diabetes mellitus, or cerebrovascular disease when
either paternal or maternal diagnosis was self-reported.

2.3. Definition and Categorization of Indicators
2.3.1. Obesity Phenotypes

Obesity phenotypes included metabolic healthy normal weight (MHNW), metabolic
unhealthy normal weight (MUNW), MHO, and MUO according to expert consensus on the
definition of metabolically healthy obesity and screening metabolically healthy obesity in
Chinese children [41]. Obesity phenotypes were evaluated on the basis of (1) BMI (normal
weight was determined as BMI < 85th percentile and obesity was determined as BMI
≥ 95th percentile for sex- and age-specific group [42]) and (2) metabolic abnormalities
((a) hypertension: SBP and/or DBP ≥ 95th percentile for sex- and age-specific group;
(b) elevated fasting glucose: FPG ≥ 5.6 mmol/L; (c) high TG: TG ≥ 1.70 mmol/L; (d) low
HDL-C: HDL-C < 1.03 mmol/L). MHNW was defined as normal weight without metabolic
abnormalities. MUNW was defined as normal weight with 1–4 metabolic abnormalities.
MHO was defined as obesity without metabolic abnormalities. MUO was defined as obesity
with 1–4 metabolic abnormalities.

2.3.2. Breastfeeding Duration

Children and adolescents were categorized into three subgroups of 0–5 month(s),
6–11 months, and ≥12 months according to breastfeeding duration (in month). Breastfeed-
ing was not limited to exclusive breastfeeding.

2.3.3. Healthy Lifestyle

Four common obesity risk factors (dietary consumption, physical activity, screen time,
and sleep duration) were used to construct a healthy lifestyle score [43,44]. A healthy diet
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was based on four regularly consumed foods (meat, sugar-sweetened beverage, fruit, and
vegetable consumption) linked to childhood obesity [45,46]. In this study, dietary optimum
components were defined as daily intake of fruits of ≥3 servings (one serving is about
100 g), vegetables of ≥4 servings (one serving is about 100 g), meat products of 2–3 servings
(one serving is about 50 g), and weekly intake of sugar-sweetened beverage of <1 serving
(one serving is about 250 mL) according to the dietary guidelines for school-age children
in China (2016) [47]. Children and adolescents were considered to have a healthy diet if
they consumed at least two of the four common foods in the required servings. Physical
activity was categorized by the cutoff of moderate to vigorous physical activity for 1 h per
day [48]. Screen time was defined as <2 h of screen time per day and ≥2 h per day. Sleep
duration was defined as sufficient sleep and insufficient sleep according to the cutoff of
9 h for children and adolescents [49]. Children and adolescents scored one point for each
of the four defined health behaviors. Scores on the lifestyle index ranged from 0–4, and
they were further divided into unfavorable lifestyles (zero or one healthy lifestyle factor),
intermediate lifestyles (two healthy lifestyle factors), and favorable lifestyles (three or four
healthy lifestyle factors) [37].

2.3.4. Confounding Variables

In this study, age, sex, residence, single-child status, delivery model, delivery date,
birth weight, family history of diseases, parental education level, parental tobacco and alco-
hol consumption, maternal age at delivery, and family household income were considered
as confounding variables. Children and adolescents were categorized according to their
birth weight into low birth weight (LBW, birth weight < 2500 g), normal birth weight (NBW,
birth weight: 2500–3999 g), and high birth weight (HBW, birth weight ≥ 4000 g).

2.4. Statistics Analysis

Quantitative variables were shown as mean (standard deviation) or median (interquar-
tile range) according to the normality of distribution, and categorical variables were shown
as number (percentage). Nonparametric test or Bonferroni multiple comparison method
and chi-squared test were used to compare difference of quantitative data and categorical
data, respectively, between different breastfeeding duration groups. A multinomial logistic
regression model was used to estimate the odds ratio (OR) and 95% confidence interval
(95% CI) for the associations between breastfeeding duration and obesity phenotypes, and
MHNW was considered as the reference group. The interaction terms of breastfeeding
duration and healthy lifestyle category were also tested. When interactions were significant,
stratified analyses were performed. The final model was adjusted for age, sex, residence,
single-child status, delivery model, delivery time, birth weight, family history of diseases,
parental education level, parental tobacco and alcohol consumption, maternal age at deliv-
ery, and family household income. All statistical analyses were performed with IBM SPSS
Statistics version 26.0 and GraphPad Prism 9. A two-tailed p-value <0.05 was considered
statistically significant.

3. Results

3.1. Characteristics of Participants

In the total population, the prevalence of obesity was 11.0%, and the prevalence
of MHO and MUO was 4.4% and 6.6%, respectively. Table 1 shows the characteristics
of children and adolescents, as well as their parents, by breastfeeding duration groups.
A total of 8208 eligible children and adolescents, 2373 in the breastfeeding duration for
0–5 months group, 3184 in the breastfeeding duration for 6–11 months group, and 2651
in the breastfeeding duration for ≥12 months group, were included in the final analysis.
Among the children and adolescents with obesity, the prevalence of MHO and MUO was
41.0% and 59.0% respectively.
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Table 1. Demographic characteristics of eligible children and adolescents and their parents, stratified
by breastfeeding duration (n = 8208).

Breastfeeding Duration (Months)

p-Value
Total

0–5
(n = 2373)

6–11
(n = 3184)

≥12
(n = 2651)

Characteristics of children and adolescents
Age * 11.2 (4.0) 11.1 (6.0) 11.2 (6.0) 11.3 (4.0) 0.016
Sex 0.013

Boys 3914 (47.7) 1180 (49.7) # 1458 (45.8) 1276 (48.1)
Girls 4294 (52.3) 1193 (50.3) # 1726 (54.2) 1375 (51.9)

Residence <0.001
Urban 4623 (56.3) 1533 (64.6) # 1844 (57.9) 1246 (47.0) #

Rural 3585 (43.7) 840 (35.4) # 1340 (42.1) 1405 (53.0) #

Obesity phenotypes
Normal weight <0.001

MHNW 4776 (68.1) 1472 (72.8) # 1927 (69.5) 1377 (62.0) #

MUNW 2242 (31.9) 551 (27.2) # 847 (30.5) 844 (38.0) #

Obesity 0.002
MHO 488 (41.0) 171 (48.9) # 153 (37.3) 164 (38.1)
MUO 702 (59.0) 179 (51.1) # 257 (62.7) 266 (61.9)

Healthy lifestyle category 0.001
Favorable 1213 (14.8) 367 (15.5) 487 (15.3) 359 (13.5) #

Intermediate 2838 (34.6) 825 (34.8) 1150 (36.1) 863 (32.6) #

Unfavorable 4157 (50.6) 1181 (49.8) 1547 (48.6) 1429 (53.9)
Single-child status <0.001

Single children 5493 (66.9) 1733 (73.0) # 2188 (68.7) 1572 (59.3) #

Non-single children 2715 (33.1) 640 (27.0) # 996 (31.3) 1079 (40.7) #

Delivery time <0.001
Normal 3802 (46.3) 1083 (45.6) # 1340 (42.1) 1379 (52.0) #

Premature delivery 2435 (29.7) 803 (33.8) 993 (31.2) 639 (24.1) #

Delayed delivery 1971 (24.0) 487 (20.5) # 851 (26.7) 633 (23.9) #

Delivery model <0.001
Caesarean 3428 (41.8) 1192 (50.2) # 1288 (40.5) 948 (35.8) #

Eutocia 4780 (58.2) 1181 (49.8) # 1896 (59.5) 1703 (64.2) #

Birth weight <0.001
NBW 6881 (83.8) 1954 (82.3) 2665 (83.7) 2262 (85.3)
LBW 569 (6.9) 213 (9.0) 233 (7.3) 123 (4.6) #

HBW 758 (9.2) 206 (8.7) 286 (9.0) 266 (10.0)
Family history of diseases $ 0.022

Yes 1254 (15.3) 403 (17.0) # 459 (14.4) 392 (14.8)
No 6954 (84.7) 1970 (83.0) # 2725 (85.6) 2259 (85.2)

Parental characteristics
Paternal education level <0.001

Primary or below 581 (7.1) 133 (5.6) 169 (5.3) 279 (10.5) #

Secondary or equivalent 5338 (65.0) 1381 (58.2) # 2010 (63.1) 1947 (73.4) #

Junior college or above 2289 (27.9) 859 (36.2) # 1005 (31.6) 425 (16.0) #

Maternal education level <0.001
Primary or below 769 (9.4) 159 (6.7) # 273 (8.6) 337 (12.7) #

Secondary or equivalent 5221 (63.6) 1351 (56.9) # 1956 (61.4) 1914 (72.2) #

Junior college or above 2218 (27.0) 863 (36.4) # 955 (30.0) 400 (15.1) #

Paternal tobacco
consumption <0.001

Yes 4327 (52.7) 1220 (51.4) 1612 (50.6) 1495 (56.4) #

No 3881 (47.3) 1153 (48.6) 1572 (49.4) 1156 (43.6) #

Maternal tobacco
consumption 0.001

Yes 97 (1.2) 38 (1.6) # 20 (0.6) 39 (1.5) #

No 8111 (98.8) 2335 (98.4) # 3164 (99.4) 2612 (98.5) #

Paternal alcohol
consumption 0.120

Yes 2560 (31.2) 732 (30.8) 962 (30.2) 866 (32.7)
No 5648 (68.8) 1641 (69.2) 2222 (69.8) 1785 (67.3)

Maternal alcohol
consumption 0.453

Yes 152 (1.9) 48 (2.0) 62 (1.9) 42 (1.6)
No 8056 (98.1) 2325 (98.0) 3122 (98.1) 2609 (98.4)

Maternal age at delivery * 26.4 (4.8) 27.0 (4.8) # 26.1 (4.7) 26.1 (4.8) <0.001
Monthly household income 0.835

<5000 CNY 6803 (82.9) 1958 (82.5) 2641 (82.9) 2204 (83.1)
≥5000 CNY 1405 (17.1) 415 (17.5) 543 (17.1) 447 (16.9)

Note: Categorical variables are expressed by frequency value (percentage, %). * Quantitative variables are shown
as median (interquartile range) because the data did not follow a normality of distribution. $ Family history of
diseases includes obesity, hypertension, diabetes mellitus, and cerebrovascular disease. # Significant difference
compared with the breastfeeding duration for 6–11 months group. MHNW, metabolic healthy normal weight;
MUNW, metabolic unhealthy normal weight; MHO, metabolic healthy obesity; MUO, metabolic unhealthy
obesity; NBW, normal birth weight; LBW, low birth weight; LBW, high birth weight.
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Compared to the breastfeeding duration for 6–11 months group, children and adoles-
cents who breastfed for ≥12 months had a lower proportion of MHNW (62.0% vs. 69.5%)
and a higher proportion of MUNW (38.0% vs. 27.2%); children and adolescents who
breastfed for 0–5 months had a higher proportion of MHO (48.9% vs. 37.3%) and a lower
proportion of MUO (51.1% vs. 62.7%). A lower proportion of children and adolescents
with breastfeeding duration for ≥12 months engaged in a favorable (15.3% vs. 13.5%)
and intermediate lifestyle (36.1% vs. 32.6%). Parents in the breastfeeding duration for
0–5 months group had the highest education level (36.2% and 36.4% for junior college or
above); however, those in the breastfeeding duration for ≥12 months group had the lowest
education level (16.0% and 15.1% for junior college or above). No significant difference was
found in monthly household income between different breastfeeding duration groups.

3.2. Associations between Breastfeeding Duration and Obesity Phenotypes

Figure 2 and Supplementary Table S1 show the OR values for the associations between
breastfeeding duration and obesity phenotypes. Compared to the children and adolescents
who were breastfed for 6–11 months, participants who were in the longer breastfeeding
duration group (≥12 months) had higher risks of MUNW (OR = 1.35, 95% CI: 1.19–1.52),
MHO (OR = 1.61, 95% CI: 1.27–2.05), and MUO (OR = 1.46, 95% CI: 1.20–1.76) after
adjusting for age, sex, residence, single-child status, delivery model, delivery date, birth
weight, family history of diseases, parental education level, parental tobacco and alcohol
consumption, maternal age at delivery, and family household income. In Model 1 (crude
model, see Supplementary Table S1), participants who were in the breastfeeding duration
for 0–5 months group had a higher risk of MHO (OR = 1.46, 95% CI: 1.16–1.84); however,
after adjusting for confounders, these associations turned out to be nonsignificant (Model 3
in Supplementary Table S1).

Figure 2. Associations between breastfeeding duration and obesity phenotypes. Obesity pheno-
types include metabolic healthy normal weight (MHNW, reference group), metabolic unhealthy
normal weight (MUNW), metabolic healthy obesity (MHO), and metabolic unhealthy obesity (MUO).
Bold values of OR (95% CI) are statistically significant (p < 0.05). Adjusted for age, sex, residence,
single-child status, delivery model, delivery date, family history of diseases (obesity, hypertension,
diabetes mellitus and cerebrovascular disease), parental education level, parental tobacco and alcohol
consumption, maternal age at delivery, and family household income.

259



Nutrients 2022, 14, 1999

3.3. The Offsetting Effect of Healthy Lifestyle

When breastfeeding duration and healthy lifestyle category were evaluated as inter-
action variables for obesity phenotypes, it was discovered that healthy lifestyle category
and breastfeeding duration for ≥12 months had a significant interaction effect on MUNW,
MHO, and MUO (Supplementary Table S2). Figure 3 shows the adjusted OR values for
associations between breastfeeding duration and obesity phenotypes stratified by healthy
lifestyle category. Although the OR values in certain groups were not statistically signifi-
cant, there was a typical dose–response relationship between breastfeeding duration for
more than 12 months and obesity phenotypes, with increased risks of MUNW (favorable:
OR = 1.08, 95% CI: 0.77–1.51; intermediate: OR = 1.35, 95% CI: 1.09–1.68; unfavorable:
OR = 1.40, 95% CI: 1.18–1.66), MHO (favorable: OR = 1.25, 95% CI: 0.66–2.37; intermediate:
OR = 1.81, 95% CI: 1.17–2.81; unfavorable: OR = 1.61, 95% CI: 1.15–2.23), and MUO (favor-
able: OR = 0.93, 95% CI: 0.53–1.61; intermediate: OR = 1.41, 95% CI: 1.03–1.94; unfavorable:
OR = 1.68, 95% CI: 1.27–2.21) when a favorable lifestyle moved to an unfavorable lifestyle.

Figure 3. Associations between breastfeeding duration and obesity phenotypes in different healthy
lifestyle groups. Obesity phenotypes include metabolic healthy normal weight (MHNW, refer-
ence group), metabolic unhealthy normal weight (MUNW), metabolic healthy obesity (MHO), and
metabolic unhealthy obesity (MUO). Adjusted for age, sex, residence, single-child status, delivery
model, delivery date, birth weight, family history of diseases (obesity, hypertension, diabetes mellitus
and cerebrovascular disease), parental education level, parental tobacco and alcohol consumption,
maternal age at delivery, and family household income. Bold values of OR (95% CI) are statistically
significant (p < 0.05).

4. Discussion

This study is the first to report the national prevalence of different obesity pheno-
types in China. The prevalence of obesity among Chinese children and adolescents aged
7–18 years was 11.0%. Among the children and adolescents with obesity, the prevalence of
MHO and MUO was 41.0% and 59.0%, respectively. On the basis of the different obesity
phenotype outcomes, we found that prolonged breastfeeding (≥12 months) was associated
with increased risks of MUNW, MHO, and MUO, while a favorable lifestyle may offset the
negative effects to some extent.

Consistent with the findings of existing studies [50,51], our results support the conclu-
sion that prolonged breastfeeding is detrimental. Adults of a birth cohort study in Finland
who breastfed for 8 months or more reported an 8.8% increase in overweight compared
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to those who breastfed for a shorter period of time [51]. A prospective cohort study in
Sweden found that obesity prevalence was slightly higher for children aged 4 years with
breastfeeding for 12 months than those who were breastfed for 9 months [30]. We specu-
lated that the benefits of breastfeeding might begin to wane around the age of 12 months.
The physiological mechanism via which prolonged breastfeeding might increase the risk of
obesity is chronic exposure to maternal hormones present in breast milk, which could theo-
retically alter infant lipid metabolism and increase body fat composition later in life [51].
For example, a cohort study in the United Kingdom showed that prolonged breastfeed-
ing was associated with higher cholesterol concentrations in later life [31], while mothers
who breastfed for longer than 12 months had increased free thyroxine concentrations [52],
which were associated with the regulation of circulating lipoprotein concentrations [53]. In
addition, there were U-shaped associations between breastfeeding duration and body fat
percentage and blood pressure [31,51]. Infants in poorer families tend to be breastfed for
longer [51,54]. For children older than 12 months with a better supply of complementary
food in high-income countries, additional breast milk may increase fat intake since the
primary nutrient in breast milk after 12 months for infant is fat [55]. These facts may be
significant reasons for the higher risk of MHO and MUO in longer periods (≥12 months)
of breastfeeding.

A previous study from the same database found that prolonged breastfeeding
(≥12 months) was associated with low lipid level and reduced risk of abnormal blood
lipids; however, the beneficial effects were mainly reflected in total cholesterol (TC) [56].
Although the OR values of HDL-C and TG were not statistically significant, the HDL-C
levels in children and adolescents who were breastfed for more than 12 months were lower
than those in the non-breastfeeding group (p < 0.01). Only HDL-C and TG overlapped with
the metabolic indicators of obesity phenotypes in the present study. Therefore, the results of
the two studies are not contradictory, but are presented from different perspectives due to
the role of breastfeeding duration in different diseases. Actually, this is the first study in the
world to examine the associations between different obesity phenotypes and breastfeeding
duration. This study provides a standardized outcome and detailed extensive subgroup
analysis, serving as a reference and a more specific association for future investigation.

Breastfeeding for shorter periods of time might be hazardous due to the negative
effects of alternate feeding [51]. Nevertheless, in our study, we did not find a role for short-
term breastfeeding. The present study discovered that more educated parents established a
shorter breastfeeding duration. Highly educated parents may turn to other alternatives
such as more intensive care and promoting a healthier lifestyle for their children in later
life to prevent obesity. However, the present study did not collect specific information on
artificial feeding and food availability. Formula-fed children had higher protein intakes than
breastfed children, relative to exclusive breastfeeding [57]. Nevertheless, higher protein
intake is thought to increase insulin and insulin-like growth factor-1 (IGF-1) secretion in
early childhood, which is associated with early obesity rebound [57]. Breastfed children
could automatically control their food intake according to their own requirements, while
formula-fed babies were passive. In addition, introducing complementary foods as early
as 4 months of age or before increased the risk of overweight in childhood [58]. Thus, the
findings may only be applicable to areas with a diverse food market, such as China.

The World Health Organization (WHO) recommends exclusive breastfeeding for
6 months and continued breastfeeding until 2 years or more [59], which is a very ideal
goal to reach [60,61], especially in those countries and regions with limited drinking water
and food security and diversity [62]. In fact, many Western countries, including 65% of
European members and the United States, choose not to fully follow this recommenda-
tion [63]. The American Academy of Pediatrics recommends exclusive breastfeeding for
6 months and continued breastfeeding until 1 year or more [64], while guidelines from
the European Society of Pediatric Gastroenterology, Hepatology, and Nutrition state that
complementary foods could be introduced between the 17th and 26th weeks of life [65].
Moreover, Grummer-Strawn and Rollins emphasized the difficulty of conclusions from
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breastfeeding research due to the different conclusions of many studies, methodological
weaknesses, and the varied mechanisms of breastfeeding affecting health [66]. Despite
a systematic review which demonstrated that breastfeeding was linked to a 12% lower
incidence of obesity when compared to never breastfeeding [67], this association might no
longer be present after controlling for maternal BMI, smoking, and socioeconomic variables,
as argued by several well-designed studies [23,27]. Given that varied settings with differ-
ent social atmospheres, food supplies, and individual characteristics, the recommended
breastfeeding duration from WHO might not be suitable for every country, which also need
to establish individual policies according to their specific conditions.

Research has shown that, further away from infancy, there is a greater impact of
other lifestyle factors (such as diet, exercise) on obesity [21]. When children adhered to a
favorable lifestyle in later life, they could have a 50% lower risk of obesity than those who
adhered to an unfavorable lifestyle [37]. These findings suggest that the increased risk of
childhood obesity induced by prolonged breastfeeding duration might be largely offset by
a favorable lifestyle later in life.

Despite these promising results, several limitations remained. Firstly, the associations
observed in this study were from a cross-sectional study, leading to weak causal inference.
Secondly, due to excessive sample deletion, there may have been some selection bias in the
samples of this study. Thirdly, the reliability and validity information of the questionnaire
was not provided in this study, and the validity of the questionnaire was not verified. In
particular, breastfeeding was not collected according to the scale; thus, there might have
been information bias. Fourthly, the information about breastfeeding was retrospectively
investigated, and there was a certain recall bias, leading to overestimation or underestima-
tion of effect values. In addition, the breastfeeding group and healthy lifestyle category
were artificially divided; thus, misclassification bias existed. Fifthly, the role of formula
milk powder and complementary foods in infant feeding was not excluded in this study.
Additionally, despite the analysis of many variables that could have led to bias, residual
confounding existed. Lastly, this study was not a large-scale national survey, and more
regional participation is needed in the future.

5. Conclusions

Prolonged breastfeeding (≥12 months) may be associated with increased risks of
MUNW, MHO, and MUO, and the benefits of breastfeeding might begin to wane around
the age of 12 months among children and adolescents. The increased risks may be largely
offset by a favorable lifestyle such as healthy diet, limited screen time, adequate physical
activity, and sufficient sleep duration. Breastfeeding duration for no more than 12 months
and the establishment of a healthy lifestyle are recommended to prevent different obesity
phenotypes for children and adolescents in China. Breastfeeding duration until 2 years or
more, as recommended by the WHO, may be amended on the basis of the actual situation
in different countries, such as the addition of children’s complementary foods, and policies
in the light of evidence-based studies should be formulated.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/nu14101999/s1: Table S1. Associations between breast-
feeding duration and obesity phenotypes; Table S2. Risk of obesity phenotypes according to healthy
lifestyle category and breastfeeding duration.

Author Contributions: Conceptualization, J.D. and Y.S.; data curation, T.C., N.M., Y.L., P.Z. and D.S.;
formal analysis, J.D.; funding acquisition, Y.S.; investigation, Z.Z., Y.M. and J.M.; methodology, J.D.
and T.C.; project administration, Y.D., Z.Z., Y.M., Y.S. and J.M.; resources, Y.D., Z.Z., Y.M., Y.S. and
J.M.; software, J.D., Y.L. and P.Z.; supervision, Y.M., Y.S. and J.M.; validation, Y.D., Z.Z. and Y.S.;
visualization, N.M. and D.S.; writing—original draft, J.D. and T.C.; writing—review and editing, T.C.,
N.M., Y.L., P.Z., D.S., Y.D., Z.Z., Y.M., J.M. and Y.S. All authors have read and agreed to the published
version of the manuscript.

262



Nutrients 2022, 14, 1999

Funding: The present research was supported by funding from the Natural Science Foundation of
Beijing (Grant No. 7222247 to Y.S.)

Institutional Review Board Statement: This study was conducted according to the guidelines laid
down in the Declaration of Helsinki, and all procedures involving students were approved by the
Ethics Committee of Peking University (NO. IRB0000105213034).

Informed Consent Statement: All participants and their parents voluntarily signed informed
consent forms.

Data Availability Statement: The data supporting the conclusions of this article can be made avail-
able from the corresponding author upon request.

Acknowledgments: The authors gratefully acknowledge all the schoolteachers and doctors for their
assistance in data collection and all students and their guardians for participating in the study. We
also would like to thank Patrick W.C. Lau from Hong Kong Baptist University for his contribution to
the English editing.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Mokdad, A.H.; Ford, E.S.; Bowman, B.A.; Dietz, W.H.; Vinicor, F.; Bales, V.S.; Marks, J.S. Prevalence of obesity, diabetes, and
obesity-related health risk factors, 2001. JAMA 2003, 289, 76–79. [CrossRef] [PubMed]

2. Canoy, D.; Boekholdt, S.M.; Wareham, N.; Luben, R.; Welch, A.; Bingham, S.; Buchan, I.; Day, N.; Khaw, K. Body fat distribution
and risk of coronary heart disease in men and women in the European Prospective Investigation Into Cancer and Nutrition in
Norfolk cohort: A population-based prospective study. Circulation 2007, 116, 2933–2943. [CrossRef] [PubMed]

3. Bijlsma, J.W.; Berenbaum, F.; Lafeber, F.P. Osteoarthritis: An update with relevance for clinical practice. Lancet 2011, 377, 2115–2126.
[CrossRef]
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Abstract: Toxic elements have a negative impact on health, especially among infants and young
children. Even low levels of exposure can impair the normal growth and development of children. In
young children, all organs and metabolic processes are insufficiently developed, making them partic-
ularly vulnerable to the effects of toxic elements. The aim of this study is to estimate the concentration
of toxic elements in products consumed by infants and young children. The health risk of young
children due to consumption of ready-made products potentially contaminated with As (arsenic),
Cd (cadmium), Hg (mercury), and Pb (lead) was also assessed. A total of 397 samples (dinners,
porridges, mousses, snacks “for the handle”, baby drinks, dairy) were analyzed for the content of
toxic elements. Inductively coupled plasma mass spectrometry (ICP-MS) was used to assess As, Cd,
and Pb concentration. The determination of Hg was performed by atomic absorption spectrometry
(AAS). In order to estimate children’s exposure to toxic elements, the content of indicators was also
assessed: estimated daily intake (EDI), estimated weekly intake (EWI), provisional tolerable weekly
intake (PTWI), provisional tolerable monthly intake (PTMI), the benchmark dose lower confidence
limit (BMDL), target hazard quotient (THQ), hazard index (HI), and cancer risk (CR). The average
content of As, Cd, Hg, and Pb for all ready-made products for children is: 1.411 ± 0.248 μg/kg,
2.077 ± 0.154 μg/kg, 3.161 ± 0.159 μg/kg, and 9.265 ± 0.443 μg/kg, respectively. The highest con-
tent As was found in wafer/crisps (84.71 μg/kg); in the case of Cd, dinners with fish (20.15 μg/kg);
for Hg, dinners with poultry (37.25 μg/kg); and for Pb, fruit mousse (138.99 μg/kg). The results
showed that 4.53% of the samples attempted to exceed Pb, and 1.5% exceeded levels of Hg. The
highest value of THQ was made in the case of drinks, for Cd and Pb in mousses for children, and Hg
for dairy products. The THQ, BMDL, and PTWI ratios were not exceeded. The analyzed ready-to-eat
products for children aged 0.5–3 years may contain toxic elements, but most of them appear to be
harmless to health.

Keywords: baby food; food contaminant; toxic elements; food exposure; children safety; children’s
health; arsenic; cadmium; mercury; lead

1. Introduction

Toxic elements are found in the human environment, and, as such, they can have a
negative effect on health. Their consumption is especially dangerous in the early years of
life, as this can affect children’s development, even at low exposure levels. Among infants
and young children, changes in the structure and function of the main organs occur very
quickly, making them a group more susceptible to the negative effects of toxic elements [1].
Infants and young children are characterized by a higher resting metabolism and a higher
food consumption per kilogram of body weight. Additionally, changes in body composition
can affect the absorption, distribution, and storage of toxic elements in the organs of a
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growing organism. The digestive and endocrine systems are not fully developed at the
time of birth, and vary in their maturation rates. Renal filtration among young children
is only 30–40% developed. The differences in the development of the organism affect the
degree of exposure and the distribution of pollutants; thus, the effects of exposure may be
much more severe than in adults [1].

The inorganic form of arsenic (As) is listed by the IARC (Group 1) as a carcinogen [2].
Exposure to As has a toxic effect on diseases of the nervous system, children’s nervous
development, respiratory system, and skin. The typical sources of As in food are rice
processing products, dairy products, and products intended for infants [3].

Cadmium (Cd) is also on the IARC list of carcinogenic pollutants (Group 1) [2]. As with
Pb, Cd can be neurotoxic in children at doses lower than the TWI (tolerable weekly intake).
Exposure to Cd disrupts osteoblast metabolism, collagen production, and also increases
the urinary excretion of calcium and phosphorus. In children, it can disturb growth and
damage bones [4]. Cd is present in grains, rice, fish and seafood, and vegetables [5].

Mercury (Hg) is not classified in the IARC list for carcinogenicity (Group 3) [2]. Hg
enters the body through food, contaminated water, cosmetics, soil, and other Hg-containing
products. The toxicity of this element depends on the time of exposure, dose, and type of Hg
compound. Methylmercury (MeHg) is a carbon-bound form of Hg that is highly neurotoxic
in infants and young children [6]. MeHg may cause central nervous system dysfunction
in children. Exposure to Hg can cause neuromotor dysfunction, mental retardation, and
cerebral palsy [7]. In adults, the half-life of Hg can be up to 90 days, and in children this
time may be prolonged [8]. The main source of Hg is fish and seafood, with the highest
amounts being among predatory fish [6].

Lead (Pb) is recognized as “possibly carcinogenic to humans (Group 2B)” in the
International Agency of Research on Cancer (IARC) list of carcinogenic contaminants [2].
Its neurotoxic effect was observed at the lowest tested level, therefore a safe threshold for
exposure to Pb cannot be assumed [9]. Exposure to Pb can impair the development of
young children by damaging the nervous system. Long-term exposure results in difficulties
with concentration and attention. and a lower IQ [10]. The higher the Pb concentration in
the blood, the more nervous system disorders develop in children [11]. Pb can be found in
meat, fish and seafood, grain products, dairy products, and fruit and vegetables [12].

In the European Union (EU), products for infants and young children are subject to
specific standards regarding the composition, nutritional value, and contamination of food.
The regulation requires food producers to evaluate toxic elements in products intended
for infants and young children. According to the regulation of the European Commission,
the permissible concentrations of toxic elements in children’s products are more restrictive
compared to conventional food [13].

In Poland and in Europe, there are no extensive publications assessing the content of
toxic elements in children’s products. Studies from outside of Europe show that the content
of As and Cd are exceeded in 75% and 14% of samples tested; therefore, there is a need to
evaluate food for this age group [14,15].

The aim of the study was to assess the safety of ready-to-eat products for children
aged 0.5–3 years in terms of the content of toxic elements. In addition, the health risk of
infants and young children as a result of exposure to toxic elements in ready-to-eat food
was assessed and compared with the applicable standards.

268



Nutrients 2022, 14, 2325

2. Materials and Methods

2.1. Sample Collection

The research material consisted of 397 samples. Table 1 shows the number of samples
with product categories.

Table 1. The number of samples with product categories.

Type of Products n

BABY DINNERS 102

-with poultry 24
-with beef 16
-with pork 13
-with fish 18

-with rabbit 11
-vegetarian 20

PORRIDGE 50

-with milk 8
-with milk and fruit 15

-cereal gluten 12
-gluten-free cereal 15

FRUIT AND VEGETABLE MOUSSES 58

-fruit and vegetables 9
-fruit 33

-fruit and cereal 6
-fruit and dairy 6

-vegetables 4

BABY DRINKS 64

-fruit drinks and water 22
-fruit juices 42

SNACKS “FOR THE HAND” 62

-waffle/crisps 30
-biscuits/cookies 17

-fruit bars 15

DAIRY 60

-yellow cheese 28
-yogurt 32

TOTAL 397

The aim was to collect as many different categories as possible to obtain representative
groups. The selection of samples reflects the range of products on the Polish market. The
samples were purchased in brick-and-mortar stores (hypermarkets, discount stores, and
children’s food stores located in Białystok) in north-eastern Poland, as well as in Polish
online stores between December 2020 and September 2021. We have selected the most
accessible and most consumed products by children aged 0.5–3 years old. The products
were sourced from leading baby food producers, such as Nestle, Nutricia, Hipp, Humana,
Holle, and Helpa. Most of the analyzed products can be consumed by children from
6 months of age, while products such as biscuits, cookies, crips and fruit bars should be
consumed after 12 months of age. Conventional products for the majority of consumers
were also analyzed, such as cheese, milk desserts, and yoghurts, since they are often eaten
by children.
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2.2. Sample Digestion

All products were homogenized in a grinder or ground in a mortar, weighed (sample
weight 0.25–0.35 g, with accuracy 0.001 g), and then placed in mineralization vessels
made of polytetrafluoroethylene. The next step was the addition of 4 mL of concentrated
69% HNO3 (Berghof, Speedwave, Eningen, Germany). The reagent was added according
to the recommendations of the producer. Closed-loop microwave mineralization took
place in four phases: first phase with a duration of 10 min, at a temperature of 170 ◦C,
pressure 20 atm, power 90%; second phase with a duration of 10 min, at a temperature of
190 ◦C, pressure 30 atm, power 90%; third phase with a duration of 40 min, temperature
210 ◦C, pressure 40 atm, power 90%; and fourth phase with a cooling duration of 18 min,
temperature 50 ◦C, pressure 40 atm, power 0%. After mineralization, the samples were
quantitatively transferred to polypropylene vessels and diluted 10 times.

2.3. Analysis of Toxic Elements

In accordance with the regulations of the European Commission [16,17], individual
types of food products have a daily limit of the consumption of toxic elements, which is the
level at which they are safe for health.

2.3.1. As, Cd, Pb

Inductively coupled plasma mass spectrometry (ICP-MS NexION 300D, PerkinElmer,
Waltham, MA, USA) with a kinetic discrimination chamber (KED) was used for As analysis,
while Cd and Pb analysis was performed in standard mode. To correct for polyatomic
interference in this configuration, kinetic energy discrimination and collisions were applied.
The limit of detection (LOD) was determined by producing 10 independent blank mea-
surements. The LOD values were as follows: for As: 0.019 μg/kg; for Cd: 0.017 μg/kg; for
Pb: 0.16 μg/kg, taking LOD as a three-fold standard deviation from the mean value of the
sample concentration.

2.3.2. Hg

Hg analysis was determined without the initial mineralization process. Determination
of Hg was performed by atomic absorption spectrometry (AAS) using the amalgamation
technique (AMA-254, Leco Corp., Altec Ltd., Prague, Czech Republic). The samples were
weighed (sample weight 0.018–0.023 g), placed in a nickel cuvette, and analyzed. In the
first step, the sample was dried and ashed with oxygen at 600 ◦C. Hg vapors were collected
by the amalgamator. In the last step, the element was released from the amalgamator and
measured by atomic absorption spectrometry at 254 nm. The LOD for each sample was
0.003 ng/kg.

2.3.3. Certified Reference Materials

Before starting the analyses, the certified reference material (CRM) was marked to
verify the accuracy of the method. In the case of baby dinners, it was Simulated diet
D (Swedish National Food Administration, Livsmedelsverket, Uppsala, Sweden); for
porridges and snacks—corn flour (Institute of Nuclear Chemistry and Technology, Warsaw,
Poland); for dairy products—skim milk powder (Community Bureau of Reference BCR). A
total of six independent samples were performed for each CRM. Table 2 shows the results
of the quality control of the certified reference materials.
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Table 2. The results of the quality control of the certified reference materials.

Element
Declared Concentration

in CRM (μg/kg)
Recovery (%) Precision (%)

CORN FLOUR (INCT-CF-3)

As 10 * 101.3 4.5
Cd 7 * 99.1 4.1
Hg 1.5 * 101.7 4.6
Pb 52 * 98.8 2.3

SKIM MILK POWDER (CRM 63R)

Hg 0.19 ± 0.02 98.3 3.8
Pb 18.5 ± 2.7 100.9 4.3

SIMULATED DIET D

As <50 * - 3.9
Cd 478 ± 26 98.4 2.4
Hg 52 * 102.0 3.2
Pb 218 ± 13 99.6 2.2

* Informational value.

2.4. Risk Assessment

To estimate the exposure to toxic elements in a short time, indicators such as estimated
daily intake (EDI), estimated weekly intake (EWI), provisional tolerable weekly intake
(PTWI), provisional tolerable monthly intake (PTMI) were used. Long-term exposure to
toxic elements was estimated using the following indicators: the benchmark dose lower
confidence limit (BMDL), target hazard quotient (THQ), hazard index (HI), and cancer risk
(CR) [18].

Currently, the application of the PTWI index for Pb and As, previously recommended
by EFSA in 2002, has been withdrawn. A more appropriate indicator is the BMDL, which
is used to compare the coverage of the benchmark dose lower confidence limit [18].

In order to determine the dose of the oral exposure of toxic elements, the EDI values
were calculated in accordance with the equation:

EDI = C × Cons,

where C is the average concentration of a given toxic element in products for children
(mg/kg), and Cons is the average daily consumption (kg) of product (children’s dinners,
porridges, mousses, drinks, snacks, dairy products) by young children aged 0.5–3 years
(average: 1 year and 9 months) in Poland [19]. Standard portions consumed by children
and declared by the producer were adopted. Based on the EDI value, the average weekly
consumption (EWI) was calculated by multiplying the given result by 7 (7 days).

The PTWI value was also calculated according to the equation:

PTWI = EDI × 7/BW,

where BW is the average body weight (the adopted average body weight for this age
group is 10.5 kg). The PTWI value for Cd is 7 μg/kg BW/day, and for Hg, it is 1.6 μg/kg
BW/day [16,20].

The BMDL index was also determined according to the equation:

BMDL = EDI/BW

BMDL values for As are 3 μg/kg/BW/day, with a benchmark dose lower confidence
of 0.5% (BMDL0.5) according to FAO/WHO standards. For Pb, it is 0.5–6 μg/kg BW/day.
PTWI values which are above the levels set by the standards may pose a health hazard.
The results are presented as a percentage of the reference value [18].
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The THQ index is also determined to produce adverse health effects due to the
properties of the toxic elements, according to the equation:

THQ = (Fr × D × Cons × C)/(RfD × BW × T) × 10−3,

where Fr is the frequency of exposure per year (365 days), D is the exposure time (70 years),
Cons is the average daily consumption of the product [g], C is the average concentration of a
given toxic element in the product, and RfD is the oral reference dose, which is respectively
0.3 μg/kg BW/day for As and Hg, and 1 μg/kg BW/day for Cd and Pb, according to the
guidelines of the United States Environmental Protection Agency (US EPA) [17]. If the THQ
value is >1, it indicates a potential non-carcinogenic risk; if THQ is <1, it indicates a low
non-carcinogenic risk [21].

Cancer risk (CR) is used to determine the carcinogenic risk for each toxic square,
calculated according to the equation:

CR = (Fr × D × EDI × SF)/T × 10−3,

where SF stands for the slope factor of cancer. According to US EPA standards, the SF value
is 1.5 mg/kg/day for As, 6.3 mg/kg/day for Cd, and 0.0085 mg/kg/day for Pb. If the CR
index is above 10−4, it refers to an increased carcinogenic risk. The THQ and CR values
for Hg were not calculated since, according to the US EPA position, it is not considered a
carcinogenic element [21].

2.5. Statistical Analysis

The obtained results were analyzed using the Statistica software (TIBCO Software
Inc., Palo Alto, CA, USA). The Shapiro–Wilk test was performed, and the distribution was
found to be non-normal. Non-parametric Mann–Whitney U tests and the Kruskal–Wallis
ANOVA test were used to analyze the concentrations of toxic elements in various product
groups. The results were summarized using the median and quartiles. To compare the
results of our own research with other authors, the tables contain the mean, along with
the standard deviation, as well as the maximum and minimum values. In order to assess
significance, the values p < 0.05, p < 0.01, and p < 0.001 were adopted.

3. Results

3.1. Content of As, Cd, Hg, and Pb

The average content of As in all samples was 1.41 ± 0.25 μg/kg, while in 69 samples,
no As was recorded. These were mainly products without the addition of cereals (fruit
and vegetable mousses, drinks and dairy products), and the highest value was determined
in a fruit bar with the addition of rice (84.71 μg/kg). Among all of the categories, the
lowest As content was found in fruit and cereal mousses (0.16 ± 0.09 μg/kg) and dairy
products (0.10 ± 0.16 μg/kg). In turn, the highest As value was recorded in porridges
(2.30 ± 0.33 μg/kg), and, in particular, in gluten-free porridges (4.31 ± 0.72 μg/kg). High
concentrations were also obtained in snacks “for the hand” (2.92 ± 10.77 μg/kg), and
especially in wafers/chips (4.88 ± 15.34 μg/kg). In accordance with the level of the
European Commission [22], the maximum allowable level of As in food is 100 μg/kg (in
cereals, fruit and vegetables, and meat). There were 69 samples for As below the limit of
detection. The median As content results with quartile 1 (Q1) and quartile 3 (Q3) in the
analyzed product groups are presented in Figure 1A.
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A) 

Figure 1. Median As (A), Cd (B), Hg (C) and Pb (D) content with quartile 1 (Q1) and quartile 3 (Q3)
in the analyzed product groups. * LOD—limit of detection.
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The mean concentration of Cd in all the tested samples was 2.08 ± 0.15 μg/kg. The
lowest concentration of Cd in products was 0.14 μg/kg, recorded in juices for children
(apple, grape, chokeberry, raspberry). The highest Cd concentration was 20.15 μg/kg,
and was in a ready-to-eat dinner for children after 6 months of age, consisting mainly
of vegetables and salmon. Taking into account the product categories, the lowest Cd
values were recorded in dairy products (0.95 ± 2.56 μg/kg) and especially in the yo-
ghurt subgroup (0.45 ± 0.78 μg/kg), mousses (1.39 ± 2.31 μg/kg), and also in fruit juices
(0.66 ± 2.01 μg/kg). The highest levels of Cd were obtained in drinks for children
(3.39 ± 1.30 μg/kg), especially in fruit drinks and water (4.17 ± 5.98 μg/kg) and snacks “for
the hand” (3.09 ± 1.69 μg/kg), especially in the waffle/crisps subcategory (3.51 ± 3.38 μg/kg).
According to the European Commission Regulation (EU) 2021/1323 of 10 August 2021
amending Regulation (EC) No 1881/2006 as regards maximum levels of Cd in certain
foodstuffs, the maximum level of Cd is 100 μg/kg for cereal, 40 μg/kg for baby food,
20 μg/kg for fruits and vegetables, 20 μg/kg for juices, and 50 μg/kg for meat and fish [17].
The daily limit for Cd was not exceeded; therefore, it has not been included in the Table 3.
There were 47 samples for Cd below the limit of detection. The median Cd content results
with quartile 1 (Q1) and quartile 3 (Q3) in the analyzed product groups are presented in
Figure 1B.

Table 3. Maximum allowable content of As, Cd, Hg, and Pb in food and the number of baby food
samples that exceed the maximum allowable content [16,17,22].

Baby Food
Samples

Maximum Allowable Content
(mg/kg Product Weight)

Exceeding Maximum Allowable Content

As Cd Hg Pb

As Cd Hg Pb n % n % n % n %

Dinners
(n = 102) - 0.04 0.01 0.02 - - 0 0 3 0.75 1 0.25

Porridges
(n = 50) 0.5 0.04 0.01 0.02 0 0 0 0 0 0.00 2 0.50

Mousses
(n = 58) 0.5 0.02 0.01 0.01 0 0 0 0 2 0.50 1 0.25

Drinks
(n = 64) - 0.02 0.02 0.02 - - 0 0 1 0.25 7 1.76

Baby snacks
(n = 62) - 0.04 0.01 0.02 - - 0 0 0 0.00 6 1.50

Dairy
(n = 60) - - 0.01 0.02 - - - - 0 0.00 1 0.25

TOTAL
(n = 397) - - - - 6 1.50 18 4.53

n—number of samples, %—percentage of exceeded samples.

The average Hg level in all samples was 3.16 ± 0.16 μg/kg, The lowest value was
recorded in the fruit and cereal bar (the main ingredients of which are grape juice, oat-
meal, apple juice) at 0.005 μg/kg, while the highest Hg value was 37.25 μg/kg in a lunch
based on vegetables, rice, and hake. Among all categories, the lowest amounts of Hg
were found in snacks “for the hand” (2.36 ± 1.69 μg/kg) and in the subcategory of veg-
etable mousses (2.26 ± 0.83 μg/kg). The highest amounts of Hg were recorded in por-
ridges (4.20 ± 0.35 μg/kg), in particular in gluten-free (4.89 ± 0.69 μg/kg) and gluten
(4.86 ± 0.60 μg/kg) porridges; in the subcategories, the highest levels were recorded in fish
dinners (as much as 9.213 ± 0.571 μg/kg) and fruit and vegetable mousses
(5.748 ± 1.118 μg/kg). In accordance with European Commission Regulation (EU) 2018/73
of 16 January 2018 amending Annexes II and III to Regulation (EC) No 396/2005 of the
European Parliament and of the Council, regarding the maximum residue levels for Hg
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compounds in or on certain products, the maximum allowable level of Hg is: 5 μg/kg for
fish, 10 μg/kg for cereal, baby food, fruit and vegetables, meat, and milk, and 20 μg/kg for
juices [16]. Table 3 shows the number of samples that exceeded the maximum allowable
limits of Hg and Pb. The limit for Hg was exceeded in 6 samples, which constitutes 1.5% of
all samples. The highest amount of the exceeded Hg limit was recorded in lunches (three
samples). The daily limit was not exceeded in porridges, snacks for children, and dairy
products. There were the same samples for Hg below the limit of detection. The median
Hg content results with quartile 1 (Q1) and quartile 3 (Q3) in the analyzed product groups
are presented in Figure 1C.

The mean concentration of Pb in all samples was 9.27 ± 0.44 μg/kg, with the lowest
recorded concentration being 0.46 μg/kg in children’s juice (based on apple, grape, aronia,
raspberry). The highest Pb value was 138.99 μg/kg, found in a mousse (based on apple,
cottage cheese, and grape juice). Among all categories, the lowest Pb level was recorded
in drinks for children (1.14 ± 0.98 μg/kg). The highest concentrations of Pb were found
in snacks “for the hand” (12.80 ± 7.56 μg/kg), porridges (8.09 ± 0.70 μg/kg), mousses
for children (7.97 ± 0.02 μg/kg), especially fruit-based mousses (9.40 ± 4.06 μg/kg), and
in children’s dinners (7.55 ± 0.41 μg/kg). According to the regulations of the European
Commission, the maximum permissible level of Pb is: 10 μg/kg for meat, 20 μg/kg for
cereal, baby food and milk, 30 μg/kg for fish, 50 μg/kg for juices, and 100 μg/kg for fruit
and vegetables [20]. The median Pb content results with quartile 1 (Q1) and quartile 3 (Q3)
in the analyzed product groups are presented in Figure 1D. There were 10 samples for Pb
below the limit of detection.

Detailed content of toxic elements in individual groups and subgroups is presented in
Table S1 (Supplementary Materials).

There were 18 exceedances in the content of the daily Pb limit (4.53%). The highest Pb
content was recorded in drinks (seven samples) and baby snacks (six samples). The lowest
Pb exceedances were recorded in dairy products (one sample), mousses (one sample), and
dinners (one sample).

Table 4 presents statistically significant differences in the content of toxic elements
in the analyzed products. The most statistically significant differences were noted in
the As content. The As content in lunches differed statistically significantly in drinks
(p < 0.01). Differences were also noted in porridges and drinks (p < 0.01), mousses and
drinks (p < 0.01), baby snacks and drinks (p < 0.01), dairy and drinks (p < 0.01), and groups:
poultry dinners and fish dinners (p < 0.001), beef dinners and fish dinners (p < 0.001),
beef dinners and fish dinners (p < 0.001), pork dinners and fish dinners (p < 0.001), rabbit
dinners and fish dinners (p < 0.001), vegetarian dinners and fish dinners (p < 0.001), and
milk porridge and gluten-free cereal (p < 0.001).

Table 4. Significant statistical differences in the analyzed product groups.

Toxic Elements Analyzed Food Group p-Value

As

Dinners—drinks <0.01
Porridges—drinks <0.01
Mousses—drinks <0.01

Baby snacks—drinks <0.01
Dairy—drinks <0.01

Poultry dinners—fish dinners <0.001
Beef dinners—fish dinners <0.001
Pork dinners—fish dinners <0.001

Rabbit dinners—fish dinners <0.001
Vegetarian dinners—fish dinners <0.001
Milk porridge—gluten-free cereal <0.001

Hg Mousses—dairy <0.05
Pork dinners—vegetarian dinners <0.05

Pb Fruit drinks and water—fruit juices <0.01
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There were also statistically significant differences in the Hg content in mousses and
dairy (p < 0.05), as well as in the pork dinners and vegetarian dinners subgroup (p < 0.05).
For the Pb content, one difference was found between fruit drinks and water–fruit juices
(p < 0.01). In this study, no statistically significant differences in the Cd content were found.

3.2. Risk Assessment

The health indicators of all analyzed products are summarized in Table 5. In the case
of PTWI and BMDL indicators, no exceedances were found in the tested assortment.

Table 5. Average value of the ratios: EDI, EWI, PTWI, and BMDL in all analyzed groups.

Type of Products Elements
EDI

(μg/Day)
EWI

(μg/Week)
PTWI (%PTWI)

(μg/kg/BW/Week)
BMDL (%BMDL)
(μg/kg/BW/Day)

Baby dinners
(n = 102)

As 0.419 ± 0.909 2.938 ± 6.368 NA 0.042 ± 0.091 (1.40%)
Cd 0.515 ± 0.744 3.607 ± 5.205 0.362 ± 0.523 (5.17%) NA
Hg 0.544 ± 0.579 3.804 ± 4.049 0.382 ± 0.407 (23.89%) NA
Pb 1.651 ± 0.922 11.563 ± 6.458 NA 0.166 ± 0.092 (33.2%)

Porridges
(n = 50)

As 0.051 ± 0.054 0.362 ± 0.380 NA 0.005 ± 0.005 (0.17%)
Cd 0.064 ± 0.065 0.449 ± 0.459 0.045 ± 0.046 (0.64%) NA
Hg 0.097 ± 0.057 0.681 ± 0.402 0.068 ± 0.040 (4.28%) NA
Pb 0.187 ± 0.114 1.313 ± 0.804 NA 0.018 ± 0.011 (3.77%)

Mousses
(n = 58)

As 0.021 ± 0.017 0.148 ± 0.119 NA 0.002 ± 0.001 (0.07%)
Cd 0.159 ± 0.226 1.0113 ± 1.583 0.111 ± 0.159 (1.59%) NA
Hg 0.381 ± 0.239 2.669 ± 1.677 0.268 ± 0.168 (16.76%) NA
Pb 0.892 ± 2.008 6.245 ± 14.056 NA 0.08 ± 0.02 (17.93%)

Baby drinks
(n = 64)

As 0.037 ± 0.086 0.264 ± 0.607 NA 0.003 ± 0.008 (0.12%)
Cd 0.078 ± 0.165 0.548 ± 1.551 0.055 ± 0.116 (0.78%) NA
Hg 0.122 ± 0.080 0.858 ± 0.560 0.086 ± 0.056 (5.39%) NA
Pb 0.553 ± 0.320 3.874 ± 2.242 NA 0.055 ± 0.032 (11.12%)

Snacks
(n = 62)

As 0.242 ± 0.870 1.697 ± 6.091 NA 0.024 ± 0.087 (0.81%)
Cd 0.252 ± 0.226 1.767 ± 1.585 0.177 ± 0.159 (2.53%) NA
Hg 0.192 ± 0.136 1.348 ± 0.958 0.135 ± 0.096 (8.46%) NA
Pb 1.053 ± 0.610 7.375 ± 4.276 NA 0.105 ± 0.061 (21.17%)

Dairy
(n = 60)

As 0.007 ± 0.034 0.054 ± 0.233 NA 0.000 ± 0.003 (0.02%)
Cd 0.063 ± 0.081 0.436 ± 0.563 0.044 ± 0.056 (0.63%) NA
Hg 0.391 ± 0.668 2.726 ± 4.641 0.275 ± 0.470 (17.21%) NA
Pb 1.168 ± 1.491 8.047 ± 10.397 NA 0.117 ± 0.149 (23.47%)

TOTAL
(n = 397)

As 0.162 ± 0.598 1.139 ± 4.196 NA 0.016 ± 0.060 (0.54%)
Cd 0.224 ± 0.439 1.571 ± 3.076 0.157 ± 0.309 (2.25%) NA
Hg 0.314 ± 0.438 2.204 ± 3.070 0.221 ± 0.308 (13.84%) NA
Pb 1.006 ± 1.192 7.046 ± 8.348 NA 0.101 ± 0.119 (20.23%)

BMDL—the benchmark dose lower confidence limit, EDI—estimated daily intake, EWI—estimated weekly intake,
NA—not applicable, PTMI—provisional tolerable monthly intake, PTWI—provisional tolerable weekly intake.

Baby dinners have the highest EDI and EWI values for As and Cd
(EDIAs = 0.419 ± 0.909 mg/day, EWIAs = 2.938 ± 6.368 mg/week, EDICd = 0.515 ± 0.744,
EWICd = 3.607 ± 5.205). The estimated daily consumption was the lowest in dairy products
in the case of As (EDI = 0.007 ± 0.034 mg/day, EWI = 0.054 ± 0.233 mg/week),
while in the case of Cd, this was in dairy products (EDI = 0.063 ± 0.081 mg/day,
EWI = 0.436 ± 0.563 mg/week) and porridges (EDI = 0.064 ± 0.065 mg/day,
EWI = 0.449 ± 0.459 mg/week). Baby dinners showed the highest value of EDI and EWI
in the case of Pb (EDI = 1.651 ± 0.922 mg/day, EWI = 11.563 ± 6.458 mg/week), while
in the case of Hg, the highest value was found in mousses (EDI = 0.381 ± 0.239 mg/day,
EWI = 2.669 ± 1.677 mg/week). The lowest EDI value for Hg and Pb was determined
in porridges (EDIHg = 0.097 ± 0.057 mg/day, EWIHg = 0.681 ± 0.402 mg/week,
EDIPb = 0.187 ± 0.114 mg/day, EWIPb = 1.313 ± 0.804 mg/week). In the case of the PTWI
and BMDL indicators, the specified limits were not exceeded (Table 5). The PTWI in all
ready-to-eat samples for Cd was 0.157 ± 0.308 μg/kg, which was 2.25% of the norm;
for Hg, it was 0.221 ± 0.308 μg/kg, which was 13.84% of the norm. The BMDLAs
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was 0.016 ± 0.06 μg/kg, which was 0.54% of the norm, while in the case of Pb, it was
0.101 ± 0.119 μg/kg (20.23% of the norm).

The estimated THQ and CR ratios for the analyzed toxic elements are presented in
Table 6. The highest values of the THQ index for all elements were recorded for Hg in
dairy products (1.14 × 10−7 ± 6.18 × 10−7). In the case of As, the highest value of the
index was 1.41 × 10−7 ± 3.04 × 10−7, and these levels were found in baby dinners. In
the case of Cd, the highest THQ was recorded in porridges for children, and THQ was
1.31 × 10−8 ± 2.01 × 10−8. In the case of Hg, it was 1.01 × 10−7 ± 1.19 × 10−7, found in
dinners for children. In the case of Pb, it was porridges 1.01 × 10−7 ± 1.19 × 10−7. The
norms of THQ values were not exceeded in the tested assortment, therefore there is no
increased risk of non-carcinogens effect. The CR index was not exceeded, so the research
shows that the risk of developing cancer as a result of consuming the analyzed products
is low.

Table 6. Estimated values of THQ and CR indices of toxic elements (As, Cd, Hg, and Pb) in the
analyzed food products.

THQ
X ± SD

(Min–Max)

Type of
Products

As Cd Hg Pb

Baby dinners
(n = 102)

1.41 × 10−7 ± 3.04 × 10−7

(9.61 × 10−7–1.26 × 10−6)
2.26 × 10−8 ± 4.41 × 10−8

(1.75 × 10−9–1.56 × 10−6)
1.01 × 10−7 ± 1.19 × 10−7

(1.36 × 10−10–8.56 × 10−7)
1.06 × 10−7 ± 1.46 × 10−7

(1.75 × 10−9–1.56 × 10−6)

Porridges
(n = 50)

1.82 × 10−8 ± 1.82 × 10–8

(1.23 × 10−8–2.44 × 10−6)
1.31 × 10−8 ± 2.01 × 10−8

(1.82 × 10−8–2.31 × 10−6)
1.06 × 10−7 ± 1.46 × 10−7

(7.66 × 10−10–8.65 × 10−7)
1.01 × 10−7 ± 1.19 × 10−7

(1.88 × 10−8–8.65 × 10−7)

Mousses
(n = 58)

7.11 × 10−9 ± 5.70 × 10−9

(1.31 × 10−8–2.79 × 10−6)
2.13 × 10−8± 2.44 × 10−8

(1.14 × 10−11–8.78 × 10−7)
1.06 × 10−7 ± 1.19 × 10−7

(1.36 × 10−10–8.65 × 10−7)

c3.21 × 10−7 ± 2.88 ×
10−7

(7.03 × 10−9–8.55 × 10−6)

Baby drinks
(n = 64)

1.29 × 10−8± 2.92 × 10−8

(1.31 × 10−8–1.47 × 10−6)
3.06 × 10−8 ± 4.40 × 10−8

(8.54 × 10−11–4.46 × 10−7)
1.98 × 10−7 ± 1.70 × 10−7

(2.06 × 10−10–4.50 × 10−6)
2.98 × 10−7 ± 3.17 × 10−7

(1.05 × 10−9 –1.26 × 10−6)

Snacks
(n = 62)

8.12 × 10−8 ± 2.91 × 10−7

(5.95 × 10−9–2.31 × 10−6)
4.99 × 10−8 ± 1.10 × 10−8

(8.52 × 10−11–9.89 × 10−7)
1.76 × 10−7 ± 4.46 × 10−7

(6.11 × 10−11–1.05 × 10−7)
4.51 × 10−7 ± 1.19 × 10−7

(1.46 × 10−10–1.16 × 10−6)

Dairy
(n = 60)

2.66 × 10−9 ± 1.127 × 10−8

(28.84 × 10−10–2.01 × 10−7)
2.63 × 10−9 ± 2.33 × 10−8

(1.47 × 10−11–1.46 × 10−7)
1.14 × 10−7 ± 6.18 × 10−7

(1.99 × 10−10–8.21 × 10−7)
1.91 × 10−7 ± 1.19 × 10−7

(1.75 × 10−9–1.56 × 10−7)

TOTAL
(n = 397)

5.44 × 10−8 ± 2.01 × 10−8

(28.84 × 10−10–1.26 × 10−6)
2.61 × 10−8 ± 4.42 × 10−8

(1.47 × 10−11–1.56 × 10−6)
1.65 × 10−7 ± 1.47 × 10−7

(6.11 × 10−11–4.50 × 10−6)
2.82 × 10−7 ± 2.21 × 10−7

(1.46 × 10−10–1.16 × 10−6)

Mean CR 2.44 × 10−7 ± 8.97 × 10−7

(2.07 × 10−7–1.03 × 10−5)
1.41 × 10−6 ± 2.77 × 10−6

(5.34 × 10−6–2.79 × 10−5)
NA 8.56 × 10−9 ± 1.01 × 10−8

(1.48 × 10−10–1.32 × 10−7)

CR—cancer risk, Max—maximum, Min—minimum, NA—not applicable, SD—standard deviation, THQ—target
hazard quotient, X—mean.

The analyzed products were also divided according to the intended use of the given
products in terms of age category: for children 6–12 months, for children under 12 months,
and products without an age declaration. Table 7 presents the characteristics of age groups
in terms of mean, median, and other statistical parameters. The age declaration group
includes dinners, porridges, and mousses. The remaining product groups (drinks, snacks,
and dairy products for children) are included in the category without an age declaration.
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Table 7. The average content and median of toxic elements in the studied groups and significant
statistical differences, taking into account the intended use of products for age groups.

Average Content of Analyzed Parameters Statistical Differences

Type of
Products

Elements n X ± SD
(μg/kg)

Min–Max
(μg/kg)

Me
(μg/kg)

Q1–Q3
(μg/kg)

Toxic
Elements

Analyzed
Food

Group
p-Value

for children
6–12

months (a)

As
Cd
Hg
Pb

107

2.01 ± 3.67
2.22 ± 3.14
3.20 ± 2.86
7.82 ± 4.76

0.00–16.97
0.31–20.15
0.01–9.88
0.52–32.28

0.44
1.33
2.05
6.70

0.17–1.72
0.68–2.02
0.83–5.28
5.25–9.89

As a/b
b/c

<0.01
<0.001

for children
under 12

months (b)

As
Cd
Hg
Pb

104

1.01 ± 2.54
2.17 ± 2.78
3.09 ± 2.22

7.74 ± 13.55

0.00–14.63
0.16–13.34
0.17–9.12

0.77–134.00

0.19
1.15
2.53
5.81

0.16–0.50
0.64–2.20

1.240–4.47
4.72–7.45

Cd a/c
b/c

<0.001
<0.01

without an
age

declaration
(c)

As
Cd
Hg
Pb

186

1.35 ± 6.42
1.99 ± 3.23
2.68 ± 1.86

10.95 ± 7.02

0.00–84.71
0.14–18.54
0.00–9.12

0.460–48.18

0.20
0.63
2.11
9.38

0.00–0.66
0.27–2.24
1.27–3.74
7.18–12.09

Pb
a/b
a/c
b/c

<0.05
<0.001
<0.001

a—products for children 6–12 months, b—products for children under 12 months, c—products without an
age declaration, Max—maximum, Me—median, Min—minimum, SD—standard deviation, Q1—quartile 1,
Q3—quartile 3, X—mean.

The highest average contents of As, Cd, and Hg were recorded in the group of products
intended for children aged 6–12 months (As: 2.01 ± 3.67 μg/kg, Cd: 2.22 ± 3.14 μg/kg,
Hg: 3.20 ± 2.86 μg/kg). In the case of Pb, it was in the group of products without age
declaration (10.95 ± 7.02 μg/kg). The highest mean content of As was recorded in the group
of products for children 6–12 months (2.01 ± 3.67 μg/kg), and the lowest for children under
12 months (1.01 ± 2.54 μg/kg). The highest mean Cd content was observed in the group of
products for children aged 6–12 months (2.22 ± 3.14 μg/kg), and the lowest in the group of
products without declaration (1.98 ± 3.23 μg/kg), although these differences were small
(the statistical significance of the analyzed groups was presented in Table 7). The highest
mean Hg content was recorded in the group of products intended for children 6–12 months
(3.20 ± 2.86 μg/kg), and the lowest mean in the group of products without declaration
(2.68 ± 1.86 μg/kg), while there were not statistically significant groups (Table 7). In the
case of Pb, the highest mean was recorded in the group of products without age declaration
(10.95 ± 7.02 μg/kg), and in the remaining groups the mean was very similar (in the group
of products for children 6–12 months: 7.82 ± 4.76 μg/kg, in the group above 12 months:
7.74 ± 13.55 μg/kg).

The most statistically significant differences were recorded in the case of Pb. The Pb
content differed statistically significantly in the group of products intended for children
aged 6–12 months and over 12 months (p < 0.01); in the group of 6–12 months and in the first
group without age declaration (p < 0.001); in the group of products above 12 months month
and the product group without age declaration (p < 0.001). In the case of As, statistical
significance was noted in the groups of products for children aged 6–12 months and over
12 months of age (p < 0.01); and in the group of 6–12 months in the group without age
declaration (p < 0.001). The content of Cd differed statistically significantly in the group of
products intended for children 6–12 months, the group without age declaration (p < 0.001);
and in the group over 12 months of age, and the group without age declaration (p < 0.01).

4. Discussion

In our study, we found that toxic elements are present in ready-to-eat baby foods, and
that some foods contain Hg and Pb levels of concern.

Our research found that the permissible daily limit was not exceeded for As. In a
Spanish study, As was detected in three samples, one of which exceeded the acceptable
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toxicological standards [23]. The study by Rothenberg et al., (2017) examined the content of
As in rice products for children. These products had a higher content of the tested elements
compared to wheat and oat products, but they did not exceed the permissible standard [24].
A similar study by Gu et al., (2020) assessed the As content in products for infants and
young children. Despite the fact that total As was found in 88% of the samples, it did not
exceed the total permissible content, while 75% of the samples exceeded the standard for
inorganic As for infants and young children [14]. In turn, Ljung et al., (2011) assessed the
content of toxic elements in, among others, products based on milk, oats, spelt, and whole
grain rice. The researcher showed that rice-based products were the largest source of As
(up to 30 μg/kg) [25]. A Nigerian study (2020) showed that the tolerable daily intake of As
was exceeded in baby food. The mean daily consumption of As was 437.1 μg/kg (771%
PTDI). Abnormalities for As have been observed in products containing rice [26]. Rice is
the most abundant product containing As. In Poland, rice is consumed rarely, and among
children under 3 years of age, the average consumption of rice is 17.9 g/day The range of
rice-based products on the Polish market is relatively small, and they are not so widely
consumed by children, so should not pose a threat to children’s health.

In our own study, the maximum allowable content was not exceeded for Cd. Gardener
et al., (2019) showed that Cd was found in 57% of samples. Out of 91 trials of baby food,
14% exceeded the acceptable limits for Cd consumption [15]. The study by Kim et al., (2014)
assessed the exposure to toxic elements in the daily food ration. The mean concentration
of Cd in the diet was 0.38 ± 0.20 μg/kg BW/day, respectively. In the case of Cd, the
reference value was exceeded (42%) [27]. De Castro et al., (2010) Cd concentrations were
higher than in our study, but did not exceed the acceptable limits (109 μg/kg) [28]. In the
study (2019), the mean daily exposure to Cd was 0.43 μg/kg BW/day [29]. In our study,
the average daily consumption for Cd was lower (0.224 ± 0.439 μg/kg). In the study by
Winiarska-Mleczan (2012), the average consumption in one meal (ready-made dessert for
children) covers 2% of the PTDI of Cd, while the average consumption of a bottle of drink
for children is 2% of the PTDI of Cd [30]. In a study, Chen et al., (2021) showed that, among
all age groups, children up to 5 years old showed the highest concentrations of Cd and the
highest risk of health risk. The total Cd exposure index for children aged 0.5–5 years was
0.00325, and the Cd level was 3.9 times the PTMI norm on Cd, suggesting that children
are at an unacceptable level of health risk. [31]. This is a study carried out in China, where
there are different eating habits than in Europe (e.g., higher consumption of e.g., rice),
which may be the reason for such a high rate. An Egyptian study analyzed the content
of Cd in dairy products consumed by children. The estimated daily intake for Cd was
0.33 μg/kg bw/day, which is 39.8% of the TDI [32]. In comparison, in our study, the EDI
for Cd in dairy products was higher and amounts to 0.43 ± 0.56 μg/kg. In our study, the
highest Cd value was found for the salmon-based children’s dinner (20.15 μg/kg), which
may suggest greater caution in terms of children’s consumption of fish. Among different
groups, the highest value of Cd was recorded in drinks for children. The reason for high
concentrations of Cd may be the high presence of Cd in the water due to the affinity for its
accumulation [12]. The presence of Cd in children’s products should be of concern, since
Cd is neurotoxic in amounts lower than the reference doses, which means that any dose
may have adverse health effects and impair children’s development.

In our study, the maximum allowable content was exceeded for Hg in 1.5% of samples
analyzed. In the study by Guerin et al., (2018), the Hg content of 291 products for infants
and young children, as well as conventional foods consumed by this group, on the French
market was determined. This element was detected in 7.6% of all samples, while none of
the products exceeded the permitted Hg limit [33]. Higher Hg concentrations were also
found in rice products, as compared to oat products [24]. In our study, the product with the
highest Hg content was based on rice and hake. In the study of Spungen et al., (2019), the
mean daily exposure to Hg was 0.12 μg/kg bw/day in children aged 1–3 years old [29].
In our study, the estimated daily intake was higher (0.31 ± 0.44 μg/kg). The study by
Martins et al., (2013) assessed the exposure of infants and young children to Hg derived
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from processed cereal-based foods and infant food (vegetable-, meat-, fish-, and fruit-based
meals). It has been shown that the average consumption of the analyzed products is from
0.2 to 0.4% of the PTWI of Hg [34]. In our study, the coverage of PTWI of Hg is significantly
higher (9.6%), but it should not be a cause for concern. The study by Igwaze et al., (2020)
showed that mean daily consumption of Hg was 23.7 μg/kg (41.8% of PTDI). The mean
daily Hg intake was below the PTDI value [26]. In a Spanish study evaluating infant
dietary Hg exposure, the EDI for Hg was shown to be significantly higher, at 1.5 μg/kg
BW/day (EWI = 11 BW/day). In our study, the EDI for Hg was 0.31 ± 0.43 μg/kg BW/day
(EWI = 2.20 ± 0.07 μg/kg) [35]. Moreover, it is particularly interesting for public health
that the tested samples showed exceeded Hg concentrations in six samples, including
three categorized as children’s lunches, two of which contained fish. This should be of
concern, especially in view of the potential risks posed by frequent consumption of fish-
based products. Hg damages the central nervous system of children, impairs the immune
function, and leads to dysfunction of the children’s bloodstream.

In our study, the maximum allowable content was exceeded for Pb in 4.5% of samples.
The Gardener et al., (2019) study assessed the content of Pb in products consumed by
infants and young children (infant food, cereals, drinks, pouches). Pb was found in 37%
of samples [15]. In the study by Škrbić et al., (2016) which assessed the content of toxic
elements in 90 products for children (porridge fruit, porridge vegetable, meat and fish,
porridge, corn and rice porridge, and yogurt-based products), Pb was detected in two
products [23]. Ljung et al., (2011) showed that Pb was found in rice-based products
(13 μg/kg) [25]. In the study by Kim et al., (2014), the mean concentration of Pb was
0.47 ± 0.14 μg/kg BW/day and 35% of samples exceeded the maximum allowable content
limit [27]. In a study by Rasic Misic et al., (2022), Pb was detected in 31% of baby and
toddler juice and chafing samples. The mean concentrations of Pb were 12.0 μg/kg in
fruit-based food, 29.0 μg/kg in vegetable-based food, and 34.50 μg/kg in meat-based
food. In all juices, the Pb value was higher than the maximum concentration in food for
young children (0.05 mg/kg). In our research, similar conclusions were noted, since the
most exceedances of the permissible daily norm were recorded in beverages—1.76% of all
products (7 samples). In our study, mean Pb concentrations were also high in fruit-based
mousses (9.40 ± 4.06 μg/kg). Higher Pb concentrations in fruit and vegetable products
may come from contaminated soil or production processes [36]. The median of Pb in baby
products from Brazil is significantly higher than in our research. It was shown that the
median Pb was 33 μg/kg; therefore, the FAO/WHO standards were exceeded in 63% of
Pb [28]. In the French study assessing the Pb content in food for infants and children, Pb
was found in most of the analyzed samples (mean 2.4 μg/kg). The highest concentrations
of Pb were found in the group of biscuits and bars (9.6 μg/kg), croissants (8.2 μg/kg), and
cake and bread (5.5 μg/kg). Among all of the products, the highest content was found
in chocolate biscuits (26.2 μg/kg), chocolate flakes for babies (19.7 μg/kg), and spinach
(16.1 μg/kg). The products containing chocolate were characterized by significantly higher
Pb concentrations [37]. In another Polish study (2012), the average consumption of desserts
for children covers 2.2% of the PTDI of Pb, while the average consumption of a bottle
of a drink for children is 13.6% of the PTDI of Pb [33]. In a Japanese study (2019), the
weekly Pb exposure for children aged 1–3.5 years was 3.28 ± 0.26 μg/kg BW/week. Pb
concentration was higher in children than in adults, but it did not exceed the acceptable
standard [38]. In another study, the content of Pb was 1.27 μg/kg BW/day, which is 35.3%
of the TDI. In our study, the EDI values for Pb are comparable (1.006 ± 1.192 μg/kg) [37].
In 18 samples, Pb was above the threshold values, and the highest amounts were found
in drinks (7) and snacks (6). Pb contamination can come from fruits and grains, which
are the main ingredient of these products. In the study by Kim et al, Pb was also present
in high concentrations in fruits [27]. The source of Pb can be soil and water from highly
industrialized areas. Fruit and grains are one of the main components of the diet of infants
and young children, so they should not be abandoned, but it might be worthwhile to
encourage children to be more varied in their diet to minimize the risk of possible Pb
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exposure. Exposure to this element disturbs the development of the central nervous system,
and causes problems with concentration; thus, it is important to avoid chronic exposure.

Our results indicate that baby food may be safe, and the estimated health risk in-
dicators did not show an increased health risk in terms of exposure of toxic elements
in ready-made products for children. However, it is worrying that some products have
exceeded the daily limit for Pb (18 samples) and Hg (6 samples). In Poland, around 60%
of parents use convenience food, which should cause concern, especially in children, who
often base their nutrition on ready-to-eat foods [39].

According to our results, it is worth paying attention to ready-to-eat products con-
taining fish. In the study, children’s meals containing salmon had the highest levels of
Cd (20.15 μg/kg), and those containing hake had the highest levels of Hg (37.25 μg/kg).
Among the assortment of lunches intended for children over 1 year of age was a ready-
made tuna dinner that should not be eaten at all in this age group. Some fish products are
especially recommended for children (salmon, cod, mackerel, eel), while, due to the large
accumulation of pollutants harmful to health, perch, shark, swordfish, and tuna are not
recommended. The consumption of fish by children brings many health benefits, so we
should not exclude them in the diet of children, while parents should pay attention to the
selection of fish species that do not pose a health risk [40].

In our study, cereal products (especially those containing rice and rice products)
contained high amounts of As (rice bar 84.71 μg/kg, baby porridge group, waffles and
crips group). Cereals for children and snacks were characterized by one of the higher
concentrations of toxic elements (in the case of As, gluten-free and gluten-free cereals; in
the case of Cd, waffles/crips; in the case of Hg, porridges; in the case of Pb, snacks “for
the hand”).

This allows us to conclude that cereal products easily accumulate toxic elements and,
if consumed in large amounts, may pose a health hazard to infants and young children.

An unexpected observation is the high contribution of Cd in the group of beverages
for children (4.17 ± 5.98 μg/kg), and the exceedance of the daily limit of Pb content in
beverages (7 samples, 1.76% of all trials). This may result from contamination of the water
used for the production of beverages or flavored waters. In Poland, there is an obligation
to regularly test water for, e.g., toxic elements by provincial sanitary and epidemiological
stations. This water has the correct parameters, while the problem may be an outdated
sewage system located, for example, close to a factory, from which harmful substances,
including toxic elements, may be released. Table 8 shows the content of toxic elements in
baby food compared to the results of other authors.

Table 8. The content of toxic elements in baby food shown in studies by other authors.

Type of Products
As

(μg/kg)
Cd

(μg/kg)
Hg

(μg/kg)
Pb

(μg/kg)
Reference

Baby food * NA Me = 2.8
Max = 103.9 NA Max = 183.6 [15]

Baby desserts NA Me = 0.71 Max = 14.90 NA Me = 2.14
[30]Baby juices NA Me = 0.80 Max = 1.34 NA Max = 5.11

Baby dinners NA Me = 8.31 Max = 28.2 NA Me = 20.6 Max = 41.0

Baby food <LOD <LOD NA <LOD [23]
Max = 0.89 Max < LOD NA <LOD

Baby dinners NA NA Me = 0.80
Max = 7.40 NA [33]

Cereals food NA NA Me = 0.58
Max = 1.0 NA
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Table 8. Cont.

Type of Products
As

(μg/kg)
Cd

(μg/kg)
Hg

(μg/kg)
Pb

(μg/kg)
Reference

Rise baby food Me = 0.088 NA Me = 0.062 NA [24]
Max = 0.150 NA Max = 0.3 NA

Rise baby food NA NA X = 0.94 ± 0.47 NA [14]

Milk-based food X = 0.23 ± 0.05 X = 0.23 ± 0.05 NA X = 1.2 ± 0.19

[25]
Spelt based food X = 3.8 ± 0.05 X = 2.4 ± 0.11 NA X = 1.8 ± 0.12
Oat-based food X = 2.4 ± 0.19 X = 3.3 ± 0.14 NA X = 3.1 ± 0.23
Rice-based food X = 1.7 ± 0.04 X = 33 ± 0.56 NA X = 1.2 ± 0.12

Baby food NA X = 0.38 ± 0.2 X = 0.22 ± 0.08 X = 0.47 ± 0.14 [27]

Cereal-based food NA NA Me = 0.50 NA
[34]Baby food NA NA Me = 0.40 NA

Baby food NA Me = 33.0 NA Me = 109 [28]

Milk-based food NA X = 0.05 ± 0.005 NA X = 0.21 ± 0.02 [32]

Milk-based food NA NA Me = 0.03 NA [41]

Fruit-based food
<LOD <LOD NA

X = 12.0
[36]Vegetable-based

food X = 29.0

Meat based food X = 34.50

Cereal-based food X = 0.68 ± 0.67 NA NA NA [26]

Baby food

NA NA NA

X = 3.4 ± 2.01

[37]
Milk-based food X = 1.11 ± 0.21

Cereal-based food X = 1.40 ± 1.95
Baby mouses X = 2.15 ± 2.08
Baby drinks X = 3.72 ± 2.31

* Baby food—vegetable, meat, fish, fruit-based samples, LOD—limits of detection, Max—maximum, Me—median,
Min—minimum, NA—not applicable, X—mean.

5. Conclusions

The range of ready-to-eat products for children aged 0.5–3 years is a source of toxic
elements, but most of the assessed products shown do not pose a health risk. In our study,
the estimated health risk indicators did not show an increased health risk in terms of
exposure to toxic elements in ready-made products for children. In some samples, Hg
and Pb concentrations were exceeded, which may suggest that these products are not
completely safe for children. There is a need for monitoring in ready-to-eat products
intended for children aged 0.5–3 years. Particular attention should be paid to children’s
consumption of fish-based products, cereal products, snacks, and flavored drinks and
waters. These product groups should be subject to special control with regard to the health
safety of children already at the production stage.
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Abstract: Chronic diseases develop via complex pathways, depending on the degree of exposure
to risk factors from early in life and childhood onward. Metabolic syndrome has multiple risk
factors, including genetic factors, inappropriate diet, and insufficient physical activity. This study
classified health-related behavior classes in childhood and adolescents and analyzed the direct
and indirect effects of each class on the metabolic risk in inflammation-mediated pathways. We
identified the health-related lifestyle classes based on health-related behavior indicators in subjects
aged 3–15 years who participated in the Ewha Birth and Growth Cohort Study by using a latent
class analysis. A mediation analysis was performed to access the direct and indirect effects of each
class on the continuous metabolic syndrome score (cMetS), with the inflammatory index used as a
mediating factor. Subjects were classified into inactive and positive lifestyle classes according to their
characteristics. In the inactive lifestyle class, interleukin (IL)-6 and cMetS had a significant association.
The study confirmed that IL-6 exerts a significant indirect effect between inactive lifestyle and cMetS.
This result supports previous studies. Since the health behaviors of children and adolescents can
affect the likelihood of subsequent metabolic syndrome, appropriate health behavior interventions
for this period are needed.

Keywords: latent class analysis; mediation analysis; metabolic syndrome; health-related behavior; cohort

1. Introduction

Metabolic syndrome is diagnosed when a patient has three or more of the following:
abdominal obesity, high blood pressure, high fasting glucose level, hypertriglycemia, or
low high-density lipoprotein cholesterol (HDL-c) levels [1]. It increases the risks of death
from cardiovascular disease, type 2 diabetes, and stroke [2]. The worldwide prevalence of
metabolic syndrome is 20–25% in adults [3,4] and 19.2% in children [5]. In Korea, one in
five adults (22.9%) had metabolic syndrome in 2018 [6].

Chronic disease develops via complex pathways, depending on the degree of exposure
to risk factors from early in life and childhood onward. The World Health Organization
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(WHO) states that a “life-course approach” should be taken to prevent chronic diseases [7].
Metabolic syndrome has multiple risk factors, including genetic factors, inappropriate
dietary habits, and insufficient physical activity [8,9]. Risk factors related to lifestyle habits
accumulated over the time, and many studies have been reported on the relationship
between lifestyle and health. A recent study reported a change in life expectancy with the
cessation of smoking, consumption of a healthy diet, performance of moderate-intensity
exercise for at least 30 min a day, and maintenance of a normal body weight. Cancer
patients who implemented healthy habits survived for an average of 22.9 years, which
was more than twice as long as those who did not (11 years) [10]. Moreover, some studies
reported that low-level chronic inflammation may cause metabolic syndrome [11].

Adolescence is a transitional period from puberty to adulthood and is an important
stage in the development and maintenance of health-related behaviors [12]. It has been
reported that health-related behaviors and lifestyles learned in early childhood and adoles-
cence are difficult to change, so it can be said that chronic diseases are caused by health
behaviors acquired during this period [13]. However, the majority of adolescents are re-
ported to have a lower adherence to healthy lifestyles even when they are critically ill [14].
This low prevalence of healthy lifestyles during adolescence poses a significant public
health challenge as it increases future chronic disease risk later in adulthood and lowers
the quality of life during adolescence.

Therefore, adolescence can be regarded as an important period for preventive manage-
ment in which chronic diseases can be prevented through interventions for the formation
of healthy habits [15]. This study classified health-related behavior classes in childhood
and adolescents and analyzed the direct and indirect effects of each class on metabolic risk
in inflammation-mediated pathways.

2. Materials and Methods

2.1. Participants

This study was conducted on the prospective cohort of the Ewha Birth and Growth
Study, which enrolled mothers at 24–28 weeks of pregnancy from 2001 to 2006 at the
Department of Obstetrics and Gynecology, Ewha Womans University Mokdong Hospital
(Seoul, Korea). Since 2005, 940 children of these women who agreed to participate in
the study have been followed annually [16]. At each follow-up examinations, blood and
urine samples collection after fasting for at least 8 h, anthropometric measurements, and
questionnaires were performed. This study examined 249 subjects aged 13–15 years who
participated in at least two follow-up examinations and did not have missing metabolic
index data. All participants provided informed consent and the study protocol was ap-
proved by the Institutional Review Board of Ewha Womans University Seoul Hospital (IRB
number: SEUMC 2020-07-016).

2.2. Exposure

Physical activity, sedentary behavior, and dietary habits are important modifiable
determinants in adolescents. The health-related behavior classes were based on health-
related behavior indicators: subjective health status, physical activity, dietary inflammatory
index, and secondhand smoke exposure. These indicators were measured repeatedly at the
ages of 3–15 using questionnaires and included in the analysis if observed at least twice.

To measure the subjective health, physical activity, and sedentary lifestyle of children
aged from 3 to 15 years during the study follow-up, we used modified questionnaires with
reference to the Korea National Health and Nutrition Examination Survey. Subjective health
status was determined based on self-reported health status (very good, good, average, bad,
or very bad). The performance of vigorous physical activity was determined if participants
reported more than three sessions of at least 20 min activities on each occasion that made
them out of breath or sweaty over the past week. The daily leisure sedentary lifestyle
was estimated based on the time spent on activities, such as watching TV, surfing the
internet, and playing games, over the past week. Then, participants were determined as
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“inactive” if they reported more than three times of daily sedentary leisure greater than
two hours over the past week. Shivappa et al. [17] developed a dietary inflammatory
index (DII) through a systematic literature review. The index is used to estimate dietary
inflammation based on the intakes of 36 nutrients and 9 foods. Calculation of the DII is
based on dietary intake that provided a robust estimate of a mean and standard deviation
in a world database for each parameter. Dietary data for each participant expressed an
individual’s exposure as a Z-score. We get the “standard mean” by subtracting from the
actual reported parameter value and divided by its standard deviation. This Z-score was
converted to a percentile score to minimize the effect of right-skewing and centered values
on 0 and bounded them between −1 (reflect the anti-inflammatory potential of the diet) and
+1 (reflect proinflammatory potential of the diet), each percentile score was doubled and
then “1” was subtracted. Then, this value was respectively multiplied by the inflammatory
effect score of each food to obtain the specific DII score of each parameter. All specific DII
scores were then summed for each participant in the study [17]. We investigated 24 food
groups using a food frequency questionnaire at the age of 13–15 years and we assessed
them based on the method from Shivappa et al. [17]. The urine level of cotinine, a nicotine
metabolite, was used as a measure of secondhand smoke. Cotinine was measured using a
high-performance liquid chromatography–triple tandem mass detector, HPLC–MS/MS
(Agilent 6490b, Agilent, Santa Clara, CA, USA). Urine samples were collected at each follow-
up and stored at −80 ◦C. The limit of detection (LOD) was 0.141 μg/L; any measured value
lower than LOD was replaced with LOD/

√
2.

2.3. Mediator

The inflammatory markers high-sensitivity C-reactive protein (hs-CRP) and inter-
leukin (IL)-6 in the adolescents were considered as mediator. hs-CRP was measured
using a particle-enhanced immune turbidimetric assay (Cobas 8000 C702 analyzer; Roche,
Mannheim, Germany) and IL-6 was measured using a VersaMax microplate reader (Molec-
ular Devices, Sunnyvale, CA, USA). Since the hs-CRP and IL-6 data were not normally
distributed, they were converted into log values. The LOD for hs-CRP was 0.15 mg/dL
and any measured value lower than LOD was replaced with LOD/

√
2. The coefficients of

variation (CV) of hs-CRP and IL-6 were less than 10% in all measurements.

2.4. Outcome

Since the components of metabolic syndrome in adolescence have not been de-
fined [18], continuous metabolic syndrome scores (cMetS) at the age of 13–15 years was
calculated using body mass index (BMI), mean arterial pressure (MAP), fasting blood
glucose, triglyceride (TG), and high-density lipoprotein-cholesterol (HDL-c) to determine
the risk of MetS in adolescence. BMI was used as an index of obesity and calculated as
weight (kg) divided by height squared (m2). MAP is an index of blood pressure that has
a smaller standard deviation than the systolic blood pressure (SBP) and diastolic blood
pressure (DBP) and it was calculated as DBP + [(SBP − DBP)/3]. Blood chemistry tests
were performed for fasting blood glucose, TG, and HDL-c levels. Each metabolic indicator
was standardized using the Z-score method with consideration of sex. To calculated cMetS,
Z-scores of each metabolic indicator were summed. Since HDL-c has a reversal causality
with cMetS, its Z-score was multiplied by −1 [19,20].

2.5. Covariates

Sex, age, and parents’ monthly household income were considered as covariates. The
parents’ monthly household income was divided into three categories (less than 3 million
won, 3–5 million won, and 5 million won or more). The association between these factors
and health-related behaviors has been demonstrated previously [21,22].

287



Nutrients 2022, 14, 2339

2.6. Statistical Analysis

For the descriptive statistics, the mean and standard deviation were calculated for nor-
mally distributed continuous variables and nonnormally distributed continuous variables
are shown as median and interquartile range (IQR). Categorical variables are presented as
frequencies with percentages.

We constructed a trajectory model in ages 3 to 15 years to assess the changes in
participant’s health-related behaviors using PROC TRAJ in the SAS program (SAS Institute,
Cary, NC, USA). We selected the appropriate model based on the group distribution and
the Bayesian information criterion (BIC) [23].

Based on the changes in behavior patterns, a latent class analysis (LCA) was performed
to identify health-related behavior classes. LCA can distinguish different classes. The main
assumption of LCA is that latent class and observational variables are categorical, and
each observed variable is independent and conditional on the class. The latent class model
estimates the probability of a given individual belonging to each class [24]. Typically, the
number of classes in the model produced by LCA is increased one class at a time. Several
model-fit indices are used, including the Akaike information criterion (AIC) and BIC. Since
the BIC is a commonly used criterion [25], it was prioritized here.

The fitness indexes of the LCA models of patterns of health-related behavior changes
were compared. Two concise statistical LCA models with best fits measured by a lower BIC
were selected (BIC = 69.99, aBIC = 35.12) (Supplementary Materials Table S1).

To confirm each health-related behavior class and its effect on cMetS, an association
analysis was performed, and a mediation analysis was performed considering inflammatory
markers as a mediating factor. A mediation analysis is a statistical method for determining
causality between input variables and the outcome variable. Causal variables can have
direct or indirect (via a mediator) effects on the outcome variable. This study used the
Process-Macro proposed by Hayes [26].

All statistical analyses were performed using SAS software (version 9.4; SAS Insti-
tute, Cary, NC, USA). In all analyses, p values < 0.05 in two-tailed tests were considered
statistically significant.

3. Results

Table 1 summarizes the characteristics of the subjects. There were 122 males (49.0%)
and 127 females (51.0%), with an average age of 13.28 ± 0.59 years. Of the subjects, 58.9%
had a “good” subjective health status, and there was no sex difference. Regarding vigorous
physical activity, once or twice a week was the most dominant class (38.5%), while that
for sedentary leisure time was ≥2 h a day (42.7%). Of the boys and girls, 35.3% and
24.0%, respectively, performed vigorous physical activity at least 3–4 times a week, while
15.6% and 31.2%, respectively, rarely participated in vigorous physical activity. Physical
activity levels differed significantly between the sexes, while sedentary leisure time did
not. The dietary inflammatory index was positive for girls (0.24 ± 1.95), but not for boys
(−0.25 ± 1.72). There was no gender difference in the monthly household income.

Figure 1 shows the changes in health-related behavioral indicators. Regarding subjec-
tive health status, the respondents reported that it was getting better (32.7%) and worse
(67.3%), respectively. The respondents reported an increase (44.1%) and slight decrease
(55.9%), respectively, regarding their vigorous physical activity, while their sedentary
leisure levels remained high (27.2%) and low (72.8%), respectively. For secondhand smoke
exposure in childhood, high (4.7%) and low (95.3%) exposure groups were distinguished.
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Table 1. Characteristics of study subjects aged 13–15 years.

Total (n = 249) Boys (n = 122) Girls (n = 127) p-Value

Age (years) 13.28 ± 0.59 13.24 ± 0.53 13.31 ± 0.64 0.301
Subjective health status * 183 (58.9%) 96 (39.0%) 87 (35.4%) 0.223

Vigorous physical activity (more than 20 min)

Never 58 (23.3%) 19 (15.6%) 39 (31.2%) 0.004
1–2 times/week 95 (38.5%) 45 (36.9%) 50 (40.0%)
3–4 times/week 73 (29.6%) 43 (35.3%) 30 (24.0%)
≥5 times/week 21 (8.5%) 15 (12.3%) 6 (4.8%)

Sedentary lifestyle

Never 4 (1.63%) 1 (0.8%) 3 (2.4%) 0.988
Less than 1 h/day 64 (26.0%) 31 (26.4%) 33 (26.4%)

1–2 h/day 73 (29.7%) 36 (29.8%) 37 (29.6%)
More than 2 h/day 105 (42.7%) 53 (43.8%) 52 (41.6%)

Dietary Inflammation Index 0.00 ± 1.85 −0.25 ± 1.72 0.24 ± 1.95 0.037
hs-CRP (mg/dL) 0.16 (0.11, 0.38) 0.20 (0.11, 0.48) 0.11 (0.11, 0.33) 0.013

IL-6 (pg/mL) 2.74 (2.02, 3.65) 2.72 (2.01, 3.48) 2.76 (2.08, 3.76) 0.788
cMetS 0.00 ± 3.03 0.00 ± 3.15 0.00 ± 2.92 0.425

Monthly household income, KRW

<KRW 3 million 16 (6.6%) 7 (5.8%) 9 (7.3%) 0.739
KRW 3–5 million 68 (27.9%) 34 (28.1%) 34 (27.6%)
≥KRW 5 million 160 (65.6%) 80 (66.1%) 80 (65.0%)

* Subjective health good status. Values are presented as mean ± SD (standard deviation) or median (interquartile
range) or n (%). hs-CRP, high-sensitivity C-reactive protein; IL-6, Interleukin-6; cMetS, continuous metabolic
syndrome risk score; KRW, Korean won.

Figure 1. Trajectories of health-related behaviors from 3 to 15 years of age: (a, Subjective health
status) 1: getting worse health status, 2: getting better health status; (b, Vigorous physical activity)
1: increasing physical activity group, 2: slight decreasing physical activity group; (c, Sedentary
lifestyle) 1: low sedentary lifestyle group, 2: high sedentary lifestyle group; (d, Cotinine) 1: low level of
cotinine as secondhand smoking in childhood group, 2: high level of cotinine as secondhand smoking
in childhood.
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Figure 2 shows the conditional probabilities of health-related behaviors. In the figure,
the closer each specific health-related behavior factor is to 1.00, the higher the probability
that the subjects in each group have a healthy behavior for each specific factor. Class 1
(inactive lifestyle class, n = 102) subjects were less likely to engage in vigorous physical
activity, and more likely to engage in sedentary leisure activities. Class 2 (positive lifestyle
class, n = 127) subjects tended to have an overall healthy pattern of behavior. There was no
significant difference between the classes in subjective health status, likelihood of having
an inflammatory diet, or exposure to secondhand smoke in childhood and childhood.

Figure 2. Health-related behavior patterns for each group. HRB, health-related behavior.

Table 2 shows the results from the models using a linear regression analysis. In the
crude model, the inactive health-related behavior class was significantly associated with
greater levels of IL-6 (β = 0.187, SE (standard error) = 0.069, p = 0.007) and cMetS (β = 0.921,
SE = 0.392, p = 0.020), whereas the positive association between the inactive health-related
behavior class and hs-CRP (β = 0.228, SE = 0.124) were marginally significant (p = 0.067).
After adjusting for sex, age, and monthly household income, the positive associations
remained significant with IL-6 (β = 0.168, SE = 0.072, p = 0.02) and marginally significant
with cMetS (β = 0.751, SE = 0.405, p = 0.065). However, hs-CRP was not statistically
significantly associated with inactive health-related behavior class.

Table 2. Multiple linear regression analysis for the association between latent group for health-related
behaviors and metabolic risk factors.

hs-CRP IL-6 cMetS

β SE p-Value β SE p-Value β SE p-Value

Crude
model

Inactive HRB group 0.228 0.124 0.067 0.187 0.069 0.007 0.921 0.392 0.02
Positive HRB Group

Adjusted
model

Inactive HRB group 0.202 0.129 0.118 0.168 0.072 0.02 0.751 0.405 0.065
Positive HRB group

Reference group: positive HRB group. Adjusted model was adjusted by sex, age, and monthly household income.
HRB, health-related behavior; SE: standard error.

Mediation analysis was performed to access the direct and indirect effects of each
class on the metabolic risk in inflammation-mediated pathways (Figure 3). When hs-CRP
was considered as a mediator, we observed a nonsignificant direct effect of the inactive
health-related behavior class on cMetS (β = 0.482, 95% CI (confidence interval) −0.268 to
1.231). Similarly, there was a suggestion of an indirect effect of the inactive health-related
behavior class on cMetS via hs-CRP, but the results did not reach statistical significance
(β = 0.238, 95% CI −0.065 to 0.580) (Figure 3A). When IL-6 was considered as a mediator,
we observed a nonsignificant direct effect of the inactive health-related behavior class on
cMetS (β = 0.477, 95% CI −0.320 to 1.273). However, we observed a significant indirect
effect of the inactive health-related behavior class on cMetS via the IL-6 pathway (β = 0.220,
95% CI 0.040 to 0.456). When analyzing the specific IL-6 pathway, an inactive health-related
behavior was significantly positively associated with IL-6 (β = 0.170, p < 0.05) and IL-6
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was significantly associated with cMetS (β = 1.294, p < 0.01). The entire path was “inactive
health-related behavior class” –“IL-6” –“cMetS” (Figure 3B).

Figure 3. The effect of mediators (M) on the association between health-related behaviors group
(X) and continuous metabolic syndrome score (Y): (a, hs-CRP) considering hs-CRP as mediators;
(b, IL-6) considering IL-6 as mediators. * p < 0.05, ** p < 0.01. HRB, health-related behavior; hs-CRP,
high-sensitivity C-reactive protein; IL-6, interleukin-6; cMetS, continuous metabolic syndrome score;
CMH, Cardiometabolic health. All models were adjusted by sex, age, and monthly household income.

4. Discussion

This study distinguished between inactive lifestyle class and positive lifestyle class
based on repeated measures of health-related behaviors. The IL-6 level of the inactive
lifestyle class was 0.168 higher than that of the positive lifestyle class, while cMetS was
0.751 higher. Moreover, IL-6 had a significant indirect effect on the relationship between the
inactive lifestyle class and cMetS in the mediated pathway (β = 0.220, 95% CI 0.040–0.456).

An association between an inactive lifestyle and metabolic syndrome has been reported
previously, and the association between negative health behaviors and metabolic syndrome
is also well known. In a study examining the effects of health-related behavioral changes
on the prevalence of metabolic syndrome in adults over 40 years of age, the prevalence
increased by 9% in a persistent heavy drinking compared to persistent moderate drinking
group. In addition, the risk of MetS decreased by 30.3% in the “continuous physical activity
group” compared to “continuous passive activity group” [27].

Many studies have reported an association between physical activity and metabolic
syndrome. In this study, the physical activity indicators were daily leisure time and the
frequency of vigorous physical activity; the cMetS was high in the low-physical activity
group. A Portuguese study found that a sedentary lifestyle, excessive caloric intake,
and obesity tended to increase the incidences of diabetes and metabolic syndrome [28].
Meanwhile, a Swedish population-based cohort study reported that the odds ratio of
metabolic disease among those who cited “watching TV” and “low physical activity” in
the context of their daily leisure time during adolescence was 2.14 times higher than that of
those who were physically active [29].

A study of the eating patterns of 14-year-olds in Western Australia reported that
the risk of metabolic disease was about 2.5 times higher in those frequently consuming
a Western diet [30]. In a 2018 meta-analysis of cross-sectional and cohort studies, a high
dietary fiber intake was inversely proportional to metabolic syndrome in the general popu-
lation [31,32]. A cohort study reported a significant association of the Dietary Inflammatory
Index with metabolic syndrome and its components, even after adjusting for various poten-
tial confounders [33]. However, in this study, we found no significant difference in the DII
between the inactive and positive lifestyle groups. Given that individuals who participate
in cohorts tend to be more health conscious, this result may reflect an overall high quality of
diet of our study participants with less variation in dietary inflammation potential. Indeed,
the distribution of DII in our study was relatively narrow with a low mean value.

An association between bad eating habits and metabolic syndrome has been reported.
The Korean Nurses’ Health Study, which analyzed the risks posed by the unhealthy eating
habits associated with the nursing profession, found that consuming ≥50% of one’s daily
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calories after 7 pm, frequent consumption of carbonated drinks, and irregular or short
meals were associated with metabolic syndrome [34].

In the mediated pathway analysis conducted in this study, a significant relationship of
IL-6, but not hs-CRP, with the cMetS was observed. The Mater-University of Queensland
Study of Pregnancy cohort study demonstrated that negative health behaviors, such as
smoking, partially contributed to inflammation [35]. Low-level chronic inflammation may
be associated with metabolic dysfunction, which can lead to metabolic syndrome [36]. Al-
though the latter study examined adults, the results were similar to this study, in suggesting
that inflammation contributes to the long-term risk of disease.

LCA is a popular method for identifying classes, which uses a maximum likelihood
estimation to distinguish internally homogeneous and externally heterogeneous subgroups.
The relationships of these subgroups with risk and protective factors can then be inves-
tigated [37]. Another advantage of LCA is that it is a model-based approach and is thus
more flexible than conventional clustering techniques; it determines the probability that
a given individual belongs to a specific class, such that patient selection criteria are less
arbitrary [24,38].

This study had several limitations. First, since the subjects were recruited from a single
hospital, it is difficult to generalize the results. Second, since inflammatory indicators and
metabolic health were both investigated in adolescence, there may have been a bias toward
an inverse correlation, i.e., measurement error. Third, since the questionnaire used was self-
written, there may have been a reporting bias. Lastly, our study population had relatively
high levels of vigorous physical activity (48.7% in boys and 28.5% in girls). Nonetheless,
these levels of physical activity were similarly observed in the national data (45.8% in boys
and 23.7% in girls from the Korea Youth Risk Behavior Web-based Survey [39]), supporting
the representativeness of our data when applied to the Korean population.

Despite its limitations, this study identified latent classes based on changes in health-
related behaviors and confirmed a significant indirect effect of inflammatory indicators on
the relationships of the changes in health-related behaviors with metabolic syndrome. These
results support previous studies. Since the health behaviors of children and adolescents
can affect the likelihood of subsequent metabolic syndrome, appropriate health behavior
interventions for this period are needed.

5. Conclusion

In summary, we classified health-related behavior classes in childhood and adolescents,
and analyzed the direct and indirect effects of each class on metabolic risk in inflammation-
mediated pathway. The IL-6 level and cMetS of the inactive lifestyle class was higher
than that of the positive life-style class. Also, IL-6 had a significant indirect effect on the
relationship between the inactive lifestyle class and cMetS in the mediated pathway. This
study is meaningful in that it has confirmed a significant effect on the relationship between
health-related behavior and cMets in the indirect path considering inflammation indicator
and supports the results of previous studies.
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Abstract: Most adolescents do not consume a high-quality diet, while self-reported mental health
problems within this group are increasing. This study aimed to investigate the association between
diet quality and health-related quality of life, and to explore the differences in diet quality and health-
related quality of life between gender and parental education status. In this cross-sectional study, a
detailed web-based recall method was implemented to determine dietary intake, which was analysed
using the newly developed Swedish Healthy Eating Index for Adolescents 2015 (SHEIA15) and the
Riksmaten Adolescents Diet Diversity Score (RADDS), to determine diet quality. The KIDSCREEN-
10 questionnaire was used to measure health-related quality of life, and parental education was
self-reported through questionnaires. Parental education was divided into two groups: ≤12 years
or >12 years. The study included 1139 adolescents from grade 7 (13–14 years old), 51% were girls.
The results showed that girls had higher scores for healthy eating and diet diversity but lower
scores for health-related quality of life. A positive association was found between diet diversity
and health-related quality of life (Adj R2 = 0.072, p = 0.001), between vegetable/fruit consumption
and health-related quality of life (Adj R2 = 0.071, p = 0.002), and between healthy eating and diet
diversity (Adj R2 = 0.214, p < 0.001). No association was found between healthy eating and health-
related quality of life for all participants. The mean scores for healthy eating and diet diversity were
significantly higher in the higher education parental group. In conclusion, higher diet diversity and
increased fruit and vegetable consumption could be a strategy to improve health-related quality of
life among adolescents. There is a need to promote better diet quality, especially in households of
low parental education. In addition, there is a further need to investigate the potential benefits of
improved diet quality on mental health and overall well-being.

Keywords: diet quality; health-related quality of life; Swedish Healthy Eating Index for Adolescents
2015 (SHEIA15); Riksmaten Adolescents Diet Diversity Score (RADDS)

1. Introduction

Adolescents across Europe often are not meeting the national dietary guidelines [1],
thus, not consuming a high-quality diet. Concurrently, the number of adolescents reporting
poor mental health is increasing [1]. Mental health is complex, with a variety of envi-
ronmental and personal factors contributing to poor mental health status, including diet
quality [2]. A high-quality diet includes: the consumption of nutrient-dense foods such
as fruits, vegetables, and wholegrains, while limiting intake of red and processed meat,
salt, and added sugar [3]. Existing evidence from systematic reviews has shown a positive
association between diet quality and mental health in adolescents [4,5]. Additionally, a
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recent systematic review also found a positive association between diet quality and health-
related quality of life in adolescents [2]. However, very few of the studies included in the
abovementioned systematic reviews [2,4,5] have incorporated diet diversity within the
scope of diet quality. Therefore, studies that specifically investigate the association between
diet diversity and health-related quality of life are needed. This current study investigates
this association using a newly designed and population-specific diet diversity index.

Adopting dietary guidelines is a key strategy for improving diet quality in adoles-
cents [6]. The World Health Organization (WHO) reported an estimated number of two
out of three adolescents in the European region and Canada that do not consume enough
nutrient-rich foods [1]. Furthermore, results from the national Swedish survey Riksmaten
Adolescents from 2016 to 2017 found that the average consumption of fruits and vegetables
among Swedish adolescents was 50% less than the recommended 500 g daily amount [7].
The same report also found that participants consumed more red meat and charcuteries
than recommended, and that 17% of the overall intake came from candy, cookies, and
sugar-sweetened beverages [7]. Furthermore, in a population-based survey of Swedish
adolescents, girls were found to consume a healthier diet than boys and 13–17-year-old
adolescents were shown to adhere to unhealthier dietary patterns than 7–12-year-old
adolescents [8].

To assess diet quality in adolescents, several approaches can be utilised, such as:
adherence to a Mediterranean diet [9] or measuring unhealthy dietary patterns [5]. Another
approach is to use dietary indices that are in accordance with dietary guidelines and
recommendations [10]. The Swedish Healthy Eating Index for Adolescents (SHEIA15)
and the Riksmaten Adolescents Diet Diversity Score (RADDS) were developed to capture
healthy eating and diet diversity, respectively, as a measure of diet quality in Swedish
adolescents [10] and were utilised in this study.

Investigating the association between diet quality and mental health in adolescents is
important due to the global prevalence of the latter, accounting for 16% of disease burden
amongst 10–19-year-old adolescents [11]. Globally, around 10% of children and adolescents
experience mental health challenges [12], and a recent cross-national study found that 22%
of adolescents (n = 6245) across eight European countries reported at least one mental health
disorder [13]. Girls tend to report more life satisfaction complaints, for example, feeling low
and nervous and are more likely to report multiple health complaints as compared with
boys [14]. Furthermore, the results from the Health Behaviour in School-Aged Children
(2017/2018) showed that the percentage of Swedish adolescents aged 11 to 15 years old
who felt nervous or depressed had doubled since the 1980s and these health complaints
were more prevalent in girls than boys [15]. Moreover, this study found that Swedish
children were one of the highest groups to report these health complaints as compared
with children from other European countries [15].

One way to assess mental health in adolescents is to measure health-related quality
of life, which is a subset of mental health. Health-related quality of life measures the
perceived physical, emotional, mental, and functional well-being of an individual [16].
It is crucial to measure domains of health in adolescents to prevent more serious long-
term conditions [17]. Lower health-related quality of life has been associated with high
mental health symptoms in adolescents and therefore health-related quality of life should
be explored in this population [18].

The association between diet quality and health-related quality of life or other aspects
of mental health in adolescents has been investigated. A previous cross-sectional analy-
sis showed that a healthy diet, where higher scores indicated that more healthy dietary
practices were being followed, was associated with higher health-related quality of life
scores [19], and a past prospective cohort, measuring diet quality in a similar way, showed
that improved diet quality was associated with positive mental health outcomes [20]. Addi-
tionally, a systematic review reported a dose-response relationship between health-related
quality of life and diet quality, where low diet quality was associated with lower health-
related quality of Life [2]. A possible explanation for the association between a low-quality
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diet and low health-related quality of life, or poor mental health is that diets relatively
low in nutrient density can lead to nutrient deficiencies, which, in turn, are associated
with mental health problems [4]. However, the possibility of reverse causality cannot
be ignored [5]. Potential confounders also need to be considered when investigating the
association between diet quality and health-related quality of life, such as parental educa-
tion, which can have a significant influence on overall adolescent health-related quality of
life [21].

Parental education is a major risk factor in developing mental health problems in ado-
lescents [21], and can influence diet quality [22], hence, the importance to incorporate this
factor when investigating the association between diet quality and health-related quality of
life. Swedish adolescents with parents who have higher education have been found to have
healthier dietary patterns [8], with one recent cross-sectional study finding high scores for
healthy eating and diet diversity to be associated with higher education households [10].
It is proposed that parents with more educational experience are more likely to make
healthier food choices for their family attributed to better nutritional knowledge [22].

Adequate nutrition is pivotal for growth and the increasing physiological needs
of adolescents [20]. Given the relatively high prevalence of self-reported mental health
problems in Swedish adolescents [14], it is important to investigate the association between
diet quality and health-related quality of life in this population. It is also pivotal to explore
different measures of diet quality and to examine the influence that following national
dietary guidelines has on health-related quality of life. Healthy eating and diet diversity
have both been proposed to measure diet quality and have been investigated separately
with health-related quality of life. Thus, the aim of the current study was to investigate
the association between healthy eating and diet diversity (diet quality) with health-related
quality of life (a measure of mental health) in a sample of 13–14-year-old adolescents in
Sweden. Additionally, potential differences in scores for healthy eating, diet diversity, and
health-related quality of life between gender and parental education status were explored.

To the best of our knowledge, this is the first study to investigate the association be-
tween diet quality and health-related quality of life in Swedish adolescents. Relatively few
studies have investigated this association in healthy adolescent populations [5]. Moreover,
this study incorporates diet diversity into diet quality which is unique and is the first to
utilise the newly developed diet quality indices SHEIA15 and RADDS that follow Swedish
national dietary guidelines [10] in relation to health-related quality of life.

2. Materials and Methods

2.1. Study Design and Study Population

This study utilised a cross-sectional method. This study included a final sample size
of 1139 adolescents from grade 7 (13–14-year-old girls/boys) from 34 different schools
(Figure 1) within 2–3 h travel time from Stockholm.
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Figure 1. Flowchart showing recruitment of schools and participants and N values for variables.

2.2. Recruitment

All schools within a two–three-hour radius of the Swedish School of Sport and Health
Sciences (GIH) were invited to participate in the study (n = 558) (Figure 1). Schools with less
than 15 students in grade 7 and schools with a sports profile were excluded. The principal
of each school received an invitation to participate, on 11 March 2019. The required school
sample size was achieved after the first invitation; 40 schools were selected to be included,
which varied in geographical location, size, and parental education status (Figure 1). One
of the schools was involved in the pilot study, conducted on 3 September 2019, and six
schools dropped out after initial recruitment, most likely due to time constraints (Figure 1).

Participants and guardians received an invitation letter and a consent form either
through post or given directly by the teachers. Written consent was provided by both
the participants and guardians before measurements could take place. The numbers of
participants who declined to participate or were excluded from the study are shown in
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Figure 1. Only participants fluent or with a good comprehension of the Swedish language
were included. The participants went to the GIH for half a day between September and
December 2019, for data to be collected and for measurements, including health-related
quality of life, dietary intake, body weight, and height. A week after participants visited
the GIH, parental questionnaires were sent out electronically to the parents.

2.3. Assessment of Dietary Intake

Dietary intake was self-reported with a validated web-based method called Riks-
matenFlexDiet (developed by the Swedish Food Agency, Uppsala, Sweden for Riksmaten
Adolescents 2016/17); using a repeated 24 h multiple pass recall method [23], which has
been validated against 24 h recall interview methods and has been shown to be reliable
in recording total energy, fruit/vegetable, and wholegrain intakes [24]. Participants were
given instructions and demonstrations on how to record their diets. Three dietary record-
ing days were completed, two weekdays and one weekend day. All days were recorded
retrospectively, however, day two was excluded from analyses as this was the day of
the school visit and researchers at the GIH may have influenced the participants’ food
choices. Thus, dietary intake was assessed using an average of two diet recording days
(n = 1036) or just one, if only one day was completed (n = 97). Six participants had no
dietary recording days. Participants documented their dietary intake using a food list con-
taining 778 foods (Swedish Food Agency Food Composition Database, version Riksmaten
Adolescents 2016/17), dishes, and beverages which was adapted for adolescents from Riks-
maten Adolescents 2016/17 [10]. Many of these dishes and food items had corresponding
photographic images which gave an indication of portion size to the participants.

2.4. Plausible Energy Reporters

Participants with dietary intake records for two days and with information on energy
expenditure (n = 1008) were classified into under, plausible, or over-energy reporters from
a calculated ratio of energy intake (EI) and total energy expenditure (TEE). Confidence
intervals (CIs) around the mean of EI/TEE were calculated based on that reported by [7].
Those with a ratio of less than 0.5114 were classified as under-reporters and those with a
ratio of more than 1.1286 were classified as over-reporters. TEE was based on prediction
equations using counts per minute from accelerometer data and measured body weight
(kg) of participants, as described in [25].

2.5. Dietary Indices to Measure Diet Quality from Dietary Intake
2.5.1. Swedish Healthy Eating Index for Adolescents 2015 (SHEIA15)

To assess healthy eating, the SHEIA15 index was used which was developed by [10].
The SHEIA15 index was based on the 2015 Swedish food-based dietary guidelines, referred
to as “Find your way” [26] and the Nordic nutrient recommendations [3]. Components of
SHEIA15, include vegetables and fruit, fibre, fish and shellfish, red and processed meat,
saturated fatty acids (SFAs), mono-unsaturated fatty acids (MUFAs), poly-unsaturated fatty
acids (PUFAs), added sugar, and wholegrains [10]. Composing SHEIA15 scores involved
grouping food from the subcomponents, for example, red meat together, from products
and composite dishes consumed by the participants. New variables were computed to
sum together total intake of that food group for each participant and was done for all
components of SHEIA15. The SHEIA15 scores were calculated using a ratio of actual intake
and recommended intake and adapted from [27]. This could be intake in grams or energy
percent values, for instance, total intakes of SFAs (C4:0–C20:0), MUFAs (C16:1–C18:1), and
PUFAs (C18:2–C21:6) in grams were converted to kcal per gram and divided by total energy
intake (kcal) to acquire daily energy percent values. This was also done for added sugar.
The criterion for construction of SHEIA15 components can be found in [10].

Scores were given for each SHEIA15 component and scores above one were rounded
to one, for example, a participant consuming 600 g of vegetables/fruits gained a score = 1.2
(600/500, with 500 g = the recommended intake value) which would then be rounded
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to 1.0. Mean scores for all nine SHEIA15 components from day one and day three were
added together to obtain a final SHEIA15 score. Scores ranged between 0 and 9 for each
participant, with higher scores indicating better healthy eating.

2.5.2. The Riksmaten Adolescents Diet Diversity Score (RADDS)

To assess diet diversity, the RADDS index was used, which was developed by [10].
The RADDS index is based on food groups from “Find your way” [26] and accounts for the
participant consuming a particular food group in the dietary recording period but does not
consider amounts or frequencies of food consumption. There are 17 components of RADDS,
including cabbage, root vegetables, fruit, red meat, poultry, oily fish, and milk (Figure 2).
Composing the RADDS scores involved grouping intakes of relevant food groups together
from products and composite dishes that the participants had consumed. Composing some
of the RADDS components was more complex and contained more calculations than that
of SHEIA15, because the intake of many RADDS components from composite dishes could
not be specified in RiksmatenFlexDiet, for example, a participant could not specify that
it was wholegrain pasta within composite dishes [10]. Therefore, only consumption of
specific wholegrain products could be assessed; participants did not score any points if they
consumed desserts with fruits, juice, and dried fruit as these were not within the dietary
guidelines. The criterion for RADDS components can be found in [10].

 

Figure 2. Mean scores for the Riksmaten Adolescents Diet Diversity Score (RADDS) scores for each
component as compared with the RADDS reference value. Error bars = 95% confidence intervals,
reference value = 1 for acquiring a RADDS score of 0.

Participants gained a point for eating a mean intake of ≥5 g for each individual RADDS
component over the 2 dietary recording days. Mean scores for all 17 RADDS components
from day one and day three were added together to obtain a final RADDS score. The
scores ranged between 0 and 17 for each participant, with higher scores indicating better
diet diversity.

2.6. Assessment of Health-Related Quality of Life

Health-related quality of life was measured using the KIDSCREEN-10 (KS-10) index
and was completed by participants at the GIH where they were given instructions on how
to fill in the questionnaire. KS-10 is a general 10 item questionnaire shortened from the
Kidscreen-52 and -27 versions aimed at children and young adults aged 8–18 years and
provides one global score for health-related quality of life [28]. The KS-10 questionnaire
provides a global score from items in the longer KS versions. The dimensions represented
in the longer versions include physical well-being, psychological well-being, moods and
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emotions, self-perception, autonomy, parent relations and home life, social support and
peers, school environment, social acceptance (bullying), and financial resources [28]. The
KS-10 questionnaire has been found to have a 0.82 Cronbach alpha reliability score and
a strong correlation with general factor scores with the longer Kidscreen-52 version [29].
Responses are measured using a five-point Likert scale, with answers ranging from “not
at all” to “extremely” or from “never” to “always”. Responses were coded so that higher
values were an indicator of better health-related quality of life, with scores ranging from
10 to 50 [28]. Selected questions include: Have you felt full of energy? Have you felt sad?
Have you got on well at school? Have your parent(s) treated you fairly? [29]. Scores for
KS-10 Items 3 and 4 were reversed, as suggested in the documentation for KS-10 [28]. The
items were added up (Items 1–10) to form a scale from 10 to 50 and calculated in accordance
with the Kidscreen manual [28].

2.7. Assessing Parental Education

Questions regarding education status were answered by the parent(s) or legal guardian(s)
and their partners (n = 970) via parental questionnaires. Parental education status was
divided by length of education experience and grouped into ≤12 years or >12 years. The
parent or legal guardian with the highest level of education status in the household was
used for the classification into the parental education groups. Parental education was used
as a proxy for socioeconomic status (SES) and represented a SES factor.

2.8. Confounders

In addition to parental education, gender, body mass index (BMI), and home country
were used in the regression analysis when investigating associations between SHEIA15,
RADDS, and KS-10. Self-identified gender was answered by the participant and weight
and height was measured through standardised procedures at the GIH for BMI calculations.
BMI scores were calculated using the International Obesity Task Force age-standardised
cutoffs and categorised into underweight, normal weight, overweight and obese [30].
Questions regarding home country of the adolescents were self-reported by parents/legal
guardians (n = 1129). Parental country of birth was also reported by parents/legal guardians
(n = 1117), and this variable was only used for descriptive purposes (Table 1).

Table 1. Descriptives of participants divided by gender.

Total
N = 1139

Girls
n = 580

Boys
n = 558

Mean (SD) Mean (SD) Mean (SD) p-Value c t-Value DF

Age 13.4 (0.3) 13.4 (0.3) 13.4 (0.4) 0.148 −1.45 1137
SHEIA15 a 5.3 (1.1) 5.4 (1.1) 5.2 (1.1) 0.008 2.64 1131
RADDS a 5.9 (2.1) 6.1 (2.0) 5.8 (2.2) 0.011 2.56 1131
KS-10 b 39.6 (5.4) 38.3 (5.2) 41 (5.3) <0.001 −8.30 1095

N (%) n (%) n (%) p-Value d

BMI categories 0.181
Underweight 89 (7.8) 38 (6.6) 51 (9.2)

Normal weight 815 (71.8) 430 (74.1) 384 (69.3)
Overweight 179 (15.8) 89 (15.3) 90 (16.2)

Obese 52 (4.6) 23 (4.0) 29 (5.2)
Parental education

≤12 years 275 (28.4) 144 (29) 131 (27.8) 0.674
>12 years 695 (71.6) 353 (71) 341 (72.2)
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Table 1. Cont.

Total
N = 1139

Girls
n = 580

Boys
n = 558

Parental country of birth
Swedish born and at least

one Swedish parent 800 (71.6) 414 (72.5) 386 (70.8) 0.534

Born outside of Sweden or
both parents born outside

of Sweden
317 (28.4) 457 (27.5) 159 (29.2)

Home country
Sweden 967 (85.7) 490 (84.9) 476 (86.4) 0.758

EU (inc. Nordic countries) 46 (4.1) 24 (4.2) 22 (4.0)
Outside EU 116 (10.3) 63 (10.9) 53 (9.6)

Independent t-test comparing mean values of variables between gender and chi-squared frequency distribution.
Abbreviations: Swedish Healthy Eating Index for Adolescents 2015 (SHEIA15), The Riksmaten Adolescents Diet
Diversity Score (RADDS), KIDSCREEN-10 (KS-10), body mass index (BMI), standard deviation (SD), and degrees
of freedom (DF). a n = 1133; b n = 1097; c p-value for independent t-tests; d p-value for Pearson’s χ2. Significant
values shown in bold.

2.9. Statistical Methods

The statistical analytical plan was prespecified before beginning statistical testing.
The IBM Statistics SPSS 27 software was used for all data cleaning and analyses. Contin-
uous dependent variables were all checked for normality through histogram, skewness,
and kurtosis analysis. Descriptive statistics are described using the means and standard
deviations for continuous variable whilst proportions of distribution are used for categor-
ical variables (Table 1). Independent t-tests were used to compare the difference of age,
SHEIA15, RADDS, and KS-10 between girls and boys (Table 1)Pearson’s χ2 was used to
investigate distribution of proportions between categorical variables, for example, parental
education and gender (Table 1). Correlation matrixes using Pearson’s R values were com-
pleted for the 3 main variables: SHEIA15, RADDS and KS-10, for all participants (Table S1,
Supplementary Material).

Multiple linear regression models were constructed to investigate the associations
among SHEIA15, RADDS, and KS-10 (Tables 2 and 3), using confounders mentioned in
Section 2.8. Models 1 and 2 investigated the association between SHEIA15 and KS-10
with different confounders, whilst Models 3 and 4 investigated the association between
RADDS and KS-10 with different confounders. Additionally, a multi-level mixed linear
regression model was applied, with two levels: the school level and individual/student
level for comparing the association between SHEIA15 and KS-10, as well as between
RADDS and KS-10 (results not shown). A random intercept was modelled for each school.
Assumptions for regression were checked for all regression analyses, including normality,
normal PP plots of residuals, collinearity, and Durbin–Watson test. Morewover, ndependent
t-tests were used to compare mean scores of SHEIA15, RADDS, and KS-10 between parent
education groups (Table 4). A p-value <0.05 was used to detect statistical significance for
all tests; unstandardised β coefficient 95% and CI were used for regression analyses.

Table 2. Associations between SHEIA and KS-10 and between RADDS and KS-10.

KS-10

Total Girl Boy

Main Exposure:
SHEIA

Unstandardised β

Coefficient p-Value Unstandardised β

Coefficient (95% CI) p-Value Unstandardised β

Coefficient (95% CI) p-Value

Model 1
SHEIA15 0.16 (−0.11, 0.44) 0.254 0.09 (−0.29, 0.47) 0.637 0.28 (−0.12, 0.68) 0.171
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Table 2. Cont.

KS-10

Total Girl Boy

Gender
<0.001 N/A N/A N/A N/AGirl REF

Boy 2.60 (1.98, 3.22)

Model 2
SHEIA15 0.16 (−0.14, 0.46) 0.291 0.07 (−0.35, 0.48) 0.755 0.32 (−0.12, 0.75) 0.159

Gender
<0.001 N/A N/A N/A N/AGirl REF

Boy 2.52 (1.85, 3.19)

BMI −0.11 (−0.20, −0.01) 0.024 −0.08 (−0.22, 0.05) 0.230 −0.15 (−0.28, −0.01) 0.034
Home country

Sweden REF
EU −1.06 (−2.76, 0.63) 0.219 −0.74 (−3.07, 1.60) 0.535 −1.54 (−4.00, 0.92) 0.223

Outside EU −0.79 (−1.91, 0.32) 0.163 0.17 (−1.35, 1.69) 0.822 −2.08 (−3.74, −0.42) 0.014
Parental education

≤12 years REF
−0.15 (−0.92, 0.62) 0.700 0.65 (−0.41, 1.71) 0.228 −1.06 (−2.18, 0.06) 0.064

Main exposure:
RADDS
Model 3
RADDS 0.28 (0.14, 0.43) <0.001 0.29 (0.08, 0.50) 0.008 0.28 (0.07, 0.48) 0.008

Gender
<0.001 N/A N/A N/A N/AGirl REF

Boy 2.72 (2.10, 3.34)

Model 4
RADDS 0.26 (0.11, 0.42) 0.001 0.25 (0.02, 0.48) 0.035 0.25 (0.03, 0.47) 0.024

Gender
<0.001 N/A N/A N/A N/AGirl REF

Boy 2.65 (1.98, 3.32)

BMI −0.09 (−0.19, 0.00) 0.059 −0.07 (−0.20, 0.07) 0.335 −0.14 (−0.27, −0.00) 0.047
Home country

Sweden REF
EU −1.00 (−2.69, 0.69) 0.244 −0.68 (−3.00, 1.64) 0.565 −1.48 (0.97, 0.99) 0.235

Outside EU −0.70 (−1.81, 0.41) 0.219 0.19 (−1.32, 1.70) 0.803 −1.90 (−3.56, −0.24) 0.025

Parental education
0.529 0.47 (−0.59, 1−53) 0.384 −1.04 (−2.14, 0.06) 0.064≤12 years REF

−0.24 (−1.00, 0.52)

Linear regression models using KS-10 as a continuous dependent variable, with SHEIA15 and RADDS as
independent variables. All models adjusted for confounders and stratified by gender; significant values shown in
bold. Abbreviations: Swedish Healthy Eating Index for Adolescents 2015 (SHEIA15), body mass index (BMI),
Riksmaten Adolescents Diet Diversity Score (RADDS), confidence intervals (CI), reference value (REF), not
applicable (N/A), and KIDSCREEN-10 (KS-10). Significant values shown in bold.

Table 3. Association between SHEIA and RADDS.

RADDS

Unstandardised β

Coefficient
p-Value

Main exposure: SHEIA Total Total
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Table 3. Cont.

RADDS

Unstandardised β

Coefficient
p-Value

Model 1
SHEIA15 0.83 (0.73, 0.93) <0.001

Gender
0.122Girl REF

Boy −0.18 (−0.40, 0.15)

Model 2
SHEIA15 0.80 (0.69, 0.91) <0.001

Gender
0.068Girl REF

Boy −0.22 (−0.46, 0.02)

BMI −0.06 (−0.09, −0.02) 0.001
Home country

Sweden REF
EU −0.24 (−0.85, −0.37) 0.433

Outside EU −0.37 (−0.82, 0.00) 0.073
Parental education

≤12 years REF
>12 years 0.34 (0.07, 0.62) 0.015

Linear regression model using RADDS as a continuous dependent variable with SHEIA15 as an independent
variable. All models adjusted for confounders; significant values shown in bold. Abbreviations: Swedish Healthy
Eating Index for Adolescents 2015 (SHEIA15), body mass index (BMI), confidence interval (CI), reference value
(REF), and The Riksmaten Adolescents Diet Diversity Score (RADDS). Significant values shown in bold.

Table 4. Mean scores for RADDS, SHEIA15, and KS-10 across parental education groups.

Parental Education

≤12 Years, Mean (SD) >12 Years, Mean (SD) p-Value t-Value DF

Total Girl Boy Total Girl Boy Total Girl Boy Total Girl Boy Total Girl Boy

RADDS 5.5 (1.9) 5.6 (1.9) 5.4 (2.0) 6.3 (2.1) 6.5 (2.0) 6.1 (2.2) <0.001 <0.001 0.004 −5.17 −4.56 −2.90 965 496 468
SHEIA15 5.0 (1.1) 5.2 (1.1) 4.9 (1.1) 5.5 (1.1) 5.5 (1.1) 5.4 (1.1) <0.001 0.001 <0.001 −5.31 −3.29 −4.33 965 496 468
KS-10 9.4 (5.8) 37.7 (5.6) 41.3 (5.5) 39.6 (5.2) 38.5 (5.1) 40.8 (5.1) 0.668 a 0.147 0.349 −0.45 −1.45 0.94 942 486 455

Independent t-tests, significant values shown in bold. Abbreviations: Riksmaten Adolescents Diet Diversity Score
(RADDS), Swedish Healthy Eating Index for Adolescents 2015 (SHEIA15), KIDSCREEN-10 (KS-10), and standard
deviation (SD), independent t-tests, a Equal variances not assumed. Significant values shown in bold.

3. Results

Participants were evenly divided by gender: girls (51%) and boys (49%), with mean
ages of 13 ± 0.3 and 13 ± 0.4 years, respectively (Table 1). In addition, 71.6% of the
participants had at least one parent who had >12 years of education and 85.7% of the
participants stated that Sweden was the country they were born in (Table 1). A total of
1129 participants had valid dietary recalls on day one and 1040 participants for day three.
The SHEIA15 (Swedish Healthy Eating Index for Adolescents 2015) scores (for healthy
eating) ranged from 2.29 to 8.49, the RADDS (Riksmaten Adolescents Diet Diversity Score)
scores (for diet diversity) ranged from 0 to 13, and the KS-10 scores (health-related quality
of life) ranged from 18–50, with higher scores indicating better outcomes for all three
variables. There were no significant Pearson’s χ2 associations between gender and the
following variables: BMI (body mass index) status, parental education, country of birth,
and home country (Table 1). The mean values for both SHEIA15 and RADDS scores were
significantly higher in girls as compared with boys (p < 0.008 and p = 0.011, respectively),
whilst the mean value for KS-10 was significantly higher in boys as compared with girls
(p < 0.001) (Table 1).
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3.1. Associations among SHEIA15, RADDS, and KS-10

In a multiple linear regression analysis between SHEIA15 and KS-10, no significant
association was found for all participants or when stratifying for gender (Models 1 and 2,
Table 2). Nonetheless a significant positive association was found between the vegetable/fruit
SHEIA15 component and KS-10 for all participants when adjusting for gender, BMI, home
country, and parental education (Adj R2 = 0.069, p = 0.002, unstandardised β = 1.95)
and the vegetable/fruit SHEIA15 component was a significant variable in the regression
model when stratifying for gender (p = 0.027 and p = 0.04, for girls and boys, respectively).
Moreover, multiple regression analysis showed a significant positive association between
RADDS and KS-10 for all participants when adjusting for gender, BMI, home country, and
parental education (Model 4, Table 2) (Adj R2 = 0.072, p = 0.001), and RADDS was a signifi-
cant variable in the regression model when stratifying for gender (p = 0.035 and p = 0.024
for girls and boys respectively) (Model 4, Table 2). Additionally, applying the multi-level
mixed linear regression model, accounting for potential school clustering effect, did not
change the non-significant association between SHEIA15 and KS-10 and the association
between RADDS and KS-10 remained positive and significant (p = 0.001 for RADDS in
multi-level mixed model) (results not shown). Furthermore, multiple linear regression
analyses showed a positive association between SHEIA15 and RADDS for all participants
when adjusting for confounders (Model 2, Table 3) (Adj R2 = 0.214, p < 0.001).

3.2. SHEIA15, RADDS, and KS-10 Scores in Relation to Parental Education

The mean RADDS and SHEIA15 scores for all participants as well as for girls and
boys were found to be significantly higher in the >12 years parent education group as
compared with the ≤12 years (p < 0.05) (Table 4), whereas the mean KS-10 scores were not
significantly different between parental education groups (Table 4).

3.3. Intake and Scores of SHEIA15 and RADDS in Relation to Mean Dietary Intakes
3.3.1. SHEIA15

For all participants, the mean consumption of fibre, PUFAs, vegetables/fruits, and
fish/shellfish fell below their corresponding recommended values (Table S2), whereas the
mean intake of red and processed meat, SFAs, and added sugars were above recommended
intakes at 500 g per week, i.e., 13.2 E% and 10.7 E%, respectively (Table S2). The only
significant difference in mean consumption of SHEAI15 components between girls and
boys was that boys consumed a significantly higher amount of red and processed meat as
compared with girls (98.7 ± 4 g/day as compared with 86.9 ± 3.1 g/day, p = 0.019). Only
the consumption of MUFAs were in line with recommended values for all participants
(Table S2).

3.3.2. RADDS

For all participants, the overall mean intakes for the 17 RADDS subgroups ranged
between 1.29 and 197 g/d, with shellfish consumption receiving the lowest intake and
milk the highest intake (results not shown). The RADDS mean scores ranged between
0.02 and 0.94 and the mean scores for RADDS components against a reference value = 1
(Figure 2). The ”milk replacements” component acquired the lowest RADDS score and
”other vegetables” component received the highest RADDS score (Figure 2). The most
common vegetables contributing to the ”other vegetables” score included: cucumber,
lettuce, green salad, tomato, and avocado.

3.4. Plausible Energy Reporters

Among the participants, 68.5% of participants were found to be plausible energy
reporters, whilst 15.8% of participants were classified as under-reporters, and 15.8% of
participants were classified as over-reporters (n = 1008). Multiple linear regression analyses
were completed again for all plausible energy reporters. The main findings included: A
significant association between RADDS and KS-10 for all plausible energy reporters with
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all confounders (p = 0.00). A significant association was present between SHEIA15 and
RADDS (p = 0.00) and remained significant when confounders were added (p = 0.00). No
significant association was present between SHEIA15 and KS-10 (p = 0.620).

4. Discussion

This study investigated associations among healthy eating, the Swedish Healthy
Eating Index for Adolescents 2015 (SHEIA15), diet diversity, the Riksmaten Adolescents
Diet Diversity Score (RADDS), and health-related quality of life using KS-10, in a sample
of predominantly Swedish adolescents. Additionally, the comparison in scores of healthy
eating, diet diversity, and health-related quality of life among parental education groups
was explored. This study is unique because no other study, to the best of our knowledge,
has investigated associations among these factors in this group of adolescents. Additionally,
diet diversity was incorporated into diet quality which is seldom, and an association
between diet diversity and health-related quality of life was found which is a novel finding.

Key findings in this study include: a significant positive association between diet di-
versity and health-related quality of life, a significant positive association between the fruit
and vegetable component of healthy eating and health-related quality of life, a significant
positive association between healthy eating and diet diversity, no significant association
between healthy eating and health-related quality of life, and mean scores for healthy
eating and diet diversity were significantly higher in parental education group >12 years as
compared with ≤12 years.

Higher diet diversity (a component of diet quality [10]) and its association with
higher health-related quality of life remained to be significant when accounting for schools,
highlighting the robustness of this relationship. Although previous studies have found
aspects of high quality diets to be associated with better health-related quality of life in
adolescents [2,5,19], they have not found diet diversity to be positively associated with
health-related quality of life. Very few studies have incorporated diet diversity into diet
quality when investigating the association between diet quality and health-related quality of
life, and yet this could be an important factor contributing to overall diet quality. Therefore,
it is important to include measures of diet diversity in similar future investigations and to
test whether the current findings could be generalizable to adolescents residing in other
countries, although, it is acknowledged that other countries may need to implement their
own diet quality indices tailored to specific food dietary patterns and cultural habits, for
example, the Finnish Children Healthy Eating Index [31]. Since diet quality is measured in
different ways, this impedes comparisons between studies investigating the relationship
between diet quality and health-related quality of life; with many dietary recording methods
subject to large recall errors and social desirability bias [5]. More consistent methods, for
example, based on national dietary guidelines to analyse diet quality should be utilised in
future studies to allow more valid comparisons to be made.

The significant positive association between healthy eating and diet diversity, as well
as girls having higher scores for both, is consistent with findings from [10] and in line with
findings that have shown that girls tend to make healthier food choices than boys [8,32,33].
The lower health-related quality of life in girls as compared with boys is comparable to
self-reports of greater psychosomatic complaints in girls than boys [14]. However, the
health-related quality of life for girls and boys on average were lower in the current
sample than the recently developed aged-based norms for 11–13-year-old adolescents,
where a score >42.52 was considered to be good health-related quality of life [34]. This
is in line with results finding Swedish adolescents to have more mental health-related
problems than other European countries [14,15]. It is difficult to know whether these
differences represent a clinically meaningful difference due to the potential overestimation
in classification accuracy used for the age-based norms [34]. Nonetheless, health-related
quality of life (measured by mean international KS-10 t-scores, results not shown) for all
participants was found to be similar as compared with a similarly aged but much larger
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cohort of 3283 Swedish adolescents, therefore, the current sample appears to be relatively
representative of the Swedish adolescent population [29].

Higher scores for healthy eating and diet diversity in the higher education parental
group is consistent with findings in [10] and comparable to findings from [8], where
Swedish adolescents with parents of higher education had healthier food habits. Clearly,
there are multiple points of influence by parents on household dietary intake, since parents
generally act as role models, they are responsible for what is purchased in the home, and
parents may influence healthier dietary habits because they themselves follow healthy
dietary patterns [35].

While parental education was an important determinant of healthy eating in the
current study, it may be the case that less well-educated parents are aware of dietary
recommendations but find healthy foods more expensive and less accessible [36]. Therefore,
advocating healthy eating practices may not only be linked to education but to overall
affluence and access. Healthier food options and consuming a more varied diet are more
expensive as compared with high energy-dense and nutrient-poor foods; implying that
high food costs are a potential barrier for low-income households to consume a healthier
diet [36]. Evidence has shown that children with parents of low educational background
consume a less healthy and cheaper diet [36]. This could be an explanation for the results
found in this study, however, we did not measure income, and thus, we cannot draw any
definite conclusions on this matter. Nevertheless, foods that constitute a high-quality diet
should be made more accessible and affordable for less affluent households.

The absence of a significant association between healthy eating and health-related
quality of life may be partially due to the proportion of under-reporting or because many
adolescents are not consuming a healthy diet, and even if so, this may not have been
captured in the days of diet recording. However, the results from this study indicate
a relationship between consuming more fruit and vegetables and higher health-related
quality of life. This is comparable to results from an intervention which found that those
consuming a high fruit/vegetable diet as compared with other intervention and control
groups also had improvements in psychological well-being [37] and to a recent study
that found those who had a higher frequency of fruit and vegetable consumption had
higher health-related quality of life [33]. Furthermore, a cross-sectional analysis study in
12 different countries (N = 5759) found healthier food choices to be associated with better
health-related quality of life, measured by KS-10 in children aged 9–11 [38]. Thus, specific
food components of the diet could be important for better health-related quality of life
and overall well-being, and therefore, should be investigated in future studies, rather than
grouping many components into one.

The mean consumption of fruit and vegetables was more than 50% (208 g) below
the recommended intake value and comparable to previous results that have shown
that Swedish adolescents did not achieve the recommended intakes of fruit and veg-
etables [7,8,10]. Additionally, 14 diet diversity components acquired a mean score less than
0.5, which was comparable to 11 diet diversity scores (with the same diet diversity compo-
nents used) receiving a score less than 0.5 in an adolescent population [10]. A relatively
low proportion of under-reporters was found in this sample, indicating that these results
are relatively accurate. The proportion of plausible energy reporters is higher as compared
with findings in [10] and as compared with a literature review finding approximately 50%
of adolescents to be plausible energy reporters from 15 different studies [39]. Based on
the results from this study and previous research that showed most adolescents are not
meeting recommended nutritional intakes [1], it can be concluded that awareness regarding
the impact that diet quality has on aspects of mental health, needs to be promoted to help to
increase adherence to dietary recommendations in this population. However, it is important
to note that some of the national dietary recommendations and food guidelines may be set
too high for some adolescents and not achievable for many on a daily basis, for example,
500 g of fruit/vegetables per day. Revision of the recommendations for adolescents may be
worth considering to make them more realistic.
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4.1. Limitations and Strengths

A limitation of the study is that the RiksmatenFlexDiet dietary recording method
is subjective and, similar to all other self-report measures, it is prone to recall error and
social desirability bias. It also calculates the average amount consumed from each of
the food groups that constitute meals and not exact amounts; however, it can calculate
ingredients from composite dishes [10], which is a strength. Another strength of the
RiksmatenFlexDiet is that it provides photographic images and detailed descriptions of
foods to aid identification of portion sizes. Additionally, mean healthy eating and diet
diversity scores from dietary intake were calculated from just one or two days, and thus,
perhaps did not capture food groups that were consumed less frequently, for example,
fish and shellfish. Thus, increasing the days of dietary recording would be able to capture
the intake of these foods, diet diversity, and healthy eating to a larger extent, and thus, a
more representative picture of habitual dietary habits. This could make better use of the
indices and could lead to a higher range of results on the spectrum of healthy eating and
diet diversity.

There are limitations and strengths associated with using these dietary indices, since
they are reliant on dietary recommendations and guidelines [3,26] within the Nordic
countries including Sweden. These indices are population specific and are in line with
national dietary guidelines; if they are met, they have been proposed to have important
implications for health outcomes and to improve overall diet quality [3]. However, they fail
to capture some foods in a potential diet. The diet diversity index, although able to capture
dietary variety, does not consider the amount consumed of each component after 5 g, which
is a relatively small amount. If, for example, a participant consumed a mean value of 100 g of
cabbage and another 5 g of cabbage, both amounts would receive one point for the cabbage
diet diversity score. Furthermore, the diet diversity index does not consider desserts
with fruits, juices, and dried fruits (as they are not included in the guidelines), as well as
wholegrain and egg consumption in composite dishes [10], subsequently introducing some
measurement error of these food groups. It is also important to note that just because a
participant scored low on either or both indices does not mean that their overall diet was
unhealthy or lacking in diversity. For instance, a vegetarian/vegan would not score high in
the fish and shellfish SHEIA15 component.

The use of KS-10 to measure health-related quality of life is a strength given its cross-
cultural relevance and that it is convenient to use for studies with large sample sizes. KS-10
has been found to be a reliable measure for health-related quality of life in adolescents aged
8–18 years across 13 different EU countries (N = 22,830), including Swedish adolescents and
validated against other health-related quality of life methods [29]. Moreover, using a short
10-item questionnaire may have been less burdensome as compared with the 27- or 52-item
KS-10 questionnaires, and thus, using the shorter version could have provided more reliable
answers regarding the participants’ health-related quality of life. Nonetheless, the KS-10
provides a global score from dimensions in the longer KS versions, and thus, significant
interactions related to specific dimensions may be overlooked. A further limitation when
measuring health-related quality of life is that this was only measured on one day, which
may not represent participants’ overall health-related quality of life. The current analysis
was of cross-sectional design, capturing only a snapshot in time, and thus, cannot infer
any causations from the associations found between different exposure and outcome
variables. Nevertheless, we used a relatively large sample size for this population, one
sufficiently large enough to detect significance between subgroups, for example, boys and
girls. Furthermore, it would have been a strength to incorporate information about parental
income as a SES-F. This could have helped to explain the associations among healthy eating,
diet diversity, and health-related quality of life; those with greater economy are more likely
to acquire healthy diets [40].
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4.2. Future Perspectives

Considering that most mental health problems occur in adolescence through to adult-
hood [20], the period of adolescence presents an ideal time for interventions to promote
healthy lifestyle changes. Improving the variety and quality of foods provided to adoles-
cents could, in turn, lead to healthier lifestyles and improvements in overall health-related
quality of life, which could reduce potential future mental health problems. Thus, studies
investigating the relationship between diet quality and health-related quality of life should
focus on adolescent populations.

There is a need to conduct more intervention studies, such as the study carried out by
Conner et al. (2017) [37] to establish causation between exposure and outcome variables
and to assess if diet causes changes in health-related quality of life or vice versa. For
instance, comparing differences in health-related quality of life between a high-quality
diet intervention group and baseline control in a randomised controlled trial that recruits
individuals already consuming unhealthy diets, could be an insightful analysis. In two
recent systematic reviews only, correlational studies were identified [2,5], showing that
there is a lack of intervention studies to test the causal relationship between diet and
health-related quality of life.

The school lunch scheme in Sweden plays a significant role in the quality of adolescents’
diets and Sweden is among very few countries to provide school lunches free of charge [41].
The school offers hot meals, salad bars, milk, butter, and water and has been found to
be more nutritious than meals provided at home [42]. School lunches may even-out
diet-related inequalities associated with education, and it was found that there were not
many significant differences in energy and nutrient intake in school lunches between high
and low parental education groups [42]. Given this, the disparity in diet quality among
different classes of parental education, may be due to food provided at home. However, it
is important to bear in mind that financial constraints are likely to have an influence on diet
quality at home. Therefore, a deeper investigation into the differences between diet quality
at school and home in different sociodemographic areas within Sweden is recommended to
identify the SES factors, for example, parental income, that have the most influence on diet
quality and investigate associations among different SES factors.

In essence, future studies should incorporate multiple SES factors in analyses, for
example, schools from different socioeconomic areas, schools in rural and urban areas,
and parental income/wealth, since they can have major influences on diet quality [41] and
on adolescents’ health-related quality of life [21]. Moreover, sample sizes should aim to
represent the general population in terms of home country, country of origin, and refugees
that may not speak the native language, to improve the generalisability of findings.

5. Conclusions

This study replicates and extends the evidence base regarding the association between
diet quality and health-related quality of life in adolescents. Higher diet diversity was
shown to be associated with better health-related quality of life, an insightful and unique
finding in this area of research. Moreover, higher consumption of fruit and vegetables
was shown to be positively associated with health-related quality of life, indicating the
importance of fruit and vegetable consumption for well-being. Therefore, encouraging
and promoting a varied diet and consumption of fruit and vegetables could be advocated
to improve aspects of mental health in adolescents. Additionally, less healthy, and less
diverse diets were found in households with parents who had experienced fewer years of
formal education. However, the importance of parental income should not be overlooked,
as economical constraints may be of more significance than education in obtaining healthy
diets. Buying energy-dense and nutrient-poor foods and acquiring diets of lower quality
have been associated with individuals who have fewer economic capabilities [40]. Thus,
future studies would benefit from incorporating a variety of SES factors, especially parental
income. Intervention study designs to establish causation and the incorporation of diet
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diversity into diet quality, when investigating the associations between diet quality and
health-related quality of life, are also recommended.
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Abstract: The novel coronavirus-19 (COVID-19) pandemic has considerably impacted children’s lives.
The aim of this study was to determine whether the pandemic affected mealtime regularity among
preschool children and whether maintaining regular mealtimes or changes in mealtime regularity
during the pandemic were related to dietary balance, including chronological relationships. This
online cross-sectional survey involving individuals registered with a company that provides meals
to children aged 2−6 years was conducted in February 2021. Using a 40-point scale, a healthy diet
score (HDS) was developed to evaluate children’s dietary balance. The participants were divided
into four groups based on their responses, and multiple regression analyses were performed with
the HDS as the dependent variable. Maintaining regular mealtimes was associated with practices
such as waking and going to bed earlier, less snacking, and eating breakfast every day. Even after
adjusting for basic attributes, lifestyle habits, household circumstances, and other factors, regular
mealtimes were still positively correlated with the HDS. These findings indicate that maintaining
regular mealtimes is associated with higher HDS scores and better lifestyle habits. Furthermore, as
the changed HDS was higher in the group whose mealtimes became regular during the pandemic,
adopting regular mealtimes may lead to a more balanced diet.

Keywords: COVID-19; dietary balance; Japan; mealtime regularity; preschool children

1. Introduction

Since the novel coronavirus-19 (COVID-19) pandemic began in 2020, it has had a
considerable impact on children’s lives. In Japan, the first state of emergency was declared
on 7 April 2020, which was accompanied by long-term closures of kindergartens, elemen-
tary schools, middle schools, and high schools. Many schools resumed in June but with
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special measures in place, such as distributed attendance and shortened classes. Since
then, children have experienced a prolonged period of stress from changes, such as shorter
summer vacations, fewer or cancelled events, and restricted club activities. As of June 2022,
children still have to follow this “new normal” in various aspects of life.

It has been reported that worldwide, how and what children eat has changed dur-
ing the pandemic. In a previous study in Italy among children aged 6−18 years with
obesity, there was a significant increase in snack and soft drink consumption following
the implementation of the COVID-19 lockdown [1]. In a survey of families with one or
more children aged 18 months to 5 years in Canada, many respondents indicated that the
COVID-19 pandemic had increased their consumption of snack foods [2]. Additionally, a
study conducted by Androutsos et al. among children aged 2−18 years in Greece revealed
that during the COVID-19 lockdowns, weight gain was associated with higher intakes of
pasta, sweets, and snacks, as well as reduced physical activity [3]. In a survey of students in
elementary school and older children in Japan, many indicated that both the opportunities
for and the quantity of snacks had increased compared with before COVID-19 [4]. This
shows how the spread of the novel coronavirus has had a considerable impact on children’s
lifestyle habits and diets.

However, in other studies only some children were found to have deteriorated lifestyle
and eating habits during the pandemic. In the study by Adroutsos et al., no changes were
observed with respect to aspects such as sleep and the frequency of eating unhealthy
foods, such as fast foods, sweets, and snacks, in a majority of the children surveyed [3].
Furthermore, in a study investigating the factors associated with healthier or unhealthier
eating habits in adults during the pandemic, 71.6% of the participants did not change
their eating habits [5]. Among the factors positively associated with healthier dietary
habits were annual household income, changes in household income, COVID-19 morbidity
among friends, health literacy, and exercise frequency [5]. A change in caregivers owing to
COVID-19 is thought to affect the eating habits of children living in the same household.

It is easier for children to maintain set wakeup times and mealtimes when the time
at which they leave for and arrive home from school are constant. Therefore, the closure
of educational institutions and child welfare facilities made it difficult to maintain set
wakeup and bed times, which may have further affected children’s eating habits. Following
a survey of students in elementary schools and older children in Japan, it was reported
that compared with before COVID-19, 30% of students in the fourth grade and above in
elementary school had later or disturbed wakeup/bed times, and although indicated for
less than 10% of the children, there was also an increase in irregular mealtimes and skipped
meals [5]. In the 2015 National Nutrition Survey on Preschool Children in Japan, there a
higher percentage of children indicated that they always eat breakfast among those with
earlier wake-up and bed times [6]. It was further reported that later and more irregular
meal and sleep times were associated with poorer physical and mental states in infants [7].
Previous studies among adults reported that mealtimes were associated with the diurnal
rhythm of cardiac autonomic activity [8,9], highlighting the importance of maintaining
regular mealtimes from early childhood. However, to the best of our knowledge, there
have been few reports on whether regular mealtimes are associated with lifestyle habits
and dietary balance in preschool children. In particular, it is unclear whether the dietary
habits of children who maintained their mealtime regularity during the pandemic are more
balanced than those who did not.

Therefore, with this study, we aimed to determine whether the pandemic affected meal-
time regularity among preschool children and to compare children who maintained regular
mealtimes during the pandemic with those who did not in order to determine the relation-
ship with their lifestyle habits, including wakeup and bed times, as well as dietary balance.
Furthermore, we aimed to investigate whether pandemic-related changes in mealtime reg-
ularity were related to changes in dietary balance, including chronological relationships.
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2. Materials and Methods

2.1. Study Participants and Design

This online cross-sectional survey involving individuals registered with Cross Market-
ing Group (C company, Shinjuku, Tokyo), a company that provides meals to children aged
2−6 years, was conducted during the period of 24−25 February 2021. First, a screening sur-
vey was performed on all individuals registered with C company. Those who indicated that
they had children aged 2−6 years and were the meal provider for the oldest child in this
age range were eligible to participate in the study. Thereafter, the participants were sorted
by region at ratios close to the distribution of households with children aged <6 years in the
2015 national census, and 2000 respondents were recruited until those figures were reached.
All child-related questions pertained to the oldest child among those aged 2−6 years.

The questions included the respondent’s age, residential prefecture, employment
status, child’s age, child’s sex, birth order, primary daytime daycare location, and health
status. The participants were also asked about current eating and lifestyle habits and
whether these had changed due to the COVID-19 pandemic. These questions were designed
from a maternal and child health perspective and were based on those used in the 2015
National Nutrition Survey on Preschool Children, Japan (Ministry of Health, Labor, and
Welfare of Japan) [6].

2.2. Calculating the Healthy Diet Score (HDS)

A healthy diet score (HDS) was developed to comprehensively evaluate children’s
dietary balance. One goal of Japan’s Fourth Basic Plan for the Promotion of Shokuiku is
to increase the frequency of meals that include a combination of staple, main, and side
dishes [10]. The Japanese Food Guide Spinning Top, which was created by the Ministry of
Agriculture, Forestry, and Fisheries and the Ministry of Health, Labor, and Welfare of Japan,
uses five categories to determine diet quality as follows: grain dishes, vegetable dishes,
fish and meat dishes, fruit, and milk (dairy products) [11]. These five categories were used
when categorizing meals in this study. In addition, unhealthy foods that should be avoided,
such as fast foods and sweets, were evaluated as reverse-scored questions. Specifically, of
the 13 food groups included in the food frequency survey, grains; fish; meat; eggs; soy-
beans/soy products; vegetables; fruit; milk/dairy products; and unsweetened beverages,
such as tea were categorized as healthy, whereas sweetened beverages, sweets, instant
noodles/cup ramen, and fast foods were categorized as unhealthy. The intake frequency of
foods from the healthy food groups was scored as follows (Figure 1). Grains and vegetables:
≥2 times per day = 4 points, 1 time per day = 3 points, 4−6 times per week = 2 points,
≤3 times per week = 1 point, and <1 time per week = 0 points; and fish, meat, eggs, soy-
beans/soy products, fruit, milk/dairy products, and unsweetened beverages, such as tea:
≥1 time per day = 4 points, 4−6 times per week = 3 points, 1−3 times per week = 2 points,
and <1 time per week = 1 point. The intake frequency of unhealthy foods, such as sweetened
beverages, sweets, instant noodles/cup ramen, and fast foods, was reverse-scored as fol-
lows: ≥2 times per day = 0 points, 1 time per day = 1 point, 4−6 times per week = 2 points,
1−3 times per week = 3 points, and <1 time per week = 4 points. A mean value was calcu-
lated using the scores of all the main dishes (fish, meat, eggs, and soybeans/soy products).
The scores for grain dishes, main dishes (mean); side dishes; fruit; dairy products; unsweet-
ened beverages, such as tea; and unhealthy foods (reverse-scored) was totaled to obtain the
HDS (0−40 points). The following secondary indicators were calculated based on intakes
of: (1) grain dishes, main dishes (mean), and side dishes (0−12 points); (2) grain dishes,
main dishes (mean), side dishes, fruit, and dairy products (0−20 points); (3) grain dishes,
main dishes (using the total instead of the mean to consider the variety of main dishes), and
side dishes (0−32 points); and (4) infrequently consuming unhealthy foods (0−16 points).
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Figure 1. Calculating the healthy diet score (HDS).

To evaluate the validity of the HDS indicator developed for this study, the intake fre-
quency of each food group was determined using the food diversity score (FDS) developed
by Ishikawa et al., which is calculated using the same questions [12]. FDS is an 8-point scale
that evaluates dietary diversity (grains, fish, meat, eggs, soybeans/soy products, vegetables,
fruit, and milk/dairy products) based on the Food and Agriculture Organization’s dietary
assessment [13]. The correlation coefficient between the FDS and HDS was 0.574 (p < 0.001),
indicating a significant positive correlation. A comparison of the FDS among the four
groups based on mealtime regularity yielded similar results to comparisons using the HDS
(highest score was in the group that originally had regular mealtimes that did not change).
However, the differences between the four groups were larger using the HDS than the FDS.
This indicates that the HDS is a useful indicator that considers the diversity of the food
groups recommended in the Japanese diet (grain, main, and side dishes), as well as the
infrequent consumption of unhealthy foods, such as sweets and instant noodles.

2.3. Changes in the HDS during COVID-19: Changed-Healthy Diet Score (C-HDS)

Here, we aimed to determine whether the quality of meals improved or deteriorated
as mealtimes became more regular or irregular, respectively. The changed-healthy diet
score (C-HDS) was calculated based on changes in the intake frequency of each food
group compared with before COVID-19. The food categories used were the same as
those for the HDS. Healthy foods included grains (rice or bread, for example); fish; meat;
eggs; soybeans/soy products; vegetables; fruit; milk/dairy products; and unsweetened
beverages, such as tea. Unhealthy foods included sweetened beverages, sweets, instant
noodles/cup ramen, and fast foods. The change in intake frequency for a food group
before and after COVID-19 was scored as follows: for increased intakes of a specific food
group, healthy foods = +1 point, unhealthy foods = −1 point, and no change = 0 points
(increased score: −4 to 9 points); and for decreased intakes of a specific food group, healthy
foods = −1 point, unhealthy foods = +1 point, and no change = 0 points (decreased score:
−9 to 4 points). These scores were totaled to determine the C-HDS. However, as 69.9% of
the participants had a score of 0 points (no change), the scores were grouped into three
categories for the regression analysis as follows: increased, no change, and decreased.
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2.4. Ethical Considerations

After viewing the guidelines and principles of the Japan Marketing Research Associa-
tion as summarized by company C and an explanation of the survey, informed consent to
participate in the online survey was obtained. The survey explanation informed partici-
pants that the collected data would undergo statistical processing and be published in a
manner whereby the individuals could not be identified and that the data would not be
used for purposes other than the survey. Ethical approval was obtained from the Human
Research Ethics Committee of Kagawa Nutrition University (approval number 317).

In addition, the survey data were used in a secondary analysis as part of an ad-
ministrative promotion project under a Japanese Ministry of Health, Labor, and Welfare
grant, “Research for Effective Development of Nutrition and Dietary Support for Healthy
Development in Early Childhood” (grant number: 20DA2002).

2.5. Analysis
2.5.1. Data Set for Analysis

To prevent impersonation and fraudulent responses, 1 participant who did not answer
almost any of the questions and 17 participants who did not provide answers about their
relationship to the child, the child’s sex, or birth order were excluded from the analysis.
Furthermore, 2 participants who were grandparents, 29 participants who did not pro-
vide answers for questions addressing changes in meal regularity, and 101 participants
who indicated that they did not want to provide answers about their dietary intake fre-
quency at present or before/after COVID-19 were excluded from the analysis; a total of
1850 participants were included in the final analysis (Figure 2).

Figure 2. Participant flowchart.

Inconsistent answers for individual items were excluded from the final analysis. For
example, answers that indicated that the respondents’ children are now “rarely” involved
in cooking but “considerably more” than before the COVID-19 (n = 2) were considered
to be inconsistent answers. Regarding a child’s height and weight, values above the
99th percentile or below the 1st percentile and calculated using the least squares mean
method were considered input errors and excluded from the calculation of obesity (height,
n = 71 participants; weight, n = 33 participants).
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2.5.2. Statistical Analysis

The participants were divided into four groups based on their responses to questions
addressing mealtime regularity after COVID-19 as follows: became regular (n = 125),
originally regular and unchanged (n = 1514), became irregular (n = 63), and originally
irregular and unchanged (n = 148). The distribution of independent variables was examined
using the χ2 test (residual analysis when a significant difference was noted) or one-way
analysis of variance (multiple comparisons using the Games−Howell method when a
significant difference was noted).

To determine the relationship between the current HDS and mealtime regularity, sim-
ple regression analyses were performed with the HDS as the dependent variable and the
respondents’ attributes, child’s attributes, lifestyle habits, and household circumstances
as independent variables. In model 1, multiple regression analysis was performed with
the HDS as the dependent variable for each classification of the independent variables.
In model 2, multiple regression analysis was performed with forced entry method of the
items that exhibited significant associations with the HDS in model 1, the relationship of
the respondent, mother’s employment situation, child’s sex, child’s age, BMI percentile,
and mealtime regularity. Mealtime regularity was converted into a binary dummy variable
(1, originally regular; 0 otherwise). To account for the influence of missing values (BMI per-
centile (n = 155), others), the multiple regression analysis used for model 2 was performed
with multiple imputation of missing values.

To examine the relationship between changes in the HDS (C-HDS) and in meal-
time regularity after COVID-19, multiple logistic regression analysis was performed with
the C-HDS as the dependent variable and the respondent’s attributes, child’s attributes,
pandemic-related changes in the child’s lifestyle and diet, and household circumstances as
independent variables. A C-HDS score of ≤0 points was treated as a decrease, and a C-HDS
score of ≥1 point was considered an increase. A C-HDS score of 0 points (no change)
was used as the reference value in the multiple logistic regression analysis. A multiple
logistic regression analysis was performed with forced entry of the following independent
variables: changes in lifestyle habits and household circumstances that were significantly as-
sociated with the current HDS and mealtime regularity, respondent’s relationship, mother’s
employment status, child’s sex, child’s age, and BMI percentile. Mealtime regularity was
converted into a 3-value variable (1, became irregular; 2, became regular; 3, no change).
Multiple logistic regression analysis was performed by multiple imputation of missing
values. The Statistical Package for the Social Sciences, version 28 (IBM SPSS Inc., Chicago,
IL, USA), was used for all statistical analyses, and statistical significance was set at p < 0.05.

3. Results

3.1. Comparison of Participant Characteristics according to Changes in Mealtime Regularity
Compared with before COVID-19

Table 1 shows the participant characteristics according to changes in mealtime regular-
ity compared with before COVID-19. In 41.6% of participants, the relationship to the child
was through the father and in 58.4%, through the mother.

Table 2 shows the lifestyle habits and household circumstances according to the change
in mealtime regularity compared with before COVID-19. There were significantly more
participants in the originally regular group who woke up before 8 a.m. and who went
to bed before 10 p.m. on weekdays and holidays. Screen time on weekdays was <2 h in
79.3% of participants, and this percentage was significantly higher in the originally regular
group. Screen time on holidays was ≥2 h in 35.7% of participants, and this percentage was
significantly higher in the originally irregular group. Significantly fewer participants in the
‘became irregular’ group defected almost every day. Regarding dietary status, significantly
more participants in the originally regular group indicated that they snacked 0−1 time per
day and ate breakfast every day.
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Table 1. Participant characteristics according to changes in mealtime regularity compared with
before COVID-19.

Became Regular
Originally Regular,

No Change
Became Irregular

Originally Irregular,
No Change

(n = 125) (n = 1514) (n = 63) (n = 148)

Respondent’s
relationship to the child

Father 56 (44.8) 618 (40.8) 22 (34.9) 74 (50.0)
Mother 69 (55.2) 896 (59.2) 41 (65.1) 74 (50.0)

Employment status of
the child’s mother

Employed 78 (62.4) 827 (54.6) 38 (60.3) 74 (50.0)
Other 47 (37.6) 687 (45.4) 25 (39.7) 74 (50.0)

Child’s sex
Boy 69 (55.2) 752 (49.7) 30 (47.6) 68 (45.9)
Girl 56 (44.8) 762 (50.3) 33 (52.4) 80 (54.1)

Child’s age (years) 3.2 ±1.4 3.4 ±1.4 3.2 ±1.4 2.9 ±1.4
Height (cm) 105.6 ±12.1 105.9 ±11.4 105.6 ±12.1 102.9 ±11.5
Weight (kg) 17.3 ±4.6 17.3 ±3.9 17.2 ±4.1 16.5 ±3.7

BMI percentile 46.7 ±36.0 44.9 ±34.2 39.7 ±32.0 49.9 ±33.2

Categorical variables are expressed as number of people (percentage), and continuous variables are expressed as
mean ± standard deviation. BMI, body mass index.

Table 2. Lifestyle habits and household circumstances according to changes in mealtime regularity
compared with before COVID-19.

Became
Regular

Originally
Regular,

No Change

Became
Irregular

Originally
Irregular,

No Change
p Value *

(n = 125) (n = 1514) (n = 63) (n = 148)

Wakeup time

Before 8 a.m. on
weekdays and

holidays
83 (66.4) 1066 (70.4) 32 (50.8) 54 (36.5) <0.001

Other 42 (33.6) 448 (29.6) 31 (49.2) 94 (63.5)

Bed time

Before 10 p.m. on
weekdays and

holidays
91 (72.8) 1156 (76.4) 34 (54.0) 53 (35.8) <0.001

Other 34 (27.2) 358 (23.6) 29 (46.0) 95 (64.2)

Physical activity time
(weekdays)

<1 h (/day) 68 (54.4) 708 (47.0) 35 (55.6) 74 (51.0) 0.200≥1 h (/day) 57 (45.6) 799 (53.0) 28 (44.4) 71 (49.0)

Physical activity time
(holidays)

<1 h (/day) 69 (55.2) 743 (49.3) 35 (55.6) 74 (50.7) 0.485≥1 h (/day) 56 (44.8) 764 (50.7) 28 (44.4) 72 (49.3)

Screen time (weekdays)
<2 h (/day) 97 (79.5) 1219 (80.8) 44 (71.0) 98 (66.7) <0.001≥2 h (/day) 25 (20.5) 289 (19.2) 18 (29.0) 49 (33.3)

Screen time (holidays)
<2 h (/day) 85 (69.7) 983 (65.2) 37 (59.7) 76 (52.4) 0.009≥2 h (/day) 37 (30.3) 525 (34.8) 25 (40.3) 69 (47.6)

Frequency of defecation
Almost every day 94 (76.4) 1072 (70.9) 34 (54.0) 105 (71.4) 0.014Other 29 (23.6) 439 (29.1) 29 (46.0) 42 (28.6)

Snack frequency
0−1 time (/day) 79 (64.8) 1056 (70.1) 31 (50.0) 84 (57.9)

<0.0012 times (/day) 37 (30.3) 390 (25.9) 25 (40.3) 40 (27.6)
≥3 times (/day) 6 (4.9) 60 (4.0) 6 (9.7) 21 (14.5)

Breakfast frequency
Eat every day 112 (89.6) 1442 (95.2) 47 (74.6) 116 (78.4) <0.001Other 13 (10.4) 72 (4.8) 16 (25.4) 32 (21.6)

Eat together (breakfast)
Eat with an adult 106 (86.2) 1249 (82.7) 51 (81.0) 97 (67.4) <0.001Other 17 (13.8) 262 (17.3) 12 (19.0) 47 (32.6)

Eat together (dinner)
Eat with an adult 122 (97.6) 1457 (96.4) 61 (96.8) 135 (91.8) 0.041Other 3 (2.4) 55 (3.6) 2 (3.2) 12 (8.2)

How often the
respondent cooks

1−2 times
per week 36 (28.8) 469 (31.2) 20 (31.7) 55 (37.9)

0.4743−6 times
per week 27 (21.6) 330 (22.0) 17 (27.0) 34 (23.4)
Every day 62 (49.6) 702 (46.8) 26 (41.3) 56 (38.6)
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Table 2. Cont.

Became
Regular

Originally
Regular,

No Change

Became
Irregular

Originally
Irregular,

No Change
p Value *

(n = 125) (n = 1514) (n = 63) (n = 148)

Frequency with which the
child is involved in cooking

Rarely 41 (32.8) 672 (44.4) 17 (27.4) 82 (55.4) <0.001≥1 time per week 84 (67.2) 840 (55.6) 45 (72.6) 66 (44.6)

Someone in the family works remotely 51 (40.8) 390 (25.8) 25 (39.7) 28 (18.9) <0.001

Financial security
Yes 54 (43.5) 567 (37.5) 24 (38.1) 38 (25.7)

0.003Neither yes nor no 42 (33.9) 459 (30.4) 19 (30.2) 42 (28.4)
No 28 (22.6) 484 (32.1) 20 (31.7) 68 (45.9)

Has free time
Yes 40 (32.3) 452 (29.9) 16 (25.4) 29 (19.6)

0.039Neither yes nor no 44 (35.5) 479 (31.7) 15 (23.8) 52 (35.1)
No 40 (32.3) 580 (38.4) 32 (50.8) 67 (45.3)

The continuous variables presented in the table are expressed as mean ± standard deviation. * Chi-squared test
(residual analysis performed when significant differences were noted; underlined numbers indicate adjusted
standardized residual <−1.96; bold numbers indicate adjusted standardized residual >1.96).

Overall, 81.6% and 96.1% of the respondents indicated that their child ate breakfast
and dinner with an adult, respectively. Significantly more children ate breakfast with an
adult in the originally regular group, and significantly fewer ate dinner with an adult in the
originally irregular group. Regarding the frequency of cooking, there were no significant
differences between the groups. Significantly more participants in the originally irregular
and unchanged groups indicated that they lacked financial security, and significantly more
participants in the ‘became irregular’ group indicated that they had little free time.

3.2. Comparison of the Healthy Diet Score (HDS) according to Changes in Mealtime Regularity
Compared with before COVID-19

Table 3 shows the HDS according to changes in mealtime regularity. The current
HDS (0−40 points) of the originally regular and unchanged group was 31.6 ± 4.0 points,
which was significantly higher than in the other groups. Intakes of grain dishes, main
dishes (mean), and side dishes (0−12 points); grain dishes, main dishes (mean), side dishes,
fruit, and dairy products (0−20 points); and grain dishes, main dishes (total), side dishes,
fruit, and dairy products (0−32 points) were significantly higher in the ‘became regular’
group and originally regular and unchanged groups compared with the originally irregular
and unchanged group. Significantly more participants infrequently consumed unhealthy
food (0−16 points) in the originally regular group than in the ‘became regular’, originally
irregular, and unchanged groups.

Regarding changes in food group intakes before and after COVID-19, the increased
score (−4 to 9 points) was significantly higher in the ‘became regular’ group than in the
originally regular and unchanged group, as well as the originally irregular and unchanged
group. The decreased score (−9 to 4 points) was significantly lower in the ‘became irregular’
group than in the originally regular and unchanged group, as well as the originally irregular
and unchanged group. The mean C-HDS (−13 to +13) in the ‘became regular’ group was
0.8 ± 2.3 points, which was significantly higher than in the other groups.

3.3. Multiple Regression Analyses with the Healthy Diet Score (HDS) as the Dependent Variable

Table 4 shows the results of the multiple regression analyses of the factors associated
with the HDS. The HDS was significantly higher in the originally regular group and, even
when adjusted for the other factors, was significantly associated with the investigated basic
attributes of wakeup time (weekdays and holidays), bed time (weekdays and holidays),
physical activity time (holidays), defecation frequency, snack frequency, frequency of
breakfast for the child, eating together (breakfast and dinner), cooking frequency, and
financial resources (β = 0.131, p < 0.001).
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Table 3. Comparison of healthy diet score (HDS) according to changes in mealtime regularity
compared with before COVID-19.

Became Regular
Originally

Regular,
No Change

Became Irregular
Originally
Irregular,

No Change
p

Value
(n = 125) (n = 1516) (n = 63) (n = 148)

Current intake of the different food groups
Healthy Diet Score * (0−40 points) 29.7 ±4.7 a 31.6 ±4.0 abc 29.6 ±4.8 b 28.3 ±4.6 c <0.001

Grain dishes, main dishes (mean), and side
dishes (0−12 points) 9.1 ±2.4 a 9.3 ±1.8 b 8.6 ±2.5 8.2 ±2.2 ab <0.001

Grain dishes, main dishes (mean), side dishes,
fruit, and dairy products (0−20 points) 15.3 ±3.8 a 15.7 ±3.0 b 14.8 ±3.9 13.9 ±3.3 ab <0.001

Grain dishes, main dishes (total), side dishes,
fruit, and dairy products ** (0−32 points) 23.8 ±6.0 a 23.8 ±4.6 b 22.8 ±5.7 21.1 ±5.1 ab <0.001

Infrequently consuming unhealthy foods
(0−16 points) † 11.0 ±3.8 a 12.2 ±2.7 ab 11.4 ±3.3 11.0 ±2.9 b <0.001

Changes compared with before the pandemic #

Changed Healthy Diet Score # (−13~+13) 0.8 ±2.3 abc 0.1 ±1.3 a −0.1 ±1.6 b 0.0 ±1.0 c <0.001
Increased score (−4~9 points) 0.9 ±2.0 ab 0.1 ±1.1 a 0.3 ±1.5 0.0 ±0.9 b <0.001
Decreased score (−9~4 points) −0.1 ±1.0 0.0 ±0.5 a −0.4 ±0.9 ab 0.0 ±0.5 b <0.001

The continuous variables presented in the table are expressed as mean ± standard deviation. One-way analysis
of variance (multiple comparisons using the Games–Howell method; a–c, performed for significant differences).
HDS, healthy diet score; C-HDS, changed healthy diet score. * The intake frequency of each food group was
determined and used to calculate the total intake frequency of grain dishes; main dishes (mean); side dishes; fruit;
dairy products; unsweetened foods, such as tea; and unhealthy foods (reverse-scored question) as follows: grains
and vegetables: ≥2 times per day = 4 points, 1 time per day = 3 points, 4−6 times per week = 2 points, ≤3 times
per week = 1 point, <1 time per week = 0 points; fish, meat, eggs, soybeans/soy products, fruit, milk/dairy
products, and unsweetened beverages such as tea: ≥1 time per day = 4 points, 4−6 times per week = 3 points,
1−3 times per week = 2 points, <1 time per week = 1 point. The intake frequency of unhealthy foods, such as
sweetened beverages, sweets, instant noodles/cup ramen, and fast foods, was reverse-scored as follows: ≥2 times
per day = 0 points, 1 time per day = 1 point, 4−6 times per week = 2 points, 1−3 times per week = 3 points,
and <1 time per week = 4 points. ** Indicator considering the diversity of main dishes by using the total of the
main dishes (fish, meat, eggs, and soybeans/soy products). † Healthy foods were defined as grains; fish; meat;
eggs; soybeans/soy products; vegetables; fruit; milk/dairy products; and unsweetened beverages, such as tea.
Unhealthy foods were defined as sweetened beverages, sweets, instant noodles/cup ramen, and fast foods. # The
change in intake frequency for a food group before and after COVID-19 was scored as follows: for increased
intakes of a specific food group, healthy foods = +1 point, unhealthy foods = −1 point, and no change = 0 points
(increased score −4 to 9 points); and for decreased intakes of a specific food group, healthy foods = −1 point,
unhealthy foods = +1 point, and no change = 0 points (decreased score: −9 to 4 points). These were totaled to
determine the C-HDS.

3.4. Multiple Logistic Regression Analysis with the Change in Healthy Diet Score (C-HDS) as the
Dependent Variable

Table 5 shows the results of the multiple logistic regression analysis using the C-HDS
as the dependent variable. A significant increase in C-HDS was noted in the ‘became
regular’ group (odds ratio: 2.21, 95% confidence interval: 1.35−3.61). A decreasing trend
was observed in the C-HDS in the ‘became irregular’ group.

Table 4. Multiple regression analyses with the healthy diet score (HDS) as the dependent variable.

Item Category Simple Regression Model 1 Model 2

Standardized
Coefficient β

p Value
Standardized
Coefficient β

p Value
Standardized

Coefficient
p Value

Basic
attributes Relationship to child 0.163 <0.001 0.156 <0.001 0.110 <0.001 #

Employment status of child’s mother −0.061 0.009 −0.038 0.119 −0.006 0.788
Child’s sex 0.018 0.448 0.026 0.280 0.040 0.070
Child’s age −0.043 0.065 −0.019 0.425 −0.075 0.001 #

BMI percentile −0.051 0.037 −0.036 0.137 −0.016 0.462

Lifestyle
habits Wakeup time (weekdays and holidays) −0.143 <0.001 −0.052 0.028 −0.054 0.025 #

Bed time (weekdays and holidays) −0.174 <0.001 −0.079 0.001 −0.093 <0.001 #

Physical activity time (weekdays) 0.079 0.008 0.033 0.196
Physical activity time (holidays) 0.079 0.001 0.045 0.075 0.077 <0.001 #

Screen time (weekdays) −0.101 <0.001 −0.009 0.757
Screen time (holidays) −0.089 0.001 −0.027 0.326

Frequency of defecation 0.136 <0.001 0.101 <0.001 0.107 <0.001 #

Snack frequency −0.291 <0.001 −0.233 <0.001 −0.236 <0.001 #

Breakfast frequency 0.249 <0.001 0.141 <0.001 0.137 <0.001 #

Originally regular meal times 0.229 <0.001 0.139 <0.001 0.131 <0.001 #
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Table 4. Cont.

Item Category Simple Regression Model 1 Model 2

Standardized
Coefficient β

p Value
Standardized
Coefficient β

p Value
Standardized

Coefficient
p Value

Household
circumstances Eat together (breakfast) 0.070 0.003 0.059 0.013 0.022 0.326

Eat together (dinner) 0.062 0.008 0.051 0.031 0.034 0.134
How often the respondent cooks

Every day 0.192 <0.001 0.187 <0.001 0.092 0.007 #

3−6 times a week −0.099 <0.001 −0.007 0.795 −0.013 0.650
Rarely - - -

Frequency with which the child is
involved in cooking 0.034 0.149 0.017 0.468

Someone in the family works remotely −0.024 0.305 −0.022 0.336
Financial security

Yes 0.067 0.004 0.028 0.319 0.021 0.423
No −0.062 0.008 −0.061 0.034 −0.021 0.419

Neither yes nor no - - -
Has free time

Yes 0.033 0.151 0.035 0.202
No 0.011 0.647 0.052 0.064

Neither yes nor no - - -

Model 1, multiple regression analysis with forced entry of all items for each category. Model 2, multiple regression
analysis with forced entry of the basic attributes and items that exhibited significant associations with the HDS in
model 1. # p < 0.05 in the multiple regression analysis using data after multiple imputation of missing values.
BMI, body mass index. Input variables: respondent’s relationship to the child (0, father; 1, mother); mother’s
employment status (1, working; 0, other); child’s sex (0, boy; 1, girl); child’s age (continuous variable); BMI
percentile (0, <75th percentile; 1, ≥75th percentile); wakeup time (0, weekdays and holidays before 8 a.m.;
1, otherwise); bed time (0, weekdays and holidays before 10 p.m.; 1, otherwise); physical activity time (weekdays
and holidays) (0, <1 h; 1, ≥1 h); screen time (weekdays and holidays) (0, <2 h; 1, ≥2 h); defecation frequency
(1, daily; 0, other); snack frequency (1, 0−1 time/day; 2, 2 times/day; 3, ≥3 times/day); frequency of breakfast
(1, daily; 0, other); eating together (1, eat with an adult; 0, other); how often the respondent cooks (“rarely”
input as reference value); frequency with which the child is involved in cooking (0, rarely; 1, ≥1 day/week);
someone in household works remotely (1, yes; 0, no); and financial security/has free time (“not a lot” input as
reference value).

Table 5. Multiple logistic regression analysis with the change in healthy diet score (C-HDS) as the
dependent variable.

n (%)
Increase # p

Value
Decrease # p

ValueOR (95% CI) OR (95% CI)

Meal regularity Became regular 125 (6.7) 2.21 (1.35 − 3.61) 0.002 1.50 (0.80 − 2.80) 0.205
Became irregular 63 (3.4) 1.23 (0.60 − 2.53) 0.564 1.85 (0.92 − 3.72) 0.083

No change 1664 (89.8) 1.00 1.00

Multiple logistic regression analysis using data after multiple imputation of missing values (n = 1825). # Dependent
variable reference: no change (C-HDS = 0 points). BMI, body mass index; CI, confidence interval; OR, odds
ratio. Input variables: respondent’s relationship to the child (0, father; 1, mother); mother’s employment
status (1, working; 0, other); child’s sex (1, boy; 2, girl); child’s age (continuous variable); BMI percentile
(0, <75th percentile; 1, ≥75th percentile); change in wakeup and bed time (became regular, became irregular, or
unchanged); change in the frequency and time of physical activity (increased, decreased, or unchanged); snack
frequency (increased, decreased, or unchanged); breakfast frequency (increased, decreased, or unchanged); and
how often the respondent cooks (increased, decreased, or unchanged).

4. Discussion

In addition to investigating how children’s mealtime regularity relates to their current
lifestyle habits and dietary status, we also investigated whether pandemic-related changes
in mealtime regularity were associated with changes in dietary balance, including chrono-
logical relationships. Here, the results showed that maintaining regular mealtimes was
associated with practices such as waking and going to bed earlier, less snacking, and eating
breakfast every day. Furthermore, even after adjusting for basic attributes, lifestyle habits,
household circumstances, and other factors, regular mealtimes were still significantly posi-
tively correlated with the HDS, whereas a change in regular mealtimes was significantly
associated with an increased C-HDS.

Maintaining regular mealtimes has previously been shown to be associated with
positive lifestyle habits. A cluster analysis using meal and sleep time data in preschool
children after forming clusters, such as a group in which both meal and bed times were
extremely late, a group with late and irregular times, and a group that woke early and
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regularly, showed that meal and sleep times tended to be linked [7]. In a previous study,
missing breakfast was associated with negative lifestyle habits in primary school children,
such as increased intake of soft drinks, high screen time, and low physical activity levels [14].
The “Health guide starting with diet—Raising children who enjoy eating” of the Japanese
Ministry of Health, Labor, and Welfare describes the importance of “feeling hungry and
having an appetite, then experiencing the pleasure of properly satisfying this” as a target
for healthy child development through food and states that it is ideal for children to have
a dietary rhythm [15]. Here, our findings were consistent with previous research, in that
more participants in the group that originally had regular mealtimes indicated that they
eat breakfast every day and wake up and go to bed early. In addition, even after adjusting
for lifestyle habits and other factors, originally having regular mealtimes was positively
associated with the HDS.

Having regular mealtimes means avoiding missing meals and maintaining constant
intervals between meals. Moreover, in a study of children aged 7−18 years, missing
breakfast, lunch, or dinner was associated with low vegetable and fruit intakes [16]. High
intake of junk food have also been reported to increase the risk of missing meals [17].
Furthermore, a study of children aged 12−16 years reported that an irregular diet and daily
junk food consumption were both associated with reduced mental and physical health [18].
It is thought that keeping a set interval between meals generates proper feelings of hunger
and appetite, which leads to a balanced diet. In addition, it has previously been reported
that children who frequently played outside after school and who ate “supplementary
foods” instead of “non-essential foods” for snacks consumed more vegetables at dinner [19].
Therefore, it was presumed that feeling hungry before meals is associated with the quantity
of vegetables consumed at meals. An irregular diet in preschool children has also been
significantly associated with risk factors for lifestyle-related diseases, such as overweight
and obesity [20]. Here, more regular mealtimes were associated with higher C-HDS scores,
indicating that mealtime regularity is also chronologically associated with dietary balance.
Although the results of this study could not demonstrate causal relationships between meal
regularity and dietary balance, they do highlight the importance of regular mealtimes.

In this study, we developed the HDS as an indicator for evaluation of preschool chil-
dren’s dietary balance. Other indicators of dietary balance include the Health Eating Index
(HEI) (2015), which uses the U.S. dietary reference intakes [21] and is calculated as a total
score of nine recommended food groups and four items for which intake should be re-
stricted. The HEI has been shown to be associated with child socioeconomic indicators [22]
and with the frequency of fast-food consumption and eating dinner together as a family
among preschool children [23]. Another such indicator is the diet diversity score (DDS),
which evaluates the diversity of meals using various methods. Most use the 24 h memory
method, meal records, or food frequency surveys to calculate the intakes of different food
groups. The DDS has been reported to be associated with child anthropometric indices [24].
Qualitative dietary indicators evaluate how frequently the different food groups are con-
sumed. Dietary diversity indicators have been reported to be related to BMI in preschool
children [25] and parents who consider the content of their children’s meals and snacks and
aim to have them eat regular meals [12]. The 2015 National Nutrition Survey on Preschool
Children in Japan included simple questions about the frequency of consuming foods from
different food groups. Considering the burden these surveys place on respondents, using a
similar simple indicator of dietary quality is preferable.

Japan’s Fourth Basic Plan for the Promotion of Shokuiku set a target for increasing the
proportion of the population that eats meals combining staple, main, and side dishes at least
twice per day almost daily to more than 50.0%. In addition, the Japanese Food Guide Spin-
ning Top [11] recommends evaluating dietary quality by considering five categories (grain
dishes, main dishes, side dishes, fruit, and dairy products). The Mediterranean Diet Quality
Index for Children and Adolescents (KIDMED) allocates +1 point for 12 recommended
items, such as fruit and vegetables, and −1 point for four items that should be avoided,
such as fast foods and sweets. Indicators such as the KIDMED, which also considers
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unhealthy foods, can also be useful [26]. The usefulness of the HDS and its relationship
with other indicators requires further research.

The present study is significant because few studies have examined whether mealtime
regularity is related to lifestyle habits and dietary balance in a large group of preschool
children, including changes before and after COVID-19. However, this study is subject to
some limitations. First, changes in mealtime regularity were categorized into four groups
based on responses to a questionnaire. However, a definition of regular was not provided
and was left open to interpretation by the respondents. Second, the HDS, which was
developed for this study, was calculated according to the intake frequency of 13 food
groups, and therefore may be less valid than indicators calculated based on the quantities
consumed. Third, because this was an online study of people registered with a survey
company, it may have been biased toward people who regularly use the Internet. Fourth,
the survey required respondents to recall the situation before the pandemic and to evaluate
changes in lifestyle habits and mealtime regularity now compared with before COVID-19.
Thus, there is a possibility of recall bias. Fifth, apart from the impact of COVID-19, during
the period of a year in early childhood, the content of a child’s diet may also change,
owing to growth. Furthermore, a second state of emergency was in effect during February
2021 when this study was being conducted. However, this only applied to certain regions
and likely did not cover all the areas where the participants lived. Therefore, owing to
differences in the COVID-19 situation throughout the country, the participants may have
experienced different restrictions in their daily lives. Furthermore, there may have been
individual differences in terms of awareness of and actions taken for infection control.

5. Conclusions

Our investigation of how mealtime regularity relates to lifestyle and dietary habits
in children indicates that those who originally had regular mealtimes had higher HDS
scores and better lifestyle habits, such as waking and going to bed earlier, less snacking,
and eating breakfast every day. Furthermore, as C-HDS scores were higher in the group
whose mealtimes became regular during the pandemic, adopting regular mealtimes may
lead to a more balanced diet. In order to improve children’s dietary balance, it is important
to provide nutrition education that not only focuses on the composition of meals but also
on mealtime regularity.
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Abstract: Background: Over the last few decades, the time children spend using electronic devices
has increased significantly. The aim of the study was to evaluate the impact of screen time on
dietary behaviors and physical activity in children and adolescents. Methods: An online survey was
conducted among parents of preschool and school-aged children during the COVID-19 lockdown in
Poland. There were 3127 surveys used in the analysis. Results: Survey responses referred to 1662
(53%) boys and 1465 (47%) girls, with a mean age of 12.1 ± 3.4 years. During a routine weekday, most
children (71%) spent >4 h on educational activities using electronic devices, and 43% of children spent
1–2 h using devices for recreational purposes. The majority of children (89%) were exposed to screens
during meals, and ate snacks between main meals (77%). There was an association between screen
time and the exposure to screens during meals, and between screen time and time spent performing
physical activity. Conclusions: This study revealed that the majority of children were exposed to
screens during meals, which is a risk factor of obesity. The promotion of the judicious use of digital
devices and healthy dietary habits associated with the use of screens may be an important component
of obesity prevention strategies.

Keywords: lifestyle; electronic devices; diet; obesity

1. Introduction

Although high-quality screen activities meet some education and entertainment needs,
exposure to digital screens may be detrimental for children’s physical health, cognitive
skills, and psychosocial development [1].

Therefore, screen time in childhood and adolescence should be managed, weighing
risks versus benefits. The American Academy of Pediatrics (AAP) recommends that
children younger than 18–24 months of age should not ever use screen media, while older
children should not use these media for more than a 1 h daily [2]. According to the World
Health Organization (WHO), infants within the first year of life should not be exposed to
digital screens. Screen time for children aged from 2 to 5 years old should not exceed 1 h per
day [3]. Similar recommendations were released by the Canadian Pediatric Society, stating
that children younger than 2 years old should not use screens, and children aged 2 to 5 years
old should have limited screen time to less than 1 h per day [1]. The guidelines released by
the Australian Department of Health for children older than 5 years old recommend that
recreational screen time should not exceed 2 h per day [4]. The German recommendations
advise reducing screen time to a minimum. Infants and toddlers should not use electronic
devices; preschool children should have limited screen time to 30 min daily; primary school
children should be limited to 60 min daily; and adolescents should be limited to 120 min
daily [5]. On the other hand, the Royal College of Pediatrics and Child Health (RCPCH)
indicates that due to the lack of solid scientific evidence, it is not possible to formulate a
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universal cut-off for children’s screen time. Thus, the RCPCH recommends that families
should negotiate screen time while considering individual child’s needs, the quality of
digital activities, and the extent to which using electronic devices displace physical and
social activities and sleep [6].

However, a recent systematic review which performed a meta-analysis of 63 studies
revealed that only 24.7% of children younger than 2 years of age and 35.6% of children
aged between 2 and 5 years old met screen time guidelines [7]. Differences were noticed in
children’s adherence to appropriate screen time depending on the country [8].

It appears that the reasonable management of children’s screen time is now more
challenging than ever. Due to the coronavirus disease 2019 (COVID-19) outbreak, social
distancing restrictions have been introduced, which obliged children and adolescents to
engage with remote learning, limited opportunities for physical activity, and exacerbated
unhealthy eating habits [9–11]. Thus, it is particularly important to collect contemporary
data regarding screen time and to find effective strategies to promote the judicious use of
digital devices and implement healthy lifestyle habits from early childhood. The aim of this
study was to evaluate the relationships between digital screen time and eating habits and
physical activity in preschool and school-aged children during the COVID-19 lockdown
in Poland.

2. Materials and Methods

A cross-sectional study using an anonymous online survey was conducted among
parents of Polish preschool and school-aged children from 11 March 2021 to 20 March 2021.
We requested all Polish Educational Offices to send the letter of invitation to participate
in our study to kindergartens and schools, which spread this invitation among parents of
pupils. Some of the Polish Educational Offices promoted information about this study on
their websites. The invitation to the study included a link to the online questionnaire.

A self-administrated caregiver-reported questionnaire was set up via Google Forms.
The survey consisted of 34 closed and 11 open-ended questions on children’s demographic
characteristics, screen time, dietary habits, physical activity and sleep in the recent three
months. The authors’ questionnaire was available in Polish.

The final analysis included complete responses given by parents of children up to
18 years old who provided informed online consent prior to the survey. The exclusion
criteria were as follows: responses given by parents of children older than 18 years old,
incomplete data in the questionnaire, and lack of informed consent.

A total of 4437 responses were received, out of which 3127 met the inclusion criteria for
the final analysis. There were 1310 polls excluded from the study due to a lack of informed
consent for the study (n = 975), responses given by parents of children older than 18 years
old (n = 121), and incomplete data (n = 214).

The statistical analysis was carried out using the Statistica version 13 program (StatSoft,
Kraków, Poland). For nominal variables, to test differences between groups or relationships
between parameters, the chi-squared test of homogeneity or independence was used. The
statistically significant results were p < 0.05.

This study obtained approval of the Bioethics Committee of the Medical University
of Lublin (KE-0254/15/2021). All participants provided online informed consent prior to
survey initiation.

3. Results

Survey responses referred to 1662 (53%) boys and 1465 (47%) girls with age ranging
from 1 to 18 years old. The mean age of the children was 12.10 ± 3.40 years old; the median
was 12 years old. The majority of children lived in rural areas (n = 1603; 51.26%) and did
not suffer from any underlying medical condition (n = 2489; 79.59%). The most common
medical conditions in the study group were refractive errors (n = 245; 7.83%) and asthma
(n = 90; 2.88%). General characteristics of the study group are summarized in Table 1.
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Table 1. General characteristics of the study group.

Subject Number of Subjects (n) Percentage of Subject (%)

Sex
Girls 1465 47.00
Boys 1662 53.00

Age groups [years]
<3 20 0.64
3–6 146 4.67

7–11 1156 36.97
12–18 1805 57.72

Place of residence
Village 1603 51.26

City under 20,000 residents 414 13.24
City with 20,000 to 100,000 residents 793 25.36

City over 100,000 residents 317 10.14
Medical history

Children with chronic
disease 638 20.40

Children without chronic disease 2489 79.60

The vast majority of parents declared that children used their own electronic devices
(n = 2690; 86.00%). About one-third of respondents declared that they did not restrict access
to electronic devices for their children (n = 1019; 32.00%).

During a regular weekday, the majority of children (n = 2220; 71%) spent more than 4 h
on educational activities using electronics. During the weekend, 10.39% (325) of children
spent more than 4 h on educational activities using electronic devices. Figures 1 and 2
show the time spent in front of screens on educational activities and entertainment during
a regular weekday and weekend day. We also found an association between age and screen
time, presented in Table 2, i.e., the older the child was, the longer screen exposure was
reported. Answers of parents who denied that their children were using digital devices for
educational or recreational purposes were not analyzed in these particular areas. There
were 478 (15.29%) parents who declared that their children did not spend any time on
educational activity using electronic devices during regular weekdays, and 747 (23.89%)
during weekend days. There were 153 (4.92%) parents who declared that their children
did not use electronic devices for recreational activities during regular weekdays, and 176
(5.63%) during weekend days.

Parents declared that children ate from 1 to 8 main meals per day (mean 4.43), with
median 4.5. Moreover, 1788 (57%) of respondents declared that their children were eating
meals at consistent times. The vast majority of children were exposed to digital screens
during meals (n = 2782; 88.74%). Detailed analysis revealed that 345 (11.03%) children ate
meals while using electronic devices every day, 775 (24.78%) did several times during a
week, 1038 (33.20%) did several times during a month, and 617 (19.73%) rarely did. Another
finding was an association between screen time and the exposure to screens during eating
meals, as presented in Table 3. The longer screen time for educational and recreational
activities was associated with more frequent exposure to screens during meals.
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Figure 1. Screen time exposure during a regular weekday. Answers of parents who denied that their
children were using digital devices for educational (15.20%) or recreational (4.92%) purposes are
not presented.

 

Figure 2. Screen time exposure during a weekend day. Answers of parents who denied that their
children were using digital devices for educational (23.89%) or recreational (5.56%) purposes are
not presented.

Table 2. Screen time in relation to the age of children.

Age group

Screen Time on Educational Activities During a Weekday
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<3 years old 0 (0.00%) 0 (0.00%) 1 (0.05%)
3–6 years old 11 (5.16%) 3 (1.36%) 0 (0.00%)

7–11 years old 190 (89.20%) 149 (67.73%) 520 (23.47%)
12–18 years old 12 (5.63%) 68 (30.91%) 1695 (76.49%)

Statistical analysis Chi2 = 644.83; p < 0.001
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Table 2. Cont.

Age group
Screen time on educational activities during the weekend day

1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<3 years old 1 (0.08%) 0 (0.00%) 0 (0.00%)
3–6 years old 4 (0.31%) 3 (0.40%) 0 (0.00%)

7–11 years old 494 (37.68%) 152 (20.43%) 35 (10.77%)
12–18 years old 812 (61.94%) 589 (79.17%) 290 (89.23%)

Statistical analysis Chi2 = 130.67; p < 0.001

Age group
Screen time on recreational activities during the weekday

1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<3 years old 10 (0.74%) 2 (0.21%) 1 (0.15%)
3–6 years old 88 (6.48%) 25 (2.58%) 2 (0.31%)

7–11 years old 627 (46.17%) 338 (34.92%) 115 (17.77%)
12–18 years old 633 (46.61%) 603 (62.29%) 529 (81.76%)

Statistical analysis Chi2 = 245.74; p < 0.001

Age group
Screen time on recreational activities during the weekend day

1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<3 years old 10 (0.88%) 2 (0.19%) 1 (0.13%)
3–6 years old 56 (4.95%) 64 (6.00%) 4 (0.53%)

7–11 years old 506 (44.74%) 416 (39.02%) 168 (22.28%)
12–18 years old 559 (49.43%) 584 (54.78%) 581 (77.06%)

Statistical analysis Chi2 = 168.79; p < 0.001

Table 3. Association between the exposure to screen during meals and screen time.

Exposure to Screens
During Meals

Screen Time on Educational Activities During a Weekday
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

Every day 14 (6.57%) 17 (7.73%) 273 (12.31%)
Often (several times a

week) 38 (17.84%) 33 (15.00%) 616 (27.79%)

Sometimes (several times a
month) 70 (32.86%) 77 (35.00%) 734 (33.11%)

Rarely (less than once a
month) 52 (24.41%) 59 (26.82%) 396 (17.86%)

Never 39 (18.31%) 34 (15.45%) 198 (8.93%)
Statistical analysis Chi2 = 62.09; p < 0.001

Exposure to screens
during meals

Screen time on educational activities during a weekend day
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

Every day 136 (10.37%) 61 (8.20%) 81 (24.92%)
Often (several times a

week) 307 (23.40%) 217 (29.17%) 99 (30.46%)

Sometimes (several times a
month) 444 (33.84%) 282 (37.90%) 79 (24.31%)

Rarely (less than once a
month) 284 (21.42%) 124 (16.67%) 47 (14.46%)

Never 144 (10.98%) 60 (8.06%) 19 (5.85%)
Statistical analysis Chi2 = 98.51; p < 0.001

331



Nutrients 2022, 14, 2985

Table 3. Cont.

Exposure to screens
during meals

Screen time on recreational activities during a weekday
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

Every day 79 (5.82%) 95 (9.80%) 156 (24.11%)
Often (several times a

week) 239 (17.60%) 291 (30.03%) 235 (36.32%)

Sometimes (several times a
month) 499 (36.75%) 360 (37.15%) 147 (22.72%)

Rarely (less than once a
month) 339 (24.96%) 151 (15.58%) 78 (12.06%)

Never 202 (14.87%) 72 (7.43%) 31 (4.79%)
Statistical analysis Chi2 = 341.02; p < 0.001

Exposure to screens during
meals

Screen time on recreational activities during a weekend day
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

Every day 67 (5.92%) 75 (7.03%) 184 (24.40%)
Often (several times a

week) 191 (16.89%) 283 (26.52%) 276 (36.60%)

Sometimes (several times a
month) 377 (33.33%) 433 (40.58%) 193 (25.60%)

Rarely (less than once a
month) 315 (27.85%) 182 (17.06%) 76 (10.08%)

Never 181 (16.00%) 94 (8.81%) 25 (3.32%)
Statistical analysis Chi2 = 416.79; p < 0.001

There were 2410 (77%) children who reported eating snacks between main meals. The
most common types of snacks were fruits (n = 2170; 68.40%), cookies (n = 1247; 39.88%), and
crisps (n = 1100; 35.18%). Notably, one respondent might have given more than one answer.
The most common types of snacks eaten while using electronic devices are summarized in
Table 4.

Table 4. Types of snacks eaten while using electronic devices.

Type of Snacks Number of Responses * (n)
The Percentage

Contribution of Snacks (%)

Fruit 2170 69.40
Cookies 1247 39.88
Crisps 1100 35.18

Salty sticks 907 29.01
Vegetables 887 28.37
Chocolate 764 24.43

Bars 563 18.00
Delicacies 437 13.98

Salty peanuts 312 9.98
Sandwiches 188 6.01

Cereals with Milk 52 1.66
Popcorn 51 1.63
Yogurts 27 0.86

Other snacks 187 5.98
* One respondent could have given more than one answer.

Daily beverage consumption during screen time was reported in 309 (9.88%) children.
In 919 (29.40%) cases, parents reported that children consumed drinks while using devices
several times per week, and in 1505 (48.13%) cases, several times per month. The majority
of children and adolescents drank beverages while using electronic devices (n = 2733;
87.41%). The most common types of drinks chosen when using electronic devices were
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water (n = 2480; 79.31%), fruit juices (n = 1499; 47.94%), and tea (n = 1666; 53.28%). Types of
drinks consumed while using electronic devices are presented in Table 5. One respondent
may have given more than one answer.

Table 5. Types of beverages while using electronic devices.

Type of Beverage Number of Responses * (n)
The Percentage
Contribution of
Beverages (%)

Water 2480 79.31
Tea 1666 53.28

Fruit juices 1499 47.94
Carbonated drinks 558 18.80

Coffee 206 6.59
Energy drinks 109 3.49

Milk 47 1.50
Cocoa 60 1.92

Other drinks 133 4.25
* One respondent could have given more than one answer.

Parents reported that the mean time their children spent performing daily physical
activity during a regular weekday was 2.08 ± 1.8 h, with a median of 1.5 h. During a
weekend day, children spent 2.19 ± 1.7 h performing physical activity, with a median of
2 h.

There was a statistically significant relationship between screen time and the time
spent on physical activity (Table 6). Although the majority of children spend between 1 and
4 h daily on physical activity, children with longer screen time tend to be less physically
active. Even though the survey was taken during the COVID-19 pandemic, 55.5% of
respondents declared that their child was attending physical education classes. However,
one needs to remember that during lockdown, physical education classes in some schools
were conducted via online platforms.

Table 6. Association between daily physical activity and screen time.

Daily Time on
Physical Activity

Screen Time on Educational Activities During a Weekday
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<1 h 5 (2.43%) 18 (8.78%) 331 (15.64%)
1–2 h 135 (65.53%) 124 (60.49%) 1234 (58.32%)
2–4 h 35 (16.99%) 36 (17.56%) 353 (16.68%)
4–6 h 22 (10.68%) 18 (8.78%) 132 (6.24%)
>6 h 9 (4.37%) 9 (4.39%) 66 (3.12%)

Statistical analysis Chi2 = 37.94; p < 0.001

Daily time on
physical activity

Screen time on educational activities during a weekend day
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<1 h 159 (12.67%) 103 (14.63%) 61 (19.87%)
1–2 h 753 (60.00%) 409 (58.10%) 177 (57.65%)
2–4 h 221 (17.61%) 128 (18.18%) 36 (11.73%)
4–6 h 76 (6.06%) 47 (6.68%) 20 (6.51%)
>6 h 46 (3.67%) 17 (2.41%) 13 (4.23%)

Statistical analysis Chi2 = 18.57; p = 0.02
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Table 6. Cont.

Daily time on
physical activity

Screen time on recreational activities during a weekday
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<1 h 120 (9.40%) 107 (11.59%) 136 (21.97%)
1–2 h 793 (62.15%) 555 (60.13%) 337 (54.44%)
2–4 h 232 (18.18%) 170 (18.42%) 83 (13.41%)
4–6 h 84 (6.58%) 72 (7.80%) 40 (6.46%)
>6 h 47 (3.68%) 19 (2.06%) 23 (3.72%)

Statistical analysis Chi2 = 77.01; p < 0.001

Daily time on
physical activity

Screen time on recreational activities during a weekend day
1–2 h
n (%)

2–4 h
n (%)

>4 h
n (%)

<1 h 102 (9.44%) 98 (9.81%) 159 (22.08%)
1–2 h 652 (60.31%) 628 (62.86%) 397 (55.14%)
2–4 h 208 (19.24%) 175 (17.52%) 101 (14.03%)
4–6 h 82 (7.59%) 68 (6.81%) 44 (6.11%)
>6 h 37 (3.42%) 30 (3.00%) 19 (2.64%)

Statistical analysis Chi2 = 78.25; p < 0.001

Interestingly, 2728 (87.00%) of parents believed there is an age limit until which child
should not use electronic devices. Parents reported that the average age for adolescents
making independent decisions about spending time in front of screens was 15 years.

4. Discussion

The dynamic developments in technology over last decades resulted in a significant
increase in time spent using electronic devices by children [12]. Moreover, the COVID-19
pandemic exacerbated that trend [13]. A recent systematic review which performed a meta-
analysis revealed that during the COVID-19 pandemic, there was a significant elevation of
total screen time in 67% of children, and of recreational screen time in 60% of children [13].
The total screen time increased by 0.5 h per day (95% CI 0.3–0.9) in children younger than
5 years old, 0.9 h per day (95% CI 0.3–1.5) in adolescents aged 11 to 17 years old, and 1.4 h
per day (95% CI 1.1–1.7) in children aged 6 to 10 years old was reported [13]. There was also
an elevation of leisure screen time of 0.48 h daily (95%CI 0.29–0.67) in adolescents, 0.61 h
daily (95% CI 0.4–0.82) in young children, and 1.04 h daily (95% CI 0.77–1.3) in primary
aged children [13]. Moreover, there is also evidence for the decline in physical activity
in children during the global pandemic [14]. Thus, it appears that due to the lockdowns,
school closures and remote learning during the pandemic aggravated sedentary behaviors
even in the youngest children, while physical activity has decreased [13–16].

To the best of our knowledge, this is one of the first studies among parents of children
in all age groups which has evaluated the relationship between children’s digital screen
time and lifestyle behaviors during the COVID-19 pandemic in Poland. In the present
study, the vast majority of children used their own electronic device. During a regular
weekday, 70% children spent more than 4 h daily on educational activities using electronics,
and more than 40% spent more than 4 h daily on entertainment using electronic devices.
During weekends, electronic devices were used for more than 4 h daily on educational
activities by 10% of children, and on entertainment by almost 25% of children. In the
study group, unhealthy eating habits were revealed, i.e., the vast majority of children were
exposed to digital screens during meals and ate snacks between main meals. There was
an association between screen time and the exposure to screens during eating meals. The
median time spent performing physical activity was 1.5 h during weekdays and 2 h during
weekend days. There was also a significant relationship between daily screen time and
physical activity.
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In the current study, parents of preschool and school-aged children were included.
Not only did the majority of children spend more than 4 h daily using electronic devices for
educational activities, but a large proportion of them spent more than 2 h on entertainment-
based screen time per day. Results from this study are consistent with previous findings.
In a group of 166 children, Ferreira et al. showed that approximately 85% of children
under 2 years of age and 80% of infants were exposed to electronic devices. Moreover,
79% of them spent up to 1 h per day in front of screens [17]. Kaur et al. also found that
approximately 60% of children aged 2–5 years old had excessive screen time and did not
follow AAP recommendations [18]. Thus, it now appears almost implausible to comply
with recommendations on screen time for children [7,10,19,20].

Recent meta-analyses confirmed that a greater quantity of screen time is associated
with an increased risk of obesity [21–23]. This phenomenon may be explained by the
displacement of time for physical activity by screen-based sedentary behaviors [21,22,24].
Moreover, poor dietary habits, such as a higher intake of energy, more frequent consump-
tion of fast food and sweets, and lower intake of fiber, vegetables, fruit, and fish were
reported more often in children overexposed to digital devices [25,26]. One of the biggest
contemporary health concerns is overweight and obesity in the pediatric population, which
result from a lack of physical activity and unhealthy eating habits [27]. Notably, recent
research has shown that the risk of obesity is higher in children who spend more time
engaging in screen-based sedentary behaviors than in non-screen-based sedentary activi-
ties [28]. Sedentary digital media use in preadolescence was associated with an increased
risk of overweight three years later [29]. Alturki et al. posited that having a smartphone
was statistically significantly higher in a group of obese children than in children with
normal weight [30]. Moreover, it has been revealed that during the COVID-19 pandemic,
there was a trend in weight gaining, resulting in overweight and obesity in children and
adolescents, which mostly affected those who were aged between 2 and 6 years [31].

Moreover, excessive exposure to digital screens negatively affects the duration and
quality of sleep in childhood [21,22,32]. The link between screen time and poorer psy-
chomotor and cognitive development has been also revealed [21,33]. On the other hand,
although excessive screen time was associated with poorer language skills, the high-quality
use of media was beneficial for child language [34]. There are some data also suggesting an
association between screen time and the mental health of children and adolescents [21,22].

According to WHO guidelines, the median time spent performing physical activity in
children aged 5 to 17 years should be 60 min per day [35]. In the present study, the median
time for physical activity met WHO guidelines. Possible explanations of this finding may
be the fact that the majority of children attended physical education classes. However, one
needs to remember that during the lockdown, some of these school classes were conducted
via online platforms, which raises concerns about the quality of children’s physical activity
in these times.

A significant association was found between reduced physical activity and a long time
spent watching TV, as well as a long time spent in front of any screen [10,36]. Decreased
physical activity in school is associated with longer screen time. Moreover, lower physical
activity can be associated with spending more time in front of a screen at night [37]. Recent
studies have indicated that there is a correlation between screen addiction behaviors and de-
creased physical activity in young adolescents [10]. It is important to replace screen-based
sedentary behaviors with physical activity [3]. There are data which show decreases in
physical activity in children during the COVID-19 pandemic [16,29,38]. Comparable find-
ings were observed in Polish children in studies by Brzęk et al. and Łuszczki et al. [11,39].
It should be highlighted that only 30.77% of children met the WHO physical activity
guidelines before the COVID-19 pandemic [39].

In the current study, there was an association between screen time and physical
activity. Similar results were obtained in other studies. Mineshita et al. found that children
with a longer usage of electronic devices were more likely to spend less time on physical
activities [40]. The use of television screens for more than 2 h may be related with a
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reduction in physical fitness among juveniles as well [41]. On the other hand, however,
Dahlgren et al. did not find any correlation between screen time and physical activity in a
group of adolescents [42].

It is recommended that children should not use a digital screen during meals [2]. The
results of the current study revealed that most of the children were exposed to screens
during meals. This is a significant factor which may trigger obesity and eating disorders.
Using digital technologies that divert attention away from meal negatively affects eating
behavior and results in an excessive energy intake [43]. Moreover, children using digital
devices during meals tend to consume more junk food [44]. Yong et al. found that during
a week-long study, 85.3% of participants used a smartphone at least once during a meal,
with an average frequency of one in three meals where phones were used [45].

In the current study, there was an association between screen time and the frequency
of exposure to screens when eating meals. Kristo et al. also found a significant correlation
between children’s eating habits and the duration of tablet or smartphones use, but not
with computer use [46]. Result of the study by Robinson et al. confirmed the influence
of electronic devices on eating habits. It has been found that the more media devices
children use during mealtime, the poorer the quality of the food [47]. Falbe et al. noted
that longer screen time was associated with a lower consumption of vegetables and fruit,
and a greater consumption of sweets, fast food, sweetened drinks, and salty snacks [48].
The results of the ALADINO study revealed that excessive screen time is correlated with a
higher frequency of eating energy-dense and micronutrient-poor food, and a lower intake
of fruit and vegetables [49]. According to Watts et al., time spent in front of a screen
by adolescents was conducive to less healthy food choices [50]. Kelishadi et al. found
that children who spent time in front of a screen for more than 4 h per day were more
vulnerable to eating snacks compared with people with a daily screen time of less than
4 h [51]. Interestingly, in the present study, the majority of children ate snacks between
main meals, most commonly fruit.

The vast majority of children from the study group drank beverages while using
digital devices, mostly water, tea, and juices. Börnhorst et al. showed that one additional
hour of screen time increased the consumption of sugary soft drinks, diet soft drinks, and
flavored milk [52]. The cross-sectional Spanish study revealed that screen time exposure for
longer than 1 h can increase the frequency of sweets, fast food, and soft drink intake [53].

Most parents declared that their child used their own electronic device. Moreover, 87%
of parents believed there was an age limit until which child should not use electronic devices.
Parents reported that the average age at which children should make independent decisions
about spending time in front of screens is 15 years old. British recommendations also
highlight the need to set appropriate amounts of time for the independent use of electrical
devices by children. It is important that the limits are set by parents and children together,
and should be based on the child’s age. When limits are not respected, parents should
clearly define the consequences. Moreover, the content of screen time also matters [54]. The
question therefore arises as to what the best way is to educate parents on risks associated
with prolonged screen time to enable them making rational decisions in this matter.

Our study has some limitations, including the limited response rate. This may be
explained by the fact that the invitation to our study was sent indirectly to parents by
Educational Offices. There was also a significant proportion of partial surveys which could
not be used in the final analysis. Another limitation may be the fact that the study presents
self-reported data by parents of children. Moreover, caution should be exercised when
attempting to generalize the findings of the current study because it relates to an extreme
event: the global COVID-19 pandemic. However, despite these limitations, this study
identified important behaviors associated with screen time among children, which should
be corrected through evidence-based interventions and prevention strategies.
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5. Conclusions

In conclusion, screen time affects the lifestyle behaviors of children and adolescents.
This study revealed that the vast majority of children were exposed to screens during meals.
This behavior may increase risk of obesity due to higher energy intakes and the more
frequent consumption of junk food. Starting in early childhood to promote the judicious
use of digital devices and to build healthy dietary habits associated with the use of screens
may be an important component in obesity prevention strategies: not only during the
COVID-19 pandemic, but also in the future. Digital screen time may negatively affect
physical activity. There is a need to develop effective strategies to limit excessive screen
time and to promote healthy eating habits and physical activity in children. Understanding
the mechanisms behind the impact of screens on children’s physical activity and eating
habits may help to create targeted parental control plans, which could result in long-term
effects such as reducing the risk of obesity in the future.
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Abstract: Background: Due to changing household types and weakening of family functions, children
have fewer opportunities to develop healthy lifestyle patterns from contact with family members
compared to the past. In this paper, we evaluate the association between household type and
adolescents’ fast-food consumption, focusing on whether they were living with their parents or not,
and determine their reasons for not living with their parents. Methods: This cross-sectional study
analyzed data from the Korea Youth Risk Behavior web-based survey between 2017 and 2020. The
subjects were students in grades 7–12. The outcome variable was a frequency of fast-food intake of
≥5 times per week. The main independent variable was the type of household: (1) living with both
parents; (2) living with a single parent (one of father, mother, stepfather, stepmother); (3) not living
together, but having parents; and (4) having no parents. Results: Participants without parents were
more likely to eat fast food frequently than those living with both parents. Among boys, not having
parents and living in a dorm or boarding house or living with other family members or relatives were
significantly associated with frequent fast-food intake; among girls, not having parents and living in
a dorm or boarding house were significantly associated with frequent fast-food intake. Conclusion:
Adolescents having no parents have a higher risk of frequent fast-food intake than those living with
both parents. Further studies are needed to address household types in greater detail.

Keywords: household; fast food; adolescents; dietary behavior; family

1. Introduction

Consumption of fast food, such as instant noodles, hamburgers, pizza, fried foods, and
sugar-sweetened beverages, is reported to be higher in adolescents than in individuals of
other age groups [1]. Fast food is directly related to total energy intake and is reported as a
factor that degrades the quality of a diet [2–4]. As fast foods are commonly consumed with
soda, the risk of being overweight, risk of obesity, and the risk of consuming an unbalanced
diet may increase due to soda consumption [5,6]. Korean adolescents often eat out because
they spend a lot of time outside their homes for after-school academies [7]. As the food
industry grows and food choices available at convenience stores have become extensive,
children are being increasingly exposed to substantial amounts of fast food. Similar to
adolescents in other countries, the increasing dietary consumption of fast food (which is
convenient, low cost, and easily available) among adolescents in Korea has raised concerns
regarding nutritional imbalance and hindered growth and development [8]. The “Let’s
Move” program was launched in the US to fight childhood obesity and improve school
lunches in February 2010, and stated that “as fast food became our everyday meal, children
have been suffering from obesity and diabetes, which leads to several adult diseases” [1].
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Adolescents’ dietary behaviors are established through a complex interaction process
which involves both internal factors (such as food preference, availability, and appearance)
and external factors (such as the influence of parents, peers, and income level) [9]. If
their dietary behavior is inappropriate, the growth, development, and nutritional health
of adolescents, as well as their life-long health, may be permanently impaired [10,11].
Inappropriate dietary patterns formed in childhood tend to persist into adulthood, which
has a considerable effect on adults’ health and well-being [12–14]. Therefore, those family
members who share the largest proportion of childhood have an immense influence on
establishing adolescents’ dietary patterns.

Changes in household types are a global trend; the number of households composed
of couples and unmarried children in Korea has continually declined from 58.0% in 1990 to
29.1% in 2020, whereas the number of households comprising single parents has increased
from 8.7% in 1990 to 9.7% in 2020 [15,16]. In recent years, the proportion of households
composed of various configurations, such as grandparents-raising-grandchildren house-
holds (0.6%), no-children households (16.9%), and multicultural households (1.8%), has
been increasing [16]. Accordingly, the functions of the family have been downscaled. Due
to weakening of family functions and kinship, opportunities for children’s lifestyle patterns
to develop through observation, imitation, and learning from contact with family members
have been reduced [17].

Therefore, this study aimed to examine the association between household type and
adolescent fast-food consumption, focusing on whether they were living with their parents
as well as their reasons for not living with parents.

2. Materials and Methods

2.1. Data and Study Population

Data for this cross-sectional study were obtained from the Korea Youth Risk Behavior
Web-Based Survey (KYRBWS), which was conducted annually from 2017 to 2020 by the
Korea Centers for Disease Control and Prevention (KCDC). The requirement for ethics
approval from the KYRBWS was waived by the KCDC’s institutional review board in
accordance with the Bioethics and Safety Act of 2015 [18,19]. All data used in this study
are publicly available on the KYRBWS website [20]. The KYRBWS complied with the
Declaration of Helsinki [21], and all individuals who participated in the KYRBWS provided
informed consent.

The KYRBWS used an anonymous and self-administered structured questionnaire
with a complex research design that included multistage sampling, stratification, and
clustering. The KYRBWS used an online survey system that did not allow respondents to
proceed to the next section of the questionnaire unless all questions in the current section
were answered. Responses that had logical errors or were outliers (e.g., the respondent
incorrectly stated that he or she was younger than 12 years, and thus could not have been
included in the KYRBWS because of its grade-level criteria) were processed as missing val-
ues. The questionnaire comprised approximately 120 items across 15 categories, including
demographic characteristics and health-associated behaviors. The validity and reliability
of this survey have been confirmed previously [22,23]. Students in grades 7 to 12 were the
target population.

2.2. Variables

The outcome variable was the frequency of fast-food intake per week. All participants
answered the question, “How often have you eaten fast food in the last seven days?” A
frequency of never to four times a week was classified as “not eating often,” whereas more
than five to six times a week was classified as “eating frequently”.

The main independent variable was household type. The type of cohabitation with
parents was first evaluated by choosing all the current family members, then by additionally
asking whether they lived with their father (including stepfather) and whether their father
and mother (including stepmother) lived together. Family types were classified into
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four types according to whether they lived with their parents or not: (1) living with both
parents; (2) living with a single parent (one of father, mother, stepfather, stepmother); (3) not
living together but having parents; and (4) having no parents. For the secondary analyses,
the two groups not living with parents were divided into three subgroups based on whom
they lived with and where they lived: (1) living with other family members or relatives;
(2) living in a dorm or boarding house; and (3) living in an orphanage.

The covariates included the survey year (2017–2020), school grade (7–12), self-reported
economic status (low, middle, or high), residential areas (capital area, urban, or rural),
smoking status (yes or no), alcohol use (yes or no), body mass index (under-weight, normal,
or obese), physical activity (yes or no), and depressive symptoms (yes or no). Physical
activity was defined using the following question: in the last seven days, on how many
days has your heart rate increased more than usual or have you been out of breath due
to physical activity (regardless of type) for a total of 60 min or more per day? Depressive
symptoms were assessed using the following question: during the last 12 months, have
you felt sadness or despair that interrupted your daily life for at least two weeks?

2.3. Statistical Analysis

All analyses were conducted separately by sex to account for sex-specific differences
in dietary behavior. Differences in the frequency and proportion of the categorical variables
were evaluated using the χ2 test. Multiple logistic regression analysis was performed to
examine the association between household type and adolescents’ fast-food consumption
patterns, with adjustment for covariates to calculate the adjusted odds ratios (OR) and
95% confidential intervals (CI). All statistical analyses were performed using SAS software
version 9.4 (SAS Institute), and used weighted logistic regression to account for the popula-
tion’s representative, clustered, and stratified sampling design. The results were considered
statistically significant if the p-value was <0.05.

3. Results

A total of 245,839 students participated in the KYRBWS from 2017 to 2020. After
excluding participants with missing values (n = 59,562), the final study population was
186,277 students (56,767 students in 2017, 55,124 in 2018, 34,990 in 2019, and 39,396 in 2020).

This study included 186,227 adolescents (89,280 boys and 96,997 girls) (Table 1).
Among them, 3992 boys (4.5%) and 3505 girls (3.4%) reported consuming fast food five
times or more in the last seven days. Among boys, 74,992 (85.6%) lived with both parents,
12,016 (13.7%) lived with a single parent, 1477 (1.7%) had parents but were not cohabitating,
and 795 (0.9%) did not have parents. Among girls, 81,917 (85.3%) lived with both parents,
13,004 (13.5%) lived with a single parent, 1554 (1.6%) had parents but were not cohabitating,
and 522 (0.5%) did not have parents. Among boys, the frequency of fast-food consumption
was higher among those who did not have parents (9.1%) than among those living with
both parents (4.3%), living with a single parent (5.0%), and living apart from their parents
(5.1%). Among girls, the rate of fast-food consumption was higher among those who did
not have parents (7.3%) than among those living with both parents (3.5%), living with
a single parent (4.1%), and living apart from their parents (4.5%). Generally, both boys
and girls had significantly different characteristics. However, there were no statistically
significant regional differences in either boys or girls, or in physical activity among boys.

Participants who had no parents were more likely to eat fast food frequently than
those who were living with both parents (boys: OR, 2.00, 95% CI, 1.52–2.62; girls: OR, 1.58,
95% CI, 1.09–2.30) (Table 2). The probability of frequent fast-food intake was increased
among those who were living with a single parent (boys: OR, 1.08, 95% CI, 0.98–1.19; girls:
OR, 1.03, 95% CI, 0.93–1.15) or living apart from their parents (boys: OR, 1.04, 95% CI,
0.80–1.35; girls: OR, 1.18, 95% CI, 0.89–1.62), although it was not statistically significant.
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Table 2. Results of factors associated with fast food intake.

Variables

Frequent Fast-Food Intake

Boys Girls

OR 95% CI OR 95% CI

Type of household
Living with both parents 1.00 1.00
Living with single parent 1.08 (0.98–1.19) 1.03 (0.93–1.15)
Living apart from parents 1.04 (0.80–1.35) 1.18 (0.89–1.62)

No parents 2.00 (1.52–2.62) 1.58 (1.09–2.30)
Grade

Middle school 1st 0.89 (0.78–1.01) 0.83 (0.72–0.95)
2nd 1.00 (0.87–1.14) 0.96 (0.84–1.10)
3rd 1.10 (0.97–1.25) 1.04 (0.91–1.18)

High school 1st 1.06 (0.94–1.20) 0.92 (0.81–1.05)
2nd 0.96 (0.85–1.08) 1.07 (0.95–1.22)
3rd 1.00 1.00

Income
High 1.00 1.00

Middle 0.90 (0.90–0.97) 0.96 (0.88–1.05)
Low 1.01 (1.01–1.13) 1.16 (1.03–1.30)

Region
Capital area 1.00 1.00

City area 1.03 (0.95–1.11) 0.99 (0.92–1.08)
Rural 1.00 (0.85–1.19) 0.86 (0.72–1.02)

Smoking
Yes 1.69 (1.52–1.89) 1.61 (1.36–1.90)
No 1.00 1.00

Alcohol use
Yes 1.24 (1.12–1.37) 1.37 (1.22–1.53)
No 1.00 1.00

BMI
Obese 1.14 (1.05–1.25) 1.32 (1.21–1.44)

Normal 1.00 1.00
Underweight 0.89 (0.81–0.97) 0.99 (0.87–1.13)

Physical activity
Yes 1.00 1.00
No 1.03 (0.93–1.15) 1.07 (0.98–1.16)

Depressive symptom
Yes 1.49 (1.37–1.61) 1.74 (1.61–1.88)
No 1.00 1.00

Year
2017 1.00 1.00
2018 1.04 (0.94–1.15) 1.17 (1.05–1.30)
2019 1.36 (1.22–1.51) 1.31 (1.17–1.47)
2020 1.37 (1.23–1.52) 1.26 (1.12–1.41)

In subgroup analyses stratified by covariates, boys without parents had a strong
association with frequent fast-food intake when they lived in a low- (OR, 2.60, 95% CI,
1.67–4.07) or high -income household (OR, 1.81, 95% CI, 1.16–2.83) in 2017 (OR, 2.35, 95%
CI, 1.50–3.70) and in 2018 (OR, 2.26, 95% CI, 1.47–3.47) (Table 3). Boys living with a single
parent in a high-income household had an increased risk of frequent fast-food intake (OR,
1.22, 95% CI, 1.02–1.46). Among girls without parents, there was a strong association
with frequent fast-food intake when they had a low (OR, 2.13, 95% CI, 1.24–3.64) or high
household income (OR, 2.30, 95% CI, 1.11–4.80).

Table 4 shows the secondary analyses regarding whom the participants were living
with and where they were living for participants not living with their parents. Boys who did
not have parents and were living in a dorm or boarding house (OR, 4.58, 95% CI, 2.27–9.23)
or living with other family members or relatives (OR, 1.85, 95% CI, 1.36–2.53) demonstrated
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a significant association with frequent fast-food intake compared to those living with both
parents. For girls, those who did not have parents and were living in a dorm or boarding
house (OR, 4.40, 95% CI, 1.75–11.08) had a significant association with frequent fast-food
intake compared to those living with both parents. Generally, participants living in other
types of households had an increased risk of frequent fast-food intake compared to those
living with both parents, although the statistical significance was marginal. Boys who
lived apart from their parents with other family members or relatives and girls who lived
apart from their parents in an orphanage had a decreased risk of frequent fast-food intake,
although the statistical significance was again marginal.

Table 3. The results of subgroup analysis stratified by independent variables.

Variables

Frequent Fast Food Intake

Living with
Both Parents

Living with Single Parent Living Apart from Parents No-Parents

OR OR 95% CI OR 95% CI OR 95% CI

Boys
Income

High 1.00 1.22 (1.02–1.46) 1.10 (0.65–1.87) 1.81 (1.16–2.83)
Middle 1.00 1.01 (0.87–1.18) 0.92 (0.61–1.38) 1.64 (0.96–2.78)
Low 1.00 1.04 (0.85–1.27) 1.18 (0.75–1.85) 2.60 (1.67–4.07)

Year
2017 1.00 1.07 (0.89–1.27) 1.29 (0.81–2.06) 2.35 (1.50–3.70)
2018 1.00 0.93 (0.75–1.15) 0.74 (0.42–1.30) 2.26 (1.47–3.47)
2019 1.00 1.18 (0.95–1.47) 1.19 (0.74–1.92) 1.89 (0.93–3.83)
2020 1.00 1.20 (1.00–1.45) 0.90 (0.51–1.59) 0.71 (0.25–2.04)

Girls
Income

High 1.00 1.22 (0.99–1.51) 1.61 (0.94–2.74) 2.30 (1.11–4.80)
Middle 1.00 0.97 (0.83–1.13) 0.99 (0.64–1.52) 0.62 (0.31–1.23)
Low 1.00 0.99 (0.82–1.21) 1.13 (0.69–1.84) 2.13 (1.24–3.64)

Year
2017 1.00 0.90 (0.72–1.12) 1.07 (0.62–1.84) 1.21 (0.53–2.77)
2018 1.00 0.90 (0.74–1.10) 0.94 (0.56–1.59) 1.93 (0.98–3.82)
2019 1.00 1.23 (0.99–1.51) 1.07 (0.56–2.05) 1.54 (0.85–2.79)
2020 1.00 1.18 (0.95–1.46) 1.90 (1.11–3.25) 1.52 (0.63–3.67)

Table 4. Results of factors associated with fast food intake.

Variables

Frequent Fast Food Intake

Boys Girls

OR 95% CI OR 95% CI

Type of household
Living with both parents 1.00 1.00
Living with single parent 1.08 (0.98–1.19) 1.03 (0.93–1.15)
Living apart from parents

Living with family or relative 0.93 (0.66–1.30) 1.23 (0.88–1.71)
Living in dormitory or boarding house 1.15 (0.74–1.78) 1.15 (0.70–1.89)
Living in orphanage 2.07 (0.84–5.12) 0.69 (0.27–1.73)

No parents
Living with family or relative 1.85 (1.36–2.53) 1.17 (0.73–1.88)
Living in dormitory or boarding house 4.58 (2.27–9.23) 4.40 (1.75–11.08)
Living in orphanage 1.20 (0.49–2.99) 2.17 (0.94–4.99)

Subsequently, sensitivity analyses were conducted to confirm the robustness of the
results regardless of the changing definition of frequent fast-food intake (Figure 1). In
analyses with various cut-offs for defining the frequency, participants who lived with
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a single parent, apart from their parents, or who had no parents had an increased risk
of frequent fast-food intake, except in the analysis of ever versus never fast-food intake.
Although the statistical significance was marginal in a few analyses, participants who did
not have parents had the highest risk of frequent fast-food intake in most analyses.

 

Figure 1. Results of sensitivity analysis by defining fast food intake. All covariates were adjusted.
OR: Odds ratio; 95% CI: 95% Confidential Intervals.

4. Discussion

After adjusting for demographic, socio-economic, and health behavior factors, ado-
lescents who did not have parents had a higher risk of frequent fast-food intake than
those who lived with both parents. Among adolescents without parents, boys living in
a dorm or boarding house or living with other family members or relatives as well as
girls living in a dorm or boarding house had a notable association with frequent fast-food
intake. Furthermore, regardless of the various definitions of frequency of fast-food intake,
adolescents without parents were the most likely to consume fast-food.

In line with our study findings, the findings of previous studies have shown that
parents play an instrumental role in establishing adolescents’ dietary behavior. Family,
especially parents, are the first subjects whose behavior is mirrored after birth by their
children. Moreover, they are the individuals who the children imitate before they are
old enough to attend a day care center. Children learn mainly through observation and
imitating what they observe. Therefore, parents’ words and deeds have a deep and subtle
impact on children, and have a long-term impact on their adult life [17]. In a functioning
family [24] or when children are involved in family meal preparation [25], children’s dietary
behaviors are more likely to be healthier. Both parents and grandparents play an influential
role in the development of healthy dietary behavior.
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In an Australian study, grandparents helping with childcare were found to play
a role in preventing obesity-related behavior in young children by restricting access to
certain foods, allowing grandchildren a high degree of input and control when planning
mealtimes and food choices, and providing more encouragement of a balanced dietary
intake compared to parents [26]. Grandparents can play the role of surrogate parents
on behalf of children’s real parents due to changes in household types, such as double
income families, single-parent families, grandparents-raising-grandchildren families, and
sibling-breadwinner families. Because of data limitations, we could not identify more
detailed household types. However, we assume that certain factors, such as help from
other family members or surrogate guardians on behalf of the parents, might influence
the results in the analysis of household types. Further studies are needed to investigate
household types in greater detail.

A previous study has reported that single-parent families are associated with a higher
probability of an unbalanced diet than both-parent families. Due to the absence of dietary
management by parents, children’s meals are more likely to be replaced by fast food.
In particular, in low-income households, irregular food intake such as binge eating and
excessive intake of low-nutritional and high-calorie foods such as fast food and snacks
were shown to be prevalent due to neglect by parents or guardians [27]. The higher risk of
frequent fast-food intake among adolescents without parents found in our study might be
explained by the absence of dietary management and neglect by parents or guardians.

Considering that adolescents in low-income households, especially adolescents with-
out parents, are more likely to eat fast food, we speculated that adolescents in orphanages
would be more likely to eat fast food than those living with family or living in a dorm
due to their limited financial capacity to choose healthy foods. However, adolescents
without parents and living in a dorm or boarding house were strongly associated with
frequent fast-food intake. Care providers’ supervision of eating behavior might be an
explanation. In residential care facilities for children, regulations and supervision by the
staff have an impact on the children’s dietary patterns [28,29]. On the other hand, living in
a dorm surrounded by peers might be associated with an increase in fast-food intake due
to inexpensive price, better accessibility, and less supervision by guardians [30].

In Korea, a “children’s meal card” (called the “Kkum-namu card”) has been provided
to children from low- income, single-parent, or near-poor families beginning in 2009,
allowing them to have meals outside of school whenever have not eaten school meals [31].
It has been pointed out that the minimum amount of one meal with the “Children’s meal
card” is USD 3; this amount was very low for an appropriate meal, even in 2017. It was
not enough to have a meal at restaurants, and was only enough for instant noodle cups or
snacks in convenient stores. Hence, the minimum amount was increased to approximately
4 dollars in 2018 and then to 5, which was graded by age, in 2020. However, boys who were
living with a single parent and girls who were living apart from parents in 2020 continued
to have a higher risk of frequent fast-food intake in our study. Furthermore, to the best
of our knowledge there is no evidence to show that the revised minimum amount of the
“children’s meal card” is sufficient to reduce these children’s food insecurity. Therefore,
further studies that examine the effect of the “children’ meal card” on children’s healthy
and balanced diets are needed. Furthermore, more practical revisions or initiatives should
be implemented to guarantee a well-balanced diet that reflects real-world costs.

This study has limitations. We could not identify the direction of the associations or
establish causality, although appropriate methods were used to mitigate these limitations.
Furthermore, the KYRBWS data were collected anonymously online and self-reported,
which may have resulted in misclassification or biased results. Because the KYRBWS
assessed cohabitation only with parents, not with grandparents or siblings, we could not
evaluate whether the type of main guardian (i.e., grandparents, brother or sister, or other)
was associated with fast-food intake among adolescents not living with their parents. In
addition, certain associations had wide 95% CI or marginal statistical significance due to
the small sample size, especially among those not living with parents.
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Despite these limitations, this study identified the effect of both the household type
and of the individuals adolescents were living with and where they were living on the
frequency of fast-food intake. Furthermore, the multiyear national survey data (2017–2020)
were obtained from approximately 186,000 adolescents based on random cluster sampling,
ensuring that the results were sufficiently representative of Korean adolescents [32].

In this cross-sectional study, adolescents who did not have parents had a higher risk
of frequent fast-food intake than those who lived with both parents. Among adolescents
without parents, boys living in a dorm or boarding house or living with other family
members or relatives and girls living in a dorm or boarding house had a notable association
with frequent fast-food intake. In analysis with various definitions of frequency of fast-food
intake, adolescents without parents were the most likely to consume fast food. These
findings suggest that the type of household and cohabitation are associated with the
frequency of fast food intake among adolescents. This research can provide evidence
related to healthy dietary patterns among Korean adolescents. Consideration should be
paid to the person(s) with whom they were living with and where they were living when
conducting future research, as well as when revising public policies regarding well-balanced
diets for children.
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Abstract: Children with asthma are at risk of acute exacerbations triggered mainly by viral infections.
A diet high in fruit and vegetables (F&V), a rich source of carotenoids, may improve innate immune
responses in children with asthma. Children with asthma (3–11 years) with a history of exacerbations
and low F&V intake (≤3 serves/d) were randomly assigned to a high F&V diet or control (usual diet)
for 6 months. Outcomes included respiratory-related adverse events and in-vitro cytokine production in
peripheral blood mononuclear cells (PBMCs), treated with rhinovirus-1B (RV1B), house dust mite (HDM)
and lipopolysaccharide (LPS). During the trial, there were fewer subjects with ≥2 asthma exacerbations
in the high F&V diet group (n = 22) compared to the control group (n = 25) (63.6% vs. 88.0%, p = 0.049).
Duration and severity of exacerbations were similar between groups. LPS-induced interferon (IFN)-γ
and IFN-λ production showed a small but significant increase in the high F&V group after 3 months
compared to baseline (p < 0.05). Additionally, RV1B-induced IFN-λ production in PBMCs was positively
associated with the change in plasma lycopene at 6 months (rs = 0.35, p = 0.015). A high F&V diet
reduced asthma-related illness and modulated in vitro PBMC cytokine production in young children
with asthma. Improving diet quality by increasing F&V intake could be an effective non-pharmacological
strategy for preventing asthma-related illness by enhancing children’s innate immune responses.

Keywords: childhood asthma; innate immunity; fruit and vegetables; carotenoids

1. Introduction

Asthma is the most prevalent chronic childhood disease, ranking among the top
20 conditions worldwide for disability-adjusted life years in children [1]. Children with
asthma frequently experience exacerbations [2]. Acute asthma exacerbations are the pri-
mary cause of urgent healthcare visits, hospitalisations, mortality, and incur significant
treatment costs [2]. Respiratory virus infections are the most common cause of asthma
exacerbations in children [3], with rhinoviruses (RVs) being the most common cause of
virus-associated exacerbations in children over the age of 3 years [4]. RV infection provokes
asthma symptoms and can also impair lung function in patients with asthma [5]. Other
environmental factors such as bacterial infection and allergen exposure play an essential
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role in asthma exacerbations. Several studies have shown a consistent relationship between
levels of household lipopolysaccharide (LPS) and house dust mite (HDM) exposure [6]
with asthma exacerbations [7–9].

Asthma is usually managed using inhaled corticosteroids (ICS); however, viral-induced
exacerbations can occur despite ICS treatment in children with asthma [10,11]. One pro-
posed non-pharmacological, adjuvant therapeutic approach to prevent and manage asthma
is increasing the dietary intake of fruit and vegetables, a strategy that has been reported by
the European Academy of Allergy and Clinical Immunology (EAACI) to decrease asthma
incidence, particularly in children [12]. Fruit and vegetables are high in antioxidants and anti-
inflammatory phytochemicals, including carotenoids (e.g., lutein, lycopene, β-cryptoxanthin,
α-carotene and β-carotene) and other biologically active substances [13]. Dietary antioxidants
can scavenge reactive oxygen species (ROS) [14], which are increased in the airways of patients
with asthma [15], and thus, inhibit nuclear factor-kappa B (NFκB)-mediated inflammation [14].
However, this capacity is reduced following a low F&V diet [16].

Many epidemiological studies have shown that total fruit and vegetable (F&V) in-
take is inversely associated with the risk of asthma [17,18] and wheezing [19–21] and
is positively associated with lung function [22,23]. Indeed, our previous meta-analyses
showed inverse associations between fruit consumption and risk of prevalent wheeze and
asthma severity [24]. Similarly, vegetable intake was inversely associated with the risk of
asthma [24]. Extending these observations, in our previous randomised control trial (RCT)
conducted in 137 adult patients with asthma, we demonstrated that those assigned to a
low versus a high F&V diet (<3 vs. ≥7 serves of F&V per day) for 14 weeks had a 2.26-fold
increased risk of an asthma exacerbation [25].

This study reports secondary findings from an RCT that delivered a 6-month dietary
intervention to increase F&V intake in children with asthma [26]. We have previously
demonstrated that high F&V diet for 6 months did not prevent exacerbations, though it
was associated with improvements in lung function [26]. In this study, we aimed to extend
our previous findings, hypothesising that a high F&V diet would protect children with
asthma from exacerbations via enhancing innate immune responses.

2. Materials and Methods

2.1. Study Design and Participants

The complete study design and methodology have been described previously [26].
Participants were recruited via attendance to the emergency department or admission to the
John Hunter Children’s Hospital, Newcastle, Australia, and Maitland Hospital, Newcastle,
Australia, following an asthma exacerbation, from September 2015 to July 2018.

Children aged 3–11 years were eligible if they had a physician diagnosis of asthma; recent
exacerbation/s (≥1 exacerbation in the preceding 6 months or ≥2 in the past 12 months); stable
asthma at the initial clinic visit (defined as no change in asthma medications, unscheduled
medical visit for asthma, use of OCS or antibiotics in preceding 4 weeks); consuming ≤3
serves of F&V per day (assessed over the past week); willingness and ability to attend clinic
appointments; desire to comply with proposed dietary changes; and agreement to collect blood
samples for research purposes at clinic visits. Exclusion criteria included other respiratory
conditions, diagnosed intestinal disorders, or consumption of nutritional supplements (in the
previous 4 weeks).

Subjects randomly assigned to the high F&V diet were encouraged to meet age-
appropriate Australian Dietary Guideline (ADG) recommendations for F&V serves/day [27].
The participants in the control group, blinded to the study hypothesis, continued their
usual diet (≤3 serves/d F&V).

Food hampers were provided according to group allocation: the high F&V group
received fortnightly food hampers, which included a selection of fresh and frozen fruit
and vegetables, while the control group received monthly food baskets, which included
a selection of carbohydrate-based foods, low in soluble fibre and antioxidants (bread,
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rice, pasta, cereal). The hampers were tailored to the subject’s preferences, within the
requirements of the dietary intervention.

Adherence was assessed by 24-h food recalls [27] collected at each clinic visit and
during fortnightly telephone calls.

Children were screened to ensure they did not have any symptoms of cold/flu at
the time of sample collection. The study was approved by the Hunter New England
Ethics Committee (15/06/17/4.03) and registered with the University of Newcastle Human
Research Ethics Committee. Written informed parental consent, and child assent (where
applicable) was obtained before participation in the study. The children and their fam-
ilies were given an information brochure on general healthy eating for their age and a
personalised consultation with a dietitian at the end of the trial.

2.2. Outcomes

The primary outcomes of this trial have been reported previously [26]. The secondary
outcomes of this study included frequency of respiratory-related adverse events, severity
and duration of asthma exacerbations, viral detection in nasal swabs collected during
asthma-related events, and in-vitro cytokine production in PBMCs treated with different
stimuli.

2.3. Clinical Assessment

Detailed methods of clinical assessments are reported elsewhere [26]. Briefly, at
baseline, 3 months (±2 weeks) and 6 months (±2 weeks), all participants fulfilling the
inclusion criteria attended the clinic at the Hunter Medical Research Institute, Newcastle,
Australia, for clinical assessment and blood collection following a 12-h overnight fast.

2.4. Asthma Exacerbations and Upper Respiratory Tract Infection

Parent-reported asthma-related illness was categorised into three groups, based on
the child’s symptoms and signs: (1) exacerbation: a parent-reported asthma exacerbation
alone without the presence of upper respiratory tract infection (URTI) symptoms; (2) URTI:
a parent-reported URTI alone (runny/congested nose, sore throat, earache, sneezing, with
or without fever), with no change in asthma symptoms; and (3) exacerbation with URTI: a
parent-reported increase in cough, wheeze or shortness of breath with suspected URTI.

At the time of a suspected URTI or asthma exacerbation, the parent/guardian was
asked to complete the validated Asthma flare-up diary for young children (ADYC) ques-
tionnaire to document the presence, duration and severity of an asthma exacerbation [28].
Parents were also instructed to collect a nasal swab at the onset of an asthma exacerbation
or a suspected URTI (no later than day one or two of symptoms). For additional details,
please see this article’s Supplementary Materials (Supplementary File S1).

2.5. Laboratory Methods
2.5.1. Carotenoid Analysis

High-Performance Liquid Chromatography (HPLC) was used to measure plasma
carotenoid concentrations using Agilent 1200 Series HPLC with Chemstations software
(Agilent Corporation, Waldbronn, Germany) as described previously [29,30].

2.5.2. Identification of Respiratory Viruses in Nasal Samples

Viral RNA was extracted from 140 μL of each nasal sample using the QIAamp Viral
RNA Mini Kit (Qiagen, Australia), following the manufacturer’s instructions [31]. Samples
were then stored at −80 ◦C until the qPCR assays were performed. For additional details,
please see this article’s Supplementary Materials (Supplementary File S1).

2.5.3. PBMC Isolation and Culture

PBMCs were isolated from whole blood by density gradient method [32] using Ficoll-
PaqueTMPLUS (GE Healthcare, Sydney, Australia) and cultured with and without RV1B,
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LPS or HDM for 48 h. For additional details, please see this article’s Supplementary
Materials (Supplementary File S1).

2.5.4. Cytokine Assays

Cell culture supernatant concentrations of IFN-γ, IL-1β and IL-6, were analysed using
a bead-based multiplex assay (BD Bioscience, Sydney, Australia), and IFN-λ concentrations
were measured using high-sensitivity commercial ELISA assays (R&D Systems, Sydney,
Australia) as per the manufacturer’s recommendations. For additional details, please see
this article’s Supplementary Materials (Supplementary File S1).

2.6. Statistical Analysis

To evaluate the true, undiluted, effect of the 6-month F&V intervention, a complete
case per-protocol analysis (PPA) was completed, excluding intervention group subjects who
consumed below ADG F&V serves in ≥four 24-h food recalls (n = 2). Data were reported
as mean ± standard deviation or median [interquartile range]. Significant differences
between groups were determined using an independent t-test (parametric data), the Mann–
Whitney U-test, or the Wilcoxon signed-rank test as appropriate (non-parametric data).
Group differences in change from baseline during the intervention were analysed using
linear mixed models (LMMs) with group (intervention or control) and time (treated as
categorical with levels at baseline (0 months), 3 and 6 months). LMMs were adjusted
for the number of hospitalisations in the previous 12 months, and random effects were
specified for time. LMMs use all data available at each time point; therefore, missing data
imputation was not undertaken. Group differences in ADYC scores from baseline during
the intervention were analysed using LMM adjusted for maintenance ICS use, accounting
for multiple events per child. Pearson’s chi-squared and Fisher’s exact tests (two-tailed)
were used to compare virus detection rates in nasal samples from both groups. Linear
correlation between variables was measured using the Pearson product-moment correlation
coefficient (r) or Spearman rank correlation (rs), as per distribution. Statistical analyses
were performed using STATA 15 (StataCorp, College Station, TX, USA). Significance was
accepted when p < 0.05.

3. Results

3.1. Subjects’ Characteristics

Sixty-seven children (median age of 5 (3, 7) years) with stable asthma were randomised
to the high F&V diet (n = 33) or control group (n = 34). Of these, 16 subjects were either
lost to follow-up or withdrew, with two excluded due to non-adherence to the dietary
intervention. Forty-seven participants (intervention n = 22, control n = 25) were included
in the per-protocol analysis (Figure S1).

Compared to the control group, significantly more individuals in the intervention
group were exposed to tobacco smoke in-utero (p = 0.015), and they had ≥1 hospital
admission for asthma in the previous 12 months (p = 0.027); all other baseline characteristics
did not differ between groups (Table 1). Medication use in the last 12 months was also
similar between groups (Table 2).
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Table 1. Baseline demographics and clinical characteristics.

Baseline Characteristic Intervention n = 22 Control n = 25 p

Age (years), median (range) 5 (3–10) 5 (3–11) 0.827
Age 3–6 years, n (%) 17 (77) 18 (72)

0.747Age 7–11 years, n (%) 5 (23) 7 (28)
Sex (Male: Female) 15:7 19:6 0.550
Race: White, n (%) 17 (77.3%) 20 (80.0%) 0.303

Height (cm), mean ± SD 117 ± 14 116 ± 16 0.988
Weight (kg), median (IQR) 21.6 (16.9, 25.1) 21.4 (16.9, 26.6) 0.664
BMI z-score, mean ± SD 0.1 ± 1.3 0.1 ± 1.4 0.922

BMI percentile, mean ± SD 49.4 ± 32.8 54.7 ± 32.4 0.623

Risk factors, n (%)
Current food allergy 6 (27) 5 (20) 0.557
History of Eczema # 16 (73) 12 (48) 0.085

History of Hay fever ˆ 16 (73) 12 (48) 0.085
Asthma in first degree relative * 15 (68) 16 (64) 0.592

Maternal Asthma 7 (32) 8 (32) 0.923
Paternal Asthma 6 (27) 10 (40) 0.418

Family history of Eczema 11 (52) 17 (68) 0.280
Family history of Hay fever 18 (86) 21 (84) 0.872
In-utero tobacco exposure † 5 (23) 0 0.015

Passive smoke exposure at home 3 (14) 1 (4) 0.318

Morbidity in previous 12 months
ED visits for asthma, mean ± SD 1.7 ± 1.0 1.6 ± 0.9 0.672
≥1 hospital admission, n (%) 16 (73) 10 (40) 0.027

Hospitalisations, median (IQR) 1 (0,1) 0 (0, 1) 0.142
BMI z-scores and percentiles were calculated with reference to the Centre for Disease Control and Prevention
2000 Growth Charts. # Based on parental response to “Has your child ever had eczema?” ˆ Based on parental
response to “Has your child ever had a problem with sneezing, or a runny or blocked nose when he/she DID
NOT have a cold or the flu?”. * Based on parental response to “Has anyone in the child’s immediate family
ever had asthma? (Including mother, father or direct siblings)”. † Based on parental response to “Does anyone
living in the child’s immediate home (where the child spends more than half of his/her time) smoke, even if
he/she smokes outside?” Difference between groups analysed by the Wilcoxon Rank sum test (non-parametric
data), two-sample t-test (parametric data) or Pearson’s Chi-squared test/Fisher’s exact test (testing equality of
proportions) where appropriate. p < 0.05 considered statistically significant. Values in bold indicate statistically
significant results. Abbreviations: IgE, immunoglobulin E; IQR, interquartile range; BMI, body mass index; ED,
emergency department.

Table 2. Medication at baseline and in the previous 12 months.

Type of Medication Intervention n = 22 Control n = 25 p-Value

Short courses of OCS, median (IQR) 3 (1, 4) 2 (1, 4) 0.974
≥2 Short courses of OCS, n (%) 17 (68) 13 (59) 0.526
ICS or ICS/LABA ever, n (%) 16 (73) 14 (56) 0.234

ICS intermittent, n (%) * 1 (5) 5 (20) 0.194
ICS maintenance, n (%) ˆ 13 (59) 8 (32) 0.062

ICS/LABA maintenance, n (%) ˆ 2 (9) 1 (4) 0.593
ICS dose, beclomethasone equiv.,

median (IQR) 400 (200, 400) 400 (200, 500) 0.573

Montelukast, n (%) 4 (18) 5 (20) 1.000
SABA only, n (%) 4 (18) 9 (36) 0.207

Intranasal CS, n (%) 3 (14) 3 (12) 1.000
ˆ Reported to have been taken for most of the previous 12 months. Difference between groups analysed by the
Wilcoxon Rank sum test (non-parametric data) or Pearson’s Chi-squared test/Fisher’s exact test (testing equality
of proportions) where appropriate. p < 0.05 considered statistically significant. Abbreviations: IQR, interquartile
range; OCS, oral corticosteroids; ICS, inhaled corticosteroids; LABA, long-acting β2-agonist; SABA; short-acting
β2-agonist; CS, corticosteroid. * Reported to have been taken intermittently or on an as-needed basis.
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3.2. Changes in Fruit and Vegetable Intake and Plasma Carotenoids

Efficacy of intervention has been reported previously [26]. F&V consumption over the
trial duration was significantly higher in the intervention group than in the control group
(p < 0.001), with no significant between-group difference detected at baseline. Similarly,
after 3 and 6 months, there was a significant change in plasma carotenoid levels (as an
objective biomarker of F&V intake) between groups, with no significant between-group
difference observed at baseline [26].

3.3. Frequency and Severity of Asthma-Related Events

The high F&V diet group had significantly fewer subjects with 2 or more asthma
exacerbations and URTI during the 6-month intervention (88.0% versus 63.6%, p = 0.049;
Table 3). The frequency of reported exacerbations, URTI, and exacerbations with URTI was
similar between the two groups (p > 0.05).

Table 3. Frequency of asthma exacerbations and upper respiratory tract infections reported by parent
during the 6-month intervention study.

Event Type

Intervention
(n = 22)

Control
(n = 25) p-Value

n % n %

All Events (1+2+3)

None 2 9.0% 0 0% 0.214
1 or more 20 91.0% 25 100% 0.214
2 or more 14 63.6% 22 88% 0.049

Exacerbations (1)

None 12 54.6% 12 48% 0.654
1 or more 10 45.4% 13 52% 0.654
2 or more 5 22.7% 3 12% 0.446

URTI (2)

None 14 63.6% 13 52% 0.421
1 or more 8 36.4% 12 48% 0.421
2 or more 3 13.6% 6 24% 0.470

Exacerbations with URTI (3)

None 5 22.7% 4 16% 0.715
1 or more 17 77.3% 21 84% 0.715
2 or more 10 45.5% 15 60% 0.319

Exacerbation defined as increase in cough, wheeze or shortness of breath. Upper respiratory tract infection defined as
a cold (runny/congested nose, sore throat, earache, sneezing, with or without fever). Exacerbations (1): Number
of subjects who had asthma exacerbation alone, without any sign of respiratory infection. Upper respiratory tract
infection (2): Number of subjects who had URTI alone with no change in asthma symptoms. Exacerbations with
URTI (3): Number of subjects who had asthma exacerbation with suspected URTI symptoms. Difference between
groups analysed using Pearson’s Chi-squared test/Fisher’s exact test (expected cell values < 5) where appropriate.
Values in bold indicate statistically significant results.

A total of 135 ADYC diaries were completed and returned (intervention n = 20,
73 events; control n = 22, 62 events) with 71 valid ADYC exacerbation events included
in analysis (intervention n = 18, 34 events; control n = 18, 37 events). No significant
group difference was observed in the severity, duration, or use of β2-agonists or OCS for
exacerbations recorded by parents using the ADYC (Table 4).
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Table 4. Severity and duration of Asthma exacerbation (with and without upper respiratory tract
infections) reported by parent during the 6-month intervention using the Asthma flare-up diary for
young children (ADYC) a.

Intervention (n = 18) Control (n = 18)

Efficacy Outcomes
Events

(Number)
Median
(IQRI)

Events
(Number)

Median
(IQR)

p-Value

Asthma symptoms severity/event

ADYC cumulative
daily scores b 34 9.9 (5.2, 11.8) 37 9.8 (6.9, 12.8) 0.687

Exacerbation duration
ADYC duration/event

(days) c 34 4.0 (3.0, 7.0) 37 4.0 (3.0, 5.0) 0.522

β2-agonist use
ADYC cumulative

number of puffs/event
d

33 42.0 (30.0, 92.0) 32 48.5 (27.0, 72.5) 0.526

OCS courses/child 8 1.0 (1.0, 2.0) 14 1.5 (1.0, 2.0) 0.462
a Values for each group are reported as median (interquartile range (IQR)), p-values for difference between groups
in symptom severity, duration and B2-agonist use calculated using linear mixed model adjusting for maintenance
ICS use, accounting for repeated measures; p-values for difference between groups in number of OCS courses
calculated using Wilcoxon rank sum tests. The number of events for which valid and complete ADYCs were
completed is indicated each outcome. Subjects who did not return valid ADYCs were excluded from this analysis.
b Measured on the 17-item ADYC [28], on a scale of 1 (best) to 7 (worst), completed daily for the duration of
exacerbations. The asthma symptoms severity is the sum of the daily ADYC scores per exacerbation event. The
ADYC items included cough (n = 2), wheezing (n = 2), dyspnea (n = 4), night awakenings (n = 1), general wellbeing
(n = 5), and child’s response to salbutamol inhalations (n = 3). c Duration from the first day with two or more
asthma symptoms to the last day with one or more asthma symptoms (cough, wheezing, and/or dyspnea) as
indicated by ADYC. Up to one day without asthma symptoms could be included in an exacerbation. d Cumulative
number of inhalations during asthma exacerbations, as indicated on the ADYCs.

3.4. Viral Detection in Nasal Swabs Collected during Asthma-Related Events

In total, 45 respiratory-related adverse events in the intervention group and 56 events
in the control group were assessed by qPCR for common respiratory viruses. PCR analysis
was positive for one or more respiratory viruses in 16 (35.6%) of the total events in the
intervention group and 21 (37.5%) of the total events in control subjects. Overall, there
was no difference between groups in virus detection rates for asthma exacerbations or
URTIs. Rhinovirus was the most common respiratory virus detected during an event in the
intervention (22.2%) and control (28.6%) groups. The second most prevalent virus during
an event was Influenza B (6.6%) in the intervention group and Influenza A for the control
group (9.0%). The results of the qPCR tests for each event are reported in (Table 5).

Table 5. qPCR for common respiratory viruses in asthma exacerbations and upper respiratory tract
infections in children with asthma during 6-month dietary intervention study.

Event Type Intervention Control p-Value

Total Events Tested for Virus (1 + 2 + 3) 45 56
PCR virus-positive events (n) 16 (35.6%) 21 (37.5%) 0.840

Number of events positive for each
respiratory virus

Rhinovirus 10 (22.2%) * 16 (28.6%) *

0.528

Coronavirus 1 (2.2%) 0
RSV a A 0 1 (1.8%) *
RSV B 1 (2.2%) 3 (5.3%) *

Influenza A 2 (4.4%) * 5 (9.0%) *
Influenza B 3 (6.6%) 1 (1.8%) *
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Table 5. Cont.

Event Type Intervention Control p-Value

Exacerbations (1) tested for virus 5 6
PCR virus-positive events (n) 2 (40.0%) 2 (33.3%) 1.000

Number of events positive for each
respiratory virus

Rhinovirus 1 (20.0%) 1 (16.7%)

1.000

Coronavirus 0 0
RSV a A 0 1 (16.7%)
RSV B 0 0

Influenza A 0 0
Influenza B 1 (20.0%) 0

URTI (2) tested for virus 11 11
PCR virus-positive events (n) 4 (36.4%) 4 (36.4%) 1.000

Number of events positive for each
respiratory virus

Rhinovirus 2 (18.2%) * 4 (36.4%) *

0.610

Coronavirus 1 (9.1%) 0
RSV A 0 0
RSV B 0 0

Influenza A 2 (18.2%) * 1 (9.1%) *
Influenza B 0 1 (9.1%) *

Exacerbation with URTI (3) tested for virus 29 39
PCR virus-positive events (n) 10 (34.5%) 15 (38.5%) 0.597

Number of events positive for each
respiratory virus

Rhinovirus 7 (24.1%) 11 (28.2%) *

0.120

Coronavirus 0 0
RSV A 0 0
RSV B 1 (3.4%) 3 (7.7%) *

Influenza A 0 4 (10.2%) *
Influenza B 2 (6.8%) 0

Data are presented as n (%). Exacerbations defined as increase in cough, wheeze or shortness of breath. Upper
respiratory tract infection defined as a cold (runny/congested nose, sore throat, earache, sneezing, with or without
fever). Exacerbations (1): Number of times that parent reported asthma exacerbation alone, without any sign of
respiratory infection. Upper respiratory tract infection (2): Number of times that parent reported URTI alone with no
change in asthma symptoms. Exacerbations with URTI (3): Number of times that parent reported asthma exacerbation
with suspected URTI symptoms. a Respiratory syncytial virus; * Multiple-virus positive event(s). Difference between
groups analysed using Pearson’s Chi-squared test/Fisher’s exact test (expected cell values < 5) where appropriate.

3.5. In Vitro PBMC Cytokine Production

No significant between-group difference was observed after stimulation of PBMCs
at baseline (Table 6). However, after 3 months, LPS-induced IFN-γ and IFN-λ production
showed a small but significant increase in the intervention group compared with baseline.
No significant within or between-group changes were observed in LPS-induced IL-1β and
IL-6 production in PBMCs during the 6-month intervention. There were no significant
within or between-group changes in RV1B-induced IFN-γ, IFN-λ, IL-1β, and IL-6 produc-
tion in PBMCs during the trial. Similarly, no significant within or between-group changes
were observed in HDM-induced IFN-γ, IFN-λ, IL-1β, and IL-6 production in PBMCs over
the duration of the study.

Overall, our model revealed that IL-1β and IL-6 production in PBMCs were more
sensitive to LPS stimulation than HDM and RV1-B. In contrast, LPS and HDM stimulations
were weak inducers of IFN-γ and IFN-λ compared to RV1B. This trend was similar in both
groups at all time points studied.
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Table 6. Cytokine secretion of PBMCs from children with asthma in response to Rhinovirus-1B,
House Dust Mite and Lipopolysaccharide.

Variable Baseline a 3 Months a Adjusted Change b

Coeff. [95% CI]
p-Value 6 Months a Adjusted Change b

Coeff. [95% CI]
p-Value

Levels of cytokines in the supernatants of PBMCs stimulated with Rhinovirus-1B

IFN-γ (pg/mL)
Intervention 19.62 (9.37, 32.39) 20.21 (7.92, 46.16) 4.72 [−11.08, 20.53] 0.558

16.64 (7.87, 43.66) 3.84 [−16.65, 24.34] 0.713Control 14.08 (7.38, 46.20) 18.38 (11.38, 37.51) 15.29 (7.20, 32.26)
IFN-λ (pg/mL)

Intervention 3.77 (1.66, 4.74) 2.57 (1.76, 5.08) −1.58 [−28.06, 24.35] 0.890
2.14 (1.18, 6.42) 15.34 [−10.68, 41.38] 0.248Control 6.68 (4.08, 39.29) 5.72 (1.43, 33.27) 5.5 (1.77, 15.85)

IL-1β (pg/mL)
Intervention 22.47 (3.78, 71.17) 41.92 (5.83, 77.87) −60.53 [−167.30, 46.24] 0.267

17.73 (4.41, 59.99) −25.40 [−130.92, 80.11] 0.637Control 21.25 (7.44, 92.67) 20.64 (7.93, 83.64) 9.36 (4.05, 42.13)
IL-6 (ng/mL)

Intervention 1.55 (0.13, 8.91) 3.24 (0.68, 12.62) −2.01 [−14.91, 10.88] 0.760
1.45 (0.29, 6.38) −1.56 [−14.32, 11.19] 0.810Control 1.26 (0.38, 9.38) 1.19 (0.48, 10.32) 0.59 (0.21, 1.74)

Levels of cytokines in the supernatants of PBMCs stimulated with House Dust Mite

IFN-γ (pg/mL)
Intervention 1.02 ± 0.37 1.25 ± 0.39 1.03 ± 0.48

Control 0.98 ± 0.56 0.98 ± 0.48 0.23 [−0.14, 0.60] 0.221 0.90 ± 0.49 0.00 [−0.36, 0.36] 0.999
IFN-λ (pg/mL)

Intervention 2.18 (0.82, 3.29) 2.91 (1.57, 5.08) −1.89 [−11.50, 7.71] 0.699
1.67 (0.94, 5.75) 0.49 [−11.81, 12.80] 0.937Control 2.17 (1.26, 5.94) 2.88 (1.11, 7.89) 2.29 (0.92, 6.40)

IL-1β (pg/mL)
Intervention 13.89 (7.29, 42.49) 23.65 (7.58, 57.85) 13.81 [−88.27, −115.91] 0.791

31.36 [5.80, 65.04) 5.54 [−95.45, 106.54] 0.914Control 14.71 (10.49, 54.65) 22.38 (9.04, 42.47) 24.91 [9.26, 78.49)
IL-6 (ng/mL)

Intervention 1.87 (0.74, 7.42) 4.66 (0.75, 15.19) 1.15 [−13.90, 16.20] 0.881
2.20 (0.85, 15.12) 0.96 [−13.91, 15.83] 0.899Control 5.56 (1.46, 12.78) 4.52 (1.04, 13.82) 10.11 (1.49, 20.10)

Levels of cytokines in the supernatants of PBMCs stimulated with Lipopolysaccharide

IFN-γ (pg/mL)
Intervention 1.48 (1.07, 4.92) 3.59 (1.37, 12.65) c 2.66 (1.35, 8.41)

Control 2.37 (1.08, 13.65) 3.53 (1.56, 8.82) −4.21 [−16.23, 7.81] 0.492 5.52 (0.73, 12.74) −5.71 [−17.75, 6.32] 0.352
IFN-λ (pg/mL)

Intervention 1.50 (0.6, 4.11) 1.97 (0.64, 5.9) c

0.61 [−6.89, 8.12] 0.872
1.86 (0.4, 4.53) 4.47 [−4.71, 13.66] 0.340Control 4.22 (0.93, 10.12) 0.92 (0.2, 1.99) 2.06 (0.63, 6.79)

IL-1β (pg/mL)

Intervention
1926.13 (1213.19,

4066.73)
4646.56 (1773.93,

6439.98) 997.36 [−1521.98,
3516.70] 0.438

1792.86 (1236.9,
4634.93) −201.07 [−2663.57, 2261.42] 0.873

Control
1928.85 (1099.88,

8469.68)
1896.76 (1623.12,

9045.34)
2000.26 (968.92,

8832.58)
IL-6 (ng/mL)

Intervention 70.04 (46.64, 103.49) 76.63 (38.87, 150.94) 20.14 [−18.31, 58.59] 0.305
78.34 (52.04,

114.49) −2.33 [−40.56, 35.88] 0.905

Control 75.83 (48.56, 130.21) 65.34 (46.23, 94.99) 88.99 (71.16,
151.03)

Intervention (n = 22), Control (n = 24). All variables adjusted for media. a Unadjusted mean ± SD or median
(IQR) are presented for baseline, 3 month and 6 month measures. b Adjusted change means and 95% confidence
intervals [CI] are the differences in change from baseline in intervention group compared to control group by
linear mixed model adjusted for random effects and hospital admissions 12 months prior to recruitment. c p < 0.05
difference within group compared to baseline or 3 month. Values in bold indicate statistically significant results.

3.6. Associations

The associations between PBMC cytokine responses and plasma carotenoid levels at 6
months showed a positive correlation between RV1B-induced IFN-λ production and change
in plasma lycopene (rs = 0.35, p = 0.015). RV1B-induced IL-6 production was inversely
associated with plasma lutein levels (rs = −0.29, p = 0.045). Furthermore, HMD-induced IL-
6 production was inversely correlated with change in plasma lutein (rs = −0.28, p = 0.045).
Similarly, inverse associations were identified between LPS-induced IL-1β production and
change in plasma α-carotene (rs = −0.32, p = 0.025), and β-carotene (rs = −0.33, p = 0.020),
as well as total carotenoids (rs = −0.34, p = 0.016).

4. Discussion

This paper investigates the adverse respiratory events and innate immune responses of
children with asthma following a 6-month high F&V dietary intervention. The intervention
modified asthma-related illness, as the high F&V diet group had significantly fewer subjects
with ≥2 asthma exacerbations/respiratory infections than the control group during the
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trial. Plasma carotenoids increased in the high F&V group, which correlated with self-
reported F&V intake. LPS-induced IFN-γ and IFN-λ production was significantly increased
in the intervention group after 3 months, compared to baseline; however, at the end of the
6-month trial, no significant within or between-group changes were observed in cytokine
production from PBMCs stimulated with RV1B and HDM.

Previously our research group observed that when adults with asthma were assigned
to a high F&V diet (≥7 serves/day) and compared with those assigned to a low F&V diet
(<3 serves/day), the low F&V diet group were 2.26 times more likely to exacerbate [25]. In
the present study, we have also observed an effect of a high F&V diet on respiratory events,
as the number of subjects who experienced at least two episodes of asthma exacerbation
and URTI during the trial was significantly lower (63.6%) in the high F&V diet group
compared with the control group (88%). Overall, the number of reported asthma-related
events was lower in the intervention compared to the control group; however, this trend
did not reach statistical significance. Further, there were no significant group differences in
the severity and duration of asthma exacerbations recorded by parents using the ADYC.
In this study, self-completion ADYC diaries were used to capture information about the
onset and severity of exacerbation. Reliance on self-completed journals may not be suitable
for evaluating exacerbation severity in clinical trials as they are not always completed
correctly or returned. In our study, eleven (23.4%) parents did not return valid diaries
because of the absence of episodes and poor compliance. Future RCTs should consider
evaluating whether other methods, such as an online version and electronic reminders,
would improve compliance. Additionally, parental perception of symptom severity can
affect the scores [28]. Evidence shows that parents can have misperceptions about asthma
and its management, as they tend to underestimate the severity of their child’s asthma and
overestimate asthma control [33,34].

There was no significant difference in virus detection in our study, with a virus
detection rate of just 35.6% in the intervention group and 37.5% in control subjects. Previous
studies reported higher rates of respiratory virus detection, ranging from 40% to 60% after
asthma exacerbation in children [11,35]. In the present study, we focused on testing for a
single virus of interest for each assay, whereas the studies with higher detection rates [11,35]
used a gene expression panel that tests for multiple respiratory pathogens simultaneously.
Moreover, in the study by Khetsuriani et al. [35], viruses were detected in 60% of patients
using a combination of throat swabs and nasal samples. Therefore, it can be suggested that
the difference in viral detection rates may be due to the sample collection method [35] and
the differences in the use of PCR assays. Nonetheless, RV was the most prevalent respiratory
virus detected in samples from the intervention (22.2%) and control (28.6%) groups. This is
consistent with previous studies that reported that RVs are the most common precipitants
of virus-associated exacerbations in children over the age of 3 years [4,11,36].

Cytokine responses in PBMCs stimulated with RV1B, LPS and HDM were also measured,
with increased IFN-γ and IFN-λ production in LPS-exposed PBMCs from intervention group
subjects at 3 months compared to baseline. IFNs can interact with specific cellular receptors
and induce innate and adaptive immune responses, which are crucial for mediating host
defences against viral and bacterial infections [37]. IFN-γ is one of the critical mediators
of LPS-induced immune responses [38]. IFN-γ intensifies antimicrobial immune responses
via inducing macrophage functions such as phagocytosis, respiratory burst activity, antigen
presentation, and cytokine secretion. The functional significance of IFN-γ in antimicrobial
defence is indicated by the increased susceptibilities of IFN-γ−/− and IFN-γR−/− mice
to a wide range of infections [38]. We have previously shown that PBMCs from children
with asthma had deficient IFN-γ production in response to both RV1B and LPS infection
compared with healthy controls [39]. Other studies have also revealed that children with
asthma, compared with age-matched controls, had defective or impaired IFN responses to
respiratory viruses [40,41]. Therefore, an increase in IFN production in children with asthma
could be expected to protect them from inflammatory injury.

362



Nutrients 2022, 14, 3087

To our knowledge, this is the first study to examine the effects of a high F&V diet
on innate immune responses of PBMCs stimulated with RV1B, LPS and HDM in children
with asthma. Two intervention studies [42,43] have examined the effect of withdrawal of
antioxidant-rich foods (in particular F&V) from the diet in adults with asthma. Antioxidant
withdrawal resulted in increased airway neutrophils [43] and upregulation of inflammatory
and immune response genes in sputum cells, including the innate immune receptors TLR2,
IL1R2, CD93, ANTXR2, the innate immune signaling molecules IRAK2, IRAK3, MAP3K8
and neutrophil proteases MMP25 and CPD [42]. Other research has mostly focused on the
effects of isolated nutrients on immune responses in asthma. For example, in a murine
model of asthma, administration of lycopene significantly increased IFN-γ expression [44].
Saedisomeolia et al. [45] showed that pre-incubation of airway epithelial cells with lycopene
reduced the release of IL-6 following exposure to LPS. Similarly, in a mouse model of allergic
airway inflammation [46], lycopene supplementation decreased allergen-induced release
of the T helper 2–associated cytokines IL-4 and IL-5. In another study [47], pre-treatment of
PBMCs with lutein was shown to suppress LPS- induced mRNA expression of IL-6 and
IL-1β. Therefore, combined with the evidence for a whole-food intervention, it can be
concluded that dietary antioxidants induce protective innate immune responses in asthma.

Correlation analysis of PBMC cytokine responses to RV1B, HDM, and LPS stimulation
and plasma carotenoid levels showed that changes in total and individual carotenoids
(such as lycopene, lutein, α- and β-carotene) were associated with higher IFN-λ production,
while they were inversely associated with IL-6 and IL-1β production. Previous research
has explored the association between dietary carotenoid intake and innate immune me-
diators. No association was found between intake of β-carotene and in vitro production
of LPS-induced cytokines, including IL-1β, IL-6, IL-8, IL-10 and tumour necrosis factor
(TNF)-α [48]. One explanation for this discrepancy may relate to the methods used for
assessing carotenoid status. In the study by Vivek [48], dietary intake of carotenoids was
evaluated using a food frequency questionnaire, whereas, in our study, we used an objective
approach of directly measuring plasma carotenoid levels, thus providing a more accurate
indication of in vivo carotenoid concentrations, which is a strength of this study. It would
be reasonable to suggest that the protective effects of plasma carotenoid levels on innate
immune responses observed in our study could be due to the consumption of a high F&V
diet. Further research is needed to investigate and confirm this.

Findings from the Australian National Health Survey indicated that only 5.1% of all
children met the recommended daily intake for F&V [49]. These trends are of public health
concern. While cost may be a significant barrier to fruit and vegetable consumption, other
factors such as taste, preference, and culture can also significantly impact F&V purchase
and consumption [50]. There is growing evidence to indicate that participation in incentive
programs such as community kitchens or school gardens can help promote consumption of
F&V [51,52]. In our study, the intervention more than doubled F&V intake in children with
asthma. Parental and children’s knowledge of the protective effect of the F&V consumption
on asthma is of great importance and needs to be included in the management of childhood
asthma.

The current study has some limitations. Blinding of the treatment allocation was not
feasible for this study [53]. However, this is typical of many dietary intervention studies. The
participants were blinded to the study hypothesis to reduce bias, and a range of objective
outcomes was included in the assessments. Furthermore, the attrition rate (26.8%) was high,
which may be related to the parent burden, including time and commitment associated
with study visit attendance, completing study questionnaires and participation in phone
consultations and/or child discomfort during blood collection. However, this was expected
and is comparable to other intervention studies in children with asthma [54,55]. Finally, due
to insufficient PBMC samples, we could not determine whether cytokines responses would
differ at 24 h or 72 h. However, a deficient interferon response to RV in asthmatic children
was also reported in a previous study that harvested supernatants at 72 h [56].
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5. Conclusions

In summary, we showed that increasing F&V intake decreased asthma-related illness.
This study establishes the relevance of a dietary intervention strategy—increased F&V
intake—for improving innate immune responses and reducing exacerbation rates in chil-
dren with asthma. This is an appealing strategy with no side effects, which is likely to be
widely accepted and adopted by children and their caregivers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14153087/s1, Figure S1: The Consolidated Standards of Re-
porting Trials diagram for the per-protocol analysis of the randomized controlled trial investigating
the effect of a high fruit and vegetable intervention in children with asthma. Supplementary File S1:
Methods [27,31,57–60].
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Abstract: Background: Due to the adverse effects of cardio-metabolic risk factors (CMRFs) in children
and adolescents on their current and later life health, and the growing evidence that birth weight
and lifestyle have on CMRFs, we aimed to estimate the combined effect of birth weight and lifestyle
on clustered CMRFs in children and adolescents. Methods: We enrolled 11,509 participants aged
7–18 years old in a national school-based cross-sectional study in seven provinces in China in
2013. Information on CMRFs was collected through anthropometric measurements and blood
sample testing. Information on birth weight, lifestyle and other basic information were investigated
through children and adolescents’ as well as parents’ questionnaires. The generalized linear mixed
model was applied to estimate the odd ratio (OR) and 95% confidence interval (95% CI) for the
associations between CMRFs, clustered CMRFs and birth weight, lifestyle, and the combinations
of birth weight and lifestyle. Results: Overall, the prevalence of clustered CMRFs was 3.6% in
children and adolescents aged 7–18 years, higher in boys (4.4%) than girls (2.9%). The combination
of LBW/ideal lifestyle (OR = 2.00, 95% CI: 1.07–3.72) was associated with higher risk of clustered
CMRFs, as well as in adolescents aged 13–18 years and in boys. The combination of HBW/poor
lifestyle (OR = 1.74, 95% CI: 1.13–2.68) was related to elevated risk of clustered CMRFs, especially in
children aged 7–12 years. Conclusions: CMRFs in Chinese children and adolescents is concerning,
ideal lifestyle could weaken the association of birth weight with clustered CMRFs, especially in
younger age, indicating that programs to prevent abnormal birth weight or poor lifestyle or both
among children and adolescents may reduce CMRFs in China.

Keywords: children; adolescents; cardio-metabolic risk factors; birth weight; lifestyle

1. Introduction

Cardiovascular diseases have remained a major health burden in adults [1], and
most could stem from childhood and adolescence. Specifically, risk factors and behaviors
that accelerated the process of cardiovascular diseases begin in childhood and even in
the perinatal period [2]. Considering that some children and adolescents have already
had identifiable cardio-metabolic risk factors (CMRFs) including hypertension, impaired
fasting glucose, dyslipidemia, abdominal obesity at a very early age [3–6], plus clustered
CMRFs, more than three CMRF items, may strongly predict the occurrence of cardiovascular
diseases in adulthood [7–9]. Identifying it in vulnerable groups and risk factors that could
alter CMRFs status might help reduce the prevalence of cardiovascular disease in the future.
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There is evidence that low birth weight (LBW) children are more likely to develop
cardio-metabolic diseases such as obesity, hypertension, and insulin resistance [10–15]
while other studies have only found an association between LBW and hypertension [16,17].
Furthermore, studies have shown that high birth weight (HBW) mainly caused by maternal
gestational diabetes may result in increased risk of hypertension, abdominal obesity, and
insulin resistance during puberty [18–21] while other studies have not observed such an
association [22,23]. The potential impact of HBW on CMRFs in children and adolescents
remains insufficient and controversial. In addition, the age and sex differences between
birth weight and CMRFs are unclear [24–28]. Therefore, the association between birth
weight and clustered CMRFs and how the association varies across age span and different
sexes is still unclear.

It is known that poor lifestyle, such as lack of physical activity [29], unhealthy eating
habits [8], screen time [30], and sleep deprivation [31], are closely associated with cardio-
metabolic risk factors. The high prevalence of abnormal birth weight occurring in China,
which was 5.2% of LBW, 7.4% of HBW in 2013 [32], is coupled with the low prevalence
of children and adolescents meeting recommended levels of healthy lifestyles with the
economic and dietary pattern transitions [33]. Considering that both birth weight and
lifestyle have independent effects on CMRFs, and that birth weight is unlikely to affect the
lifestyle of children and adolescents [34,35], to what extent the combinations of birth weight
and lifestyle act on the occurrence of CMRFs is scarce, especially in China. We hypothesized
that birth weight and lifestyle might influence CMRFs, whereby the effects would be
cumulative, ideal lifestyle might weaken the association of birth weight with clustered
CMRFs, and such an association might vary between age and sex groups. A national
school-based healthy lifestyles investigation conducted in seven provinces provided us
an opportunity to assess the effects [36]. In this large representative sample of Chinese
children and adolescents, we examined overall CMRFs, and aimed to examine the strength
of birth weight and lifestyle on clustered CMRFs alone and as combined effects and the age
and sex differences in association.

2. Materials and Methods

2.1. Study Design and Participants

The data was extracted from the baseline of a nationwide school-based multi-centered
study of 7–18 years children and adolescents which was performed in seven provinces
(Tianjin, Shanghai, Chongqing, Liaoning, Hunan, Ningxia, and Guangdong) in China in
2013. The multistage cluster random sampling method was used in this study and more
detailed information is published elsewhere [36]. Briefly, three to four districts from each
province were randomly selected at first. Second, 12–16 schools were chosen from each
district. Third, two to three classes per grade of each school were selected randomly, after
excluding children and adolescents with serious organic diseases or those who refused to
sign informed consent. Children and adolescents in those classes were invited for blood
sample collection. In total, 15,732 participants aged between 7–18 years with blood sample
information, while cases with missing data on anthropometric measurement (n = 664),
missing data on birth weight (n = 2782), missing all information about lifestyle factors
(n = 777) were excluded. A total of 11,509 participants aged 7–18 years were included in
the final analysis (Figure 1). The primary sample and the final sample showed no statistical
difference in age, residence, and parental education level. However, the proportion of
boys in the final sample was less than the primary sample (Table S1). This study has been
approved by the Ethical Committee of Peking University (No. IRB0000105213034). All
participants and their parents provided signed informed consent.
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Figure 1. Flow diagram of participants’ inclusion.

2.2. Study Measurements
2.2.1. Questionnaire Survey

Self-filled questionnaires for children and adolescents were used to obtain basic char-
acteristics of sex, age, residence of children and adolescents, and their lifestyle, such as
dietary consumption behaviors (fruits, vegetables, meat, and sugar-sweetened beverages),
physical activity level and time, screen time and sleep duration. We collected the frequency
and amount of each food consumed in the past week to calculate the dietary behavior
of the children and adolescents. Parents self-administered questionnaires were used to
obtain birth weight information for children and adolescents. Parents were asked to fill out
the questionnaire based on the child’s birth certificate or clinical record. If the documents
were not available, they were required recall the information about the child’s early life
accurately. Parents were also requested to report the information on single-child status,
delivery mode, delivery time, breastfeeding status of the children and adolescents, and
parental education level and health behaviors. The questionnaires used in this study were
all tested for logic and completeness. An expert panel then reviewed the questionnaires
and considered them feasible and acceptable for children and adolescents and their parents.

2.2.2. Anthropometric Measurement and Blood Sample Detection

All children and adolescents received a standardization physical examination [36]. We
used a portable stadiometer to measure the height of the participants standing upright
without shoes, accurate to 0.1 cm. The participants wore lightweight underwear and weight
was measured using a lever scale to the nearest 0.1 kg. Waist circumference was measured
1 cm above the navel, to 0.1 cm. The values of height, weight and waist circumference were
the average value of two consecutive measurements.

We used a mercury sphygmomanometer, a stethoscope and an appropriate cuff to
measure blood pressure. Children and adolescents were required to quietly rest for 5 min
before starting the first measurement. A second measurement was performed after a
5-min interval. We calculated the average systolic and diastolic blood pressure as a result
the final measurement of blood pressure. Venous blood was collected by a professional
nurse after a 12-h fasting period. Serum glucose, total cholesterol (TC), triglyceride (TG),
low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol
(HDL-C) were measured using an automatic biochemical analyzer by a qualified biological
testing company.

Strict quality control has been carried out in the measurement of this study. All the
measuring instruments have been corrected before use, and the measuring personnel have
been trained in the standard process. Five percent of the subjects were retested daily,
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and failure to meet the criteria was considered a failure of the day’s results and required
full retesting.

2.3. Definition and Classification
2.3.1. Birth Weight

Normal birth weight (NBW) was considered to be children and adolescents with a
birth weight from 2500 g to 3999 g. LBW was considered as birth weight less than 2499 g,
HBW was considered as birth weight greater than 4000 g [37].

2.3.2. Lifestyle

Dietary consumption, physical activity, screen time and sleep duration were used
to construct lifestyle scores. Healthy dietary consumption was defined as daily intake of
fruits of ≥3 servings (one serving is about 100 g), vegetables of ≥4 servings (one serving is
about 100 g), meat products of 2–3 servings (one serving is about 50 g), and weekly intake
of sugar-sweetened beverage of <1 serving (one serving is about 250 mL) [38]. Adequate
physical activity was defined as at least one hour of moderate to high intensity physical
activity per day. Screen time was defined as less than two hours per day. Healthy sleep
duration was defined as sleeping for more than 9 h per day [39]. Participants were grouped
in the ideal lifestyle group if they had at least two or more healthy lifestyle factors, or into
the poor lifestyle group if they had only one health lifestyle factor or fewer.

2.3.3. Combination of Birth Weight and Lifestyle

According to the combination of birth weight and lifestyle, the participants were
divided into six groups: NBW/ideal lifestyle, NBW/poor lifestyle, LBW/ideal lifestyle,
LBW/poor lifestyle, HBW/ideal lifestyle, HBW/poor lifestyle.

2.3.4. Clustered CMRFs

Hypertension was defined as blood pressure ≥ 95th percentile of age-, sex-, and
height-specific references recommended by American Academy of Pediatrics in 2017 [40].
Impaired fasting glucose was defined as fasting glucose ≥ 5.6 mmol/L [41]. Dyslipidemia
was defined according to the National Heart, Lung, and Blood Institute guidelines for
cardiovascular health and risk reduction in children and adolescents: elevated TC was
defined as ≥5.2 mmol/L, elevated LDL-C was defined as ≥3.4 mmol/L, abnormal HDL-C
defined as ≤1.0 mmol/L, and elevated TG defined as ≥1.1 mmol/L for children below
9 years and ≥1.5 mmol/L for those aged 10 years or older [2]. Participants who met any
one of the above criteria were divided into dyslipidemia. Abdominal obesity was defined
as waist circumference ≥ 90th percentile of age–sex specific references recommended by
National Health Commission of the People’s Republic of China in 2018 [42]. Clustered
CMRFs was defined as three or more factors being satisfied among all four items of
hypertension, impaired fasting glucose, dyslipidemia, and abdominal obesity [43].

2.3.5. Confounding Variables

In this study, children and adolescents were divided into two age groups: 7–12 years
and 13–18 years. Sex, residence, delivery mode, single-child status, parental smoking,
and parental education were considered as confounding variables. Parental smoking was
defined as either of parents smoked in the past week. Parental education was divided
into junior high school and below and senior high school and above, with the highest
education level of parents (either mother or father) being considered [44]. Missing values
of the covariates (<8.6%) were imputed by multiple imputation. Sensitivity analysis results
indicated that the direction and value of the findings before and after imputation were
essentially unchanged, suggesting that the imputation variables would not affect the
main results.
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2.4. Statistics Analysis

Categorical variables were shown as number (percentage). Chi-square tests and
Fisher’s exact test were used to compare the differences of categorical data between sex
groups and the differences of CMRFs and clustered CMRFs in different groups. ANOVA
and Dunnett-t test were used to compare the differences between combinations of birth
weight and lifestyles. A generalized linear mixed model was used to estimate the odds
ratio (OR) and 95% confidence interval (CI) for association between CMRFs, clustered
CMRFs and birth weight, lifestyle, and their combinations, using the school’s name as the
random-effect term to control the cluster effect of schools in different groups. Significance
level was accepted at two-tailed p < 0.05. All data were analyzed by SPSS 26.0 and R 4.1.1.

3. Results

3.1. The Characteristics of Participants

The basic demographic characteristics of the total 11,509 participants from different
sex groups were shown in Table 1. Children and adolescents with LBW accounted for
3.8% and HBW accounted for 9.0%, while poor lifestyle accounted for 46.2%. Girls tended
to have unhealthier lifestyle (p = 0.005). Among the six combinations, the proportion
of the number from high to low was NBW/ideal lifestyle (47.2%), NBW/poor lifestyle
(40.1%), HBW/ideal lifestyle (4.7%), HBW/poor lifestyle (4.3%), LBW/ideal lifestyle (2.0%),
LBW/poor lifestyle (1.8%). The prevalence of clustered CMRFs in children and adolescents
aged 7–18 years was 3.6%, while 4.4% in boys and 2.9% in girls, the sex difference was
statistically significant (p < 0.001).

Table 1. Demographic characteristics of eligible children and adolescents and their parents stratified
by sex.

Variables Total Boys Girls χ2/F p

Age 8.908 0.003

7–12 years 7090 3609 (63.0) 3481 (60.3)
13–18 years 4419 2123 (37.0) 2296 (39.7)

Residence 0.936 0.333

Rural 4523 2278 (39.7) 2245 (38.9)
Urban 6986 3454 (60.3) 3532 (61.1)

Single-child status 82.888 <0.001

Yes 7771 4099 (71.5) 3672 (63.6)
No 3738 1633 (28.5) 2105 (36.4)

Parental education level 3.841 0.050

Junior high school and below 4499 2292 (40.0) 2207 (38.2)
Senior high school and above 7010 3440 (60.0) 3570 (61.8)

Birth weight 58.484 <0.001

NBW 10,044 4913 (85.7) 5131 (88.8)
LBW 432 191 (3.3) 241 (4.2)
HBW 1033 628 (11.0) 405 (7.0)

Fruits intake 1.465 0.226

Inadequate 10,482 5202 (90.8) 5280 (91.4)
Adequate 1027 530 (9.2) 497 (8.6)

Vegetables intake 7.865 0.005

Inadequate 10,533 5204 (90.8) 5329 (92.2)
Adequate 976 528 (9.2) 448 (7.8)

Meat intake 113.261 <0.001

Improper 9543 4538 (79.2) 5005 (86.6)
proper 1966 1194 (20.8) 772 (13.4)
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Table 1. Cont.

Variables Total Boys Girls χ2/F p

Sugar-sweetened beverage 168.492 <0.001

Excessive 1316 877 (15.3) 439 (7.6)
Proper 10,193 4855 (84.7) 5338 (92.4)

Dietary consumption 30.410 <0.001

Unhealthy 8667 4189 (73.1) 4478 (77.5)
Healthy 2842 1543 (26.9) 1299 (22.5)

Physical activity 33.352 <0.001

Inadequate 6031 2849 (49.7) 3182 (55.1)
Adequate 5478 2883 (50.3) 2595 (44.9)

Screen time 70.682 <0.001

Excessive 3212 1802 (31.4) 1410 (24.4)
Proper 8297 3930 (68.6) 4367 (75.6)

Sleep duration 1.951 0.163

Inadequate 9196 4550 (79.4) 4646 (80.4)
Adequate 2313 1182 (20.6) 1131 (19.6)

Lifestyle 7.888 0.005

Poor lifestyle 5317 2573 (44.9) 2744 (47.5)
Ideal lifestyle 6192 3159 (55.1) 3033 (52.5)

Blood pressure 55.597 <0.001

Normal blood pressure 9478 4568 (79.7) 4910 (85.0)
Hypertension 2031 1164 (20.3) 867 (15.0)

Fasting glucoses 39.274 <0.001

Normal fasting glucoses 11,285 5574 (97.2) 5711 (98.9)
Impaired fasting glucose 224 158 (2.8) 66 (1.1)

Blood lipids 8.605 0.003

Normal blood lipids 8222 4166 (72.7) 4056 (70.2)
Dyslipidemia 3287 1566 (27.3) 1721 (29.8)

Waist circumference 4.408 0.036

Normal waist circumference 8870 4465 (77.9) 4405 (76.3)
Abdominal obesity 2639 1267 (22.1) 1372 (23.7)

CMRFs scores <0.001

0 5725 2868 (50.0) 2857 (49.4)
1 3815 1825 (31.8) 1990 (34.5)
2 1553 791 (13.8) 762 (13.2)
3 406 244 (4.3) 162 (2.8)
4 10 4 (0.1) 6 (0.1)

Combinations of birth weight and lifestyle a 13.794 <0.001

NBW/Ideal lifestyle 5430 2720 (47.5) 2710 (46.9) Ref
NBW/Poor lifestyle 4614 2193 (38.3) 2421 (41.9) 0.050
LBW/Ideal lifestyle 225 109 (1.9) 116 (2.0) 0.992
LBW/Poor lifestyle 207 82 (1.4) 125 (2.2) 0.015
HBW/Ideal lifestyle 537 330 (5.8) 207 (3.6) <0.001
HBW/Poor lifestyle 496 298 (5.2) 198 (3.4) <0.001

Total 11,509 5732 5777

Note: Chi square test was used to compare the two categorical variables. a ANOVA and Dunnett-t test were used to
compare the differences between subgroups and NBW/Ideal lifestyle was used as reference group. Abbreviations:
NBW, normal birth weight; LBW, low birth weight, HBW, high birth weight, CMRFs, cardio-metabolic risk factors,
Ref, the reference group of Dunnett-t test.

3.2. CMRFs and Clustered CMRFs in Different Groups

As shown in Table 2, CMRFs and clustered CMRFs were differed in age and sex groups
(p < 0.05). The proportion of hypertension, dyslipidemia and abdominal obesity differed
significantly between urban and rural children and adolescents (p < 0.001). Birth weight
and the combinations of birth weight and lifestyle were associated with dyslipidemia and
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abdominal obesity (p < 0.05). Lifestyle was associated with hypertension and dyslipidemia
(p < 0.05). Higher risk of clustered CMRFs was related to meat intake, sugar-sweetened
beverages, and sleep duration (p < 0.05).

Table 2. Prevalence of CMRFs and clustered CMRFs in different groups.

Variables Total
Hypertension

Impaired Fasting
Glucose

Dyslipidemia Abdominal Obesity Clustered CMRFs

n (%) p n (%) p n (%) p n (%) p n (%) p

Sex <0.001 <0.001 0.003 0.036 <0.001

Boys 5732 1164 (20.3) 158 (2.8) 1566 (27.3) 1267 (22.1) 248 (4.3)
Girls 5777 867 (15.0) 66 (1.1) 1721 (29.8) 1372 (23.7) 168 (2.9)

Age 0.020 <0.001 0.027 0.011 0.022

7–12 years 7090 1205 (17.0) 105 (1.5) 2077 (29.3) 1570 (22.1) 234 (3.3)
13–18 years 4419 826 (18.7) 119 (2.7) 1210 (27.4) 1069 (24.2) 182 (4.1)

Residence <0.001 0.787 <0.001 <0.001 0.331

Rural 4523 963 (21.3) 90 (2.0) 1096 (24.2) 930 (20.6) 173 (3.8)
Urban 6986 1068 (15.3) 134 (1.9) 2191 (31.4) 1709 (24.5) 243 (3.5)

Birth weight 0.406 0.297 0.034 <0.001 0.528

NBW 10,044 1756 (17.5) 203 (2.0) 2877 (28.6) 2233 (22.2) 356 (3.5)
LBW 432 85 (19.7) 7 (1.6) 141 (32.6) 89 (20.6) 19 (4.4)
HBW 1033 190 (18.4) 14 (1.4) 269 (26.0) 317 (30.7) 41 (4.0)

Fruits intake 0.428 0.479 0.79 0.293 0.614

Inadequate 10,482 1859 (17.7) 207 (2.0) 2990 (28.5) 2390 (22.8) 376 (3.6)
Adequate 1027 172 (16.7) 17 (1.7) 297 (28.9) 249 (24.2) 40 (3.9)

Vegetables intake 0.212 0.029 0.154 0.226 0.897

Inadequate 10,533 1873 (17.8) 214 (2.0) 2989 (28.4) 2400 (22.8) 380 (3.6)
Adequate 976 158 (16.2) 10 (1.0) 298 (30.5) 239 (24.5) 36 (3.7)

Meat intake <0.001 0.397 0.002 0.732 0.017

Improper 9543 1738 (18.2) 181 (1.9) 2781 (29.1) 2194 (23.0) 363 (3.8)
proper 1966 293 (14.9) 43 (2.2) 506 (25.7) 445 (22.6) 53 (2.7)

Sugar-sweetened beverage 0.149 0.001 0.117 0.035 0.006

Excessive 1316 251 (19.1) 42 (3.2) 400 (30.4) 332 (25.2) 65 (4.9)
Proper 10,193 1780 (17.5) 182 (1.8) 2887 (28.3) 2307 (22.6) 351 (3.4)

Dietary consumption <0.001 0.193 0.749 0.824 0.312

Unhealthy 8667 1603 (18.5) 177 (2.0) 2482 (28.6) 1983 (22.9) 322 (3.7)
Healthy 2842 428 (15.1) 47 (1.7) 805 (28.3) 656 (23.1) 94 (3.3)

Physical activity 0.166 0.724 0.066 0.531 0.424

Inadequate 6031 1036 (17.2) 120 (2.0) 1678 (27.8) 1397 (23.2) 210 (3.5)
Adequate 5478 995 (18.2) 104 (1.9) 1609 (29.4) 1242 (22.7) 206 (3.8)

Screen time 0.248 0.326 <0.001 0.415 0.585

Excessive 3212 588 (18.3) 56 (1.7) 845 (26.3) 753 (23.4) 121 (3.8)
Proper 8297 1443 (17.4) 168 (2.0) 2442 (29.4) 1886 (22.7) 295 (3.6)

Sleep duration 0.010 0.004 0.075 0.003 0.028

Inadequate 9196 1665 (18.1) 196 (2.1) 2661 (28.9) 2163 (23.5) 350 (3.8)
Adequate 2313 366 (15.8) 28 (1.2) 626 (27.1) 476 (20.6) 66 (2.9)

Lifestyle 0.004 0.263 0.002 0.226 0.545

Poor lifestyle 5317 978 (18.4) 113 (2.1) 1474 (27.7) 1258 (23.7) 200 (3.8)
Ideal lifestyle 6192 1053 (17.0) 111 (1.8) 1813 (29.3) 1381 (22.3) 216 (3.5)

Combinations of birth
weight and lifestyle a 0.277 0.414 0.046 <0.001 0.077

NBW/Ideal lifestyle 5430 921 (17.0) Ref 102 (1.9) Ref 1589 (29.3) Ref 1183 (21.8) Ref 189 (3.5) Ref
NBW/Poor lifestyle 4614 835 (18.1) 0.514 101 (2.2) 0.776 1288 (27.9) 0.512 1050 (22.8) 0.754 167 (3.6) 0.998
LBW/Ideal lifestyle 225 41 (18.2) 0.992 2 (0.9) 0.817 80 (35.6) 0.185 43 (19.1) 0.879 13 (5.8) 0.302
LBW/Poor lifestyle 207 44 (21.3) 0.441 5 (2.4) 0.987 61 (29.5) 1.000 46 (22.2) 1.000 6 (2.9) 0.995
HBW/Ideal lifestyle 537 91 (16.9) 1.000 7 (1.3) 0.886 144 (26.8) 0.724 155 (28.9) 0.001 14 (2.6) 0.828
HBW/Poor lifestyle 496 99 (20.0) 0.383 7 (1.4) 0.956 125 (25.2) 0.244 162 (32.7) <0.001 27 (5.4) 0.117

Total 11,509 2031 (17.6) 224 (1.9) 3287 (28.6) 2639 (22.9) 416 (3.6)

Note: a ANOVA and Dunnett-t test were used to compare the differences between subgroups and NBW/Ideal
lifestyle was used as reference group. Abbreviations: NBW, normal birth weight; LBW, low birth weight, HBW,
high birth weight, CMRFs, cardio-metabolic risk factors, Ref, the reference group of Dunnett-t test.
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3.3. Multivariate Associations between CMRFs, Clustered CMRFs and Its Risk Factors

The associations between CMRFs, clustered CMRFs and birth weight in mixed effect
models are shown in Table 3. After adjusting for confounding factors, LBW was related to
elevated risk of hypertension in children and adolescents aged 13–18 years (OR = 1.81, 95%
CI: 1.19–2.75) and boys (OR = 1.54, 95% CI: 1.06–2.25). HBW was associated with higher
risk of abdominal obesity (OR = 1.66, 95% CI: 1.43–1.92) and was associated with clustered
CMRFs in children and adolescents aged 7–12 years (OR = 1.70, 95% CI: 1.12–2.58) and
girls (OR = 1.83, 95% CI: 1.19–3.08) (Figures S1–S3). Table 4 shows the associations between
CMRFs, clustered CMRFs and lifestyle. A higher risk of hypertension was found in the
inadequate sleep duration group in total model (OR = 1.18, 95% CI: 1.02–1.36), children
aged 7–12 years (OR = 1.25, 95% CI: 1.07–1.45) and girls (OR = 1.28, 95% CI: 1.03–1.59).
Abdominal obesity was associated with excessive screen time (OR = 1.17, 95% CI: 1.06–1.30)
and inadequate sleep duration (OR = 1.14, 95% CI: 1.01–1.29) in children and adolescents
aged 7–18 years. Poor lifestyle was related to abdominal obesity in children aged 7–12 years
(OR = 1.15, 95% CI: 1.02–1.29). Unhealthy dietary consumption was associated with a higher
risk of clustered CMRFs in boys (OR = 1.40, 95% CI: 1.01–1.94) and lower risk of clustered
CMRFs in girls (OR = 0.68, 95% CI: 0.47–0.97) (Figures S4–S6).

Table 3. Associations between CMRFs, clustered CMRFs and birth weight stratified by age and
sex groups.

Birth
Weight

Hypertension Impaired Fasting Glucose Dyslipidemia Abdominal Obesity Clustered CMRFs

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Total a NBW Ref Ref Ref Ref Ref

LBW 1.21 (0.92–1.60) 0.176 0.99 (0.46–2.17) 0.985 1.13 (0.88–1.44) 0.348 0.98 (0.76–1.27) 0.897 1.43 (0.87–2.36) 0.155
HBW 1.02 (0.85–1.22) 0.864 0.68 (0.39–1.19) 0.171 0.99 (0.84–1.17) 0.898 1.66 (1.43–1.92) <0.001 1.18 (0.84–1.67) 0.333

7–12
years b NBW Ref Ref Ref Ref Ref

LBW 0.94 (0.64–1.37) 0.737 0.80 (0.25–2.59) 0.706 1.21 (0.89–1.66) 0.218 0.82 (0.58–1.17) 0.281 1.24 (0.62–2.49) 0.541
HBW 1.08 (0.85–1.36) 0.537 0.60 (0.26–1.41) 0.244 1.06 (0.86–1.30) 0.585 1.74 (1.44–2.10) <0.001 1.70 (1.12–2.58) 0.013

13–18
years b NBW Ref Ref Ref Ref Ref

LBW 1.81 (1.19–2.75) 0.006 1.27 (0.44–3.65) 0.652 0.96 (0.63–1.45) 0.843 1.25 (0.86–1.83) 0.245 1.82 (0.88–3.75) 0.106
HBW 0.92 (0.69–1.23) 0.567 0.74 (0.35–1.57) 0.434 0.84 (0.63–1.12) 0.235 1.54 (1.21–1.96) <0.001 0.65 (0.35–1.21) 0.176

Boys c NBW Ref Ref Ref Ref Ref

LBW 1.54 (1.06–2.25) 0.024 1.07 (0.42–2.73) 0.883 1.18 (0.82–1.71) 0.369 1.13 (0.77–1.65) 0.534 1.47 (0.75–2.89) 0.257
HBW 0.98 (0.78–1.23) 0.851 0.81 (0.45–1.48) 0.496 0.98 (0.79–1.22) 0.852 1.48 (1.21–1.81) <0.001 0.92 (0.58–1.45) 0.713

Girls c NBW Ref Ref Ref Ref Ref

LBW 0.96 (0.63–1.46) 0.833 0.95 (0.45–2.01) 0.892 1.07 (0.76–1.49) 0.700 0.87 (0.62–1.23) 0.442 1.44 (0.68–3.03) 0.342
HBW 1.02 (0.75–1.38) 0.894 0.85 (0.47–1.54) 0.591 0.99 (0.77–1.28) 0.943 1.99 (1.59–2.48) <0.001 1.83 (1.19–3.08) 0.022

Note: Model a was adjusted for age, sex, residence, delivery mode, single-child status, parental smoking, parental
education, and school effect. Model b was adjusted for sex, residence, delivery mode, single-child status, parental
smoking, parental education, and school effect. Model c was adjusted for age, residence, delivery mode, single-
child status, parental smoking, parental education, and school effect. NBW was used as reference group. NBW,
normal birth weight; LBW, low birth weight; HBW, high birth weight; CMRFs, cardio-metabolic risk factors; OR,
odds ratio; CI, confidence interval, Ref, the reference group.

As shown in Table 5, a higher risk of hypertension was found in LBW/ideal lifestyle
group compared with NBW/ideal lifestyle in adolescents aged 13–18 years (OR = 2.43, 95%
CI: 1.15–5.17) and boys (OR = 2.45, 95% CI: 1.25–4.79). Boys with NBW/poor lifestyle had a
higher risk of impaired fasting glucose (OR = 1.65, 95% CI: 1.02–2.67). Abdominal obesity
was significant higher in HBW/ideal lifestyle (OR = 1.54, 95% CI: 1.26–1.90) and HBW/poor
lifestyle (OR = 1.89, 95% CI: 1.53–2.33) groups in children and adolescents aged 7–18 years.
The effect value of the NBW/ideal lifestyle and NBW/poor lifestyle groups in abdominal
obesity were statistically different from that of the HBW/poor lifestyle group (p < 0.05).
In the age group of 7–12 years, abdominal obesity in HBW/ideal lifestyle and HBW/poor
lifestyle groups was significantly different (p < 0.05). In the age group of 13–18 years,
dyslipidemia in the LBW/ideal lifestyle and LBW/poor lifestyle groups was significantly
different (p < 0.05). Higher risk of clustered CMRFs was found in the HBW/poor lifestyle

374



Nutrients 2022, 14, 3131

group in total model (OR = 1.74, 95% CI: 1.13–2.68) and children aged 7–12 years (OR = 2.37,
95% CI: 1.39–4.05). It was also found in the LBW/ideal lifestyle group in total model
(OR = 2.00, 95% CI: 1.07–3.72), adolescents aged 13–18 years (OR = 3.57, 95% CI: 1.23–10.37)
and boys (OR = 2.78, 95% CI: 1.02–7.62) (Figures S7–S9).

Table 4. Associations between CMRFs, clustered CMRFs and lifestyles stratified by age and sex group.

Lifestyles
Hypertension

Impaired Fasting
Glucose

Dyslipidemia Abdominal Obesity Clustered CMRFs

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Total a
Unhealthy

dietary
consumption

1.10 (0.97–1.25) 0.132 1.30 (0.93–1.82) 0.129 0.95 (0.85–1.06) 0.360 0.98 (0.88–1.09) 0.695 1.02 (0.80–1.29) 0.905

Inadequate
physical activity 1.01 (0.91–1.12) 0.874 1.06 (0.80–1.40) 0.683 1.00 (0.91–1.10) 0.953 0.99 (0.91–1.09) 0.882 1.01 (0.82–1.24) 0.940

Excessive
screen time 1.04 (0.92–1.17) 0.572 0.99 (0.72–1.36) 0.945 0.98 (0.88–1.09) 0.758 1.17 (1.06–1.30) 0.003 1.16 (0.92–1.45) 0.209

Inadequate
sleep duration 1.18 (1.02–1.36) 0.027 1.11 (0.72–1.71) 0.651 0.97 (0.86–1.10) 0.673 1.14 (1.01–1.29) 0.035 1.17 (0.87–1.56) 0.293

Poor lifestyle 1.08 (0.97–1.20) 0.181 1.14 (0.86–1.50) 0.368 0.97 (0.88–1.06) 0.500 1.08 (0.99–1.19) 0.085 1.09 (0.89–1.33) 0.431

7–12
years b

Unhealthy
dietary

consumption
1.00 (0.72–1.37) 0.980 1.51 (0.90–2.54) 0.116 0.94 (0.83–1.08) 0.401 1.02 (0.89–1.17) 0.756 1.02 (0.80–1.29) 0.905

Inadequate
physical activity 1.00 (0.88–1.15) 0.970 0.95 (0.63–1.41) 0.782 1.02 (0.91–1.15) 0.711 1.02 (0.90–1.14) 0.793 1.05 (0.80–1.38) 0.727

Excessive
screen time 1.01 (0.87–1.18) 0.859 1.08 (0.69–1.68) 0.747 0.98 (0.86–1.12) 0.798 1.17 (1.03–1.34) 0.018 1.07 (0.79–1.44) 0.682

Inadequate
sleep duration 1.25 (1.07–1.45) 0.005 1.27 (0.78–2.09) 0.335 0.99 (0.87–1.12) 0.824 1.19 (1.04–1.36) 0.010 1.24 (0.90–1.70) 0.181

Poor lifestyle 1.12 (0.98–1.29) 0.098 1.05 (0.70–1.58) 0.807 0.95 (0.84–1.07) 0.353 1.15 (1.02–1.29) 0.023 1.03 (0.78–1.35) 0.852

13–18
years b

Unhealthy
dietary

consumption
1.07 (0.87–1.31) 0.542 1.15 (0.74–1.81) 0.532 0.96 (0.80–1.15) 0.675 0.97 (0.82–1.15) 0.743 1.10 (0.75–1.60) 0.636

Inadequate
physical activity 1.04 (0.88–1.24) 0.639 1.18 (0.79–1.76) 0.417 0.97 (0.83–1.13) 0.665 0.96 (0.83–1.11) 0.600 0.98 (0.71–1.34) 0.879

Excessive
screen time 1.03 (0.85–1.25) 0.764 0.83 (0.51–1.33) 0.429 0.97 (0.81–1.16) 0.708 1.16 (0.99–1.37) 0.075 1.18 (0.83–1.67) 0.364

Inadequate
sleep duration 1.01 (0.68–1.49) 0.973 0.75 (0.31–1.83) 0.532 0.95 (0.65–1.38) 0.776 0.96 (0.68–1.37) 0.822 1.10 (0.54–2.27) 0.792

Poor lifestyle 1.03 (0.87–1.22) 0.721 1.19 (0.81–1.75) 0.384 1.01 (0.86–1.18) 0.937 1.02 (0.88–1.18) 0.784 1.17 (0.85–1.60) 0.338

Boys c
Unhealthy

dietary
consumption

1.11 (0.94–1.31) 0.213 1.31 (0.88–1.96) 0.184 1.00 (0.86–1.16) 0.999 1.03 (0.89–1.20) 0.667 1.40 (1.01–1.94) 0.046

Inadequate
physical activity 1.00 (0.87–1.15) 0.988 1.07 (0.76–1.49) 0.704 0.95 (0.83–1.09) 0.422 0.96 (0.84–1.10) 0.551 1.12 (0.86–1.46) 0.411

Excessive
screen time 1.05 (0.90–1.23) 0.507 1.06 (0.73–1.53) 0.769 0.94 (0.81–1.09) 0.435 1.17 (1.01–1.35) 0.034 1.10 (0.83–1.48) 0.504

Inadequate
sleep duration 1.12 (0.93–1.36) 0.236 1.08 (0.65–1.79) 0.764 1.05 (0.88–1.25) 0.613 1.15 (0.97–1.37) 0.113 1.20 (0.81–1.76) 0.369

Poor lifestyle 1.08 (0.93–1.24) 0.304 1.22 (0.87–1.70) 0.244 0.97 (0.85–1.11) 0.677 1.09 (0.95–1.24) 0.213 1.28 (0.98–1.67) 0.070

Girls c
Unhealthy

dietary
consumption

1.11 (0.91–1.35) 0.304 1.04 (0.74–1.47) 0.817 0.90 (0.77–1.05) 0.192 0.96 (0.82–1.11) 0.551 0.68 (0.47–0.97) 0.034

Inadequate
physical activity 1.02 (0.87–1.20) 0.803 0.99 (0.74–1.32) 0.929 1.04 (0.91–1.19) 0.558 1.02 (0.89–1.16) 0.801 0.85 (0.62–1.17) 0.327

Excessive
screen time 1.00 (0.83–1.21) 0.973 0.93 (0.66–1.31) 0.676 1.03 (0.88–1.20) 0.738 1.18 (1.02–1.36) 0.031 1.21 (0.84–1.74) 0.313

Inadequate
sleep duration 1.28 (1.03–1.59) 0.028 1.06 (0.71–1.57) 0.789 0.91 (0.77–1.08) 0.270 1.11 (0.93–1.32) 0.263 1.18 (0.76–1.82) 0.456

Poor lifestyle 1.09 (0.93–1.28) 0.304 0.97 (0.73–1.30) 0.857 0.95 (0.84–1.09) 0.486 1.08 (0.95–1.23) 0.237 0.85 (0.61–1.17) 0.323

Note: Model a was adjusted for age, sex, residence, delivery mode, single-child status, parental smoking, parental
education, the interaction of sex and birth weight and school effect. Model b was adjusted for sex, residence,
delivery mode, single-child status, parental smoking, parental education, and school effect. Model c was adjusted
for age, residence, delivery mode, single-child status, parental smoking, parental education, and school effect.
Healthy dietary consumption, adequate physical activity, proper screen time and adequate sleep duration were
used as reference groups. NBW, normal birth weight; LBW, low birth weight; HBW, high birth weight; CMRFs,
cardio-metabolic risk factors; OR, odds ratio; CI, confidence interval.
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Table 5. Associations between CMRFs, clustered CMRFs and combinations of birth weight and
lifestyle in mixed effect models stratified by age and sex groups.

Combinations
Hypertension

Impaired Fasting
Glucose

Dyslipidemia Abdominal Obesity Clustered CMRFs

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Total a NBW/Ideal
lifestyle Ref Ref Ref Ref * Ref

NBW/Poor
lifestyle 1.06 (0.95–1.19) 0.302 1.12 (0.83–1.49) 0.459 0.98 (0.89–1.08) 0.683 1.06 (0.96–1.17) * 0.237 1.04 (0.83–1.29) 0.754

LBW/Ideal
lifestyle 1.25 (0.84–1.85) 0.269 0.56 (0.14–2.34) 0.428 1.35 (0.97–1.88) 0.074 0.94 (0.66–1.36) 0.759 2.00 (1.07–3.72) 0.029

LBW/Poor
lifestyle 1.25 (0.84–1.84) 0.274 1.59 (0.62–4.10) 0.333 0.89 (0.61–1.29) 0.540 1.08 (0.76–1.54) 0.669 0.95 (0.41–2.19) 0.896

HBW/Ideal
lifestyle 0.94 (0.73–1.22) 0.652 0.70 (0.32–1.55) 0.384 0.98 (0.78–1.22) 0.841 1.54 (1.26–1.90) <0.001 0.76 (0.43–1.33) 0.327

HBW/Poor
lifestyle 1.16 (0.90–1.49) 0.249 0.72 (0.33–1.58) 0.411 0.99 (0.78–1.25) 0.898 1.89 (1.53–2.33) <0.001 1.74 (1.13–2.68) 0.012

7–12
years b

NBW/Ideal
lifestyle Ref Ref Ref Ref * Ref

NBW/Poor
lifestyle 1.11 (0.96–1.29) 0.159 1.12 (0.74–1.71) 0.592 0.92 (0.81–1.05) 0.222 1.10 (0.97–1.25) * 0.134 0.89 (0.66–1.21) 0.470

LBW/Ideal
lifestyle 0.83 (0.49–1.43) 0.504 1.03 (0.24–4.37) 0.974 1.21 (0.80–1.83) 0.367 0.74 (0.45–1.21) 0.228 1.02 (0.36–2.84) 0.977

LBW/Poor
lifestyle 1.16 (0.68–1.99) 0.580 0.61 (0.08–4.59) 0.632 1.14 (0.72–1.80) 0.583 1.01 (0.62–1.66) 0.963 1.38 (0.54–3.53) 0.506

HBW/Ideal
lifestyle 1.06 (0.78–1.44) 0.720 0.79 (0.28–2.24) 0.653 0.97 (0.74–1.27) 0.798 1.55 (1.20–2.00) * 0.001 1.07 (0.56–2.04) 0.838

HBW/Poor
lifestyle 1.21 (0.86–1.72) 0.273 0.46 (0.11–1.92) 0.284 1.11 (0.82–1.49) 0.508 2.20 (1.67–2.88) <0.001 2.37 (1.39–4.05) 0.002

13–18
years b

NBW/Ideal
lifestyle Ref Ref Ref Ref * Ref

NBW/Poor
lifestyle 1.10 (0.86–1.39) 0.458 1.26 (0.78–2.05) 0.343 1.07 (0.87–1.31) 0.550 0.90 (0.74–1.10) * 0.316 1.18 (0.77–1.81) 0.442

LBW/Ideal
lifestyle 2.43 (1.15–5.17) 0.021 1.00 (0.66–1.62) 0.981 1.69 (0.86–3.31) # 0.129 1.38 (0.72–2.65) 0.338 3.57 (1.23–10.37) 0.019

LBW/Poor
lifestyle 1.32 (0.58–2.99) 0.506 2.03 (0.44–9.43) 0.366 0.51 (0.21–1.24) 0.137 0.98 (0.49–1.96) 0.950 1.00 (0.62–1.48) 0.970

HBW/Ideal
lifestyle 0.64 (0.34–1.19) 0.157 1.00 (0.64–1.52) 0.970 1.04 (0.64–1.69) 0.879 1.76 (1.16–2.67) 0.008 0.36 (0.08–1.58) 0.177

HBW/Poor
lifestyle 1.32 (0.78–2.23) 0.296 1.58 (0.58–4.34) 0.372 0.64 (0.35–1.16) 0.139 1.70 (1.09–2.65) 0.019 1.06 (0.40–2.83) 0.907

Boys c NBW/Ideal
lifestyle Ref Ref Ref Ref * Ref

NBW/Poor
lifestyle 1.15 (0.92–1.43) 0.215 1.65 (1.02–2.67) 0.043 1.03 (0.85–1.24) 0.757 1.07 (0.90–1.28) * 0.451 1.33 (0.91–1.95) 0.135

LBW/Ideal
lifestyle 2.45 (1.25–4.79) 0.009 0.92 (0.12–7.10) 0.935 1.14 (0.61–2.12) 0.682 1.03 (0.55–1.95) 0.920 2.78 (1.02–7.62) 0.047

LBW/Poor
lifestyle 1.36 (0.64–2.91) 0.428 1.02 (0.13–7.99) 0.988 0.68 (0.31–1.50) 0.342 1.08 (0.54–2.17) 0.829 0.56 (0.08–4.23) 0.576

HBW/Ideal
lifestyle 0.93 (0.58–1.50) 0.775 0.31 (0.04–2.31) 0.251 1.31 (0.90–1.90) 0.155 1.56 (1.10–2.19) 0.012 0.76 (0.29–1.98) 0.574

HBW/Poor
lifestyle 1.03 (0.63–1.67) 0.911 2.03 (0.79–5.21) 0.139 0.88 (0.57–1.37) 0.569 2.49 (1.73–3.57) <0.001 1.19 (0.51–2.74) 0.689

Girls c NBW/Ideal
lifestyle Ref Ref Ref Ref * Ref

NBW/Poor
lifestyle 1.01 (0.79–1.29) 0.928 1.00 (0.68–1.49) 0.991 0.98 (0.81–1.17) 0.788 0.96 (0.81–1.15) * 0.689 0.68 (0.41–1.13) * 0.135

LBW/Ideal
lifestyle 1.24 (0.59–2.62) 0.572 0.80 (0.20–3.30) 0.758 1.40 (0.80–2.46) 0.244 0.91 (0.50–1.68) 0.771 1.60 (0.46–5.55) 0.462

LBW/Poor
lifestyle 1.36 (0.58–3.20) 0.477 1.04 (0.27–4.08) 0.956 1.12 (0.59–2.15) 0.723 0.90 (0.47–1.73) 0.753 1.19 (0.26–5.41) 0.818

HBW/Ideal
lifestyle 0.86 (0.48–1.54) 0.600 0.91 (0.33–2.47) 0.848 1.06 (0.68–1.65) 0.789 2.00 (1.37–2.93) <0.001 1.38 (0.52–3.68) 0.520

HBW/Poor
lifestyle 1.53 (0.86–2.72) 0.151 0.80 (0.24–2.70) 0.715 1.02 (0.61–1.70) 0.950 2.08 (1.34–3.20) 0.001 1.92 (0.72–5.10) 0.191

Note: Model a was adjusted for age, sex, residence, delivery mode, single-child status, parental smoking, parental
education, and school effect. Model b was adjusted for sex, residence, delivery mode, single-child status, parental
smoking, parental education, and school effect. Model c was adjusted for age, residence, delivery mode, single-child
status, parental smoking, parental education, and school effect. NBW/Ideal lifestyle was used as reference group. NBW,
normal birth weight; LBW, low birth weight; HBW, high birth weight; CMRFs, cardio-metabolic risk factors; OR, odds
ratio; CI, confidence interval, Ref, the reference group. #, the odds ratio difference from the group of LBW/Poor lifestyle
was statistically significant, LBW/Poor lifestyle was used as reference group. * The odds ratio difference from the group
of HBW/Poor lifestyle was statistically significant, HBW/Poor lifestyle was used as reference group.
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4. Discussion

To the best of our knowledge, this was the first nationwide study addressing the
effects of the combination of birth weight and lifestyle on clustered CMRFs and age and
sex differences among children and adolescents in China. Our findings showed that the
combined effect of LBW and ideal lifestyle was associated with clustered CMRFs, especially
for those adolescents aged 13–18 years and boys. In addition, the significant combined
effect of HBW and poor lifestyle on the clustered CMRFs in children and adolescents was
found, especially for those children aged 7–12 years.

Previous studies have shown the association between CMRFs and birth weight in
children and adolescents [10–15,45,46]. However, few studies focused on clustered CMRFs,
possibly due to its low prevalence among children and adolescents. However, our study
found that HBW had significant effects on clustered CMRFs in children aged 7–12 years and
girls. In addition, the disease risk of the HBW group was higher than the corresponding
NBW group regardless of lifestyle in children and adolescents aged 7–18 years, suggesting
that HBW might be a health risk population that needs to be concentrated on, especially
in younger children and girls. Currently it is believed that the cause of HBW is genetic
factors [45] and uterine environmental factors. Maternal intermittent hyperglycemia leads
to fetal hyperglycemia and fetal release of insulin, insulin-like growth factor and growth
hormone which cause an increase in fetal fat deposition and weight gain [47–49]. Maternal
abnormal lipid levels might also affect the placental nutrition supply, which prompts fetal
overgrowth in early life [50]. Studies have shown that 16% of HBW children develop hypo-
glycemia within 24 h of life due to a placental glucose supply interruption [51,52]. All these
factors might affect adipose tissue and pancreatic cell development, leading to increased
BMI and impaired glucose metabolism, thus increasing the risk of obesity and metabolic
complications in later life [53–55]. Furthermore, many studies support the evidence that
LBW has an effect on hypertension in children and adolescents [16,17,56], which are consis-
tent with our findings. For this phenomenon, the most reasonable hypothesis based on trial
and clinical evidence is “congenital nephron reduction” [57,58], which means impaired
intrauterine development can lead to impaired kidney development. A decrease in the
number of nephrons could lead to compensatory hypertrophy, associated intraglomerular
hypertension could then lead to glomerulosclerosis and hypertension within years [59,60].
In addition, HBW was confirmed to be associated with a higher risk of abdominal obe-
sity in children and adolescents, which was consistent with the results of multiple other
studies [61,62]. Early identification of abnormal birth weight children at health risk and
the feasible prevention of CMRFs through lifestyle intervention are of great public health
significance for the prevention of cardiovascular disease.

This study showed that the combination of LBW/ideal lifestyle was associated with
elevated risk of clustered CMRFs. Due to the limitation of LBW sample size, this association
was not found in LBW/poor lifestyle. However, it could be seen that the association
between LBW and clustered CMRFs was mainly due to its association with hypertension,
and studies have shown that the effect of LBW on hypertension can be weakened by a
healthy lifestyle [22]. Therefore, maintaining a healthy lifestyle among low-birth-weight
children and adolescents might also help to reduce their adverse health effects in current
and later life. We also found that children and adolescents in the group of HBW/poor
lifestyle had a greater risk than the group of HBW/ideal lifestyle, indicating the need
to maintain a healthy lifestyle in children and adolescents with early-life adverse events
to avoid cardiovascular metabolism-related diseases. Since the self-reported lifestyle of
the latest week could not represent the health effect of long-term lifestyle in children and
adolescents and other possible confounding variables, our study only found the association
between poor lifestyle and abdominal obesity in children aged 7–12 years, the effect of sleep
duration on abdominal obesity and hypertension and the role of screen time on abdominal
obesity. Previous longitudinal studies have shown that healthy lifestyle was associated
with CMRFs in children and adolescents. Accumulating evidence showed physical activity
could affect C-reactive protein and had beneficial effects on the CMRFs in children [63].
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In addition, a high-fat diet or deficiencies of specific nutrients could increase the risk of
cardiovascular disease [64]. Furthermore, research has shown that screen time and poor
sleep were important factors related to cardio-metabolic risk indicators in children [30,65].
However, considering that it is difficult for children and adolescents to achieve a completely
healthy lifestyle, our research showed that as long as there were more than two of those
healthy lifestyle factors, the risk of clustered CMRFs could be reduced, although significant
results were only found in subgroups. This might be due to the small sample size of the
subgroups. But prior studies have shown that ideal lifestyle had a positive effect on obesity
in children and adolescents with abnormal birth weight [66,67], which could be referred by
CMRFs [46].

We also found age and sex differences in clustered CMRFs. The prevalence of clustered
CMRFs was higher in adolescents aged 13–18 years than those in children aged 7–12 years,
higher in boys than in girls, which was consistent with previous findings [38,68–70]. How-
ever, a previous longitudinal study showed that birth weight had adverse effects on
cardiometabolic metabolism in childhood, but further intensified in adolescence [55], which
was not consistent with the conclusions of this study. We found the adverse effect of
HBW on clustered CMRFs in the 7–12-year-old group and LBW on hypertension in the
13–18-year-old group, but we did not observe this association in other groups, which in-
dicates that the earlier intervention is conducted, the bigger benefit obtained. Clustered
CMRFs in adolescents might mean the track from childhood and the long-term accumu-
lation of adverse outcomes of CMRFs, and simple lifestyle intervention might not work
enough, and multiple and fortified measures are needed [27]. In addition, we observed an
interesting phenomenon that unhealthy dietary consumption may lead to increased risk
of clustered CMRFs in boys but may lead to decreased risk of clustered CMRFs in girls.
This may be related to the different weight distribution between sex, with the proportion of
overweight and obesity in boys is higher than that in girls, and the proportion of thinness
in girls is higher than that in boys [71].

The sample size of this study was obtained from seven provinces in China and could
be used as a representative national data. Furthermore, this study was the first one to
date addressing the combined effects of birth weight and lifestyle on clustered CMRFs in
children and adolescents, providing a strong rationale for promoting cardiovascular and
metabolic health in children and adolescents. Moreover, the outcomes measured were based
on blood samples, which were more accurate and objective. However, this study still has
some limitations. Firstly, our data came from a cross-sectional survey, preventing us from
making causal inferences. Secondly, the birth weight and lifestyle factors were collected
according to questionnaires and recall bias might exist. However, as important information
from a child’s early life, parents were unlikely to forget a child’s birth weight information,
and children and adolescents surveyed could recall the lifestyle of the latest week clearly.
Thirdly, residual confounding factors existed given that this study did not investigate
maternal pre-pregnancy weight, pubertal development in children and adolescents, and
other potentially unknown confounding information, which might have some impact on
the result. Finally, according to the MCAR test, there were more boys with missing data,
which might lead to the underestimation of the results due to higher clustered CMRFs
prevalence in boys than girls.

5. Conclusions

In summary, we found that the combination of abnormal birth weight and poor
lifestyle had a greater impact on clustered CMRFs in children and adolescents. This
suggested that avoiding high birth weight through prenatal health education on nutritious
diet and exercise guidelines and maintaining a healthy lifestyle during childhood and
adolescents or both, such as sufficient physical activity, sleep duration, favorable diet
consumption and proper screen time, might reduce the prevalence of CMRFs, especially in
younger children.
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Abstract: We investigated which determinants (socioeconomic, early life factors, body composition
changes, fitness changes and/or physical activity changes) best predicted longitudinal outcomes
in cardiometabolic risk profile (Z-score change) in adolescents with OW/OB who underwent a
13-month multidisciplinary lifestyle intervention. A total of 165 adolescents (13–16 y; 46% boys) from
the EVASYON study were included. Socioeconomic variables and early life factors were obtained
from the medical records. Body composition was assessed using anthropometry. Fitness and physical
activity were measured with field-based tests and questionnaires. Cardiometabolic risk factors (fasting
glucose, HDL cholesterol, triglycerides, blood pressure and waist circumference) were derived from
standard methods in the hospital. Body weight changes, sex and mother’s education were selected in
the stepwise process as the most important determinants of changes in cardiometabolic risk profile
(R2 = 0.26, p = 0.002; R2 = 0.14, p = 0.013; and R2 = 0.14, p = 0.017, respectively). Both boys and girls
showed a lower cardiometabolic risk score with the reduction in body weight (r = 0.535, p = 0.009 and
r = 0.506, p = 0.005, respectively). There was no interaction between sex and body weight change
(p = 0.614). In conclusion, the simple measure of changes in body weight should be considered to
track changes in cardiometabolic risk profile in adolescents with OW/OB.

Keywords: adolescents; parents’ educational level; parents’ occupational level; birthweight; breastfeeding;
adiposity; cardiorespiratory fitness; cholesterol; blood pressure; lifestyle intervention
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1. Introduction

Overweight/obesity (OW/OB) is an important public health concern. The worldwide
prevalence of OB nearly tripled between 1975 and 2016. Over 340 million children and
adolescents aged 5–19 were OW or OB in 2016. Common health consequences related
to OW/OB are cardiovascular diseases (the leading cause of death in 2012) and other
co-morbidities, such as diabetes, musculoskeletal disorders and some types of cancer [1].
Some estimations show that more than 90 million children and adolescents might have OW
or OB in 2025 [2,3]. Importantly, OW/OB is positively associated with cardiometabolic risk
factors (e.g., metabolic syndrome (MetS) markers) [4–7] and a higher risk of developing
cardiovascular disease later in life [8]. In this regard, socioeconomic status and several
health-related indicators, such as early life factors, body composition, fitness and physical
activity (PA), have been related to cardiometabolic risk profile (using MetS markers) in
children and adolescents with OW/OB [9–12].

Lifestyle interventions lasting from 3 to 12 months (i.e., mainly based on nutritional
education and increase in PA levels) have been proposed to improve the cardiometabolic
risk profile in children and adolescents with OW/OB [13–15]. In this regard, the EVASYON
study implemented a 13-month multidisciplinary lifestyle intervention in adolescents with
OW/OB aged 13 to 16 years, recruited from five hospitals—pediatric units—in five Spanish
cities [16]. Previous studies derived from the EVASYON study reported a reduction in body
weight, fat mass and individual cardiometabolic risk factors (e.g., blood pressure) after
13 months of a lifestyle intervention [17–19]. However, to the best of our knowledge, the
best predictor (e.g., socioeconomic status, early life factors, changes in body composition,
fitness and PA) of longitudinal changes in the cardiometabolic risk score profile (using MetS
markers), induced by a long-term multidisciplinary lifestyle intervention in adolescents
with OW/OB, is poorly understood.

Therefore, in this study, we aimed to identify the socioeconomic, early life factors, body
composition, fitness and PA determinants of longitudinal changes in the cardiometabolic
risk score after 13 months of multidisciplinary lifestyle intervention in adolescents with
OW/OB.

2. Materials and Methods

2.1. Participants and Study Design

A total of 165 adolescents (76 boys and 89 girls) were included in the data analyses. The
current study falls under the umbrella of the EVASYON study, which is a multidisciplinary
program implemented in adolescents with OW/OB aged 13 to 16 years, recruited from five
hospitals—pediatric units—in five Spanish cities (Granada, Madrid, Pamplona, Santander
and Zaragoza). The EVASYON study was conducted by different teams of multidisci-
plinary professionals from each hospital with small groups, from 9 to 11 adolescents, over
13 months, including twenty visits within two specific phases: (1) intensive intervention
phase (9 weekly visits) and (2) extensive intervention phase (11 monthly visits). Detailed
description of the EVASYON study protocol was described elsewhere [16]. Briefly, the in-
tervention included a personalized balanced diet, a PA program and psychological support
within the family. Adolescents were instructed in several motivational strategies, life and
time management strategies, including PA recommendations or sleep time, nutritional
advice and family involvement. All measurements were performed at baseline (0 months),
at the end of the intensive intervention (2 months) and at the end of the treatment program
(13 months).

Before starting the EVASYON intervention program, all candidates were screened.
The inclusion criteria were: (i) 13–16 years old, (ii) OW or OB in agreement with the
International Obesity Task Force age- and sex-specific body mass index (BMI, kg/m2) [20],
(iii) Spanish or educated in Spain and (iv) no other diagnosed disease. The exclusion
criterion was undergoing any pharmacological treatment.

The project followed the ethical standards recognized by the Declaration of Helsinki
(reviewed in Hong Kong in September 1989 and in Edinburgh in 2000) and the EEC Good

384



Nutrients 2022, 14, 3241

Clinical Practice recommendations (document 111/3976/88, July 1990) and current Spanish
legislation regulating clinical research in humans (Royal Decree 561/1993 on clinical trials).
The study was approved by the Ethics Committee of each hospital that participated in
the EVASYON study and by the Ethics Committee of the Spanish Council for Scientific
Research (CSIC). The study was explained to all the participants before starting, and the
volunteers, parents or tutors signed an informed consent form. Their participation was
completely voluntary; they did not receive any rewards.

2.2. Socioeconomic Variables

Parental education (father and mother) and parental occupational levels (father and
mother) were extracted from the medical reports that were completed through parents’
interview. Parental education refers to the academic level indicating primary school, high
school or university studies. Both parents were asked to answer a question concerning
their current occupation according to the recommendations of the Spanish Society of
Epidemiology [21]. Three categories of parental occupational levels were established:
unskilled worker/unemployed, skilled worker and managerial, referred to as low, medium
and high occupational level, respectively.

2.3. Early Life Factors

Birthweight (kg), size at birth (cm) and breastfeeding (none, less than 3 months,
4–6 months, 7–9 months, more than 9 months) were reported by mothers through
medical interviews.

2.4. Body Composition Parameters

The method used for anthropometric measurements was the standardized protocol of
the AVENA study [22]. The same trained researchers always obtained the measurements.
Each measurement was performed three times non-consecutively, i.e., a complete set of
measurements was performed and then repeated twice more. Weight and height were
obtained by standardized procedures. Body mass index (BMI) was calculated as body
weight (kg) divided by squared height (m2), classifying the adolescents as overweight or
obese [23]. The classification of obesity type according to age and sex (i.e., Overweight,
Obesity type I, Obesity type II and Obesity type III) was calculated with a patented Excel-
based tool [24], using the cut-off points defined by Bervoets et al. [25]. Peak height velocity
(PHV) was calculated from sex, age and height using Moore et al.’s equations [26].

Skinfold thicknesses were measured to the nearest 0.1 mm on the left side of the body
using a skinfold caliper (Holtain Caliper; Holtain Ltd., Wales, UK) at the following sites:
(1) triceps, halfway between the acromion process and the olecranon process; (2) biceps,
at the same level as the triceps skinfold, directly above the center of the cubital fossa;
(3) subscapular, about 20 mm below the tip of the scapula, at an angle of 45 degrees to the
lateral side of the body; (4) suprailiac, about 20 mm above the iliac crest and 20 mm toward
the medial line; (5) thigh, in the midline of the anterior aspect of the thigh, midway between
the inguinal crease and the proximal border of the patella; (6) calf, at the level of maximum
calf circumference, on the medial aspect of the calf. The sum of 4 skinfolds included the
biceps, triceps, subscapular and suprailiac, and the sum of 6 skinfolds included all the
skinfolds measured [22].

Fat mass (FM) in kg and fat free mass (FFM) in kg were calculated from the adolescent’s
total body weight and the percentage of total body fat that was obtained using the equations
reported by Slaughter et al. for children and adolescents [27].

2.5. Fitness and Physical Activity
2.5.1. Cardiorespiratory Fitness

Cardiorespiratory fitness (CRF) was assessed using the progressive 20 m shuttle run
test published by Léger and Lambert in 1982 and revised in 1988 [28], where participants
run as long as possible back and forth across a 20 m space at a specified music protocol
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that becomes 0.5 km/h faster each minute or stage. The last 0.5 stage completed is the
individual score, and VO2max was estimated with the Léger equation (i.e., CRF relative to
body weight). In addition, CRF relative to FFM was calculated from individual absolute
oxygen consumption divided by FFM.

2.5.2. Muscular Strength

A handgrip strength test was performed with the adolescents in a standard bipedal
position and with the arm in complete extension without touching any part of the body
with the hand dynamometer (TKK 5101; Takei, Tokyo, Japan). The dynamometer was
adjusted for sex and hand size for each adolescent. The test was performed twice using
both hands alternatively, allowing short rest between the measures. The final score is
the average of the two hands, taking the maximum score from each attempt [29]. The
handgrip strength test provides information about the maximal isometric strength that can
be generated mainly by the hand and the arm. Relative handgrip strength (kg/kg) was
calculated by dividing the original handgrip strength by the adolescents’ total body weight.
Standing long jump (cm) was performed in the standing position; the adolescent jumps as
far as possible, trying to land with both feet together. The score is the maximum distance
between the last heel mark and the take-off line of two attempts. The standing broad jump
assesses lower-limb explosive strength.

2.5.3. Physical Activity

PA levels were obtained from the Physical Activity Questionnaire for Adolescents
(PAQ-A) [30]. The adolescents were asked about their frequency of PA during the week
and weekend days and to compute the score ranging from 1 to 5 points, 1 being the lowest
level and 5 the highest level of PA.

2.6. Cardiometabolic Risk Factors
2.6.1. Fasting Glucose, Triglycerides and High-Density Lipoprotein

Fasting blood samples were taken in the morning (after a 10 h overnight fast); the
adolescents went to the hospital for blood sampling between at 8 and 10 a.m. Blood
samples were collected by puncture of the cubital vein (21.5 mL). For biochemical analyses,
serum was separated from plasma by centrifugation, divided into aliquots and frozen and
stored at −80 ◦C until analysis. Fasting glucose, triglycerides and high-density lipoproteins
cholesterol (HDLc) were analyzed by the biochemical auto analyzer Olympus model
AU2700 (Olympus, Melville, NY, USA). All serum analyses were performed at the end of
the study in order to have the three samples from each subject analyzed in the same run
to avoid systematic errors. The coefficients of variance of the lipid variables were 3% for
triglycerides and 2% for HDLc [31].

2.6.2. Blood Pressure

Resting blood pressure was obtained using the left arm and measured using a validated
digital automatic blood pressure monitor (OMRON M6, OMRON HEALTH CARE Co.,
Ltd., Kyoto, Japan) according to the International Protocol of the European Society of
Hypertension [32]. For this study, the mean arterial blood pressure (MAP) in mmHg was
used: MAP = Diastolic Blood Pressure + [0.333 × (Systolic Blood Pressure − Diastolic Blood
Pressure)], according to the National High Blood Pressure Education Program Working
Group on High Blood Pressure in Children and Adolescents [33].

2.6.3. Waist Circumference

The waist circumference (WC) was measured with an inelastic tape to the nearest
millimeter, with the subject upright; the measuring tape was applied horizontally midway
between the lowest rib margin and the iliac crest, at the end of a gentle exhalation [22].
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2.6.4. Cardiometabolic Risk Score Using MetS

The cardiometabolic risk Z-score was calculated using the standardized Z-scores for
each cardiometabolic risk factor at different time points, as follows: (Z-score fasting glucose
+ Z-score triglycerides + Z-score reverted HDLc + Z-score MAP + Z-score WC)/5. Higher
scores indicate greater cardiometabolic risk [34].

2.7. Statistical Analysis

The participants’ descriptive data are presented as means ± standard deviation or
frequency and percentages for continuous and categorical variables, respectively. Student’s
t-tests and chi-squared tests were performed to investigate baseline differences for con-
tinuous and categorical variables, respectively, between boys and girls. Stepwise linear
regression was performed to test the strongest potential determinants (i.e., socioeconomic,
early life factors, body composition changes, fitness changes and PA changes) of the changes
in the cardiometabolic risk score (Z-score change). The first model included changes in
the above-mentioned variables in the intensive intervention phase. In contrast, the second
model included changes in variables in the extensive intervention phase. All analyses
were conducted using the Statistical Package for Social Sciences (SPSS, v. 21.0, IBM SPSS
Statistics, IBM Corporation, Armonk, NY, USA). The significance level was set at 0.05.
Figures were depicted using the GraphPad Prism software for Windows (version 5.0.0,
GraphPad Software, San Diego, CA, USA).

3. Results

The descriptive characteristics of the participants at baseline are shown in Table 1.
The study sample presented a chronological age of 14.48 ± 1.23 years and a biological
maturation age (PHV) of 1.57 ± 1.21 years, with 54% girls. The adolescents’ prevalence
according to parental education was 37% for primary school for both parents, 37% for
high school for fathers and 39% for mothers, and for university studies, 26% and 24%
for fathers and mothers, respectively. With respect to the occupational level, fathers and
mothers showed higher percentage in the lower professional level (>40%) than in the
medium (>35%) or higher level (>16%). At baseline, obesity type I was the prevalent
degree of obesity (44%) in the study sample, followed by overweight and obesity type
II (25% and 21%, respectively), and finally, obesity type III (10%). Boys presented higher
cardiorespiratory and muscular fitness, body weight, birth weight and adiposity than girls
(p < 0.05). Girls reported higher PHV and fat free mass percentage than boys (p < 0.05).

Table 1. Descriptive characteristics of the participants at baseline.

Variables All Samples Boys Girls p-Value

Socioeconomic Variables

Sex [n (%)] 165 (100%) 76 (46%) 89 (54%) NA
Age (years) 14.48 ± 1.23 14.40 ± 1.19 14.55 ± 1.25 0.42
PHV (years) 1.57 ± 1.21 0.79 ± 0.99 2.22 ± 0.97 <0.01
Father’s education 0.64

Primary School [n (%)] 56 (37%) 27 (38%) 29 (36%)
High School [n (%)] 55 (37%) 23 (33%) 32 (40%)
University [n (%)] 39 (26%) 20 (28%) 19 (24%)

Mother’s education 0.93
Primary School [n (%)] 54 (37%) 25 (35%) 29 (38%)
High School [n (%)] 57 (39%) 18 (39%) 29 (38%)
University [n (%)] 36 (24%) 28 (25%) 18 (24%)

Father’s occupational level 0.55
Low [n (%)] 61 (41%) 27 (40%) 34 (42%)
Medium [n (%)] 51 (35%) 21 (31%) 30 (37%)
High [n (%)] 36 (24%) 19 (28%) 17 (21%)
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Table 1. Cont.

Variables All Samples Boys Girls p-Value

Socioeconomic Variables

Mother’s occupational level 0.72
Low [n (%)] 76 (49%) 33 (46%) 43 (52%)
Medium [n (%)] 54 (35%) 26 (36%) 28 (34%)
High [n (%)] 25 (16%) 13 (18%) 12 (14%)

Early life factors
Birth weight (kg) 3.35 ± 0.54 3.49 ± 0.61 3.22 ± 0.45 <0.01
Size at birth (cm) 50.65 ± 2.65 50.78 ± 2.57 50.52 ± 2.74 0.57
Breastfeeding 0.71

None [n (%)] 20 (14%) 12 (17%) 8 (10%)
<3 months [n (%)] 69 (47%) 31 (46%) 38 (48%)
4–6 months [n (%)] 36 (24%) 15 (22%) 21 (26%)
7–9 months [n (%)] 12 (8%) 6 (9%) 6 (8%)
>9 months [n (%)] 10 (7%) 4 (6%) 6 (8%)

Body composition parameters
Weight (kg) 86.23 ± 17.12 90.36 ± 17.16 82.77 ± 16.40 <0.01
Height (cm) 164.38 ± 7.95 167.90 ± 7.87 161.44 ± 6.78 <0.01

BMI (kg/m2) 31.76 ± 5.07 31.87 ± 4.73 31.66 ± 5.37 0.80
Obesity types 0.43

Overweight [n (%)] 39 (25%) 14 (20%) 25 (30%)
Obesity type I [n (%)] 68 (44%) 33 (47%) 35 (41%)
Obesity type II [n (%)] 33 (21%) 18 (25%) 15 (18%)
Obesity type III [n (%)] 15 (10%) 6 (8%) 9 (11%)

Sum of 4 skinfolds (mm) 112.11 ± 19.89 112.28 ± 18.68 111.97 ± 20.96 0.92
Sum of 6 skinfolds (mm) 186.44 ± 25.30 186.21 ± 24.54 186.63 ± 26.05 0.91
Fat mass (kg) 28.24 ± 7.97 33.36 ± 8.28 23.92 ± 4.32 <0.01
Fat mass (%) 32.57 ± 5.19 36.62 ± 3.94 29.15 ± 3.32 <0.01
Fat free mass (kg) 58.05 ± 12.03 57.01 ± 10.01 58.93 ± 13.50 0.32
Fat free mass (%) 67.43 ± 5.18 63.38 ± 3.94 70.84 ± 3.31 <0.01
Fitness and physical activity
CRF (Stages) 2.90 ± 1.45 3.36 ± 1.54 2.49 ± 1.24 <0.01
CRF relative to BW
(ml/kg/min) 35.61 ± 4.17 36.95 ± 4.02 34.40 ± 3.95 <0.01

CRF relative to FFM
(ml/kg/min) 53.18 ± 7.85 58.27 ± 5.62 48.62 ± 6.68 <0.01

Handgrip strength (kg) 28.82 ± 7.46 32.09 ± 8.40 26.00 ± 5.11 <0.01
Relative handgrip strength
(kg/kg) 0.34 ± 0.07 0.36 ± 0.07 0.32 ± 0.07 <0.01

Standing long jump (cm) 124.31 ± 25.16 132.89 ± 25.25 117.01 ± 22.80 <0.01
Physical Activity levels
(PAQ-A) 1.62 ± 1.06 1.72 ± 1.16 1.53 ± 0.97 0.28

Cardiometabolic risk factors
Fasting Glucose (mg/dL) 84.15 ± 8.37 83.97 ± 8.20 84.30 ± 8.57 0.81
Triglycerides (mg/dL) 89.01 ± 41.74 88.27 ± 39.06 89.74 ± 44.55 0.84
HDL cholesterol (mg/dL) 46.04 ± 10.77 44.86 ± 10.20 47.22 ± 11.27 0.21
Mean arterial blood pressure
(mmHg) 85.01 ± 10.33 85.45 ± 9.42 84.62 ± 11.12 0.65

Waist circumference (cm) 98.71 ± 12.79 104.00 ± 11.02 94.25 ± 12.53 0.01

Table 1 legend: NA, not applicable; PHV, peak height velocity; BMI, body mass index; Sum of 4 skinfolds
(Biceps, Triceps, Subscapular, Suprailiac); Sum of 6 skinfolds (Biceps, Triceps, Subscapular, Suprailiac, Thigh,
Calf); CRF, cardiorespiratory fitness; BW, body weight; FFM, fat free mass; PAQ-A, physical activity questionnaire
for adolescents; HDL, high-density lipoprotein. p-values show differences between boys and girls. Bold numbers
indicate p-value < 0.05.

Table 2 presents stepwise linear regressions between the potential determinants (i.e.,
socioeconomic, early life factors, body composition changes and fitness and PA changes)
and the changes in the cardiometabolic risk score (Z-score change) in the intensive and
the extensive intervention phases. None of the potential determinants was selected in the
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stepwise model in the intensive intervention phase. Meanwhile, body weight changes
(post–pre intervention values), sex and mother’s education were entered in the stepwise
model as significant determinants in the extensive intervention phase (R2 = 0.26, p = 0.002;
R2 = 0.14, p = 0.013; and R2 = 0.14, p = 0.017, respectively). Body weight changes explained
26% of the variations in the cardiometabolic risk score (Z-score change), while the inclusion
of sex and mother’s education in the model showed an additional 28% (14% for sex and
14% for mother’s education, respectively) of the explained variations in the cardiometabolic
risk score (Z-score change).

Table 2. Stepwise linear regressions of potential determinants of longitudinal changes in the car-
diometabolic risk score (Z-score change) in adolescents with overweight/obesity.

Intervention Phase Significant Determinants (p < 0.05) β R2 of Change p-Value

Intensive phase Irrelevant determinants were included NA NA NA
Extensive phase Weight (Δ) 0.534 0.261 0.002

Sex (1 = boys; 2 = girls) −0.409 0.144 0.013
Mother’s education
(1 = Primary School; 2 = High School; 3 = University) −0.388 0.141 0.017

Table 2 legend: The potential determinants of longitudinal changes in the cardiometabolic risk, presented in
Table 2, were included as predictors in the stepwise models. The cardiometabolic risk score (fasting glucose,
triglycerides, HDL cholesterol, blood pressure and waist circumference) differences (i.e., Δ changes; post–pre)
were included as the dependent variables.

Figure 1 presents the association according to sex between changes in body weight
and changes in the cardiometabolic risk score (Z-score change) at the end of the extensive
intervention phase. Both boys and girls showed a lower cardiometabolic risk score with the
reduction in body weight (r = 0.535, p = 0.009 and r = 0.506, p = 0.005, respectively). There
was no interaction between sex and body weight change (p = 0.614). Girls presented lower
cardiometabolic risk scores at any level of body weight change compared to boys.

Figure 1. Scatter plot showing the association between changes in body weight and the car-
diometabolic risk score (Z-score change) stratified by sex at the end of the extensive interven-
tion phase.
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4. Discussion

The EVASYON study is a multi-center project that aims to investigate the effect of a
13-month multidisciplinary lifestyle intervention on different health-related outcomes
(e.g., body composition, cardiometabolic risk factors, among others) in adolescents with
OW/OB aged 13 to 16 years [16]. In this regard, different studies from the EVASYON
project reported an improvement in body weight, fat mass and cardiometabolic risk
factors after 13 months of a lifestyle intervention in adolescents with OW/OB [17–19].
However, the determination of the best predictor from a broad set of health-related
outcomes (socioeconomic, early life factors, body composition changes, fitness changes
and PA changes) of longitudinal changes in the cardiometabolic risk profile (Z-score
change) in adolescents with OW/OB remains, to the best of the authors’ knowledge,
unexplored. In this regard, the main findings of the present study were: (1) none of
the potential determinants (i.e., socioeconomic, early life factors, body composition
changes, fitness changes and PA changes) of the changes in the cardiometabolic risk score
(Z-score change) were relevant in the intensive phase of the intervention; (2) instead,
body weight changes, sex and mother’s education predicted longitudinal changes in the
cardiometabolic risk score (Z-score change) in adolescents with OW/OB in the extensive
phase of the intervention. Reductions in body weight were associated with a lower
cardiometabolic risk in boys and girls. Moreover, for the same reductions in body weight,
the cardiometabolic risk was lower in girls compared with boys.

Low socioeconomic status is associated with a higher cardiometabolic risk and devel-
opment of OW/OB during the early stages of life (i.e., from 0 to 15 years old) [35], and it
seems to predict a higher risk of MetS in adulthood [36]. Although the associations between
socioeconomic status and cardiometabolic risk are clearly detected in adults [37], the study
results in adolescents are contradictory. Puolakka et al. [36] found that family socioeco-
nomic status was associated with MetS and, in line with our results, Loucks et al. [38] found
no relationship. Different methodological aspects between studies could partially explain
these discrepancies (e.g., demographic heterogeneity in the study populations and sample
size, SES measured by annual income [36] or the family income plus years of parental
education [38]).

Additionally, parental education and occupation (low education level and unem-
ployment, respectively) are related to the development of OW/OB and an adverse car-
diometabolic risk profile in the pediatric population [9,35]. In this regard, Iguacel et al. [9]
reported that mother’s education was strongly associated with cardiometabolic risk in
adolescents, independently of lifestyle. Additionally, the mother’s education may impact
children’s adiposity due to the mother’s influence on the diet during the early stage of life
in kids and the duration of breastfeeding [39,40]. Similarly, we observed that mother’s
higher education was inversely associated with cardiometabolic risk (i.e., a higher level of
education was related to a lower cardiometabolic risk) in adolescents with OW/OB. How-
ever, in our study, reductions in body weight were a stronger determinant of longitudinal
changes in cardiometabolic risk than socioeconomic status variables.

Early life factors are also associated with adiposity and cardiometabolic health in
adulthood [41–47]. Higher birth weight was associated with early development of insulin
resistance and MetS [44] and increased risk of obesity [45]. Additionally, a lower birth
weight was related to later risk of cardiovascular disease, obesity and diabetes [43]. In
conclusion, low and high birth weights impact subsequent cardiometabolic health [41].
For size at birth, especially lower size was associated with subsequent cardiometabolic
health [42]. In our study, weight and size at birth were not associated with cardiometabolic
risk factors. Finally, there is also a relationship between breastfeeding and later diseases;
a short period or absence of breastfeeding seems to be a risk factor for MetS [43,46].
Conversely, and along the same lines as Yakubov et al. [47], we found no association
between cardiometabolic risk and any of the breastfeeding periods.

Interestingly, body weight reduction rather than changes in body composition in-
dices (e.g., adiposity), fitness or PA was the strongest predictor of changes in the car-
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diometabolic risk profile (Z-score change) in adolescents with OW/OB. Of note, Ortega
et al. reported that body mass index was a better predictor of cardiovascular disease
mortality than body composition indices measured using hydrostatic weighing in a co-
hort of 60.335 participants followed up for a mean follow-up period of 15.2 years [48].
Similarly, we observed that the inexpensive and simple measure of body weight reflects
the changes in the cardiometabolic risk profile (Z-score change) induced by a 13-month
multidisciplinary lifestyle intervention better than any body composition indices. How-
ever, contrary to Ortega et al. [48], we did not use gold standard methods to determine
body composition indices. Importantly, we believe that our findings are interesting for
implementing a 13-month multidisciplinary lifestyle intervention in adolescents with
OW/OB. A 30-year cohort study showed that the negative impact of higher body weight
on cardiometabolic risk originates early in life [49].

Fitness and PA are inversely associated with cardiometabolic risk in youth [50,51]. Like-
wise, fitness may attenuate the adverse association between high body weight/adiposity
and cardiometabolic risk in children and adolescents [34,52]. However, in the current
study, changes in fitness and PA were not predictors of changes in cardiometabolic risk
(Z-score change) in adolescents with OW/OB. In this regard, gold standard methods,
such as indirect calorimetry and accelerometer, were not used in our study to assess
fitness and PA, respectively. On the other hand, sex was the second determinant (the
first determinant in the stepwise regression model was the reduction in body weight)
of the changes in the cardiometabolic risk profile (Z-score change) in adolescents with
OW/OB. We did not detect an interaction effect between changes in body weight and sex.
Otherwise, for the same reductions in body weight, girls showed a lower cardiometabolic
risk profile (Z-score) than boys. Interestingly, Barstad et al. examined sex differences in
cardiometabolic risk factors in adolescents with obesity [53]. Specifically, girls presented
lower levels of TG, blood pressure and higher HDL than boys with obesity, although PA
levels were similar [48,53].

Our study presents some limitations that should be acknowledged. First, body com-
position indices were determined using skinfolds, and other methods, such as dual energy
X-ray absorptiometry and air displacement plethysmography, may be more accurate. Sec-
ond, PA and fitness were not measured using gold standard methods, such as accelerometry
and indirect calorimetry. Third, PA questionnaires had to be applied in different seasons,
and PA behavior could be affected by the seasonal effect. Fourth, our study lacks a control
group to assess longitudinal changes induced by the lifestyle intervention in adolescents
with OW/OB. Despite these limitations, our study tested several potential determinants
(socioeconomic status, early life factors, body composition changes, fitness changes and
PA changes) of changes in the cardiometabolic risk profile (Z-score) after a 13-month
multidisciplinary lifestyle intervention in a cohort of 165 adolescents with OW/OB.

5. Conclusions

In the context of a 13-month multidisciplinary lifestyle intervention, changes in body
weight rather than socioeconomic status, early life factors, body composition changes,
fitness changes and PA changes were better predictors of changes in the cardiometabolic
risk profile (Z-score change) in adolescents with OW/OB. In addition, the cardiometabolic
risk profile was more favorable in girls than in boys for the identical decrease in body
weight. In summary, the simple and inexpensive measure of body weight should be
considered to track changes in the cardiometabolic risk profile in adolescents with OW/OB.
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Abstract: Healthy diet patterns have a positive effect on chronic non-communicable diseases in the
pediatric population, but the evidence is limited on the association between kidney impairment and
adherence to a Mediterranean diet. We aim to determine the associations between Mediterranean diet
adherence and longitudinal tubular and glomerular impairment in children. Based on four waves of
urine assays conducted from October 2018 to November 2019, we assayed urinary β2-microglobulin
(β2-MG) and microalbumin (MA) excretion to determine transient renal tubular and glomerular
impairment during the follow-up of the child cohort (PROC) study in Beijing, China. We assessed
Mediterranean diet adherence using the 16-item Mediterranean Diet Quality Index in children and
adolescents (KIDMED) among 1914 primary school children. Poor, intermediate, and good adherence
rates for the Mediterranean diet were 9.0% (KIDMED index 0–3), 54.4% (KIDMED index 4–7) and
36.5% (KIDMED index 8–12), respectively. A short sleep duration was more prevalent in children
with lower Mediterranean diet adherence, with no significant differences presenting in the other
demographic and lifestyle covariates. The results of linear mixed-effects models showed that a
higher urinary MA excretion was inversely associated with a higher KIDMED score (β = −0.216,
95%CI: −0.358, −0.074, p = 0.003), after adjusting for sex, age, BMI z-score, SBP z-score, screen
time, sleep duration and physical activity. Furthermore, in generalized linear mixed-effects models,
consistent results found that transient renal glomerular impairment was less likely to develop in
children with intermediate Mediterranean diet adherence (aOR = 0.68, 95%CI: 0.47, 0.99, p = 0.044)
and in children with good Mediterranean diet adherence (aOR = 0.60, 95%CI: 0.40, 0.90, p = 0.014),
taking poor Mediterranean diet adherence as a reference. We visualized the longitudinal associations
between each item of the KIDMED test and kidney impairment via a forest plot and identified
the main protective eating behaviors. Children who adhere well to the Mediterranean diet have a
lower risk of transient glomerular impairment, underscoring the necessity of the early childhood
development of healthy eating patterns to protect kidney health.

Keywords: Mediterranean diet; KIDMED test; kidney impairment; children; China

1. Introduction

Dietary patterns highlight the habitual consumption of foods, which are associated
with the four leading causes of death— coronary heart disease, stroke, some cancers, and
type II diabetes—in developed countries and are dramatically increasing in developing
countries as well [1,2]. As a modifiable factor, a diet pattern can be categorized as “healthy”
or “unhealthy” [1,3,4]. The Mediterranean diet is one of the healthy diet patterns based
on a variety of whole foods, including fruits and vegetables, whole grains, legumes, nuts
and seeds, and fishes, compared with highly processed foods [3]. Good adherence to the
Mediterranean diet has a positive role in protecting people from chronic non-communicable
diseases (NCDs) [5–7].
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Early development and adherence to a healthy eating pattern is critical for children’s
growth and kidney health [8–11]. Western-style diets including fast food or fried high-
energy foods have increased dramatically over the past few decades, gaining popularity
among the younger generation in China [4]. It leads to a gradual decrease in the adoption
of the traditional Chinese dietary pattern, which is similar in composition to the Mediter-
ranean diet [12]. Diet measurement is often challenging, especially in children, given
dietary patterns and food diversity and complexity, and the Mediterranean Diet Quality
Index in children and adolescents (KIDMED) [13] provides an optimal and standardized
tool to assess a healthier food mix. The Mediterranean diet has been strongly advocated in
recent years to address the upsurging early onset of NCDs. However, the KIDMED index
has not been well-practiced in Chinese children.

Substantial evidence from studies in the pediatric population has shown that adher-
ence to the Mediterranean diet as assessed by the KIDMED index is associated with a
reduced risk of obesity [14], metabolic syndrome [15,16], diabetes [17,18] and early cardio-
vascular diseases [19], while daily lifestyles may have a synergistic effect [20,21]. Paucity
of evidence has shown the association between Mediterranean diet adherence and kid-
ney impairment. We found only one cross-sectional study examining the association of
Mediterranean diet adherence with the albuminuria level in Greek adolescents [11]. Albu-
minuria, which is assessed using elevated microalbumin (MA) excretion, reflects early renal
glomerular impairment [22], and an elevated β2-microglobulin (β2-MG) reflects early renal
tubular impairment [23]. In this study, we aim to determine the longitudinal associations
between transient kidney impairment and Mediterranean diet adherence in children using
the KIDMED index.

2. Materials and Methods

2.1. Study Design and Participants

Based on the child cohort (PROC) study, we enrolled 1914 children aged 6 to 8 years
attending primary school in Beijing, China (detailed elsewhere [24]). We conducted 4 waves
of urine assays from October 2018 to November 2019 (detailed elsewhere [25,26]). In brief,
the first wave of urine assays was performed from October to November 2018 and waves
2–4 were performed within one week in November 2019 (see details elsewhere [27]). All
participants provided at least one urine sample, for a sample size of 6968 visits across
4 waves.

2.2. Urine Collection and Measurements

The urine collection and measurement procedures are detailed elsewhere [25,26].
Briefly, we performed a baseline fasting urine assay for wave 1, a 24 h urine assay (Sunday
through Monday morning) for wave 2, a Wednesday fasting urine assay for wave 3 and a
Friday fasting urine assay for wave 4. Urinary β2-MG and MA excretion were measured in
waves 1–4. An elevated β2-MG > 0.2 mg/L was used to define renal tubular impairment [28]
and an elevated MA ≥ 20 mg/L was used to define renal glomerular impairment [29].

2.3. Assessment of Adherence to the Mediterranean Diet

The 16-item Mediterranean Diet Quality Index in children and adolescents (KIDMED) [13]
was used to assess Mediterranean diet adherence among children aged 6–8 years at baseline.
A total of 12 items with positive implications for the Mediterranean diet were designated
with a +1 value, while 4 items with a negative meaning were designated with a −1 value.
The summed index ranged from 0 to 12 points and can be classified into 3 grades: (1) 0–3,
low Mediterranean diet adherence; (2) 4–7, intermediate Mediterranean diet adherence
(needs to be improved); (3) 8–12, optimal/good Mediterranean diet adherence.

2.4. Data Collection of Covariates

Anthropometric measurements including weight, height, body mass index (BMI),
systolic blood pressure (SBP) and diastolic blood pressure (DBP) were analyzed in this
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study. Height z-scores, weight z-scores and BMI z-scores were calculated using 2007 WHO
criteria, and age- and sex-specific SBP z-scores were determined. Lifestyle covariates
included sleep duration, screen time and physical activity by parental self-administrated
questionnaires (Children’s Sleep Habits Questionnaire [CSHQ] [30,31]; the Chinese version
of the Children’s Leisure Activities Study Survey [CLASS-C] [25,32]). A sleep duration
of <10 h/d was used to define short sleep. Computer/cell-phone screen time of ≥2 h/d was
used to define long screen time. Physical activity of <1 h/d was used to define insufficient
physical activity [25].

2.5. Statistical Analysis

The main outcomes were the repeated measurements of urinary β2-MG and MA ex-
cretion and the categorical transient renal tubular and glomerular impairment. Descriptive
statistics are presented according to the KIDMED index (Mediterranean diet adherence).
Variables with missing values were handled using multiple imputations, and a total of
50 complete datasets were generated for the final analysis. Sex or lifestyle covariates are
presented as counts and percentages. Z-scores of height, weight and BMI, SBP and DBP are
described as mean ± standard deviation (SD), and urinary β2-MG and MA excretion are
described as median and interquartile range (IQR). The χ2 test, analysis of variance and
Kruskal–Wallis test were performed to compare the differences between the three groups
of poor, intermediate, and good adherence to the Mediterranean diet. We generated linear
mixed-effects models to determine the associations between renal impairment indicators
and KIDMED scores with estimated coefficients and 95% confidence intervals (95%CI).
The longitudinal associations of kidney impairment and KIDMED index were determined
using generalized linear mixed-effects models with crude and adjusted odds ratios (cOR
and aOR) and 95%CIs. Multivariable models were adjusted for sex, age, BMI z-score, SBP
z-score, screen time, sleep duration and physical activity level, while the weekday of the
urine assay was included as a random effect. The results in Table 1 are based on the first
imputed dataset, while Tables 2 and 3 and Figure 1 contain valid statistical inferences of the
parameters based on 50 datasets using PROC MIANALYZE, and Table 4 is also based on
the first imputed dataset. Statistical significance was determined using a two-tailed p value
of 0.05. All analyses were performed using Statistical Analysis System V.9.4 (SAS Institute
Inc., Cary, NC, USA).

Table 1. Participants’ characteristics categorized by KIDMED index of children aged 6–9 in Beijing,
China (N = 1914).

Characteristics
KIDMED Index (Mediterranean Diet Adherence)

p
0–3 (Low n = 173) 4–7 (Intermediate n = 1042) 8–12 (Good n = 699)

At baseline
Boy (n (%))1 90 (52.0) 506 (48.6) 360 (51.5) 0.41
Age (year) 2 6.6 ± 0.3 6.6 ± 0.3 6.6 ± 0.3 0.64
Height z-score 2 0.73 ± 0.94 0.62 ± 0.96 0.71 ± 0.95 0.12
Weight z-score 2 0.78 ± 1.42 0.67 ± 1.43 0.74 ± 1.38 0.41
Body mass index z-score 2 0.45 ± 1.58 0.37 ± 1.54 0.41 ± 1.52 0.76
Systolic blood pressure (mmHg) 2 100 ± 9 101 ± 9 101 ± 8 0.27
Diastolic blood pressure (mmHg) 2 56 ± 6 56 ± 6 56 ± 6 0.60
Short sleep (<10 h/d) 1 149 (86.1) 792 (76.0) 500 (71.5) <0.001
Long screen time (≥2 h/d) 1 10 (5.8) 55 (5.3) 30 (4.3) 0.57
Insufficient physical activity (<1 h/d) 1 136 (78.6) 789 (75.7) 526 (75.3) 0.65
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Table 1. Cont.

Characteristics
KIDMED Index (Mediterranean Diet Adherence)

p
0–3 (Low n = 173) 4–7 (Intermediate n = 1042) 8–12 (Good n = 699)

Urinary β2-MG excretion (mg/L) 3

Wave 1 0.09 (0.04–0.15) 0.08 (0.04–0.13) 0.08 (0.04–0.12) 0.34
Wave 2 0.15 (0.12–0.18) 0.14 (0.12–0.18) 0.14 (0.12–0.18) 0.15
Wave 3 0.16 (0.13–0.21) 0.17 (0.13–0.21) 0.16 (0.13–0.20) 0.017
Wave 4 0.17 (0.13–0.22) 0.16 (0.13–0.21) 0.16 (0.13–0.21) 0.42

Urinary MA excretion (mg/L) 3

Wave 1 9.67 (6.57–13.14) 9.19 (6.54–12.78) 8.76 (6.30–11.80) 0.027
Wave 2 7.15 (6.20–9.20) 6.70 (6.10–8.50) 6.60 (6.00–8.40) 0.046
Wave 3 7.30 (6.30–9.20) 7.10 (6.30–9.50) 7.00 (6.20–8.80) 0.10
Wave 4 6.90 (6.00–10.50) 6.80 (6.00–9.00) 6.65 (6.00–8.70) 0.089

KIDMED: the 16-item Mediterranean Diet Quality Index in children and adolescents; β2-MG: β2-microglobulin;
MA: microalbumin.1 Comparison by KIDMED group using χ2 test. 2 Means and standard deviations (SDs)
compared between KIDMED groups using analysis of variance. 3 Medians and interquartile ranges (IQRs)
compared between KIDMED groups using Kruskal–Wallis test.

Figure 1. Forest plot for longitudinal associations of 16 items in KIDMED test with transient kidney
impairment. All 16 items of the KIDMED test were included in the multivariable models, adjusting
for sex, age, body mass index z-score, systolic blood pressure z-score, screen time, sleep duration and
physical activity level, while the weekday of the urine assay was included as a random effect.
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Table 4. Frequency of item-specific KIDMED test with kidney impairment (N = 6968).

KIDMED Test
Item

Score
Renal Tubular Impairment

n (%)
Renal Glomerular Impairment

n (%)

Takes a fruit or fruit juice every day
Yes +1 1190 (19.1) 294 (4.7)
No 0 161 (21.8) 49 (6.6)

Has a second fruit every day
Yes +1 752 (18.7) 187 (4.6)
No 0 599 (20.4) 156 (5.3)

Has fresh or cooked vegetables regularly once a day
Yes +1 1312 (19.4) 327 (4.8)
No 0 39 (18.0) 16 (7.4)

Has fresh or cooked vegetables more than once a day
Yes +1 1044 (19.0) 244 (4.4)
No 0 307 (20.8) 99 (6.7)

Consumes fish regularly (at least 2–3 times per week)
Yes +1 409 (19.5) 99 (4.7)
No 0 942 (19.4) 244 (5.0)

Likes pulses and eats them more than once a week
Yes +1 813 (19.4) 200 (4.8)
No 0 538 (19.4) 143 (5.2)

Consumes pasta or rice almost every day (5 or more times per week)
Yes +1 1210 (18.9) 308 (4.8)
No 0 141 (24.5) 35 (6.1)

Has cereals or grains (bread, etc.) for breakfast
Yes +1 851 (20.1) 208 (4.9)
No 0 500 (18.3) 135 (4.9)

Consumes nuts regularly (at least 2–3 times per week)
Yes +1 516 (19.4) 128 (4.8)
No 0 835 (19.4) 215 (5.0)

Uses olive oil at home
Yes +1 196 (19.0) 47 (4.6)
No 0 1155 (19.5) 296 (5.0)

Has a dairy product for breakfast (yoghurt, milk, etc.)
Yes +1 872 (19.8) 202 (4.6)
No 0 479 (18.7) 141 (5.5)

Takes two yoghurts and/or some cheese (40 g) daily
Yes +1 464 (19.4) 104 (4.4)
No 0 887 (19.4) 239 (5.2)

Goes more than once a week to a fast-food (hamburger) restaurant
Yes −1 54 (23.0) 14 (6.0)
No 0 1297 (19.3) 329 (4.9)

Skips breakfast
Yes −1 78 (22.8) 12 (3.5)
No 0 1273 (19.2) 331 (5.0)

Has commercially baked goods or pastries for breakfast
Yes −1 322 (19.7) 76 (4.6)
No 0 1029 (19.3) 267 (5.0)

Takes sweets and candy several times every day
Yes −1 199 (19.7) 76 (7.5)
No 0 1152 (19.3) 267 (4.5)

KIDMED: the 16-item Mediterranean Diet Quality Index in children and adolescents.

3. Results

3.1. Sociodemographic Characteristics

This study enrolled 1914 children of 6.6 ± 0.3 years old with 7 ± 2 scores of KIDMED
test at baseline. Poor, intermediate, and good adherence rates for the Mediterranean diet
were 9.0% (KIDMED index 0–3), 54.4% (KIDMED index 4–7) and 36.5% (KIDMED index
8–12), respectively. A short sleep duration was more prevalent in children with lower
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Mediterranean diet adherence, while there were no significant differences in sex, age,
height z-score, weight z-score, BMI z-score, SBP, DBP, long screen time or insufficient
physical activity between the three groups. We observed significant differences between
the three groups in wave 3 of the urinary β2-MG excretion, and in waves 1–2 of the urinary
MA excretion between the three groups (Table 1). The prevalence of transient renal tubular
impairment (elevated β2-MG > 0.2 mg/L) was 8.8% (168 of 1914), 15.9% (277 of 1746),
25.7% (425 of 1651) and 29.0% (481 of 1657) from wave 1 to 4, while that of transient renal
glomerular impairment (elevated MA ≥ 20 mg/L) was 5.6% (107 of 1914), 5.5% (96 of 1746),
4.4% (72 of 1651) and 4.1% (68 of 1657), respectively.

3.2. Linear Associations of Kidney Impairment Indicators with KIDMED Scores

Linear mixed-effects models were generated to determine associations between the
indicators of kidney impairment and the KIDMED scores. The results in the unadjusted
model 1 and the adjusted model 2 (adjusting for sex, age, and BMI z-score) showed that
the urinary MA excretion was associated with the KIDMED score, whereas the urinary
β2-MG excretion was not significantly associated with the KIDMED score. The adjusted
model 3 showed that a higher urinary MA excretion was inversely associated with a higher
KIDMED score (β = −0.216, 95%CI: −0.358, −0.074, p = 0.003), adjusting for sex, age, BMI
z-score, SBP z-score, screen time, sleep duration and physical activity (Table 2).

3.3. Longitudinal Associations of Kidney Impairment with KIDMED Index

The results of the generalized linear mixed-effects models were consistent with the
linear models. As the KIDMED index increased (with better Mediterranean diet adherence),
the children were less likely to develop renal glomerular impairment. For renal tubular
impairment, we did not observe a significant longitudinal association with the KIDMED
index. In the unadjusted model 1 and the adjusted model 2 (adjusting for sex, age and BMI z-
score), taking the KIDMED index 0–3 as a reference, the effect of the KIDMED index 4–7 on
renal glomerular impairment showed marginal significance, while the effect of the KIDMED
index 8–12 showed consistent significance. The results from model 3 showed the likelihood
of renal glomerular impairment among children with intermediate Mediterranean diet
adherence (aOR = 0.68, 95%CI: 0.47, 0.99, p = 0.044) and those with good Mediterranean
diet adherence (aOR = 0.60, 95%CI: 0.40, 0.90, p = 0.014), adjusting for sex, age, BMI z-score,
SBP z-score, screen time, sleep duration, and physical activity (Table 3).

3.4. Longitudinal Associations of Kidney Impairment with KIDMED Test

We further presented the frequency of children with kidney impairment in terms of
each item of the KIDMED test (Table 4) and the association of kidney impairment with each
item of KIDMED test (Figure 1). Adjusting for sex, age, BMI z-score, SBP z-score, screen
time, sleep duration, and physical activity, renal tubular impairment was less likely to
occur among those that consumed pasta or rice almost every day (aOR = 0.77, 95%CI: 0.61,
0.98, p = 0.033) and more likely to occur among those that skipped breakfast (aOR = 1.35,
95%CI: 1.00, 1.83, p = 0.050). Children who took sweets and candy several times every day
had a greater risk to develop renal glomerular impairment (aOR = 1.59, 95%CI: 1.18, 2.15,
p = 0.003) (Figure 1).

4. Discussion

The study used longitudinal data from the general pediatric population in China with
a considerably large sample size to determine the associations between Mediterranean
diet adherence (assessed using the KIDMED index) and transient kidney impairment.
We found that children with a higher KIDMED index were less likely to develop renal
glomerular impairment. Good adherence to the Mediterranean diet is associated with a 40%
lower risk of having renal glomerular impairment, after adjusting for demographic and
lifestyle covariates, including sex, age, BMI z-score, SBP z-score, screen time, sleep duration
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and physical activity. This finding underscores a major need for early development and
adherence to a healthy eating pattern to enhance kidney health in children.

Poor, intermediate, and good adherence rates for the Mediterranean diet were 9.0%
(KIDMED index 0–3), 54.4% (KIDMED index 4–7) and 36.5% (KIDMED index 8–12), respec-
tively, while the proportions in the KIDMED-developed population of Spanish children
aged 2–14 years were 2.9%, 48.6% and 48.5% [13]. The rate differences suggest slightly
lower Mediterranean diet adherence compared with Spanish children. Studies on the
assessment of Mediterranean diet adherence have mainly been conducted among Mediter-
ranean European countries such as Spain, Greece, Chile, Portugal, Lebanon and Italy with
mean KIDMED scores ranging from 5 to 8 [8], which is similar to our mean KIDMED
scores of 7. These results demonstrate the good applicability of the KIDMED in the Chinese
pediatric population. Moreover, we observed that a short sleep duration was more preva-
lent in the context of lower Mediterranean diet adherence. A cross-sectional study among
503 university students reported that good Mediterranean diet adherence was associated
with overall good sleep quality and sleep composition, which was associated with the
intake of foods rich in melatonin, tryptophan and phytonutrients [33].

For the linear association of the indicators of kidney impairment and the Mediter-
ranean diet adherence, we observed a consistent longitudinal negative association between
the KIDMED score and urinary MA excretion in the unadjusted analyses, with respect to
the adjusted sex, age, BMI z-score, SBP z-score, screen time, sleep duration and physical
activity. This result is consistent with a cross-sectional study of Greek adolescents that
reported an inverse correlation between the KIDMED score and albumin to creatinine ratio
(ACR, r = −0.111, p = 0.041) [11]. The kidney contributes to many physiological and biolog-
ical mechanisms in the body [34], while microalbuminuria (renal glomerular impairment)
is associated with systemic inflammation of the body and endothelial dysfunction [35].
Early damage to the glomerular filtration barrier results in impaired size and charge se-
lectivity, leading to increased MA excretion [36]. One pathophysiological explanation for
this negative correlation is that the Mediterranean diet has the endothelial protective and
anti-atherosclerotic properties [11,37]. No significant longitudinal associations between
the KIDMED score and urinary β2-MG excretion were observed. The difference in the
molecular mass of β2-MG (11.8 kDa) and MA (67 kDa) partly explains the differences
associated with the Mediterranean diet, i.e., the excretion of MA requires more extensive
impairment [38]. Furthermore, studies have shown that increased glomerular albumin
leakage stimulates proinflammatory and profibrotic signals that directly lead to tubuloint-
erstitial impairment [36]. The exposure of renal tubules to albumin triggers inflammatory
responses and toxic effects, leading to interstitial impairment, fibrosis and dysfunction,
ultimately resulting in irreversible kidney impairment [36,39]. Therefore, Mediterranean
diet adherence may play a broader and more important role in preventing kidney damage.

We further assessed the longitudinal association between transient kidney impairment
and Mediterranean diet adherence and validated the stability of the inverse association
between renal glomerular impairment and Mediterranean diet adherence. We found
that children with moderate or good Mediterranean diet adherence had a 32% and 40%
lower risk of glomerular impairment, respectively, compared with children with low
Mediterranean diet adherence, adjusting for sex, age, BMI z-score, SBP z-score, screen time,
sleep duration and physical activity level. This result provides quantitative evidence for
evaluating the direct effect of the Mediterranean diet on glomerular impairment in children.
We found a similar non-significant negative association between renal tubular impairment
and Mediterranean diet adherence. A further breakdown of the 16-item KIDMED test
analysis revealed that eating pasta or rice almost every day was associated with a 23%
lower risk of renal tubular impairment. China is a country with a traditional grain-based
diet, and most children eat grains more than once a day [4,12], which may be related to
the protection of the renal tubular system. We also identified two unhealthy eating habits
as leading causes of transient kidney impairment, namely, skipping breakfast increases
the risk of tubular impairment by 35% and eating sweets and candies several times a day
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increases glomerular impairment by 59%. While we did not expect children in Beijing or in
China to have absolute adherence to the Mediterranean diet, the KIDMED test involving
many healthy compositions are similar to the traditional Chinese dietary pattern or other
healthy diet patterns. In this perspective, using KIDMED advocates a healthy dietary
pattern rather than promoting a Mediterranean diet per se. The early development of
healthy eating patterns and the correction of unhealthy eating habits will help protect
kidney health in the general pediatric population with respect to healthy lifestyles.

The major strength of this study was that we used the quantified tool of the KIDMED
index to assess Mediterranean diet adherence, thus ensuring the stability of the results.
However, our findings are based on the original version of the KIDMED questionnaire [13],
and there was a revision in 2019 to emphasize the benefits of consuming whole fruit
rather than fruit juice and whole grains [40]. We used appropriate statistical methods
such as imputation methods [41] for missing data, linear mixed-effects models for linear
associations and generalized linear mixed-effects models for longitudinal associations, to
maximize longitudinal information and avoid reporting bias. In addition, we selected and
adjusted for key covariates such as sex, age, BMI, SBP and lifestyle factors to assess the
effect of the Mediterranean diet on transient kidney impairment. This study was limited
by not considering the potential interaction of the two outcomes and other factors of renal
function. Urine β2-MG and MA excretion were tested by different machines across the
study waves, but longitudinal data minimized these effects.

5. Conclusions

We present the longitudinal associations of transient kidney impairment with Mediter-
ranean diet adherence in the general Chinese pediatric population. We found that children
who adhered to a Mediterranean diet were associated with a reduced risk of transient renal
glomerular impairment. Our findings underscore the necessity of the early development of
healthy diet patterns and the correction of unhealthy eating habits in children to protect
kidney health in the context of more relevant healthy lifestyles.
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Stefanović, V. Urinary protein patterns in patients with Balkan endemic nephropathy. Int. Urol. Nephrol. 2013, 45, 1661–1669.
[CrossRef]

39. Chen, S.; Chen, J.; Li, S.; Guo, F.; Li, A.; Wu, H.; Chen, J.; Pan, Q.; Liao, S.; Liu, H.F.; et al. High-Fat Diet-Induced Renal Proximal
Tubular Inflammatory Injury: Emerging Risk Factor of Chronic Kidney Disease. Front. Physiol. 2021, 12, 786599. [CrossRef]

40. Altavilla, C.; Caballero-Pérez, P. An update of the KIDMED questionnaire, a Mediterranean Diet Quality Index in children and
adolescents. Public Health Nutr. 2019, 22, 2543–2547. [CrossRef]

41. Blazek, K.; van Zwieten, A.; Saglimbene, V.; Teixeira-Pinto, A. A practical guide to multiple imputation of missing data in
nephrology. Kidney Int. 2021, 99, 68–74. [CrossRef]

405





Citation: Wang, H.; Herforth, A.W.;

Xi, B.; Zou, Z. Validation of the Diet

Quality Questionnaire in Chinese

Children and Adolescents and

Relationship with Pediatric

Overweight and Obesity. Nutrients

2022, 14, 3551. https://doi.org/

10.3390/nu14173551

Academic Editor: Peter Pribis

Received: 4 May 2022

Accepted: 27 May 2022

Published: 29 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

nutrients

Article

Validation of the Diet Quality Questionnaire in Chinese
Children and Adolescents and Relationship with Pediatric
Overweight and Obesity

Huan Wang 1,2, Anna W. Herforth 3,4, Bo Xi 2 and Zhiyong Zou 1,*

1 National Health Commission Key Laboratory of Reproductive Health, Institute of Child and Adolescent Health,
School of Public Health, Peking University, Beijing 100191, China

2 Department of Epidemiology, School of Public Health, Cheeloo College of Medicine, Shandong University,
Jinan 250012, China

3 Department of Global Health and Population, Harvard T.H. Chan School of Public Health, Boston, MA 02115, USA
4 Division of Human Nutrition and Health, Wageningen University and Research, P.O. Box 230,

6700 AE Wageningen, The Netherlands
* Correspondence: harveyzou2002@bjmu.edu.cn

Abstract: The low-burden Diet Quality Questionnaire (DQQ) has been developed to rapidly assess
diet quality globally. Poor diet is often correlated with body size, and certain dietary risk factors can
result in overweight and obesity. We aimed to examine the extent to which the DQQ captured food
group consumption among children and adolescents in China, and to understand the association
of several new indicators of diet quality scores derived from the DQQ with overweight and obesity,
using the 2011 wave of the China Health and Nutrition Survey. The DQQ questions are constructed
using sentinel foods—that is, food items that are intended to capture a large proportion of the
population consuming the food groups. The overall Global Dietary Recommendations (GDR) score,
GDR-Healthy score, and GDR-Limit score are novel indicators of diet quality that reflect dietary
risk factors for non-communicable diseases derived from the DQQ questions. Multivariable logistic
regression analysis was used to examine the associations of the GDR scores with overweight and
obesity in the sample. The DQQ questions captured over 95% of children who consumed the food
groups. Additionally, we found that the GDR-Limit score was positively associated with general
obesity (odds ratio (OR) = 1.43, 95% confidence interval (CI): 1.17–1.74) and abdominal obesity
(OR = 1.22, 95% CI: 1.05–1.43), whereas the overall GDR score was negatively related to general
obesity (OR = 0.85, 95% CI: 0.74–0.97). The low-burden DQQ could be a valid tool to assess diet
quality for the Chinese pediatric population aged 7–18 years. Poor diet quality, as determined by the
GDR-Limit score, is associated with the increased risk of obesity in Chinese children and adolescents.

Keywords: Diet Quality Questionnaire; global dietary recommendations; overweight; obesity;
children and adolescents

1. Introduction

Diets have shifted dramatically and rapidly in China in recent decades with socio-
economic development and urbanization [1,2]. Between 1991 and 2009, higher daily
fat intake, lower daily protein intake, and an increasing percentage of energy from fat
mainly characterized the diets of Chinese children and adolescents aged 7–17 years [3],
which subsequently contributed to the prevalence of pediatric overweight and obesity [3].
More recently, a nationwide study of more than one million Chinese school-aged children
and adolescents showed that the mean prevalence of overweight and obesity increased
markedly from 5.3% in 1995 to 20.5% in 2014 with economic development, highlighting an
additional focus on healthy diets and physical activity [4]. Childhood obesity could not
only track into adulthood [5] but also correlate with non-communicable diseases (NCDs)
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and mortality in early adulthood [6], making pediatric obesity a pressing concern in the
prevention of obesity and obesity-related adverse outcomes later in life.

Although increasing work has been conducted on diet quality and obesity, diet quality
scores do not always correlate with obesity strongly or in expected directions. The Healthy
Eating Index (HEI) was reported to be negatively associated with obesity, whereas diversity-
based indices were positively associated with obesity in adults [7]. A systematic review and
meta-analysis found no significant associations of dietary diversity score with overweight,
obesity, or abdominal obesity in either adults or children [8]. Another systemic review
provided convincing evidence on the null association between the HEI and body mass
index (BMI) in adults and children [9]. These inconsistent findings might be attributed to
the considerable heterogeneity of diet assessment or diverse populations with different
demographics and socio-economic contexts. For example, diet quality was mainly assessed
from a single 24 h recall, multiple 24 h recalls, or a food frequency questionnaire, and many
diet quality indicators were country-specific [7–10], which complicates diet assessment and
limits widespread use. Moreover, some diet quality scores, such as diet diversity scores, are
designed to measure specific aspects of diet quality, such as nutrient adequacy, rather than
total diet quality or risk factors for obesity or NCDs [11]. When selecting and applying
indicators, it is important to use them for the purpose intended. Few indicators have been
developed that specifically relate to diet-related NCDs.

Measuring diet quality in the pediatric population has additional challenges and
is less well studied. Many diet quality indices in the pediatric population have been
developed and modified, yet few indices were validated [12,13]. To better monitor healthy
diets globally, simple and feasible approaches are highly required to be uniform and
standardized, which promotes comparability over time and across countries [14].

Recently, a low-burden Diet Quality Questionnaire (DQQ) entirely based on 29 food
groups has been developed to collect dietary data, which takes only five minutes to ad-
minister using “yes/no” questions about foods or drinks and is easily understood by
respondents [11,15,16]. The novel DQQ is designed to rapidly assess diet quality in popu-
lations and has been adapted for more than 100 countries. The DQQ has been developed
for the general population but so far has been validated and implemented only for adults
(aged 15 years and older). The DQQ questions are constructed using sentinel foods—that is,
food items which are intended to capture a large proportion of the population consuming
the food groups. The DQQ sentinel food items have not yet been validated for use in
populations younger than 15 years of age.

The DQQ data can be used to construct several diet quality indicators at the population
level, such as the Minimum Diet Diversity for Women, Food Group Diversity Score, and
Global Dietary Recommendations (GDR) scores [15]. The GDR scores are constructed to
reflect dietary risk factors for NCDs [15]. Thus, these scores may be plausibly associated
with obesity, because dietary risks for NCDs and for obesity are similar. In particular,
we would expect that the GDR-Limit score may be associated with obesity, because it
captures the consumption of food groups that are generally energy-dense and high in fat
and/or sugar.

The present study has two aims, using data from the 2011 wave of the China Health
and Nutrition Survey (CHNS). Firstly, we aim to validate the DQQ sentinel foods for
Chinese children and adolescents aged 7–18 years. Secondly, we examine the associations
of the GDR scores with overweight and obesity. The motivation of these analyses is
to understand whether the DQQ could be applied for pediatric use in China, and to
understand the relationship of GDR scores (indicators derived from the DQQ) with obesity
in children and adolescents.

2. Materials and Methods

2.1. Study Population

Data were obtained from the 2011 wave of the CHNS, which aimed to understand
the interplay of socio-economic transition and nutrition and health-related outcomes in
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China [17]. The CHNS is an international collaborative project between the Carolina Popu-
lation Center at the University of North Carolina at Chapel Hill and the National Institute
for Nutrition and Health at the Chinese Center for Disease Control and Prevention. This
study was approved by corresponding institutional review committees and all participants
provided written informed consent for inclusion before they participated in the survey [18].
Further information on the survey design and the publicly available datasets can be found
in the cohort profile [17] and at the CHNS website [19].

There were 15,725 participants in the 2011 wave of the CHNS, and we included all
children and adolescents (hereafter referred to as “children”) aged 7–18 years with complete
records on diet and anthropometrics (n = 1506). After further exclusion of those with implau-
sible dietary intakes (carbohydrate intake ≥1500 g/day, calcium intake ≥3000 mg/day, or
sodium intake ≥30 g/day), a total of 1501 children were included in this cross-sectional
study (Figure 1).

Figure 1. Flow chart of the inclusion/exclusion of participants.

2.2. Dietary Data Collection

The quantitative dietary data were collected using 24 h dietary recall by trained
investigators for three consecutive days that were randomly allocated from Monday to
Sunday. For children younger than 12 years, someone who prepared the food for the
household was asked to recall the children’s dietary intakes. More details on the dietary
interview have been described elsewhere [1]. Nutrient intakes were calculated mainly
using the 2009 Chinese food composition database [20], complemented by the 2018/2019
Chinese food composition databases [21,22].

2.3. Dietary Assessment

Food intake of the first day from the consecutive three 24 h dietary recalls was coded
into 29 food groups following the DQQ tool. The DQQ has been adapted to represent
foods in the Chinese context that could reliably capture the food group consumption for
the Chinese population, and the identification of sentinel food items for China has been
described elsewhere [16]. The China DQQ and further information are available at the
Global Diet Quality Project website [15].

The GDR-Healthy score, GDR-Limit score, and overall GDR score were constructed
from the dietary intake data: (1) GDR-Healthy score: reflecting five global recommendations
on health-protective foods for healthy diets (fruits and vegetables, beans and other legumes,
nuts and seeds, whole grains, and dietary fiber); (2) GDR-Limit score: reflecting six global
recommendations on dietary components to limit (total fat, saturated fat, dietary sodium,

409



Nutrients 2022, 14, 3551

free sugars, processed meat, and unprocessed red meat); (3) overall GDR score: subtracts
the GDR-Limit score from the GDR-Healthy score, and reflects all 11 recommendations.
The GDR score and its subcomponents were validated against quantitative intakes aligned
with each of the recommendations. Specific food groups included for the GDR-Healthy
score, GDR-Limit score, and overall GDR score are presented in Table S1. The GDR-
Healthy and GDR-Limit scores ranged from 0 to 9 points and the overall GDR score ranged
from −9 to 9 points. A lower overall GDR score, lower GDR-Healthy score, and higher
GDR-Limit score indicate poorer diet quality [11].

2.4. Physical Examination

Height, weight, and waist circumference (WC) were measured by trained field in-
vestigators following standardized procedures, as recommended by the World Health
Organization (WHO) [23]. Height (accurate to 0.1 cm) and weight (accurate to 0.1 kg) were
measured using calibrated weighing and height scales when participants stood straight
in light clothes and without shoes. BMI was calculated as weight (kg) divided by height
squared (m2). WC (accurate to 0.1 cm) was measured at the midpoint between the lowest rib
and the iliac crest using non-elastic tapes in the standing position after normal expiration.

2.5. Definitions of Overweight and Obesity

Overweight and general obesity were defined using the sex- and age-specific BMI cut-
offs for screening among children and adolescents aged 2–18 years, released by the National
Health and Family Planning Commission of China in 2018 [24]. Abdominal obesity was
defined as WC values ≥ the sex- and age-specific 90th percentiles for Chinese children [25].
Additionally, according to the WHO BMI for age z-scores [26] and the international WC
cut-offs [27], overweight, general obesity, and abdominal obesity were re-defined to test
the robustness of the results.

2.6. Statistical Analysis

The sentinel food analysis was conducted by ranking all foods in each food group in
descending order according to the cumulative frequency of food consumption. Additionally,
the percentages of the consumption of sentinel food items compared with all food items in
the respective 29 food groups were calculated.

Continuous variables were expressed as means ± standard deviations (age, weight,
height, BMI, and WC) or medians ± interquartile ranges (dietary intakes and urbanicity
index), and categorical variables were shown as numbers (percentages). The indepen-
dent t-test, Wilcoxon rank test, and Chi-square test were used to compare differences in
characteristics between boys and girls.

The Cochran–Armitage test was used to examine trends in the prevalence of over-
weight and obesity across diet quality scores. The multivariable logistic regression analyses
were used to evaluate the associations of the GDR scores with overweight and obesity;
adjusted odds ratios (OR) and 95% confidence intervals (CI) were estimated after adjusting
for sex, age, residence, and urbanicity index. Stratified analyses by sex (boys vs. girls), age
(7–12 vs. 13–18 years), and residence (rural vs. urban) were conducted. All analyses were
performed using SAS 9.4 (SAS Institute, Cary, NC, USA). Two-sided p values < 0.05 were
considered statistically significant.

3. Results

3.1. Participant Characteristics

A total of 1501 children from the 2011 wave of the CHNS with a mean age of 11.7 years
were included in this study, 59.9% of whom lived in rural areas. Approximately one tenth
of children were overweight (11.0%) or obese (10.0%) and approximately one fifth had
abdominal obesity (20.1%). Boys (51.7% of the sample) had significantly higher levels of
weight, height, BMI, and WC than girls; boys also consumed more energy, carbohydrates,
protein, and fat per day than girls. Boys were more likely to be overweight or obese than
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girls, whereas there was no significant difference in the prevalence of abdominal obesity
between boys and girls (Table 1).

Table 1. Characteristics of participants by sex.

Characteristics Total (n = 1501) Boys (n = 776) Girls (n = 725) p Value b

Age, years 11.72 ± 3.30 11.75 ± 3.31 11.69 ± 3.28 0.725
Weight, kg 41.56 ± 19.76 43.13 ± 16.38 39.89 ± 22.69 0.002
Height, cm 147.13 ± 17.29 149.24 ± 18.59 144.90 ± 15.50 <0.001

BMI, kg/m2 18.42 ± 3.93 18.66 ± 3.88 18.17 ± 3.96 0.020
WC, cm 65.06 ± 14.01 66.21 ± 12.64 63.85 ± 15.23 0.002

Energy, kcal/day a 1525.20 ± 858.45 1657.62 ± 926.57 1412.82 ± 781.48 <0.001
Carbohydrate, g/day a 214.04 ± 138.98 234.58 ± 142.68 193.15 ± 122.90 <0.001

Protein, g/day a 53.73 ± 34.41 59.02 ± 35.15 49.63 ± 31.45 <0.001
Fat, g/day a 49.65 ± 45.55 52.92 ± 46.20 45.32 ± 44.05 <0.001

Urbanicity index a 73.84 ± 35.76 71.29 ± 35.79 76.30 ± 36.06 0.366
Residence, n (%) 0.935

Rural 899 (59.89) 464 (59.79) 435 (60.00)
Urban 602 (40.11) 312 (40.21) 290 (40.00)

BMI categories, n (%) 0.001
Non-

overweight/obesity 1125 (79.06) 552 (75.41) 573 (82.92)

Overweight 156 (10.96) 100 (13.66) 56 (8.10)
General obesity 142 (9.98) 80 (10.93) 62 (8.97)

WC categories, n (%) 0.651
Non-obesity 1134 (79.92) 586 (80.38) 548 (79.42)

Abdominal obesity 285 (20.08) 143 (19.62) 142 (20.58)
BMI, body mass index; WC, waist circumference. Continuous variables are expressed as means ± standard
deviations, and categorical variables as numbers (percentages). a Continuous variables are expressed as
medians ± interquartile ranges. b Differences in characteristics between boys and girls were tested by inde-
pendent t-test, Wilcoxon rank test, or Chi-square test.

3.2. DQQ Sentinel Food Validation for Children and Adolescents

In almost every food group, the sentinel food items captured over 95% of children
aged 7–18 years who consumed the food groups, suggesting that the DQQ was a valid tool
to collect the most common food consumption groups of the Chinese children (Figure 2).
For example, people who consumed the sentinel food items (rice, noodles, steamed buns,
and bread) accounted for 99.1% of those who consumed grains as a staple food (Table S2).
For the vitamin A-rich fruits group, persimmon, mango, papaya, cantaloupe, and hawthorn
captured 96.9% of children who consumed this food group; however, the sentinel food
items only included the first four foods (capturing 93.8% of children). The specific sentinel
food items for each food group are shown in Table S2.

3.3. Associations of Diet Quality Scores with Overweight and Obesity

The prevalence of overweight, general obesity, and abdominal obesity is presented in
Figures 3 and 4. Overall, the prevalence of general obesity was higher as the GDR-Limit
score increased but was lower as the overall GDR score increased (both p for trend < 0.05).
The observed trend in the overall GDR score appears to be driven by the GDR-Limit score.
The prevalence of abdominal obesity also gradually increased with an increment in the
GDR-Limit score (p for trend < 0.05). Detailed numbers of overweight and obese children
who had each GDR score are shown in Table S3.

After adjustment for sex, age, residence, and urbanicity index, the continuous GDR-
Limit score was positively associated with general obesity (OR = 1.43, 95% CI: 1.17–1.74)
and abdominal obesity (OR = 1.22, 95% CI: 1.05–1.43), whereas the continuous overall GDR
score was negatively associated with general obesity (OR = 0.85, 95% CI: 0.74–0.97) (Table 2).
As the diet quality scores were categorized according to their distribution, compared with
children with a zero-point GDR-Limit score, those with a GDR-Limit score ≥2-point had
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increased odds of general obesity (OR = 2.66, 95% CI: 1.53–4.62) and abdominal obesity
(OR = 1.60, 95% CI: 1.07–2.40) (Table 2).

Figure 2. Percentage (%) of the consumption of sentinel food items compared with all food items in
respective 29 food groups by sex, age, and residence. Note: 1: Staple foods made from grains; 2: Whole
grains; 3: White root/tubers; 4: Legumes; 5: Vitamin A-rich orange vegetables; 6: Dark green leafy
vegetables; 7: Other vegetables; 8: Vitamin A-rich fruits; 9: Citrus; 10: Other fruits; 11: Grain-baked
sweets; 12: Other sweets; 13: Eggs; 14: Cheese; 15: Yogurt; 16: Processed meats; 17: Unprocessed
red meat (ruminant); 18: Unprocessed red meat (nonruminant); 19: Poultry; 20: Fish and seafood;
21: Nuts and seeds; 22: Packaged ultra-processed salty snacks; 23: Instant noodles; 24: Deep fried
foods; 25: Fluid milk; 26: Sweetened tea/coffee/milk drinks; 27: Fruit juice; 28: Sugar-sweetened
beverages (sodas); 29: Fast food.

Figure 3. Prevalence of overweight and obesity by Global Dietary Recommendations (GDR) scores.
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Figure 4. Prevalence of abdominal obesity by Global Dietary Recommendations (GDR) scores.

Table 2. Associations of Global Dietary Recommendations scores with overweight and obesity.

Scores
Overweight General Obesity Abdominal Obesity

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

GDR-Healthy
Continuous 1.07 (0.92–1.24) 0.393 0.98 (0.83–1.15) 0.812 1.03 (0.91–1.16) 0.644
Categories

≤1 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
2 1.86 (1.05–3.29) 0.034 1.01 (0.59–1.73) 0.973 1.13 (0.76–1.69) 0.553
≥3 1.72 (0.99–2.99) 0.056 1.05 (0.63–1.73) 0.863 1.17 (0.80–1.71) 0.419

GDR-Limit
Continuous 1.03 (0.84–1.27) 0.797 1.43 (1.17–1.74) <0.001 1.22 (1.05–1.43) 0.012
Categories

0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
1 1.69 (1.05–2.70) 0.030 1.33 (0.78–2.26) 0.296 1.23 (0.86–1.77) 0.262
≥2 1.21 (0.69–2.11) 0.516 2.66 (1.53–4.62) 0.001 1.60 (1.07–2.40) 0.022

Overall GDR
Continuous 1.04 (0.91–1.18) 0.572 0.85 (0.74–0.97) 0.016 0.94 (0.86–1.04) 0.244
Categories

<0 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)
0 0.87 (0.36–2.14) 0.769 0.89 (0.44–1.80) 0.750 0.81 (0.46–1.44) 0.480
≥1 1.17 (0.59–2.70) 0.554 0.53 (0.29–0.98) 0.043 0.63 (0.39–1.04) 0.070

CI, confidence interval; GDR, global dietary recommendations; OR, odds ratio; Ref, reference group. Logistic
regression analyses were used to calculate the odds ratios and 95% confidence intervals with adjustment for sex,
age, residence, and urbanicity index.

Stratified analyses by sex (boys vs. girls), age (7–12 vs. 13–18 years), and residence
(rural vs. urban) are shown in Figure 5, and similar positive associations between the
GDR-Limit score and obesity were found in the subgroups (Figure 5 and Table S4). In the
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sensitivity analysis, after redefining overweight and obesity, the GDR-Limit score was also
positively associated with obesity (Table S5).

Figure 5. Associations of the Global Dietary Recommendations scores with overweight and obesity
by sex, age, and residence. Note: CI, confidence interval; GDR, global dietary recommendations; OR,
odds ratio. Logistic regression analyses were used to calculate the odds ratios and 95% confidence
intervals with adjustment for sex, age, residence, and urbanicity index.

4. Discussion

In this national cross-sectional analysis of 1501 children and adolescents aged 7–18 years
from the 2011 wave of the CHNS, we found that the sentinel foods in the DQQ captured
over 95% of children who consumed the food groups, indicating that it is a valid tool
for diet quality assessment in this age group. The GDR-Limit score (derived from the
DQQ questions) was positively associated with general and abdominal obesity, whereas
the overall GDR score was negatively associated with general obesity. The present study
suggests that the DQQ tool and new indicators of diet quality are valid for Chinese children
and adolescents, and the poor diet quality determined by the GDR-Limit score is associated
with the increased risk of obesity.

Our finding that the sentinel food items captured over 95% of the food consumption of
children suggests that the China-adapted DQQ tool has the potential to assess the diet qual-
ity in the Chinese pediatric population, aligned with global diet quality frameworks in the
general population. Although there are several diet quality indicators for Chinese children
and adolescents, such as the Chinese Children Dietary Index [28], Chinese Healthy Eating
Index [29], and Chinese Healthy Eating Index for School-Age Children [30], these indices
rely on 24 h diet recalls and food–nutrient conversion tables, which is time-consuming
and poses a heavy burden for both investigators and interviewees. Additionally, these
indices only reflect adherence to the Dietary Guidelines for Chinese residents, impeding the
comparison of diet quality across countries. Given the increasing attention to adolescent
nutrition globally [31,32], aligning with the global framework is useful. Although existing
global platforms targeting adolescents are scarce, there are potential global indicators for
individuals aged 2–19 years, including the GDR scores calculated easily from the DQQ [14].
Therefore, our study results support the application of the DQQ tool in China and acceler-
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ate the process of monitoring healthy diets for children and adolescents at national and
global levels.

In our study, we used the GDR scores from the China-adapted DQQ to assess diet
quality, which reflects adherence to the WHO Global Dietary Recommendations [11]. We
observed higher odds of obesity with a higher GDR-Limit score, and lower odds with a
higher overall GDR score. On the other hand, the GDR-Healthy score was not significantly
associated with obesity; thus, our findings support the importance of reducing intakes
of unhealthy foods as the most important factor for reducing the risk of obesity. The
overall GDR score was aligned with the 11 Global Dietary Recommendations on fruits and
vegetables, beans and other legumes, nuts and seeds, whole grains, dietary fiber, total fat,
saturated fat, dietary sodium, free sugar, processed meat, and unprocessed red meat [11].
Importantly, WHO proposes these recommendations generally based on evidence related
to diet-related NCD risks [33–35]; therefore, the GDR scores obtained from the DQQ are
promising diet quality indicators related to the risk of obesity and other diet-related NCDs
in the Chinese population.

This is the first study to validate the DQQ sentinel food items in Chinese children and
adolescents. It is also the first study to assess the association between the GDR scores and
overweight and obesity in a pediatric population. Several limitations of this study should
be noted. First, we only obtained data from the 2011 wave of the CHNS; it is possible
that the relationship between diet quality and obesity has changed in the last 10 years.
Second, although age, sex, residence, and a comprehensive urbanicity index (proxy of
modernization and urbanization) were accounted for in our analyses, residual confounding
factors cannot be ruled out, such as physical activity, sedentary behavior, and pubertal
development status. Third, although this study finds that the DQQ sentinel foods are valid
for children and adolescents, further research is warranted to validate the application of
the DQQ in terms of the ability of children and adolescents to reliably report their diet. In
general, dietary recall and reporting are challenging for the pediatric age range [36].

5. Conclusions

The DQQ sentinel food items could be applied for use in populations aged 7–18 years.
The GDR-Limit score is associated with the increased risk of obesity, and the low-burden
DQQ could be a valid tool to assess diet quality for Chinese children and adolescents.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/nu14173551/s1, Table S1: Global Dietary Recommendations scores constructed from the Diet
Quality Questionnaire; Table S2: Percentage (%) of the consumption of sentinel food items compared
with all food items in respective 29 food groups by sex, age, and residence; Table S3: Number and
percentage (%) of the overweight and obesity by the Global Dietary Recommendations (GDR) scores;
Table S4: Subgroup analysis of associations between the Global Dietary Recommendations scores
and overweight and obesity by sex, age, and residence; Table S5: Sensitivity analysis of associations
between the Global Dietary Recommendations scores and overweight and obesity.
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Abstract: Prediabetes is a pathological condition in which the blood glucose concentration is higher
than normal concentrations but lower than those considered necessary for a type 2 diabetes mel-
litus diagnosis. Various authors have indicated that the Mediterranean Diet is one of the dietary
patterns with the most healthy outcomes, reducing high levels of HbA1c, triglycerides, BMI, and
other anthropometric parameters. The main objective of this study was to determine the efficacy of
the nutritional intervention for children with prediabetes, including the effectiveness of this nutri-
tional education regarding anthropometric parameters. A randomized pilot trial with two groups,
an experimental group (EG) and a control group (CG), using intervention in dietary habits with
nutritional reinforcement was carried out on 29 children with prediabetes from a rural area. The
nutritional intervention was analyzed through astrophotometric and glycemic measurements and
validated surveys. Results: The results indicated improvement in eating habits, adherence to the
Mediterranean diet, anthropometric measurements, mainly body mass index and perimeters, and
analytical parameters, with a significant decrease in glycated hemoglobin in the EG compared to the
CG (p < 0.001). Although the results showed that both groups’ anthropometric parameters improved,
a more significant decrease was observed in the experimental group compared to the control.

Keywords: child-nutrition disorders; prediabetic state; nutrition therapy; diet; Mediterranean; rural
health

1. Introduction

Nutrition can be defined as incorporating nutrients for adequate development and
growth, nourishment, and metabolic balance [1]. During the last decades, there has been
a switch to a higher intake of carbohydrates (45%), the majority being sucrose (27%) and
lactose (27%), which has caused increases in body fat [2,3]. A healthy diet and suitable
nutrition have been linked to gestational, perinatal, pediatric, and adult health, decreasing
the probability of multiple acute and chronic diseases [4,5].

High body mass index (BMI), associated with overweight and metabolic disorders,
is a risk factor for severe health problems during adulthood [6,7], such as cardiovascular
diseases (CVDs) [8]. In 2009, the World Health Organization (WHO) indicated that one in
ten children of school age (5–17 years) was overweight or obese [3,9]; the current rate is
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one out of five children [8,10,11]. It is currently estimated that in European countries, up to
20% of school-age children are overweight, and 5% are obese [12]. These rates and their
rapid increase have been linked to an unbalanced diet and a sedentary lifestyle [13–15].

Children with high BMI have a greater risk of suffering from metabolic syndrome,
a clinical entity that can damage the vascular endothelium, favoring the appearance of
atherosclerosis and the subsequent development of CVDs [12,16–18]. Furthermore, this
syndrome is a risk for future problems related to high glycated hemoglobin (HbA1c) values,
increased insulin resistance, and changes in visceral fat [19,20]. High and borderline HbA1c
levels, which can be used to define prediabetes, are under study in pediatric populations
due to their predictive power [21,22].

Specifically, a concerning disorder increasing in adolescents and young adults is
prediabetes [23]. Prediabetes is a metabolic disorder characterized by blood-glucose con-
centrations higher than those considered normal but not high enough to diagnose diabetes
mellitus 2 (MD2) [24]. An American cross-sectional analysis from 2005 to 2016 indicated
that the prevalence of prediabetes among adolescents was 18.0% [23], linked to higher BMI,
low-density lipoprotein cholesterol levels, systolic blood pressure, and central adiposity
and lower insulin sensitivity. By contrast, the prevalence of children with prediabetes was
lower (around 2.51% globally, with a 95% confidence interval (IC) of 1.61–3.41%), and lower
still in European countries (4.52%, IC 0.53–9.56%) and rural areas (2.47, 95% IC 0.93–4.02).
However, this prevalence increased globally by 1.73% from 2011 to 2018 compared to the
first decade of this century [25].

In children, prediabetes has been linked to age, gender, high BMI, family history
of diabetes, low physical activity, living in an urban area, dietary habits, lifestyle, and
sociodemographic and economic factors [25–29]. A recent study carried out in New Zealand
indicated that the prediabetes rate (16%, with 6% in European children) was associated with
ethnicity, anthropometric measures, and physical activity levels [30]. These results support
the notion that anthropometric measures are critical in prediabetes and lifestyle [25–30].
Nutrition is understudied as a factor compared with other indices, such as BMI [27].

Various authors have indicated that the Mediterranean diet is one of the dietary
patterns with the healthiest outcomes, reducing high levels of HbA1c, triglycerides, high
BMI, and other anthropometric parameters [6,31–34]. The study Prevention with the
Mediterranean Diet (PREDIMED) [6,31] concluded that up to 40% of the children studied
reduced the appearance of MD2, without associated weight loss, after an intervention
based on the Mediterranean diet. Other authors observed that a nutritional intervention
based on adherence to the Mediterranean diet resulted in a significant reduction in weight
in the experimental group (EG) compared to the control group (CG) [35]. Another study
focused on determining the effectiveness of the vegetarian versus the Mediterranean diet
highlighted that both diets effectively reduced body weight, body mass index, fat mass,
and lipid profile [34]. Moreover, the Mediterranean diet has reduced the risk for various
metabolic and endocrine diseases, such as diabetes or metabolic syndrome, preventing or
delaying the progression to MD2 [35,36]. Additionally, compared to the healthy diet, based
on the American Diabetes Association’s recommendation, the Mediterranean diet reduced
HbA1c and triglyceridemia [37].

In Spain, a nutritional intervention based on the Mediterranean diet was shown to
decrease BMI and reduce or maintain blood glucose control (reducing HbA1c 0.3–2.0%
at three to six months in young adults) [36], thereby improving metabolic levels [32,38].
Nonetheless, the adherence to diets among people that suffer from high HbA1c levels
is low [36]; consequently, it is relevant to improve its adherence, mainly via nutritional
education, which is the most robust scientifically supported intervention [36]. However,
few studies have addressed the efficacy of these interventions in prediabetes in areas with
reduced access to health services or smaller populations, such as rural areas [39], and in
children [25,32]. The only reported clinical trial focused on a healthy-lifestyle intervention
in Spanish children, combining lifestyle education and a psycho-educational program, is
the PREvention of DIabetes in KIDs (PREDIKID) study [40]. Nonetheless, this trial is based
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on the efficacy of exercise combined with lifestyle education and does not determine the
effectiveness of the Mediterranean diet in reducing the HbA1c [40].

Therefore, the objectives of this study were as follows: to determine the efficacy of the
nutritional intervention on children with prediabetes; to evaluate the improvement of an
individualized and directed nutritional intervention compared to a standardized diet (an
adapted Mediterranean diet vs. a healthy standardized diet according to the American
Diabetes Association’s recommendation); and to determine the effectiveness of nutritional
education regarding anthropometric parameters and adherence to a Mediterranean diet in
children with prediabetes.

2. Materials and Methods

2.1. Study Design

This research focused on a pre-and post-nutritional, randomized, single-blind inter-
vention on parallel groups of schoolchildren, EG and CG, with prediabetes in a rural area,
with an average income per household of around EUR 19 thousand.

The study design was divided into two phases, pre-and post-intervention, comparing
a nutritional intervention based on the adapted catalog with recommendations of health-
care professionals with an adapted Mediterranean diet (EG) and a standardized healthy
diet based on the current nutritional advice from healthcare centers (CG). In each phase, a
follow-up was carried out with five visits (32 days apart), from the initial visit (v0) in weeks
one and two, in which the study variables were gathered (anthropometric values and blood
sample), to a final visit (v4), when the study variables were collected after the nutritional
intervention. The study was approved by the Regional Ethical Committee, registered on the
regional database (ID:2353) and at Clinical Trials (NCT05424107) (https://clinicaltrials.gov/
ct2/show/NCT05424107?type=Intr&cond=PreDiabetes&cntry=ES&draw=2&rank=5, ac-
cessed on 21 June 2022).

2.2. Study Population, Sampling, and Data Collection

The study’s target population was a sample of primary- and secondary-school children
presenting altered HbA1c levels [24]. The inclusion criteria were the presentation of HbA1c
levels between 5.7 and 6.4% and informed and signed consent from the minor and the
minor’s parents or guardians. The exclusion criteria were the presence of HbA1c levels
below 5.7% or above 6.4%, pathological metabolic disease, such as diabetes or metabolic
syndrome, and a lack of signed informed consent from the minor and their legal guardian.

The sampling was based on estimating high BMI in rural areas of Spain (12.6%),
a confidence interval of 95%, and a precision of 4.5. The minimum sample was set as
233 children based on BMI, estimating 2.47 with a 95% IC 0.93–4.02 of the sample with
prediabetes in rural areas [25].

The participants were recruited through non-probabilistic convenience sampling
between March 2018 and February 2019. For the recruitment of the participants, informative
sessions were held in the educational centers for legal guardians, parents, and participants.
In these sessions, the study objective and planning were explained, along with the voluntary
nature of their participation, and the questions or doubts raised by the tutors, parents, and
pediatric patients were answered. After these information sessions, the last session was
held before data collection. The interested parties signed the informed consent, which was
ratified by the tutors, patients, and researchers who were present.

Most of the participants (238 out of 254 (93.7%)) agreed to undergo blood tests mea-
suring different analytical data, including HbA1c. Out of this sample, 30 students (8.46%
of the total sample) met the inclusion criteria for this intervention, which matched the
prevalence of children with prediabetes in European countries (4.52%, IC 0.53–9.56%) [25].
The 29 children included in the study were assigned in a simple random way to each of the
two groups: 14 EG and 15 CG. This randomization was done by an outsider researcher via
an online program based on their identification number (https://www.random.org/lists/
accessed on 1 January 2019). Such program allowed to the randomly assigned each child to
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permuted group. One child was not included because the guardians’ decision followed the
CONSORT flow diagram [41] (Figure 1).

Figure 1. Flow diagram of the selection and randomization of the sample following the CONSORT
guidelines.

2.3. Nutritional Intervention and Evaluation

The nutritional intervention and the outcome data (anthropometric parameters, glycemic
values, and questionnaire on adherence to the Mediterranean diet and food-consumption
frequency) are described according to four visits distributed over six weeks. The structure
of the nutritional intervention and planification implemented was as follows (Figure 2).

Visit 0 (weeks one and two): The initial one-hour visit was conducted individually on
all study subjects (29 children). The anthropometric parameters were taken on these visits.
The first assessment of the children’s eating habits and adherence to a Mediterranean diet
was carried out. In addition, a socioeconomic evaluation was carried out on all the parents
through an original and specific questionnaire consisting of nine questions. During the
same visit, the EG received targeted nutritional education, with specific recommendations
on the Mediterranean diet. On the other hand, the CG only received an information
sheet with standardized recommendations for healthy eating, called the Decalogue of
Healthy Eating.

Visits 1 (week six), 2 (week eleven), and 3 (week fifteen): These three visits took 30 min
to complete. They included an evaluation of dietary adherence, the resolution of doubts
about diet and food, and nutritional reinforcement for the children and families in the
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EG. Visit 4 (week twenty): The final evaluation was conducted for both groups’ children.
The Mediterranean diet adherence questionnaires were filled out, and the anthropometric
variables and blood samples were retaken.

Figure 2. Flow chart of the nutritional intervention, visit follow-ups, and outcome data collection.

2.4. Parameters and Measuring Instruments

The parameters measured were HbA1c levels, height (m2), weight (kg), waist circum-
ference (cm), hip circumference (cm), arm circumference (cm), BMI (kg/m2), validated
nutritional assessment questionnaire focused on adherence to the KIDMED, Food Fre-
quency Questionnaire (FFQ), and the decalogue of healthy eating. All these measurements
were taken up to six months from the V0.

The anthropometric evaluation was carried out on all the study subjects, measuring
the following parameters: height, weight, BMI, waist circumference, hip circumference, arm
circumference, body fat percentage, and fat-free-mass percentage. The measurements ob-
tained using a tape measure and Omron BF511 impedanciometry were grouped according
to the recommendations of the World Health Organization.
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Validated nutritional assessment questionnaires that focused on the frequency of food
consumption, quality questionnaires, and adherence to the Mediterranean diet, such as the
KIDMED, were applied. In addition, the decalogue of healthy eating was used to determine
adherence to the change in diet.

The Food Frequency Questionnaire (FFQ) includes 137 foods classified into 14 groups
(dairy products, eggs, meat or meat products, fish or shellfish, vegetables, potatoes, fruits,
nuts, legumes, cereals, olive oil, pastries, cakes or sweets, and alcoholic beverages). Fre-
quencies were recorded using a 9-category Likert-type scale (from “rarely” to “6 or more
times per day”). In addition, the rate of consumption of common foods in this population
group, such as juices (nectars, concentrates, etc.), sweets or sugary breakfast cereals (with
chocolate, honey, etc.), was collected, along with the habitual culinary techniques used in
the children’s houses. Energy and nutrient intakes were calculated using Spanish food
composition tables.

The quality index of the KIDMED aimed at children and adolescents comprises
16 questions related to adherence to the Mediterranean diet and seven items complemen-
tary to the test. All questions were answered positively or negatively. Of the 16 main
questions, question numbers 6, 11, 14, and 16, in their affirmative answers, had a negative
meaning; therefore, they were worth (−1). On the other hand, the remaining questions
whose affirmative answers represented a positive value concerning the Mediterranean diet
were scored with (+1). Negative responses received no score (0). According to the test,
the results were grouped into different levels of adherence to the Mediterranean diet: low
(score 0 to 3), medium (score 4–7), and high (8 to 12).

Lastly, the decalogue of healthy eating, developed for the internal control of adherence
to the prescribed dietary recommendations, allowed the dietitians and the children/parents
to determine which nutritional aspects were quickest and simplest to improve. On the test,
the results were grouped into different levels of adherence to the diet: low (score 0 to 3),
medium (score 4–7) and high (8 to 10).

Furthermore, the educational material designed and prepared specifically for the in-
tervention group included printed documents and PowerPoint presentations for the group
visits, focused on food cards and hidden nutrient techniques, healthy menus, diabetes, and
the decalogue of the Mediterranean diet.

2.5. Statistical Analysis

The descriptive analysis of the categorical variables was expressed as a percent-
age, and the quantitative variables were expressed through measures of central tendency
(mean ± standard deviation and 95% confidence interval). The normalization test (Shapiro–
Wilk) indicated normalization inside the sample (p = 0.24), although there were differences
for the total sample (p < 0.05). Differences in continuous variables between groups (EG and
CG groups) were analyzed by Student’s test or Mann–Whitney Student when adequate.
Paired measurements, and categorical variables were analyzed using the chi-squared test.
All statistical analyses were performed using the statistical package SPSS (version 28.0) for
Windows.

2.6. Ethical Aspects

This research followed the Helsinki Code and the Principles of Biomedicine and
obtained the approval of the Ethical Committee in the Regional Committee of the provincial
Hospital (Number 2353).

3. Results

Twenty-nine children with prediabetes participated in the study, with a mean age
of ten years, fifteen of whom were male (52% of the sample). The boys showed higher
values than the girls in terms of weight (53.31 ± 11.8 males vs. 31.77 ± 3.57 females),
height (149.4 ± 9.51 males vs. 134.4 ± 5.87 females), waist circumference (82.03 ± 8.67
vs. 60.82 ± 5.61), arm circumference (24.47 ± 3.06 vs. 18.57 ± 1.74), and BMI (23.6 ± 4.49
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vs. 17.54 ± 2.09) (p < 0.01). Despite the initial differences regarding gender, there were no
significant differences between girls and boys regarding the Hb1Ac (p = 0.085). Regarding
the family characteristics, most of the guardians or parents were married (89.7%), with a
primary education level (48.3%), a housewife (37.9%), with an 8-day shift (47.4%), with a
period of unemployment between 6 months and one year (41.7%), with two dependents
(62.1%) and received more than EUR 900 per month (62.1%).

Both groups (CG and EG) had no significant differences for the variables studied
during the initial visit (V0) (Table 1). In this sense, the results of the glycemic profiling
showed how both groups had similar values at the first visit (5.86 ± 0.13% in EG vs.
5.91 ± 0.18% CG; p = 0.47 for HbA1c and 12.07 ± 12.2 mIU/L in EG vs. 11.7 ± 7.2 mIU/L
in CG; p = 0.72 for insulin) (Table 1).

Table 1. The study included anthropometric characteristics of the 29 children with prediabetes
according to the randomization group (initial visit (V0)).

Variables
Control Group
(CG) (n = 15)

Experimental Group
(EG) (n = 14)

Differences between
GC vs. GE (p-Value)

Gender (boys) 7 (46.7%) 8 (57.1%) 0.6
Weight (kg) 41.12 ± 12.04 44.18 ± 16 0.36
Height (m) 140.95 ± 9.29 143.2 ± 27.4 0.25

BMI 1 (kg/m2) 20.2 ± 4.1 20.9 ± 4.3 0.42
Waist circumference (cm) 68.9 ± 12.8 74.8 ± 15.3 0.4
Arm circumference (cm) 21.3 ± 3.2 21.9 ± 4.7 0.13
Hip circumference (cm) 88.9 ± 20.3 85.8 ± 12.5 0.51

BF% 1 29.9 ± 2.2 31.5 ± 3.9 0.58
FF% 1 24.3 ± 7.9 25.3 ± 7.9 0.41
Hb1Ac 5.86 ± 0.2 5.91 ± 0.1 0.47

Insulin level 11.72 ± 7.16 12 ± 10.01 0.68
1 BMI: Body mass index; BF%: Body fat percentage; FF%: Fat-free percentage

The results of the intervention (Table 2) showed that both groups experienced signifi-
cant decreases in waist, arm, and hip circumferences (p < 0.05). The results indicated no
significant differences between the GE and GC regarding the decrease in the perimeters.
Nonetheless, the children from the EG showed a more statistically significant decrease in
waist circumference (−3.19 cm; p = 0.001 EG vs. −2.32cm; p = 0.02 CG) and hip circum-
ference (−2.51 cm; p = 0.012 EG vs. −2.36 cm; p = 0.018 CG). Furthermore, the fat-free
mass percentage increased after the intervention, and this increase was greater in the CG
compared to the EG (2.98%; p = 0.003 in CG vs. 2.47%; p = 0.016 in EG). The results also
showed that there was no significant difference after the nutritional intervention regarding
BMI and body fat percentage (p > 0.05) (Table 2).

Table 2. According to the randomization group, values after the nutritional intervention of 29 children
with prediabetes.

Variables
Control Group
(CG) (n = 15)

Differences
between V0 and
V4 (p-Value) a

Experimental
Group (EG)

(n = 14)

Differences
between V0 and

V4 (p-Value)

Differences
GC vs. GE
(p-Value) b

Weight (kg) 40.27 ± 11.64 −0.85 (0.23) 42.97 ± 15.87 −1.83 (0.13) 0.46
Height (m) 142.45 ± 10.17 1.5 (0.85) 144.73 ± 13.39 1.5 (0.75) 0.91

BMI 1 (kg/m2) 19.58 ± 4.07 −0.62 (0.19) 20.61 ± 4.4 −0.69 (0.13) 0.62
Waist circumference (cm) 66.48 ± 12.74 −2.32 (0.02) 71.61 ± 13.65 −3.19 (0.001) 0.58
Arm circumference (cm) 18.94 ± 3.06 −2.36 (0.018) 19.39 ± 4.7 −2.51 (0.012) 0.45
Hip circumference (cm) 88.77 ± 23.32 −0.13 (p < 0.001) 85.42 ± 18.25 −0.38 (<0.001) 0.17

BF% 1 29.59 ± 3.11 −0.31 (0.39) 31 ± 3.71 −0.5 (0.22) 0.26
FF% 1 27.28 ± 8.9 2.98 (0.003) 27.77 ± 10.87 2.47 (0.016) 0.82
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Table 2. Cont.

Variables
Control Group
(CG) (n = 15)

Differences
between V0 and
V4 (p-Value) a

Experimental
Group (EG)

(n = 14)

Differences
between V0 and

V4 (p-Value)

Differences
GC vs. GE
(p-Value) b

Hb1Ac 5.56 ± 0.2 −0.3 (<0.001) 5.51 ± 0.1 −0.27 (0.001) 0.51
Insulin (mIU/L) 10.8 ± 5.89 −0.8 (0.41) 7.3 ± 4.59 −4.8 (0.006) 0.046

a The Student’s t for related samples and the Wilcoxon test were applied according to the normalization of the
samples. b The Student’s t for independent samples and Mann–Whitney U test were applied to the normalization
of the samples. 1 BMI: body mass index; BF%: body fat percentage; FF%: fat-free percentage

Another parameter that showed improvement after the intervention was HbA1c and
insulin levels (Table 2). In both groups, HbA1c values decreased significantly between the
first and last visit (p = 0.001 in CE and p < 0.001 in CG), but insulin had a significant change
only in the intervention group (7.3 mIU/L; p = 0.006 in EG vs. 10.8 mIU/L; p = 0.41 in CG),
indicating significant differences between EG and CG for insulin level (p = 0.046) (Figure 3).
In addition, after the intervention, the frequency of HbA1c over normal values decreased
significantly (58.85% in EG and 46.6% in CG) (Figure 4).

Figure 3. Changes in insulin levels after the interventions in each EG and CG (V4).

According to the KIDMED test, showed that 44.8% of the sample (n = 29) had low
adherence to the Mediterranean Diet, 48.3% showed medium adherence, and only 6.9%
showed good compliance with the healthy dietary model. The results of the KIDMED were
3.2 ± 2.1 (95% CI 2.01–4.39) for the CG and 4.57 ± 2.47 (CI 95% 3.14–5.99) for the EG, with
no significant differences between groups at the beginning (p = 0.69). After the intervention,
the results of the KIDMED test improved in both groups, significantly improving the EG
and compared to CG (2.5; p = 0.012 EG vs. 1.89, p = 0.056 CG) (Figure 5). In this sense, after
the intervention, the EG population went from having low adherence (42.9%) to acceptable
adherence (only 14.3% showed low adherence).

Before the intervention, the mean energy intake of the 29 children with prediabetes
was 2883 ± 430 kcal/day. The primary energy contribution in the diet was made by carbo-
hydrates (50%, completes 27%, and simple 23%), followed by fats (35%, monounsaturated
17%, saturated 12%, and polyunsaturated 6%), and proteins (15%); the intake of carbohy-
drates and fats in the EG decreased after the intervention (p < 0.01). The FFQ indicated a
significant decrease in food intake, mainly in terms of carbohydrates and fat, in both the
EG and the CG (p < 0.01). Furthermore, the results after the intervention regarding the FFQ
score showed that the children from the EG experienced a higher reduction in food intake
(47.14; IC 95% 21.9–72.33 points in the FFQ; p < 0.001 for the children in the EG vs. 23.3; IC
95% 8.9–37.43 points in the FFQ; p = 0.002 children in CG).
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Figure 4. Prediabetes frequency after the intervention (V4) in the control and experimental group.

Figure 5. Changes in KIDMED between groups from the first visit to the last. An asterisk denotes a
statistically significant difference between the interventions.

According to the adherence to the decalogue of healthy eating, variation in percentage
concerning items included in the decalogue of the healthy eating questionnaire was shown
(Table 3). The differences between visits in the consumption of vegetables and whole meal
bread increased, and a decrease in the consumption of carbonated beverages was noted
for both groups (p < 0.001) (Table 3). Although there were improvements in both groups
(Table 3), the results for all the items indicated a significant improvement in the EG (0.8;
p = 0.021) compared to the GC (0.4; p = 0.25). The EG children decreased their weekly
consumption of red and processed meats by 70%; half of them did not consume carbonated
and sugary drinks, industrial pastries, snacks, or sweets (Table 3). Finally, water became
the main drink for 100% of the children (p < 0.05), indicating no significant differences
between groups (p = 0.89) (Table 3).
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Table 3. Percentage of compliance with each item included in the decalogue of healthy eating after
visit 4.

Items

CG Differences
between

Visits

GE Differences
between

Visits

Differences
between GC and

GE per Items
Initial
Visit

Last
Visit

Initial
Visit

Last
Visit

Consume ≥ 2 servings of vegetables per
day, one of them raw 8.9% 67.7% <0.001 7.1% 80% <0.001 0.41

Use 3–4 tablespoons of extra virgin olive
oil raw and for cooking 68% 80% 0.25 78.6% 100% 0.014 0.02

Eat ≥ 3 whole servings of fruit per day 4.3% 21.12% 0.02 7.1% 30% 0.016 0.158
Consume natural juices or smoothies 6.7% 33.3% 0.02 0% 80% <0.001 <0.001

Preferably consume more whole grains
(bread, pasta, and rice) than refined ones 0% 57.85 <0.001 0% 70% <0.001 0.16

Eat ≥ 3 servings of legumes per week 45% 68% 0.04 50% 90% 0.004 0.014
Eat ≥ 3–4 handfuls per week of

natural nuts 16.3% 36.7% 0.016 14.3% 50% <0.001 0.045

Consume ≥ 3 servings of oily and/or
white fish per week 48% 80% <0.001 42.9% 80% <0.001 0.45

Preferably consume lean meats without
skin (chicken, turkey, rabbit, and pork

tenderloin)
65% 73.3% 0.16 64.3% 100% <0.001 0.012

Do not consume red and/or processed
meats weekly (ribs, chops, hamburger,

commercial sausages, etc.)
23.3% 66.7% 0.002 0% 70% <0.001 0.16

Do not consume carbonated and/or
sugary drinks weekly 13.3% 43.3% <0.001 7.1% 50% <0.001 0.84

Do not consume industrial pastries.
treats and snacks weekly 0% 43.3% <0.001 0% 50% <0.001 0.049

Consume quality and minimally
processed dairy products (natural

yogurt, fresh cheese, etc.)
0% 13.3% 0.04 0% 20% 0.02 0.05

Water is the main daily drink 60% 100% 0.004 71.4% 100% 0.01 0.89

4. Discussion

This pilot study analyzed the efficacy of a nutritional intervention based on the
Mediterranean diet in comparison with a healthy standardized diet to reduce HbA1c and
insulin levels and, therefore, reduce the prevalence of prediabetes in a rural pediatric
population. Furthermore, this study analyzed the impact of nutritional interventions
guided by health care providers to promote healthy habits and control risk factors, such as
high BMI.

The initial results of the data indicated that the frequency of prediabetes in a rural town
seemed to be in line with the data from European countries and lower-income areas [25].
These initial data indicate that the prevalence of prediabetes also increased and was more
common in boys [25–30].

The results for both groups indicated that the BMI did not significantly decrease in the
Mediterranean or healthy diet, which matched the results of several studies regarding the
possibility of no significant decrease in weight or BMI [6,31–34]. However, the waist, arm,
and hip diameters significantly improved in both groups; the decrease was more notable
in the experimental group than in the control. These results coincide with those of Albert
Pérez et al. (2018), which indicated that nutritional interventions based on diet or exercise
decrease anthropometric values and metabolic parameters [42]. Additionally, both groups
experienced an increase in fat-free percentage, with the increase higher in the CG, which
was in line with a recent meta-analysis regarding prediabetes that indicated the positive
impact of the Mediterranean diet and of healthy diets following the American Diabetes
Association’s recommendations [37].

Moreover, the changes in the HbA1c in both groups highlighted how the Mediter-
ranean diet and healthy diet, monitored by health care professionals, are effective interven-
tions to control and reduce the risk of MD2. These results also matched the findings of the
last executive summary of the Spanish Atherosclerosis Society [36], which highlighted that
the Mediterranean diet and healthy diets based on the American Diabetes Association’s
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recommendations (mainly the Dietary Approaches to Stop Hypertension, also known as
DASH) reduce HbA1c levels and risk factors in adults. The only parameter that differed
between the groups was insulin levels, which were related to insulin resistance. This seems
to match the results of a previous analysis that indicated how the Mediterranean diet
results in a modification in compound-specific gene expression via the involvement of
the nuclear high-mobility group A1 (HMGA1) protein [43,44]. These results imply that
the Mediterranean diet seems to provoke modifications in metabolic complications in
humans, children, or adults, reducing pro- and anti-inflammatory adipocytokines and
insulin resistance [44].

Another exciting result was the improvement in adherence to the Mediterranean diet
and the modifications in food consumption. Both groups experienced a reduction in food
intake, with a corresponding reduction in energy, possibly associated with the lessening of
the anthropometric parameters and improvements in Hb1Ac. However, the children from
the EG experienced a significantly decreased frequency of low adherence to the diet and
increased consumption of healthy foods, with a simultaneous increase in Mediterranean
diet adherence. Moreover, after the intervention, the five most frequently consumed foods
among our study population were carbonated and sugary drinks, skim milk products,
whole-milk products, vegetables, and fruits. The pre-intervention data coincided with a
previous analysis in Croatia, which reflected how children (8 and 9 years old) have low
adherence to the Mediterranean diet, with their consumption of processed and sugary foods
at levels higher than those recommended, which can lead to insulin resistance and other
health issues [25,36,45]. However, the post-intervention food preferences in this study were
opposed to those presented in the ANIBES Study [46], in which the five most frequently
consumed foods were bread, pastries, meats, olive oil, and sausages, suggesting that other
factors, such as the role of health care professionals, intervene in food-intake changes. In
this sense, the study by Costarelli et al. reflected the efficiency of nutritional interventions
in schools, although adherence to the Mediterranean diet is related to the profiles of those
who implement these interventions [47]. When teachers oversee interventions based on
improving adherence to the Mediterranean diet, the results of the control and experimental
groups do not differ significantly.

Despite the differences regarding the children’s preferences, these previous find-
ings [25,36,45,48] highlight that the low adherence to this diet is one of the factors that
are increasing the prevalence of diabetes and other issues [25–30], reflecting how a nutri-
tional intervention, such as that presented in the current study, with follow-ups by health
professionals, can improve adherence, decrease inadequate food intake, and improve
glycemic values.

Limitations, Implications for the Field, and Future Research

As with any research, this study has limitations. The major limitation was the sample
size of 29 individuals, 15 in the CG and 14 in the EG, resulting from the study’s volun-
tariness and the established inclusion criteria. This limitation implies that the findings
may be exaggerated. It is, therefore, relevant to conduct this type of analysis with a larger
sample. Another limitation was related to the coexistence of other health programs carried
out in schools; furthermore, sociodemographic and individual conditions need to be con-
sidered since income or parental status may have modified the food preferences and the
effectiveness of the results. In this sense, since the groups were located in a rural area of
Southern Spain, the results could be limited in their generalizability to other children with
prediabetes, even with similar-sized samples.

Despite these limitations, the presented results showed how the eating habits of
children with prediabetes improve with a dietary intervention based on nutritional edu-
cation that allows them to discern unhealthy consumption. The eating habits improved
exponentially in both groups, particularly through the adaptation to and inclusion of the
Mediterranean diet, indicating that the role of healthcare specialists in any nutritional inter-
vention results in improved healthy eating [32]. Given the results, it would be interesting to
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establish a targeted dietary intervention with consecutive personalized visits by specialized
health personnel at the primary care level and even in schools.

Additionally, since there is currently a lack of studies aimed at the pediatric pop-
ulation [42], this study shows that nutritional intervention effectively reduces glycemic
parameters and, therefore, the prevalence of prediabetes in the child population and values
related to insulin resistance decrease accordingly. These findings suggest that if an ade-
quate strategy is carried out in dietary re-education from an early age through educational
programs, such as the Food, Nutrition, and Gastronomy Program for Early Childhood
Education (PANGEI) [47], the establishment of healthy habits from early infancy improves
quality of life and seems to ensure proper development [32,49]. Moreover, recent studies
show how nutritional interventions are effective in this population, maintaining these
dietary changes over time (minimum 36 months), but few include biochemical parameters
aimed at prediabetes [42].

For this reason, future research will be focused on a nutritional intervention carried out
by health care professionals (such as nurses) with school-based follow-ups, monitored by a
nutritionist with a larger sample of children and during a minimum period of 36 months.

5. Conclusions

This pre-and post-intervention research aimed at a rural pediatric population with
levels close to diabetes showed how the Mediterranean diet effectively reduces biochemical
and anthropometric parameters. This efficacy was measured through a nutritional evalua-
tion using validated questionnaires, visits to the children to improve their eating habits,
and their adherence to the Mediterranean diet.
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19. Alp, H.; Eklioğlu, B.S.; Atabek, M.E.; Karaarslan, S.; Baysal, T.; Altın, H.; Karataş, Z.; Şap, F. Evaluation of Epicardial Adipose
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Abstract: Child complementary feeding (CF) practices meet dietary recommendations more often
among educated, high-income groups. Much of the evidence for this association addresses inadequate
CF for addressing child undernutrition. However, in many countries, including Thailand, child
malnutrition assessments must now address under- and over-nutrition. More comprehensive data
is needed to understand this complex situation. This study uses data from the Thailand Multiple
Indicators Survey 2019, to identify the determinants of CF practices among 6–23-month children
(n = 4125) using the newly developed WHO indicators. Logistic regression analysis was used to
measure associations between sociodemographic factors and CF practices. In a fully adjusted model,
child age, primary caregivers’ education, and household incomes were statistically associated with
(in)appropriate CF practices. Older children aged 9–23 months, not only have better minimum dietary
diversity (MDD), minimum acceptable diet (MAD), and egg and/or flesh food consumption (EFF),
but also tend to consume more unhealthy foods. The proportion of inappropriate CF practices was
higher among children living with caregivers other than their mothers. While maternal education and
household income were positively associated with MDD and MAD, children of mothers from middle-
class households consumed more sweetened beverages. Therefore, nutrition programs addressing
different feeding problems should be developed specifically for different primary caregiver and
demographic groups.

Keywords: complementary feeding; determinants; infant feeding; Thailand; young child

1. Introduction

Child malnutrition remains an alarming global issue, despite the remarkable progress
in improving social and economic development [1]. Malnutrition, which is defined as
“deficiencies, excesses, or imbalances in a person’s intake of energy and/or nutrients”,
addresses two broad groups of conditions- undernutrition and overnutrition [2]. Interna-
tional organisations estimate that global stunting and wasting prevalence among children
under five declined from 33.1% and 7.5% in 2000 to 22.0% and 6.7% in 2020, respectively [3].
However, the prevalence of overweight among children under five increased from 5.4% in
2000 to 5.7% in 2020 [3]. The prevalence of the two malnourished states displays significant
variation across contexts and settings.

Child undernutrition has the greatest impact in low-and middle-income countries
(LMICs). An analysis using national survey data from 50 LMICs showed a moderate decline
in child stunting prevalence from 40.1% and 23.3% in 2000 to 31.9% and 17.5% in 2015,
respectively [4]. Moreover, undernutrition has the greatest impact on Asian and African
children. Approximately, 79 million Asian children younger than five years are affected
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by stunting and 31.9 million by wasting [3]. At the same time, the levels and trends of
child overnutrition have been growing in many regions, especially Southeast Asia. In this
region, the prevalence increased from only 3.7% in 2000 to 7.5% in 2020 [3]. Moreover, the
impact of child overnutrition is greatest in upper-middle-income (8.8%) and high-income
(7.8%) countries when compared with low-income (3.7%) and lower-middle-income (4.0%)
countries [3].

In Thailand, a Multiple Indicator Cluster Survey (MICS) revealed that stunted, un-
derweight, and wasted prevalence among young children had slightly improved between
2012 and 2019. The stunting rate decreased from 16.3% in 2012 to 10.5% in 2016 before
slightly increasing to 13% in 2019 [5–7]. The trend in child underweight is similar to those
in stunting, where the rate decreased from 9.2% in 2012 to 6.7% in 2016 and then rose to 8%
in 2019. However, MICS shows a slight drop in levels of child wasting from 6.7% in 2012 to
5.4% in 2016, and then an increase to 8% in 2019. As well, like other upper-middle-income
countries, Thailand is facing increasing levels of child overnutrition. Overweight preva-
lence among Thai children under five was under 2% in 1986 [8], it then steadily increased
to 9% in the next 33 years [7]. Therefore, Thailand is now encountering a double burden of
child malnutrition.

Inappropriate complementary feeding is a cause of malnutrition, both under and
over nutrition, in children. Children being fed poor quality semi-solid food and/or with
low meal frequency were associated with undernutrition, which includes three groups of
conditions: stunting, wasting, and underweight [9,10]. Meanwhile, the early introduction of
complementary feeding has been associated with the risk of early cessation of breastfeeding
and the risk of overweight and obesity [11–13]. Caregivers, most often mothers, take
responsibility for young child feeding, with their practices influencing child nutritional
status. Child feeding practices are also influenced by multidimensional determinants,
including personal, household and community factors. Previous studies tend to focus
on determining the socioeconomic determinants of child feeding practices, especially in
LMICs. Children that are older, and from better maternal education backgrounds, higher
household wealth status and higher access to antenatal care are associated with better
complementary feeding practices [14–17]. However, the determinants of child feeding
practices vary in different contexts and settings.

In 2008, the WHO introduced indicators for assessing infant and young child feeding
practices. These indicators were designed to assess trends and diversity in young child
diets, identify children at risk of malnutrition and monitor progress in risk reduction, and
evaluate interventions [18]. As the food landscape has changed, the WHO proposed a new
set of indicators in 2021, covering dietary diversity, food groups, and unhealthy food and
beverage consumption [19]. The summary of changes between the 2008 and 2021 set of
indicators is described in Table S1.

In Thailand, the determinants of child health and nutrition have undergone fundamen-
tal changes as the country has experienced rapid socio-demographic and economic change
over the past decades. Thailand became an upper-middle-income country in 2011, and is
experiencing the dual burdens of over and under nutrition. Consequently, gaining a better
understanding of the current relationship between socioeconomic and demographic status
and child feeding practices is needed. Therefore, the aim of this study is to use the newly
developed WHO infant feeding indicators to assess patterns of complementary feeding
among Thai children 6–23 months of age, the distribution of these patterns, and to identify
the potential risk factors associated with inappropriate complementary feeding practices
in Thailand.

2. Materials and Methods

This study is a cross-sectional quantitative analysis of secondary data. We analysed
data for 4125 children aged 6–23 months obtained from the nationally representative Multi-
ple Indicators Cluster Survey (MICS) 2019 to assess the association between complementary
feeding patterns and child, caregivers, and other characteristics.
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2.1. Data Sources and Variables

Multiple Indicators Cluster Survey (MICS) is an international cross-sectional house-
hold survey program developed and introduced by the United Nations Children’s Fund
(UNICEF) to support countries to collect useful data about women and children. Countries
can employ MICS to measure indicators or monitor the progress of Sustainable Devel-
opment Goals. Furthermore, findings from MICS are able to be empirical evidence for
developing policies to improve children’s diets [7].

This study analysed the Multiple Indicators Cluster Survey 2019 (MICS6), conducted
by the National Statistical Office (NSO) in Thailand, between May and November 2019.
MICS6 used face-to-face interviews by the trained field staff of NSO. NSO collected data
from 17 of Thailand’s 77 provinces in five regions (Bangkok, Central, North, South, and
Northeast). Field workers entered all data into tablets directly during the interviews. Each
interview took around one hour. If the sampled respondent was not home or physically
present during the first visit, NSO staff revisited at least three times [7].

Our study only used data from interviews with mothers or caregivers of children
aged 6–23 months old. The main independent variables were child’s factors (gender and
age), maternal/ caregivers’ factors (age, education, and nationality), and household and
community level factors (household wealth index, residential areas, and geographical
regions). The WHO complementary feeding indicators were dependent variables.

2.2. Complementary Feeding Indicators of WHO

We applied the new and updated infant and young child feeding indicators of the
WHO [19]. Table 1 summarised the new WHO complementary feeding indicators.

Table 1. WHO complementary feeding indicators *.

Indicator Short Name Age Group Definition

Introduction of solid,
semi-solid or soft foods
6–8 months

ISSF Infants 6–8 months
of age

Percentage of infants 6–8 months of age who
consumed solid, semi-solid or soft foods during
the previous day.

Minimum dietary diversity
6–23 months MDD Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed foods and beverages from at least five
out of eight defined food groups during the
previous day.

Minimum meal frequency
6–23 months MMF Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed solid, semi-solid or soft foods (but
also including milk feeds for non-breastfed
children) the minimum number of times or more
during the previous day. The minimum number
of times is defined as:

• two feedings of solid, semi-solid or soft
foods for breastfed infants aged
6–8 months;

• three feedings of solid, semi-solid or soft
foods for breastfed children aged
9–23 months;

• four feedings of solid, semi-solid or soft
foods or milk feeds for non-breastfed
children aged 6–23 months whereby at least
one of the four feeds must be a solid,
semi-solid or soft feed.
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Table 1. Cont.

Indicator Short Name Age Group Definition

Minimum milk feeding
frequency for non-breastfed
children 6–23 months

MMFF Children 6–23 months
of age

Percentage of non-breastfed children
6–23 months of age who consumed at least two
milk feeds during the previous day.

Minimum acceptable diet
6–23 months MAD Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed a minimum acceptable diet during the
previous day. The minimum acceptable diet is
defined as:

• for breastfed children: receiving at least the
minimum dietary diversity and minimum
meal frequency for their age during the
previous day;

• for non-breastfed children: receiving at
least the minimum dietary diversity and
minimum meal frequency for their age
during the previous day as well as at least
two milk feeds.

Egg and/or flesh food
consumption 6–23 months EFF Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed egg and/or flesh food during the
previous day.

Sweet beverage
consumption 6–23 months SwB Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed a sweet beverage during the
previous day.

Unhealthy food
consumption 6–23 months UFC Children 6–23 months

of age

Percentage of children 6–23 months of age who
consumed selected sentinel unhealthy foods
(such as fried foods, confections) during the
previous day.

Zero vegetable or fruit
consumption 6–23 months ZVF Children 6–23 months

of age

Percentage of children 6–23 months of age who
did not consume any vegetables or fruits during
the previous day.

* World Health Organization. (2021). Indicators for assessing infant and young child feeding practices: definitions
and measurement methods.

2.3. Data Analysis

STATA software version 17 was used for all calculations (serial license number:
401709350741). There were three steps to the analysis. First, was a descriptive analy-
sis to explain the characteristics of the sample and frequency of the complementary feeding
indicators. Second, univariate logistic regression analysis was used to calculate the odds
ratio (OR) to explore the association between complementary feeding indicators and each
independent variable. Third, multivariate logistic regression was applied to find an ad-
justed odds ratio (AOR) to examine the association between the dependent variable and
adjusted each independent variables, mutually adjusted for all other independent vari-
ables. We included all independent variables in the multivariate logistic regression analysis,
even though they did not show statistically significant association in our analysis, because
previous papers had suggested there may be an association. Statistical significance was
measured at the 95% confidence level (p-value < 0.05).

3. Results

3.1. Characteristics of the Sample

The number of sampled children aged between 6–23 months was 4125. Male and
female children were nearly equally represented in the sample, at 51.49% and 48.51%
respectively. Most children were in the age range of 12–23 months (69.8%). The proportion
of children cared for by people other than their mothers increased by the child’s age. Overall,
around 30% of children were currently breastfed (reported receiving any breastmilk in
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the past 24 h). Moreover, around 38% of children with mothers as primary caregivers
were currently being breastfed, while only 3% of those being cared for by others reported
receiving breastmilk in the past 24 h. In terms of characteristics of mothers and other
caregivers, about three-fourths of mothers were 20–35 years old. Approximately 96% of
other caregivers were aged above 35. Mainly, mothers of these children hold a high school
degree and above (86.57%), while the majority of other caregivers had only attained a
primary level of education (75.40%). The majority of children, especially those being cared
for by others, were in rural areas in the northeast of Thailand (Table 2).

Table 2. Percentage of individual-, caregiver-, household-, and community-level characteristics of
children aged 6–23 months, Thailand 2019 (n = 4125).

Characteristics
All

(n = 4125)

Children Provide Care by

Characteristics
All

(n = 4125)

Children Provide Care by

Mother
(n = 3152)

Other
(n = 973)

Mother
(n = 3152)

Other
(n = 973)

Child characteristics Household characteristics
Male 51.49 51.33 52.00 Household wealth index
Currently breastfed * 29.86 37.74 2.91 Poorest 23.22 20.69 31.45
Age (months) Second 22.52 20.69 28.47

6–8 13.16 14.34 9.35 Middle 21.87 22.27 20.55
9–11 17.04 17.7 14.90 Fourth 18.30 19.67 13.87
12–17 32.15 32.07 32.37 Richest 14.08 16.69 5.65
18–23 37.65 35.88 43.37 Community level characteristics

Maternal/caregiver characteristics Residence
Age (years) Urban 32.70 35.50 23.64

15–19 26.81 20.86
4.46

Geographical region
20–35 66.61 72.02 Bangkok and central 30.64 32.87 23.43
>35 6.58 7.12 95.54 North 14.06 14.82 11.60

Education Northeast 32.99 26.30 54.68
Kindergarten and

primary 18.13 13.43 75.40 South 22.30 26.02 10.28

High school and above 81.87 86.57 24.60
Primary language

Thai 72.41 86.64 26.31

* reported receiving any breastmilk in the past 24 h.

3.2. Complementary Feeding Indicators

Table 3 presents the complementary feeding indicators of children being cared for by
mothers and others across child age groups. Most children in the 6–8 months group had
received solid, semi-solid, or soft foods (91.56% and 93.41% in groups being cared for by
mothers and others, respectively). When comparing the proportions of other indicators
between primary caregivers’ groups, there were significant differences in all indicators.
Overall, less than half of 6–8 month old children meet minimum dietary diversity standards
(MDD). There were higher proportions of children being cared for by mothers who achieved
MDD than those with others (45.35% vs. 32.97%, p < 0.001 in the 6–8 months group; 65.95%
vs. 61.38%, p = 0.009; 75.96% vs. 67.62%, p < 0.001 in the 12–17 months group; 74.09% vs.
67.54%, p < 0.001 in 18–23 months group). There were higher proportions of children being
cared for by mothers achieving minimum acceptable diet standards (MAD) than those with
others (42.19% vs. 27.27%, p < 0.001 in the 6–8 months group; 64.31% vs. 58.45%, p = 0.001
in the 9–11 months group; 70.39% vs.65.10%, p = 0.002 in the 12–17 months group; 70.37%
vs. 63.68%, p < 0.001 in the 18–23 months group). Overall, most children aged 6–23 months
had eggs or flesh meats and vegetables or fruit in the past 24 h, but the rates were lower for
infants aged 6–8 months. The consumption rate of eggs or flesh meats and vegetables or
fruit were lower in those children being cared for by others when compared to mothers.
Furthermore, the consumption rate of sweet beverages and unhealthy foods increased as
children aged. These consumption rates were higher in children being cared for by others
when compared to mothers.
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Table 3. Percentage of children who met the complementary feeding indicators according to their age
range and primary caregivers (n = 4125).

Indicators Child Age
All

(n = 4125)

Primary Caregiver

p-Value *Mother
(n = 3152)

Other
(n = 973)

Introduction of solid, semi-solid or soft
foods 6–8 months (ISSSF) 6–8 months 92.00% 91.56% 93.41% 0.061

Minimum dietary diversity (MDD)

6–8 months 42.42% 45.35% 32.97% <0.001

9–11 months 64.87% 65.95% 61.38% 0.009

12–17 months 73.99% 75.96% 67.62% <0.001

18–23 months 72.53% 74.09% 67.54% <0.001

Minimum meal frequency (MMF)

6–8 months 88.80% 86.48% 96.34% <0.001

9–11 months 96.10% 96.32% 95.42% 0.184

12–17 months 97.28% 96.57% 99.65% <0.001

18–23 months 95.64% 95.61% 95.68% 0.934

Minimum milk feeding frequency for
non-breastfed children (MMFF)

6–8 months 95.64% 96.61% 93.98% <0.001

9–11 months 97.96% 99.29% 93.65% <0.001

12–17 months 97.18% 97.09% 97.55% 0.456

18–23 months 93.50% 93.48% 93.57% 0.947

Minimum acceptable diet (MAD)

6–8 months 38.67% 42.19% 27.27% <0.001

9–11 months 62.93% 64.31% 58.45% 0.001

12–17 months 69.14% 70.39% 65.10% 0.002

18–23 months 68.80% 70.37% 63.68% <0.001

Egg and/or flesh food consumption (EFF)

6–8 months 70.21% 72.54% 62.64% <0.001

9–11 months 88.85% 89.89% 85.52% <0.001

12–17 months 94.64% 95.15% 93.02% 0.010

18–23 months 96.41% 96.61% 95.79% 0.230

Sweet Beverage consumption (SwB)

6–8 months 67.98% 62.17% 86.81% <0.001

9–11 months 72.65% 68.28% 86.82% <0.001

12–17 months 74.01% 69.90% 87.30% <0.001

18–23 months 70.81% 70.60% 71.53% 0.572

Unhealthy food consumption (UFC)

6–8 months 52.72% 50.00% 61.54% <0.001

9–11 months 65.09% 62.66% 72.92% <0.001

12–17 months 72.24% 71.61% 74.29% 0.100

18–23 months 78.04% 77.23% 80.66% 0.023

Zero vegetable or fruit consumption (ZVF)

6–8 months 35.18% 33.48% 40.66% <0.001

9–11 months 16.90% 14.18% 25.69% <0.001

12–17 months 13.79% 12.67% 17.46% <0.001

18–23 months 12.65% 11.43% 16.58% <0.001

* Chi-square test.

3.3. Determinants of Complementary Feeding Indicators

Findings of univariate logistic regression revealed that either living with mothers or not,
the age of children had an association with almost all complementary feeding indicators,
except, MMFF. For children who lived with mothers, sociodemographic factors (region or
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wealth) related to MDD, MMFF, MAD, EFF, SWB, UFC, and ZVF, while sociodemographic
factors of children who lived with others associated with MDD, MAD, EFF, SWB, and ZVF.
Education levels of primary caregivers had an association with some indicators in the ‘living
with mothers’ group namely MDD, MMF, MAD, EFF, SWB, and ZVF, but the variable did not
associate with the ‘living with others’ group. (Supplementary Tables S2 and S3).

Table 4 presents the results of the multivariate logistic regression analysis in which
all the main variables were included. The child’s age had strong associations with com-
plementary feeding indicators. Older children tend to have better MDD, MMF, MAD, and
EFF. After adjusting for covariates, children aged 12–17 months had strong associations
with MDD in the group being cared for by mothers (adjusted odd ratios (AOR) = 4.35
[95% CI: 3.38–5.60]), and the group being cared for by others (4.75 [1.66–13.62]). There
were associations between child age and EFF in children being cared for by both mothers
and others; compared with those in youngest age group, those in aged 9–11 months (3.35
[2.32–4.85]) and (6.90 [1.62–29.31), 12–17 months (7.18 [4.89–10.54) and (18.95 [4.28–83.95]),
and 18–23 months (9.54 [6.22–14.61]) and (84.02 [8.64–817.36]). Children of mothers with
higher education and from wealthier households had better appropriate complementary
feeding (MDD and MAD). Children of mothers with higher education backgrounds were
more likely to achieve MDD (1.41 [1.10–1.81]) and MAD (1.41 [1.10–1.81]). Moreover, higher
maternal education increased chances of achieving EFF. There was no association between
other caregivers’ education and household wealth index, and EFF. However, better house-
hold incomes were associated with around three-fold increased change of achieving MAD
in groups of children being cared for by others.

Conversely, older children in groups being cared for by mothers had strong associa-
tions with consuming unhealthy foods. Compared with children aged 6–8 months, those in
the aged 9–11 months (1.87 [1.15–3.04]), 12–17 months (2.72 [1.75–4.23]), and 18–23 months
(3.44 [2.20–5.37) had increased chance of unhealthy food consumption. Higher household
income was a protective factor against feeding children unhealthy foods among those lived
with mothers. Moreover, children of mothers from middle-class households and living in
Bangkok and Central Thailand tend to consume sweet beverages. However, current breast-
feeding was protective against sweet beverage consumption. Older children of mothers
with better household income tend to consume more fruits and vegetables when compared
with the youngest and lowest income groups. Further details are given in Table 5.
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Table 5. Factors associated with complementary feeding indicators, SwB, UFC, ZVF, the multivariate
logistic regression analysis.

SwB 1 UFC 2 ZVF 3

AOR (95%CI)

Primary Caregiver Primary Caregiver Primary Caregiver

Mother Other Mother Other Mother Other

Child gender (Reference category male)

Female 1.03
(0.87–1.23)

1.87
(0.81–4.32)

1.10
(0.88–1.38)

1.47
(0.57–3.83)

1.00
(0.82–1.24)

1.41
(0.70–2.83)

Child age (months) (Reference category 6–8 months)

9–11 1.12
(0.84–1.50)

2.21
(0.35–13.74)

1.87 *
(1.15–3.04)

0.47
(0.03–7.40)

0.34 **
(0.25–0.47)

0.80
(0.24–2.67)

12–17 0.97
(0.74–1.26)

2.75
(0.58–13.11)

2.72 **
(1.75–4.23)

0.40
(0.03–4.79)

0.29 **
(0.22–0.39)

0.43
(0.14–1.30)

18–23 0.78
(0.59–1.02)

0.38
(0.09–1.52)

3.44 **
(2.20–5.37)

2.07
(0.16–26.62)

0.27 **
(0.20–0.36)

0.50
(0.17–1.51)

Mother’s/caregiver’s age (years) (Reference category > 35 years)

15–19 0.92
(0.63–1.34) 0.19

(0.03–1.06)

0.86
(0.53–1.40) 8.73

(0.48–157.89)

0.92
(0.59–1.43) 2.10

(0.37–11.90)

20–35 0.94
(0.76–1.17)

1.01
(0.76–1.36)

1.00
(0.77–1.30)

Mother’s/caregiver’s language (Reference category Thai)

Non-Thai 1.08
(0.80–1.45)

0.64
(0.08–5.10)

0.79
(0.54–1.16)

0.50
(0.06–4.41)

0.67 *
(0.45–0.98)

0.52
(0.20–1.34)

Mother’s/caregiver’s education (Reference category Kindergarten and Primary)

≥ High school 1.27
(0.98–1.65)

1.44
(0.54–3.81)

1.16
(0.82–1.62)

0.16 *
(0.05–0.58)

0.73 *
(0.54–0.98)

0.52
(0.20–1.34)

Household wealth index (Reference category poorest)

Second 1.06
(0.82–1.38)

0.45
(0.14–1.46)

0.87
(0.60–1.28)

6.24 *
(1.50–25.89)

0.77
(0.57–1.04)

0.72
(0.32–1.65)

Middle 1.29
(0.98–1.69)

0.27 *
(0.08–0.91)

0.66 *
(0.46–0.96)

2.81
(0.71–11.07)

0.67 *
(0.49–0.92)

0.51
(0.19–1.41)

Fourth 1.69 **
(1.25–2.27)

0.56
(0.13–2.46)

0.54 **
(0.36–0.80)

0.83
(0.20–3.49)

0.54 **
(0.38–0.76)

0.18
(0.04–0.76)

Richest 1.18
(0.87–1.60)

3.11
(0.06–172.67)

0.48 **
(0.31–0.73)

3.68
(0.12–113.02)

0.45 **
(0.31–0.66) N/A

Residence (Reference category urban)

Rural 0.92
(0.76–1.10)

1.89
(0.74–4.79)

1.19
(0.92–1.52)

1.34
(0.37–4.83)

1.03
(0.82–1.29)

2.03
(0.76–5.42)

Geographical region (Reference category Bangkok and central)

North 0.75 *
(0.57–0.99)

1.89
(0.74–4.79)

0.73
(0.49–1.06)

0.42
(0.06–3.10)

1.10
(0.79–1.54)

2.74
(0.80–9.38)

Northeast 0.96
(0.76–1.21)

0.44
(0.10–1.92)

0.97
(0.69–1.34)

0.16 *
(0.03–0.74)

1.11
(0.85–1.46)

0.51
(0.21–1.22)

South 1.00
(0.78–1.27)

1.63
(0.58–0.29)

0.43 **
(0.32–0.58)

0.21
(0.03–1.30)

0.89
(0.66–1.21)

0.43
(0.08–2.57)

Currently breastfeeding *** (Reference category No)

Yes 0.16 **
(0.14–0.20)

0.02 **
(0.00–0.23)

0.08
(0.68–1.64)

4.68
(0.18–119.32)

1.04
(0.84–1.30)

0.46
(0.04–5.56)

* p < 0.05; ** p < 0.01; *** reported receiving any breastmilk in the past 24 h; 1 SwB = Sweet beverage consumption
6–23 months; 2 UFC = Unhealthy food consumption 6–23 months; 3 ZVF = Zero vegetable or fruit consumption
6–23 months; AOR = Adjusted odds ratio; 95%CI = 95% confidence interval.
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4. Discussion

This analysis of a nationally representative survey of Thai children, mothers and other
caregivers reveals mixed patterns of both appropriate and inappropriate child feeding
practices with some indicators at concerning levels. Overall, the complementary feeding
practices of other caregivers were less favourable than those of mothers. Although we
cannot identify who the non-mother caregivers are due to the limitation of MICS6 data
their age range points to older generations. A study in the UK compared dietary provision
between parents and grandparents found that parents scored higher for promoting balance
and variety [20]. The results of this study also highlight the need of expanding interventions
promoting healthier complementary feeding practices that target non-mother caregivers,
including grandparents.

In this study, there were several factors that were associated with WHO complemen-
tary feeding indicators. Child age was regularly associated with inappropriate child feeding
practices. Fewer children in the 6–8 months range, especially those being cared for by others
(non-mothers), met the MDD compared with older age groups. Also, this group of children
had a significantly lower MAD and lower EFF, and higher ZVF. Importantly, achieving
MDD was also associated with consuming at least one egg or flesh food and at least one
fruit or vegetable. It could point to an inappropriate diet composition for younger children,
which predominantly consists of starchy food with little or no eggs, flesh foods, fruits and
vegetables. This type of diet is considered low in nutrient density and with poor mineral
availability [21], increasing the risk of malnutrition. In Thailand, traditional weaning foods
are rice and banana [22]. A study of modern feeding practices that analysed recipes shared
on Thai online peer support groups revealed that animal-source foods were not commonly
fed until children were aged eight months and older due to allergy concerns [23]. However,
a recent literature review points to the role of delayed introduction of allergenic food in
increasing the risk for allergy development [24]. Moreover, a recent systematic review
revealed that introducing a variety of vegetables at the early stage of weaning promotes
vegetable acceptance [25]. Therefore, programs to improve complementary feeding prac-
tices need to focus on encouraging parents to feed their children eggs, flesh foods, and
vegetables from the beginning of weaning process.

While young Thai children still have challenges meeting dietary diversity needs,
older children tend to consume more unhealthy foods. A systematic review of energy-
dense, nutrient-poor foods highlighted the contribution that consumption of these types of
food make to a substantial proportion of the energy intake among children younger than
23 months old in low- and middle-income countries [26]. While low dietary diversity is
associated with child stunting in many settings [27,28], feeding young children with energy-
dense foods is likely to increase the risk of overweight. Interestingly, early undernutrition
followed by later overweight has promoted central adiposity and insulin resistance [29]
which increase the risk of later developing non-communicable diseases [30].

It is often found that higher maternal education is associated with appropriate child
feeding practices regarding to minimum dietary diversity, minimum meal frequencies, and
minimum acceptable diet [15,16]. Our findings are in line with these previous studies in
that children of mothers with higher educational level displayed better complementary
feeding indicators (MDD and MAD). Also, a positive association was found between
maternal education level and new feeding indicators, egg and/or flesh food consumption
and vegetable and fruit consumption.

Findings from this study provide further support for associations between household
income level and complementary feeding indicators on MDD and MAD. These results
support the potential role of household incomes in providing children a wide variety of
foods. For example, household income was associated with feeding diverse complementary
foods in Nepal [31]. However, interestingly, feeding a variety of food to children might
not be limited to healthy foods. In this study, children from middle-class families had
higher sweet beverage consumption compared with the poorest and richest households.
Geographical variation also plays a role in sweet beverage consumption.
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Parents living in Bangkok and the central Thai region were more likely to provide
their children with sugary beverages. There is limited evidence on associations between
children’s sweet beverages consumption and household income and geography. However,
urbanisation and rising household incomes provide middle-class families easy access to
a variety of foods, including sweet beverages in accessible settings. These findings show
that parental feeding practices often do not comply with the current guidelines. Recently,
organizations including UNICEF and the European Society for Paediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN) published complementary feeding guidelines
which recommended no provision of sugar-sweetened beverages [32,33]. Early life exposure
to sweet beverages increases risks of obesity, dental caries, liver fat and non-alcoholic fatty
liver disease (NAFLD) in later life [34–36]. Thus, information or other interventions are
needed to encourage middle-class parents to avoid giving sweet beverages to their children.
Interestingly, our findings pointed out that children who received breastmilk had a lower
sweet beverage consumption. These findings align with a previous Brazilian study showing
that breastfed children were less likely to consume sugary foods later in life [37].

Strengths and Limitations

The strengths of this study include that it used generalizable national survey data.
Therefore, sample groups represented the population in Thailand. Second, this study
presents the association between determinants (individual and community), and comple-
mentary feeding indicators, of problems in child feeding in Thailand. Policymakers and
relevant stakeholders can apply our findings to develop better complementary feeding
policies and measures.

The limitations of this study are as follows; first, some populations who do not have a
registered household number such as homeless people, illegal migrants, and people living
in slum areas, were excluded from the survey because MICS6 selected households from the
household registry from the Department of Provincial Administration. Second, MICS used
a quantitative approach to collect data. Consequently, the perspectives on, and reasons for,
complementary feeding practices, such as providing sweet beverages or unhealthy foods,
were not explored. Further qualitative studies should explore these issues in more depth.
Third, the study is cross-sectional, meaning we cannot ascertain causal relationships. Forth,
all data on complementary feeding were collected using the 24-h recall which may not
reflect children’s diets over a longer period. There is a possibility that some respondents
may provide answers that they think will be favoured by others. This presumes that they
know what the preferred practice is. Last, the sample of children cared for by people who
were not their mothers may be relatively small especially when they are separated into
different sub-categories, such as child age, and caregiver age.

5. Conclusions

This study points out the sociodemographic and economic factors of inappropriate
complementary feeding practices among Thai children aged 6–23 months according to the
newly developed WHO IYCF indicators. Overall, our study demonstrated that the child’s
age and the characteristics of primary caregivers, including non-mother caregivers, were
crucial determinants of complementary feeding practice. Although most children aged
6–8 months were introduced solid, semi-solid, or soft foods, more than half of them still
have challenges meeting MDD and MAD. Moreover, egg/flesh food and fruit and vegetable
consumption increased with child’s age. Consequently, younger children, especially those
cared for by non-mothers often miss essential dietary components. While older children
are likely to achieve MDD, the higher percentage of them consumed SwB and UFC when
compared to those 6–8 months of age. Moreover, dietary diversity was a positive attribute
for children of middle-class mothers, this group also had high sweet beverage consumption,
indicating diversity alone may not be only a positive factor for diets. Our findings can be
applied to develop or update complementary feeding guidelines to educate mothers about
appropriate feeding practices. Guidelines may need to specifically address non-mother
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caregivers. Furthermore, stakeholders can employ the results to tailor-made nutritional
programs and interventions addressing inappropriate complementary feeding among
different groups of children.
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