
mdpi.com/journal/nutrients

Special Issue Reprint

Social Determinants 
of Health, Diet, and 
Health Outcome

Edited by 

Li Jiao



Social Determinants of Health, Diet,
and Health Outcome





Social Determinants of Health, Diet,
and Health Outcome

Guest Editor

Li Jiao

Basel • Beijing • Wuhan • Barcelona • Belgrade • Novi Sad • Cluj • Manchester



Guest Editor

Li Jiao

Department of Medicine

Baylor College of Medicine

Houston, TX

USA

Editorial Office

MDPI AG

Grosspeteranlage 5

4052 Basel, Switzerland

This is a reprint of the Special Issue, published open access by the journal Nutrients (ISSN 2072-6643),

freely accessible at: https://www.mdpi.com/journal/nutrients/special_issues/2352M68KR5.

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, A.A.; Lastname, B.B. Article Title. Journal Name Year, Volume Number, Page Range.

ISBN 978-3-7258-5889-7 (Hbk)

ISBN 978-3-7258-5890-3 (PDF)

https://doi.org/10.3390/books978-3-7258-5890-3

© 2026 by the authors. Articles in this book are Open Access and distributed under the Creative

Commons Attribution (CC BY) license. The book as a whole is distributed by MDPI under the terms

and conditions of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

license (https://creativecommons.org/licenses/by-nc-nd/4.0/).



Contents

About the Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . vii

Preface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix

Li Jiao

Social Determinants of Health, Diet, and Health Outcome
Reprinted from: Nutrients 2024, 16, 3642, https://doi.org/10.3390/nu16213642 . . . . . . . . . . 1

Francesca Coppi, Valentina Bucciarelli, Kateryna Solodka, Valentina Selleri, Giada Zanini,

Marcello Pinti, et al.

The Impact of Stress and Social Determinants on Diet in Cardiovascular Prevention in Young
Women
Reprinted from: Nutrients 2024, 16, 1044, https://doi.org/10.3390/nu16071044 . . . . . . . . . . 6

Jayna M. Dave, Tzuan A. Chen, Alexandra N. Castro, Mamie White, Elizabeth A. Onugha,

Sloane Zimmerman and Debbe Thompson

Regional Variability in the Prevalence of Food Insecurity and Diet Quality among United States
Children
Reprinted from: Nutrients 2024, 16, 224, https://doi.org/10.3390/nu16020224 . . . . . . . . . . . 21

Ibrahim M. Gosadi

Assessment of School Contributions to Healthy Eating, Physical Activity Education, and Support
for Weight-Loss Attempts among Adolescents from Jazan, Saudi Arabia
Reprinted from: Nutrients 2023, 15, 4688, https://doi.org/10.3390/nu15214688 . . . . . . . . . . 33

Aleksandra Małachowska and Marzena Jeżewska-Zychowicz
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Preface

More than 20 years ago, my research centered on identifying genetic and modifiable risk factors

for pancreatic and other gastrointestinal cancers. One of my findings indicated that a healthy lifestyle

is associated with a lower risk of pancreatic cancer, with diet quality being an important component of

one’s lifestyle. This and other observations led me to further explore why and how diet impacts our

health, which drew me towards the study of the gut microbiome.

As I delved deeper into how diet influences our health through modulating our internal

microenvironment, I came across maps illustrating the striking geographic variation in disease burden.

These images inspired me to guest edit this Special Issue, “Social Determinants of Health, Diet, and

Health Outcome”. In doing so, I aimed to bring together cutting-edge research on how the broad

macroenvironment, where people live, work, and grow, interacts with diet choice to affect health.

This reprint includes research that examines the interrelationships among social determinants of

health, diet, and health outcomes, contributed by researchers across the globe. These works underscore

how multiple socioeconomic factors and social contexts profoundly shape what we eat, and in turn, our

health. As shown in this reprint, SDOHs affect individuals across the life span. I therefore organized

the articles to reflect this continuum, from research on pregnant women to research on the elderly.

I hope that future research can deepen our understanding of how both individual and societal

factors shape diet and well-being. More public policies are needed to support those people who lack

the privilege or resources to adopt healthy eating habits, who are often the same population who are

more likely to bear a greater burden of chronic diseases.

I am sincerely grateful to all contributing authors for their important work. I also thank my

husband for his support with coding-related tasks throughout the editing process.

Li Jiao

Guest Editor
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Editorial

Social Determinants of Health, Diet, and Health Outcome

Li Jiao †

Baylor College of Medicine, Houston, TX 77030, USA; jiao@bcm.edu
† Current affiliation: Harris County Public Health, Houston, TX 77002, USA.

1. Introduction

This Special Issue delves into the intricate relationship between social determinants of
health (SDOHs), diet, and health outcomes through 13 articles authored by scholars from
10 countries across five continents. The research examines how various socioeconomic
factors, such as poverty, education level, occupation, geographic location, race/ethnicity,
place of birth, immigration status, refugee status, and disability, affect food insecurity, diet
quality, and food choices among different populations, including school-aged children,
pregnant women, and the elderly. In low- and middle-income countries, food insecurity is
associated with poverty, job instability, refugee status, and disability. In the U.S., geographic
location and occupation influence food insecurity and dietary choices. Five articles in this
Special Issue address health outcomes, linking food insecurity and poor diet to issues
such as malnutrition, anemia in children, obesity, metabolic disorders, and cardiovascular
diseases. Other factors like culture, climate, reginal conflict, dental hygiene, and social
networks also impact food availability and diet quality. Stress and nutritional illiteracy
might mediate the relationship between SDOHs and health outcomes. The authors advocate
for interventions through policy, regulation, and health education, particularly for pregnant
women, children, and the elderly, to mitigate the negative impacts of SDOHs on health.
Future research could investigate the broader impacts of SDOHs and diet on preventable
chronic diseases. Overall, this Special Issue highlights the critical connections between
SDOHs, food insecurity, and diet qualities, emphasizing the need for comprehensive
intervention to reduce health disparities and promote population health.

2. Social Determinants of Health, Food Insecurity, and Health Outcomes

Social determinants of health (SDOHs) are the non-medical conditions in which people
are born, grow, work, live, worship, and age. Food insecurity occurs when households
are, at times, unable to acquire adequate food for one or more members due to insufficient
resources, such as finance [1]. Numerous studies have examined the relationship between
food insecurity and socioeconomic status (SES), identifying contributing factors, including
poverty [2], unemployment [3], immigration status [4], refugee status [5], disability [6],
limited access to grocery stores, lack of transportation [7], and lower education levels [8,9].
This Special Issue highlights the association between these factors and food insecurity in
Maputo City, southern Mozambique. In Peru, women’s autonomy, immigration status,
refugee status, and disability among Venezuelans were associated with unmet food needs.
In the United States, children in urban areas were found to have a higher prevalence of
food insecurity compared to their rural counterparts.

Malnutrition is a common consequence of food insecurity, particularly among the
elderly, who may face challenges such as limited mobility and transportation. Malnutrition
can lead to various health problems, including heart disease [10], type 2 diabetes, and cer-
tain cancers [11,12]. In Peru, low women autonomy was associated with a high prevalence
of anemia in young children, highlighting this as an important social and public health
issue in low- and middle-income countries (LMICs).
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In summary, the findings from four studies in this Special Issue underscore the need
for social inclusion, economic support, humanitarian aid, and improved access to safety
nets for vulnerable populations in LMICs. Ensuring access to nutritious food is vital in
reducing the burden of chronic diseases [13].

3. SDOHs, Dietary Quality, and Health Outcomes

Several studies have investigated the relationship between SDOHs and dietary quality,
diversity, and food choices, focusing on factors such as race/ethnicity, place of birth,
occupation, education, and geographic location. Below is a summary of key findings
(Figure 1).

Figure 1. The SDOHs, diet, and health outcomes discussed in this special issue.

Race/Ethnicity and place of birth. One study found that U.S.-born non-Hispanic
African American adults had lower diet quality than their foreign-born counterparts.
Furthermore, foreign-born African American who had lived in the U.S. for less than
10 years had better diets than those who had been in the country for a longer period of
time. This study highlighted the need for further research on dietary acculturation among
immigrants and health in the U.S. [14].

Occupation. Mansouri et al. found that the unpredictable nature of emergency medical
services (EMSs) poses barriers to maintaining a healthy diet. The barriers included fatigue,
heavy workloads, lack of meal breaks, reliance on convenience food, and limited food
options at work [15]. A previous study showed that hospital workers who skipped meals
tended to make less healthy dietary choices, with those skipping breakfast having lower
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diet quality. Understanding how different occupations influence dietary habits could offer
new opportunities for promoting healthy choices at work.

Geographic location and education levels. A study in Indonesia revealed that rural
districts had a higher prevalence of inadequate fruit and vegetable consumption compared
to urban areas, especially among females and older adults. Additionally, residents of
districts with lower education levels consumed less fruits and vegetables. However, in the
U.S., no significant differences in diet quality were observed between urban and rural areas.

Health outcome. Several studies have linked dietary habits to health outcomes. For
example, obesity has been associated with unhealthy food choices related to occupation,
nutrition illiteracy, and skipping breakfast in Greek children. Those who skipped breakfast
also had poorer cardiorespiratory fitness, weaker handgrip strength, and worse metabolic
health [16].

4. Other Factors and Diet Quality

Other factors, including climate change, political instability, regional conflicts, and
the COVID-19 pandemic, have exacerbated food insecurity in Maputo City, southern
Mozambique. Additionally, skipping breakfast, poor dental health in the elderly, cultural
practices like eating together or alone in Japan, and peer influence among EMS providers
in the U.S. have also been shown to affect food insecurity and diet quality. In a previous
study in Spain, skipping breakfast has been associated with lower SES [17], highlighting its
potential as an SDOH indicator.

5. SDOHs, Stress, and Health Outcomes

This Special Issue suggests that SDOHs influence health outcomes through stress
and dietary choices. For instance, EMS is associated with stress, fatigue, and irregular
eating patterns [15], which, when combined with reliance on snack-based foods, can further
increase the risk of obesity, metabolic disturbance, diabetes, and cardiovascular disease
(CVD). A review article discussed that pregnancy as a stress status [18] is often associated
with increased consumption of high-fat and high-sugar foods and lower intake of healthy
foods [19]. Moreover, “stress eating” can increase the risk of CVD in later life.

In summary, stress, whether directly or through its influence on dietary choice, can
elevate the risk of chronic diseases. Additionally, other SDOHs, such as job instability, can
also act as a chronic stressor that adversely impact health [20].

6. Policy and Regulation

Several studies in this Special Issue emphasize the role of policy and regulation in pro-
moting healthy diets. For example, regulatory measures in Chile significantly reduced the
purchase of sugar-sweetened beverages and unhealthy foods, shifting consumer behavior
toward healthier products. One study underscores the need for further understanding how
policies, such as taxes on unhealthy foods and beverages, could reduce the consumption
of unhealthy products. In the U.S., adjusting shift schedules and revising organizational
policies could support healthier eating habits among EMS providers and potentially reduce
employee turnover costs for agencies. In Indonesia, policy recommendations include
improving access to diverse and affordable fruit and vegetable options in rural and low-
income areas and launching public health campaigns targeting females, older adults, and
those with lower education levels. A Japanese study found that among older adults, per-
sonal dental health and cultural factors play a significant role in shaping dietary habits.
This finding suggests that policymakers and regulators should consider cultural and health
factors when developing nutritional guidelines for diverse elderly populations.

7. Potential Intervention: When and Where

Interventions targeting SDOHs aim to reduce the adverse effects of food and nutri-
tional insecurity on health outcomes. Chronic non-communicable diseases (NCDs) often
develop over time, making early education on nutrition literacy crucial. Several studies
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highlight the importance of influencing children through both parents and schools. For
example, a Polish study found that childhood food restrictions were linked to lower levels
of intuitive eating and higher levels of restrained eating in adulthood. Another study
emphasized the critical role schools play in shaping children’s health habits when healthy
eating is not nurtured at home, as seen in obesity research in Saudi Arabia. This approach
not only helps prevent childhood obesity but also has long-term benefits for the health of
the population.

A review article in this Special Issue advocates for interventions during pregnancy
to help women manage stress and adopt healthy dietary habit and lifestyles, which can
prevent cardiovascular diseases later in life. Nutritional intervention during pregnancy
supports fetal growth and contributes to epigenetic programming in the fetus [21], poten-
tially influencing the risk of NCD in adults. Maternal nutrition’s impact on offspring’s
risk of NCD in adulthood has been examined [22]. Furthermore, maternal diet can have
a transgenerational effect and may profoundly impact the health of the population [23].
On the other hand, a mother’s knowledge about nutrition can also be passed down to
their children. Recently, in 2024, the U.S. Department of Agriculture made permanent
increases to the cash value benefit for fruits and vegetables in the Special Supplemental
Nutrition Program for Women, Infants, and Children (WIC) program. Such policies are
crucial for improving health outcomes, closing nutrition gaps, and impacting health beyond
the current generation.

In summary, promoting nutrition literacy and healthy eating habits should begin as early
as possible as these interventions can significantly improve the health of the population.

8. Conclusions

SDOHs are recognized for having multiple factors related to health outcomes, such as
the environment and access to health care. Diet is one pathway through which socioeco-
nomic factors can impact health. Further research is needed to explore how social, political,
and cultural factors relate to diet and health. Identifying effective intervention targets can
help address health disparities due to SDOHs. Governmental and public agencies should
promote collaboration across sectors—such as health, economic support, humanitarian
aid, education, and municipalities—alongside families, schools, and communities to en-
hance healthy eating and reduce food insecurity. The collected studies have also shown
gender differences in SDOHs and dietary habits and emphasize the need for a holistic and
culture-sensitive approach to nutrition policy tailored to specific populations.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: The prevention of cardiovascular diseases is a fundamental pillar for reducing morbidity
and mortality caused by non-communicable diseases. Social determinants, such as socioeconomic
status, education, neighborhood, physical environment, employment, social support networks, and
access to health care, play a crucial role in influencing health outcomes and health inequities within
populations. Social determinants and stress in women are interconnected factors that can significantly
impact women’s health and well-being. Pregnancy is a good time to engage young women and
introduce them to beneficial behaviors, such as adopting essential life skills, especially diet, and
learning stress management techniques. Stress influences diet, and women are more likely to engage
in unhealthy eating behaviors such as emotional eating or coping with stress with food. Strong
action is needed to improve women’s lifestyle starting at a young age considering that this lays the
foundation for a lower cardiovascular risk in adults and the elderly. The objective of this review is
to examine cardiovascular primary prevention in young healthy women, focusing particularly on
unresolved issues and the influence of social determinants, as well as the correlation with stressors
and their influence on diet.

Keywords: women; cardiovascular risk; pregnancy; Life’s Essential 8; monitoring; physical activity;
diet

1. Introduction

Cardiovascular disease (CVD) in women presents with clinical pictures different from
those in men; exposure to traditional risk factors is enriched with the action of risk factors
specific to the female sex, and the response to drugs also seems to be influenced by the
genetic differences. All this involves a different approach both in primary prevention and
in the diagnosis and treatment of cardiovascular disease in women [1,2]. New evaluation
algorithms have been introduced; however, since cardiovascular risk develops significantly
after menopause, it is widely believed that women do not develop cardiovascular events

Nutrients 2024, 16, 1044. https://doi.org/10.3390/nu16071044 https://www.mdpi.com/journal/nutrients6
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before menopause [2]. This is not true because even women before menopause can de-
velop cardiovascular (CV) events. This determines that prevention must start early as
atherosclerosis is a slow and progressive phenomenon over time starting in the early stages
of life [1–5].

Prevention of CVD presents both challenges and opportunities for disease prevention
due to its multifaceted nature and significant impact on public health. The develop-
ment of cardiovascular diseases is influenced by a multitude of risk factors and therefore
requires global and multifaceted approaches. Subjects differ in their genetic predisposi-
tions, lifestyles, and environmental exposures, leading to variability in CVD risk profiles
and responses to preventive interventions. Adapting prevention strategies to individual
needs and characteristics can be difficult. The first obstacle is determined by the long
period of development and latency of CVD, during which individuals can remain asymp-
tomatic despite the progression of the underlying disease. This makes early diagnosis and
intervention difficult [2,5].

Furthermore, socioeconomic factors such as income, education, access to healthcare,
and living conditions significantly influence the risk and outcomes of cardiovascular dis-
ease. Addressing socioeconomic disparities in cardiovascular disease prevention requires
addressing broader social determinants of health (SDOH) [1,2].

The objective of this review is to examine cardiovascular primary prevention in young
healthy women, focusing particularly on unresolved issues and the influence of social
determinants, as well as the correlation with stressors and their influence on diet. This
review focuses on primary prevention in young women without any known heart disease
and on the cardiovascular health of young, healthy women.

2. Gender Differences in CVD Prevention

2.1. The Long Journey of Atherosclerosis: Gender Differences

Although the clinical symptoms caused by atherosclerosis appear in middle and late
adulthood, it is known that there is a long phase of development of the asymptomatic
pathology, which begins in the first years of life, often during childhood. In most children,
atherosclerotic vascular changes are mild and can be minimized or prevented with a
healthy lifestyle [5–8].

Thus, events occurring in the early phases of life can profoundly impact future ASCVD
(atherosclerotic cardiovascular disease) risk. For these reasons, ASCVD prevention should
commence as early as possible to mitigate the onset of predisposing factors that could
affect individual health later in life. Early detection and management of risk factors are
essential in preventing or slowing the progression of atherosclerosis in young women and
reducing the risk of cardiovascular events in adulthood and old age [4–8]. The initial stage
of atherosclerosis is identified as a “fatty streak”, commonly found in children and young
individuals. These streaks comprise monocyte-derived macrophages and T lymphocytes,
which are inflammatory cells that accumulate within arterial walls and serve as precursors
to advanced atherosclerotic plaques [6]. The pathophysiological process involves multiple
steps, starting with the inflammatory activation of endothelial cells [6–8].

Atherosclerosis and ischemic heart disease in women present unique challenges and
considerations compared to men. While atherosclerosis, the buildup of plaque in the
arteries, is a common underlying cause of ischemic heart disease in both genders, women
often experience different manifestations, risk factors, and outcomes. Unlike men, women
tend to develop a non-obstructive atherosclerotic disease in the phase of life preceding
menopause due to the action of estrogen on the endothelial response [9].

Myocardial infarction with nonobstructive coronary arteries (MINOCA) is character-
ized by clinical evidence of acute myocardial infarction (AMI) with normal or near-normal
coronary arteries on coronary angiography (stenosis < 50%) and without an alternative
diagnosis for the acute presentation. Its prevalence ranges from 6% to 11% among all pa-
tients with AMI, with a predominance of young, nonwhite females with fewer traditional
risks than those with obstructive coronary artery disease. MINOCA can be due to either
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epicardial causes such as rupture or fissuring of unstable nonobstructive atherosclerotic
plaque, coronary artery spasm, spontaneous coronary dissection and cardioembolism, or
other microvascular causes [10].

However, the perception of cardiovascular risk in young women is very poor leading
to leading to poor effective prevention action [11,12].

2.2. Estrogens Prevent the CVD before Menopause

In the early stages, atherosclerosis may develop without causing significant narrowing
or obstruction of the arteries. This stage may be asymptomatic and often goes undetected.
However, even non-obstructive atherosclerosis can contribute to inflammation and plaque
buildup in the arterial walls [5]. Estrogen, the primary female sex hormone, has both
protective and potentially harmful effects on the cardiovascular system [11,12].

Before menopause, estrogen is believed to have a protective effect on the cardiovascu-
lar system, as it helps maintain healthy endothelium and vessels by promoting vasodilation,
reducing endothelial dysfunction, and reducing vascular aging [9,13]. Estrogen also has
antioxidant and anti-inflammatory properties that may reduce the risk of atherosclero-
sis [13,14]. However, after menopause, estrogen levels decline, leading to changes in
lipid metabolism and increased inflammation, and promoting endothelial dysfunction and
deposition of visceral fat in the abdomen [9,13,14].

This hormonal change contributes to the progression of atherosclerosis in post-menopausal
women and the development of obstructive plaques, leading to a further increase in the
risk of cardiovascular events [8,11–13].

2.3. Estrogen Is Not a Whole Story: The Impact of Lifestyle and (SDOH)

Overall, while estrogen plays a protective role in cardiovascular health before menopause,
its decline after menopause may contribute to the progression of atherosclerosis and the
development of obstructive ASCVD in women. Knowledge of these hormonal changes and
their impact on the cardiovascular system is essential for developing effective prevention
and treatment strategies for atherosclerosis in women [1,2]. The progression of atheroscle-
rosis is influenced by both genetic predisposition and exposure to CV risk factors and
environmental factors. Over time, atherosclerosis leads to plaque formation and to ASCVD
such as ischemic heart disease, Ischemia with Non-Obstructed Coronary Arteries (INOCA),
heart attack, stroke, or peripheral artery disease. Adopting a healthy lifestyle, including
a balanced diet, regular physical activity, not smoking, and managing chronic conditions
such as hypertension and diabetes, can help reduce the risk of developing atherosclerosis
and its complications.

3. Strategies for CV Primary Prevention in Women

Effectively implementing primary prevention strategies in women poses significant
challenges for various reasons. Firstly, there is a widespread belief that cardiovascular
disease primarily affects women post-menopause, leading to a skewed perception of risk
among young and adult women [11,15]. Secondly, women often face difficulties in adopting
healthy lifestyles due to the multitude of social, familial, and occupational obligations
they encounter in contrast to men [16,17]. Thirdly, the adoption of healthy habits, partic-
ularly physical activity, is heavily influenced by societal, environmental, and structural
factors [1–3,18]. It is crucial to acknowledge that the development of atherosclerosis begins
early in life, emphasizing the necessity for cardiovascular primary prevention to commence
at a young age in women [4,5]. Pregnancy presents a unique opportunity to engage young
women and guide them toward preventive behaviors [1,2,7,18–20].

Unsolved issues in cardiovascular prevention in young women encompass various
challenges that persist despite advancements in healthcare. Some of these issues include
awareness and perception of cardiovascular risk in young women, gender disparities,
socioeconomic factors, lifestyle factors, and psychological and emotional health. Despite
the increasing recognition of CVD as a significant health threat to women, there remains
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a lack of awareness among young women regarding their susceptibility to CVD and the
importance of preventive measures [6,21]. Furthermore, women are often underrepresented
in cardiovascular research, leading to a lack of understanding of how CVD manifests and
progresses differently in women compared to men. This disparity may result in suboptimal
prevention and treatment strategies tailored to women’s unique risk factors and health
needs [19,22]. Social determinants such as socioeconomic status, education, and access to
healthcare significantly influence cardiovascular prevention efforts. Disparities in access
to resources and healthcare services may exacerbate risk factors and hinder preventive
measures for young women from disadvantaged backgrounds [1,17,19]. Providing access
to quality healthcare, including preventive screenings and early intervention for risk factors
such as high blood pressure and cholesterol, is crucial in safeguarding cardiovascular
health in young women.

Mental health conditions such as stress, anxiety, and depression can impact cardiovas-
cular health and exacerbate risk factors for CVD. Addressing the psychological well-being
of young women and implementing effective stress management strategies are essential
components of comprehensive cardiovascular prevention efforts [1,15–18].

Addressing these unsolved issues in cardiovascular prevention in young women re-
quires a multifaceted approach that encompasses education, research, policy changes, and
healthcare interventions tailored to the unique needs and challenges faced by this popula-
tion. Encouraging healthy lifestyle habits such as regular physical activity, a balanced diet,
stress management, and avoidance of tobacco and excessive alcohol use can significantly
reduce the risk of developing CVD in young women. Additionally, addressing unique
factors that affect women’s cardiovascular health, such as pregnancy-related complications
like gestational diabetes and pre-eclampsia, is essential.

3.1. Pregnancy Stage Is a Good Time to Introduce Primary Prevention in Women

Pregnancy is a challenging moment in the life of a young woman and is character-
ized by a series of both physical and psychological changes. While changes in physical
conditions have been explored in several studies over time, attention to the psychological
changes that can affect the body’s responses has only recently increased [2–5].

The American Heart Association (AHA) proposed a consensus document regarding
cardiovascular health in young women before pregnancy [19,20]. The pre-pregnancy period
is indeed a critical time for interventions aimed at identifying and managing cardiovascular
risk factors in individuals who are planning to conceive. This period of the woman’s life
offers an opportunity to address and modify risk factors that may contribute to adverse
pregnancy outcomes and subsequent cardiovascular disease for both the mother and
the offspring [20,21]. Pregnancy is a very critical moment in a woman’s life and can be
burdened by high levels of stress.

As suggested by the AHA consensus, one way to assess lifestyle factors and their
impact on cardiovascular health is by evaluating Life’s Simple 7 or Life’s Essential 8 (LS8).
Originally defined in 2010, the Life’s Simple 7 framework includes seven key health factors:
diet, physical activity, no smoking, body mass index, blood pressure, lipids, and blood
sugar. This framework provides a comprehensive approach to assessing and promoting
cardiovascular health. In a more recent update, sleep health was included as an eighth
factor, resulting in the Life’s Essential 8 framework [20–24].

Furthermore, the consensus document introduces and underlines the importance of
the three pillars: stress/resilience, social determinants, and structural policies [20]. These
determinants encompass aspects such as mental well-being, socio-economic factors, and
access to healthcare and resources, which can influence an individual’s overall health
and well-being [20,23–26]. Stress, anxiety, and depression experienced by mothers during
pregnancy harm the development of the fetus and increase the risk of cognitive, behavioral,
and emotional difficulties in offspring [27]. At the same time, stress caused by external
factors can influence the mother’s lifestyle, especially aspects related to diet and physical
activity. Stressful factors during pregnancy can be developing an unplanned or unwanted
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pregnancy, low economic level, poor support from family and friends, loneliness, and poor
medical care support. These stressors can influence the mother’s relationship with food
with repercussions on the fetus. To this, we must add the risk of developing pregnancy-
related pathologies.

3.2. Peripartum Cardiomyopathy

An example of a cardiovascular complication of pregnancy is peripartum cardiomy-
opathy (PPCM); it is a rare but serious condition characterized by the development of heart
failure during the last month of pregnancy or within the first five months postpartum in
women without pre-existing heart disease. The exact cause of PPCM is still not fully under-
stood, but it is believed to involve a combination of genetic, hormonal, immunological, and
environmental factors.

In the past, PPCM faced challenges in recognition and comprehension, resulting in a
deficiency of standardized diagnostic criteria and treatment strategies. Frequently, PPCM
was mistaken for other types of heart failure or disregarded due to its rarity and symptom
overlap with typical pregnancy manifestations. This lack of awareness and comprehension
notably hindered the timely detection and management of affected women, leading to
increased rates of morbidity and mortality. The literature on PPCM, characterized by varied
and occasionally contradictory discoveries, has posed difficulties for clinicians in providing
confident guidance and treatment to patients [28].

The precise cause of PPCM remains elusive, yet it is considered to be multifaceted,
involving genetic, environmental, and hormonal elements. This cardiomyopathy is defined
by left ventricular systolic dysfunction and heart failure, manifesting in the absence of any
other discernible cause. Theories surrounding its origin encompass myocardial inflamma-
tion, oxidative stress, and imbalances in angiogenesis. Additionally, PPCM is thought to be
associated with the vascular and hormonal alterations inherent in pregnancy [28,29].

Prior research has indicated that many women diagnosed with PPCM experience
partial or complete recovery of their left ventricular (LV) function. However, persistent
LV systolic dysfunction can lead to adverse cardiac events such as life-threatening ven-
tricular tachyarrhythmias, thromboembolic complications, and even mortality. The rate
of recovery from PPCM appears to vary widely among individuals. Unfortunately, there
are currently no specific and reliable predictors to determine whether myocardial recovery
will occur. One of the factors contributing to the development of PPCM appears to be
inflammation [30–33]. The link between inflammation and stress is very important and
could be a good avenue to explore with future research.

4. SDOH and Stress in Women

SDOH are conditions in the environments where people are born, live, learn, work,
play, worship, and age that affect a wide range of health, functioning, and quality-of-life
outcomes and risks [34].

SDOH act by causing an increase in stress. Stress exerts a significant influence on
women’s behaviors across various life stages. Societal norms and gender expectations
further compound this stress, creating substantial burdens related to caregiving responsibil-
ities, professional duties, and conforming to societal standards of appearance and conduct.
These stressors contribute to the risk of developing chronic non-communicable diseases in
the future [1,2,21].

Stress can exert profound effects on the cardiovascular system through various phys-
iological mechanisms, including the activation of the sympathetic nervous system, the
hypothalamic–pituitary–adrenal (HPA) axis, and inflammatory pathways [25,35,36].

Chronic stress promotes the chronic inflammatory response in the body through the
release of pro-inflammatory cytokines and activation of the immune cell system [29,31].

This chronic low-grade inflammation is associated with endothelial dysfunction,
oxidative stress, and plaque formation in the arteries, contributing to the development
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and progression of atherosclerosis. Inflammatory processes in the cardiovascular system
increase the risk of coronary and vascular artery disease [11,29,31,37,38].

Stress-induced activation of the sympathetic nervous system and HPA axis can induce
endothelial dysfunction.

Endothelial dysfunction is characterized by reduced production of nitric oxide, a
potent vasodilator. Impaired endothelial function contributes to vasoconstriction, inflam-
mation, and thrombosis, further exacerbating cardiovascular risk [30–34].

4.1. How Stress Influences Diet and Dietary Behavior in Women

The impact of stress on cardiovascular health in women has been rediscovered in the
COVID-19 pandemic and post-pandemic period [1,2,25]. Gender variations have been
observed in brain activation, autonomic nervous system responses, cortisol secretion, en-
dothelial dysfunction, inflammatory processes, and immune responses. Some studies
suggest the amygdala’s role in gender-specific cardiovascular events. Notably, a neu-
roimaging investigation revealed a correlation between preclinical carotid atherosclerosis
and heightened amygdala reactivity [8,39,40].

Stress can have unique effects on women’s health due to various physiological, hor-
monal, and social factors.

Women’s hormonal fluctuations, particularly during menstruation, pregnancy, and
menopause, can influence how they respond to stress. For example, fluctuations in estrogen
and progesterone levels can affect mood and stress sensitivity.

Women are more prone to depression and anxiety, which can be exacerbated by stress.
Hormonal changes, societal pressures, and caregiving responsibilities may contribute to
this increased susceptibility [1]. Societal expectations and gender roles can influence how
women experience and cope with stress. Balancing multiple roles such as caregiving, work,
and household responsibilities can contribute to chronic stress in women.

Women may use different coping strategies to deal with stress compared to men.
Seeking social support, talking about their feelings, and engaging in self-care activities such
as exercise, mindfulness, and relaxation techniques are common coping mechanisms for
women [1,8,25,41]. Women have a fragility largely determined by the poor socio-economic
conditions that lead to incorrect lifestyles and a lack of prevention [1,8,20,25,41].

It is well known that stress can significantly influence dietary patterns and food choices,
leading to both short-term and long-term effects on an individual’s eating habits [41]. The
impact of stress on diet is complex and can vary from person to person [42]. Many
individuals under stress may turn to food for comfort, a phenomenon known as emotional
eating. This often involves consuming high-calorie, sugary, or comfort foods as a way to
cope with stress and negative emotions [42–46].

Furthermore, stress can induce food craving [47]. Food craving is characterized by a
strong urge to consume a particular food. In Western cultures, these foods typically boast
high palatability and are energy-dense, often containing high levels of sugar and/or fat.
This craving experience encompasses various dimensions, including cognitive (such as
thinking about food), emotional (like the desire to eat or mood changes), behavioral (such
as seeking and consuming food), and physiological (including salivation) aspects [47].

These cravings may be linked to the brain’s response to stress hormones [44,46–49].
Stress triggers the release of hormones, such as cortisol, which can impact metabolism and
lead to weight gain, especially around the abdominal area. This hormonal response can
influence the body’s storage of fat [42,45].

Stress can lead to disruptions in normal eating patterns [41–46]. Some people may ex-
perience an increase in appetite and overeat, while others may lose their appetite and under-
eat. Both patterns can have consequences for overall health, especially during pregnancy.
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4.2. Stress during Pregnancy and Its Relationship with Food

Several studies that have analyzed the impact of stress during pregnancy highlight
the fundamental role of nurses who care for mothers in suggesting adequate nutrition and
methods to reduce anxiety and stress [50,51].

Celik and coworkers investigated the stress, emotional eating, and weight bias levels in
210 Turkish pregnant women [50]. They found that pregnant women experience a moderate
level of stress, emotional eating, and weight bias. There was a significant relationship
between the weight bias score averages and the emotional eating and stress score averages
of the pregnant women. The study underlines that nearly 1 in 2 pregnant women was
overweight or obese, and when the body mass index level of the women increased, their
weight stigma and emotional eating also increased. The authors underlined the importance
of the nurse in providing training and counseling on how to deal with stress, stigma, and
nutrition during pregnancy, in order to ensure the psychological adaptation of pregnant
women to childbirth and the postpartum period, which they are at risk of in terms of stress
and emotional problems. Bias factors are related to nutrition and weight [50].

Jackson H and coworkers evaluated pregnant women’s recall of the nutritional advice
provided by their healthcare during pregnancy [52]. They found that approximately half of
the women enrolled in the survey recall receiving nutritional counseling during pregnancy
and that 73% of women who were counseled on nutrition changed their behavior based on
the recommendations received [52].

Pregnancy and nutrition are closely intertwined, as proper nutrition is essential for
the health and well-being of both the mother and the developing baby. The first crucial
point is a balanced and varied diet that includes a wide range of nutrients [45,53–56]. The
diet should include fruits, vegetables, whole grains, lean proteins, dairy or plant-based
alternatives, and healthy fats. It is important to avoid foods with empty calories and
focus on nutrient-rich options [45,53–56]. Little information is available on the effect of
stimulants such as coffee and caffeine during pregnancy. The guidelines indicate that a
dosage of caffeine up to 200 mg per day is to be considered safe in women who are habitual
consumers [57–60]. However, some studies link high caffeine intake with an increase
in anxiety [61–64].

Many of the potential benefits attributed to coffee stem from the belief that it pos-
sesses antioxidant and anti-inflammatory properties [65]. The primary constituents of
coffee believed to exert such effects include phenolic compounds, caffeine, diterpenes,
trigonelline, and melanoidins [57,65]. Among these, the phenolic component is predom-
inantly characterized by chlorogenic acids. Chlorogenic acids have been shown to elicit
antioxidant effects by reducing the production of inflammatory mediators through various
mechanisms [66]. The anti-inflammatory properties of coffee might also be influenced by
its impact on the gut microbiota. Pre-clinical and human studies suggest that consuming
coffee can lead to alterations in the composition and activity of the gut microbiota. This can
result in changes to the balance among major microbial phyla favoring a profile associated
with anti-obesity effects [67].

Social expectations require women to adopt a healthy lifestyle during pregnancy;
however, no univocal behavior emerges in the various studies. The reduction in the
consumption of coffee and tea appears frequent even if not supported by data highlighting
side effects caused by moderate consumption of these drinks [68]. There are no studies that
evaluate the consumption of energy drinks in young pregnant women; this is an interesting
point to develop in the future considering the significant increase in the consumption of
these caffeinated drinks [69,70].

A very controversial point is the impact of a vegan or vegetarian diet on cardiovascular
health and prevention. These diets have been little studied compared to the Mediterranean
diet [71]. The quality of the plant-based diet is an important feature. Individuals who
follow a nutritious plant-based diet reportedly exhibit lower body mass index, reduced
waist circumference, and decreased visceral fat compared to those adhering to less health-
ful plant-based diets [72]. Researchers have observed that the quality of the diet might
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hold greater significance than specific dietary patterns when comparing vegans, vegetar-
ians, and omnivores, as there are no significant differences in adiposity values among
these groups [73]. A recent meta-analysis on the vegetarian diet found that consuming a
vegetarian diet was associated with significant improvements in low-density lipoprotein
cholesterol (LDL-C), glycated hemoglobin (HbA1c), and body weight beyond the standard
therapy in individuals at high risk of CVDs. However, the changes in LDL-C and HbA1c
did not reach the clinical significance as per the cutoff target [74]. Few studies have been
conducted on the effects of a vegetarian diet on cardiovascular risk in primary prevention.
During pregnancy, blood docosahexaenoic acids (DHA) concentrations are often lower in
vegetarians than in nonvegetarians; cord blood DHA is lower in infants of vegetarians [75].
When food access is satisfactory, infant birth weights and the duration of gestation are
similar in vegetarian and nonvegetarian pregnancies [62], leading to the conclusion that
with adequate nutrient intake, vegetarian and vegan diets are safe in pregnancy.

Stress can contribute to mindless or distracted eating, where individuals may eat
without paying attention to hunger cues or the nutritional content of the food [75,76].

4.3. Perinatal Depression and Its Relationship with Food

Perinatal depression is defined as the onset of a major or minor depressive episode dur-
ing pregnancy (antenatal depression), after childbirth (postpartum depression), or both [76].

Christian and coworkers explored the variations in eating disorders or depression
symptoms among women at different stages of pregnancy and the impact of social de-
terminants [77]. During pregnancy, eating disorder symptoms and various social and
self-evaluative factors were uniquely linked to depression. Specifically, eating disorder
symptoms, maladaptive perfectionism, social appearance anxiety, and self-compassion dur-
ing pregnancy were significant predictors of postpartum depression, even after considering
prenatal depression. Notably, during pregnancy, but not postpartum, a stronger association
between eating disorders and depression symptoms was observed when social support
and self-compassion were low and maladaptive perfectionism was high [77]. The authors
suggest that targeting eating disorder symptoms and addressing social and self-evaluative
factors in routine medical care and stepped-care interventions could enhance maternal
mental healthcare and prevent postpartum depression [77]. The transition from pregnancy
to postpartum represents a critical phase marked by numerous significant and abrupt
changes. These include weight gain, alterations in appetite, fluctuations in hormones, and
changes in social relationships. These biopsychosocial transformations, combined with
increased social pressures and expectations surrounding pregnancy, such as the desire to
appear “glowing” and the pressure to swiftly return to pre-pregnancy weight, contribute
to the risk of experiencing alterations in eating behavior and depressive symptoms.

Support from healthcare professionals plays a fundamental role in helping women
in the postpartum phase, reducing performance anxiety and expectations, and reducing
the risk of developing depression. Moreover, a significant association between antenatal
depression and the development of new CVD within 24 months postpartum exists [78–81].

Recent research has indeed highlighted the significant role of dietary and nutritional in-
terventions in reducing depression, partly through their effects on the gut microbiota [82,83].
A diet rich in fruits, vegetables, whole grains, lean proteins, and healthy fats is associ-
ated with a lower risk of depression. These foods provide essential nutrients and an-
tioxidants that support brain health and reduce inflammation, which is implicated in
depression [41,84]. Conversely, diets high in processed foods, sugars, and unhealthy fats
can contribute to inflammation and increase the risk of depression [41,84]. The gut micro-
biota, composed of trillions of microorganisms living in the digestive tract, plays a crucial
role in brain health and mood regulation. Dietary patterns can influence the composition
and diversity of the gut microbiota. A diet high in fiber and fermented foods, such as
yogurt, kefir, sauerkraut, and kimchi, promotes the growth of beneficial gut bacteria, which
can positively impact mood and reduce symptoms of depression [41,84]. Prebiotics are
nondigestible fibers that serve as food for beneficial gut bacteria. Studies suggest that
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probiotic supplements and foods containing probiotics, such as yogurt and kefir, may have
antidepressant effects by modulating the gut–brain axis and reducing inflammation [85].
Several studies have shown that omega-3 supplementation may reduce symptoms of de-
pression and improve mood regulation. Omega-3 may also influence the gut microbiota
composition, contributing to their antidepressant effects [86].

Some micronutrients, including vitamins B6, B12, folate, vitamin D, and magnesium,
play key roles in neurotransmitter synthesis, mood regulation, and stress response. Defi-
ciencies in these nutrients have been linked to an increased risk of depression.

The prevalence of vitamin D deficiency among pregnant women and newborns is
a cause for serious concern as vitamin D plays a crucial role in hippocampal learning
and memory for mothers and in neural cell growth for offspring as shown in preclinical
studies [87,88]. Vitamin D acts as a neuroactive hormone, influencing the concentration of
neuronal calcium ions, which are key to regulating neuroplasticity and mood [89,90].

A meta-analysis of nine longitudinal studies involving 8470 subjects revealed a note-
worthy inverse association between serum 25(OH)D levels and the risk of postpartum
depression, with a cutoff of 50 nmol/L [91]. However, a randomized controlled trial indi-
cated that supplementation with 2000 IU vitamin D3 from 26 to 28 weeks of gestation up
to childbirth significantly reduced depression scores [92]. These findings suggested that
vitamin D supplementation during late pregnancy could be advantageous in mitigating
perinatal depression [92,93].

Overall, dietary and nutritional interventions can have potent effects on reducing
depression, partly through their interactions with the gut microbiota. Prolonged or chronic
stress may affect the absorption of nutrients in the digestive system, potentially leading to
nutrient deficiencies over time and inducing changes in the microbiota. The microbiota is a
new cardiovascular risk factor that influences the absorption of fats and some drugs such
as oral hypoglycemics and statins [94–96].

All this evidence supports the hypothesis that counseling in women plays an important
role in maintaining and undertaking correct lifestyles [2,7,97]. The central component of
the lifestyle is the diet, which is able to influence the other aspects of a healthy life such as
obesity and sleep quality. The Academy of Nutrition and Dietetics identifies a balanced diet
and adequate weight gain as two important components of a healthy pregnancy [98]. The
amount of food a woman needs during pregnancy depends on a number of things including
her body mass index, before pregnancy, the rate at which she gains weight, age, and appetite.
All pregnant women should eat a variety of nutrient-rich foods each day [52–54,56,98].

These psychological conditions can have negative effects on the health of the mother
during pregnancy and increase the risk of complications. Furthermore, they have a
long-term effect that is reflected in the development of non-communicable diseases in
adult women [24,99,100].

5. Proposed Intervention for Prevention in Young Women: The WEAR-Being Project

The WEAR-being project was designed to collect information on cardiovascular health
in women in different age groups. For this end-point, young women and pre-menopausal
women were selected. The goal is to gain information about cardiovascular health and how
it is perceived in young women and women approaching menopause. The second objective
of the study is to implement a lifestyle correction model that is personalized, responds to
the needs of the individual woman, and is pursued through direct coaching carried out by
expert and dedicated healthcare personnel. The third objective is to collect objective data
through precise tools on the cardiovascular responses during the lifestyle modifications
proposed by the trainers and verify whether this approach is effective.

The WEAR-being project addresses the global challenge of maintaining health in a
rapidly changing society (HEALTH Cluster—Horizon Europe strategic plan) by providing
lifestyle monitoring in a group of young women (30–40 years) compared with a control
group of menopausal women (50–60 years). The devices will record data relating to daily
physical activity, quality and duration of sleep, and vital signs. Information on calorie
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intake and diet quality will be entered manually by the subjects. The data collected will be
managed through Big Data management techniques and will be analyzed using artificial
intelligence and data mining techniques in order to establish personal trends and ranges of
values in relation to the diet and activity carried out by the subject.

For this purpose, a 12-month monitoring study has been developed which will involve
women. The women will be recruited through campaigns conducted on social media and
through charity foundations that are very active in the area. The analysis will evaluate
adherence to a correct lifestyle (diet, physical activity, and stress levels) and the control
of bio-humoral parameters and vital parameters. For the objective assessment of lifestyle,
the Life’s Essential 8 evaluation score will be used. Women will be sent to dietary and
lifestyle counseling sessions. The counseling sessions will be carried out in small groups
and personalized and guided by specifically trained healthcare professionals. In young
women, the need for good cardiovascular health will be highlighted in order to preserve
the health of the fetus in the event of a pregnancy. Counseling dedicated to stress manage-
ment will be introduced. The project is under evaluation by the local Ethics Committee.
The study was developed in accordance with the Helsinki Declaration (www.wma.net
(accessed on 1 December 2023)), and all patients will provide informed consent. The data
will be processed in accordance with current privacy legislation. The goal is to promote
awareness of good cardiovascular health even in young women. We have identified the
Mediterranean Diet which is easily achievable in our country. The Mediterranean score
and Life’s Essential 8 score will also be calculated and compared in the same subject in
order to verify an improvement in behavior and take personalized actions. To encourage
subjects to increase physical activity, a wearable device monitoring activity (i.e., number of
kilometers walking/day) will be used [101]. Over the past few years, wearable technologies
have become increasingly common in everyday life. From an industry study conducted by
Gartner, it has been found that the device market of wearables is continuously growing
with an estimated spending of USD 81.5 billion in 2021 [102]. Wearable devices are a
high-tech solution that can help us in the promotion of well-being, playing an important
role in monitoring physical activity, diet and rhythms sleep, anxiety, and stress [103,104].
Furthermore, they allow the person wearing them to interact and monitor their body
throughout the day, increasing awareness and active involvement in improving one’s well-
being. In a research study conducted by Business Insider, 75% of users agreed that wearable
devices promote encouragement to take care of one’s health, thereby promoting virtuous
behavior [103,104]. Healthcare providers play a critical role in educating and supporting
pregnant women in making healthy choices, monitoring weight gain during pregnancy,
and managing any underlying health conditions. We aim to increase this attention towards
young women. The WEAR-being project will contribute to stimulating awareness of the
relevance of cardiovascular primary prevention in young women.

6. Conclusions

In conclusion, the social determinants of health have a strong impact on lifestyle,
and women are more likely to adopt unhealthy behaviors in response to stress. Diet is
an excellent tool to guide the trend toward healthy behaviors. To prevent chronic non-
communicable disease, it is advisable to start primary prevention through correct lifestyles
at a young age, and among women, a good time to intercept is pregnancy. Pregnancy can
be a challenging factor in a woman’s life because she is more exposed to stressful situations.
Healthcare personnel, mainly nurses, play an important educational role in educating and
supporting young women, especially from disadvantaged social backgrounds.
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Abstract: Understanding the association between food security status (FSS) and diet quality in
children is crucial. This study investigated regional variability in FSS, participation in the federal
nutrition assistance program (FNAP), and diet quality among US children. National Health and
Nutrition Examination Survey (NHANES) data from 2013 to 2016 were analyzed. The association
between FSS, FNAP participation, and diet quality (Healthy Eating Index—HEI-2015) was assessed
using multiple linear/logistic regression models. The sample included 6403 children (mean age:
7.5 years; 51% male; 33% Hispanic). Within the sample, 13% reported child food insecurity, and
30% reported household food insecurity. Additionally, 90% participated in the FNAP, and 88% were
enrolled in school lunch programs. Children in urban areas were significantly more likely to report
household food insecurity than those in rural areas (29.15% vs. 19.10%). The overall HEI-2015 score
was 48.2. The associations between child/household FSS and FNAP participation as well as between
child/household FSS and diet quality did not differ by urban/rural residence status, irrespective of
the children’s age groups. There is a need for improvement in children’s diet quality, regardless of
age or urban/rural residence. The findings suggest that improving children’s diets requires broader
action as well as the prioritizing of children in urban areas experiencing food insecurity in future
dietary interventions.

Keywords: food insecurity; diet quality; urban-rural differences; children; federal nutrition assistance
program; NHANES

1. Introduction

Diet plays a vital role in children’s overall health and well-being. A healthy diet
provides children with the nutrients they need to grow and develop. Urban–rural differ-
ences in diet among US children have been well-documented, typically showing that rural
children consume less nutritious diets than urban children [1–4].

Food security, the access by all people at all times to enough food for an active,
healthy life, is one of the several conditions necessary for a population to be healthy and
well-nourished [5]. Food insecurity, on the other hand, refers to the limited or uncertain
availability of nutritionally adequate and safe foods and is strongly related to poverty [6].
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As a result, food insecurity is associated with poor nutrient intake and increases the risk of
obesity, diabetes, cardiovascular disease, anxiety, and depression [7–10]. In 2022, 12.8% of
US households and 17.3% of households with children were food-insecure [6]. Households
with incomes near or below the federal poverty line (i.e., below $24,600 annually for a
household of four), single parents, individuals living alone, Black- and Hispanic-headed
households, and households in suburban and rural areas experience higher rates of food
insecurity than the national average [6]. Food insecurity also tends to be more prevalent
in households with older children (5–17 years) than in households with younger children
(0–4 years) [11].

Studies of children living in rural communities have shown a pattern of food consump-
tion that is high in fat and sugar, and low in fruit and vegetables [12,13]. However, these
studies lack a simultaneously obtained nationally representative sample of both urban
and rural children. This limitation prevents an assessment of the relationship between
urban/rural status and dietary behaviors. In addition, child poverty rates among children
are higher in rural communities compared to their urban counterparts (~26% vs. 20%) [14].
Given the positive association between poverty and food insecurity, it is likely that food
insecurity rates may be higher among rural children compared to urban children. However,
no studies have specifically investigated the urban–rural differences in food security status
among children.

The federal nutrition assistance programs (FNAPs) administered by the US Depart-
ment of Agriculture aim to provide low-income households with access to food, promote a
nutritious diet, offer nutrition education, and increase food security [5]. The five largest
FNAPs intended to combat hunger and food insecurity are the Supplemental Nutrition
Assistance Program (SNAP), the National School Lunch Program (NSLP), the Special
Supplemental Nutrition Program for Women, Infants, and Children (WIC), the School
Breakfast Program (SBP), and the Summer Food Service Program (SFSP). In 2022, approxi-
mately 46.7% of SNAP households, 41.9% of households receiving free or reduced-price
school lunches, and 34.6% of WIC households experienced food insecurity [11]. Among
households with children, food insecurity is most prevalent in low-income households
that participate in SNAP and receive free or reduced-price lunches [11]. This suggests that
those households with the greatest need for food assistance are more likely to participate in
FNAP. Several studies have shown a significant association between participation in FNAP
and lower rates of food insecurity in households with children, even after accounting for
selection bias [15–19]. However, a USDA report showed a decrease in participation in all
five major FNAPs between October 2016 and November 2017 [5], suggesting the need for
the continued assessment of FNAP participation’s impact on food insecurity. Federal data
also revealed that rural SNAP participation rates are significantly greater than the urban
participation rates [18,20].

Children from low-income, food-insecure households report poorer quality diets
than those from households with higher-incomes. Food insecurity is linked to lower
intakes of nutrient-dense foods such as fruits, vegetables, and whole grains and higher
intakes of energy-dense foods [7,8,21]. These dietary patterns may lead to a net positive
energy balance, increasing the risk of obesity and other diet-related chronic diseases.
Moreover, households living in low-income neighborhoods, both urban and rural, may
encounter difficulties in accessing affordable and nutritious foods [22,23]. Many low-
income neighborhoods, particularly in rural areas, lack access to food retailers and are
identified as food deserts, where fresh and affordable foods are in short supply [23]. This
directly affects the dietary intake of children from low-income households who tend to
purchase high-energy-dense and low-nutrient-dense foods [7,8,21]. Thus, it is imperative
to continue to examine and understand how one’s food security status relates to children’s
dietary intake, particularly in the context of a growing body of literature linking food
insecurity to an increased risk of obesity.

Although the determinants of food insecurity in the US are well-researched, gaps in
the literature exist, particularly concerning the urban–rural divide. Our research sought
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to fill this gap, examining the urban–rural differences in and associations between food
security status, participation in FNAP, and dietary intake among children across different
age groups, i.e., 2–5 years, 6–11 years, and 12–17 years of age.

2. Materials and Methods

2.1. Participants

This study employed data from the National Health and Nutrition Examination
Survey (NHANES) from 2013 to 2016. A secondary analysis of the NHANES data was
deemed exempt from review by the Baylor College of Medicine’s Institutional Review
Board. The NHANES, administered by the National Center for Health Statistics (NCHS)
of the Centers for Disease Control and Prevention (CDC), is a cross-sectional, nationally
representative survey of the non-institutionalized civilian population of the US. Details
about each survey and their sampling designs can be found elsewhere [24]. Data from
two survey cycles (2013–2014 and 2015–2016) containing information on food security
status and dietary intake were employed to enhance the reliability and stability of estimates
across subgroups [24]. The 2013–2016 NHANES included data on a total of 6685 children
aged 2–17 years. Children between 2 and 17 years of age with reported food security
status were included in the study. The participants with missing information on any of the
independent or dependent variables were excluded from the analysis. The final sample
included 6403 children, categorized into three age groups: 2–5 years old, 6–11 years old,
and 12–17 years old. The NCHS Ethics Review Board of the CDC approved the NHANES
protocols; all the participants provided informed consent prior to data collection.

2.2. Measures
2.2.1. Sociodemographic Variables

The sociodemographic variables in the NHANES were collected during the in-home
interviews, using the computer-assisted personal interview system. Individuals who were
at least 16 years old and emancipated minors were interviewed directly, while proxies
provided information for survey participants under the age of 16. The demographic
variables included age, gender, race/ethnicity, parent’s marital and education status, and
household income. The rural/urban status of the county of residence was determined
based on its Urban Influence Code (UIC), as defined by the USDA’s Economic Research
Service. These codes were drawn from the 2013 Area Resource File, containing information
about the characteristics of the 2142 counties in the US. Counties with UIC codes 1 or 2 were
coded as urban, while those with other UIC codes (3–12, designated as nonmetropolitan
codes by the USDA’s ERS) were classified as rural [25,26]. The county of residence’s urban–
rural status is a restricted-use variable, and these data were accessed through the Research
Data Center.

2.2.2. Food Security Status

The food security status was measured using the 18-item US Household Food Security
Survey Module during the in-home interviews [27]. An adult provided responses to the
10 items pertaining to the entire household. An additional eight items were specific to
households with children aged ≤17 years. Each question referenced the previous 12-month
period. The data for food security status (household and child level) were coded using the
USDA’s coding guide. A score of 0–18 was created by summing the affirmative responses
to the 18 questions, with higher scores indicating worse food insecurity. Consistent with
the USDA’s definitions and the existing literature, if the primary household respondent
provided two or more affirmative responses to the child-specific questions, the children in
the household were classified as food insecure [28]. The experiences of the entire household
or children in the household were categorized into one of four food security categories (i.e.,
high, marginal, low, and very low) based on NHANES documentation [29]. High food
security and marginal food security were merged as one category of food security; low and
very low food security were merged to classify food insecurity.

23



Nutrients 2024, 16, 224

2.2.3. Diet Quality—Healthy Eating Index-2015

A single 24 h dietary recall was collected for each participant using the USDA’s
automated multiple-pass method. For the participants aged <6 years old, a proxy answered
the questions; for the children 6–8 years old, a proxy answered the questions with the
child’s assistance; the 9–11-year-old children answered the questions with the assistance of
a proxy; and the participants aged 12 years or older answered the questions themselves.
Diet quality was assessed using the Healthy Eating Index (HEI-2015) [30], which evaluates
how closely an individual’s dietary intake adheres to the Dietary Guidelines for Americans
2015–2020 [31,32]. The HEI-2015 was computed using the basic HEI scoring algorithm
based on day 1 of the 24 h dietary recall data from the NHANES. The recall data were
collected by trained interviewers. Only the weekday dietary data were employed to explore
the association with HEI-2015. Furthermore, only the day 1 recall was utilized, due to a
higher non-response rate and individuals tending to report a lower consumption on day
2 (possibly due to under-reporting or survey fatigue). This approach of utilizing only the
day 1 recall has been used in previously published studies [33–35]. Additional information
on the 24 h dietary recall procedure can be found elsewhere [36].

The HEI-2015 is a composite measure of thirteen dietary elements with nine adequacy
components (i.e., total fruits, whole fruits, total vegetables, greens and beans, whole
grains, dairy, total protein foods, seafood and plant proteins, and fatty acids) and four
moderation components (i.e., refined grains, sodium, added sugars, and saturated fats).
Detailed information about the HEI-2015 can be found elsewhere [30,37]. The scores on each
component sum to a maximum score of 100. Higher scores for the adequacy components
indicate greater intakes. For the moderation components, higher scores indicate lower
intakes, as lower intakes are considered more desirable. For all the components, a higher
score indicates a better-quality diet. A higher total score indicates a greater alignment of
the diet with the Dietary Guidelines. HEI scores of <51, 51–80, and >80 indicate “poor diet”,
“needs improvement”, and “good diet”, respectively [37–39].

2.2.4. Federal Nutrition Assistance Program Participation

The FNAP includes SNAP, WIC, NSLP, SBP, SFSP, or any combination of these pro-
grams. SNAP, WIC, NSLP, SBP, SFSP participation was assessed with the following ques-
tions: “Do you/Does any member of your household currently receive SNAP or Food
Stamp benefits?”; “Is (SP) now receiving benefits from the WIC program?”; “(Do you/Does
SP) get these lunches free, at a reduced price, or (do you/does he/she) pay full price?”;
“(Do you/Does SP) get these breakfasts free, at a reduced price, or (do you/does he/she)
pay full price?”; and “(Do you/Does SP) get a free or reduced price meal at any summer
program (he/she) attends?”. The households with low socioeconomic statuses (SES) were
eligible to participate in SNAP; if there were children attending school in these households,
they were also eligible for free or reduced-price school meals. To address this, four FNAP
participation categories were established. Participation in FNAP was then classified as
either no participation or any participation.

2.2.5. Covariates

The covariates included age, sex, race/ethnicity, weight status, and family monthly
poverty index. The primary respondent’s age, sex, and race/ethnicity (Non-Hispanic
White, Non-Hispanic Black, Hispanic, and Other Race) were reported in the NHANES
Demographic Variables and Sample Weights Module, while their family’s monthly poverty
level index was included in the NHANES Income Questionnaire Module. The family
monthly poverty level index, serving as an indicator for SES, represents a ratio of self-
reported monthly income to poverty threshold. This index was chosen as it theoretically
offers an equivalent SES measure that can be applied across different age groups. It serves
as an economic measure to determine eligibility for certain federal benefits and programs
(e.g., NSLP). Moreover, children from households with a family monthly poverty level
index less than 1.85 are eligible for participation in some FNAP, including reduced-price
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lunches [40,41]. Body Mass Index (BMI), expressed as weight in kilograms divided by
height in meters squared (kg/m2), is a widely employed method for categorizing weight
status. The cutoff criteria are based on the CDC’s sex-specific 2000 BMI-for-age growth
charts for the US [42]. One’s weight status is categorized as underweight (BMI < 5th
percentile), normal weight (BMI 5th to <85th percentile), overweight (BMI 85th to <95th
percentile), and obese (BMI ≥ 95th percentile). The underweight children’s data were
combined with the normal weight group’s data because of the small sample size for
underweight children. All the covariates were self-reported and selected as potential
confounding factors in the association between food insecurity and diet quality.

2.3. Data Analysis

The descriptive statistics of the participants’ characteristics were computed for three
age groups (i.e., 2–5, 6–11, and 12–17 years old). Rao-Scott Chi-square tests were conducted
to examine the association of the participants’ household/child food security status and
urban/rural residence status for the overall sample and by the age groups. The analysis
utilized sample-weighted data to accommodate the complex survey sampling methods
(e.g., survey non-response, and post-stratification adjustment) used in the NHANES.

The final outcome models utilized the SAS SURVEYREG or SURVEYFREQ procedure
to accommodate the complex, stratified, multistage probability cluster sampling design.
In these final outcome models, the associations between participants’ food security sta-
tus and FNAP participation and the diet quality measures (including HEI-2015 and its
13 subcomponents) were assessed using multiple linear/logistic regression models. In ad-
dition, whether these associations were affected by the urban/rural residence status were
examined by including the interaction term of the urban/rural residence and food security
status. If significant interactions were detected, post hoc analyses were conducted. The
covariates included in the final outcome model were age, sex, race/ethnicity, and family
monthly poverty index. Those covariates and variables of interest were obtained directly
or calculated from the NHANES datasets. For each outcome of interest (i.e., HEI-2015 and
its 13 subcomponents), separate final outcome models were run, both for the entire sample
and across the three age groups. All the analyses were performed using SAS 9.4. Statistical
significance was designated at p < 0.05.

3. Results

Among the 6403 children included in the study, 27.33% were 2–5 years old, while
40.43% were 6–11 years old, and 32.23% were 12–17 years old (Table 1). The sex distribution
was 51% males and 49% females, and most of the children were Hispanic (30.97–33.80%)
and underweight or normal weight (59.03–71.95%) across each of the age groups. The
reported child food insecurity ranged from 9.66% among the 2–5-year-old children to
14.77% in the 12–17-year-olds; the household food insecurity ranged from 26.19% among
the 2–5-year-olds to 29.42% in the 12–17-year-olds. About 89% participated in SNAP, and
about 90% participated in school meals programs.

Table 1. Descriptive statistics of participant characteristics by age group.

All
n = 6403

2–5 Years Old
n = 1750

6–11 Years Old
n = 2589

12–17 Years Old
n = 2064

Mean ± SD

Age 7.51 ± 5.25 3.38 ± 1.14 8.44 ± 1.72 14.44 ± 1.68
BMI Percentile 19.81 ± 5.44 16.49 ± 1.85 18.79 ± 4.31 23.84 ± 6.19
Ratio of Family income to Poverty 1.88 ± 0.92 1.84 ± 0.91 1.87 ± 0.92 1.94 ± 0.92

N (%)

Gender
Male 3266 (51.01) 903 (51.60) 1311 (50.64) 1052 (50.97)
Female 3137 (48.99) 847 (48.40) 1278 (49.36) 1012 (49.03)
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Table 1. Cont.

All
n = 6403

2–5 Years Old
n = 1750

6–11 Years Old
n = 2589

12–17 Years Old
n = 2064

Weight Status
Underweight/Normal weight 3893 (63.70) 1172 (71.95) 1547 (62.05) 1174 (59.02)
Overweight 1048 (17.15) 250 (15.35) 431 (17.29) 367 (18.45)
Obese 1170 (19.15) 207 (12.71) 515 (20.66) 448 (22.52)

Ethnicity
Non-Hispanic White 1730 (27.02) 486 (27.77) 698 (26.96) 546 (26.45)
Non-Hispanic Black 1556 (24.30) 432 (24.69) 632 (24.41) 492 (23.84)
Hispanic 2111 (32.97) 542 (30.97) 875 (33.80) 694 (33.62)
Others 1006 (15.71) 290 (16.57) 384 (14.83) 332 (16.08)

Child Food Security Status
Child food security 5480 (87.08) 1552 (90.34) 2202 (86.35) 1726 (85.23)
Child food insecurity 813 (12.92) 166 (9.66) 348 (13.65) 299 (14.76)

Household Food Security Status
Household food security 4535 (72.04) 1268 (73.81) 1837 (72.01) 1430 (70.58)
Household food insecurity 1760 (27.96) 450 (26.19) 714 (27.99) 596 (29.42)

Participation in Federal Nutrition Assistance Programs
SNAP 2129 (89.68) 673 (90.21) 875 (89.74) 581 (88.97)
WIC 479 (49.33) 479 (49.33) NA NA
SBP 2143 (92.57) 187 (94.92) 1253 (92.95) 703 (91.30)
NSLP 2606 (87.66) 218 (92.77) 1407 (88.60) 981 (85.30)
SFSP 640 (34.32) 49 (35.51) 354 (34.40) 237 (33.95)
Any of the FNAP 3722 (72.60) 938 (77.78) 1619 (71.83) 1165 (69.89)

Notes. SNAP: Supplemental Nutrition Assistance Program; WIC: Women, Infants, and Children; SBP: School
Breakfast Program; NSLP: National School Lunch Program; SFSP: Summer Food Service Program; BMI: Body
Mass Index; SD: Standard deviation; NA: Not applicable.

A significant urban–rural difference was found in the household food security status
among the children aged 6–11 years old (p = 0.003) (Table 2). The children living in urban
areas were more likely to experience household food insecurity compared to the children
living in rural areas (29.149% vs. 19.104%). However, there was no significant difference in
child food security status by urban–rural residence.

Table 2. Urban–rural differences in food security status by different age groups.

Urban Rural

Age Group n % Weighted % n % Weighted % p-Value

Household Food Security status

All 0.06
Household food security 3834 71.13 76.78 640 79.01 81.09
Household food insecurity 1556 28.87 23.22 170 20.99 18.91

2–5 years old 0.13
Household food security 1094 72.93 77.40 156 81.67 84.04
Household food insecurity 406 27.07 22.60 35 18.33 15.96

6–11 years old <0.01
Household food security 1541 70.85 76.68 271 80.89 82.57
Household food insecurity 634 29.15 23.32 64 19.11 17.43

12–17 years old 0.54
Household food security 1199 69.91 76.47 213 75.00 78.54
Household food insecurity 516 30.09 23.53 71 25.00 21.46

Child Food Security Status
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Table 2. Cont.

Urban Rural

Age Group n % Weighted % n % Weighted % p-Value

All 0.94
Child food security 4681 86.88 89.37 717 88.52 89.24
Child food insecurity 707 13.12 10.63 93 11.48 10.76

2–5 years old 0.44
Child food security 1350 90.00 91.60 176 92.15 93.53
Child food insecurity 150 10.00 8.40 15 7.85 6.47

6–11 years old 0.39
Child food security 1869 85.97 88.15 299 89.25 90.04
Child food insecurity 305 14.03 11.85 36 10.75 9.96

12–17 years old 0.33
Child food security 1462 85.30 89.12 242 85.21 86.63
Child food insecurity 252 14.70 10.88 42 14.79 13.37

The moderation effects of urban/rural residence status on the association between
child/household food security status and the receipt of FNAP were not significant overall
and across different children age groups.

Overall, the children had a poor diet quality (HEI-2015) of 48.17± 13.14 (Table 3). The chil-
dren who were 2–5 years old had a slightly higher HEI-2015 score of 52.16 ± 12.97 compared
to the children who were 6–11 years old (47.54 ± 12.90) and 12–17 years old (46.04 ± 12.92).
However, this difference was not statistically significant. There were no significant differences
in the HEI-2015 component scores by age groups. Additionally, the moderation effects of
urban/rural residence status on the associations between child/household food security
status and diet quality (i.e., HEI and 13 subcomponents) were not significant overall and
across different children age groups. In other words, regardless of the children’s age groups,
the associations between child/family food security status and diet quality (i.e., HEI and
13 subcomponents) did not vary by urban–rural residency.

Table 3. Healthy Eating Index-2015 component and total scores by age group.

Maximum
Points

All
n = 6403

2–5 Years Old
n = 1750

6–11 Years Old
n = 2589

12–17 Years Old
n = 2064

Mean ± SD

Total HEI-2015 score 100 48.17 ± 13.14 52.16 ± 12.97 47.57 ± 12.90 46.04 ± 12.92
Total Vegetables 5 2.19 ± 1.60 2.07 ± 1.56 2.18 ± 1.57 2.28 ± 1.64
Greens and Beans 5 1.02 ± 1.87 1.03 ± 1.87 1.00 ± 1.85 1.03 ± 1.89
Total Fruits 5 2.54 ± 2.10 3.30 ± 1.98 2.48 ± 2.03 2.08 ± 2.11
Whole Fruits 5 2.30 ± 2.29 2.90 ± 2.28 2.28 ± 2.25 1.90 ± 2.25
Whole Grains 10 2.73 ± 3.29 3.02 ± 3.34 2.76 ± 3.23 2.51 ± 3.32
Dairy 10 6.66 ± 3.35 7.50 ± 3.16 6.68 ± 3.23 6.05 ± 3.49
Total Protein Foods 5 3.60 ± 1.57 3.42 ± 1.59 3.61 ± 1.53 3.71 ± 1.59
Seafood and Plant Proteins 5 1.62 ± 2.09 1.55 ± 2.06 1.66 ± 2.09 1.63 ± 2.12
Fatty Acids 10 3.99 ± 3.55 3.61 ± 3.49 3.91 ± 3.44 4.33 ± 3.67
Sodium 10 4.78 ± 3.37 5.53 ± 3.32 4.85 ± 3.29 4.19 ± 3.38
Refined Grains 10 4.97 ± 3.73 5.71 ± 3.67 4.69 ± 3.62 4.75 ± 3.81
Saturated Fats 10 5.41 ± 3.44 5.38 ± 3.40 5.31 ± 3.43 5.53 ± 3.49
Added Sugars 10 6.36 ± 3.27 7.14 ± 3.00 6.16 ± 3.24 6.05 ± 3.38
Energy kcal 1831.96 ± 821.58 1497.47 ± 585.40 1891.89 ± 740.56 1999.38 ± 966.03

Note: SD: Standard deviation.

4. Discussion

To our knowledge, this is one of the first studies to examine urban–rural differences in
the association between food security status, participation in FNAP, and diet quality among

27



Nutrients 2024, 16, 224

children. An important finding of the study was the significant difference in household food
security status among children aged 6–11 years, with urban-dwelling children displaying a
higher prevalence of food insecurity compared to their rural counterparts. This divergence
sheds light on the critical role of residence location in influencing household food security,
particularly for this age group. However, no significant differences were observed in
child food security status based on urban–rural residence, suggesting that the challenges
of food insecurity may be more pronounced at the household level in urban areas for
children in the 6–11 years age range. This aligns with a recent report highlighting that
food insecurity was most prevalent in principal cities located within large urban areas
compared to rural areas [43]. Nevertheless, this finding is contrary to some previous
research findings [44–46], revealing that children living in rural areas have higher rates
of food insecurity than children living in urban areas. However, it is also important to
note that the difference in food insecurity status between urban and rural children was
not statistically significant after controlling for other factors, such as household income
and race/ethnicity. This suggests that the urban–rural difference in food insecurity may
be due to other factors, such as access to healthy food and transportation. In fact, a recent
study found that most families of teenagers drove a distance of 10 miles or less to grocery
shop at least once a week [47]. Nonetheless, this disparity warrants the need for targeted
interventions to address food security challenges, particularly in urban environments.

One key aspect of the study was to assess whether urban–rural residence status
moderates the relationship between child/household food security status and participation
in FNAP. However, no significant moderating effect was observed, both overall and when
examined across different age groups of children. This suggests that the influence of food
security on participation in these programs is consistent regardless of residence status. This
study finding also indicates the importance of FNAP in addressing food security challenges
and that FNAP may be effectively reaching children in need of food assistance across
different geographic regions and age groups. In fact, federal data from 2017 indicate that,
among those eligible for SNAP, participation rates are higher in rural areas (90%) relative
to urban areas (82%), and this disparity in participation rates continues to widen [48].

One of the concerning findings of this study was the overall poor diet quality, as
indicated by the HEI-2015 scores. While there were slight variations in the scores across
different age groups, ranging from 46 to 52 out of 100, these differences were not statisti-
cally significant. Furthermore, this study found no significant disparities in the HEI-2015
component scores based on the different age groups, emphasizing the uniformity in diet
quality challenges experienced by children across various age brackets, regardless of their
urban or rural residence. Moreover, the scores tended to decrease with age, indicating poor
adherence to the US Dietary Guidelines among children, regardless of age or geographic
residence. In fact, the findings suggested that children showed the lowest adherence to
recommendations for the consumption of greens and beans, while demonstrating the
highest adherence to guidelines for total protein foods and dairy intake. Previous research
using nationally representative samples has found similar results for children’s diet quality
in the US [49,50]. These study results underscore the significance of implementing strate-
gies to enhance diet quality among US children, focusing on improving the access to and
affordability of nutritious foods [51].

This study also explored whether urban–rural residence moderated the relationship
between diet quality and food security status among children, a dimension not previously
explored in depth. Interestingly, no significant moderation effects were detected, indicating
that the impact of food security status on diet quality remains consistent regardless of
residence. While previous research has primarily assessed the relationship between food
security status on urban–rural residence and dietary intake, few studies have utilized a
nationally representative sample to assess the relationship between urban–rural residency
and dietary intake among children. These studies have yielded mixed results, with some
reporting no significant differences in dietary intake [52] and others noting slight variations
in fruit consumption between urban and rural adolescents [53]. Moreover, Euler et al. [2]
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found that differences in reported dietary intake based on measures of rurality were
minimal once SES and ethnicity were considered. This suggests that differences might be
influenced by other community-level access factors or other social determinants of health.
These findings suggest that strategies aimed at improving diet quality among children
experiencing food insecurity should be implemented uniformly, irrespective of geographic
location or age group.

This study’s strengths lie in its utilization of a large nationally representative sample
of the US population, which allows for robust conclusions regarding the associations
being studied. The NHANES utilizes valid and reliable measures of diet, along with a
standardized protocol for assessing weight and height. However, this study is constrained
by its cross-sectional design, preventing causal inference. Another limitation is the lack of
information regarding the timing of households’ experiences of food insecurity relative to
when they received food and nutrition assistance program(s) benefits. This limits the use
of statistical analyses to tackle the issue of self-selection bias, a common problem in studies
involving FNAP participation [54]. While our models accounted for potential confounding
variables, there is a possibility that unmeasured or unobserved confounding factors could
impact both FNAP and diet quality. This may partially explain the association between
FNAP and diet quality. The assessment of dietary intake relied on a single 24 h dietary
recall. This method is susceptible to bias and error due to day-to-day variation in eating
habits and the tendency for people to underreport their food intake—a common issue in
dietary intake data. Moreover, there is a potential for bias in diet assessment methods
attributed to the utilization of a single dietary recall and the likelihood of measurement
errors associated with self-reported dietary intake. Another limitation is the absence of
an examination of differences in sex, race, or weight status in this study; however, they
are important covariates and should be examined in future research. Despite the use of
2013–2016 data, diet quality was assessed using HEI-2015 instead of HEI-2010. Nonetheless,
this is not a cause of concern, as multiple updates to school meal guidelines in 2012 align
with HEI-2015 [55,56].

5. Conclusions

In conclusion, these findings underscore the complex interplay of factors affecting
food security, diet quality, and the influence of geographic location. While differences
were noted in household food security among children aged 6–11 years old, other aspects,
including child food security, FNAP participation, and diet quality, exhibited uniform
patterns across urban and rural settings and various age groups. These results emphasize
the need for comprehensive, age-appropriate interventions to address food security and
dietary challenges among children, with a focus on promoting healthier eating habits
and reducing the risk of nutrition-related health issues across diverse demographic and
geographic contexts.
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Abstract: This study evaluates the contribution of schools in Saudi Arabia towards the provision
of education and support concerning weight management among adolescents. It also identifies
adolescents who have attempted to lose weight and examines their preferred weight-loss methods
and their sources of weight-loss support. This study is a cross-sectional investigation that targets
adolescents in intermediate and secondary schools in Jazan, Saudi Arabia. Data was collected via
a self-administered questionnaire that looked at the involvement of the school in the provision
of education pertaining to weight control and the weight-loss experiences of students who had
attempted to lose weight. The study involved 501 adolescents, 45% of whom had attempted to
lose weight, where the most common methods for weight loss being reducing food consumption
(77%), exercising (75%), and fasting (49%). The assessment of the schools’ contributions indicated its
suboptimal role in the provision of education concerning physical activity compared to education
about eating habits. The most commonly reported sources of weight-loss support were the students’
families (54%), followed by community facilities (44%). The least common sources were the students’
schools (24%). These findings indicate that schools need to enhance their contribution to encouraging
adolescents to adopt a healthy lifestyle, while also ensuring multi-sectorial collaboration with families
and community members.

Keywords: adolescents; body weight; school; healthy eating; physical activity; weight loss; Jazan;
Saudi Arabia

1. Introduction

Overweight and obesity is a public health concern in Saudi Arabia. According to the
Saudi Ministry of Health, nearly 60% of Saudi adults are overweight or obese [1]. Changes
in the dietary habits and physical activity levels of Saudis during the COVID-19 lockdown
have also been found to be associated with weight gain [2]. Indeed, the impact of obesity
in Saudi Arabia was reported as costing USD 3.8 billion during 2019, representing 4.3% of
the total health expenditure in Saudi Arabia that year [3].

Overweight and obesity is a prevalent health issue among adolescents in the country.
In a systematic review of studies published between 2002 and 2018, the assessed prevalence
of overweight and obesity among adolescents in Saudi Arabia was between 22% and 48%
and showed an upward trend over the last two decades [4]. In a more recent study, a
sample of more than 351,000 children and adolescents aged between two and 19 years
who had visited healthcare facilities in Saudi Arabia between 2016 and 2021 showed that
20.6% could be classified as overweight or obese, with obesity found to be higher among
males [5]. This increased prevalence of overweight and obesity has been associated with
the increased prevalence of chronic metabolic diseases in the country [6].

Several investigations have been conducted in Saudi Arabia to understand the de-
terminants of overweight and obesity among Saudi adolescents and children. In a study
that utilized a participatory approach to measure the perspectives of students, school staff,
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Ministry of Education officials, and parents regarding school-related factors associated with
obesity in girls aged between 13 and 15 years, it was concluded that offering affordable
healthy food items (fruits and vegetables) and removing unhealthy food items (sweets and
chocolate) from the school canteen, as well as more education about healthy foods, were
important elements for school-based interventions aiming to reduce obesity [7].

In a study that involved a sample of 2696 students based in the south of Saudi Arabia
and aged between 11 and 19 years, it was concluded that limited physical activity and
exercise, either in general or during school activities, were associated with higher rates of
obesity [8]. In a similar, more recent study that involved a sample of 471 male secondary
school students aged between 14 and 18 years from Riyadh, Saudi Arabia, it was concluded
that overweight and obese students’ activity expenditure was nearly 500 min/week lower
compared to students with normal body weight [9]. Furthermore, familial influence, such
as having a parental history of obesity [10] or a reduced number of siblings [11], has been
found to increase the risk of having a raised BMI among Saudi adolescents.

Early recognition and management of overweight and obesity among children and
adolescents are important for reducing the negative health impacts and morbidities associ-
ated with these conditions [12]. Several national and international initiatives have been
implemented to tackle childhood obesity. For example, the World Health Organization’s
Commission on Ending Childhood Obesity provided six main recommendations, including
the promotion of healthy food intake, the promotion of physical activity, preconception
and pregnancy care, early childhood diet and physical activity, and health for school-age
children [13]. These efforts have been slow and inconsistent, however, as they have targeted
the development of policies that require a multi-sectorial approach [14]. On a national level,
the Saudi Guidelines for the Prevention and Management of Obesity were developed to
provide evidence-based practices that target obesity in both adults and children [15].

The Saudi Guidelines for the Prevention and Management of Obesity provide recom-
mendations for obesity prevention in children that include eating habit guidelines and the
promotion of physical activity. The former involve specific dietary recommendations that
encourage children to eat until they are full, consume regular meals including breakfast,
and have a low consumption of salty and energy-dense foods. They also recommend that
children consume five portions of fruits and vegetables a day, eat in sociable settings, and
do not have easy access to food that is not suitable for children.

To promote physical activity in children and adolescents, the guidelines recommend
reducing screentime to less than two hours a day and ensuring a minimum of one hour
of active play. It is also suggested that the whole family should be involved in increasing
the physical activity levels of children. If a child or adolescent is not able to maintain
their body weight or prevent weight gain, referral to a specialist is advised, especially if
there may be an eating disorder, poor body image, depression or anxiety, the presence of
a comorbidity or underlying medical issue, or if there is a need for pharmacological or
surgical intervention for weight management [15].

The Saudi Guidelines for the Prevention and Management of Obesity also recommend
developing sustainable school-based interventions for proper prevention of overweight
and obesity among children and adolescents. These interventions should consider an inter-
sectorial approach that includes their families. Unfortunately, there is limited information
regarding the involvement of schools in Saudi Arabia in the provision of school-based
interventions aimed at weight management in children and adolescents. In a recent study
by Al-Daghri et al. [16], which was conducted in Riyadh, Saudi Arabia, and involved a
sample of 363 adolescents aged between 12 and 18 years, an intervention was developed
that aimed to reduce the body weight of the adolescents by 5% or more. The intervention
involved the provision of educational materials about healthy eating and the promotion
of physical activity via educational sessions provided in the classroom. After 12 months,
a significant reduction in BMI was found in the adherent groups compared to the non-
adherent groups [16].
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Although the current weight-management guidelines in Saudi Arabia recommend
school-based interventions for tackling childhood obesity, the provision of such interven-
tions is extremely limited. Furthermore, studies that assess the involvement of schools
in Saudi Arabia in the promotion of healthy eating and physical activity are also limited.
The contribution of schools in Saudi Arabia, via the established official educational pro-
gram, towards the prevention of overweight and obesity among adolescents is currently
unknown. Therefore, the current study measures the contribution of schools in the Jazan
region, in the southwest of Saudi Arabia, towards the provision of education concerning
the prevention of overweight and obesity among adolescents. It also identifies adolescents
who have attempted to lose weight and examines their preferred weight-loss methods and
their sources of weight-loss support.

2. Materials and Methods

2.1. Study Design and Settings

This investigation used a cross-sectional design to sample adolescents studying in
intermediate and secondary schools in Jazan, Saudi Arabia. Data collection was initiated
after securing ethical approval from the Standing Committee for Scientific Research of
Jazan University (approval number REC-44/06/446, dated December 2022). Data were
collected via an online platform, and an online information sheet explaining the study was
shared with parents. The parents who agreed that their children could take part in the
study allowed their children to complete the online questionnaire.

2.2. Data Collection Tool

A self-administered questionnaire collected information about the participants’ demo-
graphics, their reported body weight and height, the involvement of their schools in the
provision of educational materials related to weight control, their body weight satisfaction,
and the experiences of participants who had tried to lose weight. The sections of the
questionnaire that measured the participants’ perceptions of their weight, their methods of
weight loss, and the involvement of their schools in providing education related to weight
control, were adopted from the Global School-based Student Health Survey.

The participants were asked about any education they had received concerning healthy
eating, the benefits of consuming fruits and vegetables, methods for maintaining a healthy
body weight, the risks of eating salty and energy-dense foods, sport in school, the benefits
of physical activity, or the prevention of injury when taking part in sporting activities [17].
The participants were also asked if they were satisfied with their weight and about their
intentions concerning their weight. A filtering question was used to identify participants
who had tried to lose weight during the last three years, with those answering positively
directed to another section of the questionnaire that examined their methods for weight loss.

2.3. Data Collection Process

The questionnaire was converted to an online format using Google Forms and a
weblink was generated to distribute the data information sheet and the questionnaire to
the parents of the participants. The parents were recruited by advertising the study in
WhatsApp groups, which are a popular method of communication in school and work
settings in Saudi Arabia [18].

The consenting parents were asked to give the questionnaire to their children to
complete. They were also asked to share the weblink with their relatives and friends
to help achieve the target sample size. Sample size estimation was conducted via the
StatCal function of Epi Info. As no previous studies have used the Global School-based
Student Health Survey to measure the contribution of schools towards weight management
education among adolescents, it was estimated that 50% of the sample would have received
relevant education. The target sample size was 480 participants, assuming a prevalence
of 50% with a 5% margin of error, 95% confidence interval, and 25% refusal to participate.
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The expected frequency of 50% was selected for sample size estimation as it produced the
maximum sample size according to the selected sample size parameters.

2.4. Data Analysis

Data analysis was performed using the IBM Statistical Package for the Social Sciences,
version 24.0. Frequencies and proportions were used to summarize the binary and categor-
ical data, while means, medians, standard deviations, and interquartile ranges were used
to describe continuous data depending on their distribution. A standard Chi-square test
investigated the relationship between BMI levels and the intention to lose weight across
the sample.

BMI levels were calculated by entering the participants’ reported weight and height
into the BMI Percentile Calculator for Child and Teen from the Centers for Disease Control
and Prevention. The participants were then classified as underweight, normal-weight,
or overweight/obese. The chi-square test looked at the relationship between the par-
ticipants who had tried to lose weight in the previous three years and their BMI, body
weight satisfaction, and education level. A p-value of <0.05 was used to indicate statistical
significance.

3. Results

The total number of participants who completed the questionnaire was 501. The
majority of the sample were female (61%) with a mean age of 16 years (SD = 1.9). More than
half of the participants lived in urban areas (54%), and the majority were secondary school
students (67%). When asked about their family, 86.5% of participants indicated that they
were living with both of their parents, and more than half (57%) indicated that they had up
to four siblings. Over half (60%) of the sample had a normal body weight, while nearly one
quarter (24%) were overweight or obese. The most frequently reported medical condition
was asthma (6.2%), followed by dental illnesses (5.4%). Finally, half of the sample (51%)
reported that one or both of their parents had a chronic disease. See Table 1 for complete
demographic information.

Table 2 shows the participants’ responses regarding the provision of education related
to healthy eating and physical activity in their schools. Overall, the majority of participants
(76%) reported receiving education about healthy eating. However, only 63% reported
receiving education during the school year regarding how to maintain a healthy weight.
Furthermore, fewer participants reported receiving education about the benefits of physical
activity compared to education about healthy eating. This suggests schools in the Jazan
region have low engagement in education related to the benefits of physical activity.

Table 3 displays the satisfaction of the students concerning their body weight, per-
ception of their body weight, and their intentions concerning modifications to their body
weight. More than half of the sample were satisfied with their body weight (58%), while
211 adolescents indicated that they were not satisfied (42%). When the students were asked
how they would describe their body weight, the majority believed that their body weight
was normal (51%). When the students were asked about their intentions concerning their
body weight, nearly half of the sample indicated that they intend to modify their body
weight, 22% reported that they need to make an effort to maintain their body weight, while
29% reported that they intend to do nothing about their body weight. Finally, when the
adolescents were asked about their attitude about body weight, the majority indicated that
body weight is important, and is important for disease prevention. However, fewer ado-
lescents indicated that having a normal body weight would make them proud or increase
their confidence.
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Table 1. Demographic characteristics, BMI categories, and family history of chronic diseases for 501
intermediate and secondary school students from Jazan, Saudi Arabia.

Variables
Frequency

[Proportion]

Gender
Male 197 [39.3%]

Female 304 [60.7%]
Residence area

Rural 230 [45.9%]
Urban 271 [54.1%]

Education level
Intermediate 166 [33.1%]

Secondary 335 [66.9]
Living with the parents *

With both parents 428 [86.5%]
With the father only 10 [2%]

With the mother only 57 [11.4%]
Number of siblings in the family

4 or less 287 [57.3%]
More than 4 214 [42.7%]

BMI category *
Underweight 75 [15.6%]

Normal 291 [60.4%]
Overweight or obese 116 [24%]

Diagnosis with a chronic disease
Frequent dental illness 27 [5.4%]

Mental illness 9 [1.8%]
Obesity 21 [4.2%]
Asthma 31 [6.2%]

Sickle cell disease 13 [2.6%]
Diabetes 5 [1%]

Parental history of chronic disease 259 [51.7%]
* 19 missing cases for BMI, 6 missing cases for living with the parents’ status.

Table 2. Responses of 501 intermediate and secondary school students from Jazan, Saudi Arabia,
regarding education in school related to healthy eating and physical activity.

Statement Percentage Who Responded with “Yes”

During this school year, were you taught in any of your classes that healthy
eating can help you be healthy and strong? 383 [76.4%]

During this school year, were you taught in any of your classes about the
benefits of eating more fruits and vegetables? 350 [69.9%]

During this school year, were you taught in any of your classes how to
maintain a healthy weight? 315 [62.9%]

During this school year, were you taught in any of your classes about the risks
related to eating too many foods that are high in fat, sugar, or salt? 333 [66.5%]

During this school year, were you keen to take part in the sports classes
provided by the school? 288 [57.5%]

During this school year, were you taught in any of your classes how to develop
a physical fitness plan for yourself? 257 [51.3%]

During this school year, were you taught in any of your classes about
preventing injury during physical activity? 273 [54.5%]

During this school year, were you taught in any of your classes about the
benefits of physical activity? 340 [67.9%]

During this school year, were you taught in any of your classes about the
opportunities for physical activities in your community? 273 [54.5%]
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Table 3. Satisfaction with and perceptions of body weight among 501 intermediate and secondary
school students from Jazan, Saudi Arabia.

Statement
Frequency

[Proportion]

Are you satisfied with your body weight?
Yes. 290 [57.9%]
No. 211 [42.1%]
How would you describe your body weight?
My body weight is low. 72 [14.4%]
My body weight is normal. 258 [51.5%]
My body weight is high. 171 [34.1%]
Attitudes toward body weight:
Having a normal body weight is important. 436 [87%]
Having a normal body weight is beneficial for disease prevention. 371 [74.1%]
Body weight is important for body image improvement. 373 [74.5%]
I feel proud when I have a normal body weight. 230 [45.9%]
Having a normal body weight increases confidence. 319 [63.7%]
Intentions towards their body weight:
To do nothing. 144 [28.7%]
To increase their body weight. 60 [12%]
To reduce their body weight. 188 [37.5%]
To maintain their body weight. 109 [21.8%]

Slightly fewer than half of the participants (45%) reported attempting to lose weight.
Figure 1 shows the frequencies of the selected methods for weight loss. The majority (77%)
tried to lose weight by reducing their food consumption, exercising, or fasting. A small
number of participants (9%) reported consulting a physician about losing weight, while
under 10% reported using medication, artificial sweeteners, herbal medication, induced
vomiting, or surgery for weight loss. Table 4 displays perceptions of weight-loss support
among the participants who attempted to lose weight. The most common source of support
when trying to lose weight was the participants’ families (54%), followed by community
facilities (44%). The least common source of support was the participants’ schools (24%).

 

Figure 1. Preferences of 226 adolescents from Jazan, Saudi Arabia, regarding their weight-loss choices
during the previous three years.
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Table 4. Perceptions of weight-loss support among 226 intermediate and secondary school students
from Jazan, Saudi Arabia.

Statement
Frequency of Agreement

[Proportion]

Agree Neutral Do Not Agree

Receipt of family support. 121 [53.5] 66 [28%] 40 [17%]
Receipt of friend support. 93 [41.2%] 75 [33.2%] 58 [25.7%]
Receipt of school support. 54 [23.9%] 78 [34.5%] 94 [41.6%]

Receipt of relative and community support. 74 [32.7%] 72 [31.9%] 80 [35.4%]
Availability of community facilities supporting weight loss. 99 [43.8%] 59 [26.1%] 68 [30.1%]

Table 5 shows the distribution of the participants according to their attempt to lose
weight, their gender, education level, BMI category, and satisfaction with their weight. It
was found that participants at secondary school, participants classified as overweight or
obese, and participants who were not satisfied with their weight were more likely to have
attempted to lose weight in the last three years (p < 0.05). Interestingly, six participants
(8%) classified as underweight and 121 (41.6%) classified as normal-weight had also tried
to lose weight in the last three years. This suggests low body weight satisfaction among
underweight and normal-weight participants. Finally, there was no significant difference
between genders in relation to weight-loss attempts.

Table 5. Associations between weight-loss attempts, gender, education level, BMI category, and
weight satisfaction in 501 adolescents from Jazan, Saudi Arabia.

Variables
Attempt to Lose Weight
Frequency [Proportion]

No Yes p Value

Gender 0.46
Male 104 [52.8%] 93 [47.2%]

Female 171 [56.3%] 133 [43.8%]
Education level 0.01

Intermediate 105 [63.3%] 61 [36.7%]
Secondary 170 [50.7%] 165 [49.3%]

BMI category * <0.001
Underweight 69 [92%] 6 [8%]

Normal 170 [58.4%] 121 [41.6%]
Overweight or obese 24 [20.7%] 92 [79.3%]

Body weight satisfaction <0.001
Yes 215 [74.1%] 75 [25.9%]
No 60 [28.4%] 151 [71.6%]

* 19 missing cases for BMI.

4. Discussion

This study investigated the provision of education related to the prevention of over-
weight and obesity in adolescents and the methods used by adolescents who had attempted
to lose weight. The assessment of the schools’ contributions to educating their students
about weight management indicated that they were less likely to provide education about
the benefits of physical activity compared to education about healthy eating habits.

Just under half of the participants reported being unsatisfied with their body weight,
with a similar amount reporting that they believed they had a normal body weight. About
45% had attempted to lose weight during the previous three years, with the most common
methods being reducing food consumption, fasting, and exercising. When asked about
their sources of support when trying to lose weight, the most frequently reported source
was their family, while the least reported source was their school. Interestingly, a number
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of students who were classified as underweight or normal-weight adolescents had tried to
lose weight in the past three years, which suggests they had low body weight satisfaction.

There is a limited number of studies looking at the influence of schools on the eating
behaviors and physical activity levels in Saudi adolescents. In a study that assessed the
eating habits of 1149 elementary school students from Jeddah, Saudi Arabia, it was found
that 56% consumed food and beverages from the school canteen. However, no information
regarding their choice of food and beverages or their body weight was provided [19]. A
similar study looked at the breakfast intake of elementary school students in Jeddah and
found that 80% of the students skipped breakfast for reasons such “as not feeling hungry”
and “waking up late” [20].

The current study showed that some adolescents had attempted to lose weight de-
spite having a normal body weight or even being underweight, suggesting that they had
misperceptions about their body weight. This is similar to the findings of a study by
AsSaigal et al. that measured the body weight perceptions of 270 male secondary school
students in the Qassim region of Saudi Arabia. They found that 35% perceived their weight
incorrectly, with 18.4% of overweight and obese students perceiving their weight as normal,
53% of the underweight students also perceiving their weight as normal, and 20% of the
normal-weight students perceiving themselves as overweight [21].

The attempts of adolescents who are normal-weight or underweight to lose weight
can be explained by several notions related to human behavior. Adolescents, during school
year and during their development, can be subjected to peer pressure and the associated
body-weight shaming and stigmatization, making them more inclined to adopt harmful
weight loss measures. Additionally, body weight misperception among adolescents can
be influenced by the body weight norm in communities which favor individuals who are
thin. Though not measured in the current study, recent evidence indicates that body image
among adolescents is further affected by the impact of social media, motivating adolescents,
especially girls, to weigh less and may eventually lead to the development of unhealthy
eating behaviors and eating disorders [22]. This idea is supported by the findings of the
current study, in which some adolescents who attempted to lose weight reported the use of
induced vomiting, weight loss pills, herbal medications, and a minority of the adolescents
reported consulting a physician for weight loss attempt.

Attempts to lose weight among adolescents, as well as unhealthy dieting, has been
explained by several different types of factors, such as body image dissatisfaction (individ-
ual), the absence of positive adult role models (familial), and a poor school involvement
(environmental) [23]. Interestingly, the adolescents in the current study showed positive
attitudes toward weight loss, with the main reasons for having a normal body weight being
related to health and the prevention of disease. These results are similar to the findings
of a systematic review of the motivators for weight loss among adolescents, where the
most common motivators were related to the desire to improve health and self-esteem [24].
Although overweight and obesity among adolescents can be managed in a clinical setting
by health professionals [25], it should be noted that only a small number of the adolescents
in the current study who had attempted to lose weight reported consulting a physician.

This study found that families are a more common source of support for weight loss
compared to other institutions such as schools. This is similar to the results of other studies,
which have shown that parental involvement can be a motivating factor for adolescents.
In a study looking at 49 American adolescents who had attempted to lose weight, it was
concluded that younger adolescents were more likely to be motivated to lose weight if their
parents were involved compared to older adolescents [26]. The current study indicates that
friends, schools, and communities are less likely to provide weight-loss support, indicating
the presence of barriers to weight loss. In a review that examined weight victimization
among adolescents, it was reported that this acted as a barrier to physical activity due to
humiliation by others and the resulting insecurity [27].

The current study identified several different methods used by adolescents when
trying to lose weight, with the most common being reducing food intake and exercising.
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This is similar to the findings of the American National Health and Nutrition Examination
Survey, which indicated that exercising was the most frequently used method of weight
loss among adolescents aged between 16 and 19 years [28]. Similarly, adolescents from
Mauritius aged between 13 and 18 years were most likely to try reducing their consumption
of energy-dense foods, increasing their consumption of fruits and vegetables, and exercising
to lose weight [29].

The current study found that weight-loss attempts were more likely in secondary
school adolescents compared to the younger, intermediary school adolescents, suggesting
that age influences the likelihood of a student attempting to lose weight. Nonetheless, the
study by Rancourt et al., which assessed success of weight loss initiation and maintenance
among adolescents with overweight and obesity, indicated that adolescents at a younger
age were more likely to initiate weight loss attempt when their parents were involved.
Nonetheless, Rancourt et al. also reported that older adolescents were more likely to initiate
weight loss on their own, even with less parental involvement [25]. Although there is some
variability in the association between age and weight loss attempts identified in our study
and the findings of the Rancourt et al. study, it must be noted that the study by Rancourt
et al. was restricted to a small sample of adolescents who were overweight or obese while
our study recruited a lager sample with variable levels of BMIs, including some adolescents
classified as normal-weight or underweight who attempted to lose weight.

Interestingly, gender was not found to influence whether or not a student attempted
to lose weight. These findings are similar to those of a large-scale European study by
Dzielsa et al., which involved a sample of more than 600,000 adolescents from 26 European
countries and compared weight-loss behavior in 2001/2002 to that in 2017/2018. They
found that girls were more likely to engage in weight-loss behavior in 2001/2002, but that
this gender difference reduced over time, with more boys attempting to lose weight during
2017/2018 [30]. In contrast, a UK-based study that compared weight-loss attempts between
two periods (1997/1998 and 2015/2016) indicated that the number of these attempts
increased over time and were more common among girls [31].

The current findings indicate that nearly 58% of the recruited adolescents were satis-
fied with their body weight. Nonetheless, among those who reported being satisfied with
their body weight, 63 adolescent students (22% of the those who are satisfied) declared
their wish to alter their body weight. It is possible to argue that the identified 63 adoles-
cents may exhibit lower satisfaction levels in comparison to the majority of the satisfied
adolescents who did not wish to alter their body weight. However, this was not measured
in the current study since satisfaction was assessed via binary answering options (yes, no).
Furthermore, satisfaction levels can be associated with different factors such as age, gender,
BMI level, body composition, and appearance. This suggests the need for further research
to assess satisfaction levels (such as utilizing five-point Likert scales, and to identify the
factors associated with the satisfaction level and the intention to alter body weight among
the adolescents).

Adolescents in Saudi Arabia spend a very significant part of their lives in schools.
The education system and school environment are directly involved with the mental,
emotional, and physical well-being of adolescents. It is possible to argue that any public
health intervention targeting adolescents would not succeed without the optimal involve-
ment of schools. Overweight and obesity during adolescence is rather critical due to its
long-term impact and the raised risk of developing chronic non-communicable diseases
during a later phase of life. Therefore, schools should invest in enhancing their communi-
cation with young people, especially during the developmental changes the adolescents
are experiencing.

Enhancement of the communication of schools with young people can be implemented
on several levels. Firstly, in a country that is witnessing a rise in the incidence of lifestyle-
influenced chronic diseases such as obesity, diabetes, and hypertension, education about
healthy eating and physical activity should be a core part of the curricular activities deliv-
ered to the students. Secondly, schools should provide tailored extracurricular activities for
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adolescents who are suffering from raised BMIs or are at risk of developing obesity. These
curricular and extracurricular activities should be provided by teachers who themselves are
adherent to a healthy lifestyle to act as role models to the adolescents, and they should be
well-trained communicators with young people in a manner that addresses the emotional
and psychological considerations associated with the development of adolescents. Success
of the school’s communication with its adolescents via curricular and extracurricular activi-
ties should create a culture in schools that reduces stigma associated with body weight and
body image and motivate the adolescents to engage in a healthy lifestyle.

The current study has several strengths and weaknesses. The main strengths are asso-
ciated with the utilization of an online platform to enhance the ability to reach adolescents
in different weight categories. Additionally, this study was able to identify adolescents
who had attempted to lose weight without seeking help from a healthcare professional.
The study’s main weaknesses are associated with the likelihood of selection bias due to
its online approach and possible measurement bias in relation to the self-reported heights
and weights of the participants. Nonetheless, the findings regarding the prevalence of
abnormal BMIs and the presence of misperceptions about body weight among adolescents
are similar to those reported in the literature locally and internationally.

Additionally, this study assessed schools’ contribution to the education of adolescents
about healthy eating, physical activity, and their support of weight-loss without involving
their teachers or the relevant stakeholders in the education system. Targeting the teachers
and the relevant stakeholders is important to ensure objective assessment of school’s
contribution to adolescents’ health. This indicates an area for further research to perform
an objective assessment of the school’s contribution to a healthy lifestyle in adolescents,
via assessing the opinions of the teachers and education system stakeholders concerning
healthy lifestyle education among the students. Finally, this study targeted adolescents
in one region in Saudi Arabia. Although the education system is unified in the country
under the umbrella of the Saudi Ministry of Education, and the teaching system is similar
in all regions of the country, it must be noted that the findings of the current study have
limited generalizability and further research is required in other regions to assess schools’
contributions towards the education of adolescents about healthy lifestyles.

5. Conclusions

The findings of the current study suggest a suboptimal involvement of schools in
the south of Saudi Arabia when promoting healthy eating behaviors and physical activity
among students. Furthermore, some adolescents reported not being satisfied with their
body weight, which partially explains why some of those classified as underweight or
normal-weight had attempted to lose weight in the past three years. Among the adolescents
who attempted to lose weight, the most frequently reported source of support was their
family. This indicates the need to enhance schools’ contributions to supporting the adoption
of healthy lifestyles. Furthermore, governmental and public agencies should establish
collaboration between different sectors, such as the health, education, and municipality
sectors, as well as families and communities, to tackle body weight abnormality among
adolescents and enhance the adolescents’ knowledge about healthy eating, physical activity,
and weight loss.
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Abstract: The role of childhood food experiences (CFEs) in determining future eating behaviors re-
mains unclear. The aim of the study was to examine the link between CFEs and selected eating styles
(ESs), i.e., intuitive (IE), restrained (ResEat) and external (ExtEat) eating, among 708 Polish adults aged
18–65 (477 women and 231 men). CFEs were measured with the Adults’ Memories of Feeding in Child-
hood questionnaire. Polish versions of the Intuitive Eating Scale-2 and Dutch Eating Behavior Ques-
tionnaire were used to assess ESs. Mann-Whitney U test was used to compare ESs scores between those
with lower and higher CFEs. In the total sample, “Restrictions” and “Pressure and Food Reward”
parental feeding practices favored lower IE, while “Healthy Eating Guidance” and “Monitoring”
practices predisposed higher levels of IE in adulthood. “Restrictions” were found to correlate with
greater chances of ResEat, whereas “Healthy Eating Guidance” was linked with lower probability
of ResEat. “Pressure and Food Reward” and “Monitoring” were associated with higher score for
ExtEat. “Restrictions”, “Child Control”, “Monitoring” and “Healthy Eating Guidance” practices
were differently linked to ESs in women and men. The findings suggest that education programs for
parents should focus on the long-term consequences of feeding practices.

Keywords: parental feeding practices; childhood food experiences; eating style; intuitive eating;
external eating; restrained eating

1. Introduction

Childhood food experiences (CFEs) stem from diverse parental feeding practices
(PFPs), such as pressuring to eat, teaching about nutrition, applying restrictions, monitoring
a child’s food intake or using food as a reward [1,2]. PFPs can greatly influence a child’s
eating, predisposing to favorable or unfavorable behaviors [3]. There is an ongoing debate
on whether dietary behaviors established during early childhood (birth to 6 years) and
middle childhood (6 to 12 years) continue into adolescence and further into adulthood [2,4].
A few longitudinal studies confirmed the moderate transmission of childhood dietary
patterns into young adulthood [5–7]. Nevertheless, results from retrospective studies in
adults indicated that selected CFEs may favor future eating behaviors especially in the form
of eating styles (ESs) [8–16]. ESs describe psychological aspects of dietary behaviors, such
as beliefs, attitudes, motives and feelings towards food and eating [17]. The role of selected
ESs, e.g., intuitive eating (IE), restrained eating (ResEat) and external eating (ExtEat), as
predictors of the food intake was confirmed in available research [17–20]. IE is a non-dieting
approach that promotes eating based on physiological internal signals rather than emotional
(EmoEat) or external (ExtEat) ones [21]. Identification of the individual’s ES and searching
for its origin may be useful in prevention and treatment of diet-related diseases [22].

To date, research has confirmed the following associations: (1) the link between parents
using food to control the child’s behavior (e.g., food pressuring or food rewarding) and
more frequent binge-eating or dietary restraint [8], long-lasting food rejection [13], lower
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level of intuitive eating and higher level of disordered eating in adulthood [9]; (2) the
association between parents applying restrictions or emotional regulation feeding and food
preoccupation as well as emotional eating in adulthood [10,12]; (3) the link between positive
and negative memories about family’s food rules and dieting in adulthood [14]; and (4) the
association between having regular family meals as a child and having regular family
meals as an adult [15,23]. Moreover, the availability of unhealthy foods at home during
childhood was associated with less healthful eating [24] and early life eating environments
with the development of the food addiction [25] in young adults.

Despite some evidence that there is a link between CFEs and maladaptive ESs in
adulthood, e.g., ResEat or ExtEat, the existing studies have mostly included single or
selected PFPs [8–16]. Moreover, the majority of research focused on the PFPs with potential
short- and long-term negative impacts, such as food rewarding, pressuring to eat, rigid
controlling behaviors, etc. [8–15]. Little is known about the link between diverse CFEs and
adaptive ESs in adulthood, such as IE [26]. Adaptive ESs are believed to be characterized
by the absence or low levels of maladaptive eating, hence they may be differently related to
CFEs [21]. Furthermore, few available studies have indicated that PFPs may be gendered,
and thus have different impacts on girls’ and boys’ eating [27–29]. Therefore, it may be
hypothesized that CFEs related to the same PFPs can differently predict ESs among women
and men [11,26].

The aim of the study was to examine the association between childhood food expe-
riences and selected eating styles separately in adult women and men. The following
hypotheses were tested: 1. Childhood food experiences such as healthy eating guidance,
monitoring and child control predispose to a greater level of intuitive eating in adulthood,
while experiences related to restrictions, food rewarding or pressuring to eat favor re-
strained and external eating in adulthood; 2. Gender differentiates the association between
childhood food experiences and selected eating styles in adulthood.

2. Materials and Methods

2.1. Study Design and Participants

The data for this cross-sectional study were collected in Poland from October 2022
to January 2023 with the use of a Computer-Assisted Web Interview technique. An invi-
tation to participate in the study with a short description of its purpose and a link to a
questionnaire were published on social media. The inclusion criteria were age between
18 and 65, ability to read and understand Polish and informed online consent. The ex-
clusion criteria were as follows: age lower than 18 years old or greater than 65 years old,
inability to read and understand Polish and lack of consent. The data anonymity and
confidentiality were assured. The final study sample included 477 women and 231 men
(708 participants in total), who properly filled out the questionnaire. The study design was
approved by the Ethics Committee of the Institute of Human Nutrition Sciences, Warsaw
University of Life Sciences, in Poland (Resolution No. 02/2020) and was conducted in
compliance with the Declaration of Helsinki.

2.2. Measures
2.2.1. Assessment of the Childhood Food Experiences

Adults’ memories of childhood food experiences related to PFPs were assessed with
The Adults’ Memories of Feeding in Childhood questionnaire (AMoFiC) [2]. The tool had
a 5-factor structure: 1. “Restrictions” (13 items), 2. “Healthy Eating Guidance” (9 items),
3. “Pressure and Food Reward” (6 items), 4. “Monitoring” (5 items), 5. “Child Control”
(6 items). The items were rated with a 5-point Likert scale, ranging from never/disagree
(1) to always/agree (5). The additional answer, i.e., “I don’t remember”, was scored zero
points and was further treated as a missing value. The score for each subscale was obtained
by calculating mean values.
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2.2.2. Assessment of the Eating Styles

Intuitive eating (IE) was assessed with the Polish version of the Intuitive Eating
Scale-2 [30]. It had a 4-factor structure: 1. “Reliance on Hunger and Satiety Cues” (6 items),
2. “Eating For Physical Rather Than Emotional Reasons” (4 items), 3. “Body–Food Choice
Congruence” (3 items), 4. “Unconditional Permission to Eat” (3 items). The items were
rated with a 5-point Likert scale, ranging from strongly disagree (1) to strongly agree (5).

Restrained and external eating were assessed with the Polish version of the Dutch
Eating Questionnaire [17]. “Restrained eating” (ResEat) subscale contains 9 items, whereas
“External eating” (ExtEat) is a 7-item subscale. The items were rated with a 5-point Likert
scale, ranging from never (1) to very often (5). Scores for each IE subscale as well as for
ResEat and ExtEat were presented as mean values.

2.2.3. Sociodemographic Characteristics

The following sociodemographic data were collected: age, gender (female or male),
education (primary, lower secondary, upper secondary, or higher) and place of residence
(village, town below 20,000 inhabitants, town between 20,000 and 100,000 inhabitants, or
city with over 100,000 inhabitants).

2.3. Data Analysis

Sociodemographic characteristics were presented with the descriptive statistics. Two
groups of participants were distinguished based on their scores for each subscale from the
AMoFiC questionnaire: 1. “lower childhood food experiences (lower CFEs)”—mean score
below or equal to 3.00, and 2. “higher childhood food experiences (higher CFEs)”—mean
score greater than 3.00. Shapiro–Wilk test was used to test the normality of distribution.
Mean scores for the four subscales from the Intuitive Eating Scale-2 as well as for Re-
strained and External eating subscales were compared between those two groups, i.e.,
lower and higher CFEs, with the Mann–Whitney U test. Significance level was set at
α = 0.05. All analyses were performed in IBM SPSS Statistics for Windows, version 28.0
(IBM Corp., Armonk, NY, USA).

3. Results

3.1. Participants

The study included a total of 708 participants. The majority of the study group
were women (67.4%), people with higher education (83.2%) and people living in a city
(62.6%) (Table 1). The mean age of the participants was 36.9 ± 11.5 years.

Table 1. Sociodemographic characteristics of the study sample.

Variables
Total

(n = 708)
n (%)

Women
(n = 477)

n (%)

Men
(n = 231)

n (%)

Age
(years)

18–24 94 (13.3) 65 (13.6) 29 (12.5)
25–39 349 (49.3) 253 (53.0) 96 (41.6)
40–54 193 (27.2) 120 (25.2) 73 (31.6)
55–65 72 (10.2) 39 (8.2) 33 (14.3)

Education

Primary 3 (0.4) 3 (0.6) 0 (0.0)
Lower secondary 3 (0.4) 2 (0.4) 1 (0.4)
Upper secondary 113 (16.0) 68 (14.3) 45 (19.5)

Higher (e.g., BSc and MSc) 589 (83.2) 404 (84.7) 185 (80.1)

Place of Residence

Village 113 (15.9) 78 (16.3) 35 (15.2)
Town below 20,000

inhabitants 43 (6.1) 31 (6.5) 12 (5.2)

Town between 20,000 and
100,000 inhabitants 109 (15.4) 69 (14.5) 40 (17.3)

City with over 100,000
inhabitants 443 (62.6) 299 (62.7) 144 (62.3)

n, number of participants; BSc, Bachelor of Science; MSc, Master of Science.
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3.2. Childhood Food Experiences and Intuitive Eating in Adulthood

Participants with lower CFEs related to “Restrictions” had higher scores in three sub-
scales of IE, i.e., “Reliance on Hunger and Satiety Cues”, “Eating For Physical Rather Than
Emotional Reasons” and “Unconditional Permission to Eat”, in comparison to people with
higher experiences, which was confirmed in the total sample and among women (Table 2).
Among men, those with lower experiences of “Restrictions” scored higher in
“Unconditional Permission to Eat” and lower in “Body–Food Choice Congruence”. CFEs
related to “Healthy Eating Guidance” were linked to higher scores for “Reliance on Hunger
and Satiety Cues”, “Eating For Physical Rather Than Emotional Reasons” and “Body–Food
Choice Congruence” in the total sample as well as among women and men separately. The
experience of “Pressure and Food Reward” in childhood was associated with a lower score
for “Eating For Physical Rather Than Emotional Reasons” in the total sample and in women
and men separately. Higher experience of “Monitoring” of the child’s eating behaviors
favored higher score in “Body–Food Choice Congruence” in the total sample, as well as in
women. The experiences of “Child Control” differentiated the score of “Eating For Physical
Rather Than Emotional Reasons” in men only, with the greater score among the group with
higher experiences of this PFP (Table 2).

Table 2. Childhood food experiences and intuitive eating in the study sample.

Childhood Food Experiences (CFEs) Intuitive Eating—Subscales

Subscale
Groups of

Respondents
n (%)

Reliance on
Hunger and
Satiety Cues
Mean ± SD

Eating for
Physical

Rather than
Emotional
Reasons

Mean ± SD

Body–Food
Choice

Congruence
Mean ± SD

Unconditional
Permission

to Eat
Mean ± SD

Total sample (n = 708)

Restrictions
lower CFEs a 666 (94.1) 3.42 ± 0.79 * 3.36 ± 1.15 ** 3.42 ± 0.77 3.65 ± 0.81 **

higher CFEs b 42 (5.9) 3.07 ± 1.03 * 2.86 ± 1.10 ** 3.60 ± 0.91 3.30 ± 0.81 **

Healthy Eating
Guidance

lower CFEs 292 (41.2) 3.20 ± 0.85 *** 3.09 ± 1.19 *** 3.32 ± 0.77 *** 3.58 ± 0.86

higher CFEs 416 (58.8) 3.53 ± 0.76 *** 3.50 ± 1.09 *** 3.51 ± 0.78 *** 3.66 ± 0.78

Pressure and
Food Reward

lower CFEs 485 (68.5) 3.43 ± 0.81 3.45 ± 1.14 *** 3.46 ± 0.74 3.60 ± 0.82

higher CFEs 223 (31.5) 3.33 ± 0.81 3.08 ± 1.14 *** 3.36 ± 0.85 3.67 ± 0.81

Monitoring
lower CFEs 479 (67.7) 3.38 ± 0.79 3.38 ± 1.14 3.38 ± 0.76 ** 3.64 ± 0.79

higher CFEs 229 (32.3) 3.44 ± 0.86 3.24 ± 1.16 3.53 ± 0.81 ** 3.59 ± 0.87

Child Control
lower CFEs 538 (76.0) 3.43 ± 0.78 3.34 ± 1.13 3.45 ± 0.77 3.63 ± 0.80

higher CFEs 170 (24.0) 3.30 ± 0.89 3.30 ± 1.22 3.38 ± 0.82 3.61 ± 0.86

Women (n = 477)

Restrictions
lower CFEs 444 (93.1) 3.39 ± 0.83 * 3.16 ± 1.16 * 3.44 ± 0.80 3.62 ± 0.83 *

higher CFEs 33 (6.9) 2.98 ± 1.05 * 2.73 ± 1.12 * 3.49 ± 0.89 3.34 ± 0.78 *

Healthy Eating
Guidance

lower CFEs 196 (41.1) 3.15 ± 0.90 *** 2.85 ± 1.18 *** 3.35 ± 0.79 * 3.53 ± 0.89

higher CFEs 281 (58.9) 3.51 ± 0.79 *** 3.32 ± 1.12 *** 3.51 ± 0.82 * 3.65 ± 0.78

Pressure and
Food Reward

lower CFEs 316 (66.2) 3.40 ± 0.86 3.23 ± 1.15 ** 3.48 ± 0.77 3.58 ± 0.84

higher CFEs 161 (33.8) 3.30 ± 0.84 2.93 ± 1.16 ** 3.37 ± 0.88 3.64 ± 0.80

Monitoring
lower CFEs 317 (66.5) 3.35 ± 0.82 3.16 ± 1.15 3.38 ± 0.78 ** 3.64 ± 0.79

higher CFEs 160 (33.5) 3.40 ± 0.93 3.06 ± 1.20 3.57 ± 0.85 ** 3.54 ± 0.89

Child Control
lower CFEs 351 (73.6) 3.40 ± 0.83 3.16 ± 1.15 3.48 ± 0.80 3.61 ± 0.81

higher CFEs 126 (26.4) 3.26 ± 0.92 3.05 ± 1.21 3.35 ± 0.82 3.57 ± 0.87
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Table 2. Cont.

Childhood Food Experiences (CFEs) Intuitive Eating—Subscales

Subscale
Groups of

Respondents
n (%)

Reliance on
Hunger and
Satiety Cues
Mean ± SD

Eating for
Physical

Rather than
Emotional
Reasons

Mean ± SD

Body–Food
Choice

Congruence
Mean ± SD

Unconditional
Permission

to Eat
Mean ± SD

Men (n = 231)

Restrictions
lower CFEs 222 (96.1) 3.46 ± 0.70 3.77 ± 0.99 3.39 ± 0.70 * 3.70 ± 0.78 *

higher CFEs 9 (3.9) 3.41 ± 0.93 3.36 ± 0.94 3.96 ± 0.90 * 3.15 ± 0.91 *

Healthy Eating
Guidance

lower CFEs 96 (41.6) 3.31 ± 0.73 ** 3.56 ± 1.07 * 3.25 ± 0.72 * 3.68 ± 0.80

higher CFEs 135 (58.4) 3.57 ± 0.68 ** 3.88 ± 0.91 * 3.52 ± 0.69 * 3.67 ± 0.79

Pressure and
Food Reward

lower CFEs 169 (73.2) 3.48 ± 0.71 3.85 ± 0.99 ** 3.44 ± 0.69 3.64 ± 0.77

higher CFEs 62 (26.8) 3.42 ± 0.71 3.48 ± 0.97 ** 3.33 ± 0.76 3.76 ± 0.86

Monitoring
lower CFEs 162 (70.1) 3.43 ± 0.72 3.79 ± 1.01 3.40 ± 0.71 3.65 ± 0.79

higher CFEs 69 (29.9) 3.54 ± 0.68 3.65 ± 0.96 3.43 ± 0.73 3.72 ± 0.79

Child Control
lower CFEs 187 (81.0) 3.48 ± 0.69 3.69 ± 1.00 * 3.40 ± 0.69 3.67 ± 0.78

higher CFEs 44 (19.0) 3.41 ± 0.79 4.01 ± 0.95 * 3.46 ± 0.81 3.70 ± 0.83

n, number of participants; a mean score for the subscale below or equal to 3.00, b mean score for the subscale
above 3.00; SD, standard deviation; significant at * p < 0.05, ** p < 0.01, *** p < 0.001; Mann–Whitney U Test.

3.3. Childhood Food Experiences, Restrained and External Eating in Adulthood

The differences in ResEat were noted only in regard to the “Restrictions” and
“Healthy Eating Guidance” subscales (Table 3). Participants who had more experiences
of “Restrictions” obtained a higher score for ResEat in comparison to those with lower
experiences in the total sample and separately among women and men. Higher experiences
of the PFPs related to “Healthy Eating Guidance” were linked to a lower score for ResEat
in the total sample, yet no significant differences were noted within the women and within
the men. Higher childhood experiences of “Pressure and Food Reward” as well as “Moni-
toring” were associated with a higher score for ExtEat in the total sample. In the female and
male group, only differences resulting from the experiences of the “Pressure and Food Re-
ward” were observed. Both men and women with higher experiences of this PFP obtained
a greater score for ExtEat in comparison to the group with lower experiences (Table 3).

Table 3. Childhood food experiences, external and restrained eating in the study sample.

Childhood Food Experiences (CFEs) Eating Style

Subscale
Groups of

Respondents
n (%)

External
Eating

Mean ± SD

Restrained Eating
Mean ± SD

Total sample (n = 708)

Restrictions
lower CFEs a 666 (94.1) 2.97 ± 0.71 2.58 ± 0.88 ***

higher CFEs b 42 (5.9) 3.08 ± 0.82 3.12 ± 0.82 ***

Healthy Eating
Guidance

lower CFEs 292 (41.2) 3.05 ± 0.76 2.70 ± 0.90 *

higher CFEs 416 (58.8) 2.92 ± 0.69 2.56 ± 0.87 *

Pressure and
Food Reward

lower CFEs 485 (68.5) 2.89 ± 0.71 *** 2.60 ± 0.85

higher CFEs 223 (31.5) 3.15 ± 0.71 *** 2.66 ± 0.95

Monitoring
lower CFEs 479 (67.7) 2.94 ± 0.73 * 2.58 ± 0.88

higher CFEs 229 (32.3) 3.04 ± 0.69 * 2.69 ± 0.89

Child Control
lower CFEs 538 (76.0) 2.96 ± 0.69 2.60 ± 0.88

higher CFEs 170 (24.0) 3.02 ± 0.79 2.67 ± 0.88
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Table 3. Cont.

Childhood Food Experiences (CFEs) Eating Style

Subscale
Groups of

Respondents
n (%)

External
Eating

Mean ± SD

Restrained Eating
Mean ± SD

Women (n = 477)

Restrictions
lower CFEs 444 (93.1) 3.02 ± 0.72 2.67 ± 0.89 **

higher CFEs 33 (6.9) 3.18 ± 0.87 3.12 ± 0.74 **

Healthy Eating
Guidance

lower CFEs 196 (41.1) 3.16 ± 0.78 ** 2.80 ± 0.91

higher CFEs 281 (58.9) 2.95 ± 0.69 ** 2.63 ± 0.86

Pressure and
Food Reward

lower CFEs 316 (66.2) 2.96 ± 0.72 *** 2.66 ± 0.85

higher CFEs 161 (33.8) 3.18 ± 0.73 *** 2.77 ± 0.95

Monitoring
lower CFEs 317 (66.5) 3.02 ± 0.75 2.66 ± 0.88

higher CFEs 160 (33.5) 3.07 ± 0.70 2.77 ± 0.88

Child Control
lower CFEs 351 (73.6) 3.00 ± 0.70 2.68 ± 0.89

higher CFEs 126 (26.4) 3.13 ± 0.82 2.76 ± 0.87

Men (n = 231)

Restrictions
lower CFEs 222 (96.1) 2.85 ± 0.68 2.42 ± 0.84 *

higher CFEs 9 (3.9) 2.71 ± 0.47 3.16 ± 1.13 *

Healthy Eating
Guidance

lower CFEs 96 (41.6) 2.82 ± 0.66 2.50 ± 0.86

higher CFEs 135 (58.4) 2.86 ± 0.67 2.41 ± 0.86

Pressure and
Food Reward

lower CFEs 169 (73.2) 2.77 ± 0.66 ** 2.48 ± 0.85

higher CFEs 62 (26.8) 3.05 ± 0.65 ** 2.37 ± 0.88

Monitoring
lower CFEs 162 (70.1) 2.79 ± 0.66 2.43 ± 0.85

higher CFEs 69 (29.9) 2.97 ± 0.69 2.50 ± 0.87

Child Control
lower CFEs 187 (81.0) 2.87 ± 0.68 2.45 ± 0.86

higher CFEs 44 (19.0) 2.73 ± 0.61 2.43 ± 0.88

n, number of participants; a mean score for the subscale below or equal to 3.00, b mean score for the subscale
above 3.00; SD, standard deviation; significant at * p < 0.05, ** p < 0.01, *** p < 0.001; Mann–Whitney U Test.

4. Discussion

The reported differences in the scores for certain eating styles (ESs), i.e., intuitive (IE),
restrained (ResEat) and external (ExtEat) eating, in regard to the declared childhood food
experiences (CFEs) have confirmed the link between parental feeding practices (PFPs) and
dietary behaviors in adulthood. Nevertheless, some results underlined the complexity of
this relationship, for example individual IE components were differently associated with
CFEs. Moreover, different CFEs explained ResEat and ExtEat in adulthood.

The study results indicate that restrictions in childhood can be linked to lower IE in
adulthood. Restrictions, specifically for weight control, may therefore contribute to relying
on internal signals less often, eating for reasons unrelated to physical hunger and not
allowing oneself to eat whatever is desired [30]. This particular PFP was the least reported
one in the study sample; however, it was more common in women. The CFEs of restrictions
in women seem to differently modify their ability of IE in comparison to men. Previous
research suggests that maternal ESs may differently predict child’s ESs, especially in regard
to restrained eating [28]. Maternal ResEat may predict daughters’ ResEat only [28]. This
can be one of the factors explaining different results in women and men in the current
study. The sociocultural models that indicate that dietary restrictions are more specific for
girls and women in comparison to boys and men [31] seem to explain our findings. We
also observed that the results for certain IE components did not differ between men with
lower and higher experiences of restrictions in childhood. Moreover, a higher tendency for
making food choices that promote better body functioning was observed only in men who
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have experienced restrictions during childhood. Nevertheless, the role of the childhood
restrictions in determining dietary behaviors in men should be further investigated [11,26].

The experiences of parental guidance on healthy eating in childhood favored greater
compliance with IE in the total sample as well as in women and men separately, except
for giving oneself permission to eat desired foods. Therefore PFPs such as encouraging
children in a supportive way to try new foods and eat diversely, modelling healthy eating,
involving children in meal planning and preparations seem to favor eating in response to
internal cues and possibly promote more healthful diets [2,32,33]. As parental influence is
the first factor that may affect a child’s eating, the abovementioned practices can promote
the inborn ability of IE and prevent the child from eating disturbances later in life [3,34].

The experiences of being pressured to eat or being rewarded with food were linked
to more common use of food to deal with unpleasant emotions in the total sample and
in both women and men. Such experiences may consequently lead to emotional eating
and overeating [28]. This result is contrary to the previous ones that suggested different
brain responses to rewarding in women and men [35] and among boys and girls [29,36,37].
It may in turn differently determine diet quality in female and male adults [4]. Perhaps
the difference between women’s and men’s brain processing might be more significant in
terms of determining ESs in childhood [29,36,37] rather than in adulthood.

Being monitored by parents in terms of types of foods eaten during childhood favored
choosing foods that promote better body functioning in adulthood, in the total sample and
in women. Parental control, i.e., being responsive to child’s needs and wants, was linked
to eating only for physical reasons in men. Previous research has shown that the role of
both of these PFPs in determining dietary behaviors in adulthood remains unclear and
possibly less significant in comparison to other parenting practices [2,4]. The differences
between women and men might result from varying maternal and paternal influences or
from different impacts of other caregivers [27,28]; however, it was not measured in this
study. Paying attention to the type of foods eaten by the child and being responsive to the
child’s needs may support healthful long-term outcomes [2,3].

Studies previously conducted on IE have shown several differences between women
and men, similarly as this study. The total Intuitive Eating Scale-2 score and subscales
for women were significantly lower, except for the one related to the ability of relying
on internal signals [38,39]. Women may be more attentive to body signals than men [40].
However, the focus on appearance, weight control behaviors and disordered eating are
observed among males as well [41]. A recent meta-analysis found that across a variety of
age groups and cultures IE is higher in men in comparison to women [42,43]. This may be
the result of an increased societal pressure that women face in terms of body dissatisfaction
and internalization of a thin ideal [44]. Evidence suggests that men might also face pressure
to conform to ideals [45], yet the one women face is more frequent and severe [44]. Another
explanation for the differences in IE scores between men and women may relate to the
relationship between personality and IE scores. For example, men with greater global
self-esteem (GSE), thus also with narcissistic features, are less likely to give themselves
permission to eat what is desired [46]. On the other hand, in women, greater GSE might
promote IE [46]. The lower IE in women may also stem from the link between parental
warmth and overprotection, which might cause greater parental concern, and in turn
decrease eating in response to internal signals [26]. The assumption that different dietary
experiences may correlate differently with IE scores in women and men was confirmed in
the study group.

Contrary to the intergender differences related to the IE, having experienced restric-
tions in childhood predicted a greater ResEat score in both female and male adults as well
as in the total sample. This association may result from the direct transmission of the
behaviors learned during childhood or from the disturbances in the IE later in life [34].
Our observations suggest the complexity of ResEat [47] and the existence of different
underlying mechanisms, such as non-food related adverse childhood experiences. For
example, childhood abuse or neglect were found to predispose increased concerns about
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body shape and weight, unhealthy weight control behaviors, overeating or anxiety about
food or eating [48,49]. The experience of financial deprivation in childhood was found
to predict less favorable food choices in adulthood [50]. On the other hand, in the total
sample, parental guidance on healthy eating predisposed to lower level of ResEat in adult-
hood. It may be concluded that this PFP may favor healthier eating behaviors, yet not in a
form of strict, rigid food rules, but rather as a conscious choice, which is in line with the
IE principles [19,30].

The practices such as pressuring to eat or food rewarding predisposed to greater
ExtEat; however, differences between women and men were observed. Moreover, parental
monitoring in terms of types of foods eaten favored greater ExtEat in the total sample,
while solely in women parental guidance on healthy eating was linked to a lower ExtEat.
Available studies on ExtEat are inconsistent and the role of ExtEat in promoting weight
gain has been questioned [17,51–53]. Perhaps selected CFEs may mediate or moderate the
relationship between ESs and dietary behaviors, thus further research should focus on
explaining those results.

The experiences of restrictions and parental control had no effect on ExtEat while
pressuring and food rewarding, parental monitoring and parental control had no effect on
ResEat. Thus, the hypotheses related to ResEat and ExtEat were only partially confirmed.
On the other hand, hypotheses related to the IE were confirmed. It might be that CFEs are
more useful for determining selected adaptive ESs (e.g., IE) rather than the nonadaptive
ones (e.g., ResEat, ExtEat). Our findings confirmed a need to conduct more research that
would examine the association between CFEs and adaptive ESs [26], also in a representative
study sample. Additionally, CFEs seem to differentiate IE among women and men more
than they differentiate ExtEat or ResEat, which supports our second hypothesis. The future
studies on the link between CFEs and IE or other adaptive ESs, e.g., mindful eating, should
include separate analysis of such associations in women and men to confirm these results.
Moreover, although some significant results have been noted, differences in ESs between
the groups with lower and higher CFEs were quite small. Thus, further research should be
carried out to verify these observations. In addition, PFPs may be linked to parenting styles
and other non-food related practices that may affect eating behaviors [54]. There is also a
need for including those aspects in the longitudinal research for a better understanding of
the development of adaptive and maladaptive eating behaviors [54].

The current study contributes to the growing body of literature on the development
of eating styles in adulthood. Understanding which factors may contribute to the preva-
lence of different eating styles in adulthood is crucial, because they can be linked to both
successful prevention of disordered eating behaviors and ensuring higher diet quality.
The findings of this research indicate that the public health approaches should focus on
seeking methods to improve CFEs, most notably by supporting the relationship between
parents and children through nutrition education. The latter have the potential to reduce
the development of various health-risk behaviors. Furthermore, investing in parenting
interventions that target healthful family mealtime has the potential for a long-term impact
on their own children’s parenting practices [55].

Study Strengths and Limitations

This study is the first to assess the relationships between diverse childhood food
experiences and selected eating styles in adulthood in the Polish adults. A relatively large
study sample can be pointed out as another study strength. Nevertheless, the study also
has a few limitations. Firstly, a cross-sectional character of the study does not allow us
to draw any causal associations. Moreover, a non-representative study sample prohibits
the generalization of the study results. The possible diverse impact of both parents, thus
different use of PFPs and the impact of other caregivers, have not been included in this
study. Additionally, only selected eating styles were chosen for this research. Lastly, the
childhood food experiences were based on the retrospective reports, which might have
been imprecise. Nevertheless, despite the fact that relying on the long-term memories
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may be subjected to bias, findings from the retrospective studies are worth considering.
Even if the participants’ food memories are imprecise, the experiences from the past are
meaningful and might underlie current beliefs, values or daily activities. Food- or eating-
related memories can provide substantial information about people’s life and sociocultural
environment [56,57], thus they can be used to explain behavior.

5. Conclusions

Findings from the current study suggest that childhood food experiences related to
diverse parental feeding practices can differently determine selected eating styles, i.e.,
intuitive, external and restrained eating, in adulthood. Having experienced “Restrictions”
in childhood favored lower intuitive eating (“Reliance on Hunger and Satiety Cues”,
“Eating for Physical Rather Than Emotional Reasons”, “Unconditional Permission to Eat”)
and higher restrained eating in adulthood. “Healthy Eating Guidance” predisposed to
greater intuitive eating (“Eating for Physical Rather Than Emotional Reasons”, “Reliance on
Hunger and Satiety Cues”, “Body-Food Choice Congruence”) and lower restrained eating
in adulthood. “Pressure and Food Reward” correlated negatively with “Eating for Physical
Rather Than Emotional Reasons” (intuitive eating) and positively with external eating.
The experience of parental monitoring was linked to greater “Body-Food Choice Congru-
ence” (intuitive eating) and external eating. “Restrictions”, “Healthy Eating Guidance”,
“Monitoring” and “Child Control” were differently linked to intuitive eating components
and external eating in women and men. The abovementioned findings suggest that parents’
education programs should focus on long-term consequences of feeding practices as well
as the existence of the intergender differences among women and men, especially in regard
to intuitive eating. Further retrospective studies in the representative samples are needed
to confirm these findings. There is also a need for conducting longitudinal studies that
would focus on the mechanism linking childhood food experiences and eating behaviors
in adulthood.
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Abstract: Childhood obesity has been associated with altered blood lipids and bad eating habits.
In this cross-sectional study, we assessed cardiorespiratory fitness and metabolic health markers
in regard to weight status and dietary habits in schoolchildren. In 134 children (6–11 years), we
conducted: (1) Anthropometry, namely z-score BMI (z-BMI), waist-to-height ratio (WHtR), and body
composition analysis. (2) Measurements of handgrip strength (HGS), resting metabolic rate (RMR)
and VO2max. (3) Quantification of blood lipids and antioxidant vitamins A, E, C. (4) Eating breakfast
assessment. About 35% of children were overweight/obese. The z-BMI positively correlated with
WHtR (r = 0.637, p < 0.001), and adversely correlated with fat-free mass (r = −0.728, p < 0.001)
and vitamin E (r = −0.286, p < 0.001). RMR and VO2max were greater in normal weight children
compared to those with overweight/obesity (p < 0.001). HGS did not differ between these groups, but
was negatively correlated with dyslipidemia as shown by TG/HDL-C ratio (r = −0.224, p = 0.037).
According to regression analysis, eating breakfast routinely at home was positively associated
with RMR and adversely associated with z-BMI. Hence, regular breakfast consumption at home
may improve RMR in kids. Cardiorespiratory fitness and physical strength are key modulators
of metabolic health in Greek children added to a social determinant of health i.e., eating breakfast
at home.

Keywords: primary school children; breakfast at home; metabolic health; cardiorespiratory fitness;
handgrip strength; antioxidant status

1. Introduction

Childhood obesity has emerged as a global public health concern with its prevalence
rising drastically both in developed and developing countries. According to the World
Health Organization (WHO), more than 340 million children and adolescents aged 5–19
were overweight or obese in 2016 [1]. It is well confirmed that obesity in adults is highly
associated with reduced antioxidant status, as indicated by inadequate circulating antiox-
idant vitamins i.e., carotenoids (vitamin A), tocopherols (vitamin E) and ascorbic acid
(vitamin C) [2]. Recently, this redox state imbalance has been also observed in children and
adolescents with overweight/obesity, accompanied by an altered blood lipid profile such as
reduced levels of high-density lipoprotein-cholesterol (HDL-C) and high triglyceride (TG)
concentration [3]. There is evidence that adiposity during childhood is characterized by
subclinical inflammation with elevated secretion of proinflammatory adipokines contribut-
ing to increased oxidative stress [4,5]. In turn, systemic inflammation and oxidative stress
during childhood are associated with the development of obesity-related metabolic com-
plications such as cardiovascular diseases (CVD) in adult life [5,6]. According to a recent
case-control study in 1444 children, metabolically unhealthy participants demonstrated
lower ratios of vitamin A/TG and vitamin E/TG in plasma compared to their metabolically
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healthy counterparts, indicating the pivotal role of these antioxidant vitamins in metabolic
health [7].

Low cardiorespiratory fitness (CRF) is directly linked to excess adiposity and is a
major risk factor for cardiovascular disease in adults [8]. CRF is assessed by measuring
maximal oxygen consumption (VO2max), which is the maximum capacity of the body to
transport and use oxygen during physical activity [8]. Improvement in CRF of adults has
been associated with ameliorated body composition i.e., visceral fat and total fat mass, and
lower waist and hip circumferences [8–10], but for children, data are limited. Very recently,
it has been suggested that CRF is a potent indicator of cardiovascular health in children
and adolescents as well [11]. Based on epidemiological data, only 40% of 12–15-year-olds
in the US have a healthy CRF [12]. What is more, CRF has been currently associated with
handgrip strength (HGS), which in turn affects all-cause mortality and CVD risk in young
and older adults [13,14]. There is now evidence that low HGS may be associated with poor
cardiometabolic outcomes in children and adolescents too [15]. In a recent observational
study in 2256 children and adolescents aged 5–18 years, HGS-to-body mass index (BMI)
presented a positive correlation with cardiorespiratory fitness [16].

Eating habits may influence metabolic health. A higher meal frequency seems to be
predictive for a lower weight status in children, as indicated by z-scores of body mass index
(z-BMI) for age and waist circumference to height ratio (WHtR) [17]. In addition, skipping
breakfast has been associated with a 43% higher risk of developing obesity [18,19]. It is
not doubtful that eating habits are formed during childhood and are crucial for a child’s
development [20], while the home food environment plays a fundamental role in attaining
a healthy body weight [21].

Nevertheless, data regarding the role of CRF and HGS in overweight/obesity and
how these factors correlate to adiposity, antioxidant status, blood lipid profile and eating
habits in children in Greece are limited. Therefore, in the present cross-sectional study
we aimed to investigate differences between normal weight children and children with
overweight/obesity, regarding fitness indicators (CRF, HGS), biochemical markers (antioxi-
dant vitamins, lipid profile), and dietary habits such as breakfast consumption at home or
snacking at school.

2. Methods and Materials

2.1. Ethics Approval

The research protocol was submitted to the Scientific and Ethical Committee of “IASO
Maternity Hospital, Obstetrics—Gynecology (Attica, Greece)” and was authorized with an
approval code #J-31052019. Throughout the study, the principles of Helsinki Declaration
1964 were adhered, and the General Data protection Regulation (EU) 2016/679 was assured.
To this end, a written informed consent was delivered to all parents (or legal guardians) of
recruited children, and a copy of the signed consent was handed to each parent.

2.2. Study Design

The present work is a cross-sectional study, in which community children from Attica
(Greece) were enrolled during June and July 2019. Parents or legal guardians were invited to
take part in the study through written announcements (posters), electronic invitations and
social media posts by the collaborating primary schools. Those who agreed to participate
were provided with a detailed information leaflet describing the aims, methods, benefits,
and potential hazards of the study.

Participants’ inclusion criteria were set as follows:

(a) community children, aged 6 to 11 years, living in Attica (Greece);
(b) apparently healthy children without seasonal infection, chronic or life threatening

diseases (as described below);
(c) parental consent.

Exclusion criteria were:
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(a) children with infections (e.g., seasonal influenza), chronic diseases (e.g., celiac disease,
inflammatory bowel diseases, kidney disease, malabsorption, parathyroid diseases),
pediatric metabolism disorders (e.g., type 1 diabetes) or life threating diseases (e.g.,
cancer, congenital disorders);

(b) children with cognitive disorders (e.g., autism, attention-deficit/hyperactivity disorder);
(c) children under medication treatment that could affect the outcomes of the study;
(d) children following a vegetarian or a vegan diet;
(e) children receiving nutritional supplements including vitamins and minerals;
(f) parental refusal to consent.

2.3. Clinical, Laboratory and Nutritional Data

All measurements and data collection were conducted at IASO Maternity Hospital
(Attica, Greece) under the supervision of the appointed physician and the collaborating
researchers. Parents (or guardians) visited along with their child hospital’s facilities in
three separate days within two weeks for: (1) medical history record, anthropometric
measurements and blood analysis; (2) CRF and HGS assessments; and (3) eating behavior
evaluation, respectively. Prior to visiting the clinical site, parents (or guardians) were
instructed to ensure that their child was healthy, fully rested, joyful and well hydrated.
Throughout each test parents (or guardians) were present, while children were advised
to express themselves if they would feel discomfort during measurements. All children
were verbally encouraged by the researchers to do their best during the tests providing
positive feedback.

2.3.1. Day 1: Anthropometry and Blood Analysis

Medical history: The appointed pediatrician recorded children’s medical history from
parents (or guardians) including general information, as well as disease specific data (i.e.,
allergies, medical condition, drug treatment, nutrient supplementation).

Anthropometry: Experienced dieticians performed measurements of body weight
(BW), height (Ht), waist circumference (WC), as well as body composition and resting
metabolic rate (RMR).

More specifically, Ht was measured on a standard stadiometer without shoes to the
nearest millimeter (Seca Mode 220, Hamburg, Germany), and BW on a flat scale with light
clothing to the nearest 0.1 kg. BMI was calculated as the ratio of BW (kg) to the square
of Ht (m2). To assess growth and weight status, z-scores of Ht-for-age, BW-for-age and
BMI-for-age were calculated according to WHO growth reference data for boys and girls
aged 5 to 19 years [22]. WC was measured with a non-stretch but flexible tape on minimal
clothing. For defining abdominal adiposity, the WHtR was used with a cut-off ≥0.50 [23].

Body composition i.e., fat mass (FM), fat-free mass (FFM) and total body water (TBW),
was analyzed with air displacement plethysmography (Bodpod® Body Composition Track-
ing Systems, Life Measurement, Inc., Rome, Italy) following the manufacturer’s instructions.
Measurement was performed on minimal clothing. Preparation for the Bodpod test in-
cluded overnight fasting and abstaining from rigorous activities at the day before the
examination [24]. Body composition indicators, FM, FFM and TBW were expressed as kg
or % BW.

An open-circuit indirect calorimetry of computerized metabolic system with ventilated
canopy (Quark RMR, Cosmed, Rome, Italy) was applied to measure RMR (kcal/day) based
on measurements of gas exchange, namely oxygen consumption (VO2) and carbon dioxide
production (CO2) [25]. The oxygen sensor was calibrated before each measurement with
the use of mixed reference gases of known composition. Measurements were conducted
after overnight fasting and prior to the measurement children were asked to rest in the
recumbent position for 10 min in a thermoneutral environment. Then, the canopy was
placed over their head, and they were asked to breathe normally for 25 min avoiding
hyperventilation or falling asleep during the test. RMR output was also expressed in
relation to BW, namely, kcal/kg of BW/day.
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Blood analysis: Blood withdrawal (8 mL) from each child was performed after
overnight fasting. To isolate serum, whole blood was allowed to clot at room temper-
ature for 20 min followed by centrifugation at 3000 rpm for 10 min (4 ◦C). For plasma
isolation, whole blood was collected in ethylenediaminetetraacetic acid (EDTA)-filled tubes
prior to centrifugation.

Total cholesterol (TC), low-density lipoprotein-cholesterol (LDL-C), HDL-C and TG
were quantified in sera with an automatic biochemical analyzer using manufacturer’s
reagents (Cobas 8000 modular analyzer, Roche Diagnostics GmbH, Mannheim, Germany).
A reversed-phase high performance liquid chromatography (HPLC) system (model 1050,
Agilent Technologies, Waldbronn, Germany) coupled with ultraviolet (UV) and fluores-
cence (FL) detectors, quaternary pump, auto-sampler and data analysis software, was used
to quantify antioxidant vitamins A (retinol), E (alpha-tocopherol) and C (ascorbic acid) in
plasma samples, according to previously published methods [26,27]. All blood analyses
were performed in freshly drawn blood samples.

2.3.2. Day 2: CRF and HGS

CRF: The appointed pediatrician was responsible for conducting the maximal oxygen
consumption (VO2max) examination test. Measurement of VO2max was performed on a
treadmill (Woodway ELG 55, Waukesha, Germany) according to a modified Balke protocol
for children [28]. Initially, children were asked to warm up on the treadmill at a self-
selected speed for 10 min. Next, children performed an exercise test to fatigue at a constant
speed of 5.0 mph consisting of 2 min stages of progressively increasing the incline of the
treadmill by 2.5%. VO2max was determined as the highest oxygen consumption attained
during the test, upon fulfillment of three out of four criteria: (a) VO2 reached a plateau;
(b) respiratory exchange ratio (RER) was greater than 1.2; (c) rating of perceived exertion
(RPE) was greater than 17; heart rate (HR) approached the maximum age-predicted heart
rate (±10 beats/min) [29]. Output of VO2max was expressed as mL O2 per kg of BW per
min (mL O2/kg/min).

HGS: The appointed dieticians conducted two HGS measurements of the dominant
hand, each on a separate day. The average of both measurements was calculated and HGS
output was expressed as kg. To this scope, the Jamar Plus+ Digital Hand Dynamometer
(Patterson Medical, Warrenville, IL, USA) was used. Before HGS test, children were asked
to familiarize themselves with the dynamometer by grasping the handle, adjusting grip
to the handle and performing 2–3 tests. Then, measurements were preformed according
to the standard procedures recommended by the American Society of Hand Therapists
(ASHT) [30]. More specifically, children were asked to sit upright on a chair with their feet
supported on the ground and to place their tested hand on the table in front, maintaining
the arm position during the test. Shoulders had to be slightly abducted and neutrally
rotated, the elbow in 90◦ of flexion, the forearm in 0◦ between pronation and supination,
and the wrist in neutral resting position [31,32]. Children were then asked to squeeze
the grip continuously for 3 sec. Children were not aware of the HGS test outcome as the
display of the dynamometer always faced the researcher. The second HGS measurement
was performed on the third visit, before nutritional data collection.

2.3.3. Day 3: Nutritional Behavior Assessment

Children’s behavior regarding breakfast and snacking at school during the last month
was assessed by applying the KIDMED questionnaire via face-to-face interviews with the
parents (or guardians) and children [33]. Questions denoting a negative connotation with
respect to the Mediterranean diet were assigned a value of −1 and those with a positive
aspect +1 [33].

All children invited to participate were attending public schools that have food can-
teens. Children who positively responded of eating breakfast daily (or most of the days)
were further asked if they consumed breakfast at home or not. Children who consumed
breakfast on a regular basis but apart from home were also recorded.
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3. Statistical Analysis

Statistical analysis was performed using the SPSS software for Windows (Version 26,
Armork, NY, USA, IBM Corporation). Significance level was set at p-value ≤ 0.05. The
Kolmogorov–Smirnov test was used to assess normality of variable distribution. Dichoto-
mous variables were presented as counts (N) or relative frequencies (N %) and quantitative
variables as mean and standard deviation of the mean (SD).

Children were categorized according to z-BMI, as underweight (z-BMI < −2), nor-
mal weight (z-BMI −2 to 0.99) or overweight/obese (z-BMI ≥ 1) [34]. Only two children
were scored as underweight, and were excluded from further statistical analysis. The
independent-samples t-test was conducted to compare variable means between the nor-
mal weight and the overweight/obesity group. To compare eating behavior frequencies
between groups, the chi-square test was used.

Children were also categorized according to the frequency of having breakfast. All
children who reported eating breakfast daily (or most of the days) consumed this meal
exclusively at home. Conversely, those reporting not having breakfast at home, all skipped
this meal in the morning. Therefore, two categories of breakfast frequency were used:
“daily/most of the days” or “sometimes/no”. The independent-samples t-test was per-
formed for the comparison of means between the two groups.

Pearson’s correlation was used to examine the relations between quantitative variables
of the population. The stronger the association of the two variables, the closer the Pearson
correlation coefficient, r, was to either +1 or −1, depending on whether the relationship
was positive or negative, respectively.

Linear regression models, unadjusted and adjusted for confounders (adjusted model 1:
age, sex; adjusted model 2: age, sex, WC) were then performed to quantify associations
showing significant correlations. The z-BMI, VO2max, HGS and RMR were used as the
dependent variables. Parameters of metabolic health and eating behavior were used as
predictor variables. Regression beta coefficients, b, were assessed explaining the degree of
change in the outcome variable for every 1-unit of change (increase or decrease depending
on whether the relationship is positive or negative) in the predictor variable.

4. Results

4.1. Children’s General Characteristics

As shown in Figure 1, a total of 175 children were assessed to participate in the study.
When study criteria were applied, 20 children were excluded due to seasonal influenza
and 4 children due to the presence of chronic diseases (3 with diabetes type 1 and one child
with celiac disease). Additionally, 17 children withdrew from the study as their parents (or
guardians) did not respond to our communication efforts or were willing to discontinue
for personal reasons. Consequently, 134 children completed the study. All children were
Greek, lived in urban area of Attica and belonged to a middle-class socio-economic status.

Descriptive characteristics regarding anthropometry, CRF, physical strength, biochemi-
cal markers and eating habits in the whole sample (n = 134) are shown in Table 1. The mean
age of participants was 8.8 years and 57.5% were boys. Based on z-BMI, 81.7% of children
had a normal weight, while 35.1% had overweight/obesity. Only two children (1.9%)
belonged to the category of underweight (z-BMI < −2). Using the WHtR ≥ 0.5 cut-off [23],
abdominal adiposity was found in 36.2% of children with overweight/obesity and 2.4% in
normal weight children. Most children consumed breakfast (75.4%) and snacked during
school time (73.1%).
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Figure 1. Study flow chart.

Table 1. Children characteristics in the whole sample and on different sexes.

Parameters
Enrolled
(N = 134)

Boys
(N = 77)

Girls
(N = 57)

p-Value

Anthropometry

Age (years); mean (SD) 8.8 (1.8) 8.8 (1.7) 8.9 (1.8) 0.709

Height (m); mean (SD) 1.4 (0.1) 1.4 (0.1) 1.4 (0.1) 0.577

Weight (kg); mean (SD) 33.6 (10.0) 34.4 (10.9) 32.6 (8.7) 0.326

BMI (kg/m2); mean (SD) 17.8 (3.1) 18.1 (3.4) 17.5 (2.5) 0.301

Z-score weight; mean (SD) 0.9 (1.2) 1.0 (1.2) 0.6 (1.0) 0.042

Z-score height; mean (SD) 0.8 (1.1) 0.9 (1.1) 0.6 (1.0) 0.064

Z-score BMI; mean (SD) 0.6 (1.2) 0.7 (1.3) 0.4 (1.1) 0.156

Weight status based on z-score BMI; N (%)
<−2, underweight 2 (1.9) 1 (1.3) 1 (1.8) -

−2 to +0.99, normal weight 85 (81.7) 48 (62.3) 37 (64.9) 0.531
≥1, overweight/obese 47 (35.1) 28 (36.4) 19 (33.3) 0.393

WC (cm); mean (SD) 61.1 (8.7) 62.0 (9.5) 59.8 (7.4) 0.149

WHtR; mean (SD) 0.4 (0.6) 0.4 (0.7) 0.4 (0.0) 0.564

FM (%); mean (SD) 23.7 (9.5) 22.4 (10.4) 25.4 (7.9) 0.070

FM (kg); mean (SD) 8.6 (5.8) 8.5 (6.7) 8.8 (4.3) 0.777

FFM (%); mean (SD) 76.3 (9.6) 77.5 (10.6) 74.6 (7.9) 0.082

FFM (kg); mean (SD) 25.0 (5.7) 25.8 (5.5) 24.0 (5.8) 0.064

TBW (%); mean (SD) 63.7 (9.2) 64.6 (9.9) 62.4 (8.0) 0.169

Cardiorespiratory fitness and strength

RMR (kcal/day); mean (SD) 1565.5 (278.9) 1628.0 (276.2) 1479.8 (261.4) 0.003

RMR (kcal/kg/day); mean (SD) 49.0 (10.0) 49.6 (9.8) 48.1 (10.3) 0.414
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Table 1. Cont.

Parameters
Enrolled
(N = 134)

Boys
(N = 77)

Girls
(N = 57)

p-Value

VO2max (mL/kg/min); mean (SD) 49.9 (9.5) 52.5 (10.2) 47.0 (7.6) 0.003

HRmax (bpm); mean (SD) 202.9 (11.3) 201.9 (10.5) 204.2 (12.3) 0.297

HGS (kg); mean (SD) 15.2 (5.2) 16.3 (5.4) 13.2 (4.7) 0.018

Blood indices

Vit A (mg/L); mean (SD) 0.3 (0.2) 0.3 (0.1) 0.3 (0.2) 0.852

Vit E (mg/L); mean (SD) 10.9 (2.6) 10.9 (2.8) 10.8 (2.4) 0.859

Vit C (mg/L); mean (SD) 5.6 (1.3) 5.6 (1.0) 5.6 (1.7) 0.826

Total cholesterol (mg/dL); mean (SD) 164.3 (26.8) 166.1 (25.1) 161.8 (29.1) 0.366

HDL-C (mg/dL); mean (SD) 53.2 (12.2) 53.5 (11.1) 52.7 (12.6) 0.729

LDL-C (mg/dL); mean (SD) 99.6 (23.6) 101.5 (22.4) 97.1 (26.2) 0.288

TG (mg/dL); mean (SD) 57.4 (19.1) 55.5 (16.5) 59.9 (22.0) 0.196

TG/HDL-C ratio; mean (SD) 1.2 (0.7) 1.1 (0.5) 1.3 (0.8) 0.268

Meals

Daily breakfast (YES/NO); N (%) 101 (75.4)/23 (17.2) 58 (75.3)/13 (16.9) 43 (75.4)/10 (17.5) 0.937
Daily snacking at school (YES/NO); N (%) 98 (73.1)/22 (16.4) 52 (67.5)/15 (19.5) 46 (80.7)/7 (12.3) 0.197

Data are presented as counts (%) or means (standard deviation) (SD). For continuous values, the independent-
samples t-test was conducted to compare means between sexes. For categorical variables, the chi-square test
was used. Level of statistical significance was set at p ≤ 0.05. Bold p-values represent statistically significant
differences between groups. BMI, body mass index; WC, waist circumference; WHtR, waist to height ratio; FM, fat
mass; FFM, fat-free mass; TBW, total body water; RMR, resting metabolic rate; HRmax, maximal heart rate; HGS,
handgrip strength; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG,
triglycerides.

Table 1 also presents mean levels for all tested variables between sexes. Concerning
anthropometry, boys showed significantly higher z-scores of weight (p = 0.042) than girls.
Additionally, boys demonstrated higher CRF and physical strength compared to girls, as
indicated by VO2max (p = 0.003) and HGS (p = 0.018) respectively. Biochemical markers
and eating habits did not differ between sexes.

4.2. Differences of Tested Variables According to Body Weight Status

Table 2 presents mean differences for all tested variables between normal weight
children and children with overweight/obesity. In regard to anthropometry, children with
overweight/obesity demonstrated higher z-BW for age (p < 0.001), WC (p < 0.001), WHtR
(p < 0.001) and FM % (p < 0.001) compared to their normal weight counterparts. On the
contrary, FFM % (p < 0.001) and TBW % (p < 0.001) were significantly lower in children with
overweight/obesity. Additionally, correlation analysis showed that z-BMI was strongly
and positively correlated with WC (r = 0.722, p < 0.001), WHtR (r = 0.637, p < 0.001), FM
% (r = 0.725, p < 0.001), while a strong and inverse correlation with FFM % (r = −0.728,
p < 0.001) and TBW % (r = −0.623, p < 0.001) was detected. A negative correlation with
plasma alpha-tocopherol was also recorded (r = −0.286, p < 0.001).

Mean value of RMR (kcal/kg/day) was lower in participants with overweight/obesity
compared to those with normal weight (p < 0.001). At the same time RMR was positively
correlated with FFM % (r = 0.650, p < 001) and negatively correlated with FM % (r = −0.642,
p < 0.001) and z-BMI (r = −0.575, p < 0.001).
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Table 2. Differences in tested variables based on body weight status.

Parameters: Mean (SD)
Normal Weight

(N = 85)
Overweight/Obese

(N = 47)
p-Value

Anthropometry

z-score BMI −0.05 (0.7) 1.9 (0.8) <0.001

z-score height 0.6 (1.0) 1.1 (1.1) 0.002

z-score weight 0.3 (0.8) 2.0 (0.9) <0.001

Age (years) 8.8 (1.8) 8.8 (1.7) 0.897

Height (m) 1.3 (0.1) 1.4 (0.1) 0.076

Weight (kg) 29.9 (7.3) 40.7 (10.8) <0.001

BMI (kg/m2) 16.2 (1.5) 20.9 (2.8) <0.001

WC (cm) 57.4 (5.8) 68.1 (8.9) <0.001

WHtR 0.4 (0.1) 0.5 (0.05) <0.001

FM (%) 18.9 (6.4) 32.4 (8.2) <0.001

FM (kg) 5.6 (2.7) 13.7 (6.5) <0.001

FFM (%) 81.1 (6.4) 67.5 (8.3) <0.001

FFM (kg) 24.0 (5.6) 27.0 (5.5) 0.004

TBW (%) 67.5 (7.7) 56.4 (7.0) <0.001

Cardiorespiratory fitness
and strength

RMR (kcal/kg/day) 52.9 (9.0) 42.3 (8.1) <0.001

VO2max (mL/kg/min) 52.4 (8.4) 46.1 (10.1) <0.001

HRmax (bpm) 202.8 (11.7) 203.0 (10.7) 0.932

HGS (kg) 14.8 (4.8) 15.8 (5.9) 0.371

Blood indices

Vit A (mg/L) 0.3 (0.1) 0.3 (0.2) 0.582

Vit E (mg/L) 10.9 (2.4) 10.5 (2.9) 0.435

Vit C (mg/L) 5.5 (1.1) 5.7 (1.7) 0.591

Total cholesterol (mg/dL) 165.0 (27.5) 163.3 (26.0) 0.736

HDL-C (mg/dL) 53.2 (11.9) 53.3 (12.8) 0.968

LDL-C (mg/dL) 100.2 (24.5) 98.6 (22.4) 0.719

TG (mg/dL) 57.9 (20.0) 56.9 (17.5) 0.764

TG/HDL-C ratio 1.2 (0.7) 1.2 (0.6) 0.859

Meals

Daily breakfast (YES/NO); N (%) 68 (80.0)/9 (10.6) 31 (66.0)/14 (29.8) 0.009
Daily snacking at school (YES/NO);

N (%) 62 (72.9)/15 (17.6) 34 (72.3)/7 (14.9) 0.478

Data are presented as means (standard deviation) (SD) or counts (%). The independent-samples t-test was
conducted to compare variable means between children of overweight/obesity and normal weight. To compare
eating behavior frequencies between groups, the chi-square test was used. Level of statistical significance was
set at p ≤ 0.05. Bold p-values represent statistically significant differences between groups. BMI, body mass
index; WC, waist circumference; WHtR, waist to height ratio; FM, fat mass; FFM, fat-free mass; TBW, total body
water; RMR, resting metabolic rate; HRmax, maximal heart rate; HGS, handgrip strength; HDL-C, high-density
lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, triglycerides.

With respect to CRF, VO2max was lower in children with overweight/obesity than
those of normal weight (p < 0.001). VO2max was positively correlated with FFM %
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(r = 0.326, p < 0.001) and negatively correlated with FM % (r = −0.349, p < 0.001) and
z-BMI (r = −0.195, p = 0.029).

HGS did not differ between the normal weight and the overweight/obesity group
(p = 0.371), but was strongly and positively correlated with FFM (r = 0.869, p < 0.001) and
RMR (r = 0.567, p < 0.001). HGS tended to correlate significantly with HDL-C (r = 0.207,
p = 0.055) and showed a significantly negative correlation with TG/HDL-C ratio (r = −0.224,
p = 0.037).

Blood lipid profile and antioxidant vitamin levels did not differ between groups.
However, a negative correlation of z-BMI with plasma vitamin E was identified (r = −0.286,
p = 0.001).

4.3. Differences between Tested Variables According to Breakfast Eating Behavior

As regards breakfast, this was consumed exclusively at home. Children who re-
ported not having breakfast at home, all skipped this meal in the morning. According to
Table 2, the proportion of children having breakfast regurarly was greater in normal
weight children than that of the overweight/obesity group (p = 0.009). The propor-
tion of children who snacked during school did not differ between normal weight and
overweight/obesity groups.

Lower mean values of z-BMI, WC, WHtR and FM %, and higher FFM % were found
in children who had breakfast daily or most of the days, than those who skipped this
meal (Table 3). It is noteworthy that RMR was found to be greater in children having
breakfast than those who did not (p = 0.035). Mean values of HGS and VO2max did not
differ between these two groups.

Table 3. Differences in tested variables based on eating behavior.

Parameters:
Mean Values (SD)

Consuming Breakfast

Daily or Most of
the Days (N = 101)

Sometimes/No
(N = 23)

p-Value

z-score BMI 0.5 (1.3) 1.2 (1.2) 0.012

z-score height 0.8 (1.1) 0.6 (1.2) 0.393

z-score weight 0.8 (1.2) 1.2 (1.3) 0.175

Age (years) 8.6 (1.8) 9.4 (1.3) 0.042

Height (m) 1.3 (0.1) 1.4 (0.1) 0.165

Weight (kg) 32.3 (9.4) 37.9 (10.0) 0.012

BMI (kg/m2) 17.4 (3.0) 19.5 (3.3) 0.002

WC (cm) 60.0 (8.3) 65.5 (9.6) 0.006

WHtR 0.4 (0.1) 0.5 (0.1) 0.025

FM (%) 23.1 (9.5) 27.7 (9.2) 0.041

FM (kg) 8.2 (5.5) 11.1 (6.5) 0.029

FFM (%) 76.9 (9.5) 72.4 (9.2) 0.044

FFM (kg) 24.2 (5.3) 26.8 (5.0) 0.035

TBW (%) 64.0 (9.4) 60.2 (7.9) 0.082

RMR (kcal/kg/day) 49.6 (9.9) 44.6 (7.3) 0.035

VO2 max (mL/kg/min) 49.7 (10.1) 48.6 (6.3) 0.642

HRmax (bpm) 202.2 (12.0) 205.2 (8.5) 0.304

HGS (kg) 14.5 (5.0) 16.2 (3.8) 0.159
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Table 3. Cont.

Parameters:
Mean Values (SD)

Consuming Breakfast

Daily or Most of
the Days (N = 101)

Sometimes/No
(N = 23)

p-Value

Vit A (mg/L) 0.3 (0.2) 0.3 (0.1) 0.531

Vit E (mg/L) 10.9 (2.8) 10.7 (2.3) 0.769

Vit C (mg/L) 5.5 (1.4) 5.7 (1.1) 0.733

Total cholesterol (mg/dL) 163.8 (27.7) 163.0 (23.5) 0.895

HDL (mg/dL) 52.8 (12.1) 54.9 (11.8) 0.460

LDL (mg/dL) 99.5 (24.1) 96.9 (22.1) 0.629

TG (mg/dL) 57.2 (19.8) 56.1 (15.6) 0.814

TG/HDL-C ratio 1.2 (0.7) 1.1 (0.4) 0.524
Data are presented as counts (%) or means (standard deviation) (SD). Independent-samples t-test was conducted
to compare variable means between groups. Level of statistical significance was set at p ≤ 0.05. Bold p-values
represent statistically significant differences between groups. BMI, body mass index; WC, waist circumference;
WHtR, waist to height ratio; FM, fat mass; FFM, fat-free mass; TBW, total body water; RMR, resting metabolic
rate; HRmax, maximal heart rate; HGS, handgrip strength; HDL-C, high-density lipoprotein-cholesterol; LDL-C,
low-density lipoprotein-cholesterol; TG, triglycerides.

4.4. Linear Regression Analyis

Table 4 presents outcomes of linear regression models (unadjusted model, adjusted
model 1, and adjusted model 2), regarding the associations of z-BMI, RMR, CRF and HGS
with eating behavior and parameters of metabolic health. In agreement with correlation
analysis, z-BMI was significantly associated with body composition (FM and FFM), even
when controlling for age, sex, and WC. An inverse association with antioxidant plasma
vitamin E (alpha-tocopherol) was also evident in both adjusted regression models. With
regard to eating behavior, z-BMI was negatively associated with having breakfast regularly
at home (p = 0.016), even when adjusted to age and sex (p = 0.010).

Table 4. Regression analysis addressing the associations between metabolic health factors and
eating behavior.

Tested Associations Unadjusted Model Adjusted Model 1 Adjusted Model 2

Beta p-Value Beta p-Value Beta p-Value

z-BMI

FFM (kg) 0.414 <0.001 0.823 <0.001 0.258 0.009

FM (kg) 0.709 <0.001 0.845 <0.001 0.461 <0.001

Plasma vitamin E (mg/L) −0.286 0.001 −0.293 0.001 −0.161 0.004

Eating breakfast regularly −0.218 0.016 −0.237 0.010 −0.082 0.173

VO2max (mL/kg/min)

FFM (kg) 0.135 0.143 0.122 0.367 0.092 0.560

FM (kg) −0.258 0.005 −0.425 <0.001 −0.602 <0.001

HGS (kg)

FFM (kg) 0.869 <0.001 0.658 <0.001 0.627 <0.001

FM (kg) 0.450 <0.001 0.248 <0.001 0.066 0.520

HDL-C (mg/dL) 0.207 0.055 0.118 0.094 0.063 0.343
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Table 4. Cont.

Tested Associations Unadjusted Model Adjusted Model 1 Adjusted Model 2

Beta p-Value Beta p-Value Beta p-Value

TG/HDL-C −0.224 0.037 −0.103 0.142 −0.075 0.247

RMR (kcal/day)

FFM (kg) 0.704 <0.001 0.638 <0.001 0.464 <0.001

FM (kg) 0.504 <0.001 0.335 <0.001 0.028 0.812

Eating breakfast regularly 0.212 0.020 0.213 0.005 0.196 0.050

Level of statistical significance was set at p ≤ 0.05. Bold p-values represent statistically significant associations
between variables. Model 1: adjusted for age and sex. Model 2: adjusted for age, sex and WC. BMI, body mass
index; WC, waist circumference; FM, fat mass; FFM, fat-free mass; RMR, resting metabolic rate; HGS, handgrip
strength; HDL-C, high-density lipoprotein-cholesterol; TG, triglycerides.

Similarly, RMR and HGS were significantly associated with FFM in all tested regression
models, while CRF, as indicated by VO2max was negatively associated with FM even after
controlling for age, sex and WC. RMR was positively associated with eating breakfast on a
regular basis (p = 0.020), and after adjusting for sex, age and WC, this association persisted
(p = 0.05). Furthermore, HGS was inversely associated with TG/HDL-C (p = 0.037), but
this association discontinued in both adjusted regression models.

5. Discussion

In the present study, we explored the role of CRF, physical strength and dietary habits
in different food environments, either breakfast exclusively at home or snacking exclusively
at school, in metabolic health of primary children in Greece. To the best of our knowledge,
this is the first study aiming at investigating VO2max, HGS and RMR, and how these factors
simultaneously correlate to adiposity, antioxidant status, blood lipid profile and eating
habits of Greek children. For this purpose, 134 children, aged 6 to 11 years old, visited
our clinical site along with their parents to get a full screening regarding anthropometry
(i.e., BMI, RMR, body circumferences, bod composition), cardiorespiratory fitness (i.e.,
VO2max), physical strength (i.e., HGS), blood analysis (i.e., blood lipids and antioxidant
vitamins A, E, C) and assessment of particular eating behavior.

In the European region childhood obesity is a major health concern. Outcomes of
the WHO European Childhood Obesity Surveillance Initiative (COSI) recording obesity
trends in children aged 6–9 years during 2015–2017 have revealed that overall, 28.7% of
boys and 26.5% of girls had overweight/obesity [35]. In fact, children of Southern Europe
were characterized as the heaviest, while the mean z-score BW-for-age of Greek children
was among the highest [35]. Additionally, Greece was found to possess the highest z-BMI-
for-age for boys [35]. In the same study, sex affected obesity prevalence. Based on the WHO
growth reference data, Greek boys had a prevalence of overweight/obesity of 42% [95%
Confidence Interval (CI) 38.5–45.5] compared to girls, who had a prevalence of 37.8% [95%
CI 34.5–41.1] [35]. Similar to the previous study, we found that almost 35% of participants
were classified as overweight or obese, with the z-score BW-for-age being substantially
higher in boys than in girls.

With regard to abdominal adiposity prevalence, data from a large cohort study in
Greece during 2015 showed a prevalence of about 95% in children with obesity, 66% in
children with overweight and 12% in normal weight children [36]. For the prediction
of abdominal adiposity, authors used the established cut-off point of WHtR ≥ 0.5 [36].
In the current study, we found that abdominal adiposity was less common, occurring
at a rate of 36.2% in children who were overweight or obese and 2.4% in children who
were of normal weight. These variations may be attributed to differences in sample sizes,
geographic regions, as well as the declining prevalence of childhood obesity since 2010,
as many preventive interventions targeting primary schoolchildren in Greece have taken
place [37].
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According to some research, abdominal adiposity in children and adolescents can
predict the likelihood of developing cardiometabolic abnormalities such as dyslipidemia,
type 2 diabetes, hypertension, and coronary artery disease more accurately than BMI
alone [38]. For instance, abdominal adiposity has been linked to childhood dyslipidaemia,
regardless of BMI [39]. Abdominal adiposity in children is determined by several indexes,
mainly WC and WHtR [38]. Compared to WC, the WHtR is considered more useful, since
the 0.5 cut-off value is universal and would help standardize clinical practice independently
of age, sex, height and race [40,41]. Additionally, the role of WHtR for the prediction of
cardiometabolic risk factors in children has been well established [41]. Results from an
observational study in Italian primary schoolchildren showed that WHtR was positively
correlated with BMI [42]. In line with this, our results indicated that z-BMI was strongly
and positively correlated with WC and WHtR. This observation was confirmed by body
composition analysis, as children with overweight/obesity demonstrated higher mean
values of FM % and lower values of FFM % compared to their normal weight counterparts.
In fact, z-BMI was strongly and positively correlated with FM % and negatively correlated
with FFM % and TBW %, highlighting the vital role of assessing body composition in
children [43,44].

Additionally, we recorded an inverse correlation of z-BMI with plasma vitamin E,
probably indicating the negative impact of overweight/obesity on redox balance and
metabolic health [45]. To assess vitamin E, we quantified plasma alpha-tocopherol, the
main form of vitamin E in the human body and the most metabolically active [46]. Vitamin
E is mostly accumulated in the adipose tissue (~90%), as well as in the liver and the adrenal
glands [46]. There is evidence that vitamin E supplementation significantly increases alpha-
tocopherol in plasma, reaching a maximum concentration at 8 h post-ingestion followed
by substantial decline [47]. This observation could explain the non-detectable differences
for vitamin E between the normal weight and overweight/obesity group in our study.
Metabolic abnormalities, however, seem to affect vitamin’s bioavailability. According to
a randomized controlled study, alpha-tocopherol concentration in plasma was lower in
adults with metabolic syndrome compared to healthy individuals. It is suggested that the
presence of systemic inflammation and oxidative stress affects intestinal absorption of the
vitamin and impairs hepatic alpha-tocopherol trafficking [48]. The role of vitamin E in
childhood obesity has been investigated in randomized clinical trials. For instance, it has
been shown that oral vitamin E administration in children with obesity-related liver disease
normalized or stabilized serum aminotransferase and alkaline phosphatase levels [49,50].
Therefore, the observed negative association between z-BMI and vitamin E in our study,
even after controlling for age, sex and adiposity (WC), could imply the pivotal role of
vitamin E dietary intake in child overweight/obesity.

It is well documented that absolute RMR (kJ/day) is higher in children with obesity
than in lean ones [51–53], an outcome also evident in the present study. However, RMR is
directly related to body weight, which in turn accounts for about 70 to 80% of the variance
in RMR [51]. To this end, we also presented RMR output as kcal/kg of BW/day, and results
showed that the mean value was greater in normal weight participants compared to those
with overweight/obesity, verifying the indisputable role of body size in child’s resting
energy metabolism. Furthermore, body composition is considered a main determinant of
RMR. Zwiauer et al. showed a strong correlation of RMR with FFM in children [52], which
was also the case in the present study. We also recorded a negative correlation of RMR
with FM, while absolute RMR (kcal/day) was greater in boys than in girls, an observation
conforming that FM and sex are additional determinants of RMR [53].

Nevertheless, little is known regarding the association of overweight/obesity with
CRF, namely VO2max. In 2021, Grzyb et al. have shown that children and adolescents
with obesity demonstrated similar VO2max values compared to those with overweight,
but significantly greater than children of normal weight [54]. There is evidence that
augmentation of VO2max in adults is related to lower FM and WC [8–10], but in the case
of children, data are still limited. Morinder et al. have demonstrated that VO2max was
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a stronger marker for insulin sensitivity compared to FM in severely obese children and
adolescents, an outcome that may implies the imperative role of CRF measurement for
predicting metabolic syndrome in children [55]. Likewise, in the present study the mean
VO2max was higher in the group with overweight/obesity than in lean children, also
showing a negative association with FM, even after adjusting for age, sex and WC.

VO2max is directly correlated with HGS, a strong predictor of cardiovascular health
in both young adults and children [13,14,16]. Recently, children with overweight/obesity
showed higher HGS and lower CRF compared to their normal weight counterparts [16,56].
In the present study, HGS did not differ between the two groups, but was strongly and
positively correlated with % FFM and RMR, verifying that HGS can be used as a metabolic
health indicator in children [57]. We also reported that HGS was negatively associated with
TG/HDL-C ratio, a well-known marker of cardiometabolic health [58]. When adjusted
to adiposity (WC), HGS showed no association with TG/HDL-C. This is also confirmed
by previous studies, as the negative impact of overweight and obesity on cardiometabolic
health in both children and adults is well established [56].

It has been suggested that certain meals are important for children’s weight status.
Breakfast consumption has been linked to a healthier BMI, according to observational
studies in the Greek child population [59,60]. Similarly, the present study indicated that
children who ate breakfast had lower z-BMI, WHtR and FM than those who did not.
Moreover, RMR was positively associated with having breakfast adjusting for age, sex
and adiposity, an observation that has been reported by Tambalis for Greek children [61].
Breakfast intake in the current survey was restricted to eating at home. There is evidence
that increasing breakfast consumption at home may limit the amount of unhealthful
snack foods children consume later in the day, especially for those children on greater
socioeconomic disadvantage [62]. Breakfast at home environment is considered more
nutritious and access to nutritious meals is a fundamental determinant of health. To this
end, it is suggested that parents should be advised to provide their children a healthful
breakfast at home in order to attain a healthy body weight [62].

The present study also had some limitations. We are aware that the sample size is rela-
tively small. To overcome this, we applied strict inclusion and exclusion criteria, while all
appointed researchers were well trained to avoid measurement errors. Additionally, mea-
surements and interview sessions for each child were conducted by the same researchers
to omit bias. Furthermore, we did not evaluate levels of physical activity. In addition, we
did not assess nutrient composition of breakfast meals. In the future, large case-control
studies are needed to investigate the implication of nutrients and non-nutrients obtained
from breakfast in children’s CRF and metabolic health.

6. Conclusions

In the present study, we explored the role of cardiorespiratory fitness, physical strength
and particular meal consumption in metabolic health of 134 primary children in Greece.
Results indicated that z-BMI had a positive correlation with WC, WHtR, and fat mass
but a negative correlation with CRF, antioxidant status (as measured by blood vitamin E
levels), and frequent breakfast consumption. According to the TG/HDL-C ratio, HGS had
a negative correlation with dyslipidemia but a positive correlation with FFM. A positive
association of RMR with eating breakfast at home on a regular basis was also found,
even after adjusting of sex, age and adiposity. Therefore, CRF, physical strength and
breakfast intake before school are promising key modulators of cardiometabolic health in
Greek children.
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Abstract: To determine the association between women’s autonomy and the presence of childhood
anemia in children under five years of age in Peru, a cross-sectional study utilizing data from the
2019 Demographic and Family Health Survey was carried out. The study employed generalized
linear models with a Poisson distribution and log link function. Crude and adjusted prevalence
ratios (aPR) were calculated, along with their corresponding 95% confidence intervals (CI), to assess
the association of interest. A total of 15,815 women and their children under five years of age were
analyzed. The prevalence of childhood anemia was 30.4% (95%CI: 29.5–31.3%), while the proportions
of low, moderate and high autonomy of the mothers were 44.5%, 38.4% and 17.1%, respectively.
Children under five years of age of women with a low level of autonomy were more likely to have
anemia (aPR: 1.10; 95%CI: 1.00–1.21). Three out of ten children under five years of age suffer from
anemia, and four out of ten mothers have a low level of autonomy. A low level of women’s autonomy
was associated with a higher probability of anemia in children under 5 years of age.

Keywords: child nutrition disorders; personal autonomy; decision making; health surveys; Peru

1. Introduction

Target 2.2 of the Sustainable Development Goals aims to eradicate all forms of malnu-
trition by 2030, and to achieve international targets on stunting and wasting in children
under 5 years of age [1]. Despite this, according to the World Health Organization, it is
currently estimated that 40% of children under five years of age worldwide suffer from
anemia [2]. Likewise, developing countries alone present a burden of 89% of global dis-
ability related to anemia in the general population [3]. Meanwhile, in India 2017, it was
estimated that 8.3 million disability-adjusted life years were lost due to anemia in children
under 5 years of age [4]. In Latin America and the Caribbean (LAC) in 2019, the preva-
lence of anemia in children under five was 21%, similar to the prevalence in Europe and
Central Asia (20%), although much higher than in North America (7%) [5]. Likewise, in
that same year in LAC, the highest prevalences were reported in Bolivia (37%) and Peru
(30%), while the lowest were found in Costa Rica (19%), Argentina (19%), Cuba (18%) and
Brazil (12%) [5]. This condition has a great impact on children, since it is associated with
alterations in the gastrointestinal tract, immune system, thermoregulation, cognitive and
motor function and physical performance, which in adulthood lead to a greater burden of
disease and loss of work productivity [6–8].

Childhood anemia is associated with the presence of various factors [9–13], which can
be grouped into health and hygiene factors, sociodemographic and economic factors and
those related to food security, which involve adequate nutrition and nutritional supple-
mentation. In the household, women play a fundamental role in the nutrition and care
of children; therefore, within the framework of women’s human rights, women’s auton-
omy is the fundamental basis for making decisions related to food, finances and family
health [14–16]. Women’s autonomy is a construct that has three dimensions that include
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the capacity to make decisions, control over finances, and degree of freedom of movement.
Greater autonomy allows mothers to make decisions regarding the feeding and hygiene
of their children and the distribution of resources for household care, thus influencing
child health [16–18]. However, a study using data from low- and middle-income countries
between 2000 and 2015 reported that only 19.9% of women had autonomy to make house-
hold decisions and 61.6% to make decisions about their health [19]. In this regard, low
autonomy in decision-making by women could be related to anemia in children, through
mechanisms such as low access to health services, as well as inadequate nutrition and
nutritional supplementation in children [16,20].

To date, most studies have focused on assessing the association between women’s
autonomy and child health status by focusing on anthropometric indicators, mortality,
and the prevalence of diarrhea [21]. However, evidence regarding the association between
women’s autonomy and anemia in children is scarce. The only study identified used
data from the Sub-Saharan Africa Demographic and Family Health Survey (DHS) for the
years 2006 to 2019, and reported that the odds of anemia decrease as women’s autonomy
increases [22]. Although low female autonomy and a high prevalence of anemia are
important social and public health problems in low- and middle-income countries such as
in Latin America, their association has not been studied in this context.

Peru is one of the Latin American countries with the lowest female autonomy (only
19% with high autonomy) and the highest prevalence of anemia [5,23–26]. We hypothesize
that women’s autonomy can be a crucial factor affecting the presence of anemia in children
under 5 years of age. Therefore, the present study aimed to determine the association
between women’s autonomy and the presence of childhood anemia in children under
five years of age using the Demographic and Family Health Survey (ENDES—acronym in
Spanish) 2019 conducted in Peru.

2. Materials and Methods

2.1. Study Design and Data Source

This cross-sectional study was based on ENDES data collected in 2019. ENDES 2019
is a survey conducted between January and December 2019 by the National Institute of
Statistics and Informatics (an institution that regulates, controls and manages the statistical
information of Peru) under the framework of the DHS Program, which is the format of
many surveys conducted in low- and middle-income countries. Likewise, the ENDES aims
to provide updated information on demographic dynamics, the health status of mothers
and children under five and other health determinants such as communicable and non-
communicable diseases [27]. In fact, the ENDES is composed of three questionnaires: (i) a
household questionnaire, which collects information on housing characteristics (water
source, sanitation, household equipment, etc.); (ii) an individual woman’s questionnaire,
which collects information on sociodemographic characteristics, reproductive history, preg-
nancy of women aged 15 to 49 years and information on health characteristics of their
children under five years; and (iii) a health questionnaire, which collects information
on communicable and non-communicable diseases and their risk factors in people aged
15 years and older, and mental, oral and eye health in children under 12 years of age.
In addition, the level of inference of the ENDES is at the national level, by urban/rural
area and in the 25 departments of Peru [27]. The data presented in this study are openly
available: https://proyectos.inei.gob.pe/microdatos/ (accessed on 18 May 2023).

2.2. Sampling and Data Collection

The sampling framework for the selection of the ENDES sample consists of information
from the National Population Census XI and Housing Census VI of 2007 and the Household
Targeting System Update 2012–2013 and updated cartographic material. The ENDES has
a complex sampling method characterized by being two-stage, probabilistic, balanced,
stratified and independent, at the departmental level and by urban and rural area. The
primary and secondary sampling units are divided by area of residence: (i) clusters and
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private households in urban areas and (ii) rural census area and private households in rural
areas [27]. The ENDES research unit is made up of the usual residents and the people who
spent the previous night in the dwelling. For the year 2019, the collection of information
was carried out through direct interviews by previously evaluated and trained staff, and
the answers of the respondents were recorded on an electronic device (tablet). Further
details on the ENDES methodology can be found in the technical report [27].

2.3. Inclusion/Exclusion Criteria

For the purposes of the present study, all children under five years whose mothers
had complete information on the sociodemographic and economic characteristics that
determined their level of autonomy and children who had a recorded hemoglobin value
were included. Children whose mother had not spent the previous night at home and
children aged six months or younger were excluded. Thus, a total of 15,815 mothers and
children under five years of age were included in the present study.

2.4. Variables
2.4.1. Outcome Measures

The dependent variable was the presence of anemia in children under five years of age.
The cut-off point for the diagnosis of anemia was <11 g/dL. The definition of anemia in a
child under five years of age was considered to be a hemoglobin value less than 11.0 g/dL
based on the Technical Standard for the preventive management of anemia in children,
adolescents, pregnant and puerperal women from 2017 [28]. Thus, the dependent variable
was recoded as 1 (yes) when the hemoglobin value was less than 11 g/dL and 0 (no) when
the hemoglobin value was greater than or equal to 11 g/dL. It should be noted that the
value used in the present study was hemoglobin adjusted for the level of altitude of the
child’s residence [29].

The determination of hemoglobin levels in the ENDES was performed under universal
standards with a HemoCue® hemoglobinometer model Hb 201+ previously calibrated by a
trained anthropometrist on the same day as the interview [29]. To perform the procedure,
the sample collection process first had to be explained to the mother of the child under
five years of age and informed consent had to be obtained [29]. Sample collection in
children aged 12 to 71 months was performed with the child on the mother’s or caregiver’s
lap, with the anthropometrist holding the lateral area of the child’s hand and extending
the arm diagonally downward. The middle finger was then punctured with a lancet to
obtain a drop of sufficient quantity (10 microliters) to fill a microwell. For children under
12 months of age, the puncture was made in the heel area without squeezing or pressing,
to obtain the appropriate amount of blood (10 microliters) for hemoglobin measurement in
a microwell. The filled cuvette was then checked for air bubbles and placed parallel to the
cuvette holder [29]. Finally, the anthropometrist recorded the result that appeared on the
digital display of the hemoglobinometer on the collection card. Further details on sample
collection can be found in the anemia measurement methodology report [29].

2.4.2. Exposure

The variable of women’s autonomy was constructed based on four dimensions. Each
of these dimensions was composed of different characteristics of the woman and were
based on specific questions from the ENDES, as follows: (i) Related to decision-making,
which includes economic characteristics: Who has the last word in deciding what to do with
the money the husband earns [V743F], Who has the last word in large household purchases
[V743B], Who has the last word in buying basic necessities [V743C]; health: Who has the
last word in health care? [V743A]); and free transit: Who has the last word in visiting family
or relatives? [V743D]) (ii) Attitudes towards violence that consider the reasons for justifying
the violence experienced by the woman (based on battered wife explains that she leaves
without telling him [V744A], battered wife explains that she neglects the children [V744B],
battered wife explains that she argues with him [V744C], battered wife explains that she
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refuses to have sex with him [V744D], and battered wife explains that she burns food
[V744E]); (iii) Socioeconomic aspects, which include characteristics such as employment
(based on work in the last 12 months [V731]), and head of household (based on sex of the
head of household [V151]); and (iv) Socio-cultural aspects such as educational level (based
on highest level of education [V106]) and access to television, radio and newspapers (based
on frequency of watching television [V159], frequency of listening to radio [V158], and
frequency of reading newspaper or magazine [V157]).

After identifying the variables that make up women’s autonomy, the following re-
coding was carried out: (i) variables that make up the decision-making dimension were
recoded as 1 when the woman had the last word in decision-making, and 0 when she
did not; (ii) variables related to the justification for violence were recoded as 1 when the
woman gave an affirmative answer and 0 when it was negative; (iii) economic aspects
were recoded as 1 when the woman had worked in the last 12 months, and when the head
of the household was a woman, and 0 when a negative answer was given about work
and when the head of the household was a man; and (iv) for socio-cultural aspects, the
following categorizations were made: educational level was coded as 0 = no education
or only primary education, 1 = secondary education and 2 = higher education, while the
variables on access to media were coded as 1 when the woman had access to television,
radio and newspapers at least once a week or every day and 0 when she did not. After
recoding the variables, an index was constructed with the sum of the final scores of each of
the variables included, with the highest scores determining the highest level of autonomy.
Finally, the constructed index was classified into tertiles to determine low, moderate and
high levels of autonomy. The inclusion and recoding of the variables, the creation of an
index and its division into tertiles were based on previous studies [25,30–34].

It should be noted that the mother’s information and the child’s hemoglobin determi-
nation were collected in a single interview conducted on the same day.

2.4.3. Covariables

The inclusion of covariables was made on the basis of previous studies that had
evaluated the association of interest [16,35–37]. Thus, the following variables were included:
age of child (6–23, 24–35, 36–59), sex of child (male, female), age of mother (15–24, 25–34,
35–49), ethnicity (native, non-native), marital status (married, cohabiting), health insurance
(yes, no), number of children (0, 1–3, 4–7), number of people in the household (0–4, 5 or
more), area of residence (urban, rural), wealth quintile (poorest [Q1], poorer, middle, richer,
richest [Q5]), natural region (Coast, Highlands, Jungle).

2.5. Statistical Analysis

The statistical program Stata version 17.0 (StataCorp, College Station, TX, USA) was
used to merge the databases of mothers and their children and perform the analyses.
In addition, the svy command was used to consider complex sampling and the ENDES
weighting factor in all analyses. Population characteristics were reported with absolute and
relative frequencies. In addition, a bivariate analysis was performed using the chi-square
test to evaluate differences between the proportions of the variables and the dependent
and independent variables. The association between the level of autonomy of the woman
and the presence of anemia in children under the age of five years was evaluated using
generalized linear models of the Poisson family, and log link functions and crude (PR) and
adjusted prevalence ratios (aPR), along with their corresponding 95% confidence intervals
(CI), were reported for covariates that had a value of p < 0.05 in the bivariate analysis of the
dependent variable. Models were fitted for the following variables: child’s sex and age,
mother’s age, mother’s ethnicity, mother’s marital status, number of children, number of
people in the household, place of residence, wealth quintile, and natural region. Finally,
the multicollinearity of the variables included in the adjusted model was evaluated, and
this event was not found. Statistical significance was determined with a p value <0.05 in all
analyses.
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2.6. Ethical Considerations

The data used in this study were obtained from the secondary database of ENDES
2019, and each participant had previously signed an informed consent form. It should be
noted that the ENDES databases are anonymized, thereby preventing the identification
of participants. For the measurement of hemoglobin in the child, the surveyor asked the
mother for informed consent, which had to be accepted by the mother in order to obtain
the blood sample.

3. Results

3.1. Characteristics of the Study Population

A total of 15,815 mother–child pairs were included in the analysis. Most of the children
were between 36 and 59 months old (45.2%) and were male (50.9%). Regarding the mothers
of these children, 47.9% were between 25 and 34 years old, 9.2% were of native ethnicity,
and 72.1% had between one and three children. Further information on the characteristics
of the population included is shown in Table 1.

Table 1. Characteristics of the population included in this study.

Characteristics n Weighted Proportion *

Age of child (in months)
6–23 5228 32.9
24–35 3450 21.9
36–59 7137 45.2

Sex of child
Male 8048 50.9
Female 7767 49.1

Age of mother (in years)
15–24 3421 21.2
25–34 7640 47.9
35–49 4754 30.9

Ethnicity
Native 1461 9.2
Non-native 14,354 90.8

Marital status
Married 4225 27.8
Cohabitant 11,590 72.2

Health insurance
Yes 14,426 91.2
No 1389 8.8

Number of children
0 4010 25.4
1–3 11,397 72.1
4–7 408 2.5

Number of people in the
household

0–4 7190 45.5
5 or more 8625 54.5

Area of residence
Urban 11,083 70.1
Rural 4732 29.9
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Table 1. Cont.

Characteristics n Weighted Proportion *

Wealth quintile
Poorest (Q1) 4471 26.3
Poorer 4335 24.8
Middle 3129 19.6
Richer 2296 16.3
Richest (Q5) 1584 13.0

Natural region
Coast 6569 52.8
Highlands 5260 28.8
Jungle 3986 18.4

* The weighting factor and sample specifications of ENDES were included.

3.2. Anemia in Children under Five Years of Age

The prevalence of anemia in children under five years of age was 30.4% (CI: 29.5–31.3%)
in 2019. The highest proportions of anemia were found in children who were aged
0–23 months (50.0%) and were male (32.5%). In addition, these higher proportions were
found in children whose mothers were aged between 15 and 24 years (37.6%), belonged
to a native ethnicity (45.8%), were cohabiting (32.3%), and had between four and seven
children (39.9%). Additionally, the highest proportions of childhood anemia were found
in children whose mothers had a low (35.1%) and moderate (27.5%) level of autonomy
(Table 2).

Table 2. Characteristics of the population included according to the presence of anemia in the child,
ENDES 2019.

Characteristics

Presence of Anemia

p-Value **No (n = 10,684)
% * (95% CI)

Yes (n = 5131)
% * (95% CI)

Total 69.6 (68.7–70.5) 30.4 (29.5–31.3)
Age of child (in months)

6–23 49.9 (48.3–51.6) 50.0 (48.4–51.7) <0.001
24–35 73.4 (71.7–75.2) 26.5 (24.8–28.3)
36–59 82.1 (81.0–83.2) 17.9 (16.8–19.0)

Sex of child
Male 67.5 (66.2–68.8) 32.5 (31.2–33.8) <0.001
Female 71.8 (70.5–73.0) 28.2 (27.0–29.5)

Age of mother (in years)
15–24 62.4 (60.4–64.3) 37.6 (35.7–39.6) <0.001
25–34 69.7 (68.4–71.0) 30.3 (29.0–31.6)
35–49 74.4 (72.9–76.0) 25.6 (24.0–27.2)

Ethnicity
Native 54.2 (50.9–57.6) 45.8 (42.4–49.1) <0.001
Non-native 70.8 (69.8–71.7) 29.2 (28.3–30.2)

Marital status
Married 74.6 (72.9–76.1) 25.4 (23.9–27.1) <0.001
Cohabitant 67.7 (66.6–68.8) 32.3 (31.2–33.4)

Health insurance
Yes 69.7 (68.7–70.6) 30.3 (29.4–31.3) 0.800
No 69.3 (66.2–72.2) 30.7 (27.8–33.8)

Number of children
0 72.7 (71.0–74.4) 27.3 (25.6–29.0) <0.001
1–3 68.8 (67.8–69.9) 31.2 (30.1–32.2)
4–7 60.1 (53.9–66.0) 39.9 (34.1–46.1)
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Table 2. Cont.

Characteristics

Presence of Anemia

p-Value **No (n = 10,684)
% * (95% CI)

Yes (n = 5131)
% * (95% CI)

Number of people in the household
0–4 71.0 (69.7–72.3) 29.0 (27.7–30.3) 0.007
5 or more 68.5 (67.2–69.8) 31.5 (30.2–32.8)

Area of residence
Urban 72.9 (71.8–73.9) 27.1 (26.1–28.2) <0.001
Rural 61.4 (59.6–63.3) 38.6 (36.7–40.4)

Wealth quintile
Poorest (Q1) 60.0 (58.2–61.9) 40.0 (38.1–41.8) <0.001
Poorer 67.4 (65.6–69.1) 32.6 (30.9–34.4)
Middle 72.2 (70.2–74.2) 27.8 (25.8–29.8)
Richer 75.1 (72.7–77.3) 24.9 (22.8–27.3)
Richest (Q5) 82.4 (80.1–84.6) 17.6 (15.4–19.9)

Natural region
Coast 75.9 (74.6–77.2) 24.1 (22.8–25.4) <0.001
Highlands 61.4 (59.6–63.2) 38.6 (36.8–40.4)
Jungle 64.4 (62.5–66.3) 35.6 (33.7–37.5)

Women’s Autonomy
Low 64.9 (63.5–66.3) 35.1 (33.7–36.5) <0.001
Moderate 72.5 (71.0–73.8) 27.5 (26.2–29.0)
High 75.6 (73.5–77.6) 24.4 (22.4–26.5)

CI: confidence interval. * The weighting factor and sample specifications of ENDES were included. ** Estimated
p-value using the Chi-square test.

3.3. Level of Mothers’ Autonomy

The proportions of low, moderate and high levels of autonomy were 44.5%, 38.4% and
17.1%, respectively. Regarding a low level of autonomy, the highest proportions were found
in mothers aged 15 to 24 years (50.6%) who belonged to a native ethnicity (74.7%), were
cohabiting (46.7%), had health insurance (45.1%) and had between four and seven children
(71.8). More information about the characteristics according to the level of autonomy is
presented in Table 3.

Table 3. Characteristics of the population included by level of maternal autonomy, ENDES 2019.

Characteristics

Women’s Autonomy

p-Value **
High (n = 2567)
% * (95% CI)

Moderate (n = 6021)
% * (95% CI)

Low (n = 7227)
% * (95% CI)

Total 17.1 (16.3–18.0) 38.4 (37.3–39.5) 44.5 (43.3–45.7)
Age of child (in months)

6–23 16.9 (15.8–18.1) 38.9 (37.5–40.4) 44.2 (42.6–45.7) 0.617
24–35 17.5 (15.9–19.3) 38.7 (36.6–40.9) 43.8 (41.6–46.0)
36–59 17.1 (15.8–18.6) 37.4 (35.8–39.1) 45.5 (43.7–47.2)

Sex of child
Male 17.0 (15.9–18.2) 39.0 (37.5–40.5) 44.0 (42.5–45.5) 0.467
Female 17.2 (16.0–18.5) 37.8 (36.3–39.2) 45.0 (43.5–46.6)

Age of mother (in years)
15–24 12.9 (11.3–14.7) 36.5 (34.4–38.7) 50.6 (48.3–52.9) <0.001
25–34 17.8 (16.6–19.1) 40.6 (39.0–42.3) 41.6 (30.0–43.3)
35–49 19.0 (17.4–20.7) 36.2 (34.2–38.2) 44.8 (42.8–46.9)

Ethnicity
Native 5.0 (3.6–6.9) 20.3 (17.4–23.7) 74.7 (71.0–78.0) <0.001
Non-native 18.1 (17.1–19.0) 39.7 (38.6–40.9) 42.2 (41.0–43.5)
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Table 3. Cont.

Characteristics

Women’s Autonomy

p-Value **
High (n = 2567)
% * (95% CI)

Moderate (n = 6021)
% * (95% CI)

Low (n = 7227)
% * (95% CI)

Marital status
Married 21.9 (20.0–23.9) 39.4 (37.3–41.6) 38.7 (36.6–40.9) <0.001
Cohabitant 15.3 (14.4–16.3) 38.0 (36.7–39.3) 46.7 (45.4–48.1)

Health insurance
Yes 16.9 (16.0–17.9) 38.0 (36.8–39.1) 45.1 (43.9–46.4) <0.001
No 18.8 (16.0–21.9) 42.2 (38.6–45.8) 39.0 (35.5–42.8)

Number of children
0 21.4 (19.5–23.5) 40.1 (38.0–42.2) 38.5 (36.4–40.6) <0.001
1–3 16.1 (15.1–17.0) 38.2 (37.0–39.5) 45.7 (44.4–47.1)
4–7 3.4 (1.1–10.2) 24.8 (18.9–31.7) 71.8 (64.4–78.2)

Number of people in the household
0–4 19.7 (18.4–21.1) 40.6 (39.0–42.2) 39.7 (38.1–41.3) <0.001
5 or more 15.0 (13.9–16.2) 36.6 (35.1–38.1) 48.4 (46.8–50.0)

Area of residence
Urban 22.1 (20.9–23.3) 44.5 (43.2–45.8) 33.4 (32.1–34.8) <0.001
Rural 4.6 (3.8–5.6) 22.9 (21.1–24.9) 72.5 (70.3–74.6)

Wealth quintile
Poorest (Q1) 2.9 (2.3–3.7) 19.6 (17.8–21.4) 77.5 (75.6–79.4) <0.001
Poorer 10.6 (9.4–11.9) 40.8 (38.8–42.9) 48.6 (46.4–50.7)
Middle 18.8 (17.1–20.7) 48.8 (46.3–51.3) 32.4 (30.1–34.8)
Richer 28.6 (26.0–31.4) 47.5 (44.7–50.5) 23.9 (21.5–26.4)
Richest (Q5) 41.1 (37.6–44.8) 44.6 (41.1–48.1) 14.3 (12.1–16.8)

Natural region
Coast 21.1 (19.7–22.6) 44.3 (42.6–46.1) 34.6 (32.8–36.4) <0.001
Highlands 14.4 (13.1–15.8) 33.7 (31.9–35.5) 51.9 (49.8–54.1)
Jungle 10.0 (8.9–11.3) 28.8 (26.7–30.9) 61.2 (58.8–63.6)

CI: confidence interval. * The weighting factor and sample specifications of ENDES were included. ** Estimated
p-value using the Chi-square test.

3.4. Association between the Level of Mother’s Autonomy and the Presence of Anemia in Children
under Five Years of Age

In the crude analysis, it was found that low (PR: 1.44; 95%CI: 1.31–1.58) and moderate
(PR: 1.13; 95%CI: 1.02–1.25) autonomy were associated with the presence of anemia in
children under five years of age, while in the analysis adjusted for the child’s, mother’s
and household characteristics, only women with a low level of autonomy had a higher
probability of their children under five years of age having anemia (aPR: 1.10; 95% CI:
1.00–1.21; p = 0.047) (Table 4).

Table 4. Association between mothers’ level of autonomy and the presence of childhood anemia.

Variable
Crude Adjusted *

PR (95% CI) p-Value aPR (95% CI) p-Value

Autonomy
High Reference Reference
Moderate 1.13 (1.02–1.25) 0.015 1.03 (0.93–1.13) 0.567
Low 1.44 (1.31–1.58) <0.001 1.10 (1.00–1.21) 0.047

PR: prevalence ratio. aPR: adjusted prevalence ratio. CI: confidence interval. Weighting factors and sample
specifications of ENDES were included for all analysis. * Model adjusted for the following variables: sex and age
of the child, age of the mother, ethnicity of the mother, marital status of the mother, number of children, number
of people in the household, place of residence, wealth quintile and natural region.
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4. Discussion

The present study aimed to determine the association between women’s autonomy
and the presence of anemia in children under five years of age in the Peruvian population
in 2019. In this regard, it was found that three out of ten Peruvian children under five years
of age had anemia at the time of the study. Likewise, in relation to women’s autonomy, it
was determined that eight out of ten Peruvian women had low to moderate autonomy. In
addition, children under five years of age of women with low autonomy were more likely
to have anemia.

Children under five years of age have high nutritional demands and constitute a
high-risk group for anemia, which is the main cause of years lived with disability in this
age group [4,12,38]. In Peru, it is estimated that around 30% of children under five years
of age suffered from anemia in 2019, a figure higher than the LAC average (21%) [5].
Although the figures are still high, a decreasing trend has been observed in the country
in the last decade [5], with the prevalence of childhood anemia having reached 40% in
2010. This reduction is consistent with that reported by a study that identified absolute
and relative reductions in the prevalence of anemia in children under 5 years of age in
29 low- and middle-income countries in the period 2000–2018 [39]. In this regard, the
presence of low income is common in a large proportion of households in these countries,
limiting the purchase of quality food and favoring the consumption of foods with high
caloric content but low in micronutrients [40]. In Peru, characteristics related to a low
socioeconomic level, as well as inadequate housing conditions and access to basic services,
are associated with a greater probability of presenting childhood anemia [41–43]. Likewise,
limited access to prenatal checkups, nutritional supplementation and anemia screening
may increase the frequency of anemia in Peruvian children [41]. The absence of this type
of care could hinder access to preventive anemia messages, as well as timely control and
treatment of this condition, further contributing to its high frequency. On the other hand,
although various strategies for the prevention of anemia have been implemented at the
national level [44], it appears that they have not achieved the desired impact, probably
due to the scarce monitoring and strengthening of these strategies, especially in vulnerable
populations [45,46]. Furthermore, the design of these interventions does not account for the
articulation of the plans of the different ministries involved, making their implementation
inefficient [47], in addition to the fact that the multisectoral plan to combat anemia was
intended to be valid until 2021, and to date no report has been published [44]. Therefore,
there is a need to reevaluate the national anemia reduction strategies so that they are
directed at the population at greatest risk and their incidence can be reduced; likewise,
their continuity must be guaranteed.

The level of autonomy of the women assessed was found to be worryingly low, with
40% of women presenting low autonomy, while only 10% demonstrated a high level of
autonomy. This finding is consistent with that reported in a previous study conducted
in Africa in 2020, in which 47% of the women assessed showed low autonomy on a scale
that combined four dimensions of autonomy: general, maternal and child health, financial,
and social [16]. In addition, the same study showed that only half of the participants had
autonomy in the care of their own health and that of their children [16]. A systematic
review of studies conducted in low- and middle-income countries also showed that only
55% of women had the autonomy to decide about their own maternal health [48]. These
similarities could be largely attributed to the gender roles established in these countries,
which reduce women’s educational and work opportunities, diminishing their capacity
to make decisions in the home [49]. Likewise, characteristics such as older age, higher
educational level, urban residence and household income level have been identified as
factors associated with women’s autonomy in low and middle-income contexts [48]. In Peru,
with the support of various national institutions, the Ministry of Women and Vulnerable
Populations has implemented policies and programs to promote gender equality and
women’s empowerment in line with the sustainable development objectives of the United
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Nations [50]. It is essential that the progress of these policies be monitored at the national
level to assess their impact on women’s autonomy.

As a main finding, it was found that women with a lower level of autonomy had a
higher probability of having a child with anemia, which coincides with the results of studies
carried out in Africa and Asia [22,51]. In contrast, evidence shows that women with a
higher level of autonomy and financial stability tend to invest more in household nutrition,
which translates into improved nutritional status and growth in children [16,35–37]. In
addition, it has been observed that the dimension of autonomy in health-related decisions
is a key factor in obtaining positive nutritional outcomes in children [16,36]. This is
because mothers with greater autonomy have more access, understanding and awareness
of information on child health and nutrition, allowing improved food security in the
home [52]. On the other hand, a woman with greater autonomy in health care tends
to seek timely and adequate care to prevent, detect and manage her own or her child’s
health problems [14], which could represent greater probabilities of preventing childhood
anemia through hemoglobin screening tests, and the adequate administration of iron and
micronutrient supplements. We must acknowledge that the association reported in our
study is on the borderline, which prevents us from drawing categorical conclusions about
the relationship of interest. Consequently, we recommend further investigation of this
association in different populations to ensure the consistency of results.

The public health implications of this research are diverse and require concrete actions.
First, it is necessary to strengthen the supervisory bodies responsible for ensuring compli-
ance with national strategies aimed at the prevention and timely, sustained and prolonged
treatment of childhood anemia, mainly the Multisectoral Plan to Combat Anemia, the com-
pletion date of which was in 2021, and which, at present, has not shown the results of its
evaluation [44]. In addition, the Ministry of Health should strengthen its role and provide
constant epidemiological surveillance of childhood anemia, with the aim of directing strate-
gies and raising awareness among authorities and the population about the impact of this
public health problem on children [53]. Likewise, it is crucial that government entities in
our country commit to the fulfillment of Sustainable Development Goals 2, “Zero Hunger”,
3, “Health and Well-Being, and 5, “Gender Equality and Women’s Empowerment”. These
goals seek to guarantee food security and access to food for vulnerable populations, ensure
the adequate provision of health services, and finally provide the necessary tools to achieve
women’s autonomy in all areas and defend their rights [54].

The present study has limitations that should be considered when interpreting its
results. In the first place, there may be the possibility of information bias, because the
women surveyed may have provided erroneous information on the dimensions of women’s
autonomy for fear of being listened to by their partners or family members, or to fit
within socially acceptable standards. On the other hand, enumerators may have made
recording errors or omissions when recording information on any of the variables of
interest. However, the team that collected the data was trained to perform this task
appropriately, minimizing this type of bias. On the other hand, the cross-sectional nature of
the study prevents the establishment of cause-and-effect relationships Additionally, there
are characteristics of the child (nutritional status, health, or birth characteristics) that have
not been included as confounding variables due to their lack of availability and presence
of missing values. Despite the limitations identified, there are strengths of the study that
should be reported. First, internationally accepted measurement instruments were used to
measure the exposure and outcome of interest. Similarly, the ENDES is supported by the
DHS, which provides guidance for the application of population-based surveys worldwide.
Likewise, the present study provides important evidence on the role of women’s autonomy
in the anemia status of their children under 5 years of age, with information that allows
inferences to be made at the population level.
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5. Conclusions

A low level of women’s autonomy was associated with a higher probability of anemia
in children under 5 years of age. It is necessary to strengthen the promotion of Peruvian
women’s autonomy in order to empower them to make decisions regarding their children’s
health care, and thus contribute to the reduction of anemia levels in children. It is also
essential to evaluate the impact of anemia prevention and treatment interventions in the
country in order to improve their effectiveness and ensure their continuity. The implemen-
tation of these strategies can contribute to the fulfillment of the Sustainable Development
Goals related to Peruvian women and children.

Author Contributions: R.V.-F. initiated the research idea, designed the study and analyzed the
data. All authors participated in the interpretation of the data and the drafting of the manuscript
and approved the final version. All authors have read and agreed to the published version of
the manuscript.

Funding: This research did not receive any specific grant from funding agencies in the public,
commercial or not-for-profit sectors.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We express our gratitude to the Universidad Científica del Sur for their invalu-
able support in proofreading the manuscript in English and covering the Article Processing Charges.

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

References

1. Organización de las Naciones Unidas. Objetivo 2: Poner Fin al Hambre—Hambre Cero. Objetivos de DEsarrollo Sostenible. 2022.
Available online: https://www.un.org/sustainabledevelopment/es/hunger/ (accessed on 30 January 2023).

2. World Health Organization. Anaemia in Women and Children. The Global Health Observatory. 2021. Available online:
https://www.who.int/data/gho/data/themes/topics/anaemia_in_women_and_children (accessed on 30 January 2023).

3. Kassebaum, N.J. The Global Burden of Anemia. Hematol. Oncol. Clin. N. Am. 2016, 30, 247–308. [CrossRef] [PubMed]
4. Plessow, R.; Arora, N.K.; Brunner, B.; Tzogiou, C.; Eichler, K.; Brügger, U.; Wieser, S. Social Costs of Iron Deficiency Anemia in

6–59-Month-Old Children in India. PLoS ONE 2015, 10, e0136581. [CrossRef] [PubMed]
5. Banco Mundial. Prevalencia de Anemia en la Infancia (% de Menores de 5 Años). 2019. Available online: https://datos.bancomundial.

org/indicador/SH.ANM.CHLD.ZS?end=2019&name_desc=true&start=2000&view=chart (accessed on 30 January 2023).
6. Zavaleta, N.; Astete-Robilliard, L. Effect of anemia on child development: Long-term consequences. Rev. Peru. Med. Exp. Salud

Pública 2017, 34, 716–722. [CrossRef] [PubMed]
7. Safiri, S.; Kolahi, A.-A.; Noori, M.; Nejadghaderi, S.A.; Karamzad, N.; Bragazzi, N.L.; Sullman, M.J.M.; Abdollahi, M.; Collins,

G.S.; Kaufman, J.S.; et al. Burden of anemia and its underlying causes in 204 countries and territories, 1990–2019: Results from the
Global Burden of Disease Study 2019. J. Hematol. Oncol. 2021, 14, 185. [CrossRef]

8. World Health Organization (WHO). Nutritional Anaemias: Tools for Effective Prevention. 2017. Available online: https:
//apps.who.int/iris/bitstream/handle/10665/259425/?sequence=1 (accessed on 18 May 2023).

9. da Silva, L.L.S.; Fawzi, W.W.; Cardoso, M.A. Factors associated with anemia in young children in Brazil. PLoS ONE 2018, 13,
e0204504. [CrossRef]

10. Endris, B.S.; Dinant, G.J.; Gebreyesus, S.H.; Spigt, M. Risk factors of anemia among preschool children in Ethiopia: A Bayesian
geo-statistical model. BMC Nutr. 2022, 8, 2. [CrossRef]

11. Pasqualino, M.M.; Thorne-Lyman, A.L.; Manohar, S.; Kc, A.; Shrestha, B.; Adhikari, R.; Klemm, R.D.; West, K.P. The Risk Factors
for Child Anemia Are Consistent across 3 National Surveys in Nepal. Curr. Dev. Nutr. 2021, 5, nzab079. [CrossRef]

12. Gedfie, S.; Getawa, S.; Melku, M. Prevalence and Associated Factors of Iron Deficiency and Iron Deficiency Anemia Among
Under-5 Children: A Systematic Review and Meta-Analysis. Glob. Pediatr. Health 2022, 9, 2333794X221110860. [CrossRef]

13. Belachew, A.; Tewabe, T. Under-five anemia and its associated factors with dietary diversity, food security, stunted, and
deworming in Ethiopia: Systematic review and meta-analysis. Syst. Rev. 2020, 9, 31. [CrossRef]

14. Osamor, P.E.; Grady, C. Women’s autonomy in health care decision-making in developing countries: A synthesis of the literature.
Int. J. Womens Health 2016, 8, 191–202. [CrossRef]

15. Rahman, M.M.; Mostofa, M.G.; Hoque, M.A. Women’s household decision-making autonomy and contraceptive behavior among
Bangladeshi women. Sex. Reprod. Healthc. 2014, 5, 9–15. [CrossRef] [PubMed]

82



Nutrients 2023, 15, 3436

16. Saaka, M. Women’s decision-making autonomy and its relationship with child feeding practices and postnatal growth. J. Nutr.
Sci. 2020, 9, e38. [CrossRef] [PubMed]

17. Nigatu, D.; Gebremariam, A.; Abera, M.; Setegn, T.; Deribe, K. Factors associated with women’s autonomy regarding maternal
and child health care utilization in Bale Zone: A community based cross-sectional study. BMC Womens Health 2014, 14, 79.
[CrossRef] [PubMed]

18. Bloom, S.S.; Wypij, D.; Das Gupta, M. Dimensions of women’s autonomy and the influence on maternal health care utilization in
a north Indian city. Demography 2001, 38, 67–78. [CrossRef]

19. Doku, D.T.; Bhutta, Z.A.; Neupane, S. Associations of women’s empowerment with neonatal, infant and under-5 mortality in
low- and /middle-income countries: Meta-analysis of individual participant data from 59 countries. BMJ Glob. Health 2020, 5,
e001558. [CrossRef]

20. Castillo-Guerra, S. Efecto del empoderamiento femenino sobre la nutrición infantil en Colombia. Soc. Y Econ. 2019, 36, 106–122.
[CrossRef]

21. Abreha, S.K.; Zereyesus, Y.A. Women’s Empowerment and Infant and Child Health Status in Sub-Saharan Africa: A Systematic
Review. Matern. Child Health J. 2021, 25, 95–106. [CrossRef]

22. Wilunda, C.; Wanjohi, M.; Takahashi, R.; Kimani-Murage, E.; Mutoro, A. Association of women’s empowerment with anaemia
and haemoglobin concentration in children in sub-Saharan Africa: A multilevel analysis. Matern. Child Nutr. 2023, 19, e13426.
[CrossRef]

23. CEPAL. La Autonomía Económica de las Mujeres en la Recuperación Sostenible Y Con Igualdad. 2021. Available online: https:
//repositorio.cepal.org/bitstream/handle/11362/46633/S2000740_es.pdf?sequence=5&isAllowed=y (accessed on 18 May 2023).

24. Fondo de Población de Naciones Unidas. Estado de Población Mundial. Estado la Población Mund 2021 Mi Cuerpo Me Perten.
2021. Available online: https://drive.google.com/file/d/1ndu3RByuCsawOwVYLeCcLxexTvpCdgpe/view (accessed on 18
May 2023).

25. Barón-Lozada, F.A.; Basualdo-Meléndez, G.W.; Vargas-Fernández, R.; Hernández-Vásquez, A.; Bendezu-Quispe, G. Women’s
Autonomy and Intimate Partner Violence in Peru: Analysis of a National Health Survey. Int. J. Environ. Res. Public Health 2022, 19,
14373. [CrossRef]

26. The World Bank. Prevalence of Anemia Among Children (% of Children Ages 6–59 Months)—Peru. 2019. Available online:
https://data.worldbank.org/indicator/SH.ANM.CHLD.ZS?locations=PE (accessed on 18 May 2023).

27. INEI. Encuesta Demográfica y de Salud Familiar-ENDES 2019. 2019. Available online: https://www.inei.gob.pe/media/
MenuRecursivo/publicaciones_digitales/Est/Endes2019/ (accessed on 18 May 2023).

28. Ministerio de Salud. Norma Técnica-Manejo Terapéutico Y Preventivo De La Anemia. 2017. Available online: http://www.
minsa.gob.pe/ (accessed on 18 May 2023).

29. Instituto Nacional de Estadística e Informática. Metodología de La Medición de La Anemia. 2018. Available online: https://
proyectos.inei.gob.pe/endes/2018/documentos_2018/METODOLOGIA_DE_LA_MEDICION_DE_LA_ANEMIA.pdf (accessed
on 18 May 2023).

30. Bengesai, A.V.; Khan, H.T.A. Female autonomy and intimate partner violence: Findings from the Zimbabwe demographic and
health survey, 2015. Cult. Health Sex. 2021, 23, 927–944. [CrossRef]

31. Mganga, A.E.; Renju, J.; Todd, J.; Mahande, M.J.; Vyas, S. Development of a women’s empowerment index for Tanzania from the
demographic and health surveys of 2004–05, 2010, and 2015–16. Emerg. Themes Epidemiol. 2021, 18, 13. [CrossRef] [PubMed]

32. Rettig, E.M.; Fick, S.E.; Hijmans, R.J. The Female Empowerment Index (FEMI): Spatial and temporal variation in women’s
empowerment in Nigeria. Heliyon 2020, 6, e03829. [CrossRef]

33. Asaolu, I.O.; Alaofè, H.; Gunn, J.K.L.; Adu, A.K.; Monroy, A.J.; Ehiri, J.E.; Hayden, M.H.; Ernst, K.C. Measuring Women’s
Empowerment in Sub-Saharan Africa: Exploratory and Confirmatory Factor Analyses of the Demographic and Health Surveys.
Front. Psychol. 2018, 9, 994. [CrossRef]

34. Wado, Y.D. Women’s autonomy and reproductive health-care-seeking behavior in Ethiopia. Women Health 2018, 58, 729–743.
[CrossRef] [PubMed]

35. Wemakor, A.; Awuni, V.; Issah, S. Maternal autonomy but not social support is a predictor of child feeding indicators in the
Northern Region, Ghana. BMC Nutr. 2022, 8, 135. [CrossRef] [PubMed]

36. Komakech, J.J.; Walters, C.N.; Rakotomanana, H.; Hildebrand, D.A.; Stoecker, B.J. The associations between women’s empow-
erment measures, child growth and dietary diversity: Findings from an analysis of demographic and health surveys of seven
countries in Eastern Africa. Matern. Child Nutr. 2022, 18, e13421. [CrossRef] [PubMed]

37. Jones, R.; Haardörfer, R.; Ramakrishnan, U.; Yount, K.M.; Miedema, S.; Girard, A.W. Women’s empowerment and child nutrition:
The role of intrinsic agency. SSM—Popul. Health 2019, 9, 100475. [CrossRef]

38. Hernández-Vásquez, A.; Peñares-Peñaloza, M.; Rebatta-Acuña, A.; Farfan, C.A.C.; Bordón-Luján, C.; Santero, M.; Bendezu-
Quispe, G. Is anemia a public health problem among children under five years ago in peru? Findings from a national healthcare
administrative database (2012 and 2016) using geographic information systems. Rev. Chil. Nutr. 2019, 46, 718–726. [CrossRef]

39. Sun, J.; Wu, H.; Zhao, M.; Magnussen, C.G.; Xi, B. Prevalence and changes of anemia among young children and women in 47
low- and middle-income countries, 2000–2018. EClinicalMedicine 2021, 41, 101136. [CrossRef]

83



Nutrients 2023, 15, 3436

40. Kovalskys, I.; Rigotti, A.; Koletzko, B.; Fisberg, M.; Gómez, G.; Herrera-Cuenca, M.; Sanabria, L.Y.C.; García, M.C.Y.; Pareja, R.G.;
Zimberg, I.Z.; et al. Latin American consumption of major food groups: Results from the ELANS study. PLoS ONE 2019, 14,
e0225101. [CrossRef]

41. Velásquez-Hurtado, J.E.; Rodríguez, Y.; Gonzáles, M.; Astete-Robilliard, L.; Loyola-Romaní, J.; Vigo, W.E.; Rosas-Aguirre, M.
Factors associated with anemia in children under three years of age in Perú: Analysis of the Encuesta Demográfica y de Salud
Familiar, ENDES, 2007–2013. Biomedica 2016, 36, 220–229. [CrossRef]

42. Morocho-Alburqueque, N.; Quincho-Lopez, A.; Nesemann, J.M.; Cañari-Casaño, J.L.; Elorreaga, O.A.; Muñoz, M.; Talero, S.;
Harding-Esch, E.M.; Saboyá-Díaz, M.I.; Honorio-Morales, H.A.; et al. Prevalence of and factors associated with childhood
anaemia in remote villages of the Peruvian Amazon: A cross-sectional study and geospatial analysis. Trans. R. Soc. Trop. Med.
Hyg. 2023, trad018. [CrossRef] [PubMed]

43. Westgard, C.M.; Orrego-Ferreyros, L.A.; Calderón, L.F.; Rogers, A.M. Dietary intake, intestinal infection, and safe drinking water
among children with anemia in Peru: A cross-sectional analysis. BMC Nutr. 2021, 7, 11. [CrossRef] [PubMed]

44. Gobierno del Perú. Plan Multisectorial de Lucha Contra la Anemia 2018–2021. 2018. Available online: https://sdv.midis.gob.pe/
Sis_Anemia/Quehacemos/PlanesSectoriales (accessed on 19 April 2023).

45. Berky, A.J.; Robie, E.; Ortiz, E.J.; Meyer, J.N.; Hsu-Kim, H.; Pan, W.K. Evaluation of Peruvian Government Interventions to Reduce
Childhood Anemia. Ann. Glob. Health 2020, 86, 98. [CrossRef]

46. Louzado-Feliciano, P.; Vargas, B.; Dandu, M.; Fuller, S.; Santos, N.; Quiñones, Á.; Martin, H.M.; Caban-Martinez, A.J. A Qualitative
Assessment of Mothers’ Experience With Pediatric Anemia Care in Arequipa, Peru. Front. Public Health 2020, 8, 598136. [CrossRef]

47. Informes, S. Intervención del Estado Para la Reducción de la Anemia Infantil: Resultados de la Supervisión Nacional. 2018.
48. Gebeyehu, N.A.; Gelaw, K.A.; Lake, E.A.; Adela, G.A.; Tegegne, K.D.; Shewangashaw, N.E. Women decision-making autonomy

on maternal health service and associated factors in low- and middle-income countries: Systematic review and meta-analysis.
Women’s Health 2022, 18, 17455057221122618. [CrossRef]

49. ECLAC. Women’s Autonomy in Changing Economic Scenarios. January 2020. Available online: https://repositorio.cepal.org/
bitstream/handle/11362/45037/S1900722_en.pdf?sequence=4&isAllowed=y (accessed on 18 May 2023).

50. Ministerio de la Mujer y Poblaciones Vulnerables. Política Nacional de Igualdad de Género. 2022.
51. Ray, R. Mother’s autonomy and child anemia: A case study from India. Child. Youth Serv. Rev. 2020, 112, 104537. [CrossRef]
52. Pratley, P. Associations between quantitative measures of women’s empowerment and access to care and health status for mothers

and their children: A systematic review of evidence from the developing world. Soc. Sci. Med. 2016, 169, 119–131. [CrossRef]
53. Zavaleta, N. Anemia infantil: Retos y oportunidades al 2021. Rev. Peru. Med. Exp. Salud Publica 2017, 34, 588–589. [CrossRef]
54. Organizacion de las Naciones Unidas. Objetivos de Desarrollo Sostenible. 2022. Available online: https://www.un.org/

sustainabledevelopment/es/objetivos-de-desarrollo-sostenible/ (accessed on 14 April 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

84



nutrients

Article

Differences in Nutrient Intake and Diet Quality among
Non-Hispanic Black Adults by Place of Birth and Length of
Time in the United States

Oluwafikayo S. Adeyemi-Benson 1,*, Alexandra M. Roehll 1, Edson Flores 2 and Chelsea R. Singleton 3

1 Department of Kinesiology & Community Health, College of Applied Health Sciences, University of Illinois
at Urbana-Champaign, Champaign, IL 61820, USA; aroehll2@illinois.edu

2 Department of Kinesiology and Nutrition, University of Illinois at Chicago, Chicago, IL 60612, USA;
flore836@umn.edu

3 Department of Social, Behavioral, and Population Sciences, Tulane School of Public Health and Tropical
Medicine, New Orleans, LA 70112, USA; csingle1@tulane.edu

* Correspondence: oadey2@illinois.edu; Tel.: +1-(516)-603-0424

Abstract: Prior research suggests that migrating to the United States (US) can negatively affect the
diets and health of immigrants. There is limited information on how relocating to the US affects the
diets of Black-identifying immigrants. To address this gap, this study examined differences in nutrient
intake and diet quality among non-Hispanic Black adults by place of birth and length of time in the
US. Cross-sectional data from the National Health and Nutrition Examination Survey (2005–2016)
were analyzed. Approximately 6508 non-Hispanic Black adults were categorized into three groups:
foreign-born (FB) living in the US <10 years (n = 167), FB living in the US ≥ 10 years (n = 493), and
US-born (n = 5848). Multivariable-adjusted logistic and linear regression models were evaluated to
identify differences in nutrient intake and diet quality (as measured by the Healthy Eating Index
(HEI) of 2015) across the three groups when controlling for socio-demographics. Compared to US-
born adults, both FB groups had significantly higher HEI-2015 scores and higher odds of meeting
dietary recommendations for several nutrients: saturated fat, sodium, and cholesterol. There were no
differences in nutrient intake between the two FB groups; however, FB (<10 years) adults had better
diet quality than FB (≥10 years) ones. Place of birth and length of time in the US were associated with
dietary intake among non-Hispanic Black adults. More research is needed to improve understanding
of dietary acculturation among Black-identifying immigrants in the US.

Keywords: acculturation; diet quality; nutrient intake; disparities; non-Hispanic Black; NHANES

1. Introduction

A healthy diet and lifestyle are essential to chronic disease prevention [1]. While
dietary preferences and habits can vary substantially between people with different cultural
backgrounds, most Americans’ diets exceed the recommended intake for saturated fats,
sodium, added sugars, and refined grains [2]. Poor diet is a known risk factor for several
chronic diseases, including obesity, cardiovascular disease (CVD), strokes, cancer, and type
2 diabetes [3]. Recognizing how poor diet quality and nutrient intake affect the health
status of racial/ethnic minorities is an important public health priority in the United States
(US) [4]. Despite recently documented improvements to the quality of Americans’ diets,
not every subpopulation has benefitted [5]. Non-Hispanic Black adults have experienced
the least improvement among all racial/ethnic groups [5]. Furthermore, previous studies
found that Black adults have less-favorable nutrient intakes, lower adherence to dietary
guidelines, and poorer dietary quality compared to their White counterparts [5,6]. These
nutritional inequities have great potential to further exacerbate disparities in chronic disease
risk by race/ethnicity in the US [4].
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Unfortunately, the field’s understanding of the diets of Black-identifying populations
in the US is limited in scope. Currently, there is limited understanding of differences
in dietary practices and preferences among Black adults given their culture and lived
experiences. The recent immigration wave of people who self-identify as non-Hispanic
Black (i.e., people from African, Caribbean, Central American, or South American nations)
underscores the need to expand understanding of the diets of Black adults and children in
the US [7,8]. Between 2000 and 2013, the number of Black immigrants in the US increased
by 56%, with migration from Africa increasing by 137% [7]. In 2017, there were an estimated
four million Caribbean immigrants living in the US [8].

Moving to the US can result in dietary acculturation, which entails changes to an
individual’s traditional diet that result in alignment with the typical American diet [9].
In general, dietary acculturation has been found to have detrimental effects on the diets
of immigrants, which consequently can increase the risk of diet-related chronic diseases
among immigrant populations [9]. For example, a prior study found that adapting to the
US lifestyle was associated with the loss of cultural culinary preferences and increased
the consumption of unhealthy foods among immigrants despite improvements in their
socioeconomic status [10]. Several studies have linked acculturation measures to changes
in dietary intake in several immigrant populations, including Puerto Rican, South Asian,
and Filipino adults [11–13]. Overall, findings from the literature support the hypothesis
that relocating to the US can result in significant declines in diet quality.

Given the scarcity of scientific research on the diets of Black-identifying immigrant
populations and the growing number of Black immigrants in the US, there is a need to
study the differences in nutrient intake and diet quality by place of birth and length of time
in the US among Black adults. A prior study reported disparities in diet quality between
US-born and foreign-born Black adults, with the former having poorer diet quality [14].
However, the study did not examine diet in relation to the 2015–2020 Dietary Guidelines for
Americans (DGAs). Thus, this study aimed to examine differences in nutrient intake and
diet quality between US-born and foreign-born (henceforth, FB) non-Hispanic Black adults
who participated in the National Health and Nutrition Examination Survey (NHANES). In
addition, this study evaluated the role of length of time in the US by examining differences
between FB Black adults who migrated to the US fewer than 10 years ago and those who
migrated more than 10 years ago. It was hypothesized that FB Black adults (<10 years)
would have better diet quality than US-born Black adults; however, FB Black adults
(≥10 years) would have diet profiles similar to US-born Black adults. When comparing the
FB groups, FB Black adults (<10 years) were expected to have better diet quality than FB
Black adults (≥10 years).

2. Materials and Methods

2.1. Data Source

Cross-sectional data collected from participants of the Centers for Disease Control
and Prevention’s National Health and Nutrition Examination Survey (NHANES) cycles
in 2005–2016 were obtained and analyzed. NHANES collects data from a multistage,
stratified probability-cluster sample of the non-institutionalized U.S. population [15]. Data
on nutrition and health are collected from participants by conducting a series of interviewer-
administered questionnaires and physical examinations [15]. A total of 60,936 adults and
children participated in the six selected cycles. Individuals who did not self-identify as
non-Hispanic Black and were less than <20 years of age (n = 53,863) were excluded from
this study, which left 7073 non-Hispanic Black adults. Participants with missing day one
24 h recall data were also excluded (n = 565). Thus, the analytical sample for this study
comprised 6508 non-Hispanic Black adults.

Measures representing place of birth (US vs. other) and length of time in the U.S. were
used to categorize participants into three distinct groups: FB Black adults who migrated
fewer than 10 years ago (n = 167; 3.0%), FB Black adults who migrated more than 10 years
ago (n = 493; 7.2%), and US-born Black adults (n = 5848; 89.8%). NHANES collects self-
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reported information about place of birth and length of time in the US [15]. These two
measures are often used as proxy measures of acculturation in studies on the health and
health behaviors of immigrant populations in the US [11–14]. Since NHANES does provide
separate race and ethnicity data, Black-identifying Hispanics could not be separated from
other Hispanic adults. Therefore, the current study only included non-Hispanic Black
adults. The National Center for Health Statistics Institutional Review Board (IRB) approved
NHANES, and all participants provided written informed consent [15]. The IRB at the
University of Illinois at Urbana-Champaign deemed this research exempt.

2.2. Nutrient Intake

Nutrient intake data were examined for all participants included in the analytical
sample. The dietary intake interview of NHANES, titled “What We Eat in America”, was
conducted in partnership with the U.S. Department of Agriculture using a computerized
data collection instrument [16]. Each participant was eligible for two days of 24 h recall; the
first day was conducted in-person during the initial NHANES interview, while the second
day was conducted over the telephone approximately 3–10 days later [16]. As stated above,
6508 non-Hispanic Black adults participating in NHANES 2005–2016 had complete dietary
data for the first day; 4867 (69%) had complete data for the second day. Only data from
the first day were analyzed since 31% of the sample did not complete the second 24 h
dietary recall.

Measures examined included total energy (kcal per day), protein (grams per day),
carbohydrates (grams per day), total sugar (grams per day), dietary fiber (grams per
day), total fat (grams per day), saturated fat (grams per day), cholesterol (milligrams
per day), and sodium (milligrams per day). To identify participants who met recom-
mendations for nutrient intake, participants’ consumption levels for each nutrient were
compared to the recommended level of intake mentioned in the 2015–2020 Dietary Guide-
lines for Americans (DGAs) [17]. According to the DGAs, the following are the recom-
mended intake range(s): 20–35% of energy from total fat, 10–35% of energy from protein,
45–65% of energy from carbohydrates, 14 g/1000 kcal/day from fiber, <10% of energy
from saturated fat, and <2300 mg/day of sodium [17]. The 2015–2020 DGAs do not have a
recommended consumption amount for total sugars and cholesterol. However, the World
Health Organization (WHO) recommends that <5% of energy intake should come from
added sugar. Thus, total sugar intake was compared to this recommendation to identify
the proportion of FB Black adults and U.S.-born Black adults who had a total sugar intake
amount of <5% of energy intake [18]. As for the daily recommendation for cholesterol
intake, the goal of <300 mg/day was utilized. This goal was included in the prior iteration
of the DGAs (2010–2015) [17].

2.3. Diet Quality

The Healthy Eating Index (HEI) is a diet quality index that measures an individual
or population’s dietary alignment with the DGAs [19,20]. It can be used to assess the
conformance of any meal or group of foods to the diet recommendations outlined in the
DGAs [19,20]. For the current study, study participants’ (n = 6508) day one 24 h recall
data were analyzed using the simple HEI scoring algorithm to generate HEI-2015 total and
component scores [21]. Since the simple HEI scoring algorithm was used, the HEI-2015
scores presented in this study do not represent usual intake (i.e., long-term intake). Rather,
they represent an estimation of how each participant’s consumption on day one of the
dietary interview aligned with the DGAs.

The HEI-2015 total score ranges from 0 to 100, with 100 indicating perfect alignment.
It consists of 13 components, including total fruits, whole fruits, total vegetables, greens
and beans, total protein foods, seafood and plant proteins, whole grains, dairy, fatty acids,
refined grains, sodium, added sugars, and saturated fats. Total fruits, whole fruits, total
protein foods, total vegetables, seafood and plant proteins, and greens and beans all
contribute five points each to the total score. The other dietary components all contribute
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ten points to the total score [19]. Refined grains, sodium, added sugars, and saturated fats
are considered measures of moderation; higher consumption of these foods will lower the
HEI total score. All others are considered measures of adequacy, so higher consumption of
these items will increase HEI total score.

2.4. Other Measures

In addition to nutrient intake and diet quality, the following measures were examined:
current age (years), sex (male vs. female), education level (<high school diploma, high
school diploma or equivalent, some college, or ≥college degree), marital status (married vs.
other), number of people living in the household, poverty-to-income ratio (PIR), and day
of the week the 24 h recall interview was completed. These socio-demographic measures
were obtained via the interviewer-administered questionnaires. NHANES investigators
estimated each participant’s PIR from their self-reported annual income. The PIR represents
the ratio of an individual’s annual household income to the federal poverty level for their
household size the year the NHANES interview was conducted [22]. Days of the week
for the recall interview were categorized to compare participants who had their inter-
views on the weekend (Friday–Sunday) to participants who had interviews on a weekday
(Monday–Thursday).

2.5. Statistical Analysis

To examine the characteristics of the analytical sample, descriptive statistics were
calculated (i.e., weighted means and frequencies). Analysis of variance (ANOVA) and
chi-square tests were used to identify differences in socio-demographic measures across
the three groups representing acculturation: FB Black adults (<10 years), FB Black adults
(≥10 years), and U.S.-born Black adults. The weighted mean intake of each nutrient among
the three groups and the weighted percentage of participants in the groups who met
the dietary recommendations for each nutrient were calculated. Logistic regression was
used to determine if the odds of meeting dietary recommendations for nutrient intake
were significantly different among the three acculturation groups. Models were run to
compare (1) both groups of FB Black adults to US-born Black adults and (2) FB Black adults
(<10 years) to FB Black adults (≥10 years).

Linear regressions were used to examine the association differences in HEI-2015
total scores between the three acculturation groups and both groups of FB Black adults.
The unadjusted model included only the variables representing the three groups. The
adjusted model also included the variables of age, sex, education level, marital status,
PIR, number of household members, and day of the week of the 24 h recall interview.
These socio-demographic variables were included because prior research has shown they
are associated with dietary intake [23]. Confidence intervals that did not include the
null value of 1.0 and had p values < 0.05 were considered statistically significant. All
analyses were conducted by using SAS version 9.4 [24]. Since NHANES employs a complex
sampling scheme, appropriate sampling weights were applied to the descriptive statistics
and regression analyses.

3. Results

Descriptive statistics stratified by the three groups are presented in Table 1. Among the
6508 non-Hispanic Black adults, the mean age was 44.6, 44.3% were male, and 17.6% had
≥college degree. Most of the study participants (65.8%) reported a marital status other than
“married”. Participants had three household members on average and a poverty-to-income
ratio of 2.3. Significant demographic differences were observed across the three groups
for every measure of interest except the PIRs. A higher percentage of FB Black adults
(≥10 years) had ≥college degree compared to the FB Black adults (<10 years) and US-born
Black adults, and a higher percentage of FB Black adults (<10 years) reported being married
compared to the other two groups.
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Table 1. Demographic characteristics of study participants stratified by foreign-born status and
length of time in the US, n (%) or mean (±SE) a,b,c.

Characteristic:
All

Participants
n = 6508 d,e

Foreign-Born
(<10 years)
167 (3.0%)

Foreign-Born
(≥10 years)
493 (7.23%)

US-Born
5848 (89.76%)

p Value f

Age, years 44.6 (0.3) 36.5(1.1) 47.4 (0.7) 44.6 (0.4) 0.0006
Sex: 0.002
Male 3123 (44.3) 96 (56.9) 249 (46.6) 2778 (43.7)

Female 3385 (55.7) 71 (43.1) 244 (53.4) 3070 (56.3)
Education Level: 0.0001

<High School 1569 (21.6) 33 (19.2) 98 (16.2) 1438 (22.1)
HS or Equivalent 1687 (25.8) 34 (22.5) 92 (18.1) 1561 (26.5)

Some College 2159 (35.0) 53 (30.9) 167 (36.1) 1939 (35.0)
≥College Degree 1087 (17.6) 47 (27.5) 134 (29.6) 906 (16.3)

Marital Status: 0.0001
Married 2350 (34.2) 89 (51.8) 250 (48.8) 2011 (32.5)

Other 4154 (65.8) 78 (48.2) 243 (51.2) 3833 (67.5)
Number of Household

Members 3.1 (0.0) 3.6 (0.2) 3.2 (0.1) 3.1 (0.0) 0.0001

Poverty-to-Income Ratio 2.3 (0.1) 2.1 (0.1) 2.7 (0.1) 2.3 (0.1) 0.11
a NHANES, National Health and Nutrition Examination Survey. b SE, Standard Error. c Data Source: National
Health and Nutrition Examination Survey. d Cell counts may not total to sample size because of missing data.
e Percentages may not total to 100 because of rounding. f p values determined by χ2 test or analysis of variance
(ANOVA), with p < 0.05 considered statistically significant.

Descriptive information on nutrient intake is displayed in Table 2. Less than 3% of
participants in all three groups met the intake recommendations for dietary fiber, and less
than 4% met recommendations for total sugar intake. Less than 16% of participants in all
three groups met the intake recommendation for sodium. While ≥60% of foreign-born
adults met intake recommendations for saturated fat, only 43% of US-born adults met the
saturated fat recommendation.

Results from the logistic regression models examining associations between foreign-
born status, length of time in the US, and odds of meeting recommendations for nutrient
intake are displayed in Table 3. The unadjusted logistic regression models indicated that
FB Black adults (<10 years) had greater odds of meeting the dietary recommendations for
saturated fat and carbohydrates than US-born Black adults. FB Black adults (≥10 years) had
greater odds of meeting the dietary recommendations for total fat, saturated fat, protein,
and cholesterol compared to US-born Black adults. After adjusting for age, sex, education
level, marital status, PIR, number of household members, and day of the week, FB Black
adults (<10 years) had significantly higher odds of meeting the dietary recommendations
for saturated fat (odds ratio (OR), 2.74; 95% CI, 1.62–4.63), protein (OR, 1.84; 95% CI,
1.01–3.34), carbohydrates (OR, 1.71; 95% CI, 1.17–2.49), cholesterol (OR, 1.71; 95% CI,
1.16–2.52), and sodium (OR, 2.19, 95% CI = 1.16–4.14) than US-born Black adults. FB Black
adults (≥10 years) had significantly higher odds of meeting dietary recommendations for
total fat (OR, 1.65; 95% CI, 1.34–2.04), saturated fat (OR, 2.24; 95% CI, 1.77–2.83), cholesterol
(OR, 1.56, 95% CI, 1.22–1.99), and sodium (OR, 1.57; 95% CI, 1.11–2.20) than US-born Black
adults. When comparing the two groups of FB Black adults, no significant differences in the
odds of meeting nutrient intake recommendations were detected, except for carbohydrates.
After adjusting for covariates, FB Black adults (<10 years) had higher odds of meeting the
carbohydrate recommendation (OR, 1.63; 95% CI, 1.24–2.13).
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Table 2. Descriptive information on nutrient intake by foreign-born status and length of time in
the US a.

Nutrient: Mean Intake (SE) b Recommended
Intake

% Meeting
Guideline

Total Energy Intake, kcal

Foreign Born (<10 years) 1883 (65)

— —Foreign Born (≥10 years) 1876 (63)

US Born 2164 (21)

Total Fat, g c

Foreign Born (<10 years) 61.9 (3.4)

20–35% of energy

51.1

Foreign Born (≥10 years) 64.7 (2.7) 56.3

US Born 84.4 (0.1) 44.7

Saturated Fat, g

Foreign Born (<10 years) 20.0 (1.2)

<10% of energy

66.4

Foreign Born (≥10 years) 20.3 (1.0) 64.1

US Born 26.6 (0.3) 43.2

Protein, g

Foreign Born (<10 years) 77.9 (2.8)

10–35% of energy

91.4

Foreign Born (≥10 years) 77.1 (2.2) 90.3

US Born 80.0 (0.8) 85.9

Dietary Fiber, g

Foreign Born (<10 years) 15.8 (0.9)

14 g/1000 kcal

1.8

Foreign Born (≥10 years) 16.8 (0.5) 2.9

US Born 13.8 (0.2) 2.3

Carbohydrates, g

Foreign Born (<10 years) 252.2 (9.2)

45–65% of energy

65.9

Foreign Born (≥10 years) 241.9 (8.7) 60.3

US Born 257.5 (2.6) 55.4

Total Sugars, g

Foreign Born (<10 years) 96.2 (4.6)

<5% of energy d

3.4

Foreign Born (≥10 years) 101.4 (4.2) 3.1

US Born 123.0 (1.7) 3.6

Cholesterol, mg

Foreign Born (<10 years) 254.6 (16.0)

<300 mg e

68.3

Foreign Born (≥10 years) 259.4 (13.6) 70.9

US Born 314.4 (3.7) 60.1

Sodium, mg

Foreign Born (<10 years) 3011.9 (140.0)

<2300 mg e

15.2

Foreign Born (≥10 years) 2975.0 (107.6) 13.6

US Born 3444.5 (33.0) 10.5
a NHANES, National Health and Nutrition Examination Survey. b SE, standard error. c g, grams. d Recommended
intake of added sugars from the World Health Organization. e mg, milligrams.
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Table 3. Results from logistic regression models examining associations between foreign-born status,
length of time in the U.S., and odds of meeting national recommendations for nutrient intake a.

Nutrient:
Odds Ratio (95% CI) b Odds Ratio (95% CI)

Unadjusted c Adjusted d Unadjusted c Adjusted d

Total Energy Intake

Foreign Born (<10 years)

— — — —Foreign Born (≥10 years)

US Born

Total Fat

Foreign Born (<10 years) 1.29 (0.87–1.92) 1.49 (0.93–
2.38) 0.81 (0.57–1.16) 1.11 (0.74–1.67)

Foreign Born (≥10 years) 1.60 (1.33–1.91) 1.65 (1.34–2.04) REF REF

US Born REF e REF - -

Saturated Fat

Foreign Born (<10 years) 2.60 (1.58–4.26) 2.74 (1.62–4.63) 1.10 (0.73–1.66) 1.33(0.93–1.89)

Foreign Born (≥10 years) 2.35 (1.88–2.94) 2.24 (1.77–2.83) REF REF

US Born REF REF - -

Protein

Foreign Born (<10 years) 1.76 (0.97–3.19) 1.84 (1.01–3.34) 1.14 (0.66–1.99) 1.14 (0.73–1.77)

Foreign Born (≥10 years) 1.54 (1.08–2.20) 1.36 (0.94–1.96) REF REF

US Born REF REF - -

Dietary Fiber

Foreign Born (<10 years) 0.79 (0.29–2.17) 0.93 (0.32–2.71) 0.62 (0.19–2.01) 0.78 (0.17–3.53)

Foreign Born (≥10 years) 1.27 (0.63–2.55) 1.27 (0.60–2.74) REF REF

US Born REF REF - -

Carbohydrates

Foreign Born (<10 years) 1.56 (1.10–2.19) 1.71 (1.17–2.49) 1.27 (0.94–1.73) 1.63 (1.24–2.13)

Foreign Born (≥10 years) 1.22 (0.98–1.53) 1.19 (0.95–1.50) REF REF

US Born REF REF - -

Total Sugars

Foreign Born (<10 years) 0.95 (0.31–2.92) 1.10 (0.33–3.66) 1.09 (0.35–3.37) 0.90 (0.27–3.09)

Foreign Born (≥10 years) 0.88 (0.44–1.76) 1.07 (0.54–2.14) REF REF

US Born REF REF - -

Cholesterol

Foreign Born (<10 years) 1.43 (0.96–2.13) 1.71 (1.16–2.52) 0.89 (0.59–1.32) 0.95 (0.68–1.32)

Foreign Born (≥10 years) 1.62 (1.29–2.03) 1.56 (1.22–1.99) REF REF

US Born REF REF - -

Sodium

Foreign Born (<10 years) 1.52 (0.92–2.51) 2.19 (1.16–4.14) 1.14 (0.68–1.92) 1.32 (0.77–2.27)

Foreign Born (≥10 years) 1.33 (0.96–1.84) 1.57 (1.11–2.20) REF REF

US Born REF REF - -
a NHANES, National Health and Nutrition Examination Survey. b CI, confidence interval. c The unadjusted
model with only the variable(s) representing foreign-born status and/or length of time in the US. d Model adjusted
for age, sex, education level, marital status, poverty level, number of household members, and day of the week.
e REF, reference group.
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Table 4 presents results from linear regression models assessing associations between
foreign-born status, length of time in the US, and HEI-2015 total score. The mean HEI-2015
total scores were 54.6 for FB Black adults (<10 years), 56.3 for FB Black adults (≥10 years),
and 47.8 for US-born Black adults. Compared to US-born Black adults, FB Black adults
(≥10 years) [β = 8.5; standard error [SE] = 0.7; p = 0.0001] and FB Black adults (<10 years)
[β = 6.8; SE = 1.2; p = 0.0001] had higher HEI-2015 total scores. The significance was retained
after adjusting for age, sex, education level, marital status, PIR, number of household
members, and day of the week. When comparing the groups of FB Black adults, the
unadjusted model yielded no significant results. However, the adjusted model indicated
that FB adults (<10 years) had a higher HEI-2015 total scores than FB (≥10 years) after
adjusting for all covariates [β = 2.6; SE = 0.7; p = 0.0004].

Table 4. Results from linear regression models examining the association between foreign-born status,
length of time in the US, and HEI-2015 total score a,b.

Group: Mean Score (SE)
β (SE) [p Value] c,d β (SE) [p Value]

Unadjusted e Adjusted f Unadjusted e Adjusted f

Foreign Born
(<10 years) 54.6 (1.2) 6.8 (1.2) [<0.0001] 8.9 (1.3) [<0.0001] −1.7 (1.4) [0.23] 2.6 (0.7) [0.004]

Foreign Born
(≥10 years) 56.3 (0.7) 8.5 (0.7) [<0.0001] 7.3 (0.7) [<0.0001] REF REF

US Born 47.8 (0.2) REF g REF - -
a HEI, Healthy Eating Index. b NHANES, National Health and Nutrition Examination Survey. c Coefficient
estimate. d SE, standard error. e The unadjusted model with only the variable(s) representing foreign-born status
and/or length of time in the US. f Model adjusted for age, sex, education level, marital status, poverty level,
number of household members, and day of the week. g REF, reference group.

4. Discussion

This study aimed to determine if acculturation, place of birth, and length of time in the
US are associated with nutrient intake and diet quality among non-Hispanic Black adults
who participated in NHANES. It was hypothesized that FB Black adults who migrated to
America fewer than 10 years ago would have better diet quality than US-born Black adults
and FB Black adults who migrated 10 years ago or more. Overall, the findings from this
study supported the hypothesis that FB Black adults (<10 years) had better diet quality
than US-born Black adults. However, FB Black adults who migrated more than 10 years
ago also had better diet quality than US-born Black adults. This finding does not align with
the hypothesis that FB Black adults who have been in the US for more than 10 years would
have diets similar to US-born Black adults. It appears that FB Black adults, regardless of
their length of time in the US, had better diets than US-born Black adults. When comparing
the FB groups, the odds of meeting nutrient recommendations were similar between the
groups; however, the estimates from the linear regression model revealed that FB Black
adults (<10 years) had slightly higher diet quality scores than FB Black adults (≥10 years).

Unlike studies that focused on Latino and Asian immigrants [11–13,25–27], FB Black
adults had better diet quality than US-born ones, regardless of the year they migrated to
America. This finding aligns with results from a study by Brown et al., which reported that
being foreign-born is associated with significantly higher diet quality scores (as measured
by the Alternative HEI-2010 and DASH scores) and greater intake of healthier foods (e.g.,
fruits, vegetables) among Black adults in the US [14]. Brown et al. also concluded that diet
quality did vary significantly by length of time in the US among FB Black adults. Thus, it is
possible that length of time in the US is not associated with dietary intake among foreign-
born adults who self-identify as non-Hispanic Black in the same manner as immigrants
from other regions of the world.

Evidence from qualitative studies provides more in-depth information on the rela-
tionship between the measures that represent acculturation and dietary intake among
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immigrants of African descent. Paxton et al. found that West-African immigrants living
in New York, NY, reported strong efforts to maintain their traditional diets over time,
which typically comprised fruits, vegetables, and grains [28]. However, they found it
difficult to maintain this diet in their new environment. The participants did see evidence
of dietary acculturation among their children [28], which aligns with findings from a study
by Jakub et al. [29]. Jakub et al. discovered that the children of African immigrants had
diets closer in profile to American youth and were more influenced by their peers and
environment [29]. It is possible that Black adults who migrate to the US try hard to maintain
their traditional diets over time, and the effects of dietary acculturation are more evident in
their children. Given the limited number of quantitative studies on this topic, additional
research is needed to confirm these findings and connect behavioral factors (e.g., cooking
practices, food-purchasing habits, food preferences, etc.) to dietary outcomes among FB
Black adults and their children.

As previously mentioned, prior studies have linked measures that represent accul-
turation, such as length of time in the US, to poorer dietary quality among immigrant
populations [11–13,25–27]. A study by Thomson et al. reported that acculturation was
associated with poorer dietary quality and higher body mass indexes among Mexican im-
migrants in the US [25]. It is likely that acculturation influences diet and health differently
across immigrant populations in the US. Greater emphasis and study should be devoted
to assessing these differences and their connection to racial/ethnic disparities in dietary
behavior and chronic disease risk.

Overall, it is important to note that all three groups had large proportions of indi-
viduals who were not meeting national nutrient recommendations. For example, a small
percentage of participants in all three groups met recommendations for intake of dietary
fiber, total sugars, and sodium. These findings align with evidence from population-based
studies of nutrient intake and adherence to dietary recommendations that focused on
non-Hispanic Black adults [5,6,23,30]. A study by Thompson et al., which examined dif-
ferences in nutrient intake between non-Hispanic White and Black men living in the U.S.,
found that less than 5% of men met the recommendations for dietary fiber and total sugar
intake [30]. Furthermore, a recent “What We Eat in America” assessment of usual intake
among non-Hispanic Black adults reported that most Black adults in the US surpass na-
tional recommendations for sodium intake [31]. Meeting national recommendations for
nutrient intake is important, as scientific evidence indicates strong associations between
saturated fat, dietary cholesterol, sodium, and CVD [32]. Since Black Americans experience
high prevalence rates of many CVD risk factors (e.g., obesity, metabolic syndrome, type
2 diabetes, and high blood pressure), it is important that the field identifies factors that
influence dietary intake, such as acculturation [7,33–35].

Strengths and Limitations

This study has strengths and limitations. Use of the nationwide NHANES dataset was
a strength because it included a large, diverse sample of non-Hispanic Black adults. In
addition, use of HEI-2015 was a strength because it directly measured how an individual’s
diet aligned with the DGAs. Key limitations included the low sample size for FB Black
adults (<10 years), which might have affected ability to observe statistically significant
findings for some dietary measures. This study employed a cross-sectional design, so causal
associations could not be studied. Because a significant number of study participants had
missing data for the second 24 h recall interview, only data from the first recall interview
were analyzed. Thus, HEI-2015 scores reflecting usual intake were not calculated. All
findings on nutrient intake and diet quality solely reflect the consumption reported by
participants on the first day of the dietary interview. As previously mentioned, the inability
to examine Black-identifying Hispanic adults was a limitation. Individuals included in
the analytical sample solely reflect non-Hispanic Black adults living in the US. Future
studies should include Black Hispanic adults, which likely includes individuals from Latin
America and the Caribbean with diverse cultural backgrounds.
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The primary independent variables (i.e., foreign-born status and length of time in
the US) were a major limitation of this study for two key reasons. First, these variables
are only proxy measures of acculturation. Although used in prior research, they do not
capture the full extent and experience of acculturation among immigrant populations [14].
Future studies should use a validated acculturation scale tailored to the target population of
interest. Second, these variables only permit a simplistic comparison of foreign-born to US-
born Black-identifying adults, which does not capture the generational effects associated
with immigration. Studies have found intergenerational differences in dietary change
among West-African immigrants, with first-generation West-African adults exhibiting more
dietary acculturation compared to their immigrant parents [36]. NHANES data do not
provide data to determine their generational status. In addition, the data source does
not have information on ancestry, cultural beliefs, family dynamics (e.g., gender roles,
cooking behaviors), or relevant environmental factors (e.g., urban/rural status, access
to healthy food retailers, etc.). Having this information would have facilitated a more
in-depth analysis of dietary differences between foreign-born and US-born Black adults
that accounted for the complexity of these associations and the historical diversity of these
groups. Future studies should consider these limitations and conduct qualitative and
quantitative research that addresses these gaps in knowledge.

5. Conclusions

In summary, FB Black adults had higher odds of meeting several nutrient recom-
mendations and had better diet quality compared to US-born Black adults, regardless
of their length of time in the US. Understanding the similarities and differences among
these groups is valuable for developing tailored dietary and lifestyle interventions and
decreasing the risk of diet-related chronic diseases among non-Hispanic Black adults in the
US. The lived experience of Black-identifying adults that migrate to US should be studied
in relation to dietary intake. Although length of time in the US appears to not be a salient
factor, there may be other factors that may be relevant the dietary behaviors of foreign-born
Black adults: stress, underemployment, racial discrimination, economic expectations from
family/community back home. Overall, this study contributes to the bodies of knowledge
about the diets of immigrant populations and differences in the diets of adult immigrants
who self-identify as Black in the US. This study provides valuable knowledge to the field
on diet quality and nutrient intake among non-Hispanic Black immigrants. The results may
be useful to nutrition educators and practitioners working to improve the health of this
minority population. Additional studies are needed to explore the importance of factors
contributing to changes in diet due to acculturation and their overall impact on the health
and health behaviors of immigrants who self-identify as non-Hispanic Black in the US.
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Abstract: Food insecurity (FI) is a global concern and is one of the main causes of malnutrition in low-
and middle-income countries. In Mozambique, the burden of FI and how various factors contribute
to FI is not well known. This study aimed to investigate the prevalence of FI and its associated factors
in southern Mozambique. Data from 1842 household heads in Maputo City were analyzed in a
cross-sectional design. Food insecurity was measured using a modified version of the US Department
of Agriculture Household Food Security scale, and its association with socio-demographic factors
was assessed through multiple regressions. Altogether, 79% of the households were food insecure; of
these, 16.6% had mild FI, 28.1% moderate and 34.4% severe FI. The study revealed that low-income
households, those with less educated heads, and those engaged in informal work were significantly
more prone to FI. Likewise, dietary diversity and the number of meals were also significant predictors
of FI. These findings suggest the need for decent work and job creation, which calls for joint efforts
from government, the private sector, and international institutions. Furthermore, these key drivers
should be considered in the development of public health policies and programs designed to alleviate
household FI and malnutrition in Mozambique.

Keywords: associated factors; food insecurity; prevalence; southern Mozambique

1. Introduction

Food insecurity (FI) is a global concern and a visible reality for most people in low-
and middle-income countries (LMICs) [1], and has become an urgent public health issue
that affects nourishment, health, and human well-being worldwide [2,3]. Food insecurity
is defined as “a limited or uncertain availability of nutritionally adequate or safe foods
or limited or uncertain ability to acquire food in socially acceptable ways” [4,5]. Others
describe FI as a set of situations in which households compromise on the quality and variety
or quantity of food as a consequence of deficient household resources and/or inability to
afford food [3].

According to a report by FAO et al. [1] (pp. 14–15), about 768 million people world-
wide (9.8% of the world’s total population) are undernourished. Of these, 760 million are
in developing countries, of whom 278 million live on the African continent and 261 million
in Sub-Saharan Africa (SSA). Within SSA, Southern Africa emerges with a more favorable
scenario while the Central appears with the worst picture, though the highest burden
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in numbers remains in the Eastern Africa region [1]. In addition, estimates indicate that
about 2.3 billion people (29.3% of the global population) are moderately or severely food
insecure. The number of undernourished people worldwide has increased, highlighting
the challenge of achieving the United Nations’ Sustainable Development Goal (SDG) of
Zero Hunger, eradicating FI and all forms of malnutrition by 2030. In fact, projections
indicate that nearly 670 million people will still face hunger in 2030, and currently, the
number of people unable to afford a healthy diet has risen dramatically, especially because
of conflicts, climate change and the COVID-19 pandemic [1]. The Russia–Ukraine war, the
COVID-19 pandemic, along with climate change reinforce the need to rethink future actions
towards global food security (FS) and nutrition, especially concerning staple foods [6,7].
Research evidence suggests that household FS and nutrition in many LMICs is much worse
due to these factors combined with deficient socioeconomic and political conditions [1,6,8].
To this end, government policies along with agricultural investments (e.g., tax and tariff
reductions, fertilizer subsidies, and rural infrastructure) are critical factors to protect do-
mestic consumers and producers from rise in reference (border) price for imported food
and agricultural inputs while ensuring that policy actions and investments needed for long-
term agricultural development are not jeopardized, especially in African countries [9–11].
Likewise, rapid population growth is a serious challenge that needs to be considered when
addressing global food security and nutrition [12,13].

In Mozambique, FI continues to be the primary challenge to economic growth and hu-
man well-being [14]. According to FAO [15], Mozambique is a low-income, high-inequality
and food-deficit country with a largely rural population of 28 million. It ranked 181st out
of 189 countries in the 2020 Human Development Index, 106th out of 116 in the 2021 Global
Hunger Index and 127th out of 162 in the 2019 Gender Inequality Index [16]. The coun-
try achieved some progress under Millennium Development Goals target 1C of halving
the number of undernourished people, but significant challenges remain that will hinder
progress towards the targets of SDGs 2 [17]. About 80% of the Mozambican population
cannot afford an adequate diet [18] and almost 60% live in extreme poverty [19]. Most
households are at risk of FI and of adopting negative coping strategies [17,20]. Furthermore,
Mozambique is prone to regular droughts, and floods occur virtually every year in large
watersheds and poorly drained urban settlements. Roughly 70% of the rural population
depends on subsistence agriculture, the markets are not integrated and post-harvest losses
reach 30% due to limitations in storage, processing and handling [17,21]. However, the ex-
tent and severity of FI in general, as well as its associated factors, are not well known. Some
reports suggest poverty, food unavailability, inadequate food intake and a non-diversified
diet, high levels of infectious disease, poor knowledge of healthy foods, inadequate food
preparation and eating habits as the underlying causes of undernourishment among the
population [14,22]. A study by McCordic et al. [23] found female headship to be strongly
linked to household FI, even though the degree of this relationship was somewhat depen-
dent on employment and education. This study sought to investigate the prevalence of
and factors associated with household FI in Maputo City, southern Mozambique.

2. Materials and Methods

2.1. Study Setting and Sampling

A cross-sectional study was conducted in Maputo, southern Mozambique. Maputo is
the capital city of Mozambique and is divided into seven municipal districts that include
KaNyaka Island and Katembe across the bay [24]. Maputo is the largest urban agglomer-
ation in Mozambique. The city has a high level of underemployment, with most people
being engaged in informal work [25]. Its urban landscape is usually divided into three
areas. The first, the KaMpfumu district, is the wealthiest area of the city. The second
consists of the poorer residential suburbs and covers Nlhamankulu and KaMaxaquene.
The third covers the peri-urban districts of KaMavota and KaMubukwana [24]. According
to the 2017 general census, Maputo has about 1,080,277 inhabitants (52% female and 48%
male) and 235,750 households [26]. About 71% of the households are food insecure [23].
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The selection of households included in this study relied on a two-stage design
inspired by the National Institute of Statistics platform which was used by the Technical
Secretariat for Food Security and Nutrition (SETSAN) in their 2013 Baseline Study [27].
Therefore, enumeration areas (located in a suburb or peri-urban district of Maputo) were
randomly selected in the first stage. A total of 96 enumeration areas were selected, and each
enumeration area provided a maximum of 20 households. Next, households within each
enumeration area were selected using a systematic random sampling strategy (to sample
every fifteenth household). Households whose heads (or other representative household
members) did not meet the age criterion (18–60 years), or that did not agree to participate or
decided to drop out were excluded from the study. In collaboration with the municipality,
eligible households were approached and informed about the objectives and voluntary
nature of the study. They were invited to participate and had up to 5 days to respond to
the invitation letter. The total sample size was 1842 households based on approximate
proportional allocation.

2.2. Data Collection and Procedure

Face-to-face structured interviews were performed at each participant’s home between
November 2021 and June 2022. Each interview lasted about 45–60 min. Data from house-
holds were collected using a questionnaire previously validated in Portuguese speaking
populations [28–30] but adapted to the Mozambican context. The questionnaire consisted
of eight items from the United States Department of Agriculture Household Food Security
Survey Module (USDA HFSSM) designed to measure FI in the last 3 months. In addition,
the questionnaire included background demographic and socioeconomic questions (educa-
tion, work, income) as well as questions about: (a) physical health (diagnosed hypertension
and type 2 diabetes); (b) mental health/psychiatric disease; (c) medication and health
care utilization; (d) self-reported health; (e) food consumption patterns (dietary items,
from oils, vegetables, meat, fish, starch to beverage); (f) barriers to food access; (g) food
expenses and purchasing habits; (h) own food production or other ways to obtain food;
(i) sleeping patterns; (j) life style/physical activity; and (k) health behavior (smoking and
alcohol consumption). Before data collection, the questionnaire was piloted by the authors
E.M. and E.S. in Manhiça district (a region outside the study setting) to ensure that it was
accurate and effective.

The original, 14-item USDA HFSSM was modified to focus only on adult and house-
hold FI by excluding the six items related to children (Table 1). To make the scale easier to
use, a “yes/no” response format was adopted. All “yes responses” were followed up by
asking, “How often did it occur?”, with three response options (often, sometimes, rarely).
The responses “often” and “sometimes” were coded as 1, while “rarely” was coded as 0.
Consequently, the scale had a maximum of 8 points. Households were considered food
secure if they scored 0 or 1 and food insecure if they scored ≥2. Among food-insecure
households, those that scored 2 or 3 were considered to have mild FI, while those scoring
4–6 were classed as having moderate FI, and scores of 7 or 8 were considered to represent
severe FI. Similarly, regarding dietary patterns, three categories were considered (low,
medium and high dietary diversity) based on food items consumed in the last 7 days [31].
Low dietary diversity included diets consisting largely of cereals, tubers and roots, veg-
etables and greens, oils, and fish and other seafood. The medium category added meat
or poultry, spices, and eggs to the list. The last category, high dietary diversity, included
diets composed of cereals, vegetables and greens, oils, spices and condiments, fish and
other seafood, meat or poultry, eggs, fruits, beverages, and dairy products. With regard to
occupation, the term “unpaid work” was used to categorize household heads engaged in
informal work (insecure employment mostly self-employment), while “paid work” was
used to categorize those engaged in formal work (secure employment mostly from the
government and the private sector). Finally, both food transfers and money transfers from
relatives (largely from South Africa) were considered to constitute remittance in this study.
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Table 1. Adapted United States Department of Agriculture Household Food Security Survey Module
(USDA HFSSM).

In the last three months:

1. Were you worried that your food would run out before you had money or other resources to
buy more?

2. Did you run out of food before you had enough money or other resources to buy more?

3. Did you have to eat the same foods daily because you did not have money or other
resources to buy other foods?

4. Did you or any other adult in your household cut the size of your/their meals because you
did not have enough money or other resources to buy food?

5. Did you or any other adult in your household skip some of your/their daily meals because
you did not have enough money or other resources for food?

6. Did you ever eat less than you felt you should, because you did not have enough money or
other resources to buy food?

7. Were you ever hungry and did not eat because you did not have money or other resources
to buy enough food?

8. Did you or any other adult in your household ever not eat for a whole day because you did
not have enough money or other resources to buy food?

2.3. Data Analysis

All data analyses were performed in IBM SPSS Statistics 27 [32]. Descriptive statis-
tics was carried out and frequencies and percentages were used for categorical variables,
and means for continuous variables. Before multiple regression was performed, prelim-
inary analyses were conducted to ensure that the assumptions of normality, linearity,
multicollinearity and homoscedasticity had not been violated. Multiple regression was
performed to explore the predictive ability of a set of variables to explain the outcome
variable (FI score), as well as to assess the relative contribution of each individual variable.
Standard multiple regression was then performed to gain a quick insight into which pre-
dictors are relevant for explaining FI. Lastly, stepwise multiple regression was employed
with all predictors as performed in standard multiple regression to check the consistency
between the two techniques. In addition, as households were categorized as food secure
versus food insecure, binary logistic regression was performed to explore the predictive
power of the same set of variables (used on multiple regression) to explain the outcome
variable (FI). A 95% confidence interval and p-value ≤0.05 were used to assess the statistical
significance of the association between the explanatory variables and the outcome variable.

2.4. Ethical Approval

The study protocol was approved by the Institutional Committee of Bioethics in Health
of the Faculty of Medicine, Eduardo Mondlane University, Maputo (registration No. CIBS
FM&HCM/036/2019). Informed consent was obtained from each participant prior to the
data collection, and all ethical requirements (e.g., voluntariness, confidentiality, anonymity)
were followed.
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3. Results

3.1. Characteristics of the Study Participants

This study included 1842 households located in Maputo City, representing a participa-
tion rate of about 97%. Table 2 illustrates the socio-demographic characteristics of the study
population. Most households were male headed (71.6%), had five members, and 66.6%
were married or living in marital union. In addition, 45.4% of the heads of households had
primary or secondary education, and 48.5% did not have secure employment and were in
the informal sector.

Table 2. Descriptive characteristics of the study participants, Maputo City, southern Mozambique.

Variables

Maputo Districts Covered by the Study

KaMaxaquene
(n = 474)

KaMavota
(n = 450)

KaMubukwana
(n = 467)

Nlhamankulu
(n = 451)

Total
(n = 1842)

Head of household
Male 331 (69.8%) 315 (70%) 316 (67.7%) 356 (78.9%) 1318 (71.6%)

Female 143 (30.2%) 135 (30%) 151 (32.3%) 95 (21.1) 524 (28.4)

Age of participant (mean ± SD) 34.57 ± 9.14 30.91 ± 8.53 32.58 ± 9.61 34.13 ± 8.79 33.05 ± 9.04

Household size (mean ± SD) 4.91 ± 0.9 4.66 ± 0.95 4.74 ± 0.96 4.85 ± 0.91 4.82 ± 0.75

Number of children (mean ± SD) 2.7 ± 0.77 2.41 ± 0.81 2.52 ± 0.86 2.43 ± 0.81 2.54 ± 0.74

Marital status
Single/separated/divorced 188 (39.7%) 147 (32.7%) 165 (35.3%) 116 (25.7%) 616 (33.4%)

Married/marital union 286 (60.3%) 303 (67.3%) 302 (64.7%) 335 (74.3%) 1226 (66.6%)

Education
Primary and secondary 200 (42.2%) 202 (44.9%) 221 (47.3%) 214 (47.5%) 837 (45.4%)

High school (Grade 11–12) 210 (44.3%) 182 (40.4%) 202 (43.3%) 168 (37.3%) 762 (41.4%)
University 64 (13.5%) 66 (14.7%) 44 (9.4%) 69 (15.3%) 243 (13.2%)

Type of work
Unpaid work 233 (49.2%) 211 (46.9%) 229 (49%) 220 (48.8%) 893 (48.5%)

Paid work 241 (50.8%) 239 (53.1%) 238 (51%) 231 (51.2%) 949 (51.5%)

Monthly household income (in MZN)
<9000 189 (39.9%) 189 (42%) 180 (38.5%) 175 (38.8%) 733 (39.8%)

9000–15,000 160 (33.8%) 139 (30.9%) 184 (39.4%) 151 (33.5%) 634 (34.4%)
>15,000 125 (26.4%) 122 (27.1%) 103 (22.1%) 125 (27.7%) 475 (25.8%)

Remittance from relatives
No 357 (75.3%) 331 (73.6%) 333 (71.3%) 339 (75.2%) 1360 (73.8%)
Yes 117 (24.7%) 119 (26.4%) 134 (28.7%) 112 (24.8%) 482 (26.2%)

Dietary diversity
Low 251 (53%) 225 (50%) 277 (59.3%) 222 (49.2%) 975 (52.9%)

Medium 128 (27%) 143 (31.8%) 143 (30.6%) 149 (33%) 563 (30.6%)
High 95 (20%) 82 (18.2%) 47 (10.1%) 80 (17.7%) 304 (16.5%)

Number of meals (mean ± SD) 2.2 ± 0.44 2.25 ± 0.43 2.24 ± 0.41 2.23 ± 0.42 2.23 ± 0.42

Mozambican metical (MZN); standard deviation (SD).

3.2. Prevalence of Household Food Insecurity

In this study, Cronbach’s alpha was 0.871. Of the 1842 households that participated in
the study, only 21% were food secure, while 79% were food insecure. Among food-insecure
households, 16.6% were experiencing mild FI, while 28.1% and 34.4% were experiencing
moderate and severe FI, respectively.

In the regression analyses, FI was associated with various factors. The final model was
able to explain 75% of the variability (adjusted R Square = 0.752) in FI. Among ten variables
included in the models, eight reached statistical significance with focus on household
income, dietary diversity, education level, type of work and number of meals per day
(Table 3). Likewise, the binary logistic regression revealed that household income, dietary
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diversity, education level, type of work and number of meals per day were the main
predictors of FI (Table 4). The findings showed that households with a monthly income of
<9000 Mozambican metical (equivalent to USD 140.86) were ten times more likely to be food
insecure than their counterparts who had a monthly income of >15,000 metical (equivalent
to USD 234.77). The households whose heads had primary or secondary education, for
example, were twelve times more exposed to FI compared with those with university
education. Likewise, households whose heads worked in the informal sector were three
times more exposed to FI than their counterparts who had secure employment in the formal
sector. On the other hand, households whose meals in the past 7 days were of medium
diversity were eight times more likely to be food insecure than their counterparts whose
meals were of high diversity. Similarly, households eating two meals a day were four times
more likely to be food insecure compared with those eating three meals a day.

Table 3. Prevalence of household food insecurity by socio-demographic characteristics, Maputo City
Household Survey, 2022.

Variables
Prevalence of Food Insecurity (%)

p-Value
Food Insecure (%) Food Secure (%)

Head of household
0.001Female 85.5 14.5

Male 76.4 23.6

Household size
0.0011–4 members 84.8 15.2

5 or more 75.2 24.8

Number of children
0.3860–2 children 77.3 22.7

3 or more 79.7 20.3

Marital status
0.001Single/separated/divorced 87.2 12.8

Married/marital union 74.9 25.1

Education

<0.001
Primary and secondary 94.3 5.7

High school (Grade 11–12) 77.8 22.2
University 16 84

Type of work
<0.001Unpaid work 93.1 6.9

Paid work 65.3 34.7

Monthly household income (in
MZN)

<0.001<9000 95.95 4.05
9000–15,000 86.1 13.9

>15,000 37.1 62.9

Remittance from relatives
0.516Yes 82.6 17.4

No 77.7 22.3

Dietary diversity

<0.001
Low 97.85 2.15

Medium 73.2 26.8
High 23 77

Number of meals
<0.0011–2 meals 93.3 6.7

3 or more 31.1 68.9
Mozambican metical (MZN).
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Table 4. Binary logistic regression analysis of food insecurity by socio-demographic characteristics,
Maputo City Household Survey, 2022.

Variables OR 95% CI p-Value

Head of household
1.38–2.39 0.001Female 1.82

Male 1

Household size
1.14–2.31 0.0071–4 members 1.63

5 or more 1

Number of children
0.53–1.14 0.1960–2 children 0.79

3 or more 1

Marital Status
1.74–2.98 0.001Single/separated/divorced 2.28

Married/marital union 1

Education

<0.001
Primary and secondary 11.87 4.92–28.62

High school (Grade 11–12) 4.17 2.19–7.91
University 1

Type of work
2.32–4.14 <0.001Unpaid work 3.1

Paid work 1

Monthly household income
(in MZN)

<0.001<9000 10.54 7.84–14.01
9000–15,000 2.04 1.32–3.15

>15,000 1

Remittance from relatives
0.66–1.346 0.747Yes 0.943

No 1

Dietary diversity

<0.001
Low – –

Medium 8.1 5.82–11.23
High 1

Number of meals
2.84–5.09 <0.0011–2 meals 3.8

3 or more 1
Odds ratio (OR); confidence interval (CI); Mozambican metical (MZN).

4. Discussion

This study sought to investigate the prevalence of and factors associated with house-
hold FI in Maputo City, southern Mozambique. About 62.5% of the study population were
experiencing moderate and severe FI, highlighting the challenges that Mozambique faces
regarding food security and nutrition. This proportion may be conservative considering
that about 60% of the Mozambican population live in extreme poverty [19], and the effects
of the COVID-19 pandemic [20,33], as the data collection was carried out just after the
pandemic. In any case, moderate and severe FI are a matter of concern for most households
not only in Mozambique (and Maputo city in particular) as highlighted in this study, but
also across SSA and other LMICs [1,34].

In fact, the SDGs, especially those aiming to end extreme poverty and eradicate
hunger and all forms of malnutrition by 2030, are out of reach for many LMICs, including
Mozambique [1,35]. This being a decade of informed actions, there is an urgent need to
implement both emergency solutions, especially for the most vulnerable groups, and more
sustainable solutions to combat household FI and malnutrition, and eventually achieve the
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SDGs [34,36]. In addition, rapid population growth is a serious challenge that needs to be
urgently considered when addressing global food security and nutrition, as overpopulation
is expected to be the leading cause of FI worldwide by 2050 [13,37].

In this study, various variables were linked to FI, with a focus on socioeconomic and
demographic factors (household income, dietary diversity, education level, type of work
and number of meals). Food insecurity in Mozambique, and in Africa in general, is largely
linked to poverty [38,39]. Therefore, there is a need to tackle those factors that contribute
significantly to poverty and a rise in poverty. Research evidence in Africa indicates that
flawed economic policies, corruption, poor governance and political conflicts [40,41] as
well as poor land utilization are the main causes of poverty that need to be addressed [40].
Similarly, poor governance and political conflicts [42,43] have been highlighted as relevant
determinants of FI in Africa. For instance, the quality of governance (e.g., government
effectiveness, rule of law, accountability) and targeted policies are critical to promoting
a stable environment that is suitable for economic investments, especially those related
to improving food security and nutrition, social protection and the pace of economic
growth [43]. To this end, effective interventions from major players such as governments,
the private sector and international institutions are essential to stimulate decent work and
build an inclusive economic growth for Africa as a whole [44].

Household income and food prices are critical determinants of FI in African cities, as
most urban households buy most of their food rather than producing it themselves [38].
Urban FI tends to worsen with high food prices observed in cities. For instance, the
cost of living and basic needs in Mozambique, especially in major urban settlements,
has been worsening at a great pace [45]. Moreover, the COVID-19 pandemic has caused
a rise in FI linked to food shortages and high food prices, job losses and a decrease in
livelihoods [20]. A study by Rosenberg et al. [46] in 16 southern African countries found
an association between the COVID-19 pandemic and increased risk of job loss. Therefore,
the pandemic, in a unique way, has highlighted the weaknesses of food systems, and also
of health systems in LMICs [47] as well as in high-income countries [48]. Altogether, the
above-cited studies highlight the need to provide social and economic support to the most
vulnerable groups [49,50] as well as to rethink future actions towards global food security
and nutrition [48,49]. Furthermore, FI in urban settlements is largely a result of low income,
often accompanied by a lack of secure employment as highlighted in this study, and by
poor living conditions and limited access to clean water, sanitation and electricity [51]. In
contrast to the African cities, seasonality and climate change can have a huge impact on
household FI in rural areas. Most rural households depend on their own food production,
which is heavily dependent on rainfall, which is becoming increasingly unreliable because
of climate change [52]. Likewise, climate change may affect food systems and FI in various
ways, from its direct effects on food production to changes in markets, food prices and food
supply chain infrastructure [53].

On the other hand, various studies have shown a relationship between household
FI and gender inequality in Africa and other LMICs, and the need for socioeconomic
interventions to empower women and close the gender gap between female- and male-
headed households [54,55]. Just as in the study by McCordic et al. [23], FI in the present
study was associated with female headship depending mostly on their education level
and employment. Similar results have been found across the world [54,56]. Indeed,
gender inequality has been globally recognized as a significant determinant of household
FI [56–58]. Due to inequalities in education and employment across female- and male-
headed households, female-headed households are more likely to suffer from FI [23,57].
Likewise, there is inequality in social safety nets available to women [56,59]. Additionally,
factors such as cultural norms and values, ownership of quality land and productive
resources, including provision of extension services, compound the household FS situation
in rural areas, as these factors tend to favor men over women [59]. Moreover, households
with five or more members (including several adult members) were more likely to be food
secure than their counterparts who had few members, which suggests that household size
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can have a protective effect against FI. Considering that most households were composed
of members with considerable financial constraints, the dependency ratio could be more
pronounced in smaller households than in larger ones. Indeed, a large household with more
productive adults contributing to the affairs of that household exhibits improved household
FS status [57,60]. In addition, there is substantial evidence showing the link between FI and
dependency ratio [36,44]. Similarly, as highlighted in this study, research evidence across
the world indicates that single parents, especially single mothers, are more likely to be food
insecure than their counterparts who are married or in marital union [61–63].

At the same time, besides food quality and safety, food quantity and dietary diversity
are a real concern for the vast majority of poor urban households [20,31]. In fact, households
experiencing moderate and severe FI in this study were strongly associated with low dietary
diversity and having very few meals a day. In any case, it is necessary to consider several
factors together to get an overview of household FI, as one factor may not fully capture and
explain the extent and severity of this complex phenomenon. In summation, the urgency
of household FI and malnutrition in Mozambique should be recognized as a call for the
country to develop multifaceted and multisectoral programs that include household FS
and nutrition as an integral component to improve physical and mental health, especially
among the most vulnerable groups. Likewise, these findings reinforce the need for social
protection for the most vulnerable groups; in addition, they call for implementation of
multifaceted programs to enhance food security and nutrition at a national, regional and
global level [20,43,56].

Strengths and Limitations

This is one of the few quantitative studies that provide empirical and updated in-
formation on household FI and its associated factors in Maputo City in the context of
the COVID-19 pandemic. In addition, a considerable number of household heads par-
ticipated in the study, meaning that the findings can be generalized to the entire city of
Maputo. Nonetheless, the study has some limitations to be considered. Besides using a
cross-sectional design, the respondents’ recall bias needs to be acknowledged, and the
findings may not be fully applicable to other Mozambican cities whose characteristics (e.g.,
socio-cultural, demographic, and economic) are very different from the capital city.

5. Conclusions

This study aimed to investigate the prevalence of household FI and its associated
factors in Maputo City. Almost four in every five households were food insecure, three
of which were experiencing moderate or severe FI. Regarding associated factors, several
variables were linked to household FI with a focus on poverty, low income, lack of secure
employment, low education level, household size and dependency ratio, non-diversified
diet and a very limited number of meals per day. This highlights the dynamic and complex
nature of household FI, and the need for longitudinal studies (e.g., case–control studies,
participatory action research and ethnographic studies) to gain a deeper understanding
of the mechanisms linking demographic and socioeconomic factors to household FI and
malnutrition, and to ascertain causality. On the other hand, these findings demand urgent
informed actions from the government, the private sector and international institutions,
not only to provide social and economic support to the most vulnerable groups, but also to
implement multifaceted programs to combat household FI and malnutrition and create
more job opportunities and promote decent work.
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Abstract: Background: Non-communicable diseases (NCDs) are responsible for the deaths of 41 mil-
lion individuals every year, with 77% of them occurring in low- and middle-income countries. Among
the main NCD risk factors, inadequate intake of fruits and vegetables (FV) was one of the leading
causes of death in 2019. Our study aims to identify disparities in inadequate FV intake among adults
in 514 districts. We utilized the latest Indonesian Basic Health Survey 2018 to conduct geospatial
and quantitative analyses. We used the World Health Organization’s definition of inadequate FV
intake, which refers to consuming less than five servings of fruit and vegetables daily. We analyzed
inadequate FV intake among adults over the age of 18 years, as well as by gender and age group
(including young adults 18–24 years, adults 25–59 years, and older adults 60+ years). Our study
showed an alarmingly high prevalence of inadequate FV intake among adults, with 96.3% in 2018.
The prevalence of inadequate FV intake drastically varied across 514 districts, ranging from 70.1% to
100%. Notable geographic and socioeconomic disparities were observed across the districts studied.
Rural districts exhibited a higher prevalence of inadequate FV intake, translating to poorer diets,
particularly among females and older adults, when compared to their urban counterparts. Inter-
estingly, districts within more developed regions had poorer FV diets than those in less developed
regions. Although districts with lower incomes generally had poorer FV diets, the association was not
significant in multivariate analysis. However, districts with lower levels of education demonstrated
poorer FV diets, especially among females, adults, and older adults. Despite its limitations, our study
provides crucial insights for health policies in Indonesia and other LMICs.

Keywords: unhealthy diet; dietary risks; inequality; geographic; socioeconomic

1. Background

Non-communicable diseases (NCDs) claim the lives of 41 million people yearly, which
constitutes 74% of total global deaths. Out of these fatalities, 77% are in low- and middle-
income countries (LMICs) [1]. The two most critical NCDs are cardiovascular diseases
(CVDs) and diabetes, causing 17.9 million and 2.0 million deaths, respectively [1]. The
latest Global Burden of Disease Study identified CVDs, such as ischemic heart diseases and
stroke, and diabetes, as among the top ten leading causes of global deaths and disabilities
in 2019 [2]. Additionally, the study noted that dietary risks, including inadequate intake
of fruits and vegetables (FV), were among the leading causes of death for both genders
in 2019 [3].
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Indonesia is currently facing an increasing burden of NCDs, while also dealing with
maternal mortality and infectious diseases. According to the latest Basic Health Research
(Riskesdas) by the Ministry of Health, the prevalence of NCDs and their risk factors has
dramatically increased over the past five years [4]. For instance, the prevalence of diagnosed
stroke among individuals aged 15 years and above surged by 56%, from 0.7% to 1.1%,
while that of diabetes mellitus increased by 23%, from 6.9% to 8.5%, between 2013 and
2018. Additionally, an overwhelming 95.4% of the population aged 5 years and above had
insufficient FV intake, consuming less than the WHO-recommended daily portions [4].

There can be several reasons for deficiencies in the FV consumption. First, fresh FV
may not be readily available or accessible in some areas due to inadequate distribution
systems or limited availability in local markets [5]. Second, fresh FV can be more expensive
than other food options, making it challenging for some individuals to regularly afford
them [6]. Third, many people may not be aware of the health benefits, or they may lack
knowledge on how to incorporate them into their diets [7]. In addition, some cultural or
social factors may discourage the consumption of certain FV or promote the consumption
of other foods instead [8]. Fourth, many people may choose convenient, processed foods
over fresh FV, which require more preparation and cooking time [9].

Several studies have demonstrated a link between inadequate FV intake and socioeco-
nomic status and geographic location. In a 2019 systematic review that examined 40 studies
on individuals aged 10–40 years in high-income countries, it was found that a higher FV
intake was associated with better parental socioeconomic status, especially with regard
to higher education levels [10]. Furthermore, studies utilizing geospatial analysis in the
United States in 2008 revealed that neighborhood socioeconomic status was positively
related to FV consumption [11]. An analysis conducted in Brazil in 2017 also discovered
that areas with higher incomes and better-quality food stores had higher FV intake [12].
Similarly, a study in 2012, which used data from 232,056 adult participants in 48 LMICs
from the 2002–2004 World Health Survey, found that inadequate FV intake was significantly
higher among lower socioeconomic groups [13]. Similar findings were also observed in
analyses conducted in the Netherlands and Brazil [14,15].

Reducing the inequality in inadequate FV intake is crucial in achieving Sustainable
Development Goal Target 3.4.1, which aims to decrease premature mortality from NCDs.
However, the current research on disparities in inadequate FV intake among adults has
limitations. Firstly, most studies have used individual-level data [13–15], which are useful
but may not capture locality-level factors in countries such as Indonesia. Secondly, previous
research on geographic disparities has focused mainly on high-income countries, leaving
limited studies in LMICs [10–16]. A 2014 study in Ghana compared FV intake across
only three regions and found a higher consumption in the Forest zone due to better
production [16]. Thus, our study aims to investigate disparities in FV intake among adults
across 514 Indonesian districts, considering socioeconomic and geographic factors. Our
study intends to fill the gap in the research by analyzing district-level data in Indonesia, a
country with significant local decision-making power. Our research will provide valuable
insights into addressing inadequate FV intake disparities, particularly in LMICs.

2. Methods

2.1. Study Design

This study aimed to investigate disparities in inadequate FV intake among adults
aged 18 or older in Indonesia using geospatial and multivariate regression analyses. The
study analyzed data from the 2018 Indonesian Basic Health Survey (Riskesdas), a na-
tionwide health survey that collected information on FV intake from 514 districts across
34 provinces [4]. The survey aimed to include 300,000 households and utilized a 2-stage
sampling method to select 30,000 census blocks in both urban and rural areas, followed by
the selection of 10 households in each block based on the education level of the household
head [4]. The study utilized both geospatial analysis and multivariate regression to analyze
the collected data.
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2.2. Independent Variables

The study examined four variables: region, urbanicity, income, and education, at the
district level, and obtained the data from the World Bank database. The provinces and
districts were classified into five regions, including Sumatera, Java and Bali, Kalimantan,
Sulawesi, and Papua/Nusa Tenggara/Maluku. Java and Bali are more developed than the
eastern regions [17–19]. The analysis was conducted for all districts, cities (urban districts),
and regencies (rural districts).

In this study, poverty rates were used as a proxy for the income level of districts. The
poverty rates for each district were divided into five groups, with the highest poverty rates
assigned to the first quintile and the lowest poverty rates assigned to the fifth quintile. The
basic needs approach, which is based on the Handbook on Poverty and Inequality pub-
lished by the World Bank, was used by the Indonesia Statistics Bureau (BPS) to determine
poverty levels. This approach defines poverty as the inability, from an economic perspec-
tive, to fulfill basic food and non-food needs, which are measured in terms of expenditure.
Individuals are considered poor if their average monthly expenditure per capita falls below
the poverty line [20]. Similarly, the net enrollment ratios for senior secondary education
were grouped into five categories, with the first quintile representing the least educated and
the fifth quintile representing the most educated [21,22]. Supplementary Figures S1 and S2
provide the country map and the district-level map by urban/rural, income level, and edu-
cation level. Supplementary Table S1 shows the urban sample and the levels of education
and poverty by urbanicity and region.

2.3. Dependent Variables

Our research focused on inadequate FV consumption as the outcome variable among
all adults, males, females, young adults (18–24 years), adults (25–59 years), and older adults
(60+ years). The FV questionnaire was adapted for use in Indonesia by the Ministry of
Health and was based on the World Health Organization (WHO) STEPwise approach to
NCD risk factor surveillance (STEPS) questionnaire, which is widely employed in global
disease surveillance [23]. First, the respondents were asked about the number of days in a
typical week on which they consume fruits (vegetables). Second, they were asked to specify
the number of portions consumed in a typical day within the same week. For the analysis,
we used the WHO’s definition of inadequate FV intake, which refers to consuming less than
five servings of fruit and vegetables daily [24]. We analyzed the prevalence of low intake
among males and females separately to understand the differences. Furthermore, we also
examined the prevalence of low intake among different age categories, which is crucial for
controlling and preventing NCDs and developing effective health system responses [25].

2.4. Data Analysis

We utilized geospatial analysis and multivariable regressions to explore the link
between inadequate FV intake and geographic/socioeconomic factors. The data were
divided into quintiles using ArcMap 10.6 (Esri, Redlands, CA, USA), and we conducted
Ordinary Least Square (OLS) regressions in STATA 15.1 (StataCorp LLC, College Station,
TX, USA). Our analysis examined the connections between region, urbanicity, income, and
education indicators, and each of the six outcome variables. We compared the variations
between the most and least developed regions and the poorest and wealthiest/most
educated quintiles. A statistical significance level of 5% or lower was deemed significant.

3. Results

3.1. Provincial-Level Results

Figure 1 displays the percentage of adults with inadequate FV intake across provinces.
Figure 1a–f depict the data for all adults, male adults, female adults, young adults, adults,
and older adults. The prevalence of inadequate FV intake varied among different provinces,
with percentages ranging from 92.6% to 98.8% among all adults. The ranges were similar by
sex (males and females) and age group (young adults, adults, and older adults). Moreover,

111



Nutrients 2023, 15, 2160

the provinces with the highest prevalence (quintiles 4–5) of inadequate FV intake among
all adults were mostly located in Sumatera, including Aceh, Jambi, Bangka Belitung, West
Sumatera, South Sumatera, and Riau, as well as in some provinces in Kalimantan, Sulawesi,
and Java. Such pattern was similar across sexes and age groups.

Table 1 displays the prevalence of inadequate FV intake among adults in each province.
Sorted by poverty rates, the top box shows that wealthiest and the bottom box shows the
poorest ten provinces. Grey-colored cells indicate a higher prevalence than the national
average for each column (outcome indicator). Among the top ten wealthiest provinces, five
had a higher-than-average prevalence for all six indicators, including South Kalimantan,
Central Kalimantan, Banten, Bangka Belitung, and West Sumatera. However, only three of
the ten poorest provinces had a higher-than-average prevalence.

3.2. District-Level Results

Table 2 presents the descriptive statistics of the districts included in our study, which
includes the proportion of adults with inadequate FV intake. Out of the 514 districts,
97 (18.9%) were urban cities, and the remaining 417 (81.1%) were rural regencies. The cities
were mainly situated in Java (36.1% of 97) and Sumatera (34.0%), while regencies were less
concentrated, with 29.0% (of 417 regencies) in Java, 22.3% in Sumatera, 20.6% in Papua,
16.8% in Sulawesi, and 11.3% in Kalimantan. When analyzed based on income level, it was
found that 79% of urban areas belonged to the wealthier group (quintiles 4–5), whereas
almost half (47.2%) of the rural areas were part of the poorer group (quintiles 1–2). In terms
of education level, 71.1% of cities belonged to the higher education group (quintiles 4–5),
while almost half (46.8%) of the regencies were part of the lower education group (quintiles
1–2). Regarding the proportion of adults with inadequate FV intake, it was found that
96.3% of all adults had inadequate FV intake, with males and females having a prevalence
of 97.6% and 96.0%, respectively. Moreover, young adults, adults, and older adults had an
inadequate FV intake prevalence of 97.0%, 96.1%, and 97.6%, correspondingly. Compared to
urban areas, rural areas had a higher prevalence of inadequate FV intake, and this difference
was statistically significant in rural areas among females (p-value = 0.020) and older adults
(p-value < 0.001). The prevalence of inadequate FV intake among females and older adults
was 95.2% in urban areas, while in rural areas, it was 96.2% and 97.0%, respectively.

In Figure 2, there is a more detailed breakdown of the prevalence of inadequate FV
intake by quintile at the district level. The prevalence of inadequate FV intake varied among
different districts, with percentages ranging from 70.1% to 100% among all adults. Figure 2
provides a more detailed view than at the provincial level. For example, despite showing a
relatively lower prevalence of inadequate FV intake at the provincial level, many districts in
various provinces, such as North Sumatera and Lampung, Central Java and East Java, West
and North Kalimantan, and Papua and West Papua, had a high prevalence of inadequate
FV intake (quintiles 4–5) among all adults. Similarly, despite showing a relatively higher
prevalence at the provincial level, many districts in Riau and Jambi, Central and South
Kalimantan, and Banten and West Java had a lower prevalence of inadequate FV intake
(quintiles 1–2). This pattern was consistent for the prevalence among males, females, young
adults, adults, and older adults.

Supplementary Tables S2 and S3 show the ten districts with the lowest and highest
prevalence of inadequate FV intake among adults, respectively, revealing significant socioe-
conomic disparities. Among all adults, inadequate FV intake ranged from 70.1% in Kolaka
Timur (Sulawesi region) to 100% in several rural regencies in the Sumatera, Sulawesi, and
Papua regions. Moreover, many districts with the lowest prevalence of inadequate FV
intake were rural, while all districts with the highest prevalence were also rural. The
average poverty rates among the districts with the lowest prevalence of inadequate FV
intake were up to 20%, while the rates among the districts with the highest prevalence were
up to 35%.
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Figure 1. Disparity in inadequate FV intake among adults by province in Indonesia, 2018. FV = fruit
and vegetable. Numbers show the prevalence of inadequate FV intake among all adults, males,
females, young adults, adults, and older adults. The prevalence was grouped by quintile.
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Table 1. Prevalence of inadequate FV intake among adults by province in Indonesia, 2018.

Low FV Intake Prevalence (%)

Poverty
Rates (%)

All Males Females
Young
Adults

Adults
Older

Adults

(1) (2) (3) (4) (5) (6) (7)

Bali 4.5 94.8 95.0 94.5 95.6 94.4 95.6
South Kalimantan 4.8 98.8 99.1 98.5 99.7 98.6 98.6

Central Kalimantan 5.0 97.5 97.9 97.1 98.2 97.4 97.0
Jakarta 5.0 95.9 96.6 95.3 97.7 96.1 92.6
Banten 5.3 97.7 98.3 97.1 98.3 97.5 97.8

Bangka Belitung 5.4 98.1 98.4 97.7 98.9 97.9 97.7
West Sumatera 6.6 98.0 98.3 97.7 98.5 97.8 98.1

North Kalimantan 7.0 94.6 95.4 93.7 96.4 94.0 95.7
East Kalimantan 7.1 96.2 96.3 96.0 97.2 96.0 95.6

Riau Islands 7.6 94.7 95.3 94.1 96.9 94.2 95.9
Jambi 7.8 98.1 98.2 98.0 98.6 97.9 98.6

North Maluku 7.9 94.5 94.7 94.3 96.2 93.9 96.1
West Java 7.9 98.6 98.8 98.3 99.1 98.4 98.6

West Kalimantan 8.1 94.7 95.0 94.4 95.4 94.4 95.6
North Sulawesi 8.5 97.3 97.7 96.9 98.0 97.3 96.8

Riau 8.8 97.0 97.5 96.4 97.7 96.8 97.0
South Sulawesi 9.8 97.9 97.9 97.9 97.9 97.9 98.0
West Sulawesi 10.3 95.0 95.4 94.6 96.0 94.6 95.7

East Java 10.9 96.0 96.4 95.7 96.8 95.8 96.2
Central Java 10.9 96.9 97.2 96.5 98.1 96.6 96.6

North Sumatera 11.3 95.5 95.9 95.0 96.4 95.2 95.6
Lampung 12.6 92.6 93.2 92.0 95.5 91.7 93.4

Yogyakarta 12.7 94.4 94.4 94.5 96.0 93.9 95.1
Southeast Sulawesi 13.0 96.9 97.3 96.6 97.1 96.8 97.6

South Sumatera 13.1 98.0 98.0 97.9 98.5 97.9 97.8
Central Sulawesi 14.6 95.7 96.1 95.3 96.3 95.4 96.4

West Nusa Tenggara 14.8 96.7 97.7 95.9 96.8 96.7 96.8
Bengkulu 15.0 96.1 96.2 95.9 96.7 95.9 96.5

Aceh 16.4 98.1 98.1 98.0 98.7 97.8 98.6
Gorontalo 16.8 95.7 95.9 95.6 97.0 95.3 96.1
Maluku 21.8 94.2 94.2 94.1 94.8 93.8 95.4

East Nusa Tenggara 22.0 94.9 95.4 94.3 95.9 94.6 94.9
West Papua 26.5 93.1 93.2 92.9 93.6 92.8 94.4

Papua 29.4 96.3 96.5 96.0 96.2 96.3 96.3
Average 96.2 96.5 95.8 97.1 95.9 96.4

Note: FV = fruit and vegetable. Ordered by the average poverty rates (column 1), the provinces in the top box are
the richest and those in the bottom box are the poorest. Shaded values show higher than the national average for
each group.

Tables 3 and 4 display the associations between geographic (e.g., region) and socioeco-
nomic indicators (e.g., income and education) with inadequate FV intake. Table 3 shows
the prevalence of inadequate FV intake by region, income, and education, while Table 4
illustrates the results of multivariable regressions. The prevalence of inadequate FV intake
was higher in Sumatera, Java, Sulawesi, and Kalimantan, by 1.69%, 1.86%, 1.18%, and
2.59%, respectively, in contrast to Papua. This trend was consistent across sex and age
group. Inadequate FV intake was somewhat greater among districts with higher incomes,
although the differences were not statistically significant in the multivariable regression.
In comparison to districts with the least education, districts with the most education, es-
pecially among females, adults, and older adults, had a significantly lower prevalence of
inadequate FV intake, by 1.28%, 1.28%, and 1.25%, respectively.
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Table 2. Characteristics of districts and inadequate FV intake among adults in Indonesia, 2018.

All Urban Rural Difference

n % n % n % % p-Value

(1) (2) (3) (4) (5) (6) (7) = (4–6)

(a) Characteristics (#)
Sample size district 514 100% 97 100% 417 100% 0%

Region
Papua 95 18.5% 9 9.3% 86 20.6% 11.3% 0.008
Java 128 24.9% 35 36.1% 93 22.3% −13.8%

Sumatera 154 30.0% 33 34.0% 121 29.0% −5.0%
Kalimantan 56 10.9% 9 9.3% 47 11.3% 2.0%

Sulawesi 81 15.8% 11 11.3% 70 16.8% 5.4%
514 97 417

Income
Q1 poor 102 19.8% 3 3.1% 99 23.7% 20.6% <0.001

Q2 103 20.0% 5 5.2% 98 23.5% 18.3%
Q3 103 20.0% 13 13.4% 90 21.6% 8.2%
Q4 103 20.0% 22 22.7% 81 19.4% −3.3%

Q5 rich 103 20.0% 54 55.7% 49 11.8% −43.9%
514 97 417

Education
Q1 least 103 20.0% 0 0.0% 103 24.7% 24.7% <0.001

Q2 103 20.0% 11 11.3% 92 22.1% 10.7%
Q3 103 20.0% 17 17.5% 86 20.6% 3.1%
Q4 103 20.0% 29 29.9% 74 17.7% −12.2%

Q5 most 102 19.8% 40 41.2% 62 14.9% −26.4%
514 97 417

(b) Inadequate FV intake (%)
All adults n/a 96.3% n/a 95.8% n/a 96.5% −0.7% 0.093

Male adults n/a 96.7% n/a 96.4% n/a 96.7% −0.3% 0.375
Female adults n/a 96.0% n/a 95.2% n/a 96.2% −1.0% 0.020
Young adults n/a 97.0% n/a 97.4% n/a 97.0% 0.4% 0.309

Adults n/a 96.1% n/a 95.4% n/a 96.3% −0.9% 0.050
Older adults n/a 96.7% n/a 95.2% n/a 97.0% −1.8% <0.001

Note: Q = quintile, n = number, FV = fruit and vegetable, % = proportion of column total, urban = city,
rural = regency. Data on district characteristics are from the World Bank and fruit/vegetable intake data are from
the Basic Health Survey 2018. For p-values, chi-square tests were used in panel (a) and OLS regressions were used
in panel (b). See Supplementary Table S4 for the regression outputs.

Table 3. Prevalence of inadequate FV intake by region, income, and education among adults in
Indonesia, 2018.

Inadequate FV Intake (N = 514 Districts)

All Adults Males Females Young Adults Adults Older Adults

Region
Papua 94.9% 95.1% 94.6% 95.2% 94.6% 95.9%

Sulawesi 96.5% 96.8% 96.3% 97.0% 96.3% 96.9%
Kalimantan 96.8% 97.2% 96.4% 97.6% 96.6% 97.1%
Sumatera 97.2% 97.5% 97.0% 98.0% 97.1% 97.2%

Java 96.1% 96.5% 95.6% 97.0% 95.8% 96.2%
Absolute 1.2% 1.4% 1.0% 1.8% 1.2% 0.3%
Relative 1.01 1.01 1.01 1.02 1.01 1.00
Income
Q1 poor 95.7% 95.8% 95.6% 95.9% 95.6% 96.5%
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Table 3. Cont.

Inadequate FV Intake (N = 514 Districts)

All Adults Males Females Young Adults Adults Older Adults

Q2 95.9% 96.3% 95.5% 96.6% 95.6% 96.6%
Q3 96.7% 97.1% 96.4% 97.5% 96.5% 96.8%
Q4 96.9% 97.2% 96.5% 97.6% 96.7% 97.0%

Q5 rich 96.5% 96.9% 96.2% 97.6% 96.3% 96.4%
Absolute 0.8% 1.1% 0.6% 1.7% 0.7% −0.1%
Relative 1.01 1.01 1.01 1.02 1.01 1.00

Education
Q1 least 96.6% 96.8% 96.5% 96.8% 96.5% 97.2%

Q2 96.5% 96.8% 96.1% 97.1% 96.2% 97.0%
Q3 96.0% 96.3% 95.7% 96.7% 95.8% 96.2%
Q4 96.2% 96.5% 95.9% 97.0% 96.0% 96.5%

Q5 most 96.4% 96.8% 96.0% 97.6% 96.1% 96.4%
Absolute −0.2% 0.0% −0.5% 0.8% −0.4% −0.8%
Relative 1.00 1.00 0.99 1.01 1.00 0.99

Note: FV = fruit and vegetable, Q = quintile. Java region includes Bali, Papua region includes Maluku and Nusa
Tenggara. Income quintile used district-level poverty rate (e.g., Q1 = 20% of districts with highest poverty rate).
Absolute (relative) = difference (ratio) between Papua and Java, as well as Q1 and Q5. For education, absolute
(relative) was between Q1 and Q5, except among urban (Q2 and Q5). Outcome variables are inadequate FV intake
among all adults, males, females, young adults (18–24 years), adults (25–59 years), and older adults (60+ years).

Table 4. Multivariate regression results for geographic and socioeconomic disparity in inadequate
FV intake among adults in Indonesia, 2018.

Inadequate FV intake (N = 514 districts)

All Adults Males Females Young Adults Adults Older Adults

Coef (p-Value) Coef (p-Value) Coef (p-Value) Coef (p-Value) Coef (p-Value) Coef (p-Value)

Region
Papua Reference
Java 1.176 * 1.130 * 1.228 * 1.274 * 1.194 * 0.583

(0.042) (0.047) (0.047) (0.037) (0.047) (0.343)
Sumatera 2.587 ** 2.332 ** 2.828 ** 2.524 ** 2.715 ** 1.776 **

(0.000) (0.000) (0.000) (0.000) (0.000) (0.003)
Kalimantan 1.691 * 1.617 * 1.714 * 1.633 * 1.740 * 1.365

(0.020) (0.023) (0.027) (0.032) (0.021) (0.077)
Sulawesi 1.859 ** 1.647 ** 2.075 ** 1.618 * 1.956 ** 1.262

(0.002) (0.006) (0.001) (0.011) (0.002) (0.051)
Income

Quintile 1 poor Reference
Quintile 2 −0.359 −0.040 −0.683 0.013 −0.491 −0.135

(0.521) (0.942) (0.254) (0.983) (0.401) (0.822)
Quintile 3 0.374 0.653 0.089 0.791 0.297 0.055

(0.523) (0.258) (0.887) (0.200) (0.626) (0.930)
Quintile 4 0.389 0.710 0.058 0.808 0.321 0.094

(0.507) (0.218) (0.926) (0.191) (0.598) (0.881)
Quintile 5 rich 0.341 0.601 0.076 1.014 0.242 −0.301

(0.585) (0.328) (0.909) (0.123) (0.710) (0.651)
Education

Quintile 1 least Reference
Quintile 2 −0.628 −0.482 −0.790 −0.323 −0.750 −0.451

(0.235) (0.356) (0.162) (0.562) (0.174) (0.424)
Quintile 3 −1.171 * −1.030 * −1.319 * −0.763 −1.285 * −1.336 *

(0.027) (0.048) (0.019) (0.170) (0.020) (0.018)
Quintile 4 −1.059 * −0.925 −1.195 * −0.581 −1.197 * −1.007

(0.045) (0.076) (0.035) (0.297) (0.030) (0.074)
Quintile 5 most −1.066 −0.855 −1.284 * −0.262 −1.280 * −1.246 *

(0.057) (0.122) (0.032) (0.657) (0.029) (0.038)

Note: FV = fruit and vegetable, Coef = coefficient, Q = quintile. Java region includes Bali, Papua region includes
Maluku and Nusa Tenggara. Income quintile used district-level poverty rate (e.g., Q1 = 20% of districts with
highest poverty rate). Outcome variables are inadequate FV intake among all adults, males, females, young adults
(18–24 years), adults (25–59 years), and older adults (60+ years). * = Significant at the 5% level, and ** = significant
at the 1% level.
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Figure 2. Disparity in inadequate FV intake among adults by district in Indonesia, 2018. FV = fruit
and vegetable. Numbers show the prevalence of low FV intake among all adults, males, females,
young adults, adults, and older adults. The prevalence was grouped by quintile.

4. Discussion

In 2018, we found an alarmingly high prevalence of inadequate FV intake among
Indonesian adults aged 18 and above. At the district level, the prevalence of inadequate FV

117



Nutrients 2023, 15, 2160

intake was 96.3%, 97.6%, and 96.0% for all adults, males, and females, respectively. Across
age groups, the prevalence was 97.0%, 96.1%, and 97.6% for young adults (18–24 years),
adults (25–59 years), and older adults (60 years and above), respectively. These findings are
comparable to other LMICs, such as India (95.8%), Pakistan (96.5%), Nepal (99%), Ethiopia
(98.5%), and Kenya (94%) [26–30].

Our research revealed that there was a significant disparity in inadequate FV intake
among adults in Indonesia based on both geography and socioeconomic status across
514 districts. Rural districts had, on average, a higher prevalence of inadequate FV in-
take (i.e., poorer FV diet), especially among females and older adults, compared to urban
districts. However, note that many districts with the lowest prevalence of inadequate FV
intake (i.e., better FV diet) were rural regencies. In high-income countries, FV intake can
vary between urban and rural areas due to factors such as access to fresh produce, income,
education, and cultural practices. However, there are some general trends that urban
areas tend to have greater access to a variety of fruits and vegetables due to the presence
of supermarkets, grocery stores, and specialty shops. This can lead to a higher overall
consumption of fruits and vegetables in urban areas compared to rural areas [11,31]. In
LMICs, FV intake in urban and rural areas can be quite different due to various factors, such
as access to markets, availability, affordability, cultural practices, and overall dietary pat-
terns [32]. In many LMICs, urban residents may have better access to markets and a wider
variety of fruits and vegetables due to the concentration of shops, supermarkets, and local
vendors. However, urban populations can also experience disparities in access to healthy
food options, particularly in low-income neighborhoods or informal settlements [27,29]. In
rural areas of LMICs, residents might have more opportunities to grow their own fruits
and vegetables, leading to increased consumption of fresh produce. However, the diversity
of fruits and vegetables available may be limited due to seasonality, geographic constraints,
or a lack of market access to a wider variety of fresh produce [16,27,29].

Our study also found that districts in more developed regions (Java, Sumatera, Kali-
mantan, and Sulawesi) had poorer FV diets than those in less developed regions (Papua,
Maluku, and Nusa Tenggara). In LMICs, FV intake can significantly vary between regions
and within communities due to various factors. Some less developed regions might have a
lower FV intake due to factors such as limited access to markets, lower income levels, and
fewer diverse food options. Analysis among 18 countries from the Prospective Urban Rural
Epidemiology (PURE) study found the cost of two servings of fruits and three servings of
vegetables per day per individual accounted for 52.0% of the household income in low-
income countries, 18.1% in lower-middle income countries, 15.9% in upper-middle income
countries, and 1.9% in high-income countries [33]. However, local agricultural practices
and traditional diets in some LMICs might lead to higher levels of FV consumption. A
2014 study in Ghana found that the FV intake was notably higher in the Forest zone, where
the production of fruits and vegetables was more advanced compared to the Savannah and
Coastal zones [16].

Our findings showed that districts with lower incomes tended to have poorer FV
diets, but the associations were not significant in the multivariate regression. Moreover, we
found that districts with less education had poorer FV diets, particularly among females,
adults, and older adults. These results align with previous studies. A geospatial analysis
from the United States found that poorer socioeconomic status at the neighborhood level
was associated with lower FV intake [11]. Another study in Brazil showed that average
FV intake was higher in neighborhoods with higher incomes and concentration of food
stores, and a better index of access to healthy foods [12]. Similarly, a multilevel study in the
Netherlands found significant disparities in FV intake, with odds ratios of not consuming
FV at 5.47 among the lowest-educated groups [14].

For policy, inadequate FV intake among adults in Indonesia is a significant public
health concern and is associated with high rates of CVDs and diabetes, and their main
risk factors, such as obesity and hypertension [18,22,34]. There are several policy impli-
cations that can be drawn. First, policymakers should consider incorporating the study’s
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evidence-based insights into the development of targeted interventions, in order to bridge
the gap in FV intake between rural and urban areas, as well as between different socioeco-
nomic groups in Indonesia. This may include enhancing access to diverse and affordable
FV options in rural and low-income areas through improved transportation and market
infrastructure, as well as supporting local agricultural practices [35,36]. Additionally, pub-
lic health campaigns should emphasize the importance of FV consumption and aim to
increase awareness, particularly among females, older adults, and those with lower levels
of education. These campaigns can be tailored to the cultural practices and dietary patterns
of specific regions, taking into account the unique challenges faced by communities in both
developed and less developed areas [32,33]. Lastly, further research is needed to identify
and address barriers to FV intake in specific districts and to evaluate the effectiveness of
interventions in improving dietary habits among the Indonesian population.

Our study is the first to investigate disparities in inadequate FV intake among adults
across more than 500 districts. However, it has at least three limitations, which may be
due to at least two reasons. Firstly, we were unable to examine a sub-group analysis by
ethnicity as we lacked relevant data in our dataset [37]. Secondly, the study was conducted
using cross-sectional data, and trends over time could not be assessed. Thirdly, there was
only a small urban area (i.e., 95 cities of 514 districts), which may limit the comparison. Our
definition of urban/rural (cities = urban and regencies = rural) may not capture the most
accurate variations in terms of more/less developed regions as well as education/income
levels. For instance, some regencies that are adjacent or closer to cities may have a similar
development/education/income level to the cities. Nevertheless, our findings are essential
for informing health policies in Indonesia and other LMICs.

5. Conclusions

Our study in Indonesia showed an alarmingly high prevalence of inadequate FV
intake among adults, with 96.3% in 2018. The prevalence of inadequate FV intake dras-
tically varied across the 514 districts, ranging from 70.1% to 100%. Notable geographic
and socioeconomic disparities were observed across the districts studied. Rural districts
exhibited a higher prevalence of inadequate FV intake, translating to poorer diets, par-
ticularly among females and older adults, when compared to their urban counterparts.
Interestingly, districts within more developed regions had poorer FV diets than those in
less developed regions. Although districts with lower incomes generally had poorer FV
diets, the association was not significant in multivariate analysis. However, districts with
lower levels of education demonstrated poorer FV diets, especially among females, adults,
and older adults. Although our study has limitations, it provides crucial insights for health
policies in Indonesia and other LMICs.
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Abstract: In Peru, Venezuelan migrants and refugees have been exposed to food shortages before their
emigration. This problem could have worse outcomes in vulnerable populations (such as people with
disabilities); however, the literature on the basic needs of this population is still scarce. The objective
was to determine the association between the presence of disability and the unmet need for access to
food in the household of the Venezuelan migrant and refugee population residing in Peru. A cross-
sectional study was conducted using data from the Second Survey of the Venezuelan Population
Residing in Peru (ENPOVE 2022). The outcome variable was unmet need for food, while the
independent variable was the presence of disability. Poisson log generalized linear regression models
(crude and adjusted for potential confounding variables) were fitted to evaluate the association
between the variables of interest, reporting prevalence ratios (PR) and 95% confidence intervals (CIs).
A total of 7739 migrants and refugees from Venezuela were included. The proportion of unmet need
for access to food in the household was 45.2%, while the proportion of disability was 2.1%. People
with disabilities were found to be more likely to have an unmet need for access to food at home
(adjusted PR [aPR]: 1.25; 95% CI: 1.08–1.46; p = 0.003). According to our findings, almost half of
Venezuelan households were found to have an unmet need for access to food. In addition, Venezuelan
migrants and refugees with disabilities were more likely to have an unmet need for this basic need.

Keywords: immigrants; refugees; food; people with disability; Peru

1. Introduction

People with disabilities are a vulnerable and underserved group who experience
difficulties in accessing health, education, employment, and social support services [1].
It is estimated that more than one billion people around the world live with disabilities
(representing 15% of the world’s population) [1,2], and about 80% of this population resides
in low- and middle-income countries (LMIC) [3]. In Latin America and the Caribbean
(LAC), the highest proportion of migrants and refugees with disabilities and their families
reside in Peru (31.5%), followed by Colombia (15.1%) and the Dominican Republic (11.8%).
Forty percent are male, aged 36 to 59 years (43.2%), and they are illegal immigrants in the
city where they reside (53.8%) [4]. Despite the fact that government institutions seek to
ensure that people with disabilities have access to health services, education, employment,
and other basic needs, this population experiences worse health outcomes and inequalities
in access to food compared to the general population, which could be further accentuated
by their migratory status [1,5]. However, data on the proportion of migrants and refugee
population are scarce and vary considerably from one region to another [6,7], which could
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be attributed to the lack of recognition of forms of disability; lack of uniform definitions of
disability; and cultural, social and economic barriers that hinder the migration of people
with disabilities.

In LAC, the Venezuelan migrant and refugee population have maintained an unsat-
isfied need for food since before their emigration, because in their cities of origin, they
experienced food shortages and high costs, demonstrated by a hypocaloric diet low in
nutrients [8]. In addition, in LMIC (as in the countries that make up the LAC region), people
with disabilities live in conditions of poverty and extreme poverty, with a lack of access to
health services, inadequate sources of drinking water and sanitation, and a lack of food [9].
Specifically, the lack of access to food in people with disabilities is associated with poverty,
which results in higher rates of malnutrition and it is has even been observed that people
with disabilities have a higher risk of this condition due to their nutritional requirements [9–
11]. This problem could further increase the lack of access to adequate quantity and quality
of food in the migrant and refugee population with disabilities, leading to an increase in the
prevalence of nutritional diseases and worse health outcomes due to their disability status.
Although inequalities in access to food is a priority in the Sustainable Development Goals
in vulnerable populations (such as people with disabilities) [7], epidemiological studies
conducted in LMIC have only focused on the relationship between disability and access to
food [12], without considering the migratory status of people in their evaluations.

In Peru, about 10% of the national population has some type of disability [13]. On the
other hand, Peru is the second Latin American country that hosts the largest number of
Venezuelan migrants since 2016, reaching a figure of more than one million migrants in
the last year [13]. In this regard, a previous study conducted in the Venezuelan migrant
and refugee population residing in Peru reported that food insecurity in this population
exceeded 60% (11% with a severe food insecurity and 52% with moderate food insecu-
rity) [14]. Although studies show high rates of lack of access to food in the migrant and
refugee population in Peru, there is little scientific evidence on this outcome in people with
disabilities according to their migratory status. In fact, the scarce biomedical literature only
focuses on studies that evaluate the disadvantages of people with disabilities in terms of
public policies on food and access to health services [15,16]. Therefore, the aim of this study
was to determine the association between the presence of disability and the unmet need for
access to food in the household of the Venezuelan migrant and refugee population residing
in Peru.

2. Materials and Methods

2.1. Design and Data Source

This study involved a secondary data analysis based on data from the Second Survey
of the Venezuelan Population Residing in Peru (ENPOVE 2022—acronym in Spanish)
that used a cross-sectional study design to collect the data [17]. The objective of the
ENPOVE is to obtain demographic and socioeconomic information on the Venezuelan
refugee and migrant population in Peru. The survey was carried out by the National
Institute of Statistics and Informatics (INEI—acronym in Spanish) of Peru during the
months of February and March 2022. ENPOVE 2022 was sponsored and financed by the
World Bank, the United Nations Refugee Agency (UNHCR), the International Organization
for Migration (IOM), the United Nations Population Fund (UNFPA), the United Nations
Children’s Fund (UNICEF), and the World Food Program (WFP) [17].

The sampling frame was based on information from the Registry of Dwellings and
Establishments of the National Labor Market Survey (ENAMEL) and the National Su-
perintendence of Migration of Peru [18]. A sample frame of 236,074 households of the
Venezuelan population in Peru was constructed and a total of 195,710 households were ob-
tained, representing 82.9% of the total number of households of the Venezuelan population
at the national level. The target population were people of Venezuelan nationality (refugees,
refugee applicants, migrants, and people with protection needs), who usually reside in
private and collective households in urban areas of the main cities of Peru (Tumbes, Piura,
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Chiclayo, Trujillo, Chimbote, Ica, Arequipa, Metropolitan Lima) [18]. The ENPOVE 2022
defines a household as a group of people, whether or not they are relatives, who share
the main meals and attend to their vital needs together. The information was collected by
direct interview and the information was recorded on a tablet by interviewers who were
previously trained [18].

The sample selection was probabilistic, stratified, and independent in each study
city [18]. The total sample size was 3680 households of the Venezuelan population. A total
of 12,487 participants were included in the ENPOVE 2022 database of individuals. Further
specifications on the sample design, procedures, and data collection can be found in the
ENPOVE 2022 data sheet and report [17,18]. The sample selected for this study consisted
of 7739 Venezuelan migrants and refugees aged 18 years or older with complete data on
the variables studied.

2.2. Variables
2.2.1. Outcome

Based on the response to the question “What would be the three main needs, which are
not being met in your household today?”, we defined the dependent variable of the study
as “Unmet need for access to food in the household” being a “Yes” when the participants
answered that “Food” would be one of the main needs not being met in the household, and
as “No” otherwise.

2.2.2. Exposition

The disability variable was constructed from the Washington Group’s disability ques-
tions [19]. The questions were: Do you have permanent limitations in moving or walking,
in using arms and legs? Do you have permanent limitations in seeing, even when wearing
glasses? Do you have permanent limitations in speaking or communicating, even when
using sign language or other? Do you have permanent limitations in hearing, even when
using hearing aids? Do you have permanent limitations in understanding or learning
(concentrating and remembering)? Do you have permanent limitations in relating to others,
because of your thoughts, feelings, emotions, or behaviors? The possible response cate-
gories were yes or no. We considered a person to have a disability if they answered yes to
at least one of the questions.

2.2.3. Covariates

The following variables were selected as potential confounders: age in age groups
(18–59 years, 60 or older), gender (male, female), educational level (up to primary education,
secondary education, higher education), chronic disease (no, yes), migration permit (no,
yes), work in the last week (no, yes), wealth index (low, middle, high), period of arrival
to Peru (pre-pandemic, during the COVID-19 pandemic), and city of residence (Tumbes,
Piura, Chiclayo, Trujillo, Chimbote, Ica, Arequipa, Metropolitan Lima).

The creation of the wealth index took into consideration housing characteristics (walls,
roofs, floors, water, drainage and lighting) and household goods or services (internet,
television, stove, blender, iron, computer, cell phone, landline, radio, refrigerator and
washing machine). Each characteristic was recategorized as a dichotomous variable (yes,
no), assigning it a score generated through principal component analysis and each house-
hold was assigned a score for each characteristic, and the scores for each household were
summed [20]. From the results that included the sample weights, households were classi-
fied according to the total score of the household, and three equal categories (terciles) were
created: “low”, “middle”, and “high”.

2.3. Statistical Analysis

Stata 17.0 (StataCorp, College Station, TX, USA) was used to clean, recode, and analyze
the data. All analyses included the complex sampling characteristics and sampling weights
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of the ENPOVE 2022, in addition to the subpop command (respondents aged 18 years or
older).

Summary statistics and cross tabulations were used to describe the study sample.
Chi-square tests with Rao–Scott correction were performed to determine the differences
between the proportions of the variables included in the study. Poisson log generalized
linear regression models (crude and adjusted for potential confounding variables) were
fitted to evaluate the association between disability and food need, reporting prevalence
ratios (PR) and 95% confidence intervals (CIs) as measures of association. Finally, a p value
less than 0.05 was considered statistically significant.

2.4. Ethical Considerations

The ENPOVE 2022 surveyors obtained informed consent from the participants at
the beginning of the survey. The ENPOVE 2022 databases do not contain information
that would allow respondents to be identified. The ENPOVE 2022 databases and other
relevant documents are freely available in the INEI’s microdata repository (https://iinei.
inei.gob.pe/microdatos/ (accessed on 26 January 2023)) and no formal ethical clearance
was obtained since we conducted a secondary analysis of publicly available data.

3. Results

A total of 7739 migrants and refugees from Venezuela were included in the analysis.
The mean age was 33.1 years (standard deviation [SD]: 10.5), and more female than male
respondents were included (3999 vs. 3740, respectively). The sociodemographic and
economic characteristics of both groups (men and women) are shown in Table 1.

Table 1. Characteristics of the Venezuelan migrants and refugees included in this study, ENPOVE
2022.

Characteristic
Males
n (%) *

Females
n (%) *

Overall 3740 (100) 3999 (100)
Age, mean (+/− SD) 33.1 (10.5) 35.0 (12.2)
Age group (years)

18–59 3633 (97.5) 3807 (95.1)
60 or more 107 (2.5) 192 (4.9)

Educational level
Higher education 1422 (41.2) 1843 (50.7)
Secondary education 1782 (48.5) 1669 (40.4)
Up to primary education 536 (10.3) 487 (8.9)

Chronic disease
No 3327 (90.1) 3075 (77.2)
Yes 413 (9.9) 924 (22.8)

Migration permit
No 1307 (27.2) 1560 (32.1)
Yes 2433 (72.8) 2439 (67.9)

Work in the last week
Yes 3341 (89.8) 2498 (63.9)
No 399 (10.2) 1501 (36.1)

Wealth index
Low 1235 (30.2) 1182 (27.2)
Middle 1260 (34.2) 1366 (33.2)
High 1242 (35.6) 1442 (39.7)

Period of arrival to Peru
During the COVID-19

pandemic 892 (22.1) 1113 (26.0)

Pre-pandemic 2848 (77.9) 2886 (74.0)
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Table 1. Cont.

Characteristic
Males
n (%) *

Females
n (%) *

City of residence
Arequipa 215 (3.5) 213 (3.3)
Chiclayo 198 (1.4) 242 (1.6)
Chimbote 258 (1.6) 262 (1.5)
Ica 217 (2.7) 188 (2.2)
Metropolitan Lima 2004 (83.0) 2162 (83.3)
Piura 215 (2.2) 234 (2.2)
Trujillo 410 (4.8) 449 (5.0)
Tumbes 223 (0.9) 249 (1.0)

* The weighting factor and sample specifications of ENPOVE were included. ENPOVE: Encuesta dirigida a la
población venezolana que reside en el Perú. SD: standard deviation, CI: confidence interval. Values are the
number of participants and percentages, unless stated otherwise.

Table 2 shows that the proportion of unmet need for access to food at home was
45.2% (95% CI: 43.0–47.4). Among migrants and refugees without disability, 44.8% reported
unmet food need; in those with disability, 61.4% reported unmet food need. The highest
proportions of this outcome were found in people aged 60 years or older (52.5%); females
(48.0%); in those with a high school education (52.2%); chronic illness (49.4%); without a
legal stay permit (52. 2%); who did not work in the week prior to the survey (54.2%); had a
low wealth index (54.0%); had migrated during the pandemic (48.5%); and resided in the
city of Tumbes (58.2%), Piura (50.6%), or Chimbote (49.4%).

Table 2. Frequency of unmet need for access to food in the household among Venezuelan migrants
and refugees by background characteristics, ENPOVE 2022.

Characteristics

Unmet Need for Access to Food in the
Household

No (n = 4242)
% * (95% CI)

Yes (n = 3497)
% * (95% CI)

p-Value **

Overall 54.8 (52.6–57.0) 45.2 (43.0–47.4)
Disability

No 55.2 (52.9–57.4) 44.8 (42.6–47.1) 0.001
Yes 38.6 (29.6–48.4) 61.4 (51.6–70.4)

Age group (years)
18–59 55.1 (52.9–57.3) 44.9 (42.7–47.1) 0.046
60 or more 47.5 (40.2–55.0) 52.5 (45.0–59.8)

Gender
Male 57.8 (55.3–60.3) 42.2 (39.7–44.7) <0.001
Female 52.0 (49.4–54.6) 48.0 (45.4–50.6)

Educational level
Higher education 61.8 (58.9–64.5) 38.2 (35.5–41.1) <0.001
Secondary

education 47.8 (44.7–50.8) 52.2 (49.2–55.3)

Up to primary
education 54.0 (48.9–59.1) 46.0 (40.9–51.1)

Chronic disease
No 55.7 (53.3–58.0) 44.3 (42.0–46.7) 0.013
Yes 50.6 (46.8–54.4) 49.4 (45.6–53.2)

Migration permit
No 47.8 (44.6–51.0) 52.2 (49.0–55.4) <0.001
Yes 57.8 (55.3–60.2) 42.2 (39.8–44.7)

Work in the last week
Yes 57.6 (55.3–59.9) 42.4 (40.1–44.7) <0.001
No 45.8 (42.5–49.1) 54.2 (50.9–57.5)
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Table 2. Cont.

Characteristics

Unmet Need for Access to Food in the
Household

No (n = 4242)
% * (95% CI)

Yes (n = 3497)
% * (95% CI)

p-Value **

Wealth index
Low 46.0 (42.4–49.7) 54.0 (50.3–57.6) <0.001
Middle 51.1 (47.7–54.5) 48.9 (45.5–52.3)
High 64.9 (61.5–68.1) 35.1 (31.9–38.5)

Period of arrival to
Peru

During the
COVID-19 pandemic 51.5 (48.0–55.0) 48.5 (45.0–52.0) 0.019

Pre-pandemic 55.9 (53.5–58.3) 44.1 (41.7–46.5)
City of residence

Arequipa 64.2 (57.1–70.7) 35.8 (29.3–42.9) <0.001
Chiclayo 55.0 (46.8–62.9) 45.0 (37.1–53.2)
Chimbote 50.6 (43.8–57.3) 49.4 (42.7–56.2)
Ica 62.7 (54.5–70.2) 37.3 (29.8–45.5)
Metropolitan

Lima 54.1 (51.5–56.7) 45.9 (43.3–48.5)

Piura 49.4 (41.6–57.2) 50.6 (42.8–58.4)
Trujillo 63.1 (57.5–68.3) 36.9 (31.7–42.5)
Tumbes 41.8 (35.4–48.6) 58.2 (51.4–64.6)

Data are displayed as weighted % of the row unless indicated otherwise. * The weighting factor and sample
specifications of ENPOVE were included. ** Estimated p-value using the chi-square test with Rao–Scott adjustment.
ENPOVE: Encuesta dirigida a la población venezolana que reside en el Perú. CI: confidence interval.

The proportion of disability among Venezuelan migrants and refugees was 2.1%. The
highest proportions of disability were found in those 60 years of age or older (8.5%), had
up to primary education (4.2%), had a chronic illness (5.0%), had not worked in the week
prior to the survey (4.2%), had migrated during the pandemic period (3.0%), and resided
in Chiclayo (5.0%) (Table 3).

Table 3. Frequency of disability among Venezuelan migrants and refugees by background character-
istics, ENPOVE 2022.

Characteristics

Disability

No (n = 7583)
% * (95% CI)

Yes (n = 156)
% * (95% CI)

p-Value **

Overall 97.9 (97.5–98.3) 2.1 (1.7–2.5)
Age group (years)

18–59 98.2 (97.7–98.6) 1.8 (1.4–2.3) <0.001
60 or more 91.5 (87.2–94.4) 8.5 (5.6–12.8)

Gender
Male 98.1 (97.5–98.6) 1.9 (1.4–2.5) 0.346
Female 97.8 (97.0–98.3) 2.2 (1.7–3.0)

Educational level
Higher education 98.7 (98.1–99.1) 1.3 (0.9–1.9) <0.001
Secondary

education 97.6 (96.8–98.2) 2.4 (1.8–3.2)

Up to primary
education 95.8 (93.5–97.4) 4.2 (2.6–6.5)

Chronic disease
No 98.5 (98.0–98.9) 1.5 (1.1–2.0) <0.001
Yes 95.0 (93.4–96.3) 5.0 (3.7–6.6)
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Table 3. Cont.

Characteristics

Disability

No (n = 7583)
% * (95% CI)

Yes (n = 156)
% * (95% CI)

p-Value **

Migration permit
No 97.5 (96.6–98.2) 2.5 (1.8–3.4) 0.200
Yes 98.1 (97.6–98.6) 1.9 (1.4–2.4)

Work in the last week
Yes 98.6 (98.1–99.0) 1.4 (1.0–1.9) <0.001
No 95.8 (94.4–96.9) 4.2 (3.1–5.6)

Wealth index
Low 98.1 (97.1–98.8) 1.9 (1.2-2.9) 0.542
Middle 98.1 (97.4–98.7) 1.9 (1.3–2.6)
High 97.7 (96.7–98.3) 2.3 (1.7–3.3)

Period of arrival to
Peru

During the
COVID-19 pandemic 97.0 (95.8–97.9) 3.0 (2.1–4.2) 0.011

Pre-pandemic 98.2 (97.7–98.7) 1.8 (1.3–2.3)
City of residence

Arequipa 97.7 (95.6–98.8) 2.3 (1.2-4.4) 0.005
Chiclayo 95.0 (91.6–97.0) 5.0 (3.0–8.4)
Chimbote 99.1 (97.7–99.6) 0.9 (0.4–2.3)
Ica 99.7 (98.7–99.9) 0.3 (0.1–1.3)
Metropolitan

Lima 97.9 (97.3–98.3) 2.1 (1.7-2.7)

Piura 98.7 (96.8–99.5) 1.3 (0.5-3.2)
Trujillo 98.4 (96.9–99.2) 1.6 (0.8–3.1)
Tumbes 99.1 (97.0–99.7) 0.9 (0.3–3.0)

Data are displayed as weighted % of the row unless indicated otherwise. * The weighting factor and sample
specifications of ENPOVE were included. ** Estimated p-value using the chi-square test with Rao–Scott adjustment.
ENPOVE: Encuesta dirigida a la población venezolana que reside en el Perú. CI: confidence interval.

Regarding the association of interest, the crude analysis showed that there was an
association between having a disability and an unmet need for access to food at home
(PR: 1.37; 95% CI: 1.17–1.61; p < 0.001). This same association was observed in the analysis
adjusted for the covariates gender, age, educational level, chronic diseases, work in the
last week, wealth index, period to arrival to Peru, and city of residence, with people with
disabilities being more likely to have an unmet need for access to food in the household
(adjusted PR [aPR]: 1.25; 95% CI: 1.08–1.46; p = 0.003) (Table 4).

Table 4. Association between disability and unmet need for access to food in the household among
Venezuelan migrants and refugees, ENPOVE 2022.

Variable
Crude Adjusted *

PR (95% CI) p-Value aPR (95% CI) p-Value

Disability
No Reference Reference
Yes 1.37 (1.17–1.61) <0.001 1.25 (1.08–1.46) 0.003

Weighting factors and sample specifications of ENPOVE were included for all analysis. ENPOVE: Encuesta
dirigida a la población venezolana que reside en el Perú. PR: prevalence ratio. aPR: adjusted prevalence ratio. CI:
confidence interval. * Model adjusted for gender, age, educational level, chronic disease, work in the last week,
wealth index, period of arrival to Peru, and city of residence.

4. Discussion

The objective of this study was to determine the association between the presence of
disability and the unsatisfied need for access to food in the households of the Venezuelan
migrant and refugee population residing in Peru. It was found that 2 out of 100 Venezuelan
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migrants and refugees have a disability. On the other hand, almost half of the households
in which migrants and refugees from Venezuela reside have an unmet need for access to
food. In addition, it was found that migrants and refugees from Venezuela with disabilities
were more likely to have an unmet need for access to food at household level.

In relation to the outcome of the present study, approximately 5 out of 10 Venezuelan
migrants and refugees in Peru had an unsatisfied need for access to food in their house-
holds. This finding is lower than that reported in the official reports conducted in Ecuador
and Colombia, in which 82.8% and 85% of households with migrants and refugees from
Venezuela had an unmet need for food in 2022 and 2021, respectively [21,22]. These differ-
ences could be attributed to the lack of a sampling frame (since they used the databases of
non-governmental organizations), the form of telephone interview, and particularly, the
Colombian survey was conducted in the context of the COVID-19 pandemic, during which
there was a higher proportion of unmet basic needs. These characteristics could increase the
proportion of this outcome. Our finding could be attributed to various factors experienced
by the Venezuelan migrant and refugee population when they migrate to another country,
such as their illegal migratory status, lack of employment, low income, food insecurity, and
informality in employment [23,24]. On the other hand, our result reflects a cyclical problem
that the population from Venezuela had been experiencing since before their emigration
due to the constant lack of adequate food, which could translate into worse nutritional
indicators and an increase in diseases or deficiencies.

Regarding the presence of disability, 2% of Venezuelan migrants and refugees reported
having a disability at the time of the survey. This finding is in contrast to that reported by the
UNHCR and the Latin American Network of Persons with Disabilities and their Families
(RIADIS), which estimated that 39.0% of the Venezuelan population with disabilities and
their families reside in Peru [4]. This difference could be attributed to the fact that healthier
people with greater economic resources are more likely to migrate to other countries [25,26],
which could explain the advantage in terms of disability of these migrants compared
to other populations. On the other hand, this figure could expose a social and public
health problem because people with disabilities who have migrated to other countries
experience situations of discrimination, violation of human rights, and unmet basic needs
of access to health services and food [4,27,28], which could be reflected in worse living
standards for a population that, due to its characteristics, has greater needs. In this sense,
the main non-governmental institutions, such as UNHCR, seek to guarantee access to vital
services for migrants with disabilities and encourage the application of their skills for their
own benefit. Nonetheless, there are still problems of social inclusion of this population
due to the lack of access to disability certificates or incorporation of this population in
humanitarian programs [4,29,30]. Therefore, strategies for the support and social inclusion
of this vulnerable population should be reinforced with the objective of reducing the social
and economic inequality they experience due to their migrant and disability status.

As a main finding, our study found that Venezuelan migrants and refugees with
disabilities were more likely to have an unmet need for access to food. While the Venezuelan
migrant and refugee population already had a lack of food access and availability prior to
emigration [8], our finding could be attributed to the impact of emigration coupled with
the health and economic crisis caused by the COVID-19 pandemic [4]. Both precedents
have generated inadequate living conditions in the migrant and refugee population with
disabilities due to the loss of income sources and eviction from their homes, resulting in
poor access to basic needs such as food [4,31]. In addition, there is a possibility that given the
lack of resources, these households consume hypercaloric and nutrient-poor foods, which
according to the biomedical literature, are associated with obesogenic dietary behavior,
worse nutritional indicators, and an increase in the incidence of chronic noncommunicable
diseases [32].

The public health implications of this study are based on three main considerations.
First, intersectoral work should be carried out on migrants and refugees with disabilities
to promote their social inclusion, access to basic needs, and legal permanence in the
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city where they reside. Second, Peruvian governmental institutions should focus on
the fulfillment of Sustainable Development Goal 2.1, which seeks to ensure access to all
populations, especially people who experience greater vulnerability (such as people with
disabilities) [7] to reduce the prevalence and burden of disease due to nutritional diseases.
Finally, governmental and non-governmental institutions should redouble their efforts to
continue humanitarian support to migrants and refugees with disabilities, which is one of
the main recommendations issued by UNHCR and RIADIS, in order to cover basic needs
such as employment, access to health services, and food [4].

One of the main strengths of this study is the use of a survey, including a large
number of Venezuelan migrants and refugees residing in Peru, that was designed by
INEI in conjunction with the main international organizations that seek the protection of
migrants and refugees, and thereby provides a current overview of the disability status
of this migrant and refugee population. Nevertheless, this study has limitations. First,
the lack of temporality in the measurement of the variables due to its cross-sectional
design prevents establishing causality. Second, there could be an information bias when
considering specific events that occurred in the past. Third, it is possible that there was an
over-report or under-report of disabilities by the participants, as previously described [33].
Finally, some variables may not have been included as potential confounders, such as the
migrants having food insecurity before moving to Peru.

5. Conclusions

In conclusion, it was found that approximately 50% of migrants and refugees from
Venezuela have an unmet need for access to food, while 2% have a disability. In addition,
having a disability increased the probability of having an unmet need for food access in
this Venezuelan population. Considering these findings, non-governmental institutions
together with the Peruvian state should focus their strategies on social inclusion and
economic and humanitarian support for migrants and refugees with disabilities to improve
their access to basic needs such as food, in order to reduce negative nutritional indicators
and the occurrence of chronic non-communicable diseases. In addition, our research
provides evidence on the main dietary requirements of a minority population that has been
understudied and neglected in recent decades.
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Abstract: Eating alone and poor dental status have been reported to influence dietary intake in older
adults. First, we compared nutrient and food intake and dental markers between women eating alone
and together, who participated in a home health management program conducted by Kanazawa
Medical University. The results showed the significantly higher intake of fresh fruit and some micro-
nutrients and a lower decayed, missing, and filled teeth (DMFT) index (better dental status) in women
eating alone after adjusting for age, suggesting that dental status may mediate the association between
commensality and dietary intake. Then, we investigated nutrients and foods at risk for insufficient
intake and associated with increasing dental markers. The risks for the insufficient intake of protein
and n-3 and n-6 polyunsaturated fatty acids (PUFAs) were significantly increased with an increasing
DMFT index. The risk for n-3 PUFA intake also increased with increasing numbers of missing teeth
in women. Foods at risk for insufficient consumption included beans for women with an increasing
DMFT index and green and yellow vegetables, fresh fruits, and meat and fish for women with
increasing numbers of missing teeth. These findings suggest that good health management, including
the treatment of decayed teeth, is important for the prevention of malnutrition in community-dwelling
healthy older women.

Keywords: eating alone; dental status; nutrient intake; food consumption; older adults

1. Introduction

Older adults are at risk for malnutrition because of physiological and metabolic changes
that progress during aging, particularly those that occur in the digestive organs, such as
decreased gastric acid secretion and salivary production, which lead to the insufficient diges-
tion and absorption of nutrients, and appetite loss due to a diminished sense of smell and
taste [1]. In a population-based study in Germany of more than 1000 community-dwelling
older adults aged ≥65 years, frequent subclinical micronutrient deficiencies, such as the
lower intake of iron, folate, vitamin D, and vitamin B12, were reported, although malnutri-
tion indicated by a low body mass index (BMI) due to insufficient protein and energy intake
(macronutrient deficiency) was not common [2]. In the same study, physical inactivity and
frailty were indicated as relevant factors associated with subclinical microdeficiencies in this
older German population [2].
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In 2021, Bjorwall et al. reviewed the literature and found that eating alone and eating
together (commensality) were key factors related to eating behavior that could lead to mal-
nutrition in community-dwelling older adults [3]. In older Japanese adults aged ≥65 years,
Tani et al. reported in 2015 that men eating alone were more likely to be underweight (BMI
< 18.5) than men eating together, although no clear association was found between eating
alone and the prevalence of underweight in women [4]. These findings suggest macronu-
trient deficiency only in men. However, the authors of this Japanese study suggested that
micronutrient deficiency might be possible in women who eat alone as a result of more
frequent unhealthy dietary habits, such as skipping meals, in comparison with women
eating together [4].

The alteration of oral health status with aging, such as the increased prevalence of caries,
periodontal disease, and edentulism, and consequent decreased chewing ability due to the
increased loss of teeth directly affects nutrition in older adults [5,6]. In this regard, many
studies that investigate associations between dental status and dietary intake have been con-
ducted in the United Kingdom (UK), the United States, and Asian countries including Japan.
Dental parameters including edentate/dentate, the numbers of present teeth or missing
teeth [7–10], self-reported chewing ability [11,12], and observational chewing ability [13,14]
have been reported to be associated with lower dietary intakes in community-dwelling
older adults. Particularly in Japanese studies, chewing ability evaluated by color-changeable
chewing gum [13] or small numbers of posterior occluding pairs of teeth [14] have been
investigated in relation to lower intakes of various kinds of foods and nutrients, including
minerals and vitamins, in older adults in comparison with their counterparts with normal
oral health status.

Among older adults aged ≥75 years who participated in the Adult Dental Health
Survey 2009 in the UK, older adults who lived alone more frequently wore dentures, self-
reported a poor oral status, and had poor dental care attendance in comparison with their
co-habiting counterparts [15]. In Sweden, a Swedish National Quality Register Study to
investigate relationships between quality of life and oral health among older adults aged
≥65 years reported that living alone was one of the relevant factors in having a higher risk
of oral health problems [16]. These results suggest that older adults living alone and, ipso
facto, eating alone may have an insufficient intake of foods and nutrients, and that this may
be related to oral health problems.

Against this background, we first compared food and nutrient intake and dental
markers among Japanese older women living and eating alone and together and found
different dietary and dental statuses between them, suggesting an association between
commensality (eating alone and together) and dental status. Because the subjects enrolled
were participants in a home health management program organized by our department
at Kanazawa Medical University, the number of men who ate alone was too small for
statistical analysis, with only one man. We then investigated the risks associated with
dental parameters for insufficient food and nutrient intake in women under the hypothesis
that dental status may mediate the association between commensality and dietary intake.
At this time, the reference levels of nutrients recommended from the standpoint of good
health in healthy older adults by the Japanese government [17] were used for defining
cut-off values of insufficient intake.

2. Materials and Methods

2.1. Study Subjects

A total of 84 independent older adults (29 men and 55 women) aged 65 years and
older who resided in Uchinada town, Japan, and participated in home health management
conducted by the Department of Public Health and Epidemiology, Kanazawa Medical
University, were invited to participate the health impact survey consisting of a health
check-up, dietary survey, and dental examination in May 2019. All of them underwent a
health check-up including body size measurement, blood and urinary tests, blood pressure
measurement, electrocardiogram, and chest X-ray examination (Figure 1). The number of
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participants of the dietary survey after the health check-up were 76 older adults (25 men
and 51 women) who had completed dietary records at home (Figure 1).

 
Figure 1. Participants of the health impact survey consisting of a health check-up, dietary survey,
and dental examination.

A total of 54 older adults (21 men and 33 women) from participants to the dietary
survey underwent an oral examination (Figure 1). The participant rate of the dental survey
was lower, particularly in women (60%), compared to that of the dietary survey because
women who visited dentists for regular dental check-up did not want to be examined again
in the current survey.

The information on living alone or together with family, smoking habits, and edu-
cational history were obtained from records of home health management. In the dietary
survey, the information on eating alone or together was collected by dietitians.

The study design and all procedures were approved by the Medical Research Ethics
Review Committee of Kanazawa Medical University (No. I522, 24 June 2020). Written in-
formed consent was obtained from all subjects.

2.2. Measurements
2.2.1. Dental Examination

An intra-oral examination was conducted by a single dentist using a dental mirror and
a dental probe. Participants’ teeth were recorded as sound, decayed, missing, and filled
according to the diagnostic criteria of the Japanese national survey titles “Survey of Dental
Diseases” [18]. Third molars, extractions for orthodontic treatment, and areas considered
innate defects were excluded from missing teeth. The DMFT index numerically expresses
the prevalence of dental caries and is calculated from the sum of numbers of decayed teeth,
missing teeth, and filled teeth. A higher value of DMFT index indicates poorer dental
status [19,20].

2.2.2. Dietary Survey

Subjects were required to record all foods and beverages including ingredients and
portion sizes for 2 days. At the site of the survey, dietitians interviewed the subjects to
confirm their records and the amount of each ingredient, using standard food models (Iwai
Sample, Osaka, Japan) to improve accuracy and estimate their dietary intake. Total energy
intake, macronutrient intake and energy ratios (balances), and micronutrients including
minerals and fatty acids were estimated by the nutritional calculation software “Shokuji-
Shirabe 2011”, developed by the National Institute of Health and Nutrition. At this time,
intakes were calculated after accounting for changes in weight and nutrient content arising
from cooking. To define the lower limit of recommended intakes, we used the Dietary
Reference Intakes for Japanese (2015) [17] for each nutrient. The cutoff values for beans,

135



Nutrients 2023, 15, 2391

fruit, and vegetables were set according to intake levels recommended in the national
health promotion named Healthy Japan 21 [21]. For other foods, such as meat and fish,
intakes were set by referring to the recommended intakes (for 1600 calories per day) in the
handbook based on the 4-food-groups scoring method [22].

2.3. Statistical Analysis

STATA/MP 16.1 (Stata, College Station, TX, USA) was used for statistical analysis.
Adjusted comparisons of demographic factors, dental parameters, and nutrient and food in-
takes were compared between older adults eating alone and together after adjusting for age
using general linear model (analysis of covariance with age as a covariate) in women alone
because of the small number of men eating alone. A logistic regression model was used to
analyze the risks (odds ratios) for insufficient nutrient and food intakes associated with
increasing dental parameters after adjusting for age in women alone because recommended
values for nutrients were different between men and women [17]. In the current analysis,
smoking status and educational history, which are well-known confounding factors in
dental and nutrition status, were not adjusted at this time because there were very few
smokers (two men and no women) and no significant correlations between dental markers
or nutrients and educational history in our subjects. The significance level was set at 5%
(p < 0.05).

3. Results

One man (4.2%) and nineteen women (37.3%) were living alone. All older adults living
alone prepared food by themselves and ate alone on almost all days except for a few days
per month when meeting family members or friends living in different areas. Almost all
older adults who lived with others (95.8% men and 90.6% women) were eating with their
spouse, except for one man and two women who lived and ate with their children and one
woman who lived and ate with her sister. Taken together, in the current study, all subjects
living alone ate alone, and all subjects living together ate together. In the results that follow,
“eating alone or together” means “living and eating alone or together”.

3.1. Comparisons of Body Size and Food and Nutrient Intake between Older Adults Eating Alone
and Together in Each Sex

According to sex and commensality (eating alone or together), the means with stan-
dard deviations (SD) of age and BMI and the frequencies (%) of underweight (BMI < 18.5)
and overweight (BMI ≥ 25.0), as defined by the Japan Society for the Study of Obesity, are
shown in Table 1.

Only one man ate alone; therefore, no comparison could be made between men eating
alone and those eating together. In women, no significant differences in age, body size, or
the frequency of cases with low and high bodyweight were found between older adults
eating alone and together. Daily food intake (g) in each food group was also compared
between women living and eating alone and together (Table 1). However, only fresh fruit
intake was significantly higher in women eating alone, even after adjusting for age (p < 0.05),
in comparison with women eating together.

No significant difference in macronutrient intake was found between women eating
alone and together (Table 1). With regard to micronutrients, however, the intakes of potas-
sium, magnesium, Vitamin K, folate, and total dietary fiber were significantly lower in
women eating together after adjusting for age in comparison with women eating alone
(Table 1).
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Table 1. Comparisons of body size and food and nutrient intake between older adults eating alone
and together.

Category Health and
Nutrition Markers

Men Women p
Alone (N = 1) Together (N = 24) Alone (N = 18) Together (N = 33)

Mean, % SD Mean, % SD Mean, % SD Mean, % SD

Age and
habits

Age (years) 82.0 77.1 4.6 77.7 4.9 75.3 5.8
Present smokers (%) 100.0 20.8 0.0 0.0

Body size

Height (cm) 167.0 164.2 5.8 149.7 4.6 151.4 5.4
Weight (kg) 72.5 63.7 9.6 50.4 7.7 49.7 8.4

BMI 26.0 23.6 3.3 22.4 3.0 21.7 3.3
BMI < 18.5 (%) 0.0 8.3 5.6 9.1
BMI ≥ 25 (%) 100.0 41.7 16.7 12.1

Food
intake

Rice (g) 560.0 282.3 107.7 233.9 124.2 199.9 105.4
Beans (g) 10.0 51.3 38.9 75.6 69.4 58.1 52.7

Green vegetables (g) 217.5 129.5 90.0 157.1 75.4 133.9 83.6
Other vegetables (g) 24.0 122.6 71.9 151.2 90.6 137.4 73.0

Fresh fruits (g) 15.0 90.4 47.9 151.2 81.6 97.7 62.9 *
Seaweed (g) 9.0 16.6 19.7 27.5 28.0 17.1 18.5
Seafood (g) 120.5 82.0 51.0 78.3 41.5 76.9 58.5

Meat (g) 166.5 60.9 35.5 57.9 38.5 55.5 36.3
Meat and seafood (g) 287.0 142.9 56.5 132.6 56.7 134.5 62.8

Eggs (g) 69.5 39.8 36.4 39.3 27.1 39.6 34.1

Macronutrient
intake

Energy (kcal) 2691 1980 383 1796.9 429.8 1635 367
Protein (g) 98.9 68.9 15.1 72.7 18.8 63.9 17.7

Protein density (%kcal) 14.8 14.0 2.3 16.3 2.0 15.7 2.3
Total fat (g) 80.6 50.8 13.7 57.0 23.7 49.8 16.9

Fat density (%kcal) 26.9 23.2 5.8 27.7 6.9 27.1 6.3
Carbohydrate (g) 380.6 269.5 66.8 244.2 57.5 223.9 51.6

Carbohydrate density (%kcal) 58.4 62.7 6.2 56.0 7.4 57.3 7.3

Micronutrient
intake

Potassium (mg) 2701 2622 925 3100 1133 2436 697 *
Calcium (mg) 899 524 193 663.2 313.0 538.5 260.6

Magnesium (mg) 300 270 100 320.9 116.3 242.8 73.2 **
Phosphorus (mg) 1543 1024 245 1112.3 331.2 964.9 282.1

Iron (mg) 9.3 7.6 1.9 9.2 3.3 7.3 2.4 *
Zinc (mg) 12.4 7.7 1.6 8.3 2.7 7.0 1.9 *

Copper (mg) 1.5 1.2 0.5 1.2 0.4 1.0 0.3
Vitamin A (μgRAE) 623.0 752.6 1414 656.6 314.4 465.9 281.6

Vitamin D (μg) 13.4 7.1 5.3 8.5 6.0 8.9 7.3
Vitamin E (mg) 7.9 6.9 2.5 7.7 2.3 6.5 2.4
Vitamin K (μg) 339.5 221.3 150.0 304.0 189.0 194.6 112.6 *

Folate (μg) 292.0 353.8 170.9 393.8 123.8 303.2 106.1 **
Vitamin C (mg) 343.5 107.3 57.3 135.4 55.2 104.7 50.2

n-3 PUFA (g) 3.1 2.1 1.0 2.3 1.2 2.0 1.1
n-6 PUFA (g) 10.5 8.6 3.7 9.4 4.4 7.7 3.9

Total dietary fiber (g) 13.3 14.5 4.3 17.5 6.3 13.9 4.4 *

*: p < 0.05; **: p < 0.01: age-adjusted p-value; N: number of subjects; SD: standard deviation; SFA: saturated fatty
acid; PUFA: polyunsaturated fatty acid.

3.2. Comparisons of Body Size and Food and Nutrient Intake between Men and Women
Eating Together

To estimate the gender differences of nutritional status, body size and food and
nutrient intake were compared between men and women eating together (Table 1; statistical
test results not shown in the table).

The prevalence of overweight (BMI ≥ 25) and mean rice intake were significantly
higher (p = 0.025 and p = 0.006, respectively) in men eating together compared with women
after adjusting for age. Additionally, men eating together showed significantly higher
energy (p = 0.001), carbonate (p = 0.001), and carbonate balance (p = 0.005) and significantly
lower protein balance (p = 0.008) and fat balance (p = 0.028) compared with women eating
together. These results indicate that higher energy intake due to higher rice intake might
be related to a high prevalence of overweight in men eating together in this cohort.
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3.3. Comparisons of BMI, Dental Parameters, and Food and Nutrient Intake between Female
Dental Examination Participants Eating Alone and Together

Because of the smaller number of participants in the dental examination, including
only one male participant who ate alone, the comparisons of health and nutritional markers
including dental parameters between groups eating alone and together were, once again,
only performed in women (Table 2).

Table 2. Comparisons of BMI, dental parameters, and food and nutrient intake between female dental
examination participants eating alone and together.

Category Health Marker and Foods
Alone (N = 10) Together (N = 23) p

Mean, % SD Mean, % SD

Age and body size

Age (years) 76.5 4.6 73.9 5.9
Height (cm) 150.6 5.6 151.5 5.5
Weight (kg) 50.9 9.4 49.9 7.9

BMI 22.3 3.3 21.7 2.9
BMI < 18.5 (%) 10.0 4.3
BMI ≥ 25 (%) 20.0 13.0

Dental status

Present teeth 21.0 7.6 19.9 7.3
DMFT Index 16.7 9.4 23.2 5.8 *

Decayed (untreated) 0.1 0.3 1.0 1.3 *
Missing teeth 6.8 7.5 8.2 7.3
Treated teeth 9.8 6.2 14.0 6.5

Food intake

Rice (g) 233.9 124.2 199.9 105.4
Beans (g) 75.6 69.4 58.1 52.7

Green vegetables (g) 157.1 75.4 133.9 83.6
Other vegetables (g) 151.2 90.6 137.4 73.0

Fresh fruits (g) 151.2 81.6 97.7 62.9 *
Seaweed (g) 27.5 28.0 17.1 18.5 *
Seafood (g) 78.3 41.5 76.9 58.5

Meat (g) 57.9 38.5 55.5 36.3
Meat and seafood (g) 132.6 56.7 134.5 62.8

Eggs (g) 39.3 27.1 39.6 34.1

Macronutrient
intake

Energy (kcal) 2011.2 419.0 1623.1 388.0 **
Protein (g) 82.8 18.6 63.0 17.7 **

Protein density (%kcal) 16.5 1.6 15.5 2.1
Total fat (g) 72.2 20.4 46.5 13.4 ***

Fat density (%kcal) 31.8 5.3 25.6 5.2 **
Carbohydrate (g) 255.2 57.8 229.4 56.9

Carbohydrate density (%kcal) 51.7 5.4 58.9 6.2 **
Potassium (mg) 3369.6 1075.1 2369.5 629.7 **
Calcium (mg) 831.8 310.6 507.1 202.4 **

Magnesium (mg) 351.8 109.1 234.7 64.2 ***
Phosphorus (mg) 1284.4 343.8 946.3 279.9 **

Iron (mg) 10.9 3.5 6.9 2.1 ***
Zinc (mg) 9.9 2.4 6.8 1.9 ***

Copper (mg) 1.4 0.5 1.0 0.3 *
Vitamin A (μgRAE) 811.2 322.4 415.0 213.1 **

Vitamin D (μg) 9.6 5.5 8.4 6.7
Vitamin E (mg) 8.4 2.3 6.0 2.4 **
Vitamin K (μg) 390.5 218.0 183.9 114.0 **

Folate (μg) 451.5 127.6 294.2 104.1 **
Vitamin C (mg) 146.6 43.0 104.7 52.7 *

n-3 PUFA (g) 2.8 1.3 1.9 1.0
n-6 PUFA (g) 11.2 5.1 6.9 2.6 **

Total dietary fiber (g) 20.0 7.2 13.1 4.1 **

*: p < 0.05; **: p < 0.01; ***: p < 0.001: age-adjusted p-value; N: number of subjects; SD: standard deviation; DMFT
index: the sum of decayed, missing, and filled teeth; SFA: saturated fatty acid; PUFA: polyunsaturated fatty acid.
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Although there was no difference in BMI-related markers between the two groups,
dental status, such as that defined by the DMFT index, and, particularly, the number of
untreated, decayed teeth, was significantly lower in women eating alone after adjusting for
age. Regarding food intake, women eating alone ingested significantly more fresh fruits
and seaweed than women eating together. These results suggest that dental and nutritional
status are better in women eating alone.

Regarding nutrient intake, women eating alone ingested significantly more sources
of energy, protein, and fat compared with women eating together. Fat balance was signif-
icantly higher and carbonate balance significantly lower in women eating alone than in
women eating together. Similarly, the intakes of vitamin A, E, K, and C; folate; n-3, n-6
polyunsaturated fatty acids (PUFAs); and total dietary fiber were significantly higher in
women eating alone compared with women eating together after adjusting for age (Table 2).

3.4. Increased Risks for Insufficient Nutrient and Food Intake Associated with Dental Status
in Women

Significant inverse associations between macronutrient parameters, such as protein
and/or fat intakes and balance, and dental parameters were found in female participants of
the dental examination, whereas there were no significant associations between them in all
women. With regard to micronutrients, the intake levels of phosphorus, iron, zinc, n-3 and
n-6 PUFAs, vitamin A, vitamin E, folic acid, and total dietary fiber were also significantly
and inversely associated with both the DMFT index and/or the number of missing teeth.

Then, we analyzed the risks (odds ratios) for insufficient nutrient intake associated with
increasing dental parameters using binary logistic analysis, and the results for women are
shown in Table 3. In addition, a risk analysis for insufficient intake was performed only for
protein because of the lack of reference values for good health from other macronutrients [17].

In women, after adjusting for age, the risk (odds ratio) of the insufficient intake of
protein (<55 g/day) was 1.2 and significantly associated with an increasing DMFT index. The
odds ratios for the insufficient intakes of n-3 PUFA (<1.9 g/day) and n-6 PUFA (<7 g/day)
were 1.18 and 1.16, respectively, and significantly increased with an increasing DMFT index
in women (Table 3). The number of missing teeth was also significantly associated with an
increased odds ratio for the insufficient intake of n-3 PUFA, suggesting a 1.19 times higher
risk with the increasing number of missing teeth in women (Table 3).

The numbers of decayed_teeth were significantly associated with a lower intake of
Vitamin B12 with an increased odds ratio of 3.45 in women.

Regarding the risk analysis for insufficient food intake, a lower intake of beans
(<100 g/day) was significantly associated with an increasing DMFT index, with an odds
ratio of 1.14 for an increase in the DMFT index. The numbers of missing teeth were signifi-
cantly associated with the lower intake of green and yellow vegetables (<120 g/day), fresh
fruits (<150 g/day), and meat and seafood (<100 g/day), with increased odds ratios of 1.17,
1.25, and 1.35, respectively (Table 3).
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4. Discussion

4.1. Commensality (Eating Alone or Together) and Food and Nutrient Intake

No significant difference in macronutrient intake or the frequency of underweight
and overweight was found between women eating alone and together. However, fresh
fruit consumption and the intakes of folate, total dietary fiber, and several micronutrients,
including potassium, magnesium, and Vitamin K, were significantly higher in women eating
alone compared to women eating together. In addition, the risks (odds ratios) for insufficient
fresh fruit intake (<150 g/day) and folate intake (<240 g/day) in women eating alone were
significantly lower than in women eating together. These results suggest better nutrient
intake in older women eating alone than in those eating together, which is inconsistent with
the study results of increased malnutrition risks associated with eating alone in previous
reports involving older adults [3,4].

One probable reason for these unexpected results is that women in the current study
have participated in our home health management program, including the nutrition survey,
and practice good dietary behavior. In particular, women living and eating alone are taking
care of themselves regarding their diet because they have come to recognize that they should
remain healthy enough to stay at home independently. In contrast, women eating together
prepare food primarily for their families and consider others’ tastes and health statuses.
Almost all of them were living with their husbands, whose micronutrient intakes were
similar to theirs, although husbands consumed more carbohydrates due to higher rice
intake.

More specifically, the mean macronutrient intake in women eating alone who partici-
pated in the dental examination was higher than that in all women eating alone (Table 2),
suggesting that women who saw an opportunity to improve their health status and eat
nutritional foods may have agreed to participate in the dental examination.

Dental status as a health indicator was also better in women eating alone than in
those eating together because of the significantly lower number of untreated, decayed
teeth. These results also support the notion that the women living alone in the current
study were more inclined toward self-care, including dental care attendance, than women
living together.

In the UK, it was previously reported that men living and eating together who were
responsible for preparing food but had poorer cooking skills had lower energy intake
and specific nutrients [23]. However, in the current study, we were unable to analyze the
association between commensality and nutritional status in men because only one male
participant was living and eating alone. Future recruitment should be extended to more
men living and eating alone among the older adult population, and their food consumption
and nutrient intake should be investigated using methods that are easier than the “dietary
diary” approach, such as taking photos of meals.

4.2. Associations between Dietary Intake and Dental Parameters
4.2.1. Nutrient Intake and Dental Parameters

In women, the intake of various kinds of macro- and micronutrients, including protein,
trace elements, n-3 and n-6 PUFAs, and vitamins, significantly decreased with an increasing
DMFT index and increasing numbers of missing teeth. The risk for insufficient intake of
protein and n-3 and n-6 PUFAs increased significantly with an increasing DMFT index.
Particularly for n-3 PUFA intake in women, this risk increased with increasing numbers
of missing teeth. Regarding foods, the increased risk for insufficient meat and fish con-
sumption was associated with increasing numbers of missing teeth, and the risk for the
insufficient consumption of beans increased significantly with an increasing DMFT index,
albeit only in women.

Consistently with these results, Yoshihara et al. performed a survey of nutritional
intake using a precise weighing method for ≥74-year-old residents in another coastal area in
Japan and reported that numbers of present teeth were significantly associated with various
nutrients, including protein, minerals, and vitamins, among subjects of both sexes after
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adjusting for sex, smoking habit, and education [10]. They also reported that the ingestion of
seafood and vegetables was significantly lower in subjects with <20 present teeth compared
with their counterparts with ≥20 teeth. These results suggest that increasing numbers of
missing teeth may influence intakes of vegetables and seafood, which contribute to sufficient
protein intake in Japanese older adults.

Although no previous studies investigated the association between nutritional intake
and the DMFT index in older adults, in the current study, women with a higher DMFT
index had an increased risk for the insufficient intake of protein, n-6, and beans, suggesting
that not only numbers of missing teeth but also numbers of decayed and filled teeth caused
by dental caries may influence chewing ability and thus decrease nutritional intake in
healthy older women.

4.2.2. n-3 and n-6 PUFA Intake and Dental Parameters

Iwasaki et al. followed up adults aged 74 years and older who participated in the
survey performed by Yoshihara et al. [10] and reported that subjects with a lower intake of
docosahexaenoic acid, one of the n-3 PUFAs, developed progressive periodontal disease
because of the aggravated inflammation of the oral environment during a follow-up period
of 5 years [24]. Iwasaki et al. also showed that n-3 PUFA intake from fish was significantly
lower among ≥80-year-olds with ill-fitting dentures or compromised dentition compared
to similarly aged people with good dentition [14]. However, among the present subjects,
seafood intake was not insufficient, and n-3 PUFA intake was highly correlated with seafood
intake. In general, oily fish, which contains n-3 PUFA, was not often eaten by older adults
because they prefer to consume white-flesh fish with a lower fat content. Taken together,
older women with poor dental status, even when living in a coastal area, should be advised
to increase their intake of n-3 PUFA via fish for the prevention of not only cardiovascular
diseases [25] but also oral inflammatory diseases such as periodontitis [24].

The insufficient intake of n-6 PUFA associated with dental parameters was also sug-
gested to occur in women. Because of the high correlation of n-6 PUFA intake with the
consumption of beans, which is a food at risk of insufficient consumption, n-6 PUFA intake
may be insufficient in women with an increased DMTF index. In addition, insufficient
protein intake was also significantly associated with a higher DMFT index. Therefore, the
consumption of tofu and bean products should be recommended for older women with a
high DMFT index to increase both protein and n-6 PUFA intake.

4.2.3. Fruit and Vegetable Intake and Dental Parameters

The increased risk of lower fresh fruit intake associated with both dental markers was
observed, although our subjects had no increased risk of lower vitamin C intake because
there was no significant increased risk of lower total vegetable intake, which is another
source of vitamin C. The lower intakes of fruits, vegetables, vitamin C, and potassium have
been reported in Korea, where older adults self-reported chewing difficulties [12]. These
authors also compared their percentages of nutrient intakes, relative to the recommended
levels of dietary reference intakes, for Koreans between groups with and without chewing
difficulty, and they reported lower intakes of total energy and nutrients other than vitamin
C and potassium, including calcium, which was inconsistent with our results that showed
an increased risk for the lower intake of only limited nutrients. The difference between our
results and those of Kwon et al. may be related to differences in dental status, which was
worse in their subjects who reported chewing difficulty [12].

In the United States, people wearing dentures were reported to eat less fruit compared
with dentate individuals, although psychosocial factors such as attitude and self-identity
contributed more than chewing ability to this increased fruit intake [26]. In Japan, self-
efficacy for designing meals and the awareness of recommendations for fruit and vegetable
intake were reported to be important for the entire aged population [27]. In the present
study, however, dental status including dental caries may be an important factor in fruit
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intake among women who have had the opportunity to improve their lifestyle using the
home health management program.

The risk of low intakes of green and yellow vegetables was significantly associated
only with women with a high DMFT index and a significantly lower intake of vitamin A
and vitamin E, which are ubiquitous in green and yellow vegetables. In the total cohort,
there were significantly increased odds ratios for the insufficient intake of green and
yellow vegetables alongside an increase in both renal markers (DNFT index > number of
missing teeth) and an inverse correlation between dental markers and vitamin E intake,
suggesting that poor dental status in both sexes may decrease vitamin E because of the
lower consumption of green and yellow vegetables.

4.3. Strengths and Limitations

The main strength of this study is the dietary survey method; diet records, which are not
easy for older adults, were successfully achieved. Additionally, dietitians who interviewed
the current cohort have supported our home health management program for more than
10 years and know their eating habits and common diet well enough to improve the accuracy
of their records and estimate their dietary intake. With these records, we could perform
a risk analysis of the insufficient intake of these micronutrients for which reference levels
are established for each sex. Another strength is our cohort of targeted subjects comprising
older healthy adults with an interest in health management, including oral health. In the
present study, we showed that key micronutrients and foods were at risk of insufficient
intake even in older adults living a healthy lifestyle.

Despite these strengths, the small sample size, particularly for men, is a limitation
of the study because it decreases statistical power, especially in an analysis with multiple
covariates. Indeed, the number of men eating alone amounted to only a single individual.
Even for women, the sample size was too small for statistical analysis using the model with
two main factors, the commensality factor and dental factor. In future surveys, we will
enroll larger numbers of older adults to include more men living and eating alone.

5. Conclusions

In older women living a healthy lifestyle with good health management, poor commen-
sality (i.e., living and eating alone) was not a risk factor for insufficient food consumption
and nutrient intake. However, poor dental status, indicated by the DMFT index and the
numbers of missing teeth, decreased the ingestion of beans, green and yellow vegetables,
and fresh fruits and increased the risk for the insufficient intake of protein and n-3 and n-6
PUFAs. These findings suggest that good health management, including the treatment of
decayed teeth, is important for the prevention of malnutrition in community-dwelling older
adults.
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Abstract: Emergency medical service (EMS) providers experience demanding work conditions in
addition to shift work, which increases risk for nutrition related chronic disease such as metabolic
syndrome, diabetes, obesity, and cardiovascular disease. The high stress, emergent, and unpredictable
nature of EMS may interfere with healthy eating patterns on and off shift, however little is known
about how these conditions impact dietary patterns among EMS providers. This study aimed to
understand factors impacting dietary patterns through semi-structured interviews with 40 EMS
providers throughout the United States. Interviews were conducted virtually via Zoom video
conference. Inductive coding was used to identify themes throughout the interviews. Salient factors
mentioned in the interviews included hunger, fatigue, stress, coworker influence, ambulance posting,
geographical location, agency policy, and culture. Factors were grouped into 4 domains: physiological
factors, psychosocial factors, physical environment, and organizational environment, represented by
an adapted version of the social ecological model of health behaviors to include factors influencing
eating patterns specific to EMS, which may contribute to overall health. Various barriers to healthy
eating exist within EMS, and future studies should explore interventions at each level of our proposed
model to improve conditions and reduce nutrition related disease risk in this essential population.

Keywords: emergency medical services; EMS; eating patterns; nutrition; paramedics; nutrition
related disease

1. Introduction

Emergency medical service (EMS) providers, including paramedics and emergency
medical technicians (EMT) provide essential services 24 h a day. They work in shifts ranging
in duration from 8.5 to 24+ hours, and up to 80% of EMS providers report working multiple
jobs and/or overtime hours with variable shift rotations [1,2]. Shiftwork is associated
with circadian misalignment [3–6] poor sleep quality [7] and increased risk of metabolic
syndrome, type 2 diabetes, obesity and cardiovascular disease [8–13]. EMS providers also
experience elevated rates of these diseases relative to the general population [14–16].

In addition to the stress of shift work, EMS providers’ work environment is unpre-
dictable and inconsistent, contributing to erratic sleep and eating patterns [16]. They face
high levels of stress and occupational fatigue [1] and are at greater risk of work-related in-
jury compared to the general population and other public safety professionals [15–17]. EMS
professionals provide an essential service and are responsible for carrying out fast paced
procedures including ventilating patients, administering cardiopulmonary resuscitation,
administration of potentially dangerous drugs, and assisting with childbirth [18]. Main-
taining an experienced, specialized workforce will contribute to the quality and efficiency
of our healthcare system. It is crucial to protect the health of this work force.
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Diet is a modifiable factor that can reduce metabolic disease risk [19]. Previous research
reports that shift workers tend to eat more meals and snacks at later hours of the day, and
their diets are higher in snacks, sweets, alcohol, sugar sweetened beverages, and lower
in dietary fiber [20]. Some studies report no difference in energy intake between day and
night shift workers [21,22], however, we previously reported that among EMS providers,
those working the night shift consume more overall energy (kilocalories) and grams of
total fat compared to providers working the day shift [23]. Work environment may be an
important consideration when assessing impact of diet on health outcomes in the shift
working population. Little is known about what specific barriers to healthy eating currently
exist among EMS providers.

The unpredictable nature of EMS causes significant variation in daily job demands and
conditions [24]. Depending on the agency, providers may remain posted in their ambulance
during a shift with minimal room for food storage and no access to refrigeration [25].
Alternatively, those who reside at the station between calls may have abundant access
to meals and snacks during their down time. Call volume also varies depending on the
agency and the day, posing unique challenges to healthy eating and sleep patterns [16].

The social ecological model of health explains that health is impacted by the interac-
tion between the individual, the group/community, and the physical, social, and political
environments [26–28]. Health behaviors in the context of EMS have been described previ-
ously by researchers in Australia, where the paramedicine system differs from the United
States (US) [3]. Increasingly, agencies in the US are governed by a private system and
are implementing new, more efficient response systems, incurring arduous conditions for
providers. This study aimed to describe the lived experience of EMS providers in the
United States to understand the impact of a rapidly changing system providers’ health and
overall wellbeing.

2. Methods

2.1. Participants

A combination of purposive and snowball sampling was used to recruit participants.
EMS coordinators throughout the United States were identified from their respective State’s
Department of Health website. We contacted all EMS coordinators where updated contact
information was available on their website. A brief overview of the study, a study flyer,
and a link to the screening survey were emailed to EMS coordinators to forward to EMS
providers in their county. Participants were also asked to forward the email to anyone
they thought would be interested. Interested providers were asked to complete a screening
survey, which inquired about inclusion and exclusion criteria, and we contacted eligible
participants to schedule a 1 h interview via Zoom (Zoom, San Jose, CA, USA, Version 5.4.6).
We used data from the screening survey to describe the characteristics of the final sample
(Table 1). Eligible participants were 18 years or older, worked in EMS, and provided patient
care as their primary duty. Of those who completed the screening survey, 3 were ineligible,
30 did not respond to the invitation to participate, 40 participated in the interview, and no
one dropped out. A portion of participants were involved in a previous study in our lab,
but otherwise had no relationship with the study team prior to the interviews.

2.2. Data Collection

This study used a phenomenological approach to understand and describe individ-
uals’ experience working in EMS, specifically related to eating patterns. The study was
approved by the University at Buffalo’s Institutional Review Board. At the beginning of
the appointment, participants were told the reason for the research and informed consent
was obtained and documented electronically via RedCap [29] Using an interview guide
(Supplementary Table S1), a registered dietitian conducted semi-structured interviews to
inquire about participants’ lived experience working in EMS. Questions were informed by
previous findings from our lab [23] and designed based on the theoretical domain frame-
work, which was developed to examine influences on behavior of health professionals [30].
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The questions were specifically related to work conditions, sleep, and eating patterns.
The interview lasted 45–80 min and took place over Zoom from a private location of the
participants’ choice, and the interviewer was in a private room in the Nutrition and Health
Research lab at the University at Buffalo. Following the interview, the interviewer took
notes to document key topics discussed in the interview. The interviews were audio and
video recorded and transcripts were generated by Zoom.

2.3. Analysis

All transcripts were reviewed and compared to interview recordings to verify accu-
racy and allow for familiarization with the data prior to coding. Transcripts were coded
using Atlas.ti 9 (Atlas.ti Scientific Software Development, Berlin, Germany). Inductive
thematic analysis coding was employed to identify major themes in the data following
the steps suggested by Braun and Clarke [31]. Forty transcripts were divided among five
independent coders. Coders were trained by the study leader, including random selec-
tion of one transcript to be coded by each, followed by reconciliation of disagreements
to ensure consistency across coders. The initial round of coding involved in vivo coding
and informed the initial codebook, which was then applied in a second round of coding
by a separate coder. Throughout the coding process, reliability was met through weekly
meetings with all coders to review each transcript, allowing for full agreement among
coders (inter-coder agreement = 1). Finally, similar codes were categorized into groups
and through an iterative process, major themes were identified based on those groups.
Using the codes and major themes, we developed a conceptual model based on the social
ecological model of health to inform future interventions in this population [32].

3. Results

Participants were 50% female, predominantly white, with a mean age of 33 ± 10 years
and mean body mass index (BMI) in the overweight range (28.2 ± 5.7 kg/m2). We identified
common factors discussed throughout the interviews that influenced eating patterns. The
factors could all be grouped into the following overarching themes: physiological factors,
psychosocial factors, physical environment, and organizational environment. These themes
informed a conceptual model based on the social ecological model of health to reflect the
interrelated factors influencing eating patterns among EMS providers (Figure 1). Within
each theme, factors uniquely experienced by EMS providers included hunger, fatigue,
stress, coworker influence, ambulance posting, geographical location, agency policy, and
culture. We discuss these factors below.

3.1. Physiological Factors

Physiological factors included fatigue and hunger. Participants reported being too
tired to cook after work and were more likely to rely on convenience food during a shift
and on days off. Participants mentioned that their food choice differed when they were
tired compared to when they were well rested, and some mentioned eating as a tool to help
them stay awake during a shift.

Participant #1: I definitely noticed when i’m like super tired, then I would eat like much
more poorly so I definitely go for more like sugary things and coffee, and so it kind of
depends on how intense of a workload I have how tired, I am.

Participant #2: And i’ll eat to stay awake while I am doing [patient notes], and I would
love to tell you that eat carrots right, but instead I am eating ranch doritos.

Hunger level was mentioned by participants as influencing their food choice. Partici-
pants mentioned having to go long periods of time without eating during work and that
their hunger level affected their mood.

Participant #3: Like you’re so busy that you forget to eat and that’s like something that
happens, like so often like it just it becomes like your secondary priority.
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Figure 1. Conceptual model—From the major themes, we developed the following conceptual
model informed by the social ecological model. The model displays the four overarching, interrelated
themes, each containing commonly discussed factors describing the context in which food choice and
eating occur for EMS providers.

Table 1. Participant Characteristics.

N/Mean ± SD %

Job title

Paramedic 23 57.5

EMT * 9 22.5

Flight paramedic 2 5

AEMT-CC ** 2 5

Firefighter 3 92.5

Volunteer 1 2.5

Age 33 ± 10.8

Sex 20 female 50

BMI (kg/m2) 28.2 ± 5.7

Race

American Indian or Alaskan Native 0 0

Asian 1 2.5

White 40 100

Black or African American 1 2.5

Native Hawaiian or other Pacific Islander 0 0

More than 1 race 2 5

Ethnicity

Hispanic or Latino 1 2.5

Not Hispanic or Latino 39 97.5
* EMT = Emergency Medical Technician. ** AEMT-CC = Advanced Emergency Medical Technician-Critical Care.
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3.2. Psychosocial Factors

Psychosocial factors included stress and coworker influence. Participants discussed
stress related to call volume, call severity, COVID-19 precautions, sleep deprivation, and
their work schedule. Stress often led to eating more and was discussed as a factor impairing
ability to plan and prepare meals ahead of time. Planning was a factor that facilitated
eating during work, and those who did not plan relied on acquiring food during their shift,
which was unpredictable. The effort involved with planning was discussed as a barrier to
consistent meal preparation.

Participant #4: If it’s like an overly stressful week or something . . . Sometimes you eat
more just to like stress eat pretty much.

Participant #5: So right now I don’t really have the time to actually sit down and think
about and plan out a meal for the week this just grab and go for right now until my life
gets a little bit less stressful.

In some, stress leads to decreased appetite and reduced energy intake resulting in
unintentional weight loss.

Participant #6: It just got to the point, I was getting so stressed, I just couldn’t eat you
know it’s like now it’s like I have to force myself to eat.

Providers typically work in crews of at least two on an ambulance, and report that
their partner influences their food choice. Others report being influenced by coworkers at
the base. Those who worked at fire-based agencies discuss eating together as part of the
culture, and that crews often cooked dinners together.

Participant #7: There’s definitely like that peer pressure like hey we’re putting in a pizza
order, what do you want . . . so I feel like I eat out way more [at] work than I ever would
at home, we very rarely eat out at home.

3.3. Physical Environment

Factors that influenced the physical environment included geographic location, and
the use of ambulance posting. Providers stated that during a shift, their food choice was
dependent on availability, which varied based on location and base conditions. Providers
working in urban areas had access to more food options, however, they often have a higher
call volume, which they mentioned as a barrier to eating due to lack of time, inability to
return to the base between calls, and limited options available in the ambulance. Some
hospitals have breakrooms with snacks and beverages for providers, but availability is
unreliable, and variety is limited. Food availability was particularly problematic for those
who worked the night shift, so they often rely on fast food or gas stations.

Participant #8: So your choices get incredibly limited at night there’s a there’s a nice . . .
chain here called price chopper market 32 . . . where they have a nice food court and you
know place where you can get stuff but that closes at 7 pm . . . So most of the time it’s
just a gas station or 711 or some of the fast foods do late night.

Participant #9: And then, if we ran night calls all night, I would just stop you know
mcdonald’s is like the only thing open for some reason everything else in [location] shuts
down early so. That kind of be our go to . . . that and gas stations.

Returning to a base between calls was discussed as a facilitator to eating during a
shift compared to ambulance posting, which was discussed as a barrier. Having a base
increases availability of snacks and ability to cook, store, and reheat food during a shift.
However, call volume still precludes cooking during a shift in many cases. The potential to
be interrupted by a call was mentioned by providers as a barrier to cooking and purchasing
food and led to preference for convenient food options.

Participant #10: But when you’re trying to cook something that was our biggest problem
at [agency], we would do like spaghetti dinners and stuff, we get everything all cooked
and all of a sudden you’re getting ready to eat and a call would go out.
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Participant #11: Well we’re lucky, because we can we can go back to the station . . . and
we have a refrigerator which is awesome, a refrigerator and a microwave, which is another
factor to what’s so nice there, because if you work in an ambulance you don’t have access
to a microwave or refrigerator and you know working 12 h days ambulance could get
hot too...

3.4. Organizational Environment

The organizational environment includes factors specific to the EMS system that
influence eating patterns such as agency policy and culture. Some policies in place to
increase productivity impair ability to eat during a shift. Providers often do not have an
official meal break and workload was mentioned as a common barrier to eating.

Participant #12: There’s no like 30 min lunch break you’re just working throughout the
entire day you’re always doing something; training, doing paperwork, going on calls . . .
it’d be nice if we were allowed to, but when there’s only two people at the station, you and
your partner and that’s it covering the entire town, you really can’t take a break when
you want to so you can’t have a set time where you’re not working and you can dedicate
that time to having a nice healthy meal. You just can’t do it.

EMS culture was influenced by the agency organization, management, and coworker
support, and discussed by providers as a factor influencing eating patterns. Unsupportive
management was discussed as a factor preventing eating during a shift leading to burnout
and high rates of employee turnover.

Participant #2: yeah and there’s a lot of pressure to take open shifts and it’s hard to not
feel guilty, because you want to help your coworkers right, because if you don’t take that
open shift that’s more work on them

Participant #13: yeah I don’t know, and I think they just work, so much so, they don’t
have time to work out or like care for themselves, like mentally or physically . . . There’s
like no gym there’s no like incentive for anybody to work out . . .

Participant #14: yeah the stress level can be elevated because of the business . . . we got
supervisors breathing down our necks sometimes you know, trying to make us clear, so
we can just go take another call..

4. Discussion

EMS providers experience increased risk of chronic disease compared to the general
population [33,34]. The purpose of this study was to understand factors related to eating
patterns among EMS providers based on their lived experiences by conducting semi-
structured interviews with providers throughout the United States. We expanded previous
findings by describing each theme in the context of EMS, specifically within the United
States. We also developed a conceptual model based on the social ecological model of
health to inform future interventions in this population.

The social ecological model of health was developed based on the understanding
that health is affected by the interaction between the individual, the community, and the
physical, social, and political environment [26,35]. It acknowledges the role of context
in the development and treatment of health problems. We adapted the social ecological
model to include factors specific to EMS at each of the following levels: physiological,
psychosocial, physical environment, and organizational environment. Ideally, interventions
in this population should include action at each level to improve eating patterns and overall
health, however, operations level changes may be difficult to achieve in this profession.

Physiological factors included fatigue and hunger. Previous research in animals and
humans report that food intake increases after sleep loss [36,37]. Fatigue is a common prob-
lem noted among EMS providers [1], and previous qualitative work in nurses [38] report
fatigue as a factor hindering ability to prepare healthy meals. Fatigue may interfere with
cooking, meal planning, and lead to reliance on convenience foods in addition to increasing
preference for calorie dense, high carbohydrate foods [37]. In this study, providers reported

151



Nutrients 2022, 14, 4884

that hunger level influenced food choice and preference. Sleep loss [39], in addition to short
term food deprivation when providers are too busy to eat, may lead to overcompensation
of energy intake. Interventions at this level should acknowledge that fatigue may interfere
with cooking and meal planning throughout the week, so thoughtful use of nutritionally
balanced, easy to prepare meals and snacks should be encouraged. Providers should also
receive information regarding the impact of fatigue, what to expect, and how to address it,
to give them tools to overcome this unavoidable aspect of the job.

Psychosocial factors include the individual effect and the interaction between psycho-
logical and social influence. We identified stress and peer influence as common psychosocial
factors. Stress impacts food choice through neurocircuitry and hormonal pathways [40]
and has been associated with intake of more pro-inflammatory diets [41]. It is also known
that eating is strongly influenced by social context [42]. These factors influence eating
patterns and may be an opportunity for intervention by using social interactions to support
healthy dietary patterns. Interventions may include group nutrition education classes
or training specific to the conditions in EMS. Group nutrition interventions have been
successful at improving mental health symptoms, including stress, among participants
who consumed a Mediterranean diet high in vegetables, legumes, nuts, and fruit [43]. This
type of intervention may be beneficial in EMS providers.

The physical environment was shaped by agency location and ambulance posting.
These challenges vary significantly between agencies and may not be modifiable depending
on the type of EMS agency and the terms of the contract with the municipality. However,
agencies may consider making nutrient dense snacks available at the base or in the ambu-
lance. Future studies should investigate the impact of food deprivation on alertness and
productivity, as this could support allocation of funds toward employee nourishment. Work
environment directly and indirectly impacts employees’ health behaviors [44], and due to
the unique, inconsistent physical environment in EMS, further studies should address the
impact of environment on eating patterns. Specifically, studies should consider the impact
of ambulance street posting on the health and wellbeing of providers.

The organizational environment was shaped by work culture and agency policy. The
collective attitudes toward eating and other health behaviors, lack of meal breaks, and
intense work and schedule demands influenced eating patterns. Managerial support has
been reported to reduce the risk of mental health problems [45], which may improve
health behaviors [46,47]. Education at the management level to cultivate a positive work
environment may reduce turnover. Further, previous studies in paramedics have found that
those who have more control over their schedule are able to rest and recover better from
demanding situations [48]. Sleep deprivation and fatigue in EMS leads to increased injury
rates, compromised patient care, burnout, and poor health for providers, and increases
employee turnover. Schedules designed to allow for adequate recovery between shifts
could reduce fatigue, and impact food choice and health outcomes among providers and
patients. The approach will differ based on agency type, which should be considered when
designing an intervention.

Increased strategies for achieving adequate nutrition would improve employees’
health and quality of care as providers report severe hunger levels affecting patient care.
Providers struggle with barriers to healthy eating during a shift and targeting these barriers
in an intervention may improve adherence to lifestyle modifications. Providers are often
in situations where they must rely on convenience foods that are low in nutrients and
high in energy, and when paired with high stress and sleep deprivation, this may increase
metabolic and cardiovascular disease risk [49–51]. Interventions should address factors at
each level to improve employee wellness and retention.

This study had several strengths including the nationally representative sample. This
allowed us to examine the experience of EMS providers who respond to calls in various
locations including in urban, rural, and backcountry areas. Our participants also worked
various schedules ranging from 8–144 h (six 24h shifts in a row), days, nights, and a
combination of both. The diversity of our sample, in terms of experience, allowed us to
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understand what factors were specific to EMS, and those that varied based on location. We
were also able to understand the challenges associated with different schedule schemes.
However, we were not able to quantify these differences, which is one limitation, and
something that should be investigated in future studies with the goal of improving condi-
tions to promote the health status of EMS providers. Another limitation of this study is
the lack of ethnic and racial diversity. According to the 2020 National EMS Assessment,
providers identifying as Asian, Black, African American, American Indian, and Alaska
Native make up 17.7% of the workforce throughout the US [52], and future studies must
focus on representation of all racial and ethnic groups. This was a major limitation of
this study.

5. Conclusions

The overall rate of turnover in EMS is 10.7% and the median cost of turnover is
$86,452.05 for paid agencies [1]. These data are over 10 years old and has likely increased
over that time as medical calls have gone up by 32% between 2010 and 2019 (NFPA Fire Ex-
perience Survey). The data from the current study, combined with earlier quantitative work,
suggest that more work is needed to improve conditions for EMS providers to allow for a
sustainable lifestyle and prevention of chronic disease, burnout, and employee turnover.
Future studies should build on this work by testing interventions aimed at increasing
healthy eating patterns, adjusting shift schedules to improve sleep quality and allow for
recovery between shifts, and reconsidering organizational policies. These strategies could
improve health and wellbeing among EMS providers and reduce employee turnover costs
for agencies and physical health and increase the quality of life for EMS providers.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/nu14224884/s1, Table S1: Interview guide for semi-structured
interviews with 40 EMS providers throughout the United States regarding sleep and eating patterns.
The interview questions were determined based on research questions. Probes such as “can you
explain what you mean by that” and “can you tell me more about that” were used to gain further
insights on topics of discussion.
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Abstract: Chile has enacted stringent legislation regulating food and beverage labeling and advertis-
ing. This study assesses the changes in the average relative allocations of food and beverage budgets
for regulated versus not regulated products in households of different socioeconomic and demo-
graphic backgrounds. A household fixed effect before–after model is estimated and the marginal
effects in the changes of levels and trends in budget shares and purchased volumes after the imple-
mentation of the regulations are examined. The results highlight how impactful food policies can
shift consumption toward healthier products.
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1. Introduction

In 2016 the Chilean government enacted Law 20,606 to curb high levels of people
overweight or with obesity. The regulations in the law include front-of-package octagonal
warning labels on manufactured foods and beverages high in added sugars, sodium,
saturated fats, and calories if they surpassed predefined cutoffs [1]. These “high-in” cutoffs
became increasingly stringent over a 4-year period of enacting the law in 3 phases: phase 1
from 27 June 2016; phase 2 from 27 June 2018; and phase 3 from 27 June 2019. In addition,
the law banned sales of products with any front-of-package label in schools and very
comprehensively banned marketing these products to children (using cartoons, toys, etc.).
These regulations aimed to provide easy-to-understand nutritional information for food
and beverage products and protect children under the age of 14 from labeled products’
advertising and availability in schools.

A growing body of literature has shown that the population, especially mothers of
young children [2,3], received these measures well and that the regulations produced
significant decreases in the volume of certain food categories purchased. For instance,
the volume of sugar-sweetened beverages (SSBs) purchased decreased by approximately
25% [4]. Unhealthy food purchases declined significantly overall [5], and many food
categories, such as breakfast cereals, decreased strongly [6,7]. Product reformulations
were also extensive and significant, as the proportion of products with any high-in label
decreased from 51% to 44% [8]. These findings are in line with what other countries have
experienced. A recent meta-analysis found that food labeling is effective in reducing
consumers’ intakes of energy, total fat, and other unhealthy options while increasing
industry reformulations to decrease sodium and trans fat content [9].

Though these regulations were effective in reducing the intake of regulated ingredients,
they did not affect labor market outcomes. Studies have found that after the implementa-
tion, neither aggregate employment nor real wages in the affected sectors changed when
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compared to their evolution in nonaffected sectors [10,11]. Other variables, such as capital
expenditures and physical production, in the affected sectors did not significantly change
in levels or in trends after the implementation of the law when compared to nonaffected
sectors [12].

However, the evidence does not reveal how households changed their budget allo-
cations in monetary terms after the implementation of Law 20606. The law’s impact on
relative budget allocations between labeled foods and beverages and non-labeled products
is unknown. In principle, a decrease in the physical quantities of labeled products pur-
chased, as found elsewhere [5], could have been compensated by an increase in the relative
prices of such items, resulting in an increase in those items’ household budget shares. In
such a case, it could be said that the implementation of Law 20606 had a negative financial
impact on households and that the impact could be relatively higher on poorer households.
However, preliminary results show that the regulations did not change relative prices of
labeled versus unlabeled products for poorer households [13].

If lower socioeconomic households do not change their budget allocations between
labeled and unlabeled products, while higher socioeconomic households do, it may imply
that the former do not have ready unlabeled alternatives to do so or that they are relatively
more expensive. Studying changes in budget allocations may show whether regulations
have differential impacts and provide more evidence of regulations’ outcome inequalities.

This manuscript assesses the changes in the average relative food and beverage
budget allocations for labeled versus non-labeled products in households of different
socioeconomic and demographic backgrounds during the first stage of the implementation
of Law 20606 between July 2016 and December 2017. In addition, and as a byproduct, it
analyzes the changes in the average volume of foods and beverages households of different
socioeconomic characteristics purchased.

This study is the first to investigate the relationship between Law 20606 and household
budget allocations for foods and beverages. We are not aware of studies of this relationship
in other countries. Our working hypotheses are that the enactment of the regulations were
associated with a decrease in the volume of labeled products purchased and a decrease
in the budget shares allocated to labeled products. We have no evidence of price changes
associated with the regulations; consequently, changes in volumes would translate into
changes in budget shares. In addition, we expect no significant differences in these changes
by socioeconomic status (SES) levels as we find no evidence of SES differences in the
availability of healthy products in Chile.

2. Materials and Methods

2.1. Data

We used longitudinal information that Kantar Worldpanel collected on food and
beverage purchases at the household level from 1 January 2014 to 31 December 2017.
This data set has been used elsewhere to evaluate different aspects of Law 20606 [4,5,8].
Kantar Worldpanel also collected household SES data, including size, ages and genders
of members, education level of the head of the household, household assets, and access
to services for 2573 households. Kantar Worldpanel presents households in the panel for
a median time of 18 months and on average includes 1936 households per month. The
sample is representative of urban areas with more than 20,000 habitants, about 74% of the
urban population.

Kantar Worldpanel bases household SES on access to a list of goods and services and
the education level of the head of the household. The ABC1 group is the highest SES level,
representing about 15% of the sample; the DE group is the lowest, representing about 32%
of the sample; and the C2C3 group is the middle, representing about 53% of the sample.
In addition, Kantar Worldpanel provides a life cycle variable based on the household’s
demographic structure, categorized as (a) households without children; (b) couples with
the youngest child up to 5 years old; (c) couples with the youngest child 6 to 12 years old;
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(d) couples with the youngest child 13 to 17 years old; (e) couples with the youngest child
18 to 29 years old; and (f) monoparental households with children.

Kantar Worldpanel interviewers visited households weekly to collect data on food
and beverage purchases using a handheld barcode scanner. The data include volume
in milliliters (mL) or weight in grams (g), price per unit, brand (with a unique barcode),
package size, and date of purchase. Our analysis period registered 92,962 household-
month observations and 163 purchased product categories. As described elsewhere [5,14],
each product’s nutrition facts panel was linked to household purchases using barcode,
brand, and product description, and a team of trained nutritionists reviewed each product
to determine if it was high in sugars, sodium, or saturated fats or exceeded phase 1′s
calorie threshold. In this way, every product a household purchased before phase 1 of the
implementation of Law 20606, January 2014–June 2016, was categorized as high or not high
in regulated ingredients based on the criteria on 27 June 2016, when implementation began.

2.2. Statistical Methods

The outcome variable we considered is the monthly budget share of labeled products.
For the analyses we defined several groups of products: (a) unlabeled (no label); (b) labeled
(with at least 1 label); (c) high in calories (with at least that label); (d) high in sodium (with
at least that label); (e) high in sugars (with at least that label); and (f) high in saturated
fats (with at least that label). Groups are not mutually exclusive (apart from unlabeled
versus labeled products, which are mutually exclusive) and products are assigned to all the
groups that apply to them. For example, a product with 2 labels is assigned to the labeled
group and the 2 groups representing its labels.

We defined the budget share of labeled products as the proportion of the average
household food and beverage budget allocated to labeled products. That variable is
constructed as the ratio between the monthly expenditures on labeled products and the
monthly expenditure on the complete food and beverage basket:

BH
t =

∑163
i=1 PH

i,t QH
i,t

Mt
(1)

where BH
t represents the budget share of labeled products in month t; PH

i,t is the price in
month t of the labeled product i (not all of our 163 purchased product categories were
labeled products); QH

i,t is the quantity purchased in month t of the labeled product i; and
Mt is the monthly total budget allocated to all foods and beverages consumed at home.

Exploiting the panel data, we estimated a household fixed effect before–after model
taking the following form:

Bjt = α+ β1Lawt + β2Tt + β3Lawt ∗ Tt +
2
∑

i=1
γiSESijt

+
2
∑

k=1
γkSESkjt ∗ Lawt+

2
∑

l=1
γlSESljt ∗ Tt +

2
∑

m=1
γmSESmjt ∗ Lawt ∗ Tt +

5
∑

n=1
φnCyclenjt+

5
∑

o=1
φoCycleojt ∗ Lawt +

5
∑

p=1
φpCyclepjt ∗ Tt +

5
∑

q=1
φqCycleqjt ∗ Lawt ∗ Tt+

3
∑

s=1
δs HHsjt +

11
∑

u=1
ρuDut + cj + ujt

(2)

where Bjt is the budget share of labeled products for household j in month t as defined
in (1); Lawt is a dichotomous variable with a value of 1 from July 2016 onward and
0 otherwise; Tt is a monthly trend; SESjt is a set of dichotomous variables recording
the SES level of household j at month t (ABC1 is the reference category); Cyclejt is a
set of dichotomous variables recording the life cycle variable of household j at month t
(household without children is the reference category); HHsjt is a set of household variables
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that includes the size of the household, the age of the household head, and the proportion
of household members overweight or obese; and Dut is a set of dichotomous variables
for calendar months. The term cj is a household fixed effect to control for households’
unobserved characteristics.

We estimated a similar model for the purchased monthly total volume of labeled solid
foods (g) and beverages (mL). The dependent variable is simply the sum of the volume
(g or mL) of labeled products. This breakdown is important as beverage volumes are
much greater than those of food and beverage volume shifts can hide food volume changes
in the total volume analysis. The results of the models for volume purchases are in the
Supplemental Online Material.

We used the “xtreg” command in Stata 17 to estimate models. We used the “margins”
command in Stata 17 to estimate marginal effects in the changes of levels after the imple-
mentation of Law 20606 and trends after that moment compared to previous existing trends.
We estimated such margins for the SES and life cycle variables. To compare marginal effects
across SES levels and/or across life cycle categories, we performed standard t-tests for
equality of marginal effects (m) using the delta method [15–17]:

Z =
m1 − m2√(
se2

m1 + se2
m2

)

3. Results

Table 1 shows the characteristics for the total sample and by SES level. The average
household size of the sample was 4.12 members. The ABC1 group, the highest SES level,
averaged 3.82 members and the DE group, the lowest SES level, averaged 4.36 members.
More than 40% of the households were in Santiago, 11% were in Valparaíso, 12% were in
the central south region, 11% were in the Biobío region, 12% were in the south, and 11%
were in the north. Households with no children were 21% of the total sample and were
more prevalent in the ABC1 group, whereas households with at least one child younger
than five were 27% of the sample and were more prevalent in the DE group.

Table 1. Characteristics and distribution of the total sample and by SES level.

ABC1 C2C3 DE
Average Number of
Total Households

(Monthly)

Monthly average number
of households 292.91 1014.45 626.08 1933.45

(8.67) (23.13) (16.53) (31.71)
Distribution 0.15 0.53 0.32

(0.36) (0.50) (0.47)
Region North 0.10 0.12 0.11 0.11

(0.30) (0.31) (0.31) (0.32)
Central
south 0.90 0.88 0.89 0.88

(0.30) (0.33) (0.31) (0.32)
Female head of household 0.39 0.42 0.46 0.43

(0.49) (0.49) (0.60) (0.50)
Head of

household’s age
Mean 58.29 57.38 53.46 56.25

(14.47) (15.26) (15.42) (15.32)

Household size
Mean 3.85 4.06 4.36 4.13

(1.47) (1.67) (1.72) (1.68)
Monthly average of households

per life cycle
No children 0.27 0.23 0.15 0.21

(0.44) (0.42) (0.36) (0.41)
Couple with children < 5 years 0.17 0.25 0.36 0.27

(0.37) (0.43) (0.48) (0.45)
Couple with children 6–12 years 0.17 0.18 0.16 0.17
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Table 1. Cont.

ABC1 C2C3 DE
Average Number of
Total Households

(Monthly)

(0.38) (0.38) (0.37) (0.38)
Couple with children 13–17 years 0.13 0.10 0.08 0.09

(0.34) (0.29) (0.26) (0.29)
Couple with children 18–29 years 0.19 0.13 0.08 0.12

(0.39) (0.34) (0.27) (0.33)
Monoparental with children 0.08 0.12 0.17 0.13

(0.27) (0.32) (0.38) (0.34)
Standard deviations in parentheses.

The budget share allocated to foods and beverages was constant across this period in
real terms. Figure 1 displays the evolution of the average real budget share allocated to
foods and beverages, regulated or not, between January 2014 and December 2017. All prices
are converted from current Chilean pesos to Unidades de Fomento (UF), a constant currency
unit adjusted daily for inflation used in Chile to update values like wages, mortgages,
and loans. July 2016 was the first full month of phase one of the regulations. Our before–
after analysis showed no change in either levels or trends for the real expenditures on
foods and beverages (not shown but available from the authors). This may indicate that,
keeping expenditures constant, any changes are reallocations between labeled and non-
labeled products.

 

Figure 1. Total real expenditures allocated to foods and beverages.

Table 2 shows the average budget share allocated to labeled products preintervention,
January 2014–June 2016, and postintervention, July 2016–December 2017, for the total
sample and by SES level. In the preintervention period, more than 57% of an average
household’s food and beverage budget was allocated to products that would not have
had any labeling and it increased to 67% after the intervention, a statistically significant
difference. Similarly, the food and beverage budget allocated to any labeled products
decreased after the intervention, driven by products with labels for saturated fats, sodium,
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and sugars. We observed minor increases in products with labels for calories. All SES levels
exhibited this pattern though with different intensities.

Table 2. Average monthly budget share allocated to labeled products by period and differences of
means, total sample, and by SES level.

Total Sample

No Label
Any

Label
Calories

Saturated
Fats

Sodium Sugars

Preintervention average 0.5740 0.4260 0.1390 0.1330 0.0860 0.2670
(0.0140) (0.0140) (0.1100) (0.0040) (0.0040) (0.0150)

Postintervention average 0.6670 0.3330 0.1430 0.1160 0.0300 0.1900
(0.0120) (1220) (0.0050) (0.0030) (0.0020) (0.0110)

Difference of means 0.0890 −0.0930 0.0040 −0.0170 −0.0550 −0.0770
Standard error 0.0040 0.0040 0.0030 0.0010 0.0010 0.0040

ABC1 households

No Label Any Label Calories Saturated
Fats Sodium Sugars

Preintervention average 0.5999 0.4001 0.1533 0.1441 0.0782 0.2299
(0.1333) (0.1333) (0.0796) (0.0804) (0.0626) (0.1235)

Postintervention average 0.6998 0.3001 0.1583 0.1249 0.0265 0.1379
(0.1294) (0.1294) (0.0887) (0.0801) (0.0372) (0.0990)

Difference of means 0.0999 −0.0999 0.0050 −0.0192 −0.0518 −0.0921
Standard error 0.0023 0.0023 0.0015 0.0014 0.0010 0.0020

C2C3 households

No Label Any Label Calories Saturated
Fats Sodium Sugars

Preintervention average 0.5772 0.4228 0.1466 0.1376 0.0821 0.2608
(0.1442) (0.1442) (0.0836) (0.0813) (0.0662) (0.1371)

Postintervention average 0.6736 0.3264 0.1488 0.1177 0.0277 0.1808
(0.1392) (0.1392) (0.0921) (0.0768) (0.0393) (0.1201)

Difference of means 0.0964 −0.0964 0.0022 −0.0199 −0.0544 −0.0800
Standard error 0.0013 0.0013 0.0008 0.0007 0.0005 0.0012

DE households

No Label Any Label Calories Saturated
Fats Sodium Sugars

Preintervention average 0.5686 0.4314 0.1290 0.1295 0.0905 0.2753
(0.1597) (0.1597) (0.0817) (0.0822) (0.0711) (0.1549)

Postintervention average 0.6553 0.3447 0.1356 0.1161 0.0331 0.2052
(0.1525) (0.1525) (0.0927) (0.0803) (0.0415) (0.1405)

Difference of means 0.0866 −0.0866 0.0065 −0.0134 −0.0574 −0.0701
Standard error 0.0019 0.0019 0.0010 0.0010 0.0007 0.0018

Standard deviations in parentheses.

Table 3 shows the marginal effects for the total sample. Regarding Equation (2), the
table shows the derivative of the dependent variable over the variable law. Complete
results for Equation (2) are in Supplemental Material Table S1. The change in the level of
the budget share allocated to labeled products decreased 9.6 percentage points (p < 0.01)
right after the intervention (July 2016). The decrease was 1.2 percentage points (p < 0.01)
for products with at least the label for calories, 3.0 percentage points (p < 0.01) for those
with at least the label for saturated fats, 5.3 percentage points (p < 0.01) for products with at
least the label for sodium, and 7.2 percentage points (p < 0.01) for products with at least the
label for sugars. Results are in Supplemental Material Table S2.

After the implementation of the front-of-package label regulations, the budget share
allocation trends changed significantly. Preintervention, the positive trend in spending
more on foods and beverages that would have had warning labels was equal to 0.0004
(p < 0.0100) per month. Postintervention, the trend became negative, equal to −0.0005
(p < 0.0100). Products at least labeled for calories had a preintervention trend of growth
in budget share allocations but postintervention experienced a significant decrease. The
trend in products at least labeled for sugars was already decreasing preintervention and
decreased further postintervention. Results are in Supplemental Material Table S2. Products
labeled for saturated fats saw an increase in the positive postintervention trend relative to
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the preintervention one. Those labeled for sodium showed no change between pre- and
postintervention trends.

Table 3. Marginal effect on budget shares and trends before and after the intervention.

Change in Level
Postintervention

Trend

Preintervention
Trend

Postintervention
Trend

Difference between
Post- and

Preintervention Trends

Any label −0.0962 *** 0.0004 *** −0.0005 *** −0.0009 ***
(0.0026) (0.0001) (0.0002) (0.0002)

*** p < 0.01. Standard errors in parentheses.

Table 4 displays the marginal effects of changes in levels and trends over SES groups.
In all cases, budget shares of labeled products fell with the intervention from 9.2 percentage
points for the C2C3 group to 10.1 percentage points for the ABC1 group. However, dif-
ferences among groups are not statistically significant. Trends in budget share allocations
for labeled products did not change with the intervention in the ABC1 group, which re-
mained flat. For the other 2 groups, trends in budget share allocations for labeled products
decreased similarly (p < 0.01 in both cases) with the intervention.

Table 4. Marginal effects on the budget shares and trends before and after the intervention by SES level.

Change in Level
ABC1

Change in Level
C2C3

Change in Level DE

Any label
−0.1013 *** −0.0927 *** −0.1000 ***

(0.0060) (0.0034) (0.0046)
Difference ABC1 vs. C2C3 C2C3 vs. DE ABC1 vs. DE

−0.0086 0.0072 −0.0014
(0.0067) (0.0056) (0.0074)
ABC1 C2C3 DE

Preintervention trend −0.0001 0.0002 ** 0.0009 ***
(0.0002) (0.0001) (0.0001)

Postintervention trend −0.0001 −0.0008 *** −0.0002
(0.0004) (0.0002) (0.0003)

Difference between
post- and

preintervention
−0.0001 −0.0011 *** −0.0011 ***
(0.0004) (0.0002) (0.0003)

** p < 0.05, *** p < 0.01. Standard errors in parentheses.

Regarding products labeled for specific nutrients, in the ABC1 group the only statisti-
cally significant trend change was for saturated fats (p < 0.05), which moderately increased
after the intervention. Results are in Supplemental Material Table S3. In the C2C3 group,
only products labeled for calories showed a significant trend change (p < 0.01), which
decreased with the intervention. The DE group showed decreases in the trends for calories
(p < 0.10) and sugars (p < 0.05) and an increase in the trend for saturated fats (p < 0.10).

Table 5 shows the marginal effects of the implementation of the law over the life
cycle variable. Households with at least one child younger than five had the largest
decrease in the budget share allocated to labeled products. Right after the intervention, the
share fell 11.9 percentage points (p < 0.01). Households with children 6–12 years old and
13–17 years old also decreased their budget shares allocated to labeled products by more
than 10.0 percentage points. In trend changes, monoparental households with children
showed the largest trend reductions in budget shares allocated to labeled products.

162



Nutrients 2023, 15, 679

Table 5. Marginal effects on budget shares and trends before and after the intervention by life cycle.

Households
without
Children

Couple with
Children

< 5 Years Old

Couple with
Children

6–12 Years Old

Couple with
Children

13–17 Years Old

Couple with
Children

18–29 Years Old

Monoparental
with Children

Change in level −0.0861 *** −0.1190 *** −0.1052 *** −0.1079 *** −0.0866 *** −0.0949 ***
(0.0041) (0.0181) (0.0057) (0.0080) (0.0053) (0.0065)

Preintervention
trend 0.0004 *** −0.0001 0.0004 *** 0.0001 0.0002 0.0009 ***

(0.0001) (0.0005) (0.0002) (0.0002) (0.0002) (0.0002)
Postintervention
trend −0.0003 −0.0001 −0.0005 −0.0002 −0.0011 *** −0.0005

(0.0003) (0.0009) (0.0003) (0.0004) (0.0003) (0.0004)
Difference
between pre- and
postintervention

−0.0007 ** 0.0000 −0.0009 ** −0.0003 −0.0013 *** −0.0015 ***

(0.0003) (0.0010) (0.0004) (0.0005) (0.0004) (0.0005)

** p < 0.05, *** p < 0.01. Standard errors are in parentheses.

When we analyzed per label, the largest changes were in high-in sugar products, and
the smallest were in high-in calories products. That was true for all SES levels. Results are
in Supplemental Material Tables S2 and S3.

Results for volume are in Supplemental Material Tables S4–S10. Labeled products saw
significant decreases in volume purchases, while unlabeled products registered the oppo-
site. Monthly purchases of labeled solid foods decreased by 1.5 kg after the intervention,
while monthly purchases of labeled beverages decreased by 3.6 L. In addition, after the
intervention the trend in monthly purchases of labeled solid foods and beverages decreased
significantly (p < 0.01). For instance, the preintervention trend in volume purchases of
labeled beverages implied a monthly decrease of 50 mL and that trend accelerated to 93 mL
with the intervention. Marginal effects of volume purchases also show changes across SES
groups, all of which had statistically significant decreases in volume purchases after the
implementation of regulations. Statistical comparisons among groups show that decreases
in volume purchases were higher for the ABC1 group when compared to the DE group in
all cases. Finally, all family types show decreases in volume purchases of labeled products,
though the highest drops were in households with children 6–12 and 13–17 years old.

4. Discussion

Using methods different from those of previous studies, we confirmed in this study
that the enactment of Law 20606 significantly impacted household purchases of foods and
beverages with warning labels [5]. Using a household-fixed effects panel data model to
estimate before–after marginal effects of the regulations implemented at the end of June
2016, we found that Chileans immediately decreased both the volume of labeled products
purchased and the proportion of households’ budgets allocated to them. The reductions
were statistically significant and generally a reduction in the trends of monthly purchases
followed. We found no statistical differences in the magnitude of the reduction in budget
shares allocated to labeled products across SES groups. Budget shares changed in a context
of constant real household expenditures, which in practical terms means that households
decreased real expenditures on regulated foods and beverages.

Results should be considered in the context of changes in firms’ marketing strategies
and product reformulations [3,8]. In response to the regulations, firms may have reduced
and changed marketing campaigns, reformulated products to avoid the regulations, or
changed prices of both regulated and nonregulated products. For instance, in the case of
marketing, evidence shows that after the regulations, children’s exposure to high-in food
media advertisements decreased by 44% for preschoolers and 58% for adolescents with
significant decreases in child-directed appeals, such as cartoons [18]. TV ads for high-in
products decreased significantly. Before the regulations, 42% of food advertisements on TV
were for high-in products compared with 15% after the regulations [19]. The prevalence of
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child-directed appeals on packages of certain products, such as breakfast cereals, decreased
significantly after the implementation of the law [20].

Additionally, the product reformulations that were extensive at least during phase one
of the law’s implementation [8] could have impacted costs and prices, though a recent study
conducted with the same database we used found that prices of reformulated products
did not change vis-à-vis non reformulated products [13]. Constant relative prices between
regulated and nonregulated foods and beverages suggest that decreases in the volumes
purchased account for almost all of the regulations’ effects on household budget shares.

Though decreases in purchased volumes were significant, they do not seem to be
enough to reverse the high levels of people overweight and obesity in Chile, which is
currently 75% of the population [21]. Law 20606 achieved many of its goals, including
educating the population about regulated ingredients, prompting reformulation of prod-
ucts, and restricting child-oriented marketing, among others. However, further decreasing
consumption of products high in regulated ingredients may require measures that affect
relative prices, such as taxes. Currently, SSBs are the only food or beverage taxed and have
a relatively low excise taxes that have minor effects on consumers’ purchases [22].

A frequent concern about imposing taxes on food and beverage products is the
negative financial impact (i.e., regressivity) that increased prices may have on lower income
households [23]. A counterargument is that overweight/obesity is more prevalent among
lower SES households and reduced consumption of unhealthy products would lower
present and future expenditures on health care. Chile has a clear negative gradient between
years of education and overweight/obesity [21]. Studies on the distributive effects of
SSB taxation have found that taxes are progressive, as lower income households’ positive
effect of lower health care expenditures outweigh any financial burden due to higher
taxes [24–26].

Our results show no large SES differences in how households reacted to food regula-
tions. A recent umbrella review found, apart from taxation that reduces SES inequalities,
no compelling evidence of food regulation effects on inequalities [27]. Our results show
that in terms of budget shares and volumes, the policies adopted in Chile had a uniform
socioeconomic effect despite arguments that less-educated individuals and families would
not change their habits in response to regulations.

Although we found no changes in budget allocation patterns based on SES after the
intervention, this does not mean that other kinds of regulations, such as taxes on unhealthy
foods and beverages, will not impact those patterns. Future research should investigate
how these policies could affect household choices.

This analysis has some limitations. First, Law 20606 is a package of regulations,
including labeling and advertising bans, and the individual effects of each regulation on
households’ expenditures cannot be separated. Second, the basket in the Kantar Worldpanel
database corresponds to one-third of the total food and beverage basket, mostly from
supermarket purchases, that the Institute of National Statistics considers because the
Kantar Worldpanel data set does not include information on purchases of bulk products,
such as fruits, vegetables, meats, and breads. We have no evidence that the regulations
changed the proportions of foods and beverages bought from supermarkets, smaller stores,
or other sources. As such, one can assume that the regulations did not alter the patterns of
purchases and that the changes reported here effectively reflect changes at the population
level. Third, there has been a significant time gap with the situation described here and the
current situation. In that period, there was not only COVID but also a political shock due to
social unrest in Chile (from October 2019 to the appearance of COVID in March 2020). We
are not claiming that changes in budget allocation produced by the initial implementation
of the Law remained until today. We acknowledge that that is unlikely and that many other
factors may have affected such allocation. However, such factors (COVID, social unrest,
etc.) are not related to the implementation of the Law (exogenous factors) and, as such,
should not be considered in an enquire about the effects of the Law.
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5. Conclusions

The enactment of Law 20606 has been called “the world’s most ambitious attempt to
remake a country’s food culture” [28,29]. It decreased volume purchases of products with
warning labels and incentivized product reformulations while having no discernible effects
on aggregate levels of employment or real wages. This article shows that the enactment of
the law was associated with changes in households’ budget allocations as they reduced the
shares spent on labeled products. The reduction was similar across households’ SES levels
and demographic compositions.
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