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Preface to ”Childhood Malnutrition”

The book ”Childhood Malnutrition” aims to explore every form of malnutrition, including

undernutrition, hidden hunger, overweight, and obesity, in healthy infants, children, and adolescents,

as well as among children suffering from various conditions. Malnutrition among children and

adolescents is a major public health problem. In 2019, globally, 144 million children under the

age of 5 years old were stunted, 47 million were wasted, and 38 million were overweight. Poor

availability or suboptimal access to food of adequate nutritional quality, unhealthy dietary patterns

or disordered eating behavior expose large population groups to the risk of being undernourished,

having a poor nutritional status, or becoming overweight and/or obese. These conditions often

present simultaneously and are interconnected.

A healthy diet in the early stages of life results in adequate energy and nutrient intake, and

healthy weight and it is crucial for the physical, mental, and cognitive development of children and

adolescents, as well as for their long-term health.

The book focuses on a plethora of issues related to childhood malnutrition, including relevant

methodological considerations, dietary recommendations, health interventions, and public health

policy actions.

Tonia Vassilakou

Editor
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Childhood malnutrition of every form, including undernutrition (wasting, stunting
and underweight), micronutrient deficiencies, as well as overweight and obesity, consists
a triple burden of disease, especially for low- and middle-income countries, and is one
of the leading causes of poor health and a major impediment to personal development
and achievement of full human potential worldwide [1]. Globally in 2019, 149 million
children under the age of 5 years were stunted, almost 50 million wasted, 340 million
suffered from micronutrient deficiencies [2] and 38,2 million were overweight and obese [3].
The nutritional needs of children and adolescents are unique and poor availability or
limited access to food of adequate nutritional quality leads large population groups to
undernutrition, poor nutritional status, overweight and obesity. These malnutrition forms
often exist simultaneously and are interconnected [4].

Malnutrition is a global public health problem that is associated with high health care
cost, and increased morbidity and mortality [5]. Approximately 45% of deaths among chil-
dren under 5 years of age can be attributed to undernutrition [6]. Childhood undernutrition
may result in long-term effects that are irreversible, including impaired physical growth
and cognitive development [7–9]. Furthermore, undernutrition may reduce sensory-motor
abilities, reproductive function and increase children’s vulnerability to infections and
hereditary diseases, such as diabetes [9,10]. Moreover, undernutrition causes raise of health
care costs, reduction in human productivity at adulthood, and shrinkage of economic
development, which can result to a long-term cycle of poverty and illness. Childhood
undernutrition mostly occurs in low- and middle-income countries, mainly due to poverty,
which is associated with suboptimal feeding practices, poor sanitary conditions and insuf-
ficient health care services [11–15].

While there has been some progress concerning the reduction of undernourished
population from over one billion people in the 1990s to 793 million in 2015 [14], around two
billion people suffer from micronutrient deficiencies or “hidden hunger” [16,17]. Regarding
the situation among children, globally one-third of them are suffering from micronutri-
ent deficiencies [18]. Hidden hunger poses a major threat to health and development of
populations worldwide, particularly among children and pregnant women in low-income
countries [11,19]. The health effects of micronutrient deficiency include impaired physical
growth, weight loss, immune system vulnerability [19], neurological disorders, cardiovas-
cular diseases, megaloblastic anaemia, and skin problems [18–20]. Furthermore, recent
research findings on the developmental origins of disease have indicated that both fe-
tal and infant under- and overnutrition are serious risk factors for obesity with adverse
consequences throughout the life cycle [21,22].

At the same time, both in high-income and low- and middle-income countries, rates
of childhood overweight and obesity are rising [3]. In the past 40 years, the obesity pan-
demic has changed the existing malnutrition patterns. The prevalence of obesity during
childhood and adolescence has risen significantly over the last decades. Since the early
1980s, the prevalence of overweight and obesity increased rapidly, initially in high-income
countries [3]. Globally, overweight and obesity prevalence is very high [3,23], especially in
Europe [24]. In 2016, obesity was estimated to affect 1,9 billion persons worldwide [3]. The
World Health Organization (WHO) has announced that childhood and adolescent obesity
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is the major public health problem and advises on actions needed to slow the progression
of obesity epidemic [25]. According to the National Health and Nutrition Examination
Survey (NHANES) study, the rate of obesity among adolescents in the United States has
quadrupled during the last decades [26]. The etiology of obesity is multifactorial, includ-
ing genetic, environmental, such as nutrition and physical activity, and socioeconomic
factors [24,27–29]. Dietary shifts in recent decades, related to modern lifestyle, higher avail-
able income and increased consumption of highly processed foods, combined with low
physical activity levels, are considered to contribute to this increase in obesity rates [27,29].
Unhealthy diet is the core problem of the current nutrition situation [3]. Environmental
and societal factors, which originate from financial development and absence of substantial
supportive policies in infrastructures and services, such as education, health, transport,
urban planning, environment, climate change, agriculture, food processing, distribution
and marketing, often result in changes of dietary and physical activity patterns [24,27–30].

The risk of morbidity and mortality in adult life increases among persons who are
overweight or obese as children or adolescents [3,26,27,30]. It is well established that obesity
and its determinants are risk factors for the main nutrition-related non-communicable
diseases (NCDs), including diabetes mellitus [31], cardiovascular diseases (hypertension,
coronary heart disease and stroke) [3,32] and certain cancers [3,30]. Unhealthy diet and poor
nutritional status are among the most important risk factors for these diseases globally [3].

This Special Issue comprises of both research and review articles, which focus on
diverse components of malnutrition among healthy and non-healthy population groups
spanning high income and low- and middle-income contexts. Each of the papers provides
the readers with a chance to examine a different aspect of childhood malnutrition and
highlights the urgent need for design and implementation of the necessary actions and
policies for its prevention and control.

Readers are encouraged to explore these articles and consider the role of malnutrition
as a risk factor in their own context. Every country in the world and every population
group is affected by one or more forms of malnutrition [2,4,29]. Confronting every form of
malnutrition is one of the greatest global public health challenges [2,14]. A healthy diet,
initiating in the early stages of life, provides adequate energy and nutrient intake, results
in healthy weight, and is crucial for the physical, cognitive and mental development of
children and adolescents, as well as for their long-term health [3].

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflict of interest.
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Abstract: Background: Eating disorders are more common among adolescents and young adults.
An increase in the rates of these disorders has been reported during the last years. Meanwhile,
vegetarianism is becoming more popular in these age groups. The purpose of the present paper is to
evaluate the association between eating disorders and vegetarian diets in adolescents and young
adults. Methods: Systematic review of related articles published in PubMed, PsycInfo and Google
Scholar up to 30 May 2019. Results: A total of 20 studies (14,391 subjects) were deemed eligible
for this systematic review. The majority of the studies reported significant correlations between
vegetarianism and eating disorders. However, due to the cross-sectional design, a causal link between
eating disorders and vegetarian status cannot be established. Conclusions: Vegetarianism seems to
be associated with eating disorders. Longitudinal studies are needed to establish temporal patterns
between vegetarianism and the emergence of disordered eating.

Keywords: vegetarianism; vegetarian diets; eating disorders; mental health; adolescents; young adults

1. Introduction

A vegetarian diet excludes meat, seafood and products containing both, but may
include eggs and dairy [1]. Vegan diet is an extreme express of vegetarianism, excluding
all animal products, namely everything based on animal origin such as additive fats [2].
Lately, there is an increasing movement toward vegetarian diets in different population
groups, including adolescents (11–21 years) and young adults (up to 24 years), either due
to personal initiative, ethical reasons or social factors [3]. In the United States, it has been
estimated that 32% of adolescents between 8 and 18 years declare to have at least one
vegetarian meal per week, while 4% of this age group is reported to completely follow
vegetarian diet [3]. Concerning adults (>18 years) in the United States, the relevant rates
are smaller, as 3.3% of them are recorded as vegetarians, half of them being vegans [3].

Elimination of animal products from the daily diet could potentially affect health
especially that of adolescents whose development has not been yet complete. Although
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there is a correlation between vegetarian diet and health-related benefits, for instance
regarding the decreased risk of cardiovascular disease [4,5], there is a large controversy
about the effects of vegan diet on mental health [6].

Eating disorders (anorexia nervosa, bulimia nervosa and Eating Disorder Not Oth-
erwise Specified—SCID [7]) are usually associated with restricted diets and are more
commonly observed in adolescents and young adults. Vegetarianism has been increasingly
considered as a way of weight control, as the diet is based in reduced animal fats [7]. In
cases of eating disorders, the disorder itself leads to exclusion or restriction of specific
products and different confounders and causes should be examined. According to the
available literature, 45 to 54% of adolescents and young adults with anorexia nervosa
followed some form of a vegetarian diet, especially females [7,8]. Additionally, in some
cases (about 6%), patients have reported that they were vegetarians several years prior
to the onset of their eating disorder [7]. It has been suggested that, when subjects with a
suspected or diagnosed eating disorder follow a vegetarian diet, health care professionals
should worry that this behavior may be used as a socially acceptable way to legitimize
food avoidance [7] and avoid certain eating situations [8].

In light of the above, the aim of this systematic review was to investigate the correlation
between vegetarian and vegan diets and eating disorders in adolescents and young adults.

2. Materials and Methods

2.1. Literature Search Strategy

A systematic literature search was performed on 30 May 2019 in three different
databases (PubMeD, PsycInfo and Google Scholar). For the search, various terms were
combined, namely vegetarian OR vegan OR vegans OR veganism OR vegetarian OR vege-
tarianism OR semi-vegetarian OR flexitarian OR lacto-ovo-vegetarian OR lacto-vegetarian
OR lactovegetarian OR ovo-vegetarian OR fruitarian OR flexitarian, with “adolescents”
OR “teenagers” OR “young adults” OR puberty OR youth OR “young adult” OR “young
adults” OR “young adulthood” and anorexia OR bulimia OR “eating disorder”. The refer-
ence lists of eligible papers and relevant reviews were also meticulously searched in order
to include further studies reporting on vegan diet and eating disorders.

2.2. Inclusion Criteria

The eligibility criteria were based on the PICOS (Participants, Intervention, Compari-
son, Outcomes, Study design) acronym. Articles eligible to be included in this review were
required to meet the following criteria:

1. Studies had to report on adolescents or young adults (up to 30 years of age) who follow
vegetarian or vegan diet. Studies could be purely based on adolescents and young
adults or include a subgroup of young adults with admixture of older individuals. At
any case, the results of these two subcategories of studies were presented separately.

2. Studies had to provide data about the correlation between vegetarian/vegan diet and
eating disorders.

3. Any strategy to diagnose eating disorders was deemed eligible.
4. Prospective cohorts/cross-sectional/case-control studies were included.
5. The article was written in English language.
6. There was no restriction in publication year.

2.3. Exclusion Criteria

Articles meeting the following criteria were excluded from the review:

1. Case reports
2. Review articles and medical hypotheses
3. Animal studies
4. Papers referring to subjects with low-meat consumption (i.e., not vegetarians).
5. Studies not declaring age groups

6
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All article abstracts were screened by authors working in pairs in a blinded fashion.
Those found not complying with the inclusion criteria were removed and any controversies
were dealt with consensus in a meeting, in which the abstracts were reviewed.

2.4. Quality Assessment of Included Studies

All studies were rated with the Newcastle–Ottawa scale, adapted for assessing the
quality of non-randomized cross-sectional studies. This scale allocates a maximum of
10 stars evaluating selection (representativeness, sample size, nonrespondents and ascer-
tainment of exposure), comparability and outcome (assessment, statistical test) [9].

2.5. Data Collection Process

Data were extracted from each study in a structured coding scheme using Excel and
included type of study, population size, gender and age distribution, population type
(exclusively adolescents or young adults or a mix of them), confounders, definitions of
eating habits, definitions of eating disorders and bias assessment. Data were retrieved by
authors in pairs and team consensus was ensured.

2.6. Compliance with Ethics Guidelines

This article is based on previously conducted studies. The study is performed in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines [10].

3. Results

Study Characteristics

The literature search produced a total of 1271 results, after removal of duplicates; of
them 1235 were deemed irrelevant from title and abstract, whereas 36 were evaluated in
full-text. Among the latter, 16 were excluded due to various reasons and ultimately, a
total of 20 studies (14.391 subjects) published between 1986 and 2019 were included in
the present systematic review [7,11–29]. The PRISMA flowchart describing the successive
steps in the selection of studies is presented in Figure 1. The general characteristics of the
studies are presented in Table 1. Table 1 also presents the summary findings of the quality
assessment (risk of bias) for the included studies; in the majority, the quality of studies was
rated as low.

The majority of included studies reported a positive association between vegetari-
anism/veganism and eating disorders. Specifically, Bardone-Cone et al. observed that
individuals with a history of eating disorder were more likely to have ever followed a
vegetarian diet compared to healthy controls [7]; similarly, Zuromski et al. recorded a
higher prevalence of vegetarianism amongst women with clinical diagnosis of eating
pathology [16]. Likewise, in a questionnaire survey by McLean et al., female students with
vegetarian dietary restraints were more likely to have a history of eating disorders [19].
In a representative community survey, Michalak et al. confirmed the association between
vegetarianism and eating disorders [17]. Accordingly, a positive association between being
a vegetarian and diagnosis [13] or indication (according to EAT-26 [12,15,20,21] and EAT-40
scores) [14] of an eating disorder has been reported by other researchers.

Barrack et al. observed that, despite a correlation in the univariate analysis, the
association between vegetarian status and eating disorder examination scores did not
persist at the multivariate analysis [18]. Notably, Timko et al. reported a trend linking
semi-vegetarianism with highest levels of restraint [11].

On the other hand, a correlation between vegetarianism and eating disorders was not
documented in a few studies [26,28,29], whereas an inverse association between veganism
and pathological attitudes towards food was reported [27].

Regarding prognosis and features of eating disorders (lower panels of Table 1),
Kadambari et al. [22] showed that vegetarian anorectics were more frequently abstainers,
hyperactive, consumed large quantities of non-calorific fluid and presented higher fear

7
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of fatness versus non vegetarian anorectics. In a retrospective study, O’ Connor et al.
found that, as a rule, the avoidance of red meat did not predate anorexia nervosa [23].
Hansson et al. discovered that vegetarianism was more frequently present in recovered
or current patients with anorexia nervosa [24]. Interestingly, Yackobovitch-Gavan et al.
showed that vegetarianism (past and present) correlated with non-remission of anorexia
nervosa [25].

Figure 1. Successive steps in the selection of studies—PRISMA Flow Diagram.
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4. Discussion

The present systematic review is an effort to investigate the association between dif-
ferent types of vegetarian diet and eating disorders in adolescents and young adults. As
the literature research revealed, there seems to be a correlation between vegetarianism and
the presence of eating disorders [7,12–16,19,21] and particularly anorexia nervosa [22–24].
Especially for adolescents, vegetarianism and unhealthy and extreme behaviors on weight
control are reported to be interconnected [13]. Females seem to be more prompt to such as-
sociations [16,17,19,20]. However, there were also studies reporting no correlation between
eating disorders and vegetarianism [26,28,29].

Commenting on potential causal associations, numerous individuals with disordered
eating habits and a history of vegetarianism report that the adoption of a vegetarian
diet followed their disorder [7,8,17,23,30]. It seems therefore that, in a patient with an
eating disorder and vegetarianism, there is a high likelihood that vegetarianism could
represent a mode of restriction in eating habits, as a part of their eating disorder pathology.
Perpetuation of pathology cannot be ruled out, in a vicious circle where restriction begets
restriction. At any case, there is need for future prospective studies to shed light onto the
aspect of temporality that is corollary for the establishment of any etiological associations.

Individuals with eating disorders might become vegetarians as a means to control
weight, as a strategy of food avoidance, but also for non-weight reasons [7]. From an
eating disorders perspective, subjects who are prompt to follow vegetarianism for mainly
non-weight reasons (e.g., ethics, religion) could at first seem less alarming than subjects
with weight-loss motives [13,18,19] and body shape worries [12], however bias in reporting
the actual reasons is a concern. Specifically, in view of the stigma of eating disorders, the
disclosed reason for following vegetarianism may sometimes be hard to identify in clinical
practice. For a patient with an eating disorder, declaring to be a vegetarian for animal rights
reasons would seem more socially acceptable and less uncomfortable than the explicit
disclosure of weight loss as a motive. Social acceptability bias in this instance would denote
that an eating disorder patient would purportedly prioritize animal rights/ethics when in
reality the behavior could be driven by a desire to restrict.

The prevalence of reasons underlying choices of vegetarianism differ between studies.
Klopp et al. [14] highlighted health/nutrition (37.5%) as the most common reason for
vegetarianism, followed by weight control (18.8%) and animal ethics (14.6%). However,
Bas et al. reported another context, with the most common reason being taste preferences
(58.1%), followed by healthier diet (19.4%) and weight control only in 9.6% of the sam-
ple [12]. Other mechanisms have also been postulated, such as that the life experience of a
mental health disorder may “sensitize” the patient towards the suffering of other beings
and animals (thus eliciting vegetarianism or veganism), whereas presence of common
variables underlying both vegetarianism and eating disorders (such as perfectionism, high
levels of responsibility, social values) may provide another alternative explanation [17].
On the other hand, being vegetarian has been associated with positive qualities, including
morality, empathy and being self-sacrificial for the greater good [31]. Concerning motiva-
tions, veganism is an entity distinct from vegetarianism, as it reflects a self-defining way of
life, putting in practice ethical and moral beliefs that strongly oppose processes of treating
animals in the food and animal products industry [29].

Regarding subgroups in the spectrum of semi-vegetarianism, vegetarianism and
veganism, Timko et al. highlighted that semi-vegetarians had a trend towards a more
restrained eating pattern [11]. Further studies are needed to differentiate between vegans,
vegetarians, and semi-vegetarians.

In view of the association between vegetarianism and eating disorders, individuals
who adopt a vegetarian diet should be closely examined regarding their general eating
attitudes/behaviors by clinicians, to evaluate the presence of extreme weight control
attitudes [13,18,19] and eating disorder chronicity [7,23,32].

The findings of the present systematic review can be inscribed into a wider perspective,
regarding adverse aspects of vegetarianism in terms of mental health. A meta-analysis
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on 17.809 individuals, published in 2020, highlighted that vegan or vegetarian diets were
associated with a higher risk of depression but with lower anxiety scores, although the syn-
thesized studies were of low quality [33]. However, another meta-analysis, also published
in 2020, indicated that there was no association between consumption of a vegetarian diet
and depression or anxiety [34]. Such complex interplays between vegetarianism, eating
disorders and depression would seem addressing in future studies. Eating pathology
has been longitudinally associated with depression in a meta-analysis of 42 studies, that
highlighted the need to identify factors that are etiological to the development of both
conditions [35]. The debate regarding vegetarian diets and any effects upon mental health
remains vivid and open.

Our results should be interpreted with some caution given the limitations of the
synthesized studies. Firstly, most studies were of a cross-sectional design, thus cannot
clarify if there is a causal relationship between vegetarianism and disorder eating. Secondly,
quality ratings were low, as evidences by the Newcastle-Ottawa scale. The majority of
studies were based on population-based samples, except for a few ones on clinical samples
compared versus other groups [7,16,22–25]. Furthermore, a great variety of questionnaires
was used. Other limitations include the lack of differentiation of eating disorder diagnoses,
the scarcity of subgroup data about bulimia the small sample size in some studies, the
variability in the definition of vegetarianism, and the lack of a validated measure for
assessing aspects of vegetarianism or veganism. Although there was no limitation about
the cultures on which studies were based, the fact that only studies in English were
included in this systematic review may have actually limited synthesized evidence mainly
into countries with a Western culture and lifestyle. There was paucity of data regarding
subgroups of vegetarian diets, such as flexitarian, lacto-ovo-vegetarian, lacto-vegetarian,
ovo-vegetarian, fruitarian and flexitarian diets that might exhibit distinct features.

5. Conclusions

In conclusion, this systematic review highlights a potential association between vege-
tarianism and eating disorders. Future research should focus on multi-center prospective
studies in order to shed light on temporal patterns in the relationship between vegetarian-
ism and disordered eating, although such studies would be practically demanding.
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Abstract: In their attempt to achieve the optimum weight or body shape for their activity, athletes
frequently use harmful weight-control practices that may lead to the development of disordered
eating or eating disorders. These practices are linked to several medical and mental consequences that
may be more serious in adolescent athletes, as their bodies must meet both intensive growth demands
and training requirements at the same time. Among other consequences, adolescent athletes may be at
nutritional risk, due to their high nutrient needs and unhealthy eating behaviors. A literature review
was conducted to examine the main nutritional risks and malnutrition issues faced by adolescent
athletes that present disordered eating attitudes or eating disorders. Most studies refer to adult elite
athletes, however research on adolescent athletes also indicates that the most common nutritional
risks that may arise due to disordered eating include energy, macronutrient and micronutrient
deficiencies, dehydration and electrolyte imbalances and changes in body composition that may
lead to menstrual abnormalities, and decreased bone mass density. Educational programs and early
detection of disordered eating and eating disorders are crucial to avoid the emergence and ensure
timely management of nutrition-related problems in the vulnerable group of adolescent athletes.

Keywords: adolescent athletes; eating disorders; disordered eating; nutritional risk; low energy
availability; female athlete triad

1. Introduction

Adolescence is the second fastest growth period after infancy and is characterized
by significant alterations in body composition, metabolic and hormonal function, organ’s
maturation, and formation of nutrient deposits that may have an impact on future health [1].
Adolescence is also a challenging period for a person’s nutrition, as adolescents are exposed
to different forms of malnutrition, such as undernutrition, obesity and deficiencies of
certain nutrients [2]. Moreover, adolescence is a vital time for establishing eating habits
that will likely last during a person’s life [3]. Even if nutritional vulnerability may not be
as great as in infancy and childhood, adolescents are a nutritionally susceptible group of
population, because of their high growth requirements, unhealthy eating patterns and high-
risk behaviors [2]. Organized sports provide many physical, mental and cognitive benefits
to young people, however adolescent athletes have very high nutritional requirements,
as a result of intensive daily training in addition to their energy and nutrients needs for
growth and development [4]. Adolescents who participate in sports have higher nutritional
demands than their non-athletes peers of the same age, in order to meet at the same time
their needs for growth and wellness, as well as for optimal sports performance [4–9].

Despite their high nutritional requirements, athletes often engage in inappropriate
dietary strategies in their attempt to regulate their body weight and/or body shape, for
the purpose of reaching optimal sports performance or ideal physical standards for their
sport [8,10–12].

Athletes are at a higher risk of developing disordered eating than a clinical eating
disorder [10,11]. Thus, they may use unhealthy weight-control practices, such as skip-
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ping meals, restrictive eating, over-exercising, dehydration techniques, vomiting, using
diuretics, laxatives, or diet medications, but without fully meeting the criteria for eating
disorders [8], as they are described in DSM-5 [13]. According to Sundgot-Borgen et al. (2013)
and Wells et al. (2020), disordered eating behavior develops in an athlete across a spectrum.
This spectrum starts from optimal nutrition (that includes healthy dieting that leads to
gradual weight loss), continues to the occasional use of more intensive weight-loss methods
such as short-term restrictive diets and may progress to more extreme behaviors, such as
chronic energy restriction, eating nothing for one or more days (fasting), using passive or
active dehydration techniques, self-induced vomiting, frequent use of diuretics, laxatives,
or diet medications, and excessive exercise. This sequence may end with the presence of
clinical eating disorders that fulfill the criteria of DSM-5 [8,14,15]. According to Wells et al.
(2020), “individual athletes can move back and forth along the spectrum of eating behavior
at any point in time over their career and within different stages of a training cycle” [8].

Disordered eating prevalence is higher among adolescent elite athletes compared
to their non-athlete peers and it may affect athletes of any gender, sport type or level of
competition [16,17]. It is estimated that up to 45% of adolescent athletes develop disordered
eating attitudes, especially females in aesthetic and weight-sensitive sports [16,18–33]. Dis-
ordered eating etiology is multi-factorial, as socio-cultural, psychological, family, biological
and genetic factors interrelate [14]. Moreover, in athletic population, risk factors that are
also associated with the development of disordered eating are high competitiveness, start-
ing sport-specific training in young age, weight class rules and pressures from the sport
environment to attain a certain body weight or shape [14]. Weight pressures in the sports
environment include the comments from coaches, judges or teammates regarding weight
and body shape, requirements for specific weight or body shape to compete, the revealing
nature of the training or competition uniform and the perception that low weight gives
performance advantages [34,35]. Although athletes from any sport may experience the
above mentioned pressures, it seems that athletes from aesthetic and weight-class sports
experience higher risk to develop disordered eating due to weight pressures [33,34,36].
Regardless of the severity of disordered eating, health and performance consequences
are serious and they increase as disordered eating attitudes turn into a clinical eating
disorder [8]. The health effects of disordered eating depend on various factors, such as the
person’s age, other health problems and body composition prior to the weight loss initiation,
as well as the duration, volume and rate of energy restriction and purging behaviors [14,25].
Physiological and medical complications affect most of the body systems, including the car-
diovascular, gastrointestinal, endocrine, skeletal, renal, reproductive, and central nervous
systems, and may also be linked to psychological stress and depression [16,37,38]. Disor-
dered eating attitudes may also cause negative effects on sport performance due to low
energy availability, excessive body fat and lean mass loss, fluids’ and electrolytes’ imbal-
ance, that may increase illness and injury risk, cause limitations in quality and consistency
of training and impair recovery after training or injuries [39–42]. These effects depend also
on the duration and the severity of disordered eating [43]. Long-term consequences are also
possible, but the research regarding the possible damages on health, that may last or arise
many years after the initiation of disordered eating behaviors, is very scarce. One possible
consequence is the long-term maintenance of the disorder. Sundgot-Borgen et al. (2012)
reported that just 72% of former elite athletes with eating disorders during their athletic
career had recovered after 15–20 years [44]. Moreover, athletes with long-term inadequate
energy and nutrient intake as well as menstrual disturbances during the growth period
of adolescence, may never achieve an optimal peak bone mass, resulting in greater risk
of development of osteopenia or osteoporosis later in life [45]. Growth retardation is also
possible but studies on elite young athletes show a catch-up effect for bone and body mass
growth when energy intake becomes normal [46,47]. Finally, there is the hypothesis of
greater cardiovascular disease risk later in life, due to endothelial dysfunction, which has
been found in female athletes suffering from amenorrhea and energy deficiency [48–50].
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During the past two decades, there has been a plethora of published studies that have
examined the potential harmful consequences of disordered eating attitudes among ath-
letes. However, research has focused primarily on adult (mainly college-age) elite female
athletes [11,51–56]. Less studies have examined the health consequences, and especially
those related to the nutritional status, of disordered eating behaviors in adolescent elite
and non-elite athletes. The present article aims to review the existing literature on the
common nutritional risks and malnutrition issues faced by adolescent athletes that present
disordered eating or eating disorders and, to emphasize the value of nutritional interven-
tions regarding the prevention and early treatment of disordered eating in adolescents
participating in sports.

2. Materials and Methods

An electronic search of the international literature was carried out, using three differ-
ent databases (PubMeD/MEDLINE® (United States National Library of Medicine (NLM),
Bethesda, MD, USA), PsycInfo (American Psychological Association, Washington, DC,
USA) and Google Scholar (Google, Mountain View, CA, USA) in order to track relevant
observational studies, reviews, systematic reviews and meta-analyses published until
May 2021. The keywords that were used in our search include the following: “adolescent
athlete”, “high school athlete”, “nutritional risk”, “malnutrition”, “undernutrition”, “nutri-
tional deficiencies”, “low energy availability”, “dehydration”, “disordered eating”, “eating
disorder”, “female athlete triad”. All articles were reviewed for relevance. Included studies
had to provide data about the correlation between disordered eating or eating disorders
and specific nutritional risks.

For the scope of our review, “adolescents” were considered males and females aged
10 to 19 years, according to WHO definition [2]. Under this condition, articles that defined
in detail the age of the studied population or mentioned that the sample consisted of
high-school athletes were included. Studies involving only adult athletes (>19 years of
age) and college-age athletes were excluded, as well as studies not declaring age groups.
Moreover, a small number of studies included both adolescents and adults, but our review
presents only the results regarding adolescents.

Moreover, the review includes articles regarding adolescents that participate in various
organized sports in elite or non-elite level. Articles regarding participation in recreational
activities have been excluded. Articles of adolescents who did not systematically participate
in sports were also excluded.

Finally, articles that were written in non-English languages and those that had no full
text available were excluded. There was no restriction regarding the year of publication.

3. Results

Adolescent athletes are more vulnerable than adult athletes to the physical conse-
quences of disordered eating attitudes, due to their high energy and nutrient require-
ments [4,5]. Their sport performance is compromised, but also normal growth, develop-
ment and maturation may be impaired [5,40,42].

Nutritional risks that may arise due to disordered eating include energy, macronutrient
and micronutrient deficiencies, dehydration, electrolyte imbalances, menstrual irregulari-
ties, and decreased bone mass density [37,38,40]. Moreover, disordered eating is associated
with the development of the “Female Athlete Triad” and the “Relative Energy Deficiency
in Sport Syndrome (RED-S)” [41,42].

The present electronic search retrieved 463 articles. After thorough examination of
article abstracts and full-texts, a final number of 34 articles considered eligible to be included
in the present review. Twenty-eight of them were articles of original researches, four were
reviews and two were clinical reports. The majority (19 articles) examined mainly the
association between disordered eating and “Female Athlete Triad” or bone mineral density,
15 articles discussed “low energy availability”, three articles examined nutrient deficiencies
of athletes with disordered eating and five articles presented the topic of dehydration and
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electrolyte imbalances due to disordered eating. Some articles examined more than one of
the above-mentioned issues.

3.1. Low Energy Availability

“Energy Availability” is the amount of dietary energy available for other body func-
tions after exercise training, and it is calculated by subtracting the energy expended during
exercise from the dietary energy intake [57]. Energy availability is usually adjusted to fat-
free mass (FFM), since the majority of energy is spent by FFM [57]. Energy availability for
optimal bodily function is normally 45 kcal per kg of FFM per day [57], but in adolescents,
who are still growing and developing, it may be much higher [48]. Low energy availability
(LEA) refers to an imbalance between the energy intake that a person ingests from foods
compared to the energy expenditure for exercise, allowing inadequate energy quantity
to support the necessary human physiological functions required to maintain optimal
health [42]. Although there is no specific cut-off point for energy that defines LEA, it seems
that in the case that energy availability falls below 30 kcal/kg FFM/day, the human body
tends to reestablish energy balance and prolong survival, but reproductive and skeletal
health are impaired [57–59]. Moreover, energy availability of 30 kcal/kg FFM/day is just
below the average resting metabolic rate (RMR) of healthy adults [57].

Athletes are often in LEA status due to increased energy expenditure for exercise
or due to low energy intake from food that is not enough to cover their high exercise
energy demands [58]. LEA may occur unintentionally due to lack of knowledge regarding
the best practices to balance the amount of daily energy needed for training and normal
physiological functions by the athletes [60]. However, LEA may also occur due to inten-
tional decreased energy intake as noticed in the cases of disordered eating, such as food
restriction, vomiting, stimulants or laxatives use, in an attempt to control body weight [61].

Low energy availability (whether intentional or unintentional) may cause health
impairment and lead to several medical complications, including problems in the function
of cardiovascular, endocrine, reproductive, and skeletal systems, since, as a response to
LEA, physiological processes lower the amount of energy utilized for cellular maintenance,
thermoregulation, growth, and reproductive function [37,62]. LEA is also a common cause
of menstrual dysregulation and amenorrhea in adolescent female athletes [63,64], and it
is considered the underlying cause of the “Female Athlete Triad” [37,48] as well as the
“Relative Energy Deficiency in Sport Syndrome” (RED-S) [41]. Health effects of LEA,
especially amenorrhea and imbalance in bone remodeling, are critical for female adolescent
athletes, because the development and maturation of the reproductive system, and the
attainment of peak bone mass density is achieved during this period [14]. “Female Athlete
Triad” and low bone mineral density are further discussed in Section 3.3.

Many surveys have investigated the prevalence and consequences of LEA in ado-
lescent athletes. A study of 36 elite competitive adolescent female figure skaters in the
USA found that 25% of the athletes scored above cut-off score in disordered eating screen-
ing test (EAT-40) and reported lower than recommended energy intakes [65]. In a study
in Brazil, 91.7% of adolescent female tennis players fulfilled the criteria for disordered
eating and/or low energy availability. The average energy availability of the athletes
was 31.17 kcal/kg FFM/day, while 87.5% were found to have energy availability less than
45 kcal/kg FFM/day and 33.3% below 30 kcal/kg FFM/day [66]. In another study of 77 ado-
lescent female swimmers also in Brazil, all the athletes who consumed less than 30 kcal/kg
FFM/day presented disordered eating behaviors [67]. Moreover, Wood et al. (2021) found
that female adolescent endurance runners with a high level of cognitive dietary restraint
reported lower energy consumption than runners without dietary restraint [68]. Low en-
ergy availability has also been reported in 36% of female high-school athletes of various
sports [69], in adolescent female acrobatic gymnasts, where the average energy intake
was 32.8 ± 9.4 kcal/kg FFM/day [70], in female adolescent elite football players in Ger-
many, with 53% of them reporting energy availability of less than 30 kcal/kg lean body
mass/day [71] and in female and male high-school cross-country runners in the USA, with
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30% and 60% respectively meeting the criteria for LEA [72]. It is worth to mention that,
although adolescent female athletes may be considered at a greater risk of inadequate en-
ergy intake [67] and the research investigating adolescent male athletes is relatively sparse,
studies of male adolescents have demonstrated that they are also at risk for disordered
eating and low energy availability [42,73,74].

Although athletes lower their energy intake to achieve weight loss, LEA has been cor-
related with higher body fat percentage and decreased resting metabolic rate (RMR) [75,76].
In a study of 353 young athletes in Germany, female athletes with LEA had higher body fat
mass than females with normal energy availability [75], while a study of 42 gymnasts in the
USA showed that energy deficits are associated with higher body fat percentage [76]. These
findings are possibly explained due to an adaptive reduction in RMR of the athletes with
low energy intake [76], and higher leptin concentrations [75]. LEA has also been associated
with decreased RMR in studies among adult male and female athletes [77,78].

In conclusion, it seems that LEA is frequent among adolescent male and female
athletes in various sports and that it is often correlated to disordered eating behaviors.

3.2. Macronutrient and Micronutrient Deficiencies

Low energy availability is often accompanied by low macronutrient and micronutrient
intakes [58]. In athletes, reduced intakes of macronutrients may cause decrease of the
physiological ability for bone formation, muscle mass maintenance, damaged tissue repair,
and injury recovery [58]. Glycogen stores may not be properly replaced during time
periods of intensive activity training if carbohydrate intake is inadequate [79]. At the
same time, protein requirements may rise, because body protein stores may be used as
alternative energy source [58]. Micronutrients are also required for the formation of bones
and muscular tissue, the replenishment of red blood cells, and the provision of co-factors
for the regulation of energy-producing metabolic pathways [58]. Athletes who consume
less than required calories or restrict certain food groups from their diet, in an attempt
to control their body weight, may undergo low nutrient intakes, which may result to
ineffective use of energy intake regarding health maintenance and provision of adequate
energy for physical activity [58,80,81].

Studies that have examined nutrient intakes of adolescent athletes with disordered
eating are very scarce. Costa et al. (2013) found that adolescent athletes with disordered
eating behaviors presented lower protein and calcium intakes, while 70% of them had
carbohydrate intake below the recommended levels [67]. Wood et al. (2021) found that
female adolescent endurance runners that intentionally restricted their dietary intakes had
lower carbohydrate intake than runners with normal eating attitudes [68]. Higher scores
in the Eating Attitudes Test 26 (EAT26 screening tool) were also associated with lower
micronutrient intakes in a study of 21 adolescent competitive female figure skaters [82].

Even though data on nutrient deficiencies in this population group are limited, it is
expected that athletes who restrict their energy intake or specific food groups, as well as
those that use purging behaviors, will be deficient in a number of essential nutrients.

3.3. Low Bone Mass Density

Adolescence is a critical period for bone growth, acquisition and maturation, as the
greatest rate of bone mass formation occurs during puberty. Almost 90% of peak bone mass
density (BMD) is achieved by 18 years of age, and 25% of bone mass is formed during the
two years around menarche [83]. Bone mass that is formed during the years of childhood
and adolescence is important for the achievement of peak bone mass density of the person
and the prevention of osteoporosis later in adulthood [84]. Achievement of optimal BMD
during adolescence depends on adequate nutrition, including overall adequate energy
availability, intakes of certain nutrients (especially vitamin D and calcium), and regular
weight-bearing physical activity [48,62]. Increased risk of low BMD has been linked to
several factors, such as low body weight, over-exercise, dietary restrictions and menstrual
irregularities (late menarche, oligomenorrhea, amenorrhea) [83,85].

23



Children 2021, 8, 715

In athletic populations, menstrual abnormalities and low bone mass density are asso-
ciated to low energy availability as a result of decreased energy intake or over-exercise [37].
Energy intake is considered a more crucial factor for the formation of bone mass than
certain nutrients (calcium and vitamin D), since energy restriction causes hormonal profile
changes resulting to decreased calcium absorption and increased calcium mobilization in
the bones [86].

Athletes with disordered eating behaviors may experience low energy availability,
which disrupts the normal cycle of menstruation, and, eventually, results to imbalance in
bone remodeling that may lead to osteopenia or osteoporosis [37]. The three interrelated
conditions of amenorrhea, osteoporosis, and disordered eating have been recognized as
the syndrome of “Female Athlete Triad”, which was first described in 1992 [37,40]. In 2007,
the American College of Sports Medicine revised its position statement regarding the triad
suggesting that each one of the three clinical conditions comprises the pathological end of
a spectrum of interrelated, subclinical conditions between health and disease. Therefore
the three conditions were renamed to (a) menstrual function, (b) bone mineral density, and
(c) energy availability, to more appropriately depict the entire spectrum, which may vary
from excellent health to sickness in each component [37]. Each one of the triad components
may exist independently, but it seems that the emphasis on weight loss and low energy
intake may initiate a cycle where all three diseases occur in sequence [43]. “Female Athlete
Triad” is particularly harmful during adolescence, as the achievement of maximum bone
mass density, as well as the development and maturation of the reproductive system, take
place at this age [14,48].

The “Female Athlete Triad” syndrome affects female athletes of any sport type and
competition level [62]. The prevalence of the full syndrome in adolescent female ath-
letes seems to be relatively low and ranges from 1.2% to 4.2% [20,24,66]. Yet, a much
greater percentage of female adolescent athletes may present with 1 or 2 components
of the triad [19,20,24,60,66,69,87]. In studies of adolescent athletes, prevalence of disor-
dered eating ranges from 18.2% to 91.7%, prevalence of menstrual irregularities is found
between 18.8% and 48.0%, and prevalence of low bone mass ranges between 15.4% to
42.1% [19,20,24,60,66,69,87].

The assessment of menstrual abnormalities prevalence among adolescents involves
a number of challenges, as it is common for girls during their first year after menarche
to experience amenorrhea and oligomenorrhea [88]. Yet, the results of studies among
adolescent athletes show that menstrual irregularities are quite common in this group and
are linked to disordered eating and low energy availability [19,20,25,60,89–91]. Moreover,
several studies in adolescent athletes have found a correlation between low bone mass and
both disordered eating and menstrual dysfunction [20,25,68,90–94].

Weimann et al. (2000) studied 22 female adolescent elite gymnasts in Germany and
found that female gymnasts experienced delayed menarche, bone formation retardation,
and reduced height potential, while their nutritional intake was insufficient [89]. Beals
(2002) investigated the nutritional status, eating behavior and menstruation of 23 nationally
ranked female adolescent volleyball players. Their average caloric intake was lower than
their average calorie expenditure, while 17% reported past or present amenorrhea, 13%
past or present oligomenorrhea and 48% irregular menstrual cycles. Almost half of the
athletes reported actively “dieting” [60]. Nichols et al. (2007) examined the association
of disordered eating and menstruation irregularities among 423 high-school athletes and
found that athletes with oligomenorrhea and amenorrhea consistently reported higher
levels of dietary restriction and higher scores on disordered eating scales (EDE-Q) than eu-
menorrheic athletes, while athletes with disordered eating were more than twice as likely to
report oligo/amenorrhea than athletes without disordered eating behavior [19]. In another
study of 170 female athletes, Nichols et al. (2006) found that athletes with oligomenorrhea
and amenorrhea had significantly lower trochanter BMD values compared to athletes with
regular menses. Moreover, among athletes with disordered eating, those who reported
pathological behaviors had lower BMD for all bone sites compared to those who reported
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normal eating behaviors [20]. Barrack et al. (2010) found that female adolescent runners
whose bone turnover was elevated had lower body mass index, less menstrual cycles dur-
ing the past year, and lower than the recommended energy intakes compared to those with
normal bone turnover [92]. Thein-Nissenbaum et al. (2011) studied 311 female high-school
athletes and found that athletes reporting disordered eating attitudes were twice more
likely to suffer an injury and to experience menstrual irregularities during the season than
those who reported normal eating behavior. Moreover, aesthetic and endurance sports
athletes who reported disordered eating were eight and three times, respectively, more
likely to suffer an injury than athletes from the same sports who reported normal eating
behaviors [25]. These findings were similar with the results reported by Rauh et al. (2010),
who found that female athletes from 6 high schools in California reporting disordered
eating were nearly three times more likely to experience menstrual disorders than their
counterparts who reported normal eating behaviors. Moreover, disordered eating, men-
strual irregularities and low BMD were linked to musculoskeletal injuries [90]. A study on
female and male adolescent runners by Tenforde et al. (2015) found that the main risk fac-
tors for decreased BMD Z-scores in girls were current menstrual irregularities, menarche at
a later age, lower fat free mass, and lower milk consumption. In boys, lower BMD Z-scores
were associated with lower body mass index (BMI) Z-scores, as well as with the belief that
thinness improves performance in sports [93]. In a study of 320 adolescent female athletes,
Thralls et al. (2016) found that underweight was linked to a greater likelihood of menstrual
abnormalities and low BMD. In fact, athletes whose BMI was lower than the 5th percentile
for their age were nine times more likely to report menstrual abnormalities and had lower
BMD compared to those whose BMI was between the 50th and 85th percentile [91]. A study
of 390 elite female athletes in Japan found that among adolescent female athletes, the risk of
stress fractures was increased by 12.9 times in those with secondary amenorrhea, 4.5 times
in those with low BMD for the whole body, and by 1.1 times in those with a low ratio
of actual body weight to ideal body weight [94]. Finally, a recent study on 40 adolescent
female endurance runners in the USA found that the athletes with elevated cognitive
dietary restriction exhibited significantly lower BMD Z-scores in lumbar spine compared
to the athletes with normal eating behavior [68].

It seems that there is substantial amount of scientific evidence regarding bone min-
eral density imbalances in athletes. It can be assumed that low bone mineral density in
adolescent athletes is correlated in a direct way to disordered eating attitudes (such as low
consumption of energy or certain nutrients) as well as in an indirect way as a result of dis-
ordered eating consequences, such as low energy availability and menstrual irregularities.

3.4. Dehydration

Athletes in weight-sensitive sports often use hypohydration and dehydration tech-
niques in an attempt to lose weight and, thus, obtain a perceived advantage in a competition
or compete in a lower weight category [95]. Common dehydration practices used by ath-
letes include restriction of fluid intake, spitting, vomiting, use of diuretics and/or laxatives,
steam baths, saunas, and wearing nonporous suits to increase sweat production [14,96].

It is estimated that up to 67% of athletes participating in weight-class sports (e.g.,
Taekwondo, wrestling, boxing) try to lose weight with various dehydration practices [97].
Most studies focus on adult athletes. In a study of 2532 high-school wrestlers, 2% reported
weekly use of laxatives, diet pills, or diuretics, while the same percentage reported at
least weekly self-induced vomiting to lose weight. Fasting and various dehydration
methods were the primary techniques used for rapid weight loss [98]. In a study of 4746
adolescent athletes it was found that, compared to athletes of non-weight-related sports,
males participating in a weight-related sport were more likely to report vomiting, laxative
and diuretic use during past week and past year, while females participating in a weight-
related sport were more likely to report vomiting and laxative use during past week and
past year [74]. A more recent study of 1138 elite adolescent athletes in Germany indicated
that passive or active dehydration practices (e.g., sauna, exercise in sweatsuits) were the
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most commonly used methods to control weight [33]. The ATHENA program, that was
conducted in a sample of 1668 female team sport athletes of 18 high schools in the USA
found that 4% of the athletes had used vomiting, 1% diuretics and 1% laxatives during
the past 3 months, while 14% had not eaten for one or more days, in order to cause rapid
weight loss [22].

Maintaining adequate fluid balance during exercise is crucial for dehydration preven-
tion and maintenance of normal cardiovascular and thermoregulatory functions required
for effective exercise performance [99]. Sport performance and health may be affected by
hydration status, which refers to body water content as well as to body electrolytes concen-
tration [100]. A dehydrated person’s lower blood volume may compromise thermoregula-
tory capacity during exercise, resulting in poor performance [100,101]. With high-intensity
exercise, dehydration causes decreased strength, power, and endurance [102–104] as well
as increased body temperature and higher susceptibility to heat illness [96]. Moreover,
electrolyte concentration changes caused by dehydration are likely to be detrimental to
muscular function, resulting in muscle mass loss and decreased strength and power [101].
Hypohydration has an impact on muscle metabolism by hastening glycogen depletion,
and central nervous system function by lowering motivation and effort [100]. Therefore,
athletes who practice severe energy or fluid restriction to lose weight may suffer unfavor-
able repercussions such as loss of lean tissue, hormonal disturbances, and performance
impairment [95,101].

In adults, dehydration of at least 2% of body weight has been linked to a reduction in
endurance and work capacity [99]. It is unclear how much dehydration impacts adolescent
endurance performance [99]. Unlike adults, we still do not know the hypohydration level
that is associated with adverse athletic performance and negative health effects in young
athletes [100].

Dehydration and electrolyte imbalances have been thoroughly studied in sports, as
they result in serious health and performance problems. Unfortunately, it seems that
adolescent athletes with disordered eating often use harmful weight control techniques
that cause detrimental imbalances regarding hydration status.

4. Discussion

The scope of the present review is to present the available literature evidence regarding
the main nutritional risks and challenges faced by adolescent athletes who adopt disordered
eating behaviors in their attempt to control their body weight, aiming to meet the ideal
physical standards for their sport. During the last 20 years a great deal of research has been
implemented regarding the health and performance consequences of disordered eating and
eating disorders in adult athletes. This work has resulted in a number of guidelines and
position papers, such as the International Olympic Committee (IOC) consensus statements
on Relative Energy Deficiency in Sport [41,42]. The amount of research regarding the
vulnerable group of adolescent athletes is limited, and it is focused mainly on the prevalence
of disordered eating as well as the prevalence of the “Female Athlete Triad”.

As it was mentioned earlier, athletes have a higher risk of developing disordered
eating than a clinical eating disorder [10,11]. Moreover, clinical interviews are necessary
to examine the prevalence of clinical eating disorders, according to the specific diagnostic
criteria [13]. Most studies on adolescents use questionnaires that can assess symptoms
associated with eating disorders rather than clinical interviews [16]. This is the reason that
the majority of studies presented in this review discuss the associations between disordered
eating behaviors (and not eating disorders) and their consequences.

According to the present literature review, the most well documented consequences
of disordered eating regarding the nutritional status of adolescent athletes are low energy
availability and low bone mass density. Nutrient deficiencies and fluids’ and electrolytes’
imbalances due to disordered eating have also been studied to a lesser extent.

Low energy availability is well documented in studies of adolescents, as well as
adult athletic populations. The prevalence of disordered eating is considered to be higher
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among athletes who participate in weight-sensitive sports, such as aesthetic and endurance
sports, as well as in weight-class sports [11,18,19,25,33], but some studies in adolescent
athletes show that athletes from non-weight-sensitive sports may also use pathogenic
weight control behaviors [16,22]. Respectively, low energy availability is also present in
adolescent athletes of weigh-sensitive sports [65,70], as well as of non-weight-sensitive
sports [66,71].

Studies from various countries and different sports agree that adolescent athletes, who
report disordered eating attitudes, consume less than the required energy through their nu-
trition plan [65,66] and that athletes that choose unhealthy ways to control their weight have
lower energy availability than athletes who don’t engage in unhealthy behaviors [67,68].
Using the commonly agreed limit of 30 kcal/kg FFM/day, studies have found that 30% to
60% of athletes experience low energy availability [66,69–72]. It seems that a significant
number of athletes do not consume enough energy, necessary not only to cover their
training demands, but most importantly for the maintenance of their normal physiological
functions. This situation may cause medical complications in several body systems and
impair growth and maturation [10,37,62]. There is a great amount of research evidence
regarding health consequences of LEA, especially in adult female athletes. The most pre-
dominant complications concern the function of endocrine system, including the disruption
of the hypothalamic-pituitary-gonadal axis that causes functional hypothalamic amenor-
rhea [42]. Moreover, endocrine system is affected regarding thyroid function and secretion
of various hormones, such as insulin, cortisol, growth hormone and appetite-regulating
hormones (leptin, ghrelin, adiponectin and peptide YY) [42,59,63,105,106]. It has also
been hypothesized that functional hypothalamic amenorrhea and the alterations in hor-
mone secretion may also cause detrimental consequences on future pregnancies [105,107].
LEA has also been associated with increased susceptibility to upper respiratory tract and
gastrointestinal tract infections [108].

The research regarding LEA in male athletes is limited and it appears that men’s phys-
iology is characterized by a greater resilience in LEA regarding the effects on endocrine
system and bone metabolism [109,110], probably because women’s energy demands are
associated to gestation. Nevertheless, there are studies suggesting that adult male athletes
may also develop suppression of the reproductive function known as exercise hypogo-
nadal male condition [105]. Male athletes in LEA state are also expected to have reduced
testosterone [42,93], leptin and insulin [110] as well as reduced skeletal muscle protein and
muscle glycogen stores [109,111,112]. Another significant finding is that male athletes who
restrict their energy intake have negative psychological effects and high risk of bulimic
symptomatology [111,113]. A less studied effect of disordered eating in sports is the “result”
of these methods regarding the desired reduction in body weight and fat percentage of the
athletes. Two studies demonstrated that low energy availability was correlated with higher
body fat percentage and decreased resting metabolic rate [75,76]. Metabolic adaptations
that are physiologically expected to occur after a period of low energy availability will
probably cause a decline in BMR and a weight loss plateau, that may lead the athlete in
further caloric restriction to continue losing weight. This vicious cycle may continue and
lead to long-term state of low energy availability, as well as to the development of an eating
disorder [114]. Athlete’s RMR and body composition may be further negatively affected by
macronutrients and micronutrients deficiencies. Adolescent athletes that use unhealthy
weight control methods have lower than recommended intakes of carbohydrates, protein,
calcium, and iron [67,68,82]. Moreover, low energy intake is expected to be associated with
low intakes of other nutrients too [58]. These nutrient deficiencies, along with athlete’s
increased requirements due to growth and training, may cause physiological inefficiency
to repair muscles after training or create new muscle mass effectively [58]. Muscle mass
may be further depleted when glycogen stores are exhausted due to low carbohydrate
intake [58,79]. These findings suggest that athletes’ efforts to control their body weight
by unhealthy methods do not provide athletic performance benefits. Moreover, they may
even result to the opposite than desired results, leading to muscle mass decrease and body
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fat increase. Therefore, athletes should be discouraged from using unhealthy weight-loss
methods in order to achieve the desired body composition.

Furthermore, nutrient deficiencies along with dehydration and electrolyte imbalances
are detrimental to athletic performance [4,7,100]. In both children and adults, maintaining
fluids’ and electrolytes’ balance is critical for athletic performance and thermoregula-
tion [115], as dehydration causes abnormalities in cardiovascular and thermoregulatory
functions, decreases in strength, power and endurance and raised susceptibility to heat
illness [96,99,101–104]. Unfortunately, dehydration techniques such as use of diuretics and
laxatives, vomiting, steam baths, saunas and exercise in sweatsuits are used by a large
number of athletes to lose weight. However, the number of studies investigating this topic
on adolescent athletes is small [22,33,74,98].

The “Female Athlete Triad”, that leads, as a sequence, from low energy availability to
menstrual irregularities and, finally, to suboptimal bone mineral density is probably the
most well documented consequence of disordered eating in sports [37,48,63,88]. Since the
development of the reproductive system and the peak bone mass density achievement
occur during adolescence, the consequences of the triad are particularly severe for female
adolescent athletes [14,48,83,84]. Even in the case of normal menstruation, poor diet and
low BMI are more likely to be associated with low bone mass density or musculoskeletal
injuries than with normal diets [48]. Athletes that use unhealthy weight control methods
are at increased risk to develop low bone mass density, as they usually face simultane-
ously a number of risk factors, such as low energy availability, menstrual irregularities,
underweight and calcium deficiency [83,85].

The triad may affect female athletes from all sports and competition levels [62]. Ath-
letes from weight sensitive sports may be at a greater risk for delayed menarche and bone
maturation due to their disordered eating attitudes used to control their body weight [25,89],
but adolescent athletes from non-weight-sensitive sports may also present menstrual ab-
normalities [60]. Many studies of female adolescent athletes of various levels demonstrate
that disordered eating is associated with the development of menstrual problems, low bone
mineral density and musculoskeletal injuries [19,20,25,68,90–92].

Although the “Female Athlete Triad” is a syndrome that concerns only females, there
is growing evidence that male athletes (especially from weight-class sports), may also
experience the underlying causes of low energy availability, as they engage in unhealthy
weight control behaviors [42,73,74]. These practices also cause low bone mineral den-
sity in males [93], as long as other health and performance consequences of disordered
eating [43,53,73]. In 2014, the “International Olympic Committee” (IOC), considering the
fact that male athletes are also affected by disordered eating and low energy availability,
introduced the term of “Relative Energy Deficiency in Sport” (RED-S) [41]. The RED-S Syn-
drome refers to “impaired physiological function including, but not limited to, metabolic
rate, menstrual function, bone health, immunity, protein synthesis, cardiovascular health,
caused by relative energy deficiency” [41].

5. Conclusions

Eating disorders and disordered eating are serious conditions with complex and
multifactorial etiology that affect mental and physical health. Regardless of gender, age,
body size, culture, socioeconomic background, or athletic ability, disordered eating can
strike any athlete of any sport at any time [8].

Adolescent athletes, as any person with disordered eating, are at increased risk to
develop several nutritional and medical problems, which are associated with the use of
unhealthy behaviors to change or control their weight. Malnutrition, such as energy and
nutrient deficiencies, is expected to develop due to inadequate food consumption, as well
as purging behaviors. Adolescent athletes are more exposed to nutritional risks, as their
bodies are attempting to balance their increased needs for growth and training, at the
same time. Data on the long-term consequences of disordered eating among adolescent
athletes are sparse. Nevertheless, it might be the case that some problems linked to their
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poor nutritional status, such as low bone mineral density, will remain stable during their
adult life.

Prevention and early diagnosis of eating disorders and disordered eating is crucial.
The “Ad Hoc Research Working Group on Body Composition, Health and Performance”,
under the auspices of the IOC Medical Commission in its position statement suggests
specific measures in order to decrease the percentage of athletes who use unhealthy weight-
loss methods and suffer from disordered eating. Specifically, the suggested measures are:
educational programs against extreme dieting and disordered eating, taking into serious
consideration the athletes who are trying to lose weight or change their body composition,
modification of weight-related regulations in weight-class sports and development of
concrete “does not start” (DNS) criteria to protect athlete’s health [14]. Prevention programs
should be initiated as early as at 9–11 years of age [14].

Prevention educational programs should focus on adolescent athletes and their par-
ents, as well as their coaches. The programs’ topics may include understanding of physical
development during adolescence, information on balanced nutrition for health and perfor-
mance, healthy ways to control body weight, health and performance effects of unhealthy
weight control methods, body composition assessment techniques, avoidance of negative
comments and pressure on body weight in the context of sports and family environment,
and information on professionals who may advice athletes on nutrition and eating disor-
ders [8,10,14].

Moreover, the regular use of eating disorders (ED) screening tools as a part of the
regular medical monitoring could be another useful preventive measure in order to detect
eating disorders at an early stage [40]. In case of diagnosis of an eating disorder, the treat-
ment protocol recommended by the treatment team (consisting of a doctor, a psychologist
and a dietitian) should be implemented and the training program should be modified
according to the athlete’s condition [8,10].

Future research could focus more on long-term effects of disordered eating in athletic
populations, as the majority of studies present its direct consequences in health and per-
formance, leaving a knowledge gap regarding the nutritional and health problems that
athletes may face after completion of their athletic life. Longitudinal studies on adolescent
athletes will be of great importance, especially regarding the consequences that may arise
in adult life. Furthermore, there is a need for additional research on specific nutrient de-
ficiencies, as well fluids and electrolytes’ imbalances, in correlation to disordered eating.
Use of nutritional intake assessment tools and clinical interviews, in combination with ED
screening tools, will be useful for this purpose. Finally, interventional studies in adolescent
athletes are also extremely necessary, so that prevention and treatment protocols may
be issued and applied in various sports, as it is already happening in college-age and
adult athletes.
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Abstract: Background: Anorexia nervosa (AN) is a serious, multifactorial mental disorder affecting
predominantly young females. This systematic review examines neuroimaging findings in adoles-
cents and young adults up to 24 years old, in order to explore alterations associated with disease
pathophysiology. Methods: Eligible studies on structural and functional brain neuroimaging were
sought systematically in PubMed, CENTRAL and EMBASE databases up to 5 October 2020. Results:
Thirty-three studies were included, investigating a total of 587 patients with a current diagnosis
of AN and 663 healthy controls (HC). Global and regional grey matter (GM) volume reduction as
well as white matter (WM) microstructure alterations were detected. The mainly affected regions
were the prefrontal, parietal and temporal cortex, hippocampus, amygdala, insula, thalamus and
cerebellum as well as various WM tracts such as corona radiata and superior longitudinal fasciculus
(SLF). Regarding functional imaging, alterations were pointed out in large-scale brain networks, such
as default mode network (DMN), executive control network (ECN) and salience network (SN). Most
findings appear to reverse after weight restoration. Specific limitations of neuroimaging studies in
still developing individuals are also discussed. Conclusions: Structural and functional alterations
are present in the early course of the disease, most of them being partially or totally reversible.
Nonetheless, neuroimaging findings have been open to many biological interpretations. Thus, more
studies are needed to clarify their clinical significance.

Keywords: anorexia nervosa; neuroimaging; magnetic resonance imaging; diffusion tensor imaging;
single photon emission computed tomography; magnetic resonance spectroscopy

1. Introduction

Anorexia nervosa (AN) is a serious mental disorder affecting predominantly adoles-
cent girls and young adult women. Although relatively rare, it is the third most common

Children 2021, 8, 137. https://doi.org/10.3390/children8020137 https://www.mdpi.com/journal/children
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chronic disease during adolescence [1,2]. It is characterized by a significantly low body
weight, an intense fear of gaining weight, a disturbed perception of one’s body image and
a persistent lack of recognition of the seriousness of the condition [3]. Patients display
marked treatment resistance or no response to treatment, frequent medical complications
and a substantial risk of death. [4] The two designated subtypes of the disease are the re-
stricting type (R—AN), which describes presentations in which weight loss is accomplished
primarily through food restriction and/or excessive exercise and the binge eating/purging
type (BP—AN), which is characterized by recurrent episodes of binge eating or purging be-
havior. The restricting subtype is associated with an earlier age of onset, a better prognosis,
and a greater likelihood of crossover to the other subtype [3].

Coexisting psychiatric disorders include bipolar, depressive and anxiety disorders,
as well as obsessive and compulsive disorder (OCD) (especially among those with the
restrictive subtype) and alcohol and other substance use disorder (especially among those
with the binge/purging subtype) [3]. The underlying mechanisms that drive anorectic
patients to deprive themselves of food while being hungry and emaciated are not yet
fully understood. Current knowledge suggests that the disease is an interface between
genetic and biological predispositions, environmental and sociocultural influences, and
psychological traits [5].

Compared to other mental health disorders, the number of neuroimaging studies in
AN is relatively small, although the literature is rapidly growing. Structural magnetic
resonance imaging (MRI) has been long used to investigate volumetric differences between
AN patients and healthy controls (HC). The first systematic review of structural MRI
studies in AN patients was that by Van den Eynde et al. who did not find clear evidence for
global grey matter (GM) and white matter (WM) volume reductions, and unraveled only
preliminary findings for regionally reduced GM [6]. Systematic reviews and meta-analyses
that followed have reported significant global reductions in GM and WM volumes as well as
significant increase in cerebrospinal fluid (CSF) [7–9]. In a recent meta-analysis, adolescent
patients showed greater reduction in GM volume than adults (7.6% vs. 3.7%) [10]. Similarly,
WM was also significantly reduced in both adolescent and adult patients, on average
3.2% and 2.2% respectively, while CSF was conversely increased by 15%. These findings
seem to normalize after long-term recovery, especially for the adult population, while for
adolescents data are scarce [7,10]. Regional volume decreases have also been detected,
more pronounced in the cingulate cortex, the supplementary motor area (SMA) and the
amygdala [11]. On the other hand, studies in adult patients have demonstrated increased
GM volumes in the insula and orbitofrontal cortex (OFC) [12–14].

While MRI identifies volumetric changes, magnetic resonance spectroscopy (MRS),
provides information about the metabolism of brain tissues. Proton-MRS or Phosphorus-
MRS offers various data regarding membrane composition and functionality, neuronal
consistence and glial cells integrity, through the measurement of various metabolites such
as choline (Cho) and total choline-containing metabolites (tCho), glutamate/glutamine
(Glx), N-acetyl-aspartate (NAA), myo-Inositol (mI), total creatine compounds (tCr) and
ethanolamine containing metabolites. In line with structural MRI studies, GM seems to be
more affected than WM and these molecular changes could be identified before structural
alterations become apparent, providing the benefit of early intervention [15,16].

In parallel with structural neuroimaging, researchers have further investigated func-
tional brain processes to elucidate the causative underpinning of the disease. One of the
most frequently used brain imaging techniques is functional magnetic resonance imaging
(fMRI). Altered activation of the amygdala and insula has been consistently observed in
patients with AN during passive viewing of visual food stimuli [17]. With regard to taste
stimuli, most studies conclude to increased activation in reward-related regions [18,19].
In addition, fMRI studies utilizing body image related tasks have reported alterations
of the precuneus, the inferior parietal lobe, the prefrontal cortex (PFC), the insula and
the amygdala [20]. A recent systematic review of fMRI studies has provided evidence of
impaired cognitive flexibility and social cognition skills in adolescent patients [21].
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These published papers have reported considerable inconsistencies which could be
attributed to differences in study design, selection of the stimuli or task and to the cognitive
abilities of the participants. An approach to potentially overcome these inconsistencies
is the investigation of resting-state functional connectivity (RSFC). With this technique
potential biases stemming from the effort to perform a task are diminished, although
unwanted thoughts, emotional status and ruminations could potentially affect RSFC [22].
The first RSFC study in AN adult patients was conducted by Cowdrey et al., who found
increased RSFC between the default mode network (DMN) and the precuneus and the
dorsolateral prefrontal cortex (dlPFC) when comparing patients with controls [23]. In a
recent systematic review of fMRI studies, functional alterations were encountered in areas
and networks related to the main symptoms of the disease, such as impaired cognitive
control and body image disturbances [24]. These functional alterations are in line with data
emerging from electroencephalography studies, showing decreased electrical activity in
frontal and parietal-occipital regions during cognitive tasks. Likewise, altered electrical
activity in fusiform gyrus and parahippocampal gyrus is demonstrated during resting-state
paradigms [25].

On the other hand, fMRI is unable to identify and evaluate more precisely the func-
tionality of brain neurotransmitters. For that purpose, single-photon emission computed
tomography (SPECT) has been used. This three-dimensional nuclear medicine imaging
technique provides information about regional cerebral blood flow (rCBF), showing alter-
ations in perfusion and thus, evaluating brain functionality [26]. Moreover, by injecting
radionuclides that selectively attach to receptors, specific information about neurotrans-
mission can be provided. In particular, the serotonin neuronal system has been extensively
studied, as it is believed to play a crucial role in the pathophysiology of AN, being in-
volved in many cognitive features of patients and, therefore, providing possible therapy
targets [26–28].

In recent years, the micro-architecture of WM axons connecting the abovementioned
areas has been further explored by using diffusion tensor imaging (DTI). Four indices of
diffusion are commonly used: fractional anisotropy (FA), mean diffusivity (MD), axial
diffusivity (AD) and radial diffusivity (RD). Monzon et al. were the first to systematically
review the limited at that time literature on DTI studies in AN [29]. They reported al-
terations in a range of WM structures of the limbic system as well as the fronto-occipital
fiber tracts. In a more recent systematic review, Gaudio et al. concluded that patients
with AN showed mainly WM microstructure abnormalities in thalamo-cortical tracts and
occipital-parietal-temporal-frontal tracts [30]. The researchers were not able to draw a clear
conclusion whether these alterations persist after recovery or not. To our knowledge, three
meta-analyses have been published so far. In the first one, the quantitative voxel-based
meta-analysis identified decreased FA in the posterior areas of the corpus callosum, the
left superior longitudinal fasciculus (SLF) II and the left precentral gyrus as well as in-
creased FA in the right corticospinal projections and lingual gyrus [31]. In the second one,
Meneguzzo et al. identified two clusters of decreased FA, in the left corona radiata and
in the left thalamus [32]. Finally, more recently, Zhang et al. analyzed DTI studies using
tractbased spatial statistics (TBSS) and reported lower FA in the corpus callosum and the
cingulum [33].

The aim of this paper is to systematically review current literature concerning struc-
tural and functional brain alterations in patients with AN, focusing on adolescents and
young adults. Building on previous findings, our principal objective is to identify the
main areas, networks and circuits that are vulnerable to the effects of the disease, while
making an effort to disambiguate between effects of starvation and alterations possibly
contributing to the pathogenesis of the disease.

The Adolescent Brain

AN has its peak incidence between 13–18 years old [5]. Neuroimaging studies in
adolescent patients at the early stages of the disease can provide the clinicians with valuable
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information with regard to early biomarkers before the effects of malnutrition become
apparent. Nonetheless, the interpretation of findings is particularly challenging, as adoles-
cence is a period of profound morphological and functional changes. In fact, adolescence
is a very active period regarding neurodevelopment. A hallmark of the brain transfor-
mations is synaptic pruning, a highly specific process that has been speculated to help
with the “rewiring” of brain connections into adult-typical patterns [34]. On the other
hand, myelin production escalates during adolescence, leading to acceleration of speed
and efficiency of information flow across distant brain regions [35]. In specific areas such
as the PFC, myelin continues to increase until early adulthood, delaying maturation [36].
The combination of dendritic pruning and increased myelination of WM tracts results in
the developmental “thinning” of the neocortex, a decline in thickness of outer layers of the
brain that play an important role in high order functions [34]. Animal studies have shown
that the abovementioned changes are critically driven by sex hormones [37]. Functional
brain organization undergoes significant changes as well, shifting from a local connectivity
pattern to a more distributed architecture [38,39]. In addition, the interconnectivity of
core neurocognitive networks continues to change throughout adolescence, becoming
other stronger or weaker. The net result of these developmental changes likely is the
attainment of mature functional networks, optimally capable of supporting cognitive and
behavioral demands [40]. Summarizing, we could suppose that the ongoing developing
brain may be substantially vulnerable to the effects of starvation, which could disrupt the
normal development. Understanding the normal developmental processes is critical for
the interpretation of alterations observed in adolescent neuroimaging.

2. Materials and Methods

2.1. Search Strategy Criteria

The present systematic review was performed in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [1]. A
systematic and comprehensive search of PubMed, EMBASE and CENTRAL was carried
out for papers published between database inception and October 2020. We used the
following search algorithm: brain AND (“anorexia nervosa”) AND (“computed tomogra-
phy” OR CT OR SPECT OR “SPECT-CT” OR “magnetic resonance imaging” OR MRI OR
“functional MRI” OR “functional magnetic resonance tomography”). End-of-search date
was set at 5 October 2020. Further article identification through reference lists of full text
examined papers completed the research.

2.2. Selection Criteria

The eligibility criteria were based on the PICOS (Participants, Intervention, Compari-
son, Outcomes, Study design) acronym. To be included in the review, studies had to fulfill
the following criteria: (i). written in English language; (ii). investigated participants aged
between 10 and 24 years old with a current diagnosis of AN; (iii). were of case-control,
cross-sectional or longitudinal design; (iv). excluded patients with a comorbid psychi-
atric disorder other than depression, anxious disorder or OCD; (v). excluded participants
taking psychotropic medications other than antidepressants or anti-anxiety medications.
Regarding fMRI studies, only resting-state fMRI studies were included, while task-based
or stimuli-based fMRI papers were excluded due to space limitations. Due to the lack
of sufficient papers using the same methodological approach, a meta-analysis was not
performed.

2.3. Quality Assessment and Data Extraction

Two authors (KPK and MSN) independently screened titles and abstracts from re-
trieved papers and analyzed full-text articles that met the eligibility criteria. Disagreements
were resolved through consensus. The quality of the final studies was assessed by using
the Newcastle–Ottawa scale. Two reviewers independently performed data extraction as
follows: study design, demographic information (age, gender), sample size, age (mean
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age, age range), Body Mass Index (mean BMI), AN subtype, criteria for diagnosis, illness
duration, co-morbidity and medication, scanning method and data analysis method. For
DTI studies in particular, hydration status before neuroimaging was extracted as well.

2.4. Search Results and Selection of Studies

The search strategy yielded 857articles, 33 of which met the inclusion criteria. The
PRISMA flow diagram (Figure 1) shows selection and exclusion of studies.

 

Figure 1. PRISMA flow chart.

2.5. Compliance with Ethics Guidelines

This article consists a review of previously conducted studies, which complies with
the PRISMA guidelines [41].

3. Results

3.1. Study Characteristics

Selection of studies is presented in the flow chart (Figure 1); full-text studies excluded
due to various reasons (n = 125) are presented in Supplemental Table S1. Overall, the
33 eligible studies included 587 participants with a current diagnosis of AN and 663 HC.
Of the 33 studies, 31 were cross-sectional (9 also had a longitudinal follow-up) and 2
were longitudinal studies. Eighteen studies were conducted in a sample of exclusively
adolescent patients for a total of 310 patients and 307 controls, while the remaining included
both adolescents and young adults, for a total of 277 patients and 356 controls. Twenty-
three studies examined structural imaging. Thirteen studies used structural MRI, 7 used
DTI (2 of which provided also structural MRI data) and 3 used MRS. Their description
is summarized in Tables 1 and 2. Ten studies examined functional imaging. Six studies
performed resting-state fMRI (3 of which performed also structural MRI) and the remaining
4 used SPECT. Their characteristics are presented in Table 3. Risk of bias assessment is
presented in Supplemental Table S2a,b.
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3.2. Results of Individual Studies
3.2.1. Results of Structural Imaging Studies
MRI Studies

Thirteen studies using MRI scan to investigate structural abnormalities in participants
with AN were systematically reviewed in the present study. Overall, the studies included
247 individuals with a current diagnosis of AN (148 with the restrictive subtype of the dis-
ease, 30 with the binge/purging subtype, 22 with atypical AN and 47 with unspecified AN)
and 298 HC, mostly females (2 males only). All of the studies were cross-sectional, while 7
included also a longitudinal follow-up. Eight of the included studies were conducted in a
sample of exclusively adolescent patients. Nine patients in total had a co-morbid disorder,
either depression or anxious disorder and were under medication. The research groups
used different methodological approaches to analyze their data. In detail, four studies
used VBM, two used SBM and two were region-of-interest studies (ROIs). Table 2 presents
scanning methods, main findings and clinical interpretations.

Overall, the majority of studies reported volumetric differences between AN patients
and HC. In detail, total GM seemed to be predominantly affected. Significant global reduc-
tion of GM volume was reported in seven studies. Region-specific changes in GM were
also identified. Specifically, local decreases in GM volume were detected in the parietal and
temporal lobes, bilateral frontal gyrus, dorsolateral and medial prefrontal cortex, insular
cortex, cerebellum and mesencephalon [29,42–45]. Apart from GM volume, cortical thick-
ness was found also to be reduced either globally (except for the temporal poles and the
entorhinal cortex) or regionally in the left precuneus [44,46]. Along with cortical GM reduc-
tion, ten studies reported regional volumetric differences in the GM of various subcortical
areas and brain structures. In particular, reduced GM volume was reported in the amyg-
dala, hippocampus and cingulate gyrus [29,44,47]. Additionally, one study investigated
hippocampal subfields and found all volumes but one to be significantly reduced [47].
Similarly, apart from hippocampus and amygdala, GM volume was found also reduced
in other subcortical nuclei, such as thalamus, nucleus accumbens and putamen [44,46,48].
Nonetheless, two articles presented no differences in caudate nucleus [44,46]. In discor-
dance with findings concerning GM, WM volume appeared to be considerably less affected.
Only one out of eleven studies identified significant reduction of global WM volume [49].
Regarding total brain volume, only one research group reported a significant reduction [47],
while increased CSF volume was found in five studies. In seven studies, participants were
re-examined with a second MRI after partial or full weight restoration. Apart from one
study which examined patients after 2 years of treatment, the remaining had a relatively
short follow up period ranging from 12 to 14 months (mean = 7 months). Significant
total GM volume increase and normalization of ventricular enlargement was reported
in six studies [42,45,48–52], while in one study enlargement remained [53]. Significant
regional volume reduction was reported in ACC, temporal poles and entorhinal cortex, cau-
date nucleus, mesencephalon and hippocampus [45,48,52]. Along with brain morphology
normalization, improvement in disease symptoms was reported as well [52].

MRS Studies

Three cross-sectional studies using MRS were systematically reviewed in the present
paper. One included also a longitudinal follow-up. In total, 42 female and one male patient
with a current diagnosis of AN were included (36 R-AN and 7 BP-AN) and compared
with 58 HC. All patients were adolescents. Only one patient had depression and was
under antidepressant therapy. Demographics and neuroimaging findings are shown in
Tables 1 and 2 respectively.

The researchers investigated the metabolism of both GM and WM. In detail, in patients
with acute AN significantly higher concentrations of tCho, tCr and Glx were found, while
low levels of NAA, Glx, and mI were detected in the frontal cortex, with a tendency to
normalize after weight restoration [15,54]. Finally, using metabolite ratios in order to
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evaluate alterations, a significantly higher Cho-Cr ratio and lower NAA-Cho ratio were
pointed out in the WM of the parietal-occipital region of patients [55].

DTI Studies

Seven DTI studies in participants with AN were systematically reviewed in the present
paper. Overall, the studies included 175 individuals with a current diagnosis of AN (109
with the restrictive subtype of the disease, 6 with the binge/purging subtype, 35 with
unspecified AN and 25 with atypical AN) and 209 HC, all females. Table 1 reports the
sample characteristics. All studies were cross-sectional while two of them included also
a longitudinal follow-up, after partial body weight restoration. Four of the included
studies were conducted in a sample of exclusively adolescent patients, while the remaining
included both adolescents and young adults. Three patients in total had a co-morbid
disorder, either depression or anxiety disorder and were under medication. Two studies
provided also volumetric data from structural MRI [56,57]. The research groups used
different methodological approaches to analyze their data. In detail, two studies adopted
VBM, three studies TBSS and two studies applied tractography. Table 2 presents scanning
methods, main findings and clinical interpretations.

Overall, the majority of studies reported widespread alterations in diffusion pa-
rameters in several WM tracts. Only two studies did not detect any differences in the
microstructure of WM comparing patients with controls [56,58]. Starting with associa-
tion fibers, three studies reported WM abnormalities in the SLF, although findings were
inconsistent [30,57,59]. Specifically, in the right SLF, FA was found decreased by Travis
et al. and increased by Von Schwanenflug et al. [57,59]. Similarly, in the left SLF, FA was
reported increased by Travis et al. and reduced by Gaudio et al., who additionally found
decreased AD in the same WM tract [30,59]. Three studies pointed out WM alterations
in the thalamic radiation [57,59,60]. In particular, FA was increased in the acute stage
when compared with controls [59,60] but was also increased in patients having partially
restored their body weight when compared with the acute stage of the disease [57], while
no difference was encountered at baseline. In this patient group, Von Schwanenflug et al.
found additionally higher FA in the fornix [57]. One more study reported results regarding
the fornix. In particular, Travis et al. found decreased FA in this area [59]. Two studies
reported WM alterations in the corona radiata [30,60]. Gaudio et al. showed decreased
FA and AD in the left superior and anterior corona radiate [30]. On the other hand, Vogel
et al. found increased FA in the bilateral superior corona radiata as well as the anterior
and posterior limb of the internal capsule [60]. Following with commissural fibers, three
studies highlighted WM alterations in the corpus callosum [57,59,60]. Again, findings were
conflicting, with FA value being reported either increased or decreased. Moreover, Travis
et al. estimated R1, a myelin index, which was measured decreased mainly in the body and
splenium of the corpus callosum [59]. The same index was also reduced in corticospinal
tracts. With regard to projection fibers, only one study reported reduced FA in the right
corticospinal tract with weight gain, while no difference was detected in the acute stage
compared to controls [57]. In contrast with the other research groups, Hu et al. localized
their results in GM, reporting decreased FA in several cortical regions, mainly in the frontal
lobe, the cingulum, the thalamus and the insula [61]. Finally, as already mentioned two
studies did not find any differences between patients and HC, in any of the diffusion
indices [56,58].

3.2.2. Results of Functional Imaging Studies
fMRI Studies

Six resting-state fMRI studies in participants with a current diagnosis of AN were
systematically reviewed in the present paper. Overall, the studies included 78 individuals
with a current diagnosis of AN (76 with the restrictive subtype of the disease and 2 with the
binge/purging subtype and 76 HC, all females. Table 3 reports the sample characteristics.
All were case-control studies. Two of the included studies were conducted in a sample of
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exclusively adolescent patients, while the remaining included both adolescents and young
adults. Only one patient in total had a co-morbid disorder and was under antidepressant
medication. Three studies provided also volumetric data from structural MRI. The research
groups used different methodological approaches to analyze their data, either whole brain
approaches, or network based. Table 4 presents scanning methods, main findings and
clinical interpretations.

Overall, all studies reported disturbed widespread functional connectivity alterations
in several brain regions. The variety in the location of findings defies the strict categoriza-
tion of results by area of interest. In detail, as already mentioned, two studies included
only adolescent patients at the earliest stage of the disease. In the first one, Gaudio et al.
identified eight widely accepted resting-state networks [62] and found decreased functional
connectivity between the ECN and the ACC, which correlated positively with BMI [63].
In the second study in adolescents, Gaudio et al. reported decreased connectivity in a
subnetwork involving the ACC, the paracentral lobule, the cerebellum, the insula, the
orbitofrontal gyrus and the occipital gyrus (see Table 4 for details) [64]. Neither of the
two studies found volumetric differences between patients and HC. Of the remaining
four studies, one research group focused as well on resting-state functional networks. In
particular, Bohem et al. reported increased functional connectivity between the angular
gyrus and other parts of the FPN and also between the anterior insula and the DMN [65].
One study, that of Amianto et al. centered on the intrinsic connectivity of the cerebellum
and found increased connectivity within the insula, vermis, temporal poles and PCC and
decreased connectivity with the parietal lobes [66]. Cerebellar atrophy was an additional
finding. Finally, two research groups pointed out decreased functional connectivity in the
thalamo-insular network [67,68]. Furthermore, Geisler et al. highlighted an altered global
network architecture [67].

SPECT Studies

Four articles performing SPECT scan in adolescents and young adults with acute
AN met the inclusion criteria. A total of 44 patients were included (25 with R-AN, 9 with
BP-AN and 10 unspecified) along with 19 HC, all females. Two studies were cross-sectional,
one of which re-examined 12 patients after partial weight gain and two were longitudinal
studies re-examining their patients (n = 18) after partial weight gain or normalization. One
study was conducted in a sample of exclusively adolescent patients. None of the patients
had any co-morbid disorders. Demographic data and clinical findings are presented in
Tables 3 and 4, respectively.

Hypoperfusion was reported in frontal, parietal, temporal, and occipital regions
in acutely ill individuals compared to HC [69,70]. Decreased perfusion was positively
correlated with BMI [69]. After partial recovery, blood perfusion showed a tendency to
increase and reached almost normal levels. Conversely, elevated blood flow was reported
in the thalamus, amygdala and hippocampus [69,70].

When examining patients after a BMI elevation by 50%, a significant increase in rCBF
was reported in the right dlPFC, the medial parietal cortex including the precuneus and in
the PCC. In contrast, a decrease in rCBF was found in the right putamen and a positive
correlation was reported between rCBF in the right DLPFC and the interoceptive awareness
score in patients before treatment, while after treatment no correlation was found [71].
After an increase in BMI by 25%, significantly increased rCBF was found in bilateral parietal
lobes and right posterior cingulate gyrus and a positive correlation was reported between
BMI and rCBF in the right thalamus, parietal lobe, and cerebellum [72].
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4. Discussion

4.1. Discussion of Structural Imaging Studies

Starting with MRI, the most frequently used neuroimaging method, total and regional
GM volume reduction appears to be the prominent finding, although some heterogeneity
arises in terms of severity and localization of findings. This ‘pseudo-atrophy’ shows the
tendency to reverse after weight gain, at least in non-chronic patients. In addition to global
GM reduction, particular regions appear to be more susceptible to volume loss, such as the
parietal cortex, precuneus, insula, thalamus, as well as limbic structures, such as the PFC,
cingulate cortex, hippocampus and amygdala [9,10].

Although several pathophysiological mechanisms have been suggested, the exact
etiology of GM atrophy remains unknown. It is widely believed to be the result of extreme
malnutrition and not a predisposing factor to the disease. Patients with AN follow a
restrictive diet pattern, excluding polyunsaturated fatty acids, proteins and neuroprotective
nutrients, such as B-complex vitamins and antioxidants [14]. Polyunsaturated fatty acids
are exclusively received through diet and are essential for neuronal membranes integrity
and function. Their nutritional deficiency is associated with neuronal apoptosis and
interruption of the normal cortex maturation during adolescence, which may explain
the greater GM vulnerability during this period [73]. In addition, the decreased protein
synthesis due to the extreme nutrient deprivation is thought to result in a reduced number
of synaptic connections and delayed synaptogenesis [50]. Other published theories to
explain atrophy are brain shrinkage due to dehydration and fluid shifting to extracellular
space due to osmotic alterations [74]. However, in almost every included study, MRI
imaging was conducted after the initial stabilization of patients and with albumin and
electrolytes serum levels within the normal range. Thus, dehydration or osmotic alterations
do not seem to adequately explain findings. Considering the hormonal status of the
patients, elevated cortisol levels, which is a common finding, are significantly associated
mainly with intraparenchymatic GM volume depletion [49]. The underlying mechanism
is still unknown, but it is likely that cortisol may be responsible for alterations in protein
catabolism [75]. Moreover, secondary insulin growth factor-1 (IGF-1) deficiency due
to malnutrition can result in loss of oligodendrocyte proliferation and differentiation,
inhibition of myelination and eventually brain volume reduction [76].

An interesting theory that has been proposed to explain the greater GM loss in adoles-
cents, is that the disease seems to modify the normal process of brain maturation (pruning),
leading to a more “ergonomic” cortical architecture in order to save energy and maintain
an adequate network efficiency despite starvation and malnutrition. This theory may also
explain the clinical observation that patients feel actually more alert when starving, at the
early stages of the illness [77]. Interestingly, in adolescents with a recent diagnosis of atypi-
cal AN, no significant volumetric differences were detected, and no clinical correlations
were found. It is worth mentioning though, that patients had a significantly lower BMI than
HC and that 40% of them presented with secondary amenorrhea. It is therefore suggested,
that a critical BMI limit exists, below which the loss of GM begins to become apparent [78].
This hypothesis is supported by a positive correlation between volumetric alterations and
the weight loss rate, emphasizing the importance of early diagnosis and intervention [79].
Overall, the positive correlation between patient’s BMI (and not disease duration) and
global GM volume depletion in combination with atrophy reversion after partial weight
gain, lean towards the concept that atrophy is a temporary effect of semi-starvation and
not a consequence of major cell apoptosis, at least in non-chronic patients [50,80].

As already mentioned, specific brain regions appear to be more affected in terms of
GM loss, indicating either a higher vulnerability to the disease or a potential involvement
in AN pathogenesis. In particular, the parietal lobe is reported by several research groups
to be primarily affected [42,46,48]. This finding has been linked to the reported cognitive
deficits in verbal memory and to the impairment of visuospatial and concentration ability
of patients [9]. Additionally, parietal volume loss may contribute to size overestimation, an
important element of disturbed body image. Interestingly, the distortion of self-body image
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in AN patients is quite similar to the distortion reported after right parietal lobe damage
(e.g., stroke), indicating the existence of a cognitive, non-emotional component of body
misperception [81]. Another prominent finding is the involvement of limbic structures.
The hyperactive adolescent limbic system is believed to have its own special role in the
neurobiology of AN [82]. Hippocampus and amygdala in particular, appear to be more
susceptible to volume loss. Hippocampal atrophy is reported in several other serious
psychiatric disorders, such as major depression [83]. Lower hippocampal volumes in these
individuals appear to be a result of longer illness duration or greater number of episodes,
instead of a premorbid vulnerability factor [84]. Excessive cortisol levels due to chronic
stress have been proposed as the driving mechanism [85]. In AN, hypercortisolemia may
serve as a compensatory mechanism, increasing gluconeogenesis and providing vital nu-
trients [86]. Nonetheless, patients often have co-morbid anxiety disorders, so stress can
actually be a confounding factor [87]. This notion is supported by the partial increase in the
hippocampal volume following the administration of antidepressants [88]. When compar-
ing studies conducted in teens to those in adults, greater atrophy is shown in adolescent
hippocampus [7,47,89]. This exceptional vulnerability to stress during this period may be
the result of rapid brain development and increased plasticity, in combination with the
existence of numerous stress-hormone receptors in this area [90].

Another limbic structure that seems to have a pivotal involvement in the disease
symptomatology and potentially pathophysiology is the amygdala, the brain’s ‘’threat
detector” [91]. Exaggerated activity of the amygdala is observed in healthy adolescents
compared with adults [92]. This hyperactivity is argued to have a central role in AN [93].
Specifically, it has been suggested that a trait amygdala hypersensitivity exists for individ-
uals who will develop AN contributing to the experience of emotion as overwhelming and
aversive, and which may become further aggravated during adolescence corresponding
with disorder onset [94]. In detail, AN patients, especially those with R-AN, experience
food stimuli very aversively, displaying an increased reactivity of the right amygdala [93].
In line with this finding, fMRI studies report hyperactivity of the amygdala when patients
are exposed to gustatory [19], or body-related paradigms [95,96], or even disease specific
words [97]. These results are suggestive of a multimodal amygdalar reactivity independent
of the sensory mode. Likewise, this amygdalar hyperactivity is elicited by disorder-
unrelated (emotional) stimuli, reflecting a heightened negative emotional arousal [98]. It
could be argued that AN patients are biased towards both emotional (disease-unrelated)
and non-emotional (disease-related), a feature that persists following recovery [94,99].
Interestingly, increased activation of the amygdala during anticipation of food is reported
also in siblings of AN patients, a finding that supports further the notion of amygdalar
hypersensitivity as a premorbid biomarker [100]. Amygdala activation after gustatory
stimulation may be the result of intense fear of weight gain [19]. It has been proposed that
increased activity in the amygdala may lead to fearful emotional processing concerning
body image issues, and in turn influences calorie intake and weight gain [97]. Reduced
amygdala volume in AN patients has been associated with less body image uncertainty
and reduced phobia scores, possibly contributing to the disease maintenance [101]. It is also
worth mentioning that the amygdala, along with the insula and other limbic structures, is
part of complex neural circuits related to emotional perception [102]. Thus, in the backdrop
of an hyperactive amygdala sending high levels of negative emotional threat information,
the insula is unable to integrate basic emotion detection [94]. The pivotal role of the insula
in the disease is discussed further along with other functional alterations.

Apart from volumetric changes, alterations in GM metabolism have been studied as
well with MRS imaging, although this is not a widely used technique across neuroimag-
ing research of eating disorders. In general, the rarity of MRS data precludes definite
conclusions.

MRI imaging has not revealed significant volumetric changes regarding WM. How-
ever, changes in the microarchitecture of WM became evident through DTI studies. Overall,
multiple WM alterations have been demonstrated, with some degree of overlap across
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studies but also with a relative inconsistency regarding the location and direction of al-
terations. With regard to localization of findings, the microarchitecture of WM appears
to be affected mainly in thalamo-cortical connections (corona radiata, thalamic radiation),
in interhemispheric connections (corpus callosum), in tracts connecting cortical regions
as well as in various regions of the limbic system such as the fornix, insula, cingulum
and frontal areas [103]. The abovementioned WM tracts and GM areas are involved in
somatosensory, emotional and reward processing, in high order cognitive functions and in
the formation of body image perception. Therefore, WM alterations may have potential
clinical implications related to the symptomatology of the disease.

In detail, the corona radiata is a key WM structure of the DMN, connecting the
cerebral cortex to the basal ganglia and the brain stem [104,105]. Disruption of WM
could be related to cognitive and emotion regulation deficits in anorectic patients, as has
already been demonstrated in individuals with bipolar depression [106]. The posterior
thalamic radiation connects thalamus with the parietal and occipital lobe, regions that
are anatomically and functionally linked to body image. It could be hypothesized that
alterations in WM micro-architecture of thalamic radiation may correlate with distorted
body image. However, further research is needed to verify this assumption. The corpus
callosum is the principal WM fiber bundle of the brain, involved in motor, perceptual
and cognitive functions. Alterations in WM could be related to reduced quantity and
speed of information between these areas [33]. Furthermore, corpus callosum atrophy
has been correlated with cognitive flexibility, another core feature of the disease [107].
Likewise, the SLF is a major intrahemispheric WM and a major link between the PFC
and the parietal lobe concerning the perception of the visual space, providing a means
by which the PFC can regulate the focusing on attention in different parts of space [108].
Altered SLF microstructure could give rise to body size misperception, by disrupting
information flow across cortical regions implicated in visual attention, spatial perception,
and body-specific processing [108–110]. Finally, the fornix is a major limbic structure which
is involved in reward processing and feeding regulation [111]. Previous studies have
reported consistently reduced FA in the fornix in AN linking this structure with disease
symptomatology and potentially pathophysiology [111]. In our review, FA was found
either decreased or increased [57,59]. It is worth mentioning that both research groups took
into account that FA may be biased by ventricular enlargement which is often encountered
in AN patients, due to the partial volume effect (PVE), which occurs when voxels contain
heterogenous tissue types, i.e., WM tissue and CSF in the case of the fornix [112]. For
that reason, the former estimated ventricular size prior to DTI scanning, while the latter
considered ventricular volume as a covariate in their analysis.

As already mentioned, there is a relative discrepancy concerning the localization of
findings, which may be attributed to the different methodological approaches utilized for
data analysis, (i.e., VBM, TBSS, tractography) leading researchers to focus on different
brain regions. Given this variance, it is worth mentioning the study of Pfuhl et al. who
found no differences between patients and controls [56]. The researchers applied a global
probabilistic tractography, a different analysis that may not detect subtle or more localized
alterations [57]. On the other hand, the inconsistency in terms of the direction of the
alterations is quite impressive, if not unexpected. In particular, FA was reported either
decreased or increased in the same regions of interest by different researchers, a finding
that comes in contrast with previous findings in adults who have consistently reported
decreased FA [113–115]. Increased FA is a finding encountered principally in adolescents,
in line with previous studies [116]. This discrepancy was pointed out in the meta-analysis
of Barona et al. as well [31]. It is a fact, that the interpretation of the DTI findings is chal-
lenging, as indices of diffusion are open to many biological interpretations. FA in particular,
is a highly sensitive but non-specific biomarker of brain WM microstructure [117]. De-
creased FA combined with increased MD is typically interpreted as disturbed WM integrity,
whereas increased FA is thought to reflect increased myelination [118]. However, increased
FA may not always be a desirable finding. For instance, a higher FA value in auditory fibers

57



Children 2021, 8, 137

has been reported in patients with schizophrenia who suffer from hallucinations [119]. In
addition, as was pointed out by Jones et al., FA may be affected by several other factors,
such as larger axon diameter, lower fiber density, increased membrane permeability and
reduced myelination [120]. FA values could additionally be affected by the reduced WM
volume, a phenomenon probably attributed to the reduction in the number of supporting
glial cells, in the size of neurons and glia cell bodies, or in altered protein synthesis that
results in fewer and smaller dendrites and synaptic junctions [8]. A recent study in an
animal model of AN identified strongly reduced astrocyte count and astrocyte volumes
in the WM of the brain [121]. The reduction in the surrounding tissue could also be a
consequence of dehydration [60]. WM with large axons, such as the corpus callosum and
the corticospinal tracts have thicker myelin sheets and larger concentrations of myelin.
Thus, they may be more vulnerable to the effects of starvation [122]. Another factor that
should be taken into consideration for the interpretation of DTI findings is the phenomenon
of crossing fibers. A voxel may be composed of fibers with different spatial orientation
resulting in an increase in average FA, without reflecting changes in myelin structure [120].
Moreover, most studies focused on FA, which is the most commonly reported variable,
and secondarily on MD. However, these may not be enough to characterize DTI changes.
AD and RD are considered to be more specific to underlying biological processes, such as
myelin and axonal changes [123].

The neuroimaging findings in adolescent patients are of special interest. The detection
of site-specific WM alterations in young patients and at the earliest stages of the disease,
as described in two studies, supports the hypothesis that these alterations may represent
premorbid trait markers [30,59]. On the other hand, Vogel et al. reported widespread
alterations, which could be hardly correlated with specific symptoms of the disease and
which rapidly normalized with weight restoration [60]. Additionally, the researchers found
a positive correlation between FA and the speed of weight loss. Taken together, these
findings are against the aforementioned hypothesis. Interestingly, Olivo et al. did not
detect any diffusivity abnormalities in adolescents with atypical AN, supporting the notion
that undernutrition is the underlying mechanism of FA alterations [58]. This subgroup
of patients is characterized by the typical features of AN but with a body weight within
the normal limits. In an attempt to interpret the results, it could be speculated that the
developing adolescent brain reacts to malnutrition in a different way compared to adults, in
a way that even the minimum limitation of food intake could affect the WM development.
Alternatively, the increase in FA, which is the prominent finding in adolescents, could
reflect a compensatory mechanism to starvation before the long-lasting deprivation of
food results in the reduction of FA in adulthood. One way or another, during adolescence,
WM maturation is characterized by continual widespread changes of increased FA and
increased MD in widespread areas of cerebral and cerebellar WM, prominently in the
frontal lobes and association fibers that connect them to other parts of the brain. These
changes are driven by reductions in both AD and RD [124]. AD reduces with age, probably
as a result of increased numbers of brain fibers or increased axonal caliber and the growth
of glial cells. RD also reduces with age as a result of increased myelin development in the
majority of brain areas [124]. Thus, normal baseline and age-related RD and AD values
should be taken into consideration when investigating pathological conditions in this age
group.

Overall, literature indicates that WM is affected in young patients with AN. However,
the exact nature of WM alterations is unclear, and no safe conclusions can be drawn whether
these alterations bear on disease pathophysiology or not.

4.1.1. Discussion of Functional Imaging Studies

Overall, the researchers reported an altered functional connectivity across various
brain regions and large-scale resting-state networks. Despite the discrepancies among
studies (in terms of data analysis method and distribution of findings), results indicate
functional abnormalities across several areas and networks related to core features of AN
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such as cognitive inflexibility, disturbed body image and deficits in emotional processing
and executive control. In particular, most of the abovementioned areas belong to either the
limbic or reward system and additionally are considered to be part of the well identified
resting-state networks [24].

One of these areas of special interest is the ACC, a region with multiple functions and
several functional connections at rest. The ACC lies in the medial wall of each cerebral
hemisphere and is connected to both the “emotional” limbic system and the “cognitive”
prefrontal cortex [125]. It is also considered a part of the ECN [63]. It is involved in
cognitive and sensorimotor functions as well as in affect-regulation, i.e., the ability to
control and manage uncomfortable emotions [126,127]. Stimuli-based fMRI studies in
healthy individuals have revealed the role of the ACC in the emotion-regulation process,
through a generalized “top-down” control from the prefrontal cortex, which provides the
capacity to regulate an over-activated emotional response from the limbic system [125,128].
On the other hand, fMRI studies in patients with psychiatric disorders have reported that
both hyper- and hypo-activation of the ACC is involved in impaired emotion regulation
characterizing depression, schizophrenia and posttraumatic stress disorder (PTSD) [129–
131]. Likewise, altered functional connectivity of the ACC in AN could support the notion
that emotion dysregulation is associated with the appearance, maintenance and outcome of
the disease [132]. It is finally worth mentioning that functional alterations of the ACC were
early recognized by SPECT imaging. Hypoperfusion of this region was a consistent finding,
not completely normalizing after weight restoration. However, with the introduction of
PET imaging to eating disorders research, further data from SPECT no longer exist.

Another area of interest is the insula. The insular cortex is implicated in an over-
whelming variety of functions such as sensorimotor processing, emotional awareness,
autonomical control, risk prediction, decision-making and complex social functions like
empathy [133,134]. An additional key function of the insula is the integration of interocep-
tive information, i.e., internal physical sensations including pain, hunger and thirst [87].
The right insula specifically is involved in “self—recognition” [135]. MRI studies have re-
vealed increased volume of the right insula in adolescent and adult patients with AN [116].
This finding has also been correlated with the rumination of being fat while actually being
emaciated [136]. Furthermore, the anterior insula is the primary gustatory cortex. Along
with the ACC and the OFC, the anterior insula codes the sensory-hedonic response to
taste. Moreover, it may play a crucial role in linking sensory-hedonic experiences to the
motivational component of reward, which urges an individual to approach food [87]. This
potential contribution of the insula to eating behavior has been highlighted in functional
neuroimaging. Previous fMRI studies in recovered AN patients have reported a reduced
insula response to sweet taste when compared to controls [137,138]. Likewise, a study in
participants with acute AN has revealed insula activation in response to drinking chocolate
milk in controls but not in patients, in the satiety state [19]. In contrast, a neuroimaging
study in healthy individuals pointed out that food deprivation, compared to the satiety
state, produces greater insula activation [139]. Adding to these findings, altered func-
tional connectivity at rest between the insula and various regions, as well as within the
networks that pass through it, supports the hypothesis that the insula has a central role in
the pathophysiology of AN [140]. Interestingly, Bohem et al. found a positive correlation
of functional connectivity in the anterior insula with difficulties in interoceptive aware-
ness [65]. These findings come in line with the suggestion that many of the symptoms,
such as distorted body image, lack of recognition of the severity of the situation (due to
inappropriate response to hunger) and diminished motivation to change could be related
to disturbed interoceptive awareness [87].

The prominent finding of altered functional connectivity of the ACC and insula could
be interpreted in the context of adolescent brain maturation. It has been suggested that
ACC is a key neural substrate of adolescent neurodevelopment [141]. Critically, ACC
connectivity undergoes tremendous reorganization during adolescence [142]. In detail,
the rostral ACC becomes more strongly connected to the DMN, whereas dorsal ACC
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shows increasing connectivity with the SN [141]. These developmental changes may
contribute to the appearance of AN psychopathology during adolescence, given that most
mental disorders are currently considered neurodevelopmental. Likewise, widely accepted
theories regarding neurocognitive development in adolescence emphasize the different
developmental trajectories of subcortical motivational and cortical control regions [143].
Specifically, limbic regions involved in reward and affective processing mature earlier
than PFC regions for the executive control of the behavior, thus creating an imbalance
in decision making. The fact that insula serves as a key hub in the interface between
emotional processing and executive control [144], brings forward this structure as a central
component of adolescent physiological maturation and potentially phychopathology as
well. Indeed, research indicates that the fronto-insular connectivity displays the most
dramatic developmental effects during puberty [145]. Taken together, this notion opens a
new research direction towards the prioritization of the neurodevelopment to understand
vulnerability to disease state [146].

Apart from the abovementioned functions, insula appears to be a central hub of some
large-scale resting-state networks. A few researchers focused on the study of these net-
works and highlighted the altered functional connectivity within and between them. In
detail, researchers attempted to explore the functional interactions between three core rest-
ing state networks (RSNs), the DMN, the ECN and the SN. The DMN is a well-recognized
network which encompasses the medial prefrontal cortex, the posterior cingulate cortex,
the precuneus, the inferior parietal lobule and the lateral temporal cortex. It has been
hypothesized to be active during rest and deactivated when specific goal-directed behavior
is needed [147]. In particular, the DMN is the most active brain system when individ-
uals are left to think to themselves undisturbed. It is involved in mental explorations
including remembering the past, envisioning the future, considering the thoughts of other
people and thinking about one’s self [148]. Dysfunction of the DMN has been related to
Alzheimer’s disease, schizophrenia and autism and virtually to every major psychiatric
disorder [149,150]. The ECN covers the dlPFC and the lateral posterior parietal cortex and
is responsible for high level cognitive functions such as planning and decision making.
ECN disruption is also widespread in most mental disorders [151]. The SN covers the dor-
sal ACC and the anterior insular cortex and is involved in detecting and filtering internal
and external stimuli [151]. Bohem and colleagues attempted to interpret their results in the
framework of the triple network model of psychopathology suggested by Menon [65,151].
According to this model, deficits in engagement and disengagement of these three core
neurocognitive networks (ECN, DMN, SN) play a significant role in many psychiatric
disorders. This model highlights the crucial role of the SN, with the anterior insula as
its central hub, in initiating the switch from the DMN to the ECN, for the generation of
appropriate behavioral responses to salient stimuli. In detail, the researchers reported
increased connectivity between insula and DMN, a finding that is in line with this model
representing a difficulty in disengagement from a self-focused state of mind, intensify-
ing the ruminative preoccupation with body image and food. Likewise, in individuals
suffering from major depression, increased activation of the DMN has been positively
correlated with depressive ruminations [152]. A similar approach was adopted by Uniacke
et al. [153]. In their longitudinal study, researchers found reduced SN-ECN connectivity
which remained after weight normalization.

Researchers have queried the extent to which this multinetwork model gradually
emerges from childhood [146]. Converging evidence suggest the strengthening of intra- and
inter- network connectivity in adults compared to children, implying that significant sub-
network reorganization takes place during adolescence [38,39,145]. Network maturation
follows a hierarchical modularity, with those networks serving the most basic functions
of the organism maturing the earliest [146]. This asynchrony in the timing of network
developmental trajectories might result in greater vulnerability to mental disorders during
adolescence [146], among those AN as well. This theory has been previously proposed
for the greater vulnerability of adolescents to addictive behaviors [146]. Nonetheless, the
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complex and highly sophisticated methodology of these studies results in sparse data,
especially in adolescent populations. Further research is needed therefore, to clarify the
potential role of the triple network connectivity in the pathophysiology of the disease and
to further investigate the complex inter-network relationships.

Another brain area with a potentially pivotal role in the disease is the OFC. This
subregion of the prefrontal cortex has a major role in regulating when to stop eating
a particular food, by activating the phenomenon of sensory specific satiety, a decline in
pleasantness of a food as it is eaten [154,155]. The median OFC has further been associated
with food avoidance. Altered functional connectivity in this area comes in accordance
with the previously reported reduced grey GM matter volume in adolescents and adults
with AN, a finding which has been correlated with disturbed satiety regulation, a possible
driving mechanism for restriction of food in anorectic patients [116].

The interpretation of findings raises again the question whether functional connectivity
could be affected by undernutrition. For example, Amianto et al. reported GM volume
reduction in the same regions where abnormal connectivity was detected [66]. On the other
hand, functional alterations in adolescent cohorts were not related to volumetric differences,
although a positive correlation between ACC connectivity and BMI was highlighted [63].
Thus, no definite conclusion can be drawn. An additional, open to interpretation, aspect
of functional connectivity is the direction of the effect. Although it could be obviously
hypothesized that increased connectivity is desirable, its clinical implication is difficult to be
assessed. Finally, it is worth mentioning that only two studies reported correlations between
functional alterations and core symptoms of the disease [63,65]. Relating encountered
differences between groups to relevant clinical variables increases the reproducibility of
the results and thus, is an advisable approach for every study [156].

4.1.2. Overall, Synthesis and Limitations

This systematic review attempted a global approach to structural and functional
alterations in the brain of youth patients with AN. Young adults were also included in
this effort, as they share more common features with the teen population than with older
adults, due to the ongoing brain neurodevelopment during the first years of adulthood.

Our findings are consistent with the current literature indicating widespread and
regional GM volume reduction, WM microstructure disturbances and resting-state func-
tional alterations. The heterogeneity of findings across all neuroimaging methods may be
attributed to the different methodological approaches and the non-uniformity of cohorts
regarding multiple clinical variables such as disease duration and severity. Alternatively,
it may merely reflect the complexity of the disease. In fact, specific brain regions such as
the insula, PFC, parietal cortex, as well as WM tracts and functional networks related to
them appear to be consistently affected in young patients, suggesting their potential role
in the disease pathophysiology. Typical findings in adult patients such as cerebellar atro-
phy are not consistently encountered in young individuals, suggesting associations with
longer disease duration [12,157,158]. A prominence of limbic structures is also indicative
of emotional and reward processing deficits being at the root of the disease. Of course,
in the human brain, it is not always possible to ascribe a symptom to a single region. On
the other hand, both structural and functional alterations are highly reversible after short
weight restoration and long before the psychological recovery, pointing out malnutrition as
the underlying causative mechanism, although data from longitudinal studies are limited.

A principal limitation of our review is the exclusion of stimuli or task-based fMRI
studies, due to space limitations and in order to limit heterogeneity related to study
design oriented to specific tasks. However, this exclusion precluded us from addressing
disturbances in neural circuitries involved in reward-processing, which may have a central
role in AN according to current neurobiological models of the disease [87,159]. Additionally,
the application of stringent criteria in an effort to eliminate potential confounders such
as psychiatric comorbidity and medications may have led us to exclude studies with
significant results and has resulted in a limited number of resting-state fMRI and DTI
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studies. Another noticeable limitation of our review is the exclusion of recovered patients.
It is a common practice for researchers to enroll recovered individuals in order to avoid the
confounding effect of malnutrition and to detect permanent “scars” of the disease [160]. Our
rationale behind this exclusion lies on the fact that recovery in AN is open to many clinical
interpretations in the existing literature [161]. According to the DSM-V, full remission is
achieved when none of the diagnostic criteria are fulfilled for a substantial period of time,
without specifying the exact duration of being free of symptoms and without differentiating
between adolescents and adults. For adolescents and youth in particular, recovery requires
full weight restoration and normalization of eating pattern, pubertal progression and
linear growth, if expected, as well as age-appropriate interpersonal, psychosocial, and
occupational functioning [5]. Most studies that include recovered patients define recovery
as weight restoration and maintenance for at least one year, thus providing comparability
between their results. Nonetheless, given the fact that adolescents continue to grow
and develop throughout puberty and into young adulthood, a “maintenance weight”
restoration is far from characterizing a teen patient recovered [5]. A topic of significant
questioning across AN neuroimaging is the potential confounding effect of co-morbid
disorders, such as depression, stress disorder and OCD. This notion is further supported
by the reported overlapping neuroimaging findings. As already mentioned, hippocampal
atrophy is a common finding between AN patients and those with major depressive
disorder. Similarly, depressive patients display changes in FA concerning mainly the genu
and body of the corpus callosum and the corona radiata [84]. Likewise, adolescents with
OCD are characterized by lower GM volume and CT of the parietal lobes [162]. Not only
structural but also functional overlaps are apparent between AN and other psychiatric
disorders. For instance, the hyperactivation of the PFC and the amygdala which are
commonly reported in AN, are also features of the generalized stress disorder [163]. In
addition, as mentioned before, altered functional connectivity between and within core
RSNs characterizes many other psychiatric disorders, including OCD [162]. It is therefore
quite difficult, if not impossible, to overcome the potential biases from co-morbid disorders,
since these are the rule rather than the exception in AN patients.

The interpretation of findings needs to be considered in the light of several limitations
characterizing all types of neuroimaging techniques. First of all, cohorts are consistently
small and thus, with limited ability to control for potential confounding factors and to
allow the generalization of the results. As highlighted by Thirion and colleagues, at least
20 subjects or more should be included in functional neuroimaging studies in order to have
sufficient reliability [164], which can be quite difficult due to the high cost of the imaging
procedures. Difficulty in enrolling patients usually results in heterogeneous samples in
terms of demographic data and several clinical variables. Heterogeneity may exist even
in samples including exclusively adolescents, due to the different neurodevelopmental
stage of the participants. Even more profound is the sparsity of male patients. Interestingly,
gender differences exist concerning cortical activation to taste in both the fasting state and
satiety [139]. Thus, the neurobiological basis of the disease may differ considerably in
males. Likewise, none of the included studies differentiated between the subtypes of the
disease. However, it could be hypothesized that binge/purging behaviors may be related
to different neurobiological paths from restrictive eating patterns. Another important
factor that should be taken into consideration when studying adolescents pertains to
the hormonal effects on the developing brain. For instance, research has shown that
regional subcortical volumes are related to pubertal development, as measured by Tanner
stage [165]. Additionally, a positive association has been reported between circulating
estrogen levels and regional GM volumes [166]. Thus, given that pubertal development is
partially dissociable from chronological age, matching study groups according to Tanner
stage could be a reasonable approach [165]. Future systematic reviews could comparatively
assess the present neuroimaging findings on AN versus other forms of malnutrition.
Moreover, this systematic review subgrouped studies on the basis of imaging modalities;
alternative subgrouping, as for instance according to methods of examining brain volumes,
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could have been performed but would not have allowed a clear link with the advantages
and limitations of each modality.

Finally, as it has been already discussed, the interpretation of DTI findings is subject to
additional limitations. First, differences in DTI parameters can emerge due to head motion
during the scanning [167]. Only three studies have performed rigorous correction for
head motion beyond the simple algorithm that is part of edgy current correction [56,59,60].
Second, dehydration could potentially affect diffusivity values, although the effects of
dehydration on brain structure and function in eating disorders is an area of debate [168].
Studies used various methods to assess hydration status and some did not assess it at all
(See Table 2). Urine specific gravity has been commonly used as a marker of hydration,
however it may not be sufficient to diagnose hydration status and should be combined
with other indices such as plasma and urine osmolarity [169]. Concluding, as discussed
earlier, diffusion parameters could be affected by partial volume effect, at least in the fornix.
Likewise, it could be hypothesized that WM tracts bordering the ventricular system, such
as the corpus callosum and thalamic radiation could be affected as well. Consequently, the
finding of reduced FA could be biased when ventricular volume has not been considered
as a covariable.

Summarizing, our recommendations for future research are:
Since no standardized protocols are available, researchers are encouraged to follow

proposed guidelines in order to increase validity, reliability and comparability of their
results [168].

Enrolling adolescent patients at the earliest stage of the disease is the key to detect
early biomarkers, before the confounding effects of malnutrition become apparent, albeit al-
ways considering developmental trajectories and puberty-related structural and functional
deviations from normality.

Multi-center, longitudinal studies after long-term, physical and psychological recovery
are proposed to conclusively disambiguate between trait-based variations and long-lasting
effects of starvation.

Likewise, studying populations at risk before the onset of the disease is essential to
differentiate between premorbid trait markers and permanent scars of the disease.

Finally, multimodal neuroimaging techniques combining different methodological
approaches for data analysis could offer a more comprehensive view of disease impact
on brain. Following the same logic, researchers could ideally utilize both structural and
functional imaging to address regions of interest.

5. Conclusions

This systematic review demonstrated potential associations between structural and
functional alterations detected in young, anorectic patients and core features of the disease.
Of course, the complexity of both the human brain and the disease does not allow the
definite attribution of a symptom to a specific area dysfunction. Moreover, further research
is needed in order to clarify whether these alterations are state-dependent or pre-morbid
markers and therefore, potential targets for early detection and intervention.
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Abstract: Malnutrition is caused either by cancer itself or by its treatment, and affects the clinical
outcome, the quality of life (QOL), and the overall survival (OS) of the patient. However, malnutrition
in children with cancer should not be accepted or tolerated as an inevitable procedure at any
stage of the disease. A review of the international literature from 2014 to 2019 was performed.
Despite the difficulty of accurately assessing the prevalence of malnutrition, poor nutritional status
has adverse effects from diagnosis to subsequent survival. Nutritional status (NS) at diagnosis relates
to undernutrition, while correlations with clinical outcome are still unclear. Malnutrition adversely
affects health-related quality of life (HRQOL) in children with cancer and collective evidence constantly
shows poor nutritional quality in childhood cancer survivors (CCSs). Nutritional assessment and
early intervention in pediatric cancer patients could minimize the side effects of treatment, improve
their survival, and reduce the risk of nutritional morbidity with a positive impact on QOL, in view of
the potentially manageable nature of this risk factor.

Keywords: childhood cancer; pediatric oncology; nutritional status; malnutrition

1. Introduction

The importance of nutrition in children with cancer is indisputable [1]. Nutrition influences
most cancer control parameters in pediatric oncology, including prevention, epidemiology, biology,
treatment, supportive care, recuperation, and survival [2]. It is widely recognized that the nutritional
status (NS) of children diagnosed with and treated for cancer will be probably affected during the
course of the disease.

NS of pediatric cancer patients has been researched for a lengthy time and nutritional problems
have long-been recognized [3–8]. Indeed, publications on childhood cancer related undernutrition
have appeared since the 1970s [9], however its management remains variable [1,4,10], with many
undernourished children not timely recognized and therefore not treated [11].

The importance of NS in childhood cancer patients concerns its potential impact on disease
progression and survival [1]. The NS at the time of diagnosis can affect outcomes in terms of morbidity
and mortality [12]. Additionally, nutrition related problems can affect the quality of life (QOL) of
survivors, as well as predispose them to other chronic diseases [2]. This fact highlights the need for
scientific management and nutritional support for this population.

At the same time, the available data regarding the prevalence of poor nutritional status are derived
at different phases of the disease and are highly variable among diagnostic groups, as well as between
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developed and developing countries [1,13–15]. The heterogeneity of diagnoses, the different stages of
treatment and the followed treatment protocols complicate any straightforward comparison among
studies. Moreover, the variety of definitions for malnutrition, the methodology used to assess the
NS—in terms of anthropometric measurements—as well as criteria and cut-off points, make an accurate
estimation of the prevalence of cancer related malnutrition very difficult.

This review aims to identify NS alterations that occur during the management of childhood
cancer. The purpose of the study is to investigate how neoplastic diseases affect the NS of children and
adolescents, as well as how the nutritional profile affects treatment response, clinical outcome and
long-term growth and health of survivors. By investigating the multifactorial components of nutrition
in childhood cancer morbidity, this work aims to be the trigger to recognize the importance of nutrition
in order to become an integral part of cancer treatment in children and adolescents in Greece.

2. Materials and Methods

An electronic search of the international literature was performed, using the Cochrane Library,
MEDLINE, SCOPUS, and PUBMED to identify systematic reviews, meta-analyses, randomized
controlled trials and observational studies published during the period 2014–2019. The search strategy
identified the following keywords and medical subject heading searches (MeSH): “childhood cancer”,
“pediatric oncology”, “nutritional status”, and “malnutrition”. The reference list of all relevant
articles was also examined, and possibly relevant corresponding articles were hand-searched.
Particular attention has been paid to most recent articles, meta-analyses and systematic reviews
conducted in countries with different socioeconomic status in order to identify possible influence.
Studies involving adult patients were excluded.

3. Results

3.1. Nutritional Status at Diagnosis

Many former and recent studies have investigated the issue of weight changes in children
diagnosed with cancer. Pediatric cancer includes a heterogeneous group of diagnoses, while the
repercussions, prognosis and the therapeutic planning differ according to tumor location, histological
type, nature as well as biological behavior and age of incidence [16]. Such differences also influence
the NS, in a way that some patients present with weight loss at diagnosis, thus being at higher risk for
suboptimal NS during the anticancer treatment [17,18]. NS at the time of the diagnosis is an important
factor which influences the response to the treatment as well as the possibility of recovery [1].

In the cross-sectional observational study of Maia Lemos et al. [16], the authors assessed the NS of
1154 children and adolescents with malignant neoplasms in Brazil at the time of diagnosis. At that
time point, 67.63% of patients presented adequate body mass index (BMI). The overall prevalence of
undernutrition was 10.8%, 27.3%, 24.5% and 13.6%, based on BMI, triceps skinfold thickness (TSFT),
mid-upper arm circumference (MUAC), and arm muscle circumference (AMC), respectively [16].

Villanueva et al. [19] studied the NS of 1060 patients diagnosed with cancer in Guatemala.
NS was evaluated by MUAC, TSFT, and serum albumin (ALB) levels. Children were nutritionally
classified as adequately nourished, moderately depleted, and severely depleted. With regard to
diagnoses, leukemia accounted for 51% of all diagnoses, followed by solid tumors (33%), lymphomas
(11%), and brain tumors (BT) (5%). At diagnosis, 47% (n = 495) of patients were severely nutritionally
depleted, 19% (n = 207) were moderately depleted, and 34% (n = 358) were adequately nourished.

In total, 74 pediatric oncology patients newly diagnosed with hematological malignancies (n = 56)
or solid tumors (n = 18), were included in a prospective observational cohort study conducted in
Istanbul [20]. Anthropometric measurements included body weight, height, BMI, BMI for age percentile,
MUAC, TSFT as well as z-scores for weight for age (WFA), height for age (HFA), BMI for age, weight
for height for age, MUAC for age, and TSFT for age. At diagnosis, undernutrition (BMI for age z<−2
standard deviation (SD)) was evident in nine (12.3%) of 74 patients, including six (10.9%) patients with
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hematological malignancies and three (16.7%) patients with solid tumors, whereas undernutrition
(BMI<5th age percentile) was evident in 10 (13.7%) of 74 patients, including six (10.9%) patients with
hematological malignancies and four (22.2%) patients with solid tumors. In addition, increased body
weight (BMI for age z > 2 SD) was evident in five (6.8%) patients.

Pribnow et al. [21] conducted a retrospective review of newly diagnosed patients with acute
lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), Wilms tumor, Hodgkin lymphoma
(HL), or Burkitt lymphoma (BL) in Nicaragua. A total of 473 patients were assessed and 282 patients
were recruited in the study. At diagnosis weight, height or length measurements were recorded and
NS assessment included BMI, MUAC, TSFT, and levels of serum albumin. At diagnosis, on the basis of
NS categories, 67% of patients were undernourished, 19.1% suffered from moderate undernutrition
and 47.9% were severely undernourished. Undernutrition rates were higher in patients with Wilms
tumor (85.7%) and BL (75%) and lower in those with HL (58.3%). Patients with high-risk malignancies
were inclined to have inferior NS regardless diagnosis, when comparing adequately nourished
(37.3% of patients with high-risk disease) to severely undernourished (62.7% of those with high-risk
disease) groups (p = 0.08). Similar trends are also observed in high-income countries (HICs) and can
be attributed to disease burden.

In the same country, a cohort of 104 patients was screened for NS at diagnosis [22].
The NS assessment was based on weight, height or length and the anthropometric measures of MUAC
and TSFT. Thirty-four patients were affected by ALL, five by AML, 13 by lymphomas and 52 by solid
tumors, including BT (n= 20), retinoblastoma (n= 3), bone and soft-tissue sarcoma (n= 15), Wilms’ tumor
(n = 7) and others (n = 7). Yet, diseases were clustered in two groups—leukemia/lymphomas and solid
tumors—for further analyses. According to their anthropometric measurements, patients were overall
classified as 65.4% severely depleted, 13.5% moderately depleted, and 21.1% borderline/adequately
nourished, that is considered at risk of developing undernutrition during treatment.

In the largest study so far from India, a total of 1693 new patients were enrolled, of whom 1187
had all anthropometric measurements performed [23]. The prevalence of undernutrition—defined
by World Health Organization (WHO) criteria—at the time of diagnosis was very high ranging from
40–80% depending on the method used for assessment, being higher with MUAC and lowest with BMI.
Specifically, the prevalence of undernutrition was 38%, 57%, 76%, 69%, and 81% on the basis of BMI,
TSFT, MUAC, AMC, and arm TSFT +MUAC, respectively. Addition of BMI and serum albumin to arm
anthropometry increased the proportion classified as severely nutritionally depleted by a mere 2% and
1.5% respectively. Among disease groups, no considerable differences were found in undernutrition
rates, consistent with findings of a similar large study published at that time [24]. On the other extreme,
only 14 (0.8%) of children in this study were obese among the whole group, much lower than the
14% rate of obesity in a recent large study from the United States of America (USA), reflecting the
socio-economic influence on NS [25].

Another study conducted in India, analyzed retrospectively weight records collected at diagnosis
for patients with ALL, AML, solid tumors, and lymphomas [26]. A total of 295 pediatric patients
were enrolled in the analysis. Patients’ weight was plotted on WFA growth charts of Center for
Disease Control and Prevention (CDC) [27]. At diagnosis, 153 out of 295 (52%) of patients had WFA
between 3rd and 97th centile and were therefore considered to be well-nourished, 130 out of 295 (44%)
patients were undernourished and 12/295 (4%) patients were obese. The prevalence of undernutrition
at admission among males and females was 44% and 42%, respectively. As regards the diagnosis,
there was no significant difference in NS at diagnosis between hematological malignancies and solid
tumors (p = 0.8).

NS at the time of cancer diagnosis is dependent on a cancer type, its localization and clinical
stage of the disease [1]. In addition, prevalence rates of malnutrition depend not only on methods and
criteria used to assess NS, timing of assessment and composition of the study population—in terms
of types of malignancies—, but also on socio-economic status [3]. Studies carried out in countries
with better socio-economic conditions showed different results from the above mentioned. Moreover,
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other factors such as poverty, lack of adequate education and health support can aggravate nutritional
risk especially in developing countries [16]. In general, undernutrition rates have been found much
higher in low- or low-middle-income countries (LMICs) (40–90%) in comparison to countries with
high or medium income (0–30%) [4,24,28–30].

In the USA, a cohort of 2,008 children treated for high-risk ALL enrolled in Children’s Oncology
Group study CCG–1961 (Children’s Cancer Group) [25]. Weight status by z-score and percentile was
determined as per guidelines from the CDC using BMI for children age 2–20 years and Weight for
Length (WFL) for those age <2 years [31,32]. Of the 2.008 evaluable children, 279 (14%) were obese
and 117 (6%) 17 were underweight at diagnosis.

In Italy, 126 newly diagnosed pediatric cancer patients were included in the study of
Triarico et al. [33]. For each patient, nutritional risk has been assessed with STRONGKids—a quick,
reliable, and practical screening tool—to identify patients with risk of undernutrition [34,35].
Subsequently, anthropometric measurements—such as weight, height, BMI z-scores—were evaluated.
The analysis showed a 100% rate of patients at risk of undernutrition at diagnosis. Respectively at
diagnosis 90 patients (71.4%) presented a moderate risk of undernutrition (STRONGkids 2 or 3),
whereas the other 36 (28.6%) were at high risk of undernutrition (STRONGkids 4 or 5). Sixteen patients
(12.7%) presented mild undernutrition (BMI z-score from (−1)–(−1.9)), two patients (1.6%) presented
moderate undernutrition (BMI z-score from (−2)–(−2.9)) and four patients (3.1%) showed severe
undernutrition (BMI z-score ≤ −3).

In Poland, the authors of [36] studied the frequency of undernutrition and obesity at diagnosis.
A study group of 734 patients with various diagnoses was enrolled. Patients were divided into
groups depending on the type of neoplasms: ALL, acute non-lymphoblastic leukemia (ANLL), HL,
non-Hodgkin lymphoma (NHL), neuroblastoma (NB), Wilms’ tumor, and mesenchymal malignant
tumor (MMT). Body weight and height were measured, and BMI was calculated at the time of diagnosis.
At cancer diagnosis moment, 21.5% (158) of patients were undernourished, 64.7% (475) weighed
properly and 13.8% (101) were overweight. Height deficiency was observed in 8% (57) of the patients,
of whom 10% (34) were boys and 9% (23) were girls. Both underweight and short stature were found
in 2% (15) of the patients. Among diagnoses, there were no notable difference considering height
deficiencies. Patients in the ALL group were overweight more often than the rest of the study group
(Risk Ratio (RR) = 1.82, Confidence Interval (CI) 95% 1.26–2.63, p = 0.002)—18.6% of them were
overweight. However, children with MMT were less susceptible to overweight than the rest of the
patients (RR = 0.36, CI 95% 0.15–0.87, p = 0.021)—only 5.4% of them were overweight. Girls with ALL
were undernourished more often than other patients (RR = 1.72, CI 95% 1.08–2.75, p = 0.03). There were
no significant differences in the undernutrition/obesity frequency in other neoplasms groups.

In Australia, Small et al. [37] retrospectively reviewed the growth and NS—assessed by BMI—of
children diagnosed with NB. One hundred fifty-four children were diagnosed with NB, while only
129 of them had length/height and weight measurements recorded at diagnosis. At that moment,
almost a quarter—31 children—(24.0%) were classified as underweight indicating a high incidence
of undernutrition, while the percentage of overweight patients was 11.6% (n = 15). There was no
noteworthy difference in gender, age, or disease stage at diagnosis across children who were classified
as underweight, normoweight or overweight.

It is therefore understood that weight and height are important measurements for assessing
a child′s NS. According to Brinksma et al. [38], the evaluation of weight and height at the time
of diagnosis in comparison with the measurements prior to diagnosis is particularly important in
children who have recently been diagnosed with cancer. However, children who suffer from severe
weight loss or lack of linear growth, but have what is considered appropriate weight and height
parameters—between −2 and +2 standard deviation scores (SDS)—, may also be poorly nourished [38].
The authors studied a group of 95 patients, 45 (47%) of which were females. Children were diagnosed
with hematological malignancies (57%), solid (26%) and brain (17%) tumors. At diagnosis, weight and
height measurements were recorded and compared with the child’s own growth potential—authors
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used data collected in Primary Health Care Corporation (PHCC). Undernutrition was observed in 2%
(2 out of 95), 4% (4 out of 95), and 7% (7 out of 95) of the children according to zWFA<-2 SDS, zHFA<-2
SDS, and z-scores for weight for height (WFH) <-2 SDS, respectively. However, when compared to
their growth curves another 20–24% of children lost more than 0.5 SDS in WFA, HFA, and WFH z-score.
In conclusion comparison of weight and height at diagnosis with data from growth curves indicated
that—on average—children’s z-scores of weight and height at diagnosis were lower than predicted
from their growth curves. Actually, more children were poorly nourished than weight and height at
diagnosis indicated [38].

In the same country, Loeffen et al. [39] studied—amongst others—malnutrition at diagnosis within
a heterogeneous childhood cancer population. The study sample consisted of 269 children with cancer,
receiving treatment for various malignancies. BMI z-scores were used as indicator of NS. At the time of
diagnosis, 14 children (5.2%) were classified as undernourished (BMI z-score < −2), 229 children (56.9%)
were adequately nourished while 19 (7.1%) were over-nourished (BMI z-score > 2). Undernourished
children showed poorer survival versus adequately nourished (hazard ratio (HR)= 3.63, 95% confidence
interval (CI) = 1.52–8.70, p = 0.004).

According to published studies, the majority of data on NS of children with cancer at the time
of diagnosis relates to undernutrition. Numerous studies include diverse measures and assessment
methods, leading to a highly variable prevalence of undernutrition at diagnosis [1]. Table 1 summarizes
the characteristics of eligible studies that assess nutritional status at the time of diagnosis.

The reported differences between studies are due to the fact that nutrition related
problems—particularly the prevalence of undernutrition—depend on factors such as the timing
of nutritional assessment. Nutritional assessment at diagnosis is often postponed in the context
of many other procedures that may have a higher priority, some of which may even affect it [40].
In addition, there is no clinical “gold standard” to assess the NS [1]. The methods used make the
criteria of malnutrition heterogeneous, as the process depends on the sensitivity and specificity of
the parameters [8]. Furthermore, the time of cancer development is not the same for all diagnoses.
If cancer develops more rapidly—e.g., hematological malignancies against solid tumors—the shortage
of weight is lower, as there is not enough time to develop severe nutrition deficiencies [36]. Moreover,
the reported differences as regards the prevalence of undernutrition are due to the composition of
each study population regarding the types of malignancies. In the majority of studies, patients are
categorized into hematologic, solid, and brain malignancies [3].

Nutritional assessment at the time of diagnosis, is probably the most appropriate time to prevent
the deterioration of NS. Undernutrition worsens as the disease progresses, meaning that the longer
the diagnosis is delayed, the higher the risk of undernutrition [41]. Therefore, the early diagnosis of
undernutrition and early intervention should be a priority in all interdisciplinary oncological teams in
an effort to solve at least part of the problem [24].
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3.2. Nutritional Status during Treatment

NS at the time of diagnosis is an important factor which influences the response to the treatment,
as well as the possibility of recovery [1]. However, malnutrition in pediatric patients with cancer
is dynamic and development of impaired NS is commonly seen during subsequent treatment [42].
The adverse effects of nutritional problems during treatment, such as reduced tolerance of chemotherapy,
alterations in drug metabolism, reduced immunity, increased risk of infection, and compromised
QOL, have been established, however the quality of the evidence supporting each of these effects
is variable [43].

Previous reports addressing the impact of weight on treatment-related toxicity (TRT) and
event-free survival (EFS) in acute leukemia were limited by taking into account patient’s weight only
at diagnosis [44–46]. As weight varies significantly during the treatment course of pediatric ALL [47],
Orgel et al. [25] evaluated the effect of weight alterations on EFS and development of TRT, all along the
treatment period in contrast to weight at diagnosis. A multitudinous group of children diagnosed
with and treated for high-risk ALL was enrolled in the analysis. Orgel et al. [25] observed that only
those children with constant underweight or obese status across intensive phases of treatment for
high-risk ALL were at substantially higher risk for TRT occurrence, relapse, or death. Furthermore,
for patients whose NS status-either obesity or underweight-was constant for > half of pre-maintenance
therapy, the risk for future relapse or death was up to double compared with patients who remained
normoweight during the treatment course. Contrarily, the risk of patients who began treatment
obese or underweight and subsequently ended up normoweight/overweight, decreased to become
comparable to being normoweight throughout. In addition, obese or underweight children were facing
greater risk for specific toxicity profiles, an essential independent issue in efforts to decrease morbidity
resulting from effective but toxic treatment protocols.

Paciarotti et al. [48] performed a prospective cohort study, aiming to determine both the prevalence
of undernutrition and over-nutrition—overweight and obesity—and to detect critical changes in NS
with reference to tumor type, treatments, and nutritional interventions. NS assessment combined
several parameters—dietary intake, BMI centile, TSFT and MUAC—and was performed at diagnosis
and at three months after treatment initiation. In terms of diagnosis, cohort was grouped in children
with leukemia and in children with other types of cancer. Undernutrition prevalence—determined by
BMI centiles—was highest among the “other cancers” group at diagnosis. The low BMI centiles were
correlated with a higher prevalence rate of undernourished children in comparison to the anticipated
undernutrition rate for the UK population [28]. On the other hand, the “leukemia” group, demonstrated
excess BMI centiles at both time points and the prevalence of obesity was greater than the expected
for the UK population. The BMI alterations, as time went on, followed the anthropometric variations.
The “leukemia” patients had excess fat reserves during treatment course—measured by Upper Arm
Fat Area (UAFA)—being 130% of standard at three-month time. The “other cancers” group had
depleted fat stores, with UAFA values getting lower from 78% at diagnosis to 70% of standard at three
months of treatment, suggesting a negative energy status existing prior to diagnosis. Consequently,
both undernutrition and obesity are frequent disorders during the first phase of treatment for pediatric
cancer with clear differences among cancer diagnoses.

There are several studies that present data on malnutrition in children with cancer, however
little is known about the timing of under- and over-nutrition onset, as well as their respective
causes. Brinksma et al. [49] intended to determine in which treatment phase NS deterioration occurred,
and which factors lead to these alterations. A prospective cohort study of 133 newly diagnosed cancer
patients with hematological malignancies, solid and brain tumors was performed. Anthropometric
measurements and related date were recorded at admission and at three, six and 12 months after
diagnosis. Despite initial weight loss at the beginning of treatment in patients with hematological and
solid malignancies, BMI, and fat mass (FM) increased within three months by 0.13 SDS (p < 0.001)
and 0.05 SDS (p = 0.021) respectively. Increase continued during the following months and resulted
in a doubling of the number of over-nourished patients. Fat-free mass (FFM)—which was already
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low at diagnosis—remained low. During the entire study period about 17% of the patients were
undernourished on the basis of low FFM. The most important changes took place within three
months after diagnosis. Particularly WFA and BMI decreased at first, in patients with hematological
malignancies and solid tumors, while tended to increase in patients with brain tumors. In a three–month
period both WFA and BMI increased in all diagnoses, compared to the time of diagnosis. Furthermore,
HFA decreased in all diagnostic groups, whereas MUAC increased. TSFT, % FM, and FM were higher,
especially for patients with BT. FFM was constant and values were lower in patients with brain tumors
in comparison to children with hematological malignancies and solid tumors. Furthermore, stagnation
of growth in terms of height contributed to increase in BMI. Consequently, it is imperative for clinicians
to comprehend that in order to prevent increase in BMI during treatment, weight should remain stable
until growth in height continues.

Iniesta et al. [50] performed a prospective cohort study to examine the prevalence of malnutrition,
NS alterations and factors contributing to nutritional disorders in Scottish pediatric cancer patients
aged < 18 years. Clinical and nutritional data, as well as anthropometric measurements—MUAC
and TSFT—were recorded at specific periods up until 36 months after diagnosis. The study
population was grouped conforming to the wider definition of solid and brain tumors, hematologic
malignancies, and other associated diagnoses. The prevalence of malnutrition—undernutrition,
overweight and obesity—differed at various time points and among the anthropometric measurements.
Overall, undernutrition was higher at diagnosis than at any other time whereas no patient was
undernourished at the end, i.e., 30 and 36 months. In contrast, overnutrition increased over time.
Particularly overweight was highest at 36 months and obesity was most prevalent at 30 months.
As to diagnoses, patients with brain tumors and other associated diagnoses had the highest prevalence
of overweight and obesity, even at the start of treatment. Contrarily, children diagnosed with solid
tumors had the highest prevalence of undernutrition, followed by brain tumors and hematological
malignancies during the first stages of treatment. In conclusion, the study highlights that children
diagnosed with and treated for cancer are at high risk of undernutrition—notably during the first
three months of treatment—and of over-nutrition at later stages. The most significant component
contributing to undernutrition during the first three months of treatment was high treatment risk.

With regard to solid tumors, NB is one of the most common solid tumors in children [51].
Small et al. [37] wanted to examine retrospectively the BMI status of children treated for NB.
One hundred and twenty-nine children diagnosed with NB were recruited in the study. Anthropometric
measurements were collected at diagnosis as well as at various time points, up until five years after
diagnosis. At diagnosis 24% of children were classified as undernourished and 11.6% were overweight.
At six months after diagnosis, children in almost all disease stages showed a significant decrease in
age and sex adjusted BMI. Subsequently, weight z-scores began to increase so that at 12 months’ time
higher BMI z-scores were observed in children in all disease stages. Over the following four years,
BMI z-scores either gradually changed or stabilized depending on the stage of the disease. Almost five
years after diagnosis, the proportion of underweight children decreased to 8.7% while the proportion
of children who were classified as overweight doubled to 28%. Even though low BMI values are
common in children with NB—particularly at diagnosis and during treatment—the authors did not
find any association between BMI and survival rates. Yet, the high proportion of overweight children
at follow-up underscores the importance of nutritional interventions [37].

In India, Radhakrishnan et al. [26] conducted a study to look at the prevalence of malnutrition and
to assess the impact of treatment on NS of pediatric cancer patients. A total of 295 pediatric patients
were enrolled in the analysis. They were provided all meals and nutritional supplements by the hospital
during their treatment duration. Data on WFA were available for 295 patients at diagnosis, 282 patients
at midway through treatment, and 152 patients at the end of treatment. At diagnosis, undernutrition
was seen in 44% patients, which increased to 46% midway during treatment, and decreased to 27% at
the end of treatment (p = 0.0005). Even though undernutrition is a common problem in patients in
resource-poor countries such as India, this study highlights that active nutritional intervention and

80



Children 2020, 7, 218

education were able to significantly reduce the prevalence of undernutrition in patients at the end
of treatment.

Nutritional support aims to reverse undernutrition seen at diagnosis, prevent undernutrition
associated with treatment and promote weight and growth. There is no doubt that a poor nutritional
state is a clear prognostic factor for treatment response and has an effect on the outcome of children
with cancer [42].

3.3. Nutritional Status and Clinical Outcome

The presence of undernutrition correlates with a greater number of complications and relapses,
as well as with decreased level of recovery [1,52]. Undernutrition can adversely affect the overall
survival (OS), because it may reduce the tolerance to chemotherapy, increasing treatment-related
morbidity (TRM) and decreasing EFS [21,39,53].

According to Barr et al. [43], two landmark retrospective studies were performed in the (CCG).
Lange [54] conducted a study which included 768 children and adolescents with AML. Eighty-four
patients (10.9%) of the study population underwent weight loss and 114 (14.8%) were overweight or
obese, defined by BMI (≤10th percentile and ≥95th percentile respectively). Children with abnormal
weight had remarkably worse survival than normoweight because of higher TRM rates.

Butturini et al. conducted the subsequent report, regarding >4000 children and adolescents with
ALL. The CCG researchers focused on the effect of obesity, again as defined by BMI. The five-year EFS
was poorer and the relapse rate higher in obese (n = 343,8%) compared to non-obese patients, but only
in those aged 10 years and older. After these two landmark studies in pediatric leukemia, multiple
analyses from international research centers have since described inconsistent associations between
obesity and leukemia survival [25,45,55–58], raising uncertainty as to whether such a relation exists
and, if so, to what extent.

Amankwah et al. [59] performed a meta-analysis which further complicated data interpretation
through inclusion of a wide variety of leukemia types, therapeutic modalities, and differences in baseline
survival rates between high- and low-income countries (LICs) [60,61]. The authors aimed to evaluate the
association between BMI at diagnosis and pediatric acute leukemia mortality and relapse. An increased
risk of mortality with a high BMI at diagnosis was observed (OS: HR = 1.30, 95% CI = 1.16–1.46 and
EFS: HR = 1.46, 95% CI = 1.29–1.64). Sub-group analysis for ALL, the most prevalent form of pediatric
acute leukemia, revealed a stronger association for both OS (HR = 2.25, 95% CI = 1.33–3.82, p = 0.002)
and EFS (HR = 1.49, 95% CI = 1.30–1.71, p < 0.001). Overall a high BMI at diagnosis was associated
with poor OS and EFS among pediatric acute leukemia patients [59].

In contrast to the previous review [59], Orgel et al. [62] included in their analysis a relatively
uniform population from HICs in order to determine whether a higher BMI at diagnosis of pediatric
ALL or AML is associated with worse EFS, OS, and cumulative incidence of relapse (CIR). As regards
ALL, the authors observed poorer EFS in children with a higher BMI (RR = 1.35, 95% CI = 1.20–1.51)
than in those with a lower BMI. A higher BMI was associated with significantly increased mortality
(RR = 1.31, 95% CI = 1.09–1.58) and a statistically nonsignificant trend toward greater risk of relapse
(RR = 1.17, 95% CI = 0.99–1.38) compared with a lower BMI. In AML, a higher BMI was significantly
associated with poorer EFS and OS (RR = 1.36, 95% CI = 1.16–1.60 and RR = 1.56, 95% CI = 1.32–1.86,
respectively) than was a lower BMI. However, other studies have reported different outcomes.

In the recent retrospective analysis, Saenz et al. [63] evaluated the association between
overweight/obesity (BMI ≥ 85th percentile) at pediatric leukemia diagnosis and relapse or mortality.
The study included 181 pediatric patients diagnosed with ALL, AML, and chronic myeloid leukemia
(CML). The authors observed a statistically significant association between mortality and obesity status
in unadjusted models that disappeared in both age- and sex-adjusted and multivariable-adjusted
analysis. Analysis limited to ALL patients—the most common type of leukemia—showed no association
between relapse or mortality and obesity status. As expected, analysis based on the small number
of AML cases only, did not show any statistically significant association for relapse (HR = 3.93,
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95% CI = 0.71–21.82, p = 0.12) or mortality (HR = 1.39, 95% CI = 0.31–6.27, p = 0.67) either.
A meta–analysis combining these findings with those of previous studies was also performed.
Concerning ALL overweight/obese patients, the meta-analysis revealed an increased mortality and
relapse risk (HR = 1.79, 95% CI = 1.03–3.10) and (HR = 1.28, 95% CI = 1.04–1.57) respectively. Similarly,
an association between obesity and increased risk of mortality was observed for AML patients
(HR = 1.64, 95% CI = 1.32–2.04) [63].

Aldhafiri et al. [55] conducted a study in the UK, on a cohort of 1,033 patients. The authors found no
evidence to support the association between overweight/obesity at diagnosis and childhood leukemia
relapse [55]. These findings are consistent with previous studies as well. In the UK, Weir et al. [64]
examined the effects of BMI at diagnosis on leukemia relapse in children (n = 1,025) and found no
statistically significant association between obesity and relapse. Two more studies in the US [57,65]
also failed to detect an association between obesity at diagnosis and risk of relapse in children with
ALL. In Turkey, Karakurt et al. [66] did not observe any difference between mean BMI at diagnosis and
relapsed or non-relapsed patients. The authors of [67] did not find any association between BMI at
diagnosis and prognosis for children aged 2–9 years, but they observed a trend for improved outcome
in overweight patients aged 10–17 years.

So far, data have been related to hematological malignancies, while studies evaluating the role
of NS in pediatric solid tumors are lacking. Joffe et al. [68] conducted a study aiming to summarize
data reporting on the association of NS and treatment-related outcomes—TRT, EFS, CIR and OS—in
children and adolescents diagnosed with a solid tumor. Finally, 10 reports met the criteria and
were included in the review. Up to 62% of patients were over- or undernourished at diagnosis [69].
Four out of 10 included studies identify abnormal BMI as a poor prognostic indicator in this group of
patients [70–73]. Abnormal BMI was associated with worse OS in Ewing sarcoma (HR = 3.46, p = 0.022),
osteosarcoma (HR = 1.6, p < 0.005), and there was a trend toward poorer OS in rhabdomyosarcoma
(HR = 1.70, p = 0.0596). High BMI in osteosarcoma was associated with increased nephrotoxicity and
postoperative complications. Regarding other included disease categories, NS was not a significant
predictor of outcomes.

Iniesta et al. [74] aimed to evaluate the primary research on the prevalence of malnutrition
in children with cancer and determine whether there are correlations between malnutrition and
clinical outcomes. According to the authors [74], correlations between undernutrition and clinical
outcomes remain unclear, with some researchers arguing that undernutrition is associated with worse
outcomes [8,75–77] and others claiming that there are no such associations [64,78]. Undernutrition
may be associated with higher mortality [8,77]. Yet, both studies referred to developing countries,
so findings may have been affected by other factors regarding mortality. As regards undernutrition
and relapse, two large studies [8,64] found no associations. Obesity in children with ALL was not
associated with a decrease in EFS, when obese children were compared with normoweight children [65].
On the contrary, Butturini et al. [44] found that obesity at diagnosis independently predicted the
likelihood of relapse in pre-teenagers and adolescents with ALL.

Moreover, the majority of research studies regarding the effect of malnutrition on infections and
mortality have been conducted in homogenous populations including patients with one diagnosis.
Loeffen et al. [39] investigated whether malnutrition is a prognostic factor for infection rates and
survival, within a heterogeneous childhood cancer population. The authors of [39] showed the strong
association between rapid weight reduction within the first three months of treatment and increased
rate of Febrile Neutropenia (FN) episodes. A group 269 children diagnosed with and treated for
cancer were enrolled in the analysis. During the first year after diagnosis, 332 admissions for FN
were recorded. As regards the incidence of these episodes, there were no statistically remarkable
difference between patients who were adequately nourished at diagnosis and patients who were
under- or over-nourished. Nevertheless, BMI z-score decrease >1.0 (n = 13) and weight loss >5% of the
initial body weight within the first three months after diagnosis, were strongly associated with FN
episodes occurrence—(p = 0.010) and (p = 0.004) respectively. Regarding NS, survival was notably
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worse (p = 0.01) for undernourished children at diagnosis (n = 14) than for those who were adequately
and over-nourished (n = 248).

Pribnow et al. [21] examined the correlations between NS and cancer type, TRM and EFS. A total of
282 patients diagnosed with Wilms tumor, ALL, AML, HL or BL were included in the study. Children
diagnosed with Wilms tumor had the highest prevalence of undernutrition (85.7%), followed by
children with BL (75%) and AML (74.3%). As regards TRM, 92.2% of patients experienced morbidity
during the first three months of treatment whereas 84% of patients experienced severe morbidity.
TRM in pediatric patients with cancer was associated with NS, as morbidity was greater in children
with severe undernutrition than in those with adequate nutrition (p = 0.023). Another crucial finding
in this study was the association between NS and severe infection, as infection is a major cause of
mortality and was the second leading cause of death during the study period (22.9%). Particularly
undernutrition was associated with severe infection (p = 0.033). In addition, undernourished patients
had inferior median EFS (p = 0.049) and abandoned therapy more frequently (p = 0.015).

With regard to the increased risk of infections and their incidence, Triarico et al. [33] recently
confirmed their association with nutrition related problems. In their retrospective study 126 newly
diagnosed children 3–18 years old were included. Overall, 298 admissions for FN occurred during the
first year after diagnosis. On average, children had two admissions for FN while 54 patients (42.9%)
had ≥3 admissions for FN during the first year after diagnosis. A number of hospitalization for FN ≥3
was found in children moderately to severely undernourished at three and six months after diagnosis,
in patients with weight loss ≥5% at three months, in the case of a weight loss ≥10% at six months
and finally in patients with a BMI z-score decrease ≥1 at six months. Analyses of weight loss and
BMI z-score decrease demonstrate that in a period of three and six months from diagnosis there was
a three-fold increase of the rate of at least moderate undernutrition, from 4.7% to 14.3% and 13.5%
respectively. Indeed, at three months 58 children (46%) underwent weight loss ≥5%. At six months,
they were 63 (50%), while 28 of them (22.2%) had lost ≥10% of their body weight. Furthermore,
weight loss ≥5% at three months and weight loss ≥10% at six months after diagnosis were remarkably
associated with higher mortality. Mortality risk increased by 294% in patients who lost ≥5% of weight
in a three-month period after diagnosis and by 110% in patients who reported weight loss ≥10% at
six-month time.

Given the high prevalence of nutrition related problems during childhood cancer treatment and
their impact on clinical outcomes, nutritional assessment should be mandatory from diagnosis and
during treatment, in view of the possible manageable nature of this risk factor. Early adaptation of
the NS screening for pediatric cancer patients could not only improve their survival, but also their
QOL [33].

3.4. Nutritional Status and Health-Related Quality of Life

Malnutrition during treatment for childhood cancer has not only substantial clinical implications,
but may also adversely affect a child’s QOL [79]. Until recently, QOL in children with cancer was
unexplored [80]. In recent decades, cancer survival rates have increased thus emphasizing the
importance of children’s personal needs. As a result, health-related quality of life (HRQOL) in
childhood cancer patients has become a crucial issue in clinical practice [79]. HRQOL of children and
adolescents is complex as children grow and develop. On the other hand, multimodal therapy that
combines intensive chemotherapeutic protocols, surgery and radiotherapy induces many side effects
which adversely affect children’s HRQOL [81].

Tsiros et al. [82] conducted a literature review on HRQOL in healthy, though obese children and
adolescents. Findings support that being overweight/obese has an unfavorable impact on social and
emotional functioning. In addition, other previous studies [83–86] have found that children diagnosed
with and treated for malignancies had the lowest HRQOL, in comparison to healthy peers or children
with other diseases. Broadly, it is considered that HRQOL in undernourished patients is lower when
compared with adequately nourished patients [87] and that NS amelioration will lead to better HRQOL.
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However, the correlation between NS and HRQOL in childhood cancer patients had not been examined
until 2015.

Brinksma et al. are the first to examine the association between NS and HRQOL across childhood
cancer patients. Notably, they studied the association of undernutrition, over-nutrition, weight loss,
weight gain with HRQOL in a heterogeneous group of children with cancer one year after diagnosis.
In total, 104 patients (aged 2–18 years) diagnosed with hematological (43%), solid (33%), or brain
malignancies (24%) participated in the study. Weight, height, and BMI were assessed and expressed
as SDS. Furthermore, FFM and FM were calculated based on bioelectrical impedance analysis (BIA).
The child- and parent-report versions of the PedsQL 4.0 Generic scale [86,88] and the PedsQL 3.0
Cancer Module [89] were used in order to measure generic and cancer-specific HRQOL. According to
Brinksma et al. [79] nutrition related problems adversely affect HRQOL in childhood cancer patients.
Undernourished as well as over-nourished children experienced poorer QOL than children who were
well-nourished. Similarly, both noteworthy weight loss and weight gain led to worse HRQOL. Actually,
impaired physical functioning prevailed in undernourished patients and in patients with weight
loss. It is widely known that undernutrition and weight loss are associated with muscle mass deficit
and muscle deficiency, resulting in fatigue [90]. Therefore, undernourished children did not have
the vitality and muscle strength needed to involve themselves in physical activities. Furthermore,
undernutrition adversely affected children’s social functioning. This finding can be justified by the pain,
nausea, and tiredness these children encounter, which impair their ability to sufficiently participate in
physical and social activities with their peers. As regards the psychosocial field, both over-nourished
children and children with weight gain showed impaired functioning—when compared to adequately
nourished patients—particularly in the emotional and cognitive sphere. They were more susceptible
to feelings of fear, sorrow, and anger. Hence, they experienced more difficulties in interacting with
others and they struggled to perform cognitive tasks—compared to adequately nourished patients
with cancer.

These results have implications in clinical practice as they indicate the significance of adequate
NS in children with cancer. Although the study could not demonstrate a causal relationship between
nutrition related problems and HRQOL, undernourished and over-nourished patients experienced the
lowest HRQOL across all cancer patients.

3.5. Nutritional Status during Survivorship

Advances in treatment have resulted in considerable improvements in survival rates of pediatric
cancer. This success translates into a growing population of long-term survivors [91]. However,
almost two-third of childhood cancer survivors (CCSs) will encounter at least one late effect while
40% of them are vulnerable to experience a disabling or potentially fatal condition even 30 years after
diagnosis [92]. Even though late effects and chronic health conditions may be largely attributed to
cancer and its treatment [93], the effects of NS that extend into survivorship put survivors at risk for
numerous nutrition-related morbidities considering the pre-existing risk factors CCSs are facing [94].
There is a significant body of literature on NS among cancer survivors in childhood and adolescence
after completion of treatment in HICs [43]. Special attention has been paid to ALL diagnosis, given its
dominant prevalence in this age group worldwide [95] (Table 2).

Zhang et al. [96] performed a meta-analysis on the prevalence of obesity in pediatric ALL
survivors in order to evaluate whether survivors are more likely to be obese than a reference population.
Forty-seven studies met the inclusion criteria reporting on 9223 pediatric ALL survivors. Even though
there was significant heterogeneity among studies, pediatric ALL survivors had considerably higher
BMI than the reference population. There was a consistently high prevalence of overweight/obesity in
both recent and long-term survivors regardless of patient- and treatment-related characteristics.
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Although many studies have focused on obesity and the consequences of being overweight, it was
unclear at which time period survivors experienced excessive weight gain. Zhang et al. [97] performed
a retrospective cohort study of 83 children with ALL. BMI status was examined at various time points
during and after treatment, as well as annually up to five years after treatment. The percentage of
patients who were overweight or obese (BMI ≥ 85th percentile) doubled from 20% at diagnosis to
about 40% after treatment completion [97]. Particularly, 26.7% of normoweight children became
overweight/obese at the end of treatment and 36.1% were overweight/obese five years post-treatment.
Among those who were overweight/obese at diagnosis, 81.3% and 66.7% remained overweight/obese
at the end of treatment and five years post-treatment, respectively. The overall increase in BMI z-score
from diagnosis to the end of treatment was associated with a more than threefold increased risk of
being overweight/obese five years after treatment. The study reveals that patients with pediatric ALL
were at risk of becoming overweight or obese early during treatment, while these changes in weight
status remained throughout treatment and after treatment completion.

Zhang et al. [98] conducted a subsequent meta-analysis and come to similar conclusions. Findings
demonstrated significant increase in mean BMI z-score and weight during treatment that persisted
beyond treatment completion. Actually, unsound weight gain was prevalent in pediatric ALL patients
regardless of receipt of cranial irradiation therapy (CRT), sex, and weight status [98].

Collins et al. [99] performed arm anthropometry to assess the NS in long-term survivors of ALL in
childhood and adolescence, as BMI does not distinguish muscle from adipose tissue [106]. Seventy-five
patients diagnosed with ALL at least before a decade, were enrolled in the study. According to BMI
values only six survivors were undernourished and none of them severely. Twenty-five survivors
were overweight/obese, while only six (8%) were actually obese. However, 15 (20%) survivors were
obese—assessed by TSFT—and only 3% suffered from sarcopenia according to MUAC. As it results,
malnutrition rates varied according to assessment methods performed.

Karlage et al. [100] reported similar inconsistencies regarding BMI and anthropometric
measurements of body composition. Obesity rates varied between 40% determined by BMI, 62% by
three site skinfolds and 85% by Dual-energy X-ray Absorptiometry (DXA). Even though skinfolds
undervalued the percent body fat of CCSs when compared with DXA, they indicated higher sensitivity
than BMI when used to assort survivors as obese or not obese. Particularly nearly 47% of males and 53%
of females of the study population were misclassified as non-obese when assessed by BMI, which may
result in CCSs not receiving appropriate nutritional support and guidance.

As regards to body composition, Marriott et al. [101] conducted a study focusing on skeletal muscle
mass (SMM) alterations. The study included 75 long-term survivors—37 male and 38 female—diagnosed
with ALL at least before a decade. Whole-body DXA scans were obtained, as well as measures of lean
body mass (LBM), FM, and whole-body bone mineral content (BMC). According to fat mass index
(FMI), the majority of females and two-thirds of males were overweight/obese—12% and 18% were
obese respectively. On the basis of BMI, the percentages of overweight/obese became 35.3% for females
and 31.3% for males—5.9% and 9.8% were obese respectively. The analysis of appendicular lean mass
(ALM) showed that 50% of survivors ≤18 years old suffered from SMM deficit. Thirty-two survivors
(43%) were identified with positive z-scores for FMI and negative scores for appendicular lean mass
index (ALMI). Consequently, sarcopenic obesity prevails in long-term survivors of ALL, which puts
them at risk of both excess body fat and insufficient SMM.

Apart from body composition alterations, changes in bone metabolism constitute extensive adverse
late effects of cancer treatment. They represent a major cause of morbidity in the CCSs population
through pain, fractures, decrease of BMD and chronic deterioration of bone function [107,108].
Molinari et al. [102] evaluated BMD and body composition in 101 patients treated for ALL, using bone
densitometry and anthropometric data. As regards to NS, 22.8% of survivors were overweight and 15.8%
were obese. As to body composition the LBM levels and BMC were higher in males, while FM levels
and fat percentages were higher in females. The more time had passed from treatment completion until
the time of the study, the higher the values of LBM, FM, percentage of fat and BMC. Among children
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and adolescents <20 years old (n = 79), three survivors (2.9%) had low BMD and 16 (15.8%) were
classified as at risk for low BMD. Among survivors aged >20 years old, eight (7.9%) had osteopenia
and none of them had osteoporosis. In comparison to the reference population most of the survivors
had normal BMD values. However, the risk group—considered by the literature as with normal
BMD—actually presented significantly lower bone mass values. Eventually, ALL survivors can regain
lost bone mass during the post-treatment period. Yet, some of them will never achieve their higher
BMD acquisition potential, presenting considerable bone deficit [109].

So far, most publications on the NS of CCSs focus on ALL. Wang et al. [103] systematically
reviewed the prevalence of overweight and obesity of CCSs diagnosed with BT. As it emerges,
evidence for weight gain and obesity among survivors of childhood brain tumors (SCBT) varies.
Some studies report an increase [110,111], whereas others have shown no significant differences
compared to healthy controls [112,113]. Among participants, survivors diagnosed with brain tumors
other than craniopharyngioma and craniopharyngioma survivors were analyzed in separate groups
in order not to overrate the prevalence of obesity in overall SCBT population, as patients diagnosed
with craniopharyngioma are known to be at high risk of developing obesity [114,115]. According to
BMI measures, overweight and obesity rates were similar for SCBT and general population—rate of
combined overweight and obesity 42.6% and 40.4%, respectively. Yet, survivors had higher adiposity.
As regards to craniopharyngioma, the participants had higher prevalence of obesity and combined
overweight and obesity than SCBT and healthy controls. Specifically, overweight and obesity affected
almost two-thirds of patients with craniopharyngioma.

Warner et al. [104] conducted a population-based study in order to evaluate the prevalence
of undernutrition and overweight/obesity among 1060 adult CCSs of various diagnoses. The most
prevalent diagnoses among female survivors were epithelial cancer (26.1%) and lymphoma (17.4%),
while for males were lymphoma (23.8%) and central nervous system (CNS) tumors (16.3%). Considering
all diagnoses, there were no differences between female or male survivors versus the age- and
sex-matched comparison population, regarding the risk of being underweight or overweight/obese.
However, according to BMI values 36% of females and 61% of male survivors were classified as
overweight/obese. When further analyzed by cancer diagnosis, female epithelial survivors were less
likely to be overweight or obese than the comparison population and only male CNS survivors had
a slightly higher risk of being overweight or obese than the reference cohort.

Even though overweight, obesity, and MS have been broadly reported in the Western literature,
data from developing countries are lacking. Prasad et al. [105] conducted a retrospective study
and NS was assessed in a cohort of 648 Indian CCSs. At the time of the study 471 survivors were
<18 years—child and adolescent survivors (CASs)—and 177 were 18 years or older. The prevalence of
obesity, overweight, normal NS and undernutrition was 2.6%, 10.8%, 62.7%, and 28.8% for CASs while
0%, 8.5%, 62.7% and 28.8% for adult survivors, respectively. Regarding adult survivors, those >30 years
old had higher prevalence of overweight compared to those <30 years old (22.2% vs. 6.9%, p = 0.004).
None of them fit the strict criteria of MS, though 17 (9.6%) fit the lenient criteria which included
overweight survivors as well as obese. As to CASs none participant fit the strict criteria for MS.
However, 11 (2.4%) survivors had features of MS when the weight criteria were lenient. There was
a higher prevalence of overweight/obesity between those diagnosed with ALL or BT (16.5% and 20.7%,
respectively, p = 0.07) and the rest of survivors (13.6%). Overall the prevalence of obesity/overweight
was lower in this cohort when compared to western literature. Yet, it is unclear whether these rates
reflect the underlying undernutrition in developing countries such as India or the CCSs population of
this study differ from their western counterparts. Despite the lower prevalence of overweight/obesity
and MS in this cohort of survivors, CCSs remain at high risk for cardiometabolic complications.

Some of the risk factors for overweight, obesity and MS are modifiable and in the hands of CCSs
themselves. There are guidelines for promoting health in cancer survivors, including encouraging
healthy nutrition, physical exercise and avoiding high-risk behaviors [116,117]. Yet, dietary guidelines
developed for cancer survivors—such as those developed by the American Cancer Society [118] and
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the World Cancer Research Fund/the American Institute for Cancer Research (WCRF/AICR) [119]—do
not elaborate on CCSs. Furthermore, the long-term follow-up guidelines for CCS developed by
the Children′s Oncology Group (COG) do not include cancer- and treatment-specific guidelines on
nutrition [120].

Nevertheless, according to Brinkman et al. [121] healthy diet and physical exercise can
moderate several late effects of cancer treatment, including obesity, hyperlipidemia, diabetes mellitus,
cardiovascular disease, hypertension, and osteoporosis. Unfortunately, many CCSs do not meet the
recommended dietary guidelines, with 54% of them exceeding their daily caloric requirements [122].
According to Zhang et al. [123], only 4%, 19%, 24%, and 29% of survivors follow the guidelines for
vitamin D, sodium, calcium, and saturated fat intake, respectively. Nevertheless, nutritional intake in
CCS has not been adequately studied [123]. Even though there are a few existing studies providing
evidence that current dietary guidelines are not met [124–127], data are mainly derived from small
groups of survivors or focus on specific cancer diagnoses—such as pediatric lymphoblastic leukemia.
Zhang et al. [128] aimed to evaluate diet quality and dietary intake in a large cohort of 2570 adult
CCSs. As regards diagnoses, leukemia was the most prevalent followed by lymphoma, embryonal
tumor, sarcoma, and CNS tumor. The overall evidence emerges poor diet quality in CCSs, while older
survivors had better diet quality than younger survivors did.

Unhealthy dietary behaviors have been associated with increased risk for health threatening
conditions [94]. In addition, according to preliminary studies among CCSs, better quality diets may
conduce to improved long-term health outcomes. There is developing evidence indicating that healthy
dietary behaviors may reduce the risk of nutrition-related chronic conditions [94], thus it becomes
essential to incorporate nutrition interventions and particularly dietary counseling into the clinical
framework of survivorship care.

4. Discussion

Childhood cancer is an illness related to severe morbidity and mortality. The malignancy itself
remains the main cause of death among childhood cancer patients [129,130]. Concurrently nutrition
is a fundamental part of the pediatric cancer patients’ care. Adequate and appropriate nutrition is
required to maintain optimal growth and development. Furthermore, adequate nutrition is likely to
enhance survival outcome, reduce toxicity and improve QOL [53].

It has been widely recognized in literature that the NS of children diagnosed with and treated for
cancer is likely to be affected at some point during the disease trajectory. Actually, for many childhood
cancer patients, the early progression of the disease and the commencement of antineoplastic therapies
can affect the NS, leading to malnutrition with many adverse consequences [8,74,131].

One of the most important findings of this review—that focuses on NS alterations that occur during
the management of childhood cancer—is that the reported prevalence of malnutrition—undernutrition,
overweight and obesity—varies between different types of cancer, different stages of the disease,
type of treatment, as well as among studies, highlighting the complexity and diversity of this
population. Children diagnosed with specific cancer types develop nutrition related problems more
often than others. For instance, at diagnosis prevalence of undernutrition is higher in patients with
solid tumors—especially Wilms tumor or neuroblastoma—and much lower in children with ALL
and HL [4,11,14,21]. At the same time patients with brain tumors demonstrate high prevalence
of overweight and obesity [50]. During treatment, children with solid tumors are more frequently
nutritionally depleted, followed by brain tumors and hematological malignancies [49,74]. The detected
differences in malnutrition among various diagnoses are inconsistent in LMICs, as delays in diagnosis
and limited access to healthcare may lead to higher undernutrition rates, regardless of cancer type [21].
In addition, undernutrition is more often observed in high-risk diseases across all cancer types [21].

The majority of data that focus on NS of children with cancer at the time of diagnosis relates
to undernutrition, the prevalence of which ranges from 10.8% [16] to 76% [23]. These reported
differences between studies are due both to the stage of the disease at diagnosis and the parameters
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used to assess NS [8]. To date, there is a lack of consensus on the definition of malnutrition [1,28].
In addition, the criteria for NS assessment are heterogeneous [1,8,28]. Nutritional assessment is
a process that depends on the sensitivity and specificity of the parameters performed [8]. Unfortunately,
this procedure is often postponed in the context of many other procedures that may have a higher
priority, some of which may even affect it [40]. Most studies refer to BMI as, it is widely used in clinical
practice. Yet, it is not the most appropriate method for NS assessment because it does not measure body
fat directly. Even though every method for clinical assessment of NS has restrictions, indicators such as
MUAC, TSFT, and BIA provide more information regarding body composition changes that occur in
paediatric cancer patients. Nonetheless, the diversity among different indicators of NS does not allow
any straightforward comparisons among them. The prevalence of nutrition related problems depends
not only on the methods and criteria used to assess the NS [8], the timing of the assessment [40]
and the composition of the study population [3]—in terms of types of malignancies—but also on the
socio-economic status. In general, undernutrition rates were much higher in LICs than in HICs [3,23,25].

Clearly, the NS at the time of diagnosis is an important prognostic factor that affects treatment
response as well as the possibility of recovery [1]. However, nutrition related problems in pediatric
cancer patients are dynamic and their development is usually observed during subsequent treatment.

Currently, the most relevant research is retrospective or cross-sectional. The few prospectively
designed studies that have been published principally concern children diagnosed with hematological
malignancies while most of them do not refer to the NS at all stages of treatment [74]. In addition,
research has focused on the study of undernutrition during cancer treatment, while excessive energy
intake or poor diet quality is being overlooked [74]. The adverse effects of undernutrition during
treatment have been established [43]. Among others these include reduced tolerance to chemotherapy,
changes in the metabolism of medicinal products, reduced immunity, increased risk of infections and
degraded QOL [43]. However, the quality of data supporting each of these results varies.

Studies that investigate the association between NS at diagnosis and clinical outcome suggest
that NS may affect cancer prognosis in children with cancer. Particularly, observed inferior survival
was generally stable among studies [59]. The presence of undernutrition was associated with a large
number of complications and relapses, as well as a reduced level of recovery [1,52,68]. On the other
hand, excess weight gain and obesity negatively affected the response to treatment and led to reduced
cure rates [1,4,52,53]. Yet, the correlations between nutrition related problems and clinical outcomes
remain unclear, with some researchers claiming that they are associated to worse outcomes and others
claiming that there are no such associations [53,74].

The NS status of children with cancer has not only significant clinical implications, but also can
adversely affect the long–term development and health of survivors, including children’s QOL which
as shown by the review remains underestimated [79]. There is a significant body of research on the
NS of childhood and adolescent cancer survivors. Most studies focus on children with hematological
malignancies—mainly in HICs—taking into account their predominant prevalence [43]. Furthermore,
many reports confirm the impact of low or excessive body weight on survival, while collective evidence
consistently shows poor diet quality in CCSs [128].

The lack of standard protocols and algorithms for assessment and treatment of nutritional
problems, as well as limited in time dietary interventions are important factors that contribute to
significant rates of malnutrition according to the literature. Meanwhile there is a lack of international
specific dietary guidelines for children with cancer. Future scientific research should emphasize on
proposing certain criteria that could assist the establishment of dietary instructions, such as cancer
type, NS at diagnosis, treatment protocol, as well as children’s gender and age.

Nutritional assessment should be mandatory from diagnosis and during treatment, in view of
the possible manageable nature of this risk factor [33]. Therefore, early assessment of NS and timely
intervention should be a priority in all interdisciplinary oncology teams, in order to integrate nutritional
counseling into the clinical framework of care in an effort to address at least part of the problem [24].
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5. Conclusions

NS of pediatric cancer patients plays a crucial role during the disease trajectory. The malignancy
itself and the progression of the disease cause NS alterations, leading to malnutrition. In addition,
the commencement of antineoplastic therapies affects energy balance with many negative consequences.

Malnutrition—undernutrition, overweight, and obesity—is linked to adverse outcomes from
diagnosis to long-term survivorship. NS at the time of diagnosis is an important prognostic factor
that affects treatment response and the possibility of recovery. The impact of impaired NS on clinical
outcome and cancer prognosis is related to treatment intolerance due to nutrient deficiency and
immune incompetence. Increased risk of infection and alterations in drug metabolism lead to delays
and treatment cessation that result in higher relapse rates and lower survival rates. In addition,
undernutrition during treatment correlates to a greater number of complications, increasing TRM
and decreasing EFS. Yet, correlations between NS alterations and clinical outcomes remain unclear.
Nutrition related problems can also adversely affect the long-term health of survivors, including
children’s HRQOL. The effects of NS that extend into survivorship put survivors at risk for numerous
nutrition-related morbidities.

Given the high prevalence of malnutrition during childhood cancer and as NS represents
a modifiable risk factor, nutritional assessment should be mandatory from diagnosis, during treatment
and subsequently. There are several methods for the clinical assessment of NS and each one of them has
limitations and constraints. Among those performed in clinical practice MUAC, TSFT and BIA provide
more information concerning body composition changes than BMI does. Nonetheless, the diversity
among different indicators of NS prevents us from extracting safe results regarding the most suitable
one. Ideally, the most appropriate indicator is the one that would not allow a malnourished child to
remain underdiagnosed.

As regards pediatric oncology, advances in treatment and follow-up care are significant. However,
there is still a lack of international specific dietary guidelines for children with cancer. Hopefully,
future scientific research should emphasize establishing cancer- and treatment-specific guidelines for
nutrition. Early monitoring and adaptation of pediatric cancer patients’ NS as well as timely nutritional
intervention could improve their treatment response, their clinical outcome, their survival, but also
their QOL.
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Abstract: Nepal is among the world’s poorest countries, and it is the third-poorest country in the
South Asian region. Asia has the largest number of orphans in the world; in Nepal there are around
13,281 orphan children. The objective of this study is to evaluate the growth status of institutionalized
children in Nepal through the analyses of anthropometric measures. The sample was Nepalese
children aged 4 to 17, obtained from two different orphanages: in the first one, children with physical
and mental disabilities coexist with children without any conditions. In the second one, there were
no subjects with disabilities. Significant evidence of an association between mental and physical
disability in institutionalized children and undernutrition (wasting and stunting) was found in this
study. There is also weak but significant evidence of a relationship between underweight and being
male. The study could help reaching a better understanding of growth status of institutionalized
children in Nepal.

Keywords: orphanage; Nepal; anthropometry

1. Introduction

In the Asian nation of Nepal, with a population of around 23 million, divided into more than
100 ethnic groups and distributed in 75 different territorial districts, 80% of the population have
a sustenance model based on agriculture [1]. In the South Asia region, Nepal is the third-poorest
country [2]. Despite being a state where the poverty affects a high percentage of the population,
and where some geographic areas could be hostile and even compromise the subsistence of its
inhabitants [3], life expectancy is between 67–69 years. It should also be noted that the 35% of the
people are under 15 years old and just 7.6% corresponds to people over 60 years of age [4]. On the
other hand, Asia has around 60 million children who to have lost one or both parents, being one
of the countries in the world with the largest number of orphans [5]. There is no official published
government data on the number of children’s homes in Nepal since the country currently lacks a
complete data-collection system on children in institutional care [6]. However, according to the
Central Children Welfare Council, there are around 13,281 abandoned and orphaned children in Nepal,
distributed in 610 orphanages [7]. Despite the fact that the majority of orphaned (or abandoned)
children in Nepal are cared for in institutions, they would not be excluded from risks generated by
poverty, which reflects the need of authorities to be more concerned and proactive to combat this
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situation. People with disabilities in Nepal face higher incidence of human rights violations, especially
discrimination, unequal treatment, disregard for difference, denial of accessibility, and exclusion [8].
Therefore, a child with mental disability living in an institution, would inevitably have greater difficulty
attaining an acceptable quality of life. The aim of this study was to evaluate the growth status of
children living in Nepali orphanages through the analysis of anthropometric parameters.

2. Materials and Methods

2.1. Participants

Research was conducted in the Nepali town of Hetauda, home of the administrative headquarters
of Makwanpur district, placed in the central region of Nepal. This territorial district is mostly
rural and is administratively divided in 43 rural and municipal development committees and has
a population of around 400,000 [9]. This descriptive study was carried out in collaboration with a
Spanish non-governmental organization (NGO) for a one-month period during the summer in 2013
according to the volunteering program of the NGO. The sample was 47 Nepali children (24 girls and
23 boys), who were aged from 4 to 17 years. The sample was taken from two different orphanages:
the first one was called Bal Griha 1, where children with physical and mental disabilities coexist with
children without any conditions (n = 24); the second one, called Bal Griha 2, there were no subjects
with disabilities (n = 23). In the Bal Griha 1, 12 of the 24 children had no disabilities. The rest of the
children of this orphanage had different types of disabilities including burn contractures, posttraumatic
amputations, neuromuscular alterations, one cerebral palsy, and different degrees of mental retardation.
All subjects gave their informed consent for inclusion before they participated in the study. The study
was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the
Ethics Committee of University of Valencia (Spain) (EH-1-2012). The primary caregiver (no aides),
who had primary responsibility for children, was informed about the study goals and verbal consent
was obtained to take their child’s anthropometric measurements.

2.2. Anthropometric Measures

Weight and standing height measurements were performed in triplicate and done according
to the Anthropometric Standardization Reference Manual [10]. The subjects wore no shoes and
light clothes, and all the measurements were taken by the same trained anthropometrist. A Plenna
scale (model MEA 07 400, Plenna®, São Paulo, SP, Brazil; accuracy of 100 g) was used to determine
weight and a Seca stadiometer (model 208, Seca, GmbH, Hamburg, Germany; accuracy of 0.5 cm) was
used to determine height. Height-for-age Z-scores (HAZ), weight-for-age Z-scores (WAZ) and body
mass index (BMI) for age (BAZ) were calculated using the WHO AnthroPlus software developed by
the World Health Organization (http://www.who.int/growthref/tools/en), which uses the 2007 WHO
reference values [11]. The stunting and underweight are calculated by Z-score: children with a HAZ,
WAZ, or BAZ < −2.0 are classified as stunted, underweight, or thin, respectively [11,12]. A low HAZ
indicates an incapacity to reach linear growth potential as a result of health and/or nutritional deficient
conditions, which is known as stunted growth [13]. Children with a measurement of <−2 standard
deviation (SD) from the median of the reference group were classified as short for their age (stunted),
while children with measurement of <−3 SD from the median of the reference group were considered
to be severely stunted [12]. A low WAZ is considered to indicate whether a subject is underweight
(in the absence of wasting). Lastly, BMI is an important index for thinness in children over 10 years of
age since weight-for-age can be calculated only for children aged <10 years [13]. To estimate body
mass in children with a lack of limbs or other body components (leg, foot, or hand), equations for the
assessment of weights status of amputees were used [14–16].
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2.3. Statistical Analysis

Values for WAZ, HAZ, and BAZ are presented as means and SD. These means are grouped by sex,
orphanage, physical disability, and mental disability. A Kolmogorov–Smirnov test was used to test
for normality. To compare the means, the Independent-Samples t-Test was used in case of a normal
distribution, otherwise the Mann–Whitney U test was used. All statistical significance was established
at a p-value < 0.05. All statistical analyses were performed using the SPSS Statistics 19.0 (SPSS Inc.,
Chicago, IL, USA).

3. Results

The mean age of all enrolled children into the study was 10.4 ± 3.4 years (range: 4–17 years).
The mean of the height was 128.7 ± 18.7 cm and the mean of the weight was 26 ± 10.1 kg. Mean of
WAZ, HAZ, and BAZ were all negative (−1.9, −1.9, and−1.4, respectively) (Table 1). This indicates that
the average of children was smaller and lighter than the growth standard.

Table 1. Characteristics of the sample. Mean and standard deviation of age, height, weight, and
growth-related characteristics.

Mean Standard Deviation (SD)

Age (years) 10.4 3.4
Height (cm) 128.7 18.7
Weight (kg) 26.0 10.1

WAZ −1.9 0.9
HAZ −1.9 1.2
BAZ −1.4 1.4

WAZ =Weight-for-age Z-score, HAZ = Height-for-age Z-score, BAZ = Body mass index (BMI) for age.

The prevalence of undernutrition in orphan or abandoned children is the following: 40.4% (total
n = 47) were considered stunted, 36% (total n = 25) were underweight and 29.8% (total n = 47) were
wasting for children over age 10. The sample used by the underweight indicator is 25 instead of the
total (47) because WAZ can be calculated only for children aged < 10 years [16].

Table 2 shows values for WAZ, HAZ, and BAZ presented as means grouped by several parameters
as are orphanage, physical disability, mental disability and sex. In the Bal Griha 1, two children had
overlapping physical and mental disability.

For orphanage (Table 2), WAZ and BAZ were not significantly different between two groups.
HAZ was significantly lower in the Bal Griha 1 (t = −3.47, p < 0.01). The mean of HAZ (−2.03) and WAZ
(−2.43), which classifies classify the children of Bal Griha 1 as stunted and underweight, respectively.

For physical disability (Table 2), BAZ and WAZ were not significantly different between the
two groups. Despite this, it should be noted that the mean of WAZ (−2.90) classifies the children as
underweight. HAZ was significantly lower in the children with a physical disability (t = 3.94, p < 0.01).
The mean of HAZ (−3.22) in children with a physical disability is a value below –3.0, which classifies
them as severe stunted (moderate and severe based on <−2 Z and <−3 Z score, respectively).

For mental disability (Table 2), HAZ and WAZ were not significantly different between the two
groups. Despite this, it should be noted that the mean of HAZ (−2.62) and WAZ (−2.92) classifies the
two groups as stunted and underweight, respectively. BAZ was significantly lower in the children with
a mental disability (t = 2.53, p < 0.05). The mean of BAZ (−2.70) in children with mental disabilities
classifies them as wasted.

For sex (Table 2), HAZ and BAZ were not significantly different between the two groups.
WAZ was significantly lower in the boys (t = 2.62, p < 0.05). The mean of WAZ (−2.37) classifies the
boys as underweight.

The principal strength of this study is reflected that is the first study carried out in Nepali
orphanages. On the other hand, principal limitation is the difficulty in accessing in other orphanages.
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Table 2. Mean difference (and standard deviation; SD) for WAZ, HAZ, and BAZ compared with the
WHO’s standard for age and grouped by orphanage, physical disability, mental disability, and sex.

ORPHANAGE BAL GRIHA 1 (N = 24) BAL GRIHA 2 (N = 23) T SIG

mean difference (SD) of WAZ −2.03 (0.84) −1.87 (0.90) −0.44 0.663
mean difference (SD) of HAZ −2.43 (1.20) −1.33 (0.93) −3.47 ** 0.001
mean difference (SD) of BAZ −1.26 (1.34) −1.53 (1.50) 0.65 0.516

PHYSICAL DISABILITY NO (n = 39) YES (n = 8) T Sig

mean difference (SD) of WAZ −1.85 (0.72) −2.90 (2.02) 1.77 0.090
mean difference (SD) of HAZ −1.62 (1.07) −3.22 (0.85) 3.94 ** 0.000
mean difference (SD) of BAZ −1.43 (1.44) −1.18 (1.42) −0.46 0.650

MENTAL DISABILITY NO (n = 41) YES (n = 6) T Sig

mean difference (SD) of WAZ −1.85 (0.96) −2.92 (1.11) 1.75 0.094
mean difference (SD) of HAZ −1.78 (1.07) −2.62 (1.05) 1.62 0.111
mean difference (SD) of BAZ −1.20 (1.40) −2.70 (0.91) 2.53 * 0.015

SEX GIRLS (n = 24) BOYS (n = 23) T Sig

mean difference (SD) of WAZ −1.54 (0.96) −2.37 (1.11) 2.62 * 0.020
mean difference (SD) of HAZ −1.88 (1.07) −1.90 (1.05) 0.04 0.965
mean difference (SD) of BAZ −1.12 (0.90) −1.66 (1.14) 1.30 0.200

* p < 0.05; ** p < 0.01.

4. Discussion

The analysis of nutritional status of Nepalese children as assessed from WAZ, HAZ, and BAZ
showed that undernutrition prevailed in these children compared to the international standard.
These institutionalized children had high prevalence of stunting (40.4%), being underweight (36%),
and wasting (29.8%). Similar figures were reported in 2011 from the Nepal Demographic Health Survey,
where 41% of Nepalese children under five years of age were stunted, 11% were wasted, and 29%
were underweight, maintaining that child undernutrition in Nepal is still among the highest in the
world [16].

The higher prevalence of wasting found in the present study (29.8%) compared with the data (11%)
reported on 2011, could be explained by the fact that our sample includes children with disabilities,
who seem to have higher risk of suffering from wasting as supported in our findings; these show that
BAZ was significantly lower in the children with a mental disability (t= 2.53, p< 0.05). This mean of BAZ
(−2.70) classifies the children as wasted. Related to this, a study with children with mental disabilities
conducted in Turkey showed a decrease in the muscle and fat storages in 38.8% of the sample [17].
Similar results were found in the Egyptian children with mental disabilities [18]. Both research groups
ensure to mention that thin musculature indicates low protein and caloric reserve, this could be related
with institution living, or could be due to wasting, poor development or both. Even though studies that
compare the prevalence of wasting between children with mental and non-mental disabilities were not
found, neurologically disabled children are known to be at high risk for developing malnutrition [18].
This could be due to an inadequate nutrient intake produced due to feeding problems or poor feeding
knowledge among care providers [19]. In fact, the presence of their poor nutritional status may, in some
measure, explain the growth delay commonly manifested in such children [20]. This could also explain
that, in the present study, the mean of HAZ of children with mental disabilities (−2.62) classifies them
as stunted and the mean of WAZ (2.92) classifies them as underweight, even when HAZ and WAZ
were not significantly different between the two groups (mental and non-mental disabilities). In fact,
a study conducted in Nepal showed evidence of the increased risk of cognitive delay associated with
severe stunting [21], which may negatively affect on the brain development in early life [22].

In any case, even though there have been efforts to cement a causal relationship between stunting
and risk of disability, this has proven difficult due to our lack of understanding of the underlying
biological mechanisms for childhood mental and physical disability, likely processes controlled by
multiple factors [21]. However, it should be also noted that in developing countries, with various
degrees and types of malnutrition being common among the entire population [23,24], prevalence of
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problems on the nutritional status in disabled children could be inevitably higher than the general
population [18,25].

Consistent with this, our findings show that HAZ was significantly lower in the children with a
physical disability (t = 3.94, p < 0.01). Further, the mean of WAZ (−2.90) classifies them as underweight,
even when WAZ was not significantly different between the two groups (disabled and not disabled).
At the same time, the mean of HAZ (−3.22) classifies these children as severely stunted. Similar evidence
was found in a study in Iran where the anthropometric assessment showed higher prevalence of
malnutrition in disabled children compared to non-disabled children, with the prevalence of stunting
being remarkably higher in physically disabled children [25]. These authors ensure that a limited
range of motion (a characteristic of physically disabled children) has a much lower lean body mass
(LBM). Reduced LBM is also known to be one of the negative functional repercussions of stunting
in general [26,27]. As well as the children with mental disabilities, physically disabled children have
malnutrition due to feeding problems, but this could also be caused by several other reasons [28].
These unknown reasons would be difficult to determine in our sample given the miscellaneous nature
of the physical disabilities of these children. In our study, Bal Griha includes children with disabilities
on the sample that could also contribute to increase the prevalence of stunting, given the relationship
between poor nutritional status and disability [17,18,21,25,29]. It should also be noted that, in general,
children who are not adequately nourished are at risk of failing to reach their developmental potential
in cognitive, motor, and socioemotional abilities; two of the key risk factors of this poor development
are the severe underweight and stunting [22]. This suggests that underweight or/and stunting could
play two different roles in disabilities, they could be a consequence of the disability, but they could also
be one of the risk factors of developing a disability.

Regarding the sex, WAZ was significantly lower http://www.unicef.org/publications/files/Africas_
Orphaned_and_Vulnerable_Generations_Children_Affected_by_AIDS.pdf among boys (t = 2.62,
p < 0.05). The mean of WAZ (−2.37) classifies boys as underweight. It should also be taken into account
that the evaluation of a disabled child’s weight may not be accurate seeing as there is no adjusted
weight standards available; in fact, studies on disabled children normally use non-disabled healthy
children’s charts or references [30]. However, a recent study that evaluates the effects of number
and sex of siblings on malnutrition of children under 5 years old in Bangladesh, India, and Nepal,
reports that a different feeding treatment for girls relative to boys (based on number and sex of siblings)
may be occurring in South Asia, advantaging the food access for boys over girls [31]. The same study
showed that girls with three or more sisters were at significantly greater risk for severe underweight,
where no effect is seen for boys. The differences in the treatment as one of the causes of higher risk
malnutrition could not be applicable in this study since differences between sex were not observed
in the orphanages. Going back to the Nepal Demographic Health Survey from 2011, we observed
that boys under 5 years old are slightly more likely to be underweight (30%) than girls under 5 years
old (28%) [16]. Opposite to this, a different study conducted in Nepal with former Kamaya families,
who are among the most socioeconomically disadvantaged groups in Nepal [32], showed that girls
were more likely to be underweight [33]. This could be due to the sex differences on the treatment
mentioned above. However, in a study where the range of age is more like this study (6–10 years old),
the prevalence of underweight was slightly higher in boys (52.46%) than in girls (46.09%) [34].

A parallel problem to this study is knowing the prevalence data in Nepal because the current
information is very limited. Recently, Bathia et al. [35] proposed a mixed methods study, including
large-scale surveys, case data from the police, court system, newspapers, community consultations,
and child participation, which can help to know the reality of a situation that affects the child population.

Limitations in our study included the small sample population and the limited reach of the
sampling process to the frailest and most vulnerable of children in Nepali orphanages.
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5. Conclusions

Evidence of an association between undernutrition and mental and physical disability (wasting
and stunting, respectively) was found in this study. There is also weak but significant evidence of a
relationship between underweight and being male. Different types and degrees of undernutrition were
significantly related with the presence of the disability in institutionalized children. More research
about nutritional status of institutionalized disabled children would be necessary to shed more light on
their situation, and the fact of being a disabled child living in an institution increasing the vulnerability
of poor health conditions. The design and implementation of specific interventions would also
contribute to improve their quality of life.
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Abstract: Since the early 1990s, Spanish humanitarian associations have welcomed Saharawi children
from the refugee camps in Tindouf (Argelia). These children are the most affected by the lack of
food, water, hygienic measures and health care. The main objective of this study was to analyze the
anthropometric, nutritional and parasitological data of 38 Saharawi boys and girls (from 10 to 13
years old) under a holiday host program in the city of Valencia. Our results confirm that malnutrition
and multiparasitism are highly frequent, so it is understood that living conditions in refugee camps
continue to be precarious with a lack of proper hygiene and nutrition. Furthermore, biochemical
alterations, lactose malabsorption and the risk of celiac disease, also detected in our study as a
secondary objective, will complicate nutritional management and restoration of health. For this
reason, sustainable feeding alternatives and interventions from a hygienic and nutritional point of
view are proposed, emphasizing in an improvement in the education of parents and children.

Keywords: Sahara; malnutrition; lactose malabsorption; celiac disease; intestinal parasites; hygiene;
diet; health

1. Introduction

Western Sahara, located in the African continent, is bordered in the north by Morocco, in the
south by Mauritania, in the east by Algeria, and in the west by the Atlantic Ocean. Its population has
suffered several episodes of military and political conflicts, which has led to refugee status. Refugee
Saharawi families have been staying in the Tindouf (Algeria) camps for 43 years (since 1976), waiting
for a political agreement allowing them to return to the Sahara. It was estimated that more than 40,000
Saharawis fled after conflict to Algerian camps (Laayoune, Auserd, Smara, Dajla, Rabunni and Bojador),
and today around 180,000 Saharawis live there, according to the census of the United Nations High
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Commissioner for Refugees (UNHCR) and the government of the Saharawi Democratic Arab Republic
(RASD). It should be noted that these camps distributed in the Algerian desert are located in one of the
most inhospitable and arid areas of the world, with very harsh living conditions with a situation of
total dependence on humanitarian aid. They lack vegetation and animals for their sustainability, as
well as electrical installation and running water. Sirocco, violent and dry sandstorms, are characteristic
of the place. The population lives in jaimas (canvas shops), in adobe houses and, in recent years, in
cement constructions that have been built that include a latrine located outside the central unit. In the
educational field, unprecedented success has been achieved moving from an illiteracy rate of 85% of
the population to the total schooling of the children between 3 and 12 years with mandatory and free
character [1]. With regard to health conditions in the camps, there are numerous factors with a direct
negative impact on the health of the population: overcrowding, food and nutritional deficiencies, lack
of water and in-unit medical care, and limited access to medicines. Food depends almost entirely on
the help of international organizations that provide long-lasting staple foods, such as starch-rich foods
and legumes, but few fresh vegetables and fruits, which is causing the double burden of malnutrition:
overweight households versus those with malnutrition [2].

Regarding the general economic situation, it should be noted that it does not go beyond the stage
of mere subsistence. As a people in exile, the population does not have the financial assistance of
non-governmental institutions and humanitarian organizations, and its economic and productive
activities focus on planting small orchards, raising some animals such as goats and workshops of
textiles and traditional crafts. In the summer of 1979, thanks to the collaboration between the Front
Polisario and the PCE (Communist Party of Spain), the first 100 Saharawi children arrived in Spain for
a welcoming experience for Spanish families during the summer holidays. This program emerged
so that Saharawi children could temporarily distance the very reality of refugee camps, the main
objective being to provide good health care and treat diseases (both infectious and nutritional) during
the months of stay. The experience was so beneficial that in the mid-1980s the “Holidays in Peace”
program was launched, which consists of hosting a Saharawi child (7–13 years old) from the Saharawi
Refugee Camp of Tindouf, during the months of July and August [3].

Several international projects have been carried out to collect anthropometric, nutritional and
parasitological data of the Saharawi population, especially at-risk groups such as children and pregnant
women. Most studies agree on the high prevalence of growth retardation and low weight [2,4–7].
Bilbao et al. [8] wrote a food guide called “Food Jaima” for host families in Spain about foods and the
recommended daily amount, in order to improve their nutritional status. Other field implementation
projects aimed to educate Saharawi mothers about dietary habits to make them protagonists of the
improvements in the diet and nutrition of their sons and daughters [9].

On the other hand, data collection on intestinal parasitism in the Saharawi population, within the
same host program, was carried out by Paricio-Talayero et al. [4], who observed that enteroparasites
were present in 75% of the samples examined. Further studies were conducted over the years and
confirmed that hygienic, personal and community measures remained insufficient for the control
of parasitic infections and to prevent their long-term effects [4–6,10–13]. Medical examinations and
antiparasitic campaigns were carried out in each of these studies through the administration of
antiprotozoal and anthelmintic drugs during their stay in Spain. Most children had multiple infections,
suggesting a general situation of lack of hygiene, food security and access to safe drinking water, in
conjunction with children neglecting hygienic habits and the inability to generate an adequate immune
response [12].

The aim of the present study is to verify if there have been changes with respect to previous
studies on the parasitological, nutritional and health status of the hosted children in staying into the
“Holidays in Peace” program, to design interventions that may improve their living conditions in the
short and long term.
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2. Materials and Methods

2.1. Design and Subjects of Study

This cross-sectional study was conducted with 38 Saharawi children: 16 boys and 22 girls (42.1%
and 57.9%, respectively) with a mean age of 11.1 years (10–13 years), who were hosted in Valencia
(Spain) during the summers of 2016 and 2017. The participants in this study were from the following
Saharawi refugee camps: Smara (60.5%), Auserd (21.1%) and Laayoune (18.4%). For 60.5% of the
participants, it was their first visit to Spain while the rest had already been to the country before.
A percentage of 73.7% of the Saharawis interviewed had between 3 and 5 siblings and the place they
occupied in their family was, in 55.3% of the cases, the first or the second, and in 31.6%, the third or
the fourth. These were boys and girls who lived in generally large families, which, including parents,
58.4% of them had between 5 and 7 members. In 79.0% of the participants, they believed that their
parents worked but did not know exactly what work they did.

The criteria for inclusion in the study were: to be a member of the host program and to obtain
informed consent from Spanish families (as legal representatives) after being informed of the study
and the data protection procedure. The intervention consisted of: (a) a physical and anthropometric
examination; (b) a collection of personal data, sociodemographic variables (age, sex, camp of origin,
number of siblings, professional occupation of parents), clinical and medical family history, frequency
of consumption of food and hygienic habit as a risk factors for parasitic infection (hand washing, contact
with animals, source of consumption water, etc.), all in the presence of a healthcare professional and with
the help of a translator; (c) a coproparasitological analysis; (d) an analysis of lactose malabsorption using
the breathed air test; € a determination of biochemical analytical variables related to nutritional status;
and (f) a study of genetic markers associated with risk of celiac disease and primary lactose intolerance.

This study was approved by the Ethics Committee for Human Research of the University of
Valencia (procedure number: HI48709978679, 2 March 2017) as part of the project “Promotion of
hygienic-health habits for the prevention of intestinal parasites in the Saharawi population” ensuring
that the fundamental principles established by the Helsinki Declaration and Spanish legislation in the
field of biomedical research, data protection and bioethics are respected.

2.2. Anthropometric Assessment

The physical examination was performed by doctors from the Paediatrics Service of the University
Hospital Clinic of Valencia (Spain) and was evaluated for the presence of lax skin, loss of muscle mass
in limbs and buttocks, bloating and pubertal development. An Omrom® electronic scale (accuracy,
100 g) and a Cescorf® narrow and inextensible metal tape (accuracy, 1 mm) were used to obtain the
weight and height. The height was determined, without shoes or socks, with a non-extensible tape
measure, a blank sheet fixed on the wall and a carton; and body weight with participants dressed
only in underwear. Height-for-Age and Body Mass Index-for-Age Z-scores (HAZ and BMIZ) were
calculated using with WHO Anthro and AnthroPlus software (World Health Organization, 2009,
Anthro for Personal Computers, Version 3.01: Software for Assessing Growth and Development of the
World’s Children), using the WHO child growth standard 2005 version for children aged 0–5 years and
the 2007 version for children and adolescents aged 5–19 years. These indicators classified children
to varying degrees and types of malnutrition based on WHO reference data [14], which enable the
analysis and interpretation of growth patterns of children of any population in the world.

2.3. Dietary Assessment

Data were collected on participants’ eating habits, such as the number of meals per day, schedules,
food consumed and weekly frequency of consumption. For the assessment of the Saharawi child
diet, the foods consumed were grouped together and the frequency of daily consumption of each
was calculated. Dietary Diversity Score was determined using a modification of the food groups
defined in FAO’s Minimum-Women’s Food Diversity (MDD-W) and the Food and Nutrition Technical
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Assistance Project [15]. The following food groups were considered: (1) Farinaceous (“All starchy
foods”); (2) Legumes (“Beans and Peans”); (3) Dairy; (4) Protein foods (“Flesh foods”); (5) Vegetables
and (6) Fruits (groups 5 and 6 corresponding to “Vitamin A-rich dark Green leafy vegetables,” “Other
vitamin A-rich vegetables and fruits,” “Other vegetables” and “Other fruits”). It should be noted
that this study did not take into account the consumption of vitamin A-rich vegetables, so this detail
was obviated and only two groups were determined to collect the information these four points
determined in FANTA [15]. With regard to the groups “Nuts and Seeds” and “Eggs,” they were not
included because they were not consumed by the participating population. According to this indicator,
consumption of at least 5 of the 10 established food groups indicates a higher likelihood of reaching
micronutrient needs. In addition, the consumption frequencies obtained were compared to those
recommended by Bilbao et al. [8] and Estruch et al. [16,17] and are able to assess their suitability.

2.4. Coproparasitological Assessment

For parasitological analysis, one sample of fresh stool per participant was taken. After the filtration
and concentration of the samples, they were observed by optical microscopy for the identification of
forms of resistance of intestinal parasites in general (cysts or eggs); molecular diagnostic techniques
(conventional and real-time polymerase chain reaction or qPCR) were also applied to some specific
parasites (Giardia intestinalis and Blastocystis sp.).

Starting from 3 g of fecal sample, they were filtered and concentrated by centrifugation (2500 rpm,
5 min) in Midi Parasep tubes® (Apacor Ltd., Wokingham, UK). The sediment obtained was divided
into two microtubes, one for extraction of total stool DNA for qPCR, and the other with 10% formalin
for microscopic observation. The QIAmp DNA Stool Mini Kit (QIAGEN®, Hilden, Germany) was
used for DNA extraction according to the manufacturer’s instructions.

For the diagnosis of G. intestinalis DNA, a qPCR was performed. This protocol specifically
amplifies a fragment of the gene that encodes the parasite’s small ribosomal subunit RNA (SSU rRNA)
showing high sensitivity [18]. A commercial assay with the specific primers and probe (LightMix
Modular Assays Giardia, Roche®, Basel, Switzerland) was used, together with the mastermix (dNTPS,
thermostable Taq polymerase and buffer) (PerfeCTa qPCR ToughMix, Quanta Biosciences, Gaithersburg,
MD, USA) for a mix reaction final volume of 15 μL. To each well, 5 μL of sample and positive control
DNA was added, and instead water for negative control. The analysis was performed with the StepOne
Plus real-time PCR thermocycler® (Applied Biosystems®, Foster City, CA, USA). Any sample that
manages to amplify before 43 cycles was considered positive.

Positive samples for G. intestinalis by qPCR were subsequently analyzed by multilocus genotyping
based on the sequences of genes encoding the parasite’s glutamate dehydrogenase (gdh) and β-giardine
(bg) proteins [19]. A semi-nested PCR protocol proposed by Read et al. [20] with minor modifications
was used to amplify a fragment of 432 bp of the gdh gene with the GDHeF/GDHiR primer pair in the
primary reaction and GDHiF/GDHiR in secondary. In parallel, a fragment of 511 bp of the bg gene of
G. intestinalis was amplified using the nested PCR protocol described by Lalle et al. [21] with G7F/G759R
primers in the primary reaction and G99F/G609R in secondary [21]. In the case of Blastocystis sp.,
a direct PCR assay was used, targeting the SSU rRNA gene using the Blastocystis barcode primer pair
RD5/BhRDr to amplify a product of 600 bp as previously described [19,22].

All the direct, semi-nested and nested PCR protocols described above were conducted on a 2720
thermal cycler (Applied Biosystems®). Reaction mixes always included 2.5 units of MyTAQ—DNA
polymerase (Bioline®, London, UK), and 5 MyTAQ-Reaction Buffer containing 5 mM dNTPs and
15 mM MgCl2. Laboratory-confirmed positive and negative DNA isolates for each parasitic species
investigated were routinely used as controls and included in each round of PCR. PCR amplicons
were visualized on 2% agarose gels stained with SafeView Nucleic Acid Stain (NBS Biologicals®,
Huntingdon, UK).

Positive-PCR products were directly sequenced in both directions using the internal primer set
described above. DNA sequencing was conducted by capillary electrophoresis using the BigDye®
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Terminator chemistry (Applied Biosystems®, USA) on an ABI PRISM 3130 automated DNA sequencer.
Raw sequencing data in both directions, back and forth, was determined using the Chromas Lite
version 2.1 sequence analysis program (https://technelysium.com.au/wp/chromas/). The BLAST tool
(http://blast.ncbi.nlm.nih.Gov/Blast.cgi) was used to compare nucleotide sequences with sequences
retrieved from the NCBI GenBank database. Finally, generated sequences samples were aligned
with appropriate reference sequences using MEGA6: Molecular Evolutionary Genetics Analysis
Version 6.0 [23] software to identify G. intestinalis assemblages and sub-assemblages. Generated
Blastocystis sp. sequences were submitted to the publicly available database Blastocystis 18S (http:
//pubmlst.org/blastocystis/) for subtype confirmation and allele calling [23]. The sequences generated
in this study have been deposited in GenBank under accession numbers MW265975-MW265987
(G. intestinalis) and MW265003-MW265005 (Blastocystis sp.).

2.5. Laboratory Evaluations

Fasting venous blood samples were obtained from each of the participants for the determination
of blood cells, leukocytes, leukocyte formula and platelets. Glucose, creatinine, urea, transaminase
(GOT and GPT), alkaline phosphatase, LDH, Immunoglobulins (A, G and E), anti-transglutaminase
and anti-endomysium antibodies were also analyzed [24].

The method used for the diagnosis of lactose malabsorption is called “Expired air test” or
“Breathtracker gas chromatograph” (QuinTron Instrument Company Inc., Milwaukee, WI, USA),
which allows the measurement of hydrogen (H2) and methane (CH4) levels contained in the exhaled
air after the intake of a sugary substrate. These gases are volatile compounds formed from the bacterial
colonic fermentation of sugars that remain in the gut due to their incomplete digestion. To prepare
the test, food should be taken in normal quantity the day before, but by restricting the intake of
carbohydrates and sugars, the patient should also be fasting for at least the previous 8 h (ideally 12 h)
and can only drink water until 4 h before performing it. At the beginning of the test, the patient must
breathe into the apparatus to obtain the “basal” gases (ppm) data. The patient then takes an aqueous
solution of lactose (25 g of lactose dissolved in 250 mL of water). After that, samples of breathed air are
taken every half hour (30, 60, 90, 120, 150, 180, 210 and 240 min) to measure the evolution of the gas
content. The “basal” level of H2 must be less than 10 ppm, and less than 6–8 ppm for CH4, for the test
to be valid and consider its production to be related to the administered substrate. The test is positive
when, in any of the measurement points before minute 90, the 20 ppm in hydrogen is exceeded with
respect to the “basal” value or the lower of the previous ones, and between 10–15 ppm in the case of
methane [25,26].

For the genetic analysis of risk of celiac disease and primary lactose intolerance, were carried
out in a small representation of the studied population, oral mucosa samples were obtained using a
sterile swab and analyzed in Overgenes S.L. laboratory (Valencia, Spain) for analysis. The presence of
celiac disease risk markers (HLA-DQA1 and HLA-DQB1 alleles) were determined. Regarding primary
lactose intolerance, five genetic single nucleotide polymorphisms (SNPs) associated with the persistent
lactase phenotype were analyzed, two of them more frequent in Caucasian populations and the other
three in populations of African origin, all of them present in the sequence of the MCM6 gene, known
to regulate lactase expression. The risk genotypes for the 5 SNPs of the MCM6 gene associated with
primary lactose intolerance analyzed were: C/T_13910, G/A_22018, G/C_14010, T/G_13915 o G/C_13915
and C/G_13907, which determine the persistent lactose status [7,24,27,28].

2.6. Statistical Analysis

Descriptive statistics were calculated including measures of central tendency (mean and median),
measures of dispersion (standard deviation, range and coefficient of variation) and measures of shape
(asymmetry and pointing) for quantitative variables, as well as the absolute and relative frequencies for
the qualitative variables. Association analyses were performed stratifying by sex and age to observe
possible heterogeneity in the results according to these factors. Due to the sample size, non-parametric
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tests were used (Fisher’s exact test and Mann-Whitney U test). Any p value less than 0.05 was
considered as statistically significant. All the variables were analyzed using SPSS software (Statistical
Package for Social Sciences for Windows, version 26.0, SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Anthropometric Assessment

Table 1 shows HAZ and BMIZ values from Saharawi children. In comparison with WHO
standards [14,29–31], HAZ data reflected moderate and severe chronic malnutrition (or stunting)
in 10.5% and 5.3%, respectively, of the studied children, and 28.9% of them had increased risk of
child stunting. In fact, high presence of chronic malnutrition (with impaired height and even lower
cognitive development) could be explained by the lack of an adequate, balanced and sufficient diet for
prolonged periods, as well as recurrent infections that hinder progression towards normal growth
values. The data were analyzed stratifying by sex, but no statistically significant differences (p > 0.05)
were found for any of the variables.

Table 1. Percentages for the different types of affectation according to the values of weight, height and
BMIZ in the Saharawi children studied.

Z-Score Height-for-Age Z-Score (HAZ) Body Mass Index-for-Age Z-Score (BMIZ)

Total
n = 38 (%)

Female
n = 22 (%)

Male
n = 16 (%)

Total
n = 38 (%)

Female
n = 22 (%)

Male
n = 16 (%)

<−3 2 (5.3%) 1 (4.5%) 1 (6.3%) 0 0 0
From <−2 to ≥−3 4 (10.5%) 3 (13.6%) 1 (6.3%) 2 (5.3%) 1 (4.5%) 1 (6.3%)
From <−1 to ≥−2 11 (28.9%) 6 (27.3%) 5 (31.3%) 12 (31.6%) 8 (36.4%) 4 (25.0%)
From ≥−1 to ≤+1

21 (55.3%) 12 (54.5%) 9 (56.3%)
24 (63.2) 13 (59.1%) 11 (68.8%)

From ≥+1 to ≤+2 0 0 0
From ≥+2 to ≤+3 0 0 0

>+3 0 0 0 0 0 0

n = number of individuals in each group; % = percentage of individuals in each group.

For BMIZ, the characteristics of malnutrition are characterized by insufficient intake combined
with nutrient malabsorption by infectious factors or recurrent diseases. The prevalence of mild and
moderate malnutrition as defined was observed in 31.6% and 5.3%, respectively. No statistically
significant differences were found when the distribution of the BMIZ by sex was analyzed. However,
if obtained results were stratified by age, it was observed that the group with the highest risk of mild
malnutrition was that of 10 years of age (4 girls and 3 boys) (70% vs. 6.7% in 11 years, 27.3% in 12 years
and 50% in 13 years; chi2 = 22.296; p = 0.001). The joint assessment of the BMIZ of all Saharawi boys
and girls is represented in Figure 1 as a Gaussian curve with a standard deviation of 0.75 and with an
average of −0.6. This curve is displaced to the left (noir-colored line) compared to what would be a
normal distribution (gray-colored line). The conclusion that is drawn is that a significant percentage of
children are in negative values, with a risk of emaciation, presenting an impairment of growth in both
weight and height with respect to the reference values. Therefore, actions should be aimed at reducing
the average as close to zero as possible.

3.2. Dietary Assessment

The analysis of the information collected in the surveys showed that all the participants ate
between 3 and 4 meals per day. Regarding the times of these meals, 84.6% had breakfast between 7:00
and 8:00 a.m., 76.9% claimed to eat between 1:00 p.m. and 1:30 p.m. For snacks, 75.1% had it between
5:00 p.m. and 6:00 p.m.; 46.2% of the participants commented on having dinner between 9:30 p.m. and
10 p.m.; and 38.5% declared to carry out late night snack. The main foods consumed by the Saharawi
child population were those known as basic foods, such as rice (97.4%), couscous (86.8%), milk (81.6%)

112



Children 2020, 7, 264

or lentils (86.8%), but other foods, with low nutritional value, were occasionally consumed including
biscuits, chocolate, Coke beverage and candy (Table 2).

Figure 1. Body Mass Index-for-Age Z-scores (BMIZ) distribution of the Saharawi population (blue:
male children; purple: female children; green: World Health Organization (WHO) reference standard).

Table 2. Foods and food groups according to the FANTA classification [14] consumed by the studied
Saharawi child population.

Total n = 38 (%) Male n = 22 (%) Female n = 16 (%)

FARINACEOUS 37 (97.4%) 22 (100%) 15 (93.8%)
Couscous 33 (86.8%) 19 (86.3%) 14 (87.5%)

Rice 37 (97.4%) 22 (100%) 15 (93.8%)
Pasta 8 (21.1%) 5 (19.1%) 3 (18.8%)
Bread 7 (18.4%) 5 (19.1%) 2 (12.5%)

DAIRY PRODUCTS 37 (97.4%) 22 (100%) 15 (93.8%)
Milk 31 (81.6%) 21 (95.5%) 10 (62.5%)

Yogurt 33 (86.8%) 20 (90.9%) 13 (81.3%)
Cheese 6 (15.8%) 5 (19.9%) 1 (6.3%)

LEGUMES 34 (89.5%) 20 (90.9%) 14 (87.5%)
Lentils 33 (86.8%) 20 (90.9%) 13 (81.3%)

Chickpeas 20 (52.6%) 12 (54.5%) 8 (50.0%)
VEGETABLES 0 (0%) 0 (0%) 0 (0%)

FRUITS 31 (81.6%) 19 (86.3%) 12 (75.0%)
PROTEIN FOODS (Meat) 38 (100%) 22 (90.9%) 16 (100%)
OCCASIONAL FOODS 38 (100%) 22 (90.9%) 16 (100%)

Biscuits 37 (97.4%) 22 (90.9%) 5 (31.3%)
Chocolate 33 (86.4%) 18 (81.8%) 15 (93.8%)

Coke beverage 33 (86.4%) 19 (86.3%) 14 (87.5%)
Tea 13 (34.2%) 6 (27.3%) 7 (43.8%)

Candy 38 (100%) 22 (100%) 16 (100%)

n = number of individuals in each group; % = percentage of individuals in each group.

According to the classification of food group from FAO FANTA project [14], an average daily
consumption frequency of 2.78 ± 1.82, 0.96 ± 0.87, 2.38 ± 1.96, 0.80 ± 0.70 and 1.02 ± 0.67 servings of
farinaceous, legumes, dairy products, fruits and protein per day, respectively, were observed in our
study. Surprisingly, vegetables were not eaten by any children. Number of consumed food groups is
shown in Table 3.

113



Children 2020, 7, 264

A percentage of 7.9% consumed foods from a single food group, 13.2% consumed from 3 and 5
food groups, 18.4% from 2 food groups, and practically half of the children (47.4%) consumed foods
from 4 food groups. No participant consumed at least 5 food groups to ensure correct micronutrient
needs. No significant differences were obtained in the consumption of the different food groups
between sexes. Furthermore, our group asked about the possibility that some foods caused them
gastrointestinal problems (vomiting and/or diarrhea) and found that 47.1% experienced such, with milk
(37.5%) and fruit (12.5%) as the causative food.

Table 3. Dietary diversity of the Saharawi child population.

Number of Consumed
Food Groups

Total
n = 38 (%)

Male
n = 22 (%)

Female
n = 16 (%)

1 3 (7.9%) 2 (9.1%) 1 (6.3%)
2 7 (18.4%) 4 (18.2%) 3 (18.8%)
3 15 (13.2%) 3 (13.6%) 2 (13.2%)
4 18 (47.2%) 11 (50.0%) 7 (47.4%)
5 5 (13.2%) 2 (9.1%) 3 (13.2%)

n = number of individuals in each group; % = percentage of individuals in each group.

On the other hand, all the children participating in the study declared to always wash their hands
before going to eat and after going to the bathroom. Furthermore, 87.5% of the children declare that
they brush their teeth and, when asked about the frequency of brushing, 37.5% do it once a day,
12.5% twice a day and 37.5% three times a day or more. When the frequency of toothbrushing stratified
by sex was analyzed, no statistically significant differences were observed between boys and girls
in tooth brushing. A percentage of 56.3% of the children declared that they had animals at home,
of which 55.5% are cats, 33.3% are goats and 11.1% claimed to have contact with dogs.

3.3. Coproparasitological Evaluation

Results of the parasitological analysis are shown in Table 4. Overall, 97.4% of the participants
presented intestinal parasites. Of them, 97.4% of parasitization was by protists and 26.3% by helminths
(the prevalence of combined protist-helminth infection was also 26.3%). Multiparasitism was the
most frequent, highlighting 5.3% of cases harboring seven enteroparasitic species. The most prevalent
intestinal protist parasites were, from highest to lowest: G. intestinalis (92.1%), Blastocystis sp. (86.8%),
Endolimax nana (52.6%), Entamoeba coli (47.4%), Entamoeba hartmanni (36.8%), E. histolytica/E. dispar/E.
moshkovskii/E. bangladeshi (13.2%), Iodamoeba butschlii (13.2%) and Dientamoeba fragilis (5.3%). Regarding
helminths, only two species were detected, Hymenolepis nana (18.4%) and Enterobius vermicularis (10.5%).
Most of these parasitic species are ingested as cysts or eggs (infectious forms) present in food or water
by fecal contamination. No statistically significant differences were obtained when stratifying by sex.

The overall prevalence of G. intestinalis and Blastocystis sp. varied according to the method
employed. By direct diagnosis (light microscopy), the occurrence of both species was estimated at
52.6% and 71.1%, respectively. In addition, a prevalence of 60.5% for G. intestinalis was obtained by
indirect ELISA using anti-Giardia (IgA) antibodies, and 81.6% by qPCR. The latter prevalence was
also obtained for Blastocystis sp. by conventional PCR. Mixed infections involving these two parasitic
species were common (81.6%) in the studied Saharawi population. No association analysis could be
performed between nutritional status and the presence of intestinal parasites since the entire sample
was infected by one or more parasite species.

Furthermore, a total of 31 DNA isolates were positive for G. intestinalis by qPCR, providing
Ct values ranging from 19.0 to 37.0 (median: 26.3). Of them, 25.8% (8/31) and 16.1% (5/31) were
successfully amplified at the gdh and bg loci, respectively. A total of eight isolates were genotyped
and/or sub-genotyped for either of the two markers. Multilocus genotyping data were available for
25.8% (8/31) of the characterized isolates. Only seven gdh and six bg PCR amplicons were obtained
from G. intestinalis isolates, highlighting that the low amplification rates obtained for both markers
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were highly dependent on the Ct qPCR values. Table 5 shows the diversity, frequency and main
characteristics of the G. intestinalis sequences generated at the gdh and bg loci.

Sequence analysis revealed the presence of assemblages A (25.0%; 2/8) and B (75.0%; 6/8). Canine
(C, D), feline (F) or ruminant (E) assemblages were not detected. Of the two assemblage A sequences,
one was assigned to the sub-assemblage AII at the gdh locus and the remaining showed an ambiguous
AI/AII result when the two gdh and bg loci were considered. Similarly, the sequence analysis of the six
isolates assigned to assemblage B allowed the identification of sub-assemblage BIII (37.5%; 3/8) and
BIV (12.8%; 1/8). Ambiguous BIII/BIV results were determined in 25.0% (2/8) of the isolates at the gdh
locus. The sequences of the genotyped parasites have been also deposited in GenBank for subsequent
molecular epidemiological studies in the future (Table 5).

Table 4. Frequency of infection/carriage by detected species (protists and helminths) analyzed in the
total sample and by sex.

Detected Species
Total

n = 38 (%)
Male

n = 2 (%)
Female

n = 16 (%)

Giardia intestinalis 35 (92.1%) 20 (90.9%) 15 (95.8%)
Blastocystis sp. 33 (86.8%) 19 (86.4%) 14 (87.5%)
Endolimax nana 20 (52.6%) 11 (59.0%) 9 (56.3%)
Entamoeba coli 18 (47.4%) 9 (40.9%) 9 (56.3%)

Entamoeba hartmanni 14 (36.8%) 6 (27.3%) 8 (50.0%)
Entamoeba histolytica/E. dispar/E. moshkovskii/E. bangladeshi 5 (13.2%) 2 (9.1%) 3 (18.8%)

Iodamoeba butschlii 5 (13.2%) 3 (13.6%) 2 (12.5%)
Dientamoeba fragilis 2 (5.3%) 1 (4.5%) 0 (0)

Total Parasitization by Protists 37 (97.4%) 21 (95.5%) 16 (100%)
Hymenolepis nana 7 (18.4%) 1 (4.5%) 6 (37.5%)

Enterobius vermicularis 4 (10.5%) 2 (9.1%) 2 (12.5%)
Total Parasitization by Helminths 10 (26.3%) 3 (13.6%) 7 (43.8%)

Total Parasitization 37 (97.4%) 21 (95.5%) 16 (100%)

n = number of individuals in each group; % = percentage of individuals in each group.

Table 5. Diversity, frequency and molecular features of Giardia intestinalis sequences at the gdh and
bg loci obtained in the Saharawi children population under study. GenBank accession numbers
are provided.

Gene Assemblage
Sub-

Assemblage
Isolates

(n)
Reference
Sequence

Stretch Single Nucleotide Polymorphisms
GenBank

ID

gdh A AI 1 L40509 78–484 None S16

AII 1 L40510 64–491 None S6

B BIII 1 AF069059 102–394 T147C S3

1 AF069059 41–447 C309T S12

1 AF069059 40–454 C87Y, G93R, C99T, T147C, G150A,
T276Y, C309T, C336Y, G402R S10

BIV 1 L40508 74–496 T183C, T387C, C396T, C423T S15

BIII/BIV 1 L40508 76–491
C123Y, T135Y, T183C, G186R, C345Y,
T366Y, T387C, C396Y, G408R, C423Y,

A438R
S2

BIII/BIV 1 L40508 76–496 T183Y, C255Y, C273Y, C345Y, T366Y,
T387C, C396Y, C423Y, A438R S9

bg A AII 1 AY072723 141–594 T561C S16

B – AY072727 97–590 C165T, G180A, C309T, C366T, C450T,
C567T S10

– AY072727 102–591 C165T, C309T S2

– AY072727 93–590 C309T S3

– AY072727 102–590 C309Y, G320R, C321Y, C543Y, G552R S9

R = A/G; Y = C/T.

Regarding the molecular characterization of Blastocystis sp., from the 31 positive isolates by PCR,
41.9% were successfully subtyped by sequence analysis in the SSU rDNA gene. BLAST searches
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allowed the identification of three subtypes, including ST1 (46.2%; 6/13), ST2 (7.7%; 1/13), and ST3
(42.6%; 6/13). Neither mixed infections involving different STs of the parasite nor infections caused by
animal-specific ST10-ST17, ST21 or ST23-26 were recorded.

3.4. Analytical Test Results

The most frequent analytical alterations occurred at the enzymological level in transaminases
(ALAT and ASAT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH). All those that showed
high values of any of them (5.3%, 10.5% and 2.6%, respectively) were parasitized by G. intestinalis.
Although no association of any of them with parasitosis has been reported, there is an association of
increased transaminases with cases of untreated celiac disease.

For determinations of total antibodies, immunoglobulins IgG and IgE were elevated in 5.3% and
2.6% of the studied population, respectively. High values of IgG could be a consequence of natural
immunization state or vaccination, while elevated IgE is used to be related to infections with intestinal
parasites and allergic reactions.

Regarding hematic alterations, for mononuclear leukocytes, it showed high values in terms of
monocytosis (7.9% of cases) and lymphocytosis (15.8%). As for polynuclear leukocytes, eosinophilia
was detected in 15.8% and neutropenia in 13%. In relation to the red series, an erythrocytic count
decreased by 21.1%, with low plasma concentrations of ferritin in 5.3%, of haemoglobin in 21.1% and
serum iron in 5.3% of the participants, and, finally, highlighted an increased platelet count in 10.5% of
the cases. When the analysis of the association between haematological alterations and nutritional
status (HAZ and BMIZ) was carried out, no statistically significant results were obtained for any of
the variables.

Lactose malabsorption test was positive in 26.3% of the studied children, 12.5% and 36.4% for
male and female, respectively, but without significant differences between sexes. The association
between lactose malabsorption and nutritional status assessed by the BMIZ was analyzed, and no
statistically significant result was found. However, it was observed in malabsorbers a BMIZ (15.9 ±
1.5 kg/m2) lower than in absorbers (16.1 ± 1.5 kg/m2) without significant differences. On the other
hand, there was no association between lactose malabsorption state and eating habits, especially with
the group of dairy products and derivatives, and no reduction in intake was observed in malabsorbers.
Of the participants, 97.4% regularly ingested dairy products and derivatives, although 18.4% reported
digestive discomfort after consuming them. Malabsorption could be a cause of intolerance and rejection
of these foods. Furthermore, two of them (5.2%), coinciding with the ones with digestive disorders,
shared lactose malabsorption and genetic risk of celiac disease.

According to the results obtained about lactase activity in the Saharawi population, by the expired
air test measuring the intestinal capacity of absorption of the sugar, the prevalence of children with
malabsorption was 26.3%. Meanwhile, by determination of genetic predisposition to develop a
deficiency of the enzyme, 50% of the group of children analyzed showed an absence of the protective
five polymorphisms of the lactase gene (MCM6).

For determination of the genetic risk of celiac disease, genes HLA-DQ8B1 and HLA-DQA1 were
analyzed. A percentage of 62.5% of the genetically studied Saharawi population presented genetic
(haplotype) combinations associated with the risk of developing celiac disease, with no significant
differences between sexes. The predominant phenotypes detected were: DQ2.2/DQ8 (high risk) (25%),
DQ2.2/DQ-(moderate high risk) (12.5%) and DQ8/DQ-(moderate risk) (25%). The association between
the risk of developing celiac disease and the nutritional status assessed through the BMIZ was analyzed
and no statistically significant results were found. However, it was observed that those at risk had
a BMIZ of 15.5 ± 0.7 kg/m2, lower than that of children who were not at risk, whose BMIZ was
16.1 ± 1.6 kg/m2 (p > 0.05). According to eating habits, those with a predisposition to celiac disease
reported consuming less than 1 time/day of food from the farinaceous group, specifically bread or
pasta, although without statistical significance.
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4. Discussion

Saharawi children are a population that, due to a series of cultural, social and political
characteristics, have a high probability of suffering parasitic diseases. These parasites are a problem
in developing countries, since they are generally underestimated for being asymptomatic, but they
represent an important morbidity factor when associated with malnutrition [32]. Furthermore, it is
interesting to reflect that our study has a series of limitations that occurred during data collection from
the participating children. The collection of the anamnesis was very difficult not only because of the
ignorance of their previous pathologies, but also because of the difference in language and the young
age of the girls and boys, and even the difference in customs made during data collection, but the use
of interpreter was very helpful. For the physical examination, the children were extremely modest
since the factor of age is added to the mistrust generated by another cultural environment, making it
convenient that they be assessed by a pediatrician of the same sex. The collection of feces for parasite
testing was particularly problematic for host families due to the frequent refusal of children.

For the physical examination and the collected anthropometric data, our study demonstrated that
the children, being in the growth and development stage, were, in general, included in Z-scores ≥−2
SD and <+1 SD (between normal weight and risk of chronic malnutrition) according to the growth
indicators of BMIZ. The WHO Growth Pattern confirmed that all children born anywhere in the world
who receive optimal care from the beginning of their lives have the potential to develop in the same
range of height and weights. Of course, there are individual differences between boys and girls,
but regionally and globally, the average population growth is remarkably similar. The pattern shows
that differences in child growth depend more on nutrition, feeding practices, environment and health
care than on generic or ethnic factors. The WHO Child Growth Standards have worldwide validity.
Its purpose is to monitor the growth of all children throughout the world regardless of their ethnicity,
socioeconomic status and type of diet [14]. Thus, of the study participants, only two children (a boy
and a girl) exceeded this limit due to a weight deficit. According to the HAZ, a high presence of
low stature was determined (six children in total), a fact that could be explained considering that the
sample studied, whose mean age was 11.1 years, had been lacking adequate nutrition for many years,
thus presenting a chronic malnutrition that at the same time increases the probabilities of infections by
parasites, in particular, which hinders the progression towards normal growth values. It should be
noted that the results of this study are similar to those observed in previous studies of this population
that showed that chronic malnutrition is frequent (percentages between 20% and 33%) [2,4–6].

According to eating habits, it is worth highlighting the data obtained in the study on the diet
of Saharawi boys and girls with respect to the high consumption of sugary drinks, specifically Coke
beverage, which 44.7% claim to consume daily, and of candy, which in this case, the percentage
rises to 55.2%. This is in contrast with the Aladino study where 12.1% of Spanish children indicate
consuming them between 1 and 3 days/week [33]. Leone et al. [34] observed in a Saharawi adult
female population that the consumption of sugary beverages was by 62.5% of those surveyed, so the
adult population is not a good reference of children towards this beverage consumption. On the other
hand, observing the low contribution of fruits, it is common to think about possible deficiencies of
vitamins and micronutrients, so increasing the consumption of these foods is important to reverse
the high rates of anemia observed in this population [4–6,12,35]. Surprisingly, the consumption of
vegetables is null, suggesting that they may not have any type of crop due to the aridity of the land or
even a limited supply. It can also be observed that the consumption of oil (olive, sunflower, etc.) and
nuts is infrequent, which can be considered as a deficiency of monounsaturated and polyunsaturated
fatty acids. Furthermore, if energy inputs and fiber are reduced, it is reflected in the anthropometric
assessment. Leone et al. [34] determined that the consumption of vegetables is frequent, although
the variety of vegetables consumed is low (tomatoes, onions and carrots represent 90%). Further,
sunflower oil is the most consumed, but it is noteworthy that only peanuts, from the nut groups,
are part of their diet, and cereals and derivatives are consumed by 50% of those surveyed. If our
data are compared with the food Jaima [8], it can be seen that it is an inverted style. Foods that
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should be at the base of the Jaima are at the peak, with very low or almost zero consumption, as is the
case of fruits and vegetables, while sugary foods or drinks, which should be consumed occasionally,
occupy the base of the pyramid with a very high consumption. It is highlighted that the number of
food groups consumed by the participating children, according to the FANTA [15] distribution, is
similar to the study carried out by Morseth et al. [36], in which aspects related to the dietary diversity
of Saharawi refugees were evaluated, although the study comprised adults aged between 18 and
82 years. Therefore, it is necessary to provide tools that allow the development of a population (both
children and adults), promote personal and work growth, facilitate access to education and better
living conditions, as well as increase the availability and variety of food, facilitate food education and
minimize nutritional deficiencies.

For hygienic-sanitary habits, it should be mentioned that children know very well what the
appropriate response is, although the reality is different, so it can be observed that 100% of children
say they wash their hands before eating and after going to the bathroom, when they do not even have
enough running water to carry out these tasks on a regular basis. Hygienic measures are considered a
key preventive measure against oral-fecal infectious diseases. Washing your hands after using the
bathroom and before eating or preparing a meal can reduce childhood diarrhea. A report published by
UNICEF [37] revealed that global rates of hand washing with soap and water before and after using
the bathroom or handling food vary between 0% and 24%, which concluded that a significant part of
the world’s population does not comply with basic hygiene measures, with children being the most
vulnerable group.

Parasitic intestinal infections mainly affect the child population, which is the most susceptible to
the development of acute symptoms, especially when the infectious form penetrates orally. Even at
these ages, reinfections are usually more frequent than in adulthood, where parasitic infections
are usually chronic [32,38]. The results of the coproparasitological analysis stand out from those
obtained in other studies carried out in the same area or with children sheltered in different places
in Spain [4–7,10–13]. In this study, higher prevalence of parasites is observed in general, although
it should be noted that the most prevalent parasitic species are the same in practically all studies.
According to Paricio-Talayero et al. [4] and Martínez and Pérez [11], G. intestinalis in 17.6% and 13.5%,
Blastocystis sp. in 21.8% and 24%, and E. nana in 17.1% and 2.7%, respectively, were determined in
host children in Spain, while among helminths: H. nana in 10.6% and 24%, and E. vermicularis in 4.7%
and 35%, respectively, were determined in the same mentioned studies. In the two studies carried
out in the field (Tindouf) [5,6], prevalence of parasites by protists of 60% and 45% were obtained,
respectively, while that in the studies of Sarquella et al. [10] and Seseña del Olmo et al. [13] were
determined as a total 19.6% and 37.3% parasitization, respectively. It is worth mentioning the fact that
there is a high degree of intestinal parasitization by G. intestinalis and Blastocystis sp., maybe due to
the use of different coprodiagnosis techniques in this study that had complemented the information.
Since the emission of cysts along with the feces seems to be intermittent, microscopic diagnosis as a
gold standard technique is not effective; therefore, the combination with molecular methods (such as
PCR) that evaluate the intestinal presence of a certain parasite improve the diagnostic sensitivity [38].
Furthermore, the origin of the high prevalence of both protists can be due to poor health of drinking
water [39] and the hygienic-sanitary habits (it is usually eaten from the same container with the hands),
which facilitates oral-fecal transmission [40]. In addition, these parasitic infections, which are often
asymptomatic [32], may be a trigger for secondary food malabsorption/intolerance (in particular, to
carbohydrates), dyspepsia or irritable bowel syndrome [38,41–44]. Moreover, the alterations that they
cause are related to cases of anemia, acute and chronic diarrhea and malabsorption syndrome can be
explained by the presence of G. intestinalis. This parasitic protozoan is known to cause the activation
of CD8 lymphocytes in the intestinal villi in the absorbent mucosa, which affects the growth and
cognitive development of the child affected population [43,45]. Recent studies have associated this
protozoan with alterations in iron absorption, decreased serum iron, low levels of Hb in the blood
and, in general, with iron deficiency anemia [33,45–49]. Iron is absorbed in the duodenum, specifically
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in the enterocytes, and the mechanism of action of G. intestinalis is to line the intestinal mucosa and
prevent the absorption of this mineral. Malnutrition, due to a diet that is not balanced or varied, is the
result of the living conditions to which they are subjected. Therefore, this is the cause that affects the
Saharawi, iron deficiency due to a diet deficient in this micronutrient. Host parents are advised to
intensify their intake of iron-rich foods as well as oral iron supplementation if necessary. Serum iron,
transferrin saturation index (TSI) and decreased ferritin appear in these children.

Human giardiasis is considered a zoonotic infection. The molecular characterization of
G. intestinalis in the recent years has revealed significant genetic diversity. Assemblages from A
to H have been identified, with assemblages A and B being the most diverse with at least four types
of sub-assemblages (AI-AIII and BIII-BIV). Assemblages A and B are the most common in humans
and have also been documented in wildlife and domestic animals. Assemblages C and D are found
in dogs, and assemblages E, F and G in domestic ruminants, cats and rodents respectively, while
assembly H has been described in marine pinnipeds [50]. Blastocystis sp. can remain in the body
without causing symptoms but secretes proteases that are the cause of abdominal spasms, vomiting
and diarrhea, with the consequent malabsorption of nutrients and the rejection of certain types
of food [42]. There are hypotheses that support that this variation in host symptoms is related to
the Blastocystis subtype [44,51,52]. Presently, 10 subtypes (ST1-ST9 and ST12) have been found in
humans, 4 of which are the most frequently found: ST1, ST2, ST3 and ST4, coinciding with those
determined in the participating Saharawi population. In addition, various studies attribute Blastocystis
sp. controversial pathogenicity, even suggesting that the native microbiota or the immune status of the
host may determine the pathogenicity and virulence of the protist [44,50,51].

On the other hand, E. histolytica destroys tissues through adherence to cells, leading to amoebic
colitis and acute diarrhea, anorexia and low weight. Entamoeba hartmanni, E. nana or E. coli, although
they have less relevance from the clinical point of view, may be useful indicators of poor personal
and community hygienic-sanitary conditions in the population studied (especially in children) and its
environment, as they are also transmitted through the fecal-oral route [53]. For helminth infections,
they also produce nutrient malabsorption, and the relationship between anemia and the presence of
helminths is frequently observed. Therefore, it is associated with an altered nutritional and cognitive
status [54,55]. Finally, multiple infections or multiparasitism may be due to previous malnutrition,
differences in children’s hygienic-sanitary behavior, the irregular distribution of infective stages in the
environment, differences in the ability to generate an adequate immune response to basic differences
between parasites and, also, genetic differences between hosts [12].

The participants underwent a blood test that estimated low levels of some indicators of anemia
such as haemoglobin, haematocrit and red blood cell count, and also highlighted the presence of other
values such as high levels of eosinophils and monocytes, indicators of parasitic infections and low
levels of IgA, which favors intestinal colonization. These indicators were altered in previous studies
in the refugee population and are related to signs of malnutrition in those parasitized, in particular,
with G. intestinalis [5,35,47,56].

The breath test, despite being a non-invasive test and considered the reference method for the
diagnosis of carbohydrate malabsorption, has its limitations [25,57]. In our study, more than a quarter
of the host children were positive to the secondary lactose malabsorption/intolerance, and half of
the children analyzed had primary lactose intolerance. Naturally after weaning, and depending on
race, ethnicity and genetics, lactase activity persists or does not for a longer or shorter period of time,
also depending on the lactose that is ingested. In cases of absent or reduced synthesis of lactase,
this substrate reaches the colon where the bacteria metabolize it, generating abdominal pain or diarrhea.
The relationship between symptoms and diet in patients with functional digestive disorders may
lead to a suppression of dairy consumption, with the risk of a calcium and vitamin D deficiency in
children [28]. Some of the Saharawi children studied reported abdominal pain after ingestion of milk.
However, a history of post-ingestion symptoms is of little use in determining that a patient has lactase
deficiency or lactase malabsorption [58]. Chaud et al. [59] obtained 90.8% of lactose malabsorption
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of the parasitized by G. intestinalis, compared to 7.5% in the control group. More studies are needed
to link carbohydrate malabsorption in the general population, and in childhood and adolescence,
in particular, with intestinal parasitization, which is not well documented. Another study in African
and Finnish children suggested that decreased enzyme activity may be earlier in African children [60].
The study carried out by Rollán et al. [28] determined a high frequency of lactase deficiency associated
with the C/T_13910 polymorphism of the MCM6 gene, as well as a high diagnostic yield of the genetic
test, comparable or superior to the expiratory test, as observed in the data obtained in the Saharawi
child population.

To detect celiac disease, two types of tests are performed to diagnose it: serological tests and
genetic tests. Serological samples are focused for high levels of certain antibodies in the blood that
reveal an immune reaction triggered after the consumption of foods containing gluten, although
it should be noted that a negative result does not totally rule out the existence of celiac disease.
On exposure to gluten, plasma cells produce IgA class anti-human tissue transglutaminase antibodies
(IgA-TG2) and deaminated peptides (IgA-DGP70 and IgA-DGP71) [24,61]. In our analyzed blood
samples, some of the participants had IgA-TG2, although the interpretation of the results of the genetic
predictive test for celiac disease did not reveal the probability of suffering from the disease, nor were
they statistically significant to establish any relationship. Regarding genetic tests, the presence of
certain HLA-DQ heterodimers and their association were detected, which indicated a risk of suffering
from the disease in 62.5% of the analyzed participants, and that they can make them more susceptible
to intestinal parasites due to the damage caused to the intestinal mucosa. Previous studies suggest
that gluten sensitivity is one of the common disorders in North Africa and the Eastern Mediterranean,
determining a high frequency of celiac disease in the Saharawi population, and its consequent delay in
physical and mental growth [10,62–66].

5. Conclusions

Low height was in approximately one-fifth of the children in foster care, and the prevalence of
parasites was almost 100%, with multiparasitic infections being the most frequent. It should be noted
that intestinal parasitosis is a contributing factor to malnutrition and iron deficiency; therefore, it is
common to find problems such as anemia, celiac disease and growth retardation among the child
population. The diet of the Saharawi children in the camp is deficient in terms of quantity and quality,
highlighting the scarce contribution of fruits, vegetables and protein foods, while sugary foods are
excessively high. It should be noted that it is a culture where eating with your hands and from the
same container is part of their way of life. This complicates the quantification of consumption rations
for each stage of life, as, for the children who are going to enter adolescence and are in full growth, their
nutritional needs are not met. In addition, malnutrition affecting height, nutritional deficiencies and
multiple infections with frequent intestinal parasites are related to insufficient hygienic measures, water
shortages and the difficulty of access to basic food, especially fresh. Thus, since the main problems
derive from a lack of adequate hygiene and incorrect nutrition, it is proposed for future editions of the
“Holidays in Peace” program, and for field interventions, that sustainable food alternatives and health
education programs and nutrition be made available to parents and children. It should even be noted
that since the population selected for the program is exposed to very harsh lifestyles, among which is
the scarcity of water that is responsible for poor personal and community hygiene, the probability of
presenting intestinal parasites is very high, since the route of transmission is oral-fecal. The greater the
shortage of hygienic measures, the greater the number of parasitic infections, which aggravates the
low caloric intake, thus ending in malnutrition. Increasing programs on hygiene and food education
for parents and children in less fortunate regions reduces the risk of infections and health problems.
The prevalence of intestinal parasites in Saharawi host children is very high, especially in the case of
the protist G. intestinalis and Blastocystis sp. In most cases, it is multiparasitism combining pathogenic
protists with other commensal amoeba or helminths. The combination of direct and indirect diagnostic
techniques has allowed the diagnosis of a greater number of cases. Real-time PCR for G. intestinalis
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and conventional PCR for Blastocystis sp. have been more sensitive in diagnosis than light microscopy,
but microscopy has given us broader species identification. It is convenient to establish a protocol for
the diagnosis and treatment of parasites as far as possible because, when they return to their country,
reinfections take place; therefore, the objective is to reduce the parasite load and improve the quality of
life. With the high prevalence of parasites in children in foster care, empirical treatment of children in
foster care is considered appropriate, always under the supervision of visiting pediatricians. All the
boys and girls participating in the study present some type of intestinal parasitosis that can be caused
by the deficient hygienic sanitary measures of the place. For this reason, hygiene-sanitary education
must continue annually to try to change habits that, upon return to their country, can be useful to
prevent fecal-oral transmission diseases. A high prevalence of lactose malabsorbers or intolerant
participants was found, and those conditions could be a cause of or lead to the aggravation of intestinal
parasites, as well as celiac disease. The coexistence of trionomial, malnutrition, intestinal parasites
and food intolerances has to be considered for proper nutritional and parasitological management
to try to restore children’s health status. All the information of this study will provide us a better
point of view of the health status of these children and help to create health education policies for the
Saharawi population.
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Abstract: Malnutrition prevails in considerable proportions of children with Cystic Fibrosis (CF),
and is often associated with adverse outcomes. For this, routine screening for malnutrition is pivotal.
In the present cross-sectional study, we aimed to assess the risk for malnutrition in pediatric outpatients
with CF. A total of 76 outpatients (44 girls, 11.9 ± 3.9 years old, 39.5% adolescents) were recruited
and anthropometric, clinical, dietary and respiratory measures were collected. All outpatients were
screened for malnutrition risk with a validated disease-specific instrument. Most children exhibited
a low risk for malnutrition (78.9%), whereas none of the participants were characterized as having
a high malnutrition risk. In the total sample, malnutrition risk was positively associated with age
(r = 0.369, p = 0.001), and inversely related to the body mass index (r =−0.684, p < 0.001), height z-score
(r = −0.264, p = 0.021), and forced expiratory volume (FEV1%, r = −0.616, p < 0.001). Those classified
as having a low malnutrition risk were younger (p = 0.004), heavier (p < 0.001) and taller (p = 0.009)
than their counterparts with a moderate risk. On the other hand, patients in the moderate risk group
were more likely pubertal (p = 0.034), with a reduced mid-upper arm fat area (p = 0.011), and worse
pulmonary function (p < 0.001). Interestingly, none of the children attaining ideal body weight were
classified as having a moderate malnutrition. risk, whereas 37.5% of the patients allocated at the
moderate risk group exhibited physiological lung function. In this cohort of outpatients with CF that
were predominantly well-nourished and attained physiological lung function, malnutrition risk was
identified only in small proportions of the sample. Our data support that patients that are older,
pubertal, or have diminished fat mass are at greater risk for malnutrition.

Keywords: children; pulmonary disease; forced expiratory volume; pulmonary infection;
nutritional assessment; screening; underweight; pulmonary function; pancreatic insufficiency; PERT

1. Introduction

Cystic fibrosis (CF) is a chronic condition characterized by an increased risk of malnutrition.
Poor nutritional intake due to increased energy loss and demands, inadequate caloric intake,
malabsorption and maldigestion, exacerbations of the disease, genetic susceptibility and the often
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underlying infections, increase the risk of malnutrition among patients with CF [1–6]. Between adults
and children, the latter appear to be more vulnerable to the development of malnutrition, due to
their yet underdeveloped system, further increasing their nutrient demands and susceptibility to
infection [5]. Nevertheless, malnutrition during childhood has also been associated with an increased
malnutrition risk during adult years and a greater probability of requiring lung transplantation [7].

Although several research projects have revealed a high degree of malnourishment among
children with CF [8–10], early identification of such cases, through screening, is pivotal for early
intervention and improved outcomes. In parallel, today, malnutrition identification practice is mainly
reliant on anthropometric data, the subjective assessment and clinical judgement of each pediatrician,
with the mainstay of this approach being biased by the often-inadequate nutritional expertise of
pediatricians [11]. Severe cases of malnutrition might be more evident to the untrained eye, however,
children at risk, or milder forms of malnutrition, often remain undiagnosed [12]. With this in mind,
a variety of screening tools have been developed for pediatric patients, most of which can be used
among hospitalized children, with the majority exhibiting good sensitivity and specificity [13].

With regards to CF however, disease-specific screening tools for malnutrition are limited,
especially for pediatric patients, with only two existing in the literature to date, the first being
published during 2008 [14] and the more recent one presented in the year 2016 [15]. The use of
malnutrition screening tools specifically for each underlying disease, in this case CF, is important,
as the pathophysiology of the disease contributing to the development of malnutrition is considered,
all factors contributing to the development of malnutrition in the condition are accounted for and a
more accurate triage of patients is enabled.

With this in mind, the aim of the present study was to assess the risk for malnutrition among
pediatric patients with CF, using a disease-specific tool.

2. Materials and Methods

2.1. Sample Recruitment

The GreeCF study is an observational study, aiming to assess the relationship between growth
indices, clinical and dietary parameters among school-aged children with CF. The study was conducted
during the last quarter of 2015, in the outpatient Clinic for CF, situated in Aghia Sophia Children’s
Hospital, in metropolitan Athens, Greece. Details concerning the recruitment have been previously
reported [10,16]. All children were screened for eligibility, during their routine appointment at the clinic.
Inclusion criteria involved (1) having an age between 6–18 years, (2) having a confirmed CF diagnosis
and (3) willingness to participate. Exclusion criteria included (1) being < 6 years old, or being an adult,
(2) having a concurrent disease affecting growth, and (3) refusal of the parents/guardians to provide
informed consent for participation. A total of 114 children/adolescents with CF met the inclusion
criteria. For the purposes of the present paper, we analyzed the data of 76 patients (response rate 66.7%,
mean age 11.9 ± 3.9 years old, 44 girls, 39.5% adolescents) with complete answers on all measures
required for the analyses.

The parents/guardians of all patients provided informed written consent prior to participation.
The study was conducted in accordance with the Declaration of Helsinki, and the protocol was
approved by the Ethics Committees of both Aghia Sophia Children’s Hospital, and University of West
Attica (reference number 16084/14-07-15).

2.2. Anthropometric Measures

Anthropometry was conducted during morning hours, with patients wearing light clothing
and having bare feet, by the same experienced dietician (DP). Body weight was measured at the
nearest 0.1 kg (SECA 874 portable digital scale, Hamburg, Germany) and height to the nearest 0.5 cm
(SECA 214 portable stadiometer, Hamburg, Germany), and then body mass index (BMI) was computed.
Height-for-age (HAZ) and BMI-for age (BAZ) z-scores were calculated for each patient, based on the
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Centers for Disease Control (CDC) growth charts [17]. According to the BAZ, patients were classified
as underweight (BAZ < −2.0), or normal body weight (−2.0 ≤ BAZ < 1.0), overweight or obese (BAZ
≥ 1.0, and BAZ ≥ 2.0, respectively). CF-specific classification was used to assess ideal body weight
(IBW) (BAZ ≥ 0.0) and possible nutritional failure (BAZ < −1.04). Children with an HAZ < −2.0 were
considered chronically malnourished (stunting).

On the left side of the body, mid-upper arm circumference (MUAC) was measured at the mid-point
between the olecranon process and the acromium, while triceps’ skinfold thickness (TSF) values were
taken three times (Harpenden Skinfold Calipers, Batty International, Burgess Hill, England) in order to
attain a median value. MUAC, TSF, mid upper arm muscle (MUAMA) and fat area (MUAFA) z-scores
were calculated according to the NHANES III survey [18].

Dietary intake was assessed at the day of the visit, through a multiple-pass, 24-h dietary recall,
by the same experienced dietician (D.P.). For children aged below 9 years old, parental consensus
during the interview was sought. Recall data were then analyzed for total energy intake (TEI) using the
Food Processor software (ESHA, Portland, Oregon). TEI was then converted in % of the recommended
daily intake.

2.3. Patients’ Medical History, Physical and Clinical Parameters and CF-Related Comorbidities

Individual medical records were searched for age at diagnosis and diagnostic criteria, presence of
pancreatic insufficiency (PI), CF-related diabetes (CFRD), intermittent and/or chronic infection by
pathogens (Pseudomonas Aeruginosa, methicillin resistant Staphylococcus Aureus, Burkholderia cepacia),
enteral feeding, and serum albumin levels. Pulmonary function was assessed during the day of each
patient’s visit to the clinic, through the Forced Expiratory Volume at 1 s (FEV1). Pulmonary function
was compared against predicted values (FEV1%) using the equations suggested by Wang et al. [19]
(for boys aged 6–17 years old and girls 6–15 years old) and Hankinson et al. (for boys aged 18 years
old and girls exceeding the 16 years of age) [20].

Measurements of weight and height collected during previous visits were also recorded to evaluate
impaired weight gain and/or weight loss, and failure to thrive. Puberty was defined after physical
examination (and/or menarche in girls) by the team of medical doctors; no specific data regarding the
pubertal stages of the patients were recorded.

2.4. Malnutrition Risk

Malnutrition Risk was assessed by the validated CF-specific tool, developed by dos Santos Simon
and associates [15]. In more detail, this tool assigns ratings based on 10 risk factors including: (i) BMI
status, (ii) presence of PI and (iii) CFRD, (iv) colonization by specific pathogens, (v) reduced dietary
intake, (vi) impaired weight gain or involuntary weight loss, (vii) impaired height gain, (viii) enteral
feeding, (ix) impaired lung function as evidenced by FEV1%, and (x) low serum albumin levels.
A composite score is then computed by summing up the ratings of each risk factor. The score ranges
from 0 to 14, with higher values indicative of higher nutritional risk. Furthermore, ratings between 0–3
indicate low malnutrition risk, ratings of 4–7 suggest medium risk, whereas a score ≥ 8 is indicative of
increased risk for malnutrition [15].

2.5. Statistical Analyses

Data distribution was visually explored with Q-Q plots; all continuous variables but age at
diagnosis (months) were normally distributed. Therefore, continuous variables are presented as means
± standard deviation, whereas age at diagnosis is presented as a median with its respective interquartile
ranges (1st and 3rd IQR). Categorical variables are presented as relative frequencies and percentages.
Differences between continuous variables were assessed with independent t-test (or Mann–Whitney
test for age at diagnosis). Chi-square or the Fisher’s exact test was employed to explore differences
between categorical variables. Association between continuous variables was examined through
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Spearman’s r correlation co-efficient. The level of significance was set at α = 0.05. All analyses were
performed with SPSS version 25.0 (IBM, SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Assessment of Malnutrition Risk

A total of 32 boys and 44 girls were recruited for the purposes of this study (aged 11.9 ± 3.9 years
old, 39.5% adolescents). Their mean BAZ was 0.05 ± 1.13, whereas their mean HAZ was −0.28 ± 1.09.
Referring to their pulmonary function, patients exhibited a mean FEV1% of 98.0 ± 19.8%.

Risk factors for malnutrition, and malnutrition risk are presented in Table 1. None of the patients
exhibited suboptimal albumin levels, or received enteral feedings. Only a small minority of the
examined children failed to reach linear growth, or had impaired lung function. On the contrary,
most children (59.2%) attained IBW for CF, and reached the recommended targets for energy intake
(71.1%). A great proportion of participants had pancreatic insufficiency (86.8%), whereas none of the
children were on enteral nutrition or exhibited low serum albumin levels. Most patients exhibited a
low risk for malnutrition (78.9%), whereas none of the participants were characterized as having high
malnutrition risk. No significant differences between the examined risk factors, or total malnutrition
risk and malnutrition risk categories was observed according to the sex of the participants (p > 0.05 for
all comparisons, data not shown).

Table 1. Prevalence of malnutrition risk factors, and total malnutrition risk score among participating
children, according to the Nutrition Screening Tool for Pediatric Patients with Cystic Fibrosis [15]
(N = 76).

Risk Factor n (%) *

1 BMI < 50th percentile 31 (40.8)
BMI < 10th percentile 10 (13.2)

2 Pancreatic Insufficiency 66 (86.8)
3 Pseudomonas, Burkholderia cepacia or MRSA colonization 29 (38.2)
4 Dietary Intake < 100% RDA 22 (28.9)
5 Weight gain less than minimum, zero weight gain or weight loss 6 (7.9)
6 Height gain less than minimum, or zero height gain 4 (5.3)
7 Enteral feeding 0 (0.0)
8 CFRD 4 (5.3)
9 FEV1% (<80% predicted) 13 (17.1)

10 Serum albumin < 3.5 mg/dL 0 (0.0)

Mean total Malnutrition Score 2.43 ± 1.52

Patients at low risk for malnutrition (n, %) 60 (78.9)
Patients at average risk for malnutrition (n, %) 16 (21.1)

Patients at high risk for malnutrition (n, %) 0 (0.0)

BMI, body mass index; CFRD, Cystic-fibrosis-related diabetes; FEV1, forced expiratory volume at 1 s; MRSA,
methicillin-resistant Staphylococcus aureus; PI, pancreatic insufficiency; RDA, recommended dietary allowance;
* Values presented as n (%), or mean ± standard deviation.

3.2. Factors Associated with Malnutrition Risk

In the total sample, a moderate positive association was noted between malnutrition risk and
age (r = 0.369, p = 0.001). Malnutrition risk was inversely associated with BAZ (r = −0.684, p < 0.001),
HAZ (r = −0.264, p = 0.021), and FEV1% (r = −0.616, p < 0.001). Referring to arm anthropometrics,
malnutrition risk was not associated with TSF, MUAC, MUAMA or MUAFA z-scores (p > 0.05 for all
comparisons). When the aforementioned indices were examined according to sex, similar results were
revealed, with the exception of age. In further detail, malnutrition risk did not significantly associate
with the age of boys (data not shown).
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When patients were stratified according to malnutrition risk, several differences between the groups
were identified (Table 2). Patients classified as having a low malnutrition risk were younger (p = 0.004),
heavier (p < 0.001) and taller (p = 0.009) than their moderate-risk counterparts. Significantly more
patients in the medium-risk group were in puberty (p = 0.034), whereas patients in the moderate-risk
group exhibited smaller mean mid upper arm fat area (p = 0.011), and overall worse pulmonary
function (p < 0.001).

Table 2. Associations between anthropometry and clinical parameters, by malnutrition risk strata
(N = 76).

Variable

Malnutrition Risk

p-ValueLow
(n = 60)

Medium
(n = 16)

Sex (% girls) 58.3 56.3 0.881
Age (years) 11.2 ± 3.8 14.4 ± 3.4 0.004

Adolescence (%) 33.3 62.5 0.034
BAZ 0.41 ± 0.92 −1.28 ± 0.78 <0.001

Underweight (%) 3.3 18.8 0.027
Nutritional Failure (%) 8.3 56.3 <0.001
Ideal Body Weight (%) 75.0 0.0 <0.001

HAZ −0.10 ± 1.04 −0.93 ± 1.03 0.009
Stunting (%) 3.3 12.5 0.145

MUACz −0.41 ± 0.96 −0.46 ± 1.05 0.885
TSFz 1.56 ± 0.80 1.82 ± 1.07 0.371

MUAMAz 0.16 ± 2.77 −0.29 ± 2.54 0.562
MUAFAz 1.24 ± 1.45 0.23 ± 0.90 0.011

FEV1% 103.4 ± 15.4 77.7 ± 21.8 <0.001
Dietary Intake (% RDA) 137 ± 49 125 ± 42 0.384

FEV1 > 90% (%) 80.4 37.5 0.001
Homozygote F508del (%) 43.3 31.3 0.382
Age at diagnosis (months) 3.5 (1.0, 8.8) 5.0 (1.0, 9.5) 0.627

Meconium Ileus (%) 16.7 25.0 0.445
Diagnosis by NBS (%) 13.3 6.3 0.436

BAZ, body mass index for age; FEV1, forced expiratory volume at 1 s; HAZ, height-for age; MUAC, mid upper arm
circumference; MUAFA, mid upper arm fat area; MUAMA, mid upper arm muscle area; NBS, new-born screening;
RDA, recommended dietary allowance; TSF, triceps skinfold.

None of the other clinical parameters were associated with any of the nutritional risk strata.
Interestingly, among the children attaining ideal body weight, none were categorized as being of
moderate risk for malnutrition. On the other hand, 37.5% of the participants stratified as being at
moderate risk for malnutrition exhibited physiological lung function.

4. Discussion

In the present study, participants with CF were predominantly well-nourished and exhibited
adequate physiological lung function, with a moderate risk for malnutrition prevailing only in small
proportions (1/5) of the sample, and none of the patients were classified as being of high malnutrition
risk. Malnutrition risk was inversely associated with patients’ anthropometry and lung function.
Although none of the patients attaining ideal body weight for CF were at nutritional risk, this was not
the case for physiological lung function, with 38% of the children with FEV1 > 90% being allocated in
the moderate risk for malnutrition group.

Throughout the literature, BMI z-scores have been extensively employed to identify malnutrition
in pediatric CF patients, using a variety of cut-offs (Table 3). Most of the studies suggest that attaining a
BMI below the 10th percentile (roughly corresponding to a z-score < −1.0) is indicative of malnutrition.
With this in mind, published data suggest that malnutrition prevails in 12–74% of pediatric patients
with CF [21–26]. Some earlier studies using the stricter cut-off of the 15th BMI percentile to identify
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malnutrition support similar findings, with malnutrition being diagnosed in 20–30% of pediatric
patients [27–30]. Nevertheless, very few studies have examined the risk for malnutrition among
pediatric patients with CF. In the validation study of the screening tool employed in the present study,
dos Santos Simon and colleagues [15] reported a moderate malnutrition risk in 36.6% of their sample
and a high malnutrition risk at 7.3% of their pediatric patients.

Table 3. The existing literature on the prevalence of malnutrition among children and adolescents
with CF.

First Author Country

Population
Cut-off Used for

Malnutrition Diagnosis
Prevalence of

Malnutrition (%)N
(% Girls)

Age (Years)

Barni [24] Brasil 73 (55%) 25.6 ± 7.3 BMI < 10th percentile 24.7
Chaves [26] Brasil 48 (NR) 10.8 ± 3.3 BMI < 10th percentile 29

Isa [23] Bahrain 47 (43%) <18 BMI < 10th percentile 22.1
Kilinc [22] Turkey 143 (47%) 0–18 BMI < 10th percentile 74
Lucidi [28] Italy 82 (49%) 13 (5–30) BMI < 15th percentile 20.9

Panagopoulou [25] Greece 68 (49%) 19.81 ± 8.98 BMI < 10th percentile 45.5
Phong [21] USA 49 (27%) 9.4 ± 5.2 BMI < 10th percentile 12

MUACz < −1.0 49
Poulimeneas [16] Greece 84 (58%) 11.8 ± 3.9 BMI < 15th percentile 17.9
Wiedemann [27] Germany 4557 (NR) 0–18 BMI < 15th percentile 30.4
Wiedemann [30] Germany 2688 (NR) 0–18 BMI < 15th percentile 28.6

Zhang [29] USA 13,021 (NR) 2–18 BMI < 15th percentile 10–30

BMI, body mass index; CF, cystic Fibrosis; MUAC, mid upper arm circumference; NR, not reported.

In the present analysis, patients at risk for malnutrition were shorter and exhibited a lower BMI
than their counterparts with low-malnutrition risk. While malnutrition is a known effector impeding
linear growth, weight and height measures have also been critiqued for not providing early signs of
malnutrition in children with CF [31].

A similar case might also apply for FEV1. Consistent with the existing literature [32], patients at
malnutrition risk exhibited worse pulmonary function. Notably, even though the moderate malnutrition
risk group demonstrated an impaired mean pulmonary function than the low-risk group, 38% of the
patients with moderate malnutrition risk exhibited an adequate lung function (predicted FEV1 ≥ 90%).
At the same time, 1/5 of the children with low malnutrition risk demonstrated impaired lung function
(predicted FEV1 < 90%). These observations may indicate that in response to malnutrition, lung function
is delayed, or that FEV1 measures may not be sensitive enough during the early phase and signs of
malnutrition (given that in a large proportion of the patients, malnutrition risk was “masked” under
adequate lung function). For this reason, triage for malnutrition using CF-specific tools is required in
all cases and one should not rely on anthropometric indices or pulmonary function alone. It may also
be that these measures are more sensitive in identifying malnutrition risk when their secular trends
are taken into account, such as when using CF-specific screening tools for malnutrition, like in the
present study.

Other risk factors for malnutrition identified in the present study include ascending age, puberty,
and diminished fat mass. In our sample, age was positively correlated with malnutrition risk, a finding
more profound among girl participants. Regardless of sex, BMI has been previously shown to decline
with age [27], while, on the other hand, age has been associated with malnutrition [24]. The fact that
this association was more apparent among girls may be attributed to the worse influence of the disease
in the girls as compared to the boys, as previously documented in the literature [33,34].

With regards to puberty, it remains a grey area in CF-research. Girls with CF have been reported
to enter puberty with a two year delay as compared to their healthy counterparts [35,36]. In parallel,
a delay in reaching peak height velocity in adolescence has been reported to take place [36], and for this,
a greater proportion of adolescents with CF are underweight as compared to the children [16]. This delay
in puberty has also been reported to influence bone health and mineralization [37], making patients
with CF more vulnerable to fractures and osteoporosis [38].
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With regards to the relationship between low fat mass and malnutrition risk, very few studies have
assessed body composition among children with CF. Although a variety of tools have been proposed
for the assessment of body composition in CF [39], the majority of studies have used adult samples.
In parallel, a consensus on body composition measurements, diagnoses and thresholds is required to
attain a uniform core set of outcomes [40]. Case-control studies have revealed a greater visceral adipose
tissue mass among patients with CF as compared to healthy controls, and this was associated with
poorer diet quality [41]. In parallel, according to many cross-sectional studies, reduced fat-free mass has
been associated with reduced pulmonary function assessed by FEV1 and frequency of exacerbations
in both children and adults with CF [42–44]. All studies agree that fat-free mass is more sensitive
than BMI for assessing malnutrition and compromised pulmonary function. Overall, our findings,
combined with the current literature, call for the need for routine measurements of multiple auxological
indices (body height and weight, along with body composition measures) in children and adolescents
with CF, in order to attain timely assessments of malnutrition risk.

The limitations of the present study include its cross-sectional design, not allowing for the
establishment of causality in the observed relationships. The sample might appear as relatively small,
however, sampling was performed in the largest CF center in Greece, located in the capital of Greece
providing CF-care to a large population with CF. The inclusion of younger children (aged < 6 years old)
in our sample may have provided more robust results, given that early-life malnutrition impairs lung
function, and this impairment is persistent for over a decade [45]. Although a greater malnutrition
risk was identified during adolescence, no data were recorded with regards to the pubertal stage.
Stratification by pubertal stage might have provided further insight into the observed relationships,
an analysis we were unable to perform and that future studies should elaborate on. Cystic Fibrosis
Transmembrane Regulator (CFTR) modulator therapy commenced shortly after the present study was
conducted [46], hence no data were reported on the association of malnutrition risk and the specific
therapy. This evidence gap should be further examined by future research, given the positive effects
of CFTR modulators in anthropometric indices of individuals with CF [47]. Furthermore, no data
concerning biochemical parameters and malnutrition risk were recorded. It is highly possible that
serum lipid levels or circulating levels of other nutrients might have produced significant associations
with malnutrition risk, however, we did not want to cherry-pick associations that were not predefined
in advance. On the other hand, the present study is one of the few that have assessed malnutrition risk
in the pediatric CF population, further highlighting risk factors for malnutrition that may be masked
under optimal clinical outcomes (such as physiological lung function).

5. Conclusions

In this cohort of predominantly well-nourished patients with CF, 1/5 of the patients were at risk
for malnutrition, with those that were older, pubertal or with diminished fat-mass being at higher risk.
Screening for malnutrition risk in pediatric patients with CF is important, although often neglected.
Even in populations with a low prevalence of malnutrition, the risk for malnutrition might be elevated,
highlighting the need for more frequent assessments and nutrition interventions.
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Abstract: Some studies have been conducted in order to assess the association between weight status
(assessed by body mass index) and socio-demographic factors. Nevertheless, only a few of them have
indicated these associations by other anthropometric parameters (e.g., skinfolds). The aim of this study
was to determine, compare, and examine the influence of age, sex, type of the schooling, per capita
income, area of residence, and immigrant status on obesity parameters in schoolchildren aged 6–13
from the Region of Murcia. A cross-sectional study was carried out in six different Primary schools of
the Region of Murcia (Spain). A total sample of 370 children (166 girls) aged 6–13 (8.7 ± 1.8) were
selected. In order to determine participants’ body composition, body mass index, waist circumference,
waist-to-height ratio, and skinfold measurements were calculated. Higher associations of excess of
weight (OR = 1.96; 95%CI = 1.19–3.20) and abdominal obesity (OR = 3.12; 95CI% = 1.49–6.94) were
shown in the case of children from public schools. A greater association of high trunk fat mass was
found in children from municipalities with high per capita income (OR = 3.20; 95%CI = 1.05–9.77).
Therefore, lower association of having an inadequate %BF was found in the participants aged 6–9
(OR = 0.38; 95%CI = 0.24–0.54), and immigrant students (OR = 2.63; 95%CI = 1.69–4.10). Our study
suggested that overweight/obesity among schoolchildren in the Region of Murcia is higher than the
overall prevalence of Spain. The results of the adjusted analyses showed that age, type of schooling,
per capita income, and immigrant status were associated with obesity parameters.

Keywords: adiposity; waist circumference; anthropometry; children; socioeconomic factors; health
inequality indicators

1. Introduction

Globally, overweight and obesity have reached worryingly high levels [1], especially in Europe,
where this situation represents a major public health threat [2]. Thus, the last World Health Organization
(WHO) European Childhood Obesity Surveillance (COSI) study has ranked Spain with the highest
obesity prevalence rate in Europe (17.7%) [2]. The risk of morbidity and mortality in adult life
increases in those who are overweight or obese (understood as excess weight) in their childhood or
adolescence [3], which also increases the likelihood of having worse risk parameters for cardiovascular
disease [4]. This is why the WHO Member States have committed to ensuring that childhood obesity
figures do not increase by 2025 [5].

Regarding obesity identification, body mass index (BMI) is the most applied anthropometric
parameter in children; existing several reference cut-off points, both internationally [6–8] and
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nationally [9]. However, even though BMI can be an assessment tool to help detect overweight
or obese children, it has been advised that it does not identify the majority of children who will develop
morbidities related to obesity in adult life [10]. Also, there is a great variability in the association of
BMI and fat mass, which could be due to physiological changes, the level of pubertal maturation, and
the sex of the children [11]. In the same way, during the process of growth and development, several
changes occur in body composition, mainly in the storage and distribution of fat, muscle, and bone
mass according to age and sex [12]. Thus, a recent systematic review performed by Orsso et al. [13] has
suggested that skinfold measurements are one of the possible reliable methodologies for determining
body composition in paediatric obesity. At the same time, Schröder et al. [14] found a large proportion
of normal-weight Spanish children who present abdominal obesity. For these reasons, evaluation
accompanied by other body composition variables is highly recommended, such as waist-to-height
ratio (WHtR), waist circumference (WC), or skinfolds in order to effectively determine the risk in
participants [15].

Following this line, some studies have been conducted in order to assess the association between
weight status (assessed by BMI) and socio-demographic factors, such as sex [16], type of schooling [17],
area of residence [18], immigrant status [19], or per capita income [20]. For example, children from
public schools have been associated with a higher prevalence of overweight or obesity [17], as well
as children belonging to an immigrant family [21]. Equally, the prevalence of obesity is significantly
higher in school children from families with lower incomes compared to those with higher ones in
Spain [22], being so in the case of children from rural areas [23]. Hence, some of these studies have
shown certain degree of association between these variables. Notwithstanding, only a few of them
have indicated these associations by other anthropometric parameters (e.g., skinfolds) [24], and there
is a gap of knowledge in this sense.

In addition to this, children and adolescents who have obesity are about five times as likely to
be obese in adulthood than their counterparts who do not present obesity [25]. Thus, because of the
long-term implications of childhood obesity and the influence on their health in adulthood, studies
to clarify the relationship between sociodemographic characteristics and the risk of overweight and
obesity merits further consideration [26]. As a result, identifying those children at high risk of being
obese in adulthood and its related factors could be a useful matter; particularly in the Region of Murcia,
where the greatest figures of excess weight children has been pointed out [27].

According to the worrying situation of childhood obesity in Spain, particularly in the Region of
Murcia, as well as the lack of information about those sociodemographic factors that could be related
to childhood obesity, the aim of this research was to determine, compare and examine the influence of
age, sex, type of the schooling, area of residence, immigrant status, and per capita income on obesity
parameters in schoolchildren aged 6–13 from the Region of Murcia.

2. Materials and Methods

2.1. Sample

This study had a cross-sectional design. All nine primary schools from the Valley of Ricote
(Region of Murcia, Spain) were invited to take part, with six schools agreeing to participate. Out of
972 possible participants, a total of 370 schoolchildren (166 girls and 204 boys) with ages between
6–13 years old (8.7 ± 1.8) participated, representing a response rate of 38.1%. For this study we used
the non-probability sampling technique. In spite of this, all schoolchildren were likewise offered to join.

All the children involved in the study had to provide a signed consent form by their parents/legal
guardians. Before the performance of the study, both parents and children were informed about the
purpose of the research and the type of tests that would be carried out. Data was obtained in the
2017/2018 academic year. All the measurements were performed during Physical Education classes.
As an inclusion criterion, only schoolchildren aged 6–13 who had obtained positive informed consent
from their parents or legal guardians were included.
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Regarding the origin of the immigrant students (n = 71), 61.1% are of South American origin, 29.1%
of Arab origin, 5.6% from other European countries, 2.8% born in Asia, and 1.4% of African origin.

The Bioethics Committee of the University of Murcia (ID 2218/2018) approved the present
study. It has been executed respecting the human rights of the participants and following the
Helsinki Declaration.

2.2. Data Collection

Sex and age were self-reported. The type of schooling was dichotomised into two categories:
(1) public and (2) private with public funds. Area of residence was divided into (1) urban
(>5000 inhabitants) and (2) rural (≤5000 inhabitants) [28]. Students who met at least one of the
following conditions were considered to be immigrant: (a) born outside Spain, (b) immigrant parents,
or (c) at least one of their parents comes from another country. The socio-economic characteristics
were determined by the per capita income of the different municipalities. Thus, this variable was
dichotomised into two groups: (1) high per capita income (€20,000 or more) and (2) low per capita
income (under €20,000). A portable height rod with an accuracy of 0.1 cm (Leicester Tanita HR 001,
Tokyo, Japan) was used so as to determine participants’ height. Their bodyweight was measured with
an electronic scale with an accuracy of 0.1 kg (Tanita BC-545, Tokyo, Japan). BMI was calculated from
the ratio between body weight (kg) and the height squared of the participants (m2). Besides, weight
status was determined using the age-specific and sex-specific thresholds provided by the WHO [6].
WC was measured with a precision of 0.1 cm at the level of the intersection between the last rib and
the border of the iliac crest, using a constant tension tape. Children were split by “no high trunk fat
mass” and “high trunk fat mass” according to sex- and age-specific cut-off values [29]. Moreover,
the WHtR was calculated in order to determine the prevalence of abdominal obesity and children
were classified as “no abdominal obesity” and “abdominal obesity” [30]. Skinfold measurements
(subscapular, iliac crest, biceps and triceps) were taken using pre-calibrated steel callipers with a
precision of 0.2 mm (Holtain, Crosswell, Crymych, United Kingdom) and following the guidelines of
the International Society for the Advancement of Kinanthropometry (ISAK) [31]. To calculate the body
density, the log of the sum of skinfolds measurements was considered [32]. Siri formula was used in
order to compute body fat from body density [33], and fat-free mass was then determined minus total
body mass and body fat (BF) mass. Likewise, participants were divided into “adequate adiposity” and
“high adiposity” [34].

All the measurements were performed by the same trained researcher. Two measurements
were taken and, if existed discrepancies exceeding 0.1 centimetres (cm) between measurements the
procedure, was performed again. The relative technical error of measurement (TEM) was obtained
by performing a number of repeated measurements on the same participant, taking the differences
and inserting them into a correct equation. For intra-observer TEM of the two measurements taken
the following equation was applied:

√
ΣD/2N, where “D” is the difference between measurements

and “N” is the number of participants measures. Also, the absolute TEM was multiplied by 100 and
divided by the variable average value in order to provide the relative TEM (%TEM). The %TEM were
0.3%, 0.2%, 0.5%, and 2.3%, for weight, height, WC, and skinfolds, respectively.

2.3. Data Management and Statistical Analysis

For all continuous variables, data was shown as mean (M) and standard deviation (SD). Conversely,
all categorical variables were expressed as number (n) and percentage (%). Likewise, the confidence
intervals (95%) were calculated. To assess the differences between groups of age, sex, type of schooling
(public/private), per capita income (high/low), area of residence (urban/rural), and immigrant status
(native/immigrant), the Chi-squared test was used or, if expected values were lower than 5, Fisher’s
Exact test was applied. Furthermore, binary logistic regression analyses were performed to determine
the association between sociodemographic characteristics and the different obesity parameters. Finally,
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data analysis was performed using the software SPSS (IBM Corp, Armonk, NY, USA) for Windows
(v.24.0). Statistical significance was maintained at p-value ≤ 0.050.

3. Results

Data of age and continuous variables of anthropometric characteristics are shown in Table 1, as well
as, the prevalence according to different obesity parameters are presented in Table 2. According to
BMI, the prevalence of excess weight was 52.4% (WHO criteria). Moreover, when WC was considered,
the values ranged from 14.6% to 20.3%, for abdominal obesity and high trunk mass fat, respectively.
Conversely, a 45.4% presented high adiposity based on %BF.

Table 1. Characteristics of age and anthropometric parameters of the analysed sample (n = 370).

Variables Mean SD CI95%

Age (years) 8.7 1.8 (8.5–8.9)
Weight (kg) 35.7 10.9 (34.6–36.8)
Height (cm) 1.36 0.12 (1.35–1.37)
BMI (kg/m2) 19.05 3.71 (18.67–19.43)

WC (cm) 62.1 8.2 (61.3–62.9)
WHtR (WC/Height (cm)) 0.46 0.05 (0.45–0.47)

BF (%) 29.63 7.13 (28.90–30.36)
BF (kg) 11.17 5.93 (10.56–11.78)

FFM (%) 70.37 7.13 (69.64–71.10)
FFM (kg) 24.54 5.58 (23.97–25.11)

Data expressed as mean, standard deviation and confident intervals (95%). BMI: body mass index; BF (%):
Body fat percentage; BF (kg) = Body fat in kilograms; FFM: free-fat mass; WC: waist circumference; WHtR:
waist-to-height ratio.

Table 2. Prevalence of different obesity parameters in the analysed simple.

Variables n % CI95%

BMI (WHO)

Overweight 104 28.1 (23.8–32.9)
Obesity 90 24.3 (20.2–29.0)

Excess weight 194 52.4 (47.3–57.5)

WHtR

Abdominal obesity 54 14.6 (11.4–18.6)

WC

High trunk fat mass 75 20.3 (16.5–24.7)

%BF

High adiposity 168 45.4 (40.4–50.5)

Data expressed as frequencies, percentages and confident intervals (95%). BMI: body mass index; BF: body fat;
WHO: World Health Organization; WC: waist circumference; WHtR: waist-to-height ratio.

Figure 1 shows the differences between the prevalence of obesity parameters according to the
sociodemographic factors analysed. In relation to sex, boys had higher excess weight (43.6%) than
girls (42.2%), with no statistically significant differences found. This absence of statistically significant
differences was also shown in the case of WC, WHtR and %BF. On the other hand, no statistically
significant differences were obtained for BMI, WC, and WHtR with regard to age group; not being so
in the case of %BF (p < 0.001). So, a greater number of children aged 10–13 with great levels of %BF
(22.3% higher) was identified. Regarding the type of schooling, children from public school showed
greater values in all variables of obesity. Likewise, statistically significant differences were shown in
most of obesity parameters that were examined (except for %BF). Also, higher prevalence of excess
weight, abdominal obesity, high trunk fat mass, and high adiposity was found in the case of high per
capita income group (only statistically significant for BMI). Finally, according to the area of residence,
children from urban areas showed greater association with having higher obesity parameter (except for
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WC) without showing statistically significant differences for any obesity parameter. Data on absolute
and relative frequencies is available in Table S1.

 

Figure 1. Prevalence of having excess weight, abdominal obesity, high trunk fat mass, and high
adiposity according to the different sociodemographic factors. Data presented as number (n) and
percentage (%). PCI: per capita income. * p < 0.050.
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Figure 2 indicates the association between different status in the anthropometric categorical
variables of the study and the age group, sex, type of schooling, per capita income, area of residence
and immigrant status. Therefore, no statistically significant association was shown in the case of BMI,
WC, and WHtR according to age group and sex. Conversely, a higher association of excess weight
was found in children from public schools, as well as of having abdominal obesity. Lower association
of having an inadequate %BF were found in the participants aged 6–9 and in boys, in those from
private schools, in the low per capita income group, in children from rural areas, and in native students
(only statistical significance in the case of age group and immigration). Information on odds ratio and
95% confident intervals is presented in Table S2.

 

Figure 2. Association of having excess weight, abdominal obesity, high trunk fat mass, and high
adiposity according to the different sociodemographic factors. Data expressed as odds ratio (confident
intervals 95%). BMI: body mass index; BF: body fat; PIR: per capita income; WHO: World Health
Organization; WC: waist circumference; WHtR: waist-to-height ratio. Adjusted by age group, sex, type
of schooling, PIR, area of residence, and immigrant status.
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4. Discussion

The aim of the present study was to determine, compare, and examine the influence of age, sex,
type of the schooling, per capita income, area of residence, and immigrant status on obesity parameters
in schoolchildren aged 6–13 from the Region of Murcia. In this line, this study revealed that a great
number of schoolchildren are overweight/obese in the analysed sample. Our results are higher than
those reported by the last Estudio ALADINO [22], which reported a prevalence of excess weight of
41.3% for boys and 39.7% for girls, and by the Estudio PASOS [35], which reported an 34.9% of excess
weight. According to the Estudio ALADINO (2019), the obesity trends seem to be stabilising in Spain.
However, despite this apparent stabilisation, Spain has been pointed out as the European country
with the highest prevalence rate of obesity in children (17.7%) in the latest data (2015–2017) from the
Childhood Obesity Surveillance Initiative (COSI) led by the WHO [2]. One possible reason for this
higher prevalence could be the fact that the municipality with greater per capita income of this study
was slightly over 20,000€ and it has been recently shown that the prevalence of obesity is significantly
greater in schoolchildren with family incomes below €18,000 per year [22]. Also, a further explanation
could be that one out of three children is at risk of child poverty and social exclusion in the Region of
Murcia [27], which could at least partially explain these superior figures. However, we must consider
that, as reported in the scientific literature, the etiology of obesity is multifactorial [3], so other factors
could influence this greater prevalence.

In addition, in relation to age, our adjusted model did not show statistical significance in order
to have excess weight. Obesity prevalence rises as children grow older [36], and age is the single
major predictor of obesity in children [37]. However, it was remarkable that we did not observe any
association between obesity (assessed by BMI) and age in contrast to the findings of other authors
who reported that obesity significantly increased with age [38,39]. This fact was not verified in the
case of %BF, which indicated higher prevalence of older children (aged 10–13) with high adiposity.
These differences among methods could be explained by the different procedures that they use to
examine the obesity levels. For example, BMI is not able to differentiate the amount of fat mass and
free-fat mass to body weight and could cause the wrong identification of obesity status when used
in children [40]. At the same time, the so-called “adiposity rebound” phenomenon in the scientific
literature, characterised by an increase in body fat at around the age of 8, continues until the end of the
growth process [41].

Concerning sex, the categorisation of BMI reported very close prevalence of excess weight between
boys and girls. Thus, we observed that being a girl or boy did not predict the likelihood of having excess
weight/obesity, a finding that is consistent with some previous studies conducted [42,43]. However,
contrary to our results, some other studies either reported differences in obesity prevalence between
the sexes [17,21,44] or found girls to be at increased risk for childhood obesity [39]. In the case of
%BF, we found a greater number of girls with higher adiposity than boys. Our results agree with
other previous studies [45,46] and was able to verify the long differences well-known for %BF [47].
Nevertheless, we must consider that we used the Siri’s equation [33] that measures four skinfolds of
upper body (biceps, triceps, subscapular, and suprailiac) without considering the lower body, which
could modify this results. At the same time, another aspect that could have influenced this is the fact
that the Siri’s equation [33] seems to overestimate the %BF between boys and girls, according to some
studies [46,48].

Regarding the type of schooling, children from public school were more likely to have excess
weight when compared to children of private schools. This fact matches with the findings of other
studies which evaluated children and adolescent’s excess weight in different countries [49,50] and in
Spain [17]. Therefore, it must be remarkable that public school children were more than three times
likely to have abdominal obesity. These results seem to point out to the remarkable difference between
public and private schools. This might be due to the fact that, in Spain, public schools are funded by
the government, while private schools can charge considerably higher fees (tuition, uniform, or school
materials). For this reason, only parents who can afford the fees would choose to enrol their children in
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private schools; the influence of socioeconomic factors in childhood obesity has already been indicated
in Spain [22]. At the same time, families with low socioeconomic status may have less access or are not
able to afford healthy foods and beverages compared to wealthier homes [51].

Conversely, a higher prevalence of excess weight, abdominal obesity, and especially of high trunk
fat mass were shown in children from high per capita income. Our findings match with those reported
by Arruda et al. [52], who reported a greater proportion of excess weight among children from families
with more favourable living environments (e.g., greater per capita income). Similarly, Beal et al. [20]
have recently found that higher per capita income was linked to a greater prevalence of childhood
excess weight in Vietnam. Thus, income inequality could affect childhood obesity, through an increase
in excessive food intake, as well as in a more sedentary lifestyle which could favour the development
of overweight/obesity [1,53,54]. However, caution is needed when interpreting the results because
of certain aspects. First, per capita income is referred to the municipality and not to the individual’s
socioeconomic status. Second, these authors used different criteria to determine per capita income,
as well as different cut-off points. Third, the per capita income indicator may vary depending on the
analysed country and presents certain limitations to describe wealth inequalities (e.g., gross national
income or Gini index) [53].

Concerning the area of residence, the evidence available on this relationship is inconclusive [26].
For example, Bel-Serrat et al. [26] indicated no association with obesity in a large and representative
sample of Irish children aged 8–12. In a systematic review of Chinese studies, Guo et al. [18] showed
that the prevalence of excess weight was greater in urban areas. Conversely, other studies have
indicated that children living in cities with less density of population present higher rates of childhood
obesity than children who reside in urban areas, both in North America [39] and Europe [54]. Moreover,
one study carried out by Vaquero-Álvarez et al. [23] found a prevalence of 48.5% of excess weight in a
sample of Spanish children from rural areas. One explanation could lie in the fact that, although it is
thought that a rural life implies physically demanding activities, it is not always the case, and it could
have an influence in the greater prevalence of obesity in rural areas [55]. Despite the above, we found
higher obesity prevalence in children from urban areas. This fact could be explained (at least in part)
because the analysed schools in our study belonged to adjacent cities, so there might not be much
differences between the schoolchildren. Furthermore, the total population reached in the city with the
largest number of inhabitants was only around 20,000 inhabitants. These aspects, together with the
criterion used for the categorisation of the area of residence [28], could have influenced the results
obtained. Moreover, obesity rates by area of residence have not yet been well studied in depth [39].

In the case of immigration, we observed that immigrant children had a higher prevalence of excess
weight and high adiposity. This fact is consistent with others studies performed both in Europe [56] and
Spain [16,57], suggesting that belonging to an immigrant family has a higher prevalence of excess of
weight. In this sense, immigrant children are more likely to suffer from social exclusion, which seems to
lead to unhealthy behaviour [58] and probably to increased body weight. However, it has been pointed
out that the level of adiposity may differ due to the level of integration of the local culture rather than
the fact of being an immigrant itself [59]. On the other hand, the recent study by de Bont et al. [19] also
found lower figures among children of African and Asian nationalities. Moreover, these same authors
showed that the risk of having excess weight increased over time, according to the cumulative ages
of residence in Spain. This tendency has been identified in other studies, in which it was considered
that exposure and acculturation to the Western lifestyle among the immigrant population led to this
increase [60]. Nonetheless, data on childhood obesity in immigrant population in Europe and Spain
are limited and may fluctuate considerably in relation to what is described in the United States [19].

In this study, we found some strengths that characterise our study, we assessed several
obesity-related parameters such as WC, WHtR, or %BF, apart from the most commonly used BMI.
This choice is based on the intention to offer a better understanding of the childhood obesity problem
since, according to previously recommendations, BMI should be complemented by other anthropometric
parameters (WC, for instance) to establish efficiently the risk in individuals [14,15]. Furthermore,
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the inclusion of several sociodemographic factors resulted in two essential aspects: on the one hand,
a better understanding of the influence of these factors on the differences in childhood obesity in
the region of Spain with the highest number of obese children [27]; on the other hand, a call for
both regional and national government institutions to assume responsibility, leadership, political
commitment, and take action in line with the recommendations of the WHO to address childhood
obesity in the long term [5]. Contrariwise, there are certain limitations that must be declared. First,
because of the cross-sectional design of this study, we are not able to establish cause-effect associations.
Another limitation that we found is related to the lack of information on the individual’s developmental
stage—for example, Tanner Stage, as an indicator of sexual maturation. In this line, differences in
the distribution of BF begin at the age of the puberty, with boys developing a distribution which
favours central deposition of fat, irrespective of their total BF [47]. Moreover, although we reported on
per capita income of the different cities, information on the individual’s socioeconomic status could
provide more accurate information about this variable.

Finally, our study suggested that overweight/obesity among schoolchildren in the Region of
Murcia is higher than the overall prevalence of Spain. The result of the adjusted analyses showed
that age, type of schooling, per capita income, and immigrant status were associated with obesity
parameters. The identification of socio-demographic variables related to paediatric obesity can be an
appropriate tool for possible early prevention and intervention. Public health policies and interventions
aimed at the prevention and treatment of childhood obesity should incorporate a sensitive and clear
focus on social and economic inequalities; emphasising on the groups most at risk.

Supplementary Materials: The following are available online at http://www.mdpi.com/2227-9067/7/11/201/s1,
Table S1. Prevalence of having excess weight, abdominal obesity, high trunk fat mass, and high adiposity according
to the different sociodemographic factors; Table S2. Association of having excess weight, abdominal obesity, high
trunk fat mass and high adiposity according to different sociodemographic factors.
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Abstract: Background: The aim of the present study was to examine the effects of socioeconomic status,
nutrition and physical activity lifestyle habits and perceptions on Body Mass Index (BMI) in children
aged 12–15 years in Greece. Furthermore, to compare the difference between the two sexes. Methods:
This is a cross-sectional study conducted on a representative secondary school cohort that included
5144 subjects, aged 12 to 15 years. Students and their parents filled in validated questionnaires
evaluating socioeconomic status, nutrition and physical activity. International Obesity Task Force cut
offs were used to classify the children. Factor analysis of mixed data and partial proportional ordered
logistic models were used to analyze BMI distributions. All analyses were stratified by gender. Results:
Boys were 2.9 (95%CI: 2.592–3.328) times more likely to be overweight/obese than girls. Partial
proportional ordinal models indicate significant associations between nutritional and physical habits
and perceptions variables but also significant gender differences in socio-demographic, nutritional
risk factors as well as physical activity habits and perceptions. Conclusions: A clear understanding
of the factors that contribute to the sex differences in nutrition and physical activity habits and
perceptions may guide intervention efforts.

Keywords: adolescents; nutrition habits; nutrition perceptions; Body Mass Index (BMI) category;
overweight; obesity; physical activity habits; physical activity perceptions; Greece

1. Introduction

The prevalence of obesity during childhood and adolescence has risen significantly
over the last decades, specifically according to NHANES study the rate of obesity during
adolescence has quadrupled [1] The World Health Organization (WHO) has announced
that childhood and adolescent obesity is the number one problem of public health and
advises on actions needed to halt the progression of obesity epidemic [2].

Greece among other countries of southern Europe has one of the highest prevalence
rates of childhood obesity [3]. Obesity is of multifactorial etiology including genetic,
environmental such as nutrition and physical activity, and socioeconomic factors [4,5].
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Obesity is associated with short-and long-term complications and comorbidities including
metabolic syndrome, diabetes mellitus type 2 and premature cardiovascular disease [6,7].

In order to implement prevention strategies, it is very important to define the modi-
fiable factors that contribute to the increase of body mass index (BMI). These factors can
be recognized at an individual, family, community or national level [1,4,5]. In regards to
sex there are several biological (sex specific) factors that have to do with the timing of
puberty, body composition and growth patterns and social and cultural factors (gender
specific) that reflect the ways in which boys and girls react to their physical and social
environment [5]. Previous observational studies have examined associations of gender
with behaviors linked to obesity and have observed gender related differences, namely
that participation in vigorous exercise and in school sports had a protective effect for boys
while drinking milk had a protective effect for girls [8]. It has also been reported that there
are certain behaviors, especially eating disordered behaviors, as well as perceptions, such
as fear of negative evaluation and weight shape concerns, that are gender dimorphic [9,10].
Furthermore, prevalence of components of metabolic syndrome and lifestyle behaviors
may vary among the two sexes [11].

To our knowledge, there is limited information concerning the differences among boys
and girls in adolescence, in regard to nutrition and physical habits and perceptions and
their influence on BMI. The sex differences in acquired behaviors and perceptions vary
across cultures and their impact on childhood obesity remains unclear. Previous research
indicates that girls naturally require less energy intake than boys and that girls may be
more attentive to food as well as to its effects on health and weight control [12].

The aim of the present study was to examine the effects of nutrition and physical
activity lifestyle habits and perceptions on BMI in a large representative sample of children
aged 12–15 years in Greece and to examine possible differences between the two sexes.

2. Materials and Methods

The “Hellenic Action Plan for the Assessment, Prevention and Treatment for Child-
hood Obesity” was a school-based survey, financed by the National Strategic Reference
Framework, conducted at a national level in Greece and provided the data that were used
in the present analysis. The study was conducted according to the guidelines of the Declara-
tion of Helsinki, and approved by the Greek Ministry of National Education and the Greek
Ministry of Health and the Hellenic Data Protection Authority (ethical code MIS 301205).
Data were collected between January2015 and June 2015. The study population comprised
schoolchildren attending secondary schools located in several municipalities in Greece
(urban, semi-urban and rural areas, including islands). Semi-urban population includes
the population of municipalities and communities, whose most populous settlement has
2000–9999 inhabitants, except those belonging to urban planning. Details for all regions and
prefectures selected into the sample and their participation rate were given in Appendix A
(Table A1).

Probability proportional to size (PPS) sampling was applied. The sampling of schools
was stratified by region, proportionally to the total number of pupils attending these
schools. Following this procedure, an appropriate number of schools were randomly
selected from each one of these regions. Specifically, 73 secondary schools were included.
Prior to signing an informed consent, an extended letter explaining the objectives of the
study was provided to all parents or guardians whose children were attending these
schools. Parents who approved participation of their children to the study proceeded to
sign the informed consent form. Pupils with severe chronic illnesses i.e., malignancies,
diabetes mellitus, rheumatoid arthritis or systemic lupus erythematosusor receiving chronic
therapies for more than 6 months per year for any diagnosis, were excluded from the
analysis (43 children).

The response rate was 72%, as 5180 parents out of the 7246 who signed parental
consent forms have fully completed the questionnaire. After examination of univariate
statistics to detect any anomalies in the distribution of variables, (especially outliers or
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missing values), aberrant values and duplicates (36 cases on the total), the total study
sample in this analysis included 5144 secondary school children.

2.1. Measurement

Anthropometric measurements were conducted by sixteen health professionals, hired
and trained for the purposes of this study. Children were measured by two trained
members of the research team, using the same equipment and protocol. Body weight was
measured to the nearest 100 g using a Tanita digital scale (Tanita BWB 800MA). Adolescents
were weighed without shoes, with minimal possible clothing. Height was measured to
the nearest 0.1 cm using a commercial stadiometer (Charder HM 200P Portstad). The
Charderstadiometer was standardized against a Harpenden portable stadiometer. During
the measurement of height, each adolescent was standing barefoot, keeping shoulders in a
relaxed position, arms hanging freely, and head aligned to the Frankfort horizontal plane.
Anthropometric measurements were taken three times, and the arithmetic mean of the
three measurements was computed. Body weight and height were used one to calculate
BMI, using the Quetelet’sequation, i.e., body weight (kg)/height2 (m2). BMI was calculated
and subsequently adolescents were categorized according to International Obesity Task
Force (IOTF) criteria [13] into the following four BMI categories: Underweight, Normal,
Overweight and Obese. Both inter-rater and intra-rater reliability, measured with the
intra-class correlation coefficients (ICC), yielded values greater than 0.97.

2.2. Questionnaires

Two structured questionnaires were developed and administered to the parents and
students. Validity and reliability of the two questionnaires was tested and found to satisfy
the principles of reliability [14]. In order to assess reliability, prior to initiation of the
study, data were collected from 450 parents of children aged 12–15 and 250 adolescents
aged 12–15 from the region of Attica. Cronbach’s alpha (α) and ICC were used to test
reliability. Cronbach’s alpha and ICC showed acceptable reliability (α: 0.79 = 0.90 and
ICC: >0.690–0.910). The factors addressed included socio-demographic characteristics,
such as age, gender, geographic area (urban, semi urban, rural), nutrition and physical
activity habits and perception, socioeconomic status (SES). SES index has a range between
of 0–13, with higher values indicating higher SES of the family, as previously published by
Moschonis et al., 2013 [15].

2.3. Statistical Analysis

Factor Analysis of Mixed Data
A mixed data factor analysis (FAMD) was attempted in order to reduce the number

of variables. Factor Analysis of Mixed Data is a main component method dedicated
to exploring data with both continuous and categorical variables. This factor analysis is
suitable when the dataset includes both qualitative and quantitative variables. It can be seen
roughly as a mix between Principal Component Analysis and Multiple Correspondence
Analysis [16,17]. This ensures a balance between the influence of both continuous and
categorical variables in the analysis.

The initial number of variables was 180. We have removed all items with a commu-
nality score less than 0.2 [18]. Items with low communality scores may indicate additional
factors which could be explored in further studies by measuring additional items [19]. Any
item which did not load above 0.3 on any factor was removed and the analysis was re-run.
All retained factors had at least three items [20,21]. Items in the rotated factor matrix that
cross-loaded on more than one factor were removed in turn, starting with the item with
the highest ratio of loadings on the most variables with the lowest highest loading. Finally,
9 factors were retained with 32 variables that explain 59% of the total variance [22]. Results
support the factorability of the correlation matrix.

Figure A1a (screeplot) and Figure A1b in Appendix A indicate respectively the per-
centages of inertia explained by each of the final 9 FAMD and the individual factor map.
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Figure A2 indicates the first 15 well projected variables for the first two dimensions. As can
be seen in Figure A2, eating habits (meals frequency) and fattening perceptions (five meals,
skipping breakfast, eating frequently, eating light products), as well as socio-demographic
characteristics (age, area, sex), have the most important contribution to the two first di-
mensions Variables related to body image (such as “I want to be thin” and “I deal with
diets”), have the most important contribution to dimension 3. Perceptions for physical
activity (such as self-evaluation on physical activity and efficiency of school’s gym hours
and breaks), midday and after meal snacks (cheese pie, bread and fruits after dinner)
and drinks in breakfast (such as cocoa milk, and whole milk), had respectively the most
important contribution to the dimensions 4, 5 and 6). Organized sports (such as football,
dance and track and field sports) had the most important contribution to Dimension 7.
Purchase criteria/choice of food (according to their price or their calories) and SES, had the
most important contribution to Dimension 8. Sedentary behaviors combined with eating
such as meals in front of PC per week, snack (salty) in front of PC/tv per week, snack
(sweet) in front of PC (TV) per week, had the most important contribution to Dimension 9.
Also, sex has a significant contribution on Dimension 2, 5 and 7, that supports our decision
to analyze the 2 sexes separately in order to avoid the possible additional complexity in
our model. Factors description is presented in Appendix A, Table A2.

Descriptive Statistics-Outcome
Descriptive statistics were calculated for the remained variables. Chi-square tests and

t-student tests were used to test the homogeneity among boys and girls for each variable at
significance level α = 5%.

Weight category was measured on an ordinal scale: the codification of the outcome
variable is: 0 = Normal weight/underweight, 1 = Overweight, 2 = Obese.

Ordered logistic models
For ordered dependent variables Y, the ordered logit model is often the natural choice.

In ordinal logistic regression, the odds of being at category j or lower is:

P(Y ≤ j)
P(Y > j)

; j = 1, . . . , c − 1; P(Y ≤ c) = 1

The ordered logit model, however, features a very restrictive model assumption, the
assumption of proportional odds, that is often rejected in empirical research.

The proportional odds assumption in this study implies that the distances between
different BMI levels are the same. The generalized ordered logit model differs from the
standard ordinal or proportional odds model in that it relaxes the proportional-odds
assumption. It allows that the predictors may have different effects on the odds that the
response is above a cut off point, depending on how the outcomes are dichotomized. The
Partial Proportional Odds (PPO) model is preferred to the generalized ordinal logistic
regression if some predictor variables violate the assumption and their effects are estimated
freely across different categories of the ordinal response variable [23–25].

Firstly, univariate ordinal logit model was fitted and the Brant test was performed
to evaluate the parallel assumption. This Brant test is used to compare the coefficients
of beta from c-1 binary logits and gives a list of variables violated the parallel assump-
tion. Constraints were imposed on the variables where the parallel assumption was not
violated [23].

The variables found, by use of univariate analysis, to be associated with the outcome
variable at the p < 0.20 level, were included in the initial models to determine which
factors were independent predictors of the outcome variable in the study subjects. All
the ordinal logistic models were estimated via Maximum Likelihood Estimation (MLE)
technique. ML estimates are values of the parameters having the ML of producing the
observed sample [25]. The likelihood equations lead to the unknown parameters in a
non-linear function. The ordinal logistic regression model was fitted to the observed
responsesusing the maximum likelihood approach. In general, the method of maximum
likelihood produces values of the observed probability values. According to the Brant
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test, parallel lines assumption was significantly violated for two variables in boys’ model
and for four variables in girls’ model. Subsequently, PPO and generalized ordered logit
model (GOLM) were fitted to the data. Finally, a comparison of the multivariate models
was made [24].

The results were recorded as frequencies (N) and percentages, means and standard
deviations (SD), odds ratios (OR) with 95% confidence intervals (CI), and p values. Hence,
OR > 1 indicate that higher category values make it more likely that the respondent will
be in a higher category than the current one, while OR < 1 indicate that higher category
values on the predictor increase the likelihood of being in the current or a lower category.

All analyses were stratified by gender. R language (packages factorMiner, factorExtra)
as well as Stata 14.0 software were used.

3. Results

3.1. Sample Characteristics

Sample characteristics followed by homogeneity tests, (α = 5%), between sexes are
given on Table A3 in Appendix A for all variables included in final models. Results for the
rest of variables are given on Table A4 in Appendix A). The prevalence of overweight and
obesity was 24.8% and 6.8% respectively. Boys were 2.9 (95%CI: 2.592–3.328) times more
likely to be overweight/obese than girls.

Statistically significant differences were observed among boys and girls in their self-
evaluation in relation to physical activity with girls being significantly less active than boys
(p < 0.001) and in relation to the perception regarding efficiency of school’s gym hours
and breaks (p = 0.001). Also, boys participated more frequently than girls in outdoor sport
activities such as track and field (p = 0.037). Girls seem to have a better level of knowledge
in relation to eating habits, such as their opinion on “eating five meals per day” (p < 0.001),
their agreement to “skipping breakfast is fattening” (p < 0.001) and the consumption of
cheese pie at breakfast (p < 0.001). Significant differences were observed in fruit after dinner
consumption that is more frequent in boys (p = 0.023). Results are in the same direction in
cocoa milk consumption at breakfast (p < 0.001) and in frequency in dinner consumption
(p < 0.001). Also, girls seem to have greater involvement with diets (p < 0.001) and to buy
more frequently food products according to their calories (p < 0.001). It seems that boys are
less concerned with their body image (“I’m scared to get overweight <0.001”, “I want to be
thin”: p < 0.001).

3.2. Results of Partial Proportional Odds Models

As can be seen on Table A5 in Appendix B, Partial proportional odds (PPO) models
presented better performance for both sexes. The model which represented the best fit
according to Akaike’s Information Criterion (AIC) and Bayesian Information Criterion
(BIC) is PPO model in both sexes as it has the smallest AIC and BIC and it is also more
parsimonious. Results are presented and interpreted for the significant predictors in
univariate analyses. The variables associated with the outcome at the 5% significance
level were maintained in the final models Table A6 in Appendix B presents the data for
underweight/normal weight children and compares them with data from children with
overweight/obesity. Similarly, the second panel, (Table A7 in Appendix B), compares
children with obesity with all other BMI categories.

3.2.1. Partial Proportional Odds Models (PPOM): Boys

Predictors that do not violate the parallel line assumption

Holding the other predictors constant, the increase in frequency of cocoa milk con-
sumption in breakfast by one unit was negatively associated with the odds (95% OR: 0.314,
95% CI: 0.125–0.792) to be in higher BMI categories, from underweight/normal weight to
overweight/obese or from all other categories to obese)

Track and field sports seem to be a protective factor for obesity: Boys who regularly
took part in track and field training for at least 2–3 times per week were 0.454 times (95%CI:
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0.239–0.864) less likely to be in higher BMI categories, compared with boys who did not
participate in track and field sports.

Dealing with diets was positively associated with the likelihood of being in a higher
BMI category. Boys who never followed any diet were 0.203 (95% CI: 0.084–0.592) times
less likely to move to higher categories in contrast to those who usually follow diets.

The increase of the frequency of afternoon meal per week by one unit decreased the
odds to move from normal weight/underweight to higher BMI categories or from all other
BMI categories to obesity by 0.203 times (95%CI: 0.088–0.468).

As compared to a boy who is always concerned with the desire to become thinner, a
boy who was sometimes/rarely concerned with the desire to become thinner is 0.272 times
(95% CI: 0.159–0.596) less likely to be in higher BMI categories. As opposed to a boy who
was always concerned with the desire to become thinner, a boy who is never concerned
with the desire to become thinner was 0.246 times (95% CI: 0.149–0.496) less likely to be in
higher BMI categories, holding the other predictors constant.

As compared to a boy who is “always scared”, a boy who is “rarely scared” is 2.504
times more likely to be in overweight or obese status, (95% CI: 1.242–5.048). As com-
pared to a boy who is “always scared”, a boy who is “never scared” was 2.070 times
(95% CI: 1.118–3.831) more likely to be in overweight or obese status, holding the other
predictors constant.

The subjective estimate of the level of physical activity had a significant effect among
both binary models. A boy who characterized himself as quite/very active was 0.691 times
(95% CI: 0.550–0.868) less likely to be in higher BMI categories as compared to a boy who
did not characterize himself as quite/very active.

The daily consumption of cheese pie at brunch increased the odds to be in higher BMI
categories by 4.465 times (95% CI: 1.567–10.724) in contrast to those who never or rarely ate
cheese pie at breakfast.

A boy who agreed with the statement that “eating frequently without order fattens”, as
compared to a boy who strongly disagreed/disagreed with this, was 0.508 (95% CI: 0.275–0.940)
times less likely to be in higher BMI categories, from under-weight/normal weight to over-
weight/obese or from other categories to obese, holding all other factors constant.

Eating bread “sometimes” as compared to “never” decreased the odds to be in higher
BMI categories by 0.453 times (95% CI: 0.274–0.747) in both BMI comparisons, holding the
other predictors constant.

Predictors which violated the parallel regression assumption

A boy who agreed/strongly agreed with the perception that “light products fatten
was 1.902 times (95% CI: 1.139–3.175) more likely to be in higher BMI categories from un-
derweight/normal to overweight/obese as compared to a boy who did not agree/strongly
disagree with this perception. The odds ratio became larger when the final binary model
was used to compare obese with the other BMI categories. Moreover, a boy who strongly
agreed/agreed with this perception in the final comparison (obese versus other categories)
increased the odds to be in the higher BMI category by 3.815 (1.927–7.554) times as com-
pared to a boy who did not agree/strongly disagree with this perception.

A boy who ate often (3–4 times per week) fruit after diner was by 0.440 times (95% CI:
0.195–0.988) less likely to be in a higher BMI category as compared to a boy who never ate
fruit after diner. This predictor becomes significant only in the comparison among obese
and lower BMI categories.

3.2.2. Partial Proportional Odds Models (PPOM): Girls

Predictors which do not violate the parallel line assumption

A girl who characterized herself as quite/very active was 0.714 (95% CI: 0.582–0.877)
times less likely to be in higher BMI categories as compared to a girl who did not character-
ize herself as active, from underweight/normal weight to overweight/obese or from other
categories to obese, holding all other factors constant.
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Also, higher values of the variable “dinner frequency” were related with lower values
of BMI categories. In terms of odds ratio, the increase in frequency of this variable was neg-
atively associated with the odds (OR: 0.863, 95% CI: 0.748–0.997) of being to a higher BMI
category, from underweight/normal weight to overweight/obese or from other categories
to obese, holding all other factors constant.

Increased frequency of eating bread (“often/always” as compared to “never”) at brunch,
decreased the odds to be in higher BMI categories by 0.382 times (95% CI: (0.157–0.932), from
underweight/normal weight to overweight/obese or from other categories to obese, holding
all other factors constant.

Considering that five meals per day were good/very good (as oppossed to “bad/very
bad”), decreases the odds to be in higher BMI categories by 0.241 times (96% OR: 0.079–0.735)
from underweight/normal weight to overweight/obese or from other categories to obese,
holding all other factors constant.

A girl who considered that the hours of physical activity in school classes and breaks are
adequate in order to be physically active was 2.509 (95% CI: 1.338–4.704) times more likely to be
in higher BMI categories as opposed to a girl who did not agree/strongly disagree with that.

Regular breakfast consumption seems to have a protective effect for obesity. In
terms of odds ratio, the increase in frequency of this variable by one unit was negatively
associated with the odds (OR: 0.537, 95% CI: 0.408–0.711) of being to a higher BMI category,
from underweight/normal weight to overweight/obese or from other categories to obese,
holding all other factors constant.

Considering that “skipping breakfast fattens” seems to have a protective effect against
obesity. A girl who agreed that skipping breakfast consumption is fattenning as opposed
to a girl who did not agree/strongly disagree with that, was 0.241 (95% CI:0.078–0.734)
times less likely to belong to higher BMI categories, holding the other predictors constant.

A girl who was usually/often concerned with the desire to become thinner was 0.641
times (95% CI: 0.491–0.836) less likely to be classified in a higher BMI category as compared
to a girl who was always concerned with this desire. Girls who are some-times or rarely
concerned with the desire to become thinner were 0.476 times (95% CI: 0.351–0.646) less
likely to be classified in a higher BMI category in comparison to girls who were always
concerned with this desire. Also, girls who were never concerned with the desire to become
thinner were 0.315 times (95% CI: 0.136–0.271) less likely to be classified in a higher BMI
category when compared to girls who were always concerned with this desire.

Girls who were “scared of the idea of becoming obese” (from often through usually)
were less likely to move to higher categories as compared to girls who are never “scared of
the idea of becoming obese, from underweight/normal weight to overweight or from other
categories to obesity”: As compared to a girl who is “always scared”, a girl who is “rarely
scared” is 3.829 times more likely to be in overweight or obese status, (95% CI: 2.080–7.047).
As compared to a girl who is “always scared”, a girl who is “never scared” is 2.438 times
(95% CI: 1.305–4.354) more likely to be in overweight or obese status, holding the other
predictors constant.

Predictors which violated the parallel regression assumption

Geographic area is a significant predictor only in the second binary model, when
comparing obesity with other BMI categories. Girls who live in an urban area were 0.537
times (95% CI: (0.408–0.711)) less likely to be in the obesity category as opposed to girls
who live in a rural area, holding the other predictors constant.

Age was negatively associated with the likelihood of being in a higher BMI category
only when comparing underweight/normal weight with higher BMI categories. An age
increase by 1 year, decreased the likelihood that a girl was classified in a higher BMI
category by 0.668 times (95% CI: 0.584–0.813), holding the other predictors constant.

Girls who selected their foods according to their caloric content were 2.871 (95%
CI: 1.042–7.901) times more likely to be in higher BMI categories than those who do
not consider this criterion as important. This variable was significant, only in the final
comparison (obesity versus other BMI categories).
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Girls who drank whole milk at breakfast on a daily basis, were 2.483 (95% CI: 1.088–5.668)
times more likely to be in obesity category than those who never drank whole milk at breakfast.
This variable was significant, only in the final comparison (obesity versus other BMI categories).

4. Discussion

In the present study we addressed habits and beliefs that possibly lead to certain
behaviors and choices in regards to eating and physical activity habits. It has been shown
in previous research that a number of nutrition habits as well as sedentary activities are
correlated with a positive increase of BMI [4]. Adolescents receive a large number of
positive and negative messages from parents, teachers, caregivers and coaches regarding
what consists a healthy lifestyle. Depending on their age, sex, intelligence, social and
family environment they integrate in their beliefs a variable mixture of what they have
been taught, and their thinking most likely reflects on their behavior (attitude). Boys and
girls internalize stimuli in a different way and may react in distinct patterns.

In the representative sample of adolescents attending high schools throughout Greece,
a number of differences among the two sexes were appreciated in regards to their habits,
beliefs and fears concerning the factors that contribute to overweight and obesity. These
beliefs had to do with what was more important in choosing the right food or avoid the
unhealthy food i.e., calories, homemade or commercially available, the timing and number
of meals during the day. The fear of obesity and the desire to lose weight or achieve a
thinner body figure were also questioned. The subjective judgment of the level of activity
and degree of physical fitness was addressed

The use of statistical tests and models has revealed the importance of a constellation
of factors that correlate with higher BMI that are sex dimorphic. Girls seem to have greater
involvement with diets and to buy more frequently food products according to their
calories and are more concerned with their body image. Whilst avoidance of obesity is
considered a healthy approach, inappropriate dieting and weight-loss behaviors known to
accompany fear of fatness among adolescents, may pause a serious health risk [21]. It is
possible that girls who have a desire to become thinner have a tendency to follow stricter
diets for a short period of time and are at higher risk of emotional eating. Females are also
more prone than boys to develop eating disorders [22].

Regarding their attitude towards dietary habits the notion that skipping breakfast
is preventing for overweight was revealed to be a risk factor for obesity and the same
applies for the concept that food choice according to their calorie content, is an important
practice in order to halt BMI increase. It is anticipated that the attitude that skipping
breakfast supports weight control is followed by omitting breakfast on a regular basis.
The importance of breakfast intake on a daily base has emerged as an important factor
preventing obesity, in several cross-sectional studies but not in cohort studies as it is
published in a recent meta-analysis The risk of obesity in children and adolescents who
skipped breakfast was 43% greater than those who ate breakfast regularly.

A possible explanation of the negative effect of food choices based on calorie content
is that consumers frequently underestimate the caloric content of foods [26]. Another
important factor is that it has been shown that paying attention only to caloric content
does not assure the healthier choice as far as the content of trans-fat, carbohydrates, sugars,
sodium and fiber that may not be optimal. Of interest is recent study that reports on
the importance of the side where the label is placed and the impact that labeling has on
consumer’s choice. They demonstrated that the label that has a positive statement such as
healthy choice has stronger effect than a negative statement as high calorie food [27].

On the other hand a protective effect was elucidated for the impression that the
consumption of five meals per day is a good practice. Girls who have the impression that
consuming 5 meals per day, is a healthy practice have a higher possibility of applying
this habit and also higher chance of having more family meals. Recent meta-analysis
have demonstrated a significant relationship between frequent family meals and better
nutritional health-in younger and older children, across countries and socioeconomic
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groups [28].It can also be contemplated that those girls make healthier choices of small
meals or snacks and avoid frequent snacking or poor snack choices [29].

Referring to their judgment as to the adequacy of the time spent for physical activity in
school as part of the physical education classes combined with the recreational activities and
sports during school intermissions, a negative correlation was recognized. Adolescent girls who
assume that this level of physical activity is appropriate as a daily standard of activity have
higher chance of being in the higher level of BMI. This belief most likely leads to considerable
inactivity during their leisure time during after school hours. Low levels of physical activity
during adolescence are considered a global burden [30] and beliefs play an important role.

The subjective impression of the level of physical activity reflected to their BMI status as
girls who considered themselves as being active or very active had lower chances to be in higher
BMI categories than girls who do not characterize themselves as active. Again it is reasonable
to contemplate that their self-judgment reflects on their involvement in sport activities.

Concerning their habits, girls who eat breakfast and dinner regularly have lower odds of
obesity. To the same direction is the impact of consuming bread as part of brunch, especially
for girls. This finding highlight the importance of eating breakfast as it was already stated but
also the importance of having dinner in the context of having 5 meals per day.

Another factor that had a significant relation in a negative manner was the age. As
girls move to higher class in high school had lower odds of being in the overweight/obese
category. Specifically the increase of the age by 1 year decreases by 0.621 times the likelihood
that a girl moves from underweight/normal weight to a higher BMI level. The impact of
age can possibly be explained with the correlation that was noted that the desire to avoid
overweight has a protective effect. As girls get older they have greater preoccupation with
their body image and the fear obesity may play a stronger role.

In boys, concerning their beliefs and attitudes regarding what is healthy and what
helps them to prevent overweight and obesity, it was elucidated that boys who think that
unlimited snacking is related to a tendency to obesity were less likely to be overweight and
obese. Meals and snacks are quite different in terms of way of preparation and setting in
which they are consumed. It is most likely that these boys avoid an unordered way of eating
and snacking throughout the day and thus attain a healthier body size. Recent study has
shown that parents pay less attention and effort in preparing snacks as compared to meals
and they are more prone to offer unhealthy snacks than unhealthy meals. Furthermore,
they reported that this observation holds true for normal weight as well as overweight or
obese children. In the same study differences were appreciated in the way snacks were
treated among adolescent boys and girls with normal and increased BMI. It is notable
that a greater percentage of non-overweight youth (both boys and girls) reported the
consumption of fruits and vegetables as snacks, and boys, those of higher weight status
were less likely than girls to eat foods prepared at home as snacks [31].

Boys who were preoccupied with diets and different types of dieting they were more
likely to belong to the obesity group. This finding may be consistent with assumption that
in order to lose weight or to maintain a healthy weight someone should follow a restrictive
diet. This notion though may lead to a vicious cycle as restrictive diets have been associated
with short term weight loss but long term aggravation of BMI. Furthermore, restrictive
diets are not recommended during childhood or adolescence [32]. A study from Brazil
reported that adolescents with poor self-image and higher BMI had a higher trend to follow
restrictive diets, with no sex predilection [33].

The perception that light products fatten was proven to be a risk factor that increases
the odds of being in the obese group. This viewpoint most likely prohibits them from
including light products to their daily nutrition program and rather uses other foods that
conceivably are more calories dense. To our knowledge there are no similar reports in the
literature. Similarly, the daily consumption of whole milk in girls increases the odds to be
to obesity category.

Regarding boys attitude towards “thinness”, results are in the same direction as in
girls, although boys are less concerned with their body image than girls. Remarkable is
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that boys and girls who are indifferent of the status of obesity, “they do not have a fear of
becoming obese”, have higher tendency to belong to the higher BMI group, whereas the
opposite is true if they don’t have any desire of being thin. Recent study has revealed that
adolescents have developed phobias as a result of being discriminated [34].

Self-assessment of the level of physical activity has a negative correlation with BMI
category. The higher the impression of the level of physical activity the less the possibility
to belong to the obesity group. This finding is in line with the observation in girls that
underlines that adolescents can accurately estimate their level of activity and reflects their
real-life level of activity.

Regarding boys’ nutritional habits several aspects are in line and support the impor-
tance of the having 5 meals a day in order to maintain a normal BMI. Boys who used to
drink milk with cocoa for breakfast, have an afternoon snack, eat dinner, and/or have a
fruit after dinner tend to be in the group of normal weight. It is of interest the finding
that consumption of milk with cocoa has a protective effect. Similar findings for the pro-
tective effect of milk consumption in adolescent boys against obesity were reported by
Murphy et al. [35]. The increased frequency of eating dinner was negatively associated
with the odds of being in a higher BMI category. Eating bread for brunch or midday snack
has a protective effect being a healthier choice compared with alternatives such as pies,
cakes, and biscuits. On the other hand eating daily cheese pie for breakfast is a choice
that increases the odds to be in the higher BMI group. This variable remains significant in
the multivariate model for boys. Cheese pie is a high fat, high carbohydrate choice very
popular among Greeks.

In regards to physical activity, boys who are involved in track and field sports had greater
possibility of being in the normal weight group. Involvement in organized physical activity
has been shown to be a protective affect for the development of obesity [36,37], however there
is no clear impression as to what type of sport activity has a stronger effect. Track and field
sports are more widely followed in Greece and this is reflected in the present study.

In regards to area of residence, living in a rural area remaιns significantly associated
with obesity in the final models only for girls. The sociocultural differences, the differences
in lifestyle habits and the lack of infrastructure in rural areas [36], that preclude the access
of adolescents to gyms and sports facilities seems to have a more serious impact on the
weight of girls than boys.

A limitation of the present study is the cross-sectional design which does not allow for
causality conclusions and the self-reporting of information regarding sports participation
and diet habits which is a source of bias. Longitudinal data are necessary to further unravel
the complex interplay between the outcome and the above mentioned covariates. Strong
points of the study are the large representative sample, the nationwide participation that
increases the external validity of this study.

The current data support the hypothesis that beliefs and habits play an important and
the perception role towards the development of obesity, however different factors may
be protective as well as risk factors among the two genders. As was explicitly analyzed
in the results section distinctive risk or protective factors emerged for the girls and boys.
Regarding their impressions, the fear of obesity was protective for girls and for boys,
whereas preoccupation with diets is a risk factor for obesity for both sexes. More healthy
choices in mid-day snacks-such as bread-and frequent meals are protective factors for
both sexes Gender dimorphic factors were recognized and these are the choice of food
based on the calorie content for girls, frequent snacking for boys. Also, daily whole milk
consumption at breakfast is associated with obesity in girls—although this consumption
is more frequent for boys-, and high fat products consumption at breakfast that is more
frequent for boys are related to increased risk for obesity for boys. On the other hand,
regular cocoa milk consumption that is more frequent in boys than girls, seems to have a
protective effect against obesity only for boys. Also girls seem to be more vulnerable to
some sociodemographic factors such as age and geographic area. It is known that, beyond
the biological differences and differences due to society or culture including food choices
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and dietary concerns, the levels of resting energy expenditure and energy requirements are
different between girls and boys and the results of this study support these differences [38].

Regarding physical activity habits and perceptions, sex differences in engage in out-
door sport activities is evident in our study and this more frequent participation of boys
emerges in this study as a protective factor against obesity as well [30,36].

A theoretical implication of these differences is that exposure to different role models,
family dynamics as well as exposure to advertisements may affect the way children and
adolescents appreciate weight status and factors correlating with weight control.

A practical implication is that the way doctors, parents and teachers approach children
and adolescents promoting the healthy habits is of paramount importance as it can lead
to negative or positive behaviors. An important finding of the present study is that the
preoccupation with diets and dieting emerges as a risk factor for overweight and obesity.
The tentative message is that positive role modeling and early education regarding healthy
choices is desirable. Trying to understand more what the children think and criticize less
could be helpful in helping them internalize health perceptions and follow healthy habits.
The search for the perfect diet can have the opposite effect on BMI and this applies to both
genders. Furthermore, the adherence to a five-mealplan per day has a protective effect and
can prevent the development of obesity.

As public health measures are concerned, applying a prevention plan that includes
psychological assessment and intervention taking into consideration the developmental
differences of boys and girls as well as their perceptions which should be appreciated.
Furthermore, ministry of education can implement measures for elementary schools on a
regular basis and not as an intervention project of short duration taking into consideration
the aspects of self-image, fear of obesity, preoccupation with dieting and diets. Having
breakfast and mid-day snack at school together with the teachers routinely, will support
the five meal plan per day.

Further research projects can address on a longitudinal basis, in prospective studies,
the effect of alleviation of barriers on adoption of healthy life style habits considering the
different needs of both sexes.

5. Conclusions

This study provides additional evidence that nutrition and physical activity habits
and perceptions are important factors to prevent overweight/obesity in both sexes. Also,
this analysis indicates that a number of perceptions and attitudes that correlate with obesity
are sex dimorphic. A better understanding of trends in boys and girls nutrition habits and
physical activity patterns within different weight status, seems to be a priority.

Interventions should be tailored according to sex in order to support adolescents to
maintain healthy life style habits
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Appendix A
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Figure A1. (a,b) Scree plot for each of the first 9 FAMD dimensions and individual factor map.

Figure A2. The first 15 well projected variables for the first two dimensions.
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Table A1. Regions and Prefectures included in the sample.

Regions Prefectures % of Sample

Eastern Macedonia Thrace Drama 1.10

Evros 1.10

Kavala 1.10

Xanthi 1.10

Rodopi 1.10

Central Macedonia Thessaloniki (2 regional units) 10.40

Imathia 1.10

Kilkis 1.10

Pella 1.10

Pieria 1.10

Serres 2.20

Halkidiki 1.10

Western Macedonia Kastoria 1.10

Kozani 2.20

Florina 1.10

Epirus Arta 1.10

Thesprotia 1.10

Ioannina 2.20

Preveza 1.10

Thessalia Magnesia 2.00

Larissa 2.70

Trikala 1.50

Ionian Islands Zakynthos 1.00

Corfu 1.10

Kefallinia 1.00

Western Greece Aetoloakarnania 2.50

Ahaia 3.20

Viotia 1.80

Evia 2.00

Fthiotida 1.70

Attiki Athens (6 regional units) 20.80

Piraeus 6.30

Peloponnese Argolida 1.10

Arkadia 1.10

Corinthos 1.10

Laconia 1.10

Messenia 2.20

North Aegean Lesvos 1.10

Samos 1.10

Chios 1.10

South Aegean Cyclades (Samos, Santorini) 2.20
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Table A1. Cont.

Regions Prefectures % of Sample

Dodecanese (Rhodes, Kastelorizo) 2.20

Crete Heraklion 2.60

Lasithi 1.00

Rethymno 1.00

Table A2. Factors extracted by Factor Analysis of Mixed Data and variables description.

Compounds Eigenvalues
% Cumulative

Variance
Description Variable Labels Variable Names

comp 1 3.85 9.167
Meals frequency and

perceptions of fattening

Number of afternoon meals/week afternoon_meals

Frequency of dinner meals per week diner_week

Frequency of breakfast consumption
per week breakfast_meal

Eating 5 meals per day is: five_meals_per_day

Eating frequently (without order) fattens eating_frequently

Skipping breakfast fattens fattening_breakfast

Eating light products fattens light_fattens

comp 2 3.643 17.839 Sociodemographic
factors

Age age

Area area

Sex sex

Comp 3 3.155 25.45
Body images and
behaviors against

obesity and fattening

I want to be thin wanna_be_thin

I deal with diets deal_with_diets

I’m scared to be overweight scared_be_overweght

Comp 4 2.969 32.55
Perceptions about
physical activity

Self evaluation of physical activity caracterize_yourself

The recommended physical activity is 1 h recommendedPA

The gym hours and breaks at school are
enough to be physically active gym_hours

Comp 5 2.613 38.6 Foods/snacks eaten at
meals and after meals

Bread at brunch bread_brunch

Cheese pie at breakfast pie _ cheese

Fruit after diner fruit_afterdiner

Comp 6 2.517 44.6 Drinks consumed for
breakfast

Whole milk at breakfast per week whole_milk

Cocoa milk at breakfast per week cocoa_milk

Fresh juice per week freshjuice

Compound 7 2.319 50.31 Organized physical
activity

Football per week football

Basket per week basket

Track and field per week track_field

Dance per week danse_week

Comp 8 1.703 54.71
Purchase criteria/choice

of food and
socioeconomic status

Buying products according to their price importance_of_low_cost

Buying products according to their calories count_calories

ses ses

comp 9 1.583 58.51
Sedentary behaviors

and eating

Meals in front of PC per week pc_food

Snack (salty) in front of PC/tv per week tv_snack

Snack (sweet) in front of pc(TV) per week pc_snack
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Table A3. Descriptive statistics and statistical tests (α = 5%) by sex, for significant variables on multivariate models.

Variables (Codes)
Boys N = 2527 (49.00) Girls N = 2617 (51.00)

p-Value 1

N (%) N (%)

BMI

Underweight/Normal Weight (0) 1574 (62.3) 1824 (69.7) <0.001

Overweight (1) 661 (26.2) 574 (21.9)

Obese (2) 209 (8.2) 130 (5.0)

Missing 83 (3.3) 89 (3.4)

Area

Rural (0) 610 (24.1) 633 (24.2) 0.753

Semi urban (1) 462 (18.3) 492 (18.8)

Urban (2) 1455 (57.6) 1492 (57.0)

Track and field per week

Never (0) 1699 (67.2) 1809 (69.1) 0.037

1 time (1) 319 (12.6) 271 (10.4)

At least 2–3 times (2) 342 (13.6) 341 (13.0)

Missing 167 (6.6) 196 (7.5)

Characterize yourself in relation to physical activity

No active/Not much either a little (1) 606 (24.0) 1067 (40.8) <0.001

Quite/very active (2) 1921 (76.0) 1550 (59.2)

The gym hours and breaks at school are enough for me to
be physically active

Strongly disagree/disagree (0) 1176 (46.5) 1300 (49.7) 0.001

Undecided (1) 559 (22.1) 628 (24.0)

Agree/strongly agree (2) 740 (29.3) 647 (24.7)

Missing 52 (2.1) 42 (0.6)

Eating cheese pie at breakfast

Never/rarely (0) 1439 (56.9) 1764 (67.4) <0.001

Sometimes/often (1) 847 (33.5) 629 (24.0)

Daily (2) 68 (2.8) 29 (1.1)

Missing 173 (6.8) 195 (7.5)

I deal with diets

Always (0) 64 (2.5) 111 (4.2) <0.001

Sometimes/often (1) 243 (9.6) 337 (12.9)

Rarely (2) 608 (24.1) 798 (30.5)

Never (3) 1529 (60.5) 1299 (49.6)

Missing 83 (3.3) 72 (2.8)

I am scared to get overweight

Always (0) 1065 (42.1) 1463 (55.9) <0.001

Sometimes/often (1) 681 (26.9) 623 (23.8)

Rarely (2) 440 (17.4) 345 (13.2)

Never (3) 272 (10.9) 134 (5.1)

Missing 69 (2.7) 52 (2.0)
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Table A3. Cont.

Variables (Codes)
Boys N = 2527 (49.00) Girls N = 2617 (51.00)

p-Value 1

N (%) N (%)

I want to be thin

Always (0) 453 (17.9) 762 (29.1) <0.001

Sometimes/often (1) 476 (18.8) 567 (21.7)

Rarely (2) 634 (25.1) 610 (23.3)

Never (3) 894 (35.4) 632 (24.1)

Missing 70 (2.8) 46 (1.8)

Drinking whole milk at breakfast

Never/rarely 732 (29.0) 876 (33.5) <0.001

Sometimes/Often 648 (25.6) 606 (23.2)

Daily 933 (36.9) 912 (34.8)

Missing 214 (8.5) 223 (8.5)

Eating bread at brunch

Never 635 (25.1) 643 (24.6) 0.079

Sometimes 1071 (42.4) 1201 (45.9)

Often/always 629 (24.9) 607 (23.2)

Missing 192 (7.6) 166 (6.3)

Eating fruit after dinner

Never 608 (24.0) 701 (26.8) 0.023

1–2 times 675 (26.7) 734 (28.0)

3–4 times 553 (21.9) 507 (19.4)

>4 times 623 (24.7) 610 (23.3)

Missing 68 (2.7) 65 (2.5)

Buying products according to their calories

Not or little important 833 (33.0) 732 (28.0) <0.001

Enough Important 726 (28.7) 610 (23.3)

Very Important 858 (34.0) 1198 (45.8)

Missing 110 (4.4) 77 (2.9)

Eating five meals per day is

Very bad/ bad 338 (13.4) 221 (8.4) <0.001

Neither good or bad 560 (22.2) 519 (19.8)

Good/very good 1540 (60.9) 1813 (69.4)

Missing 89 (3.5) 64 (2.4)

Eating light products is fattening

Strongly disagree/disagree 1137 (45.0) 1220 (46.6) 0.574

Undecided 781 (30.9) 805 (30.8)

Agree /Strongly agree 506 (20.0) 503 (19.2)

Missing 103 (4.1) 89 (3.4)

Skipping breakfast is fattening

Strongly disagree/disagree 1501 (59.4) 1386 (53.0) <0.001

Undecided 449 (17.8) 446 (17.0)
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Table A3. Cont.

Variables (Codes)
Boys N = 2527 (49.00) Girls N = 2617 (51.00)

p-Value 1

N (%) N (%)

Agree/strongly agree 485 (19.2) 722 (27.6)

Missing 92 (3.6) 63 (2.4)

Frequency of breakfast consumption per week 3.82 (1.37) 3.76 (1.43) 0.102

Frequency of dinner meals per week 4.03 (1.13) 3.80 (1.23) <0.001

Number of afternoon meals/week 3.56 (1.26) 3.57 (1.28) 0.839

Cocoa milk for breakfast per week 3.82 (1.26) 1.71 (1.20) <0.001

Age 13.55 (0.94) 13.54 (0.94) 0.845

1 The Chi-square test was used to calculate the p-value. Descriptive statistics and statistical tests (α = 5%) by sex (continuous variables).
Bold: The t-student was used to calculate the p-value.

Table A4. Descriptive statistics and statistical tests (α = 5%) by sex for no significant variables on multivariate models.

Variables (Codes)
Boys N = 2527 (49.00) Girls N = 2617 (51.00)

p-Value 1

Boys Girls

The recommended physical activity is 1 h

Strongly disagree/disagree (0) 356 (14.1) 221 (8.4) <0.001

Undecided (1) 1256 (49.7) 1344 (51.4)

Agree/strongly agree (2) 831 (32.9) 984 (37.6)

Missing 84 (3.3) 68 (2.6)

Buying products according to their price

Not or little important (0) 1828 (72.3) 2154 (82.3) <0.001

Enough Important (1) 401 (15.9) 255 (9.7)

Very Important (2) 199 (7.9) 133 (5.1)

Missing 99 (3.9) 75 (2.9)

Football per week

Never (0) 763 (30.1) 2027 (77.5) <0.001

1 time (1) 328 (13.0) 361 (13.8)

At least 2–3 times (2) 1414 (56.0) 219 (8.3)

Missing 22 (0.9) 10 (0.4)

Basket per week

Never (0) 862 (34.1) 1445 (55.2) <0.001

1 time (1) 600 (23.7) 429 (16.4)

At least 2–3 times (2) 754 (29.9) 291 (11.1)

Missing 311 (12.3) 452 (17.3)

Dance per week

Never (0) 1824 (72.2) 936 (35.8) <0.001

1 time (1) 222 (8.8) 547 (20.9)

At least 2–3 times (2) 86 (3.4) 768 (29.3)

Missing 395 (15.6) 366 (14.0)

Meals in front of PC per week 2.32 (1.087) 2.06 (1.066) 0.015

Snack (salty) in front of PC per week 1.990 (1.056) 1.910 (1.092) <0.001

Snack (sweet) in front of TV per week 1.980 (1.079) 2.480 (1.054) <0.001

SES 6.330 (1.841) 6.870 (0.900) <0.001

Fresh juice per week 3.140 (1.315) 3.040 (1.310) 0.008

1 The Chi-square test was used to calculate the p-value. Bold: The t-student was used to calculate the p-value.
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Appendix B

Table A5. Log–likelihood and likelihood ratio estimates.

Partial Proportional Odds Model PPOM Generalized Ordered Logit Model GOLM

Boys Girls Boys Girls

Log Likelihood (null) −886.01 −708.56 −886.01 −708.56

Log Likelihood (model) −599.02 −540.91 −585.40 −536.60

Likelihood Ratio chi2 573.96 335.38 580.60 339.44

p-value <0.001 <0.001 <0.001 <0.001

Akaike’s Information Criterion 1442.06 1237.82 1455.30 1244.71

Bayesian Information Criterion 2046.29 1619.05 2064.45 1616.08

Table A6. Maximum likelihood estimates of Partial proportional odds model (overweight/obese versus other BMI categories).

Predictors p > |z| Odds Ratio (95% CI)

Overweight/Obese Versus other BMI Categories

Characterize yourself in relation to physical
activity

Boys Girls

Quite/very active 0.001 0.001 0.691(0.550–0.868) 0.714(0.582–0.877)

I think eating frequently (without order) is
fattening

Undecided 0.845 NS 1 0.938 (0.294–1.166) NS

Strongly agree / agree 0.031 NS 0.508 (0.275–0.940) NS

Eating bread for brunch

Sometimes/Rarely 0.002 0.065 0.453 (0.274–0.747) 0.468 (0.209–1.048)

Often/always 0.236 0.034 0.573 (0.228–1.439) 0.382 (0.157–0.932)

Eating five meals per day is

Neither good or bad 0.493 0.232 1.198 (0.716–2.000) 1.376 (0.815–2.323)

Good/very good 0.384 0.012 1.231(0.771–1.966) 0.241(0.079–0.735)

Area Boys Girls Boys Girls

Semi-urban 0.972 0.293 1.009 (0.601–1.697) 0.767 (0.468–1.257)

Urban 0.327 0.387 0.816 (0.544–1.225) 0.837(0.560–1.252)

Frequency of breakfast consumption per week 0.373 <0.001 0.849 (0.359–2.011) 0.537 (0.408–0.711)

Frequency of dinner meals per week 0.089 0.045 0.955 (0.845–1.195) 0.863 (0.748–0.997)

Eating cheese pie (breakfast)

Sometimes/often 0.402 0.072 1.204 (0.780–1.860) 0.810 (0.644–1.019)

Daily 0.005 0.081 4.465 (1.567–10.724) 0.319 (0.088–1.153)

I am scared to get overweight

Sometimes/often 0.080 0.365 1.669 (0.941–2.959) 1.455 (0.890–2.379)

Rarely 0.010 <0.001 2.504 (1.242 5.048) 3.829 (2.080–7.047)

Never 0.021 0.005 2.070 (1.118–3.831) 2.438(1.305–4.554)

I want to be thin

Usually/often 0.005 0.001 0.445 (0.251–0.788) 0.641(0.491–0.836)

Sometimes/rarely <0.001 <0.001 0.272 (0.159–0.596) 0.476 (0.351–0.646)

Never <0.001 <0.001 0.246 (0.149–0.496) 0.315 (0.136–0.271)
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Table A6. Cont.

Predictors p > |z| Odds Ratio (95% CI)

Overweight/Obese Versus other BMI Categories

Frequency of track and field per week

1 time per week 0.704 0.140 0.909(0.555–1.488) 0.669(0.392–1.141)

At least 2–3 times/week 0.016 0.437 0.454(0.239–0.864) 0.777 (0.412–1.468)

Cocoa milk for breakfast per week 0.014 NS 0.314 (0.125–0.792) NS

I deal with diets

Sometimes/often 0.581 0.878 0.718(0.22198–2.325) 1.071 (0.444–2.582)

Rarely 0.858 0.551 0.901 (0.288–2.819) 1.324(0.526–3.331)

Never 0.018 0.377 0.258(0.084–0.592) 1.324(0.526–3.331)

Number of afternoon meals/week <0.001 0.311 (0.809–1.947) 0.203 (0.088–0.468) 1.255(0.809–1.947)

Eating light products is fattening

Undecided 0.392 NS 1.307 (0.708–2.415) NS

Agree /Strongly agree <0.001 NS 1.902 (1.139–3.175) NS

Skipping breakfast is fattening

Undecided 0.384 0.013 1.231 (0.771–1.966) 1.376 (0.815–2.323)

Agree/strongly agree 0.493 0.232 1.197(0.716–2.000) 0.241(0.078–0.734)

The gym hours and breaks at school are
enough for me to be physically active

Undecided NS 0.121 NS 0.352 (0.699–2.154)

Agree/strongly agree NS 0.004 NS 2.509(1.338–4.704)

Age <0.001 NS 0.668(0.548–0.813)

Drinking whole milk at breakfast

Sometimes/often 0.244 0.467 0.394 (0.798–2.422) 0.895 (0.508–1.578)

Daily 0.247 0.187 0.725 (0.451–1.168) 0.765 (0.486–1.204)

Buying products according to their calories

Enough
Important NS 0.041 NS 2.871 (1.042–7.901)

Very Important NS 0.810 NS 0.926 (0.495–1.731)

Eating fruit after dinner

1–2 times 0.560 0.712 0.919 (0.585–1.441) 1.151 (0.717–1.849)

3–4 times 0.803 0.997 1.001 (0.616–1.626) 1.071 (0.625–1.836)

>4 times 0.352 0.232 0.679(0.360–1.281) 0.727 (0.539–1.848)
1 Non Significant in univariate analysis.
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Table A7. Maximum likelihood estimates of Partial proportional odds model (obese versus other BMI categories).

Predictors p > |z| Odds Ratio (95% CI)

Obese Versus other BMI Categories

Characterize yourself in relation to physical
activity

Quite/very active 0.001 0.004 0.691 (0.550–0.868) 0.714 (0.582–0.877)

I think eating frequently (without order) is
fattening

Undecided 0.845 NS 0.938 (0.294–1.166) NS

Strongly agree/agree 0.031 NS 0.508 (0.275–0.940) NS

Eating bread for brunch

Sometimes 0.002 0.065 0.453 (0.274–0.747) 0.468 (0.209–1.048)

Often/always 0.236 0.034 0.573 (0.228–1.439) 0.382 (0.157–0.932)

Eating five meals per day is

Neither good or bad 0.493 0.232 1.198 (0.716–2.000) 1.376 (0.815–2.323)

Good/very good 0.384 0.012 1.231 (0.771–1.966) 0.241 (0.079–0.735)

Area Boys Girls Boys Girls

Semi-urban 0.972 0.293 1.009 (0.601–1.697) 0.767 (0.468–1.257)

Urban 0.327 0.005 0.816 (0.544–1.225) 0.332 (0.154–0.712)

Frequency of breakfast consumption per week 0.373 <0.001 0.849 (0.359–2.011) 0.537 (0.408–0.711)

Frequency of dinner meals per week 0.089 0.045 0.955 (0.845–1.195) 0.863 (0.748–0.997)

Eating cheese pie (breakfast)

Sometimes/often 0.402 0.072 1.204 (0.780–1.860) 0.810 (0.644–1.019)

Daily 0.005 0.081 4.465 (1.567–10.724) 0.319 (0.088–1.153)

I am scared to get overweight

sometimes/often 0.080 0.365 1.669 (0.941–2.959) 1.455 (0.890–2.379)

rarely 0.010 <0.001 2.504 (1.242–5.048) 3.829 (2.080–7.047)

Never 0.021 0.005 2.070 (1.118–3.831) 2.438 (1.305–4.554)

I want to be thin

Usually/often 0.005 0.001 0.445 (0.251–0.788) 0.641 (0.491–0.836)

Sometimes/rarely <0.001 <0.001 0.272 (0.149–0.496) 0.476 (0.351–0.646)

Never <0.001 <0.001 0.246 (0.149–0.496) 0.315 (0.136–0.271)

Frequency of track and field per week

1 time per week 0.704 0.140 0.909 (0.555–1.488) 0.669 (0.392–1.141)

At least 2–3 times/week 0.016 0.437 0.454 (0.239–0.864) 0.777 (0.412–1.468)

Cocoa milk for breakfast per week 0.014 NS 0.314 (0.125–0.792) NS

I deal with diets

Sometimes/often 0.581 0.878 0.718 (0.22198–2.325) 1.071 (0.444–2.582)

Rarely 0.858 0.551 0.901 (0.288–2.819) 1.324 (0.526–3.331)

Never 0.018 0.377 0.258 (0.084–0.792) 1.324 (0.526–3.331)

Number of afternoon meals/week <0.001 0.311 (0.809–1.947) 0.203 (0.088–0.468) 1.255 (0.809–1.947)

Eating light products is fattening

Undecided 0.392 NS 1.307 (0.708–2.415) NS

Agree /Strongly agree <0.001 NS 3.815 (1.927–7.554) NS
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Table A7. Cont.

Predictors p > |z| Odds Ratio (95% CI)

Obese Versus other BMI Categories

The gym hours and breaks at school are
enough for me to be physically active

Undecided NS 0.121 NS 0.352 (0.699–2.154)

Agree/strongly agree NS 0.004 NS 2.509 (1.338–4.704)

Drinking whole milk at breakfast

Sometimes/often 0.244 0.467 0.394 (0.798–2.422) 0.895 (0.508–1.578)

Daily 0.247 0.031 0.725 (0.451–1.168) 2.483 (1.088–5.668)

Age NS 0.861 NS 0.967 (0.663–1.410)

Buying products according to their calories

Enough
Important NS 0.203 NS 1.478 (0.810–2.697)

Very
Important NS 0.810 NS 0.926 (0.495–1.731)

Eating fruit after dinner

1–2 times 0.560 0.712 0.919 (0.585–1.441) 1.151 (0.717–1.849)

3–4 times 0.047 0.997 0.440 (0.196–0.988) 1.071 (0.625–1.836)

>4 times 0.352 0.232 0.679 (0.360–1.281) 0.727 (0.539–1.848)
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