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Preface

Body composition analysis focuses on the quantification of different compartments of the

human body (e.g., fat, muscle and/ or bone mass and water). Based on the assessment of certain

tissues, health professionals can diagnose diseases, such as obesity and osteoporosis, and develop

intervention plans to support the diagnosed individuals. Moreover, body composition tools are used

to explore the prevalence of non-communicable diseases, such as obesity, in wide population groups

and to support policy making, accordingly.

Various methods of body composition analysis have been previously proposed, ranging from

simple, non-invasive and low-cost methods (e.g., anthropometric measurements and bioelectrical

impedance analysis) to more expensive and sophisticated methods (e.g., dual-energy X-ray

absorptiometry and air displacement plethysmography). Still, novel, valid and easily applicable body

composition methods are required to optimize health care and to screen wider population groups on

a systematic basis.

Body composition is a determinant of human health and disease progress in all age groups. It is

influenced by a wide range of genetic and non-genetic factors such as age, gender, ethnicity, nutrition,

physical activity and the presence of diseases. Unravelling the underlying mechanisms linking body

composition and health as well as understanding how each of the aforementioned factors influence

body composition are essential for developing effective interventions to prevent non-communicable

diseases and to support patients’ care and therapies’ effectiveness. Furthermore, it is important to

understand how certain types of interventions can improve individuals’ body composition in order to

use the most effective of these strategies to improve public health, especially in vulnerable population

groups such as children and adolescents.

This Special Issue, ”Body Composition in Children”, collates 16 articles that aim to shed light

in these fields, including 1 systematic literature review and 15 original articles from Asia (Korea,

Malaysia and Taiwan), America (Mexico) and Europe (Austria, Greece, Poland, Serbia and Spain).

The authors have provided novel insights about the prevalence of obesity, the influence of certain

determinants (e.g., nutrition, physical activity and puberty) on body composition, the role of body

composition on children’s health indices and quality of life in health or disease state, and the use of

certain body composition techniques in children and adolescents.

Odysseas Androutsos and Antonis Zampelas

Editors
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Editorial

Body Composition in Children: What Does It Tell Us So Far?

Odysseas Androutsos 1,* and Antonis Zampelas 2

1 Laboratory of Clinical Nutrition and Dietetics, Department of Nutrition and Dietetics, University of Thessaly,
Thessaly, 42132 Trikala, Greece

2 Laboratory of Dietetics and Quality of Life, Department of Food Science and Human Nutrition, Agricultural
University of Athens, 11588 Athens, Greece

* Correspondence: oandroutsos@uth.gr

The Special Issue “Body Composition in Children” of the journal “CHILDREN” aimed
to publish both original and review articles focusing on the prevalence and determinants of
obesity across childhood, the role of body composition in children’s health, new approaches
to assessing body composition, and interventions aiming to improve body composition in
children and adolescents.

Body composition plays an important role in children’s health and influences their
energy requirements. It is determined by several factors, including genetic predisposition,
age, gender, ethnicity, perinatal factors, energy balance (nutrition, physical activity, and
sedentary behavior), and health status, while it can be assessed using various complex
techniques (e.g., the four-compartment model) or more surrogate methods (anthropometry,
bioelectrical impedance analysis (BIA), etc.). Developing new tools, standardizing the
assessment methods, and evaluating the validity and applicability of existing or novel
methods of assessing body composition in pediatric populations would help to optimize
nutritional assessment and enable the scientific community to overcome important barriers
related to its applicability in public health actions and in clinical practice.

Furthermore, understanding the underlying mechanisms linking body composition
and health is essential. Studies exploring the pathways through which adiposity induces
changes in health indices are required in order to tackle the effects of obesity on children’s
metabolic profile and quality of life, and on the development of chronic diseases across
the lifespan. On the other hand, exploring the effectiveness of lifestyle interventions in
improving children’s body composition is essential for the prevention of obesity.

To shed further light on this field, fifteen articles following different designs and
methodologies were included in the present Special Issue, and their major findings are
given in Table 1.

The cross-sectional study by Markovic et al. reported prospective changes in the
prevalence of obesity within a national representative sample of primary schoolchildren
(n = 6105) in Serbia [1]. Data were collected in 2015 and 2019, and the children were
categorized according to the International Obesity Task Force (IOTF) and the WHO criteria.
The results of this study showed that the prevalence of overweight/obesity increased by
4.1% based on the WHO criteria, or by 7.2% based on the IOTF criteria, indicating that the
monitoring and surveillance of pediatric malnutrition should be included in Serbia’s public
health agenda.

Children 2022, 9, 1199. https://doi.org/10.3390/children9081199 https://www.mdpi.com/journal/children1
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Georgiou et al. conducted a cross-sectional study to record the nutritional habits and
to explore the level of adherence to the Greek food-based guidelines among children and
adolescents classed as overweight or obese (n = 1467, 2–18 years old) [2]. According to the
findings of this study, the consumption of various core food groups (dairy products, fruit,
vegetables, legumes, and fish) was lower than the national recommendations, while the
consumption of meat/poultry exceeded them. Moreover, a high number of the participants
were found to consume unhealthy foods and beverages (e.g., regular soft drinks, sweets,
salty snacks, etc.) regularly. The findings of this study indicate that a large proportion
of overweight/obese children and adolescents in Greece do not adhere to the national
food-based recommendations; therefore, public health initiatives must be carried out to
improve their dietary habits and prevent further increases in their body weights.

The studies by Magriplis et al., Karatzi et al., and Ferrer-Santos et al. aimed to provide
more evidence regarding the determinants of obesity in children and adolescents [3–5].
More specifically, Magriplis et al. conducted a cross-sectional study to record sugar intake in
Greek children and adolescents and to explore its association with overweight/obesity [3].
The study sample included 1165 children/adolescents aged ≥ 2–18 years, who participated
in the Hellenic National Nutrition and Health Survey (HNNHS). According to the results of
this study, a large proportion of the participants (18.7% of children and 24.5% of adolescents)
exceeded the recommendation of 10% of total energy intake from added sugars, which
may be attributed to their high consumption of foods rich in sugar, such as sweets and
processed/refined grains and cereals in the case of children, or sugar-sweetened beverages
in the case of adolescents. Furthermore, individuals with an intake of ≥10% of their total
energy from added sugars were more likely to be overweight/obese compared to their peers
with an intake of <10%, even after adjusting for the intake of other foods or macronutrients.
In their systematic review, Karatzi and her colleagues explored the impact of the COVID-19
pandemic on children’s and adolescents’ lifestyles and cardiovascular risk factors [4]. The
electronic search resulted in 15 studies, which met the eligibility criteria set by the authors.
It was revealed that the prolonged measures taken to fight against the COVID-19 pandemic
had negative effects on children’s and adolescents’ dietary and lifestyle behaviors (e.g., an
increase in the consumption of fats, fast-foods, processed foods, sweet and salty snacks, and
sugar-sweetened beverages, as well as an increase in screen-time and a decrease in physical
activity). However, on the other hand, a few studies also reported some improvements
(e.g., an increase in the frequency of breakfast consumption and in fruit and vegetable
intake, and a decrease in soft drinks consumption). Such differences could be attributed to
the different lockdown periods addressed by each study and the diversity of the measures
applied across different countries, as well as the participants’ adherence to these measures.
This study also reported that the COVID-19 period negatively affected children’s and
adolescents’ weight status and body composition. On the other hand, the more significant
presence of parents during the home confinement lead to greater support for type-1 diabetic
children, who ultimately achieved better glycemic control. The study by Ferrer-Santos et al.
aimed to assess the association between moderate-to-vigorous physical activity (MVPA)
and body composition in 308 schoolchildren (aged 7 years old) in Aragon, Spain [5]. Gold
standard techniques were used to assess both the participants’ body composition (i.e.,
dual-energy X-ray absorptiometry) and their physical activity (i.e., accelerometers) and
included several potential covariates (e.g., lifestyle, body weight gain during the first year
of life, parental BMI, smoking status, etc.). Based on the results of this study, MVPA was
inversely associated with subtotal and abdominal fat, indicating that the level and intensity
of physical activity constitute important determinants of childhood obesity.

Rusek et al. conducted a study based on 464 schoolchildren aged 6–16 years in
Poland to examine the alterations in their body composition and posture during puberty
growth [6]. The results of this study showed that children with higher BMIs tended to
have higher percentages of body fat, while younger children had lower percentages of
body fat. Moreover, girls experienced a greater increase in adipose tissue (both in the
total and segmental body composition analyses), and boys in lean mass, muscle mass, and
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total body water. Pubertal status also appeared to influence the children’s posture. The
findings of this study indicate the necessity of screening children periodically to assess
their body composition and posture, and of early intervening, wherever needed, to prevent
any adverse consequences of these factors on their health status.

The studies by Hsu CU et al., Tengku et al., Jeong et al., and Hsu CN et al. examined
the effects of body composition on health indices and quality of life among healthy or ill
children [7–10]. More specifically, Hsu CU et al. aimed to shed more light on the impact
of body composition on children’s level of physical fitness [7]. In total, 360 children were
recruited from elementary schools in Northern Taiwan. Their body composition was as-
sessed using BIA and their fitness level using different tests and outcomes (800 m run to
assess cardiorespiratory fitness; sit-and-reach exercise to assess flexibility; 1 min sit-ups
to assess speed/agility; and long-jump to assess lower body power). The findings of this
study showed that the % of body fat was independently associated with cardiorespiratory
fitness, and the BMI z-score was associated with flexibility. Based on these observations,
the authors concluded that weight management and physical fitness should be addressed
simultaneously in pediatric populations. Similarly, Tengku et al. conducted a prospective
study focusing on the association between the oral disease burden and oral health related
quality of life in adolescents, based on their weight status [8]. In total, 195 adolescents
classed as overweight/obese and 202 adolescents classed as a normal weight, who were
matched by age (14 years at the baseline) and gender, were followed up for two years
(2015–2017) in Malaysia. No significant differences were observed between the two groups
regarding the burden of oral diseases and indices of oral health related quality of life, thus
indicating that obesity in adolescence does not appear to negatively affect these health
indices. Jeong et al. compared hematological indices among children and adolescents of
different weight categories [9]. The subjects participated in the Korea National Health and
Nutrition Examination Survey (KNHANES) in 2007–2018, and, for the purposes of this
study, 7997 children/adolescents (4259 boys) were included. The obese participants were
found to have higher levels of white blood cells, red blood cells, and platelets compared
to their normal-weight peers. Moreover, positive associations were observed between
BMI standard deviation scores and white blood cells, red blood cells, hemoglobin, hemat-
ocrit, and platelets. As shown in this study, body composition influences hematological
parameters and, therefore, children and adolescents with obesity should be periodically
screened to assess their levels of these indices. Hsu CN et al. conducted a prospective co-
hort study based on 63 children and adolescents (8–18 years old) from Taiwan with chronic
kidney disease to examine the association of body composition with cardiovascular risk
factors [10]. The fat mass index (FMI) z-score was found to be associated with ambulatory
blood pressure monitoring, indicating that body composition may influence the levels of
certain cardiovascular risk factors and could be considered as a new method for identifying
children and adolescents with early-stage chronic kidney disease, who are at a high risk of
developing cardiovascular disease.

The studies of Ofenheimer et al., Valencia-Sosa et al., and Thajer et al. focused on the
use and utility of certain body composition indicators in healthy or ill children [11–13]. In
particular, Ofenheimer et al. explored serum lipid profiles in relation to body composition
in a large cohort of 1394 children and adolescents (6–<18 years old), who participated in the
LEAD study in 2011–2019 [11]. The body composition analysis was performed with dual
X-ray absorptiometry (DXA), and the appendicular lean mass (ALMI) and fat mass (FMI)
indices were calculated. It was observed that children with high ALMI and high FMI had
abnormal levels of certain blood indices, including high levels of triglycerides and LDL
cholesterol and low levels of HDL cholesterol. The results of this study also suggest that
BMI does not adequately reflect body composition/adiposity. Consequently, more precise
methods should be in use to assess body composition and to identify the children who are
at a higher risk of developing cardiovascular disease.

Valencia-Sosa et al. provided reference values for neck circumference among Mexican
children, a method which was introduced about a decade ago as a new technique for
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screening for obesity, especially central obesity, and cardiometabolic risk indices in pediatric
populations [12]. A number of 1059 schoolchildren aged 6–11 years old with normal weight
participated in this study. Overall, the authors recorded an age-dependent increase in the
values of neck circumference, as well as a gender-specific difference, since boys had higher
values compared to girls. Considering that neck circumference is a valid, simple, low-cost,
and easy-to-apply method of screening for obesity and cardiometabolic risk factors, the
publication of the percentile reference values for Mexican children is expected to contribute
to the early identification of high-risk children and improve public health in Mexico.

Thajer et al. compared different methods of BIA in 123 children and adolescents
(6–18 years old) with obesity in Austria [13]. More specifically, two BIA devices, namely
TANITA and BIACORPUS, were used to assess body fat in all the study participants,
while gold standard techniques (i.e., dual X-ray absorptiometry and air displacement
plethysmography) were also applied in a subsample of volunteers. The agreement between
the measurements taken by the two BIA methods and the agreement between each BIA
method and each gold-standard method were tested using Bland–Altman analyses. The
study showed that the BIA methods produced different results in the same individuals,
with TANITA overestimating the % of body fat and the fat mass compared to BIACORPUS
and underestimating the fat-free mass. Gender-specific differences were also identified.
These findings suggest that both BIA devices can be used in clinical practice and research.
However, it is important to use the same type of device in order to be able to compare a
series of measurements taken at the individual level for clinical assessment and to compare
measurements taken by different individuals in population-based studies.

The last two studies by Bielec et al. and Trajkovic et al. examined the impact of
physical activity on children’s and adolescents’ body composition [14,15]. In brief, Bielec
et al. compared body composition and anthropometric indices between children 11–12 years
old who participated regularly in swimming activities (e.g., football, basketball, athletics,
etc.) (n = 46) or other sports, including non-swimming activities (n = 42) for 5–12 h/week
over a period of 12 weeks [14]. It was observed that participants’ body weights and heights
increased in both groups after the 12-week period; however, BMI and body fat percentage
increased only among the non-swimmer groups. The authors noted, however, that the
group of swimmers engaged in higher volumes of training compared to their non-swimmer
peers, which may explain the study findings. It was concluded that the engagement for
>10 h/week in vigorous exercise, such as swimming, may prevent excess body fat increase
in children.

Trajkovic et al. evaluated the effects of an after-school volleyball program on body
composition indices among overweight adolescent girls in Serbia [15]. The participants
were randomly allocated to the intervention group (n = 22) or the control group (n = 20)
and attended the program for 12 weeks. Both groups followed their standard PE activities,
and the intervention group also engaged in small-sided games two times/week. Body
composition was analyzed using BIA. The study showed that the after-school volleyball
program improved body composition among the intervention group compared to the
control group, indicating that it may be a useful strategy for tackling overweight/obesity
in adolescent girls.

In conclusion, the studies included in the Special Issue “Body Composition in Children”
of the journal “CHILDREN” showed that the prevalence of childhood obesity is increasing
in certain areas of Europe. This increase can be attributed, to a large extent, to the adoption
of unhealthy dietary and lifestyle behaviors by children and adolescents, which may lead
to poor health status and quality of life and pose an economic burden for the public
health systems. New methods, such as the neck circumference technique, may be used to
identify children/adolescents at a high risk of developing cardiovascular disease and guide
them within the health care system so that they can be treated accordingly. In parallel,
effective strategies and interventions to promote healthy lifestyles were proposed, and these
may be incorporated into future obesity prevention/treatment actions targeting children
and adolescents.
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Abstract: The aim of the study was to examine changes in obesity prevalence among primary school
children in Serbia between 2015 and 2019 rounds of the national WHO European Childhood Obesity
Surveillance Initiative (COSI-Serbia). Cross-sectional studies were conducted in 2015 and 2019. The
nationally representative samples of primary school children were measured for body height and
weight, following the COSI protocol. Body Mass Index was calculated, and the IOTF and WHO
definitions were used to classify children as overweight or obese. Participants were children of
both sexes aged 7.00–8.99 years (n = 6105). Significant differences in overweight (obesity included)
prevalence between two COSI rounds were identified regardless of definitions applied. According
to the WHO definitions, prevalence of overweight and obesity combined increased in 7–9-year-
old children in Serbia from 30.7% in 2015 to 34.8% in 2019 (z = −3.309, p < 0.05), and according
to the IOTF standards, the increase from 22.8% to 30% was registered (z = −6.08, p = 0.00). The
childhood overweight/obesity rate is increasing in Serbia, which places monitoring and surveillance
of children’s nutritional status high on the public health agenda.

Keywords: childhood obesity; overweight; Serbia; WHO definitions; IOTF definitions

1. Introduction

Obesity is an alarming global health problem, with more than 107 million children
and 603 million adults affected [1]. It is defined as abnormal or excessive fat accumulation
that presents a risk to health [2]. Many studies suggest that the prevalence of obesity
depends on different factors such as gender, ethnicity, socioeconomic status, and parent’s
level of education [3–5]. In previous decades, the prevalence of obesity has increased both
in children and adults, yet in many countries, the increase is higher in children. As for
the European countries, the number of children with obesity seems to have stabilized in
the last decades, with substantial regional differences [6]. The highest prevalence rates of
overweight and obesity were reported in the Mediterranean region, while in the Atlantic
region, the rates were the lowest.

According to available World Health Organization data, overweight (including obe-
sity) prevalence in primary-school children in 35 European countries varies from 9% to
42% among boys and from 5% to 43% among girls, and the obesity prevalence reaches 2%
to 21% among boys and 1% to 19% among girls [7]. In Serbia, the overweight and obesity
combined rate was reported to be as high as 23% in 6–9-year-old children, with an obesity
rate of 6.9%. Therewith, overweight (including obesity) prevalence in Serbian 6–9-year-old
children varies from 22.1% to 24.6% among boys, and from 23.1% to 24.3% among girls [8].
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Associations between individual health-risk behaviors related to the frequency of con-
suming food and physical activity and childhood obesity in European countries appeared
to be inconsistent, with some health-risk behaviors showing positive and other negative
associations with obesity or overweight [9]. However, on the other hand, the authors stated
that a combination of health-risk behaviors was consistent in association with obesity or
overweight, especially in multiple physical activity-related risk behaviors. Oppositely,
physical activity in children, spending time outdoors and engaging in activities such as
play improve children’s health and wellbeing [10].

Considering the scale of the problem and numerous adverse health effects of over-
weight and obesity [11–16], it is of vital importance to develop policies concerning preven-
tion, monitoring, and treatment of childhood obesity. In order to provide a European-wide
harmonized surveillance system for childhood obesity, the World Health Organization
(WHO) Regional Office for Europe launched the WHO European Childhood Obesity
Surveillance Initiative (COSI) in 2006. The COSI targets primary school children (6–9 years)
since quality data on the nutrition status of this population group are lacking. The ini-
tial main outcomes of interest of COSI implementation were anthropometric outcome
measures, such as BMI. Family record form implies data on the children’s characteristics
and lifestyle behavior, household characteristics, and parental socioeconomic status (ed-
ucational and occupational level). It was optional and provided by children’s parents
or caregivers. School administrators filled in a school record form considering data on a
school, classes, environment, and organization in school, also physical activity, nutrition,
and promotion of active lifestyle behavior.

Serbia joined the COSI for Implementation Round 4 (2015/2016), intending to develop
a surveillance system that would provide reliable, objective, and internationally comparable
data on overweight and obesity prevalence among primary-school children. In Round 5
(2018/19) the Serbian national team collected data for the second time in order to identify
obesity prevalence changes over four years. Further, obesity trends could be used to inform
the public, professionals, and policymakers and helped them to develop new policies for
obesity prevention in children.

2. Materials and Methods

The research was instigated following the ethical principles, and all procedures were in
accordance with ethical standards of the responsible committee on human experimentation
(institutional and national) and with the Helsinki Declaration of 1975, as revised in 2008.
The present study was performed under the COSI protocol. The study was conducted in
accordance with the Declaration of Helsinki, and all procedures were approved by World
Health Organization (No. 2018/873491-0). Parents, teachers, and school administrators
were fully informed about all study procedures, and active informed written consent was
requested from the parents. Verbal consent from the child to participate in the study was
obtained on the measurement day.

The first and the second COSI data collection rounds in Serbia were conducted in
2015 and 2019, respectively. Following the COSI protocol [17], cross-sectional design was
employed in both rounds, targeting primary school children aged 6.00 to 8.99 years in 2015,
and 6.00 to 9.99 in 2019. In both rounds, nationally representative samples were selected
through cluster sampling, with the primary school as the primary sampling unit. Schools
were selected randomly from the list of public primary schools provided by the Serbian
Ministry of Education. Since less than 1% of the target children were enrolled in private or
special schools, these schools were excluded from the sampling frame. Stratification by the
region, district, and level of urbanization was applied. The minimal planned sample size
consisted of 2400 children per each round, as recommended by the WHO European Office.

Trained field examiners performed standardized anthropometric measurements in
participating schools. Children were asked to take off their shoes and to remove any heavy
objects like wallets and mobile phones before measurement. They were mostly measured
in everyday light clothes, with bodyweight additionally corrected for an average weight of
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the clothes worn (gym clothes −0.15 kg, light clothing −0.35 kg, heavy clothing −0.5 kg).
Bodyweight was measured to the nearest 0.1 kg using portable digital scales (Omron BF214,
Kyoto, Japan), while height was measured to the nearest 0.1 cm by a portable stadiometer
(Seca 213, Hamburg, Germany).

Body Mass Index (BMI) was calculated as weight (kg) divided by height squared
(m2). In order to identify overweight and obese status in children, the revised international
IOTF cut-offs [18] and the WHO cut-offs [19] for school-age children and adolescents were
applied. The WHO AnthroPlus software (Nutritional Survey module) for 2007 WHO
growth reference was used to calculate the Z-scores for BMI-for-age [20]. The z score
test for two population proportions was applied to test differences in overweight/obesity
prevalence in COSI national round 1 and 2. The data were analyzed using the statistical
package (SPSS Statistics 21.0, IBM Corporation, Chicago, IL, USA).

3. Results

In the first data collection round in 2015, we recruited 5102 children aged 6.00–
8.99 years from 42 public primary schools. After a quality check evaluation, 214 chil-
dren were excluded due to missing or inaccurate data. The final sample consisted of
4861 participants (2386 girls) who entered the final analysis.

In the second national round in 2019, 3920 children aged 6.00–9.99 years from 57 pub-
lic elementary schools were approached. Only two schools refused to participate, and
55 schools from all statistical regions in Serbia, and 26 out of 29 districts participated in
the study. However, some children were absent on the measurement day, and in some
cases, parental consents were not provided, therefore, 563 children were excluded. The
next 178 children were ruled out because of missing or inaccurate data, so the final sample
consisted of 3179 participants (1506 girls). The basic characteristics of the 2015 and 2019
samples are presented in Table 1. In order to compare childhood overweight and obesity
prevalence in 2015 and 2019 rounds, only data of overlapping age groups: 7.00–7.99 and
8.00–8.99 years were used. Prevalence rates for overweight and obesity in 2015 and 2019,
using the IOTF and WHO definitions, are presented in Table 2.

Table 1. Basic characteristics of the final samples in Serbian COSI 2015 and 2019 rounds.

2015 2019

Final sample size 4861 3179
Girls 49.1% (2386) 47.4% (1506)
Boys 50.9% (2475) 52.6% (1673)

6-year-olds 16.9% (824) 0.7% (22)
7-year-olds 48.2% (2341) 31.1% (989)
8-year-olds 34.9% (1696) 33.9% (1079)
9-year-olds - 34.2% (1089)
Age (years) 7.7 ± 0.6 8.5 ± 0.8
Weight (kg) 28.4 ± 6.3 31.7 ± 7.9
Height (cm) 129.7 ± 6.8 134.1 ± 7.8

Body mass index (kg/m2) 16.7 ± 2.6 17.4 ± 3.0

Table 2. Prevalence of overweight and obesity among Serbian children aged 7–9 years in national COSI round 1 (2015) and
2 (2019) using the WHO and IOTF definitions.

WHO (2015) WHO (2019) IOTF (2015) IOTF (2019)
Overweight Obese Overweight Obese Overweight Obese Overweight Obese

% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI

Girls
7–8 years 19.1 16.9–21.5 9.7 8.0–11.5 18.8 15.3–22.7 10.7 8.0–14.0 17.0 14.9–19.2 7.3 5.9–8.9 19.2 15.7–23.2 9.4 6.9–12.5
8–9 years 19.5 16.9–22.5 7.9 6.1–10.0 23.8 20.2–27.6 13.2 10.4–16.4 16.5 14.0–19.3 5.3 3.8–7.0 23.2 19.6–27.0 10.9 8.4–13.9

Boys
7–8 years 18.7 16.5–21.0 13.9 12.0–16.0 20.5 17.2–24.1 15.1 12.2–18.4 15.9 13.9–18.1 6.2 4.9–7.8 18.3 15.1–21.8 9.4 7.1–12.2
8–9 years 17.8 15.3–20.4 15.6 13.3–18.2 19.2 16.0–22.7 17.1 14.0–20.4 15.9 13.5–18.4 6.9 5.4–8.8 19.7 16.5–23.3 9.9 7.5–12.7

All 18.8 17.6–20.0 11.9 10.9–12.9 20.6 18.9–22.4 14.2 12.7–15.8 16.3 15.2–17.5 6.5 5.8–7.4 20.1 18.4–21.9 9.9 8.7–11.3

WHO, WHO obesity/overweight definition; IOTF, IOTF obesity/overweight definition; 95% CI, 95% confidence interval; y, years.
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Overall obesity and overweight ratio have increased between two rounds in 8–9-year-
old girls regardless of the definition applied, and boys of both ages when the IOTF criteria
were used. At the same time, similar trends were observed in 7–8-year-old girls, and boys
of both ages according to the WHO criteria (Table 2). The rates of overweight and obesity
are generally higher when the WHO definitions are applied in comparison to the IOTF.
This particularly refers to the estimates of obesity, with the WHO numbers being up to
nine percentage points higher.

According to the WHO and IOTF cut-offs, the lowest obesity rate was observed in
8–9-year-old girls in 2015 (7.9% and 6.2%, respectively). However, the highest obesity
estimates differ depending on the criteria applied. According to the WHO criteria, the
highest obesity rate was observed in 8–9-year-old boys in 2019 (17.1%), while the IOTF
standards pointed out 8–9-year-old girls measured in the same round (10.9%).

As for the sex differences, the tendency of higher obesity prevalence in boys was
identified in both rounds, when the WHO definitions are applied. For example, in the
2015 round, the prevalence of obesity was almost two times higher in 8–9-year-old boys
in comparison to the girls of the same age (15.7% and 7.9%, respectively). In the 2019
round, the sex differences were less pronounced. On the other hand, when IOTF defi-
nitions are used to estimate childhood obesity, the pattern no longer exists. As for the
overweight prevalence, the numbers are higher in girls in almost all cases, regardless of the
criteria employed.

Finally, z-test for proportions revealed significant differences in overweight (obesity
included) prevalence between two COSI rounds. According to the WHO cut-off points,
the prevalence of overweight and obesity combined increased in 7–9-year-old children in
Serbia from 30.7% in 2015 to 34.8% in 2019 (z = −3.309, p < 0.05). Provided that the IOTF
standards are used, the increase in overweight and obesity rate is even more pronounced,
from 22.8% in the first round to 30% in the second round (z = −6.08, p = 0.00).

4. Discussion

Serbia joined COSI in 2015, at the fourth data collection round, and also participated
in the fifth round in 2019. The increase in both overweight and obesity in Serbian children
aged 7–9 years has been identified, while in most of the COSI participating countries, a
decrease or stable prevalence were reported within a ten-year time frame [7]. A recent
meta-analysis suggests that although the prevalence of childhood overweight and obesity
is very high in European countries, in most cases, trends have stabilized from 1999 to
2016 [6]. However, the increase in the prevalence of overweight and obesity was recorded
in some Mediterranean countries [6]. Contrary to our findings, the same study pointed out
that the prevalence of overweight and obesity is higher in girls in most European countries.
In accordance with our results are the COSI data collected in the 2015/2017 round, where
the prevalence of obesity was higher in boys in nearly all countries, and the prevalence of
overweight was higher in girls in two-thirds of countries [7]. This was confirmed in the
neighboring country, using COSI methodology, showing that Croatia has one of the highest
prevalence of childhood overweight and obesity among European countries, which was
more frequent among boys [21]. One more neighboring country (Hungary) showing the
COSI results from 2016 is facing overweight and obesity as emerging problems [22].

The unfavorable trend in childhood obesity might be related to the lack of health-
promoting lifestyle habits in Serbian children and youth, where only 8% of early adolescents
in Serbia choose a diet low in fats, 17% limit use of sugars and sweets, and 20% eat
recommended servings of vegetables each day [23]. Only 45% of Serbian adolescents
follow a planned exercise program, 43% exercise vigorously for 20 or more minutes at least
three times a week, 40% take part in light to moderate physical activity, and 29% take part
in recreational physical activity [23].

The high prevalence of childhood overweight and obesity in Serbia confirmed in the
current study, along with the previous findings that overweight (obesity included) rates are
lowest among children from well-developed communities [8], suggest that Serbia is in the
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third stage of obesity transition, like the USA and many European countries [24]. However,
it should be noted that there were small differences in the reference system, especially for
estimating obesity, with the WHO numbers being up to nine percentage points higher.
The difference between IOTF and WHO reference system was documented recently in
5–17 years old children [25]. The authors explained these differences with population
variations in the pattern of BMI with gender and age between nations and also with the
time of data collection.

According to Jaacks et al. [24], reducing the prevalence of adulthood obesity might be
related to reducing obesity in children in the first place, therefore, regular monitoring and
assessment of children’s nutritional status and nutritional environments should be consid-
ered as a public health priority. This was confirmed in Spain that reached a stabilization
situation regarding obesity by the implementation of public measures to prevent childhood
obesity [26]. Moreover, some countries with the highest prevalence that were involved in
COSI project, showed a decrease of the BMI z-score with public health measures taken
after the first round [27]. However, stabilization in nutritional status could be transitory
and could appear easy again in the future. Therefore, schools should integrate educational
procedures relying on critical thinking, nutrition, and physical activity via diet and school
curriculum and provide suitable areas for recreation, sport, and outdoor play, parental and
community participation, and restrain commercialization of processed food [28]. Moreover,
besides schools, coordinated efforts from multiple governmental sectors and institutions
are essential in order to decrease, stabilize, or prevent obesity.

5. Conclusions

The childhood overweight/obesity rate is increasing in Serbia, which should place
monitoring and surveillance of children’s nutritional status high on the public health
agenda. Comparing the incidence of obesity in the world and in our country, we see that
our country follows the trend of increasing obesity. Based on the presented results of the
research, we see that it every third child in our country is overweight or obese, which is
very worrying because, according to research, this trend of obesity in children will grow
even more. Serbia, as a developing country, follows the trend of obesity in all structures of
society. Therefore, the entire state and numerous organizations should be involved, and a
lot more should be invested in order to stop this trend of obesity worldwide.
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8. Djordjic, V.; Radisavljević, S.; Milanović, I.; Bozic, P.; Grbic, M.; Jorga, J.; Ostojic, S.M. WHO European Childhood Obesity
Surveillance Initiative in Serbia: A prevalence of overweight and obesity among 6–9-year-old school children. J. Pediatr.
Endocrinol. Metab. 2016, 29, 1025–1030. [CrossRef] [PubMed]

9. Wijnhoven, T.M.A.; van Raaij, J.M.A.; Yngvee, A.; Sjoberg, A.; Kunesova, M.; Duleva, V.; Petrauskiene, A.; Breda, J. WHO
European Childhood Obesity Surveillance Initiative: Health-risk behaviours on nutrition and physical activity in 6–9-year-old
schoolchildren. Public Health Nutr. 2015, 18, 3108–3124. [CrossRef]

10. Dankiw, K.A.; Tsiros, M.D.; Baldock, K.; Kumar, S. The impacts of unstructured nature play on health in early childhood
development: A systematic review. PLoS ONE 2020, 15, e0229006. [CrossRef]

11. Reilly, J.J.; Bonataki, M.; Leary, S.D.; Wells, J.; Davey-Smith, G.; Emmett, P.; Steer, C.; Ness, A.R.; Sherriff, A. Progression from
childhood overweight to adolescent obesity in a large contemporary cohort. Pediatr. Obes. 2011, 6, e138–e143. [CrossRef]

12. Martinez, S.M.; Blanco, E.; Burrows, R.; Lozoff, B.; Gahagan, S. Mechanisms linking childhood weight status to metabolic risk in
adolescence. Pediatr. Diabetes 2020, 21, 203–209. [CrossRef]

13. Killedar, A.; Lung, T.; Petrou, S.; Teixeira-Pinto, A.; Tan, E.J.; Hayes, A. Weight status and health-related quality of life dur-ing
childhood and adolescence: Effects of age and socioeconomic position. Int. J. Obes. 2020, 44, 637–645. [CrossRef] [PubMed]
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Abstract: Childhood obesity increases the risk for metabolic disorders, but is also related to nutri-
tional deficiencies, such as anemia and hypovitaminosis D. Although children/adolescents with
overweight/obesity may have higher energy intake, their diet quality and diversity may be low. The
present study aimed to evaluate the consumption of foods against the national food-based dietary
guidelines in children and adolescents with overweight or obesity in Greece. Sociodemographic,
anthropometric and lifestyle data were collected from a sample of 1467 children 2–18 years old
(962 obese, 505 overweight, 51.2% females) in 2014–2017. The results of this study show that the
consumption of dairy products, fruit, vegetables, legumes and fish by children/adolescents with
overweight or obesity was lower than the national recommendations (ranging from a minimum of
39.5% for fish, to a maximum of 75.5% for cereal/potato/rice). Only the consumption of meat/poultry
was found to exceed the national recommendation (estimated coverage of 131.3%). Moreover, a large
proportion of participants regularly consumed various unhealthy foods/beverages. The present
findings indicate that the majority of children/adolescents with overweight/obesity do not comply
with the national food-based dietary guidelines in Greece. The implementation of new strategies to
promote healthy diets among children/adolescents with overweight/obesity are urgently required.

Keywords: obesity; nutrition; national guidelines; adherence

1. Introduction

Childhood obesity has significantly increased over the past decades [1]. Previous
studies have shown that the prevalence of overweight and obesity among children and ado-
lescents in Greece is high compared with other European countries. More specifically, the
ToyBox study revealed that 20.6% of preschool children in Greece were overweight/obese,
while the Healthy Growth Study and the ENERGY project showed that this figure almost
doubles at the age of 10–12 [2–4].

The etiology of obesity is complex and attributed to a wide range of genetic, perinatal,
socioeconomic and lifestyle factors that have been associated with this disease [5,6]. It
may have detrimental effects on health, with significant short-term implications for chil-
dren, including metabolic abnormalities, musculoskeletal and breathing problems, and
psychosocial effects [1]. Furthermore, individuals with overweight or obesity in childhood
are at higher risk of being overweight or obese in adulthood and, consequently, at higher
risk for the development of non-communicable diseases, such as type 2 diabetes mellitus,
hypertension and certain types of cancer [7–9]. Beyond its health consequences, obesity also
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causes financial burden to the national health systems due to the high expenses required
for the management of its complications [10].

It is suggested that the main cause of obesity is attributed to an energy imbalance
maintained for long periods, resulting from a higher energy intake compared with energy
expenditure [1]. Furthermore, previous studies have highlighted the so-called “double
burden of disease”, according to which childhood obesity is not only associated with
metabolic abnormalities, but also with the development of certain nutritional deficiencies,
such as vitamin D insufficiency or deficiency, and anemia [11]. It might be speculated that
high energy intake and poor diet quality determine these health conditions in childhood
obesity. However, the findings from the National Health and Nutrition Examination
Survey (NHANES) (2009–2014) showed that diet quality does not significantly differ
between children with overweight/obesity and their normal-weight peers [12]. Similarly,
the GRECO study in Greece showed that adherence to a Mediterranean diet, as assessed
with valid indices, such as the KIDMED, did not differ significantly between normal-weight
and overweight or obese schoolchildren [13]. The findings regarding potential differences in
caloric intake between children with overweight or obesity and their normal-weight peers
are contradictory, possibly due to methodological barriers (e.g., self-reported data; targeting
the general population, thus having a small number of children with overweight/obesity;
etc.) [14,15].

To better understand the determinants of childhood obesity and assess children’s
nutrition, previous studies have also explored children’s adherence to food-based dietary
guidelines. According to the findings of two European studies, the EsKiMo II study, which
included a nationwide, representative sample of 1353 volunteers aged 12–17 years in Ger-
many, and the HELENA study, which included 1593 volunteers aged 12.5–17.5 years from
ten European cities, adolescents’ consumption of several core foods (e.g., fruit, vegeta-
bles, milk/dairy products) was below the recommendations, whereas the consumption
of meat/meat products exceeded the recommendations [16,17]. The ToyBox study, which
included 3301 preschool children from six European countries, showed that about 35% and
55% of children with normal weight did not comply with the recommendations on fruit
and vegetables consumption, respectively [18]. In Greece, the national food-based dietary
guidelines were developed and became available in 2014. According to these guidelines,
children and adolescents are advised to consume foods from all food groups (i.e., fruit,
vegetables, milk and dairy products, bread, cereals and potatoes, legumes, meat, egg, fish
and seafood, nuts and oils) on a daily or weekly basis, with the recommended servings
varying according to children’s age and gender. Still, no previous study has examined if
children and adolescents with overweight/obesity in Greece comply to these guidelines.

The aim of the present study was to explore if children and adolescents with over-
weight or obesity in Greece adhere to the national food-based dietary guidelines, using a
large-scale cohort consisting only of children/adolescents with overweight/obesity.

2. Materials and Methods

2.1. Study Design and Participants

The present study was a cross-sectional study. Children and adolescents aged
2–18 years attending the out-patient clinic for the prevention and management of over-
weight and obesity in childhood and adolescence were recruited between October 2014
and March 2017. The following inclusion criteria were applied: living in Greece, being able
to complete the study questionnaire in Greek language, child/adolescent aged 2–18 years
with overweight/obesity and providing a consent form. For all age groups of children and
adolescents, the parents were initially approached and informed about the study purpose
and protocol, and they were asked to provide a written consent to enroll their child to the
study. This common recruitment approach was followed since all children/adolescents
were brought to the clinic by their parents. Additionally, all children and adolescents gave
their verbal assent to proceed with the measurements.
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The study adhered to the Declaration of Helsinki and the conventions of the Council
of Europe on human rights and biomedicine. The study was approved by the Committee
on the Ethics of Human Research of ‘Aghia Sophia’ Children’s Hospital (Approval Number:
EB-PASCH-MoM: 28 November 2013, Re: 10290-14 May 2013). Written informed consent
was obtained in all cases by a parent, and assent was given by children older than 7 years.
Further data regarding the whole study design can be found in detail elsewhere [19].
Children and adolescents were classified as “overweight” or “obese” according to the
International Obesity Task Force (IOTF) cut-off points.

2.2. Procedure

All participants were admitted to the Endocrine Unit early in the morning on the day of
the assessment, and a detailed medical history and clinical examination, including standard
anthropometric measurements (weight, height, waist circumference, hip circumference)
were obtained by one trained researcher. A complete interview with the accompanying
parents/caregivers was performed regarding demographic and socioeconomic data, and
data regarding the family composition (number of children, married/divorced parents,
the participant’s line of birth between the family’s offspring) and children’s/adolescents’
consumption of foods.

2.3. Instruments and Variables

Data regarding children’s/adolescents’ usual food and beverage habits over the last
year before the assessment were collected from the parents/caregivers by completing a
food frequency questionnaire (FFQ), which has been validated in Greek subjects [20–22]. In
brief, this FFQ comprised questions regarding the frequency of consumption of thirty-seven
food and beverage items. Response categories were: “never or less than once per month”,
“1–3 days per month”, “1 day per week”, “2–4 days per week”, “5–6 days per week” and
“every day”. Next, the average consumption of each food or beverage category per day
was asked. Parents/caregivers were asked to indicate the portion size category that best
fit the daily portion of their child, between specific response categories depending on the
food item. A list of common standard measures was given as examples for each food or
beverage category. The average daily intake for each food and beverage category was
estimated by multiplying the number of days per week with the average consumption per
day and then dividing the result by 7. The portions per day that were consumed by each
child/adolescent were calculated by dividing the result obtained in the previous step by
the portion size, which is described for children and adolescents in the Greek food-based
national recommendations. Children who had no data on both frequency and portion size
for all thirty-seven items were excluded from the study. The frequency of consumption of
the three main meals (breakfast, lunch and dinner) was assessed based on three relevant
questions asking how many days per week children eat each main meal, with the responses
varying in a six-point scale ranging from “(almost) never” to “every day”. The FFQ also
included four questions regarding the frequency at which the child consumes a food or
beverage between the main meals (with a response range between “never or less than once
per month” to “every day”), and what kind of food and/or beverage they usually choose.

The Greek national food-based guidelines were used to compare participants’ food
consumption. From the list of 37 food items included in the FFQ, all kinds of fruit (fresh
fruit, dried fruit, canned fruit and freshly squeezed/home-made fruit juice) were grouped
into one category (i.e., “fruit”). Similarly, all kinds of vegetables (i.e., fresh vegetables
and cooked vegetables) were grouped into one category (i.e., “vegetables”). Plain milk,
plain yoghurt, fruit/sugared/aromatized yoghurt and cheese were grouped into one
category (“dairy”). Unsweetened breakfast cereals, sweetened breakfast cereals, white
bread and other bakery products, brown or wholemeal bread and other bakery products,
pasta, rice, deep-fried potato products and potatoes were grouped into one category (“ce-
real/potato/rice”). Legume consumption corresponds to the category “legumes”. The
portion that was consumed by each child/adolescent per day was compared with the
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age-specific recommended portion, which is described in the Greek food-based national
guidelines for children and adolescents, leading to three categories of consumers: “accord-
ing to recommendation”, “less than recommended” and “more than recommended”.

The food items which could not be matched to the food groups of the national food
guidelines are presented as single food items. No data were recorded regarding added
lipids/oils/nuts or eggs, so, for these two food groups, no comparisons against the national
food recommendations were possible.

2.4. Statistical Analysis

Continuous data are presented as mean ± standard deviation, and median (interquar-
tile range), whereas categorical variables are presented as absolute and relative frequencies.
Pie charts are used to present graphically categorical outcomes. Student’s t-test was used
for comparison of continuous data between two groups and one-way analysis of variance
(ANOVA) with Bonferroni corrections for post hoc t-tests implemented for comparisons
between more than two groups. Comparisons of percentage of recommended consumption
and absolute deviation from recommended consumption were performed between obese
and overweight children, males and females, and age class (2–6, 6–12 and 12–18 years). All
statistical analyses were performed in Stata 11.2 statistical software (StataCorp, College
Station, TX, USA).

3. Results

A total of 1540 children were recruited and 1467 (962 obese, 505 overweight, 51.2% fe-
males) with a mean age of 10.4 ± 3.0 years (range: 2–18) were included in the analysis.
Descriptive demographic and socioeconomic data are summarized in Table 1. Approxi-
mately 25% (394 children) had been, previously, subjected to some type of intervention,
aiming at reducing body weight. The most frequent was dietary counseling (88.3%),
whereas other reported interventions included psychological support (6.4%), physical
activity programs (1.7%) and a combination of interventions (3.6%). In more than half
of the participating children (54.4%), both parents were classified as overweight/obese
(BMI > 25 Kg/m2), whereas in 37.1%, only one parent was overweight/obese. Only 8.5%
of the included children had both parents with BMI < 25 Kg/m2.

Table 1. Socioeconomic and demographic data.

Parameter N %

Origin
Greek 1358 92.6%
Other 109 7.4%

Residency
Major urban center 1294 88.2%

Rural areas 173 11.8%

Single-parent family, yes 224 15.3%

Stay with relatives, yes 362 24.7%

Systemic exercise, yes 839 57.2%

Sports at school, yes 1277 87.1%

Frequency of physical activity (days per week)
1–2 459 31.3%

3 565 38.5%
>3 443 30.2%

Smoking, yes 11 0.77%

Alcohol, yes 8 0.56%

Drugs, yes 0 0%
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Table 2 illustrates the average consumption of food groups presented as absolute
values, percentage of recommended consumption and absolute deviation from recom-
mended consumption. It can be seen that for all food groups, with the striking exception
of meat/poultry, the consumption was lower than the national recommendations. The
average coverage ranged from a minimum of 39.5% for fish, to a maximum of 75.5% for
cereal/potato/rice. Meat/poultry was the only food group that, on average, was consumed
in excess of the national recommendations, with an estimated coverage of 131.3%.

Table 2. Average consumption of food groups expressed as absolute values of consumption, percent-
age of recommended consumption and absolute deviation from recommended consumption.

Average Consumption
Average Consumption as

Percentage (%) of
Recommendation

Average Absolute Deviation
from Recommended

Consumption

Dairy (daily servings) 2.1 ± 1.1, 2.0 (1.4, 2.7) 73.2 ± 32.5, 74.3 (49.7, 100.0) −0.7 ± 1.0, −0.7 (−1.4, 0)

Vegetables (daily servings) 0.8 ± 0.5, 0.7 (0.3, 1.1) 45.3 ± 31.2, 38.9 (19.3, 68.6) −1.1 ± 0.8, −1.0 (−1.6, −0.5)

Meat/poultry
(weekly servings) 3.8 ± 1.8, 3.8 (2.9, 5.1) 131.3 ± 54.2, 127.7 (100.0, 170.8) 1.0 ± 1.5, 0.8 (0, 2.1)

Fish (weekly servings) 0.9 ± 0.8, 0.7 (0.4, 0.9) 39.5 ± 30.1, 36.5 (20.1, 47.9) −1.2 ± 0.6, −1.3 (−1.6, −1.0)

Fruit (daily servings) 1.5 ± 1.1, 1.3 (0.8, 2.1) 75.0 ± 45.9, 75.9 (44.1, 100.0) −0.5 ± 0.9, −0.4 (−1.2, 0)

Legumes (weekly servings) 1.7 ± 1.5, 1.1 (0.8, 2.0) 52.7 ± 40.3, 40.0 (25.0, 75.0) −1.3 ± 1.2, −1.6 (−2.2, −0.7)

Cereal/potato/rice
(daily servings) 3.9 ± 2.1, 3.5 (2.4, 5.0) 75.5 ± 35.4, 71.8 (49.5, 100.0) −1.2 ± 1.9, −1.3, (−2.3, 0)

Data are presented as mean ± standard deviation, median (interquartile range) of daily or weekly servings.

The classification of the participants according to whether the consumed quantities
followed the national recommendations (i.e., less, as suggested or more) is presented in
Figure 1.

Figure 1. Compliance (less, as suggested or more) of the average consumed quantity of food groups
to national recommendations.

The frequency of consumption of non-recommended food groups is shown in Table 3.
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Table 3. Frequency of consumption of non-recommended food groups.

Never or Less than
1 per Month

1–3 Times per
Month

1 Time per
Week

2–4 Times per
Week

5–6 Times per
Week

Everyday

Sugared milk 75.5% 11.6% 4.2% 3.6% 1.3% 3.8%

Soft drinks 38.1% 24.7% 18.5% 13.3% 2.4% 3.0%

Light soft drinks 67.1% 13.5% 8.8% 7.5% 1.0% 2.1%

Bottled fruit juice 23.3% 23.3% 18.4% 24.7% 5.0% 5.3%

Tea 68.7% 15.3% 6.4% 7.1% 1.1% 1.4%

Smoothies 82.5% 8.3% 4.3% 3.7% 0.4% 0.8%

Chocolate 9.3% 19.6% 25.0% 31.5% 7.5% 7.1%

Chocolate spread 23.8% 22.2% 19.9% 24.5% 4.5% 5.1%

Milk-based desserts 77.3% 10.5% 5.4% 4.6% 0.6% 1.6%

Cakes 18.0% 36.1% 21.7% 19.2% 2.5% 2.5%

Biscuits 14.1% 25.9% 22.7% 26.4% 5.7% 5.2%

Pastries 30.4% 28.1% 20.1% 15.9% 2.1% 3.4%

Sugar-based
desserts 41.9% 22.6% 12.4% 15.1% 3.8% 4.2%

Salty snacks 36.2% 30.3% 18.9% 11.4% 1.9% 1.3%

Processed meat
products 14.3% 8.1% 8.9% 33.4% 14.1% 21.2%

4. Discussion

The present study is the first study in Greece that describes the compliance of chil-
dren with overweight/obesity with the national food-based guidelines (Table S1). The
findings of this study reveal that the majority of participating children/adolescents with
overweight/obesity consume less quantities of food groups than those proposed in the
Greek food-based recommendations for these age groups, except for meat/poultry, which
is over-consumed. Additionally, participants were found to frequently consume unhealthy
foods and beverages. It is noted that two of the food categories which are included in
the Greek national food-based guidelines (i.e., added lipids/oils/nuts and eggs) were not
recorded in the present study. Therefore, no conclusions can be reached regarding the
compliance of the study sample against these specific food categories.

Low diet quality may lead to significant health problems in youth. Childhood and
adolescence comprise two main periods of growth and the dietary requirements of energy,
macro- and micro-nutrients are high during this stage of life. Inadequate consumption
of core foods and/or overconsumption of unhealthy foods may lead to malnutrition,
metabolic abnormalities and insufficiency or deficiency of micronutrients, such as minerals
and vitamins. Moreover, the adoption of unhealthy dietary patterns in these age groups
increases the likelihood of retaining them in the next stages of life and, consequently, the
risk for developing specific non-communicable diseases [1,7–9].

The findings of the present study are in line with those of the study by Brettschneider
et al., which showed that the majority of adolescents (all weight categories) did not comply
with the German national dietary guidelines [16]. Specifically, their consumption of fruit,
vegetables, milk/dairy products and starchy foods was below the recommended quantity,
but their consumption of meat/meat products exceeded the recommendations. Similarly,
the HELENA study showed that European adolescents did not meet the food-based guide-
lines “Optimized Mixed Diet” and “Food Guide Pyramid”, since they consumed a lesser
quantity of fruit, vegetables and milk/milk products, and a greater quantity of meat/meat
products [17]. In younger age groups, the findings of previous studies are also similar
to those of the current study. In a sample of 521 children aged 5–10 years (all weight
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categories), Kunin-Batson et al. showed that only 14% of children met the guideline of five
servings of fruit/vegetables per day, and 42% met the guidelines regarding the consump-
tion of sugar-sweetened beverages, while the percentage of those meeting both guidelines
was even lower (8%) [23]. Still, no differences between overweight/obese children and
their normal weight peers were identified. The ToyBox study, which focused on a large
number of European preschool children from six European countries, and used the same
FFQ as the one used in the present study, showed that no clear differences were observed
in diet quality assessed by the DQI index between overweight/obese and normal-weight
children [24]. However, based on the same study sample, Cardon et al. showed that the
mean consumption of soft drinks and fruit was significantly higher in overweight/obese
preschool children compared with their normal-weight peers [18]. Similarly, the present
study showed that >37% of the participants consumed soft drinks (with added sugar) at
least once per week. Further studies are needed to confirm if the differences between
children with normal weight and overweight/obesity are focused only on specific foods,
and to elucidate if the overconsumption of these foods may impact overweight/obese
children’s nutritional status. Future initiatives should aim to improve the adherence of
children/adolescents with overweight/obesity to the food-based guidelines and lower
their consumption of unhealthy foods. In this direction, a series of multilevel actions is
required. A recent study in Greek schoolchildren aged 10–12 years and two systematic re-
views suggested that low health literacy is associated with unhealthy dietary behavior (e.g.,
less frequent consumption of breakfast, healthy snacks, main meals and family meals) and
childhood obesity [25–27]. Therefore, it is important to increase health literacy in the gen-
eral population, to raise their awareness on the detrimental effects of unhealthy nutrition
in childhood and adulthood. Considering that low socioeconomic groups may have lower
health literacy, these vulnerable subgroups of the population should be prioritized and
targeted [28]. Furthermore, actions to promote healthy eating and avoid unhealthy food
consumption should be taken. These should include practices related to the improvement
of the school food environment and the implementation of new communication strategies
to reach children/adolescents. The study of Lien et al. showed that only 46% of the pri-
mary schools in Greece that participated in the ENERGY project prohibited children from
bringing unhealthy foods/drinks to school [29]. This highlights the necessity of adopting
policies and programs to promote healthy eating at school, which, according to FAO, is an
essential element to foster healthy diets at school and has been previously shown to combat
unhealthy food consumption [30,31]. In addition, previous studies suggested that healthy
diets could be promoted through communication channels that are appealing to children
and adolescents (e.g., social media and gamification), in order to reach broader population
groups, and especially those who live with overweight and obesity [32]. For example, a
recent systematic literature review and meta-analysis by Suleiman-Martos showed that
gamification could be an effective method to improve knowledge of healthier nutritional
habits in children and adolescents [32]. Moreover, the systematic literature review by Chau
et al. suggested that social media is a promising feature for nutrition interventions in
adolescents [33].

The findings of the current study should be interpreted under the light of its strengths
and limitations. Regarding its strengths, the study included a large sample size, while
all study procedures were harmonized, following specific protocols, validated question-
naires and equipment. Additionally, all measurements were taken by trained personnel
and FFQs were completed during interviews with the parents. On the other hand, the
study limitations include the study sample, which consists only of children with over-
weight/obesity, as well as the cross-sectional design of the study, which does not allow
the establishment of causal relationships between adherence to the dietary guidelines and
risk for overweight/obesity. Moreover, the study sample is not representative. It should
also be mentioned that dietary data were self-reported, which may be subject to recall
bias and socially desirable answers. Another limitation of the present study is that data
regarding children’s/adolescents’ consumption of eggs and of added lipids/oils/nuts
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was not recorded; therefore, it was not feasible to report the degree of their compliance
against the national food recommendations. Future studies are needed to elucidate if
Greek children/adolescents with overweight or obesity comply with the national food
recommendations for added lipids/oils/nuts and eggs consumption.

5. Conclusions

The present study showed that a large number of the participating children and
adolescents with overweight or obesity did not comply with the national food-based
dietary guidelines. Considering the detrimental effect of poor diet quality on health,
urgent actions are needed to promote healthy nutrition and treat overweight and obesity in
childhood and adolescence.
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Abstract: Sugar intake has been associated with increased prevalence of childhood overweight/
obesity; however, results remain controversial. The aim of this study was to examine the probability
of overweight/obesity with higher sugar intakes, accounting for other dietary intakes. Data from
1165 children and adolescents aged ≥2–18 years (66.8% males) enrolled in the Hellenic National
Nutrition and Health Survey (HNNHS) were used; specifically, 781 children aged 2–11 years and
384 adolescents 12–18 years. Total and added sugar intake were assessed using two 24 h recalls (24 hR).
Foods were categorized into specific food groups to evaluate the main foods contributing to intakes. A
significant proportion of children (18.7%) and adolescents (24.5%) exceeded the recommended cut-off
of 10% of total energy intake from added sugars. Sweets (29.8%) and processed/refined grains and
cereals (19.1%) were the main sources of added sugars in both age groups, while in adolescents, the
third main contributor was sugar-sweetened beverages (20.6%). Being overweight or obese was 2.57
(p = 0.002) and 1.77 (p = 0.047) times more likely for intakes ≥10% of total energy from added sugars
compared to less <10%, when accounting for food groups and macronutrient intakes, respectively.
The predicted probability of becoming obese was also significant with higher total and added-sugar
consumption. We conclude that high consumption of added sugars increased the probability for
overweight/obesity among youth, irrespectively of other dietary or macronutrient intakes.

Keywords: total sugars; added sugars; children; adolescents; overweight and obesity; dietary intake

1. Introduction

The prevalence of obesity nearly tripled from 4% in 1975 to over 18% in 2016 world-
wide [1] with 124 million children and adolescents aged 5–19 years old being classified as
obese and 213 million as overweight in 2017 [2]. These numbers rank childhood obesity
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as one of the major public health issues of the 21st century [3] as it is generally associated
with obesity in adulthood. Childhood obesity is also associated with premature onset of
cardiovascular disease risk factors such as hypertension, dyslipidemia, insulin resistance,
and glucose intolerance [4].

Sugar consumption has been associated with reduced diet quality, increased energy
intake [5], and with increased prevalence of obesity. These findings, however, remain
controversial, especially with regards to energy consumption [6,7]. The controversy is
further enhanced, by recent findings from a large national US survey, which showed that
total sugar intake among adults had decreased in the past years, to levels consumed in
1975, while the prevalence of obesity remained increased [8]. Interestingly, in children
and adolescents, however, 16% of their total energy intake was obtained from added
sugars, which is 6% higher than the current recommendations [8]. Although most public
health professionals agree on limiting added sugars, this is mostly recommended in an
attempt to minimize empty calory intake [9], and increase nutrient density; it is not based
on sufficient evidence for obesity reduction, since data remain inconclusive. The World
Health Organization (WHO), however, strongly emphasizes on reducing free sugars intake
to <10% of total energy intake, for preventing and controlling excess body weight [1].
Reduction to <5% has been acknowledged as a recommendation to prevent dental caries
alone [1].

The association, therefore, between obesity rates and added sugars and/or total
sugar intake remains under investigation, especially among children. Several studies have
investigated the association of sugar intake and weight status in children [10–20]. The
majority of them have investigated potential effects of added sugars and SSB’s on Body
Mass Index (BMI). Specifically, Wang et al. (2015), indicated that liquid but not solid added
sugars were positively associated with higher BMI for age, BMI z-scores, and body fat,
although both were associated with higher energy consumption [21]. Other studies showed
that an increased intake of SSBs was associated with an increase in BMI in preschool and
school aged children [10–13]. In these studies, however, the main characteristic of the
sampled children was frequent, often daily SSB consumption. A study that investigated
the effect of SSB as well as artificially sweetened beverage consumption, on obesity, in
school aged children in the UK, found a significant association in both cases [11]. This
raises the question whether it is the whole dietary pattern, the sugar content consumed
or the interaction of these, granted that artificially sweetened beverages do not provide
added sugars or calories. Other studies have failed to observe an association between SSBs
and body weight status in children [16–20]. Furthermore, studies investigating specifically
total, added, or free sugars, depending on definition chosen, have been inconclusive with
regards to their effect on weight in children and adolescents [14–16], despite the fact that
in some populations sugar intakes were tabulated above the recommended levels among
school aged children [14,17]. Finally, a recent systematic review has shown that dietary
patterns which include sweets and other potential obesogenic foods may be contributing
to childhood obesity via an interaction of foods and nutrients [22]. Consequently, an
investigation of total sugars, SSBs, and added sugar intakes, in relation to dietary patterns,
and their associations on childhood obesity may help to resolve these discrepancies.

Therefore, the purpose of this study was to investigate the association between total
and added sugar intakes with overweight/obesity in children and adolescents, accounting
for other dietary intakes, using nationally representative data. In addition, the study aimed
to examine the major foods or food groups that contributed to total sugar intake by age
group and sex.

2. Methods

2.1. Study Design and Population Sampling

The Hellenic National Nutrition and Health Survey (HNNHS) is a population-based
survey launched between September 2013 and May 2015. The study was designed to assess
the health and nutritional status of Greek residents, including children over 6 months and
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adults. Individuals residing in various institutions, members of the armed forces, those
with progressed mental disabilities, and pregnant and lactating women were excluded. In
more detail, HNNHS is a cross-sectional observational survey. Responders’ selection was
performed with a random stratified design based on the 2011 census data. The sampling
frame included a multi-stage stratified design and we aimed in achieving representative-
ness in six groups (0–19 years, 20–65 years, and 65+; in males and females), across four
geographical regions of Greece. A total of 4574 individuals (42.5% males). A random
selection of more than one individual per household was possible but no more than one
individual from the same age group could be enrolled in the study. If households had
children < 6 years of age, one (if more were present) was randomly selected to be included
in the study, upon consent. For this study data from 1165 children and adolescents aged
≥2–18 years (66.8% males) were used. More details of the study have been published
elsewhere [23].

2.2. Final Study Population and Factors Evaluated

For the purposes of this study, all children and adolescents ≥2–18 years that had
provided at least one dietary 24 h recall (24 hR) were included. This resulted in a total
sample of 1165 (66.8% males) of children (n = 781; aged 2–11 years) and adolescents (n = 384;
aged 12–18 years). Children and adolescents that reported energy intakes >6000 kcal/ day
(>25,080 kJ), were excluded to avoid extreme over-reporters. Due to the nature of the study
sample, a specific value for extreme under-reporters was not set. A total of eight children,
with no significant sex differences, had extremely overreported. The final sample consisted
of 1165 children (≥2–11 years) and adolescents (≥12–18 years).

Parental or main guardian consent was signed for all underaged individuals, and by
adolescents themselves if they were 18 years of age. The study was approved by the Ethics
Committee of the Department of Food Science and Human Nutrition of the Agricultural
University of Athens in 2013. The study was also approved by the Hellenic Data Protection
Authority. It was conducted in accordance with the 1964 Helsinki declaration and its
later amendments or comparable ethical standards. All members of the staff signed
confidentiality agreements.

2.3. Data Collection and Dietary Assessment

Interpersonal Computer Assisted Personal Interview (CAPI) were performed by
trained personnel, to obtain information on anthropometric, sociodemographic and lifestyle
parameters. For dietary intake 24 hR’s were obtained using the Automated Multipass
Method (AMPM) [24], in order to reduce reporting bias [25]. This method has been found
by a recent systematic review to provide the most accurate energy consumption data for
children aged 0–18 years when compared to doubly labelled water, using parents as proxy
reporters [26]. The goal was to obtain two 24 hR, in non-consecutive days, 8–20 days apart:
the first via interview and the second via phone. Parents or the primary guardian was
used as a proxy responder for all children <12 years. Those ≥12 self-responded with the
parent or guardian having an aiding action. Age-specific food atlases and specific grids
and household volume measures such as cups, glasses, plates, and spoon sizes were used
in order to achieve accurate portion sizes. All foods were disaggregated into specific food
groups, 42 in total as the primary value as shown in Supplementary Table S1. For nutrient
analysis the Nutrition Data System for Research (NDSR) (developed by the University of
Minnesota) as well as Greek food composition tables for traditional Greek recipes (e.g.,
baklavas) [27] were used.

2.3.1. Sugar Intake Assessment and Major Food Contributors

Total sugar, added sugar, as well as specific mono- and disaccharides were estimated
for each food item reported in the 24 hR, using the Nutrition Data System for Research
(NDSR) database, adapted with traditional and other newly marketed foods. The definition
of the Food and Drug Administration (FDA) was used for total sugars: “the sum of all free
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mono and disaccharides” which would include glucose, fructose, galactose, and lactose as
well as sucrose and maltose [7]. Moreover, the FDA defines added sugar as the “sugars
and syrups that are added to foods during processing or preparation” excluding sugars
naturally found in foods, such as fruits or dairy products. The sum of each mono- and
di-saccharide was calculated and then the average intake per child per day was estimated
and used for further analysis. Each of these intakes were further investigated in relation to
children’s weight status.

Foods were also categorized into specific food groups differentiating SSBs from solid
sugars, but also natural sources from processed foods containing added sugars. Major food
groups contributing to total sugar intake were then investigated using specific method-
ological approaches. Specifically, the percentage contribution made by each food group to
total- and added sugar was estimated for the total sample by sex, but also for children and
adolescents, separately. This was calculated by dividing the total nutrient provided by a
specific food group by the total nutrient provided by all food groups and multiplying this
by 100 [28]. Children and adolescents were grouped based on % of total and added sugar
intakes for further analysis. Specifically, for total sugars, the median of the population was
used for comparative reasons, since to date no specific cut-off is recommended. For added
sugars the 10% cutoff of total energy from added sugar consumption as recommended by
the US Department of Health and Human Services and US Department of Agriculture [29].

2.3.2. Other Nutritional Intakes

As per sugar intake, other macronutrients including total animal protein, plant pro-
tein, total fat, fiber (in grams), non-sugars carbohydrates, and energy were calculated
for each child. In addition, specific food groups were derived, including non-milk dairy,
plant protein, non-processed animal protein, processed animal protein, fruit, and vegeta-
bles. Grouping details can be seen in supplements (Supplementary Table S1), where the
preliminary 42 food groups were regrouped for study purposes.

2.4. Anthropometric and Lifestyle Data
2.4.1. Weight Status Assessment

Body weight and height were reported by the parent and guardian for children <12 of
age and by the adolescents (≥12). For missing information on weight or height (n = 107
in total), multiple imputation was performed, using missing at random (MAR) process
(STATA Corp LLC., College Station, TX, USA). Body Mass Index (BMI) was derived by body
weight in kg divided by height in meters [2] and was used for the evaluation of weight
status. All children and adolescence were categorized using the extended International
Obesity Task Force (IOTF) tables. These tables correlate the children’s BMI by month
after the 2nd year of age, to the respective adult’s BMI; these can be expressed as BMI
centiles as well, for direct comparison with other child BMI references [30]. The descriptive
table (Table 1) contains healthy weight children (none were found to be undernourished),
overweight, and obese; overweight and obese children were grouped for further analysis,
in order to have adequate power of analysis.
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Table 1. Anthropometric, dietary and lifestyle characteristics of children and adolescents, with main guardian sociodemo-
graphic information.

Age Category

Total Children Adolescents p Value

n 1165 781 384 -
Weight, kg, mean (SD) 40.7 (17.1) 31.9 (10.6) 58.6 (13.6) <0.001
Height, m, mean, (SD) 1.44 (0.23) 1.33 (0.19) 1.66 (0.11) <0.001

BMI, kg/m2, mean, (SD) 18.5 (3.3) 17.3 (2.4) 21.1 (3.4) <0.001
Weight status *, n (%) <0.001

Healthy weight 1000 (85.8) 699 (89.5) 301 (78.4)
Overweight 142 (12.2) 66 (8.5) 76 (19.8)

Obese 23 (2.0) 16 (2.1) 7 (1.8)

Total sugar

Grams, median (IQR) 43.7 (32.5, 70.0) 41.2 (41.2, 66.8) 55.7 (38.1, 80.6) <0.001
Total calories from total sugars, median (IQR) 175 (165, 280) 165 (165, 267) 222 (153, 319) <0.001

Total % energy intake, mean, (SD) 15.6 (6.7) 16.3 (6.3) 14.3 (7.4) <0.001
≥median, n (%) 587 (41.8) 303 (38.8) 184 (47.9) 0.003

Added sugar

Total grams, median (IQR) 28.4 (17.7, 34.5) 28.4 (22.7, 28.4) 24.5 (13.1, 44.6) <0.001
Total calories from added sugar, median (IQR) 114 (71, 138) 114 (91, 114) 98 (52, 178) <0.001

Total % energy intake median (IQR) 9.4 (4.5, 9.4) 9.4 (6.3, 9.4) 5.5 (3.5, 9.8) <0.001
≥median, n (%) 259 (22.2) 156 (20.0) 0.008

≥10% of total energy, n (%) 240 (20.6) 146 (18.7) 94 (24.5) 0.022

Total METS, median (IQR) 0 (0, 3953) 0 (0, 2016) 3228 (1477, 6628) <0.001
Total screen time (hours), median 1 (IQR) 3 (1.5, 3.75) 3.75 (1.6, 3.75) 2.45 (1.3, 4.0) <0.001
Primary guardian Educational level, n (%) <0.001

≤6 years 29 (3.11) 8 (1.2) 21 (7.6)
>6–12 years 599 (64.2) 457 (69.6) 142 (51.5)
≥12 years 305 (32.7) 192 (29.2) 113 (40.9)

Primary Guardian Professional Status, n (%) <0.001

Employed 727 (78.8) 561 (86.0) 166 (61.3)
Unemployed/Homeworkers 157 (17.0) 86 (13.2) 71 (26.2)

Pension 30 (4.2) 5 (0.8) 34 (12.6)

Significance level set at 5%; Student t-test for normally distributed values and Kruskal–Wallis test for skewed numerical variables (two
group comparison); chi square test or Fisher’s exact test for categorical variables. * Weight status categorized based on IOTF criteria. 1 Total
screen time includes total TV-viewing, computer, phone, and other screens that do not involve active movement. IQR: Interquartile range.

2.4.2. Lifestyle and Other Variables

Details on other lifestyle and socioeconomic variables, such as physical activity, screen
time, and parental educational level, known to be associated with adiposity, were also col-
lected [11,31]. Specifically, physical activity was evaluated by two different questionnaires
based on age groups (i) Pre-Physical Activity Questionnaire (PAQ) Home Version for chil-
dren ≥2–<12 years old [32] and (ii) the International Physical Questionnaire–Adolescents
(IPAQ-A), for those ≥12–<18 years old [33]. PAQ questionnaire estimated only specific
activities performed over 7-days; IPAQ-A is also a 7-day recall instrument, used to estimate
total metabolic equivalents (METS), based on information obtained on specific activities
performed at leisure time, during transport, at school (physed and recess), and at home.
These have been previously validated and PAQ-A specifically, has also been tested against
doubly labelled water and was found to have a strong correlation with energy expenditure
for groups [34]. The measure of physical activity was estimated by multiplying the time
spent with each activity with the corresponding MET-value per total minutes of activity
as per various protocols [34]. Physical activity quartiles were derived to describe the
children’s physical activity status.
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Screen time was also obtained by calculating the average time spent in front of any
type of screen, on weekday and weekends, excluding time spent using gaming platform
that requires movement. Total screen time was categorized using the upper recommended
level of 2 h per day.

The children’s or adolescent’s SES cannot differ from that of their parent hence parental
educational level was used to categorize them accordingly and adjust in the models. If this
was not performed systematic errors would prevail. The primary guardian’s educational
level and type of profession were also accounted for, as socioeconomic proxies. Education
was categorized into elementary (≤6 years), middle school (≥6–11 years), and higher level
of education (≥12 years). Professional status was categorized as employed, unemployed
and/or homeworker, and pension. The latter characterize mostly grandparents.

2.4.3. Sensitivity Analysis

Extra statistical analysis was performed by reporting status in order to assess asso-
ciation differences and further decrease reporting error, since this was not controlled for.
Specifically, it has been shown that dietary under-reporting prevalence is higher compared
to over-reporting among children and adolescents [35]. Normal misreporters, including
over- and under-reporters as identified based on sex, age, BMR, and IPAQ level, were
therefore not excluded, in order to avoid a shift to the right which means a decrease in
the estimated energy and macronutrients intake. A sensitivity analysis, however, per re-
porting status, was performed to investigate potential effect differences of added and total
sugar on weight status. For this specific analysis, over- and under- reporters were iden-
tified by dividing total energy intake by calculated basal metabolic rate (BMR) using the
Scholffield equation, including for IPAQ, and then using validated Goldberg cut-offs [36]
for adolescents and those reported for children by age group and sex [35].

2.5. Statistical Analysis

Distribution plots were examined for continuous variables using k density kernels
and P-P plots. All variables are summarized in total and by sex; numerical variables
following normal distribution are depicted as means (±sd) and those skewed as medians
and interquartile range (IQR) and categorical variables are presented as relative frequen-
cies. Group differences were examined using parametric or non-parametric methods for
numerical data, accordingly and chi-square test for categorical. Significance was assessed
at α = 5%, using two-sided test (p < 0.05). Mixed effects logistic regression models were
used to account for the skewed distribution of the data. The likelihood of being over-
weight/obese compared to healthy weight was explored as per (i) the median of total
sugar intake (adjusted for energy) and (ii) added sugar intake above 10% (>10%) of total
energy intake, and (iii) median intake of added sugar intake. Two models were used
following preliminary analysis of intakes (i) food groups including animal- and plant-
protein, non-milk dairy, fruit and vegetables; and (ii) macronutrient (fat, protein, other
carbohydrates) and dietary fiber intakes. All models were adjusted for children’s’ lifestyle,
activity level (IPAQ), total screen time, and the primary guardian’s socioeconomic status.
Marginal effect sizes were also conducted to derive probability of overweight/obese status
for higher total- and added- sugar intakes. The statistical software package STATA 12.0
was used for statistical calculations (STATA Corp LLC., College Station, TX, USA).

3. Results

Table 1 summarizes the anthropometric and lifestyle characteristics, the dietary intake
of the children and the adolescents, as well as the main guardian sociodemographic
information. In the present study, 10.6% of the children and 21.6% of the adolescents were
overweight/obese. Median total sugar daily intake in relation to total energy consumption,
was 15.6% (SE: 6.7), with a significantly higher consumption observed in children compared
to adolescents (16.3% and 14.3% respectively; p < 0.001). The main food contributing to
this higher intake was milk (Figure 1). The percentage of energy from added sugars was
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9.5% in children and 5.5% in adolescents, with 18.7% of the children and 24.5% of the
adolescents exceeding the 10% of total energy intake recommended upper limit (Table 1).
As per basic lifestyle characteristics, physical activity levels differed between children
and adolescents, with adolescents being more physically active. Overall, only 200 out
of 781 children reported of performing a specific activity at least once a week (hence the
median of “0”). In contrast although both children and adolescents spent more time in
front of a screen than recommended (>2 h per day), children’s total screen time was higher
than adolescents. Finally, primary guardian education level was between 6 and 12 years,
and the majority of them were employed.

Figure 1. Total sugar contribution in children and adolescents, in total sample and by sex. (a). All children and adolescents;
(b). boys; (c). girls.

Food groups contribution for total and added sugars are shown in Figures 1 and 2,
respectively. For the total sample (Figure 1a), milk was the main contributor of total sugars
(20.4%), followed by fruits (17.9%), sweets (15.7%), processed/refined grains (10.8%), and
SSBs (10.7%). In total, these foods/food groups contributed 75.5% of total sugar intake.
If baked products, that include cakes and cookies, are also accounted for and included,
the contribution increased to almost 83.0%, 44.5% of which were from sources containing
added sugars. When adolescents were differentiated from children, the main food group
contributing to total sugars were sweets, especially among adolescent boys (Figure 1b),
followed by fruits (17%), and the third main contributor was SSBs (12.8%); the latter being
consistent in both boys and girls. The main food contributors in adolescent girls (Figure 1c)
were fruits (18%) followed by sweets (16%), in comparison to boys which were sweets
(18%), followed by fruits (16.2%). Overall, 100% juice contributed to 3% of total sugar
intake and honey, added sugar, and syrups to 2.5%.
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Figure 2. Main food groups contributors to added sugar intake in children and adolescents.

Figure 2 depicts the major food groups that contributed to added sugars, in total
and by age group. The main two sources of added sugars were sweets (29.8%) and
processed/refined grains and cereals (19.1%), in total and in both age groups. These were
followed by SSBs (17.6%) in the total sample, due to high consumption among adolescents
(20.6%), but was fourth in children (11.4%), following baked products (16.6%).

Table 2 summarizes the estimated mean energy, macronutrient, and selected recom-
mended food group intakes, by level of added sugar consumption, according to current
recommendations (≥10% compared to <10% of total calories). Total sugars were signif-
icantly lower, and total fat and animal protein were higher, in children and adolescents
consuming <10% of energy from added sugars. Non-sugar carbohydrates were signifi-
cantly higher whereas total fiber was lower, in children consuming <10% of energy from
added sugars but did not differ in adolescents. No significant differences were found in
vegetable protein, being low in both groups. Regarding specific recommended food groups,
all were higher among children with greater added sugar intake, whereas in adolescents’
fruit and animal protein intake was significantly higher for those consuming <10% of
energy from added sugars. More specifically, 75% of children aged 2–11 years, with <10%
of energy intake from added sugars, consumed no fruits or vegetables. Twenty five percent
(25%) of the children consuming ≥10% added sugars also reported no fruit consumption
and 75% consumed less than one vegetable portion per day (one fruit and one vegetable
choice ~80 g in children). In comparison, half of the adolescents with <10% of energy from
added sugars consumed one fruit portion and almost two vegetable portions, whereas
those consuming 10% of added sugars had significantly lower fruit intake (p < 0.029).

Sensitivity analysis revealed that total sugar intake was 14.7% in under-reporters,
17.1% in plausible-reporters, and 14.3 % in over-reporters. Added sugar intake was 7.8%,
8.5%, and 8.3% respectively, with 31% of plausible- and 31.6% over-reporters consuming
≥10% of energy from added sugar. This was significantly lower among under-reporters
with only 9.8% reporting added sugar intake ≥10% of total energy.
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Table 2. Estimated mean energy, macronutrient, and selected food group intake in children and adolescents by added sugar
intake status.

Food Group Intake Per Day Added Sugars Intake Status Significance

<10% Total Calories ≥10% Total Calories p Value

Children (2–11 years)

Food groups (median; IQR)

Fruit, gr 0 (0, 116) 71.3 (0, 166) <0.001
Vegetables, gr 0 (0, 71) 55 (14, 96.2) <0.001

Animal protein, gr 53 1 54 (22, 86) <0.001
Non milk dairy, gr 30 1 20.1 (0, 46.5) <0.001

Energy, kcal 1378 (571) 1692 (777) <0.001

Macronutrients, % Energy

Non sugars carbohydrates 29.8 (6.3) 27.0 (8.9) <0.001
Total sugars 14.6 (4.3) 23.9 (8.1) <0.001

Animal protein 7.5 (7.5, 7.6) 7.1 (4.7, 10.3) <0.001
Vegetable protein 4.1 (1.2) 4.2 (1.8) 0.514

Total Fat 40.1 (5.8) 36.7 (7.0) <0.001
Total Fiber 7.1 (7.1, 9.9) 10.7 (7.5, 16.5) <0.001

Adolescents (12–18 years)

Food groups (median; IQR)

Fruit, gr 87 (0, 193) 4 (0, 147) 0.029
Vegetables, gr 138 (59, 254) 110 (41, 199) 0.135

Animal protein, gr 98 (52, 183) 59 (23, 106) <0.001
Non milk dairy, gr 30 (11, 73) 23 (7, 60) 0.180

Energy, kcal 1862 (749) 1799 (780) 0.484

Macronutrients, %Energy

Non sugars carbohydrates 29.4 (8.3) 29.3 (10.0) 0.889
Total sugars 12.2 (6.5) 20.7 (6.0 <0.001

Animal protein, %Energy 9.0 (5.5, 11.8) 6.4 (4.1, 10.5) <0.001
Vegetable protein, %Energy 4.0 (2.0) 4.2 (2.0) 0.607

Total Fat, %Energy 42.1 (9.0) 37.7 (9.6) <0.001
Total Fiber, gr/day 12.9 (8.9, 18.3) 13.1 (9.4, 18.2) 0.726

1 no IQR differences. Skewed variables are summarized using median and IQR, whereas normally distributed variables with mean (±sd).
Group comparisons have been made by Student t-test vs Kruskal–Wallis test when skewed. Animal protein food group includes all meat,
eggs, and seafood/fish. Vegetables include all starchy, non-starchy vegetables and potatoes. Fruit group includes fruit and 100% fruit
juice. Non-milk dairy includes yogurt and cheese. Plant protein was not included in food groups, due to limited consumption. Non sugars
carbohydrates include total carbohydrate intake after subtracting total sugar intake, and then expressed as %energy intake.

The likelihood of being overweight/obese was 2.33 times higher (95% CI: 1.298, 4.183,
p = 0.005) for children and adolescents with total sugar consumption above the population
median (13.6%) when specific food groups adjusted for energy were accounted for (Table 3;
model 1), and 1.68 (95% CI: 1.008, 2.817, p = 0.047) when macronutrient intakes with respect
to energy intake were accounted for (model 2). Children and adolescents consuming ≥10%
of energy from added sugars were 2.57 times more likely (95% CI: 1.398, 4.717, p = 0.002) to
be overweight/obese compared to those that consumed less <10% in model 1 and 1.77 time
in model 2 (95% CI: 1.008, 3.096, p = 0.047). The results for the odds of overweight/obese
when the median for added sugars was assessed, were very similar with those for ≥10%, as
expected, as the median intake was 9.4%. In both cases the models were adjusted for level
of physical activity, total screen time, sex, and parental educational level and professional
status. The foods model was adjusted for total energy intake as well. Following the mixed
effects logistic regressions, predictive probability of overweight/obesity, based on the
models used, were derived.
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Table 3. Odds of overweight/obesity in total sample using 2 models: (a) food groups and (b) macronutrients.

Model 1 Model 2

Odds Ratio [95% Conf.Interval] Odds Ratio [95% Conf.Interval]

Total Sugar, % energy
(above vs below median) 2.33 1.298 4.183 1.69 1.008 2.817

Added Sugars, % energy
(above vs below median) 2.64 1.459 4.789 1.80 1.046 3.124

Added Sugars ≥10% energy 2.57 1.398 4.717 1.77 1.008 3.096

Results following mixed effects logistic regression; for total sugars population median was used; reference population were children <50th
percentile. Model 1 includes: animal- and plant- protein, non-milk dairy, fruit, and vegetable intakes, adjusted for energy; Model 2 includes:
macronutrient intakes (fiber, fat, protein, other non-sugar carbohydrates). Both models were adjusted for children’s and adolescent’s
activity level (IPAQ), total screen time and for the primary guardian’s educational level and professional status. Significance at α = 5%.

In Figure 3a,b, the predicted probabilities of being overweight/obese are depicted.
In Figure 3a the probability increased significantly for higher total sugar and for ≥10%
of added sugar intake, when accounting for specific food group intakes, as per Table 2.
Specifically, consuming >10% of total energy from added sugar increases the probability of
being overweight/obese by 8.3% in total sample (p = 0.002), by 7.4% in children (p = 0.003),
and by 10.8% in adolescents (p = 0.005). The probability was lower for total sugar intake.
In particular, it was 6.6% in children (p = 0.005), and 9.7% in adolescents (p = 0.008).
When the model included macronutrients instead of food groups, the probability of being
overweight/obese was lower in both cases compared to the first model (Figure 3b) but
remained statistically significant.

  
(a)Accounting for food groups  (b) Accounting for macronutrient intake 

Figure 3. Predicted probability of being overweight/obese for children and adolescents by total- and added-sugar intake.
(a) Accounting for food groups. (b) Accounting for macronutrient intake.; values in red represent predicted probability
when consuming added sugars ≥10% of energy.
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4. Discussion

The present study examined total sugar and added sugar intakes, their major food
contributors, and it assessed the relations between higher intake and likelihood of obesity
in a representative sample of children and adolescents in Greece. The major finding
of this study wasthat a high percentage of children and adolescents (20.6%) consumed
added sugars above the recommended threshold of 10%, placing them at increased risk for
overweight and obesity. It was also found that higher dietary total sugars intake was linked
with higher added sugars, since approximately half of the amounts were derived from
foods containing added sugars: sweets, processed grains, SSBs, and baked products. These
findings included all children and adolescents assessed, excluding extreme over-reporters,
to avoid biased errors in estimates. When under-reporters were excluded, which had a
significant lower intake, this percentage reached 30%, further underlining the magnitude
of added sugar intake with potential associated obesity risk. Specifically, the likelihood of
being overweight or obese more than doubled for those with higher than recommended
added sugar intakes and the predicted probability of becoming overweight/obese increased
by 8.3%. If we were to extrapolate these findings to the total number of children and
adolescents in Greece, it is estimated that 36 895 children and adolescents are likely to be or
will probably become overweight and obese.

The definitions for sugars, including total and added, remains to be a challenge for
researchers. The WHO On uses the term “free sugar” instead of “added sugar” in their
sugar recommendations, which means that free sugar includes added and total sugars
which are naturally present in fruit juices and fruit juice concentrates [37]. To overcome this
problem, and account for all sugars but at the same time, distinguish the effects of added
sugars, this study investigated total sugar as well as added sugar intakes. According to
recent data, total sugar intake ranges from 17% to 34.8% in children and from 15.4% to
29.6% in adolescents worldwide [38]. Based on results from our study, total sugars were at
the lower end of the worldwide ranges reported, but over half of total sugars were attained
by addition. This was due to the fact that the majority of total sugars in this sample were
derived from sweets, processed/refined grains and cereals, and SSBs, especially among
adolescents, and fruit intake was very low. In addition, the median intake of added sugars
among children and adolescents was close to the upper recommended intake, with one
fifth of children and one fourth of adolescents exceeding it. These results are in agreement
with an earlier study that reported high intake of added and naturally present simple
sugars among school aged children [14]. In Canada the range of added sugars intake was
estimated from 10% to 13% of total energy intake among different population subgroups,
with higher intakes among adolescents [39], the latter being in agreement with the results
of our study as well as results from a recent review of nationally representative surveys
across the world [38]. This review reported that intakes of added sugars were higher
among school aged children and adolescents, than in younger children.

It has been reported that higher added sugar intake is associated with lower diet
quality [40,41]. In this study the majority of children and adolescents, irrespectively of
added sugar intake, had poor dietary intakes as depicted by the median intakes of fruit,
vegetables, fiber, and vegetable protein. This is in accordance with the results of other
studies that found that even at lower deciles of added sugars intake, large percentages of
children and adolescents had nutrient intakes below the average requirements [42], under-
lying poor dietary habits. Between studies controversies can be explained by differences in
assessing the main foods that contribute to total and added sugar intake. In this population,
other than sweets, processed/refined grains and cereals were the main contributors of total
and added sugars, in both children and adolescents, foods that are usually enriched with
many nutrients. Fruits including 100% fruit juices, although low in the majority of the
population, also highly contributed, unlike drinks containing added sugars, that were at
the lower end of food contributors.

The probability of overweight and obesity increased significantly with higher total
sugar intake and higher added sugar intake above the recommendations. The potential
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effect of total sugar intake, irrespective of total energy consumption, was evaluated in
relation to other food group intakes, granted that a recent systematic review suggested a
diet with a lower percentage of obesogenic foods, including sugars, may reduce the risk of
developing obesity among children [22]. Simple sugars overall have a high glycemic index,
and lead to a faster and greater insulin secretion; a hormone that has an anabolic effect.
This can be one major reason of the higher probability of overweight and obesity found in
this study among children and adolescents with added sugar consumption above 10% of
total energy in foods of low quality. The latter was reinforced by the fact that the likelihood
of overweight and obesity was higher when the same model was adjusted for actual
food intake, not only macronutrients, while maintaining total energy and other obesity
confounders constant. To our knowledge, this is the first study that has compared the effects
of food vs macronutrients on weight status, without seeking for specific dietary patterns
but rather examining actual intakes of protective healthy foods and actual macronutrients.
This information is important, as obesity is hard to treat [43], and although body weight
can be modified by diet, treatments generally tend to have poor long term outcomes [44,45].
This is because obesity demands a more sophisticated approach than counting calories [44],
including the understanding of pathophysiological and endocrine functions that occur
post food consumption, reinforcing the results of this study. Furthermore, it has been
reported that overconsumption of foods high in simple sugars replace more nutrient dense
foods, and result in nutrient inadequacies [9,37]. This may be the case among children and
adolescents in Greece based on a previous study reporting that most vitamins and essential
minerals were derived from low-quality foods [46].

Study limitations include potential under-reporting of food-consumption, which could
have led in an underestimation of energy, overall macronutrient intake, including total and
added sugar intake. This said, based on the sensitivity analysis performed sugar intake
can only be more but not less than the reported, since under-reporters had significantly
lower consumption. Another limitation due to the cross-sectional nature of the study is
that temporal relationship cannot be established; however, prediction probability analysis
was used to estimate future trends, if levels of added sugars are not reduced and healthier
dietary choices are not attained.

In conclusion children and adolescents need to develop healthy nutrition habits
to maintain healthy body weight and prevent obesity development in adolescence and
beyond. Interventions to prevent and control obesity focus on solutions which help acquire
healthier behaviors [47]. Effort should be placed, not only to reduce added sugars, but to
improve overall dietary intake in terms of foods consumed, emphasizing vegetables and
plant-based protein. The results of this study confirm the strong recommendation of WHO
for a reduced sugar intake, emphasizing on reducing intake to <10% of total energy intake
for preventing and controlling excess body weight.
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Abstract: The coronavirus (COVID-19) pandemic and the measures taken by most countries to curb
virus transmission, such as social distancing, distance learning, population, home confinement and
disruption of all organized activities, has affected children and adolescents worldwide. The aim of
this review was to assess the role of diet and lifestyle changes due to COVID-19 measures on body
weight/composition and cardiometabolic risk factors in children and adolescents. An electronic
search was conducted in PUBMED, COCHRANE, Google Scholar and SCOPUS databases up to
31 October 2021. 15 eligible studies were identified. According to the studies included in the analysis,
COVID-19 measures seem to have had a negative impact on the diets and lifestyles of children
and adolescents, with a consequent increase in body weight and central fat accumulation. On the
other hand, the parental presence and control resulted in better glycaemic control in children with
diabetes mellitus (DM) Type 1, but the effect of the pandemic in the glycaemic control of children
with DM2 2 is controversial. Finally, diet and lifestyle changes had a differential impact on children’s
hypertension prevalence. These findings point to the need for public policy measures to prevent
obesity and its complications, to and improve diet and lifestyle during the continuing and yet
unresolved COVID-19 epidemic.

Keywords: diet; lifestyle; body composition; cardiometabolic risk; children; adolescents; COVID-19

1. Introduction

Coronavirus disease (COVID-19) caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) is one of the most serious pandemics worldwide that has
infected and killed millions of people. To curb virus transmission, several preventive
measures have been taken by most of the countries on all continents, such as the limitation
of travelling, distance learning in all educational levels, tele-working, and total confinement
of the general population at home. These measures, also known as lockdown, caused
disruption of daily activities in all ages due to the need for social distancing to control the
epidemiology of the disease [1].

Some of the major consequences of the pandemic measures, such as social distancing
and the shutdown of live educational activities have affected lifestyle and dietary behaviors
related to overall health in both children and their families. Interestingly it was suggested
that the lockdown is responsible for the consumption of poor-quality food, such as ultra-
processed, calorie-dense comfort food when compared to standard living conditions [2,3].
The abrupt interruption of organized physical activities such as sports are paralleled with
increased sedentary habits and screen time due to the inability to perform social gathering,
distance learning, cancellation of the function of recreation programs and playgrounds and
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confinement at home. These changes have also affected sleep quality and duration. More
specifically, the cancelation of live participation in educational activities attenuated all
unfavorable consequences, as school increases opportunities for structured and recreational
physical activities, decreases screen time, reduces opportunities for snacking and enables
earlier school-day bedtimes [4]. Therefore, children’s social distancing enhanced feelings of
boredom and stress, increased snacking of energy-dense foods and emotional eating, and
at the same time reduced the participation in structured physical activities, and increased
sedentary time and inadequate or low quality sleep time [5]. The consequent disproportion
between energy intake and energy spent inevitably resulted in a positive energy balance,
increased fat disposition and weight gain [2,6].

Childhood obesity is another epidemic and it is considered as the most important
health problem of the 21st century concerning 38 million children under the age of 5, and
over 340 million children and adolescents aged 5–19 [7,8]. It has a multi-factorial origin
with genes, perinatal factors, social setting background, obesogenic environment, and
lifestyle habits/dietary preferences, physical activity, sedentary time and sleep duration
playing the most important roles [6].

The measures implemented due to the COVID-19 pandemic have created an obeso-
genic environment in children with less physical activity, longer sedentary time, unhealthy
and energy dense food choices and sleep disturbances, which has probably led to even
higher childhood obesity prevalence [9]. In turn, childhood obesity amplifies the risk of car-
diometabolic conditions such as hypertension, dyslipidemia, diabetes and cardiovascular
disease (CVD) [10–12]. At the same time, healthy food choices and regular physical activity
are also considered to play a significant role in health in the early stages of life, which can
also lower the risk of developing non-communicable (NCDs) diseases in adulthood [8].

These unprecedented living conditions, with confinement at home, increased food
consumption and sedentary time during the day, may have led to significant alterations
in body composition and body weight, as well as in deterioration of cardiometabolic
health. As the COVID-19 pandemic remains a resisting and unresolved health problem, it
continues to affect children’s lives and overall health.

Therefore, the aim of this systematic review was to collect and critically evaluate all
the available scientific work related to the interplay between diet and lifestyle changes and
children’s body composition and cardiometabolic risk during the COVID-19 pandemic, in
order to enable public health initiatives for the prevention of the negative consequences of
obesity and cardiometabolic risk early in life.

2. Materials and Methods

The present review was registered and published by PROSPERO, under the title
“Systematic review of the role of lifestyle and diet on body composition changes and
cardiometabolic risk factors in children during the pandemic of COVID-19” (registration
number: CRD42021279972). The present work was prepared and presented in accordance
with the guidelines of the PRISMA statements.

2.1. Search Strategy

A systematic search for eligible studies was performed through October 2021 by
two separate reviewers on the PUBMED, COCHRANE, Google Scholar and SCOPUS
databases using identical language, age, and date limits. The last day of searches in all
mentioned databases was 31 October. Search keywords and medical subject headings
(MESH terms) applied were: [(“diet” or “dietary” or “lifestyle”) and (“body composition”
or “body weight” or “weight status” or “weight change” or “BMI” or “waist circumference”
or “childhood obesity” or “children overweight/obese”) or (“cardiometabolic” or “car-
diovascular” or “hyperlipidemia” or “dyslipidemia” or “hypertension” or “diabetes” or
“metabolic syndrome”]. Studies were limited to the English language and human studies
in children aged 0–18 years. Reference lists and related articles of included studies were
also examined for additional relevant articles (Figure 1).
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Figure 1. PRISMA flow chart of included studies.

2.2. Eligibility Criteria

The studies that were decided to be included in the review were examining the possible
role of diet and lifestyle changes on children’s body composition and cardiometabolic
conditions. The inclusion criteria applied were peer-reviewed, epidemiological studies or
clinical trials, English language, human studies, children 0–18 years of age, published from
the year 2020 and onwards, with clear results regarding changes in body weight/body
composition or parameters related to cardiometabolic health. The following exclusion
criteria were applied: studies conducted in adults, animal studies, reviews, systematic
reviews, meta-analyses, commentaries/letters and editorials.

2.3. Selection of Studies and Data Extraction

Two reviewers performed independent research in the databases mentioned before,
for titles and abstracts of all the relative resources. The search results were then imported
to EndNote Software for identification and removal of all duplicates. Afterwards the two
reviewers removed articles according to eligibility criteria in order to determine the final
number of studies to be included in the review. Discrepancies were resolved after discus-
sion. After agreement, full text screening was carried out. Qualitative and quantitative data
from all included articles were extracted by both reviewers. The extracted data included
specific details for study design, population characteristics, assessment methods used and
changes in diet, lifestyle, body composition or body weight and cardiometabolic conditions.

2.4. Risk of Bias

A risk of bias tool was conducted with the Revised Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) [13]. The risk of bias covered the six domains of bias as described in
the tool: election bias, performance bias, detection bias, attrition bias, reporting bias, and other
bias. Relative plots were created for all the studies included in the analysis (Figures 2 and 3).

3. Results

The initial search identified 296 references (Figure 1). After scanning for potential
duplicates, 42 references were excluded. The remaining 254 references were screened
according to title/abstract and reference lists, and relevant articles were screened. These
procedures resulted in 315 references screened for relevance, out of which 274 were ex-
cluded. The remaining 41 articles underwent a full-text review based on inclusion and
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exclusion criteria. Further to this, 26 articles were excluded due to article type (editorials,
commentaries or irrelevant reviews, N = 10) or due to inclusion/exclusion criteria, absence
of diet and/or lifestyle outcomes (N = 8), absence of body composition/body weight
outcomes (N = 5) adult population (N = 3). The final number of studies included in the
present review is 15. These studies are summarized in Tables 1 and 2.

Figure 2. Studies with the representation of the Domains of risk of Bias.

Figure 3. Overall presentation of the domains of risk among the studies.
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3.1. Study Characteristics

The studies included in the present systematic review regarding the role of diet and
lifestyle on body composition/body weight (Table 1) originate from two continents, four
from Asia [15,16,18,29] and seven from Europe [14,17,19–23].The included studies for the
role of diet/lifestyle on cardiometabolic risk factors (Table 2) originate from three continents,
one from the Middle East [27], four from Asia [16,25,26,28] and two from Europe [24,30].
Interestingly the countries included present with large variation in their socioeconomic sta-
tus having both developed countries like Germany and developing countries like Malaysia.
The age of the participants ranged from 0–18 years and the study sample varied from
very small i.e., 43 volunteers, [26] to very large i.e., 10,000 participants [15]. Regarding the
study methodology, there were 12 cross-sectional studies, two retrospective studies and
one longitudinal study.

According to the risk assessment of the studies, it has been noted that most of them
are rather small and are based on convenience sampling, with no actual randomization,
and including self-reported measurements of height and weight. Therefore, the selection
bias and the accuracy of the answers are questionable (Figure 1). Under this spectrum, the
overall risk evaluation in Figure 3 presents to be in greater extent either moderate or high.
There were also studies mentioning measurements without presenting the relative results.
This fact can be attributed to the eagerness to publish results for a new and unknown
situation and at the same time the difficulty of performing assessments in person due to
the lockdown and the limited access to the healthcare facilities.

3.2. Main Exposures

Changes in body weight/body composition were evaluated in relation to measures of
change in diet and/or lifestyle (Table 1). All studies used self-reported data either using
known validated questionnaires such as the Food Frequency Questionnaire (FFQ) and the
International Physical Activity Questionnaire (IPAQ), or other questionnaires collected
either by phone, live interviews, or online surveys. The primary outcomes were changes in
body weight, Body Mass Index (BMI) and waist circumference, which were either measured
(N = 5) [16,17,20–22] or self-reported (N = 5) [14,15,18,19,23]. Regarding the association
of diet and/or lifestyle changes on cardiometabolic conditions, the primary outcome was
blood pressure (N = 3) or glycemic control (N = 5).

3.3. Studies on the Association of Diet and/or Lifestyle Changes on Body Weight/Body Composition

The majority of studies assessed changes of both diet and lifestyle, except for two
(one retrospective and one cross-sectional) which solely assessed parameters of physical
activity and sedentary behavior [15,17]. Apart from one study that reported no results, [16]
all the other included studies reported increased consumption of fats and fast foods, as
well as processed food, sweet and salty snacks and sugar sweetened beverages. Yet some
studies also reported increased consumption of breakfast, fruit and vegetable intake and
reduction in fruit juice and carbonated drinks consumption. Also, all studies shown in
Table 1 reported a significant decrease in physical activity paralleled with a significant
increase in sedentary and screen time, while two studies assessing sleep duration and
sleep quality as part of the lifestyle assessment presented with controversial results [14,21].
Regarding the changes in body weight/body composition, eight out of the 10 studies
included in the analysis and presented in Table 1 reported significant increases in body
weight, BMI, waist circumference or body fat, which was evident even in the 59.7% of the
study population [14–19,23]. According to Qiu et al., 28.1% of the children with normal
BMI before the lockdown became overweight or obese, 42.4% of the overweight children
became obese and 46.6% of the participants starting as normotensives presented abnormal
BP levels at the end of the lockdown [16].

On the other hand, two studies reporting no changes in body weight/body composi-
tion measures during the pandemic also reported better adherence to the Mediterranean
diet and reduced consumption of canned food, fast foods, snacks, fruit juices, sugar sweet-
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ened soft drinks and meat, resulting in an improved nutritional intake, an effect attributed
to the increased family time and the time spent on cooking and meal preparation [21,22].

3.4. Studies on the Association of Diet and/or Lifestyle Changes on Cardiometabolic Risk Factors

Studies included in Table 2 presented outcomes regarding blood pressure and glycemic
control, while no studies were retrieved for the association of diet and/or lifestyle changes
during the pandemic with other cardiometabolic conditions. Regarding blood pressure,
there are mixed results, as two studies reported increased blood pressure levels [16,27],
while one study reported a relevant reduction [17], all paralleled with significant decreases
in physical activity and increased time in sedentary behaviors. As regards glycaemic
control studies, four studies were conducted solely in subjects with Type 1 diabetes mellitus
(T1DM) [24,26–28] and one study included patients with both T1DM and type 2 diabetes
mellitus (T2DM) [25]. Among them, two cross-sectional studies reported either increased
plasma glucose levels by 18% [27] or increased glycosylated haemoglobin A1c (HbA1c) [28]
levels by 0.32%, as a consequence of decreased physical activity, increased sedentary time
and increased consumption of carbohydrates. Another cross-sectional study also reported
elevated levels of sedentary behavior and decreased levels of physical activity together
with altered meal frequency, mainly expressed as skipping breakfast. These dietary changes
led to increased body weight and reduced HbA1c in prepubertal T1DM children due to
closed parental control of the management of blood glucose levels. At the same time, it
was connected with decreased body weight and elevated levels of HbA1c in children with
T2DM and pubertal adolescents, signs of uncontrolled diabetes mellitus [25]. In another
small cross-sectional study, the decrease of hypoglycemic episodes was reported, with no
change observed in HbA1c, despite the decreased physical activity and increased number
of daily snacks [26]. Finally, in a retrospective observational study, an improvement in
glycemic control was also reported in children with T1DM despite the increase of sedentary
activities and the limitation of physical activity, mainly due to the closer control of the food
intake and the glucose measurements from their parents [24].

4. Discussion

The impact of the COVID-19 pandemic on children has yet to be fully examined.
There are justified concerns, confirmed by international organizations, that the health crisis
that has emerged over the past two years may have severely affected the nutrition and
lifestyles of children, with many unfavorable consequences with regard to childhood obe-
sity and other cardiometabolic risks. Unfortunately, there are concerns that the COVID-19
pandemic threatens to reverse the hard-won progress achieved in the previous years in
pediatric health.

The present systematic review aimed at gathering all existing knowledge from recently
published articles regarding changes in diet and lifestyle during the COVID-19 pandemic
and their effect on body weight and body composition, as well as cardiometabolic risk
factors in children. These data may enable the design and implementation of public health
preventive measures during periods of lockdown, particularly aiming at the enhance-
ment of physical activity and healthy nutritional choices, especially when their duration
is uncertain.

One of the main outcomes of the present systematic review is the fact that around
the globe, similar dietary and lifestyle patterns were recorded [31,32]. The deterioration
of food quality and the increment of food and energy quantity, alongside the mandatory
confinement and the lower levels of physical activity and energy expenditure, combined
to create an obesogenic environment for children. These changes were more profound in
families with disadvantaged socioeconomic conditions, reflecting the economic impact
of COVID-19 on nutrition and public health [33]. One of the main concerns is that these
changes, which might be difficult to be reversed, can have short term and long-term
negative effects on the overall health of the children in their childhoods and later on when
they reach adulthood.
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The tele-education and the lockdown resulted in increased screen time spent on
computers and mobile phones, not as recreation but also as an obligatory responsibility.
As a result, physical activity levels were compromised, and sedentary time increased
significantly in children and adolescents [14,16,18,19,21,23]. It has already been reported
by previous studies that the amount of time spent engaged in sedentary activities during
childhood and adolescence predicts overweight and obesity in adulthood [34], posing a
reasonable concern of the possible effects of this pandemic on the obesity epidemics that
we will have to face in the following years.

A significant modification to sleep quality and overall sleeping habits was reported in
many of the included studies. Some studies reported increased sleeping hours [18,27,32],
or decreased sleep duration but increased sleep quality [22], or delayed sleeping time at
night [28], affecting several aspects of the health of children and adolescents. Insufficient
or interrupted sleep relates to mood swings and attention problems and poor mental
health, situations made worse during the COVID-19 pandemic [35]. Sufficient sleeping
time is essential in childhood. The American Academy of Sleep Medicine recommends that
toddlers (aged 3–5 years) should get 10–13 h of sleep per day, school-going children (ages
6–12 years) should get 9–12 h per night, and adolescents should get 8-10 h nightly [36].
During the confinement, most of the studies reported an increase in sleep duration, ex-
plained by the absence of the obligation to attend school and other activities, which was not
always achieved during the confinement. Moreover, the flexibility in waking and bedtime
hours was the reason for increased sleep duration [35]. However, as circadian disturbances
relate to weight gain during school breaks, these changes may have an impact in weight
gain in children during COVID-19 [4].

All reported alterations observed regarding diet and lifestyle habits seem to have
worsened the already existing problem of bad lifestyle choices and pediatric obesity. It is
noteworthy that in the pre-COVID 19 era, more than 80% of children around the world
were inactive, more than 60% did not meet recommended screentime guidelines, and
nearly a half have a scarce adherence to the Mediterranean diet [37–39]. If the assumption
that this picture will worsen during the pandemic is correct, it will negatively affect chil-
dren’s current and future health, and many scientists express their fear that the COVID-19
pandemic might shift towards an obesity pandemic. It is essential that more studies should
be carried out with the primary aim of measuring the impact of this pandemic on the
nutritional habits and health status of children and adolescents in different contexts. One
of the main goals of these studies should be to assess whether unhealthy nutritional habits
are maintained in the long term or even improved, and to objectively assess children’s
nutritional parameters and compare them to the pre-pandemic era.

Another important aspect of the present review is the association of diet and lifestyle
changes during the lockdown with cardiometabolic risk. Although the findings are contro-
versial in some cases, there is limited evidence regarding worsening of glycemic control
in children with T2DM and hypertension. On the contrary, the presence of parents and
their active involvement in the management of T1DM resulted in a better management
of children with T1DM. However, it is noteworthy that in most studies an increase in
sweet and salty snacks, as well as sugar sweetened beverages, was observed, pointing
out an increase in sugar and sodium intake, which makes us skeptical regarding possible
underestimated unfavorable consequences due to COVID-19 on glycaemic control and
hypertension. However, due to limited evidence, the heterogeneity of studies and the
varied quality more well-designed studies examining the effects of COVID-19 on glycaemic
control and hypertension are needed to draw credible conclusions.

Moreover, adolescence is known to be an overwhelming time, with physical, hormonal,
and behavioral changes that were made even more profound during lockdown, increasing
the prevalence of anxiety, boredom, and lack of motivation. Stress can negatively affect
blood glucose and blood pressure management, alongside with the unbalanced nutrient
and energy equilibrium, resulting in poor diabetes control and blood pressure in children
with T2DM. Therefore, the lifestyle and stress management in younger patients with
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diabetes is undoubtedly of paramount importance to maintaining good diabetes self-care,
lower cardiometabolic risk and overall better health.

5. Conclusions

The COVID-19 pandemic that emerged in the past two years is still uncontrolled, and
measures to curb virus infection, such as confinement at home and social distancing, lead
to a disruption of daily activities with yet unknown health consequences. The present
systematic review is the first to our knowledge that gathered existent relevant studies
highlighting the worsening of children and adolescents’ diet and lifestyle with unhealthy
food choices, increased sedentary time, and decreased physical activities, which led to
increased body weight and abdominal fat accumulation. Also, obesity, alongside with
unhealthy diet and lifestyle with increased consumption of fat, sugar and sodium and
increased time spent on sedentary activities are significant risk factors for cardiometabolic
unfavorable consequences, such as diabetes and hypertension that are poorly studied or
such as dyslipidemia and metabolic syndrome which are not studied at all, posing a great
threat for an outburst of the existent obesity epidemic and its serious health implications. It
is highly possible that the real consequences of COVID-19 on obesity and cardiometabolic
conditions are understudied and possibly neglected, and therefore future public health
initiatives are needed to assess and control obesity and its cardiometabolic complications
in an early and timely fashion during this unprecedented public health crisis.
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Habits, Physical Activity, Sleep, and Media Usage before and during COVID-19 Pandemic in Poland. Nutrients 2021, 13, 2447.
[CrossRef]

22. Medrano, M.; Cadenas-Sanchez, C.; Oses, M.; Arenaza, L.; Amasene, M.; Labayen, I. Changes in lifestyle behaviours during
the COVID-19 confinement in Spanish children: A longitudinal analysis from the MUGI project. Pediatr. Obes. 2021, 16, e12731.
[CrossRef]

23. Koletzko, B.; Holzapfel, C.; Schneider, U.; Hauner, H. Lifestyle and Body Weight Consequences of the COVID-19 Pandemic in
Children: Increasing Disparity. Ann. Nutr. Metab. 2021, 77, 1–3. [CrossRef] [PubMed]

24. Minuto, N.; Bassi, M.; Montobbio, C.; Vinci, F.; Mercuri, C.; Perri, F.N.; Cabri, M.; Calevo, M.G.; d’Annunzio, G.; Maghnie, M. The
Effect of Lockdown and Physical Activity on Glycemic Control in Italian Children and Young Patients with Type 1 Diabetes.
Front. Endocrinol. 2021, 12, 690222. [CrossRef]

25. Cheng, H.P.; Wong, J.S.L.; Selveindran, N.M.; Hong, J.Y.H. Impact of COVID-19 lockdown on glycaemic control and lifestyle
changes in children and adolescents with type 1 and type 2 diabetes mellitus. Endocrine 2021, 73, 499–506. [CrossRef] [PubMed]

26. Wu, X.; Luo, S.; Zheng, X.; Ding, Y.; Wang, S.; Ling, P.; Yue, T.; Xu, W.; Yan, J.; Weng, J. Glycemic control in children and teenagers
with type 1 diabetes around lockdown for COVID-19: A continuous glucose monitoring-based observational study. J. Diabetes
Investig. 2021, 12, 1708–1717. [CrossRef] [PubMed]

27. Al Agha, A.E.; Alharbi, R.S.; Almohammadi, O.A.; Yousef, S.Y.; Sulimani, A.E.; Alaama, R.A. Impact of COVID-19 lockdown on
glycemic control in children and adolescents. Saudi Med. J. 2021, 42, 44–48. [CrossRef] [PubMed]
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Abstract: Most of the studies analyzing the effect of moderate to vigorous physical activity (MVPA)
on children’s health do not contain information on early stages or do not use accurate methods. We in-
vestigated the association between PA and body composition using objective methods, perinatal data,
lifestyle behaviors, and World Health Organization (WHO) physical activity (PA) recommendations.
The CALINA study is a longitudinal observational cohort study of children born in Aragon (Spain)
in 2009. A total of 308 7-year-old children (52.3% boys) were assessed. We used dual-energy X-ray
absorptiometry (DXA) and accelerometry. Rapid weight gain until 12 months and lifestyle behaviors
were considered as covariates both in the ANCOVA and linear regression models. A higher percent-
age of boys met the WHO PA recommendations compared to girls (69.6% vs. 40.9%, respectively;
p < 0.001). There was a negative association between MVPA and subtotal fat and abdominal fat in
both girls and boys. After adjusting for perinatal and lifestyle variables, we found that subtotal body
fat, abdominal fat, and fat mass index (FMI) were significantly lower in those classified as active.
MVPA was associated with body fat both in boys and girls. More research is needed to identify the
cutoffs points of MVPA that generate benefit to boys and girls in all body composition components.

Keywords: physical activity; children; body composition; accelerometry; dual-energy X-ray absorp-
tiometry

1. Introduction

Obesity is a condition characterized by the excess of body fat, affecting both adults
and children, and there has been an alarming increase of childhood obesity in the last
decades [1]. This is of relevance as both excess body weight and adiposity are associated
with a number of comorbidities affecting almost every system in the body, including
psychological problems [2]. These comorbidities are in the top leading causes of death in
the world [3].

Overweight and obesity prevalence in Spanish school-age children in 2019 were 23.3%
and 17.9%, respectively [4]. Maternal smoking, rapid infant growth, or short breastfeeding
have shown to be amongst the earliest factors contributing to later excess of body weight
or adiposity [2,5]. However, still there is scarce evidence on large cohorts followed since
birth to really understand until what extent such factors influence body composition or
future health.
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Moreover, already during childhood there are several risk factors for overweight and
obesity such as those related to lifestyle behaviors including eating habits, low levels of
physical activity (PA), or high levels of sedentarism [6,7]. Specifically, previous studies have
shown that in school-aged children, high levels of PA are associated with low body fat and
high muscle mass content [8], as well as low abdominal fat or low risk of cardiovascular
disease risk factors and metabolic syndrome [9].

Due to the important benefits of practicing PA, the World Health Organization (WHO)
recommended, for children aged 5–17, a minimum of one hour per day of moderate-to-
vigorous physical activity (MVPA). Although this recommendation has shown several
benefits [10], only 5% of the official PA recommendations in Spain are based on the WHO’s
advice mentioned [11].

Most studies analyzing the influence of PA in children’s body composition do not
account for perinatal data, and many of them do not use accurate methods to assess either
PA (e.g., accelerometery) or body composition (e.g., DXA). In this, caution should be taken
when considering the tool to assess PA levels, as qualitative methods (i.e., questionnaires)
have been shown to differ from objective methods (e.g., accelerometery). For example,
Rääsk et al. [12] showed that MVPA as assessed with questionnaires was overestimated in
less active boys, but underestimated in more active boys, when compared to accelerometery.
Nevertheless, and despite being an objective method, accelerometery also has its own pit-
falls. A previous study [13] highlighted the functional limitations of these wearable devices
depending on the population, stating that comparison between studies are challenging
given the different cut-points used. This issue limits the PA interpretation and comparison
between studies and need to be considered in studies assessing PA levels. Nevertheless,
the use of accelerometery with infant populations has shown great accuracy in previous
studies [14,15]. An additional limitation of the existing studies is that they do not appropri-
ately analyze the influence of current WHO PA recommendations in terms of compliance
in school-age children with regard to body composition indicators [16,17]. Our aim was to
investigate such association objectively in a pediatric population, using accelerometery to
assess PA and current WHO recommendations and dual X-ray absorptiometry to assess
body composition.

2. Methodology

2.1. Study Design

This study included data from an observational study named “Growth and Feeding
during Early Childhood in Children from Aragón (CALINA)”, which is based on a cohort
of children born in the region of Aragon (Spain) in 2009. The initial sample recruited for this
project included 1602 subjects [18]. These children were followed every month during the
first year of life and every year since then until they reached the age of 7. From September
2016 to September 2017, we contacted all the families recruited in Zaragoza back in 2009
to be re-assessed, requesting them to attend the laboratory located at the University of
Zaragoza. A total of 415 families out of 952 agreed to participate, and 339 were finally
included in this analysis in terms of the variables required for it (176 boys and 163 girls).

This study was approved by the Ethics Committee in Clinical Research of the Gov-
ernment of Aragon (ref. CP PI13/00105, Spain). The project adhered to the Declaration of
Helsinki [19], and all the parents agreed and signed an informed consent form.

2.2. Data Collection

In 2009, the pediatricians of the selected primary care centers collected demographic
data including immigrant background, obstetric history including if the mother smoked
during pregnancy or not, perinatal history, and BMI of parents at child-birth, among other
data [18]. Moreover, as a growth marker of the early postnatal period, we calculated and
classified the children between those who were rapid weight gainers and those who were
not on the basis of the definition of rapid weight gain (RWG), when a positive change in
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weight-for-age z-score > 0.67 between birth and 12 months [20]. Weight and recumbent
height during the first year of life was measured by well-trained health professionals.

At this stage, demographic factors such as migrant background were also obtained,
as well as maternal lifestyle behavior such as smoking habit during pregnancy, which
were subsequently used in this analyses as covariates. The election of these variables as
covariates were based on the results obtained by a colleague who observed in a recent
publication that in our sample, migrant background of the mother, smoking habit during
pregnancy, RWG, and maternal and paternal BMI were associated with body composition
of children belonging to our study but in a previous follow-up (when they were around
6 years). These variables then, including parental BMI, were used as covariates in our study
by assuming that will be also related with their children body composition at the age of
approximately 7 years old.

Maternal and paternal BMI were self-reported in the follow-up performed between
2016 and 2017 and also used as covariates in this analysis.

In the 2016–2017 assessment, we collected the following data from the children when
they were approximately 7 years-old:

Weekly screen time (WST): Using a previously validated questionnaire, parents re-
ported the number of hours of TV/DVD/video viewing and computer/game console use
of their child both for a typical day on weekdays and on weekend days. We summed the
reported hours per day on weekdays and weekend days to obtain the total WST (hours in
week days + hours in weekend days/7 days per week) [21].

Physical activity (PA): PA was objectively assessed with an Actigraph accelerometer
(Actigraph GT3X; Manufacturing Technology Inc. Pensacola, FL, USA). Subjects were asked
to wear the belt-like accelerometer on the hip all day during a complete week or at least
3 days per week and 1 day per weekend, recording a minimum of 5 h per day. Children
and their parents were instructed to remove the accelerometer only during water-based
activities, sleeping, and impact sports, registering duration and reason for removal in a
formulary. PA was expressed as average in counts per minute (cpm) and minutes per day
of light, moderate, and moderate-to-vigorous PA according to Evenson cut-points [22],
with light/moderate PA (101–2295 cpm) and MVPA (≥ 2296 cpm). According to WHO
recommendations for PA [23], we classified the sample into two groups: active children,
including those who did 60 or more minutes per day of MVPA, and inactive children, those
performing less than 60 min of MVPA per day.

Diet: Dietary intake was self-reported by parents through a semi-quantitative food
frequency questionnaire (FFQ) [24,25] that had been previously used and validated in
the multifactorial evidence-based approach using behavioral models in understanding
and promoting fun, healthy food, play, and policy for the prevention of obesity in early
childhood study (ToyBox-study). In short, the FFQ consists of a list of foods and beverages
with response categories to indicate usual frequency of consumption over the selected
time period. We calculated the Diet Quality Index (DQI), which is a largely used index, in
cohorts with similar characteristics in order to assess diet in terms of three subcomponents:
dietary diversity, quality, and equilibrium [26].

Body composition:

1. Height and weight measurements were measured using a stadiometer with a precision
of 1 mm (SECA 225, Germany) and Bioimpedance (BI) (Tanita BC-418, Japan) scale.
Determination of z-score values of BMI for age (z-BMI) for girls and for boys was
performed using the WHO Anthro Software, according to the WHO growth standards
of 2006–2007 [27].

2. Dual-energy X-ray absorptiometry (DXA). DXA scans were performed in a supine
position, wearing light clothing with no metal and no shoes or jewelry (21). All DXA
scan tests were analyzed by the same researcher using Hologic Explorer scanner and a
pediatric version of the software QDR-Explorer, Hologic Corp., software version 12.4
(Bedford, MA, USA). Lean mass (body mass– (FM + bone mass)), percentage body fat
mass (percentage of fat grams/total mass). Fat mass index (FMI) was a continuous
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variable calculated for each participant from data obtained from DXA as fat mass
in kilograms/height in square meters. Additionally, fat-free mass index (FFMI)
kg/height in meters2 was also used in this study [28]. Abdominal adiposity was
assessed at a delimited region that was drawn on the digital scan image, delimiting
the lower horizontal border on the top of the iliac crest and the upper border parallel
to the end of the lowest rib [29].

2.3. Statistical Analysis

All analyses were conducted with the SPSS program v22. First, we studied the
descriptive characteristics of the sample. Chi squared tests were used to contrast differences
between groups in case of categorical variables, and t-test or Mann–Whitney test were used
for continuous variables depending on the assumption of normality. Statistical significance
was set at p < 0.05. We studied the differences in body composition variables between two
groups: those who met the PA recommendations and those who did not, using t-test or
Mann–Whitney test.

Linear regression models were performed to check the associations between PA (in
minutes of MVPA per week) and different body composition items. Three models were
created: the first one without any adjustment, the second model was adjusted by RWG,
BMI of the parents, and smoking and migrant status of the mother at birth of the child, as
well as the z-score BMI of the children at 7 years. The third model was also adjusted by
DQI and WST.

Finally, both in active and inactive children (when they meet or not PA recommen-
dations), we performed an estimation of body composition parameters using analysis of
covariance (ANCOVA) models adjusted by z-BMI if they had or did not have RWG, BMI
of the parents, smoking habit of the mother during pregnancy, education of the mother,
origin of the family, DQI, and WST.

3. Results

The characteristics of the sample are shown in Table 1. From the 308 subjects, 161 were
boys and 147 were girls. When comparing boys to girls, boys had significantly lower
subtotal fat mass and FMI, and significantly higher subtotal lean mass and FFMI (Table 1).
Moreover, boys had significantly lower abdominal fat than girls.

According to lifestyle behaviors, boys exhibited a significantly higher screen time use
per week than girls of 825 min (CI 763 min–887 min) vs. 728 min (CI 671 min–786 min),
respectively (p = 0.018), while there were no significant differences for DQI. Moreover, a
significantly higher percentage of boys met WHO PA recommendations (69.6% vs. 40.9%,
respectively; p < 0.001) and achieved higher amount of MVPA per day 73 min/day (CI 69–
76) vs. 57.61 min/day (CI 55–61), respectively; p < 0.001) than girls. We did not find
statistical differences for family origin, RWG during the first 12 months of life, or maternal
BMI before pregnancy between boys and girls.

After adjusting by RWG, parental BMI, maternal smoking during pregnancy, origin
of the mother, child BMI z-score at 7 years, DQI, and WST, we found that body subtotal
fat, abdominal fat, and FMI were all significantly lower both in boys and girls meeting PA
recommendations (Table 2). Active boys had significantly lower subtotal fat mass, lower
FMI, higher FFMI, less abdominal fat mass, and less abdominal percentage of fat than
inactive boys. Active boys also had significantly lower total body percentage of fat. In girls,
active individuals had less subtotal fat mass, lower FMI, higher FFMI, less abdominal fat
mass, less abdominal percentage of fat, and less total body percentage of fat (Table 2).
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Table 1. Main characteristics of the sample.

Body Composition

Total N = 308
Mean (95% CI)

Boys N = 161
Mean (95% CI)

Girls N = 147
Mean (95% CI)

p-Value

Height (m) a 1.26 (1.25–1.27) 1.27 (1.26–1.28) 1.25 (1.24–1.26) 0.04
Weight (kg) a 27.40 (26.82–27.96) 27.81 (26.98–28.63) 26.93 (26.15–27.72) 0.34

Subtotal fat (g) a 7.00 (6.68–7.32) 6.55 (6.11–6.99) 7.49 (7.04–7.95) <0.001
Subtotal fat (%) a 29.19 (28.44–29.94) 26.74 (25.79–27.69) 31.87 (30.85–32.89) <0.001
Subtotal lean (g) a 16.29 (15.99–16.59) 17.10 (16.67–17.52) 15.41 (15.03 –15.35) <0.001

BMI (kg/m2) a 17.14 (16.88–17.41) 17.19 (16.81–17.56) 17.09 (16.71–17.47) 0.99
z-BMI (kg/m2) b 0.71 (1.15) 0.76 (1.26) 0.64 (1.02) 0.52
FMI (kg/m2) a 4.36 (4.18–4.56) 4.02 (3.78–4.27) 4.74 (4.48–5.00) <0.001

FFMI (kg/m2) a 10.20 (10.08–10.32) 10.57 (10.40–10.74) 9.79 (9.64–9.95) <0.001

Abdominal fat (g) a 355.25 (329.06–381.86) 327.68 (292.28–363.07) 385.46 (346.76–424.16) 0.001
Abdominal lean (g) a 1.01 (0.975–1.042) 1.039 (989–1.089) 975.16 (931.30–1019.02) 0.26
Abdominal fat (%) a 24.39 (23.51–25.26) 22.34 (21.28–23.4) 26.63 (25.29–27.96) <0.001

Lifestyle Behaviors

Total N = 308
Mean (95% CI)

Boys N = 161
Mean (95% CI)

Girls N = 147
Mean (95% CI)

p-Value

DQI (%) a 81 (80–82) 82 (80–83) 80 (78–82) 0.33
WST (mins) a 779 (736–821) 825 (763–887) 728 (671–786) 0.018

MVPA (min/day) a 65 (63–68) 73 (69–76) 58 (55–61) <0.001
Meeting WHO MVPA

recommendations % (n) % (n) % (n)

Yes (active)
No (inactive)

55.8 (184)
44.2 (146)

69.6 (119)
30.4 (52)

40.9 (65)
59.1 (94) <0.001

Family and Perinatal Factors

Total N = 308
% (n)

Boys N = 161
% (n)

Girls N = 147
% (n)

p-Value

Family origin a

Immigrant 11.4 (35) 8.1 (13) 15 (22) 0.072
Spanish 88.6 (273) 91.9 (148) 85 (125)

RWG at 12 months a

Yes 35.9 (106) 38.1 (59) 33.6 (47) 0.47
No 64.1 (189) 61.9 (95) 66.4 (93)

Smoking during pregnancy a

Yes 15.3 (47) 15.5 (25) 15 (22) 1
No 84.7 (261) 84.5 (136) 85 (125)

Mean (CI) Mean (CI) Mean (CI)

Maternal BMI (kg/m2) a 23.69 (23.20–24.19) 24.04 (23.33–24.75) 23.32 (22.62–24.01) 0.118
Parental BMI (kg/m2) a 25.85 (25.49–26.20) 26.04 (25.54–26.55) 25.64 (25.13–26.14) 0.278

Statistically significant differences (p < 0.05) are highlighted in bold. Mann–Whitney test was used for studying differences between
boys and girls for non-parametric variables a (where CI are presented) and t-test for parametric variables b (where SD is presented). The
sample for the variable RWG was 295 due to the loss of follow-up of some children in the first year. BMI: body mass index; FMI: fat
mass index; FFMI: fat-free mass index; DQI: dietary quality index; WST: weekly screen time; WHO: World Health Organization; MVPA:
moderate-to-vigorous PA.

Associations between PA and body composition accounting for family, perinatal,
postnatal, and lifestyle behavior variables are shown in Table 3 for boys and girls. In all
regression models, irrespective of further adjustments, there was a significant negative
association between MVPA and subtotal fat mass, abdominal fat percentage, and FMI in
both girls and boys. There was also a significant positive association between MVPA and
FFMI, and there were no significant association between subtotal lean mass and PA neither
in boys nor girls. In models 2 and 3, these associations remained significant after adjusting
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by RWG, parental BMI, maternal smoking during pregnancy, origin of the family, child
BMI z-score at 7 years, DQI, and WST.

Table 2. Adjusted means of body composition parameters between being active or not by sex. Data
are adjusted by RWG, BMI of the parents, smoking during pregnancy, migrant origin of the mother,
child BMI z-score at 7 years, DQI, and WST.

Subtotal Fat Mass (kg) Subtotal Lean Mass (kg)

Mean SE Mean SE

Boys

Active 6.322 0.13 17.228 0.188
Inactive 7.149 0.20 16.748 0.283
p-value 0.001 0.16

Girls

Active 7.02 0.182 15.631 0.238
Inactive 7.74 0.147 15.138 0.192
p-value <0.01 0.12

FMI FFMI
Mean SE Mean SE

Boys

Active 3.87 0.069 10.63 0.057
Inactive 4.40 0.105 10.36 0.085
p-value <0.001 <0.001

Girls

Active 4.48 0.09 9.98 0.083
Inactive 4.88 0.08 9.61 0.067
p-value <0.001 0.001

Abdominal Fat Mass (g) Abdominal Lean Mass (g)

Mean SE Mean SE

Boys

Active 309.68 13.50 1048.98 24.15
Inactive 371.75 20.39 1032.74 26.45
p-value 0.013 0.71

Girls
Active 347.23 17.99 984.61 30.75

Inactive 400.32 14.54 945.17 24.87
p-value 0.025 0.33

Abdominal Fat (%) Total Body Fat (%)

Mean SE Mean SE

Boys

Active 21.39 0.45 25.90 0.34
Inactive 24.48 0.68 28.88 0.52
p-value <0.001 <0.01

Girls

Active 24.50 0.69 30.21 0.54
Inactive 27.97 0.56 32.94 0.44
p-value <0.001 <0.01

Statistically significant differences (p < 0.05) are highlighted in bold. SE: standard error; FMI: fat mass index;
FFMI: fat-free mass index; DQI: diet quality index; WST: weekly screen time.
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4. Discussion

As far as we are concerned, this is the first study to assess body composition parame-
ters using DXA in such a high number of 7-year-old children followed up since they were
born. The main outcome of this study was that active boys and girls (i.e., the group who
met WHO PA recommendations) had lower percentage of fat mass and higher percentage
of fat-free mass than their non-active counterparts.

Previous studies showed that higher levels of MVPA are associated with a better body
composition in children and a lower cardiovascular risk [10]. These are the main reasons
why WHO recommendations include performing at least 60 min of MVPA per day in
school-age children [23]. However, there is a limited number of studies examining the
benefits of meeting these recommendations in terms of body composition in children or
later outcomes.

After adjusting by BMI and perinatal factors, both boys and girls had a significantly
negative association between PA and fat mass. This association has been witnessed before in
studies using samples with 9–10-year-old children [30]. Moreover, in a 3-year longitudinal
study [31], Ara et al. showed that children who regularly participated in at least 3 h per
week of sports activities were more prone to avoid total and regional fat mass accumulation.
Furthermore, in adolescents participating in the HELENA study [29], it was revealed that
MVPA was associated with total and central body fat in adolescents from several countries
of Europe. However, this was performed in adolescents not in children.

Our final outcome of interest was to observe differences in body composition on the
basis of the fulfillment of MVPA recommendations. We observed both boys and girls in
terms of fat mass and lean mass (in girls for lean component only for FFMI). However,
other authors, on the basis of a large cohort of European children, observed that current
PA recommendations were appropriate for girls but not for boys in terms of reducing
cardiovascular risk factors [9]. In this sense, Andersen et al. [32] showed that 85 min of
daily PA (rather than 60 min) is likely to be a more appropriate threshold to try reducing
cardiovascular risk in boys. Moreover, recently, a very similar publication [33] based on a
sample of children from the south of Spain also elucidated that while a low proportion of
school-aged children met PA WHO recommendations, a higher proportion of them showed
normal weight, no abdominal obesity, and low adiposity in comparison with those who
did not meet the recommendations. This is evidence that future studies should elucidate
on the effects of lifestyle behaviors including PA, already at early stages, in order to reduce
adiposity but also to improve the indices of early cardiovascular risk.

In Canada and the United States, there are no studies analyzing the benefits of accom-
plishing the PA WHO recommendations in body composition in young children, but there
is a further 24-h movement guideline that includes three main recommendations to avoid
body composition impairments: 9 to 11 h/night of sleep, ≤2 h/day of screen time, and
at least 60 min/day of MVPA. On the basis of the results on a recent systematic review
considering these three factors, PA specifically, MVPA was most consistently associated
with desirable health indicators, including adiposity, in comparison with the other two [34].
In a study from Román-Viñas [35], the main conclusion was that meeting the 24-h PA rec-
ommendation elicited a reduced z-BMI. The same results were observed in adolescents [36],
with those who met the WHO recommendations having a lower BMI and lower levels of
total and central body fat.

According to the fat-free mass variable, boys showed significantly higher fat-free mass
than girls. This difference in body composition between boys and girls might be explained
due to a different biological distribution of fat and also because boys usually perform
higher levels of PA than girls. In the IDEFICS study [8,21], boys also showed slightly higher
mean values in all PA variables except for light PA and inactive time. Moreover, in the
same study, the proportion of children who watch TV more than 1 h/day was 29% (33% of
males and 25% of females), more evident during weekend days. In previous studies [37],
boys had less inactive time but more screen time than girls.
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One of the major strengths of this study is that it is based on a longitudinal cohort of
children, which is the largest recruited in the region of Aragon in Spain. We had primarily
perinatal and family collected data from these children from birth, which strengthens
this kind of analysis in children between lifestyle behaviors and body composition. Body
composition variables were assessed through anthropometry and also with DXA, which is
considered an accurate and precise method especially for body composition measurements.
PA data were collected using accelerometers, instead of questionnaires, which is also a more
reliable method [22]. Furthermore, the measurements were performed by a trained group
of health professionals. Lastly, the fact that we took into account other lifestyle behaviors
such as diet or sedentarism to adjust our analyses allowed us to decrease potential bias in
our results.

However, this study is not without limitations. The main limitation is that the children
included in our sample were selected by convenience and those who accepted at 7 years
were perhaps those from families that care about health and give more importance to
monitor health-related habits; however, we cannot confirm if there is a sample bias in our
results. Moreover, the fact that we restricted the validity of the accelerometer measurements
to 5 h per day instead of 8 h as recommended, which was done in order to increase the
sample size, might suppose an underestimation of total MVPA, but this bias probably
underestimates the power of our results too, but going in the same direction in view of
the available literature. However, there might have been cases wherein the same children
recorded 5 h as a minimum for some of the days, but others more than that, and previous
authors have described the validity of 4 to 5 days as reliable (0.80) as children of these ages
varied their day-to-day MVPA less than older children [38]. In this sense, it is also worth
mentioning that it would have been of interest to also assess the PA at light levels as it
might be more accurate and representative at these ages. However, evidence on the impact
of PA of light intensity on adiposity and cardiometabolic risk markers is still not sufficiently
supported and controversial [39]. Finally, it is worth mentioning that DXA assessments
were not performed in fasting status but on early afternoon during weekdays. There is no
evidence in terms of children, but in adults [40], similarly for males and females, it seems
that after feeding, independently of macronutrient composition, there is an over estimation
of lean mass in detriment of fat mass. However, in this study, assessment was performed
just after meals (but not clearly specified what time after), while in our study, a minimum
of 2 h was passed.

5. Conclusions

Despite the fact that the results are applicable only to a sample of children from a
region of northern Spain, these children belong to a cohort that was initially representative
(at birth) of this region, and therefore valid in terms of sociodemographic representation.
Moreover, the standardized procedures and the well-trained health professionals in charge
of the measurements, together with the fact that the obtained results are in line with
those obtained in bigger studies, allow us to conclude that, since early ages, it seems
that there is a large difference between PA levels between boys and girls, although there
is also an important difference in screen time in favor of girls in this case. As early as
during childhood, these differences are already remarkable in terms of body composition,
specifically in terms of fat mass being higher in girls and lean mass being higher in
boys. Moreover, apart from gender differences, it seems that those meeting WHO PA
recommendations have a benefit in terms of body composition, especially in total body fat
and abdominal fat. Future research questions should address what the barriers for children
are in order to meet PA recommendations, especially for girls, so that we can develop
intervention studies focusing on propitiating a friendly environment for the practice of
MVPA. Finally, it would be ideal to follow these kinds of longitudinal studies until later
stages in life in order to better understand the weight of these factors in the development
of future chronic diseases.
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Abstract: The main goal of our study was to determine how the age of children, puberty and
anthropometric parameters affect the formation of body composition and faulty body posture
development in children. The secondary goal was to determine in which body segments abnormalities
most often occur and how gender differentiates the occurrence of adverse changes in children’s body
posture and body composition during puberty. The study group consisted of 464 schoolchildren
aged from 6–16. Body posture was assessed with the Zebris system. The composition of the body
mass was tested with Tanita MC 780 MA body mass analyzer and the body height was measured
using a portable stadiometer PORTSTAND 210. The participants were further divided due to the
age of puberty. Tanner division was adopted. The cut-off age for girls is ≥10 years and for boys it is
≥12 years. The analyses applied descriptive statistics, the Pearson correlation, stepwise regression
analysis and the t-test. The accepted level of significance was p < 0.05. The pelvic obliquity was lower
in older children (beta = −0.15). We also see that age played a significant role in the difference in
the height of the right pelvis (beta = −0.28), and the difference in the height of the right shoulder
(beta = 0.23). Regression analysis showed that the content of adipose tissue (FAT%) increased with
body mass index (BMI) and decreased with increasing weight, age, and height. Moreover, the FAT%
was lower in boys than in girls (beta negative equal to −0.39). It turned out that older children
(puberty), had greater asymmetry in the right shoulder blade (p < 0.001) and right shoulder (p = 0.003).
On the other hand, younger children (who were still before puberty) had greater anomalies in the
left trunk inclination (p = 0.048) as well as in the pelvic obliquity (p = 0.008). Girls in puberty were
characterized by greater asymmetry on the right side, including the shoulders (p = 0.001), the scapula
(p = 0.001) and the pelvis (p < 0.001). In boys, the problem related only to the asymmetry of the
shoulder blades (p < 0.001). Girls were characterized by a greater increase in adipose tissue and boys
by muscle tissue. Significant differences also appeared in the body posture of the examined children.
Greater asymmetry within scapulas and shoulders were seen in children during puberty. Therefore,
a growing child should be closely monitored to protect them from the adverse consequences of poor
posture or excessive accumulation of adipose tissue in the body.

Keywords: asymmetry; body composition; body posture; puberty
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1. Introduction

Postural defects as well as excessive weight and obesity are among the most common
issues faced by children in developmental age [1]. It is a well-known fact that incorrect
positioning in the womb, asymmetry of muscle tone, premature birth [2] and adoption
of incorrect posture while sitting or playing are just some of the factors contributing to
the development of faulty body posture in children. This is true regardless of the issue:
knock knees, flat feet, scoliosis, etc. The problem at hand affects the entire body of a child,
because incorrect alignment of structures in one area brings about more misalignment
in another. According to current data, 34–50% children and adolescents have different
degrees of incorrect posture [3,4]. Professional literature specifies two critical periods for
postural development: the first one around the age of 7 is referred to as “school years”,
and the second as “puberty” [5]. Incorrect body posture in childhood has consequences
in adulthood, including reduction of circulatory and respiratory efficiency and vital lung
capacity, pain in the spine and related structures, as well as displacement of internal
organs [6–8].

The situation is similar with the composition of body mass, in particular with the con-
tent of adipose tissue and the development of excessive weight and obesity in children [9].
The origins of the issue may be traced back to fetal age, when the following factors con-
tributing to the development of obesity in later age are pointed out: excessive gestational
weight gain (GWG) [10–12], poorly balanced diet [13], and smoking [14]. All these factors
may contribute to the abnormal birth weight of a child and excessive body mass index
(BMI) in the subsequent years of life. Another study suggests that moderate to vigorous
physical activity (MVPA) and vigorous physical activity (VPA) may attenuate the increased
risk of an unfavorable body composition and BMI due to high maternal pre-pregnancy
BMI and rapid infant weight gain in boys, but not in girls [15].

Fat content changes in the human body with age and is also gender-specific. Girls and
women have a higher body fat content than boys and men. This has to do with the
reproductive and endocrine function of the body. Moreover, the distribution of adipose
tissue also varies with gender and age [16]. During puberty, dramatic hormonal fluctuations
as well as a rapid growth in body size occur and are accompanied by marked changes
in body composition [17]. The main goal of our study was to determine how the age of
children, puberty and anthropometric parameters affect the formation of body composition
and faulty body posture development in children. The secondary goal was to determine
in which body segments abnormalities most often occur and how gender differentiates
the occurrence of adverse changes in children’s body posture and body composition
during puberty.

2. Materials and Methods

2.1. Participants

Before the beginning of the study sample size was calculated with reference to the
total number of children (n = 3790) living in the Trzebownisko Municipality, a rural area
in south-eastern Poland. We used a 95% confidence level and a confidence interval (CI)
of 0.05. It was calculated that the minimum sample size should be 349. The study took
into account 464 school-age children, from 6 to 16 years of age (234 boys and 230 girls).
464 schoolchildren aged from 6–16 participated in the research, 234 of whom were boys and
230 of girls. This study was conducted in eight randomly selected schools (five primary
and three secondary schools) in Trzebownisko commune. To ensure the reliability of the
measurements, all students were tested in the morning on an empty stomach by the same
members of a qualified team. The following inclusion criteria were used in the study:
age from 6 to 16 years, consent of parents and children to the study, no certificate of
intellectual or motor disability, students in fasting state. Exclusion criteria: metal implants,
electronic implants, menstruation, a certificate of mental or motor disability, epilepsy, and
failure to refrain from eating on the morning of the examination. Children with neonatal
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hypertonia or muscle hypotension, chronic neurological diseases or previous injuries and
surgery in the last 6 months prior to the study were excluded from the study group.

The participants were informed about the course of the study. The tests were con-
ducted after written consent was received from the headmasters of the schools, parents of
the children participating in the project and the children themselves.

The participants were further divided according to the age of puberty. Tanner division
was adopted. The cut-off age for girls is ≥10 years and for boys it is ≥12 years [18].

2.2. Body Posture

Body posture was assessed with the Zebris system. The Zebris system is a very
extensive diagnostic system with a wide range of applications. It includes accessories for
assessing body posture, gait, range of motion, balance and ground forces reaction. It is
used in medicine, dentistry and sports, etc. This system shows high sensitivity, precision
and measurement reliability [19,20]. Measurement error of the system is estimated at about
5.5% [21]. The Zebris system consists of a measuring unit, a system of micro transmitters
and an ultrasonic pointer with which topographic points from the skeleton are scanned,
and then compiled in a computer system in the form of a report containing numerical data
specifying lengths, angles and degrees for individual parameters, as well as graphs and
figures of spine lines and other anthropometric parameters.

Based on the defined topographic points, the software computes the values of selected
body posture parameters [22–24]. The following parameters were taken into account in the
assessment of posture: total length of spine (mm), thoracic length (mm), lumbar length
(mm), pelvic torsion (degree), pelvic obliquity (degree), pelvic/shoulder obliquity (degree),
scapula distance right (mm), scapula distance left (mm), scapula distance difference (mm),
pelvic height difference right (mm), pelvic height difference left (mm), shoulder height
difference right (mm), shoulder height difference left (mm), lateral inclination left (degree),
lateral inclination right (degree). For parameters such as the shoulders or pelvis, the right
or left side means the upper arm. In the case of lateral inclination, the right or left side
indicates to which side the torso is inclined.

For a detailed comparison of children’s posture parameters and body weight composi-
tion by gender, as well as relation between body composition and body posture parameters,
please see another publication from our project [25].

2.3. Anthropometric Measurements and Bioelectrical Impedance

The composition of the body mass was tested with Tanita MC 780 MA (Tanita,
Tokyo, Japan) body mass analyzer, which operates on the basis of the phenomenon of
bioelectrical impedance (BIA). The bioelectrical impedance method is recognized in the
medical and scientific world. Many scientists and practitioners use it. Numerous studies
have been carried out on the accuracy and reliability of measurements in various age
and clinical groups [26–31]. By analyzing the composition of body weight, the content of
adipose tissue (FAT% and kg), lean tissue (fat free mass (FFM)kg), muscle tissue (PMM
kg), total water content (TBW%), basic metabolism (BMR) and impedance (IMP) were
assessed. Additionally, the parameters of the body mass component analysis segments
were measured in the trunk (TR), lower right and left limb (RLP, LLL), and upper right and
left limb (RAP, LAL).

A PORTSTAND 210 (Charder, Taichung, Taiwan) portable stadiometer was used to
measure the height of the subjects. An accuracy level of 0.1 cm was adopted. Body weight
was measured with an accuracy of 0.1 kg using a Tanita analyzer.

With data on weight and height, the child’s BMI was calculated.

2.4. Statistical Analysis

The analyses applied descriptive statistics (mean, median, number of subjects, first quar-
tile, third quartile, standard deviation). Statistical analysis was performed on the Statistica
10.0 software developed by StatSoft (Tulsa, OK, USA), and Microsoft Excel. In order to check
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the correlation between the age and the parameters of posture and body weight, the Pear-
son correlation was used. Then, the analysis was extended to assess the impact of selected
factors on changes in the parameters of body posture and body weight using stepwise
regression analysis. The final stage was to evaluate the differences in posture parameters
and body weight composition between pre-puberty and during puberty. These differences
were assessed by the t-test. The accepted level of significance was p < 0.05.

2.5. Ethical Approval

The approval of the Bioethics Committee of the University of Rzeszów No. 2016/06/28
on 28 June 2016 was obtained for conduct of the research.

3. Results

The study group of 464 children in total included a similar number of girls (230)
and boys (234). The mean age of the examined girls and boys (11.55 vs. 11.49) and BMI
(18.64 vs. 18.94) were also similar (Table 1).

Table 1. Characteristics of the study group.

Variables n Mean (SD) Q1 Median Q3

All

Age (years) 464 11.52 (2.99) 9.00 12.00 14.00
Height (cm) 464 152.48 (17.77) 137.00 155.50 167.00
Weight (kg) 464 45.39 (16.81) 30.40 44.75 56.45

Body mass index (BMIkg/m2) 464 18.80 (3.75) 16.10 18.24 20.97
Total length of spine (mm) 464 430.38 (52.62) 388.50 433.00 469.50

Thoracic Length (mm) 464 307.89 (35.87) 281.00 307.00 332.00
Lumbar Length (mm) 464 90.10 (20.04) 76.00 91.00 105.00
Pelvic torsion (degree) 464 3.66 (3.43) 1.30 2.90 4.80

Pelvic obliquity (degree) 464 2.11 (1.77) 0.70 1.70 2.90
Pelvic/shoulder obliquity (degree) 464 2.97 (7.83) 1.10 2.15 3.70

Scapula distance right (mm) 464 46.21(14.33 37.00 46.00 56.00
Scapula distance left (mm) 464 47.06 (32.82) 37.00 45.00 54.00

Scapula distance difference (mm) 464 7.06 (6.15) 3.00 5.00 9.50
Pelvic height difference right (mm) 238 4.41(6.64) 0.00 0.10 7.30
Pelvic height difference left (mm) 226 4.08 (6.44) 0.00 0.00 6.10

Shoulder height difference right (mm) 155 6.48 (5.24) 2.70 5.40 8.60
Shoulder height difference left (mm) 309 11.59 (8.47) 4.80 10.10 16.40

Lateral inclination right (degree) 198 0.54 (0.88) 0.00 0.00 0.85
Lateral inclination left (degree) 266 0.78 (1.07) 0.00 0.20 1.40

The content of adipose tissue in % (Fat %) 464 21.61 (6.10) 16.80 20.40 25.40
The content of adipose tissue in kg (Fat kg) 464 10.25 (6.09) 5.65 8.65 13.25

Lean tissue in kg (FFM kg) 464 35.11(12.01) 24.35 34.80 43.50
Total water content in % (TBW %) 464 25.70 (8.79) 17.85 25.50 31.85

Muscle tissue in kg (PMM kg) 464 33.29 (11.44) 22.95 33.00 41.30

Girls

Age (years) 230 11.55 (2.96) 9.00 12 14.00
Height (cm) 230 150.46 (15.69) 136.00 155 163.00
Weight (kg) 230 43.63 (15.38) 29.70 44.35 54.60

BMI (kg/m2) 230 18.64 (3.87) 15.90 18.00 20.90
Total length of spine (mm) 230 426.77 (46.97) 391.00 433.50 461.00

Thoracic Length (mm) 230 304.83 (33.52) 280.00 306.00 328.00
Lumbar Length (mm) 230 89.57 (18.79) 77.00 90.00 104.00
Pelvic torsion (degree) 230 3.72 (3.36) 1.40 2.90 4.80
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Table 1. Cont.

Variables n Mean (SD) Q1 Median Q3

Pelvic obliquity (degree) 230 2.04 (1.83) 0.70 1.60 2.80
Pelvic/shoulder obliquity (degree) 230 2.38 (1.85) 1.00 1.90 3.40

Scapula distance right (mm) 230 42.94 (12.85) 34.00 44.00 52.00
Scapula distance left (mm) 230 45.56 (44.56) 34.00 43.00 51.00

Scapula distance difference (mm) 230 6.94 (5.83) 3.00 5.00 10.00
Pelvic height difference right(mm) 112 3.85 (6.24) 0.00 0.00 5.80
Pelvic height difference left(mm) 118 4.17 (6.53) 0.00 0.20 6.10

Shoulder height difference right (mm) 83 6.24 (5.50) 2.50 4.80 8.40
Shoulder height difference left (mm) 147 11.83 (8.04) 5.30 10.25 17.30

Lateral inclination right (degree) 98 0.51 (0.85) 0.00 0.00 0.80
Lateral inclination left (degree) 132 0.73 (1.00) 0.00 0.20 1.40

The content of adipose tissue in % (Fat %) 230 23.96 (5.52) 19.50 23.40 27.20
The content of adipose tissue in kg (Fat kg) 230 11.07 (6.24) 6.20 9.55 14.40

Lean tissue in kg (FFM kg) 230 32.56 (9.76) 22.90 34.00 39.80
Total water content in % (TBW %) 230 23.83 (7.14) 16.80 24.90 29.10

Muscle tissue in kg (PMM kg) 230 30.88 (9.28) 21.70 32.25 37.80

Boys

Age (years) 234 11.49 (3.02) 9.00 12 14.00
Height (cm) 234 154.46 (19.43) 138.00 156.50 172.00
Weight (kg) 234 47.13 (17.97) 31.80 45 60.00

BMI (kg/m2) 234 18.94 (3.63) 16.40 18.56 21.05
Total length of spine (mm) 234 433.93 (57.52) 385.00 433.00 483.00

Thoracic Length (mm) 234 310.89 (37.87) 281.00 307.00 337.00
Lumbar Length (mm) 234 90.63 (21.23) 74.00 91.50 106.00
Pelvic torsion (degree) 234 3.59 (3.50) 1.30 2.85 4.80

Pelvic obliquity (degree) 234 2.18 (1.71) 0.80 1.95 3.00
Pelvic/shoulder obliquity (degree) 234 3.55 (10.86) 1.20 2.50 4.10

Scapula distance right (mm) 234 49.42 (14.99) 39.00 49.00 60.00
Scapula distance left (mm) 234 48.54 (13.57) 40.00 48.00 59.00

Scapula distance difference (mm) 234 7.18 (6.46) 3.00 6.00 9.00
Pelvic height difference right(mm) 126 4.95 (6.98) 0.00 0.40 9.00
Pelvic height difference left (mm) 108 3.98 (6.37) 0.00 0.00 6.10

Shoulder height difference right (mm) 72 6.79 (4.93) 3.10 6.60 9.40
Shoulder height difference left (mm) 162 11.38 (8.84) 4.50 9.40 16.20

Lateral inclination right (degree) 100 0.57 (0.90) 0.00 0.00 0.90
Lateral inclination left (degree) 134 0.83 (1.13) 0.00 0.20 1.40

The content of adipose tissue in % (Fat %) 234 19.30 (5.77) 15.40 17.60 21.70
The content of adipose tissue in kg (Fat kg) 234 9.44 (5.85) 5.30 8.20 11.20

Lean tissue in kg (FFM kg) 234 37.62 (13.43) 25.90 36.35 49.30
Total water content in % (TBW %) 234 27.54 (9.83) 19.00 26.60 36.10

Muscle tissue in kg (PMM kg) 234 35.65 (12.82) 24.50 34.45 46.80

M: mean; Me: median; n: number of subjects; Q1: first quartile; Q3: third quartile SD: standard deviation.

First, a check was made as to whether the age of the children correlated with the
parameters of posture and body weight. Using Pearson’s correlation, several statistically
significant correlations were obtained. Older children were characterized by a greater total
length of the spine, longer individual sections of the spine (a natural feature), but greater
asymmetry in the right scapula, right shoulder and right side of the pelvis.

In the case of body mass composition. total fat decreased with age. Taking into
account individual body segments, we can see that limb fatness decreases with age, while
it increases in the trunk.

Taking into account the sex of the respondents, it turned out that older girls had more
body fat, older boys had more muscle, and both older girls and boys had more water.

In the case of body posture parameters, most of the correlations by gender are consis-
tent with the correlations in the whole group (Table 2).
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Table 2. Correlation between age and body posture and body composition parameters.

Age & All Girls Boys

Body Posture R p R p R p

Total length (mm) 0.839 <0.001 0.823 <0.001 0.864 <0.001
Thoracic Length (mm) 0.696 <0.001 0.665 <0.001 0.730 <0.001
Lumbar Length (mm) 0.718 <0.001 0.664 <0.001 0.767 <0.001
Pelvic torsion (degree) −0.072 0.122 −0.181 0.006 0.028 0.669

Pelvic obliquity (degree) −0.151 0.001 −0.164 0.013 −0.137 0.036
Pelvic/shoulder obliquity (degree) 0.046 0.319 0.005 0.941 0.066 0.314

Scapula distance RIGHT (mm) 0.343 <0.001 0.182 0.006 0.500 <0.001
Scapula distance LEFT (mm) 0.055 0.235 −0.059 0.376 0.451 <0.001

Scapula distance difference (mm) −0.072 0.120 −0.055 0.402 −0.087 0.187
Pelvic height difference RIGHT (mm) 0.092 0.047 0.173 0.009 0.025 0.700
Pelvic height difference LEFT (mm) −0.085 0.068 −0.171 0.009 0.000 0.998

Shoulder height difference RIGHT (mm) 0.230 0.005 0.270 0.013 0.176 0.154
Shoulder height difference LEFT (mm) −0.024 0.667 −0.039 0.644 −0.014 0.856

Lateral inclination LEFT (degree) −0.063 0.173 −0.083 0.213 −0.047 0.476
Lateral inclination RIGHT (degree) 0.005 0.912 0.043 0.517 −0.028 0.665

Body Composition
The content of adipose tissue in % (Fat %) −0.121 0.009 0.383 <0.001 −0.109 0.096

Lean tissue in % (FFM %) 0.126 0.007 −0.381 <0.001 0.092 0.160
Total water content in % (TBW %) 0.127 0.006 0.856 <0.001 0.881 <0.001

Muscle tissue in % (PMM %) 0.102 0.027 −0.372 <0.001 0.133 0.043
Right leg FAT % −0.088 0.057 0.263 <0.001 −0.390 <0.001
Left leg FAT % −0.107 0.021 0.233 <0.001 −0.388 <0.001

Right arm FAT % −0.163 <0.001 0.064 0.333 −0.404 <0.001
Left arm FAT % −0.027 0.560 0.291 <0.001 −0.342 <0.001

Total trunk FAT % 0.203 <0.001 0.359 <0.001 0.052 0.429

R—Pearson’s correlation ratio.

Taking into account that the demonstrated correlations are not too strong, it was
decided to check the influence of other factors, including anthropometric factors. For this
purpose, step regressions were performed to assess the influence of factors on the parame-
ters of posture and body weight. In the first case, individual body posture parameters were
selected as the dependent variable, and the independent variables were: age, sex, height,
weight, BMI, FAT%, FFM%, TBW%, PMM%. Thus, the influence of both anthropometric
factors and body mass composition on body posture parameters was checked. These data
are presented in Table 3 and Table S1.

Table 3. Regression of factors influencing body posture parameters in children.

Model

Non-Standard
Coefficient

Standardized
Coefficient t p 95% CI (B) R2 -Corrected

B SE Beta

Pelvic torsion (degree) no variables in the model
Pelvic obliquity (degree) Age −0.09 0.03 −0.15 −3.28 <0.001 −0.14 −0.04 0.021

Pelvic/shoulder obliquity (degree) no variables in the model

Scapula distance RIGHT (mm)
Body height 0.34 0.03 0.42 10.33 0.001 0.28 0.41

0.245FAT % −0.56 0.10 −0.24 −5.36 <0.001 −0.76 −0.35
Sex 2.52 1.27 0.09 1.98 0.048 0.02 5.01

Scapula distance LEFT (mm) PMM % 16.66 7.48 2.94 2.23 0.026 1.96 31.35
0.017FFM % −15.12 7.03 −2.84 −2.15 0.032 −28.94 −1.30

Scapula distance difference (mm) PMM % −0.12 0.05 −0.12 −2.51 0.013 −0.22 −0.03 0.011

Pelvic height difference RIGHT (mm) Body height 0.16 0.04 0.42 3.99 <0.001 0.08 0.23
0.037Age −0.63 0.23 −0.28 −2.71 0.007 −1.09 −0.17

Pelvic height difference LEFT (mm) Body height −0.04 0.02 −0.10 −2.22 0.027 −0.07 0.00 0.008
Shoulder height difference RIGHT (mm) Age 0.40 0.14 0.23 2.87 0.005 0.12 0.67 0.046
Shoulder height difference LEFT (mm) FAT % 0.18 0.07 0.14 2.44 0.015 0.04 0.33 0.016

Lateral inclination LEFT (degree) no variables in the model
Lateral inclination RIGHT (degree) no variables in the model

95% confidence interval for the B index (Non-standard coefficient); B—non-standard coefficient; Beta—standard coefficient; R2 -—coefficient
of determination; SE—standard error.
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The pelvic obliquity in relation to the ground was lower in older children (beta = −0.15).
We also see that age played a significant role in the difference in the height of the right
pelvis (beta = −0.28), and the difference in the height of the right shoulder (beta = 0.23).
The notation “no variables in the model” means that none of the independent variables
significantly influenced the given parameter of body posture and the model could not
be built.

In the second regression analysis, body composition parameters were selected as
dependent variables, and age, sex, height, weight and BMI were selected as independent
variables. These data are presented in Table 4.

Table 4. Regression of factors influencing the parameters of body mass composition in children.

Model

Non-Standard
Coefficient

Standardized
Coefficient t p 95% CI (B) R2 -Corrected

B SE Beta

FAT %

BMI 2.28 0.15 1.40 15.65 <0.001 1.99 2.57

0.810
Sex −4.73 0.26 −0.39 −18.33 <0.001 −5.24 −4.23

Body weight −0.29 0.06 −0.80 −5.13 <0.001 −0.40 −0.18
Age −0.46 0.10 −0.23 −4.65 <0.001 −0.66 −0.27

Body height 0.09 0.04 0.27 2.48 0.013 0.02 0.16

FFM %

BMI −2.22 0.15 −1.35 −14.48 <0.001 −2.52 −1.92

0.795
Sex 4.70 0.27 0.38 17.34 <0.001 4.17 5.24

Body weight 0.26 0.06 0.71 4.40 <0.001 0.14 0.38
Age 0.48 0.10 0.23 4.54 <0.001 0.27 0.68

Body height −0.08 0.04 −0.23 −2.07 0.039 −0.16 0.00

TBW %

BMI −1.62 0.11 −1.35 −14.48 <0.001 −1.84 −1.40

0.795
Sex 3.44 0.20 0.38 17.34 <0.001 3.05 3.83

Body weight 0.19 0.04 0.71 4.40 <0.001 0.11 0.28
Age 0.35 0.08 0.23 4.52 <0.001 0.20 0.50

Body height −0.06 0.03 −0.23 −2.06 0.040 −0.11 0.00

PMM %

BMI −1.87 0.08 −1.21 −22.76 <0.001 −2.03 −1.71

0.786
Sex 0.15 0.03 0.45 5.90 <0.001 3.76 4.78

Body weight 4.27 0.26 0.37 16.41 <0.001 0.10 0.21
Age 0.35 0.09 0.18 4.16 <0.001 0.19 0.52

95% confidence interval for the B index (Non-standard coefficient); B—non-standard coefficient; Beta—standard coefficient; R2 -—coefficient
of determination; SE—standard error.

Regression analysis showed that FAT% increased with BMI and decreased with in-
creasing weight, age, and height. Moreover, the FAT% was lower in boys than in girls
(beta negative equal to −0.39). Taking into account the total body water, it increased with
the age of the respondents and was higher in boys. Importantly, water content signifi-
cantly decreased with the BMI of the respondents (beta = −1.35). Constant values were
immediately removed from the table below.

As a complement to the analyzes, it was checked whether the puberty period differ-
entiates the parameters of posture and body mass composition. It turned out that older
children (puberty), in addition to greater spine length parameters (which is natural), also
had greater asymmetry in the right shoulder blade (p < 0.001) and right shoulder (p = 0.003).
On the other hand, younger children (who were still before puberty) had greater anomalies
in the left trunk inclination (p = 0.048) as well as in the pelvic obliquity (p = 0.008). Addi-
tionally, it has been noticed that during adolescence, the development of adipose tissue is
dominant in girls, and that in boys there is higher total body water and lean tissue content.

It was also noticed that younger children had lower body fat (p = 0.019) and an
automatically higher content of total body water (p = 0.015). Older children had greater
body fat (p < 0.001).

Girls in puberty were characterized by greater asymmetry on the right side, including
the shoulders (p = 0.001), the scapula (p = 0.001) and the pelvis (p < 0.001). In boys, the
problem related only to the asymmetry of the shoulder blades (p < 0.001). Interestingly,
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when comparing girls and boys before puberty, boys show greater asymmetries in body
posture. These data are presented in Table 5. Detailed data presenting descriptive statistics
for the following results are presented in additional materials (Tables S2–S6).

Table 5. The age of puberty and the parameters of posture and body weight in children.

Variables
Girls before vs. after

Puberty
p

Boys before vs. after
Puberty

p

Girls vs. Boys
before Puberty

p

Girls vs. Boys after
Puberty

p

All Children before
vs. after Puberty

p

Body posture
Total length [mm] <0.001 <0.001 0.008 <0.001 <0.001
Thoracic Length

[mm] <0.001 <0.001 0.008 <0.001 <0.001

Lumbar Length [mm] <0.001 <0.001 0.241 <0.001 <0.001
Pelvic torsion 0.015 0.592 0.053 0.377 0.264

Pelvic obliquity 0.188 0.022 0.605 0.942 0.008
Pelvic/shoulder

obliquity 0.690 0.403 0.139 0.139 0.617

Scapula distance
RIGHT 0.001 <0.001 0.079 <0.001 <0.001

Scapula distance
LEFT 0.492 <0.001 0.348 <0.001 0.470

Scapula distance
difference 0.301 0.364 0.966 0.838 0.156

Pelvic height
difference RIGHT <0.001 0.950 <0.001 0.780 0.065

Pelvic height
difference LEFT 0.039 0.901 0.136 0.588 0.136

Shoulder height
difference RIGHT 0.001 0.251 0.033 0.995 0.003

Shoulder height
difference LEFT 0.070 0.571 0.101 0.567 0.579

Lateral inclination
LEFT 0.025 0.638 0.528 0.154 0.048

Lateral inclination
RIGHT 0.008 0.644 0.016 0.594 0.288

Body composition
The content of

adipose tissue in %
(Fat %)

0.092 0.063 0.016 <0.001 0.019

Lean tissue in %
(FFM %) 0.234 0.103 0.015 <0.001 0.015

Total water content in
% (TBW %) 0.726 0.105 0.015 <0.001 0.015

Muscle tissue in %
(PMM %) 0.016 0.030 0.033 <0.001 0.054

Right leg FAT % 0.001 0.657 0.132 <0.001 0.246
Left leg FAT % <0.001 <0.001 <0.001 <0.001 0.157

Right arm FAT % <0.001 <0.001 <0.001 <0.001 0.005
Left arm FAT % <0.001 <0.001 <0.001 <0.001 0.870

Total trunk FAT % <0.001 <0.001 <0.001 <0.001 <0.001

p—t-test for independent groups (taking into account the correction resulting from the homogeneity of variance (homogeneity was
calculated using Levene’s test).

4. Discussion

The studies performed form a part of a major project which shows dependencies
between the parameters describing body posture and age, puberty and anthropometric
parameters in children from rural areas [25,26]. The project is important for practical
purposes, as well as for the prevention of postural defects and excessive weight in children
and adolescents. There are many studies in the literature assessing body posture, but
there are relatively few that take into account factors such as body composition, age
and sex. More importantly, in literature there are no scientific publications assessing the
components of body weight, position of shoulder blades and the pelvis in puberty in
children from rural areas. Accordingly, our research project is one of the first studies to
evaluate these parameters.
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The authors’ own research has shown that asymmetry on the right side increased with
age. This concerns the shoulders, pelvis and the deviation of the scapula from the frontal
plane. A similar tendency was shown by Yang et al. in their research. They showed that
the asymmetry in the area of the shoulder blades and shoulders more often affects older
children (>15 years of age) [32]. Pelvic asymmetry in children was confirmed by Drnach
et al. [33]. The study of Kapo et al. showed that there is a negative trend of increasing body
mass index within the first and youngest age group. The trend of increasing deformity of
the shoulder belt has been noted, often inclining towards the formation of milder forms
of kyphotic posture. Other forms of deformity brought to light in the survey results are
the negative trend of increasing pelvic rotation as well as pelvis rotation which inclines
towards the formation of lordotic posture for all three age groups [34].

Considering the components of body weight, our own results showed a reduction
in body fat and an increase in water content. Research by Wilczyński et al. and Leskinen
et al. show a tendency for the percentage of adipose tissue to decrease with age and for
increased water content in both girls and boys [35,36].

Wyszyńska et al. indicate no differences in body posture between girls and boys.
In our study, gender only played a role in the right scapula position, where boys had
higher scores [37,38]. Rusek et al. showed that sex differentiates the position of the pelvis
and the occurrence of asymmetry within it. In addition, adipose tissue content affects the
asymmetry of the scapulae and pelvis in the frontal plane, which is also affected by the
muscle tissue. [25]. Children with the lowest content of muscle tissue showed the highest
difference in the height of the inferior angles of the scapulas in the coronal plane [37].
This is consistent with the results of our own research, where lower muscle tissue content
was associated with greater asymmetry of the shoulder blades.

There were significant differences concerning body composition indices containing soft
lean mass (SLM) and lean body mass (LBM) in female adolescents with postural deformities
in comparison with normal posture. These indices (LBM and SLM) are protective from
postural deformities in female normal weight adolescents [39]. In our own study, only
one negative relationship was found between lean body mass and the position of the
left scapula.

The regression analysis of the body mass composition of children in relation to their
sex, age, BMI, height and body weight showed the influence of all these factors on the
parameters of body mass composition. However, the most interesting seem to be taking
into account the results of puberty. Loncar-Dusek and Pećina report similar findings in
their research, which shows more frequent occurrence of scoliosis in adolescence in relation
to the period before puberty [40]. Similarly, the research of Demirbüken el al. proves,
that body posture is related to age and weight in early adolescence. Adolescence is an
important period for identification of postural disorders and one in which it is possible
to take precautions for the later ages [41]. Body composition during puberty is a marker
of metabolic changes that occur during this period of growth and maturation, and, thus,
holds key information regarding current and future health. During puberty, the main
components of body composition (total body fat, lean body mass, bone mineral content)
all increase; however, considerable sexual dimorphism exists [42]. Both sexes experience
rapid increases in total body fat, although the proportion of body fat increases more slowly
in boys as a result of a simultaneous rapid increase in fat-free mass [43]. In our study, we
found differences in body weight composition between boys and girls across all parameters.
The girls were characterized by a higher content of adipose tissue in both general and
segmental terms. The boys, on the other hand, had a higher content of lean tissue, muscle
tissue, and total body water content.

The research focused on changes in children’s body composition and posture during
puberty. Changes in body posture in adolescence are a topic often described by various
authors, but studies in this field should still be carried out because, as our research shows,
there are still many factors influencing body posture that have not been studied.
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Strengths and Limitations of the Study

The research was performed only among children from rural areas, which can also
be seen as a positive factor, because such specialized research is rarely performed in this
study group.

In addition, we cannot exclude the influence of confounding factors on changes in the
composition of body weight or body posture (e.g., type of diet, genetic background, etc.).

The influence of physical activity on posture and body weight composition has not
been investigated either, therefore it should be taken into account when planning further re-
search.

Among the strengths of the study is undoubtedly the homogeneity and size of the
study group as well as the use of objective measuring tools to assess posture and body
weight composition.

5. Conclusions

The research conducted has shown that the period of puberty is a time of significant
changes in the body of a child. These changes vary depending on the sex of the respondents.
Significant differences appeared in the body posture and body composition of the examined
children. Greater asymmetry within scapula and shoulders were seen in children during
puberty. Girls were characterized by a greater increase in adipose tissue and boys by
muscle tissue. Older children (both girls and boys) were characterized by a higher water
content in the body. Therefore, a growing child should be closely monitored to protect
them from the adverse consequences of poor posture or excessive accumulation of adipose
tissue in the body.
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10.3390/children8040288/s1, Table S1: Regression of factors influencing body posture parameters
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body composition parameters after puberty. Table S4: Differences in girl’s body posture and body
composition parameters before and after puberty. Table S5: Differences in boy’s body posture and
body composition parameters before and after puberty. Table S6: Differences in body posture and
body composition parameters before and after puberty in all children.
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41. Demirbüken, I.; Özgül, B.; Timurtaş, E.; Şahin, E.; Çekin, M.D.; Yurdalan, S.U.; Polat, M.G. Demographic characteristicsrelated to

body posture in early adolescence. J. Exerc. Ther. Rehabil. 2016, 3, 84–89.
42. Siervogel, R.M.; Demerath, E.W.; Schubert, C.; Remsberg, K.E.; Chumlea, W.C.; Sun, S.; Czerwinski, S.A.; Towne, B. Puberty and

Body Composition. Horm. Res. Paediatr. 2003, 60, 36–45. [CrossRef]
43. Siervogel, R.M.; Maynard, L.M.; Wisemandle, W.A.; Roche, A.F.; Guo, S.S.; Chumlea, W.C.; Towne, B. Annual changes in total

body fat (TBF) and fat free mass (FFM) in children from 8 to 18 years in relation to changes in body mass index (BMI). The Fels
Longitudinal Study. Ann. N. Y. Acad. Sci. 2000, 904, 420–423. [CrossRef] [PubMed]

82



children

Article

Can Anthropometry and Body Composition Explain Physical
Fitness Levels in School-Aged Children?

Chih-Yu Hsu 1, Liang-Sien Chen 1, I-Jen Chang 1, Wei-Ching Fang 1, Sun-Weng Huang 2,3, Rong-Ho Lin 2,

Steve Wen-Neng Ueng 4,5 and Hai-Hua Chuang 1,2,4,6,*

��������	
�������

Citation: Hsu, C.-Y.; Chen, L.-S.;

Chang, I-J.; Fang, W.-C.; Huang, S.-W.;

Lin, R.-H.; Ueng, S.W.-N.; Chuang,

H.-H. Can Anthropometry and Body

Composition Explain Physical Fitness

Levels in School-Aged

Children? Children 2021, 8, 460.

https://doi.org/10.3390/

children8060460

Academic Editors:

Odysseas Androutsos and

Antonis Zampelas

Received: 30 April 2021

Accepted: 26 May 2021

Published: 31 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Department of Family Medicine, Linkou and Taipei Branches, Chang Gung Memorial Hospital,
Taoyuan 33305, Taiwan; b85079@gmail.com (C.-Y.H.); m7090@cgmh.org.tw (L.-S.C.);
Drchangijen@gmail.com (I.-J.C.); winds75526@gmail.com (W.-C.F.)

2 Department of Industrial Engineering and Management, National Taipei University of Technology,
Taipei 10608, Taiwan; t107379004@ntut.org.tw (S.-W.H.); rhlin@mail.ntut.edu.tw (R.-H.L.)

3 Graduate Institute of Urban Planning, College of Public Affairs, National Taipei University,
New Taipei City 23741, Taiwan

4 College of Medicine, Chang Gung University, Taoyuan 33302, Taiwan; wenneng@adm.cgmh.org.tw
5 Department of Orthopedic Surgery, Linkou Main Branch, Chang Gung Memorial Hospital,

Taoyuan 33305, Taiwan
6 Obesity Institute, Geisinger, Danville, PA 17837, USA
* Correspondence: chhaihua@gmail.com; Tel.: +886-975-366-509

Abstract: Physical fitness (PF) is closely related to various health outcomes and quality of life
among children. However, the associations between anthropometry, body composition (BC), and
PF are not fully elucidated. This cross-sectional study aimed to investigate the associations between
demographic metrics (age, sex), anthropometric measures (body mass index z-score (BMI z-score)
waist/height ratio (WHtR)), BC parameters (body-fat percentage (BF%), muscle weight), and PF levels
(800-m run, sit-and-reach, 1-min sit-ups, standing long jump) in school-aged children. Continuous
variables were dichotomized by median splits. The results of 180 girls and 180 boys (mean age:
10.0 ± 0.7 years; mean BMI z-score: 0.366 ± 1.216) were analyzed. Multivariable linear regressions
revealed that BF% (regression coefficient (B) = 3.4, 95% confidence interval (CI) = 2.5–4.3) was
independently correlated with the 800-m run. Sex (B = 4.6, 95% CI = 3.0–6.3), age (B = 3.1, 95%
CI = 1.9–4.3), and BMI z-score (B = −0.7, 95% CI = −1.4–−0.1) were independently related to sit-
and-reach. Age (B = 3.3, 95% CI = 2.0–4.7), BF% (B = −0.3, 95% CI = −0.4–−0.2), and muscle
weight (B = 0.7, 95% CI = 0.2–1.2) were independently associated with 1-min sit-ups. In addition to
demography, anthropometry and BC provided additional information concerning some PF levels in
school-aged children. Weight management and PF promotion should be addressed simultaneously
in terms of preventive medicine and health promotion for children.

Keywords: anthropometry; body composition; children; epidemiography; physical fitness

1. Introduction

Physical fitness (PF) is defined as one’s capability to work effectively, enjoy leisure time,
be healthy, resist hypokinetic diseases, and meet emergencies [1,2]. PF also displays the
body’s ability to function efficiently. A substantial volume of research has been conducted
in adults on the relationships between PF and various health outcomes [3]. The literature
suggests that a lack of physical activity (PA) or poor PF is associated with a wide range
of chronic diseases [4]. PF is an important predictor for adiposity, bone health, premature
mortality, diabetes, cardiovascular diseases, metabolic syndrome, and mental health [3,5–8].

Among all the PF metrics, cardiorespiratory and muscular fitness seem to be the two
most influential parameters for disease and health [9]. Low cardiorespiratory fitness is
associated with metabolic syndrome, diabetes, and an increased prevalence of cardiovascu-
lar disease [7,10]. A recent review elucidates that good cardiorespiratory fitness mitigates
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stroke hazard in both sexes, and the effect is comparable to well-established stroke risk fac-
tors such as blood pressure, obesity, and smoking [4,11]. Muscular strength is a commonly
accepted parameter for cardiometabolic risk, sarcopenia, functional disabilities, and frailty
connected to all-cause mortality [12–14].

PF is also related to mental health. Previous studies have observed an association
between the PF component and cognitive development [8,9,15]. Evidence supports that
reduced cardiorespiratory fitness and muscular strength are linked to lower levels of
mental well-being, higher levels of depressive symptoms and stress-related exhaustion,
and increased health-risk behavior such as suicidal attempts [9]. Silverman and Deuster
have proposed two possible mechanisms to explain how PF can buffer against stress-
related diseases. The first one is the “blunting effects” of PF on stress responses from
the hypothalamic–pituitary–adrenal axis or the sympathetic nervous system. The other
one is that improving PF may minimize excessive systemic inflammation. Moreover, PF
enhances the neural plasticity and the expression of growth factor, and therefore improves
an individual’s mood and cognition [16].

Similar observations have been reported among children. Children with suboptimal
PF are at higher risk of pediatric obesity, type 2 diabetes, hypercholesterolemia, hyper-
tension, metabolic syndrome, and cardiovascular diseases [17–19]. Poor childhood PF is
linked to increased all-cause mortality in adulthood [5,20]. A low level of PF is associated
with excessive inflammatory cytokine production [21], with promoting adipose tissue
aggregate [22], disrupting platelet function [23], and increasing insulin resistance [24,25].
Moreover, one cross-sectional study suggests that PF plays a crucial role and may amelio-
rate the negative influence of obesity on children’s academic performance [15,26].

Notably, the effects of PF on health outcomes are independent of weight status. Indi-
viduals with poor PF, even normal-weighted, have higher mortality than individuals with
optimal PF status [27]. Obesity (defined with anthropometric measures), suboptimal body
composition (BC), and poor PF have various comorbidities in common, such as metabolic
alterations, cardiovascular risks, and mental–cognitive impairment. However, most studies
have focused on the medical impacts of each of the three, and the relationships between
anthropometry, BC, and PF have not been studied as extensively. Mendoza-Muñoz et al. in-
vestigated the influence of BC on PF in adolescents and reported that overweight and obese
adolescents had lower levels of PF performance [28]. Ortega, F.B., et al. and Hussey, J., et al.
demonstrated that cardiorespiratory fitness was negatively correlated with body mass
index (BMI), waist circumference and abdominal adiposity in children [5,29]. However,
connections between anthropometric measures, BC, and PF in school-aged children had
not yet been studied and elucidated thoroughly.

We hypothesized that not only anthropometry but also BC was associated with PF
performance among children. The aim of this study was to investigate the associations
between body mass index (BMI) z-score, waist/height ratio (WHtR), body-fat percentage
(BF%), muscle weight (MW), 800-m run, sit-and-reach, 1-min sit-ups, and standing long
jump in a sample of elementary students in Taiwan.

2. Materials and Methods

2.1. Study Design and Subjects

The study was quantitative and cross-sectional. Data were collected between 2013 and
2016 from a school-based health promotion project conducted by the Chang Gung Memorial
Hospital, Linkou Main Branch, Taoyuan, Taiwan for several elementary schools in Northern
Taiwan. The details of the project have been reported elsewhere [30]. Anonymous data was
retrieved and analyzed in 2020. All sensitive pieces of information that could be linked to a
specific person were deidentified. Demographic data (age, sex), anthropometric measures
(BMI z-score, WHtR), BC measures (BF, MW), and PF outcomes (cardiorespiratory fitness
(800-m run), flexibility (sit-and-reach), speed/agility (1-min sit-ups), lower body power
(long-jump)) were analyzed. This study was approved by the Institutional Review Board
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of our hospital (101-4158A3). Written informed consent was obtained from all participants
and their parents.

2.2. Anthropometric Measures

Anthropometric measures were obtained collaboratively by school teachers, nurses,
and investigators in elementary schools. Each student was asked to take off his or her shoes
before body height and weight were measured according to standard protocols [31]. Body
height was assessed to the nearest 0.1 cm by using a wall-mounted stadiometer with head
held in horizontal plane [32]. Body weight was measured to the nearest 0.1 kg by using a
metric balance scale [33]. BMI was calculated by dividing the weight (kg) by the height
squared (m2) [31]. To make weight status comparable across children at different ages, BMI
z-scores were calculated based on sex and age in months according to the United States
Centers for Disease Control and Prevention 2000 growth charts [34]. Waist circumference
(cm) was measured as the circumference in the horizontal plane midway between the
lowest ribs and the iliac crest, and it was further divided by the height (cm) to calculate
WHtR [35,36].

2.3. Body Composition Parameters

The detailed BC measurement protocol has been described elsewhere [30]. Briefly,
BF% and MW were automatically obtained using bioelectrical impedance analysis (X-
scan model, Jawon Medical, Co., Ltd., Seoul, Korea). This segmental multi-frequency
bioelectrical impedance analysis module can estimate not only fat-free mass/fat mass but
also muscle weight, intracellular water weight and extracellular water weight across limbs
and trunks [37]. We chose MW rather than fat-free mass as our parameter of interest since
fat-free mass is more complex in its components, including not only muscles but also bone
mineral, extracellular water, intracellular water, and visceral protein [37]. Jensen, B., et al.
indicated that skeletal muscle mass accounted for 45% to 49% of fat-free mass across
different sexes [38].

2.4. Physical Fitness Levels

PF levels were measured by four exercise tests, including 800-m run, sit-and-reach,
1-min sit-ups, and standing long jump. Cardiorespiratory fitness (endurance run) was
assessed by 800-m run (sec), defined as the time required to sprint 800-m run [39,40].
Flexibility was evaluated using sit-and-reach (cm), defined by the maximum distance
between fingertips and feet reached as the participants slide their hands forward as far as
possible towards their feet without bending the hamstring, and maintain this maximum
position for at least two seconds [41]. Speed/agility was measured by 1-min sit-ups (times),
defined as the maximum number of correct sit-ups achieved in one minute [42]. Lower
body power was evaluated using standing long jump, defined as the distance between the
starting line and the heel of the closest foot [43]. All PF tests were performed following the
methods reported by the Health Promotion Administration, Ministry of Health and Welfare
in Taiwan. Standard and corrected stopwatches were used to measure time. Professional
physical educators were enrolled to conduct the tests and document the results [44].

2.5. Statistical Analysis

The sample size was calculated using a priori calculation (correlation test, coefficient
of determination ρ2 = 0.11, two-tailed α = 0.05, power = 0.85; sample size for each age–sex
subgroup = 60), as reported in a previous study of BF% and standing long jump in 9-year-
old boys [43]. For boys and girls aged 9–11 years old (six age–sex subgroups), the sample
size was estimated to be 360.

Most of the distributions of the variables were non-normal, assessed by using the
Kolmogorov–Smirnov test. Therefore, non-normally distributed continuous variables
were transformed using a two-step approach: the fractional rank and inverse–normal
transformation [45]. Thereafter, continuous variables were expressed as means and stan-
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dard deviations, and categorical variables were expressed as numbers with percentages.
Student t-tests were used to compare continuous variables, and chi-square tests were
used to compare categorical variables in different subgroups, as appropriate. Pearson’s
correlation test was used to investigate the relationships between continuous variables,
whereas Spearman’s correlation test was used to analyze associations between continuous
variables and categorical variables. The variables with a significance level of p < 0.05 in
univariate analyses were further assessed using multivariable linear regression models
with the forward selection for examining independent variables.

SPSS software (version 25; International Business Machines Corp., Armonk, NY, USA)
and G*Power software (version 3.1.9.2; University of Kiel, Kiel, Germany) were used for the sta-
tistical analysis. A two-tailed p-value lower than 0.05 was considered statistically significant.

3. Results

3.1. Demographic and Clinical Characteristics of the Overall Cohort and Two Subgroups Stratified
by Sex

Table 1 displayed demographic and clinical characteristics of the overall cohort and
two subgroups stratifies by sex. A total of 360 Taiwanese children from Han ancestry
(180 (50.0%) girls and 180 (50.0%) boys); mean age: 10.0 ± 0.7 years; mean BMI z-score:
0.366 ± 1.216) were analyzed.

Table 1. Participant characteristics of the overall cohort as well as two subgroups stratified by sex.

Variables Overall Boys Girls p-Value a

Participants n = 360 n = 180 n = 180

Demographic measures

Age (years) 10.0 ± 0.6 10.0 ± 0.7 10.0 ± 0.6 0.72

Anthropometric measures

Body mass index z-score 0.366 ± 1.216 0.543 ± 1.269 0.190 ± 1.137 0.01
Waist/height ratio 0.46 ± 0.06 0.47 ± 0.06 0.45 ± 0.06 <0.001

Body composition measures

Body-fat percentage 16.9 ± 7.6 14.1 ± 8.0 19.5 ± 6.1 <0.001
Muscle weight (kg) 29.0 ± 6.1 30.7 ± 5.6 27.5 ± 6.2 <0.001

Physical fitness levels

800-m run (sec) 306.9 ± 69.4 297.1 ± 74.2 316.7 ± 63.0 0.01
Sit-and-reach (cm) 25.6 ± 8.4 23.1 ± 8.1 28.1 ± 7.9 <0.001

1-min sit-ups (time) 27.8 ± 8.8 28.7 ± 9.6 26.9 ± 7.9 0.049
Standing long jump (cm) 137.1 ± 25.6 141.1 ± 27.0 133.1 ± 23.5 0.003

Data are summarized as means ± standard deviations. a Data were compared using the Student t-test.

In the overall cohort, the boys had a significantly higher BMI z-score, higher WHtR,
lower BF%, higher MW, lower time in the 800-m run, lower distance of sit-and-reach, higher
number of 1-min sit-ups, and higher distance of standing long jump compared to those of
the girls. The boys and girls were comparable in age.

3.2. Associations of Physical Fitness Levels and Variables of Interest in the Overall Cohort

Table 2 displayed associations of PF and variables of interest in the overall cohort.
The 800-m run was positively associated with female sex, BMI z-score, WHtR, BF%, and
MW. Sit-and-reach was positively correlated with female sex and age, and inversely related
to BMI z-score and WHtR. The 1-min sit-ups score was positively related to age and
inversely associated with BMI z-score, WHtR, and BF%. Standing long jump was positively
associated with age and MW, and inversely correlated with female sex, WHtR, and BF%.
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3.3. Variables Independently Associated with Physical Fitness Levels in the Overall Cohort Using
Logistic Regression Models

Table 3 displayed variables independently associated with PF in the overall cohort.
Using univariate linear regression models, we determined that girls, BMI z-score, WHtR,
BF%, and MW were significant variables of the 800-m run. However, only the BF%
(regression coefficient (B) = 3.4, 95% confidence interval (CI) = 2.5–4.3, p < 0.001) was
independently correlated with the 800-m run using multivariable linear regression models.

Female sex, age, BMI z-score, and WHtR were significant variables of sit-and-reach.
Using multivariable analysis, girls (B = 4.6, 95% CI = 3.0–6.3, p < 0.001), age (B = 3.1, 95%
CI = 1.9–4.3, p < 0.001), and BMI z-score (B = −0.7, 95% CI = −1.4–−0.1, p = 0.03) were still
significantly and independently related to the sit-and-reach.

Female sex, age, BMI z-score, WHtR, and BF% were significant factors of 1-min sit-
ups. Furthermore, age (B = 3.3, 95% CI = 2.0–4.7, p < 0.001) and BF% (B = −0.3, 95%
CI = −0.4–−0.2, p < 0.001) were still significant variables of 1-min sit-and-stand-ups using
multivariable analysis.

Female sex, age, WHtR, BF%, and MW were significant factors of the standing long
jump. Their associations with the standing long jump remained significant using multivari-
able analysis: age (B = 14.1, 95% CI = 9.9–18.3, p < 0.001), BF% (B = −1.1, 95% CI = −1.4–1.2,
p < 0.001), and MW (B = 0.7, 95% CI = 0.2–1.2, p = 0.01).
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Table 3. Univariate and multivariable regression models of physical fitness levels in the overall cohort.

Predictors B (95%CI) p-Value a B (95%CI) p-Value a

Univariate Model Multivariate Model

800-m run

Female sex 19.6 (5.3–33.9) 0.01 NS
Age −4.5 (−15.5–6.5) 0.42 NI

Body mass index z-score 15.9 (10.2–21.6) <0.001 NS
Waist/height ratio 290.5 (180.7–400.2) <0.001 NS

Body-fat percentage 3.3 (2.4–4.2) <0.001 3.4 (2.5–4.3) <0.001
Muscle weight 1.3 (0.1–2.5) 0.04 NS

Sit-and-reach

Female sex 5.0 (3.4–6.7) <0.001 4.6 (3.0–6.3) <0.001
Age 3.3 (2.0–4.6) <0.001 3.1 (1.9–4.3) <0.001

Body mass index z-score −1.1 (−1.8–−0.3) 0.004 −0.7 (−1.4–−0.1) 0.03
Waist/height ratio −19.0 (−32.5–−5.5) 0.01 NS

Body-fat percentage 0.02 (−0.10–0.14) 0.69 NI
Muscle weight −0.1 (−0.2–0.1) 0.22 NI

1-min sit-ups

Female sex −1.8 (−3.7–−0.1) 0.049 NS
Age 2.9 (1.6–4.3) <0.001 3.3 (2.0–4.7) <0.001

Body mass index z-score −1.0 (−1.8–−0.3) 0.01 NS
Waist/height ratio −24.8 (−38.9–−10.7) 0.001 NS

Body-fat percentage −0.3 (−0.4–−0.2) <0.001 −0.3 (−0.4–−0.2) <0.001
Muscle weight 0.1 (−0.1–0.2) 0.92 NI

Standing long jump

Female sex −8.0 (−13.2–−2.7) 0.003 NS
Age 16.3 (12.6–20.0) <0.001 14.1 (9.9–18.3) <0.001

Body mass index z-score −2.1 (−4.3–0.1) 0.06 NS
Waist/height ratio −42.5 (−83.8–−1.1) 0.04 NS

Body-fat percentage −0.8 (−1.2–−0.5) <0.001 −1.1 (−1.4–−0.7) <0.001
Muscle weight 0.8 (0.3–1.2) 0.001 0.7 (0.2–1.2) 0.01

Abbreviations: B: regression coefficient; CI: confidence interval; NI: not included; NS: not significant. a Data were compared using linear
regression models.

4. Discussion

The prevalence of pediatric obesity has been increasing alarmingly worldwide in the
past 20 years [46–48]. It is generally believed that a decrease in PA and excessive calorie con-
sumption are the two most important factors responsible for this obesity pandemic [49,50].
The detrimental effects of obesity can result in a wide range of negative impacts on health
and quality of life [51]. The literature has elucidated various comorbidities of pediatric
obesity, including early sexual maturation, polycystic ovary syndrome, nonalcoholic fatty
liver disease, obstructive sleep apnea, asthma, left ventricular hypertrophy, hypertension,
lower extremity malalignment and joint pain, acanthosis nigricans, higher risk of idiopathic
intracranial hypertension, poor self-esteem, anxiety, and depression [51].

On the other hand, a decrease in PF performance has been observed in many develop-
ing and developed countries [50]. Young populations are becoming more obese and less fit
at the same time, and some research has suggested a linkage between the changes in PF
and weight status [50,52,53]. Overweight and obese adolescents had inferior PF compared
to their normal-weight peers [28]. Children with higher cardiorespiratory fitness had less
total and abdominal adiposity [5,28]. Tomkinson et al. demonstrated that the variability
in fatness was accounted for about 20% of the variability in running performance [54]. A

89



Children 2021, 8, 460

cross-sectional study also showed that fatness attributed to the decline of PF by 29–61%,
more than other factors such as PA did [52].

In our results, and consistent with the literature, the PF performance of children was
associated with their demographic variables [55]. Older children had better flexibility,
speed/agility, and lower body power. Children grow up with their height, weight, lean
mass, fat tissue, and organs increasing in size [56,57]. These changes are the results of
cellular hyperplasia, hypertrophy, and intercellular accretion, enhancing the functional
utility of skeletal muscles [58]. Moreover, children develop better motor performance with
a better integration of their central nervous system and skeletal–muscular system [59].
Previous investigations report that older age is associated with higher running speed from
increased stride length, frequency, and neuromuscular coordination [60,61].

Interesting sex differences were observed. Boys were higher in z-BMI and WHtR,
consistent with the well-documented higher prevalence of overweight and obesity in boys
in Taiwan [62,63]. Girls were higher in BF% and lower in MW, also consistent with the
literature [64,65]. After adjusting for other confounders, girls were better with flexibility.
Previous studies show that girls have more total and subcutaneous fat, more connective
tissue, and less paraspinous musculature compared to boys [64,66]. This difference could be
explained by the difference in sex hormone levels between prepubertal children [67]. Boys
have a greater capacity of skeletal muscle because of a higher level of testosterone [57,58].
In comparison, girls have a higher BF% and lower percentage of muscle mass because
of a higher amount of estrogen, which contributes to lower tissue density and better
flexibility [66]. The divergence of sexual hormone level and BC causes distinct flexibility
performance between different sexes [68,69].

As expected and consistent with some previous research [29,70,71], our data demon-
strated connections between weight status, BC, and PF. In general, higher BMI-z score and
BF% were linked with lower levels of PF.

First, higher z-BMI was associated with worse flexibility. Larger trunk mass increased
mechanical work and moment of inertia. As a result, there was higher propulsion and
extra load during dynamic activities [70]. Casonatto et al. indicated that abdominal obesity
might affect the lower back and hamstring flexibility and hamper the trunk to the extreme
reach position [72].

Second, excessive BF% was related to poorer muscle endurance, cardiorespiratory
fitness, and lower-body power. Similar findings have been reported by other investi-
gators [28,73–75]. One systematic review from the European Childhood Obesity Group
suggests that insulin resistance causes mitochondrial dysfunction in the skeletal muscle,
which leads to muscle fatigability and delayed post-effort muscle recovery [76]. Another
systematic review shows the negative effects of childhood obesity on spirometric variables,
namely reductions in forced expiratory volume in one second, forced vital capacity, and
forced expiratory volume in one second/forced vital capacity ratio [77,78]. An increase in
adipose tissue directly negatively impacts one’s pulmonary function by reducing functional
residual capacity, expiratory reserve volume, and residual volume [79,80]. Previous studies
have reported that children with obesity perform less well in weight-bearing activities such
as jumping and running [53,75,81]. Children with higher BMI usually have higher muscle
mass, which increases absolute muscle strength; however, relative muscle strength is the
key component of muscle function for daily activities. Excessive BF% increases inert load,
which impacts negatively on relative muscle strength and results in poorer lower-body
power [75].

Third, children with higher muscle weight had better lower-body power. There are
two types of skeletal muscle, type I (red fibers) and type II (white fibers). Type II fibers
have higher force, power, and speed. Most one-burst moves, such as the long jump or
badminton smash, are largely contributed by type II fibers due to their higher contractility
and fast reactions. On the other hand, type I fibers are slow movers but have better ability
in utilizing oxygen and higher endurance [82]. Gaining muscle weight is largely related to
type II fiber rather than type I fibers [83]. Our results were consistent with the physiology,

90



Children 2021, 8, 460

showing that muscle weight was significant in relation to lower-body explosive power, but
not muscle endurance.

The main contribution of this study was to provide scientific evidence on how anthro-
pometry and BC may affect the PF performance, in addition to age and sex. The study had
some limitations. First, all the participants were Han and confined to age of 9–11 years,
which might limit the generalizability of this study to other populations. Second, the
information on pubertal status was not collected, which might have been an important
confounder on weight status, BC, and PF. Third, BC was measured by BIA; BIA modules
are less costly and more available, but less accurate than dual energy X-ray absorptiometry
modules. Also, the study was cross-sectional and therefore unable to conduct causation
in predicting the future performance. Further studies with a prospective design will be
of interest.

5. Conclusions

Overall, younger age, higher BMI z-score, and higher BF% were associated with
poorer PF performance among elementary school students; girls had better flexibility. Our
study concluded that other than demographic variables, anthropometric measures and
BC parameters provided additional information in concerning PF levels in school-aged
children. PF testing should be considered in addition to clinical measures to understand
children’s health more comprehensively. Health promotion for children should focus not
only on anthropometry but also BC and PF.
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Abstract: This study aimed to investigate the association between oral disease burden and oral
health related quality of life (OHRQoL) among overweight/obese (OW/OB) and normal weight
(NW) Malaysian adolescents. A total of 397 adolescents were involved in the two-year prospective
observational cohort study. OHRQOL was measured through a self-administered questionnaire
containing the short version of the Malaysian Oral Health Impact Profile (OHIP[M]). Body mass
index (BMI) was used for anthropometric measurement. Whilst, decayed, missing, and filled teeth
(DMFT) index, Significant Caries Index (SiC), simplified basic periodontal examination (S-BPE),
and gingival bleeding index (GBI) were used for clinical assessment tools. Higher dental caries
prevalence was observed in the NW group while higher SiC was reported in the OW/OB group.
Regardless of the obesity status, the prevalence of gingivitis (BPE code 1 and 2) was high in this study.
A reduction of GBI prevalence was observed in the two-year follow-up results with an increased
prevalence of OHRQoL impact in the OW/OB group compared to the NW group (p > 0.05). The
findings from this study suggested that obesity status did not have influence over the burden of oral
diseases and OHRQoL. It offers insights referring to the changes in adolescents’ oral diseases burden
and OHRQoL.

Keywords: obesity; oral disease; oral health related quality of life (OHRQoL)

1. Introduction

Overweight and obesity are defined as abnormal or excessive fat accumulation in the
body, which can impact one’s health [1]. The current global trend showed that obesity has
become a serious public concern regardless of a country’s development status [2]. Globally,
over 340 million children and adolescents aged five to nineteen were either overweight or
obese in 2016 [1]. The Malaysian National and Health Morbidity Survey (NHMS) reported
that 29.8 percent of adolescents (aged 13–17 years old) were overweight/obese (OW/OB)
in Malaysia [3]. This is a situation that we cannot afford to neglect as 40 percent of the
current Malaysian demographic profile range from 0 to 24 years of age.

Research showed obesity is likely to progress from adolescence to adulthood [4]. This
is rather a worrying phenomenon as it will potentially impair general and oral health
in both adolescence and adulthood. To date, research on oral health has been primarily
conducted on OW/OB adults, with less attention given to adolescents. Different studies
are required in adolescence, as they are incomparable with existing studies that have been
carried out in adults. Unlike with adults, the puberty hormonal interaction alters the body
composition and regional distribution of body fat in adolescents.
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The most common oral health problems are dental caries, while periodontal dis-
ease is known as the eleventh most prevalent condition globally [1]. In general, obesity,
dental caries, and periodontal disease share common risk factors, namely: sugary diet,
dental plaque, socioeconomic status, and behavioral and genetic issues [5–7]. Although,
there is scarce evidence of a long-term relationship among OW/OB, poor oral health
status, and oral health-related quality of life (OHRQoL), some studies suggest positive
associations [5,8]. Compromised health-related quality of life (HRQoL) associated with
increased age and gender in OW/OB adolescents was also reported [9].

It is essential to further scrutinize the relationship between obese adolescence and
changes in oral health status through longitudinal studies as the establishment between
obesity and oral health will lead to a huge global economic impact due to the rising costs
attributed to obesity and oral diseases [10]. This, in a way, will prompt health policymakers
in prioritizing action and evaluating preventive measures for the OW/OB adolescence oral
health. Thus, this longitudinal study aimed to investigate the association of OW/OB in
adolescence with oral disease burden (dental caries and periodontal disease) and OHRQoL
over a two-year period.

2. Materials and Methods

2.1. Study Design and Study Population

This is a prospective observational cohort study on overweight/obese and normal
weight schoolchildren residing in the districts of Klang Valley, Selangor. A stratified
multiple-stage random sampling technique was employed to recruit secondary school
adolescents aged fourteen for the baseline study in the year 2015. The follow-up study
was conducted in the year 2017 within the same group of participants at the age of sixteen.
Malaysian citizens who were fit and healthy, able to understand and communicate well
in Malay language, and attending multi-racial co-educational daily public school were
recruited. Participants undergoing orthodontics treatment, or had underweight BMI status,
or had a change of BMI status during the two-year follow-up were excluded.

A total of 202 OW/OB participants were cross matched by age and gender with
195 NW participants who fulfilled the inclusion criteria. Anthropometric measurement and
clinical examination including caries experience and periodontal status were performed fol-
lowing the completion of self-administered questionnaires consisting of sociodemographic
data, oral health related behaviors, and the short version of the Malaysian Oral Health
Impact Profile (OHIP[M]).

2.2. Ethics, Consents, and Permission

Ethical approval (DF CD1706/0031(U)) and permission to conduct the study at public
school was obtained from the Faculty of Dentistry Medical Ethics Committee, University
of Malaya, Ministry of Education Malaysia, Selangor State Education Department, and
authorities of the selected secondary schools. Written informed consent from the parents
and caregivers of the participants were obtained at both baseline and follow-up studies.
Participations for both studies were on a voluntary basis.

2.3. Anthropometric Measurement

The 2007 WHO reference was used to determine each participant’s body mass index
(BMI) status [1].

The participants were instructed to only wear standard school uniforms and socks
upon standing on the weight scale platform during body height and body weight mea-
surement. The body weight was measured to the nearest 0.5 kg and height to the nearest
0.1 cm using a calibrated digital scale with body mass index (BMI) function and inte-
grated stadiometer (Tanita, IL, USA), where routine calibrations were conducted based on
manufacturer recommendations.
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2.4. Clinical Examinations
2.4.1. Caries Experiences

The caries experienced was recorded following the WHO criteria [11], where the
DMFT score was calculated by adding the number of decayed (D), missing (M), and filled
(F) permanent teeth. The Significant Caries Index (SiC) was used to identify individuals
with the highest caries values in the population. SiC was determined by selecting one-third
of the samples with highest DMFT scores and the mean DMFT for this subgroup was
calculated [12].

2.4.2. Periodontal Assessments

The Simplified Basic Periodontal Examination (S-BPE) by the British Society of Pe-
riodontology (BSP) and British Society of Pediatric Dentistry (BSPD) was used for the
screening of periodontal health. The examination was performed on the following six
index teeth, 16, 11, 26, 36, 31, and 46, using the WHO probe with the ball end tip. The BPE
codes (Code 0 to Code 2) were used to determine each participant’s periodontal status. The
Ainamo and Bay Gingival Bleeding Index (GBI) [13] was used as an adjunct to the BPE to
determine each participant’s gingival health by gently probing on the orifice of the gingival
crevice to the bottom of the pocket. Positive findings were recorded if bleeding occurred
within 10 s.

2.4.3. Training and Calibration

All participating dentists involved in this study were trained and calibrated to mini-
mize inter-examiner variability in the data collection. The calibration sessions were carried
out prior to the data collection at baseline and the follow-up study for caries diagnoses,
periodontal and gingival examination to a single gold standard examiner of each field
(pediatric dentist and periodontist). All examiners needed to achieve the minimum re-
quired kappa value of 0.75 prior to the conduct of the study. The kappa values of the
examiners compared to the gold standard ranged from 0.75 to 0.80. As the standard operat-
ing procedure for this study, the intra-examiner’s reliability was conducted at each data
collection session.

2.5. Questionnaires

A self-administered questionnaire was used to collect participants’ information on de-
mographics, oral health related behaviors, and oral health related quality of life (OHRQoL)
using the short form of the Malaysian version of Oral Health Impact Profile OHIP[M]-14
that contained 14 items in seven domains. The two parameters obtained from OHIP[M]-14
were prevalence and severity. Prevalence of impact is the percentage of respondents re-
porting one or more impacts of “fairly often” or “often”, whereas severity impact was the
summation of response codes for the fourteen items. The content of the questionnaire was
validated during the baseline study by two dental specialists from pediatric dentistry and
dental public health. It was pre-tested for clarity, simplicity, sequencing, and ease of un-
derstanding instructions and questions. The internal consistency measured by Cronbach’s
alpha was recorded at 0.75, which indicated acceptable reliability.

2.6. Statistical Analysis

All data collected were treated confidentially and verified by the examiner for its
completeness prior to data entry and data analysis. The data were coded and recorded
using IBM SPSS Version 26.0 (SPSS Inc., Chicago, IL, USA). The p-value was set at α = 0.05
with 95% confidence interval.

Differences between baselines and follow-up distribution of gender, race, mother level
of education, and body mass index were compared between participants who successfully
completed each phase of data collection through the Cohen effect size (r). The characteristics
of participants were described using frequency distribution for categorical variables while
continuous data were described using mean (M) and standard deviation (±SD).
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The chi square statistic (X2) was used for comparison of oral hygiene practice and self-
rated perception of health and oral health between obese and normal weight groups and
the association was reported as statistically significance if the p value < 0.05.Comparison
for mean DMFT, mean SiC, and severity of OHRQoL impact between obese and normal
weight groups were calculated using the independent t-test. The chi square test was used
to compare the prevalence of dental caries, periodontal disease, gingival bleeding, and
impact of OHRQoL between the two groups.

3. Results

Out of 397 participants (NW and OW/OB) recruited at the baseline study (age four-
teen), only 238 (60%) participants who fulfilled the inclusion criteria managed to be traced
and agreed to participate in the follow-up study (age sixteen). The sociodemographic
and anthropometric characteristics of the follow-up participants were comparable to the
dropout participants (Cohen’s effect size ≤ 0.5) (Table 1). The reasons for participants’
dropout included change of schools, not willing to participate, being absent during data
collection day, and not fulfilling the criterion. The final analysis of this study involved the
total number of those who participated at both baseline and follow-up study.

Table 1. Background information of participants at baseline.

Characteristics

Baseline n (%) Follow-Up n (%)

p Value Cohen’s Effect SizeOW/OB
n = 195

NW
n = 202

OW/OB
n = 122

NW
n = 116

Gender
Male 124 (31.2) 118 (29.7) 73 (30.7) 73 (30.7) 0.03 1

Female 71 (17.9) 84 (21.2) 49 (20.6) 43 (18.1) 0.81

Ethnicity
Malays 117 (29.5) 105 (26.4) 72 (30.3) 68 (28.6) 0.05 * 0.05 1

Non-Malays 78 (19.7) 97 (24.5) 50 (21.0) 48 (20.2)

Mother level of education
High 57 (14.4) 67 (16.9) 32 (13.4) 35 (14.7) 0.79 0.02 1

Low 138 (34.8) 135 (34.1) 90 (37.8) 81 (34.0)

BMI (kg/m2) (Mean) (SD) 28.5 (4.01) 19.2 (1.84) 29.6 (4.30) 19.6 (1.67) 0.02 1

OW = overweight, OB = obese, NW = normal weight. SD = standard deviation, p values were calculated using chi square tests, p < 0.05
significance values. 1 Effects size based on Cohen’s r: 0.2 for small; 0.5 for medium; 0.8 for large effect.

3.1. Sociodemographic

The sociodemographic characteristics of participants in the baseline and follow-up
study were almost similar across BMI groups. Participants for the follow-up study consisted
of 146 males and 92 females with 60% of the participants from Malay ethnicity. It was found
that the majority of the participants’ mothers came from lower educational backgrounds.
The mean baseline BMI of the overweight/obese group was 28.5 kg/m2 and the normal
weight group was 19.2 kg/m2. The mean BMI of OW/OB (29.6 kg/m2 ± 4.30) and NW
(19.6 kg/m2 ± 1.67) increased at the follow-up study compared to the baseline study.

3.2. Oral Health Practices

Good tooth brushing habits were seen in more than 40% of the participants across all
groups. The majority of the participants in the SiC group brushed their teeth twice daily
by using fluoridated toothpaste and using mouth rinses (Table 2). However, a two-fold
increment in the number of participants not using fluoridated toothpaste was seen in
OW/OB and NW groups during the follow-up study.
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Table 2. Oral hygiene practice and perception on health and oral health in obese, normal weight, and SiC groups at baseline
and follow-up.

Baseline n (%) Follow-Up n (%)

OW/OB
n = 122

NW
n = 116

SIC
n = 79

OW/OB
n = 122

NW
n = 116

SIC
n = 79

Frequency of tooth brushing X2 = 0.26, p = 0.87 X2 = 0.49, p = 0.77
2x/day 89 (37.0) 95 (39.9) 64 (81.0) 91 (38.4) 91 (38.4) 65 (82.3)
≤1x/day 33 (14.2) 21 (8.8) 15 (19.0) 31 (12.6) 25 (10.5) 13 (16.5)

Used fluoride toothpaste X2 = 2.28, p = 0.13 X2 = 0.26, p = 0.87
Yes 120 (50.4) 110 (46.2) 76 (96.2) 78 (35.5) 69 (29.5) 55 (69.6)
No 2 (0.8) 6 (2.5) 3 (3.8) 14 (5.9) 15 (6.3) 24 (30.4)

Used mouth rinse X2 = 0.00, p = 0.94 X2 = 0.49, p = 0.77
Yes 120 (50.4) 110 (46.2) 21 (26.6) 25 (10.5) 22 (9.3) 15 (19.0)
No 2 (0.8) 6 (2.5) 58 (73.4) 97 (40.9) 93 (39.2) 64 (81.0)

Perception of health X2 = 5.46, p = 0.17 X2 = 2.98, p = 0.08
Poor 43 (18.1) 25 (10.5) 24 (30.4) 61 (26.1) 46 (19.7) 32 (40.5)
Good 79 (33.2) 91 (38.2) 55 (69.6) 58 (24.8) 69 (29.5) 46 (58.2)

Perception of oral health X2 = 0.00, p = 0.97 X2 = 3.13, p = 0.77
Poor 45 (18.9) 43 (18.1) 33 (41.8) 65 (27.9) 50 (21.5) 36 (45.6)
Good 77 (32.4) 73 (30.7) 46 (58.2) 53 (22.7) 65 (27.9) 41 (51.9)

Visited dentist for the past 1 year X2 = 1.14, p = 0.56 X2 = 0.56, p = 0.45
Yes 16 (6.7) 26 (10.9) 12 (15.2) 17 (7.2) 17 (7.2) 8 (10.1)
No 106 (44.5) 90 (37.8) 67 (84.8) 104 (43.9) 99 (41.8) 71 (89.9)

OW = overweight, OB = obese, NW = normal weight, SIC = significant index caries. X2 = chi square statistic, p values were calculated using
chi square tests with p < 0.05 is the significance value.

Irrespective of BMI status, an increase in the number of participants who rated poor
on perception of health and oral health was observed in the follow-up study. The same
pattern was also observed among participants in the SiC group. In contrast, the percent-
ages of participants visiting dentists within one-year remained low in both baseline and
follow-up studies.

3.3. Caries and Periodontal Health

The mean (M ± SD) caries experiences among OW/OB and NW groups in the baseline
were 1.80 ± 3.16, 1.84 ± 2.62, with a slight increment to 2.37 ± 3.30 and 2.47 ± 3.05,
respectively at the two-year follow-up study (Table 3). Likewise, the number of teeth
affected by carious lesions showed an increasing trend. High mean of caries experiences
increased from 5.22 to 6.49 per participants in the OW/OB of SIC group at the baseline and
follow-up study. In regards to the SiC participants, nearly 90% did not visit the dentist for
the past one year at the time when the study was conducted.

The distribution of BPE scores are shown in Table 3 for OW/OB and NW of the
total population and SIC group. The highest score observed in the study population was
“Code 2”, which can be described as presentation of calculus or plaque retention factor
with no periodontal pocket ≥3.5 mm detected. At the baseline study, 77% of participants
were presented with “Code 2” (Table 3). During the follow-up study, it was observed
that the BPE scores reduced more than 20% across all participants, including in the SIC
group. Gingival bleeding can be observed in more than 90% of participants at baseline and
follow-up study.
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Table 3. Oral health status in obese and normal weight groups of total participants and SiC group at baseline and follow-up.

Total Participants, n = 238

Baseline *
M ± SD

Follow-Up **
M ± SD p Value

OW/OB NW OW/OB NW

Caries experience 1.80 (3.16) 1.84 (2.62) 2.37 (3.30) 2.47 (3.05) 0.91 *, 0.79 **
Based on teeth
Decayed (D) 1.66 (3.10) 1.53 (2.35) 2.11 (3.16) 2.07 (2.70) 0.71 *, 0.92 **
Missing (M) 0 0.03 (0.18) 0.01 (0.09) 0.06 (0.24) 0.03 *, 0.02 **
Filled (F) 0.13 (0.48) 0.27 (0.92) 0.25 (0.72) 0.34 (1.10) 0.57 *, 0.45 **

Sound dentition n (%) 73 (59.8) 60 (51.7) 56 (45.9) 42 (36.2)

Periodontal status n (%)
BPE screening
Code 0 8 (6.6) 6 (5.2) 7 (6.0) 10 (8.2)
Code 1 20 (16.4) 15 (12.9) 49 (42.2) 39 (32.0)
Code 2 94 (77.0) 95 (81.9) 60 (51.7) 73 (59.8)
Gingival bleeding n (%) >0.05 +

Yes 118 (96.7) 112 (96.6) 111 (91.0) 106 (91.4)
No 4 (3.3) 4 (3.4) 11 (9.0) 10 (8.6)

Significant Caries Index (SiC) n =79 5.22 (3.90) 4.48 (2.70) 6.49 (3.08) 5.80 (2.73) 0.32 *, 0.28 **
Based on teeth
Decayed (D)
Missing (M) 4.89 (4.0) 3.70 (2.70) 5.80 (3.46) 4.83 (2.67) 0.11 *, 0.17 **
Filled (F) 0 0.07 (0.26) 0.03 (0.16) 0.12 (0.33) 0.10 *, 0.12 **

0.32 (0.75) 0.71 (1.42) 0.68 (1.13) 0.83 (1.68) 0.12 *, 0.63 **
Periodontal status n (%)
BPE screening
Code 0 0
Code 1 5 (13.5) 1 (2.4) 3 (8.1) 2 (4.8)
Code 2 32 (86.5) 5 (11.9) 19 (51.4) 18 (42.9)

36 (85.7) 15 (40.5) 22 (52.4)
Gingival bleeding n (%)
Yes 37 (100)
No 0 41 (97.6) 34 (91.9) 38 (90.5) >0.05 +

1 (2.4) 3 (8.1) 4 (9.5)

OW = overweight, OB = obese, NW = normal weight. M = mean, ±SD = standard deviation. * = at baseline, ** = at follow up.
p values were calculated using independent t-test, p < 0.05 significance values. + p values were calculated using chi square tests, p < 0.05
significance values.

3.4. Oral Health Related Quality of Life

The oral health related quality of life among OB/OW, NW, and SIC groups at baseline
and follow-up are reported in Table 4. The Oral Health Impact Profile 14 (OHIP 14) scores
ranged from 0 to 56, with a high score indicating poor oral health related quality of life. The
OW/OB participants in the SIC group presented with the highest mean score of 9.83 ± 6.68
at baseline and 8.18 ± 7.47 during the follow-up study (p > 0.05). In general, the prevalence
of impact was low in all domains at baseline and the follow-up study. There were four most
affected domains, with at least 10% of OW/OB groups involved. The “self-consciousness”
and “felt tense” items in the psychological discomfort domain were the two most affected
items among the SIC group at baseline. The prevalence increase between 4% and 10%
was observed at the follow-up study in the same group. The social disability domain
(been irritable with others) was also reported as the affected domain at 11.4%, followed by
functional limitation (worsening in the sense of taste).
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Table 4. Oral health related quality of life in obese, normal weight, and SIC groups at baseline and follow-up.

Baseline *
M ± SD

Follow-Up **
M ± SD p Value

OW/O NW SiC + OW/OB NW SiC +

OHIP severity 9.14 (6.37) 8.63 (5.97) 9.83 (6.68) 6.80 (7.49) 7.52 (6.65) 8.18 (7.47) 0.53 *, 0.75 *+,
0.45 **, 0.57 **+

OHIP Impact based on items (n, %)
Functional limitation
(trouble pronouncing words) 0 1 (1.3) 1 (1.3) 1 (0.4) 2 (0.8) 3 (3.8)
Functional limitation
(worsened sense of taste) 1 (1.3) 0 1 (1.3) 4 (1.7) 1 (0.4) 8 (10.1)
Physical pain
(painful aching in the mouth) 1 (1.3) 1 (1.3) 2 (2.5) 2 (0.8) 2 (0.8) 6 (7.6)
Physical pain
(uncomfortable eating) 2 (2.5) 0 2 (2.5) 6 (2.5) 1 (0.4) 6 (7.6)
Psychological discomfort
(self-consciousness) 5 (6.3) 8 (10.1) 13 (16.5) 12 (5.0) 16 (6.7) 15 (19.0)
Psychological discomfort
(felt tense) 4 (5.1) 2 (2.5) 6 (7.6) 7 (2.9) 9 (3.8) 8 (10.1) >0.05 ***
Physical disability
(diet has been unsatisfactory) 2 (2.5) 2 (2.5) 4 (5.1) 5 (2.1) 5 (2.1) 7 (8.9)
Physical disability
(meals interrupted) 1 (1.3) 1 (1.3) 2 (2.5) 5 (2.1) 8 (3.4) 6 (7.6)
Psychological disability
(difficult to relax) 0 1 (1.3) 4 (5.1) 3 (1.3) 1 (0.4) 3 (3.8)
Psychological disability
(been embarrassed) 3 (3.8) 1 (1.3) 1 (1.3) 0 2 (0.8) 4 (5.1)
Social disability
(been irritable with others) 8 (10.1) 1 (1.3) 9 (11.4) 17 (7.1) 6 (2.5) 2 (2.5)
Social disability
(difficulty doing schoolwork) 0 1 (1.3) 1 (1.3) 0 2 (0.8) 2 (2.5)
Handicap (felt life is less satisfying) 0 0 0 0 1 (0.4) 2 (2.5)
Handicap
(unable to perform usual function) 1 (1.3) 2 (2.5) 3 (3.8) 3 (1.3) 4 (1.7) 5 (6.3)

OW = overweight, OB = obese, NW = normal weight, SIC = significant index caries. M = mean, ±SD = standard deviation. *, **, + p
values were calculated using independent t-test, p < 0.05 significance values. *** p values were calculated using independent t-test, p < 0.05
significance values. * = at baseline, ** = at follow up.

4. Discussion

The aim of this study was to present the results of a longitudinal study on the severity
of dental caries and periodontal health among obese and normal weight Malaysian ado-
lescents and the impact on oral health related quality of life. Despite the good response
rate in the present study, the refusal to participate in the follow-up study may represent a
source of selection bias. However, the effect size of participants that turned up and lost to
follow-up was low (Cohen effect size < 0.5), not affecting the overall result of this study.

Severe obese individuals were reported with risk of developing dental caries, peri-
odontal disease, and health morbidity [7,8,14]. However, it was not reflected in the findings
of this study. It can be explained by the recruitment of obese participants in this study—it
was not a true or severe obese population by definition (BMI > 25.9 kg/m2 for boys and
BMI > 27.3 kg/m2 for girls at the age of 14 years old). Even though, most participants
were overweight, it was important to start planning for an early prevention for one-third of
the participants who presented with a high burden of oral diseases. It is evident that BMI
provides an excellent indicator for obesity, but studies proved that waist circumference is
the best index for predictor of obesity related health risks [14].

This study adopted the WHO growth reference, which was also employed in the Na-
tional Physical Fitness Standard for Malaysia School Students (SEGAK) program. SEGAK
was first implemented by the Malaysian Ministry of Education in 2008 for Malaysian
students aged 10 to 17 years old [15]. It was designed to evaluate each student’s level of
fitness and, at the same time, monitor their BMI. By adopting the same reference, it allowed
comparison of results to be made if similar future studies were to be conducted in other
states in Malaysia.

From the sociodemographic background related to maternal education, the majority
were from lower education levels. The majority were reported to have at least attended
secondary school. Therefore, it can be suggested that most of the participants came from
low socioeconomic status backgrounds. Growing interest in studies related to low socioeco-
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nomic status and development of childhood obesity can be seen in few areas, particularly
in mental health, impact on health-related quality of life, and financial hardship. These
areas affect healthy lifestyle choices that are less accessible and indirectly promote calorie
dense foods, lifestyles that reflect a lack of physical activity, poor oral hygiene practices,
and less opportunities for self-growth and development, especially in education [16,17].
The number of participants who rated good on ‘perception of health and oral health’ also
showed a reduction in the follow-up study compared to the baseline study across the
BMI status. In contrast, the percentages of participants visiting dentists within one year
remained low in both baseline and follow-up studies. This can be postulated from the
statistically non-significant (p > 0.05) association between BMI status with the burden of
oral diseases and impact on oral health related quality of life.

Good tooth brushing habits were also being observed with the majority of participants
brushing their teeth twice daily and using fluoridated toothpaste. However, a two-fold
increment in the number of participants not using fluoridated toothpaste was seen in both
groups at the follow-up study. Providentially, the increment in the mean of caries was not
significant. This might be due to the misconceptions by some participants and their parents,
regarding the fluoride concentration levels in the toothpaste. Despite using non-fluoridated
toothpaste, the participants still benefited (i.e., via a caries-preventive effect) through public
water fluoridation, provided by the government for Malaysian households, which might
be one of the contributing factors for insignificant increments in the mean caries.

Lacking oral health awareness is another possible risk factor for caries and obesity.
These oral health habits include the frequency of tooth brushing and dental visits, which
affect the prevalence of dental caries and gingivitis among children and adolescents. It is
suggested in the literature that, apart from variation of weight among participants, positive
oral health behavior plays an influential role in participants’ caries experiences [18]. It can
be observed in this study—regardless of body weight—that the majority of participants
reported “good” in the perception of health and oral health, and practiced tooth brushing
twice daily, and the changes in the burden of oral diseases were found not statistically
significant (p > 0.05).

Study results highlighted the severity of dental caries and gingival bleeding in the
Malaysian adolescent population. An increased trend in the prevalence of dental caries was
observed with more than half of the participants, regardless of body mass index presented
with at least two teeth affected, at the age of 16 years old. The severity of caries was high in
the OW/OB group of the SiC subgroup, with at least five teeth affected, with no significant
association between dental caries and body mass index. In line with the Malaysia National
Oral Health Survey of School Children (NOHSS) 2007 report, about 60% of the Malaysian
adolescents, aged 16 year old, were diagnosed with dental caries [19]. This showed that
dental caries was a common oral health problem in the population, regardless of body mass
index and age. Results from this study also suggested that the association between obesity
and dental caries was more complex and a simple explanation based on unhealthy dietary
habits and sugar consumption were inadequate. Less than 10% of the OW/OB group from
the total study population and in the SiC subgroup presented with healthy gingiva. It is
in accordance with the prevalence of healthy periodontium in Malaysian schoolchildren,
reported in theNational Health and Morbidity survey (NHMS) 2017 findings [20].

The most prevalent periodontal disease in adolescents was found to be plaque induced
gingivitis. Although gingivitis is an irreversible disease in nature, obese adolescents,
even without concomitant metabolic syndrome, are more likely to be diagnosed with
gingivitis and to develop periodontal disease earlier compared to healthy normal weight
adolescents [13]. Therefore, based on the findings of this study, the OW/OB participants,
especially in the SiC subgroup, was at a higher risk of being diagnosed with periodontitis
in the future. In view of this, further studies should be carried out to further understand
the impact of obesity on periodontal disease in healthy adolescents.

The DMFT index was employed to determine the prevalence of dental caries. Despite
its limitation of overestimation of dental caries, it has been reliably used in research studies.
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Recent systematic review and meta analysis also supported the used of DMFT index
to standardize the definition of dental caries in the population for further studies[21].
Moreover, the assessment of caries severity at various stages might be suitable to be used in
addition to the DMFT index in the study for OW/OB children and adolescents. An earlier
study recommended the use of ICDAS criteria as a strong predictor of lesion progression,
due to the slow progression of dentinal caries compared to initiation of enamel caries noted
from radiographic examination [22]. Observation of differences and development of caries
through intraoral examination in obese adolescents can be done through a longer duration
of study.

A review also reported no standardization in the diagnostic criteria within the pub-
lished studies of caries and obesity [23]. It was suggested that, without a gold standard
in research methods, it might affect the results and potential findings of the relationship
between caries and obesities.

Interestingly, this study reported low impact in the oral health related quality of life,
which was consistent with good self-rated perception of oral health and health among
participants regardless of their BMI and severity of oral diseases. In contrast, a study
by Banu et al. reported high impact on the OHRQoL [24]. It might be related to the
subjective measure by young adolescents regarding their body weight and oral diseases,
which indirectly may have influence in their quality of life.

The psychological discomfort was the most affected domain among OW/OB partici-
pants with a high burden of dental caries. This is an important finding, which supported
other evidence-based studies on mental health, showing that obese adolescents have higher
incidence of depression, anxiety, low self-esteem, and poor quality of life [25]. The possible
explanation would be victimization by peers, parents, or siblings who shape the belief
of having an ideal body weight, defined as beautiful and good for one’s health and oral
health. Although OW/OB presented with good perception of health and oral health with
low impact on quality of life, it affected the psychological discomfort domain the most.
Thus, it is important for policymakers to strengthen health promotion among adolescents,
which, in the long run, may help to prevent diseases and health problems, such as obesity,
dental caries, and periodontal diseases.

A selection bias was identified as one of the limitations in our study. The cluster
random sampling was used to determine samples. This allowed schools located near the
Faculty of Dentistry University Malaya to be selected. University Malaya is located in a
well-developed area in the Klang Valley. Hence, all participants basically originated from
an urban area, which had higher access to healthcare services, with a better education
system. Thus, it will be important to have a more diversified environment to determine
population impact measures. Although this is a longitudinal study, the duration for the
follow-up review was insufficient for the causal relationship between the burden of oral
diseases, body mass index, and impact on quality of life to be established. Another follow-
up study may be needed to explore further relationships after the peak of growth spurt is
achieved. This is because the effect of hormonal changes during puberty varies from one
person to another, which may have led to the negative findings from this study.

5. Conclusions

In conclusion, this two-year follow-up study suggested that obesity status did not
influence the burden of oral disease and OHRQoL. This statement agrees with systematic
reviews that report inconclusive and conflicting evidence on the association between
obesity and dental caries [20]. However, this study offers insights into changes in oral
disease burden and OHRQoL among adolescents. Study limitations highlighted by this
study could be discussed further and improved for future studies.
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Abstract: We conducted this study to investigate the associations between hematological parameters
and obesity in children and adolescents. The levels of hematological parameters (including white
blood cells [WBCs], red blood cells [RBCs], hemoglobin [Hb], hematocrit [Hct], and platelets) of
7997 participants (4259 boys and 3738 girls) aged 10–18 years were recorded. The parameters were
compared among participants with normal weight, overweight, and obesity. Significantly higher
mean levels of WBCs (7.16 vs. 6.16 × 103/mm3, p < 0.001), RBCs (4.90 vs. 4.82 × 106/mm3,
p < 0.001), Hb (14.07 vs. 13.99 g/dL, p < 0.05), Hct (42.31 vs. 41.91%, p < 0.001), and platelets (311.87
vs. 282.66 × 103/mm3, p < 0.001) were found in the obese than normal weight group, respectively,
after adjusting for body mass index (BMI) and sex. BMI SDS had significant positive associations with
the levels of WBCs (β = 0.275, p < 0.001), RBCs (β = 0.028, p < 0.001), Hb (β = 0.034, p < 0.001), Hct
(β = 0.152, p < 0.001), and platelets (β = 8.372, p < 0.001) after adjusting for age, sex, and socioeconomic
factors in a multiple linear regression analysis. A higher BMI was associated with elevated WBC,
RBC, Hb, Hct, and platelet counts in children and adolescents. Because higher levels of hematological
parameters are potential risk factors for obesity-related diseases, hematological parameters should be
evaluated in obese children and adolescents.

Keywords: obesity; children; WBC; RBC; platelets

1. Introduction

Obesity is characterized by excessive body fat mass or weight. The prevalence of
obesity has increased significantly worldwide, including among children [1]. Obesity is
associated with chronic inflammation, which contributes to atherosclerosis and metabolic
syndrome (MS) [2–4]. MS refers to a constellation of abnormalities, including central obe-
sity, glucose intolerance, hypertriglyceridemia, decreased high-density lipoprotein (HDL)
cholesterol levels, and high blood pressure [5]. MS is a precursor of cardiovascular disease
and type 2 diabetes mellitus (T2DM) [6]. Childhood obesity leads to adult obesity and
MS [7,8] and is associated with increased risks of cardiovascular disease and mortality [9].
Therefore, prevention and early treatment of childhood obesity and related comorbidities
are important challenges for public health care systems.

Obesity-induced inflammation leads to insulin resistance and T2DM [3,10], which
contribute to MS [11]. The levels of inflammatory markers, including C-reactive protein,
ferritin, and cytokines, are elevated in obesity [11,12]. The total white blood cell (WBC)
count, an inflammatory marker, is elevated in obesity and MS [13–15]. In addition, increased
platelet count and activation occur as part of chronic inflammation in obesity [16,17].
Furthermore, obesity is a risk factor for high blood pressure [18], which is associated
with elevated red blood cell (RBC) parameters, such as hemoglobin (Hb) and hematocrit
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(Hct) levels [19,20]. These findings suggest that changes in hematological parameters are
accompanied by increased body mass and chronic inflammation in obesity.

Previous studies of the hematological changes in obesity have focused mainly on
adults, and population studies of children are limited. The purpose of this study was to
investigate the associations between body mass index (BMI) and hematologic parameters
in children and adolescents.

2. Materials and Methods

We analyzed the data from the 2007–2018 Korea National Health and Nutrition Exami-
nation Survey (KNHANES), a cross-sectional and nationally representative survey with a
multistage, stratified probability sampling design. The KNHANES survey has been con-
ducted by the Division of Chronic Disease Surveillance, Korean Centers for Disease Control
and Prevention, in 3-year cycles since 1998 to assess the health and nutritional statuses
of the noninstitutionalized civilian population of Korea [21]. To enhance the statistical
power of the analyses, we combined the data from the fourth (2007–2009), fifth (2010–2012),
and sixth (2013–2015) survey, as well as the first and second years of the seventh survey
(2017–2018). The details of the study design have been reported previously [22].

KNHANES enrolled 97,622 individuals between 2007 and 2017. Of these, our pre-
liminary analyses included 10,734 (5670 boys, 5064 girls) aged 10–18 years (Figure 1). We
attempted to include a large number of representative Korean children and adolescents.
After obtaining informed consent, the participants and their parents were interviewed
at their homes, and the participants underwent several examinations, including blood
sampling, an oral examination, and pulmonary function tests. Different blood tests were
conducted in each survey. The levels of glucose, HbA1c, total cholesterol, triglyceride, HDL
cholesterol, LDL cholesterol (measured directly), HBs Ag, AST, ALT, HCV titer, BUN, and
creatinine were measured annually. In the seventh survey from 2017 to 2018, the levels
of hsCRP, uric acid, folate, vitamin A, and vitamin E were measured. In addition, the
levels of urinary pH, nitrite, specific gravity, protein, glucose, ketone, cotinine, sodium,
potassium, and heavy metals (including cadmium and mercury) were evaluated every year.
The hematological parameters recorded were the WBC, RBC, Hb, Hct, and platelet count.
Participants with incomplete physical examination records, including incomplete anthro-
pometric measurements and laboratory test results (such as lipid profiles) or triglyceride
levels ≥400 mg/dL, were excluded (n = 17). The KNHANES database is publicly available
(http://knhabes.cdc.go.kr, accessed on 4 August 2021). The 2007–2018 KNHANES study
protocols were approved by the Institutional Review Board of the Korean Centers for Disease
Control and Prevention. Informed consent was provided by the KNHANES participants.

Anthropometric assessments, including height, weight, waist circumference (WC),
and systolic and diastolic BP (SBP and DBP, respectively), were performed by an expert
and recorded annually. Height was measured to the nearest 0.1 cm using the standard
method on a flat floor without shoes or bulky clothing. The participants stood with their
back toward the measuring rod, face forward, feet placed together, knees straight, heels
touching the heel plate or wall, and shoulders, buttocks, and head inside the stadiometer
(seca, Hamburg, Germany). Body weight was measured to the nearest 0.1 kg while wearing
light clothing using an electronic scale (G-tech, Seoul, Korea). WC was measured to the
nearest 0.1 cm at the level between the lower rib margin and iliac crest using a calibrated
measuring tape (seca). SBP and DBP were measured three times at an interval of 2 min
to the nearest 1 mmHg from the right upper arm using a calibrated sphygmomanometer.
The mean values of the final two SBP and DBP measurements were used for analysis. The
standard deviation scores (SDSs) for height, weight, WC, and BMI were calculated using
age- and sex-specific least mean square parameters based on the 2017 growth reference
values for Korean children and adolescents, developed by the Korean Pediatric Society and
the Korea Centers for Disease Control and Prevention [23]. Based on the BMI, participants
were categorized into normal weight (NW; BMI < 85th percentile), overweight (OW; BMI
85–95th percentile), and obese (OB; BMI ≥ 95th percentile) groups.
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Figure 1. Flow chart of study population.

Lifestyle-related behaviors, such as alcohol consumption, smoking, household income,
and residence area, were assessed using a questionnaire. Information about alcohol con-
sumption (drinkers vs. nondrinkers) and smoking status (smokers vs. nonsmokers) was
collected from participants aged ≥12 years using a self-administered questionnaire. Partici-
pants were also categorized based on physical activity (yes or no); those who performed
intense physical activity for ≥20 min/day and ≥3 days/week or moderate physical activity
for ≥30 min/day and ≥5 days/week, or who walked for ≥30 min/day and ≥5 days/week
were included in the “yes” group.

Questionnaires related to household income, residence area (urban vs. rural), and
previous diagnoses (T2DM, hypertension, and dyslipidemia) were administered by trained
interviewers.

3. Statistical Analyses

R software (ver. 3.5.1; R Foundation for Statistical Computing, Vienna, Austria) was
used for the statistical analysis. Continuous variables are expressed as means and standard
deviations (SDs). Categorical variables are presented as numbers and percentages (%).
Differences were analyzed using analysis of variance (ANOVA) for continuous variables
and chi-square test for categorical variables. The adjusted means and standard errors (SEs)
of the hematological indices (i.e., WBC, RBC, platelet, Hb, and Hct levels) were compared
among the BMI groups using analysis of covariance (ANCOVA) after adjustment for
possible confounders. In ANCOVA model 1, the adjusted means and SEs of hematological
indices were estimated after controlling for age and sex. In ANCOVA models 2 and 3,
the adjusted means and SEs of hematological indices were estimated for boys and girls
after controlling for age. The pairwise differences among the BMI groups were tested
for significance using post-hoc tests with Bonferroni correction in each ANCOVA model.
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To evaluate the correlations between hematological parameters and BMI SDS, Pearson’s
correlation coefficient analysis with age and sex adjustments was performed. To evaluate
the relationships between BMI SDS and hematological indices, multiple linear regression
analyses were performed after adjusting for age, sex, alcohol consumption, smoking,
physical activity, rural residence, household income, diagnosis of T2DM, hypertension,
and dyslipidemia. The corresponding standardized regression coefficient (β) and SE were
estimated. p-values < 0.05 were considered to indicate statistical significance.

4. Results

The final analyses included 7997 individuals: 4259 (53.26%) boys and 3738 girls.
Participants were divided into the NW (6421, 80.29%), OW (782, 9.78%), and OB (794,
9.93%) groups. Among the 4259 boys, 3350 (78.66%), 443 (10.40%), and 466 (10.94%) were
included in the NW, OW, and OB groups. Among the 3738 girls, 3071 (82.16%), 339 (9.07%),
and 328 (8.77%) were included in the NW, OW, and OB groups.

4.1. Clinical Characteristics According to BMI

Table 1 shows the clinical characteristics of the study participants according to BMI.
Mean SDSs for height, weight, BMI, and WC and mean SBP and DBP were significantly
different among the subgroups (p < 0.001 for all). OB individuals had higher mean levels of
hematological parameters and serum concentrations of glucose, total cholesterol, triglyc-
erides, low-density lipoprotein cholesterol (LDL-C), and a lower serum concentration of
HDL-C compared with non-OB individuals. The rate of alcohol use was higher in the
OB group than in the other groups. The clinical characteristics of the study participants
according to weight and sex are presented in Supplementary Table S1.

Table 1. Clinical characteristics of the study participants by body weight (n = 7997).

Normal Weight Overweight Obesity p

Total, n (%) 6421 (80.29%) 782 (9.78%) 794 (9.93%)
Boys, n (%) 3350 (52.17%) 443(56.65%) 466 (58.69%) <0.001
Age (year) 14.33 ± 2.51 14.24 ± 2.51 14.78 ± 2.54 <0.001
Height SDS 0.17 ± 1.03 0.47 ± 1.04 0.53 ± 1.11 <0.001
Weight SDS −0.31 ± 0.89 1.29 ± 0.49 2.20 ± 0.74 <0.001

BMI SDS (kg/m2) −0.59 ± 0.88 0.86 ± 0.45 1.64 ± 0.75 <0.001
WC SDS −0.49 ± 0.85 1.32 ± 0.18 2.40 ± 0.67 <0.001

SBP (mmHg) 105.65 ± 9.77 109.94 ± 10.28 113.68 ± 10.95 <0.001
DBP (mmHg) 65.59 ± 8.91 66.88 ± 8.88 69.07 ± 9.19 <0.001

WBC (×103/mm3) 6.16 ± 1.49 6.65 ± 1.58 7.16 ± 1.65 <0.001
RBC (×106/mm3) 4.81 ± 0.39 4.89 ± 0.40 4.93 ± 0.41 <0.001

Hemoglobin (g/dL) 13.97 ± 1.23 14.07 ± 1.22 14.19 ± 1.30 <0.001
Hematocrit (%) 41.86 ± 3.40 42.28 ± 3.42 42.65 ± 3.53 <0.001

Platelets (×103/mm3) 282.96 ± 58.58 296.81 ± 59.92 309.03 ± 63.53 <0.001
Glucose (mg/dL) 90.01 ± 7.39 91.83 ± 11.05 92.45 ± 12.16 <0.001

T-C (mg/dL) 158.25 ± 26.27 163.00 ± 28.46 169.35 ± 29.50 <0.001
HDL-C (mg/dL) 52.16 ± 9.94 47.68 ± 8.63 44.99 ± 8.37 <0.001

TG (mg/dL) 79.29 ± 41.79 99.34 ± 54.29 112.75 ± 58.76 <0.001
LDL-C (mg/dL) 90.24 ± 22.42 95.46 ± 25.07 101.81 ± 25.63 <0.001

Alcohol consumption 1564 (24.36%) 188 (24.04%) 237 (29.85%) 0.003
Smoker 718 (11.18%) 88 (11.25%) 106 (13.35%) 0.191

Household income ≤ 1st quartile 687 (10.70%) 82 (10.49%) 95 (11.96%) 0.531
Rural residence 985 (15.34%) 113 (14.45%) 125 (15.74%) 0.757
Physical activity 2368 (36.88%) 279 (35.68%) 316 (39.80%) 0.194

Hypertension 1 (0.02%) 1 (0.13%) 1 (0.13%) 0.124
T2DM 0 (0%) 0 (0%) 0 (0%) >0.999

Dyslipidemia 0 (0%) 0 (0%) 0 (0%) >0.999

SDS, standard deviation score; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP,
diastolic blood pressure; WBC, white blood cell; RBC, red blood cell; T-C, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; TG, triglycerides; LDL-C, low-density lipoprotein cholesterol; T2DM, type 2 diabetes mellitus.

109



Children 2022, 9, 109

The mean hematological parameters according to sex and BMI are shown in Figure 2.
The mean WBC count was significantly elevated in boys and girls in all groups (Table 2). In
both sexes, the OB group showed significantly higher mean RBC and Hct levels compared
with the NW group. The mean Hb level was significantly higher in the OB than NW group
in boys but not girls. Mean platelet counts in the OW and OB groups were significantly
higher than that in the NW group for both sexes.

Table 2. Mean white blood cell (WBC), red blood cell (RBC), hemoglobin, hematocrit, and platelet
levels according to sex and obesity.

Boys Girls

NW OW OB NW OW OB
n = 3350 n = 443 n = 466 n = 3071 n = 339 n = 328

WBC
(×103/mm3) 6.13 ± 1.45 6.68 ± 1.53 a 7.13 ± 1.60 b,c 6.18 ± 1.53 6.61 ± 1.64 a 7.22 ± 1.71 b,c

RBC
(×106/mm3) 5.02 ± 0.34 5.10 ± 0.34 a 5.13 ± 0.33 c 4.59 ± 0.31 4.62 ± 0.30 4.63 ± 0.31 c

Hemoglobin
(g/dL) 14.60 ± 1.11 14.64 ± 1.15 14.79 ± 1.20 c 13.28 ± 0.96 13.33 ± 0.85 13.34 ± 0.92

Hematocrit (%) 43.43 ± 3.30 43.73 ± 3.38 44.18 ± 3.34 c 40.15 ± 2.60 40.38 ± 2.42 40.49 ± 2.50 c

Platelet
(×103/mm3) 278.59 ± 58.48 295.33 ± 61.62 a 302.91 ± 61.66 c 287.73 ± 58.32 298.74 ± 57.65 a 317.73 ± 65.21 b,c

Data are presented as the mean ± standard deviation (SD). NW, underweight and normal weight; OW, overweight;
OB, obesity; WBC, white blood cell; RBC, red blood cell. Bonferroni’s post-hoc test after adjustment for age among
girls.a: p < 0.05, NW group versus OW group after Bonferroni’s post-hoc test. b: p < 0.05, OW group versus OB
group after Bonferroni’s post-hoc test. c: p < 0.05, NW group versus OB group after Bonferroni’s post-hoc test.

 

(a) Mean white blood cell (WBC) according to sex and obesity 

Figure 2. Cont.
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(b) Mean red blood cell (RBC) according to sex and obesity 

(c) Mean hemoglobin levels according to sex and obesity 

Figure 2. Cont.
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(d) Mean hematocrit levels according to sex and obesity 

 

(e) Mean platelet levels according to sex and obesity 

Figure 2. Mean white blood cell (WBC), red blood cell (RBC), hemoglobin, hematocrit, and platelet
levels according to sex and obesity. (a), Mean white blood cell (WBC) according to sex and obesity;
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(b), Mean red blood cell (RBC) according to sex and obesity; (c), Mean hemoglobin levels according
to sex and obesity; (d), Mean hematocrit levels according to sex and obesity; (e), Mean platelet levels
according to sex and obesity; *, p < 0.05; **, p < 0.005; ***, p < 0.001; NS., p > 0.05.

4.2. Hematological Parameters Adjusted by Sex and Obesity

The adjusted mean levels of hematological parameters were significantly different
among the BMI groups (Table 3). OB participants had higher adjusted mean levels of WBCs
(7.16 vs. 6.16 × 103/mm3), RBCs (4.90 vs. 4.82 × 106/mm3), Hct (42.31% vs. 41.91%), and
platelets (311.87 vs. 282.66 × 103/mm3) (p < 0.001 for all) compared with NW participants.
Similarly, OB girls had higher adjusted mean levels of WBCs, RBCs, Hct, and platelets
(p < 0.001 for all) compared with NW girls. Although the Hb level was significantly different
among the three groups, the post-hoc tests did not reveal a significant difference in all
participants and girls. OB boys had higher adjusted mean levels of WBCs, RBCs, Hb, Hct,
and platelets than those of NW boys (p < 0.001 for all).

Table 3. Adjusted mean levels of white blood cells, red blood cells, hemoglobin, hematocrit, and
platelets by sex and BMI.

All Participants 1

(n = 7997)

Normal Weight Overweight Obesity
p for Trend

n = 6421 n = 782 n = 794

WBC (×103/mm3) 6.16 ± 0.02 6.66 ± 0.05 a 7.16 ± 0.05 b,c <0.001
RBC (×106/mm3) 4.82 ± 0.01 4.88 ± 0.01 a 4.90 ± 0.01 c <0.001

Hemoglobin (g/dL) 13.99 ± 0.01 14.04 ± 0.04 14.07 ± 0.04 0.016
Hematocrit (%) 41.91 ± 0.04 42.21 ± 0.10 a 42.31 ± 0.10 c <0.001

Platelets (×103/mm3) 282.66 ± 0.72 296.38 ± 2.05 a 311.87 ± 2.04 b,c <0.001

Boys 2

(n = 4259) n = 3350 n = 443 n = 466

WBC (×103/mm3) 6.13 ± 0.03 6.69 ± 0.07 a 7.12 ± 0.07 b,c <0.001
RBC (×106/mm3) 5.02 ± 0.01 5.11 ± 0.01 a 5.12 ± 0.01 c <0.001

Hemoglobin (g/dL) 14.60 ± 0.01 14.72 ± 0.04 a 14.72 ± 0.04 c <0.001
Hematocrit (%) 43.43 ± 0.04 43.96 ± 0.12 a 44.00 ± 0.12 c <0.001

Platelets (×103/mm3) 278.64 ± 0.97 293.21 ± 2.66 a 304.58 ± 2.59 b,c <0.001

Girls 3

(n = 3738) n = 3071 n = 339 n = 328

WBC (×103/mm3) 6.18 ± 0.03 6.61 ± 0.08 a 7.20 ± 0.09 b,c <0.001
RBC (×106/mm3) 4.59 ± 0.01 4.62 ± 0.02 4.66 ± 0.02 c <0.001

Hemoglobin (g/dL) 13.27 ± 0.02 13.34 ± 0.05 13.39 ± 0.05 0.015
Hematocrit (%) 40.14 ± 0.05 40.39 ± 0.14 40.59 ± 0.14 c <0.001

Platelets (×103/mm3) 287.47 ± 1.05 298.90 ± 3.17 a 319.95 ± 3.23 b,c <0.001

Data are presented as the mean ± standard error (SE). WBC, white blood cell; RBC, red blood cell. Model 1:
Comparisons with BMI using analysis of covariance with Bonferroni’s post-hoc test after adjustment for age and sex
among all participants. Model 2: Comparisons with BMI using analysis of covariance with Bonferroni’s post-hoc
test after adjustment for age among boys. Model 3: Comparisons with BMI using analysis of covariance with
Bonferroni’s post-hoc test after adjustment for age among girls. a: p < 0.05 between normal weight vs. overweight
group after Bonferroni’s post-hoc test. b: p < 0.05 between overweight vs. obesity group after Bonferroni’s post-hoc
test. c: p < 0.05 between normal weight vs. obesity group after Bonferroni’s post-hoc test.

4.3. Correlations between BMI SDS and Hematological Indices

The unadjusted and adjusted correlations between BMI SDS and hematological pa-
rameters are presented in Table 4. BMI SDS was positively correlated with the levels of
WBCs (r = 0.222), RBCs (r = 0.109), Hb (r = 0.042), Hct (r = 0.067), and platelets (r = 0.180)
after adjusting for age and sex (p < 0.001 for all). BMI SDS was not correlated with the Hb
level in girls in the unadjusted model but was significantly correlated after adjusting for
age. After adjusting for age, BMI SDS was positively correlated with hematological indices
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in both sexes. Pearson’s coefficients for the correlations of BMI SDS with RBC, Hb, and Hct
levels in girls were less than half of those in boys.

Table 4. Unadjusted and adjusted correlations between body mass index (BMI) standard devia-
tion score (SDS) and white blood cell (WBC), red blood cell (RBC), hemoglobin, hematocrit, and
platelet levels.

All Participants (n = 7997) r 1 p r 2 p

WBC (×103/mm3) 0.223 <0.001 0.222 <0.001
RBC (×106/mm3) 0.096 <0.001 0.109 <0.001

Hemoglobin (g/dL) 0.044 <0.001 0.042 <0.001
Hematocrit (%) 0.067 <0.001 0.067 <0.001

Platelets (×103/mm3) 0.169 <0.001 0.180 <0.001

Boys (n = 4259) r 3 p r 4 p

WBC (×103/mm3) 0.239 <0.001 0.240 <0.001
RBC (×106/mm3) 0.157 <0.001 0.180 <0.001

Hemoglobin (g/dL) 0.070 <0.001 0.111 <0.001
Hematocrit (%) 0.090 <0.001 0.137 <0.001

Platelets (×103/mm3) 0.175 <0.001 0.177 <0.001

Girls (n = 3738) r 5 p r 6 p

WBC (×103/mm3) 0.206 <0.001 0.202 <0.001
RBC (×106/mm3) 0.047 0.004 0.078 <0.001

Hemoglobin (g/dL) 0.014 0.383 0.033 0.043
Hematocrit (%) 0.042 0.009 0.054 <0.001

Platelets (×103/mm3) 0.164 <0.001 0.176 <0.001

WBC, white blood cell; RBC, red blood cell. 1: Pearson’s correlation analyses were conducted between BMI SDS
and WBC, RBC, hemoglobin, hematocrit, and platelet levels with no adjustments. 2: Pearson’s correlation analyses
were conducted between BMI SDS and WBC, RBC, hemoglobin, hematocrit, and platelet levels after adjustments
for age and sex for all participants. 3: Pearson’s correlation analyses were conducted between BMI SDS and WBC,
RBC, hemoglobin, hematocrit, and platelet levels with no adjustments in boys. 4: Pearson’s correlation analyses
were conducted between BMI SDS and WBC, RBC, hemoglobin, hematocrit, and platelet levels after adjustment
for age in boys. 5: Pearson’s correlation analyses were conducted between BMI SDS and WBC, RBC, hemoglobin,
hematocrit, and platelet levels with no adjustments. 6: Pearson’s correlation analyses were conducted between
BMI SDS and WBC, RBC, hemoglobin, hematocrit, and platelet levels after adjustment for age in girls.

4.4. Multiple Linear Regression Analyses of the BMI Groups with Hematological Parameters

Table 5 shows that BMI SDS had significant positive associations with hematologi-
cal parameters among all participants after adjusting for age, sex, alcohol consumption,
smoking, physical activity, rural residence, household income, T2DM, hypertension, and
dyslipidemia. BMI SDS was significantly associated with WBC (β = 0.275), RBC (β = 0.028),
Hb (β = 0.034), Hct (β = 0.152), and platelet (β = 8.372) levels (p < 0.001 for all). In boys, BMI
SDS was significantly associated with WBC (β = 0.279), RBC (β = 0.043), Hb (β = 0.073), Hct
(β = 0.267), and platelet (β = 7.658) levels (p < 0.001 for all). In girls, BMI SDS was associated
with WBC (β = 0.270, p < 0.001), RBC (β = 0.019, p < 0.001), Hb (β = 0.027, p = 0.038), Hct
(β = 0.118, p < 0.001), and platelet (β = 8.715, p < 0.001) levels. The regression coefficients
between BMI SDS and RBC, Hb, and Hct levels were less than half of those in boys.
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Table 5. Multiple regression analysis of the associations of body mass index (BMI) standard devi-
ation score (SDS) with white blood cell (WBC), red blood cell (RBC), hemoglobin, hematocrit, and
platelet levels.

All Participants 1

(n = 7997)
B SE p

WBC (×103/mm3) 0.275 0.013 <0.001
RBC (×106/mm3) 0.028 0.003 <0.001

Hemoglobin (g/dL) 0.034 0.009 <0.001
Hematocrit (%) 0.152 0.025 <0.001

Platelet (×103/mm3) 8.372 0.510 <0.001

Boys 2 (n = 4259)

WBC (×103/mm3) 0.279 0.017 <0.001
RBC (×106/mm3) 0.043 0.004 <0.001

Hemoglobin (g/dL) 0.073 0.010 <0.001
Hematocrit (%) 0.267 0.030 <0.001

Platelet (×103/mm3) 7.658 0.657 <0.001

Girls 3 (n = 3738)

WBC (×103/mm3) 0.270 0.021 <0.001
RBC (×106/mm3) 0.019 0.004 <0.001

Hemoglobin (g/dL) 0.027 0.013 0.038
Hematocrit (%) 0.118 0.035 <0.001

Platelet (×103/mm3) 8.715 0.798 <0.001

WBC, white blood cell; RBC, red blood cell. 1: Multiple linear regression analysis was conducted between BMI
SDS (independent variable) and WBC, RBC, hemoglobin, hematocrit, and platelet levels (dependent variables)
after adjustments for age, sex, alcohol consumption, smoking, physical activity, rural residence, household income,
type 2 diabetes mellitus (T2DM), hypertension, and dyslipidemia for all participants. 2: Multiple linear regression
analysis was conducted between BMI SDS (independent variable) and WBC, RBC, hemoglobin, hematocrit, and
platelet levels (dependent variables) after adjustments for age, sex, alcohol consumption, smoking, physical
activity, rural residence, household income, T2DM, hypertension, and dyslipidemia among boys. 3: Multiple
linear regression analysis was conducted between BMI SDS (independent variable) and WBC, RBC, hemoglobin,
hematocrit, and platelet levels (dependent variables) after adjustments for age, sex, alcohol consumption, smok-
ing, physical activity, rural residence, household income, diagnosis of T2DM, hypertension, and dyslipidemia
among girls.

5. Discussion

The current study investigated the relationships between BMI and hematological
parameters in Korean children and adolescents. OB children had higher blood pressure,
glucose, LDL-C, WBC, RBC, and platelet levels. In particular, BMI SDS had an independent
positive association with hematological parameters after adjusting for cofounding variables.
To the best of our knowledge, this is the largest population-based study of the relationships
between BMI and hematological parameters in Korean children and adolescents.

Chronic inflammation around adipocytes plays an important role in obesity-related
diseases [3]. Because the WBC count is increased in inflammation, it is likely that the
WBC count is elevated in OB patients. A plausible explanation for the increased WBC
count in OB individuals is that adipose tissue produces IL-6, a proinflammatory cytokine
involved in bone marrow granulopoiesis and WBC proliferation and differentiation [24,25].
In our study, the WBC count in children increased by 0.275 × 103/mm3 for every 1-point
increase in BMI SDS. The elevated WBC count observed in the present study is consis-
tent with previous studies [26,27]. The elevated WBC count was associated with carotid
atherosclerosis and impaired glucose tolerance in previous studies [28]. Tong et al. reported
that patients with high WBC counts had adverse metabolic profiles, even when the WBC
levels were high but within the normal range. The elevated WBC count is associated with
macrovascular and microvascular complications of T2DM [29]. Furthermore, Veronelli et al.
observed a significant decrease in the WBC count after bariatric surgery, suggesting the
usefulness of weight loss in reducing the WBC count in morbidly OB individuals [27].
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Our findings are consistent with those of previous studies that found higher mean
WBC counts and MS prevalence with increasing BMI in boys and girls [13,30]. In Colombian
children, the WBC count was associated with truncal adiposity [12]. An increased WBC
count was associated with early derangement of glucose metabolism and preclinical signs
of liver, vascular, and cardiac damage in Italian children [31]. Park et al. reported that a
higher WBC count was positively associated with an increased risk of insulin resistance in
Korean children and adolescents [32]. Lee et al. suggested that an elevated WBC count is a
surrogate marker of MS in Korean children and adolescents [13]. Because it is inexpensive,
the WBC count has been suggested as an effective tool for identifying OB children at risk of
complications [31,32].

In this study, red cell indices, including RBC count Hb and Hct levels, were positively
associated with BMI SDS, which was consistent with previous studies. Mărginean et al.
reported a significantly higher RBC count but no significant difference in the Hb level in
OB children than controls [33]. In addition, several studies suggested that the RBC count
has a significant correlation with MS [34,35], and the Hb level is significantly associated
with high blood pressure [36]. The mechanism underlying the increased RBC cell indices
in obesity is not known. However, iron deficiency anemia occurs more frequently in OB
and OW individuals compared with NW individuals [37], which is likely related to an
obesity-induced chronic inflammatory state and effects of hepcidin. Bekri et al. reported
that hepcidin, a proinflammatory adipokine, reduces iron bioavailability by controlling the
ferroportin-1 exporter, resulting in severe iron deficiency anemia in OB individuals [38].
Therefore, obesity-induced chronic inflammation may influence the serum iron level. Ausk
et al. reported that the serum Hb concentration was not significantly different between
OB and NW individuals [39]; however, a higher serum ferritin level was associated with
higher BMI and lower serum iron and transferrin saturation levels. The study researchers
concluded that OW and OB individuals were no more likely to be anemic than were
NW individuals. In our study, BMI SDS was independently associated with RBC indices
after adjusting for multiple variables. However, the serum iron level, nutritional habits,
and anemia prevalence were not compared among the BMI subgroups. Further studies
conducted in different ethnic groups are needed to validate our results.

The changes in RBC indices differ between males and females. Kim et al. reported that
the RBC count was significantly increased in men, but not women, with MS [40]. In the
present study, all RBC indices increased with increasing BMI SDS, but the degree of increase
differed between boys and girls. The RBC count increased by 0.043 × 106/mm3 in boys
and 0.019 × 106/mm3 in girls with every 1-point increase in BMI SDS. The RBC count was
over 2-fold higher in boys than girls. Similar patterns were observed for Hb and Hct levels.
Obesity is a chronic hypoxia state that causes adipose tissue dysfunction, inflammation,
and insulin resistance [41]. Chronic hypoxia may lead to increased production of RBCs and
WBCs. In addition, the level of ferritin, an inflammatory marker, is increased in obesity [11],
which may be involved in the changes in RBC indices. Although adolescent girls typically
have more body fat and less muscle than boys, they periodically lose blood and iron due to
menstruation. Consequently, the increase in RBC count with increasing BMI SDS may be
relatively less for girls than boys.

Thrombocytosis suggests inflammation, and platelet activation leads to accelerated
atherothrombosis [17]. Lim et al. reported that an elevated platelet count was associated
with an increased prevalence and risk of MS in children and adolescents [42]. In our study,
for every 1-point increase in BMI SDS, the platelet count increased by 8.372 × 103/mm3 for
all participants, 8.715 × 103/mm3 for girls, and 7.658 × 103/mm3 for boys. The increase
in the platelet count also differed by sex. Dorit et al. reported that OB females had a
significantly higher platelet count compared with NW females [16]; however, the platelet
count was not elevated in males. In addition, Charles et al. reported positive associations
of obesity with WBC and platelet counts among female officers, but not male officers [43].
In our study, BMI SDS was positively associated with hematological parameters; however,
the changes in hematological parameters (especially RBC and platelet counts) showed
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differences between the sexes (i.e., sexual dimorphism). The adjusted mean RBC indices and
changes thereof with BMI SDS were higher in boys than girls for all subgroups. In contrast,
the mean platelet count and increase in platelet count with increasing BMI SDS were higher
in girls than boys in all subgroups. The mechanisms underlying the sex differences in
blood cell composition and their effects on the risk of obesity-related complications are
not well understood. It is possible that these findings result from differences in body fat
composition between males and females. Nuttall reported that BMI may not be an accurate
marker of obesity because men tend to accumulate fat in the abdominal area, whereas
women tend to accumulate it in the peripelvic area and thighs [44]. Before puberty, boys
and girls have similar patterns of body fat deposition; however, during and after puberty,
girls tend to accumulate a large quantity of fat, whereas boys accumulate a large quantity
of lean mass (bone and muscle) but not fat mass. These changes lead to an increased BMI
in both sexes. The hematological parameters of boys and girls are different between those
tested before and after puberty. In the present study, information related to body fat mass
and pubertal status was not available. Therefore, further studies are needed to determine
the sex differences in hematological parameters before and after puberty.

This study had several limitations. First, because this was a cross-sectional study,
we could not identify causal relationships between obesity and hematological parameters.
Second, our study included children and adolescents aged 10–18 years; therefore, no
data are available for children aged < 10 years. Third, because data regarding body
composition and pubertal status were not available, the associations of body fat mass
with hematological parameters were not analyzed. In addition, the effects of puberty
on hematological changes and body composition were not evaluated. Importantly, BMI
cannot differentiate between body lean and fat mass and poorly represents the body fat
percentage and location [44]. Finally, we could not determine the mechanisms underlying
the relationships between BMI SDS and hematological indices. Our results may not be
applicable to specific populations, such as those with severe obesity and malnutrition.
Several studies showed that OW and OB children have an increased risk of iron deficiency
anemia [45,46]. Despite the limitations, this study showed that BMI SDS was independently
associated with hematological parameters in a relatively large number of children and
adolescents. Our findings provide insight into the hematologic changes in OB children
and adolescents.

In conclusion, this nationally representative population-based study showed that
higher BMI was independently associated with high levels of hematological parameters,
including WBC, RBC, Hb, Hct, and platelet levels, in children and adolescents. Our results
suggest that obesity is related to hematological changes, which may predispose to obesity-
related diseases. When interpreting the complete blood count in children and adolescents,
it is important to consider the effects of BMI and sex.
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Abstract: Cardiovascular disease (CVD) risk factors are present early in life in children with chronic
kidney disease (CKD), consequently cardiovascular morbidity presents in early adulthood. However,
risk factors of CVD have been rarely addressed in children with early stage of CKD. This study
included 63 children and adolescents aged 8- to 18 years-old with CKD stage G1–G4. Cardiovascular
assessments consisted of 24-h ambulatory blood pressure monitoring (ABPM), arterial stiffness index,
and echocardiography. We also applied dual-energy x-ray absorptiometry (DXA) scanning to analyze
percentage body fat (PBF), lean body mass index (LBMI), fat mass index (FMI), and the android to
gynoid fat ratio (A/G ratio). Up to 63.5% of CKD children had abnormal changes in BP detected by
ABPM. CKD children with abnormal ABPM were older, had higher numbers of CKD stage G2 to G4,
hyperuricemia, obesity, and higher FMI z-score and A/G ratio compared to individuals with normal
ABPM (all p < 0.05). Among these factors, only FMI z-score showed an independent association with
abnormal ABPM using multivariate logistic regression analysis (p = 0.037). Our data highlight that
body fat plays a key role for an abnormal ABPM in CKD children. The assessment of FMI may have
clinical utility in discriminating CV risk in children and adolescents with early stages of CKD.

Keywords: cardiovascular disease; ambulatory blood pressure monitoring; fat mass index; children;
dual-energy X-ray absorptiometry; chronic kidney disease; hypertension

1. Introduction

Patients with chronic kidney disease (CKD) exhibit a marked risk for cardiovascular
(CV) comorbidities and mortality [1], whereas major CV events are uncommon in children
with CKD [2]. Hypertension is an early sign of CVD and is the most common complication
of childhood CKD [2]. Using 24-h ambulatory blood pressure monitoring (ABPM), we
and others have shown that hypertension is present in more than one-half of children
with CKD, which occurs even in early stages [3,4]. However, subclinical CVD presenting
in children is hardly detectable by conventional methods [5]. Left ventricle mass index
(LVMI), ambulatory arterial stiffness index (AASI), and carotid intima-media thickness
(cIMT) have been considered as surrogate markers for CVD in children with CKD [6–8].

Similar to adults, risk factors of CVD among children with CKD are also related to the
traditional risks [2]. Childhood obesity has become a public issue as its prevalence increases
at an alarming rate [9]. Obesity is associated with increased risk of developing CVD in
people without CKD, but the effect of obesity in people with CKD is inconclusive [10–12].
Despite obesity in children being defined as a body mass index (BMI) at or above the
95th percentile for age and sex [13], BMI does not measure body fat directly. Currently,
dual-energy x-ray absorptiometry (DXA) is increasingly used to measure body composition
in terms of fat and fat-free mass [14]. Fat mass index measured by DXA has been shown
to correlate with CV risk factors in CKD adults [14] and overweight/obese children [15].
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Nevertheless, it remains unclear whether these measures are associated with CVD risk in
pediatric patients with CKD.

The purpose of our study, therefore, was to assess body composition parameters with
DXA and find out their associations with ABPM and other surrogate markers (i.e., LVMI,
cIMT, AASI) in pediatric CKD.

2. Materials and Methods

2.1. Patients and Study Design

All study procedures were performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later amendments. The prospective cohort
study was approved by the Institutional Review Boards (IRB) of the Chang Gung Medical
Foundation at Taoyuan, Taiwan (201601181A3). A total of 101 children and adolescents
aged 3 to 18 years with CKD stage G1–G4 attending the pediatric clinic at Kaohsiung
Chang Gung Memorial Hospital was enrolled between December 2016 and October 2018.
All of the participants parents gave their written informed consent. CKD was defined
by kidney damage or reduced kidney function over at least three months [16]. Kidney
damage included functional abnormalities or structural abnormalities identified by kidney
biopsy, imaging studies, or urinary sediment [16]. Renal function was determined by
estimated glomerular filtration rate (eGFR) using the Schwartz formula on the basis of
body height and blood creatinine (Cr) level [17]. Participants were classified into five CKD
stages according to their eGFR [16]. Patients were excluded, if they (1) were pregnant;
(2) had history of congenital heart disease; (3) had eGFR < 15 mL/min/1.73 m2, on dialysis
maintenance, or ever received renal transplantation; or (4) were incapable of consenting
to the follow-up protocol or cooperated with the procedures. All recruited patients were
followed up to progression to end-stage kidney disease.

2.2. Data and Specimens

The following assessments were performed on each participant at the same clinic
visit: (1) history taking and physical examination; (2) anthropometry; (3) office BP and
ABPM measurements; and (4) laboratory investigations. The congenital anomalies of
the kidney and urinary tract (CAKUT) includes a wide range of structural anomalies
like renal agenesis, posterior urethral valves, horseshoe kidney, kidney hypo-/dysplasia,
duplex collecting system, multicystic kidney dysplasia, and ureter abnormalities [18].
The etiologies of kidney diseases were divided into two types, namely CAKUT and non-
CAKUT. Renal anemia was defined as receiving erythropoietin to correct anemia. Mineral
bone disease (MBD) was defined as serum calcium (Ca)-phosphate (P) product ≥65 for age
≤12 years, serum Ca-P ≥55 for age >12 years, or elevated parathyroid hormone according
to the CKD stage [18]. Hyperuricemia was defined as serum uric acid level ≥5.9 mg/dL for
6- to 8-year-olds, or serum uric acid ≥6.1 mg/dL for 9- to 11-year-olds, or serum uric acid
≥7.0 mg/dL for age ≥12 years in male, or serum uric acid ≥6.2 mg/d for age ≥12 years in
female [19]. Hyperlipidemia was defined as serum levels of total cholesterol ≥200 mg/dL,
or low-density lipoprotein (LDL) ≥130 mg/dL, or triglyceride (TG) ≥100 mg/dL for 0- to
9-year-olds, and TG ≥130 mg/dL for 10- to 19-year-olds [20].

2.3. Anthropometric Measurements

Body height was measured (in cm to the nearest 0.1 cm) with a rigid stadiometer.
Body weight was measured (in kg to the nearest 0.1 kg) with an electronic body weight
scale. The BMI was calculated as body weight in kilograms divided by the square of body
height in meters. BMI percentile for age-and-gender and z-score were determined based on
Health Promotion Administration, Ministry of Health and Welfare in Taiwan. Obesity was
defined as BMI percentile higher than and equal to the 95th percentile. The fat mass index
(FMI), lean body mass index (LBMI), percent body fat (PBF), and the android to gynoid
fat ratio (A/G ratio) were measured by DXA (Lunar Prodigy Advance; GE Healthcare,
Madison, WI, USA). FMI and LBMI were calculated as both fat mass and lean body mass
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in kilograms divided by the height in meters squared. FMI for age-and-gender z-scores
and LBMI for age-and-gender were based on the reference values underlying the calculator
courtesy of the American Journal of Clinical Nutrition [21].

2.4. Office BP and ABPM Measurements

Office BP was recorded using a validated and electronic sphygmomanometer after
a subject sat for five minutes. High office BP was defined as systolic blood pressure
or diastolic blood pressure >95th percentile. The cuff size had a bladder length by a
1:2 to 2:3 width-to-length ratios based on arm circumference. Data from 24-h ABPM
were collected for subjects aged 6–18 years using an Oscar II monitoring device (SunTech
Medical, Morrisville, NC, USA) as previously reported [4]. The participants and their
parents were asked to record activities that may influence BP measurements and awake
and sleep periods. The ABPM was programmed to measure at 30 min intervals from 10 pm
to 7 am and at 20 min intervals from 7 am to 10 pm. Outlier readings that could be due to
artifacts (e.g., systolic BP > 00 mm Hg) were excluded. The criteria of an abnormal ABPM
consisted of (1) daytime, nighttime, systolic, or diastolic BPs ≥95th percentile according to
gender and height [22]; (2) 25% or greater of SBP or DBP load; and (3) nocturnal BP load
dipping <10% compared with average awake BP load. The AASI was calculated by one
minus regression slope of diastolic over systolic blood pressure readings from ABPM [23].

2.5. Cardiovascular Assessments

Carotid ultrasound and echocardiography were done at the same visit. Carotid ultra-
sound assessment was performed by an experienced pediatric nephrologist (Pei-Chen Lu)
using a ProSound α7 ultrasound device (Aloka Co., Tokyo, Japan). This system consisted
of computer assisted analysis software (e-TRACKING system, Aloka Co.) [4]. Pediatric
cardiologists performed echocardiographic examination using a Philips IE33 system de-
vice (Philips, Bothell, WA, USA). Left ventricular mass index (LVMI) was calculated by
Devereux′s formula, as reported previously [24].

2.6. Statistical Analysis

All analyses were performed using SPSS version 22.0 (SPSS, Inc, Chicago, IL, USA).
Continuous variables with non-normal distribution were presented as medians and in-
terquartile ranges while categorical variables were reported as number (%). The Chi-square
test or nonparametric test examined the differences in variables between children with an
abnormal ABPM and with a normal ABPM. Multivariate logistic analysis was performed
to investigate the associations between risk factors (including age, CKD stage, obesity,
hyperuricemia, FMI z-score, and A/G ratio) and an abnormal ABPM. A probability level
of p < 0.05 indicated statistical significance.

3. Results

A total of 101 subjects were enrolled in this study. Table 1 summarizes the clinical,
anthropometric, and blood characteristics of all subjects. The median age of study sub-
jects was 10 years and 59.4% of them were boys. The median eGFR at enrollment was
104 mL/1.73 m2/min including 70 CKD stage G1 subjects (69.3%), 19 G2 subjects (18.8%),
ten G3 subjects (9.9%), and two G4 subjects (2%). CAKUT accounted for 64.4% of the
etiologies (n = 65). Since 38 subjects were too young to receive the DXA scan and CV
assessments, 63 children were grouped from this CKD cohort and defined as the DXA
group for subsequent analysis. Participants in this DXA group were older and had higher
creatinine levels compared to the whole study group. However, other characteristics were
comparable between these two groups.
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Table 1. Clinical, biomedical, and anthropometric characteristics of study population.

Characteristics DXA Group Total

n = 63 n = 101

Age, years 13.4 (10.4–15.7) 10 (5.9–14.9) *
Male 37 (58.7) 60 (59.4%)
CAKUT 36 (57.1%) 65 (64.4%)
CKD stage
G1 40 (63.5%) 70 (69.3%)
G2 16 (25.4%) 19 (18.8%)
G3 5 (7.9) 10 (9.9%)
G4 2 (3.2) 2 (2%)
Body height, percentile 50 (15–75) 25 (15–50)
Body weight, percentile 64 (35–60) 50 (15–75)
Body mass index, percentile 64 (28–87) 56 (30–80)
Body mass index z-score 0.37 (−0.57–1.11) 0.15 (−0.54–0.84)
Systolic blood pressure, percentile 50 (50–95) 50 (50–93)
Diastolic blood pressure, percentile 50 (50–90) 50 (50–90)
Creatinine, mg/dL 0.6 (0.5–0.86) 0.51 (0.42–0.76) *
eGFR, mL/min/1.73 m2 101.4 (80.2–117.1) 104 (83–124)
Urine total protein-to-creatinine ratio, mg/g 64.2 (37.3–410.3) 63.2 (38.4–207.5)
Hemoglobin, g/dL 13.7 (13–14.9) 13.4 (12.7–14.3)
Uric acid, mg/dL 5.7 (4.5–6.7) 5.3 (4.2–6.4)
Sodium, mEq/L 141 (140–142) 141 (140–142)
Potassium, mEq/L 4.3 (4.1–4.5) 4.4 (4.2–4.5)
Calcium, mg/dL 9.5 (9.1–9.9) 9.7 (9.3–9.9)
Phosphate, mg/dL 4.7 (4.3–5.1) 4.9 (4.5–5.3)
LDL-cholesterol, mg/dL 83 (67–102) 87 (70–105)
Total cholesterol, mg/dL 162 (141–185) 163 (146–191)
Triglyceride, mg/dL 67 (53–102) 67 (52–102)

Data given as medians (25th, 75th percentile) or n (%). CAKUT = Congenital anomalies of the kidneys and urinary
tract. eGFR = Estimated glomerular filtration rate. * p < 0.05 by the Chi-square test or the Mann–Whitney U-test.

In the DXA group, 18 subjects (28.6%) were obese. Regarding the complications of
CKD, our data showed anemia in one subject (1.6%) with CKD stage G4, mineral bone
disease in three subjects (4.8%) with CKD stage G3 or G4, hyperlipidemia in 11 subjects
(17.5%), hyperuricemia in 19 subjects (30.2%), and hypertension (by office BP) in 20 subjects
(31.7%). These data indicate that almost all participants in this group showed the nature of
early or mild-to-moderate CKD.

Unlike office BP, up to 63.5% of subjects (40/63) had an abnormal ABPM. ABPM
identified ten patients (15.9%) with 24-h hypertension, 11 patients (17.5%) with daytime
hypertension, 17 patients (27%) with nighttime hypertension, 32 patients (50.8%) with
increased BP load, and 26 patients (41.3%) with non-dipping nocturnal BP. These subjects
were classified by ABPM abnormalities in Table 2. CKD children with abnormal ABPM
were older (p = 0.006), and showed a larger proportion of CKD stages G2–G4 (p = 0.017),
obesity (p = 0.039), and hyperuricemia (p = 0.005).

Then, we determined body composition by DXA. As shown in Table 3, FMI z-score
and A/G ratio were higher in children with abnormal ABPM (both p = 0.001). However,
there was no difference in PBF and LBMI z-score between two groups. Additionally, body
composition parameters did not differ statistically between subjects with CKD stage G2–G4
and subjects with G1 (all p > 0.05, data not shown), indicating that body composition was
not affected by CKD stage in this study. Moreover, we observed that AASI, LVMI, and cIMT
in CKD children with abnormal ABPM were comparable with those with normal ABPM.
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Table 2. Comparison of the clinical characteristics and CKD complications in children with CKD
stratified for abnormal and normal ABPM profile.

Characteristics Abnormal ABPM Normal ABPM p Value

n = 40 n = 23
Age, years 14.4 (11.4–16.4) 11.7 (9.6–14.5) 0.006
Male 27 (67.5%) 10 (43.5%) 0.062
CKD G2–G4 19 (47.5%) 4 (17.4%) 0.017
CAKUT 24 (60%) 12 (52.2%) 0.546
Obesity 15 (37.5%) 3 (13%) 0.039
Mineral bone disease 2 (5%) 1 (4.3%) 0.907
Hyperlipidemia 8 (20%) 3 (13%) 0.484
Proteinuria 13 (32.5%) 6 (26.1%) 0.055
Hyperuricemia 17 (42.5%) 2 (8.7%) 0.005

Data are medians (25th, 75th percentile) or n (%). ABPM = 24-h ambulatory blood pressure monitoring.
CAKUT = Congenital anomalies of the kidneys and urinary tract.

Table 3. Comparison of body composition and CV assessments in children with CKD stratified for
abnormal and normal ABPM profile.

Abnormal ABPM Normal ABPM p Value

n = 40 n = 23

Body composition

PBF, % 32.4 (23.7–37.8) 27.5 (23.7–31.7) 0.077
FMI z-score 0.45 (−0.32–1.22) −0.41 (−0.78–−0.09) 0.001
LBMI z-score −0.3 (−1.02–0.6) −0.59 (−1.35–−0.28) 0.084
A/G ratio 0.9 (0.81–1.04) 0.76 (0.72–0.84) 0.001

Cardiovascular assessment

AASI 0.397 (0.246–0.492) 0.329 (0.243–0.412) 0.084
LVMI, g/m2 32.8 (28.6–41.2) 29.8 (26.1–38) 0.253
cIMT, mm 0.4 (0.3–0.4) 0.3 (0.3–0.4) 0.139

Data are medians (25th, 75th percentile) or n (%). PBF = Percent body fat. FMI = Fat mass index. LBMI = Lean body
mass index. A/G ratio = Android to gynoid fat ratio. AASI = Ambulatory arterial stiffness index. LVMI = Left
ventricle mass index. cIMT = Carotid intima-media thickness.

Using multivariate linear regression analyses, we specified the specific role of risk
factors of abnormal ABPM (Table 4). A multivariate linear regression model using the
stepwise selection was applied for age, CKD stage, obesity, hyperuricemia, FMI z-score,
and A/G ratio. Table 4 shows that only the FMI z-score was independently associated with
increased risk of abnormal ABPM (adjusted odds ratio [aOR] 3.00, 95% confidence interval
[CI] [1.07–8.46], p = 0.037).

Table 4. Adjusted regression model estimates of the association between risk factors and abnormal ABPM.

Factor p Value aOR
95% CI

Lower Upper

Age 0.313 1.16 0.87 1.53
CKD stage (G2–4 vs. G1) 0.099 3.69 0.78 17.39

Obesity 0.523 0.5 0.06 4.2
Hyperuricemia 0.145 4.24 0.61 29.49

FMI z-score 0.037 3.0 1.07 8.46
A/G ratio 0.296 38.8 0.04 37,000.2

aOR = Adjusted odds ratio. 95% CI = 95% confidence interval. FMI = Fat mass index. A/G ratio = Android to
gynoid fat ratio.

4. Discussion

In the current study, we provide novel insights into factors involved in subclinical
CVD in children with CKD. Our data indicate that body fat plays a key role for an abnormal
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ABPM in these children. FMI looks like a more trustworthy index than BMI to assess obesity
in relation to abnormal ABPM in CKD children as it considers the body composition.

In line with previous reports [3,4,8], our study found that abnormalities on ABPM were
highly common in children with CKD. More than 60% of CKD children with early stages
had abnormal ABPM profile, while most of them were not found to have hypertension
in the out-patient clinic. Our data support the notion that ABPM is superior to office BP
readings in detecting hypertension and in predicting cardiovascular events in pediatric
CKD [25].

Our study revealed children with an abnormal ABPM were associated with several
factors including age, CKD stage, hyperuricemia, obesity, FMI z-score, and A/G ratio. Age-
related increases in BP have been observed in adults but not in children [26]. Our regression
analysis indicated that age is a confounding factor as two groups being compared have
different age distributions. In support of our findings showing that children with CKD
stage G2–G4 are prone to exhibit BP abnormalities, existing evidence indicates that the
prevalence of hypertension increases as the CKD stage advances in adults as well as in
children [2–4,27]. Uric acid is not just regarded as a risk factor for CVD, but a valuable
therapeutic target also in CKD [28]. Our findings might extend the impact of uric acid on
adults to children, even with early stages of CKD. Accordingly, there will be a growing need
to better understand whether early targeting on uric acid can prevent the development of
CVD in children with CKD, even at an early stage.

Although obesity is a risk factor for the development of CKD, it is paradoxically
linked with greater survival in patients with advanced CKD [29]. This obesity paradox
may be related to the discrepancy between the uses of BMI and other measures in the
definition of obesity. BMI is the most commonly used tool to determine obesity in clinical
settings. However, BMI cannot directly measure body fat, by which the discrepancy
observed between BMI and other adiposity indices reflects the main limitation of BMI [30].
Accordingly, FMI appears to provide higher accuracy than BMI to assess obesity [30]. Our
data demonstrated that the association between high FMI z-score and abnormal ABPM
remained significant after adjusting for covariates, while obesity did not. This finding
suggests that BMI-defined obesity cannot explain an abnormal ABPM sufficiently, in which
body fat is of vital importance. Additionally, our study confirms previous research showing
that fat measurements are superior to BMI for predicting CV risk, not just for adults but
also for children [31–33]. Moreover, examining the relative amount of regional body fat in
proportion to other fat regions like A/G ratio is another valid method to test for associations
with CV risk [34]. Our study found an association between high A/G ratio and abnormal
ABPM in children with CKD, whereas this association did not reach significance after
adjusting for other factors. To our knowledge, our results provide the first evidence to
show that FMI is associated with CV risk represented by ABPM abnormalities in children
with CKD in early stages.

No comparable associations were identified for cardiovascular assessments in our
study, despite previous studies reporting that they may increase CV risks in children with
CKD [3,6,8]. Given that currently no reference values exist with regard to AASI and cIMT
to determine a cut-off value between children with and without CKD, further studies are
needed to reveal the relationships using larger populations.

Our study was not without its limitations. First, we acknowledge that the study
results may not be generalizable for the entire CKD pediatric population because sampling
was performed in one hospital. A multi-center population-based cohort recruiting a large
number of patients may be warranted to elucidate the true relationship in the future.
Second, considering the long-term nature of childhood CKD, more assessments of body
composition with longer follow-ups are required. Third, most participants in our cohort
had early stages of CKD. There is a need for further validation of our results in other
pediatric cohorts with more advanced CKD. Additionally, dietary intake of salt was not
recorded, which comprises a limitation of the present study. Finally, an ethnic difference
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may be considered because we applied reference values for ABPM, FMI, and LBMI from
studies in Europe [21,22].

5. Conclusions

Our data provide evidence that the assessment of fat distribution may be useful in
determining CV risk in children with CKD in early stages. Considering the exploding
obesity epidemic in children, further research is warranted to replicate our findings in
other cohorts, monitor body composition parameters with longer-term CV outcomes, and
develop effective control at reducing body fat in children with CKD.

Author Contributions: C.-N.H.: contributed to generation, data interpretation, drafting of the
manuscript, critical revision of the manuscript, and approval of the article; P.-C.L.: contributed to
concept generation, methodology drafting of the manuscript, critical revision of the manuscript, and
approval of the article; Y.-L.T.: contributed to concept generation, data interpretation, methodology,
drafting of the manuscript, critical revision of the manuscript, and approval of the article. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was supported by Grants CMRPG8K0721, CMRPG8K0722, CORPG8F1031,
CORPG8F1032, and CORPG8F1033 from Chang Gung Memorial Hospital, Kaohsiung, Taiwan.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institution Review Board and Ethics Committee of
Chang Gung Medical Foundation, Taoyuan, Taiwan (Permit numbers: 201601181A3).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data will be available upon request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References

1. Ruiz-Hurtado, G.; Sarafidis, P.; Fernández-Alfonso, M.S.; Waeber, B.; Ruilope, L.M. Global cardiovascular protection in chronic
kidney disease. Nat. Rev. Cardiol. 2016, 13, 603–608. [CrossRef] [PubMed]

2. Weaver, D.J.; Mitsnefes, M. Cardiovascular Disease in Children and Adolescents with Chronic Kidney Disease. Semin. Nephrol.
2018, 38, 559–569. [CrossRef] [PubMed]

3. Mitsnefes, M.; Flynn, J.; Cohn, S.; Samuels, J.; Blydt-Hansen, T.; Saland, J.; Kimball, T.; Furth, S.; Warady, B.; CKiD Study Group.
Masked hypertension associates with left ventricular hypertrophy in children with CKD. J. Am. Soc. Nephrol. 2010, 21, 137–144.
[CrossRef]

4. Hsu, C.N.; Lu, P.C.; Lo, M.H.; Lin, I.C.; Tain, Y.L. The association between nitric oxide pathway, blood pressure abnormalities,
and cardiovascular risk profile in pediatric chronic kidney disease. Int. J. Mol. Sci. 2019, 20, 5301. [CrossRef] [PubMed]

5. Urbina, E.M.; Williams, R.V.; Alpert, B.S.; Collins, R.T.; Daniels, S.R.; Hayman, L.; Jacobson, M.; Mahoney, L.; Mietus-Snyder, M.;
Rocchini, A.; et al. Noninvasive assessment of subclinical atherosclerosis in children and adolescents: Recommendations for
standard assessment for clinical research: A scientific statement from the American Heart Association. Hypertension 2009, 54,
919–950. [CrossRef] [PubMed]

6. Brady, T.M.; Schneider, M.F.; Flynn, J.T.; Cox, C.; Samuels, J.; Saland, J.; White, C.T.; Furth, S.; Warady, B.A.; Mitsnefes, M. Carotid
intima-media thickness in children with CKD: Results from the CKiD study. Clin. J. Am. Soc. Nephrol. 2012, 7, 1930–1937.
[CrossRef]

7. Taal, M.W. Arterial stiffness in chronic kidney disease: An update. Curr. Opin. Nephrol. Hypertens. 2014, 23, 169–173. [CrossRef]
[PubMed]

8. Hsu, C.N.; Chang-Chien, G.P.; Lin, S.; Hou, C.Y.; Lu, P.C.; Tain, Y.L. Association of Trimethylamine, Trimethylamine N-oxide, and
Dimethylamine with Cardiovascular Risk in Children with Chronic Kidney Disease. J. Clin. Med. 2020, 9, 336. [CrossRef]

9. Güngör, N.K. Overweight and Obesity in Children and Adolescents. J. Clin. Res. Pediatr. Endocrinol. 2014, 6, 129–143. [CrossRef]
10. Ortega, F.B.; Lavie, C.J.; Blair, S.N. Obesity and Cardiovascular Disease. Circ. Res. 2016, 118, 1752–1770. [CrossRef]
11. Ladhani, M.; Craig, J.C.; Irving, M.; Clayton, P.A.; Wong, G. Obesity and the risk of cardiovascular and all-cause mortality in

chronic kidney disease: A systematic review and meta-analysis. Nephrol. Dial. Transplant. 2017, 32, 439–449. [CrossRef] [PubMed]
12. Madero, M.; Sarnak, M.J.; Wang, X.; Sceppa, C.C.; Greene, T.; Beck, G.J.; Kusek, J.W.; Collins, A.J.; Levey, A.S.; Menon, V. Body

mass index and mortality in CKD. Am. J. Kidney Dis. 2007, 50, 404–411. [CrossRef]

126



Children 2021, 8, 621

13. Barlow, S.E. Expert committee recommendations regarding the prevention, assessment, and treatment of child and adolescent
overweight and obesity: Summary report. Pediatrics 2007, 120, 164–192. [CrossRef] [PubMed]

14. Zoccali, C.; Torino, C.; Tripepi, G.; Mallamaci, F. Assessment of obesity in chronic kidney disease: What is the best measure? Curr.
Opin. Nephrol. Hypertens. 2012, 21, 641–646. [CrossRef] [PubMed]

15. Samsell, L.; Regier, M.; Walton, C.; Cottrell, L. Importance of android/gynoid fat ratio in predicting metabolic and cardiovascular
disease risk in normal weight as well as overweight and obese children. J. Obes. 2014, 2014, 846578. [CrossRef]

16. Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the
evaluation and management of chronic kidney disease. Kidney Int. Suppl. 2013, 3, 1–150.

17. Schwartz, G.J.; Muñoz, A.; Schneider, M.F.; Mak, R.H.; Kaskel, F.; Warady, B.A.; Furth, S.L. New equations to estimate GFR in
children with CKD. J. Am. Soc. Nephrol. 2009, 20, 629–637. [CrossRef]

18. National Kidney Foundation. K/DOQI clinical practice guidelines for bone metabolism and disease in chronic kidney disease.
Am. J. Kidney Dis. 2003, 42, S1–S201. [CrossRef]

19. Tang, L.; Kubota, M.; Nagai, A.; Mamemoto, K.; Tokuda, M. Hyperuricemia in obese children and adolescents: The relationship
with metabolic syndrome. Pediatr. Rep. 2010, 2, e12.

20. Yoon, J.M. Dyslipidemia in children and adolescents: When and how to diagnose and treat? Pediatr. Gastroenterol. Hepatol. Nutr.
2014, 17, 85–92. [CrossRef]

21. Pediatric Z-Score Calculator. Available online: https://zscore.research.chop.edu (accessed on 12 January 2021).
22. Soergel, M.; Kirschstein, M.; Busch, C.; Danne, T.; Gellermann, J.; Holl, R.; Krull, F.; Reichert, H.; Reusz, G.S.; Rascher, W.

Oscillometric twenty-four-hour ambulatory blood pressure values in healthy children and adolescents: A multicenter trial
including 1141 subjects. J. Pediatr. 1997, 130, 178–184. [CrossRef]

23. Kollias, A.; Stergiou, G.S.; Dolan, E.; O’Brien, E. Ambulatory arterial stiffness index: A systematic review and meta-analysis.
Atherosclerosis 2012, 224, 291–301. [CrossRef]

24. Lo, M.H.; Lin, I.C.; Lu, P.C.; Huang, C.F.; Chien, S.J.; Hsieh, K.S.; Tain, Y.L. Evaluation of endothelial dysfunction, endothelial
plasma markers, and traditional metabolic parameters in children with adiposity. J. Formos. Med Assoc. 2019, 118, 83–91.
[CrossRef] [PubMed]

25. Graves, J.W.; Althaf, M.M. Utility of ambulatory blood pressure monitoring in children and adolescents. Pediatr. Nephrol. 2006, 21,
1640–1652. [CrossRef]

26. Fathallah-Shaykh, S.A.; Cramer, M.T. Uric acid and the kidney. Pediatr. Nephrol. 2004, 29, 999–1008. [CrossRef]
27. Ku, E.; Lee, B.J.; Wei, J.; Weir, M.R. Hypertension in CKD: Core Curriculum 2019. Am. J. Kidney Dis. 2019, 74, 120–131. [CrossRef]
28. Gurven, M.; Blackwell, A.D.; Rodríguez, D.E.; Stieglitz, J.; Kaplan, H. Does blood pressure inevitably rise with age? Longitudinal

evidence among forager-horticulturalists. Hypertension 2012, 60, 25–33. [CrossRef]
29. Rhee, C.M.; Ahmadi, S.F.; Kalantar-Zadeh, K. The dual roles of obesity in chronic kidney disease: A review of the current

literature. Curr. Opin. Nephrol. Hypertens. 2016, 25, 208–216. [CrossRef]
30. Peltz, G.; Aguirre, M.T.; Sanderson, M.; Fadden, M.K. The role of fat mass index in determining obesity. Am. J. Hum. Biol. 2010,

22, 639–647. [CrossRef]
31. Lichtash, C.T.; Cui, J.; Guo, X.; Chen, Y.D.; Hsueh, W.A.; Rotter, J.I.; Goodarzi, M.O. Body adiposity index versus body mass index

and other anthropometric traits as correlates of cardiometabolic risk factors. PLoS ONE 2013, 8, e65954. [CrossRef] [PubMed]
32. Zeng, Q.; Dong, S.Y.; Sun, X.N.; Xie, J.; Cui, Y. Percent body fat is a better predictor of cardiovascular risk factors than body mass

index. Braz. J. Med. Biol Res. 2012, 45, 591–600. [CrossRef] [PubMed]
33. Daniels, S.R.; Morrison, J.A.; Sprecher, D.L.; Khoury, P.; Kimball, T.R. Association of body fat distribution and cardiovascular risk

factors in children and adolescents. Circulation 1999, 99, 541–545. [CrossRef] [PubMed]
34. Staiano, A.E.; Gupta, A.K.; Katzmarzyk, P.T. Cardiometabolic risk factors and fat distribution in children and adolescents. J.

Pediatr. 2014, 164, 560–565. [CrossRef] [PubMed]

127



children

Article

Using Body Composition Groups to Identify Children and
Adolescents at Risk of Dyslipidemia

Alina Ofenheimer 1,2,*, Robab Breyer-Kohansal 1,3, Sylvia Hartl 1,3,4, Otto C. Burghuber 1,4, Florian Krach 5,

Frits M. E. Franssen 2,6, Emiel F. M. Wouters 1,2 and Marie-Kathrin Breyer 1,3

��������	
�������

Citation: Ofenheimer, A.;

Breyer-Kohansal, R.; Hartl, S.;

Burghuber, O.C.; Krach, F.; Franssen,

F.M.E.; Wouters, E.F.M.; Breyer, M.-K.

Using Body Composition Groups to

Identify Children and Adolescents at

Risk of Dyslipidemia. Children 2021, 8,

1047. https://doi.org/10.3390/

children8111047

Academic Editors: Odysseas

Androutsos and Antonis Zampelas

Received: 30 September 2021

Accepted: 11 November 2021

Published: 13 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Ludwig Boltzmann Institute for Lung Health, 1140 Vienna, Austria;
robab.breyer-kohansal@leadstudy.at (R.B.-K.); sylvia.hartl@leadstudy.at (S.H.);
otto.burghuber@leadstudy.at (O.C.B.); emiel.wouters@leadstudy.at (E.F.M.W.);
marie-kathrin.breyer@leadstudy.at (M.-K.B.)

2 NUTRIM, Maastricht University Medical Center, 6200 MD Maastricht, The Netherlands;
fritsfranssen@ciro-horn.nl

3 Department of Respiratory and Critical Care Medicine, Clinic Penzing, 1140 Vienna, Austria
4 Medical School, Sigmund Freud University, 1020 Vienna, Austria
5 Department of Mathematics, ETH Zürich, 8092 Zurich, Switzerland; florian.krach@math.ethz.ch
6 Department of Research and Education, CIRO, 6085 NM Horn, The Netherlands
* Correspondence: alina.ofenheimer@leadstudy.at

Abstract: The impact of body composition on the early origin of chronic diseases is an increasingly
appreciated phenomenon. Little is known about the characteristics of children with varying body
composition. The aim of this study was to investigate serum lipid profiles and other characteristics in
relation to body composition. The data of 1394 participants (aged 6 to <18 years) of the observational
general population-based Austrian LEAD Study have been analyzed. Body composition groups were
defined by appendicular lean mass (ALMI) and fat mass (FMI) indices assessed by DXA. Serum lipid
profiles (triglycerides, LDL-c, HDL-c) and other characteristics (e.g., prematurity, smoke exposure,
physical activity, nutrition) were investigated in these body composition groups. Different body
composition groups, which are not distinguishable by BMI, exist. Children with high ALMI and
high FMI showed higher triglycerides and LDL-c, but lower HDL-c levels. In contrast, levels did not
differ between those with high FMI but low (or normal) ALMI, and other body composition groups.
BMI should be interpreted cautiously, and body composition should be measured by more precise
techniques. In particular, children and adolescents with high FMI who have concomitantly high
ALMI should be followed closely in future studies to investigate whether they are at increased risk of
cardiovascular problems.

Keywords: dyslipidemia; cardiovascular risk; physical activity; body composition; muscle mass;
body compartments

1. Introduction

The increasing prevalence of increased weight and obesity in children and adults
worldwide imposes a tremendous burden on global health and economies [1]. The large
increase in their prevalence in children is of great concern, since individuals being over-
weight or obese at a young age carry a higher risk for the early development of chronic
diseases, including cardiovascular, metabolic, and respiratory diseases [1–4]. Commonly,
body mass index (BMI, kg/m2) is used to classify individuals into weight categories to
detect these conditions of overweight and obesity. However, body composition can vary
widely within a group of subjects sharing the same BMI [5]. In 1964, Forbes described two
groups of obesity in childhood: one group with increased lean mass (LM) additionally
to high fat mass (FM); and a second group without an increase in lean mass [6]. Recent
evidence suggests that the body composition group with high FM and low muscle mass is
associated with greater health risks than either compartment alone [7,8]. Therefore, the
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amount of appendicular lean mass (ALM), a marker for skeletal muscle mass, might be
important to consider when screening for early diseases.

The lack of differentiation between various components of body weight might be
the reason for the conflicting results of studies investigating the impact of BMI alone on
health conditions [9]. There is increasing awareness that prenatal and early-life represent
important periods for development, and several traits contributing to the development
of body composition have been proposed [10–12]. The origins of atherosclerosis, diabetes
mellitus type 2, and chronic respiratory diseases are also believed to be partly situated
in utero or early infancy [13–16]. It has been shown that incidence of dyslipidemia at
young age, especially in overweight and obese adolescents, is associated with increased
carotid intima–media thickness in adulthood, an early marker of atherosclerosis [17,18].
Despite the increasing awareness of its importance, little is known about the various body
constitutions in relation to risk profiles in children and adolescents.

The aim of this study was to define body composition groups by appendicular lean
mass and fat mass amounts assessed by dual-energy X-ray absorptiometry (DXA) in
different BMI categories and to investigate their serum lipid profiles and early life risk
factors (preterm birth, no breastfeeding), smoke exposure (second-hand, maternal), and
lifestyle characteristics (physical activity, nutrition, socio-economic status).

2. Materials and Methods

2.1. Study Design and Population

The data were sampled by the Austrian LEAD (Lung, hEart, sociAl, boDy) Study
(ClinicalTrials.gov; NCT01727518, https://clinicaltrials.gov/, accessed on 12 November
2021), a longitudinal, observational, population-based cohort study, representative of the
general Austrian population. Inhabitants were randomly recruited based on the inhabitants’
register. More details about the study design, methodology, and the representativeness of
the LEAD study cohort can be found elsewhere [19]. For the present analysis, cross-sectional
data of participants aged 6 to <18 years, examined between 2011 and 2019, were included.
Further inclusion criteria were valid DXA scans (verified by a trained study nurse) and
availability of blood samples. The LEAD study was approved by the local ethics committee
in Vienna (protocol number: EK-11-117-0711), and the study participants signed for their
informed consent. For all minors, it was signed by their parents or legal representatives.

2.2. Measurements

All study participants were examined in the study center after a fasting period of 8 h.
A team of trained study nurses ensured the quality of data assessment. Body height was
measured by a stadiometer and body weight by a high precision scale (exacta CLASSIC
by SOEHNLETM). BMI was calculated as weight (kg) divided by height2 (m2). Waist
circumference was measured in the standardized fashion. Handgrip strength was measured
on the dominant hand with a hand dynamometer (Trailite, TL-LSC100TM, LiteXpress
GmbH, Ahaus, Deutschland); three successive measurements were performed and the
highest value was kept. Whole-body scans were obtained by a Lunar ProdigyTM (GE
Lunar Corp.; Madison, WI, USA) DXA and analyzed with enCORETM (version 17, 2016).
The coefficient of variation has been reported previously and found to be similar to other
studies [20]. Body compartments should be normalized for total body height, hence it
was essential to use the right index considering that height squared may not work best in
children [21–23]. We recently confirmed that the exponents 2.5 and 3.5 account best for
body height in FM and ALM, respectively [24]. Therefore, ALMI was calculated as the sum
of the lean mass of all four limbs (kg) divided by height3.5 (m3.5), and FMI as fat mass (kg)
divided by height2.5 (m2.5).

Venous blood samples were collected, and total cholesterol, high-density lipoprotein
cholesterol (HDL-c), and triglycerides were measured by photometric enzymatic method
(Siemens Dimension Vista 150TM, Diamond Diagnostics Inc, Holliston MA USA). Low-
density lipoprotein cholesterol (LDL-c) was calculated with the Friedewald formula.
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2.3. Definition of Variables

BMI categories. Reference values of the WHO were applied to calculate BMI z-scores.
Study participants were classified into the following BMI categories according to their BMI
z-scores: extreme thinness was defined as z-scores <−2, thinness as z-scores ≥−2 but <−1,
overweight as z-scores >1 but ≤2, obesity as z-scores >2 and normal as z-scores ≥−1 but
≤1 [25].

2.4. Body Composition Groups

The cut-offs for the FMI and ALMI group categories low, normal, and high were set
to the 25th and 75th age- and sex-specific percentiles. Low FMI and ALMI were defined
as ≤25th percentile, normal as >25th but <75th percentile, and high as ≥75th percentile.
The following combined body composition groups were assigned: high ALMI–FMI, low
ALMI–FMI, low ALMI–high FMI, and high ALMI–low FMI. The normal FMI–ALMI group
was defined as FMI >25th but <75th percentile and/or ALMI >25th but <75th percentile.

2.5. Blood Samples

Altered levels of total values were defined by using the cut-offs recommended by
the American Academy of Pediatrics (AAP) guidelines: ≥100 mg/dl for triglycerides in
children aged 6 to ≤9 years; ≥130 mg/dl for triglycerides in children >9 years; ≥130 mg/dl
for LDL-c. A decreased HDL-c was defined as <40 mg/dl [26]. For each of the analyzed
blood markers, an LMS model was further applied to construct smoothed percentiles ac-
counting for age- and sex-specific differences. For analysis based on z-scores, values ≥95th
percentile were defined as elevated, and for HDL-c values ≤5th percentile as decreased.

2.6. Questionnaires

All participants performed validated interviewer-based questionnaires, providing
the following information. Socio-economic status (SES) was defined as a score based on
education level, household income, and the occupational status of the parents or legal
representatives. Three different categories of SES were defined: low as the 1st quintile (20th
percentile); normal as quintiles 2 to 4; and high as the 5th quintile (80th percentile). Preterm
birth was defined as birthweight <2500 g or gestational age <260 days. Second-hand
smoking was defined by participants reporting to be or have been exposed to cigarette
smoke during most days or nights. For maternal smoking, three categories were analyzed
(ever smoking during, prior, or after pregnancy). Physical activity was calculated by the
individuals’ reported number of minutes spent performing moderate- to high-intensity
physical activity each day. Healthy nutrition was defined as drinking sugar-sweetened
beverages less than daily and eating ≥2 portions of fruits and/or vegetables per day.

2.7. Statistics

The sample was split into ALMI and FMI groups, and combined body composition
groups, similar to the approach by Prado et al., were constructed [27]. The prevalence
of each group was calculated for the total sample, as well as for males and females. The
whole study cohort was divided into BMI categories, and the prevalence of the body
composition groups was analyzed in each BMI category. Different characteristics were
compared between all body composition groups. First, all parameters were evaluated if
they corresponded to a normal distribution via the Kolmogorov–Smirnov test. For continu-
ous, non-normally distributed variables, medians and quantiles 25 (q25) and 75 (q75) were
calculated. For all continuous, normally distributed variables, means and standard devia-
tions were calculated. To test for differences between the groups, Wilcoxon-rank sum test
was performed. For all dichotomous variables, the prevalence was calculated, and group
differences were tested by Fisher’s exact test. Multiple testing correction (Bonferroni–Holm)
was applied to all p-values, and the significance level was set to 5%.
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3. Results

Of the 1573 children and adolescents with valid DXA measurements, 1394 study
participants had blood samples available. The sample size and distribution of ALMI and
FMI groups are shown in Table 1.

Table 1. Sample size and prevalence of body composition groups and BMI categories.

Males
n (%)

Females
n (%)

Overall
n (%)

FMI (kg/m2.5)

normal 348 (46.8%) 307 (54.1%) 655 (47.0%)

low 206 (27.7%) 177 (27.2%) 383 (27.5%)

high 190 (25.5%) 166 (25.5%) 356 (25.5%)

ALMI (kg/m3.5)

normal 361 (48.5%) 333 (51.2%) 694 (49.8%)

low 185 (24.9%) 159 (24.5%) 344 (24.7%)

high 198 (26.6%) 158 (24.3%) 356 (25.5%)

ALMI-FMI groups

normal ALMI-FMI 535 (71.9%) 459 (70.6%) 994 (71.3%)

low ALMI-FMI 72 (9.7%) 74 (11.4%) 146 (10.5%)

high ALMI-FMI 79 (10.6%) 84 (12.9%) 163 (11.7%)

low ALMI-high FMI 21 (2.8%) 14 (2.2%) 35 (2.5%)

high ALMI-low FMI 37 (5.0%) 19 (2.9%) 56 (4.0%)

BMI category

extreme thinness 16 (2.2%) 9 (1.4%) 25 (1.8%)

thinness 83 (11.2%) 93 (14.3%) 176 (12.6%)

normal 443 (59.5%) 397 (61.1%) 840 (60.3%)

overweight 131 (17.6%) 111 (17.1%) 242 (17.4%)

obesity 71 (9.5%) 40 (6.2%) 111 (8.0%)

total 744 650 1394
Table shows sample size (n) and prevalence (%) of ALMI, FMI, combined body composition groups, and BMI
categories. FMI = fat mass index, ALMI = appendicular lean mass index, BMI = Body mass index.

Among the body composition groups, the prevalence of the normal ALMI–FMI group
was highest (71.3% overall), followed by the high ALMI–FMI (11.7% overall) and the low
ALMI–FMI groups (10.5% overall). The low ALMI–high FMI group was prevalent in only
2.5%, and the high ALMI–low FMI group showed a prevalence of 4.0%. The prevalence
was similar across all age groups (Table S1). Body composition data for the different BMI
categories are illustrated in Figure 1. In the extreme thinness and thinness groups, the
majority had low FMI and low ALMI values. Changes in the ALMI and FMI were masked
in the normal BMI category. The prevalence of high ALMI and high FMI increased in the
overweight and obese categories (Figure 1). In contrast to the sharp increase of high FMI
from the normal to the overweight category (from 7.6% to 75.2%), the increase in ALMI
was more gradual (from 18.2% to 48.8%). Figure 2 illustrates the prevalence of the body
composition groups in the different BMI categories. Almost all extremely thin participants
had low ALMI–FMI, while only half of the thinness group showed this body composition
combination. In children and adolescents classified as normal according to their BMI, all
different body composition groups were present. In participants classified as overweight,
30.2% had high ALMI–FMI values, which increased to 75.7% in the subjects with obesity.
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Isolated high FMI was present in a minority of these children and adolescents (3.3% and
1.8%, respectively).
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Figure 1. Prevalence of body compartments in BMI categories. Figure shows the prevalence of the different groups (low,
normal, high) for FMI (a) and ALMI (b), respectively, in different BMI categories. BMI categories (extreme thinness, thinness,
normal, overweight, obesity) were defined according to WHO. FMI and ALMI groups were defined by age- and sex-specific
groups (low: ≤25th percentile, normal: >25th but <75th percentile, high: ≥75th percentile).

Figure 2. Prevalence of body composition groups in BMI categories. Figure shows the prevalence of the different body
composition groups in BMI categories. The different body composition groups are represented by different figures. Varying
amount of FMI are indicated by body shape (thin, middle, broad), ALMI amount by color shade (light, middle, dark) of
displayed skeletal muscles mass in arms and legs region.

3.1. Serum Lipid Profiles

HDL-c was higher in the low ALMI and the low FMI groups, while levels were lower
in the high FMI group (Table 2). In contrast, LDL-c and triglycerides were higher in children
and adolescents with high FMI. The high ALMI–FMI body composition group showed
marked differences in serum lipid levels. LDL-c and triglyceride levels were significantly
higher in the high ALMI–FMI group. Contrary, HDL-c levels were significantly lower in
this group. These differences persisted considering z-scores (which account for age and
sex) of the serum lipids. Prevalence of decreased HDL-c and elevated triglycerides was
higher in the high ALMI–FMI group compared to the normal ALMI–FMI group (Figure 3).
Prevalence of altered serum lipids in all body composition groups are provided in the
supplemental material (Table S2).
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Table 2. Characteristics of serum lipid profiles in body composition groups.

HDL-c
[mg/dL]

HDL-c
z-Scores

LDL-c
[mg/dL]

LDL-c
z-Scores

Triglycerides
[mg/dL]

Triglycerides
z-Scores

FMI [kg/m2.5]

normal 61.0
(53.0, 70.0)

0.0
(−0.6, 0.6)

86.6
(70.4, 102.5)

0.0
(−0.7, 0.6)

63.0
(48.0, 86.0)

0.0
(−0.7, 0.6)

low 65.0
(54.0, 75.0) �

0.3
(−0.3, 1.0) �

82.4
(68.3, 97.3)

−0.2
(−0.8, 0.4)

57.0
(47.0, 77.0)

−0.3
(−0.8, 0.4)

high 54.5
(46.0, 64.0) � †

−0.4
(−1.2, 0.2) � †

92.8
(77.3, 111.3) � †

0.3
(−0.4, 0.9) � †

74.0
(56.0, 104.3) � †

0.3
(−0.3, 1.0) � †

ALMI
[kg/m3.5]

normal 59.0
(51.0, 70.0)

0.0
(−0.7, 0.6)

86.6
(71.9, 102.0)

0.0
(−0.6, 0.6)

62.0
(49.0, 86.0)

0.0
(−0.7, 0.6)

low 64.0
(54.8, 72.0) �

0.2
(−0.4. 0.8) �

84.2
(69.9, 102.9)

−0.1
(−0.8, 0.6)

62.0
(48.0, 86.3)

−0.1
(−0.7, 0.6)

high 58.0
(48.8, 69.0) †

−0.1
(−0.9, 0.6) †

90.2
(74.0, 108.4)

0.1
(−0.6, 0.8)

66.0
(51.0, 93.3)

0.1
(−0.6, 0.9)

ALMI-FMI
groups

normal ALMI-
FMI

60.0
(52.0, 70.0)

0.0
(−0.6, 0.6)

86.7
(71.4, 102.0)

−0.0
(−0.6, 0.6)

62.0
(49.0, 87.8)

−0.0
(−0.7, 0.6)

low ALMI-FMI 66.0
(57.0, 75.8) *

0.4
(−0.3, 1.0)*

80.8
(66.9, 97.8)

−0.2
(−0.8, 0.5)

58.5
(47.0, 78.0)

−0.3
(−0.8, 0.4)

high ALMI-FMI 53.0
(45.0, 62.0) *�•

−0.5
(−1.2, 0.0) *�•

97.4
(77.6, 113.7) *�

0.4
(−0.5, 1.0)*�

76.0
(57.0, 106.0) *�•

0.4
(−0.3, 1.1) *�•

low ALMI-high
FMI

60.0
(50.0, 64.5)

−0.2
(−0.8, 0.5)

92.0
(76.1, 112.1)

0.4
(−0.4, 1.0)

70.0
(54.0, 91.0)

0.3
(−0.4, 0.7)

high ALMI-low
FMI

66.0
(53.8, 77.0)

0.4
(−0.4, 1.0)

84.3
(70.8, 96.2)

-0.1
(−0.7, 0.5)

57.5
(46.8, 69.2)

−0.4
(−0.7, 0.3)

Table shows medians and quartiles (q25, q75) for each continuous parameter not corresponding to a normal distribution (according to
Kolmogorov–Smirnov test), and means ± standard deviation for normally distributed parameters (according to Kolmogorov–Smirnov
test). p-values were calculated by Wilcoxon-rang sum test to test for differences between each group, and Bonferroni–Holm correction was
applied. Comparison between separate low, normal, high ALMI (FMI, respectively) groups: † p-value < 0.05 vs. low ALMI (FMI, respectively),
� p-value < 0.05 vs. normal ALMI (FMI, respectively). Comparison between combined ALMI-FMI body composition groups: * p-value < 0.05 vs.
normal ALMI-FMI group. � p-value < 0.05 vs. low ALMI-FMI group, • p-value < 0.05 vs. high ALMI-low FMI group. HDL-c = high-density
lipoprotein cholesterol, LDL-c = low-density lipoprotein cholesterol. FMI = fat mass index, ALMI = appendicular lean mass index.

3.2. Body Composition Group Characteristics

While half of the children and adolescents with low FMI had a high SES, only 22.9%
and 31.3% with high FMI had a high SES. Birthweight, preterm birth, and breast feeding
did not differ significantly between body composition groups (Table 3). Only 8% of the
high ALMI–FMI group were born preterm, while it was 15.1% in the low ALMI–FMI group.
A quarter of those with high FMI reported second-hand smoking. This was found in both
body composition groups with high FMI, independent from ALMI amount. The prevalence
of children exposed to maternal smoking was also highest in the low ALMI–high FMI
group, followed by the high ALMI–FMI group. Physical activity was higher in the high
ALMI–low FMI group compared to the low ALMI–FMI, and the high ALMI–FMI group.
Moreover, the prevalence of physical activity ≥60 min per day was significantly higher in
the high ALMI–low FMI group compared to the low ALMI–FMI group (91.1% and 58.9%,
respectively) and to the high ALMI–FMI group (91.1% and 54.0%, respectively). Between
all other groups physical activity was similar. All other analyzed parameters did not show
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significant differences, and although hand grip strength was highest in the high ALMI–FMI
group, it did not differ significantly.
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Figure 3. Prevalence of altered lipid profiles in the high ALMI–FMI and the normal ALMI–FMI
groups. Figure shows the prevalence of elevated (for HDL-c decreased, respectively) serum lipid
levels in the high. ALMI–FMI and the normal ALMI–FMI groups. Star indicates a p-value < 0.05
according to Fisher’s Exact test after applying Bonferroni–Holm multiple testing correction.

Table 3. Characteristics of body composition groups.

Normal ALMI
FMI

Low ALMI
FMI

High ALMI
FMI

Low ALMI
High FMI

High ALMI
Low FMI

Demographics

age [years] 10.8
(8.3, 14.6)

10.9
(8.7, 14.5)

10.8
(8.7, 14.5)

9.9
(8.5, 15.1)

10.4
(8.2, 16.1)

sex [%females] 46.2% 50.7% 51.5% 40.0% 33.9%

height [cm] 146.0
(132.0, 164.0)

151.5
(133.0,168.0)

148.0
(135.0,163.0)

146.0
(136.0,166.5)

140.5
(127.0,168.3)

weight [kg] 39.0
(28.0, 55.0)

33.5
(24.0, 46.8) *

54.0
(38.0, 71.0) *

43.0
(32.5, 60.0)

33.5
(25.8, 56.5)

waist circumference [cm] 65.5
(59.0, 74.5)

60.5
(55.6, 68.5) *

80.5
(70.8, 90.3) *

76.0
(66.3, 80.5) *

60.8
(56.0, 68.6)

hand grip strength [kg] 17.5
(12.9, 26.2)

18.2
(12.5, 26.5)

19.5
(14.2, 27.2)

13.2
(11.4, 21.9)

19.6
(13.9, 32.2)

Socio-economic status

low 11.8% 8.2% 21.5% 8.6% 10.7%

normal 44.3% 39.7% 47.2% 68.6% 39.3%

high 43.9% 50.7% 31.3% 22.9% 50.0%

Early life risk factors

birthweight [kg] 3.3 (2.8, 3.7) 3.2 (2.4, 3.6) 3.3 (2.7, 3.7) 3.3 (1.0, 3.9) 3.2 (2.3, 3.5)

preterm birth [%] 9.2% 15.1% 8.0% 11.4% 14.3%

low birthweight 20.7% 26.0% 22.1% 34.3% 28.6%

breast feeding ever 89.5% 91.1% 82.8% 82.9% 96.4%
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Table 3. Cont.

Normal ALMI
FMI

Low ALMI
FMI

High ALMI
FMI

Low ALMI
High FMI

High ALMI
Low FMI

Smoke exposure

second-hand smoking 17.5% 15.1% 25.3% 25.7% 3.6%

maternal smoking

prior pregnancy 38.2% 34.2% 44.2% 65.7% 26.8%

during pregnancy 9.3% 4.1% 14.7% 22.9% 3.6%

after pregnancy 11.9% 8.9% 16.6% 22.9% 5.4%

Lifestyle factors

physical activity
[minutes/day]

79.3
(49.8, 110.7)

70.7
(43.2, 103.6)

62.1
(41.4, 99.3)

70.7
(44.3, 98.3)

95.0
(77.9, 120.5)

physical activity ≥60
minutes/day 67.8% 58.9% 54.0% * 68.6% 91.1% *

healthy nutrition 26.9% 26.0% 28.2% 25.7% 26.8%

Table shows medians and quartiles (q25, q75) for continuous parameters, and prevalence (%) for dichotomous parameters for each body
composition group. * p-value < 0.05 after Bonferroni–Holm correction compared to normal ALMI–FMI group.

4. Discussion

The present study found that BMI poorly reflects differences in body composition
existing in childhood. It shows that low ALMI–FMI and high ALMI–FMI are the most
frequent aberrant body composition groups. Early dyslipidemia was found in children and
adolescents who have high FMI with simultaneously high ALMI values.

Those within the normal BMI category showed an especially huge variety of ALMI
and FMI combinations. This has been previously shown in specific groups [28,29], but
the present study extends this finding on a population-based level with data obtained by
DXA. Even though BMI is widely used as a surrogate measure of fat mass mainly, we
show that a close relationship exists also with ALMI, since the prevalence of high ALMI
increased similarly with the BMI category, and was also highest in the obesity category
(76.6%). Equally, FMI and ALMI both decreased by decreasing the BMI category. The
present analysis shows that already at young age, different body composition groups
exist within the general population, with similar distribution throughout childhood and
adolescence. Longitudinal assessment in birth cohorts has shown that most children
usually track along with stable BMI percentiles [30–33]. Our cross-sectional data suggest a
comparable persistence for body composition patterns.

Fetal and early postnatal programming is considered as an important factor for skeletal
muscle development [34]. Aside from the normal ALMI–FMI group, the groups with high
ALMI–FMI and with low ALMI–FMI showed the highest frequency. These results confirm
that the body compartments LM and FM correlate positively with each other [20,35]. They
further show that an increase in ALMI and FMI is dominant in overweight and obese
children, and that an isolated increase in FMI only is rarely found.

Low muscle mass contributes to several adverse health outcomes, and, together with
low muscle strength, is consistently associated with reduced bone parameters during
growth, increasing the risk of osteoporosis at older age [8,36–39]. Sarcopenic obesity, which
is the combination of high FM and low muscle mass, is associated with greater health
risks [7,8]. In our cohort, this group with high FMI–low ALMI had a prevalence of 2.5%
only. Our data stress the importance of body composition assessment in childhood and
indicate that individual body constitution is probably determined early and often persists
throughout life. Longitudinal data on body composition are needed to identify and specify
body composition changes and to track low muscle mass.

Which traits determine body composition is not yet fully understood. In the present
analysis, suggested early-life risk factors have been investigated, but no significant dif-
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ference in any of these factors existed between the body composition groups analyzed.
Besides genetics and early risk factors, nutrition and physical activity may also actively
influence body composition [10,40]. While the prevalence of healthy nutrition was similar
across all groups, reported physical activity differed. The high ALMI–low FMI group
reported to spend more time doing physical activity. Considering that these parameters
were assessed by questionnaire, they should be interpreted cautiously. Still, other studies,
which measured physical activity objectively by accelerometer, support this result [40–42].
Future studies are needed to explore the role of protein intake in relation to the body
composition groups analyzed. Indeed, higher protein intake is associated with higher
fat-free mass (FFM), increased FM, and obesity risk [43–45]. Furthermore, it is not only
the protein quantity but also the protein source which seems to influence muscle mass in
childhood [43,46].

Intriguingly, the group of high ALMI–FMI showed marked differences in lipids com-
pared to other groups. HDL-c levels were lower, while triglyceride and LDL-c levels were
higher. A previous observational study in 660 adolescents (aged 16–17 years) reported
that those with low muscle mass had significantly higher values of fasting triglycerides
and atherogenic index, defined as the ratio triglycerides/HDL-c [47]. In contrast, study
subjects with high ALMI of the present cohort values showed higher values of triglycerides,
also after adjusting for age and sex. Another paper reported that in school children a
greater hand grip strength was associated with healthier triglyceride and HDL-c concen-
trations, although these relationships were not independent of BMI [39]. In a cohort of
3320 participants (aged 5–18 years), body fat (assessed by skinfold thickness) ≥25% in
males and ≥30% in females, was associated with cardiovascular risk factors [48]. Others
confirmed that excess body fat (>37%) is associated with increased triglycerides, total
cholesterol, LDL-c, and decreased HDL-c levels [49]. The prevalence of dyslipidemia was
also reported to be significantly higher in U.S. youths with high adiposity. Prevalence
varied from 12.4% (LDL-c) to 21.3% (triglycerides) in the high adiposity subgroup [50].
We found decreased HDL-c levels in the high FMI and the high ALMI–FMI groups. A
negative association between HDL-c and ALMI has been previously reported [51,52]. Our
study does not only support this finding, but confirms it by age- and sex-adjusted lipid
values. Taking these factors into account is important, since FFM and muscle mass growth
vary greatly by development stage [8]. Our data confirm that, total body weight and FMI
amount in particular are associated with dyslipidemia in youth, but suggest that ALMI
amount seems to additionally alter lipid levels to varying degrees. Hence, these findings
stress the importance of early cardiovascular risk assessment, in particular for those with
excess body fat. However, further longitudinal studies are required to demonstrate a link
between this body composition group and cardiovascular risks as effects on pulse wave
velocity. In that case, in-depth metabolic profiling is needed to explore possible underlying
biological mechanisms.

A strength of the present study is that body compartments were assessed by DXA with
very good reported accuracy and repeatability [53,54]. Additionally, FM and ALM were
accurately normalized for body size; thus, biases related to body height were minimized as
much as possible. Many studies did not consider that height squared often does not account
for height correctly in children [21–23]. Another important strength is that our results
were confirmed by age- and sex-adjusted lipid levels. To our knowledge, combined body
composition groups have not been analyzed previously in such a large cohort of children
and adolescents recruited from the general population. Our data underscore the need to
use this approach in future studies and to consider the relationship between body compart-
ments. Tracking these body composition groups longitudinally and investigating related
traits could contribute fundamentally to understanding body composition development.
However, some limitations have to be considered as well. First of all, cut-offs for ALMI
and FMI groups were chosen arbitrarily due to the lack of validated cut-offs. Secondly,
the reported data were collected in a single centre, recruiting Caucasian Middle-European
youths. Thirdly, body composition data from birth to the age of 6 years were not available.
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5. Conclusions

The results confirm that BMI does not reflect body constitution and we urge that
the use of more precise assessment techniques should be emphasized for investigating
body composition. In addition, children and adolescents with high ALMI–FMI showed an
adverse cardiovascular risk profile. In the future, the prevalence of low muscle mass in
these youths should be focused on. Prospective longitudinal data in the presented body
composition groups are needed to define the impact of body composition on overall health
across the lifecycle and to identify novel preventive strategies.
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Abstract: Neck circumference was studied for the first time in a pediatric population in 2010. Since
then, various countries have proposed cutoff values to identify overweight, obesity, and metabolic
syndrome. However, no reference values have been established for the Mexican child population.
The aim of this study is to provide percentile reference values for the neck circumference of Mexican
schoolchildren. Only normal-weight schoolchildren aged 6–11 years were included. Percentiles and
growth charts were constructed based on the “Generalized Additive Model for Location, Scale and
Shape” (GAMLSS). A total of 1059 schoolchildren (52.9% female) was evaluated. Weight, height, and
BMI values were higher for males; however, this difference was not statistically significant. The 50th
percentile for females was 24.6 cm at six years old and 28.25 cm at 11 years old, and for males, it
was 25.75 cm and 28.76 cm, respectively. Both males and females displayed a pronounced increase
in neck circumference between 10 and 11 years of age. The greatest variability was found in the
11-year-old group, with an increase of 5.5 cm for males and 5.4 cm for females. This study presents
the first reference values for neck circumference for a Mexican child population.

Keywords: childhood; neck circumference; percentile; anthropometry

1. Introduction

The prevalence of childhood obesity has increased worldwide in recent decades.
According to the National Health and Nutrition Survey in Mexico (ENSANUT, 2018),
three out of ten children are overweight or obese, whereas the prevalence in adolescents
surpasses 38% [1]. These numbers place Mexico among the countries with the highest
overweight/obesity prevalence in the pediatric population. Furthermore, it has been
reported that prominent fat depots in the upper body increase the risk for metabolic
disturbances to a greater extent than general adiposity [2]. Therefore, it is important to
develop practical and noninvasive indicators to assess body fat distribution.

Body mass index (BMI) is the most practical and utilized index for assessing normal
weight ranges; however, it has been proven to be unsuitable for determining fat mass
volume and location [3,4]. On the other hand, waist circumference (WC) and waist-to-
height ratio have been proposed as reliable tools to identify individuals at metabolic risk,
as both reflect central adiposity [5]. Moreover, the fact that a few technical issues may arise
when measuring WC has led to the study of novel indicators.
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Neck circumference (NC) has been proposed as a simple, minimally invasive, and
inexpensive indicator to identify upper-body adiposity. Research on NC began in 2010 and
ever since, it has been shown a wide association with central adiposity [6] along the onset of
metabolic alterations [7]. Several cutoff points have been proposed to identify overweight
and obesity [8–10], non-alcoholic fatty liver disease (NAFLD) [11], hypertension [12] and
metabolic syndrome [13]. Nonetheless, the usefulness of these values is limited to the
screened population. In Mexico, we have previously demonstrated that NC shows a high
correlation with WC, which indicates that it might be utilized for the identification of
elevated central adiposity [14]. However, no reference values have been established for
the Mexican child population. In this regard, the creation of new reference tables with
percentile values distribution for neck circumference might be useful to determine how
distant they are from the mean as for sex and age, which could facilitate the identification
of individuals at risk in clinical practice. Thus, the aim of this study is to provide percentile
reference values of neck circumference of Mexican schoolchildren.

2. Materials and Methods

2.1. Participants

The sample for this study was obtained as part of a broader project entitled “Active
intervention to improve feeding habits and physical activity in school children” conducted
in six different schools located in Acatlán de Juárez and Villa Corona, Jalisco, Mexico.
The sample size of the original project was calculated on data from a similar study by
Li et al. [15] obtaining a total sample size of 288 children among the 6 schools (3 control
and 3 intervention, selected by convenience sampling), with an extra 30% due to possible
dropouts. A type I error of 0.05 and power of 80% were considered. Nevertheless, anthro-
pometric measurements were taken in all children from the six schools at baseline and
final stages. Remarkably, the data for this study were obtained from the baseline stage.
Invitation to participate was granted to 2070 students; however, the assessments were
performed in 1802 children aged 6–11 years (the elementary education in Mexico comprises
these ages), Nevertheless, only 1059 were included because data from normal-weight
children are required to create reference values.

The inclusion criteria were as follows: children attending six elementary schools in
Acatlán and Villa Corona Jalisco, Mexico from November 2015 to January 2016. Exclusion
criteria consisted of being under any type of nutritional or medical treatment and/or
having a chronic disease.

This study was conducted according to the guidelines of the Declaration of Helsinki.
All procedures involving human subjects/patients were approved by the Comité de Ética
en Investigación del Centro Universitario de Tonalá (003–2016). Verbal informed consent
was obtained and formally recorded from all the subjects and their tutors. Written informed
consent was obtained from all the school directors.

2.2. Measurements

All anthropometrical measurements were carried out by two trained researchers
according to the Habitch method [16]. Height was measured using a portable stadiometer
with a precision of 0.1 cm (SECA, Hamburg, Germany) with the subject shoeless and the
child’s head held in the Frankfurt horizontal plane. Body weight was measured using
a calibrated electronic weighing scale (SECA, Hamburg, Germany) with a precision of
0.05 kg with children shoeless and without heavy extra clothing such as sweaters and
jackets. WC and NC were measured to the nearest 0.1 cm using a metallic tape (606PMMX,
Apex Tool Group, Lufkin, Queretaro, Mexico). WC was measured at the midway point
between the lowest rib and the top of the iliac crest with the subject standing and at the
end of a regular expiration. NC was measured at the midpoint of the neck at the level of
the thyroid cartilage and perpendicular to the neck axis with the participant’s body held
erect, eyes facing forward, and breathing normally. The triceps and subscapular skinfold
thickness [17] were used to estimate the body fat percentage (BF%) according to Slaughter’s
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equation [18]. BMI was obtained by dividing the weight in kilograms by the height in
square meters.

All measurements were taken twice. However, when the height, weight, and cir-
cumference differed by 1% or more, or by 5% in the case of skinfold thickness, a third
measurement was performed. The mean of these values was used for the analyses.

2.3. Operational Definitions of Terms

Underweight was indicated by a BMI for age < −2 SD, normal weight was a BMI
between −2 and +1 SD, overweight was a BMI between +1 and +2 SD, and obesity was
indicated by a BMI > +2 SD [19]. Only normal weight participants were included to assure
that the reference curves represented “a standard healthy population” in accordance with the
World Health Organization (WHO).

2.4. Statistical Analysis

To determine the distribution of the quantitative variables, the Kolmogorov–Smirnov
normality test was used. The significance level was established at p < 0.05 for all hypothesis
tests. Numerical variables are reported as the mean and standard deviation (SD). Com-
parisons were conducted between groups using Student’s t-test for independent samples.
Pearson correlation coefficients were calculated to explore the associations between NC and
anthropometric variables. The following classification was used to categorized r values:
Low or weak correlations (<0.35), modest or moderate correlations (0.36 to 0.67), and strong
or high correlations (0.68–1.0). However, r coefficients > 0.90 were considered as “very high
correlations” [20]. A p < 0.05 was considered statistically significant.

Percentiles and growth charts for neck circumference were constructed based on
the “Generalized Additive Model for Location, Scale and Shape” (GAMLSS) [21], which is an
extension of the lambda-mu-sigma method (LMS) by Cole and Green (1992). This method
allows the construction of smooth curves at different percentile intervals based on age
when the distribution is not normal. LMS transforms the age value at a specific exponential;
thus, it prevents the tendency for distortion due to the classic rapid growth that occurs at
early age stages [22]. Lambda (L) represents the skewness, mu (M) reflects the median, and
sigma (S) is equal to the coefficient of variation. In contrast to the LMS method, which is
based only on skewness, the GAMLSS method applies two additional submethodologies:
Box-Cox power transform (LMSP) and Box-Cox t (LMST). These submethodologies are
also adjusted by kurtosis [23,24].

For this study, all three methods (LMS, LMSP, and LMST) were applied for each sex
and age transformation. The most suitable model was selected based on the lowest value
for the Akaike information criterion (AIC). To validate this model, Q–Q and worm plots
were created, and the Filliben plot correlation coefficient was calculated. Then, all the
values were verified to confirm that the mean, standard deviation, skewness, and kurtosis
were close to 0, 1, 0, and 3, respectively [21].

After the model selection, percentile values were calculated: 3rd, 5th, 10th, 25th, 50th,
75th, 85th, 95th, and 97th by sex and age using the following formula:

X = M(1 + LSz) ˆ(1/L)

where,
X = percentile value
Z = z score
M = mu
S = sigma
L = lambda
Statistical analyses were performed using R (3.4.4, R Foundation for Stati, Vienna, Austria)

and RStudio (1.2.1335, PBC, Boston, MA, USA) software. The GAMLSS package was used
for the construction of growth charts [25].
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3. Results

For this study, a total of 1059 schoolchildren aged 6 to 11 years were included (52.9%
female). Weight, height, and BMI values were higher for males; however, this difference was
not statistically significant. Similarly, males showed greater neck and waist circumferences
than females (p < 0.05). On the other hand, the body fat percentage was higher for females
(2.59% higher than males; p < 0.001).

Table 1 shows the anthropometric measurements of the studied population by sex
and age. It also shows that NC and WC displayed higher values in males, except for the
11-year-old group, in which girls showed higher WC values compared to boys.

Table 1. Anthropometric measurements of schoolchildren aged 6–11 years in Acatlán de Juárez and Villa Corona
Jalisco, México.

Gender
Age

(years)
n Weight (kg) Height (cm)

BMI
(kg/m2)

WC (cm) NC (cm) BF (%)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Female

6 114 20.67 2.81 116.33 5.52 15.16 1.19 52.24 + 3.42 24.61 * 1.08 15.42 * 4.12
7 99 23.60 3.89 123.16 5.50 15.33 1.16 54.01 3.11 25.25 * 1.14 15.77 * 3.58
8 94 25.72 3.60 127.75 + 5.51 15.71 1.45 55.54 3.58 25.79 * 1.32 16.91 * 4.50
9 92 29.54 3.81 134.39 6.40 16.31 1.33 58.00 3.43 26.50 * 1.18 18.43 * 3.91
10 90 33.04 4.90 141.00 7.32 16.51 1.45 59.66 4.52 27.07 * 1.19 18.62 + 4.15
11 71 39.42 + 6.95 148.90 + 7.58 17.67 2.06 62.99 5.11 28.40 + 1.59 20.70 * 4.47

Male

6 91 21.12 2.47 117.30 5.14 15.21 0.93 53.32 + 2.69 25.74 * 1.10 13.18 * 2.84
7 85 23.54 2.62 123.09 5.03 15.51 1.08 54.64 3.12 26.28 * 1.26 13.68 * 3.65
8 76 26.60 3.06 129.66 + 5.29 15.78 1.08 56.48 3.25 27.06 * 1.05 14.07 * 3.22
9 92 29.44 3.87 134.64 5.73 16.18 1.38 58.30 4.26 27.40 * 1.28 14.47 * 4.23
10 85 33.12 5.22 140.33 5.63 16.74 1.91 60.93 5.46 28.10 * 1.50 16.59 + 5.42
11 70 36.74 + 5.44 145.77 + 6.30 17.18 1.71 62.65 4.69 28.96 + 1.39 17.46 * 5.75

BMI: body mass index; WC: waist circumference; NC: neck circumference; BF: body fat; SD: standard deviation. * represents the statistical
differences (p < 0.001) for one anthropometric parameter between males and females of the same age. + represents the statistical differences
(p < 0.05) for one anthropometric parameter between males and females of the same age.

The correlations between NC and all the anthropometric variables were statistically
significant, regardless of sex and age. For WC and BMI, the correlations ranged from
r = 0.5 to r = 0.8, whereas for BF% and skinfold thickness, the correlations had lower values,
ranging from r = 0.2 to r = 0.7 (Table 2).

Table 2. Correlation coefficients between neck circumference and adiposity anthropometric indicators
by sex and age.

Sex Age n BMI WC BF (%) TSF SSF p

Female

6 114 0.51 0.60 0.35 0.37 0.34 <0.001
7 99 0.62 0.65 0.43 0.45 0.30 <0.001
8 94 0.63 0.62 0.49 0.49 0.44 <0.001
9 92 0.53 0.59 0.32 0.34 0.24 <0.001
10 90 0.63 0.65 0.36 0.31 0.32 <0.001
11 71 0.65 0.70 0.52 0.42 0.55 <0.001

Male

6 91 0.59 0.67 0.53 0.48 0.47 <0.001
7 85 0.53 0.54 0.42 0.38 0.41 <0.001
8 76 0.56 0.60 0.33 0.29 0.33 <0.001
9 92 0.67 0.70 0.57 0.49 0.57 <0.001
10 85 0.84 0.84 0.73 0.68 0.77 <0.001
11 70 0.65 0.72 0.24 0.26 0.22 <0.001

BMI: body mass index; WC: waist circumference; BF: body fat; TSF: tricipital skinfold thickness; SSF: subscapular
skinfold thickness.
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Regarding the percentile distribution for neck circumference, both males and females
displayed a pronounced increase between 10 and 11 years of age. The 6-to-7-year-old group
had the lowest increase. The greatest variability (97th percentile minus the 3rd percentile)
was found for the 11-year-old group, with an increase of 5.45 cm for males and 5.39 cm
for females.

The least variability was observed for the six-year-old children, with increments of
4.18 and 4.03 cm for the males and females, respectively. At the 50th percentile, the yearly
increment of neck circumference ranged from 0.5 to 1.0 cm (Table 3).

Table 3. Percentile distribution of neck circumference (cm) of schoolchildren aged 6–11 years in Acatlán de Juarez and Villa
Corona Jalisco, México.

Percentiles

Age
(years)

L M S 3 5 10 25 50 75 85 90 95 97

Female
6 0.1292 24.6009 0.0435 22.66 22.89 23.26 23.89 24.60 25.33 25.73 26.01 26.42 26.69
7 −1.4136 25.1297 0.0447 23.21 23.43 23.78 24.40 25.13 25.92 26.36 26.68 27.16 27.48
8 −2.4229 25.7153 0.0460 23.77 23.99 24.34 24.96 25.72 26.56 27.05 27.40 27.96 28.34
9 −2.0373 26.3952 0.0474 24.32 24.55 24.93 25.59 26.40 27.28 27.80 28.16 28.73 29.12

10 −0.5193 27.2256 0.0490 24.88 25.16 25.59 26.35 27.23 28.15 28.66 29.02 29.56 29.92
11 1.0549 28.2507 0.0507 25.55 25.89 26.41 27.28 28.25 29.22 29.73 30.08 30.60 30.94

Male
6 −0.1859 25.7458 0.0431 23.76 23.99 24.37 25.01 25.75 26.51 26.93 27.22 27.65 27.94
7 −0.7149 26.2513 0.0439 24.23 24.47 24.84 25.49 26.25 27.05 27.49 27.80 28.27 28.58
8 −1.2831 26.8052 0.0449 24.74 24.98 25.36 26.02 26.81 27.65 28.12 28.46 28.97 29.31
9 −1.8881 27.4073 0.0459 25.30 25.54 25.92 26.60 27.41 28.30 28.81 29.17 29.73 30.12

10 −2.5277 28.0587 0.0470 25.91 26.15 26.53 27.22 28.06 29.00 29.56 29.95 30.58 31.01
11 −3.2002 28.7605 0.0482 26.56 26.80 27.18 27.89 28.76 29.76 30.37 30.81 31.51 32.01

L: lambda, M: mean, S: variation coefficient.

Growth charts for neck circumference showed a linear and constant tendency for both
sexes starting with the 10-year-old group. Similarly, neck circumference was greater for
males than for females (Figure 1).

 

Figure 1. Percentiles of neck circumference of females (A) and males (B) aged 6–11 years in Acatlán de Juarez and Villa
Corona Jalisco, México.
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4. Discussion

This study provides reference percentile values for neck circumference from a Mexican
schoolchildren cohort. Remarkably, as of the submission of this report, there was no
other similar study for the Mexican population. Given their correlation with upper body
adiposity, our results may be applied as references in future research and in clinical practice
to identify individuals at risk for overweight and obesity [14,26,27].

The correlation values we presented here were statistically significant but lower than
those we previously reported (where overweight and obese children were included) [14].
This reinforces the hypothesis that the correlation values tend to be higher for these
children. In general, BMI and WC were the variables with the highest correlation values
with NC, which was consistent with other studies that included children, regardless of
body weight [26,28–30].

Neck circumference was greater for the male than for the female participants, and
it showed an age-dependent increase. The age group with the smallest increment was
for children between 6 and 7 years old, whereas the most pronounced increment was for
children between 10 and 11 years old for both sexes. This increment might be related to
the onset of puberty, which normally begins at 10–11 years and 13–14 years for girls and
boys, respectively. Most importantly, female participants had the greatest yearly increment,
regardless of age, for neck circumference, waist circumference, and body fat percentage.
This finding represents relevant evidence of the association between neck circumference
and adiposity indicators in this gender.

The percentile values presented herein were similar to those reported by Katz [31] for
Canadian children. These results can be explained by the fact that both samples included
children of normal weight. Although the Canadian study presented data from 6-17-year-
old participants, the values appear to be consistent with those in our study of Mexican
children up to 11 years of age. The 50th percentile values for girls were slightly lower in
our study, with differences ranging from 0.0 to 0.3 cm. Nevertheless, the values for boys
were higher than those in Katz’s report, differing from 0.0 to 0.5. This was not the case for
the report of European children by Nagy [32], who included normal-weight subjects, with
NC values for both males and females 6–10 years of age displaying greater differences,
ranging from 0.2 to 0.9 cm, than in our study.

Our data were also similar to those reported by Mazicioglu [26] in Turkey. The values
of female subjects at the 50th percentile varied between 24.9 and 28.5 cm, close to the data
reported herein (24.6 to 28.3 cm). Male participants showed a similar pattern, ranging from
25.6 to 28.8 cm versus 25.8 to 28.8 cm for the Turkish data and Mexican data, respectively.
Notably, the values represent Turkish children between the 3rd and 97th percentiles for
weight. Similarly, the percentiles reported by Hosseini for Iranian children showed values
at the 50th percentile ranging from 26.3 to 28.3 cm for males and 25.4 to 28.2 cm for
females [33]. Nonetheless, these percentiles were based on children who were 7 years of
age and older, regardless of weight.

On the other hand, Coutinho’s report [34] on Brazilian children showed higher values
at the 50th percentile compared to those in our study. This difference was more notable for
girls 6–8 years of age (0.3–1.2 cm). For boys, the difference was less (0.1–0.6 cm). However,
these percentiles were calculated based on children with NC values within ±3 SD. A
graphical comparison between the 25th, 50th and 75th percentiles for NC data from the
aforementioned countries is shown in Figure 2.

According to the WHO, to create reference growth charts, it is necessary to include
normal weight subjects only to represent the ideal increment. It is evident that the data we
present showed lower values compared to most of the studies we cited, except for those
studies that included only normal-weight children.

It has been previously mentioned in other research reports that neck circumference
represents certain advantages over other indicators, such as BMI or waist circumfer-
ence [13,28,35]. Neck circumference is an adiposity indicator for the upper body segment,
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and it is not necessarily repeated to obtain a reliable measurement, as it can be taken at any
time of the day without variation.

  

 

Figure 2. Comparison of 25th, 50th and 75th percentiles values for neck circumference (NC) among females (A) and males
(B) from different countries. Note: Mexico and Canada [31] included normal weight children. Turkey [26] removed the
extreme values by determining the 3rd–97th percentiles for weight. Iran [33] included the entire sample. Brazil [34] included
children with NC values within ±3 SD.

One limitation of this study might be the fact that the sample size was selected by
convenience. Furthermore, it is important to point out that although this study included a
considerable sample size, due to the differences in body composition related to the diversity
of the Mexican population, the data do not represent the entire country’s population.
Notably, although we adopted the WHO recommendations to create a pattern reference,
we included only the BMI/age standard to classify normal weight children.

5. Conclusions

This study presents the first reference percentile values for the neck circumference of
Mexican children, which may be applied to the identification of subjects far from the mean
as well as for clinical follow-up.
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11. Hatipoğlu, N.; Doğan, S.; Mazıcıoğlu, M.M.; Kurtoğlu, S. Relationship between Neck Circumference and Non-Alcoholic Fatty
Liver Disease in Childhood Obesity. J. Clin. Res. Pediatr. Endocrinol. 2016, 8, 32–39. [CrossRef] [PubMed]

12. Nafiu, O.O.; Zepeda, A.; Curcio, C.; Prasad, Y. Association of neck circumference and obesity status with elevated blood pressure
in children. J. Hum. Hypertens. 2014, 28, 263–268. [CrossRef] [PubMed]

13. Androutsos, O.; Grammatikaki, E.; Moschonis, G.; Roma-Giannikou, E.; Chrousos, G.P.; Manios, Y.; Kanaka-Gantenbein, C. Neck
circumference: A useful screening tool of cardiovascular risk in children. Pediatr. Obes. 2012, 7, 187–195. [CrossRef]

14. Valencia-Sosa, E.; Chávez-Palencia, C.; Romero-Velarde, E.; Larrosa-Haro, A.; Vásquez-Garibay, E.M.; Ramos-García, C.O. Neck
circumference as an indicator of elevated central adiposity in children. Public Health Nutr. 2019, 22, 1755–1761. [CrossRef]
[PubMed]

15. Li, X.H.; Lin, S.; Guo, H.; Huang, Y.; Wu, L.; Zhang, Z.; Ma, J.; Wang, H.J. Effectiveness of a school-based physical activity
intervention on obesity in school children: A nonrandomized controlled trial. BMC Public Health 2014, 14. [CrossRef] [PubMed]

16. Habicht, J.P. Standardization of quantitative epidemiological methods in the field. Bol. Oficina Sanit. Panam. 1974, 76, 375–384.
[PubMed]

17. Stewart, A.A.; Marfell-Jones, M.; Olds, T.; Al., E. International Standards for Anthropometric Assessment; International Society for the
Advancement of Kinanthropometry: Lower Hutt, New Zeland, 2011; ISBN 0620362073.

18. Slaughter, A.M.H.; Lohman, T.G.; Boileau, R.A.; Horswill, C.A.; Stillman, R.J.; Loan, M.D.V.A.N.; Bemben, D.A. Skinfold
Equations for Estimation of Body Fatness in Children and Youth. Hum. Biol. 2013, 60, 709–723. Available online: http:
//www.jstor.org/stable/41464064 (accessed on 15 January 2019).

19. De Onis, M.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for
school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660–667. [CrossRef]

20. Taylor, R. Interpretation of the Correlation Coefficient: A Basic Review. J. Diagn. Med. Sonogr. 1990, 6, 35–39. [CrossRef]
21. Stasinopoulos, M.D.; Rigby, R.A.; Heller, G.Z.; Voudouris, V.; De Bastiani, F. Flexible regression and smoothing: Using GAMLSS

in R. Flex. Regres. Smoothing Using GAMLSS R 2017, 1–549. [CrossRef]
22. Indrayan, A. Demystifying LMS and BCPE methods of centile estimation for growth and other health parameters. Indian Pediatr.

2014, 51, 37–43. [CrossRef]
23. Rigby, R.A.; Stasinopoulos, D.M. Smooth centile curves for skew and kurtotic data modelled using the Box-Cox power exponential

distribution. Stat. Med. 2004, 23, 3053–3076. [CrossRef]
24. Rigby, R.A.; Stasinopoulos, D.M. Using the Box-Cox t distribution in GAMLSS to model skewness and kurtosis. Stat. Model. 2006,

6, 209–229. [CrossRef]
25. Stasinopoulos, D.M.; Rigby, R.A. Generalized Additive Models for Location Scale and Shape (GAMLSS) in R. J. Stat. Softw. 2007,

23, 1–46. [CrossRef]
26. Mazicioglu, M.M.; Kurtoglu, S.; Ozturk, A.; Hatipoglu, N.; Cicek, B.; Ustunbas, H.B. Percentiles and mean values for neck

circumference in Turkish children aged 6–18 years. Acta Paediatr. Int. J. Paediatr. 2010, 99, 1847–1853. [CrossRef] [PubMed]

147



Children 2021, 8, 407

27. Da Silva, C.C.; Zambon, M.P.; Vasques, A.C.; Rodrigues, A.M.; Camilo, D.F.; Antonio, M.A.; Cassani, R.S.; Geloneze, B. Neck
circumference as a new anthropometric indicator for prediction of insulin resistance and components of metabolic syndrome in
adolescents: Brazilian Metabolic Syndrome Study. Rev. Paul. Pediatr. 2014, 32, 221–229. [CrossRef]

28. Lou, D.-H.; Yin, F.-Z.; Wang, R.; Ma, C.-M.; Liu, X.-L.; Lu, Q. Neck circumference is an accurate and simple index for evaluating
overweight and obesity in Han children. Ann. Hum. Biol. 2012, 39, 161–165. [CrossRef] [PubMed]

29. Taheri, M.; Kajbaf, T.Z.; Taheri, M.R.; Aminzadeh, M. Neck circumference as a useful marker for screening overweight and obesity
in children and adolescents. Oman Med. J. 2016, 31, 170–175. [CrossRef] [PubMed]

30. Kelishadi, R.; Djalalinia, S.; Motlagh, M.E.; Rahimi, A.; Bahreynian, M.; Arefirad, T.; Ardalan, G.; Safiri, S.; Hasani, M.;
Asayesh, H.; et al. Association of neck circumference with general and abdominal obesity in children and adolescents: The weight
disorders survey of the CASPIAN-IV study. BMJ Open 2016, 6, 1–10. [CrossRef]

31. Katz, S.L.; Vaccani, J.-P.; Clarke, J.; Hoey, L.; Colley, R.C.; Barrowman, N.J. Creation of a reference dataset of neck sizes in children:
Standardizing a potential new tool for prediction of obesity-associated diseases? BMC Pediatr. 2014, 14, 159. [CrossRef] [PubMed]

32. Nagy, P.; Kovacs, E.; Moreno, L.A.; Veidebaum, T.; Tornaritis, M.; Kourides, Y.; Siani, A.; Lauria, F.; Sioen, I.; Claessens, M.; et al.
Percentile reference values for anthropometric body composition indices in European children from the IDEFICS study. Int. J.
Obes. 2014, 38, 15–25. [CrossRef]

33. Hosseini, M.; Motlagh, M.E.; Yousefifard, M.; Qorbani, M.; Ataei, N.; Asayesh, H.; Yaseri, M.; Mohammadi, R.; Baikpour, M.;
Abbasi, A.; et al. Neck circumference percentiles of Iranian children and adolescents: The weight disorders survey of CASPIAN
IV study. Int. J. Endocrinol. Metab. 2017, 15. [CrossRef] [PubMed]

34. Coutinho, C.A.; Longui, C.A.; Monte, O.; Conde, W.; Kochi, C. Measurement of neck circumference and its correlation with body
composition in a sample of students in Sao Paulo, Brazil. Horm. Res. Paediatr. 2014, 82, 179–186. [CrossRef] [PubMed]

35. Nafiu, O.O.; Burke, C.; Lee, J.; Voepel-Lewis, T.; Malviya, S.; Tremper, K.K. Neck circumference as a screening measure for
identifying children with high body mass index. Pediatrics 2010, 126, e306–e310. [CrossRef] [PubMed]

148



children

Article

Comparison of Bioelectrical Impedance-Based Methods on
Body Composition in Young Patients with Obesity

Alexandra Thajer 1,*, Gabriele Skacel 1, Katharina Truschner 1, Anselm Jorda 1, Martin Vasek 1, Brian Horsak 2,

Johanna Strempfl 3, Alexandra Kautzky-Willer 4, Franz Kainberger 5 and Susanne Greber-Platzer 1

��������	
�������

Citation: Thajer, A.; Skacel, G.;

Truschner, K.; Jorda, A.; Vasek, M.;

Horsak, B.; Strempfl, J.;

Kautzky-Willer, A.; Kainberger, F.;

Greber-Platzer, S. Comparison of

Bioelectrical Impedance-Based

Methods on Body Composition in

Young Patients with Obesity. Children

2021, 8, 295. https://doi.org/

10.3390/children8040295

Academic Editor:

Odysseas Androutsos

Received: 3 March 2021

Accepted: 7 April 2021

Published: 11 April 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Division of Pediatric Pulmonology, Allergology and Endocrinology, Department of Pediatrics and Adolescent
Medicine, Medical University of Vienna, Waehringer Guertel 18–20, 1090 Vienna, Austria;
gabriele.skacel@akhwien.at (G.S.); kathianna568@gmail.com (K.T.); anselm.jorda@meduniwien.ac.at (A.J.);
martin.vasek@meduniwien.ac.at (M.V.); susanne.greber-platzer@meduniwien.ac.at (S.G.-P.)

2 Institute of Health Sciences, St. Pölten University of Applied Sciences, Matthias-Corvinus-Straße 15,
3100 St. Pölten, Austria; brian.horsak@fhstp.ac.at

3 Department of Physiotherapy, St. Pölten University of Applied Sciences, Matthias-Corvinus-Straße 15,
3100 St. Pölten, Austria; Johanna.Strempfl@fhstp.ac.at

4 Gender Medicine Unit, Division of Endocrinology and Metabolism, Department of Internal Medicine III,
Medical University of Vienna, Waehringer Guertel 18–20, 1090 Vienna, Austria;
alexandra.kautzky-willer@meduniwien.ac.at

5 Division of Neuro- and Musculoskeletal Radiology, Department of Biomedical Imaging and Image-Guided
Therapy, Medical University of Vienna, Waehringer Guertel 18–20, 1090 Vienna, Austria;
franz.kainberger@meduniwien.ac.at

* Correspondence: alexandra.thajer@meduniwien.ac.at

Abstract: (1) Background: The determination of body composition is an important method to in-
vestigate patients with obesity and to evaluate the efficacy of individualized medical interventions.
Bioelectrical impedance-based methods are non-invasive and widely applied but need to be validated
for their use in young patients with obesity. (2) Methods: We compiled data from three independent
studies on children and adolescents with obesity, measuring body composition with two bioelec-
trical impedance-based devices (TANITA and BIACORPUS). For a small patient group, additional
data were collected with air displacement plethysmography (BOD POD) and dual-energy X-ray
absorptiometry (DXA). (3) Results: Our combined data on 123 patients (age: 6–18 years, body mass
index (BMI): 21–59 kg/m2) and the individual studies showed that TANITA and BIACORPUS yield
significantly different results on body composition, TANITA overestimating body fat percentage and
fat mass relative to BIACORPUS and underestimating fat-free mass (p < 0.001 for all three parameters).
A Bland–Altman plot indicated little agreement between methods, which produce clinically relevant
differences for all three parameters. We detected gender-specific differences with both methods,
with body fat percentage being lower (p < 0.01) and fat-free mass higher (p < 0.001) in males than
females. (4) Conclusions: Both bioelectrical impedance-based methods provide significantly different
results on body composition in young patients with obesity and thus cannot be used interchangeably,
requiring adherence to a specific device for repetitive measurements to ascertain comparability
of data.

Keywords: pediatric obesity; body composition analysis; bioelectrical impedance analysis; air
displacement plethysmography; DXA; body fat percentage; fat mass; fat free mass

1. Introduction

Obesity is a health issue of world-wide relevance and of increasing prevalence, consid-
ered to have reached the level of a pandemic disease over the past 50 years [1]. Besides the
often-perceived general reduction of quality of life, obesity is known to profoundly increase
the risk for numerous diseases such as diabetes [2], cardiovascular diseases [3], cancer [4],
and, as has recently become evident, the severity of viral diseases such as COVID-19 [5,6].
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The enhanced prevalence of obesity is already detectable in children and adolescents and a
recent study found that 90% of children with obesity at the age of 3 years have overweight
at adolescence [7], and almost 60% with obesity at 2 to 19 years were predicted to be obese
at an age of 35 [8]. Available longitudinal data suggest that early obesity also enhances
the risk of developing metabolic syndrome [9] among numerous other complications [10],
and long-term observational studies even identified childhood adiposity as a predictor for
morbidity and mortality independent of the weight status in adulthood [11]. The early
detection of signs indicating enhanced risk of developing obesity such as unusually high
body fat or body fat percentage during childhood and adolescence thus appears of critical
importance to allow one to take preventive measures or to initiate medical interventions
before the development of obesity-related diseases is triggered.

Among the different methods to diagnose overweight and obesity, the determina-
tion of body fat and of total body composition is of particular relevance. Different ap-
proaches for correct classification include measurements with bioelectrical impedance
analysis (BIA) [12], air displacement plethysmography [13], and dual X-ray absorptiometry
(DXA) [14], all of which are reportedly used in clinical practice. DXA is described as a refer-
ence method for body composition determination [11,15] but is an expensive tool therefore
with limited availability in centers and patients are exposed to radiation. Bioelectrical
impedance-based determination of body composition is a relatively simple method, not
very time-consuming, non-invasive, and does not expose the patient to radiation [12]. It
is widely applied in clinical practice and appears ideally suited for the use with children
and adolescents [16]. However, there are different devices available using bioelectrical
impedance measuring principles and only limited data on young patients with obesity
are available. It is crucial to fill this gap in the literature concerning different bioelectrical
impedance devices in children and adolescents with obesity.

Although these methods are well established for the application with adult patients,
data on their use in children and adolescents with obesity are associated with considerable
uncertainty, since several assumptions underlying these methods may be valid in adults
but not in children. For example, changes in protein, water and mineral content occur
during growth and maturation and affect the estimates of percent fat and fat-free mass [17].
Additionally, the share of different body compartments is not a constant from childhood to
adulthood and shows considerable developmental differences between boys and girls [18].
Observations in 5–7 year old school kids even indicated changes in fat mass and distribution
that occur totally independently from changes in body mass index (BMI) [15]. Thus,
methods applied to determine body composition in adults need to be validated for their
use in children [17,19]. In addition, as different methods may produce variable results, it
is important to know how these methods compare with each other to be able to set into
perspective data generated using a particular methodology and to evaluate the impact of
individualized treatment regimes.

Recently, we could publish differences related to body composition in children with
obesity examined by two methods based on bioelectrical impedance, TANITA (Type BC-
418MA, TANITA Corporation, Tokyo, Japan), and BIACORPUS (BIACORPUS RX 4000,
Medical Healthcare GmbH, Karlsruhe, Germany) [20]. These data were based on a small
study population, but still indicated that TANITA overestimated body fat percentage
and fat mass and underestimated fat free mass compared to BIACORPUS [20]. In the
present study, the main objective was to reevaluate these results and to specifically test
in a larger study population whether the use of different devices for the determination of
body composition in children and adolescents yields different results. For this purpose,
we thus evaluated different devices and compared them with each other to obtain insight
into the accuracy and reliability of the methods for the determination of body composition
in patients with obesity during childhood and adolescence and to assess their usability in
routine clinical practice.

Data on body composition assessments of children with obesity were obtained with
TANITA and BIACORPUS. In addition, in order to expand this comparison and to obtain
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evidence as to which further comparison may be important for future research, these
bioelectrical impedance-based data were compared to air displacement plethysmography
BOD POD (BOD POD COSMED Inc., Concord, CA, USA) and DXA.

2. Materials and Methods

2.1. Patient Recruitment

Data from patients of three different studies performed at the Medical University
Vienna were analyzed. All patients were recruited at the outpatient clinic of obesity,
lipometabolic disorder and nutritional medicine at the Department of Pediatrics and Ado-
lescent Medicine, Medical University of Vienna. The obesity outpatient clinic provides care
by an interdisciplinary team of doctors, dieticians, nurses, psychologists and social workers.

Study #1, the BODCOP study—a retrospective study on data obtained between August
2015 and May 2016, included 67 children and adolescents who were patients at the above-
named institution for whom body composition with TANITA and BIACORPUS, and
anthropometric data were routinely assessed during their treatment schedule. All patients
were aged under 18 years and had a body mass index (BMI) exceeding the 97th percentile
according to the recommendations given by Kromeyer-Hauschild and colleagues [21]. The
primary end point of this study was the comparison of both devices for measuring body
composition in obese and non-obese individuals. The study was approved by the local
Ethics Committee of the Medical University Vienna (EC Nr: 1357/2016).

Study #2, Children’s KNEEs study—a randomized controlled trial performed between
September 2015 and May 2017, with data from 44 patients which were collected during a
12-week strength and neuromuscular exercise program for the lower extremity on knee
load, pain and function in pediatric patients with obesity [22]. Patients were aged between
10 and 18 years and exceeded the 97th percentile described by Kromeyer-Hauschild [21].
The exclusion criteria were: (i) syndromes associated with obesity (e.g., Prader–Willi
syndrome); (ii) chronic joint diseases; (iii) neuro-motor diseases; and (iv) any history of a
lower extremity joint surgery. The bioelectrical impedance-based methods, TANITA and
BIACORPUS, were performed in all patients. The primary end point of this study was
to assess the impact of an exercise program for the lower extremity on knee load, pain
and function in young patients with obesity. The study was approved by the local Ethics
Committee of the Medical University Vienna (EC Nr: 1445/2013) and was registered at
clinicaltrials.gov (accessed on 4 March 2021) NCT02545764.

Study #3, the MotiMove Study—a pilot for an intervention study on movement in
adolescents with obesity conducted between October and December 2019, included 12
patients aged between 14 and 18 years with a BMI exceeding the 90th percentile according
to Kromeyer-Hauschild [21]. Despite the slightly different approach to include patients
with a BMI above the 90th percentile, all patients in fact exceeded the 97th percentile as in
the other two studies. The exclusion criteria were: (i) syndromes associated with obesity
(e.g., Prader–Willi syndrome); (ii) chronic joint diseases; (iii) neuro-motor diseases; and (iv)
any history of a lower extremity joint surgery. The primary end point of this study was to
determine the effect of a physiotherapeutic group training on the motivation to perform
physical activity in adolescents with obesity. In all patients, TANITA and BIACORPUS
measurements were performed. In a subgroup, BOD POD and DXA were used to measure
the body composition.

The Ethical Committee of the Medical University of Vienna approved the study (EC
Nr: 1572/2019). In study #2 and #3, written informed consent was obtained from all parents
and children.

2.2. Anthropometric Measurements

Anthropometric parameters which were recorded included body height and weight,
and circumference at the waist, hip abdomen, and mid upper arm and were measured
under the same standardized procedures in all patients. These latter measures of cir-
cumferences were not included in the present analysis. Procedures were as outlined
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previously [20], but a calibrated TANITA scale was used instead of a SECA scale (SECA 959,
Seca Gmbh & Co., Hamburg, Germany). Body weight was measured in patients wearing
light underwear, in standing position and within 0.1 kg precision. These values were
also applied for the calculation of BIACORPUS-based body composition determination.
Body height was measured in an upright facing position with feet together and the back
against the wall to the nearest 0.1 cm as the maximum distance between the floor and the
highest point on the head. Body weight and body height of each patient were assessed as
a prerequisite to allow for the determination of the body composition with the methods
used here.

2.3. Measurements of Body Composition

The present study applied four different methods for the assessment of body composi-
tion, two of these based on bioelectrical impedance analysis (TANITA, BIACORPUS), one
on air displacement plethysmography (BOD POD), and one on dual X-ray absorptiometry
(DXA). The main parameters determined and analyzed were body fat percentage (BFP,
%), fat mass (FM, kg) and fat-free mass (FFM, kg). The two devices based on bioelectrical
impedance analysis, TANITA and BIACORPUS, were performed in all patients. BOD POD
and DXA were only conducted in patients from study #3. All body composition measure-
ments were performed under the same standardized procedures. To reduce measurement
variability, all measurements in each patient were conducted by the same trained team
member, and under the same conditions such as overnight fast of the patient, with an
empty bladder, wearing only light clothes, at the same daytime, and measurements were
performed at room temperature by calibrated devices.

2.4. TANITA and BIACORPUS

The assessment of body composition with the devices followed standard procedures
as outlined before [20]. Patients were measured with the TANITA scale (Type BC-418MA,
TANITA Corporation, Tokyo, Japan) and immediately afterwards with the BIACORPUS
device (BIACORPUS RX 4000, Medical Healthcare GmbH, Karlsruhe, Germany), using a
frequency setting of 50 kHz and applying 8 electrodes for both devices, assuring maximum
comparability. Patients were measured in the morning, had fasted overnight and had
emptied their bladder prior to the measurement.

2.5. BOD POD

The determination of body composition with air displacement plethysmography was
conducted with the BOD POD Gold Standard Body Composition Tracking System (BOD
POD COSMED Inc., Concord, CA, USA), following the instructions of the manufacturer.
This type of measurement applies the principles of whole-body densitometry to determine
body composition. For this, a high-precision weight assessment is combined with a body
volume measurement and determination of the thoracic gas volume, and then, based on
densitometric equations BFP, FM and FFM are calculated.

2.6. DXA

The DXA-based method for the determination of body composition applies the fact
that fat and non-fat tissue attenuate X-rays to a different extent, allowing one to calculate
the proportion of each compartment following a whole-body scan.

Whole-body DXA was performed with a Hologic Horizon system A (Hologic Inc.,
Marlborough, MA, USA), applying the latest available Hologic Horizon A software release,
for estimating body composition by the same trained technicians according to the prescrip-
tions by the manufacturer and after daily calibration. Patients were scanned according to
the most recent version of the official position for pediatric patients of the International
Society for Clinical Densitometry (ISCD 2019). All patients were placed in supine position
with the limbs in a standardized way according to the guidelines. Previous fractures or
systemic diseases with a potential to influence the results had been excluded prior to the
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investigation and were excluded during reporting by checking the shape of the bones and
the symmetry of the density values on the scout image. The precision and accuracy of DXA
is reported as acceptable to define body composition in children [23]. Fat mass, lean tissue
mass, and bone mineral content of the whole body were measured. The radiation dose,
expressed as dose area product, was 7.9 cGy·cm2.

2.7. Statistics

Statistical analyses were performed with the SPSS software package (SPSS Inc.,
Chicago, IL, version 24.0). Data were analyzed for normal distribution allowing the
application of parametric tests. The results are expressed as means ± SD unless otherwise
indicated. Assumptions were checked before conducting parametric tests. Data on body
composition methods were analyzed with paired t-tests and a p-value of < 0.05 was consid-
ered as statistically significant. Further, data obtained with TANITA and BIACORPUS were
compared by the Pearson correlation coefficient, and the Bland–Altman plot was used to
assess the extent of agreement between the two methods [24]. The 95% limits of agreement
were calculated as the mean difference ± 1.96 SD [25].

3. Results

3.1. General Characteristics of the Study Population

The data obtained from three independent studies were either separately evaluated for
each study or presented as a pooled study population. As shown in Table 1, the common
patient population consisted of 123 children and adolescents with 63% male participants
and a mean age of 13.6 years. Study #3 included only adolescents aged 14 to 18 years. The
overall BMI was 35.2 kg/m2 and slightly higher in study group 3 with an average BMI of
37 kg/m2.

Table 1. Demographic patient characteristics and anthropometric parameters.

Characteristics
All Patients

(n = 123)
Study 1 (n = 67) Study 2 (n = 44) Study 3 (n = 12)

Male (absolute; %) 78 (63) 43 (64) 28 (64) 7 (58)
Age (years) 13.6 ± 2.6 13.4 ± 2.6 13.3 ± 2.4 15.9 ± 1.4
Height (cm) 165.2 ± 12.1 165.0 ± 12.7 164.2 ± 11.4 169.8 ± 10.4
Weight (kg) 97.5 ± 27.6 98.0 ± 28.7 94.0 ± 27.1 107.4 ± 21.8

BMI (kg/m2) 35.2 ± 7.0 35.4 ± 7.5 34.3 ± 6.8 37.0 ± 4.7
Results are presented as means ± SD or as numbers of subjects (%); BMI body mass index.

3.2. Comparison of Bioelectric Impedance-Based Methods

Values on body composition determined with the bioelectrical impedance-based
methods, TANITA and BIACORPUS are summarized in Table 2. In the overall study
population with 123 patients, BFP amounted to 41.4% when determined with TANITA
and 39.1% when assessed with the BIACORPUS device, a statistically highly significant
difference (p < 0.001). Similar effects were shown for the FM with an average of 41.6 kg
determined with TANITA and a significantly lower value of 38.6 kg determined with
BIACORPUS (p < 0.001). In contrast, the average FFM of 56.2 kg seen with TANITA was
significantly lower than that of 58.9 kg seen with BIACORPUS (p < 0.001). These differences
were highly significant in patients from study #1 and #2, while in study #3 the differences
were not significant, presumably due to the lower patient frequencies.
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Table 2. Comparison of body composition parameters determined with bioelectrical impedance-based methods.

All Patients
(n = 123)

Study 1 (n = 67) Study 2 (n = 44) Study 3 (n = 12)

TANITA BIACORPUS
p-

Value
TANITA BIACORPUS

p-
Value

TANITA BIACORPUS
p-

Value
TANITA BIACORPUS

p-
Value

BFP (%) 41.4 ±
7.8 39.1 ± 6.7 0.000 41.6 ±

8.1 39.4 ± 6.8 0.000 40.7 ±
7.7 37.9 ± 6.0 0.000 43.0 ±

7.0 42.1 ± 8.2 0.481

FM (kg) 41.6 ±
17.8 38.6 ± 14.3 0.000 41.8 ±

18.5 39.0 ± 14.6 0.000 39.3 ±
17.4 36.3 ± 13.8 0.001 48.6 ±

14.5 45.2 ± 12.7 0.252

FFM
(kg)

56.2 ±
14.2 58.9 ± 16.2 0.000 56.2 ±

14.3 59.1 ± 16.9 0.000 54.7 ±
13.6 57.7 ± 15.4 0.001 61.3 ±

15.9 62.1 ± 15.6 0.520

Results are presented as mean ± SD; comparison of the body composition methods was made using paired samples t-test; BFP body fat
percentage, FM fat mass, FFM fat free mass. TANITA (Type BC-418MA, TANITA Corporation, Tokyo, Japan), BIACORPUS (BIACORPUS
RX 4000, Medical Healthcare GmbH, Karlsruhe, Germany).

TANITA and BIACORPUS showed a significant difference in BFP (p < 0.01) and FFM
(p < 0.001) between male and female participants, but not in FM (Table 3). As a result, BFP
was lower in males compared to females. FFM was considerably higher in males than in
females. Most of these differences were also observed and remained significant in study #1
and #2, except BFP in the TANITA of study #2, and in the BIACORPUS of study #3. The
total FM measured with TANITA was higher in males than females, although this was not
significant. In contrast, FM measured with BIACORPUS was equal in both genders and
even slightly increased in females.

Table 3. Gender-specific values of body composition parameters determined with TANITA and BIACORPUS.

All Patients (n = 123) All Patients (n = 123)

Parameter Male (n = 78) Female (n = 45) p-value Male (n = 78) Female (n = 45) p-value

TANITA BIACORPUS

BFP (%) 39.9 ± 8.1 43.9 ± 6.9 0.007 36.5 ± 5.3 43.6 ± 6.6 0.000
FM (kg) 42.6 ± 18.8 39.8 ± 16.1 0.408 38.2 ± 13.7 39.4 ± 15.3 0.638

FFM (kg) 60.8 ± 14.3 48.1 ± 9.7 0.000 64.9 ± 16.0 48.5 ± 10.1 0.000

Study 1 (n = 67) Study 1 (n = 67)

Parameter Male (n = 43) Female (n = 24) p-value Male (n = 43) Female (n = 24) p-value
TANITA BIACORPUS

BFP (%) 39.9 ± 8.4 44.5 ± 6.8 0.024 36.8 ± 5.6 44.0 ± 6.2 0.000
FM (kg) 42.5 ± 19.4 40.5 ± 17.1 0.682 38.5 ± 14.1 39.9 ± 15.8 0.700

FFM (kg) 60.9 ± 13.9 48.8 ± 10.8 0.000 65.0 ± 16.7 48.5 ± 10.3 0.000

Study 2 (n = 44) Study 2 (n = 44)

Parameter Male (n = 28) Female (n = 16) p-value Male (n = 28) Female (n = 16) p-value
TANITA BIACORPUS

BFP (%) 39.9 ± 8.2 42.1 ± 6.6 0.362 36.8 ± 4.9 41.4 ± 6.3 0.002
FM (kg) 40.8 ± 18.8 36.6 ± 14.7 0.443 36.4 ± 13.8 36.0 ± 14.3 0.912

FFM (kg) 58.8 ± 14.0 47.5 ± 9.3 0.006 63.3 ± 15.5 48.1 ± 9.5 0.001

Study 3 (n = 12) Study 3 (n = 12)

Parameter Male (n = 7) Female (n = 5) p-value Male (n = 7) Female (n = 5) p-value
TANITA BIACORPUS

BFP (%) 40.6 ± 5.4 46.5 ± 8.0 0.158 37.7 ± 5.1 48.3 ± 8.0 0.017
FM (kg) 50.0 ± 15.0 46.5 ± 15.2 0.698 43.2 ± 11.7 48.1 ± 14.8 0.528

FFM (kg) 68.2 ± 17.6 51.6 ± 5.5 0.072 70.8 ± 14.0 50.0 ± 7.8 0.014

Results are presented as mean ± SD; comparison of the body composition methods was made using independent samples t-test; BFP, body
fat percentage, FM, fat mass, FFM, fat free mass.

For further evaluation of differences in body composition determined with TANITA
or BIACORPUS, Pearson correlation coefficients were used, and Bland–Altman plots
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generated. As shown in Figure 1, the Pearson correlation was highly significant between
the TANITA and BIACORPUS-based determination of BFP (Pearson r = 0.817; p < 0.01,
n = 123), of FM (Pearson r = 0.953; p < 0.01, n = 123), and of FFM (Pearson r = 0.941; p < 0.01,
n = 123). This contrasts with the result obtained with the Bland–Altman plot, which displays
the mean difference between the methods ± 1.96 SD. This analysis indicated important,
potentially clinically relevant differences between both methods for BFP, FM and FFM.
Thus, the average difference and the 95% limits of agreement was amounted to −2.27%
(average) and from −11.17% to 6.62% (range) for BFP, to −2.93 kg (average) and from
−14.81 kg to 8.95 kg (range) for FM, and to 2.69 kg (average) and from −8.17 kg to 13.56 kg
(range) for FFM. The discrepancy between the methods increased at higher values of BFP,
resulting in little agreement in the upper range of the data. Similar discrepancies were
determined for FM, which differed by ± 12 kg at a mean of around 40 kg and displayed
considerable skewness in the upper data range, and for FFM with a ± 11 kg range at a
mean of around 57 kg.

  
(a) (b) 

  
(c) (d) 

Figure 1. Cont.
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(e) (f) 

Figure 1. Pearson correlation analysis and Bland–Altman plot of body composition data obtained with two bioelectrical
impedance-based methods, TANITA (Type BC-418MA, TANITA Corporation, Tokyo, Japan) and BIACORPUS (BIACORPUS
RX 4000, Medical Healthcare GmbH, Karlsruhe, Germany). Left panel: Pearson correlation for body fat percentage (a), fat
mass (c), and fat free mass (e), with R2 and the equation of the best linear fit given for each correlation plot. Right panel:
Bland–Altman plots for body fat percentage (b), fat mass (d), fat free mass (f), with the middle line indicating the mean
difference and the upper- and lower-line representing limits of agreement. BFP = body fat percentage, FM = fat mass, FFM
= fat-free mass.

3.3. Comparison of BOD POD- and DXA-Based Determination of Body Composition

In study #3, the body composition from 12 individuals was obtained with TANITA
and BIACORPUS. In addition, seven patients were also subjected to comparative mea-
surements using air displacement plethysmography and DXA-based assessments. In this
sub-group, three persons were male (43%), the average age was 16.1 ± 1.5 years, and
mean (±SD) values for height, weight and BMI were 166.9 ± 10.2 cm, 105.1 ± 17.3 kg, and
37.0 ± 4.7 kg/m2, respectively.

In spite of apparent differences, the most pronounced related to the determination
of FM (ranging from 48.6 to 53.2 kg); due to the small sample size, we could not detect
significant differences between methods (Table 4). Overall, there was a satisfying agree-
ment for the BFP values, only BOD POD determined somewhat higher values, and a
greater variability in for FM, which was lowest with BIACORPUS, and a reasonably good
agreement for values on FFM.

Table 4. Comparison of body composition data obtained with TANITA, BIACORPUS, BOD POD
and DXA.

Parameter TANITA BIACORPUS BOD POD DXA

BFP (%) 46.3 ± 7.3 46.0 ± 8.0 48.5 ± 4.8 46.8 ± 3.4
FM (kg) 53.2 ± 16.3 48.6 ± 12.1 50.6 ± 8.0 51.5 ± 7.7

FFM (kg) 56.1 ± 11.2 56.6 ± 12.5 54.5 ± 12.2 56.6 ± 10.7
Results are presented as mean ± SD, n = 7; DXA: dual-energy X-ray absorptiometry, BFP: body fat percentage;
FM: fat mass; FFM: fat free mass.

4. Discussion

In line with a previous study [20], our current assessment, using a much larger sample
size (n = 123 as compared to n = 38), confirmed that body composition determination in
young patients with obesity yields significantly different results depending on whether
it is conducted using the TANITA or the BIACORPUS device. The TANITA-based deter-
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mination of body composition overestimated BFP and FFM relative to BIACORPUS, and
significantly underestimated FFM. Pearson correlation indicated an expected association
for all three parameters between both methods, and Bland–Altmann plot tests established
clinically relevant differences. At an average BFP of around 40% measured with both meth-
ods, a difference of −2.3% may not seem excessive. However, these differences ranged from
−11% to 6.6%, which appears rather large. In addition, we observed that the discrepancy
between both methods increased at higher values of BFP. This showed considerable skew-
ness for FM in the upper data range and was also unsatisfying for FFM. It seems obvious
that body composition should be measured with the same bioelectrical impedance-based
method. Hence, we recommend using exclusively the same BIA-device, either TANITA or
BIACORPUS, for both clinical and research baseline and follow-up measurements of body
composition within a study population group. This is supported by findings on adolescent
patients with obesity [26] and on adult women with obesity, the latter study comparing
TANITA with yet another device based on the same measuring principle [27]. Similarly,
in a comparison of two overall rather similar bioelectrical impedance-based method with
DXA in Taiwanese children, the impedance devices were found to overestimate FFM and
to underestimate FM and BFP [16] and to agree with DXA to a different extent.

We could also confirm previously indicated gender-related differences in body compo-
sition [20]. Independent from the bioelectrical impedance-based method, male patients had
significantly lower BFP and significantly higher FFM, whereas FM did not differ between
genders. Physiologically, these differences may reflect the larger muscle mass in males and
the enhanced fat deposition in developing females [28]. Overall, these data underline that
gender differences need to be taken into account when comparing different groups [29].

For the same patient group, the four methods for body composition, TANITA, BIA-
CORPUS, BOD POD and DXA showed a good agreement for BFP and FFM, but a higher
variability for FM. It appears that TANITA and BIACORPUS, which are non-invasive
and easily applied devices, could be appropriate to measure body composition in young
patients with obesity. Previous studies found that bioelectrical impedance-based methods
may be accurate enough to provide reliable measurements [30,31], and in other studies
a more limited reliability was defined [26,32,33], except for individuals with obesity, but
not for patients with morbid obesity [34], or a clear need of optimization for young pa-
tients with obesity [35], highlighting the need to be cautious when applying it. It thus
appears important that future research conducts a thorough comparison of TANITA and
BIACORPUS with DXA. As reported before, bioelectrical impedance-based methods may
in some regards show excellent agreement with DXA but in others display considerable
discrepancies [16,36]. It thus appears that for each specific device, a comparison is required
to provide ultimate insight as to which bioelectrical impedance-based method is best
comparable to the reference method.

Some limitations have to be mentioned in interpreting our results. Most obviously,
the sample size of the group with the BODPOD and DXA method comparison is rather
small and therefore the results have to be considered as preliminary. An increased and
consistent sample size in the comparison of all four body composition methods is the
next step to apply a more robust methodology and to make sure that the outcomes are
generalizable to the pediatric population affected by obesity. Another research focus should
be especially the comparison of the different bioelectrical impedance devices with the gold
standard DXA measurement to identify whether TANITA or BIACORPUS is more accurate
in detecting the true body composition. The discrepancies between devices increases
proportional to body fat percentage and therefore a follow-up study with lower body mass
index percentile should be conducted to complement this study.

A major strength of the study is that it fills a gap concerning different bioelectrical
impedance analysis methods in pediatric individuals with obesity in a young western
population. Other strengths are that the same devices, the same trained study team mem-
bers as well as standardized procedures were used in all body composition measurements
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assuring that factors affecting measuring variability other than the devices applied were
kept to a minimum.

5. Conclusions

The evaluation of data from three independent studies in young patients with obesity
could show that the body composition differed significantly for body fat percentage, fat
mass and fat free mass depending on the bioelectrical impedance-based devices. TANITA
and BIACORPUS, which are appropriate for clinical and research body composition mea-
surements, cannot be used interchangeably and need to be strictly adhered to in order
to receive reliable repetitive data. We recommend consistently using one of the easily
applicable and non-invasive bioelectrical impedance-based devices, either TANITA or
BIACORPUS, in pediatric patients with obesity. Further research on the comparison of the
different bioelectrical impedance-based methods with DXA in young patients with obesity
is warranted.
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Abstract: Background. Physical activity is a well-known means of obesity prevention, but the
relationship between exercise frequency and body composition in children has not been thoroughly
investigated. Objective: The aim of this study was to compare the body composition of children aged
11–12 who regularly performed swimming and other sports as an organized extra-curricular physical
activity for a 12-week period. Methods: The study included 46 students who attended swimming
classes and 42 students who participated in training activities in other sports, including, but not
limited to, football, basketball and athletics. Body height and body composition were measured using
a Tanita BC 418 MA analyzer. The students individually reported their rate of perceived exertion
during training using the Pictorial Children’s Effort Rating Table PCERT scale. Results: The weekly
volume of training was substantially higher in the group of swimmers than in that playing other
sports (12.3 h/week vs. 5.2 h/week, p < 0.01). After 12 weeks of training, body height and weight
significantly increased in both groups (p < 0.001). However, the BMI value and adipose tissue content
only increased in the group of non-swimmers. Swimmers perceived greater exertion during training
than non-swimmers (7.1 vs. 5.8 on the PCERT scale, p < 0.01). Conclusions: In early pubescent
children, engaging in vigorous exercise such as swimming for at least 10 h a week may restrain
the growth of adipose tissue. However, the variety of exercises that are typical of team sports, if
performed for no more than 5 h a week, may be insufficient to restrain adipose tissue growth.

Keywords: body composition; body mass index; physical activity; pubescence; training

1. Introduction

Regular physical activity, if performed at a sufficient intensity and with adequate
frequency, has a positive effect on cardiovascular, mental and musculoskeletal health, and
adiposity [1]. In children and adolescents, the most common result of an insufficient amount
of physical activity and an improper diet is being overweight or obese, whereas intensified
physical activity reduces body fat content in prepubertal children [2–4]. The World Health
Organization (WHO) states that children should be encouraged to participate in various
kinds of physical activity to improve cardiorespiratory and muscle fitness and reduce
symptoms of anxiety and depression [5]. Following WHO suggestions, American, African
and European governmental organizations have presented guidelines on the recommended
daily amount of physical activity for children according to regional context [6,7]. In
most countries, it is recommended that children engage in moderate-to-vigorous intensity
exercise for at least 60 min a day. The energy costs of different sports activities performed by
children can vary; for example, gymnastics demands 4 METs (metabolic units), basketball
8.2 METs, soccer 8.8 METs, and swimming from 8.4 to 11.6 METs depending on the velocity
of swimming [8]. Additionally, children should limit to 2 h a day the amount of time spent
using a computer, playing video games and watching TV.
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The level of compliance with the recommended amounts of physical activity in
schoolchildren differs widely. In Latin America, 2 h of recreational screen-time is fre-
quently exceeded by school-age children [9]. Moreover, only 15% of Latin American
adolescents undertake 60 min of moderate-to-vigorous exercise per day [10]. In the United
States, children and adolescents aged 6–17 are also insufficiently active, and only 24% of
them engage in 60 min of exercise every day [11]. In South Africa, on the other hand, nearly
70% of 8–14-year-old children undertake moderate-to-vigorous physical activity [12]. In
this regard, European countries are very diverse. Swiss children dedicate only a small
percentage of their daytime to running or jumping, instead spending 75% of the time
in a still position (mostly sitting) [13], whereas in a group of Estonian children, 11% of
the children met the desired criteria for physical activity, in a group of British children,
70% of the subjects met the criteria [14,15]. A different study involving 9-year-old British
children attending ad hoc and scheduled sports activities with various weekly frequencies
led researchers to conclude that more frequent participation in sports activities (up to five
times a week) substantially contributes to compliance with the recommended amounts of
physical activity [16].

Extracurricular sports activities are usually organized by educational institutions,
sports clubs and other organizations that are supervised by adults. Children may often
participate in these activities for free, but in sports clubs, a membership fee may be required.
Participation in an organized extra-curricular sport has a stronger effect on developmental
factors, such as proper body mass, BMI and academic achievements, than spontaneous
physical activity [17]. Moreover, organized physical activity can be defined more precisely
in terms of training loads than spontaneous, self-organized physical activity.

To our knowledge, no research has been undertaken so far to examine anthropometric
differences among children who participate in extra-curricular physical activities of various
volumes (e.g., 30 min, 60 min or 90 min) and frequencies (e.g., once a week, three times per
week or five times per week). Therefore, the objective of this study was to determine the
relationships between body composition and regular physical activity of various volumes
(5–12 h/week) performed over a 12-week period of time by 11- to 12-year-old children.

2. Materials and Methods

2.1. Participants

We aimed to create a study group with children with similar socioeconomic back-
grounds and similar daily routines due to attendance at the same public school. Therefore,
we chose a quasi-experimental, two-group design that used non-random sampling. The
study involved 100 students attending a state-funded primary school, which serves approx-
imately 600 students from a range of socioeconomic backgrounds in the city of Olsztyn,
Poland. Students at this school attend compulsory physical education classes for 3 h a week.
The students were divided into two groups: 50 children (including 21 girls) who regularly
participated in swimming workouts in addition to compulsory physical education, and
50 children (including 22 girls) who regularly participated in other forms of extra-curricular
physical activity (details on duration and frequency of activity are presented in Results).
Children participating in non-swimming sports were grouped together for two reasons:
(i) the number of children engaged in each non-swimming discipline (e.g., in basketball)
was too small to create separate groups; (ii) the children in the group of non-swimmers
constitute all of the school’s pupils aged 11–12 years who participated in any organized
extra-curricular sports activities other than competitive swimming. The examined children
of both groups did not differ substantially in terms of socioeconomic status, i.e., they lived
in the same residential area, were being raised by two parents of middle-to-higher edu-
cation background and had 1–2 siblings. The information on the children’s participation
in these extra-curricular sporting activities was collected by physical education teachers
during school classes. The average age in the group of swimmers was 11.7, whereas that in
the group of non-swimmers was 11.9 (non-significant difference).
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2.2. Measurements

In September 2018, the first anthropometric measurements were taken in both groups.
Body height was measured to one decimal place (0.1 cm) by means of a Seca 216 stadiome-
ter (Seca GmbH, Hamburg, Germany). Body mass, BMI and body fat percentage were
estimated using a Tanita BC 418 MA analyzer (Tanita Corp.,Tokyo, Japan). The measure-
ments were conducted in the school nurse’s office between 9:00 a.m. and 11:00 a.m. The
children were dressed in light clothes without shoes. Each measurement of body height
and body composition took about 12 min. The measurements were taken twice and the
coefficient of variation (CV) was calculated for each pair of measurements. The range of CV
values was from 2.2 to 3.2. The children conducted a self-assessment of the stage of their
sexual development at home, in the presence of their parents, on the basis of the Tanner
scale [18]. In September 2018, children from both groups were acquainted with the Picto-
rial Children’s Effort Rating Table (PCERT) scale of the subjective assessment of physical
exertion [19]. The children were asked to regularly record their assessment of intensity
of exertion immediately after their training session every week. The children from the
group of swimmers continued to record this every Tuesday for 12 weeks. Non-swimmers
recorded the data every Tuesday or Wednesday for the same duration, depending on the
day their training was scheduled. In October 2018, both groups were surveyed on their
eating habits. The reliability and accuracy of the questionnaire used had been validated by
the studies conducted in the past on children aged 10–13 [20]. Eating habits did not differ
significantly between groups. In December 2018, after 12 weeks from the anthropometric
measurements, follow-up measurements were performed according to the same procedure.
As some of the children had been absent from the sports activities (20% or more absences
within 12 weeks), the results of 46 children (including 19 girls) from the swimmers and
42 children (including 19 girls) from the non-swimmers were taken into consideration.

2.3. Ethical Clearance

The study was conducted in accordance with the Declaration of Helsinki. The head
teacher of the school gave permission for conducting the tests, and the parents of each child
provided written consent for their children to participate in the study. Informed consent
was also obtained from all children participating in the study. Finally, the Ethics Committee
of the University of Warmia and Mazury in Olsztyn approved the study (KB-8/17).

2.4. Statistics

The statistical calculations were performed using Statistica 12.0 software (StatSoft,
Tulsa, OK, USA). According to the Shapiro–Wilk test, the distribution of the data was
normal. The results of the first and second anthropometric measurements were compared
using a t-test. Statistical significance was set at p < 0.05. The statistical power of the
comparisons varied from 0.32 to 0.46.

3. Results

Table 1 presents the weekly volume of training in both groups and their self-assessments
of their physical exercise intensity. The children from the group of non-swimmers declared
their participation in the following sports activities: football (9), basketball (6), swimming
(6), athletics (4), martial arts (4), dance classes (4), fencing (3) and table tennis (3). To clarify,
swimming activities by children in the non-swimmers group differed from the training ses-
sions of those in the swimmers group. Non-swimmers participated in three 45 min classes
per week, focusing on technical aspects and usually covering 700–800 m during each class.
Swimmers participated in eight to ten 90 min workouts per week, covering 3.6–4.2 km
per workout. In individual cases among the non-swimmers, the children stated that they
participated in other sports on a regular basis, e.g., acrobatics, horse riding, wrestling and
roller skating. The students from the group of swimmers participated in training sessions
considerably more frequently. In addition, they perceived their exertion in these sessions
as substantially more difficult than that of their peers from the group of non-swimmers.

163



Children 2021, 8, 529

Swimmers mostly perceived their exertion as “hard”, whereas non-swimmers usually
expressed their effort as “starting to get hard” and “getting quite hard”.

Table 1. Training loads, puberty stage and rate of perceived exertion in the examined groups.

Number of
Training Sessions

per Week
Mean (SD)

Number of
Training Hours

per Week
Mean (SD)

Puberty Stage
(Tanner Scale)

Mean (SD)

Rate of Perceived
Exertion (PCERT

Scale)
Mean (SD)

Swimmers (n = 46) 8.2 (1.4) ** 12.3 (2.2) ** 2.0 (0.6) 7.1 (0.7) **
Non-swimmers (n = 42) 3.5 (0.9) 5.2 (1.8) 2.0 (0.7) 5.8 (0.8)

** p < 0.01 compared with non-swimmers group; SD—standard deviation; PCERT—Pictorial Children’s Effort
Rating Table.

Figures 1–4 present the results of the anthropometric measurements taken in Septem-
ber 2018 and December 2018. After 12 weeks, a noticeable increase in body height and
weight was observed in both groups. However, a statistically significant increase in BMI
value and body fat percentage was noted only in the group of non-swimmers. The correla-
tion between BMI and body fat percentage was strong both in girls (r = 0.99) and in boys
(r = 0.95).

Figure 1. Body height changes in the examined groups of children. Data are presented as mean value and standard error. The
non-swimmers group consisted of children participating in team sports (soccer, basketball), athletics, martial arts and dance.
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Figure 2. Body mass changes in the examined groups of children. Data are presented as mean value and standard error. The
non-swimmers group consisted of children participating in team sports (soccer, basketball), athletics, martial arts and dance.

Figure 3. Body mass index (BMI) changes in the examined groups of children. Data are presented as mean value and
standard error. The non-swimmers group consisted of children participating in team sports (soccer, basketball), athletics,
martial arts and dance.
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Figure 4. Body fat percentage changes in the examined groups of children. Data are presented as mean value and standard
error. The non-swimmers group consisted of children participating in team sports (soccer, basketball), athletics, martial arts
and dance.

4. Discussion

The aim of our study was to compare the effects of swimming and participating in
other sports on the body composition of 11- to 12-year-old children. Our results indicate
that, whereas the BMI and body fat content of swimmers may not change significantly over
12 weeks, they can increase significantly in children participating in other sports. It should
be noted, however, that the indicators in both groups were within the national norms for
this age group [21]. As in other studies [22,23], the correlation between body mass index
and body fat percentage was strong in boys and girls (r > 0.95). Moreover, on average,
swimmers exercised 12 h per week, and non-swimmers exercised for 5 h per week.

The lack of a significant change in the BMI and adipose tissue content of the swim-
mers might be due to the mostly aerobic nature of their activities. Laframboise and de
Graauw [24] completed an analysis of the literature on the relationships between aerobic
exercise and overweight schoolchildren. According to them, aerobic exercise might be
recommended for children as a means of reducing body mass. The findings from our
research are consistent with the remarks made by Ness et al. [25]. Those authors took an-
thropometric measurements and analyzed the physical activity of 5500 British 12-year-old
children over a 3-day period. They came to the conclusion that unstructured physical activ-
ity influences body mass and BMI to a smaller extent than structured moderate-to-vigorous
intensity exercise. Similarly, beneficial changes in body composition (i.e., fat mass and
free fat mass) were larger in Spanish 11-year-olds that performed vigorous exercise for
12 weeks than in those that performed moderate exercise over this time period [26].

We believe that the weekly number of training sessions in swimmers and non-
swimmers may also have affected the results of their body composition. Similar conclusions
can be found in the literature. For example, in 10-year-old Brazilian children, the amount
of vigorous physical activity taken during 1 week was inversely correlated with their BMI
and body fat percentage [27]. Similarly, Pastuszak et al. [28] monitored sports-school stu-
dents and non sports-school students for a period of over 3 years. Sports-school students
participated in 15–25 h of sports activities a week, whereas non sports-school students
participated in 4 h of physical education classes at school and 4 h of extra-curricular sports
activities a week. Compared to the control group, the sports-school students had lower
body mass and BMI values, and lower body fat percentages. In contrast, Kubusiak-Slonina
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et al. [29] did not find any statistically significant correlations between the BMI and the
level of physical activity of 92 12-year-old Polish children. Similarly, BMI and body fat
values did not differ significantly between 10-year-old South African children involved in
team sports and their peers not participating in extra-curricular sports activities [30].

In the present study, the body composition indicators of the swimmers were very
similar to those of swimmers from other European countries [31,32]. It is noteworthy that,
in our study, the BMI values of swimmers and non-swimmers were within the national
population norms [21]. In other words, the children examined in this study displayed
ratios of height to body mass that are typical for their age in their regional and national
context. However, studies in non-European contexts have reported noticeable differences
in anthropometrics between children of different nationalities who engage in a similar
number of training sessions per week with similar training loads [33,34].

The effects of maturation may also have affected the results presented here, particularly
with regard to the girls. On the one hand, children involved in regular strenuous swimming
workouts may exhibit delayed puberty and not put on as much body fat as children
participating in sports requiring less intensive training [35]. For example, Damsgaard
et al. [36] found that early pubescent female swimmers had a sum of skinfolds that was
lower than that of handball players but higher than that of gymnasts. On the other hand,
Opstoel et al. [37] reported that prepubertal swimmers had higher values of body fat
and BMI than their peers engaged in athletics, ball sports, gymnastics and dance. This is
similar to what we observed, as our swimmers also had greater BMI values and body fat
percentage at the baseline than their non-swimming peers. We believe that this could be
due to the early phase of the swimmers’ training phase. The first measurements were taken
in mid-September, just 2 weeks after starting the new school-year season. At that time, the
swimmers were not training at high intensities or high volumes, and thus their training
sessions were not physiologically demanding.

The results obtained here, based on the PCERT scale, indicate that the swimmers
perceived greater mean exertion during training than their peers involved in other sports
(swimmers, 7.1; non-swimmers, 5.8). These differences may be caused by physiological
factors. A study by Yelling et al. [19] indicated that 11–12-year-old girls and boys had an
average heart rate of 170 beats per minute at stage 5 and 180 beats per minute at stage 7 on
the PCERT scale, respectively. It is also possible that this perception is due to psychological
factors. The swimmers started training every day at 6:00 a.m. and attended a second
session in the afternoon three to five times a week. The non-swimmers usually started their
exercise sessions in the afternoon and did not attend a second exercise session.

Strengths and Limitations

This study makes a contribution to the literature by providing a comparison of the
body composition of prepubescent children participating in different sports. Whereas the
literature contains many comparisons of athletes and non-athletes in this regard, we are
aware of only one other comparison of the body composition of prepubescent swimmers
and that of children of the same age participating in other sports [37].

There are several limitations that should be kept in mind while assessing the results
of this study. First, our study contained fewer participants than those in most sport science
studies because we used only children who attended the same school. On the one hand,
this helped to reduce the confounding effects of socioeconomic status and daily routine on
our results. Moreover, because all of these children ate their midday meal in the school
canteen, their diets would have been more similar than otherwise. On the other hand, due
to the relatively small sample size, our study may have lacked the statistical power to detect
smaller differences between groups. Although the power is low, we provide valuable data
which can be combined with that of other studies via statistical meta-analysis to provide
more precise estimates and higher power, as is commonly done in medical studies of
children [38]. Second, heart-rate monitors were not used to measuring training intensity in
the groups of swimmers and non-swimmers; thus, it was not possible to collect objective
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data on exercise intensity. Therefore, we were not able to verify whether the swimmers’
workouts were indeed more intense than the training sessions performed by subjects in the
other sport disciplines. Third, our analysis of body composition focused on adipose tissue
content, which in our view, is the most easily comparable indicator of risk. We considered
the remaining variables (e.g., body height or body mass index) to be of less importance
for the issue in question. Finally, we decided not to create a control group consisting of
children not involved in structured extracurricular sports activities, as many studies have
presented significant differences in body composition between physically active children
and their inactive peers [39–41]. We also decided not to present the findings from our
survey of nutritional habits, because the substantial differences between swimmers and
non-swimmers were not revealed. Moreover, the literature provides examples of similar
eating habits of youth swimmers and non-swimmers [42].

5. Conclusions

Our results indicate that physical activity perceived as “hard” (7 or more on the PCERT
scale) that is engaged in for at least 10 h per week may stop the growth of body fat in
prepubescent children. In contrast, activity perceived as “starting to get hard” (5 or less
on the PCERT scale) performed for 5 h a week may not be sufficient to stop the growth
of body fat in children of this age. Importantly, however, adipose tissue content in both
groups remained within the national norms for children at this age. It would be interesting
to independently confirm these results with a larger sample of children. Moreover, a
confirmatory study could be conducted over a longer period of time to see if the trend of
an increasing content of adipose tissue in moderately active children persists.
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Abstract: The current study aimed to investigate the effects of an after-school volleyball program on
body composition in overweight adolescent girls. Forty-two girls were randomly divided into a vol-
leyball group (VG) (n = 22 age: 15.6 ± 0.5 years) and control group (CG) (n = 20; age: 15.5 ± 0.7 years).
Both groups continued with their usual physical education activities, while VG was included as small-
sided games, two times a week, after school, on modified volleyball courts. Body mass, body mass
index (BMI), body fat in kg, body fat percentage, and muscle mass were analyzed by a bioelectrical
impedance method. There was a significant interaction of group (VG vs. CG) × time (pre-vs. post)
for weight [F1, 40 = 7.933; p = 0.004] and BMI [F1, 40 = 5.764; p = 0.015]. Additionally, a significant main
effect of time was found for body fat (kg) [F1, 40 = 17.650; p < 0.001] and body fat (%) [F1, 40 = 18.721;
p < 0.001]. The results of the current study show that a twelve-week after-school volleyball program,
including two sessions a week, can improve body composition in overweight adolescent girls.

Keywords: girls; vigorous intensity; body weight status; ball game

1. Introduction

Nowadays, in a time of accelerated technological development, obesity in children
and adolescents is taking on the character of an epidemic. The number of overweight and
obese individuals worldwide has increased from 30 years ago, and, now, almost a third
of the world population is defined as obese or overweight [1]. Concerningly, the majority
of adolescents do not meet physical activity recommendations despite well-documented
health benefits [2]. Although adolescence is a period when long-term healthy eating and ex-
ercise habits are formed, more than 340 million young people in the world were overweight
or obese in 2016, and this negative trend continues to progress [3]. Accordingly, this age has
been recognized as the period that may play a crucial role in the buildout and persistence of
obesity and for leading to negative consequences during adulthood. Therefore, an effective
approach to engage with youth and ameliorate their body composition status is of great
importance. Children and adolescents spend most of their day in school. Therefore, the
school setting has been recognized as a potentially effective environment for different
exercise interventions [4]. Even though school interventions are effective and practical [5],
previous studies [6,7] claimed that most adolescents are inactive during physical education
classes and that the intensity of exercise is low. In accordance with all the above, there is a
need for additional or different programs.

A previous review concluded that high-intensity interval training (HIIT) could be
an effective method in accordance with the short duration of the activity for improving
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health-related indicators in adolescents [8]. However, there is no clear consensus on the
positive effects of HIIT on body composition. Volleyball is considered to be one of the most
played team sports worldwide. It is a sport that attracts all structures of the population; in
particular, it involves no direct contact with the opponent but requires speed of movement
and thinking. Volleyball, as an intermittent and complex activity where high-intensity
elements are interrupted by a short period of low-intensity activities [9], could be included
in work with obese female adolescents. Taking into account the previous statements that
the type, configuration, and popularity of physical activity are required in both childhood
and adolescent periods [10], volleyball appears to be an appropriate solution. Additionally,
volleyball is one of the most popular physical activities in the aforementioned popula-
tion [11]. Moreover, the total intensity of movements, according to the ratio of working
metabolic rate (MET), can be measured at 6 METs in volleyball [12], which is considered
to be vigorous [13]. Consequently, it is important to determine whether or not including
volleyball as the only additional physical activity in PE classes can lead to an adjustment in
body composition parameters and thus provide considerable health benefits.

Considering that volleyball has its popularity predominantly among the female popu-
lation, it was of great interest to determine how it affects the body composition of female
adolescents. To the best of the authors’ knowledge, to date, no study has focused on in-
vestigating the effects of small-sided volleyball games on body composition in overweight
female adolescents.

Therefore, this study aimed to investigate the effects of a volleyball after-school
program on body composition in overweight adolescent girls. We hypothesized that the
exercise intervention would cause greater changes in body composition in overweight
adolescent girls compared to physical education classes only.

2. Materials and Methods

2.1. Participants

This was a randomized study comparing an after-school volleyball program with
traditional physical education classes in overweight female adolescents. Forty-two ado-
lescent female participants from various classes of schools across Southern Serbia were
included in the study. The participants were randomly divided into a volleyball group (VG)
(n = 20; height: 158.97 ± 5.39; age: 15.6 ± 0.5 years) and control group (CG) (n = 22; height:
159.96 ± 10.71; age: 15.5 ± 0.7 years). Both groups continued with their usual physical
education activities. During the volleyball program, there were no time-loss injuries.

The participants did not have any known medical problems. To be included, the
participants had to be aged between 14 and 16 years, present a body mass index (BMI)
ranging from the 85th to 95th percentile according to gender and age [14], be free of any
medications that could impact the results, and not be involved in any systematic physical
activities at the time of study or at least six months before the study (besides regular
physical education classes at school, lasting up to 90 min/week).

All participants and parents/guardians were fully informed of the possible risks
associated with the experimental procedures and gave their consent to participate in the
study. Moreover, the participants and parents/guardians were informed that they could
leave the experimental program at any time. The study protocol was approved by the
ethics committee of the Faculty of Sport and Physical Education in Niš (Ref. No. 20/2020)
and carried out in accordance with the Declaration of Helsinki.

2.2. Procedures

Measurement of body composition of all participants at the initial and final measure-
ment was performed in the same school hall. The measurements were performed early in
the morning, before 10 a.m., on both occasions. The testing was conducted by the same
researchers on the initial and final measurement and in identical order.

Participants were measured in minimal clothing and barefoot for height and weight.
Body height was assessed to the nearest 0.1 cm using a stadiometer (SECA Instruments Ltd.,
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Hamburg, Germany). Body mass, BMI, body fat %, body fat in kg, and muscle mass were
assessed via a bioelectrical impedance method using a standardized body composition
analyzer, the InBody230 (InBody Co., Ltd., Cerritos, CA, USA). BMI was calculated using
the following formula: BMI = (Weight in kilograms)/(Height in meters) squared. The
InBody230 is a reliable device for women and men with high ICC for BF% (≥0.98) and
has a low standard error of measurement [15]. Before the measurements, the participants
were advised to excrete and refrain from drinking excessive amounts of liquids and not to
deviate from their typical breakfast habits.

2.3. Exercise Intervention

It is widely accepted that children and adolescents should be engaged in strenuous or
moderate physical activity for at least 60 min a day, which represents 420 min/week [16].
We included volleyball activities, played as small-sided games, two times a week after
school. The experimental program lasted for 12 weeks. Volleyball was played on a court (4.5
to 6 m × 9 to 12 m), and the number of players was modified from 3 vs. 3 to 5 vs. 5 players.
Each session started with a warm-up lasting 10–12 min. Moderate-intensity jogging was
performed at the beginning of the warm-up session (3 min), along with dynamic stretching
(4 min), and a specific volleyball warm-up with the ball (5 min). The main part of the
session consisted of 40 min of volleyball. The session ended with a 5 min cool-down period.
The intensity of training was monitored using the rate of perceived exertion (RPE) with a
10-point scale, collected during the training period. The CG undertook their regular PE
classes involving team ball games (handball, basketball, or soccer) and individual sporting
activities most common in many countries (track and field, gymnastics, or table tennis).
In both groups, volleyball was excluded from regular PE classes. Both groups were not
engaged in other organized physical activities besides organized volleyball activities and
PE classes. The participants who had 70 > percent of attendance during the 12 weeks were
taken for further analysis. There was no sample dropout during the experimental program
and all participants were included in further analysis.

2.4. Statistical Analysis

Statistical analysis was performed with SPSS statistical program version 22 (SPSS
Inc., Chicago, IL, USA). To test the normality, we performed the Kolmogorov–Smirnov
test, which showed that the data were normally distributed (p > 0.05). Furthermore,
Levene’s tests were determined for each dependent variable. The effects of the experimental
treatment were analyzed using a two-way analysis of variance (ANOVA) in which the main
and interaction effects (group × time) were calculated. Moreover, we used the Cohen’s d
effect size (ES) with the use of the following criteria: trivial 0.0–0.2; small 0.2–0.6; moderate
0.6–1.2; large 1.2–2.0; and very large > 2.0 [17]. In addition to the statistical significance,
which was set at p < 0.05, a partial eta squared (η2) was used for the differences between
groups using 0.01, 0.06, and 0.14, determined as a small effect, medium effect, and a large
effect [18].

3. Results

3.1. Adherence to the Exercise Program

The average attendance for the experimental program was 92%. The main reasons for
skipping the exercise sessions were menstrual cycle, cold, and fatigue.

3.2. Body Composition

The results for body composition are presented in Table 1. There was a significant
interaction of group (VG vs. CG) × time (pre- vs. post) found for weight [F1, 40 = 7.933;
p = 0.004] and BMI [F1, 40 = 5.764; p = 0.015]. Additionally, a significant main effect of time
was found for body fat (kg) [F1, 40 = 17.650; p < 0.001] and body fat (%) [F1, 40 = 18.721;
p < 0.001].
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Table 1. Results for body composition; results are presented as mean ± standard deviation (SD).

Variable Group Pretest Posttest ES % Change p-Value, η2
p

Body mass (kg)
VG 62.55 ± 5.18 58.20 ± 5.58 −0.54 −6.9% Group: p = 0.596, η2

p: 0.006
Time: p < 0.001, η2

p: 0.693
Interaction: p = 0.004, η2

p: 0.164CG 61.55 ± 5.29 60.51 ± 5.74 −0.18 −1.7%

BMI (kg/m2)
VG 24.52 ± 1.37 23.22 ± 1.46 −0.98 −5.3% Group: p = 0.458, η2

p: 0.013
Time: p < 0.001, η2

p: 0.697
Interaction: p = 0.015, η2

p: 0.211CG 25.19 ± 1.20 24.99 ± 1.66 −0.21 −0.8%

Muscle mass (kg)
VG 20.42 ± 3.46 20.66 ± 3.60 +0.07 +1.2% Group: p = 0.425, η2

p: 0.014
Time: p = 0.393, η2

p: 0.016
Interaction: p = 0.393, η2

p: 0.016CG 19.68 ± 3.79 19.71 ± 3.69 0.0 0.1%

Body fat (kg)
VG 13.94 ± 4.44 12.79 ± 4.59 −0.16 −5.5% Group: p = 0.885, η2

p: 0.000
Time: p < 0.001, η2

p: 0.280
Interaction: p = 0.090, η2

p: 0.065CG 13.35 ± 4.49 13.15 ± 4.24 −0.05 −1.5%

Body fat (%)
VG 25.74 ± 5.27 24.64 ± 5.14 −0.14 −4.3% Group: p = 0.425, η2

p: 0.026
Time: p < 0.001, η2

p: 0.312
Interaction: p = 0.124, η2

p: 0.064CG 24.35 ± 5.32 23.83 ± 5.20 −0.10 −2.1%

Abbreviations: VG, volleyball group; CG, control group; BMI, body mass index; ES, Cohen’s d effect size.

4. Discussion

The number of overweight and obese children worldwide has risen alarmingly in the
last twenty years [19], partly due to insufficient physical activity and unhealthy eating
habits. The school environment is the setting where adolescents usually spend most of their
day. Therefore, the current study aimed to investigate the effects of a 12-week school-based
volleyball intervention on body composition in overweight female adolescents.

The most important results of the current study were the decrease in body mass and
BMI after a relatively short volleyball program. Furthermore, the volleyball program over
12 weeks reduced body fat over time but showed no difference between the groups.

Obesity during childhood and adolescence, low cardiorespiratory fitness, and de-
creased physical activity have a strong association with various cardiovascular diseases [20].
Strategies to improve body composition status include diet, exercise interventions, or both.
A recent study indicated that there is a general trend towards larger changes in body com-
position following HIIT protocols [8]. Volleyball is a sport that belongs to high-intensity
activities [21], and it is predominantly popular in the female population; since it involves
less high-intensity activity than other sports [22–24], it could be a suitable and effective
activity for both obese and overweight adolescents. The current results, although among
overweight adolescents, showed that the volleyball after-school program was more ef-
fective than those of the CG, with a 6.9% reduction in body mass after the experimental
treatment (medium ES). Considering the baseline differences between CG and VG at the
initial assessment, after the experimental program, there was a decrease in body mass
index (BMI) in both groups. The reduction was greater in the VG (−5.3%) compared to CG
(−0.8%). However, BMI is not the most adequate parameter to describe real differences in
body composition, because a change in BMI does not mean that there has been an increase
in muscle mass and a reduction in fat mass at the same time [25].

Although the current results showed a higher percentage decrease in body fat (4.3%
in the VG and 2.1% in the CG group) and body fat in kg (5.5% in the VG and 1.5% in
the CG) in the VG compared to the CG, the changes were not statistically significant
(p > 0.05). A possible reason for the non-significant changes could be that both the CG
and VG were exposed to physical activity for a period of 12 weeks. However, even the
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lowest level of increased physical activity leads to positive changes in the overweight and
obese population. Moreover, adolescence is a period related to increased hormonal work
and increased biological growth and development [26], where participants can be exposed
to a longer duration of physical activity [27]. Another reason may be that, during the
experimental program, the participants did not have any kind of educational content or
control of nutrient intake that would affect the outcome [28].

It should be acknowledged that the study had some limitations. Firstly, physical
activity was not measured during and outside school, which could be recognized as a
limitation. Secondly, the small sample size of participants could also be considered as a
limitation, particularly given that only overweight girls were included in the study. Third,
dietary habits and total calorie intake were not controlled. However, they were instructed
to maintain their usual calorie intake. Finally, after the experimental program and the
final measurement, there was no further monitoring of the participants in the parameters
of body composition, in order to determine whether there was a return of values to the
initial level. Nevertheless, this study justifies the use of volleyball in the planning of
physical education classes and after-school activities, showing that playing volleyball could
significantly improve the body composition of overweight girls.

5. Conclusions

Overall, our findings show that an after-school volleyball program over twelve weeks
is suitable for improving body composition in overweight adolescent girls. This study also
shows that playing volleyball, added to regular PE classes, has the potential to reduce or
even compensate for the limitations of the exercise program in a regular class in a relatively
short time.
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