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Abstract
Background: The prevalence of childhood obesity in
Greece is among the highest in Europe. Body

composition may be used as a screening tool to identify
children with excess weight and those at risk for
developing metabolic complications. The aim of the
study was to provide data on body composition indices
from a large Greek pediatric population and investigate
the possible association between these indices and

obesity.

Methods: 1453 schoolchildren, 51.2% males, aged 10-
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12 years old, were recruited from the third in size city in
Greece. Anthropometric and body composition indices
(weight, height, body mass index (BMI), fat mass (FM),
FM%, fat mass index (FMI), skeletal muscle mass
(SMM), SMM%, skeletal muscle mass index (SMI) and

muscle-to-fat ratio (MFR)), were assessed.

Results: i) The rates of overweight and obesity were
25.9% (Males: 24.4%, females: 27.5%) and 12.6%
(males: 13.4%, females: 11.7%), respectively. ii) Males
had significantly higher SMM, SMM% and MFR, and

lower FM% compared to females. iii) No differences
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were observed in body composition between younger
(10-11-year-old) and older (11-12-year-old) children.
iv) Higher FM, FM%, FMI, SMM, SMI and lower
SMM% and MFR values were found in children with
overweight or obesity.

Conclusion: A direct association between excess
weight and body composition measurements, such as
FM, FM%, FMI, SMM, SMM%, SMI and MFR, was
found in a large pediatric school-population. These body
composition analysis measurements may potentially
serve as a useful screening-tool with both research and
clinical applications in assessing obesity, but also for
predicting obesity-related complications.

Keywords: Overweight;

Pediatric Obesity; Body

Composition; Fat Mass; Skeletal Muscle Mass

1. Introduction

Childhood obesity is currently recognized as a global
epidemic due to its worryingly rising prevalence [1].
Whereas obesity in adults has been associated with
increased morbidity due to a heightened risk of
cardiovascular diseases, metabolic dysregulation and
musculoskeletal disorders [2], such an association is less
prominent in the case of children and adolescents. The
prevalence of childhood obesity in Greece is among the
highest in Europe [3, 4]. There is increasing interest in
the study and use of body composition as a screening
tool for the identification of children with excess weight
and those at risk for the development of potential
obesity-related health consequences. Choosing the
appropriate method of body composition analysis is
challenging knowing the changes in body composition
that occurs during growth. There is no in vivo gold-
standard for the measurement of body composition in

children. More than one methods may be appropriate for
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use based on the information that is desired. Weight for
length is commonly used for infants [5]. Waist
circumference is another anthropometric measure used
to estimate overall and visceral adiposity and has been
associated with increased cardiometabolic risk in
childhood [6].

expressed as upper arm circumference and triceps skin

Upper arm fat and muscle areas

fold thickness have been used as indices of nutritional
status, but these parameters vary with age and body size

which restricts their accuracy [7].

The body mass index (BMI), calculated as weight
(kg)/stature (m)?, represents the most widely used index
in children above the age of 2 years and in adults.
Reference values have been established [8]. Overweight
is defined in children and adolescents as a BMI between
the 85™ and 95™ percentile for age and sex and obesity
as a BMI of above the 95™ percentile for age and sex
[9]. BMI is used to define obesity, but it does not take
into consideration body fat or muscle composition. As a
result, children with normal weight or BMI may have
excess adiposity, hence be at increased risk for the
development of cardiometabolic disease [10]. Due to the
limitations of BMI use with regard to metabolic risk
classification and generalizability across racial groups,
other indices of body compaosition are also considered in
order to serve as a screening tool for identifying
cardiometabolic disease. Total body fat mass (FM)
levels and distribution have been proposed as stronger
determinants of cardiometabolic risk compared to BMI
[11]. Also, total trunk and visceral fat mass levels are
positively associated with hypertension
children [12]. Percent body fat (FM%){fat mass (kg) /
body mass (kg) *100} can be obtained from body

in young

composition methods that estimate fat mass and
differentiates between fat mass and free fat mass. It is

more useful compared to BMI [13] and can discriminate
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the presence or absence of metabolic syndrome in
children and adolescents with moderate accuracy [14].
Laurson et al have determined the 85th percentile for
males and the 68th percentile for girls as the optimal
cut-offs for percent body fat for the identification of
cardiometabolic  risk, however, there are no
internationally proposed cut-off values for total body fat

mass and percent fat mass [15].

In addition, skeletal muscle mass (SMM) is an essential
component of body composition that reflects the
nutritional status of children [15] and is considered as
an independent marker of metabolic health and physical
performance and a major site of insulin mediated
glucose disposal,

playing a key role in glucose

homeostasis [16]. Muscular strength is positively
correlated with insulin sensitivity in children and
adolescents, whereas low muscle mass is associated
with increased metabolic risk [17]. SMM is the most
abundant sensitive tissue and accounts for 85% of all
insulin-mediated glucose utilization [18]. SMM and fat
mass have opposing effects on insulin sensitivity and
energy disposal. Reduced SMM may co-exist and act
synergistically with increased body fat mass, which is
also associated with insulin resistance, thus low skeletal
muscle-to-body fat ratio (MFR) could be a predictor for
future development of metabolic disease and
osteoporosis [19]. The balance between FM and SMM
may predict in a more accurate manner the risk for
metabolic disease compared to the BMI, nonetheless
this theory remains to be confirmed. Among the
different methods of evaluating muscle mass, the DXA
is considered as the most accurate/gold-standard for
assessing three components of body composition:
muscle mass, fat mass and bone mass in children [20].
Despite its significant advantages, the high cost of the

exam, the necessity for trained operators and the need
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for specialized infrastructure, limits the usefulness of

the exam.

On the other hand, bioelectrical impedance (BIA) stands
out as a simple, rapid, portable, non-invasive and
inexpensive method for assessing body composition and
is able to distinguish between fat mass (FM) and free fat
mass (FFM). Of note, the use of SMM as a surveillance
tool is limited because of the absence of a reference
range adjusted for age for children and adolescents [21].
The fat mass index (FMI: fat mass (kg) / stature (m)>?)
and skeletal muscle mass index (SMI: skeletal muscle
mass (kg) / stature (m)? have been proposed as more
accurate indices of adiposity and malnutrition than BMI
[22]. Studies in children have shown that increases in
BMI during childhood are mainly driven by increases in
skeletal muscle mass index and not fat mass index,
suggesting that BMI may not accurately represent
adiposity in all situations [22]. However, the use of FMI
and SMI in children is limited due to lack of robust
reference data. Further studies are required so that the
best index that can serve as a screening tool is
determined. The aim of the present study was: i) to
assess body composition and to record the prevalence of
overweight and obesity in a pediatric population from
Western Greece aged 10 to 12 years old, ii) to
investigate  the  possible  association  between
overweight/obesity and anthropometric indices, such as
FM, FM%, FMI, SMM, SMM%, SMI, MFR and iii) to
study the possible role of body composition indices in
predicting future cardiometabolic complications related

to obesity.

2. Materials and Methods

A total of 1453 children, aged 10-12 years old, were
recruited from 49 elementary schools of Patras, the third
in size city in Greece, during the 2014-2015 school
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years. These children represent almost the total of this
regional population of children at the specific studied
ages. Children were divided into two age ranges: 10-11
and 11-12 years old, in which they were almost equally
distributed; 716 of the participants (49.3%) were
between 10 and 11 years old and the remaining 737
patients (50.7%) were between 11 and 12 years old.
Among the children, 745 were male and 94% were
Greeks. Demographic information of students, such as
gender, date of birth and school class, was obtained
from each school headmaster. Anthropometric and body
composition measurements were obtained on school
premises by two trained investigators. Several
anthropometric and body composition indices were
calculated and analyzed to identify those variables most
strongly associated with overweight and obesity. The
tested variables were: weight, height, BMI, fat mass
(FM), percent fat mass (FM%), fat mass index (FMI),
skeletal muscle mass (SMM), percent skeletal muscle
mass (SMM%), skeletal muscle mass index (SMI),
muscle-to-fat ratio (MFR). The different parameters

were measured using non-invasive methods.

All measurements were repeated and the average value

was calculated. A standardized procedure of
measurements was followed in order to minimize the
inter-rate variability among schools. Data collection was
completed in one working day for each school.
Children’s weight and height were measured in the
morning. Height was measured to the nearest 0.1 cm
with a portable stadiometer (Soehnle Stadiometer 5003)
with children standing in bare feet. Weight and body
composition results (fat mass, free fat mass and
predicted skeletal muscle mass) were provided from a
bioimpedance segmental body composition analyser
(InBody 230). BMI was calculated as weight divided by

height squared (kg/m?). Normal weight, overweight and
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children and children with obesity were classified using
the International Obesity Taskforce age- and gender-
specific BMI cut-off criteria [23]. The BMI level was
categorized into two groups; the normal weight group
(BMI<85™ percentile for age and sex) and the excess
weight group (overweight: 85™-95" percentile, obesity:

>95™ percentile).

Percent body fat (FM%), percent skeletal muscle mass
(SMM%), FMI and SMI were calculated as follows:
FM%: fat mass (kg) / body mass (kg) *100

SMM%: SMM (kg) / body mass (kg)* 100

Fat mass index (FMI): fat mass (kg)/stature (m)?
Skeletal muscle mass index (SMI): skeletal muscle mass
(kg)/stature (m)?

Muscle-to-fat ratio (MFR) was derived by dividing
SMM (kg) by FM (kg).

The study was conducted by the University of Patras
School of Medicine in collaboration with the Regional
Directorate of Primary Education of Western Greece.
The study protocol was approved by the Research
Ethics Committee of the University Hospital of Patras in
Greece (IRB number: 55344/19.12.17) and was in
accordance with the Helsinki Declaration as revised in
2013. Written informed consent was obtained from the
parents of the students and archived and informed assent
was obtained from the students. Only children for whom
parental consent was obtained were measured and

included in this study.

2.1 Statistical analysis

Statistical analysis was performed using the SPSS
Statistical Software Package (IBM SPSS Statistics,
version 24, Chicago, IL, USA). Specifically, descriptive
statistics (mean and standard deviation) were calculated
for each anthropometric and body composition
measurement (i.e., weight, height, BMI, FM, FM%,
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FMI, SMM, SMM%, SMI and MFR) in: (i) Whole
sample (n=1453), (ii) Males (n=745) and Females
(n=708), (iii) Younger (10-11 years old, n=716) and
Older (11-12 years old, n=737) children, (iv) Younger
males (n=371) and Younger females (n=345), (iv) Older
males (n=374) and Older females (n=363), (vi) Younger
males and Older males, (vii) Younger females and

Older females.

To study statistically significant differences between (i)
Males and Females, (ii) Younger and Older children,
(iii) Younger males and Younger females, (iv) Older
males and Older females, (v) Younger males and Older
males, (vi) Younger females and Older females, for
body
measurement (i.e., weight, height, BMI, FM, FM%,
FMI, SMM, SMM%, SMI and MFR), an appropriate

statistical

each  anthropometric  and composition

test was performed for unpaired data
(Student’s t-test), whereas for their distributions in
BMI% categories (i.e., <85, 85-95 and >95) Pearson
chi-square test was utilized. To study statistically
significant differences among BMI% categories (i.e.,
<85, 85-95 and >95) for each body composition
measurement (i.e., FM, FM%, FMI, SMM, SMMY%,
SMI and MFR),
(ANOVA) was applied. Bonferroni adjustment was
performed for multiple comparisons of BMI%
categories (i.e. <85 vs. 85-95, <85 vs. >95 and 85-95 vs.

>95). An appropriate parametric statistical test was

one-way analysis of variance

performed for unpaired data (Student’s t-test). In all
cases, the level of statistical significance was set to
0=0.05.

3. Results

Among the total population, 893 children (61.5%) were
weight, 377 children (25.9%) were
overweight and 183 children (12.6%) had obesity

of normal
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(Figure 1a). 24.4% of males were overweight vs 27.5%
of females, whereas obesity was observed in 13.4% of
males and 11.7% of females (Figure 1b). Prevalence of
normal weight, overweight and obesity by age and
Table 1

summarizes the sex-specific and age specific values for

gender is incorporated in Figure 1la-c.
anthropometric and body composition measurements of

the studied population.

3.1 Comparison according to gender (between males
and females)

No statistically significant difference was observed
between males (boys) and females (girls) with respect to
weight (p=0.941), height (p=0.121), BMI (p=0.265)
(Table 1) and BMI% (Pearson chi-square test, p=0.316)
(Figure 1b). Also, no statistically significant difference
was found between males and females with respect to
FM (p=0.052) and FMI (p=0.074), however females had
significantly higher FM% compared to males (p<0.001)
(Table 1). Statistically significant difference exists
between males and females with respect to SMM
(p=0.001), SMM% (p<0.001), SMI (p<0.001) and MFR
(p<0.001), with boys exhibiting higher values than girls
(Table 1).

3.2 Comparison according to age

No statistical difference was observed between children
of the two age groups (younger children: 10-11 years
old and older children: 11-12 years old) with respect to
BMI% (Pearson chi-square test, p=0.878) (Figure 1c).
Specifically, 443/716 children (61.9%) of the younger
and 450/737 (61.1%) of the older children were normal-
weight, 186 of the younger children (26.0%) and
191/737 (25.9%) of the older children were overweight
and 87/716 (12.2%) of the younger children and 96/737
(13.0%) of the older children had obesity (Figure 1c).

Statistically significant difference was found between
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the younger and older children with respect to: i) height
(p<0.001), ii) weight (p<0.001), iii) BMI (p<0.001), iv)
SMM (p<0.001), v) FM (p<0.001), and vi) SMI
(p<0.001). All the parameters had higher values in the
older children (Table 1). On the contrary, no statistically
significant difference was found between the two age
groups with respect to SMM%, FM%, FMI, MFR
(Table 1).

3.3 Younger children

Statistically significant difference was found in FM
(p=0.002), FM% (p<0.001), FMI (p=0.003), SMM
(p=0.016), SMM% (p<0.001), SMI (p<0.001), and
MFR (p<0.001) between younger boys and younger
girls (Table 2). Skeletal muscle mass indices were
higher in boys and fat mass indices were higher in girls.
No statistically significant difference was found in
height (p=0.446), weight (p=0.212) and BMI (p=0.414)
between younger boys and girls (Table 2). Furthermore,
no statistically significant difference exists in children
aged 10-11 years old between males and females with
respect to BMI% (Pearson chi-square test, p=0.209)
(Figure 1d).

3.4 Older children

Statistically significant difference was found in BMI
(p=0.020), SMM (p=0.018), SMI (p<0.001) and MFR
(p=0.029) between boys and girls of older children (11-
12 years old). All the parameters were higher in the
boys (Table 2). No statistically significant difference
between boys and girls was observed with respect to
height (p=0.158), weight (p=0.219), SMM% (p=0.094),
FM (p=0.879), FM% (p=0.261) and FMI (p=0.673)
(Table 2). Also, no statistically significant difference
exists in children aged 11-12 years old between males
and females with respect to BMI% (Pearson chi-square
test, p=0.127) (Figure le).
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3.5 Comparison between younger and older male
children

Statistically significant difference was found in height
(p<0.001), weight (p<0.001), BMI (p<0.001), SMM
(p<0.001), FM (p<0.001), SMI (p<0.001) and FMI
(p=0.008), between younger and older male children.
All the parameters were higher in the older children
(Table 3). No statistically significant difference was
found in SMM%, FM% and MFR between younger and
older male children (Table 3). Also, no statistically
significant difference exists in male children (n=745)
between 10-11 years old and 11-12 years old with
respect to BMI%
p=0.172>0.05) (Figure 1f).

(Pearson  chi-square  test,

3.6 Comparison between younger and older female
children

Statistically significant difference was observed
between younger and older female children in height
(p<0.001), weight (p<0.001), SMM (p<0.001), SMM%
(p<0.001), SMI (p<0.001). All parameters were higher
in older females (Table 3). No statistically significant
difference was found between the two age groups of the
females with respect to BMI (p=0.267), FM (p=0.178),
FM% (p=0.216), FMI (p=0.515) and MFR (p=0.276)
(Table 3). Also, no statistically significant difference
exists in female children between 10-11 years old and
11-12 years old with respect to BMI% (p=0.425)
(Pearson chi-square test, Figure 1g). Furthermore, pair-
wise comparisons of BMI% (i.e., <85 vs. 85-95, <85 vs.
>95 and 85-95 vs. >95) for all the studied indexes
revealed higher FM, FM%, FMI, SMM, SMI values and
lower SMM% and MFR values in overweight children
(85<BMI1%<95) when compared with normal weight
children (BMI%<85) and in children with obesity
(BMI1%>95) when compared with overweight children

(85<BMI1%<95) (Table 4). The same results were
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found when the total population was divided in males

younger and older children (Table 4).
and females or when the population was divided in
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Figure 1: BMI distribution in the studied population. BMI1% distribution in: a) Total population, b) Males and
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females, c) Younger and older children, d) Younger males and females, e) Older males and females, f) Younger and
older males, g) Younger and older females. In all comparisons with respect to BM1% distribution, no statistically

significant difference exists (Pearson chi-square test, p>0.05).
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Measurement Total ) Males Females p-value Younger Older p-value
population
Weight (kg) 44.0+10.2 440+10.2 | 44.0+10.2 0.941 41.4+£9.3 46.6 £ 10.5 | <0.001
Height (cm) 1484 +7.6 148.1+7.3 | 148.7+7.8 0.121 1453+6.7 | 151.4+7.1 | <0.001
BMI (kg/m?) | 19.9+35 200+35 |198+35 | 0265 |195+34 |202+3.6 |<0.001
FM (kg) 11.6+£6.7 11.3+£7.0 120+6.4 0.052 109+6.3 124+7.1 <0.001
FM% 25.1+9.9 24.2+10.3 | 26.0+£9.4 <0.001 25.0+10.0 | 25.2+9.8 0.669
FMI (kg/mz) 52+28 51+3.0 54+27 0.074 51+£28 54+£29 0.114
SMM (kg) 17.3+£33 17.7+£3.2 17.1+34 0.001 16.2+29 18.5+3.3 <0.001
SMM% 40.1+64 409+7.0 39.4+5.6 <0.001 40.0+6.2 40.4£6.6 0.160
SMI (kg/mz) 7.82+1.05 7.98+0.97 | 7.66£1.11 | <0.001 7.64+1.04 | 8.00%1.03 | <0.001
MFR 2.03+1.52 220+1.62 | 1.86+1.39 | <0.001 2.03£150 | 2.04+1.54 0.838

Anthropometric and body composition measurements (mean + standard deviation) in the total population and by gender and age.

Statistical significant differences (p<0.05) between males and females and between younger (10-11 years old) and older (11-12

years old) children are shown in bold letters.

Table 1: Anthropometric and body composition measurements in the studied population.

Measurement | Younger Older

Males Females p-value Males Females p-value
Weight (kg) 41.0+86 41.8+10.0 0.212 47.1+10.9 46.1+10.1 0.219
Height (cm) 145.1+6.0 1455+74 0.446 151.0+74 151.8+6.9 0.158
BMI (kg/m?) 19.4+33 19.6 £ 3.6 0.414 20.6+3.8 19.9+3.5 0.020
FM (kg) 10.2+6.1 11.7+6.5 0.002 124+77 123+6.4 0.879
FM% 23.5+10.0 26.5+9.8 <0.001 24.8+10.6 25.6+9.0 0.261
FMI (kg/m?) 48+28 54+28 0.003 54+32 53126 0.673
SMM (kg) 16.5+25 159+33 0.016 18.7+35 18.2+3.2 0.018
SMM% 41.0+6.2 38.7+6.0 <0.001 40.8+7.8 40.0+5.2 0.094
SMI (kg/m?) 7.79+090 |7.47+115 | <0.001 8.16+1.00 |7.84+1.04 | <0.001
MFR 2.23+1.65 1.80+1.30 <0.001 2.16 +1.60 1.92+1.47 0.029

Anthropometric and body composition measurements (mean + standard deviation) in younger (10-11 years old) and older (11-12

years old) children by gender. Statistical significant differences (p<0.05) between Males and Females are shown in bold letters.

Table 2: Anthropometric and body composition measurements in Younger and Older children.
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Measurement Males Females

Younger Older p-value Younger Older p-value
Weight (kg) 41.0+8.6 47.1+10.9 <0.001 41.8+10.0 46.1+£10.1 <0.001
Height (cm) 145.1+6.0 151074 <0.001 145574 151.8+6.9 <0.001
BMI (kg/mz) 194+33 20.6+3.8 <0.001 19.6+£3.6 19.9+35 0.267
FM (kg) 10.2+6.1 12477 <0.001 11.7+£6.5 12.3+6.4 0.178
FM% 23.5+10.0 24.7+£10.6 0.104 26.5+9.8 25.6+£9.0 0.216
FMI (kg/m?) 48+28 5.4+32 0.008 54+28 53+26 0.515
SMM (kg) 165+25 18.7+£35 <0.001 159+33 18.2+3.2 <0.001
SMM% 41.0+6.2 408+ 7.8 0.679 38.7+6.0 39.9+51 0.004
SMI (kg/mz) 7.79£0.90 8.16 £1.00 <0.001 7.47+1.15 7.84+1.04 <0.001
MFR 2.23+1.65 2.16 £1.60 0.56 1.80+£1.30 1.92 +1.47 0.276

Anthropometric and body composition measurements (mean + standard deviation) in male and female children by age (Younger:
10-11 years old and Older: 11-12 years old). Statistical significant differences (p<0.05) between males and females are shown in

bold letters.

Table 3: Anthropometric and body composition measurements in Male and Female children.

BMI percentage p-value

Measurement <85 85-95 >05 <85 vs. 85-95 | <85 vs. >95 85-95 vs. >95
FM Total population | 7.8 £ 3.5 149+37 |234+6.7 | <0.001 <0.001 <0.001
(kg)
FM Boys (kg) 7.2+0.1 148+02 |236+0.4 |<0.001 <0.001 <0.001
FM Girls (kg) 8.4+0.2 15.0+0.2 |23.1+04 | <0.001 <0.001 <0.001
FM Younger (kg) 73+32 142+37 |220+£6.0 |<0.001 <0.001 <0.001
FM Older (kg) 8.4+37 156+35 |245+7.2 | <0.001 <0.001 <0.001
FM% Total | 20.0+7.5 |304+6.9 |385+7.1 |<0.001 <0.001 <0.001
population
FM% Boys 185+03 |30.3+05 |389+0.7 |<0.001 <0.001 <0.001
FM% Girls 21.7+03 |305+05 |37.9+0.8 |<0.001 <0.001 <0.001
FM% Younger 198+7.3 |309+75 |384+6.7 |<0.001 <0.001 <0.001
FM% Older 203+7.7 |299+6.1 |385%x75 |<0.001 <0.001 <0.001
FMI Total population | 3.6 £ 1.5 6.7x16 10.2+2.6 | <0.001 <0.001 <0.001
(kg/m?)
FMI Boys (kg/m?) 34+01 |[66+01 [104+02 |<0.001 <0.001 <0.001
FMI Girls (kg/m?) 39+01 |[67+01 [100+0.2 | <0.001 <0.001 <0.001
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FMI Younger (kg/m?) | 3.5+ 15 6.6+17 10.0+2.4 | <0.001 <0.001 <0.001
FMI Older (kg/m?) 37+16 |67+16 [104+27 |<0.001 <0.001 <0.001
SMM Total | 16.3+3.0 | 186+3.1 |19.6+3.3 | <0.001 <0.001 0.001
population (kg)

SMM Boys (kg) 16.7+0.1 [189+0.2 |195+0.3 | <0.001 <0.001 0.332
SMM Girls (kg) 159+0.1 18.4+0.2 19.8+0.3 | <0.001 <0.001 0.001
SMM Younger (kg) | 15.2+25 |17.3+28 [186+3.0 | <0.001 <0.001 <0.001
SMM Older (kg) 174+ 3.1 199+29 205+3.4 | <0.001 <0.001 0.355
SMM% Total | 425+5.3 37.9+6.4 32.8+£39 | <0.001 <0.001 <0.001
population

SMM% Boys 43.5+0.3 38.7+£04 32.6+0.6 | <0.001 <0.001 <0.001
SMM% Girls 415+0.2 37.2+0.3 33.1+£0.5 | <0.001 <0.001 <0.001
SMM% Younger 422 +47 37.6+£6.9 32.8+35 | <0.001 <0.001 <0.001
SMM% Older 42.8+5.8 38.4+5.7 32.7+4.2 | <0.001 <0.001 <0.001
SMI Total population | 7.48£0.93 | 8.28+1.02 | 8.58+0.94 | <0.001 <0.001 0.002
(kg/m?)

SMI Boys (kg/m?) 7.68+0.04 | 8.40+0.07 | 8.57+£0.09 | <0.001 <0.001 0.343
SMI Girls (kg/m?) 7.25+0.05 | 8.16£0.07 | 8.58+0.11 | <0.001 <0.001 0.004
SMI Younger (kg/m”) | 7.31+0.88 | 8.04+1.12 | 8.45+0.87 | <0.001 <0.001 0.002
SMI Older (kg/m?) 7.64+094 | 851+0.84 | 8.68+0.99 | <0.001 <0.001 0.400
MFR Total | 254+ 1.63 | 1.38+1.00 | 0.91+0.32 | <0.001 <0.001 <0.001
population

MFR Boys 2.82+0.07 | 1.33+£0.10 | 0.90+0.14 | <0.001 <0.001 0.039
MFR Girls 224+0.06 | 1.43+£0.09 | 0.92+0.14 | <0.001 <0.001 0.009
MFR Younger 254+163 | 1.34+0.80 | 0.90+0.26 | <0.001 <0.001 0.039
MFR Older 254+162 | 1.43+£1.15 | 0.92+0.37 | <0.001 <0.001 0.010

Anthropometric and body composition measurements (mean + standard deviation) in the total population, males, females,

younger (10-11 years old) and older (11-12 years old) children by BMI%. Statistical significant differences (p<0.05) are shown in

bold letters.

4, Discussion

The aim of the present study was to record overweight
and obesity rates in a large Greek pediatric population,
to identify anthropometric and body composition

indices most strongly associated with excess weight and

Table 4: Differences in the studied indexes among BMI1% categories.

obesity-related co-morbidities and to quantify the
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impact of obesity on body composition. The data used
in this study was drawn from schoolchildren from
Patras, Western Greece. Body composition analysis

represents a useful tool with both research and clinical
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applications particularly in assessing obesity, as reduced
muscle mass may be obscured by increased adipose
tissue. The majority of the studied children were of
normal body weight (61.5%). The first major finding of
the present epidemiologic study indicates that the
overall prevalence of overweight and obesity in the total
population were 25.9% and 12.6%, respectively, which
is higher than this described in other Greek pediatric
populations. Specifically, a study from 40,769 Greek
adolescents, aged 12-19 years, which was conducted
between 2010 and 2012, showed that 23.6% were
overweight and 7.5% had obesity [24].

Also, in our study, the prevalence of overweight in
males was 24.4% (younger: 23.7%, older: 25.1%) and in
females it was 27.5% (younger: 28.4%, older: 26.7%)
and the prevalence of obesity in males was 13.4%
(younger: 11.3%, older: 15.5%) and in females 11.7%
(younger: 13%, older: 10.5%). Hence, the overall
prevalence of overweight was higher in girls compared
to boys, whereas the prevalence of obesity was higher in
boys than in girls. In addition, in the previously
mentioned study by Grammatikopoulou et al [24], boys
in both
overweight and obesity (overweight: 27.9% vs 19.4%,

had a predominance compared to girls

obesity: 8.9% vs 6.0%). Furthermore, the rate of
overweight in the boys was lower in our study
compared to that of the boys of the study by
Grammatikopoulou et al, but in our study the girls had
significantly higher rates of overweight [24]. With
regard to obesity rates, these were higher in the boys
and girls of our study compared to the boys and girls
studied in 2010-2012 [25]. In another school-based
survey by Tambalis et al, polled in 2015 on 336,014
children, among children aged 10-12 years, 25.2-25.8%
of the boys and 22.4-25.0% of the girls were overweight
and 8.2-9.0% of the boys 5.2-7.8% of the girls had
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obesity [25]. Again the overall rate of overweight in
females was higher in our study, as well as the obesity
rates in both the boys and the girls. Finally, an analysis
of childhood obesity in Greece during 2000-2010
documented a slightly lower prevalence of overweight
among children (24.1% and 23.2% for boys and girls,
respectively) and a lower prevalence of obesity (11.0%
and 9.2% for boys and girls, respectively) [26]. Data
from all these studies suggest that excess weight,
particularly in the form of obesity, has risen
significantly in both male and female Greek children
aged 10-12 years during the past 15 years. This
propensity in increasing obesity rates suggests an
obesogenic life-style, which may be explained by the
economic crisis in the absence of more nutritious food
choices or could be an overall trend. Our study
population consists of a large sample of children from
Western Greece, but since the sample comes from the
3" in size city in Greece and since primary education is
compulsory in Greece, we hypothesize that it represents
to a significant degree the most current obesity trend in

the country as a whole.

Furthermore, males had increased skeletal muscle and
the relative indices (SMM, SMM%, SMI, MFR)
compared to females and lower FM% (Table 1), even
though there was no difference in the BMI% between
the two genders. When the age was considered, the
same was noted only at the younger age. SMM,
SMM%, SMI and MFR were again higher in the
younger boys compared to the younger girls, whereas
FM, FM% and FMI were lower (Table 2), whereas no
statistically significant difference was found in any of
the above parameters when older boys were compared
with older girls. This suggests that the difference in
body composition seen between boys and girls of 10-11

years of age is not present at the age of 11-12 years old.
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This may be because of the altered body composition
observed during transition to puberty, since girls enter
puberty earlier than boys and the age of 10-11 years old
is considered as pre-puberty in girls. The observation
that the difference in body composition between boys
and girls is restored in girls aged 11-12 years, possibly
suggests that the body composition alterations in
younger girls are only transient and do not place them at
risk for metabolic disturbances or future metabolic
complications compared to the boys. Another
interesting finding of our study is that no statistically
significant difference was found between the two age
groups with respect to SMM%, FM%, FMI, MFR
(Table 1).
height, BMI, FM, SMM), were higher in older children,

as expected, however body composition did not differ

Anthropometric measurements (weight,

between the two age groups. The latter may be due to
the small age difference, by only 1 year, between the

two age groups.

Furthermore, the mean BMI% was the same between
younger and older children, as well as between younger
and older males and younger and older females. That
means that the age difference of one year did not affect
the overall rate of overweight or obesity in the studied
boys and girls. The same was seen with regard to
SMM%, FM% and MFR, suggesting that the body
composition was not different in the two age groups of
the children nor was it different in the two age groups of
the boys. In females, although FM% was similar
between the two age groups, SMM% was higher in the
older girls. Hypothetically, this could be an adjustment
to counteract for the increased FM% developed in girls
during the pre-pubertal period. It is well known that free
fat mass decreases in girls particularly before puberty, a
change that may contribute to the initiation of puberty

[27]. According to the percentage body fat curves for
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children and adolescents in the US population, based on
NHANES data from 1999 to 2004, boys aged 10-12
years old had approximately 27 percentage of body fat
(50" percentile) and girls had approximately 32
percentage of body fat (50" percentile) [28], which are
both higher than the mean values of FM% seen in our
population (boys: 24.2 + 10.3, girls: 26.0 £ 9.4) (Table
1). In contrast, results from children and adolescents
from England and Turkey published in 2006 and 2010,
respectively, have shown a percentage body fat of
approximately 17.5 (50" percentile) (England) and a
mean value of 18.5-21.4 (Turkey) in 10-12-year-old
boys and 23 (50™ percentile) (England) and a mean
value of 23.6-24.9 (Turkey) in 10-12 year old girls. The
results from both countries were much lower than the
results found in our study, suggesting that Greek
children of the above age have significantly higher
excess fat. However, it should be noted that the data
from the US, England and Turkey were not obtained
during the same time periods, but years before our data
was collected.

A recent study by Kim et al conducted in children from
Korea between 2009 and 2011, showed that height,
weight, SMM, SMM% and SMI were lower in Korean
boys and girls aged 10-12 years compared to our
population. This finding is important, because it has
been shown that elevated values of SMM may increase
sensitivity to insulin [29]. On the other hand, low SMM
values relate to metabolic risk factors and resistance to
insulin [17], including the risk for osteoporosis. With
regard to MFR, although no international reference
range has been established, comparison with MFR data
from the same Korean pediatric population [30] shows
that MFR is higher in our population in both the males
and females (mean + SD: Greek boys: 2.20 + 1.62 vs
Korean boys: 1.2 + 0.1, Greek girls: 1.86 + 1.39 vs
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Korean Girls: 1 + 0.1), possibly suggesting a better
metabolic profile. Interestingly, the mean MFR in
normal weight Korean children aged 10-12 years ranged
from 1.36 + 0.44 to 1.30 + 0.5 for boys and from 1.02 =
0.27 to 1.09 + 0.31 for girls. Mean MFR values in our
population was 2.82 + 0.07 for boys and 2.24 + 0.06 for
girls, suggesting a better metabolic profile. In Korean
children with overweight or obesity, MFR ranged
between 0.68 + 0.13 to 0.71 £ 0.16 for boys and from
0.70 £ 0.10 to 0.71 + 0.12 for girls, as opposed to our
population with overweight or obesity where MFR
ranged from 1.33 + 0.10 to 0.90 + 0.14 respectively, for
boys and from 1.43 + 0.09 to 0.92 + 0.14 for girls,
respectively, suggesting that even children with excess
weight from Western Greece had a more favourable
body composition compared to Korean age-matched
children. Of course, possible racial or ethnic differences

in body composition should not be ignored.

An additional very interesting finding of our study is
that overweight and obesity in the studied population
were positively correlated with higher FM, FM%, FMI,
SMM and SMI and negatively correlated with SMM%
and MFR (higher FM, FM%, FMI, SMM, SMI and
lower SMM% and MFR in overweight children vs
normal weight children and in children with obesity vs
overweight children). The same results were found
when the population was divided into boys and girls or
younger and older children (Table 3). This finding
suggests a direct association between the studied indices
and excess weight and also highlights the potential
significance of these indices as predictive markers for
potential  metabolic  disturbances and  future
cardiovascular complications. Knowing that skeletal
muscle mass represents an independent marker of
metabolic health and insulin sensitivity [17], and that

total body fat mass is stronger as a determinant of
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cardiometabolic risk compared to BMI [19] and that fat
mass levels are positively associated with hypertension
[12], the finding that measures of body composition can
directly been associated with excess body weight is of
major importance, as they may also serve as predictive

markers of obesity-related co-morbidities.

Strengths of the present study include that it is a large-

scale epidemiological study conducted in a
homogeneous sample of children. A standard protocol
was used for the measurement of anthropometric data
and there was no selection bias. Because of the large
sample size, statistical significance could easily be
achieved. However, the study is not nationally
representative and not representative of all age groups,
as it included only 5™ and 6™ graders, which does not
allow for generalization of the present findings. Thus,
the findings of our study should be interpreted
cautiously. Additional limitations of the present study
include that no dietary intake assessment was performed
and physical activity levels were not recorded. Also, our
study did not take into account the contribution of
puberty to fat mass, because pubertal staging was not
performed, as it was practically difficult in the school

setting.

5. Conclusion

Our results offer, to a significant degree, an update of
data on the most recent overweight and obesity
prevalence trends in children in Greece and add to the
existing knowledge that overweight and obesity rates in
Greek children are alarmingly elevated. Such findings
necessitate the development of effective public health
interventions from public health policy makers in order
to prevent further increase in overweight and obesity
rates and to address this health problem and the related
co-morbidities. Such interventions include adherence to
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the Mediterranean diet, increasing physical activity and
reducing screen time. Childhood is an advantageous
period to apply effective prevention strategies for
obesity, before dietary habits are fully established.

To our knowledge, this is the first study to examine the
association between pediatric overweight and obesity
and a variety of anthropometric and body composition
measurements in a pediatric population and to suggest
that these measurements are directly associated with
excess weight and could potentially serve as screening
tools for predicting obesity-related complications. To
the present, there are no established cut-off values for
anthropometric and body composition indices above
which complications can be best predicted in children.
Further studies are needed to confirm these findings and
establish  widely acceptable cut-off values for
identifying children at high risk of cardiometabolic

syndrome.
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