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Abstract

Background: Physical development can be considered as an indicator of the overall health status of the youth
population. Currently, it appears that the increasing trend of the prevalence of obesity among children and youths
has stopped in a number of countries worldwide. Studies point to the fact that adolescence is a critical period for
the development of obesity. Body mass index (BMI) seems to be an orientation parameter in the assessment of
prevalence of obesity which is not sufficient for more accurate identification of at risk individuals.

The purpose of this study was to evaluate association between BMI percentile zones as health-risk for being
overweight and obese and body composition indicators in high-school students from the PreSov (Slovakia) region.

Methods: A non-randomized cross-sectional study in high school students from the Presov (Slovakia) region was
conducted. The research sample consisted of 1014 participants (boys n =466, girls n = 549). Body composition was
measured using direct segmental multi-frequency bioelectrical impedance analysis (DSM-BIA). To examine the
association between obesity and selected body composition indicators, Kruskal-Wallis ANOVA and Eta® were used.
The relationship between selected body composition indicators and percentile BMI zones was determined using
the Kendall tau correlation.

Results: In groups with different BMI percentile zones (normal weight, overweight, obese), ANOVA showed
significant differences for girls and boys (p <05) with high effect size (n? <.26) in body weight, body fat mass index,
body fat percentage, fat free mass index, fat-free mass percentage, visceral fat area, waist-to-hip ratio, waist
circumference, protein mass and mineral mass. The highest degree of correlation among boys was between BMI
values indicating overweight and obesity and fat free mass index and waist circumference, respectively (t=.71, T
=.70, respectively). In girls, the highest correlation was found between classification of BMI percentile zones and
waist circumference (t=.78).

Conclusion: The characteristics of body composition are very useful determinants of health and nutrition status.
Our data revealed a direct association between BMI value and chosen body composition indicators. The most
accurate indicator of overweight and obesity in our study appears to be waist circumference for both male and
female population.
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weight; DSM-BIA, Direct segmental multi-frequency bioelectric impedance analysis; FFMI, Fat free mass index; K-W
ANOVA, Kruskal-Wallis analysis of variance; MM, Mineral mass; NW, Normal weight group; O, Obese group;

OW, Overweight group; PBF, Percentage of body fat mass; PFFM, Percentage of fat free mass; PM, Protein mass;
VFA, Visceral fat area; WC, Waist circumference; WHR, Waist to hip ratio; r)z, Effect size - Eta squared; T, Kendall Tau

correlation

Background

Physical development can be considered as an indicator
of the overall health status of the population. Obesity,
defined as abnormal accumulation of fat in adipose tis-
sue, has become the most common chronic and meta-
bolic lifestyle disease. Obesity is a multifactorial disease
[1] and over the past decades it has reached pandemic
levels by doubling its worldwide prevalence [2]. Over the
last few years, obesity has increased by 10-40 % in most
European countries. Regardless of age, in Europe 10-
25 % of people are obese, in America 20-25 %; however,
in the case of women in Eastern Europe, the Mediterra-
nean and some ethnic groups in the USA, up to 40 % of
people are obese [3—5]. According to the National An-
thropological Survey carried out in 2001, the current in-
cidence of overweight and obesity in Slovak children and
adolescents (7-18 years old) is as follows: 12.5 % among
boys out of which 7.8 % were obese and 12.1 % among
girls out of which 6.9 % were obese [6].

The prevalence of obesity among children and youths
is alarming. The increase of prevalence of obesity is
slower in the last few years than in past and achieved a
plateau level in developed countries [7, 8]. Several au-
thors consider adolescence to be a critical period for the
development of obesity and the foundation of lifestyle
diseases [9-11]. They also warn of increased weight
among youths which is mainly determined by an in-
crease in body fat. An increase in body mass index
(BMI), incidence of metabolic and cardiovascular dis-
eases in older age and an individual’s somatotype can be
influenced, by as much as 30 %, by exogenous factors
such as unhealthy dietary habits, lack of physical activity
or sedentary behaviors [11].

The risk of serious chronic diseases depends on the
degree of overweight/obesity and on the distribution of
fat in the body. It is rather the distribution of body fat
that plays a crucial role in metabolic processes related to
obesity, not total body fat [12]. Obesity causes an in-
creased risk of early onset of diabetes and cardiovascular
disease even in young adults [13]. Sixty to eighty percent
of obese adolescents carry obesity through to adulthood
and have an 18-times greater risk of maintaining obesity
and its complications [14]. Childhood obesity causes an
increased risk of systolic and diastolic blood pressure
[15]. Moreover, being in the top 90" percentile causes a
two times greater risk of hypertension (23 %) in

comparison to children in the 75t percentile (12 %); in
the case of obesity, being in the top 95™ percentile, the
risk is three times greater (34 %) than in children in the
75" percentile [16)].

At present, to assess the degree of obesity in children
we use BMI percentile zones. BMI is significantly deter-
mined by several factors, such as age, gender, length of
limbs and body composition [17, 18]. Although it is an
important epidemiologic and clinical tool, BMI does not
distinguish between fat mass and fat-free mass; thus in-
dividuals of the same BMI show varying levels of fatness
[19, 20]. This is the reason why athletes can sometimes
be included in overweight or obese groups; however, it is
not only true of athletes as such examples can also be
found in the general population. Conversely, an individ-
ual with a high proportion of fat mass and minimal
amount of muscle mass is classified as being of normal
weight. Nevertheless, BMI does not indicate fat
localization in the body. Therefore, we believe that a
more appropriate method for monitoring the prevalence
of obesity is direct diagnostics of body composition indi-
cators focused on fat (percentage body fat, fat mass
index, visceral fat area, etc.) and active mass (fat free
mass, fat free mass index, etc.). In relation to the body
fat component, opinions found in available studies con-
cerning its optimal percentage vary. Body fat levels ran-
ging from 20 to 25 % in boys and 30 to 35 % in girls
have been shown to be associated with health risk [21].
Childhood and adolescent overweight and obesity are
important public health concerns [20].

The purpose of this study was to evaluate association
between BMI percentile zones as health-risk for being
overweight and obese and body composition indicators
in high-school students.

In this study we would have attempted to answer the
following questions: Are differences in body composition
indicators among high school students classified by BMI
percentile zones significant? What is the relationship be-
tween BMI percentile zones and selected body compos-
ition indicators?

Methods

Participants

A non-randomized cross-sectional study was used to de-
scribe selected indicators of body composition as predic-
tors of health risk in high school students from the
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Presov (Slovakia) region with respect to their gender
differences.

The research group consisted of 1014 high school stu-
dents aged between 14 and 21 years (boys n = 464; girls
n =550). Participants were selected using random strati-
fied sampling. Strata were represented by individual dis-
tricts of the Presov region. In each of the strata, one
school was selected by drawing lots. Overall, 14 high
schools participated in the study; to be more specific
four secondary grammar schools, four specialized
schools (business academies, schools specializing in edu-
cation and health care) and six secondary vocational
schools. The same method of drawing lots was applied
to select classes when one class was chosen from each
grade, so that 56 classes were included in the research.
Results can be generalized for the high school popula-
tion in the Presov region.

Due to verification of assumptions, the participants
were divided into three sub-groups according to classifi-
cation of the BMI percentile zones, namely into normal
weight group (NW), overweight group (OW) and obese
group (O) with respect to their gender.

Participants’ distribution into individual subgroups
was carried out on the basis of the values of the
Quetelet index (BMI) according to Slovak National
Reference Standards based on the National Anthropo-
logical Survey 2001, which takes into account eating
habits and local genotype [6]. BMI value below the
90™ percentile was assessed as normal weight, weight
in the top 90™ percentile means being overweight
and a value exceeding the 97™ percentile indicates
obesity. The participants were assessed with regard to
their age since the level of the degree of obesity shifts
in relation to the participant’s age.

Measures and procedures

Before analysis of body composition, the participants
took part in basic measurements of anthropometric pa-
rameters. Body height was measured using a portable
stadiometer (SECA 217, Hamburg, Germany) with an
accuracy of 0.1 cm.

Body weight measured with an accuracy of 0.1 kg to-
gether with body composition was tested using direct
segmental multi-frequency bioelectric impedance ana-
lysis (DSM-BIA). Bioelectrical impedance is a non-
invasive, safe, fast and relatively cheap method for body
composition analysis at the cellular level [22]. The
method is based on measuring resistance and reactance
of tissues. Resistance is determined by a tissue’s conduct-
ivity defined as a ratio of voltage and current. Reactance
is defined as a tissue’s ability to slow down the current
and cause a phase shift. This is an additional resistance
that is dependent on the cell membranes’ capacity.
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Bioimpedance was measured using an In Body 230 de-
vice (Biospace Co., Ltd.; Seoul, Korea). The In Body 230
device uses 8-point electrodes. Eight tactile electrodes
are placed as follows: two of them are below each foot in
anterior and posterior directions and two electrodes are
in contact with the palm and thumb of each hand. The
device works on the basis of ten repetitions of imped-
ance measurement using two current frequencies,
namely 20 and 100 kHz, in each of five body segments
(right arm, left arm, trunk, right leg, left leg). The In
Body 230 device shows high validity of results of directly
measurable body composition indicators, i.e. fat mass,
fat mass percentage and fat free mass, in comparison to
Dual-energy X-ray absorptiometry (r=.94-.99) [23]. As
stated in another study, bioelectric impedance showed
excellent reliability with repeated measurements differ-
ing by less than .20 % with very small 95 % CI [24]. The
device differentiates body weight into three components
- total body water (intracellular and extracellular), dry
mass (proteins and minerals) and body fat. Fat free mass
contains a large amount of water and electrolytes and
therefore it is a good conductor of electricity. Fat mass,
which contains only a little water, is, on the other hand,
a bad conductor [22].

The measurements were processed using Lookin'Body
3.0 version software (Biospace Co., Ltd.; Seoul, Korea).

Indirectly measurable parameters were calculated on
the basis of software prediction equations for the given
age category. Body composition was measured using the
bioimpedance method under standard conditions de-
scribed in bioimpedance analysis guidelines [25]. Room
temperature was kept between 20 and 24 °C to prevent
undesirable changes in body water composition [26]. In
accordance with the manufacturer’s guidelines, the par-
ticipants held out their arms and legs so that they would
not come into contact with any other body segments
during the procedure. If possible, the subjects were
asked to avoid any vigorous physical activity for at least
24 h before the procedure, fast for 2 h and to urinate or
defecate before the measurements.

The following parameters of body composition were
monitored: percentage of body fat mass (PBF), body fat
mass index (BFMI), percentage of fat free mass (PFFM),
fat free mass index (FFMI), waist to hip ratio (WHR),
waist circumference (WC), visceral fat area (VFA) and
parameters of nutrition in the concrete protein mass
(PM) and mineral mass (MM). The FFM and FM in-
dexes are equivalent concepts to the BMI, and are de-
fined as FFM/height® (kg/m?) and FM/height> (kg/m?),
respectively. WHR, which is calculated based on the
waist/hip circumference ratio, is used as an effective in-
dicator of the Body Fat Mass [27]. Values of WC and
WHR indicators were determined from the results of
measurement on the InBody 230 device. The InBody
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uses its impedance index to provide a scientific estima-
tion of the examinee’s value of circumference. However,
validity and reliability of this estimation has not been
published, yet.

Statistical analysis

To describe the collected data, we used the mean as a
measure of central tendency and standard deviation as a
measure of variability. Supplementary data of basic char-
acteristics also include minimal and maximal values.

The Shapiro-Wilk test was used to test normality of
data distribution as a means of selection of statistical
tests. To examine the association between obesity and
selected body composition indicators, Kruskal-Wallis
analysis of variance (K-W ANOVA) was used. To deter-
mine the significance of the difference among the BMI
percentile zones, multiple comparisons for non-normally
distributed variables (Mann-Whitney test with Bonferro-
ni’s correction of p-value) were used.

The level of significance was set at 95 % for all statis-
tical parameters (p <.05). Effect size (ES) of BMI per-
centile zones was determined using Eta squared values
(;72) from a formula for the non-parametric K-W
ANOVA test (1):

7' = [H/(n-1)] (1)

Effect size of the observed factors was assessed accord-
ing to Thomas and Nelson [28], when 112 .06 indicates
a small effect, 06<#” .14 medium effect and #° >.14
large effect.

The relationship between selected body composition
indicators and BMI percentile zones was determined
using the Kendall Tau correlation based on the number
of concordances and discordances in paired observations
with statistical significance set at o =.01. The strength of
the relationship was defined using Evans’s guide [29],

where T .19 represents very weak, T .39 weak, T
.59 moderate, T .79 strong and t 2.80 very strong
association.

Statistical analysis was carried out using the Statistica
v.12.0 program, (StatSoft, Inc.; Tulsa, USA).

Results

The number of participants in each of the research
subgroups, NW, OW and O divided according to
BMI values, expressed also in percentage can be seen
in Table 1. The participants’ average decimal age at
the time of measurements was (mean * standard devi-
ation) 17.2+1.3 years, average body height (BH)
170.3 + 8.6 c¢m, average body weight (BW) was 62.9 +
12.2 kg and average body mass index (BMI) was 21.6
+3.4 kgm™>
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Testing normality of data distribution using the
Shapiro-Wilk test showed that several indicators of body
composition in both male and female adolescents did
not follow the Gaussian distribution (unpublished data).

Table 2 shows comprehensive values of the monitored
body composition indicators of boys and their compari-
son from the perspective of BMI percentile zones. From
this point of view, insignificant differences were found in
parameters of age (Hj 463 =6.01; p =.521; 172: .012) and
body height (H; 463 = .549; p =.760; ;72 =.001). Concern-
ing body weight, significant differences between NW vs.
OW and NW vs. O groups were detected (Hj 443 = 207.4;
p <.001; 7” = .448), whilst between OW an O there was
no significant difference. In parameters identifying the
proportion of adipose tissue in participants’ bodies, sig-
nificant differences in BFMI (Hj 463 = 195.5; p <.001; 172
=.422) and PBF (Hy 63 = 162.1; p <.001; 5 = .350) were
discovered using Kruskal-Wallis analysis of variance and
significant differences were determined between all three
compared groups using multiple comparisons of mean.
Participants’ inclusion in the overweight and obese
groups was also demonstrated in VFA (H, 463 = 191.5; p
<.001; #* = .414), when significant differences were found
between individual compared pairs of data samples.
Similar results of analysis of variance were also recorded
in parameters assessing the proportion of active mass in
participants’ bodies, namely in FEMI (H; 463 = 165.4; p
<.001; #°=.357) and PFFM (Hy4e3 = 161.9; p <.001; #°
=.350). In both cases, significantly lower values of active
mass were found in the OW and O groups in compari-
son to the NW group. In the parameter of FFMI, there
was no significant difference between the OW and O
group recorded whilst in the PFFM parameter this dif-
ference was significant. Significant differences were also
observed in parameters determined on the basis of cir-
cumference measures, i.e. WHR (Hj 463 = 159.6; p <.001;
7 =.345) and WC (Hy 63 = 217.6; p <.001; 1° = .470). In
both cases, significant differences were found between
NW vs. OW and NW vs. O. In comparison to OW and
O groups, a significant difference was only detected in
the WHR parameter. In parameters evaluating partici-
pants’ nutrition, significant changes were found between
the groups with respect to classification of BMI percent-
ile zones, as well (PM - Hj 463 = 104.7; p <.001; #° = .226,
MM - Hjue;=115.6; p <.001; #°=.250). Along with

Table 1 The prevalence of being overweight and obese of
participants according to BMI values

Normal weight (NW) Overweight (OW) Obesity (O)

n % n % n %
Male (n = 464) 364 784 43 93 57 123
Female (n=550) 453 824 39 7.1 58 105
Overall (n=1014) 817 80.6 82 8.1 115 113
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Table 2 Values of body composition parameters in male adolescents and their comparison between the subgroups in relation to

BMI percentile zones

Variables M SD Min Max Multiple comparisons of mean
Age (years) Overall 1717 124 14.62 21.16
NW 17.09 1.22 14.62 21.16
ow 17.58 1.20 15.20 19.83
O 17.38 133 15.01 2049
BH (cm) Overall 176.74 9.60 15840 198.10
NW 176.64 6.60 15840 198.10
oW 177.34 6.17 162.90 194.70
O 176.96 7.16 160.80 196.50
BW (kg) Overall 68.51 * 11.98 45.10 119.90
NW 63.92 763 45.10 94.50 NW vs. OW (p <01)
Oow 78.69 562 67.00 95.40 NW vs. O (p <01)
0 90.18 9.55 73.90 119.90
BFMI (kg.m™) Overall 338 % 215 57 1568
NW 2.56 96 57 591 NW vs. OW (p “.01)
ow 449 133 230 7.56 NW vs. O (p “01)
0 7.83 232 356 15.68 OW vs. O (p <05)
PBF (%) Overall 14.64 * 6.01 3.00 45.30
NW 1232 395 3.00 26.90 NW vs. OW (p “01)
ow 17.92 532 940 30.70 NW vs. O (p <01)
O 2692 6.52 13.30 45.30 OW vs. O (p “.01)
FFMI (kg.m™) Overall 18.52 *° 1.88 13.88 23.80
NW 17.90 1.49 13.88 2158 NW vs. OW (p <.01)
(o4 20.51 134 17.08 2253 NW vs. O (p <01)
0 2093 141 18.08 23.80
PFFM (%) Overall 85.36 ** 6.61 54.73 96.99
NW 87.67 395 73.09 96.99 NW vs. OW (p <.01)
ow 82.07 531 69.32 90.53 NW vs. O (p <01)
O 73.09 6.52 54.73 86.73 OW vs. O (p <01)
WHR Overall 83 % .06 74 1.50
NW 81 04 74 95 NW vs. OW (p <.01)
ow 86 05 78 97 NW vs. O (p <01)
O 93 05 82 1.50 OW vs. O (p “.01)
WC (cm) Overall 79.11 *@ 9.74 65.90 116.50
NW 75.11 487 65.90 9290 NW vs. OW (p <01)
ow 86.35 4.83 7750 96.20 NW vs. O (p <01)
0 99.19 7.64 86.00 116.50
VFA (cm?) Overall 4621 * 3120 5.00 187.20
NW 3446 18.27 5.00 88.50 NW vs. OW (p “.01)
ow 66.16 2069 29.80 11250 NW vs. O (p “01)
O 106.22 26.32 58.10 187.20 OW vs. O (p <01)
PM (kg) Overall 11.50 * 154 720 16.60
NW 11.10 133 7.20 15.80 NW vs. OW (p <.01)
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Table 2 Values of body composition parameters in male adolescents and their comparison between the subgroups in relation to

BMI percentile zones (Continued)

ow 12.86 1.31
O 13.04 146
MM (kg) Overall 395 * 57
NW 3.80 48
ow 444 48
O 4.58 .56

1040 16.50 NW vs. O (p <01)
10.10 16.60
257 6.60
257 580 NW vs. OW (p =01)
335 5.81 NW vs. O (p =01)
350 6.60

Note. BH body height, BW body weight, BFMI body fat mass index, PBF percentage of body fat, FFMI fat free mass index, PFFM percentage of fat free mass, WHR
waist to hip ratio, WC waist circumference, VFA visceral fat area, PM protein mass, MM mineral mass, NW normal weight group, OW overweight group, O obesity

group, * p “.05 Kruskal-Wallis ANOVA, ? large effect size

increasing BMI, PM and MM also increased. Multiple
comparisons of mean identified significant difference be-
tween NW vs. OW and NW vs. O; no differences in pro-
portion of individual observed components were
significant between OW vs. O.

Table 3 presents values of selected body composition
indicators as predictors of girls’ health with regard to
classification of BMI percentile zones. As results indi-
cate, no significant difference between the groups was
found in terms of decimal age (Hj 5490 = 2.95; p =.229; 172
=.005) and body height (Hysso=2,10; p=.351; #°
=.004). However, a significant difference was revealed in
body weight (Hys40 =215.5; p <.001; #°=393), which,
using multiple comparisons of mean, was identified be-
tween NW vs. OW and NW vs. O. No significant differ-
ence was detected between the groups of overweight
and obese female adolescents. Kruskal-Wallis analysis of
variance revealed significant differences between partici-
pants with respect to classification of BMI percentile
zones in all observed indicators of body composition
characterizing proportion of adipose tissue: BFMI
(Has40 = 225.6; p <.001; 1° = 411), PBF (Hy 540 = 196.7; p
<.001; #* = .358), VFA (Hy 540 = 188.8; p <.001; i = .344),
proportion of fat free mass: FFMI (Hjs49 = 155,6; p
<.001; 7°=.283), PFEM (Hys40=196.5; p <.001; #°
=.358), abdominal obesity parameters: WHR (Hjs49 =
198.2; p <001; 7°=.361), WC (Hasso = 227.7; p <.001;
i” = 415) and nutrition parameters: PM (Hy 540 = 94.2; p
<.001; #°=.172) and MM (H,s40 = 103.4; p <.001; #°
=.188). Multiple comparisons of mean indicated signifi-
cant differences between NW vs. OW and NW vs. O in
all monitored parameters. Significant differences be-
tween OW vs. O were only found in the FEMI param-
eter, whilst in other parameters there were no significant
differences between these groups.

Correlations were calculated between BMI percentile
zones and individual observed indicators of body compos-
ition with respect to gender (Fig. 1). In male adolescents,
from the perspective of the major factor, i.e. classification of
BMI percentile zones, positive moderate correlation be-
tween the following body composition parameters was

found: PBF (t = .49), WHR (1t = 43), PM (t =.50) and MM
(t = .51). Negative moderate correlation was determined be-
tween the major factor and PFEM (1 = —.49). Positive strong
correlation was calculated between classification of BMI
percentile zones and BEMI (1 =.61) and VFA (1 =.65). The
strongest correlation was detected in relation to WC or
FEM], respectively (t =.70, t =.71, respectively). In the case
of female adolescents, results of Kendall’s correlation ana-
lysis were similar; positive moderate correlation was identi-
fied between BMI classification and nutrition parameters
PM (1t = .41) and MM (t = 45) as well as FFMI (t = .58). Re-
garding the PFFM parameter, negative strong correlation
was found (t = —.64). Positive strong correlation was calcu-
lated in PBF (t = .64), WHR (t = .60) and VFA (t = .67). The
highest level of association, approaching very strong posi-
tive correlation, was observed in relation to BFMI (1 =.76)
and WC (t =.78).

Results of correlation analysis were also confirmed by
the significance of correlation at the probability level
(p <.05). Results of correlation analysis are demonstrated
in the graph in Fig. 1.

Discussion

Currently, most of the pediatric literature relies on BMI
to identify children as overweight or obese. BMI may be
useful in screening but the standard errors of the predic-
tions were about 3 kg for total body fat and 4 % for per-
cent body fat [30]. Therefore, it is not a useful predictor
of body fatness. From the point of view of assessing
obesity and being overweight using BMI standards,
8.1 % of our sample was overweight and 11.3 % was
obese. In the group of male participants, it was 9.3 % or
12.3 %, respectively, and in the group of female partici-
pants 7.1 % or 10.5 %, respectively. We have confirmed
the fact that a lower number of overweight and obese in-
dividuals was to be found among girls in comparison to
boys, which is consistent with the results of the National
Anthropological Survey 2001 [6]. A similar state in ado-
lescent population was according to Bibiloni et al. [31]
also found in other European countries.
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Table 3 Values of body composition parameters in female adolescents and their comparison between the subgroups in relation to

BMI percentile zones

Variables M SD Min Max Multiple comparisons of mean

Age (years) Overall 17.24 124 1481 21.19
NW 17.22 1.24 14.81 21.19
ow 1749 1.29 15.22 19.33
O 17.26 1.28 15.22 20.21

BH (cm) Overall 164.9 582 147.00 181.60
NW 164.72 573 147.00 181.60
oW 165.65 6.52 153.30 179.10
O 165.54 598 150.90 177.50

BW (kg) Overall 58.16 ** 10.20 37.20 100.20
NW 54.74 6.69 37.20 70.60 NW vs. OW (p <01)
Oow 68.66 5.80 58.70 80.40 NW vs. O (p <01)
@) 7777 7.98 61.00 100.20

BFMI (kgm'z) Overall 591 *@ 246 122 16.3
NW 550 152 122 10.0 NW vs. OW (p “.01)
ow 8.59 1.90 6.44 10.90 NW vs. O (p =01)
0 10.86 1.94 6.62 1630

PBF (%) Overall 2681 * 7.10 830 48.00
NW 2467 547 830 42.10 NW vs. OW (p <.01)
ow 3438 413 26.00 43.00 NW vs. O (p <01)
O 38.08 436 2540 48.00

FFMI (kg.m™) Overall 1548 * 134 1227 2007
NW 15.11 1.90 12.27 18.24 NW vs. OW (p <.01)
(o4 16.39 1.10 1447 18.64 NW vs. O (p <01)
@) 17.50 1.10 15.66 20.07 OW vs. O (p <01)

PFFM (%) Overall 7334 % 7.10 52.01 91.73
NW 7545 547 5794 91.73 NW vs. OW (p <.01)
ow 65.62 414 57.03 74.02 NW vs. O (p <01)
O 61.93 436 52.01 74.66

WHR Overall 85 % 05 73 1.60
NW 83 04 73 .96 NW vs. OW (p <.01)
ow 91 03 83 97 NW vs. O (p <01)
O 94 05 85 1.60

WC (cm) Overall 7817 *@ 9.26 60.80 119.20
NW 74.85 563 60.80 9220 NW vs. OW (p <01)
ow 88.55 430 79.80 96.30 NW vs. O (p <01)
0 96.64 7.20 84.90 119.20

VFA (cm?) Overall 62.85 *° 3117 500 184.70
NW 532 2253 5.00 119.90 NW vs. OW (p “.01)
ow 96.23 21.71 42.10 129.00 NW vs. O (p =01)
O 115.30 25.86 54.50 184.70

PM (kg) Overall 826 * 1.00 6.10 12.50
NW 8.50 86 6.10 10.90 NW vs. OW (p <01)
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Table 3 Values of body composition parameters in female adolescents and their comparison between the subgroups in relation to

BMI percentile zones (Continued)

ow 8.86 98
O 9.46 140
MM (kg) Overall 301 * 38
NW 293 32
ow 3.27 37
O 349 40

6.80 10.90 NW vs. O (p <01)
7.20 12.50

217 463

217 3.80 NW vs. OW (p =01)
258 4.60 NW vs. O (p =01)
249 463

Note: BH body height, BW body weight, BFMI body fat mass index, PBF percentage of body fat, FFMI fat free mass index, PFFM percentage of fat free mass, WHR
waist to hip ratio, WC waist circumference, VFA visceral fat area, PM protein mass, MM mineral mass, NW normal weight group, OW overweight group, O obesity

group, * p “.05 Kruskal-Wallis ANOVA, ? large effect size

The results of a previous study demonstrate a strong
relationship between chronic disease risk factors and
percent fat in children and youths that varies by age in
boys and girls [21]. Concerning the group of boys, in the
parameters describing proportion of adipose tissue in
the body we recorded significant differences in BFMI
and PBF in all three monitored groups. The recorded
median value for the group of obese participants was
26.9 %. Williams and colleagues identified PBF threshold
of 25 % in boys, which means an increased health risk
[32]. The groups of participants with normal weight or
overweight showed PBF values below the indicated
threshold (Table 2). Participants’ inclusion in the over-
weight and obese groups was also demonstrated in VFA
when significant differences were found between individ-
ual compared pairs of data samples.

In the girl’s group, significant differences were revealed
in all observed indicators of body composition charac-
terizing proportion of adipose tissue in participants’ bod-
ies, namely in BEMI, PBF and VFA. The average value of
PBF was 26.8 %. In another study, median PBF at age 18

for girls was 27.8 %. By the age of 18, girls had approxi-
mately 1.5 times greater PBF than boys [21]. These find-
ings are very similar to our results when 18-year-old
girls achieved a value of 27.1 and it was 1.7-times higher
than in boys of the same age. Percent fat is significantly
related to risk factor levels [32]. There has been increas-
ing scientific interest in fat mass largely because of its
relationship to health status [33]. Using a modified
Slaughter equation, Williams and colleagues identified
PBF thresholds 30 % in girls and 25 % in boys that were
indicative of an increased risk of being in the highest
quintile for blood pressure and serum lipoproteins in ad-
olescents [32]. With respect to these results, some girls
and boys from our sample appear to be at increased risk.
Such participants were detected throughout the whole
range of BMI percentile zones. In the case of girls,
31.3 % were found to be at the risk zone, out of which
18.3 % were from NW group, 84.6 % from OW group
and 98.3 % from O group. Regarding boys, 9 % of them
were at the risk level. Their proportion among NW, OW
and O groups was 0.5, 9.3, 62 %, respectively.

=
S m male
c
]
X female
BFMI PBF FFMI M  WHR WC VFA PM MM

-0,2

-0,4

-0,6

*
-0,8

parameters of body composition

Fig. 1 Kendall tau correlations between body mass index and chosen indicators of body composition according to gender (* significance p <05)
J
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With respect to this fact, it would be suitable to create
standards for individual categories — cut off score — for
all observed parameters according to which the assess-
ment of results would be more exact. PBF thresholds of
22.3 and 35.1 % in boys and 31.4 and 38.6 % in girls (at
age 18 years) were found to be indicative of “low” and
“high” metabolic syndrome risk [17]. The study identifies
thresholds (at age 18.0-18.9 years) of 22.3 and 35.1 % in
boys which approximate the cutoffs for BMI of 25 and
35 kg/m” in the adult study. In girls, the identified
thresholds of 31.4 and 38.6 % correspond to the cut offs
for BMI of 25 and 30 kg/m?® in the adult study. In gen-
eral, it appears that perhaps the girls’ threshold could be
adjusted to a higher percentile to allow it to more closely
align to the threshold of 35 kg/m? (instead of 30 kg/m?)
[33]. Although the approach of Zhu and colleagues [34]
incorporated BMI to define healthy PBF standards, ra-
ther than PBF alone, the odds of metabolic syndrome
drastically escalate as adult BMI increases above 25 and
30 kg/m2 [35]. Furthermore, childhood overweight and
obesity using these BMI thresholds is predictive of adult
obesity [36]. The recent trends in the prevalence of
childhood obesity and its associated health risks are well
documented [37].

In screening programs, the use of simple anthropo-
metric indices (i.e. BMI, skinfold thicknesses and waist
circumference) has become popular to identify children
and adolescents who are overweight / obese or at risk of
developing excess adiposity [38].

According to standards for WC set by the WHO
[2], which suggest that the risk for men is over the
value of 94 and 80 cm for women, respectively. In
our research group, male participants from the obese
group took place in the risk zone (M =99.2 c¢cm), with
respect to the median value, and in female partici-
pants it was the overweight group (M =88.5 c¢cm) and
obese group (M =96.6 cm). As the above mentioned
results indicate, WC is an indicator using which it is
easy to identify individuals at risk of being overweight
and obese. Concerning WC, several studies confirmed
a high correlation with BMI in children and adoles-
cents [39, 40]. Considering the strong correlation be-
tween these two parameters, it may be inferred that
they have no independent effect.

Pereira et al. observed that the covariance between
them is reduced, and thus the combined use of BMI and
WC would be a better predictor of health risk for chil-
dren and adolescents [41]. As stated by Ochiai et al., it is
essential to consider gender and obesity when using
BMI as a surrogate for %BF and WC for epidemiological
use [42]. Similarly, another study revealed a high correl-
ation between WC and PBF in adolescents aged between
12 and 18 years (r=.85) [39]. PBF is considered as the
most accurate predictor of cardiovascular diseases.
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Based on results of the study by Laurson et al., body
fat was highly accurate at detecting elevated WC, al-
though this is to be expected since both are assessments
of adiposity and are generally highly correlated [43]. This
could indicate that WC alone could be used to identify
youths at risk of metabolic syndrome, which is intuitive
since WC is an integral component of the syndrome
[43]. Gluteal adipocyte weight is more highly correlated
with total body fat than adipocyte weight at other sites
[29]. Recent studies in obese young people have shown
that VFA tends to explain greater proportions of the
variance in cardiovascular disease (CVD) risk factors
than other measures of adiposity such as total percent
body fat, total body fat mass, waist-to-hip ratio or sub-
cutaneous abdominal adipose tissue. The waist-to-hip
ratio was a relatively strong predictor of total choles-
terol, total cholesterol/HDLC, LDLC, and Apo B [44].

In the screened sample, the relationship between VFA,
WC and WHR was revealed in individual age categories,
which confirms the above mentioned findings. In male
participants, from the perspective of the major factor, i.e.
BMI percentile zones, positive moderate correlation be-
tween the parameters of PBF and WHR was found. Posi-
tive strong correlation was calculated between
classification of BMI percentile zones and BFMI and
VFA and the highest correlation was detected in relation
to WC. It was similar in girls when positive strong cor-
relation was calculated for PBF, WHR and VFA. The
highest measure of association, approximating very
strong positive correlation, was observed in relation to
BFMI and WC indicators. Circumference measurement
is influenced by tissues (adipose tissue, muscle and bone)
that do not correlate highly. Therefore, ratios between
circumferences may lack specificity regarding adipose
tissue distribution. This has been demonstrated using
hospital records from computed tomography [30]. It was
shown that the ratio of abdominal to hip cross-sectional
areas correlated strongly with intra-abdominal fat but
also with muscle and bone areas [30].

In the indicator describing proportion of active
mass with respect to subject’s height, FFMI, we re-
corded an increasing value in all monitored groups of
both male and female adolescents. The highest values
were achieved by participants classified as O and, on
the contrary, the lowest values were found among
participants classified as NW. These results are in ac-
cordance with findings by Sabino et al. [45]. The op-
posite result was recorded in the relative value of fat
free mass (PFFM) where with increasing BMI the
values of PFFM decreased. Median value of FFMI in
male participants was lower than reference values re-
ported by Schutz et al. [46] and median values of all
subgroups were in the range of 5-95" percentile.
Concerning female participants, median value of
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FEMI was in affinity with the reference value men-
tioned by [46].

An important limitation of the study is that the partic-
ipants could not be randomly selected. The results are
thus only valid for adolescent population in the Presov
region, Slovakia, and can be generalized with certain
limits. Furthermore, representation of obese subjects
was low; on the other hand, its percentage corresponds
with the incidence of obesity in the Slovak Republic. The
use of the described method of the analysis of body
composition is in pediatric practice partially limited due
to the device’s purchase cost. However, as indicated by
the results of correlation analysis, the best predictor of
overweight and obesity appears to be waist circumfer-
ence which is, moreover, inexpensive when using the
tape measure. On the other hand, it is necessary that the
person performing such measurement has to be properly
trained in terms of the conditions under which the
measurement is taken, taking into account location and
time of the measurement, food intake or abdominal
muscle tonus during the measurement.

Conclusions

The biggest association was determined in relation to
waist circumference and fat free mass index. Since FFMI
significantly depends on body height, based on these re-
sults we can consider WC the best predictor of the BMI
percentile zones in boys of this age category. In girls, the
highest association was found in relation to body fat
mass index and waist circumference. Similarly as in
boys, the WC parameter appears as the best predictor of
the BMI percentile zones in girls. Moreover, based on
the results of multiple comparisons, similar values of
body composition indicators between overweight and
obese groups classified according to the BMI percentile
zones were observed.

Despite the fact that BMI is an indicative parameter only
and does not capture differences in body composition, it
matches relatively well with distribution of our participants
with respect to fat related parameters, namely BEMI, WHR
and WC, especially in boys. Concerning our female partici-
pants, the results are not so clear as BMI appears to be only
little sensitive, especially when related to PBF.

The importance of such studies lies in the fact that,
based on their results, it is possible to identify specific-
ities of individual regions; conversely, they reflect local
conditions and habits which may differ across regions. It
seems that it is necessary to create national standards
for each age category in individual body composition in-
dicators which realistically reflect endogenous and ex-
ogenous factors affecting the body. Future studies with
large, representative samples are needed to precisely de-
fine the percent fat risk factor and BMI relationships at
different ages.

Page 10 of 11

Acknowledgements
Not applicable.

Funding

The study was supported by the Slovak Research Development Agency
within the project titled “Physical, functional and motor development in high
school students as reflected by physical activity”, No. APVWW-0768-11.

Availability of data and material
All data generated or analyzed during this study are included in this
published article and its supplementary information files.

Authors’ contributions

BV coordinated the group of examiners participating in the measurements.
PC prepared raw data and performed statistical analysis, helped to draft the
manuscript and finalized the manuscript. VS contributed to data collection
and coordinated the preparation of the manuscript. JJ conceived and
designed the study. MZ helped to draft the manuscript and finalized the
manuscript. PR helped to finalize the manuscript. All authors contributed to
and approved the final manuscript.

Authors’ information

BV, VS, JJ: Department of Sport Kinanthropology, Faculty of Sports, University
of Presov. Research field: Research and evaluation of physical activity of
population. PR: Department of Sport Kinanthropology, Faculty of Sports,
University of PreSov. Research field: Fitness of population and effects of
physical activity on health. PC: Department of Educology of Sports, Faculty of
Sports, University of Presov. Research field: Research and evaluation of
physical activity of population. MZ: Department of Kinesiology, Faculty of
Sports Studies, Masaryk University. Research field: Physical activity and quality
of life, qualitative and quantitative analysis of motion technique.

Competing interests
The authors declare that they have no competing interests.

Consent for publication

A participant’s legal guardian (in the cases where a participant was younger
than 18 years) or participants (in the cases where a participant was older
than 18 years) agreed with publishing of the collected data.

Ethics approval and consent to participate

A participant’s legal guardian (in the cases where a participant was younger
than 18 years) or participants (in the cases where a participant was older
than 18 years) received a verbal description of the study procedures before
testing, agreed with publishing of the collected data and completed a
written informed consent that was approved by the ethical committee of
the Faculty of Sports Studies of Masaryk University. Measurements were
taken according to the ethical standards of the Declaration of Helsinki [47].

Author details

'Department of Sport Kinanthropology, Faculty of Sports, University of
Presov, 17th November street No. 13, Pre3ov, Slovak Republic. “Department
of Educology of Sports, Faculty of Sports, University of Presov, 17th
November street No. 13, Presov, Slovak Republic. *Department of
Kinesiology, Faculty of Sports Studies, Masaryk University, Kamenice 5, Brno,
Czech Republic.

Received: 11 June 2015 Accepted: 10 August 2016
Published online: 17 August 2016

References

1. Newell A Zlot A, Silvey K, Arail K. Addressing the obesity epidemic: A
genomics perspective. Prev Chronic Dis. 2007, http://www.cdc.gov/pcd/
issues/2007/. Accessed 10 May 2014.

2. World Health Organization (WHO). Waist circumference and waist-hip ratio:
report of a WHO expert consultation. Geneva, 8-11 December 2008.
Geneva: WHO; 2011,

3. Garza C, Onis M. A new international growth reference for young children.
Am J Clin Nutr. 1999;70:169-72.



Vadasova et al. BMC Public Health (2016) 16:808

17.
18.

20.

22.

23.

24.

25.

26.

27.

Gorstein J, Sullivan K, Yip R, de Onis M, Trowbridge F, Fajans P, et al. Issues
in the assessment of nutritional status using anthropometry. Bull World
Health Organ. 1994;72:273-83.

Hediger ML, Overpeck MD, Kuczmarski RJ, Ruan WJ. Associations between
infant breastfeeding and overweight in young children. JAMA. 2001;285:
2453-60.

Novakova J, Hamade J, Sevcikova L. Body development of children and youths
in the Slovak Republic; Results of the 6™ national anthropometric survey in
2001. Bratislava: Public Health Authority of the Slovak Republic; 2004.
Wabitsch M, Moss A, Kromeyer-Hauschild K. Unexpected plateauing of
childhood obesity rates in developed countries. BMC Medicine. 2014;12:17.
Olds T, Maher C, Zumin S, Péneau S, Lioret S, Castetbon K, et al. Evidence
that the prevalence of childhood overweight is plateauing: data from nine
countries. Int J Pediatr Obes. 2011,6:342-60.

Moliner-Urdiales D, Ruiz JR, Ortega FB, Rey-Lopez JP, Vincent-Godriquez G,
Espana-Romero V, et al. Association of objectively assessed of psychical
activity with total and central body fat in Spanish adolescents. Int J Obes.
2009;33:1126-35.

Moreno L, DeHenauw S, Gonzalez-Gross M, Kersting M, Molnar D, Gottrand
F, et al. Design and implementation of the healthy lifestyle in Europe by
nutrition in adolescence cross-sectional study. Int J Obes. 2008;32:4-11.
Otteavere C, Huybrecht J, Benser J, De Bourdeaudhuij |, Cuenca-Garcia M,
Dallongeville J, et al. Clustering patterns of physical activity, sedentary and
dietary behavior among European adolescents - the Helena study. BMC
Public Health. 2011;11:328.

Cassano PA, Rosner B, Vokonas PS, Weiss ST. Obesity and body fat
distribution in relation to the incidence of non-insulin-dependent diabetes
mellitus: a prospective cohort study of men in the normative aging study.
Am J Epidemiol. 1992;136:1474-86.

Srinivasan SR, Bao W, Wattigney WA, Berenson GS. Adolescent overweight is
associated with adult overweight and related multiple cardiovascular risk
factors: the Bogalusa Heart Study. Metabolism. 1996;45:235-40.
Velasquez-Mieyer P, Perez-Faustinelli S, Cowan P. Identifying children at risk
for obesity, type Il diabetes, and cardiovascular disease. Diabetes Spectrum.
2005;18:213-20.

Ribeiro J, Guerra S, Pinto A, Oliveira J, Durate J, Mota J. Overweight and
obesity in children and adolescents: relationship with blood pressure, and
physical activity. Ann Hum Biol. 2003;30:203-13.

Sorof JM, Lai D, Turner J, Poffenbarger T, Portman RJ. Overweight, ethnicity,
and the prevalence of hypertension in school-aged children. Pediatrics.
2004;113:475-82.

Prentice AM, Jebb SA. Beyond body mass index. Obes Rev. 2001,2:141-7.
Rothman KJ. BMI - related errors in the measurement of obesity. Int J Obes.
2008;32 Suppl 3:56-9.

Malina RM, Katzmarzyk PT. Validity of the body mass index as an indicator
of the risk and presence of overweight in adolescents. Am J Clin Nutr. 1999;
70 Suppl 1:131-6.

Reilly JJ, Dorosty AR, Emmett PM. Identification of the obese child:
adequacy of the body mass index for clinical practice and epidemiology. Int
J Obes Relat Metab Disord. 2000;24:1623-7.

Going SB, Lohman TG, Cussler EC, Williams DP, Morrison JA, Horn PS.
Percent body fat and chronic disease risk factors in U.S. children and youth.
Am J Prev Med. 201141 Suppl 2:77-86.

Mala L, Maly T, Zahalka F, Bunc V. Fitness assessment. Body composition.
Prague: Charles University in Prague, Karolinum press; 2014.

Karelis AD, Chamberland G, Aubertin-Leheudre M, Duval C, Ecological
mobility in Aging and Parkinson (EMAP) group. Validation of a portable
bioelectrical impedance analyzer for the assessment of body composition.
Appl Physiol Nutr Metab. 2013;38(1):27-32.

VonHurst PR, Walsh DCl, Conlon CA, Ingram M, Krug R, Stonehouse W. Validity
and reliability of bioelectrical impedance analysis to estimate body fat
percentage against air displacement plethysmography and dual-energy X-ray
absorptiometry. Nutrition & Dietetics. 2015. doi:10.1111/1747-0080.12172.

Kyle UG, Bosaeus |, De Lorenzo AD, Deurenberg P, Elia M, Gomez JM, et al.
Bioelectrical impedance analysis-part I: review of principles and methods.
Clin Nutr. 2004;23:1226-43.

Dittmar M. Reliability and variability of bioimpedance measures in normal
adults: effects of age, gender, and body mass. Am J Phys Anthropol. 2003;
122:361-70.

Heyward VH, Stolarczyk LM. Applied body composition assessment.
Champaign, IL: Human Kinetics; 1996. p. 21-43.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

Page 11 of 11

Thomas JR, Nelson JK. Research methods in physical activity. 4th ed.
Champaign, IL: Human Kinetics; 2001.

Evans JD. Straightforward Statistics for the Behavioral Sciences. Pacific grove:
Brooks/Cole Publishing; 1996.

Roche AF. Growth, maturation and body composition: the Fels Longitudinal
Study 1929-1991. Cambridge: Cambridge University Press; 1992.

Bibiloni Mdel M, Pons A, Tur JA. Prevalence of overweight and obesity in
adolescents:a systematic review. ISRN Obes. 2013;,2013:392747.

Williams DP, Going SB, Lohman TG, Harsha DW, Srinivasan SR, Webber LS,
et al. Body fatness and risk for elevated blood pressure, total cholesterol,
and serum lipoprotein ratios in children and adolescents. Am J Publ Health.
1992,82:358-63.

Rolland-Cachera MF. Prediction of adult body composition from infant and
child measurements. In: Davies PSW, Cole TJ, editors. Body composition
techniques in health and disease. Cambridge: Cambridge University Press;
1995. p. 100-45.

Zhu S, Wang Z, Shen W, Heymsfield SB, Heshka S. Percentage body fat
ranges associated with metabolic syndrome risk: results based on the third
National Health and Nutrition Examination Survey (1988-1994). Am J Clin
Nutr. 2003;78:228-35.

Ervin RB. Prevalence of metabolic syndrome among adults 20 years of age
and over, by sex, age, race and ethnicity, and body mass index: United
States, 2003-2006. Natl Health Stat Report. 2009;13:1-7.

Guo SS, Wu W, Chumlea WC, Roche AF. Predicting overweight and obesity
in adulthood from body mass index values in childhood and adolescence.
Am J Clin Nutr. 2002;76:653-8.

Ogden CL, Carroll MD, Curtin LR, Lamb MM, Flegal KM. Prevalence of high
body mass index in U.S. children and adolescents, 2007-2008. JAMA. 2010;
303:242-9.

Himes JH. Challenges of accurately measuring and using BMI and other
indicators of obesity in children. Pediatrics. 2009;124 Suppl 1:3-22.

Oliveira CL, Veiga GV, Sichieri R. Anthropome tric markers for cardiovascular
disease risk factors among overweight adolescents. Nutrition Research.
2001;21:1335-45.

Janssen 1, Katzmarzyk PT, Srinivasan SR, Chen W, Malina RM, Bouchard C,
et al. Combined influence of body mass index and waist circumference on
coronary artery disease risk factors among children and adolescents.
Pediatrics. 2005;115:1623-30.

Pereira PF, Serrano HMS, Carvalho GQ, Ribeiro SMR, Peluzio MCG,
Franceschini SCC, et al. Measurements of body fat distribution: assessment
of collinearity with body mass, adiposity and height in female adolescents.
Rev Paul Pediatr. 2015;33(1):63-71.

Qchiai H, Shirasawa T, Nishimura R, Morimoto A, Shimada N, Ohtsu T, et al.
Relationship of body mass index to percent body fat and waist
circumference among schoolchildren in Japan - the influence of gender
and obesity: a population-based cross-sectional study. BMC Public Health.
2010;10:493.

Laurson KR, Eisenmann JC, Welk GJ. Development of youth percent body
fat standards using receiver operating characteristic curves. Am J Prev Med.
201141 Suppl 2:93-9,

Owens S, Litaker M, Gutin B. Explaining cardiovascular disease risk factor
variability in obese teenagers using measured and predicted values of
visceral adipose tissue. Medicine and Sport Science. 2001;44:132-8.

Sabino PG, Silva BM, Brunetto AF. Nutritional status is related to fat-free
mass, exercise capacity and inspiratory strength in severe chronic
obstructive pulmonary disease patients. Clinics. 2010;65:599-05.

Schutz Y, Kyle UUG, Pichard C. Fat-free mass index and fat mass index
percentiles in Caucasians aged 18-98 y. Int J Obes. 2002;26:953-60.

Harriss DJ, Atkinson G. Update - ethical standards in sport and exercise
science research. Int J Sports Med. 2011;32:819-21.


http://dx.doi.org/10.1111/1747-0080.12172

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Participants
	Measures and procedures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	Funding
	Availability of data and material
	Authors’ contributions
	Authors’ information
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

