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KNUHUYKN UCTIUTYBAHA

Abstract

Obesity in children is a growing worldwide health problem, with a tenfold increase over just four
decades. The aim of this study was to determine the prevalence of obesity and to identify central
obesity in children aged 13 years from southwestern part of North Macedonia. Materials and
methods: This cross-sectional study included a total of 178 healthy children of both sexes (boys 98,
girls 80) aged 13 years living in Tetovo, North Macedonia. Results: The prevalence of categorized
BMI according to CDC in all 13-year old children (n=178) was 4.5% underweight, 20.2% overweight
and 16.3% obese. Among boys, the total prevalence of underweight, overweight and obese was
consistently 4.1% vs. 19.4 %vs. 15.3%, while girls had statistically insignificant higher prevalence of
underweight, overweight and obese 5% vs. 21.2% vs. 17.5%. At a comparison of the central obesity
parameters like WC,WHR, WHtR showed statistically significant differences between sexes
(p<0.003, p<0.0001, p<0.011). In the entire sample, the prevalence of high risk for waist-to-hip ratio
(WHR) was 34.3% and the prevalence of high risk for waist-to-height ratio (WHtR) was 31.5%. In
boys, the prevalence of high risk for WHR was 51% and for WHtR was 35.7% while in girls for WHR
was 13.8 % and for WHtR 26.2%. A significant association of male gender with high risk for WHR
(X2=27.161; df=1; p=0.0001) was found while for WHtR (X2 =1.830; p=0.176) there was no statistically
significant sssociation. It is important to underline that in boys the risk of central obesity was
6.53 times higher compared to girls of the same age [OR=6.53 (3.08-13.83) 95% CI. Conclusions:
In our study girls had a higher BMI prevalence of general overweight and obesity vs. boys, and
a significant association of male gender with high risk for WHR was detected. Additionally,
healthcare professionals should always consider assessing the measurements and risk of central
obesity in obese or overweight children, and seek for the unique risk factors associated with each
type of obesity and tailor interventions accordingly.
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WsBagox

[llebenHata Bo JIeTCKA BO3PACT € e NOrojieM jaBHO3/[PaBCTBEH MPobyieM r100asHo, co JIeCeTKPaTHO
3rojieMyBarbe BO TEKOT Ha MOCTIe/IHIBe UeTHpu fietieHn. Llenta Ha oBaa cTyzuja Oelte ia ce mpote-
HY TIpeBajieHImjaTa Ha Jebe/nHata 1 Ja ce uaeHTUUKYBa [eHTpaHaTa AebenuHa Kaj jieljata Ha
Bo3pact of1 13 rozau Bo ceBeposananuor jien Ha P.C. Makenionuja. Matepujanu u metozu: Bo oBaa
CTyZIMja Ha rpecek Gea BKIydeHn BKYIHO 178 371paBu fietia off Bata roja (MoMuriba 98, meBojuntba 80)
Ha 13-ropuina Bospacrof Teroo, CeBepHa Makezionuja. Pesynratu: [IpeBajeHiyjara Ha KaTaropu-
supannot BMU criopes; CDC Kaj cure 13-romumtn fetia (n=178) berte 4,5% morxpanern, 20,2% Hatxpa-
Hetn 1 16,3% nebem. Kaj momurisata BKyMHATA MpeBajieHIja Ha TIOTXPAHeTH, HaTXpaHeT! i fiebenu
Oeme 4,1%; 19,4%; 15,3%, nojiexa Kaj jieBojurtbaTa MMalle CTaTUCTUUKY He3HAUMTe IHA [TorosieMa npe-
BaJIeHIIMja Ha [IOTXPaHeTH, HaTxpaHeTH, 1 fiebenn 5%; 21,2%; 17,5%. [1pu criopefibaTa Ha mapameTpuTe
3a tenrpajHa febenrna kako WC, WHR, WHIR uctuTe riokakaa craTucTHUKM 3HAYAHIA Pa3IMKK [10-
mery ronosute (p<0,003, p<0,0001, p<0,011). Kaj 1ievot npuMepox, MpeBaJieHIjaTa Ha BUCOK PU3HK
3a WHR Geme 34,3%, ofiexa rpepajieHipjata Ha BUcoK pusuk 3a WHUR bete 31,5%. Kaj Momuntbara,
TnpeBajieHIMjaTa Ha BrcoK pusnk 3a WHR Oerre 51%, a 3aWHIR berrre 35,7% fofieka Kaj JieBojurtba-
ta 3a WHR Gere 13,8%,a 3a WHtR 26,2%. YTBpaMBME CTATUCTHUKY CUTHU(DUKAHTHA TTOBP3aHOCT
Ha MAIIKKOT TI071 co BUCOK puskk 3a WHR (X2=27161; df=1; p=0,0001), momeka 3a WHtR (X2 =1.830;
p=0.176) He mocToM CTATMCTUUKY 3HAUAjHA [OBP3aHOCT. BasKHO € [la ce Haryach [eKa Kaj MOMUMmaTa
PU3HKOT Off LieHTpasHa fiebeHa berte 6,53 naTu morosieM Bo Cropefida co OHOj Kaj JIeBojunibaTa Ha
ncrara Bo3pact [OR=6,53 (3,08-13,83) 95% CI]. 3akmyuok: OBaa cTyzuja MoKaxka [ieKa [eBojunbaTa
BO criopefiba co MOMUHMEbaTa MMaa ToBKCOKa MpeBanenja Ha BMU, motxpaHeroct u siebenmua, a
Oelie perucTprupaHa 3HauajHa NOBP3aHOCT HA MALIKKOT M0J1 ¢ BUCOK pu3nk 3a WHR. 3paBctBenute
paboTHIIM Tpeba ceKorall fja Pa3MUCITYBAAT 3a MPOLEHKa 1 Ha PU3MKOT Off LeHTpaHa iebeiHa Kaj
Zle0esn 1 HATXPAHEeTH Jiel[a, Kako 1 ueHTUhUKyBame Ha GakTopute Ha PU3UK MOBP3AHU CO CEKOj
THTI Ha Jie0e/iHa ¥ COOJIBETHO NPUCTIOCO0YBatbe Ha MOHATAMOIIHITE UHTEPBEHIIHL.



Introduction

Obesity in children is a growing
public health problem worldwide.
According to the World Health
Organization, the number of chil-
dren and adolescents who are over-
weight or obese has increased dra-
matically in recent years, which is
more than ten-fold increase in the
prevalence of obesity over just four
decades.!

The causes of the increase in child-
hood obesity are complex and mul-
tifactorial, such as genetics, socio-
economic status, cultural factors,
and factors such as changes in di-
etary habits and reduced physical
activity.? Childhood obesity can
lead to a range of health problems,
including type 2 diabetes, high
blood pressure, cardiovascular dis-
eases, but it can also have a nega-
tive impact on children’s mental
and emotional well-being as it can
lead to social stigma and discrimi-
nation.>*>

The standard and widely wused
method for measuring, screen-
ing and diagnosing obesity in chil-
dren is the body mass index (BMI).
In children, the calculation of BMI
also takes into account their age
and sex. However, there are other
anthropometric measurements
that can be used to assess central
obesity, also known as abdominal
obesity or visceral obesity in chil-
dren, which is associated with an
increased risk of several chronic
diseases. Measuring waist circum-
ference (WC), hip circumference
(HC), waist-to-hip ratio (WHR), and
waist-to-height ratio (WHtR) are

the most common ways to measure
central obesity.

The aim of this study was to deter-
mine the prevalence of obesity and
to identify central obesity in chil-
dren aged 13 years from southwest-
ern part of North Macedonia.

Material and methods

This cross-sectional study con-
ducted between February and April
2022 included a total of 178 healthy
children of both sexes (boys 98, girls
80) aged 13 vears living in Tetovo,
North Macedonia.

To collect data for the purpose of
assessing obesity and central obe-
sity, the following anthropometric
measurements were taken: height,
weight, waist circumference and
hip circumference. Additionally,
these measurements were used to
calculate various indices of obesity,
including BMI, waist-to-hip ratio,
and waist-to-height ratio.

Height is measured using a stadi-
ometer and weight is measured us-
ing a calibrated scale. The children
were asked to remove their shoes,
any heavy clothing or accessories,
and stand straight with their feet
together on the stadiometer and the
scale. The measurement is record-
ed in centimeters (cm) for height
and kilograms (kg) for weight.°

Children’s BMI calculated by us-
ing the formula BMI=weight (kg)
/ height (m)2 was compared with
children’s BMI to age- and sex-
specific BMI charts to determine
if children were underweight, nor-
mal weight, overweight, or obese.



In our study we used the CDC 2000
(Center for Disease Control and
Prevention) BMI charts for age and
sex. The weight status was catego-
rized based on age and sex -BMI per-
centile of 85th to less than 95th is
considered overweight, while BMI
percentile of 95th or greater is con-
sidered obese.’

For accessing central obesity, WC
is measured with stretch-resistant
tape around the narrowest point of
the waist, typically just above the
belly button and HC is measured
around the widest part of the hips,
both of them with a precision of 1
mm.8

Waist-to-hip ratio (WHR): WHR is
calculated by dividing the waist cir-
cumference by the hip circumfer-
ence. A higher >=90th percentiles
WHR indicates a higher proportion
of fat stored around the waist and
is associated with a higher risk for
obesity-related health conditions.
Waist-to-height  ratio  (WHtR):
WHItR is calculated by dividing the
waist circumference by the child’s
height. A WHtR of 0.5 or higher
indicates increased health risks
associated with excess abdomi-
nal fat.9 The data obtained in this
study were analyzed with the SPSS
software package, version 22.0 for
Windows. Numerical (quantitative)
series were analyzed with measures
of central tendency (average, me-
dian, minimum values, maximum
values, interactive ranks), as well
as with measures of standard devi-
ation. The prevalence of the inves-
tigated parameters of interest was
presented as a ratio between the
representation and the whole mass

expressed in percentages. The LMS
method was used to create the spe-
cific percentile display tables of the
selected parameters according to
age and sex. A two-sided analysis
with a statistical significance val-
ueof p<0.05 was used to determine
a statistical significance.

Results

An analysis of the distribution of
the mean value and standard de-
viation of the height (cm), weight
(kg) and BMI (kg/m2), WC (cm), HC
(cm), WHR, WHtR in 13-year-old
boys and girls was made. In the en-
tire sample (n=178) the mean val-
ues of body height was 157.5 +8.2
cm, of weight 52.9+ 13.3 kg, of BMI
21.2 £ 4.4 kg/m?2, of WC 74.79 + 11.35
cm, of HC 86.61+ 11.74 c¢m,of WHR
0.90+0.44 and of WHtR 0.47+0.06.
The mean values in boys (n=98)
were: height 158.7+ 9.3 cm, weight
53.8+ 13.6 kg, BMI 21.02+4.2 kg/m2,
WC 77.47+£12.21 cm, HC 85.60 + 12.76
cm, WHR 0.98 +0.83 and WHtR
0.49+0.07. The mean values in girls
(n=80) were: height 156.4+ 7.1 cm,
weight 53.8+ 13.1 kg, BMI 21.2+4.6
kg/m2, WC 77.47+10.50 cm, HC 87.62
+ 10.73 cm, WHR 0.82 +0.05 and
WHtR 0.46+0.06 (Table 1).

With the Mann-Whitney U Test, for
p<0.05, height, weight, BMI and HC
showed no statistically significant
differences between sexes (p>0.05),
while a comparison of the central
obesity parameters like WC,WHR,
WHtR showed statistically signifi-
cant differences between sexes
(p<0.003, p<0.0001, p<0.011) (Table
2).



Table 1. Mean and standard deviations, sex-specific differences
Age13 N Height | Weight BMI WC HC WHR WHR
years (cm) (kg) (kg/m2) (cm) (cm)

MEAN+ SD [ MEAN+SD | MEAN+SD | MEAN+SD | MEAN+SD | MEAN+SD | MEAN+ SD
All 178 | 1575+¢82 | 529+133 | 21.2+44 74.79+1135 | 86.61£11.74 | 0.90+044 | 047+0.06
Boys 98 | 158.7+93 | 53.8£13.6 | 212+4.2 774712.21 | 85.60+12.76 | 0.98+0.83 | 049+0.07
Girls 80 | 1564+71 | 52.1£131 | 212+46 [ 721241050 | 8762+10.73 | 0.82+0.05 | 046+0.06

Values are mean +SD=Standard deviation for height, weight, BMI=body mass index, WC=
waist circumference, HC= hip circumference, WHR= waist-hip ratio WHtR= waist-height

Ratio

Table 2. Height, weight, BMI,WC,HC,WHR,WHtR - comparison sex-specific differences

. Height
Height ] BMI wC HC WHR WHtR
/i Weight (0.208) (2.983) (0.794) (7120) (2.541)
P 0406 0.836 0.003 0427 0.0001 0.011

Z=Mann-Whitney U Test P= significance(p<0.05)

The prevalence of categorized BMI
according to CDC in all 13-year-old
children (n=178) was 4.5% under-
weight, 20.2 % overweight and 16.3%
obese. Among boys, the total preva-
lence of underweight, overweight

Table 3. Percentile indicators

and obese was consistently 4.1% vs.
19.4%vs. 15.3%, while in girls a sta-
tistically insignificant higher preva-
lence of underweight, overweight
and obese was found (5% vs. 21.2%
vs. 17.5%).

PERCENTILES
BMI

BOYS 98 14.89 1571 15.93 1796 20.70 2371 2781 2991 3181
GIRLS 80 14.28 15.01 15.99 1773 2040 23.97 2812 3017 | 3106
BOYS 98 60.07 61.59 64.28 68.10 7445 83.20 9844 | 103.71 | 103.93
GIRLS 80 5759 5911 60.32 62.93 70.10 80.10 89.28 91.68 | 92.63
BOYS 98 67.78 69.99 73.19 7938 85.20 9248 101.34 | 103.75 | 105.50
GIRLS 80 70.66 7191 7417 79.50 86.50 95.93 103.04 | 104.68 | 108.09
BOYS 98 0.79 0.81 0.81 0.84 0.89 0.93 0.97 1.01 11
GIRLS 80 0.72 0.73 0.77 0.79 0.82 0.85 0.89 091 0.94
WHtR

BOYS 98 0.39 040 041 043 047 0.52 0.61 0.65 0.67
GIRLS 80 0.37 0.38 0.39 041 045 0.51 0.56 0.60 0.60
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Figure 1. Distribution of overweight, obese, WHR and WHtR

Additionally, sex- and age-specific
parameters for BMI and central obe-
sity, WC, HC, WHR, and WHtR were
analyzed with LMS method sepa-
rately for boys and girls for 9 per-
centile indicators (374, 5th 10t 25th,
50th, 75t 9Qth 95t and 97t).

WHR and WHtR parameters were
classified into groups with low and
high risk for central obesity. A value
>0.5 was considered a high risk of
central obesity for WHtR, and for
WHR the 90th percentile value dis-
tribution as cut off was taken.

In all children, the prevalence of
high risk for WHR was 34.3% and the
prevalence of high risk for WHtR
was 31.5%. In boys, the prevalence of
high risk for WHR was 51% and for
WHItR 35.7%, while in girls the prev-
alence of high risk for WHR was 13.8
% and for WHtR 26.2%. A significant
association of male gender with
high risk for WHR (X2=27.161; df=1;
p=0.0001) was found, while high
risk for WHtR (X2 =1.830; p=0.176)

showed no statistically significant
differences. It is important to un-
derline that the risk of central obe-
sity was 6.53 times higher in boys
compared to girls of the same age
[OR=6.53 (3.08-13.83) 95% CI].

Discussion

General and central obesity are two
distinct types of obesity with dif-
ferent health implications. General
obesity refers to the accumulation
of excess body fat all over the body,
while central obesity refers to the
accumulation of excess fat around
the waistline and abdomen. These
two types of obesity are associated
with different health outcomes and
have been the focus of numerous
studies.

Brambilla et al. assessed the rela-
tionship between anthropometric
measures such as waist circumfer-
ence and visceral fat by magnetic
resonance imaging in children aged



7 to 16 years. According to their
data, waist circumference can be
considered a good predictor of vis-
ceral adipose tissue.!”

According to Yoo, WHtR is an index
with a high specificity for central
obesity that can be used in differ-
ent genders and ethnic groups for
central obesity in children aged >6
years.!!

A study by Chung showed that meta-
bolic syndrome was more common
in overweight adolescents with a
WHItR of >0.5 than in those with a
WHtR of <0.5.72

According to our study, girls had
a higher BMI prevalence of gener-
al overweight and obesity vs. boys
with 21.2 % vs.19.4 % for overweight
and 17.5%vs. 15.3% for obese, while a
significant association of male gen-
der at a comparison of the central
obesity parameters like WC,WHR,
WHtR (p<0.003, p<0.0001, p<0.011)
and high risk for WHR was detect-
ed. In all children, the prevalence
of high risk for WHR was 34.3%, and
the prevalence of high risk for WHtR
was 31.5%. In boys, the prevalence
for WHR was 51% and for WHtR
35.7% while in girls the prevalence
of high risk for WHR was 13.8 % and
for WHtR 26.2%.

Grigirakis et al. in a study for assess-
ment of central obesity in children
from the third and fifth grades in
Greece classified 33.4% of childre-
nat risk of central obesity. Central
obesity was significantly more prev-
alent in boys than in girls (36.0% wvs.
30.7%).13

Another Greek study detected high-

er values in height, weight, BMI, HC
in children of both sexes, however,
the study also revealed that Greek
children had lower values in waist
circumference and WHtR than val-
ues determined in our sample of
13-year-old children.

The comparison with 13-year-old
peers from Bulgaria revealed lower
values of BMI and WC (20.67) in boys
and in girls (20.89) as well as lower
values of WC inboys (70.1+9.7) and in
girls (67.7+8.63)."

The results obtained in our study
also showed higher values for BMI,
WC, WHtR compared to earlier
studies conducted in the Balkans
(Croatia, Turkey, Cyprus), and in Eu-
rope (Switzerland, Germany and Po-
land)16-21, but our results indicated
a higher risk of central obesity prev-
alence. However, it is important to
note that our study was conducted
in a period after the COVID-19 pan-
demic, due to which-related restric-
tions in recent lifestyle changes
and physical activity levels, may
have further contributed to the rise
of obesity in children.

It is crucial to continue monitoring
trends in central obesity prevalence
and associated metabolic risks in
our children. Overall, the research
on general and central obesity in
children highlights the need for
prevention and management strat-
egies to address these health con-
cerns. These strategies should focus
on promoting healthy eating habits,
regular physical activity, and reduc-
ing sedentary behaviors.



Conclusion

In conclusion, both general and
central obesity can have significant
health implications in children, in-
cluding an increased risk of devel-
oping chronic diseases. In our study,
girls had a higher BMI prevalence of
general overweight and obesity vs.
boys, while a significant association
of male gender at a comparison of
the central obesity parameters like
WC, WHR, WHtR and high risk for
WHR was detected.

Additionally, healthcare profession-
als should always consider assessing
the measurements and risk of cen-
tral obesity in obese or overweight
children and seek for unique risk
factors associated with each type of
obesity and tailor interventions ac-
cordingly.
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