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Sex-related Differences in Correlation  
of Overweight/Obesity Markers to Blood Pressure  
in Prepubertal Children in Osijek-Baranja County  
– a Cross-sectional Study

Abstract

Background: The aim was to assess prevalence of overweight/obesity and 
evaluate their relations to blood pressure and blood glucose concentrations 
in prepubertal school children.

Design and method: Third grade elementary school children were in-
cluded (total 111-53 girls, 58 boys; 9±1 years). Height, weight, body mass 
index (BMI), waist circumference (WC), upper arm and thigh skin fold 
(ASF, TSF) and systolic (SBP) and diastolic blood pressure (DBP) and fast-
ing blood glucose concentrations (fBGC) were measured.

Results: 13.51% subjects were overweight (BMI>85th percentile; 3 girls 
and 12 boys) and 15.32% subjects were obese (BMI>95th percentile;7 girls 
and 10 boys). Boys had significantly higher SBP than girls. Overweight/obese 
boys had significantly thicker ASF and TSF, higher SB, higher DBP (and 
higher fBGC compared to normal-weight boys; 5 boys and 4 girls were 
hypertensive (SBP>95th percentile). In boys, there were significant positive 
correlations of BMI and WC with SBP, DBP, ASF and TSF. Overweight/
obese girls had significantly thicker ASF and TSF and greater WC compared 
to normal-weight girls. SBP, DBP or fBGC were not significantly different 
between OW/OB and normal-weight girls. In girls, BMI and WC signifi-
cantly positively correlated with ASF and TSF, but no correlations to BP 
were observed. WC positively correlated to fBGC in both, boys and girls.

Conclusions: Significant association of OW/OB to arterial BP levels in 
prepubertal boys and a lack of associations among OW/OB markers and 
arterial BP levels in girls suggest that OW/OB might not be as important risk 
factors in development of hypertension in adulthood in females as in males.

IntroductIon

Overweight and obesity in children, young adults and adults be-
comes problem nationwide (1). Many recent studies showed that 

the childhood obesity is a global issue: in 77% of the countries exam-
ined, at least 10% of youth were overweight and in 20% of the countries 
at least 3% of children were obese (2). In these studies, adiposity status 
is assessed in the clinical setting using simple anthropometric measures 
such as the body mass index (BMI) and waist circumference (WC). 
While BMI is a common measure, nowadays criticized as not descriptive 
enough in children, waist circumference is showing its’ utility in iden-
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tifying overweight children. Waist circumference is a 
marker of total and abdominal fat in children and adoles-
cents (3). Both obese and overweight children have high 
expectancy in becoming overweight adults, which is re-
lated to appearance of certain chronic diseases in adult-
hood (4). Childhood obesity is associated with significant 
health problems; while children rarely develop true car-
diovascular events, early evidence of accelerated athero-
genesis can be detected (5). Those children who remain 
obese as adults have great risk for the development of type 
2 diabetes, hypertension, dyslipidemia and atheroscle-
rotic cardiovasular disease (6,7). Some of risk factors in 
childhood’ overweight are modifiable, such as lack of 
regular exercise, high frequency of TV watching, com-
puter usage or usage of other screen media, low parental 
educational level, over-consumption of high-calorie food 
(8,9,10). This gives the opportunity to prevent or alleviate 
risks of developing cardiovascular diseases in adulthood.

It is well known that sex hormones have influence on 
cardiovascular risk factors. Many studies have shown the 
protective role of estrogen considering cardiovascular sys-
tem in women during reproductive age (11,12), while 
lately there are many studies indicating that the testoster-
one deficiency is related to the outbreak of cardiovascular 
risk factors (13). It is well known that sex hormones are 
involved in adipocyte metabolism and fat distribution 
(14). Estrogen has anabolic effect on fat, especially subcu-
taneous fat. Decrease in estrogen levels in menopausal 
women is associated with the loss of subcutaneous fat and 
increase in abdominal fat (15). On the other hand, andro-
gens have lipolytic effect (16), while testosterone defi-
ciency is associated with increased body weight, adiposity 
and increased waist circumference (17). However, there is 
a paucity of data in regard of childhood obesity before the 
sexual maturation and pubertal endocrine activation. At 
that time of life the energy metabolism is not affected by 
sex hormones because sex hormones are still idle (18), and 
the influence of sex hormones on metabolic and anthro-
pometric characteristics related to the risk factors for de-
veloping obesity and later cardiovascular diseases is min-
imized.

The aim of this study was to investigate prevalence of 
obesity and overweight and its relationship to arterial 
blood pressure and fasting glucose levels in pre-pubertal 
children of both sexes in Osijek, Croatia.

Methods and procedures

population and sample

Cross-sectional study was performed on preadolescent 
pupils of randomly chosen primary schools in Osijek, 
Croatia. The pupils were 3rd grade of primary school, 9±1 
years old. One hundred and eleven subjects were included 
in total (see Statistical analysis section). According to the 
Tanner’s stages of sexual maturation, children did not 

have signs of puberty in this prepubertal phase (19). The 
written informed consent was obtained from parents and 
schools agreed for study to be conducted. The study pro-
tocol and procedures conformed to the standards set by 
the latest revision of the Declaration of Helsinki and were 
approved by the Ethical Committee of the Faculty of 
Medicine, University of Osijek.

arterial blood pressure, fasting 
glucose levels, skin fold, BMI and  
Wc measurements

Anthropometric parameters included were height, 
weight, and waist circumference (WC). Thickness of skin-
fold of the upper arm and of the thigh was also measured 
and systolic and diastolic arterial blood pressure (SBP and 
DBP) and fasting blood glucose concentration (fBGC) 
were also assessed. Blood pressure was measured at the 
beginning of the visit after 15 minutes rest while sitting, 
using manual sphygmomanometer. The pediatric cuff was 
placed smoothly and snugly around an upper arm, at 
roughly the same vertical height as the heart. The final 
values of arterial blood pressure and heart rate were the 
mean of three repeated measurements.

BMI was calculated for each subject scaled toward per-
centiles to determine normal weight, overweight and 
obese children. Categories according to BMI were based 
on National center for Health Statistics guidelines (20): 
normal weight males (≤18.6), overweight males (18.6–21), 
obese males (≥21); normal weight females (≤19), over-
weight females (19–21.8), obese females (≥21.8) (18). All 
parameters were expressed as mean values ± standard de-
viation (SD).

statistical analysis

Descriptive statistics (mean ± SD) were used to char-
acterize all parameters measured for both girls and boys. 
A Student t-test was used to compare parameters between 
each group of subjects. Normality was tested using Shapiro-
Wilk test. When variables were not normally distributed, 
the Mann-Whitney Rank Sum Test was used. Statistical 
significance was set at a<0.05. Correlation analysis 
among measured parameters was performed using Pear-
son’s correlation coefficient at 95% confidence of interval. 
When variables were not normally distributed, Spearman 
Rank Order Correlation was performed. In order to 
achieve 80% power and a<0.05 level of significance, Stu-
dent t-test sample size analysis was used. That analysis 
established that a sample size of at least 90 participants 
was required and appropriate. Sigmaplot (v11.2, Systat 
Software, Chicago, USA) was used for statistical analysis.

results

Data were collected from 10% of the municipal pri-
mary schools in Osijek, Croatia. One hundred and eleven 



Prevalence of overweight and obesity markers Lidija Rašić et al.

Period biol, Vol 119, No 2, 2017. 89

children participated, 58 boys and 53 girls, aged 9±1 years. 
According to the BMI, sample showed that 14% of chil-
dren are overweight and 15% are obese. 21% of boys were 
overweight and 17% were obese, while girls were 13% 
overweight and 15% obese (Table 1). The cut-offs guide-
lines applied were established by National center for 
Health Statistics as described in Methods section. Mea-
sured parameters for all participants are shown in Table 2.

arterial blood pressure, fasting 
glucose levels, skin fold thickness,  
BMI and Wc measurements

Overall boys had significantly higher SBP than girls 
(P=0.046). 5 boys and 4 girls were marked as hypertensive 
(SBP>95th percentile). Overweight/obese boys had sig-
nificantly thicker upper arm skin fold and thigh skin fold 
compared to normal-weight boys (Table 3). Systolic blood 
pressure was significantly higher in overweight-obese than 

in normal-weight boys (Table 2). Overweight-obese boys 
also had significantly higher diastolic blood pressure 
(Table 3) and higher fasting blood glucose concentrations 
(Table 3) than normal-weight boys.

In boys, there were significant positive correlations of 
BMI with systolic blood pressure (r=0.470, P<0.001), dia-
stolic blood pressure (r=0.482, P<0.001), upper arm skin 
fold (r=0.722, P<0.001) and thigh skin fold (r=0.479, 
P<0.001). Also WC showed statistically significant posi-
tive correlation with systolic blood pressure (r=0.466, 
P<0.001), diastolic blood pressure (r=0.344, P=0.014,), 
fasting glucose concentrations (r=0.343, P=0.015), upper 
arm skin fold (r=0.768, P<0.001) and thigh skin fold 
(r=0.426, P=0.001) in boys.

Overweight-obese girls had significantly thicker upper 
arm skin fold (P<0.001) and thigh skin fold (P=0.019) 
than normal-weight girls. Overweight-obese girls also had 
significantly greater WC than normal-weight girls 
(P<0.001). Systolic blood pressure (overweight/obese 
107±7 mmHg vs. normal-weight 101±9 mmHg; Table 2), 
diastolic blood pressure (overweight-obese 66±6 mmHg 
vs. normal-weight 63±4 mmHg, Table 3), or fasting blood 
glucose concentrations (overweight-obese 5.26±0.43 
mmol/L vs. normal-weight 5.02±0.5 mmol/L; Table 3) 
were not significantly different between overweight-obese 
and normal-weight girls. In girls, BMI showed positive 
correlation with upper arm skin fold (r=0.804, P<0.001) 
and thigh skin fold (r=0.615, P<0.001). WC also posi-
tively correlated with upper arm skin fold (r=0.694, 
P<0.001) and thigh skin fold (r=0.491, P<0.001), while no 
other correlations in girls were observed.

Table 1. Overweight/obesity prevalence according to body mass index 
(BMI)

  Boys Girls All

Total 58 53 111

Overweight 12 3 15

Obese 10 7 17

% OW 20.69 5.66 13.51

% obese 17.24 13.21 15.32

*OW/O – overweight/obesity
*BMI – body mass index

Table 2. Antropometric measured parameters in all subjects

   

Height 
(m)

Weight 
(kg) BMI

Waist 
circum- 
ference 
(cm)

Blood 
glucose con-
centrations

mmol/L

Systolic 
pressure
mmHg

Diastolic 
pressure
mmHg

Skinfold 
(upper arm)

(cm)

Skinfold 
(thigh) 
(cm)

A
ll 

su
bj

ec
ts

 
(N

=1
11

) All 1.44 (0.07) 36.97 (8.88) 17.75 (3.37) 65.50 (9.95) 5.14 (0.53) 106 (10) 64 (5) 14.92 (7.55) 31.83 (15.68)

Overweight 1.48 (0.05) 43.35 (4.04) 19.73 (0.72) 70.77 (8.28) 5.30 (0.58) 114 (8) 67 (4) 18.54 (7.45) 28.00 (9.70)

Obese 1.47 (0.09) 52.17 (7.48) 24.03 (1.8) 81.71 (6.37) 5.37 (0.42) 110 (10) 67 (5) 24.24 (5.75) 48.24 (18.26)

Bo
ys

(N
=5

8)

All 1.46 (0.067) 38.20 (9.69) 17.84 (3.46) 66.93 (10.89) 5.18 (0.52) 107 (11)* 65 (5) 14.30 (8.0) 28.89 (14.9)

Overweight 1.49 (0.05) 43.76 (4.39) 19.70 (0.77) 72.60 (8.61) 5.38 (0.63)† 115 (8)ℓ 67 (4)̂ 18.20 (8.46) 25.00 (7.35)

Obese 1.50 (0.08) 53.74 (6.7) 23.78 (1.96) 83.20 (7.48) 5.36 (0.43) 113 (11) 69 (4) 23.10 (6.61) 41.90 (12.01)

G
irl

s
(N

=5
3)

All 1.42 (0.066) 35.70 (7.86) 17.65 (3.34) 64,10 (8,83) 5.10 (0.54) 103 (10) 64 (4) 15.67 (7.11) 34.82 (16.19)

Overweight 1.45 (0.04) 41.70 (1.65) 19.84 (0.56) 64,67 (2,31) 5.033 (0.29) 110 (0) 68 (3) 19.67 (2.89) 38.00 (11,27)

Obese 1.43 (0.08) 49.91 (8.47) 24.39 (1.62) 79,57 (3,91) 5.38 (0.46) 106 (8) 65 (7) 25.86 (4.18) 57.286 (22.58)

data are expressed as mean (SD),
*overall boys had significantly higher SBP than girls (P=0.046)
†overweight boys had higher fBGC than normalweight boys (P=0.0324)
ℓoverweight boys had higher SBP than normalweight boys (P<0.001)
ˆoverweight boys had higher DBP than normalweight boys (P=0.0015)
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dIscussIon

The salient findings of the study are: a) both BMI and 
WC significantly correlate with blood pressure values in 
boys, while overweight/obese boys have significantly 
higher values of blood pressure compared to normal 
weight boys; b) obesity markers are good predictor of car-
diovascular risks for boys; b) no relationship between 
obesity markers (i.e BM, WC, upper arm and thigh skin 
folds) and BP was observed in girls; and c) in contrast to 
boys, in girls there is no difference in blood pressure values 
in regard to presence of overweight/obesity. The first aim 
of the present study was to assess the prevalence of over-
weight and obesity in prepubertal school children due to 
the general lack of these data. Our study indicates sex-
related cardiovascular and metabolilc differences in even 
apparently healthy children. Majority of the studies ex-
amine wide age range, including prepubertal children and 
adolescents (21,22). Jannsen and colleagues compared 
overweight and obesity prevalence in school-aged youth 
from 34 different countries in their study from 2001–
2002(2). Their study has showed that 10.6% of school-
aged youth in Croatia is overweight and 1.8% is obese. 
Compared to Jannsen et al. results, our results showed 
that 13.51% of preadolescents are overweight and 15.32% 
are obese, which indicates significant increase of over-
weight and obesity trends in Croatia. Furthermore, Jela-
kovic et al (24) reported that 3.54% of adolescents in the 
city of Koprivnica, North-West part of Croatia were 
obese. This large difference in results could be outcome 
of geographical diversity of Croatia, since Jelakovic et al 
examined just one part of Croatia, and Jannsen’s result 
are giving global picture of all parts of Croatia evenly. Our 
examined population is great enough to be representative 
of Eastern Croatia, since Osijek is the largest city in this 
region. Furthermore, our study has focused to the popu-
lation of preadolescents, 9 years old precisely, which can 
also be one of reasons of the difference in results. How-
ever, the more feasible explanation for observed increase 

in obesity and overweight prevalence are raising trends of 
sedentary games and activities, decrease of physical activ-
ity and enlarged food intake in preadolescent children, 
which associated lead to increased weight in preadoles-
cents (25).

Childhood obesity is associated with increased rates of 
hypertension, hyperlipidemia, diabetes mellitus type 2 
and early development of atherosclerotic lesions in adult 
age (6). In our study, measured anthropometric param-
eters, blood pressure and fasting blood glucose levels are 
significantly higher in overweight-obese boys compared 
to normal-weight boys and BMI and WC of boys signifi-
cantly positively correlated with systolic and diastolic 
blood pressure and fBGC in boys, supporting predictive 
risk for future development of CV diseases in boys. Sur-
prisingly, this relationship was not seen in girls; over-
weight-obese girls had only significantly thicker upper 
arm skin fold and thigh skin fold when compared to 
normal-weight girls, with no correlation among BMI and 
WC to measured cardiovascular and metabolic values. 
This is a significant cognition which shows some kind of 
protection of developing cardiovascular risk factors in 
girls compared to the boy at same age, and this protection 
is not related to female sex hormones, since our study 
group was in prepubertal phase of sexual maturation. 
Positive correlation of obesity markers, BMI and WC, to 
blood pressure, blood glucose concentrations and skin 
folds confirmed hypothesis that overweight and obesity 
can precipitate and lead to higher values of measured pa-
rameters which are considered to be the indicators of in-
creased risk for developing chronic diseases (27).

Recent studies examined relationship of obesity, phys-
ical activity and cardio-metabolic risk factors in children, 
reporting a worsening of risk parameters for cardiovascu-
lar disease in overweight and obese children (27, 28, 29). 
According to Friedman et al. meta-analysis, SBP was 
higher by 4.54 mmHg in overweight children, and 7.49 
mmHg in obese children compared to normal-weight 

Table 3. Differences in measured parameters between normal-weight and overweight/obese boys and girls

Parameters NWb(n=36) OW/Ob (n=22) NWg(n=43) OW/Og(n=10)

Skinfold (thigh) (cm) 25 30* 35 47.5**
Skinfold (upper arm) (cm) 10.45 (5.23) 20.65 (7.83)† 15 23.5††

Diastolic pressure (mmHg) 65 70ℓ 65 65
Systolic pressure (mmHg) 103.83 (10.01) 114.21 (9.17)ˆ 100 110
Blood glucose concentration (mmol/L) 5.056 (0.486) 5.37 (0.522)∫ 5.1 5.2

data are expressed as mean (SD)  
NWb – normal weight boys, OW/Ob – overweight/obese boys; NWg – normal weight girls, OW/Og – overweight/obese girls 
*  difference in skinfold (thigh) between OW/Ob and NWb P<0.05
** difference in skinfold (thigh) between OW/Og and NWg P<0.05
†  difference in skinfold (upper arm) between OW/Ob and NWb P<0.05
††  difference in skinfold (upper arm) between OW/Og and NWg P<0.05
ℓ  difference in diastolic pressure between OW/Ob and NWb P<0.05
ˆ  difference in systolic pressure between OW/Ob and NWb P<0.05
∫  difference in blood glucose concentration between OW/Ob and NWb P<0.05
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children (28). Our results are consistent with these find-
ings, which showed the difference of 11 mmHg between 
overweight-obese and normal-weight boys and 6 mmHg 
overweight-obese and normal-weight girls. Interestingly, 
none of recent studies reported about differences in in-
creased parameters when comparing overweight-obese 
boys and girls. Our study showed that overweight-obese 
boys have significantly higher values of SBP, DBP, fBGC, 
upper arm and thigh skin fold than normal-weight boys, 
while overweight-obese girls had significantly higher only 
upper arm and thigh skin fold compared to normal-
weight girls. These results indicate that overweight-obese 
boys might have higher tendency to develop chronic dis-
eases in adulthood than overweight-obese girls. Lots of 
studies examined relation of overweight/obesity to the 
cardiovascular risk factors and metabolic syndrome in 
adults or adolescents (29). Jelakovic et al (24) noticed cor-
relation of blood pressure and BMI in adolescents. Our 
study is the first to examine correlation of overweight/
obesity to blood pressure and fasting blood glucose con-
centrations in prepubertal children. Though activity of 
sex hormones in prepubertal children is minimized, some 
studies showed that prepubertal girls have higher estra-
diol serum concentrations as compared with prepubertal 
boys (30). Furthermore, total estrogenic bioactivity dem-
onstrated that prepubertal girls have significantly higher 
total estrogenic status in comparison with prepubertal 
boys (31,32). As mentioned before, androgens have lipo-
lytic effect, estrogens in the reproductive age of women 
are associated with increase of subcutaneous fat, while in 
postmenopausal phase are associated with increase of ab-
dominal fat. This evidence can be related to the difference 
in correlations detected in boys compared to the correla-
tions detected in girls in our study and should be further 
investigated.

Recent studies examined and evaluated nutrition be-
havior in school children, showing inadequate nutrition-
al habits (33,34). The reason of alarming overweight/
obese trends might be parental subjectivity and unaware-
ness of their children’s weight, not recognizing their chil-
dren’s eating habits and therefore reduced insistence on 
adhering to the healthy nutrition guidelines, even though 
children seem to be very familiar with them. In addition, 
the relation of energy consumption and physical activity 
is also extremely important to keep body weight normal 
in every, and particularly early childhood age of life. Since 
these children are in prepubertal phase of development, 
there are many methods of preventing the development 
of obesity in adult age, like diet interventions and regular 
everyday physical activity interventions (35,36).

Limitation of the study: Our sample included children 
from small area of living with similar daily habits, which 
is representative for selected region, but could affect prev-
alence of overweight and obesity in prepubertal children 
generally. Fasting blood glucose concentration data were 
available for 87% of our study sample because of chil-

dren’s fear and discomfort. Furthermore, in our study sex 
hormone were not measured, however children did not 
have signs of puberty in this prepubertal phase according 
to the Tanner’s stages of sexual maturation (19).

In conclusion, our study provided new information on 
overweight and obesity prevalence in preadolescent of 9 
years old. The difference in measured parameters was no-
ticed in overweight/obese boys compared to normal-
weight boys only, but not in girls, indicating that over-
weight-obese boys might have higher tendency to develop 
chronic diseases, particularly hypertension in adulthood 
than overweight-obese girls. Our study is the first to dem-
onstrate the correlation of obesity to both blood pressure 
and fasting blood glucose concentrations in prepubertal 
boys, but not girls, indicating that these parameters can 
be considered as cardiovascular risk factors in male adults 
as well as in prepubertal children before the activation of 
the sex hormones. Therefore, obesity can precipitate im-
pairment of cardiovascular factors in prepubertal chil-
dren, leading to increased risk for cardiovascular diseases 
development in adulthood.
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