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SUMMARY – The aim was to determine differences in anthropometric measurements, dietary 
habits, serum lipid and glucose levels in relation to high blood pressure (BP) among adolescent boys 
and girls in Croatia. The specific aim was to determine the effect of dietary habits and lifestyle on high 
BP in adolescents according to sex. The study included 260 (68.2%) adolescent girls and 121 (31.8%) 
boys with anthropometric data obtained (without missing values) from 246 girls and 111 boys. Par-
ticipants answered questions from the questionnaire and anthropometric BP and blood test values 
were obtained. Non-parametric tests were used in analyses of reference intervals of systolic and dia-
stolic BP in adolescent boys and girls according to age. High BP was defined as ≥90th percentile for 
adolescent girls and boys, with a value of ≥135/87.5 mm Hg. Mann-Whitney U test was used to ana-
lyze differences in anthropometric and laboratory values between the groups of girls and boys with 
high (≤90th percentile) and normal BP. Increase in systolic and diastolic BP was noted in the adoles-
cents. In girls, BP values showed a decreasing systolic and increasing diastolic BP trend with age. Girls 
with high BP had a significantly higher body mass index (BMI) (p=0.020), waist circumference (WC) 
(p=0.002), waist-to-height ratio (WHtR) (p=0.016), waist-to-hip ratio (WHR) (p=0.043), hip cir-
cumference (HC) (p=0.015), triglyceride (TG) levels (p=0.021), higher prevalence of unhealthy diet 
at school breakfast (p=0.008) and lower prevalence of eating fish (p=0.02). Boys with high BP had a 
significantly higher BMI (p=0.045), WC (p=0.004), WHtR (p=0.017), WHR (p=0.022) and higher 
prevalence of eating meat products (p=0.015). Effective health interventions are needed to reduce the 
risk of developing cardiovascular diseases and preventing age-related illness.
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Introduction
Adolescence is a period of intense physical growth 

and cognitive development. Accelerated growth in 

height is an indicator of natural physical changes dur-
ing transition from childhood to adolescence. The fast-
est physical growth occurs on average two years earlier 
in girls than in boys. There are differences in the rate of 
growth in height and weight gain among adolescents 
of the same chronological age1.

Anthropometric measurements are used to moni-
tor adolescent growth during regular periodic health 
examinations, and the results obtained are important 
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for the prevention of a number of chronic diseases 
such as cardiovascular diseases (CVD), obesity or mal-
nutrition, and/or a nutritionally poor diet. Body and 
weight dissatisfaction, meal skipping and snacking in-
stead of eating meals are among frequent behaviors 
that can impact health in a negative way2. On the oth-
er hand, it is well known that healthy eating is of great 
importance for good health, as well as for maintaining 
that degree of health3. The prevalence of overweight 
(including obesity) in children and adolescents in the 
World Health Organization European region is 
alarming3. An increasing prevalence of overweight 
children has been reported in many Eastern European 
countries since 20024. Excessive weight during adoles-
cence is likely to continue into adulthood. Therefore, 
education about proper dietary habits, regular health 
care, control of body weight and regular medical ex-
aminations for adolescents are needed in particular5. 
Assessment of weight status in children and adoles-
cents includes anthropometric measurements and in-
dicators calculated on their basis, such as body mass 
index (BMI), waist-to-hip ratio (WHR) and waist-to-
height ratio (WHtR), as they were shown to correlate 
strongly with risk factors for CVD6. WHtR is an indi-
cator that reflects a relationship, changing with age, 
between the rate of waist circumference (WC) increase 
and body height. It is a simple indicator for estimating 
the risk factors for CVD during clinical screening, and 
it seems to be even more reliable than WC and BMI6. 
There is growing evidence that children and adoles-
cents with high blood pressure (BP) are much more 
common than previously thought. The relatively high 
prevalence of increased BP in children is a serious 
public health concern around the world7. High BP 
during adolescence occasionally develops into adult 
hypertension, thereby emphasizing the importance of 
tracking the phenomenon not just epidemiologically 
but also clinically8. Hypertension during childhood 
and adolescence is associated with elevated stroke 
mortality in midlife. This finding warrants further 
large-scale long-term follow-up studies to corroborate 
and address the distant effects of adolescent hyperten-
sion9. It is well known that being overweight and obese 
are some of the most important risk factors for high 
BP in children and adolescents10. Although hyperten-
sion is described in children and adolescents, there are 
many knowledge gaps on how to best define and man-
age high BP in adolescents11. BP values of children and 

adolescents have been previously studied, and other 
factors that contribute to high levels of BP should be 
further assessed. Research using data on the popula-
tion of children and adolescents with high BP in rela-
tion to sex is still scant. Therefore, it is essential to es-
tablish evidence-based treatment guidelines11.

Based on the above, the aim of the study was to in-
vestigate differences in anthropometric measurements, 
dietary habits, serum lipid and glucose levels relative to 
high BP among adolescent boys and girls in Croatia.

Subjects and Methods

Participants

Participants were high school students from Croa-
tia, selected on the basis of a preliminary questionnaire 
on adolescent interest in improving dietary habits. For 
those students who showed interest, an informed con-
sent was obtained from parents, as well as from school 
principals and the Ethics Committee of the University 
of Zagreb School of Medicine and the Ministry of 
Science, Education and Sports. The participants dif-
fered according to age (14 to 17 years) and gender 
(girls and boys). The number of surveyed participants 
according to grade and gender was 260 (68.2%) ado-
lescent girls and 121 (31.8%) boys with anthropomet-
ric data obtained (without missing values) from 246 
girls and 111 boys.

Questionnaire

The title of the questionnaire was Questionnaire on 
Nutritional Status, Health Condition and Dietary 
Habits of Adolescents and consisted of the following 
two groups of questions: Dietary Habits of the Ado-
lescents and Nutrition-Related Lifestyle. The first set 
of questions included information about the school, 
high school grade, town (place of residence), gender, 
and age. These were followed by 8 items referring to 
dietary habits of the adolescents, as follows: Daily I 
usually have three main meals (breakfast, lunch and 
dinner); For breakfast at school, I eat one of the fol-
lowing: leafy dough, various white bread flakes, bis-
cuits, snacks; When I’m thirsty, I prefer to drink water; 
I eat fresh seasonal fruit; I eat fresh seasonal vegetables; 
Of the meat products, I mostly eat pate (chicken, liv-
er), meat salami and sausages; I eat white fish; I eat  
oily fish (anchovy, sardine, tuna). The second part of 
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the Questionnaire contained four items referring to 
the Nutrition-Related Lifestyle: I exercise regularly; I 
smoke cigarettes; I drink alcohol; Every day I find time 
for rest and relaxation. Throughout the questionnaire, 
the 5-degree Likert scale was used, ranging from never 
(1) to always (5). The students completed the ques-
tionnaire within 45 minutes; however, it took less than 
45 minutes for most of them.

In our study, the questionnaires showed satisfactory 
reliability and construct validity. These metric charac-
teristics of the two completely new measuring instru-
ments (Dietary Habits of the Adolescents and Nutri-
tion-Related Lifestyle) support the assumption that 
the application of these instruments should be consid-
ered beneficial in the future.

Anthropometry

Anthropometric measurements were performed 
according to standard techniques12. The same instru-
mentation was used in all study participants and the 
same trained personnel performed measurements in 
all participants.

Body weight was measured on a self-zeroing digi-
tal weight scale (precision 0.1 kg; Beurer, Germany), 
and height was measured with an anthropometer (Si-
ber Hegner, Switzerland) to the nearest millimeter. 
Height and weight were measured in light clothes and 
without shoes. Height was recorded in centimeters to 
two decimal places. BMI was calculated as weight di-
vided by height square (kg/m2)13. WC was measured 
using a measuring tape to the nearest 0.1 cm at the 
high point of the iliac crest during minimal respiration 
when the participant was in standing position14. 
WHtR was calculated according to the formula: waist 
circumference (cm)/height (cm). Hip circumference 
(HC) was measured at the point of greatest circumfer-
ence in the buttocks using a measuring tape. WHR 
was calculated according to the formula: waist circum-
ference (cm)/hip circumference (cm)15. Skinfold thick-
ness was measured in millimeters using special calipers 
(Harpenden, Baty International, UK). The skinfold 
thickness method is based on measuring a pinch of 
skin precisely at several standardized sites on the body 
to determine the subcutaneous fat layer.

In our study, the landmark was determined by mea-
suring the midpoint between the acromion process of 
the right humerus (shoulder) and the olecranon pro-
cess (elbow) of the same limb. The midpoint was 

marked on the skin anteriorly to measure the biceps 
skinfold and posteriorly to measure the triceps skin-
fold with the arm by the side of the body16.

Blood pressure measurements

Blood pressure measurements were obtained from 
the right arm by auscultators. Arm circumference was 
measured with a tourniquet at the midpoint of the up-
per arm between the acromion and olecranon before 
BP measurements. BP was measured twice using a 
mercury sphygmomanometer (S&K Miniatur 300B, 
Riester, Germany). The first Korotkoff phase was re-
corded as systolic BP (SBP) and the fifth Korotkoff 
phase was used to define diastolic BP (DBP). After 
5-minute rest, the average of the last two BP readings 
was used for data analyses. BP measurements were 
taken during one visit to the high schools.

Systolic BP and DBP age related reference inter-
vals were expressed with 5th, 10th, 90th and 95th percen-
tile in addition to mean BP for each gender.

Based on published data17, study participants were 
classified into two BP groups of normal BP (average 
BP <90th percentile) and high-BP (average BP ≥90th 
percentile).

Blood collection and biochemical measurements

Blood samples were collected after 12-h fast using 
standard venipuncture performed by staff well trained 
in drawing blood. The blood was centrifuged by stan-
dardized protocol, separated in re-labelled vials, and 
shipped to the Clinical Department of Laboratory Di-
agnostics, Dubrava University Hospital, where the 
samples were processed. Serum was stored frozen at 
-20 °C until analysis.

Serum glucose levels were determined by hexoki-
nase method, serum total cholesterol (TC) level by 
CHOD-PAP method, serum triglycerides (TG) by 
GPO-PAP method, and serum high-density lipopro-
tein cholesterol (HDL-c) by automated homogeneous 
assays on a Beckman Coulter AU 680 analyzer (Beck-
man, Minneapolis, USA) with reagent kits from the 
same manufacturer. The coefficient of variation for all 
blood measurements was under 5% for both intra-as-
say quality controls.

Statistical analysis

Data are shown in tables and figures. The normality 
of distribution of continuous variables was tested by 
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Kolmogorov-Smirnov test and non-parametric tests 
were used in the following analyses. Categorical vari-
ables were expressed as frequencies and corresponding 
percentages, and quantitative variables as medians and 
interquartile ranges (25th to 75th percentile). SBP and 
DBP age related reference intervals were shown with 
5th, 10th, 90th and 95th percentile in addition to mean BP 
for each gender. The methodology for reference interval 
for age is based on the methods described18-20. Since dis-
tribution of the measurements showed skewness at dif-
ferent ages, the measurements were transformed loga-
rithmically. The transformed measurements were mod-
elled on age using weighted polynomial regression21. 
This regression model gives the mean of the (trans-
formed) measurements as a function of age.

The χ2-test was used to analyze differences in di-
etary habits between BP groups of adolescent girls and 
boys separately. Mann-Whitney U test was used to 
analyze differences in anthropometric and laboratory 
values between high (≥90th percentile) and normal BP 
groups of adolescent girls and boys.

The level of statistical significance was set at p<0.05. 
Data analysis software system MedCalc Statistical 
Software version 18.11 (MedCalc Software bvba, Os-

tend, Belgium; http://www.medcalc.org; 2018) was 
used in all statistical procedures.

Results

The study included 260 (68.2%) adolescent girls 
and 121 (31.8%) boys with anthropometric data ob-
tained (without missing values) on 246 girls and 111 
boys. Mean (±SD) age was 15.8±0.9 years in girls and 
15.5±0.8 years in boys, with minimum of 14 years and 
maximum of 17 years for both genders. SBP and DBP 
reference intervals in adolescent girls and boys accord-
ing to age are shown in Figures 1 and 2. In girls, there 
was a trend of SBP decrease and DBP increase with 
age. In comparison, adolescent boys had a rising trend 
in both SBP and DBP.

Differences in anthropometric and laboratory val-
ues between high (≥90th percentile) and normal BP 
groups of adolescent girls are shown in Table 1. Girls 
with high (≥90th percentile) BP (>135/87.5 mm Hg) 
had a significantly higher BMI (p=0.020), WC 
(p=0.002), WHtR (p=0.016), WHR (p=0.043), HC 
(p=0.015) and TG levels (p=0.021) compared to those 
who did not have high BP.

Fig. 1. Systolic and diastolic blood pressure reference intervals in adolescent girls according to age  
(measurements transformed logarithmically).
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Adolescent boys with high BP had a significantly 
higher BMI (p=0.045), WC (p=0.004), WHR 
(p=0.022) and WHtR (p=0.017) (Table 2).

Relationship of dietary habits with high BP in ad-
olescent girls is shown in Table 3. Girls with high BP 
had a significantly higher prevalence of eating leafy 
dough, various white bread flakes, biscuits, snacks at 
school breakfast (p=0.008) and lower prevalence of 
eating white (p=0.021) and oily fish (p=0.026).

Boys with high BP had a significantly higher prev-
alence of eating meat products such as pate (chicken, 
liver), meat salami and sausages (p=0.015) (Table 4).

Discussion

Epidemiological studies have demonstrated the 
importance of measuring BP during childhood and 
adolescence. In one of such studies, Cook et al. esti-
mated risk factors for the prevalence and distribution 
of metabolic syndrome17. One of the selected risk fac-
tors was high SBP and/or DBP, which were defined as 
values at or above the 90th percentile for age, gender 
and height17. This classification was used in our cross-
sectional study because the aim was to determine dif-

ferences in anthropometric measurements, dietary 
habits, serum lipid and glucose levels in relation to 
high BP but not to diagnose hypertension among ado-
lescents. Hypertension is a clinical entity and in order 
to diagnose it BP must be constantly monitored and a 
number of parameters should be taken into account. 
Furthermore, despite the number of studies that have 
been performed, the prevalence of high BP values in 
pediatric population worldwide is difficult to establish 
partly due to regional differences in the definition, dis-
tribution of reference BP data and methods of BP 
measurement. Central-European studies showed the 
prevalence of high BP values in adolescents from as 
low as 2.2% in Switzerland to 4.9% in Poland22-24. 
Data from Southern Europe highlighted a higher 
prevalence; adolescent hypertension was estimated to 
be at least 9% in Turkey to 13% in Portugal25-27. As it is 
well known, children with average SBP and/or DBP at 
least in the 90th, but less than 95th percentile are classi-
fied as having high-normal BP28. High-normal BP 
and hypertension are frequently associated with one or 
more cardiometabolic risk factors. Early identification 
and intervention or treatment of children with high 
BP is very important for preventing or managing hy-

Fig. 2. Systolic and diastolic blood pressure reference intervals in adolescent boys according to age  
(measurements transformed logarithmically).
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pertension, as well as BP-related cardiovascular dis-
eases in adulthood7.

Diagnostic criteria for elevated BP in children are 
based on the concept that BP in children increases 
with age and body size, making it impossible to deter-
mine a single BP level to define hypertension, as done 
in adults8. Therefore, the above data were supported in 
our study, where it was shown that DBP values in-
creased in adolescent boys and girls with age, whereas 
a decrease in SBP was observed in adolescent girls. In 
our study, the values of SBP and DBP recorded in 
adolescent boys and DBP values in girls were in line 
with the data mentioned above. The decrease in SBP 
with age in girls could be explained by new findings in 
monitoring gender differences in BP values28, or po-
tentially due to study limitations in terms of sample 
size. In support of the hypothesis on the sample size, 
111 adolescent boys and 246 girls participated in our 

study. The findings indicated that 31 (27.93%) boys 
and 35 (14.69%) girls had high BP. There were almost 
two times more boys with high BP compared to girls. 
Although there was a study that determined the prev-
alence of high normal and elevated BP in 965 healthy 
schoolchildren (48.7% of girls) in final (8th) grade of 
elementary school and 3rd grade of secondary school in 
Croatia29, there still is not enough new data on healthy 
high school students from Croatia to determine the 
prevalence of high BP. In our study, differences were 
found in anthropometric and laboratory values be-
tween high and normal BP groups of adolescents. 
BMI is an established risk factor for high BP and has 
the strongest effect on BP in obese children and ado-
lescents30. It would increase along with BMI increase, 
confirming the results of our study, which concluded 
that both adolescent girls and boys with high BP had 
a significantly higher BMI (p=0.020 and p=0.045, re-

Table 1. Differences in anthropometric and laboratory values between high (≥90th percentile) and normal BP groups of 
adolescent girls

BP ≥90th percentile 
(135/87.5 mm Hg) n Minimum Maximum

Percentile
p25th 50th (median) 75th 

BMI 
(kg/m2)

No 211 16.40 52.29 19.59 20.93 22.78 0.020Yes 35 15.56 35.27 20.81 21.75 24.00
WC (cm) No 211 57.10 103.70 64.60 67.80 71.50 0.002Yes 35 59.50 99.10 67.20 72.70 77.30
WHR No 211 0.65 1.27 0.71 0.73 0.75 0.043Yes 35 0.66 0.88 0.71 0.74 0.78
WHtR No 211 0.34 0.59 0.39 0.41 0.43 0.016Yes 35 0.34 0.59 0.39 0.43 0.45
HC (cm) No 211 51.60 123.60 89.90 93.10 98.00 0.015Yes 35 86.40 113.10 91.20 96.80 104.50
Skin fold 
(mm)

No 211 6.40 40.00 13.20 17.00 22.70 0.283Yes 35 7.80 44.60 12.20 20.20 25.80
TG 
(mmol/L)

No 207 0.30 2.25 0.53 0.72 0.94 0.021Yes 33 0.38 1.90 0.71 0.80 1.01
Fasting glucose 
(mmol/L)

No 207 3.40 13.30 4.10 4.40 4.60 0.332Yes 33 3.60 6.00 4.25 4.40 4.70
HDL-c 
(mmol/L)

No 207 0.81 2.87 1.30 1.50 1.72 0.660Yes 33 1.05 2.03 1.29 1.53 1.68
TC 
(mmol/L)

No 207 2.09 7.00 3.64 4.16 4.71 0.989Yes 33 2.77 6.00 3.69 4.11 4.57

BP = blood pressure; BMI = body mass index; WC = waist circumference; WHR = waist-to-hip ratio; HC = hip circumference; WHtR = 
waist-to-height ratio; TG = triglycerides; HDL-c = HDL cholesterol; TC = total cholesterol
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spectively). These findings were in line with expecta-
tions since a number of studies have confirmed close 
association between BMI and prevalence of high BP 
in children and adolescents31,32. According to sex, girls 
with high BP had more significant associations be-
tween high BP and BMI (p=0.020) as compared to 
boys with high BP (p=0.045). These results showed the 
girls with high BP to be more exposed to obesity in 
comparison to boys with high BP. Compared with 
generalized obesity, central obesity is more strongly 
correlated with metabolic risk factors. A number of 
studies have shown that central obesity is an indepen-
dent risk factor for type 2 diabetes mellitus, dyslipid-
emia, systemic arterial hypertension, and coronary ar-
tery disease32. BMI does not always relate to central 
obesity and varies with growth and maturation, and 
cannot differentiate muscle mass from bone and fat 
mass33. Some studies found that after adjustment for 

BMI, cardiometabolic risk factors were more prevalent 
in children and adolescents with abdominal obesity 
than in those with overweight and general obesi-
ty31,34,35. WC, WHtR, and WHR were the most com-
mon indexes used for defining abdominal obesity, and 
were also used in our study36. The Bogalusa Heart 
Study showed the distribution of central fat deter-
mined by WC at the ages of 5-17 years to be associ-
ated with abnormal concentrations of TG, low density 
lipoprotein cholesterol (LDL-c), HDL-c, and insu-
lin33. Yet, WHtR showed slightly stronger associations 
with lipid and lipoprotein concentrations, and BMI-
for-age showed slightly stronger associations with 
measures of fasting insulin and BPs33. In our study, 
only girls with high BP had a significantly higher level 
of TG (p=0.021) in relation to other laboratory values 
(HDL-c, TC and glucose).

Table 2. Differences in anthropometric and laboratory values between high (≥90th percentile) and normal BP groups of 
adolescent boys

BP ≥90th percentile
(135/87.5 mm Hg) n Minimum Maximum

Percentile
p25th 50th (median) 75th 

BMI 
(kg/m2)

No 80 16.79 30.86 19.57 21.15 23.39 0.045Yes 31 16.70 31.46 20.34 22.32 25.68
WC No 80 62.10 91.70 69.05 72.65 78.00 0.004Yes 31 62.50 97.00 72.20 78.30 83.30
WHR No 80 0.67 0.86 0.75 0.79 0.81 0.022Yes 31 0.72 0.91 0.79 0.81 0.82
WHtR No 80 0.35 0.53 0.39 0.41 0.43 0.017Yes 31 0.35 0.56 0.41 0.43 0.46
HC (cm) No 80 81.50 117.70 89.20 93.70 98.10 0.056Yes 31 81.60 110.00 91.80 97.40 100.20
Skin fold 
(mm)

No 80 5.40 107.20 8.00 11.65 15.10 0.908Yes 31 5.00 27.00 8.00 11.10 17.20
TG 
(mmol/L)

No 80 0.20 1.98 0.52 0.66 0.85 0.081Yes 31 0.31 6.09 0.53 0.78 1.15
Fasting glucose 
(mmol/L)

No 80 3.70 5.60 4.20 4.50 4.80 0.108Yes 31 3.80 5.40 4.40 4.70 4.90
HDL-c 
(mmol/L)

No 80 0.91 2.12 1.16 1.30 1.52 0.765Yes 31 0.75 1.94 1.17 1.39 1.53
TC 
(mmol/L)

No 80 2.53 7.04 3.34 3.91 4.39 0.990Yes 31 2.45 6.42 3.29 3.96 4.53

BP = blood pressure; BMI = body mass index; WC = waist circumference; WHR = waist-to-hip ratio; HC = hip 
circumference; WHtR = waist-to-height ratio; TG = triglycerides; HDL-c = HDL cholesterol; TC = total cholesterol
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Table 3. Relationship of dietary habits with high blood pressure (BP) in adolescent girls (χ2-test)

BP ≥90th percentile
(135/87.5 mm Hg)

pNo Yes
n % n %

Daily I usually have three main meals 
(breakfast, lunch and dinner)

Never 3 1.5% 0 0.0%

0.274
Rare 14 6.9% 3 9.1%
Sometimes 29 14.4% 8 24.2%
Often 63 31.2% 5 15.2%
Always 93 46.0% 17 51.5%

For breakfast at school, I eat one  
of the following: leafy dough,  
various white bread flakes, biscuits, snacks

Never 22 10.9% 3 9.1%

0.008
Rare 39 19.3% 0 0.0%
Sometimes 53 26.2% 6 18.2%
Often 44 21.8% 15 45.5%
Always 44 21.8% 9 27.3%

When I am thirsty, I prefer to drink water Never 9 4.5% 0 0.0%

0.702
Rare 14 6.9% 3 9.1%
Sometimes 32 15.8% 6 18.2%
Often 51 25.2% 10 30.3%
Always 96 47.5% 14 42.4%

I eat fresh seasonal fruit Never 1 0.5% 1 3.0%

0.407
Rare 3 1.5% 1 3.0%
Sometimes 36 17.8% 7 21.2%
Often 56 27.7% 11 33.3%
Always 106 52.5% 13 39.4%

I eat fresh seasonal vegetables Never 5 2.5% 1 3.0%

0.164
Rare 22 10.9% 4 12.1%
Sometimes 49 24.3% 8 24.2%
Often 44 21.8% 13 39.4%
Always 82 40.6% 7 21.2%

Of meat products, I mostly eat pate  
(chicken, liver), meat salami and sausages

Never 33 16.3% 6 18.2%

0.487
Rare 62 30.7% 6 18.2%
Sometimes 63 31.2% 12 36.4%
Often 32 15.8% 8 24.2%
Always 12 5.9% 1 3.0%

I eat white fish Never 29 14.4% 11 33.3%

0.021
Rare 39 19.3% 8 24.2%
Sometimes 43 21.3% 8 24.2%
Often 42 20.8% 2 6.1%
Always 49 24.3% 4 12.1%

I eat oily fish  
(anchovy, sardine, and tuna)

Never 34 16.8% 8 24.2%

0.026
Rare 43 21.3% 14 42.4%
Sometimes 45 22.3% 6 18.2%
Often 44 21.8% 3 9.1%
Always 36 17.8% 2 6.1%
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Table 4. Relationship of dietary habits with high blood pressure (BP) in adolescent boys (χ2-test)

BP ≥90th percentile
(135/87.5 mm Hg)

pNo Yes
n % n %

Daily, I usually have three main meals 
(breakfast, lunch and dinner)

Never 1 1.3% 1 3.2%

0.899
Rare 3 4.0% 2 6.5%
Sometimes 10 13.3% 3 9.7%
Often 17 22.7% 6 19.4%
Always 44 58.7% 19 61.3%

For breakfast at school, I eat one of the 
following: leafy dough, various white bread 
flakes, biscuits, snacks

Never 15 20.0% 9 29.0%

0.417
Rare 19 25.3% 4 12.9%
Sometimes 14 18.7% 9 29.0%
Often 20 26.7% 6 19.4%
Always 7 9.3% 3 9.7%

When I am thirsty, I prefer to drink water Never 7 9.3% 3 9.7%

0.156
Rare 9 12.0% 4 12.9%
Sometimes 13 17.3% 12 38.7%
Often 20 26.7% 4 12.9%
Always 26 34.7% 8 25.8%

I eat fresh seasonal fruit Never 2 2.7% 0 0.0%

0.179
Rare 4 5.3% 2 6.5%
Sometimes 16 21.3% 11 35.5%
Often 25 33.3% 4 12.9%
Always 28 37.3% 14 45.2%

I eat fresh seasonal vegetables Never 4 5.3% 2 6.5%

0.533
Rare 13 17.3% 5 16.1%
Sometimes 24 32.0% 13 41.9%
Often 18 24.0% 3 9.7%
Always 16 21.3% 8 25.8%

Of meat products, I mostly eat pate  
(chicken, liver), meat salami and sausages

Never 14 18.7% 1 3.2%

0.015
Rare 23 30.7% 6 19.4%
Sometimes 24 32.0% 9 29.0%
Often 11 14.7% 13 41.9%
Always 3 4.0% 2 6.5%

I eat white fish Never 10 13.3% 5 16.1%

0.888
Rare 12 16.0% 5 16.1%
Sometimes 25 33.3% 8 25.8%
Often 14 18.7% 5 16.1%
Always 14 18.7% 8 25.8%

I eat oily fish  
(anchovy, sardine, and tuna)

Never 10 13.3% 4 12.9%

0.695
Rare 14 18.7% 5 16.1%
Sometimes 26 34.7% 14 45.2%
Often 15 20.0% 3 9.7%
Always 10 13.3% 5 16.1%
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Furthermore, girls with high BP had a more sig-
nificant association between high BP and WC 
(p=0.002) as compared to boys with high BP (p=0.004), 
while just girls with high BP had significantly higher 
HC (p=0.015). These findings are in accordance with 
data reported in a cross-sectional study of Dutch chil-
dren and adolescents, showing that WC and HC val-
ues increased with age37. The values of WC were 
slightly higher in girls than in boys, which is opposite 
to the study on Dutch children from 11 years of age 
onwards37. This can be explained by differences in sam-
ple size; in the study conducted in The Netherlands, 
cross-sectional data were obtained from 14500 chil-
dren in the age range 0-21 years in relation to 357 
(without missing values) Croatian adolescents aged 
14-17 years. The boys with high BP had significantly 
higher WC (p=0.004) in relation to BMI (p=0.045), 
and WC (p=0.002) in girls with high BP was more 
strongly associated with CVD risk factors than previ-
ously thought for BMI (p=0.020). WHR was used to 
estimate fat distribution but later studies suggested 
that WC itself was a useful measure in its own right. 
Several studies have also concluded that WHR is more 
strongly associated with CVD risk factors than is 
BMI33,38. In accordance with the abovementioned, 
boys with high BP had significantly higher WHR 
(p=0.022) in comparison to their BMI (p=0.045) but 
BMI (p=0.020) in girls with high BP was still more 
strongly associated with CVD risk factors than was 
WHR (p=0.043). According to gender, boys with high 
BP had significantly higher WHR (p=0.022) in com-
parison to girls with high BP (p=0.043).

The indicator of the relationship between the rate 
of WC increase and body height is shown by WHtR 
and changes with age. It is a simple indicator for esti-
mating the CVD risk factors during clinical screening, 
and it seems to be even more reliable than WC and 
BMI. In our study, girls with high BP had significant-
ly higher WHtR (p=0.016) as compared with girls 
with normal BP. Significantly higher values were also 
observed in boys with high BP (p=0.017) compared to 
those with normal BP. These findings indicate the 
need for further anthropometric measurement using 
WHtR as a simple anthropometric index to identify 
the status of central (visceral) obesity and cardiometa-
bolic risk factor profiles in groups of normal weight 
and overweight/obese children and adolescents39.

Several studies in children and adults have con-
cluded that WHtR is more strongly associated with 
CVD risk factors than is BMI33. In accordance with 
the above, boys with high BP had significantly higher 
WHtR (p=0.017) in relation to their BMI (p=0.045) 
and WHtR (p=0.016), whereas girls with high BP still 
had strong association with CVD risk factors 
(p=0.020).

Body weight and BP are closely correlated and 
obesity-related hypertension contributes further to 
clustering of cardiovascular risk factors in obesity40. 
Pathophysiological and epidemiological studies have 
indicated that childhood BP is closely associated with 
high BP in later life41. The prevalence of hypertension 
is high in overweight and obese adolescents, and high-
er in boys than in girls42. Considering these findings, 
our study girls with high BP had a significantly higher 
prevalence of eating leafy dough, various white bread 
flakes, biscuits, snacks at school breakfast (p=0.008) 
and lower prevalence of eating white (p=0.021) and 
oily fish (p=0.026). Furthermore, boys with high BP 
had a significantly higher prevalence of eating meat 
products such as pate (chicken, liver), meat salami and 
sausages (p=0.015). Considering the relation between 
foods rich in saturated fatty acids (SFA) and BP in 
adolescents, it is important to emphasize the intake of 
SFA because the consumption of SFA is a risk for ar-
terial stiffness and CVD43. Research suggests that the 
intake of SFA, mono-unsaturated fatty acids (MUFA) 
and poly-unsaturated fatty acids (PUFA) each affects 
plasma cholesterol uniquely, production of metabolic 
and inflammatory markers, BP and arterial stiff-
ness44-47. Adolescents are especially vulnerable to the 
effects of inappropriate nutrient intake because of di-
eting or weight gain, eating patterns, and food selec-
tion48. Dwyer et al. concluded that as the number of 
eating occasions increased outside regular planned 
meals, so did energy intake from sugars, total carbohy-
drates, and amounts of sodium49. This finding reinforc-
es the importance of adolescents needing three bal-
anced meals a day to reduce the volume of nutrient-
deficient eating in which adolescents currently engage.

Rapidity in eating leads to overconsumption of 
food before satiety is experienced49. It is recommended 
that prehypertension be identified in overweight ado-
lescents and that lifestyle changes be made to avoid its 
evolution towards obesity and hypertension42. Based 
on data from our study, it is reported that salt intake in 
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girls (from consumption of white flour products) and 
boys (meat products) significantly affected BP. Dietary 
habits early in life, and particularly high salt intake, 
have been implicated as factors favoring higher BP 
values50.

Study limitations

In our study, the average of two BP readings taken 
during one visit was noted on growth charts for every 
participant above or equal to the 90th percentile. Be-
cause of BP variability, it has been argued that multiple 
visits are more important than multiple readings per 
visit in children and adolescents, and more than three 
measurements per visit may not be needed41. Creating 
the reference values of a particular region greatly in-
creases the chances of a more accurate diagnosis51.

Blood tests were performed in all participants ex-
cept for 24 participants who had fear of needles or 
were absent on the day of blood sampling. Conclu-
sions are similar and consistent with the research con-
ducted on 1100 adolescents in Algeria42. The large 
sample size, performing measurements at multiple 
time intervals and diagnosing hypertension not just 
upon high BP would be important for a more detailed 
determination of differences in anthropometric mea-
surements, dietary habits, serum lipid and glucose lev-
els regarding high BP and hypertension among ado-
lescent boys and girls in Croatia.

Conclusions

We determined differences in anthropometric 
measurements and dietary habits regarding high BP 
among adolescent boys and girls in Croatia. Differ-
ences in the values of BMI, WC, HC, WHtR and 
WHR are significant and represent indicators for esti-
mating the CVD risk factors in adolescent boys and 
girls. Also, these significant differences point to the 
close association of BMI, WC, HC, WHtR and WHR 
and the prevalence of high BP in Croatian adolescents.

According to gender, the most significant differ-
ences were recorded for WC (p=0.004) in adolescent 
boys and HC (p=0.015) in girls. These findings con-
firm the expectations obtained in the previously men-
tioned Bogalusa Heart Study, which found the distri-
bution of central fat to be determined by WC at the 
ages of 5-17 years and associated with higher levels of 

TG39. The central body fat deposition in children and 
adolescents increases cardiometabolic risks52. Further-
more, more attention should be paid to abdominal 
obesity in children and adolescents, both in clinical 
practice and in epidemiological studies36. First-line in-
terventions should aim at BP normalization and 
weight reduction51. A healthy lifestyle with daily phys-
ical activity and a low-sodium diet rich in fruit and 
vegetables, low in carbohydrates and sugar-sweetened 
beverages, is strongly recommended8,40,53. Further re-
search into these factors could lead to better methods 
of controlling the increasing BP among Croatian ado-
lescents, which might in turn contribute to decreasing 
the risk of CVD in adulthood.

Ambulatory BP monitoring is highly recommend-
ed before pharmacological treatment is started51.
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hrvatske: Hrvatsko antropološko društvo: Institut za medicin-
ska istraživanja i medicinu rada Sveučilišta; 1987. p. 10-134. (in 
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Sažetak

ANTROPOMETRIJSKA MJERENJA, PREHRAMBENE NAVIKE,  
SERUMSKE RAZINE LIPIDA I GLUKOZE U ODNOSU NA VISOK KRVNI TLAK  

MEĐU ADOLESCENTNIM DJEVOJKAMA I MLADIĆIMA U HRVATSKOJ

O. Martinis, M. Čoklo, J. Aladrović, A. Belavić i S. Missoni

Cilj je bio utvrditi razlike u antropometrijskim mjerenjima, prehrambenim navikama, razinama serumskih lipida i gluko-
ze u odnosu na visok krvni tlak kod adolescentnih djevojaka i mladića u Hrvatskoj. Specifični cilj bio je utvrditi utjecaj pre-
hrambenih navika i načina života na vrijednosti visokog krvnog tlaka kod adolescenata prema spolu. Istraživanje je prove deno 
na 260 (68,2%) djevojaka i 121 (31,8%) mladića s antropometrijskim podacima dobivenim (bez vrijednosti koje nedostaju) 
za 246 djevojaka i 111 mladića. Ispitanici su odgovarali na pitanja iz anketnog upitnika. Provedena su antropometrijska mje-
renja, mjerenja krvnog tlaka i laboratorijske pretrage. Neparametrijski testovi primijenjeni su u analizama za referentni inter-
val sistoličkog i dijastoličkog krvnog tlaka kod adolescentica i adolescenata s obzirom na njihovu dob. Visok krvni tlak defi-
niran je kao tlak ≥90 centile odnosno ≥135/87,5 mm Hg. Mann-Whitneyjev U test primijenjen je za analizu razlika u antro-
pometrijskim i laboratorijskim vrijednostima između skupina djevojaka i mladića s visokim (≥90. centile) i normalnim krv-
nim tlakom. Kod adolescenata je zabilježen trend porasta sistoličkog i dijastoličkog krvnog tlaka. Trend porasta dijastoličkog 
tlaka pojavljuje se i kod djevojaka u starijoj dobi, dok se sistolički krvni tlak smanjuje. Djevojke s visokim krvnim tlakom 
imale su značajno veći indeks tjelesne mase (p=0,020), opseg struka (p=0,002), omjer struka i visine (p=0,016), omjer struka 
i bokova (p=0,043), opseg kukova (p=0,015), povišenu razinu triglicerida (p=0,021), veću učestalost nezdrave prehrane tije-
kom školskog doručka (p=0,008) i nižu učestalost jedenja ribe (p=0,02). Mladići s visokim krvnim tlakom imali su značajno 
veći indeks tjelesne mase (p=0,045), opseg struka (p=0,004), omjer struka i bokova (p=0,022), omjer struka i visine (p=0,017) 
te veću učestalost konzumacije mesnih proizvoda (p=0,015). Potrebne su učinkovite zdravstvene intervencije kako bi se sma-
njio rizik od razvoja kardiovaskularnih bolesti i radi sprječavanja bolesti povezanih s dobi.

Ključne riječi: Adolescenti; Antropometrijska mjerenja; Krvne pretrage; Prehrambene navike; Visok krvni tlak; Srčanožilne 
bolesti


