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Abstract

Background: The prevalence of hypertension among children and adolescents is estimated to range between 1% and 
13%. Excess weight and central obesity are related to blood pressure levels in adults, and may be important in the early 
pathogenesis of SH when present in childhood. 

Objectives: To study the association between anthropometric variables and blood pressure levels in schoolchildren from 
the 5th and 8th grades, and to identify which parameter was more strongly correlated with blood pressure levels.

Methods: Contemporary cross-sectional study with probabilistic population-based cluster sampling of schoolchildren 
enrolled from the 5th to the 8th grades in public elementary schools of Porto Alegre. Data on familial risk factors and 
anthropometry were collected. Statistical analysis included correlations and cluster-adjusted confidence intervals.

Results: The mean age of participants was 12.57 (± 1.64) years, and 55.2% of them were females. Abnormal blood 
pressure levels were found in 11.3% of the sample and borderline values, in 16.2%. Among the anthropometric variables 
analyzed, hip circumference was the one with the strongest correlation with increased blood pressure (r = 0.462, 
p < 0.001), followed by waist circumference (r = 0.404, p < 0.001) and abdominal skinfold (r = 0.291, p < 0.001).

Conclusion: We observed an association of waist circumference and skinfolds with increased blood pressure levels in 
the schoolchildren of the sample. Therefore, it is of the utmost importance that early measurements of blood pressure, 
and waist and hip circumferences become a routine in health services in order to prevent this condition. (Arq Bras 
Cardiol. 2014; 102(4):312-318)
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Introduction
According to the World Health Organization (WHO), 

systemic hypertension (SH) is the major cause of cardiovascular 
diseases in adulthood, accounting for 62% of strokes and 49% of 
coronary artery diseases1. Approximately 30% of the worldwide 
adult population may be classified as hypertensive2; in Brazil, 
the prevalence of SH is of 22.3% to 43.9%3. Among children 
and adolescents, the prevalence of SH ranges from 1% to 13%4. 
SH found in adults may have started in childhood, and this is 
known as the tracking phenomenon4. 

Lifestyles that lead to atherosclerosis may begin in 
childhood, and the prevalence of risk factors has increased 
in this age range5. If these conditions persist, it is likely that 
diseases previously observed only in elderly populations 

will become a cause of morbidity and mortality in young 
adults and adolescents5. Pathological changes resulting 
from atherosclerosis may be identified before the onset of 
clinical signs of the disease6; by the end of adolescence, 
approximately 61% of individuals show some type of 
atherosclerotic lesion in the coronary arteries. After 40 years 
of age, this figure reaches 95% of the population6.

Recent United States National Institutes of Health (NIH)’s 
guidelines for the treatment of obesity in adults stress the 
importance of recognizing excess body weight and central 
adiposity as health risks7. Body mass index (BMI) is used as a 
global excess weight indicator, whereas waist circumference 
(WC) has been advocated as a central obesity indicator8,9, 
and seems to be related to the development of cardiovascular 
diseases, type-2 diabetes mellitus, and premature death10,11. 
WC has been pointed as the best anthropometric predictor 
of cardiovascular risk factors among children and adolescents, 
including increased blood pressure levels12, sensitivity to 
insulin13, and metabolic syndrome14.

Therefore, the objective of this study is to identify the 
association between anthropometric variables and blood 
pressure levels among schoolchildren from the 5th to the 
8th grades in the city of Porto Alegre. Additionally, we seek 
to evaluate which, among the variables studied, is the one 
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with the strongest correlation with blood pressure levels. 
Thus, by means of its results, this study will contribute to the 
investigation of a more effective screening and an adequate 
planning of preventive measures.

Methods
This is a contemporary population-based cross-sectional 

study conducted by the research group of the Preventive 
Pediatric Cardiology Outpatient Clinic of the Institute of 
Cardiology and University Foundation of Cardiology of Rio 
Grande do Sul (IC-FUC) from 2004 to 2007. Its methodology 
has been described elsewhere5.

This project was approved by the Research Ethics 
Committees of IC-FUC and of the Federal University of Health 
Sciences Foundation of Porto Alegre (Fundação Universidade 
Federal de Ciências da Saúde de Porto Alegre - UFCSPA).

A population-based probabilistic cluster sample was 
selected by lot from a list of all public schools from the 
municipal, state and federal network of elementary school 
of Porto Alegre supplied by the State Board of Education. 
The schoolchildren assessed were attending from the 5th to 
the 8th grades of elementary school.

Individuals regularly enrolled in the participating schools 
were included; those with diseases or chronic conditions that 
prevented physical evaluation were excluded.

Data was collected as follows: first, the schools were 
contacted in relation to the project, receiving thorough 
information on the activities planned. After parents or 
guardians had given informed consent and the child had been 
included, the parents were sent a questionnaire on family 
history of cardiovascular diseases and another one addressing 
physical activity, exercise, and sedentary lifestyle. When 
the questionnaire was returned, physical evaluation of the 
children was performed in the schools, and included physical 
examination focused on the cardiovascular system, with cardiac 
auscultation and blood pressure measurement; anthropometric 
assessment; and skin folds, waist and hip measurement. 

Aneroid blood pressure devices – manometer with scale from 
– 20 to 300 mmHg, were used for blood pressure measurement. 
Blood pressure levels were evaluated according to the “Report of 
the Fourth Task Force on Blood Pressure Control in Children”15.

Anthropometric assessment and measurements of skinfolds 
and circumferences followed the standards described below:

• Weight: a Plena digital scale with 120-kg capacity 
and accuracy to 100 grams was used. The individuals were 
weighted without shoes and wearing as little clothes as 
possible. They should be still and have their feet centered 
on the scale platform.

• Height: a metallic non-stretchable tape measure fixed 
to a plane surface and a set-square were used. The individuals 
should be have their heels, buttocks, back and head touching 
the wall, or as close to it as possible, and look straight forward. 
Height was measured at the end of inspiration.

• Skinfolds: the folds were measured on the right side 
of the body. The mean value between three measurements 
was considered. The anatomical points were selected as 

follows: the triceps skinfold was measured halfway between 
the acromion and olecranon; the subscapular skinfold was 
measured two centimeters below the lower scapular border; 
and the abdominal skinfold was measured two centimeters 
lateral to the umbilicus.

• Circumferences: waist circumference (WC) was 
measured at the mid-point between the last rib border and 
the iliac crest; hip circumference (HC) was measured at the 
largest point of the of the gluteal region.

• Calculation of the body mass index (BMI): obtained 
by the ratio body mass to square height, expressed in  
kg/m2. The cut-off points for overweight (percentile > 85) 
and obesity (percentile > 97) were used for BMI values based 
on the WHO criteria16.

• Statistical analysis: the analysis was carried out 
using the Statistical Package for the Social Sciences (SPSS) 
version 11.0 software program. Prevalences were described 
as proportions with respective 95% confidence intervals 
(CI). Continuous variables were described as means and 
standard deviations or medians and interquartile intervals. 
Differences between the groups with or without excess 
weight were assessed using the Student’s t test or Mann 
Whitney test for continuous variables, and the chi square 
test or Fisher’s exact test for categorical variables. Analysis 
of variance (ANOVA) was used for the variable BMI 
categorized in 3 groups (normal, obesity, and overweight). 
Pearson’s correlation was used to analyze correlations. 
Poisson regression and correction were used for clusters. 
For all comparisons, the significance level was set at 5%.

Results
A total of 511 adolescents were studied in six schools. 

Their mean age was 12.57 years, and 55.2% (n = 282) were 
females. Table 1 shows the overall sample characteristics. 
The proportion of families with less than eight year of 
education was 47% for fathers and 52.4% for mothers.

In relation to the history of cardiovascular risk factors 
in first-degree family members, the following percentages 
were observed: 28% hypertension; 12.6% obesity; 16.8% 
dyslipidemia; 6.7% diabetes; and 1.4% cardiovascular disease or 
ischemia. In relation to the mean number of family members with 
risk factors, 1.6 were obese; 1.6 hypertensive; 1.3 dyslipidemic; 
1.3 diabetics; and 1.3 had already had a vascular or cardiac event. 
The mean BMI of parents was 26.5 ± 4.0 kg/m² for fathers and 
25.7 ± 5.8 kg/m² for mothers.

The prevalence of excess weight (BMI ≥ 85th percentile) 
among the schoolchildren was 27.6% (141 students, 
95% CI: 23.9 – 31.6), of which 17.8% (91 students, 
95% CI: 14.7 – 21.4) with overweight (BMI > 85th percentile) 
and 9.8% (50 students, 95% CI: 7.5 – 12.7) with obesity (BMI 
> 97th percentile). Overweight was more prevalent among 
females (19.9%), and obesity, among males (11.8%), as shown 
in Table 2. BMI classification and blood pressure levels are 
described in Table 3. Systolic blood pressure scattering in 
relation to BMI is shown in Figure 1.

Blood pressure levels were abnormal in 11.3% of the 
sample and borderline in 16.2%.
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Table 1 – Overall characteristics of the study population

Variables n (%)
Schoolchildren 511 (100)

Male 229 (44.8)

 Age up to13 years 377 (73.8)

 > 14 years 134 (26.2)

Father’s level of education
 Incomplete elementary school 240 (56.1)

 Incomplete highschool 113 (26.4)

 Complete highschool or higher 75 (17.5)

Mother’s level of education
 Incomplete elementary school 268 (57.5)

 Incomplete highschool 127 (27.3)

 Complete highschool or higher 71 (15.2)

Number of siblings
 Only child 62 (12.7)

 With siblings 425 (87.3)

Obese 1st degree family member 62 (12.7)

Dyslipidemic 1st degree relative 86 (16.8)

Diabetic 1st degree relative 34 (6.7)

Hypertensive 1st degree relative 143 (28)

Heart disease/ischemia in 1st degree relative 7 (1.4)

Smoker at home 264 (54.2)

Table 2 – Distribution of schoolchildren with excess weight according to gender

Schoolchildren
Excess weight Overweight Obesity

N % CI* N % CI* N % CI*

Male gender 62 27.1 21.7-33.2 35 15.3 11.2-20.5 27 11.8 8.2-16.6

Female gender 79 28.0 23.1-33.5 56 19.9 15.6-24.9 23 8.2 5.5-11.9

Total 141 27.6 23.9-31.6 91 17.8 14.7-21.4 50 9.8 7.5-12.7

* 95% Confidence Interval

Table 3 – Classification of BMI percentile and blood pressure levels

Proportion (n) 95% CI

BMI percentile by gender and age

Well-nourished 0.758 (318) 0.713 – 0.802

Overweight 0.192 (153) 0.151 – 0.232

Obesity 0.050 (40) 0.030 – 0.070

Blood pressure levels classification

Normal 0.725 (295) 0.625 – 0.824

Borderline 0.162 (129) 0.102 – 0.221

Stage I SH 0.084 (67) 0.055 – 0.112

Stage II SH 0.029 (23) 0.003 – 0.053

BMI: Body mass index; SH: Systemic hypertension

All anthropometric variables showed a direct and significant 
correlation with systolic (SBP) and diastolic blood pressure 
(DBP) levels (Table 4). Among the measurements analyzed, HC 
showed the strongest correlation with increased blood pressure 
levels (r = 0.462, p < 0.001), followed by WC (r = 0.404, 
p < 0.001) and abdominal skinfold (r = 0.291, p < 0.001). 

The mean WC was 74.54 ± 9.64 cm. WC percentiles were 
calculated for the sample, with values of 68 cm, 73 cm and 
80 cm corresponding to the 25th, 50th, and 75th percentiles, 
respectively. Among individuals with measurements lower than 
the 25th percentile, 6.13% had abnormal blood pressure levels; 
this proportion increased to 6.4% for individuals between 
the 25-50th percentiles; to 10.7% for individuals between 
the 50-75th percentiles; and to 21% when the measurements 
were higher than the 75th percentile (p < 0.001) (Figure 2).

The sum of the triceps and subscapular skinfolds (SF), 
according to the Lohman’s nanogram was considered 
low in 9.1%; adequate in 41.9%; and high in 49% of the 
schoolchildren. In the first group, 19.4% had abnormal blood 
pressure levels, increasing to 20.9% and 34.5% in the other 
groups, respectively (p < 0.001). The percentage of individuals 
engaged in 2 or 3 physical activities per day was 74.7% in 
group low SF, 66.4% in group adequate SF, and 61.1% in group 
high SF (p < 0.001). Mothers’ BMI (r = 0.171, p < 0.001) 
was also observed to be positively correlated to the presence 
of higher blood pressure levels. 

Discussion
In this population-based study in schoolchildren of Porto 

Alegre, a high percentage of excess weight and abnormal 
blood pressure levels were observed.

According to the WHO’s data, approximately 29% of 
deaths worldwide result from diseases of the circulatory 
system, such as coronary artery disease and cerebrovascular 
disease17. Approximately 80% of cardiovascular deaths in the 
world occur in developing countries18.

Previously, the cardiovascular risk factors were only known 
for the adult population. Sedentary lifestyle, sodium-rich 
diet and psychosocial factors such as stress are among the 
factors more extensively studied19. Among adolescents, this 
relationship has been recently demonstrated20. However, 
better knowledge of the relationship between obesity, as 
assessed by BMI, and health risks for the pediatric population 
is still necessary21.
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Figure 1 – Scatter-plot with relationship between systolic blood pressure levels and BMI.
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Figure 2 – Comparison between abdominal circumference percentiles.
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In our study, we observed prevalences of 17.8% overweight, 
9.8% obesity and 27.6% excess weight. These findings are similar to 
those of The Bogalusa Heart Study, in which, in a sample of 2597 
schoolchildren aged between 5 and 18 years, a prevalence of 33% 
of overweight was observed21. In the present study, overweight 
was more prevalent among females (19.9%), and obesity, among 
males (11.8%). These data corroborate Ribeiro et al22 findings in 
the “The Three Cities Heart Study”, a cross-sectional trial assessing 
3,179 students aged between 6 and 18 years in three large Brazilian 
cities, where the prevalence of overweight, excess weight and 
obesity was 10%, 15% and 5%, respectively22. Likewise, Pinto 
et al3 evaluated 1131 individuals from 7 to 14 years of age and 
found 12.6% of overweight/obesity. Guimarães et al23, in turn, 
reported a prevalence of overweight of 36.9% and obesity of 
23.5% in a schoolchildren sample aged between 11 and 18 years 
from public and private schools in Bahia. This fact consolidates 
that the prevalence of excess weight is increasing in Brazil and, 
apparently, is distributed in a similar fashion in the different regions 
of the country, thus making it necessary that programs for obesity 
prevention in the pediatric population are created. 

We found 11.3% of the sample with abnormal blood 
pressure levels and 16.2% with borderline values, results 
which are similar to those of a study recently conducted 
in three large Brazilian cities that found a 12% prevalence 
of individuals with increased blood pressure levels22, like 
in other Brazilian studies3,23,24. Li et al25 found 16.2% of 
increased blood pressure levels in a sample of 1005 children 
and adolescents in China. On the other hand, a study 
conducted in Fortaleza (State of Ceará, Brazil), in a sample 
of 342 schoolchildren aged between 6 and 18 years, found 
a frequency of 44.7% of the sample with increased blood 
pressure26, and a study of 1239 Mexican children showed 
a 22.8% prevalence of hypertension27. 

All anthropometric variables studies showed significant 
correlations, and this was also observed in Araújo et al26 study 
in schoolchildren in Maceió. Katzmarzyk et al21 advocate the 
clinical use of BMI and WC for the prediction of the increase 
in risk factors among children and adolescents. Choy et 
al13 believe that WC per se may be used as a predictor of 
increased blood pressure levels in prepubertal children and 
recommend the use of this variable together with BMI, thus 
increasing its power to predict SH. 

In a sample of 1190 Australian schoolchildren, Gopinath 
et al12 demonstrated that WC was closely associated with 
DBP and SBP levels in both genders. According to the NIH 
guidelines for adults, WC higher than 102 for men and  
88 for women are considered abdominal obesity and 
may be related to metabolic disorders in comparison to 
individuals with lower measurements7.

However, studies have demonstrated that these cut-off values 
are useful for the prediction of metabolic risks in adults28,29, but 
currently there is no guideline for the classification of overweight 
and health risks among children and adolescents using WC.

In the present study, HC showed the strongest direct 
correlation with blood pressure levels, followed by WC. 
Katzmarzyk et al21 advocate that WC may be used and is 
efficient for the clinical assessment of the presence or absence of 
increased cardiovascular risk factors in children and adolescents.  
This association was also demonstrated by other authors, pointing 
out the risk for cardiovascular diseases in children30,31. In a sample 
of schoolchildren aged between 10 and 14 years in Chipre, Savva 
et al32 reported that children with increased WC had significantly 
higher chances of developing increased blood pressure levels 
in relation to those with adequate WC32. An Italian study of 
children aged between 3 and 11 years demonstrated that children 
with increased WC have multiple risk factors for cardiovascular 
diseases in comparison with children with lower values32.

In this study, the mean WC was 74.54 ± 9.64 cm. 
When WC percentiles were calculated, we found that 
among individuals with measurements lower than the 25th 
percentile, 6.13% showed abnormal blood pressure levels. 
This proportion increased to 6.4% for individuals between 
the 25th and 50th percentiles; to 10.7% for those between the 
50th and 75th percentiles; and to 21% for individuals with WC 
higher than the 75th percentile (p < 0.001). A study conducted 
in the State of Bahia with a sample of 536 schoolchildren aged 
between 11 and 18 years found 51.7% of the sample above 
the 75th percentile for WC23.

Ribeiro et al22 described that students with excess weight 
showed a 3.25 (2.38 – 4.45) higher chance of having elevated 
SBP and a 1.93 (1.36-2.75) higher chance of elevated DBP. 
Additionally, the authors reported that those enrolled in public 
schools had a 2.48 (1.75 – 3.54) higher chance of having 
elevated SBP in comparison to those in private schools22.

In a recent study, Ribeiro et al22 reported that schoolchildren 
deemed “less active than others” had a 2.36 (1.98 – 2.82) higher 
chance of having higher SSF in relation to students considered 
physically active, in addition to presenting a 1.97 (1.65-2.35) 
higher chance of having increased suprailiac skinfold thickness, 
and a 2.34 (1.92-2.85) higher chance of having increased 
sum of the skinfolds22. Mother’s BMI was also observed to be 
positively correlated with the presence of higher blood pressure 
levels. This probably reflects the strong relationship between 
the child’s and mother’s BMI, and is possibly associated with 
environmental and genetic factors. 

Some limitations of this study are worthy of consideration. 
Because it is a cross-sectional study, it was not possible to 

Table 4 – Correlation between blood pressure levels and 
anthropometric variables

Variable r p

BMI 0.384 < 0.001

Mother’s BMI 0.171 < 0.001

Lowest waist circumference 0.404 < 0.001

Hip diameter 0.462 < 0.001

Abdominal skin fold 0.291 < 0.001

Sum of skinfolds 0.293 < 0.001
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