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Abstract
Background: Excess weight and body fat are currently recognized as the major determinants of high blood pressure in 
children and adolescents.

Objective: To identify the relationship between obesity - identified by waist circumference (WC), triceps skinfold 
thickness (TSF) and body mass index (BMI) - high blood pressure (HBP) in children and adolescents.

Methods: A cross-sectional epidemiological study based on school population in children and adolescents of both sexes, 
aged between 7 and 17 years, randomly selected. Protocol: a structured questionnaire; measures of weight, height, 
triceps skinfold thickness, waist circumference, blood pressure, diagnosis of obesity through BMI, TSF thickness and 
waist circumference; diagnosis of HBP. Statistical analysis: Chi-square.

Results: A total of 1,253 students (547 males, mean age 12.4 ± 2.9 years), were assessed. A prevalence of obesity (BMI, 
TSF thickness, WC) of 13.7%, 14,8% and 9.3% respectively were identified. HBP was identified in 7.7% of young people. 
There was a significant association between obesity (BMI, TSF thickness, WC) with HBP (*p < 0.0001). There was a 
strong correlation (*p < 0.01) between WC and BMI, a moderate correlation between WC and TSF thickness, WC and 
SBP, BMI and SBP (*p < 0.01); weak correlation between DBP and WC, TSF thickness and BMI, and between SBP and 
TSF thickness (*p < 0.05).

Conclusion: The significant correlation and association between HBP and excess body fat by any of the methods used 
establish the importance of its use in evaluating children and adolescents, aiming at preventing hypertension in this 
age group, suggesting, for this, the use of BMI associated to at least another anthropometric method. (Arq Bras Cardiol 
2010;94(6) : 671-675)
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degree of physical fitness10-12, all contributing to the emergence 
of other individual determinants of high blood pressure, such 
as heart rate13 and over-weight or body fat14-17. In this respect, 
Rosa and Ribeiro14, in a review on the determinants of blood 
pressure in childhood and adolescence, emphasize that the 
central fat deposit appears to behave as an actual risk factor 
for hypertension while heart rate and initial levels of blood 
pressure at higher percentiles may be useful as hypertension 
markers in adulthood.

Brazilian population studies involving the pediatric 
population using the body mass index (BMI) as a parameter, 
show that the prevalence of overweight and obesity has 
increased in recent decades in children and adolescents18. 
In research conducted in 1974-1975 (Endef-IBGE), 1989 
(PNSN-Inan), 1996 (POF-IBGE) and 2002-2003 (POF-
IBGE), it was found that in adolescents, excess body weight 
increased from 5.7% to 16.7%, while obesity increased from 
0.4% to 2.4%18. The prevalence of overweight and obesity in 
adolescents (10 to 19 years) with hypertension enrolled in the 
Hiperdia Datasus system ranged from 41.09% to 67.33%18, 

Introduction
There is evidence that primary high blood pressure (HBP), 

independent risk factor for the two most common causes of 
death among adults in Brazil (stroke and heart disease)1, has 
its roots in childhood or adolescence2, and several studies 
have shown that high levels of blood pressure at this age are 
predictors of hypertension in young adults3,4, a phenomenon 
known as tracking.

In its primary form (the one with no detectable cause), 
hypertension in childhood and adolescence seems to result 
from the interaction between genetic and environmental 
factors, such as HBP in parents5-7, salt and calorie intake8,9 and 
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showing a significant association between overweight and 
hypertension in this group.

Some other studies conducted in Brazil with children and 
adolescents showed that BMI, waist circumference and skinfold 
thickness (parameters used for the identification of excess body 
fat) have a strong influence on blood pressure values19-22. Only 
one study failed to demonstrate such association23.

The purpose of this research is to identify, in a school 
population sample, the association and correlation between 
obesity - identified through waist circumference (WC), triceps 
skinfold thickness (TSF) and body mass index (BMI) - and high 
blood pressure (HBP) in children and adolescents.

Methods
The sample of this study is composed of a representative 

sample of school pupils enrolled in public elementary and 
secondary schools (municipal, state and federal schools), 
particularly from the city of Maceió, in 2001 school year, 
members of the study “Prevalence of cardiovascular risk factors 
in children and adolescents in the city of Maceió”24. This 
included 1,253 students of both sexes, aged 7 to 17, randomly 
selected from public and private schools, from primary and 
secondary levels in the city of Maceió24. Therefore, this sample 
represents the school population of primary and secondary 
levels, expressing their distribution by age, gender, economic 
status and distribution over public and private schools24. 

In the age group studied, the HBP was regarded as the 
average (from two measurements) of systolic and/or diastolic 
pressure at the 95th percentile for age and gender, adjusted to 
height percentile25-27. We used a Tycos sphygmomanometer, 
clamps with three different sizes (adult, adolescent, child) 
and Littman pediatric stethoscope. All measurements 
were performed by the same medical researcher after 
receiving specific training. We adopted the methodological 
recommendations of the Update on the Task Force Report 
on High Blood Pressure in Children and Adolescent, 
summarized by Koch28.

Anthropometric measurements (weight, height, triceps 
skinfold thickness and waist circumference) were performed 
using a Filizola-branded electronic scale, board stadiometer, 
Lange skinfold caliper and inelastic tape. 

Weight and height were measured by team members, 
after specific training under the supervision of a medical 
researcher using the average of the two height measurements. 
The TSF thickness was measured at the midpoint between 
the acromion and olecranon on the back of the right arm 
by a single researcher, using the average of these three 
measures. WC measurement was performed by the same 
researcher at the midpoint between the lower portion of 
the last rib and the upper edge of the iliac crest, using the 
average of two measures. 

The body mass index (BMI) on the percentile greater than 
or equal to 85, identified on a population-specific table based 
on age was used to define obesity29. Obesity diagnosis was 
also performed by measuring the triceps skinfold thickness 
(TSF) using the parameters of Must et al29, which establish 
that the TSF thickness on a percentile equal to or greater than 

85, identified on tables derived from the National Health and 
Nutrition Examination Survey I (NHANES I), identifies obese 
individuals. We also used waist circumference (WC) on the 
percentile above 75 to define central obesity, as proposed by 
Fernandez et al30.

For association analyses, we used the chi-square test 
or Fisher’s exact test to establish the 5% level to reject the 
nullity hypothesis. The linear correlation was used in the 
study of the relationship between BMI, TSF, WC and blood 
pressure percentiles. 

The research project was initially approved by the Ethics 
Committee of the University Hospital and later by the Ethics 
Committee on Research of the Federal University of Alagoas. 

Results
The sample of this study consisted of 547 male students 

(43.7%) and 706 females (56.3%), aged 7 to 17, mean (± 
SD) 12.4 ± 2.9 years.

The mean values, standard deviation, median, minimum 
and maximum for continuous variables (age, body mass index, 
triceps skinfold thickness, waist circumference, systolic and 
diastolic blood pressure) are shown in Table 1.

HBP identified as the average (of two measures) of systolic 
and/or diastolic pressure at the 95th percentile for age and sex 
adjusted for height percentile25-28, was detected in 97 (7.7%) 
children and adolescents.

As for BMI, we identified 172 children and adolescents 
(13.7%) on the percentile equal to or above 85 classified as 
obese29. As for TSF, we identified 185 (14.8%) children and 
adolescents on the percentile equal to or above 85 (obese 
patients)29. WC on the percentile above 75 identified 117 
(9.3%) young people with obesity30. 

The prevalence of HBP in young people with TSF, high 
BMI and WC, considered in isolation against those with 
normal values of these parameters was 16.8%, 17.4% and 
19.7%, respectively.

Using the three methods, 92/1,253 juveniles presented 
obesity simultaneously by BMI (53.5% of those with high 
BMI), excess body fat (49.7% from those with high TSF) 
and abdominal obesity (78.6% of those with high WC). The 
prevalence of HBP in this group was 21.7% (20/92). 

Table 1 - Average, standard deviation, median, maximum and 
minimum of numerical variables studied

Average Deviation Median Maximum Minimum
BMI  
(kg/m2) 18,8 3,7 18,2 41,6 12,8

TSF 
(mm) 13,6 6,3 12,2 38,2 4,0

WC 
(cm) 64,8 8,9 64 115 43

SBP 
(mmHg) 104 16,6 103 178 65

DBP 
(mmHg) 64 11,7 64 113 40
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Table 2 - Analysis of association between the variables of this study

BMI ≥ percentile 85 TSF ≥ percentile 85 WC > percentile 75

N (%) 172 (13.7) 185 (14.8) 117 (9.3)

HBP

Present 97 (7.7) 30* 31* 23*

Absent 1.156 (92.3) 142 154 94

WC N (%)

> percentile 75 117 (9.3) 106* 96*

≤ percentile 75 1,136 (90.7) 66 89

TSF

≥ percentile 85 185 (14.8) 129*

< percentile 85 1,068 (85.2) 43

Chi-square: *p < 0.0001.

High BMI and TSF were simultaneously present in 37/1,253 
students, BMI and WC in 14/1,253, and TSF and WC 4/1,253. 
BMI, TSF and WC alone were present, respectively, in 29, 
52 and 7/1,253 patients investigated. Together or separately, 
the three parameters identified excess body fat in 235/1,253 
people. In this group, the prevalence of HBP was 16.6%. 

Using BMI as a reference in the diagnosis of obesity31, TSF 
and WC had, respectively, sensitivity of 75% and 61% and 
specificity of 95% and 99%. 

For young people with HBP, 20/97 (20.6%) had high BMI, 
TSF and WC; 1 presented high WC and BMI, 5 had high 
BMI and TSF, 2 with high WC, 6 with high TSF and high BMI. 
Thus, HBP in 38/97 (39.2%) young people can be related to 
overweight and/or body fat. 

The association analysis showed significance (*p < 
0.0001) between obesity diagnosed by three anthropometric 
parameters used, and high blood pressure, as shown in Table 
2. The same table shows a significant association between WC 
and BMI (*p < 0.0001), WC and TSF (* p < 0.0001) and BMI 
and TSF (*p < 0.0001). 

A strong correlation between BMI and TSF and between 
BMI and WC was found; there is a moderate correlation 
between WC and TSF (* p < 0.01). Systolic blood pressure 
(SBP) showed strong correlation with BMI and WC (*p < 
0.01), and weak correlation with TSF (*p < 0.05). Diastolic 
blood pressure (DBP) presented a weak correlation with 
BMI, WC (*p < 0.01) and TSF (*p < 0.05). These results are 
presented in Table 3.

Discussion
The recognition that the presence and severity of 

atherosclerotic lesions are positively and significantly linked 
with cardiovascular risk factors present in childhood and 
adolescence2,31,32 and that such lesions are more often found 
from the age of 1526 it is important to conduct studies showing 
the prevalence, association and correlation of these factors 
in populations, as the case of this study. This study found the 
adverse impact of excess body fat (present in the sample in 
13.7%, according to BMI, and 14.8%, according to TSF) and 

the central deposition of fat (9.3%), high blood pressure (7.7%) 
of children and adolescents in the city of Maceió, through the 
statistical significance obtained in association analyses and 
correlations made. 

BMI, TSF and WC are adiposity measures commonly 
used in clinical and epidemiological studies29,30,33. Although 
this study mentions the limitations in using the TSF (due to 
the possibility of large intra and inter-observer variation and 
cost of equipment), the World Health Organization directs its 
use to the diagnosis of obesity in children and adolescents, 
provided that the measure is used by a professional with 
specific training, as the case of this research34. In our study, 
we observed a significant association and correlation of BMI 
(according to some authors, it identifies excess weight, but not 
necessarily excess fat), TSF (a marker of excess body fat) and 
WC (marker of central deposition of excess body fat) among 
themselves and with blood pressure. Strong correlations 
between BMI and TSF20,29 and between BMI and WC have 
been described22,23, supporting the findings of this study with 
respect to these variables. 

Despite the strong correlation between the three 
anthropometric methods, they identified, simultaneously, in 
this study, the presence of obesity in 50% of the obese sample. 
The differences between the methods are expected and reflect 

Table 3 - Correlation coefficients between numerical variables of the 
study

Body 
mass 
index

Triceps 
skinfold 

thickness

Waist 
circumference

Systolic blood 
pressure **r = 0.43 *r = 0.25 **r = 0.44

Diastolic blood 
pressure **r = 0.37 *r = 0.24 *r = 0.36

Triceps skinfold 
thickness **r = 0.77 r = 1.0 **r = 0.64

Waist circumference **r = 0.87 **r = 0.64 r =1.0

*p < 0.05; **p < 0.01.
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the individual characteristics of body fat distribution, but show 
that in clinical practice, at least two of these parameters will be 
probably necessary to expand the diagnostic scope of obesity. 
In this respect, when we use BMI as the standard method for 
diagnosing obesity34, TSF and WC exhibited a high diagnostic 
specificity in this study. Thus, we can emphasize, as in other 
studies, that the investigation of obesity in children and 
adolescents requires the use of BMI associated with another 
anthropometric method to identify children who present a 
greater risk of obesity and its consequences. 

From the point of view of population, the impact of excess 
weight or body fat, measured by BMI, high blood pressure in 
childhood has been well demonstrated by Muntner et al33, 
who compared pressure data and IMC in 3,496 juveniles 
aged 8 to 17, assessed in 1988-1994 (NHANES III), with 
2086 people of the same age group, assessed in 1999-2000 
(NHANES 1999-2000). These authors concluded that there 
was an increase in blood pressure in the last decade and 
that this outcome can be partly attributed to the increasing 
prevalence of excess body weight, also observed in the same 
population. In Brazil, several studies have demonstrated similar 
results. Ribeiro et al21, by assessing 1,450 students aged 6 to 
18 have shown that individuals with high BMI are 3.6 and 2.7 
times more likely to have high systolic blood pressure (SBP) 
and diastolic blood pressure (DBP), respectively. Monego and 
Jardim35, by studying 3,169 schoolchildren, found a significant 
association between overweight and hypertension. Guimarães 
et al19, by assessing data from blood pressure and BMI of 536 
adolescents aged 11 to 18, concluded that the increased 
percentage of high SBP and DBP followed an increased BMI 
and each BMI increase would increase SBP by 1.198 mmHg. 

Using the TSF, more commonly accepted as a marker of 
excess body fat, Silva and Lopes20, by assessing 1,570 students 
aged 7 to 12, identified a significant association between 
excess body fat and high blood pressure (systolic and diastolic). 
Ribeiro et al21, using the sum of skin folds (including the TSF), 
showed demonstrated a greater risk of high blood pressure in 
those with excess body fat. 

As for the WC, accepted as a marker of central deposition 
(visceral) of fat, Guimarães et al19, by using the same parameter 
of this study30, concluded that the WC has a strong influence 
on high blood pressure in adolescents. Rosa et al23, also 
using the same parameter30, evaluated 456 students aged 12 
to 17 and demonstrated a significant association between 
hypertension and high WC.

Despite a strong correlation between WC, BMI and other 
anthropometric parameters, Sarni et al22, by assessing 65 
preschool children with mean age of 5.8, failed to establish an 
association or relationship between hypertension and obesity. 
These authors explained this result as a function of age and 
limited sample size, and we agree with such explanation.

As in adults, a combination of factors, such as overactivity 
of the sympathetic nervous system, insulin resistance and 
abnormalities in vascular structure and function, seem to 
contribute to the occurrence of hypertension associated with 
obesity in children and adolescents36. 

In children, primary hypertension is important for several 
reasons. Firstly, because it determines damage in target organs. 
Left ventricular hypertrophy is the most important clinical 
evidence of this complication27. Secondly because there is 
a trend over life of the persistence of high blood pressure 
in childhood and adolescence, which makes this behavior 
(tracking) one of the main markers of hypertension early in 
adult life3,4,27. Finally, because of the frequent association, 
in the same individual, of high blood pressure with other 
cardiovascular risk factors17,26,27,36, which triggers the early 
appearance and the rapid development of atherosclerotic 
lesions37,38, which determine the most frequent cause of death 
in Brazil1 and in several other parts of the world.

These are the reasons why it is necessary to encourage 
studies such as this one. Firstly, to enable that, in Brazil, 
the magnitude of the problem related to the presence of 
cardiovascular risk factors for atherosclerotic disease among 
children be identified. Besides this, to make it possible to 
expand the number of proposals for early prevention of 
cardiovascular disease in Brazil26.
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