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Abstract
Background: Obesity is linked to high blood pressure (HBP) in childhood. However, the role of fat as a predictor of HBP 
in adolescents remains unknown.

Objective: To investigate the association between general and abdominal obesity with HBP and to identify the sensitivity 
and specificity of these indicators to detect HBP in adolescents.

Methods: The sample was composed of 1,021 adolescents aged 10-17 years. Subjects were classified as normal, 
overweight/obese, according to BMI measurements, and as non-obese and with abdominal obesity, according to 
waist circumference (WC) measurements. Systolic (SBP) and diastolic (DBP) blood pressure were assessed using an 
oscillometric device. Logistic regression and ROC curves were used in the statistical analysis.

Results: The overall prevalence of HBP was 11.8% (13.4% in boys and 10.2% in girls). The prevalence of HBP among 
general overweight/obese boys and girls was 10% and 11.1%, respectively. The prevalence of HBP among boys with 
abdominal obesity was 28.6%. For both genders, the odds ratio (OR) for HBP was higher in abdominal obesity than in 
general overweight/obesity (4.09 [OR95%CI = 2.57-6.51]) versus 1.83 [OR95%CI = 1.83-4.30]). The OR for HBP was higher 
when general overweight/obesity and abdominal obesity were clustered (OR = 4.35 [OR95%CI = 2.68-7.05]), than when 
identified by either general overweight/obesity or abdominal obesity alone (OR = 1.32 [OR95%CI = 0.65-2.68]). However, 
both types of obesity had low predictive power in HBP detection.

Conclusion: General and abdominal obesity were associated to HBP, however, the sensitivity and specificity of these 
variables to detect HBP are low in Brazilian adolescents. (Arq Bras Cardiol. 2011; [online].ahead print, PP.0-0)
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Introduction
Cardiovascular diseases are the leading cause of death in 

the world1,2. High blood pressure (HBP) is one of the major 
risk factors for cardiovascular disease, and when present in 
childhood, it predicts cardiovascular mortality in adulthood3. 
This is an important issue since the prevalence of HBP in 
pediatric populations is high in developed and developing 
countries, ranging from 3.6% to 19.4%4,5. 

Childhood obesity is also highly prevalent in developed6,7 
and in developing countries8 and has been considered the best 
predictor of childhood hypertension9. Moreover, higher body 
mass index (BMI) in infancy is positively and significantly related 
to triglycerides and systolic blood pressure at 23 years of age10. 
Therefore, the diagnosis of childhood obesity can provide an 
early identification of the risk of HBP and other chronic diseases.

Obesity has been identified in clinical setting using 
two practical, cost-effective and feasible methods: waist 
circumference (WC) and BMI. Although abdominal obesity 
is more often associated with cardiovascular risk than 
with general obesity in adults, this association in pediatric 
populations is yet to be clarified. A previous study that 
analyzed the association between fat distribution and 
cardiovascular risk in children showed that both types of 
obesity are linked to HBP in childhood11, however, the best 
predictor of HBP in adolescents remains uncertain. 

Recently, Genovesi et al11 observed that WC improves the 
ability of BMI to detect HBP in Italian children aged 5 to 11 
years, suggesting that the evaluation of both types of obesity is 
better for screening children at risk of HBP. Nevertheless, since 
this study was performed in children from a specific country, 
its results may not be generalized to adolescents from other 
nations12, which are known to have different lifestyle habits. 

Thus, the purposes of this study were (i) to investigate the 
association of general and abdominal obesity with HBP and 
(ii) to identify the sensitivity and specificity of these indicators 
to detect HBP in Brazilian adolescents. 
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Methods

Sample
This cross-sectional study was carried out in Londrina, 

Southern Brazil. The sample was composed of 1,021 
adolescents enrolled in either private or public schools, 
aged 10 to 17 years. A sample size of 1,021 subjects was 
estimated by means of an expected HBP prevalence of 10%, 
error of 3%, power of 80%, confidence interval of 95%, and 
additional data for losses of 15% (based on a pilot study that 
found 10.2% of losses). Sampling was performed by means of 
a random multistage based on all regions of the city (east, west, 
north, south, and center) and on the total number of schools 
(respecting the proportion of public and private students in 
each region of the city). Informed consent was obtained from 
each volunteer’s parent or guardian. This study was approved 
by the Ethics Committee on Human Experimentation of the 
State University of Londrina.

Anthropometric variables
All anthropometric measurements were performed by 

trained technicians in a reserved room at school. Body weight 
was measured using a mobile digital scale accurate to 0.1 kg 
and with maximum capacity of 150 kg. Subjects were asked 
to wear light clothes and to stand barefoot in the center of 
the platform scale. Height was measured using a portable 
stadiometer accurate to 0.1 cm and with a maximum length 
of 2.0 meters. Adolescents were required to stand barefoot, 
turned back to the stadiometer with the head positioned in 
the Frankfurt plane. The mobile part of the stadiometer was 
conducted by touching the vertex, with the compression of 
the hair according to the procedures described by Gordon et 
al13. BMI was calculated as weight (kg)/height squared (m). 
WC was determined by the mean of two measurements of 
the minimum circumference between the iliac crest and rib 
cage, using a metal tape with the accuracy in millimeters (mm).

General and abdominal obesity
General overweight/obesity was classified according to 

the cutoff points suggested by Cole et al14, while abdominal 
obesity was identified according to the criteria proposed by 
Taylor et al15. Additionally, based on both adiposity indexes, 
the sample was stratified in: (i) neither general overweight/
obesity nor abdominal obesity, (ii) only general overweight/
obesity, (iii) only abdominal obesity, and (iv) both general 
overweight/obesity and abdominal obesity.

Blood pressure measures
Systolic (SBP) and diastolic (DBP) blood pressure were 

assessed using an oscillometric device Omron HEM 742-
E, which was calibrated and previously validated for 
adolescents16. For blood pressure measurements, the cuff 
was adjusted to the arm circumference (9 x 18 cm and 12 
x 23 cm), following the recommendations of the American 
Heart Association (AHA)17. After the assessment of arm 
circumference, a 9x 18-cm-width cuff was used for the 
assessment of subjects with arm circumference between 16 
to 22 cm, while a 12 x 23 cm width cuff was employed for 

the assessment of subjects with arm circumference between 
23 and 34 cm, respectively.

One day prior blood pressure assessment, subjects were 
asked not to practice physical activity18 and avoid caffeinated 
beverages19. Blood pressure measurement was performed in a 
quiet room. After a 5-minute rest in the sitting position, a single 
previously trained evaluator performed two blood pressure 
measurements (with a 2-minute interval between them) and 
the mean of both was used for the analysis. If blood pressure 
differed more than 5 mmHg between measurements, two 
more measurements were performed and the mean of these 
measures were used for analysis (this event occurred in less 
than 1% of the sample).

HBP was defined as blood pressure ≥ percentile 95, 
adjusted by age and height according to the National High 
Blood Pressure Education Program20 criteria. Subjects with 
HBP received a counseling feedback that included increase 
in physical activity levels, as previously suggested21. Moreover, 
adolescents were advised to visit a physician in a Basic Health 
Unit (Public Health System). 

Statistical procedures
Descriptive statistics were expressed as mean, standard 

deviation (SD), minimum and maximal for age, weight, height, 
BMI, WC, SBP and DBP. Differences between genders in 
the continuous variables were analyzed using Student t test 
for independent samples. Chi-square test was used to assess 
the association between categorical variables, while binary 
logistic regression, represented by odds ratio values (OR) and 
95% confidence intervals (OR95%CI), was used to determine 
the magnitude of these associations. ROC curve and its 
parameters (sensitivity, specificity, area under curve [AUC], 
positive predictive value [PPV], and negative predictive value 
[NPV]) were applied to assess general overweight/obesity and 
abdominal obesity diagnosis characteristics. Statistical analyses 
were conducted in SPSS software (version 13.0) and the 
significance level was set at 0.05.

Results
Most of the sample was composed of females (52%). Sixty-

five percent of the sample was aged 11 to 13 years and the 
mean age of all adolescents was 12.3 ± 1.5. BMI and WC 
values were higher in males than in females (p < 0.05). There 
were no significant differences in any other variables (Table 1).

The prevalence of general overweight/obesity was 21.9% 
and 14.8% for males and females (p = 0.004), respectively. 
The prevalence of abdominal obesity was 15.2% and 8.5% in 
males and females (p = 0.001), respectively. Considering the 
subjects who had general overweight/obesity and abdominal 
obesity, the prevalence was 13.8% and 8.0% in males and 
females, respectively. In the overall sample, 76 subjects (7.4% 
[40 boys and 36 girls]) had general overweight/obesity, but not 
abdominal obesity, 10 subjects (1% [7 boys and 3 girls]) had 
abdominal obesity, but not general overweight/obesity and 110 
subjects (10.8% [68 boys and 42 girls]) had both outcomes.

The overall prevalence of HBP was 11.8% (CI = 7-13%) 
and the prevalence of overweight and obesity was 18.2% (CI 
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Table 1 - General characteristics by gender

Boys (n = 493) Girls (n = 528)
p Minimum Maximum

Mean (SD) Mean (SD)

Age (years) 12.1 (1.5) 12.5 (1.4) 0.621 10.1 17.2

Weight (kg) 47.3 (13.2) 45.3 (10.4) 0.643 22.0 113.6

Stature (cm) 155.6 (11.6) 154.2 (9.1) 0.752 129.0 193.0

Body mass index (kg/m2) 19.3 (3.6) 18.9 (3.2) 0.003 11.3 35.4

Waist circumference(cm) 66.8 (9.0) 63.3 (7.1) 0.001 43.0 101.0

Systolic blood pressure (mmHg) 114.1 (10.9) 112.9 (10.4) 0.661 97.0 167.0

Diastolic blood pressure (mmHg) 62.3 (7.3) 63.4 (7.3) 0.460 49.0 102.0

SD - standard deviation.

Table 2 - Association between individual/clustered adiposity 
indicators and high blood pressure

Risk factors
High blood pressure (n = 120)

N (%) OR* (OR95%CI)

General 

Normal 79 (9.5) 1.00

Overweight/obesity 41 (22) 2.80 (1.83 - 4.30)

Abdominal 

Normal 85 (9.4) 1.00

Abdominal obesity 35 (29.2) 4.09 (2.57 - 6.51)

General and abdominal

None 77 (9.3) 1.00

Overweight/obesity or 
abdominal obesity 10 (11.6) 1.32 (0.65 - 2.68)

Overweight/obesity and 
abdominal obesity 33 (30) 4.35 (2.68 - 7.05)

OR - odds ratio; OR95%CI - 95% confidence interval; * - odds ratio adjusted by 
gender and age.

= 14.2-20.1%). The prevalences of HBP among boys and 
girls that had only general overweight/obesity were 10% and 
11.1%, respectively. The prevalence of HBP among boys with 
only abdominal obesity was 28.6% (n = 2). Considering the 
subjects who had general overweight/obesity and abdominal 
obesity, the prevalence of HBP in boys and girls was 30.9% 
and 28.6%, respectively. In our pediatric sample, only 2% (n 
= 20) of the overall sample had systolic or diastolic blood 
pressure higher than 139 mmHg and 89 mmHg, respectively.

The OR of HBP was higher in abdominal obesity than 
in general overweight/obesity (4.09 [OR95%CI = 2.57-6.51]) 
versus 1.83 [OR95%CI = 1.83-4.30]). The OR of HBP was higher 
when general overweight/obesity and abdominal obesity were 
clustered (OR = 4.35 [OR95%CI = 2.68-7.05]), than when 
identified as either general overweight/obesity or abdominal 
obesity alone (OR = 1.32 [OR95%CI = 0.65-2.68]) (table 2).

General overweight/obesity criteria showed higher 
sensitivity (34.2%), while abdominal obesity criteria showed 
higher AUC (0.599 ± 0.030) to detect HBP. PPV values were 

low in all analyzes, but the clustered use of both obesity 
indicators slightly improved the scores (Figure 1).

Paired comparisons of AUC indicated that the mean 
differences were similar between general overweight/
obesity and abdominal obesity (mean differences = 
0.0083 ± 0.021 [95%CI = -0.034; 0.051]; p = 0.703), 
and between both obesity indicators clustered and general 
overweight/obesity (mean differences = 0.0044 ± 0.020 
[95%CI = -0.034; 0.043]; p = 0.826) or abdominal obesity 
(mean differences = 0.0038 ± 0.009 [95%CI = -0.014; 
0.021]; p = 0.671) alone. The general overweight/obesity 
or abdominal obesity presented lower accuracy than both 
indicators clustered (p = 0.012). 

In both genders, abdominal obesity presented a higher 
sensitivity. The sensitivity scores were higher in boys than in 
girls, while the specificity was higher in girls than in boys. In the 
general analysis, anthropometric indexes were more accurate 
in boys than in girls (Table 3).

Discussion
The main results of this cross-sectional study were: (i) 

abdominal obesity and general overweight/obesity are 
associated with HBP in Brazilian adolescents; (ii) the diagnostic 
properties of general overweight/obesity or abdominal obesity 
are low; and (iii) the clustered use of both general overweight/
obesity and abdominal obesity improved the sensitivity to 
detect HBP.

The link between hypertension and obesity is not 
completely understood. Several factors, such as an increase in 
the secretion of angiotensinogen, renin, and other substances 
by adipocytes, as well as the increase in tumor necrosis 
factor-α levels has been suggested to be the factors that link 
obesity and hypertension. Moreover, the increase in visceral 
fat leads to insulin resistance22 and vasoconstriction23,24. In 
fact, childhood BMI is a powerful predictor of cardiovascular 
disease, since it is positively related to increased values of 
fasting insulin, triglycerides and systolic blood pressure, as well 
as decreased high density lipoprotein scores in adulthood10. 
Thus, the adiposity indexes seem to screen children and 
adolescents at increased risk of hypertension and other 
chronic diseases.
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Figure 1 - ROC curve for diagnosis of high blood pressure. AUC - area under curve.

Table 3 - ROC curve for diagnosis of high blood pressure according to gender

Risk factors

ROC curve parameters

Sens/Spec AUC Sens/Spec AUC

Male (n = 493) Female (n = 528)

General

Overweight/obesity 37.9%/81.6% 0.592 ± 0.040 29.6%/86.9% 0.583 ± 0.044

Abdominal

Obesity 34.8%/87.8% 0.613 ± 0.041 22.2%/93% 0.576 ± 0.044

General and abdominal

Overweight/obesity or abdominal obesity 9.1%/90.4% 0.487 ± 0.038 7.4%/92.6% 0.500 ± 0.042

Overweight/obesity and abdominal obesity 31.8%/89% 0.604 ± 0.041 22.2%/93.7% 0.579 ± 0.045

Sens - sensitivity; Spec - specificity; AUC - area under curve.

However, the role of fat distribution in cardiovascular 
risk in children and adolescents remains inconclusive. In 
the present study, neither general overweight/obesity nor 
abdominal obesity, when analyzed alone was associated with 
HBP. These results are different from a previous study, which 
identified an association between general overweight/obesity 
or abdominal obesity and HBP among adolescents11. The main 
reason for this controversy is that the previous studies did not 
describe how many subjects had both types of obesity. In the 
present study, approximately 28% of the adolescents with 
HBP had general and abdominal obesity, whereas only a few 
adolescents had only general overweight/obesity (6.6%) or 
abdominal obesity (1.6%). 

The results of the present study showed that simultaneous 
general overweight/obesity and abdominal obesity were 
associated with HBP in adolescents. These results are in 
agreement with Genovesi et al11 that observed, in 4,177 
children, that the association of general and abdominal 
obesity indicators are better to predict HBP than the use of 
only one indicator alone. The association between general 
and abdominal obesity has been previously described25, 
suggesting that central and general obesity act together in the 
development of HBP in this population.

Although the assessment of blood pressure is the best way to 
identify subjects with HBP, it is still poorly performed in clinical 
practice due to several reasons. First, it is time-consuming, as 
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subjects need to rest for a period and blood pressure must be 
assessed at least three times in both arms. Second, to perform 
blood pressure measurements, subjects have to follow several 
recommendations that include avoiding caffeine and alcohol19 
and not performing physical activity on the day before the 
assessment, as post-exercise hypotension might last for several 
hours18. Thus, these recommendations need to be given to 
subjects at least one day before the measurement. Third, the 
assessment of blood pressure depends on an adequate device. 
Finally, the interpretation of blood pressure measurements is 
very difficult, since it involves the analysis of several tables. 
Therefore, the results of this study have important practical 
applications. Based on our results, the measurement of general 
and abdominal obesity might be useful for screening children 
with increased risk of HBP. Thus, in settings with a large 
number of children (e.g. schools) in which the measurement 
of blood pressure is not feasible, the use of anthropometric 
measurements might be considered. Moreover, as this 
study was performed in a developing country in which the 
assessment of blood pressure is not common, especially in 
the public health system, the results obtained might be easily 
incorporated into clinical practice, strengthening the practical 
application of the results.

This study presents several limitations that should be 
considered in the interpretation of the results. It was limited 
by the cross-sectional design, which does not allow us 
to analyze a causality effect. The measurements of other 
indicators of cardiovascular risk, such as glucose tolerance, 
body composition and physical activity were not performed. In 
fact, it is an important issue, as previous studies have reported 

that these factors are also associated with HBP26. The lack of 
body composition measurements limited our understanding 
as to whether the classification provided by BMI reflected 
adiposity in the adolescents. Maturation indicators were not 
collected and inferences regarding the association between 
anthropometric indicators and HBP according to maturational 
status were not possible to be established. 

In addition, this study has limitations regarding blood 
pressure assessment. Blood pressure was obtained using two 
cuff sizes, which are adequate to assess subjects with arm 
circumferences between 16 and 22 cm and between 27 and 
34 cm. Thus, the assessment of blood pressure in subjects with 
an arm circumference between 23 and 26 cm was performed 
using the largest cuff size, which might have underestimated 
the blood pressure levels of these subjects. The assessment 
of auscultatory blood pressure in subjects who have HBP 
according to the automatic device has been recommended19. 
In this study, this procedure was not performed due to the 
high number of subjects studied. Therefore, although the 
equipment used to assess blood pressure showed high 
sensitivity and specificity, some false positive cases might 
have occurred. Finally, in this study, data regarding parental 
obesity and hypertension were not assessed. Considering that 
genetics seems to play an important role in the occurrence of 
obesity and HBP in children and adolescents27,28, it might be 
a potential variable for screening adolescents at risk of HBP, 
and should be investigated in future studies.

In conclusion, general and abdominal obesity are 
associated to HBP; however, the sensitivity and specificity of 
these variables to detect HBP is low in Brazilian adolescents.
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