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Introduction

Systemic hypertension is a condition that affects 

approximately 30% of the adult population, being the 

cardiovascular disease responsible for the greatest number 

of deaths in the world.1

In Brazil, systemic hypertension affects 14 to 18% of the 

adult population. Due to its high prevalence and because it is 

one of the greatest risk factors for cardiovascular diseases, 

it has a significant influence on the population’s quality of 
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life, being ranked first among the pathologies that determine 

the years of life lost due to early death.2,3

Many studies have demonstrated strong evidence 

that systemic hypertension in adults has its onset during 

childhood.4,5 Although essential hypertension in children 

is not a risk factor for cardiovascular events during 

childhood, cardiovascular and hemodynamic alterations 

have been detected in these individuals since their second 
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decade of life or even earlier.6 Some factors have been 

consistently proven to be associated with higher blood 

pressure levels in children. Presence of abdominal fat has 

been demonstrated as a strong risk factor for obesity and 

cardiovascular risk.7 Low level of physical activity has 

also been detected as a risk factor for the development 

of cardiovascular diseases.8 Several Brazilian studies 

have demonstrated the presence of high blood pressure 

levels in children and adolescents.9-11 The objective 

of the present study is to establish the prevalence of 

hypertension and associated factors in children aged 7 

to 12 years from the city of Caxias do Sul, state of Rio 

Grande do Sul, Brazil.

Methods

From April to August 2007, we conducted a cross-

sectional study involving elementary school students aged 

7 to 12 years. The subjects were boys and girls enrolled at 

public (state and city) and private schools located in the 

urban area of the city of Caxias do Sul, state of Rio Grande 

do Sul, Brazil. 

The present study is part of a larger study concomitantly 

performed and approved by the Research Ethics Committee 

of Universidade Luterana do Brasil with the purpose of 

establishing the blood pressure levels, as well as childhood 

obesity rate and lipid profile among schoolchildren from 

Caxias do Sul.

In order to estimate the sample size, we took into 

consideration students belonging to the age group being 

studied who were regularly enrolled in 2005 (33,241 

students). For calculating the sample size, we considered 

hypertension prevalence of 20% (since there are studies 

that have shown different prevalences12-14), 95% confidence 

interval (95%CI), 80% power, acceptable error of three 

percentage points and design effect 2 to compensate 

possible losses and refusals and control for confounding 

factors. Examination of 1,400 children was necessary.

By applying the criterion of probability sampling, each 

school was considered a cluster, being included in the study 

according to their proportion of students. The proportion 

of students was maintained for their participation in the 

raffle, as well as the number of students from each type 

of school (state’s or city’s public or private school). A 

simple random sampling carried out using the Statistical 

Package for the Social Sciences (SPSS) 10.0 was used 

to select the students until the number of ≥ 1,400 

(necessary for this study) students was reached. Children 

who did not return the written consent form (which was 

handed out to the children 1 week before collection), who 

refused to participate even if they had the authorization 

and who were absent from school on the day of data 

collection after two attempts were considered losses. The 

loss percentage of this study was 3.2%.

The pilot study was conducted in December 2006 with 

the purpose of standardizing data collection, as well as 

establishing the logistics of data collection and training 

and selection of the team of examiners, which was 

comprised of 36 volunteers (all of them were students 

of health related fields). Three examiners were selected 

to measure blood pressure levels.

The variables collected were: sex, skin color, 

socioeconomic indicator, level of physical activity, weight, 

height, waist circumference, systolic and diastolic blood 

pressure and 9-minute walking/running test, which were 

collected during one or two visits. Socioeconomic status was 

established according to the Brazilian National Economic 

Index15 (Índice Econômico Nacional, IEN), and the 9-minute 

walking and running test assessed the cardiorespiratory 

capacity, which was classified as below, above and within 

the zone of cardiorespiratory capacity.16

Blood pressure measurements were taken during one 

visit to the schools. The three measurements were taken 

every 2 minutes and were preceded by a 10-minute rest in 

the sitting position in a room where the three examiners 

were positioned apart from each other. The instruments 

used to measure blood pressure were Becton Dickinson® 

pediatric stethoscopes and cuffs and Cardiomed® and 

Oxigen® sphygmomanometers. All devices were tested by 

the National Institute of Metrology. The guidelines of the 

4th Report of the National High Blood Pressure Education 

Program17 for blood pressure measurement were followed. 

Its categorization regarding sex, age and height percentile 

were also taken into consideration, classifying as normal 

the systolic and diastolic blood pressure levels lower than 

the values corresponding to the 90th percentile. Children 

with systolic and/or diastolic blood pressure levels ≥ 90th 

percentile and < 95th percentile were considered as 

pre-hypertensive and those with > 95th percentile were 

assumed to be hypertensive. In order to calculate the 

prevalence of high blood pressure levels, we used the 

third blood pressure measurement. A bivariate analysis 

of the independent variables was carried out using the 

chi-square test for a significant level of 5%. The variables 

that showed statistically significant association were 

analyzed using logistic regression to control for possible 

confounding factors and to identify possible mediation 

effects of these variables.

Results

Our sample included 1,413 children; 50.5% (n = 714) 

of them were boys, 80.7% were white, and 68.4% attended 

school during the afternoon. Four hundred and forty-five 

students (31.5%) attended state’s public schools, 770 

(54.5%) went to city’s public schools and 198 (14%) attended 

private schools. Age distribution is shown in Table 1. Mean 

age was 9.59 years (standard deviation = 1.54).
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Figure 1 - Percentage distribution of children with high blood 
pressure levels considering the nutritional status of 
students from Caxias do Sul, Brazil (n = 1,413)

p	=	0,001

Characteristic n  %

Age (years)  
 7 144 10.2
 8 255 18.0
 9 270 19.1
 10 288 20.4
 11 274 19.4
 12 182 12.9

Sex  
 Female 699 49.5
 Male 714 50.5

Skin color  
 White 1,128 80.7
 Non-white 269 19.3

Type of school  
 State’s public schools 445 31.5
 City’s public schools 770 54.5
 Private schools 198 14.0

Class time  
  Morning 447 31.6
 Afternoon 966 68.4

IEN  
 Low 124 10.7
 Middle 351 30.4
 High 679 58.8

Table 1 - Distribution of students according to sociodemographic 
and economic characteristics, age group, type of 
school, and class time (Caxias do Sul, Brazil, 2007) 
(n = 1,413)

IEN	=	Brazilian	National	Economic	Index	(Índice	Econômico	Nacional).

The percentage of overweight or obese children was 20 

(n = 283) and 8.1% (n = 114), respectively. And 31% of 

students from state’s public schools were heavier than the 

normal weight for their height and age.

The mean systolic and diastolic blood pressure 

measurements 1, 2 and 3 had a decreasing characteristic, 

since the mean systolic and diastolic blood pressure 

measurement 3 showed a lower value. There was a reduction 

of 1.52 mmHg (1.48%) between the first and the third 

systolic measurement, and 0.76 mmHG (1.16%) in the 

diastolic measurement.

For the classification of blood pressure levels, the values 

of the third measurement15 and the criteria of the National 

High Blood Pressure Education Program were used.17 

Prevalence of hypertensive children was 8.4%, and pre-

hypertensive children accounted for 5.4% of the sample.

We found a significant difference (p < 0.001) between 

high blood pressure levels (pre-hypertensive and 

hypertensive children) and type of school (state’s public, 

city’s public and private schools).

In a bivariate analysis, the variable sex did not show a 

significant difference for high blood pressure levels. With 

regard to skin color, white children had 2.4 times greater 

chance of having high blood pressure levels (p = 0.001) 

(Table 1).

Taking into consideration the socioeconomic status 

classified by the IEN,12 students who belonged to a high 

social class also had a greater chance of having high blood 

pressure levels [prevalence ratio (PR) = 2.6; IC95% 2.252-

3.095] according to a bivariate analysis. In the multivariate 

analysis, the increased chance remained after adjusting for 

the other variables (Table 2).

Children with increased waist circumference had greater 

chance of having high blood pressure (PR = 2.5 and 95%IC 

2.176-2.928). On the other hand, better aerobic capacity on 

the 9-minute running test (children considered within and 

above the healthy zone) was a protective factor against high 

blood pressure levels (PR = 0.794 and 0.779) in the bivariate 

and multivariate analyses, respectively (Table 2).

When comparing among the different types of schools, 

there was significant difference, since private schools 

had almost twice more children (24.7%) with high blood 

pressure than state’s public (13.5%) and city’s public 

schools (11.3%) (Table 3).

The percentage of children with high blood pressure 

was statistically higher (p = 0.001) in obese or overweight 

children, according to Figure 1. 

Discussion

Epidemiological studies have demonstrated the 

importance of measuring blood pressure during childhood 

and adolescence,7,18 since the increase in the blood 

pressure levels of youths translates into a greater chance 

of having high blood pressure in adulthood, producing an 

increased risk of cardiovascular diseases.19

In the present study, we performed three blood pressure 

measurements during one visit to the schools. These 

measurements had a decreasing behavior, which is in 

agreement with some authors according to whom the number 

High blood pressure among schoolchildren - Costanzi CB et al.
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     Bivariate analysis   Multivariate analysis

Variables n (%) HBP (%) Crude PR 95%CI p Adjusted PR 95%CI p

Skin color     0,001   0,001
 Non-white 269 (19.3) 1.2 1.00   1.00  
 White 1,128 (80.7) 7.6 2.42 2.16-2.72  1.72 1.46-2.02 

IEN     0.001   0.001
 Low 124 (10.7) 0.2 1.00   1.00  
 Middle 351 (30.4) 2.7 1.39 1.15-1.69  1.11 0.89-1.39 0.33
 High 679 (58.8) 5.6 2.64 2.25-3.09  1.69 1.38-2.6 0.001

Waist circumference     0.001   0.00
 Appropriate 1,078 (76.3) 4.7 1.00   1.00  
 Increased 335 (23.7) 4.0 2.82 2.51-3.18  2.52 2.17-2.92 

Aerobic capacity     0.001   0.001
 Below the healthy zone 810 (59.0) 5.2 1.00   1.00  
 Within the healthy zone 564 (41.0) 3.6 0.79 0.71-0.88  0.77 0.67-0.90

Table 2 - Crude and adjusted prevalence ratio for HBP (Caxias do Sul, Brazil, 2007) (n = 1,413)*

95%CI	=	95%	confidence	interval;	HBP	=	high	blood	pressure;	IEN	=	Brazilian	National	Economic	Index	(Índice	Econômico	Nacional);	PR	=	prevalence	ratio.	
*Adjusted	for	skin	color,	IEN,	waist	circumference	and	aerobic	capacity.

  Blood pressure levels

Type of school High, n (%) Normal, n (%) Total, n (%)

State’s public schools 60 (13.5) 385 (86.5) 445 (100)

City’s public schools 87 (11.3) 683 (88.7) 770 (100)

Private schools 49 (24.7) 149 (75.3) 198 (100)

Total 196 (13.9) 1,217 (86.1) 1,413 (100)

Table 3 - Distribution of blood pressure levels among state’s public, city’s public and private schools (Caxias 
do Sul, Brazil, 2007)

of measurements provides a decrease in the prevalence of 

high blood pressure, since anxiety during measurements can 

have an influence on the measured value.10,20-22 Therefore, 

we used the third blood pressure measurement, since Borges 

et al.10 suggested that such measurement is the one that 

best represents baseline blood pressure levels measured 

in students during only one visit.

In the bivariate analysis, white children had 2.4 times 

greater chance of having high blood pressure levels than 

non-white children. Such finding may be explained by the 

fact that there is a higher percentage of obese/overweight 

individuals among white children. In the multivariate 

analysis, however, the variable skin color showed determining 

power with significant level until the last phase of the 

analysis in the theoretical model defined for this study. 

Such results are in agreement with findings from other 

studies14,21,22 that demonstrated a higher prevalence of 

white children with high blood pressure.

Individuals belonging to middle and high social classes 

according to the IEN had 1.39 and 2.6 times greater chance 

of having high blood pressure levels, respectively, than those 

belonging to a low social class. Garcia et al.11 showed a 

strong association between individuals who had high urban 

quality of life and high blood pressure levels. It seems that 

the socioeconomic status provides large amounts of food and 

different life style and environment, what may contribute 

to this type of association.

Hypertension and obesity have been directly related 

in several studies.19,21,22 Increased waist circumference 

in children has been demonstrated to be a risk factor, 

since abdominal fat may cause heart diseases.23 Our 

results demonstrated that children with increased waist 

circumference have 2.8 times greater chance of having 

high blood pressure levels than children with appropriate 

waist circumference. This result remained the same in the 

multivariate analysis (PR = 2.5 and 95%IC 2.176-2.928).

High blood pressure among schoolchildren - Costanzi CB et al.
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The measurement of waist/abdominal circumference24,25 

and/or other indicators of the nutritional status in children 

have been presented as an important aspect to be assessed 

during pediatric medical visits,26 since children have been 

showing increasing weight gain.

In terms of physical capacity, children who were classified 

within the healthy zone on the 9-minute walking/running test 

had a protective factor against high blood pressure levels. 

However, such relation may be established, since those 

children with higher blood pressure levels were also obese 

and overweight (body mass index or waist circumference).27 

Therefore, it is possible to assume that the nutritional status 

is a determining factor for the inadequate performance on a 

running test.28 Other studies have not shown an association 

between high blood pressure and poor performance on 

aerobic capacity tests.8 We believe that such divergent 

data resulted from the different age groups, methodologies 

and protocols used, as well as several factors that have 

an influence on blood pressure, mainly during childhood. 

It might be suggested that having adequate weight may 

reduce the association with high blood pressure and low 

aerobic capacity.

The prevalence rates of high blood pressure levels among 

students found in the present study are in agreement with 

the findings of a study by Paradis et al.,13 in which the 

population examined had a prevalence rate of 12 and 14% 

of high blood pressure for boys and girls, respectively. 

Studies conducted in other regions of Brazil demonstrated 

different prevalence rates. Moura et al.9 found 6.5% and 

Oliveira et al.14 found 3.6%. Such differences may be 

caused by the ethnic and economic characteristics of the 

populations studied, as well as the parameters employed 

to measure blood pressure levels.

Blood pressure measurement performed during only 

one visit, due to operational problems, is a limitation 

of our study, since it may overestimate children’s blood 

pressure. In addition, we did not use kappa test for the 

standardization of blood pressure examiners; however, an 

intense training program including much information was 

provided. Another limitation of our study was the indirect 

measurement of abdominal fat using waist circumference 

measurement, since it makes it impossible to determine 

if such measurement indicates the presence of visceral 

or subcutaneous abdominal fat.

Taking into consideration the epidemiologic characteristic 

of the present study, whose objective was the screening 

and referral of these individuals to a health service, we 

would like to draw the attention of the community and 

governments to the care of cardiovascular health among 

children.

Therefore, we conclude that the prevalence of high blood 

pressure levels among children aged 7 to 12 years was 

13.9%, and there was no statistically significant difference in 

the prevalence of these high blood pressure levels between 

sexes. White children belonging to a high social class were 

significantly more likely to have high blood pressure, and 

having increased waist circumference provides statistically 

higher chances of having high blood pressure levels.

The extent of our study enables us to suggest that this 

type of population groups may be followed-up throughout 

life, resulting in the implementation of epidemiological 

databases with the purpose of revealing the actual triggering 

factors of chronic pathologies, thus making it possible to 

take epidemiologically useful measures, trying to prevent 

diseases and promote health education. Our results should 

be cautiously considered, since cross-sectional studies 

are susceptible to reverse causality, and the use of odds 

ratio to measure association may overestimate the effect 

magnitude of our findings.
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