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Introduction

	 Systemic arterial hypertension (SAH) is one of the 
biggest public health problems worldwide.1 In 2012, 
it was responsible for 5.92% of all hospital admissions 
through the Unified Health System (SUS).2 It is one of the 
main risk factors for diseases of the circulatory system,1 

which in 2011 were responsible for 335,213 deaths in 
Brazil3 and represent 30% of all deaths worldwide, and 
50% of deaths from chronic non-communicable diseases.1

	 There is evidence that adult SAH has its onset in 

childhood,4 but as its symptoms are more unspecific 

in children, they might not show signs they already 

have elevated blood pressure (BP) levels.5 Studies have 

shown that hemodynamic changes are observed in 

these individuals as early as in the second decade of 

life, or even earlier,6,7 hence the importance of routine 

evaluation of BP in childhood,8 according to the 

recommended protocol.9
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Abstract

Background: There is a discrepancy between protocols used for the diagnosis of childhood hypertension, and the 
most recommended one is the measurement of blood pressure in at least three different moments.

Objective: To identify the prevalence of hypertension in children, and to associate it with the nutritional                              
status variable.

Methods: This is a longitudinal study, which included all children aged 7 to 10 years enrolled in public schools and 
had the authorization of their parents/guardians, totaling 722 children. In the first evaluation, the child's family 
answered a questionnaire, and the child was submitted to anthropometric and hemodynamic evaluation. Blood 
pressure was measured three times at three different times. Children who had high blood pressure at the first 
moment were reassessed at a second time; those who persisted with high blood pressure were re-evaluated at a 
third moment.

Results: The prevalence of high blood pressure at the first moment was 8.1%, being 3.2% in the second and 2.1% 
in the third. The nutritional status was significantly associated with the increase in systolic and diastolic blood 
pressures, being higher in overweight and obese children. The highest prevalence of high blood pressure was 
found in children classified as obese, at all moments.

Conclusion: By performing blood pressure measurements of children at different moments, it was possible to 
reduce false-positive cases for arterial hypertension. The nutritional status was directly associated with the increase 
in blood pressure values. Performing the measurements in routine consultations becomes essential for diagnosis 
and early intervention. (Int J Cardiovasc Sci. 2017;30(1):42-51)
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	 There is evidence that protocols are implemented in 
the pediatric care routines, but there is a discrepancy 
between the used protocols and the prevalence of 
hypertension or elevated BP found in the population 
studies.7,10-12 Additionally, the diagnosis of SAH can 
only be attained after BP is measured three times at 
different moments.13

	 Considering the difficulties of carrying out an 
extensive protocol in population studies, it is possible 
that the evaluation in a sample can provide important 
information for decision-making and recommendations 
for the monitoring of cardiovascular risk factors in 
children. Moreover, data and analyses carried out after 
a single BP measurement may lead to misinterpretations 
of the context of the pediatric population.

	 Based on the need to confirm the diagnosis of SAH 
in risk situations found during studies on this subject, 
the present study aimed to identify the prevalence of 
SAH in children based on BP measurements at three 
different moments, as well as to evaluate the association 
with the nutritional status variable. It is expected that 
the results contribute to a better understanding and 
new insights on the diagnosis of hypertension in the 
pediatric population.

Methods

	 This is a longitudinal study on the health and 
nutritional status of children aged 7 to 10 years, 
enrolled in 13 public elementary schools in two health 
regions (Maruípe and Continental) in the city of Vitória, 
state of Espírito Santo, Brazil, selected by drawing lots. 
The “health region” is understood as the “continuous 
geographical area consisting of groups from bordering 
municipalities, delimited by cultural, economic and 
social identities and shared communication networks 
and transport infrastructure, aimed at integrating the 
organization, planning and the performance of health 
actions and services.”14 

	 All children aged 7 to 10 years were invited to 
participate, and the exclusion criterion was presence 
of some comorbidity that could result in secondary 
SAH. Data collection started in 2010 and ended in 
2012. The study was divided into three moments, 
with a 1-year interval between the first and second 
moments and a 6-month interval between the second 
and third moments.

	 At the first moment, sociodemographic, anthropometric, 
and hemodynamic data were collected from 722 
children in the recommended age group. Data were 
analyzed and the prevalence of high BP in the sample 
was obtained. After 1 year, the children with pressure 
alterations were contacted through a letter sent to 
the household, inviting them to remain in the study.                                                                     
The children’s parents or guardians had to reauthorize 
the participation of their children in the protocol 
by signing a new FICF, so that the BP levels could 
be verified at two other moments to confirm the                                                         
diagnosis of SAH.

	 At the second moment, the participants had 
hemodynamic and anthropometric data evaluated under 
the same protocol. There was a loss of ten children who 
were going to be assessed at the second moment, because 
they were transferred to another school and /or did 
not return with the new FICF signed by the parents/
guardians. Data were analyzed and, after 6 months, the 
children who remained with high BP were recruited for 
the third moment. they were re-evaluated under the 
same protocol and those who remained with high BP 
were diagnosed as having SAH.

	 Three different measurements were performed 
at each of the moments, totaling nine measurements                               
at the end of the study. All procedures were carried out at 
the schools, in ventilated, illuminated and silent rooms, 
by adequately trained examiners and experienced in 
population studies with childhood BP assessment.

	 For anthropometric and hemodynamic evaluation, 
electronic scales, anthropometric measuring tapes, 
and an automated BP measurement device (OMROM 
Healthcare Europe BV, Hoofddorp, The Netherlands, 
model HEM-705CP, validated for the study) were 
used.15 A structured questionnaire was used to collect 
sociodemographic data, containing information such as 
ethnicity/race, age, origin, and physical activity habits. 
BP was measured at each of the three moments, according 
to the VI Brazilian Guidelines for Arterial Hypertension.9

	 Systolic or diastolic BP was classified as normal                     
(BP < 90th percentile), borderline (BP between the 90th 
and 95th percentiles or if the BP exceeds 120/80 mmHg, 
always < 90th percentile up to < 95th percentile) and 
elevated (95th percentile).9 The Body Mass Index (BMI) 
was used to classify the nutritional status according 
to the World Health Organization (WHO),16 into the 
following categories: low weight (BMI < 3rd percentile), 
normal weight (3rd percentile and < 85th), overweight 
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(85th percentile and < 97th percentile) and obesity                      
(97th percentile). The height deficit was determined 
when stature for age was < 3rd percentile. The ethnicity/
race variable was defined as white, black, brown, 
and Asian/indigenous and age was defined as 7, 8, 9                                                                                                      
and 10 years.17

Statistical Analysis 

	 Data were entered in duplicate and consistency 
analysis was performed in 10% of the questionnaires. 
Statistical Package for Social Science (SPSS), version 
17.0 was used for the analysis. Pearson’s chi-square 
and Fisher’s exact tests were used for the comparison 
of proportions.

	 The Kolmogorov-Smirnov test was used to evaluate 
the normal probability distribution of data. To evaluate 
the differences between means, Student’s t-test for 
independent samples and Analysis of Variance 
(ANOVA) were used with Tukey’s multiple comparisons 
test. A significance level of 5% and a confidence interval 
of 95% were considered for the analysis.

	 This study was approved by the Research Ethics 
Committee. There were no conflicts of interest.

Results

	 Only the comparison of nutritional status between 
the genders showed statistical significance (p < 0.05). 
We observed a higher proportion of girls with normal 
weight (66.4%) and a higher proportion of boys with 
obesity (24.7%) (Table 1).

	 Mean waist circumference in boys (62.6 cm ± 9.8 cm;     
p = 0.01) was higher than that of girls (60.4 cm ± 8.3 cm). 
Mean arm circumference was similar between the genders, 
being 20.9 cm (± 3.6) for girls and 21.1 cm (± 3.6) for boys. 

	 There was a significant difference in mean systolic 
BP for age, ethnicity/race and nutritional status.                     
Thus, the highest systolic BP means were observed 
at ages 9 (103.9 mmHg ±11.2 mmHg) and 10 years                                                                                                          
(104.3 mmHg ± 11.7 mmHg). The Asian/indigenous 
ethnicity showed the highest mean systolic BP                                                                                                
(107.6 mmHg ± 12.9 mmHg). The highest mean values 
of systolic BP in the nutritional status were those of 
overweight (105.1 mmHg ± 10.6 mmHg) and obese 
children (106.3 mmHg ± 10.8 mmHg). The other means                                                                        
of systolic BP were considered similar for gender                                   
and height deficit.

	 The highest diastolic BP mean for age was found in 
children aged 9 (63.2 mmHg ± 10.1 mmHg) and 10 years 

(62.4 mmHg ± 8.1 mmHg). The overweight (64.2 mmHg ± 
8, 2 mmHg) and obese ones (65.0 mmHg ± 9.5 mmHg) 
reached the highest means of the nutritional status. The 
other means of diastolic BP were considered similar for 
gender, ethnicity/race, and height deficit (Table 2).

	 At the first moment, elevated BP was observed in 
58 (8.1%) children; these were referred to the second 
moment, in which 23 (3.2%) remained with elevated BP. 
This last group was referred to the third moment, when 
there was confirmation of hypertension in 15 (2.1%) 
children (Table 3).

	 The mean systolic and diastolic BP at the three 
moments can be seen in Figure 1. The mean values of 
the systolic BP at the first moment were significantly 
different from those at the second moment (p = 0.05), 
different from what occurred with the diastolic                              
BP (p = 0.42). From the first to the third moment, both 
the systolic and diastolic BP did not show significant 
differences. The same occurred from the second to                     
the third moment.

	 Figure 2 shows that, at all the three moments, the 
children classified as obese had a higher prevalence of 
high BP, being, at the last moment, five times higher 
than the prevalence found in the group of children                 
with normal weight.

	 The Kolmogorov-Smirnov (K-S) test did not reject                   
(p > 0.05) the normality hypothesis of the data.

Discussion

	 Obesity has always been a matter of concern, 
especially in children. The diagnosis is a complex one, 
and the pediatrician must detect eating disorders as 
soon as possible, so that multidisciplinary actions can 
reverse the situation.18 The present study showed a 
higher prevalence of obesity in boys (24.7%), similar to 
that found in another study carried out in Brazil,19 but 
different from a study carried out in Mexico,20 which 
found a predominance of obesity in girls. A study carried 
out in Fortaleza, Brazil,21 agrees with the results found in 
this study, by stating that systolic BP rises concomitantly 
with increasing age. In relation to the nutritional status, 
there is an association between the systolic and the 
diastolic BP22 and between the diastolic BP and weight,23 
in agreement with the findings. Regarding ethnicity/
race, indigenous individuals showed the highest mean 
systolic BP; a study that analyzed racial differences 
and childhood SAH identified higher values in non-
Hispanic blacks.24
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Table 1 – Sample characterization according to gender

Characteristics Total
n (%)

Male gender
n (%)

Female gender
n (%)

p value

Age  

7 223 (30.9) 102 (33.1) 121 (29.2)

0.658*
8 178 (24.7) 73 (23.7) 105 (25.4)

9 168 (23.3) 67 (21.8) 101 (24.4)

10 153 (21.2) 66 (21.4) 87 (21.0)

Ethnicity/race

White 173 (24.0) 80 (26.0) 93 (22.5)

0.137*
Black 121 (16.8) 57 (18.5) 64 (15.5)

Brown 407 (56.4) 166 (53.9) 241 (58.2)

Asian/indigenous 21 (2.9) 5 (1.6) 16 (3.9)

Nutritional status 

Low weight 26 (3.6) 13 (4.2) 13 (3.1)

0.001*
Normal weight 442 (61.2) 167 (54.2) 275 (66.4)

Overweight 121 (16.8) 52 (16.9) 69 (16.7)

Obesity 133 (18.4) 76 (24.7) 57 (13.8)

Height deficit 

Yes 6 (0.8) 4 (1.3) 2 (0.5)
0.217†

No 716 (99.2) 304 (98.7) 412 (99.5)

Frequency of physical education classes per week

1 26 (3.7) 13 (4.3) 13 (3.2)

0.621*
2 370 (52.0) 164 (53.9) 206 (50.5)

3 303 (42.6) 122 (40.1) 181 (44.4)

4 13 (1.8) 5 (1.6) 8 (2.0)

Behavior in physical education class

Always participates 573 (79.4) 250 (81.2) 323 (78.0)

0.237*Sometimes participates 139 (19.3) 52 (16.9 87 (21.0)

Never/almost never participates 10 (1.4) 6 (1.9) 4 (1.0)

Total 722 (100.0) 308 (100.0) 414 (100.0)  

*Pearson's chi-square test; † Fisher's exact test. Kolmogorov Smirnov (SBP) p value = 0.057; Kolmogorov Smirnov (DBP) p value = 0.093; (-)
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Table 2 – Mean differences between systolic and diastolic blood pressure in schoolchildren by age, gender, ethnicity/
race, nutritional status and height deficit

Characteristics SBP (mmHg) DBP (mmHg)

Mean ± SD p value Mean ± SD p value

Age

7 100.3 ± 10.8ᵃ

< 0.001*

61.5 ± 10.5ᵃᵇ

0.040*
8 101.1 ± 10.9ᵃ 60.8 ± 9.5ᵃ

9 103.9 ± 11.2ᵇ 63.2 ± 10.1ᵇ

10 104.3 ± 11.7ᵇ 62.4 ± 8.1ᵇ

Gender

Male 102.6 ± 11.7
0.237†

61.5 ± 10.3
0.159†

Female 101.9 ± 10.9 62.2 ± 9.3

Ethnicity/race

White 102.7 ± 10.6ᵃ

0.047*

63.0 ± 10.3

0.146*
Black 102.5 ± 11.0ᵃ 61.5 ± 9.0

Brown 101.6 ± 11.5ᵃ 61.6 ± 9.6

Asian/indigenous 107.6 ± 12.9ᵇ 63.0 ± 10.5

Nutritional status

Normal weight 100.3 ± 11.2ᵃ

< 0.001*

60.5 ± 9.9ᵃ

< 0.001*
Low weight 99.5 ± 9.3ᵃ 59.3 ± 8.3ᵃ

Overweight 105.1 ± 10.6ᵇ 64.2 ± 8.2ᵇ

Obesity 106.3 ± 10.8ᵇ 65.0 ± 9.5ᵇ

Height deficit

No 97.5 ± 16.6
0.189†

60.0 ± 14.4
0.210†

Yes 102.2 ± 11.2 62.0 ± 9.7

Total 102.2 ± 11.3   61.9 ± 9.7  

Kolmogorov Smirnov (SBP) p value = 0.057; Kolmogorov Smirnov (DBP) p value = 0.093. Different letters indicate differences between means (Tukey’s 
test), *Analysis of variance; † Student’s t test for independent samples, SBP: systolic blood pressure; DBP: diastolic blood pressure; SD: standard deviation.

Table 3 – Prevalence of elevated blood pressure at three different moments

Moment Normal
 n (%)

Borderline
n (%)

Elevated
n (%)

First 534 (75.0) 120 (16.9) 58 (8.1)

Second 28 (3.9) 7 (1.0) 23 (3.2)

Third 6 (0.8) 2 (0.3) 15 (2.1)
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Figure 1 – Box-plot of the distribution of systolic and diastolic BP, according to the nutritional status at the three different moments. SBP: systolic blood 
pressure; DBP: diastolic blood pressure.
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Figure 2 – Prevalence of high blood pressure at the three moments, according to the nutritional status.

	 A study with children aged > 6 years verified a 
prevalence of sedentary lifestyle in more than 50% of 
the sample.21 More sedentary children tend to be obese 
or overweight, showing a worse physical condition,25 
which results in severe health complications, mainly 
noncommunicable diseases (NCD). In the present 
study, all children had one physical education class at 
least once a week, and most of them always participated 
in the activities.

	 The greater waist circumference in the boys 
corroborated the fact that they have a higher prevalence 
of obesity, a result similar to that of a study carried 
out with Chinese children, which also associated this 
alteration with increased BP.26 A prevalence of 2.1% 
of SAH was found in the sample, following a protocol 
that considers three measurements at three different 
times, totaling nine measurements. Sorof et al.,12 using 
a very similar protocol, which recommended three 
BP measurements at three different consultations, at 
least 2 weeks apart, obtained a prevalence of 19.4%                                  
at the first consultation, 9.5% at the second and 4.5% as                                 
the final diagnosis.

Pavicević et al.,10 in a study of 3,000 children and 
adolescents, obtained a prevalence of high BP in 
0.93% in the sample, using the protocol of the mean 
of three measurements performed at a single moment.                      
Monge et al.,27 found a prevalence of 2.7% in population 
of 328 children and adolescents, after obtaining three 

measurements and considering only the mean of 
the last two. A study11 carried out in Canada, with                                                                                                            
130 children aged 3 to 8 years, obtained a high BP in 
24.8% of them, using, for the diagnosis, the mean of the 
three measurements obtained in a single consultation.                       
In Vitória, Brazil, a study7 carried out with 1,282 children 
was based on a protocol with two BP measurements;                   
if the difference between the measurements was greater 
than 5 mmHg, a third measurement was performed, and 
the mean of the last two measurements was considered 
for diagnostic purposes, with a prevalence of 13.8%.

It can be observed, at the first moment, the presence 
of innumerable outliers, representing children with BP 
values that are very distant from the means and standard 
deviations. At the second moment, this number of children 
decreases considerably, persisting only in the mean 
diastolic BP. At the third moment, there are no outliers, a 
fact that corroborates previous studies12,28 showing lower 
BP variance and the “white coat effect” from the moment 
when more BP measurements are performed.

The phenomenon of “white coat hypertension” 
tends to overestimate BP levels, contributing to false-
positive SAH diagnoses.28 The mechanisms that explain 
this effect in children are still poorly understood, but 
it is already known that anxiety and/or alertness and 
conditioned responses greatly influence them,29 leading 
to sympathetic hyperactivity and increased levels of 
noradrenaline.30 On average, during a consultation, 
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BP levels may increase from 14 to 27 mmHg, and such 
change is more evident in the first 4 minutes, decreasing 
in approximately 10 minutes and persisting through 
several consultations.31,32

According to the VI Brazilian Guideline for Arterial 
Hypertension,9 the white coat hypertension should 
already be treated with care, as these individuals have a 
worse cardiovascular prognosis,33 and it may represent 
a pre-hypertensive state in adults.30

The fact that obese individuals have a higher prevalence 
of elevated BP corroborates studies in Brazil and worldwide 
that reinforce the existence of a definite association between 
overweight, obesity and SAH.7,22,34 The chance of an obese 
individual to also have SAH is 7.53-fold higher than that 
of an overweight individual.35 Mavrakanas et al.36 state 
that obese children have five to six-fold higher BP than 
non-obese children. When compared to individuals with 
normal weight, overweight ones have the risk to develop 
hypertension increased by 180%.37

The stigma of obesity with the increase of elevated BP 
may also have other triggering variables. Fante38 states that 
children with marked physical characteristics are more 
vulnerable to psychological aggressions, called bullying, 
with that being the case of obese children, who may 
have other vulnerability traits, such as low self-esteem, 
insecurity, anxiety, and shyness. Thus, it is possible for 
these children to go through more stressful situations. 

When facing a stressful situation, the neural axis is 
triggered instantaneously, causing activation of the 
autonomic nervous system (sympathetic bundle) and 
peripheral nervous system. This activation results in 
some effects, including an increase in BP and heart 
rate.39 It is clear that the association between emotional 
disorders and changes in visceral functions, such as SAH, 
is evident from the moment when the limbic structures, 
responsible for the emotions, are activated and generate 
cardiovascular and respiratory responses.40

Conclusion

Variables such as nutritional status, age, and ethnicity/
race were statistically significant for increased systolic 
blood pressure. The more blood pressure measurements 
are performed, the more reliable is the diagnosis of 
hypertension in the child and, in fact, caution is required 
in disclosing such data.

Although it is more complex to operate the protocol 
used in this research, it can be performed in population 
studies. In addition to reducing false-positives and 
confirming the true cases of hypertension, it would be 

possible to determine risk situations for monitoring and 
investigation of secondary hypertension.

One study limitation was the fact that the blood pressure 
measurements were not always taken at the same time, and 
this factor could have generated hemodynamic changes, 
such as in pre- and post-school recess measurements, 
when feeding and active playing occur. This factor 
was minimized by respecting the rest period before the 
measurements, as well as the care in performing the 
procedure in a well-ventilated, quiet and illuminated room.

Initiatives should be taken so that life habits, which 
are more easily moldable in children, can be modified 
and public policies should prioritize their health.                                                                                                                     
The measurement of blood pressure in children in 
Primary Care is important and necessary for the 
early detection of high blood pressure, and may 
be an important tool in the prevention of future 
complications. Health promotion goes beyond the limits 
of conventional institutions, by providing in spaces                                                                                                               
such as the school, alternative health education 
sites, aiming at the dissemination and awareness of 
healthy practices. This study contributed to a better 
understanding of childhood hypertension, collaborating 
to decision-making in this context.
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