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Adult arterial hypertension is a well-defined condition
with well-established parameters of normality 1,2. In pediatric
patients, however, information is less abundant 3,4. The pre-
valence of systemic hypertension in the adult population is
extremely high, ranging from 10 to 30% 5-7, and, in children,
it ranges from 1 to 11% 1,6,8-11.

In adults, arterial hypertension is the second risk
factor for heart disease and the first for cerebral stroke, in
addition to being an important cause of end chronic renal
failure 5,7,12. Evidence exists that the natural history of adult
essential hypertension begins in childhood 3-6,8,10-17. Des-
pite this evidence, in medical practice, measurement of
blood pressure in children and adolescents is usually de-
layed, preventing the early detection of the problem and its
subsequent treatment 14. In the national literature, only 6
studies on the prevalence of arterial hypertension in
children were found 5,8,13,14,18,19.

For a long period of time, secondary arterial hyperten-
sion was believed to predominate in children 4,16. In reality,
the diagnosis was only established when the disease was
accompanied by severe symptoms or when the pressure
levels were very high 4,16. Children with mild or moderate
systemic hypertension, usually cases of essential hyper-
tension, passed undiagnosed due to the lack of routine
examinations 13,16.

Several factors have been correlated with blood
pressure levels, the major being socioeconomic level, eth-
nicity, dietary habits, age, wakefulness and sleep, familial
aggregation, weight, and height 6,15,16,18. The adequate cha-
racterization of these factors should be the preoccupation of
those aiming at preventing the damage related to systemic
arterial hypertension. The identification of the frequency of
this entity, mainly among the young, may help in the
primary prevention of a series of cardiovascular, neurolo-
gical, and renal complications, in addition to favoring the

Objective - To detect the prevalence of systemic hy-
pertension in children and to establish the relation bet-
ween blood pressure levels and sex, age, ethnicity, weight,
and height.

Methods - The prevalence of systemic hypertension
and its relation to sex, age, ethnicity, weight, and height
were studied in 611 students aged 7 to 14 years out of
19.928 students classified according to age, ethnicity, and
sex, who underwent anthropometric evaluation and blood
pressure measurement. Hypertensive individuals were
considered those whose blood pressure level was ≥ the 95th
percentile for age and sex, confirmed on 3 examinations.

Results - The prevalence of hypertension was 16.6% in
the first evaluation, and 4.6% and 2.5% in the subsequent
evaluations. The mean blood pressure levels increased
with age. Weight was important, not only to determine
blood pressure in healthy children, but also to determine
systemic hypertension in children, which was not observed
with height despite the different studies. The prevalence of
systemic hypertension in the different ethnic groups and the
mean blood pressure levels according to sex were similar.

Conclusion - In addition to routine physical examina-
tions, age, weight, and appropriate cuff size should be con-
sidered when assessing blood pressure in children to pre-
vent hypertension, morbidity and mortality, and to avoid
placing a financial burden on health care providers.
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prognosis of the disease, the increase in the patients’
survival, and the reduction in the costs of public and private
health care 3,15.

The present study aimed at determining the preva-
lence of arterial hypertension in children aged 7 to 14 years
in the city of Barbacena, in the state of Minas Gerais, and at
examining the possible correlations between blood pres-
sure and hypothetically influential factors, such as weight,
age, height, sex, and ethnicity.

Methods

A cross-sectional study was carried out with data
obtained in an inquiry about systemic arterial hypertension
in students aged 7 to 14 years in the city of Barbacena, in the
state of Minas Gerais, in 1999. Of the 19.928 students regis-
tered in elementary and middle schools, 649 were selected
for the study through simple random sampling. Forty-two
were excluded from the study because either their parents
did not allow their children to undergo blood pressure exa-
mination or the students were out of the specified age
group. The inquiry was based on contact with the children
selected and performance of a succinct physical examina-
tion, with obtainment of information about age, sex, skin co-
lor, weight, height, and blood pressure level.

The study comprised blood pressure measurements
on 3 distinct occasions: the first, measurement of blood pres-
sure in the 607 children; the second, measurement of blood
pressure exclusively in the participants considered hyper-
tensive on the first measurement; the third, blood pressure
measurements in those who remained hypertensive in the
second phase of the inquiry.

Blood pressure was measured on the right arm with the
child seated after a 3-to-5-minute rest, with the arm at the sa-
me level as the precordium. Aneroid sphygmomanometers
were used. A cuff appropriate for the dimensions of the arm
was chosen as follows: the cuff should occupy two thirds
or more of the arm length leaving the antecubital fossa free,
and the cuff’s length should be long enough to surround
the arm. The sphygmomanometers were previously calibra-
ted against a pneumatic system with a mechanical regulator
certified by the Brazilian Institute of Weights and Measure-
ments (Instituto de Pesos e Medidas - INMETRO), and the
zero level of the devices was assessed daily during the
inquiry.

At the first blood pressure measurement, sometimes a
borderline or short cuff was used, mainly for children aged 7
to 9 years, despite observance of the cited rules. On the 2
subsequent measurements, longer cuffs were chosen, still
observing the criteria adopted.

Three blood pressure measurements at 2-minute inter-
vals were taken on each occasion. Initially, the palpation me-
thod was used, followed by 2 measurements using the aus-
cultatory method with the cuff inflated 20 mmHg above the
systolic pressure level found on the first measurement. The
complete disappearance of heart sounds (phase V) was
considered the diastolic blood pressure level. When this

phase did not exist, the reduction in the intensity of heart
sounds (phase IV) was adopted as the reference. The final
estimate was the lowest value of the 3 blood pressure
measurements.

The reference values for detecting normal or elevated
blood pressure were those of the Task Force graph 3,15,17

.
Pressure levels equal to or above the 95th percentile for each
age and sex were considered altered, and patients with the-
se levels were classified as hypertensive. This was the crite-
rion adopted to characterize the normotensive or hyper-
tensive patients identified in each phase of the inquiry.

The second and third examinations comprised only
blood pressure measurements taken under the same condi-
tions as the first measurement and with the same examiner.
The longest cuff for the child’s arm was used on these 2
occasions aiming at avoiding false-positive results.

Data obtained on the examinations were recorded on
forms specifically designed for the study and later transfer-
red to magnetic medium for computer analysis. This analy-
sis was performed with EPI-INFO version 6.04 and STATA
7.0 Softwares. The distributions of frequency of the varia-
bles on the forms were constructed, and the prevalence ra-
tes were calculated in the usual manner. The subgroups of
the sample were compared using contingency tables of the
RxC type for categorical variables and using means and their
respective standard errors for data expressed on a numeric
scale. In these comparisons, the differences were tested
using the chi-square test, the Student t test, and the F test in
ANOVA tables. The Student curve was used for calculating
the confidence intervals. To analyze the relationship bet-
ween the participant’s clinical status (hypertensive or nor-
motensive) and weight, height, or ethnicity, logistic regres-
sion models with step-by-step entry and removal of varia-
bles were used. The variables age and sex were excluded
from the analysis because they were used in the clinical sta-
tus classification (hypertensive or normotensive) on the
Task Force graphs 3,15,17. The likelihood of inclusion was
0.10 and the likelihood of exclusion was 0.15. To assess the
adequacy of the model, the Hosmer-Lemeshow goodness-
of-fit test was used, whilst the chi-square test for logistic re-
gression was used for verifying the overall significance of
the effects of the variables included in the models.

Studying the relation of systolic and diastolic blood
pressure levels with the other variables, multiple linear regres-
sion models with step-by-step entry and removal of variables
were used, with the same likelihood of inclusion and exclu sion
applied to the logistic regression. In this study, the same
participant was examined more than once in the 3 phases of
the inquiry and the last blood pressure level recorded for each
child was used as the dependent variable in the analysis mo -
dels. The level of statistical significance adopted in the com-
parisons and for calculating the intervals was 5%.

Results

In the study, the 607 students enrolled underwent the
first examination of the inquiry. The children considered
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hypertensive on that occasion (101 children) were reexami-
ned in the second phase. Of the latter, only 28 children remai-
ned with high blood pressure levels, undergoing then the
third examination.

The mean age of the students was 10.9 (SD = 2.3)
years. In regard to sex, the sample comprised 313 females
(51.6%) and 294 males (48.4%). In regard to ethnicity, 404
were white (66.6%), 149 were mulattos (24.5%), 53 were black
(8.7%), and 1 was of far eastern heritage (0.2%). The mean
height of the students was 1.44 (SD = 0.14) meters, the mini-
mum and maximum heights being 1.13 m and 1.84 m, respec-
tively. The mean weight of the children was 37.3 (SD = 12.6)
kg, the minimum and maximum weights being 11 kg and 85
kg, respectively.

The prevalence of systemic arterial hypertension
among the participants in the 3 blood pressure measure-
ments is shown in table I.

The mean systolic and diastolic blood pressure levels
of the children considered hypertensive and normotensive
in each phase of blood pressure measurement are shown in
table II. The latter table also shows the mean systolic and
diastolic blood pressure levels obtained in the last examina-
tion of each participant according to the clinical status deter-
mined in the third phase. The mean systolic and diastolic
blood pressure levels of the normotensive and hyperten-
sive children according to sex and ethnicity are also shown.
The blood pressure values according to sex and skin color
shown in table II were obtained on the occasion of the last
blood pressure measurement.

Studying the relation between the participants’ clini-
cal status and the other variables recorded, the classifica-
tion performed at the end of the third phase revealed 11
(3.5%) and 4 (1.4%) hypertensive females and males, respec-
tively. The comparison of these 2 percentages had a chi-
square (x2) of 2.918 and P=0.09. The relation between the
same variable and the participants’ ethnicity showed that 11
white children (2.7%), 1 mulatto child (0.7%), and 3 black chil-
dren (5.7%) were hypertensive. The simultaneous compari-
son of the 3 percentages had an x2 of 4.339 and P= 0.11. The
mean ages of the normotensive and hypertensive students
were, respectively, 10.9 ± 2.3 and 12.3 ± 1.8 years. The mean
weights of the normotensive and hypertensive children
were, respectively, 36.9 ± 12.4 kg and 53.1 ± 12 kg. On the
other hand, the mean heights of the normotensive children
and children considered hypertensive were, respectively,
1.44 ± 0.14m  and 1.56 ± 0.1m.

The relation between clinical status and these varia-
bles was tested with the logistic regression model. The odds
ratios (OR) obtained in the model for the variables sex, skin
color, age, and height had confidence intervals with lower li-
mits < 1 and upper limits > 1. Weight was the only variable
with a value different from this pattern: OR = 1.089, Z = 4.455,
and P<0.0001. The Hosmer-Lemeshow goodness-of-fit test
was 5.25 with P=0.73.

The comparison of the mean systolic and diastolic
blood pressure levels of male and female normotensive stu-
dents, shown in table II, revealed t = 1.330 and P = 0.183, and
t = 0.173 and P = 0.87, respectively. This same comparison
among the hypertensive students revealed t = 1.145 and
P = 0.27 for the systolic means and t = 1.364 and P = 0.20 for
the diastolic means. The results of the comparison of the
mean systolic and diastolic blood pressure levels obtained
using the ANOVA table for the 3 skin color groups were as
follows: in normotensive students: t = 0.949 and P = 0.41 for
the mean systolic blood pressure levels, and t = 0.721 and
P = 0.59 for the mean diastolic blood pressure levels; and in
hypertensive students: t = 1.162 and P = 0.30 for the mean
systolic blood pressure levels, and t = 0.447 and P = 0.82 for
the mean diastolic blood pressure levels.

The coefficients of linear regression of weight, height,
and age obtained in a model of multiple linear regression in
the study of the relation between these variables and sys-
tolic and diastolic blood pressure levels in hypertensive and
normotensive children are shown in table III. In normoten-
sive children, the results of the tests of regression models in
regard to the above-cited variables in ANOVA tables were
F = 101.85 and P<0.0001 for systolic blood pressure, and
F = 40.18 and P<0.0001 for diastolic blood pressure. The r2

values observed in the 2 models were 0.3423 and 0.1661,
respectively. In hypertensive children, the results of the
equivalent tests of regression models were as follows:
F = 1.20 and P = 0.36 for systolic blood pressure, and
F = 0.63 and P = 0.61 for diastolic blood pressure.

Discussion

In our sample, the female and male percentages were al-
most the same with a slight difference favoring females.
These percentages and those regarding ethnicity may be a re-
liable reflex of the demographic pattern of the municipality in-
vestigated, but no other statistics regarding ethnicity and sex
of the students in Barbacena were found for comparison.

Table I - Percentages of normotensive and hypertensive individuals among the 607 participants on 3 blood pressure measurements during the study

Clinical classification 1st exam 2nd exam 3 rd exam
n % n % n %

Normotensive 506 83.4 579 95.4 592 97.5
Hypertensive 101 16.6 28 4.6 15 2.5
Isolated systolic hypertension 38 6.3 15 2.5 8 1.3
Isolated diastolic hypertension 26 4.3 4 0.7 3 0.5
Systo-diastolic hypertension 37 6.1 9 1.5 4 0.7
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In our study, the prevalence of systemic hypertension
among the students corresponds to the number of hyper-
tensive children found on the third examination (tab. I),
which was 2.5% of the examinees. Unfortunately, no record
of previous studies on the prevalence of systemic hyper-
tension in Barbacena exists, which prevents an assessment
of the evolution of that parameter over time.

The variation in the frequency of arterial hyperten-
sion observed in different studies is no surprise, because
neither the groups studied (sample selection, technique
used, age group, ethnicity), nor the methodology used
was similar 5,9,11,13,14,20,21. It is worth emphasizing that some
studies performed only 1 measurement, while others did

2. Considering the instability of blood pressure in chil-
dren, the lowest value of 3 successive blood pressure
measurements on different visits is recommended as the
final estimate prior to defining the actual blood pressure
value 3-7,10,11,13,17. Therefore, the prevalence of hyperten-
sion in childhood decreased between the first and the
third visit, from 13% to 1% in the Muscatine Study and
from 9% to 2% in the Dallas Study 9,13,20,21. In our study,
this fact was also observed, and the prevalence dropped
from 16.6% to 2.5%.

In the Belo Horizonte study 14, the prevalence found
with the second blood pressure measurement was very simi-
lar to that found in the same phase of the present study, al-
though the prevalences found on the first blood pressure
measurement in the 2 studies were very different. The pre-
valence of 2.5% found in Barbacena was one third of that
found in the studies carried out in São Paulo and Botucatu.
This difference in prevalence may be due to methodological
differences, because no objective reason exists to believe
that the populations of these cities are very different 13. On
the other hand, the comparison with international studies
has shown that the prevalence found in Barbacena is close
to that found in the Dallas and Iowa studies 9,20,21.

If the values obtained in this study are correct, one
may conclude that the prevalence of systemic hypertension
was relatively low in the area studied, although they sug-
gest the existence of approximately 500 hypertensive chil-
dren in the population studied.

According to that which was expected, a drop in the
number of hypertensive patients occurred in the different
phases of the study, being greater in the transition from the
first to the second phase, probably due to the change in the
size of the cuff used for measuring blood pressure from the
second phase onwards.

The recording of the mean systolic and diastolic
blood pressure levels (tab. II) in each phase of the study
shows a gradual and persistent increase in systolic blood
pressure from one phase to the other and stable diastolic
blood pressure values of approximately 82 mm Hg in the 3
phases. This fact is in accordance with the idea that false
hypertensive individuals are withdrawn from the group in
subsequent phases of blood pressure measurement. The re-
cordings of systolic and diastolic blood pressure levels in
normotensive individuals have different patterns of varia-

Table III - Coefficients of multiple regression and respective confidence intervals (95%) of age, weight, and height obtained by the regression of the systolic
(SBP) and diastolic (DBP) blood pressure levels upon these variables among normotensive and hypertensive participants

Variable SBP DBP
Coefficient Minimum Maximum Coefficient Minimum Maximum

Normotensive
 Age 1.20 0.48 1.92 0.84 0.20 1.48
Weight 0.41 0.28 0.54 0.24 0.12 0.35
Height 0.59 -13.98 15.15 -3.13 -16.01 9.76

Hypertensive
 Age -0.17 -6.70 6.35 2.77 -3.54 9.07
Weight -0.13 -1.08 0.82 -0.29 -1.20 0.63
Height 86.30 -67.08 239.68 5.39 -142.78 153.56

Table II - Mean systolic and diastolic blood pressure (BP), standard
deviations (SD), and sample sizes according to the participants’

clinical status and data classification criteria

Class of data Systolic levels Diastolic levels
Normotensive Hypertensive Normotensive Hypertensive

1st exam
Mean ± SD 108.3 ± 12 129.3 ± 11.8 66.5 ± 9.8 83.3 ± 10.9
N 506 101 506 101

2nd exam
Mean ± SD 99 ± 13.9 138.9 ± 11.2 62.3 ± 11 82.1 ± 12.7
N 73 28 73 28

3 rd exam
Mean ± SD 116.9 ± 9.3 140.7 ± 14.3 73.1 ± 9 82.7 ± 12.9
N 13 15 13 15

Last BP measurement
Mean ± SD 107.4 ± 12.7 140.7 ± 14.3 66.2 ± 10 82.7 ± 12.9
N 592 15 592 15

Male
Mean ± SD 106.6 ± 12.5 133.7 ± 18 66.1 ± 10.1 90 ± 8.2
N 290 4 290 4

Female
Mean ± SD 108 ± 12.9 143.2 ± 12.7 66.2 ± 10 80 ± 13.6
N 302 11 302 11

Skin color
White

Mean 107.4 ± 12.7 138.6 ± 13.4 65.9 ± 10.1 82.7 ± 12.1
N 393 11 393 11

Mulatto
Mean 106.5 ± 12.6 130 ± 0 66.6 ± 9.5 90 ± 0
N 148 1 148 1

Black
Mean 109.3 ± 13.2 151.7 ± 16.1 67.1 ± 10.9 80 ± 20
N 50 3 50 3
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tion. The mean systolic and diastolic blood pressure levels
decreased from the first to the second examination and in-
creased again in the third phase. Because a more appro-
priate cuff was used on the second visit, the reduction in
the mean blood pressure levels on the second visit may be
attributed to this change in the procedure. The possible
inappropriate selection of the cuff for some children (most
aged 7 to 9 years), occurred when the device selected was
borderline or short for the arm’s size. Short cuffs tend to in-
crease blood pressure 1,3,7,12,17. Voors et al 22, in the Bogalusa
Heart Study, also reported relatively elevated mean blood
pressure levels in children aged 5 and 6 years, which was at-
tributed to improper cuff selection. Brandão et al 5, in a study
carried out in the city of Rio de Janeiro, found elevated mean
blood pressure levels in children aged 6 to 9 years, sugges-
ting that the anxiety and fear observed in that population in-
creased blood pressure values. In the present study, this
fact was also observed, perhaps because most of the chil-
dren had never undergone blood pressure measurement
before.

Table II also shows that the blood pressure levels of
the normotensive individuals with the third measurement
were much greater than those in the first and second pha-
ses. As these children were considered hypertensive in the
first phase of the study, they may represent the group of chil-
dren with high normal blood pressure. Obviously, the mean
blood pressure levels of the hypertensive individuals were
greater than those of the normotensive individuals.

Studying the relation between clinical status and the
variables sex, skin color, and age, the statistical tests perfor-
med and their results indicate, either on univariate or multi-
variate analysis, that no valid statistical relation exists bet-
ween these variables and the chances that the children are
hypertensive or normotensive. On the other hand, an OR of
1.089, relative to weight and adjusted to the effects of the
other variables, indicates that the chance of the students
being hypertensive or not relates to weight, and this rela-
tion does not depend on the other variables studied.

In normotensive individuals, the study of the relation
between systolic and diastolic blood pressure levels and
the same variables (tab. III) indicates that sex, ethnicity, and
height seem not to correlate with blood pressure levels. The
coefficients of regression for weight (0.41 for systolic blood
pressure and 0.24 for diastolic blood pressure) and age (1.20
for systolic blood pressure and 0.84 for diastolic blood pres-
sure) suggest that blood pressure levels in this group of
children bear a direct relation with these variables. The
attempt to assess the relations between blood pressure le-
vels and those variables among hypertensive children sho-
wed coefficients of regression statistically indistinct from
zero for all factors included in the models of analysis; there-
fore, no relation between blood pressure and weight, height,
age, sex, or ethnicity could be demonstrated in this group.
Among hypertensive individuals, the attempt to demons-
trate a relation between blood pressure levels and weight
was unsuccessful probably due to the small number of chil-
dren with systemic hypertension studied.

In the Muscatine Study, more than half of the children

with persistent hypertension were obese 9,21. In the city of
Botucatu 6, the prevalence of systemic hypertension in big
or macrosomic (heavy and tall) children, who accounted for
6.14% of the sample, was 29.5%, whilst in the general pe-
diatric population that prevalence was 7.05% 13. A direct
correlation between weight and blood pressure levels has
been reported from the age of 5 years, being more prominent
in the second decade of life 15. The results of the present
study suggest that weight is important, not only in determi-
ning blood pressure levels in healthy children but also in de-
termining systemic hypertension as a disease in children.

In our study, height did not correlate with either clinical
status or blood pressure levels; on the other hand, Sinaiko 15

reported a correlation between elevated height and elevated
mean blood pressure in all ages. The study from Botucatu
also showed a strong correlation between height and blood
pressure 13. The French school has adopted height as one of
the references for the diagnosis of systemic hypertension in
children 6,13. The different methodologies used in the different
studies are worth noting, because the statistical treatment
applied to data from the present study may be a source of dis -
crepancy with that mentioned in the literature. In some stu-
dies, height may not have been analyzed as a variable disso-
ciated from overweight and age, confounding the results.
The fact that height relates to weight generates difficulties in
assessing its importance in determining blood pressure va-
lues. Nevertheless, weight may be the most important isolated
risk factor for hypertension among children 3,6,11-13,15,17,21.

The studies are controversial in regard to the relation
between blood pressure and systemic hypertension with
skin color 6,8,11. Sinaiko 15 and Brandão et al 5 identified no as-
sociation between blood pressure and ethnicity among
children. In the present study, no relation between persis-
tent hypertension and skin color was observed, as was no
association of blood pressure levels with that variable.
Rosa and Ribeiro 8, Bastos et al 6,13, and Voors et al 22, in the
Bogalusa Heart Study, reported a positive association
between the black race and elevated blood pressure levels.
The racial mixture in our population may perhaps be an
important factor in this relation, a factor that was not
analyzed in our study.

According to Shalma et al 12 and Sinaiko 15, the clinical
status of blood pressure is not significantly different bet-
ween the sexes. The tables of blood pressure according to age
provided by the Task Force do not differ for boys and girls 3,17,
and these observations were confirmed in our study.

In our study, age was an important factor and was rela-
ted to blood pressure levels, but this did not happen with
clinical status. Voors et al 22  reported that for each year of
life an increase from 1.2 to 1.7 mmHg occurs in systolic
blood pressure and of 1mmHg in diastolic blood pressure.
In the study from Santo André 18, blood pressure increase
was also observed with age. Bastos et al 6 reported that
blood pressure gradually increases with age in both sexes
until growth is completed by the age of 18-20 years. The
portrayal of blood pressure  related to age in percentage
tables 3,17 shows the dynamism of the phenomenon and the
tendency of individuals to follow a certain blood pressure
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channel over time (tracking); this makes the follow-up of
groups of children with potentially dangerous blood pres-
sure levels from early ages until adulthood interesting 16 .
The tendency of blood pressure to increase from birth is
known, but the importance of age to blood pressure as an
isolated factor is unknown. Although most epidemiological
studies use normograms of sex and age to detect systemic
hypertension in children, age may act as a confounding fac-
tor 3,4,6,8,10,15,17. It is worth noting that variables, such as
height and body weight, are directly proportional to age,
which makes the study of that factor difficult. Rosa and Ri-
beiro 8 suggest the controlled analysis of age to assess its
actual importance.

Blood pressure levels should be measured in children
and adolescents as part of a routine physical examination to
prevent systemic hypertension and the morbidity and mor-
tality of this affliction in that population, therefore avoiding
imposing a financial burden on health care providers. Age,
weight, and the use of an appropriate-sized cuff should be
considered when assessing blood pressure in childhood.
The disagreement between the results of the present study
and those reported in the literature indicates the need for a
review of the possible relations between clinical status and
the child’s height, mainly when considering the recommen-
dation to use the second variable as an indicator of the risk
of systemic hypertension in children.
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