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SUMMARY
INTRODUCTION: The prevalence of systemic arterial hypertension in childhood has increased progressively
OBJECTIVE: To analyze blood pressure and height reached by children in public schools in the South of Brazil.

METHODS: This is a sectional study of a randomized sample of 1,082 students of six to seven and nine to ten years old used to evalu-
ate blood pressure and height. Blood pressure levels were classified by percentile for gender, age and stature according to the North
American reference of National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and
Adolescents.

RESULTS: Schoolchildren presented adequate growth, which was, on average, higher than the WHO reference values. Blood pressure
levels were altered in 13.8% of children, with a higher frequency in the nine and ten year olds (17.6%). The isolated analysis of systolic
and diastolic Blood pressure revealed a similar trend, with blood pressure levels higher than the greater the value of the Z-score for
stature.

CONCLUSION: The schoolchildren in the study evidenced adequate growth and an elevated prevalence of pre-hypertension and arterial
hypertension, which tended to be higher in older children and/or those that achieved a greater stature growth.
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INTRODUCTION

Systemic Arterial Hypertension in children has
become a point of increasing interest due to its ele-
vated prevalence which has been connected, at least
partially, to the growth in the prevalence of obesity
in children. However, recent evidence suggests that
other factors may also be associated with elevated
blood pressure (BP), such as a sedentary lifestyle,
eating habits and, in particular, the excessive inges-
tion of salt &

Several surveys among American children and
adolescents during the periods of 1988-1994 and
1999-2002 have shown a slight mean increase of
1.3 mmHg in systolic arterial pressure, whereas di-
astolic blood pressure increased substantially (8.4
mmHg). In the same period, the prevalence of ele-
vated blood pressure increased from 2.7% to 3.7%
78, Other studies show discrepancies between the
secular trend of BP elevation and the prevalence of
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obesity in children and teenagers. A less accentuated
increase of arterial pressure means has been verified
over the last decade compared to the epidemiologic
evolution of obesity .

In contrast, the proportion of children diagnosed
with hypertension during hospitalisation has dou-
bled over the last 20 years, indicating that hyperten-
sion in children can no longer be considered a diagno-
sis to be ‘monitored’, since, in pediatric patients, the
disease can have important consequences in terms of
clinical manifestations, complexity and global treat-
ment cost M.

In Brazil, it is possible that the same phenome-
non is occurring because obesity has increased in
a marked manner and has become a major public
health problem. The results of the Family Budget
Survey, in 2009, revealed that one in three chil-
dren aged 5 to 9 years was over their recommended
weight ™. The research also showed that, since 1989,
among children of 5-9 years old in families with low
incomes, in 20% of these, there was a strong growth
in excess weight (8.9% to 26 5%), while in families
with higher incomes, the increase was from 25.8% to
46.2% in the same period *®.

Considering that the secular growth trend is ob-
served in Brazil? and that height is one of the param-
eters used for the evaluation of blood pressure in
children, a change in the burden of the disease due
to hypertension is to be expected, including among
children.

This makes it relevant to assess the BP and
achieved growth, as well as their correlation in chil-
dren attending public schools in the capital of Santa
Catarina (SC), who are approaching the upper limit
of the secular growth trend ™.

The objective of this research was to evaluate the
growth of schoolchildren in public schools and their
correlation with blood pressure levels.

METHODS

In 2012, a sample of 1,343 children was random-
ly selected from the list of classes of schoolchildren
supplied by the Public Department of Primary Educa-
tion of Santa Catarina State. The initial sample was ob-
tained by conglomerate raffling of classes until each of
the required had 252 children for analysis by age and
sex. From the 1,324 initially sampled children, 1,082
(81.7%) were included in the final sample evaluated:
611 aged 6 or 7 years and 471 aged 9 or 10 years.

Of the 242 excluded children, 229 (17.3% of the
initial sample) were outside the age range of the
study or had morbid problems known to have a cor-
relation with growth or blood pressure, and only 13
(1.0%) were excluded because they did not consent to
participate.

Considering a power of 80%, an alpha of 5%, a
difference of 1/4 z score on median blood pressure
between the groups of age and sex, the sample size
estimated as necessary was 252 children per group.

The variables collected were age, gender, blood
pressure, stature, and weight. The evaluation of
growth and blood pressure took place at the school
on scheduled days using standardized instruments
for gathering and filing data, always under the re-
searcher’s supervision.

One examiner conducted all of the blood pressure
measurements. After the child was at rest for five
minutes, an aneroid sphygmomanometer was used
to measure blood pressure, with cuffs in child sizes
(size 15.0 x 6.5 cm), adolescent sizes (dimension 16.0
x 8.0 cm) and adult sizes (dimension 21.5 x 12.0 cm).
The aneroid sphygmomanometer was a Missouri Mi-
katos and had been previously calibrated according to
recommended techniques. The BP measures, when
altered, were repeated three times on the same day
and were obtained the average arterial pressure ™.

Blood pressure levels were individually classi-
fied by percentile according to the North American
standards for gender, age, and stature™ and were
considered altered (pre-hypertension) when higher
than the 90th percentile, and elevated (hypertension)
when higher than the 95th percentile.

The values for systolic (SBP) and diastolic arterial
pressure (DBP) were analyzed statistically as contin-
uous and/or discrete variables. The former (continu-
ous) was utilized to calculate the average and stan-
dard deviation; the latter was used to categorize BP
into two groups: altered BP and adequate BP. The
correlation between growth rate and pre-hyperten-
sion (higher than the 90th percentile) and arterial
hypertension (higher than the 95th percentile), clas-
sified as altered BP, was analyzed for all cases.

For height measurements, we used a WISO®
portable stadiometer fixed to the wall, graduated in
centimeters and millimeters, and annotated with a
precision of centimeter tenths. The students were
measured standing barefoot, wearing light clothing
and with hair lying flat on the head, standing erect,
with the head positioned so as to leave the Frankfurt
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plane horizontal, legs straight, feet together, arms
hanging loosely at the sides and heels, calves, but-
tocks, shoulder blades and back of the head kept in
contact with the flat surface of the wall. Before read-
ing the measurement, the child was placed firmly
while the spindle stadiometer was placed at the top
of the head (vertex)™™.

For the statistical analysis, we used the SPSS (Sta-
tistical Package for the Social Sciences) 15.0, Med-
Calc 12.1.4.0 and GraphPad Prism 5.04 software. Fre-
quency, proportions, mean, standard deviations (SD),
distribution curves and correlation coefficients were
calculated.

All the children whose parents or guardians re-
fused to consent to participation and those who were
outside the age range of the study and/or had morbid
problems known to have a correlation with growth
and/or blood pressure, were excluded from the study.

The Ethics Research Committee of the Public
Health School of the University of Sao Paulo approved
the study in February of 2012, following the ethical
principles for research with human beings (National
Health Council 196/96).

RESULTS

The sample was divided into two groups accord-
ing to age: Group 1 (G1) (six and seven-year-olds) and
Group 2 (G2) (nine and ten-year-olds). The proportion
of males and females was similar in both groups, and
the average age was 6.5 years in the first group, with
a standard deviation (SD) of 0.31, and 9.6 years in the
second group, with an SD of 0.26 (Table 1).

Figure 1 depicts the distribution of school children,
independently of gender and age, according to the

FIGURE 1 - FREQUENCY OF SCHOOLCHILDREN
ACCORDING TO THE Z-SCORE OF STATURE.
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TABLE 1 - DISTRIBUTION OF FREQUENCIES OF
SCHOOLCHILDREN ACCORDING TO GENDER AND AGE
GROUP.

Gender

Age Group Total n (%)
Male n (%) Femalen (%)

G1 303 (49.6) 308 (50.4) 611(100.0)
(55.4) (576) (56.5)

G2 244 (51.8) 207 (48.2) 471(100.0)
(44.6) (42.4) (43.5)

Total 547 (50.5) 535 (49.5) 1082 (100.0)
(100.0) (100.0) (100.0)

TABLE 2 - DISTRIBUTION OF SCHOOLCHILDREN
ACCORDING TO THE CLASSIFICATION OF THEIR
CHANGE IN THE SYSTOLIC BLOOD PRESSURE (SBP)
AND DIASTOLIC BLOOD PRESSURE (DBP).

Blood Pressure SAP n (%) DAP n (%)
Prehypertension 36 (34,6) 38 (481)"
Hypertension 68 (65,4)" 41(51,9)"
Total 104 (100,0) 79 (100,0)

“p=0,018 (statistically significant). **p=0,08891

z-score of stature. The group as a whole grew, and the
median (0.24) shifted towards the upper reference val-
ues. The average z-score of stature for age was 0.23
(SD 1.09) for males and 0.26 for females (SD 1.09), in-
dicating a non-significant difference (p = 0.67). In rela-
tion to age, the mean of z-score of stature was 0.25 (SD
1.08) in G1 and 0.25 (SD 1.09) in G2, again indicating a
non-significant difference (p = 0.989).

The mean systolic blood pressure of the children
as a whole was 97.2 mmHg, (95% CI 96.5 to 97.8
mmHg), and the mean diastolic was 61.6 mmHg (95%
CI 61.1 to 62.1 mmHg) for the whole group. The preva-
lence of pre-hypertension or hypertension was 13.7%
(148/1082 children). There was an increase of SBP in
9.5% (104 children) and DBP in 7.3% (79 children) in
the group. The proportion (65.4%) of children with
systolic hypertension was higher than was the pro-
portion (34.6%) with pre-hypertension (p< 0.018). On
the contrary, the diastolic pressure showed no statis-
tically significant difference between the proportions
of pre-hypertension and hypertension (Table 2).

In the school group analysis as a whole, a statisti-
cally significant correlation was observed between the
level of SBP and DBP with Z-score of height in the chil-
dren (Table 3). The Pearson’s correlation coefficients
between stature and systolic and diastolic arterial
pressure were significant for both genders (Table 3).
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A statistically significant correlation was also ob-
served with SBP or DBP and the z-score for stature
when the analysis was stratified by age group (Table
4), and the comparison of correlation coefficients
between the two age groups did not show statistical
significance.

The prevalence of higher levels of SBP and DBP was
significantly greater in older children, independent of
stature. The older age group presented a prevalence
ratio of 1.66 when compared to the younger age, a dif-
ference that was statistically significant (Table 5).

The presence of changes in blood pressure as a
function of height occurred statistically more fre-
quently (p = 0.0414) between the half of children with
greater height compared to the half of lower height,
15.8% (85/540) and 11.5% (62/542) respectively.

The analysis of the correlation between “blood
pressure level (S and D) and height”, Figure 2, was
tested both among children of lower zBMI (equal to
or less than median zBMI of children in the sample)
and higher zBMI (above sample median) including
overweight and obesity, and in both the correlation
was statistically significant and direct.

DISCUSSION/CONCLUSION

In comparison with the distribution of proposed
values by the World Health Organisation in 2007,
children attending public schools in Florianopolis in
2012 presented adequate stature growth, indepen-
dent of gender or age. Notably, the median stature
was higher than the reference values were, indicat-

TABLE 3 — CORRELATION OF SYSTOLIC ARTERIAL
PRESSURE (SBP) AND DIASTOLIC ARTERIAL PRESSURE
(DBP) WITH STATURE, ACCORDING TO SEX.

SAP DAP

Gender " C195%) . ¢ (C195%) .

Male 022(01420.30) p<0.0001 | 021(014a 0.30)
p<0.0001

Female 0.16(0.07 a 0.24) p<0.0003 013(0.05a0.22)
p=0.0021

All 0.19(013a 0.24) p<0.0001 0.18(0.12 a 0.23)
p<0.0001

“r= Pearson Correlation Coefficient

TABLE 4 - CORRELATION OF SYSTOLIC BLOOD
PRESSURE (SBP) AND DIASTOLIC BLOOD PRESSURE
(DAP) WITH STATURE, ACCORDING TO AGE GROUP.

SAP DAP
Age r* (C195%) p r* (C195%) p
G 018(010 2 0.25) p<0.0001 | 017(010 a 0.25)
p<0.0001
G2 0.22(0.14a 0.31) p<0.0001 0.19(0.10 a2 0.27)
p=0.0001

“r= Pearson Correlation Coefficient

TABLE 5 - DISTRIBUTION OF SCHOOLCHILDREN
ACCORDING TO THE PRESENCE OF PRE-
HYPERTENSION OR HYPERTENSION AND AGE.

Age Normal BP Alteration Total
Pressure n(%) n(%)

G1 546 (89.4) 65 (10.6) 611 (100.0)

G2 388 (82.4) 83(176) 471(100.0)

Fisher's Exact Test: p=0.0012 . Relative Risk=1.66 (CI95%=1.23-2.24)

FIGURE 2- : SYSTOLIC AND DIASTOLIC BLOOD PRESSURE OF SCHOOLCHILDREN VERSUS HEIGHT Z

SCORES, ACCORDING TO THEIR BODY MASS INDEX (BM).
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ing that these children probably had already reached
values near the expected growth limit as a result of
the secular trend of growth "8,

Considering that the analysis including over-
weight and obesity, in both groups, the SBP and DBP
always increases with rising BMI z score, showing
an effect probably independent of overweight (figure
2), in this article the option was to analyze the cor-
relations of blood pressure with height.

Although the observed systolic and diastolic blood
pressure averages were very similar to the reference
values * an elevated prevalence of arterial pre-hyper-
tension and hypertension was verified in comparison
with other studies in children 382°.

In relation to age group, a higher prevalence of
arterial pre-hypertension or hypertension was ob-
served among older school children, independent of
gender. In G2, the relative risk of high blood pres-
sure was 1.66 times higher compared to G1. The 95%
CI (1.23-2.24) shows that the attributable risk of in-
creased blood pressure according to age (between
six and ten years), at best, is a 23% and at worst a
124% greater risk factor. It suggests that there seems
to be an increase in the prevalence of BP alteration
with age or, if this is not true, that the reference data,
North American, may not be the most appropriate
for assessing children of other populations.

The relationship between BP and age, with a high-
er prevalence of hypertension among older children,
is already described in the literature as probably re-
lated to hormonal and metabolic changes that occur
at the beginning of puberty 2.

The fact that our study includes children of nine to
ten years of age, meaning that some participants were
pre-pubescent or at the beginning of puberty, may par-

tially explain the tendency of elevation of the prevalence
of alteration of BP because some studies recognize the
association between obesity and early puberty #%.

However, this hypothesis regarding the evolution
of BP as the normal consequence of the beginning
of puberty does not seem to be valid, since it is ev-
idenced by several authors that pubescent children
with BP alterations present a higher risk of devel-
oping cardiovascular diseases (CVD) in adulthood,
when compared to smaller pre-pubescent children of
nine years of age?'?>?.

Our sample showed a direct correlation between
greater stature and BP levels intra-group of age or
gender, but as the comparison between groups of
age and gender evidenced no difference in growth
achieved by the children, a specific influence of the
child height growth on BP values is evident, regard-
less of gender or age.

With or without the normal phenomena of puber-
ty, the detection of elevated blood pressure in school-
children should always be the object of special atten-
tion, due to the increased risk of CVD that might be
present.

In accordance with our results, other studies that
showed a correlation of blood pressure with growth
and pubertal development observed that there is a
relationship between BP elevation rates and growth,
also suggesting that growth, as a whole, could influ-
ence BP 19,26,27

The results of this study suggest that school-age
children who have a height growth greater than
the WHO benchmark are subject to a higher risk of
pre-hypertension or arterial hypertension, with lev-
els that correlate with the achieved height, regard-
less of their Body Mass Index.

INTRODUGAO: A prevaléncia de hipertensdo arterial sistémica na infdncia aumentou progressivamente.

OBJETIVO: Analisar a pressdo arterial e a altura alcan¢ada pelas criangas nas escolas publicas do sul do Brasil.

METODOS: Estudo transversal de uma amostra aleatéria de 1.082 alunos de 6 a 7 e de 9 a 10 anos de idade, para avaliar a pressédo
arterial e a altura. Os niveis de pressdo arterial foram classificados por percentil sequndo género, idade e estatura, de acordo com a
referéncia norte-americana do Grupo de Trabalho do Programa Nacional de Estudo em Presséo Arterial sobre a pressdo arterial
elevada em criangas e adolescentes.

RESULTADOS: Escolares apresentaram crescimento adequado, que foi, em média, superior aos valores de referéncia da OMS. Os niveis
de pressdo arterial foram alterados em 13,8% das criangas, com maior frequéncia aos 9 e 10 anos de idade (17,6%). A andlise isolada da
pressdo arterial sistélica e diastélica revelou uma tendéncia similar, com niveis de pressdo arterial elevados nas criangas com maiores
valores de escore Z para a estatura.

CONCLUSAO: Os escolares no estudo apresentaram um crescimento adequado e uma prevaléncia elevada de pré-hipertensdo e hip-
ertensdo arterial, que tendem a ser maiores em criancas mais velhas e/ou naquelas que alcancaram maior crescimento de estatura.

PALAVRAS-CHAVE: Estatura. Obesidade. Pressdo arterial. Crianga.
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