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Abstract
Background: Epidemiological studies have shown an increased prevalence of high blood pressure in pediatric patients.
Today we know that risk factors can be detected during childhood and may help in preventing the disease.

Objective: To evaluate risk and protection factors related to high blood pressure in childhood.

Methods: We evaluated children aged 3 to10 years, residing in the east and southwest sanitary districts of the City of
Goiania, Goias, and obtained the following data: birth weight, breastfeeding, family history of high blood pressure and
obesity, weight, height, body mass index (BMI), and blood pressure. We applied the Mann-Whitney U-test to these
variables in order to compare pressure variation.

Results: In this sample, 519 children were evaluated, and 246 (47.4%) of them were male. The BMI assessment identified
109 (21%) overweight children, of which 53 (10.3%) were obese. Predominant and/or exclusive breastfeeding for less
than 6 months was found in 242 (51.2%). The mean systolic pressure was significantly higher in children with exclusive
and/or predominant breastfeeding for less than 6 months (p = 0.04), and in children with family history of high blood
pressure (p = 0.05), and in overweight children (p <0.0001). These data were confirmed in multivariate analysis.

Conclusion: In this sample, we observed that overweight and hereditary factors may be associated with elevated blood
pressure, and that breastfeeding for more than 6 months seems to offer a protective effect. (Arq Bras Cardiol 2010;

94(4):458-463)
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Introduction

High blood pressure is an important risk factor for
cardiovascular disease, which currently represents a major
cause of mortality and morbidity worldwide.

Epidemiological studies have shown an increase in its
prevalence in the pediatric population?. Today we know that
the factors associated with high blood pressure among adults
could have been detected in childhood**.

The early assessment of risk factors such as birth weight®
7, diet in childhood?, nutritional status, social circumstances’,
and the identification of protective factors may contribute to
an early intervention and prevention of cardiovascular disease
in children who are more likely to develop it.

This study proposes to evaluate the risk factors associated
with high blood pressure in children (low birth weight,
overweight/obesity, family factors) and protective factors, such
as breastfeeding duration period.

Mailing address: Alessandra Vitorino Naghettini *

Rua t-36, 477/201 - Setor Bueno - 74223-050 - Goiania, GO - Brazil
E-mail: naghetti@terra.com.br

Manuscript received October 13, 2008; revised manuscript received May
26, 2009; accepted August 14, 2009.

Methods

The study was conducted in the City of Goiania, capital
of the state of Goids, which has a population of 1,244,645
inhabitants'.

This was an epidemiological observational, descriptive,
cross-sectional study, conducted in 2006, in a representative
sample of children of both genders, aged 3-10 years and 11
months, residing in regions that represented the east and
southwest sanitary districts of Goiania, and who were assisted
by the Family Health Teams of their respective regions.

The Municipal Health Department divided the city of
Goiania in 11 sanitary districts, based on the principle of
decentralization of the National Health System. For this
study, we used two sanitary districts which are located in
opposite geographical areas, both assisted by the Family
Health Program.

Considering that there are 979 children in these regions
who are assisted by the Family Health Program, at a
significance level of 5% and test power of 80%, and using a
margin of error of 3%, the minimum sample size was estimated
to be 510 children.

A team of students from the School of Medicine of
the Federal University of Goids, previously trained and
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accompanied by Family Health Program agents, made home
visits in order to invite children and their parents to participate
in the project.

Children of both genders, whose ages ranged from 3 to 10
years and 11 months, were invited to participate.

In afirst step, they received information on the project, and
a parental or guardian-signed informed consent was obtained
for each child. Subsequently, basic data were collected through
interviews with the children’s parents, the Child Health Card
was evaluated, and secondary data were obtained based on
physical examination.

We excluded from the project those children whose
guardians declined to participate or did not follow all the
steps of the protocol.

A registration form for each child was completed with the
following information: name, address, contact telephone
number, age, date of birth, date of visit, gender, and skin
color (classified by phenotypic characteristics as white and
non-white).

As for history, we obtained data on family history of high
blood pressure and obesity (father, mother, and grandparents),
gestational age at birth, term or non-term birth, birth weight,
and duration of exclusive and/or predominant breastfeeding.
Data for the newborns were collected with bas on the evaluation
of the Child Health Card and the family history, by asking the
accompanying parent objective yes-or-no questions.

Low birth weight was defined for those children who had
birth weight of less than 2,500 g'.

Data on predominant and/or exclusive breastfeeding
were collected with base on interviews with agents, and
organized according to duration - more than 6 months, or
not - according to the indicators proposed by the World
Health Organization (WHO)'.

Physical evaluation of the children consisted of weight,
height and blood pressure measurements.

Height was measured with an inelastic tape fixed to a wall,
with the child standing straight against the wall with feet placed
together, and a stadiometer graduated in millimeters adjusted
on the head. Weight (kg) was obtained using a portable scale
with a 50 g accuracy, Sport MEA-07400 model-Plenna. The
standard chart of the National Center for Health Statistics
Percentiles was used as reference’.

We calculated the body mass index (BMI) (kg/m?) and the
BMI percentile (BMIp) for each child. Children with BMIp of
less than 3 were considered malnourished, those with BMIp
values between 85 and 95 were considered overweight, and
those with BMIp over 95 were classified as obese, according
to data from Conde and Carlos' and Tomkins'. Children with
BMIp > p 85 were considered overweight, and this includes
overweight and obese children.

Blood pressure (BP) was measured by the auscultatory
method, usinga duly calibrated BD aneroid sphygmomanometer.
The measurement was done in the right arm, with a cuff that
had a bladder length of at least 80%, and a width equal to 40%
of arm circumference, after 5 minutes of rest, with the child
seated, the arm supported at heart level, the stethoscope located
on the pulse of the brachial artery, in a controlled environment,

according to the recommendations of the Fourth Task Force'.
The arithmetic mean of two measurements with an interval
of 5 minutes was considered. After a period of 2 months, the
children’s blood pressure was re-evaluated. The average value
of the measurements of the first and the second assessment was
compared with the percentile table, following the technique
standardized by the Fourth Task Force'®. Blood pressure values
above the 95th percentile were considered high.

For the development of the database and its analysis, we
used the softwares Epi-Info, version 3.2.2, and SPSS 10.0 for
Windows. We used Mann-Whitney U-test to compare the
blood pressure variation with the variable. For the multivariate
analysis, we used multiple linear regression, and the systolic
and the diastolic pressures were considered as the outcome
variable. We studied the following variables: positive family
history of hypertension and obesity (father, mother, and
grandparents), individually or collectively, overweight,
duration of predominant breastfeeding, birth weight, skin
color, gestational age (term or non-term), and gender.
Multivariate analysis was performed for variables with p <
0.2. A 95% confidence interval was determined, considering
significant p < 0.05.

The research project was approved by the Ethics Committee
of the Federal University of Goias General Hospital.

Results

We evaluated 519 children: 246 (47.4%) males, and 248
(47.9%) white. The age ranged from 3 to 10 years and 11
months (X: 7.16 = 2.15). In the distribution by age group,
248 were aged between 3 and 6 years and 11 months
(47.7%), and 271 were aged between 7 to 10 years and 11
months (52.2%).

The anthropometric and clinical characteristics are
described in Table 1.

A total of 94 children (27.9%) were preterm, and 30 (5.7%)
had low birth weight.

The BMI assessment showed the following distribution:
53 (10.3%) were obese; 56 (10.8%) were overweight; 373
(71.9%) had normal weight for gender and sex; and 37 (7.1%)
were malnourished. Therefore, a total of 109 (21%) children
were overweight (BMIp > p 85).

Atotal of 510 children had normal blood pressure (98.3%)
and 9 (1.7%) had elevated blood pressure (BPp > 95), of
which 100% had SBP > 95, and 11% (1) had DBP between
90 and 95. There were no malnourished children among the

Clinical and anthropometric characteristics (weight at
birth, age, weight, height and BMI) of the study sample

Characteristics Variation Mean
Birthweight (kg) 10-4.8 32+05
Age (years) 3.0-10.6 716 +£2.15
Current weight (kg) 11.0-72.3 249+9.1
Current height (cm) 90.0-159.0 1230+ 145
BMI (kg/m?) 83-17.3 165+ 11.1
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hypertensive group. However, 44.4% (4) were obese, 33.3%
(3) were overweight, and 22.3% (2) were eutrophic.

Positive family history of hypertension was observed in 342
grandparents (71.8%), 38 mothers (8.15%), and 48 fathers
(10.7%). Obesity was observed in 104 grandparents (21.8%), 34
fathers (7.1%), and 43 mothers (6.5%). We found no association
between obesity of fathers and hypertension, and there were
only a 1.9% association between obesity of grandparents and
hypertension, and a 1.8% association between obesity of
mothers and hypertension, both not statistically significant.

A total of 242 (51.2%) children were predominantly
breastfed for periods of less than 6 months.

Univariate analysis of elevated blood pressure risk factors
was performed by considering the following: low birth weight;
skin color; family history of hypertension and obesity (father,
mother and grandparents); overweight; obesity;1 gestational
age (term or non-term); and gender. Breastfeeding duration
was considered a protective factor.

The mean systolic blood pressure was significantly lower
in children with predominant breastfeeding over 6 months
(Fig. 1), and higher in those with positive paternal history of
hypertension (Fig. 2), with a BMI in the overweight range (Fig.
3), and with obese mother (p = 0.008) (Fig. 4). The variables
birth weight, skin color, gender and gestational age showed
no statistically significant relationship.

In the evaluation of diastolic blood pressure, values were
significantly reduced in children with predominant and/or
exclusive breastfeeding for more than 6 months (p = 0.039),

and elevated in those with overweight.

In multivariate analysis, in the model for systolic pressure,
the following variables remained significant: predominantly
breastfed for less than 6 months (p = 0.042); hypertensive
father (p = 0.053); obese child (p <0.0001); and overweight
child (p = 0.005).

As only 1 child had an increase in diastolic pressure, the
multivariate analysis was not considered for this model.

Discussion

This study focused on the risk factors associated with
hypertension in children. We used two densely populated
sanitary districts of the city of Goidnia as a research
environment, including children who were being assisted by
the Family Health Program in 2006.

The occurrence of hypertension in the study sample
consisted of 9 cases (1.7%), which is in agreement with
the current literature that reports a prevalence of 1%-13%,
depending on the methodology employed'”. Other studies
in the Midwest Region of Brazil showed values ranging from
2.3% to 5%, but there the evaluated children were aged
over 6 years'®™.

As to newborn data, low birth weight showed a prevalence
of 6%, which approaches the value of 7.5% for Goidnia,
reported in the Datasus Live Birth Information System®. We
observed no association with elevated mean blood pressure.
Despite the hypothesis that some factors present in the
neonatal period are responsible for permanent changes in
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Figure 1 - Mean and standard deviation of systolic blood pressure (mmHg) in children who received exclusive/predominant breastfeeding for a longer period (n = 230)
and for less than 6 months (n = 242). Mean + standard deviation of systolic blood pressure: 94.89 + 9.12 with exclusive or predominant breastfeeding for less than 6

months; and 93.37 + 9.51 for longer periods. Mann-Whitney U-test, p = 0.042.
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Figure 2 - Mean and standard deviation of systolic blood pressure (mmHg) in children with hypertensive fathers (n = 48) or non-hypertensive fathers (n = 400). Mean +
standard deviation of systolic blood pressure in children of hypertensive father: yes = 98.5 + 11.69, no = 93.69 + 9.11. Mann-Whitney U-test, p = 0.05.
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Figure 3 - Mean and standard deviation of systolic blood pressure (mmHg) in children with (n = 109) or without (n = 410) overweight and obesity. Mean + standard
deviation of systolic blood pressure in children with overweight and obesity: yes = 98.12 + 10.54; no = 93.09 + 8.76. Mann-Whitney U-test, p = 0.000.
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Figure 4 - Mean and standard deviation of systolic blood pressure (mmHg) in children with obese mothers (n = 43) or non-obese mothers (n = 433). Mean + standard
deviation of systolic blood pressure in children with obese mothers: yes = 93.00 £ 1.00, no = 98.00 + 4.00. Mann-Whitney U-test, p = 0.008.

the body of individuals*', other studies have shown that
the amount and speed of weight gain are more relevant in
determining blood pressure in children?2.

The BMI percentile showed a prevalence of obesity and
overweight consistent with other studies. In Brazil, Abrantes
et al*, using data collected in a survey on living standards
conducted by the Brazilian Institute of Geography and
Statistics (IBGE) in 1997, found a prevalence of obesity in
children in the Northeast and Southeast regions ranging from
8.2% and 11.9%. Monego & Jardim' found a 4.9% prevalence
of obese children and an 11% prevalence of overweight
children (excess weight of 16%) in a population of children
aged 7 to 14 years, in the city of Goiania.

In univariate analysis, positive paternal history for
hypertension, and positive maternal history for obesity, as
well as obesity and overweight in children predispose to an
increased risk of hypertension.

In multivariate analysis, these factors significantly influenced
the values of the children’s blood pressure, with the exception
of positive maternal history for obesity.

In univariate analysis, children who were predominantly
breastfed for more than 6 months had lower systolic and
diastolic blood pressures, which seems to indicate a protective
effect in longer breastfeeding.

There is inconsistent and conflicting evidence on the
association between breastfeeding and blood pressure
elevation in children?, and several reasons for this have been
listed. The lack of standardization of a time-limit defining
exclusive breastfeeding, or even no consideration given to this

Arq Bras Cardiol 2010; 94(4):458-463

exclusivity and different types of food offered to the children
in association with mother’s milk?* hinder the development
of a definitive conclusion.

Other observational studies suggest that breastfeeding may be
associated with a lower blood pressure in childhood?” . Some
argue that there is an exaggeration in this correlation®’, whereas
others mention a small reduction in diastolic blood pressure®'.

The association between obesity/overweight and
hypertension in children has been reported by several
studies, and all find a higher prevalence of hypertension in
obese children than in eutrophic children. Sorof et al*? found
that obese children have a threefold greater prevalence of
hypertension than non-obese children.

Some studies show a relationship between obesity-related
cardiovascular damages and the consequent increase in
blood pressure; and systolic hypertension is the first sign of
this change’*33.

According to the Bogalusa Study®*, 77% of obese children
remain obese into adulthood, which emphasizes the need to
develop strategies focusing on the nutritional status of children,
related both to the prevention of obesity itself and of high
blood pressure in adulthood.

In short, despite the limitations of this study, the sample
showed an association of risk between overweight and
hereditary factors, as well as a protective effect of longer
breastfeeding on blood pressure elevation in children aged
between 3 and 10 years and 11 months.

We believe that, for the prevention of hypertension
and other comorbidities in adulthood, there is a need for
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public health policies with a focus on actions to promote
breastfeeding and combat excess weight in childhood.

Acknowledgements

We thank the students of class number 54 of the School of

Medicine of the Federal University of Goias for their valuable
contribution to this study.

Joice Moraes Faria Monteiro Belem, one of the students

who participated in the project, received a scientific initiation
scholarship offered by the National Council for Scientific and
Technological Development (CNPq).

References

Sociedade Brasileira de Cardiologia. Sociedade Brasileira de Hipertensao. V
Diretrizes brasileiras de hipertensao arterial. Hipertensao. 2006; 5: 123-63.

SorofJ, Daniels S. Obesity hypertension in children: a problem of epidemic
proportions. Hypertension. 2002; 40: 441-7.

Bartosh SM, Aronson AJ. Childhood hypertension: an update on etiology,
diagnosis and treatment. Pediatr Clin North Am. 1999; 46: 235-52.

Bao W, Threefoot SA, Srinivasan SR, Berenson GS. Essential hypertension
predicted by tracking of elevated blood pressure from childhood to
adulthood: The Bogalusa Heart Study. Am | Hypertens. 1995; 8: 657-65.

Cook NR, Gillman MW, Rosner BA, Taylor JO, Hennekens CH. Prediction
of young adult blood pressure from childhood blood pressure, height, and
weight. J Clin Epidemiol. 1997; 50: 571-9.

Lever AF, Harrap SB. Essential hypertension: a disorder of growth with origins
in childhood? ] Hypertension. 1992; 10: 101-20.

Barker DJP. Fetal origins of coronary heart disease. BMJ. 1995; 311: 171-4.

Kolacek S, Kapetanovic T, Luzar V. Early determinants of cardiovascular risk
factors in adults. B. Blood pressure. Acta Paediatr. 1993; 82: 377-82.

Wannamethee SG, Whincup PH, Shaper G, Walker M. Influence of fathers’
social class on cardiovascular disease in middle-aged men. Lancet. 1996;
348:1259-63.

. IBGE. Instituto Brasileiro de Geografia e Estatistica. Resultados da amostra

do censo demogréfico 2000 - Malha municipal digital do Brasil: situagao em
20071. Rio de Janeiro: IBGE, 2004.

. UNICEF, WHO. Low birthweight: country regional and global estimates. New

York; 2004.

.WHO Collaborative Study Team on the role of breastfeeding on the

prevention of infant mortality. How much does breastfeeding protect against
infant and child mortality due to infectious diseases? A pooled analysis of six
studies from less developed countries. Lancet. 2000; 355: 451-5.

. National Health And Nutrition Examination Survey. National Center for

Health Statistic. [Acesso em 2007 mar 11]. Disponivel em: http://www.cdc.
gov/nchs/about/major/nhanes/growthcharts.

. Conde WL, Carlos AM. Curva brasileirado IMC para a idade. J Pediatr. 2006;

82 (4): 266-72.

. Tomkins A. Measuring obesity in children: what standards to use? ] Pediatr.

2006; 82: 246-8.

. National High Blood Pressure Education Program Working Group On High

Blood Pressure In Children And Adolescents. The Fourth Report on the
Diagnosis, Evaluation, and Treatment of High Blood Pressure in Children and
Adolescents. Pediatrics. 2004; 114: 555-76.

. Salgado CM, Carvalhaes JTA. Arterial hypertension in childhood. . Pediatr.

2003; 79 (1): 115-24.

. Borges LMP, Peres MA; Horta BL. Prevaléncia de niveis pressoricos elevados em

escolares de Cuiabd, Mato Grosso. Rev Satide Piblica. 2007; 41 (4): 530-8.

Potential Conflict of Interest

No potential conflict of interest relevant to this article was

reported.

Sources of Funding

There were no external funding sources for this study.

Study Association

This study is not associated with any post-graduation

program.

19.

20.

2

=

22.

23.

24.

25.

26.

27.

28.

29.

30.

3

e

32.

33.

34.

Monego ET, Jardim, PCBV. Determinantes de risco para doengas
cardiovasculares em escolares. Arq Bras Cardiol. 2006; 87 (1): 37-45.

Ministério da Sadde. Datasus. Informacoes de Satde — Nascidos Vivos.
[Acesso em 2007 out 10]. Disponivel em: http://tabnet.datasus.gov.br/cgi/
sinasc/nvmap.htm.

. Barker DJP, Gluckman PD, Godfrey KM, Harding JE, Owens JA, Robinson JS.

Fetal nutrition and cardiovascular disease in adult life. Lancet. 1993; 341:
938-41.

Lucas A, Fewtrell MS, Cole TJ. Fetal origins of adult disease - the hypothesis
revisited. BMJ. 1999; 319: 245-9.

Burke V, Beilin LJ, Blake KY, Doherty D, Kendall GE, Newnham P, etal. Indicators
of fetal growth do not independently predict blood pressure in 8-year-old
Australians: a prospective cohort study. Hypertension. 2004; 43: 208-13.

Abrantes MM, Lamounier JA, Colosimo EA. Overweight and obesity
prevalence among children and adolescents from Northeast and Southeast
regions of Brazil. ) Pediatr. 2002; 78 (4): 335-40.

Leeson CPM, Kattenhorn M, Deanfield JE, Lucas A. Duration of breast feeding
and arterial distensibility in early adult life: population based study. BMJ.
2001; 322: 643-7.

Ravelli ACJ, Van Der Meulen, Osmond C, Barker DJ, Bleker OP. Infant feeding
and adult glucose tolerance, lipid profile, blood pressure, and obesity. Arch
Dis Child. 2000; 82: 248-52.

Wilson AC, Forsyth JS, Greene SA, Irvine L, Hau C, Howie PW. Relation of
infant diet to childhood health: seven year follow up of cohort of children in
Dundee infant feeding study. BMJ. 1998; 316: 21-5.

Taittonen L, Nuutinen M, Turtinen J, Uhari M. Prenatal and postnatal factors in
predicting later blood pressure among children: cardiovascular risk in young
Finns. Pediatr Res. 1996; 40: 627-32.

Singhal A, Cole TJ, Lucas A. Early nutrition in preterm infants and later blood
pressure: two cohorts after randomised trial. Lancet. 2001; 357: 413-9.

Owen CG, Whincup PH, GilgJA, Cook DG. Effect of breast feedingin infancy
on blood pressure in later life: systematic review and meta-analysis. BM).
2003;327:1189-95.

.Martin RM, Gunnell D, Smith GD. Breastfeeding in infancy and blood

pressure in later life: systematic review and meta-analysis. AmJ Epidemiol.
2005; 161: 15-26.

Sorof JM, Poffenbarger T, Franco K, Bernard L, Portman RJ. Isolated systolic
hypertension, obesity, and hyperkinetic hemodynamic states in children. J
Pediatr. 2002; 140: 660-6.

Garcia FD, Terra AF, Queiroz AM, Correia CA, Ramos PS, Ferreira QT, et al
Avaliacao de fatores de risco associados com elevagao da pressao arterial. J
Pediatr. 2004; 80 (1): 29-34.

Freedman DS, Khan LK, Dietz WH, Srinivasan SR, Berenson GS. Relationship
of childhood obesity to coronary heart disease risk factors in adulthood: The
Bogalusa Heart Study. Pediatrics. 2001; 108 (3): 712-8.

Arq Bras Cardiol 2010; 94(4):458-463

463



