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I
t has been shown that elevated blood pressure

(BP) in childhood contributes to the

development of coronary artery disease,

cerebrovascular accidents, heart failure, and renal

failure in adults.1 There is also evidence of some

correlations between childhood BP and BP in

adulthood.2 Moreover, elevated BP in childhood, along

with obesity, is significantly associated with carotid

vascular changes and increased left ventricular mass,

both in children and adults.3-5 Obesity as well as low

birth weight are a risk factors for elevated BP, both in

children and in adults.6-9 Most epidemiological studies

have also shown a relationship between high BP and

socioeconomic status (SES).10,11 In industrialized

countries, individuals of lower SES have been reported

to have higher blood pressure both during childhood
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Background It has been shown that elevated blood pressure (BP)

in childhood contributes to the development of coronary artery

disease, cerebrovascular accidents, heart failure, and renal failure

in adults. There is also evidence of some correlations between

childhood BP and BP in adulthood. Obesity as well as low birth

weight are a risk factors for elevated BP, both in children and in

adults. Most epidemiological studies have also shown a

relationship between high BP and socioeconomic status (SES).

Objective To assess the influence of socioeconomic status and

birth weight on blood pressure of school-aged prepubertal children

living in Indonesia.

Methods A cross-sectional survey on 2922 school-aged

prepubertal children from the rural, poorurban and nonpoor urban

communities was performed. Data on age, sex, stature, BMI, birth

weight, systolic and diastolic BP were collected from all children.

Results Overall and within every socioeconomic status group,

blood pressures were positively associated with stature and body

mass index (BMI). Children from poor-socioeconomic families,

i.e. rural and poor urban, had significantly lower height and BMI,

and hence, in the unadjusted analyses, poor socioeconomic status

was associated with lower systolic and diastolic BP. However, after

adjustment for age, sex, stature and BMI, rural children were found

to have significantly higher systolic BP compared to nonpoor urban

children, with regression coefficient (95% CI) of 1.19(0.42 to

1.96). Birth weight was not associated with blood pressure in

childhood.

Conclusion This study indicated that for a given stature and BMI,

poor children had a higher systolic BP [Paediatr Indones

2007;47:270-277].
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and adulthood, which may be related to obesity, since

obesity is more prevalent among this population.12

However, at present, in contrast to the Western

populations, obesity is not a problem among people of

lower socioeconomic class in developing countries.13

In industrialized countries there is consistently negative

association between SES and BP while in developing

countries this association vary.11,14-16 The basis of these

inconsistent association of SES and BP in developing

countries is not clear. It might be due to the variation

in the stages of modernization, economic development

or adoption of westernized lifestyles between various

communities.15 One of the most marked societal and

environmental changes in developing countries is

urbanization.17,18 With urbanization, a marked increase

in consumption of energy rich as well as salted foods

and a decrease in energy expenditure through less

physical activity is observed.19,20

Low childhood socioeconomic circumstances have

been shown to have long lasting negative influences on

adult health, i. e., poorer cardiorespira-tory fitness, higher

systolic BP, and higher prevalence of obesity, irrespective

of where one ends-up in the socioeconomic hierarchy as

an adult.21,22 The effect of these adverse socioeconomic

circumstances might or might not associated with pre-

and postnatal growth.22,23 Therefore, the aim of the

present study was to evaluate the association between

nutritional status and SES of school aged prepubertal

children living in Indonesia. The contribution of birth

weight on the actual blood pressure in the population

studied was also taken into account.

Methods

Study population and design

The study was performed in two adjacent areas in

Central Java. Yogyakarta, an urban area, was a city

with 487,115 inhabitants at the time of the study.

Gunung Kidul, a rural area located about 20 to 40 km

from Yogyakarta, had 710,691 inhabitants.24 We chosed

these two areas because of the relatively homogeneous

ethnicity of their populations. Most of the people in both

areas were of Javanese descent. The altitude of both

study areas is less than 500 m above sea level.24

A cross-sectional study was conducted on school-

aged prepubertal children in both areas. We randomly

selected 33 of 509 public primary schools in the rural

area and 37 of 172 public primary schools in the urban

area. In Indonesia, it is obligatory for children to enter

primary school at the age of six and seven years.

Prepubertal children (under eight years old for girls and

under nine years old for boys) from the first-and second-

year class of every school were included. The results of

the study on anthropometric status of these prepubertal

children had been reported else where.25

We excluded children with prominent chronic

diseases, such as congenital heart disease or major

thalassemia as well as children with  physical handicaps

that might interfere with the measurements. The study

was performed from February to May 1999 and was

approved by the ethical committee of Gadjah Mada

University, Yogyakarta, Indonesia.

Data collection

Anthropometric data were collected by health

professionals. Heights and weights were measured

using the standard techniques described by the World

Health Organization (WHO).26 Training for

standardization of the measurements, followed by

field practice and testing, was performed prior to data

collection. All measurements were performed

between 8 and 10 a.m. The children, wearing light

clothing, were weighed to the nearest 0.1 kg with a

Seca digital scale (Germany). Height was measured

to the nearest 0.1 cm with a portable stadiometer.

Right mid-upper-arm circumference was measured

at a point midway between the olecranon and the

acromion, using a non-stretchable measurement

tape, to the nearest 0.1 cm.

Blood pressure (BP) was measured using the

standard techniques described by the Task Force on

Blood Pressure Control in Children.27 To minimize

the children’s apprehension, a physician, helped by

the teacher in the class, first explained the procedure

of blood pressure measurement to all children. All

measurements were performed in the classrooms of

the children by one physician using one mercury-

gravity manometer (Riester, Germany). After at least

10 minutes rest from recent activity, children were

asked to sit in a comfortable sitting position with their

right arm fully exposed and resting on a supportive

surface at the heart level. Blood pressures were

measured on the right arm, using appropriate cuff size,
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i.e. a children cuff, when their arm circumferences

were less than 18 cm, or a small adult cuff when their

arm circumferences were 18 cm or above.

The cuff was then rapidly inflated to about 20

mm Hg above the point at which the radial pulse

disappears. The pressure within the cuff is then

released at a rate about 2 to 3 mm Hg per second

while auscultation was performed over the brachial

artery. The systolic BP was determined by the onset

of the “tapping” Korotkoff sound. The diastolic BP

were defined as the muffling of the Korotkoff sounds

(the fourth Korotkoff sound).1,27 Both systolic and

diastolic BP were recorded to the nearest 2 mm Hg.

Information on birth weight was collected using a

questionnaire sent to the parents with the help of the

teachers. Birth dates were verified by the child’s birth

certificate. Definitions of rural and urban populations

were based on agricultural activities and population

densities. Yogyakarta had a population density of

14,988/km2, while Gunung Kidul had a population

density of 498/km.24 In the urban area, the socioeco-

nomic status of each child was individually deduced

from his or her living environment. Children living in

the urban slum area were considered poor, and those

not living in this area were considered to be not poor.

Statistical analyses

The body mass index (BMI) was calculated by dividing

the weight in kilograms by the square of the height in

meters (kg/m2). Data on BMI-for-age were converted to

z-scores based on the year 2000 sex specific Center for

Disease Controls and Prevention (CDC) growth charts

using the nutritional anthropometry module (NutStat)

of the CDC’s Epi Info 2000 (Centers for Disease Control

and Prevention, Atlanta, Georgia, USA).28

Data on height-for-age were also converted to z-

scores using the same reference and statistical software.

Biologically implausible values, such as z-scores below -

6.00 or above +6.00, were excluded from the analysis.

Values that were most likely to represent errors, i.e., those

with 4 z-score units outside the observed mean for every

age in one full year, were also excluded (flexible exclusion

range). Children were classified as stunted if they had

height-for-age z-scores (HAZ) below -2.00.28, 29

Children were considered to have low birth

weights (LBW) when their birth weights were below

the 10th percentile of our study subjects’ sex-specific

birth weight distribution, and considered to have high

birth weights (HBW) when they were above the 90th

percentiles. Children born between the 10th and the

90th percentile were considered to have normal birth

weight (NBW).

All statistical analyses were performed using

SPSS for Windows (Version 9, SPSS, Chicago,

Illinois, USA). The mean and distribution of

continuous data, i.e. data on age, height-for-age z-

scores (HAZ), BMI-for age z-scores (BMIZ), systolic

and diastolic BP between the three socioeconomic

status groups and between the three birth weight

groups were compared using t-tests. Estimates

differences were presented as mean difference and

95% confidence interval (95%CI).

Univariate regression analyses were used to assess

the associations between systolic and diastolic BP as the

dependent variables and socioeconomic status groups,

sex, age, HAZ and BMIZ as the independent variables

separately. Multiple regression analyses were then

performed to estimate the independent contribution of

socioeconomic status to blood pressures adjusted for sex,

age, HAZ and BMIZ with or without birth weight status.

Two sets of multiple regression models were constructed,

one set of models was to compare rural to non-poor urban

children while the other set was to compare poor urban

to non-poor urban children.

To assess predictors of systolic and diastolic BP

within the rural, poor urban and non-poor urban

children or within the LBW, NBW and HBW

children separately, multiple regression models with

sex, age, HAZ and BMIZ as the independent

variables and systolic and diastolic BP as the

dependent variables were constructed for each

socioeconomic status and birth weight group.

Regression coefficients were presented as un-

standardized estimates (95% CI). Statistical

significance (α) was set at P<0.05.

Results

We visited 70 schools to examine a total of 3689

prepubertal children who were listed as first- and

second-year students. We excluded 674 children

because they were not in the required age range. Of

the remaining 3015 children, four missed the

anthropometric measurement session and one had a
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HAZ in the flexible exclusion range.

Of the 3010 children whose anthropometric

measurements were available and considered valid,

we were able to measure the blood pressure, only 2922

children that is 1169 rural children (96% of the eligible

rural children) and 1753 urban children (98%). The

characteristics of 88 children without blood pressure

measurements were comparable to those with blood

pressure measurement except that they were

significantly older.

Children from the urban area were then

subdivided into 431 poor (from the urban slum area)

and 1322 non-poor. The total population studied

consists of 1690 (57.8%) boys and 1232 girls. The three

groups did not differ with respect to the ratio of males

to females (P=0.05), i.e. 59%, 58% and 57% boys in

the rural, poor urban and non-poor urban, respectively.

Rural and poor urban children had significantly

lower mean height-for-age z-scores (HAZ) and BMI-

for-age Z-scores (BMIZ), compared to non-poor urban

children (Table 1). The overall prevalence of stunted

growth, i.e. HAZ <–2.00, was 19%. The prevalence

of stunted growth was 28% in the rural, 17% in the

poor urban and 12% in the non-poor urban children.

The mean blood pressures (BPs) of our subjects

was 99.6 (SD 10.0) mmHg for systolic BP and 59.6

(SD 10.3) mmHg for diastolic BP. The poor urban

children had significantly lower systolic and diastolic

BP than the non-poor urban children. On the other

hand, there were no significant difference in both

systolic and diastolic BP of rural children and non-

poor urban children (Table 1).

Linear regression analyses, either separately or

adjusted for every other variable in the models, showed

that both systolic and diastolic BPs were independently

and positively related to age, HAZ and BMIZ.  In the

model comparing rural and non-poor urban children,

a non-significant lower systolic and diastolic BPs were

observed in the rural children, i.e. regression

coefficients (95% CI) of –0.66 (-1.45 to 0.13) mmHg

for systolic BP and –0.71 (-1.51; 0.08) mmHg for

diastolic BP. After adjustment for sex, age, HAZ and

BMIZ, the association of socioeconomic status with

systolic BP inversed, the systolic BP of rural children

was significantly higher than those of non-poor urban

children, i.e. regression coefficients (95% CI) of 1.19

(0.42; 1.96) mmHg. Although not statistically

significant, the diastolic BP of rural children after

adjustment for the above confounding factors was also

higher than those of the non-poor urban children

(Table not shown).

On the other hand, comparing poor urban

children to non-poor urban children showed that in

the unadjusted model, socioconomic status was

significantly associated with both systolic and diastolic

BPs, i.e. poor urban children had significantly lower

systolic and diastolic BPs.  But, in the model adjusted

for sex, age, HAZ and BMIZ, the association between

socio-economic status and BPs diminished (Table not

shown). Comparing predictors of systolic and diastolic

BPs showed that, within each socioeconomic status

group, age, HAZ and BMIZ were independently and

positively associated with both systolic and diastolic BPs

(Table 2).

Table 1. Comparison of height-for-age (HAZ), body mass index-for-age z-scores (BMIZ), systolic and
diastolic blood pressure (BP) of children from different socioeconomic status groups

Variables Mean (SD) Mean difference (95% CI) P

Height-for-age z-scores (HAZ)
Rural (n=1169) -1.49 (0.89) -0.61 (-0.69; -0.54) <0.001
Poor urban (n=431) -1.27 (0.85) -0.40 (-0.50; -0.30) <0.001
Nonpoor urban (n=1322) -0.87 (0.94) 0 (reference) -

Body mass index-for-age z-scores (BMIZ)
Rural (n=1169) -1.08 (1.01) -0.24 (-0.33; -0.15) <0.001
Poor urban (n=431) -1.12 (1.08) -0.28 (-0.40; -0.16) <0.001
Nonpoor urban (n=1322) -0.84 (1.26) 0 (reference) -

Systolic BP (mmHg)
Rural (n=1169) 99.5 (9.5) -0.66 (-1.45; 0.13) 0.10
Poor urban (n=431) 98.4 (9.6) -1.79 (-2.90; -0.67) 0.002
Nonpoor urban (n=1322) 100.1 (10.5) 0 (reference) -

Diastolic BP (mmHg)
Rural (n=1169) 59.5 (10.0) -0.71 (-1.51; 0.08) 0.08
Poor urban (n=431) 58.5 (11.3) -1.68 (-2.82; -0.53) 0.004
Nonpoor urban (n=1322) 60.2 (10.2) 0 (reference) -
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Of the 2922 children, 2750 (94.1%) reported

their birth weight; i.e. 1079 out of 1169 (92.3%) rural

children, 348 out of 431 (92.3%) poor urban children

and 1273 out of 1322 (96.3%) non-poor urban

children. There were no significant difference in the

prevalence of having low birth weight (LBW) between

the rural (7.9%), the poor urban (9.4%) and the non-

poor urban children (6.9%) (P=0.05). However, the

non-poor urban children had significantly higher odds

to have high birth weight (HBW), i.e. the prevalence

of HBW of 12.4%, compared to 6.8% in the rural

children and 7.2% in the poor urban children.

There were no difference in the mean systolic

and diastolic BP of LBW children compared to those

of NBW children but there were significantly higher

systolic and diastolic BP of HBW children compared

to NBW children (Table 3). Since the mean HAZ

and BMIZ of HBW children were also significantly

higher than those of the NBW children, adjusting

the regression of birth weight to BPs with BMIZ and

HAZ showed that birth weight was not, anymore, a

significant predictor of either systolic or diastolic BPs.

The variable birth weights (Table 2) did not

significantly altered the models. Within each birth

weight group, systolic and diastolic BPs were

significantly associated with BMIZ (data not shown).

Discussion

Our study, similar to previous studies in both developing

and developed countries, showed that systolic and

diastolic blood pressures (BPs) in children were

positively associated with age, stature and BMI.6-9

Similar associations existed within every socioeconomic

status groups studied, i.e. age, stature and BMI were

significant predictors of blood pressures both in low and

high socioeconomic status children.

We found that, in average, the systolic and

diastolic BPs of poor urban children were lower than

those of non-poor urban children, while the BPs of rural

children were not significantly lower than those of the

non-poor urban children. Rural children had average

BPs comparable to non-poor urban children despite the

fact that they had, in average, lower BMI-for-age z-

scores (BMIZ) and height-for-age z-scores (HAZ).

In the models comparing poor urban and non-

poor urban children, the influence of socioeconomic

status on both systolic and diastolic BPs diminished after

adjusting for age, stature and BMI, i.e. showing that

the influence of socioeconomic status on BPs in these

two groups of urban children was more related to the

difference in the distribution of stature and BMI, rather

than the influence of the socioeconomic status per se.

Table 2. Adjusted regression coefficients (b) for systolic and diastolic blood pressure as the dependent
variables and sex, age, height-for-age z-scores (HAZ), and body mass index-for-age z-scores (BMIZ) as
the independent variables in children within different socioeconomic status groups

A. Systolic blood pressure (mmHg)

Variables Rural Poor urban Nonpoor urban
n = 1169 n = 431 n = 1322

β1 (95%CI) β1 (95%CI) β1 (95%CI)

Sex (1=male, 0=female) -0.42 (-1.52;0.68) 0.72 (-1.09;2.52) 1.12 (0.06;2.18)*
Age (mos) 0.09 (0.02; 0.16)* 0.13 (0.01; 0.25)* 0.15 (0.08; 0.23)***
HAZ 1.80 (1.19; 2.42)*** 1.46 (0.40; 2.52)** 2.54 (1.97; 3.12)***
BMIZ 2.36 (1.84; 2.89)*** 2.39 (1.57; 3.21)*** 2.36 (1.93; 2.78)***
Constant 97.3 (91.4; 103.3)*** 90.9 (80.5; 101.3)*** 90.1 (83.6; 96.6)***
Adjusted R square 0.10 0.10 0.18

B. Diastolic blood pressure (mmHg)

Variables Rural Poor urban Nonpoor urban
n = 1169 n = 431 n = 1322

β1 (95%CI) β1 (95%CI) β1 (95%CI)

Sex (1=male, 0=female) -0.98 (-2.18; 0.21) -1.95 (-4.16; 0.25) 0.09 (-1.00; 1.18)
Age (mos) 0.08 (0.005; 0.16)* 0.20 (0.05; 0.34)** 0.19 (0.11; 0.27)***
HAZ 1.77 (1.10; 2.43)*** 1.14 (-0.15; 2.44) 1.60 (1.01; 2.20)***
BMIZ 1.11 (0.54; 1.67)*** 1.78 (0.77; 2.78)** 1.62 (1.18; 2.06)***
Constant 56.7 (50.2; 63.2)*** 45.3 (32.6; 58.0)*** 46.3 (39.6; 52.9)***
Adjusted R square 0.04 0.05 0.10

1 β: unstandardized coefficient with adjustment for every other variable in the model.
* P<0.05; ** P<0.01; ***P<0.001
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Comparing rural children to non-poor urban

children showed different things. In the unadjusted

models, systolic and diastolic BPs of rural children were

not different. When the models were adjusted for sex,

age, stature and BMI, the rural children had

significantly higher systolic BP compared to non-poor

urban children of a given stature and BMI. Although

not statistically significant, similar associations were

also observed for diastolic BP.

In association with birth weight, our study

observed that higher birth weight children had higher

systolic BP.  The association was explained by higher

current BMIZ and HAZ in HBW children.

The rural communities in this study seemed to

be the poorest among the three SES groups studied

since they had the largest prevalence of stunted

growth, i.e. 28%, compared to 17% in poor urban

children and 12% in non-poor urban children. Stunted

growth reflected long-term cumulative inadequacies

of health and nutrition, and had been strongly

associated with poverty.29,30 However, stunted growth

was not the only risk factor for raised BP in these rural

children, as had been suggested by a study in Brazils,31

because even in this poor population, BPs were

positively associated with both height and BMI.

Poor rural communities in developing countries

are at higher risk for suffering from impaired prenatal

and early postnatal growth, since these are the times

when growth is most vulnerable to the adverse effect

of poverty, poor nutrition and high prevalence of

infectious diseases.30,32-34 However, studies showed

that some of these growth retarded infants did exhibit

catch up growth at later ages.35,36

The associations between impaired fetal growth

and raised blood pressure in later life, either in

developing or developed countries, have been widely

reported.37,38 Some studies have also observed the

relation of rapid growth in late childhood or adolescent

period to higher BP later in life.6,36,39 Nevertheless,

the influence of infant growth to later BP varies.

Walker et al. 2001, in a study in Jamaica found

no difference in systolic or diastolic BPs between

stunted and non stunted children. However, he

reported larger effects of increasing weight on systolic

BP of 11 to 12 years-old Jamaican children who were

stunted between the age of 9 to 24 months.36 Cheung

et al. observed that after controlling birth length and

ponderal index, the change in ponderal index from 6

to 18 months was inversely associated with systolic

BP in young Hongkong adults.40 Similarly, Adair and

Cole, in a longitudinal study in The Philippines

showed that growth rate in infancy was negatively

associated with later BP.39 On the other hand, several

studies in developed countries had failed to observe

any association between growth in infancy and later

BP once birth weight had been taken into account.41,42

A study of 3157 people born in 1946 in Britain

showed that poor childhood growth provided some of

the explanation for the influence of childhood social

class gradient on later blood pressure.23 However, A

Finnish cohort study on people born in 1934-44 found

an enhanced effect of negative association of poor

childhood growth with adult BP among those grown

up in poor social conditions.22 So far, it is not yet clear

whether the influence of childhood socioeconomic

status on later blood pressure is mediated, at least

partly, through the growth in early life.

The much higher prevalence of stunted growth

observed in the rural children in our study indicated that

the rural community had more probability to suffer from

pre- and postnatal growth restriction. If linear growth

Table 3. Comparison of height-for-age (HAZ), body mass index-
for-age z-scores (BMIZ), systolic and diastolic blood pressure (BP)
of children from different birth weight groups.

Variables Mean Mean difference P
(SD) (95% CI)

Height-for-age z-scores (HAZ)
LBW1 (n=193) -1.45 (0.87) 0.26 (0.12 – 0.40) <0.001
HBW2 (n=242) -0.77 (0.95) -0.42 (-0.54 – (- 0.29) <0.001
NBW3 (n=2315) -1.19 (0.94) 0 (reference) -

Body mass index-for-age z-scores (BMIZ)
LBW1 (n=193) -1.25 (1.13) 0.24 (0.07 – 0.41) 0.005
HBW2 (n=242) -0.40 (1.03) -0.61 (-0.76 – (-0.46) <0.001
NBW3 (n=2315) -1.01 (1.14) 0 (reference) -

Systolic BP (mmHg)
LBW1 (n=193) 99.54 (9.43) 0.061 (-1.38 – 1.50) 0.93
HBW2 (n=242) 102.34 (11.30) 2.86 (1.37 – 4.34) <0.001
NBW3 (n=2315) 99.48 (9.83) 0 (reference) -

Diastolic BP (mmHg)
LBW1 (n=193) 58.87 (9.56) -0.71 (-2.23 – 0.81) 0.36
HBW2 (n=242) 61.09 (10.57) 1.51 (0.13 – 2.89) 0.03
NBW3 (n=2315) 59.58 (10.40) 0 (reference) -

1 LBW=  low birth weight, having a birth weight below the 10th percentile
of our study subjects’ sex-specific birth weight distribution, i.e. below
2500 g for both boys and girls
2 HBW= high birth weight, having a birth weight above the 90th

percentile of our study subjects’ sex-specific birth weight distribution,
i.e. above 3600 g for boys and above 3500 g for girls
3 NBW= normal birth weight, having a birth weight between the 10th

and the 90th percentile of our study subjects’ sex-specific birth weight
distribution
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retardation in early life did indeed potentiate the effects

of later weight gain on blood pressure, this and the poor

socioeconomic circumstances might be the explanation

for the observed higher sytolic BP in the rural children

in our study. But of course, due to the cross sectional

nature of our study, we could not verify this hypothesis.

Albeit small, i.e. 1.19 mmHg (95%CI 0.42 to 1.96),

the elevated systolic BP observed in these rural children

was independent of other important predictors of BP in

childhood, i.e. sex, age, stature and BMI.  Studies in adults

in developing countries found a difference of around 2

to 5 mmHg between SES groups studied.14,16 Previous

studies in Indonesian adults found no consistent

difference in the prevalence of hypertension between

rural and urban population.43 In 1986, a study in some

subdistricts in Yogyakarta observed a slightly higher

prevalence of hypertension in rural children (aged 6 to

14 years old) compared to urban children.44

In summary, our study indicates that the poorer

segment of the population, i.e. the rural community,

faced a higher risk for developing hypertension, which

might be related to the observed higher prevalence of

stunted growth in this community. Since one third of

the children in developing countries become growth

retarded before the age of 5 years,45 if linear growth

retardation potentiates the effects of later weight gain

on blood pressure, then stunting in early childhood will

be an important contributor to the rise of cardiovascular

disease in developing countries. For disease prevention,

we should therefore focus on optimization of fetal and

infant growth.
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