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Abstract
BACKGROUND: Several studies found that children experiencing rapid growth earlier in life might increase the risk 
of chronic disease. Cardiovascular disease and hypertension are common risk factors and have been the leading 
cause of death worldwide. However, studies investigating the effects of rapid growth in early life on blood pressure 
later in life are limited.

AIM: This study aimed to analyze the association between rapid growth after the first 1000 days of life and blood 
pressure at 17−19 years old.

METHODS: We analyzed 17-year follow-up cohort using secondary data from the Indonesian Family Life Survey 
from the second (1997), third (2000), and fifth wave (2014). The survey was conducted in 13 provinces in Indonesia. 
No more than 672 children under 2 years old were included in the study. Rapid growth was defined as an alteration in 
length or height-per-age and weight-per-age z-score, based on WHO Child Growth Standard, on 1997 and 2000 time 
frame which was greater than 0.67, experienced by children with malnutrition (low birth weight, stunted, underweight, 
and wasting). Blood pressure was measured three times by an oscillometric method in 2014. In addition, we used 
a one-way ANOVA (analysis of variance) test to assess the association of rapid growth on systolic blood pressure.

RESULTS: Malnutrition children at 0-2-year-old that grow rapidly in length or height, had higher systolic blood 
pressure than normal children (p = 0.029). In contrast, there was no difference observed in systolic blood pressure 
in children with malnutrition and children who did not experience rapid growth in weight.

CONCLUSIONS: Children who had a history of malnutrition earlier in life (0−23 months) and had rapid growth in 
length or height after the first 1000 days of life had higher systolic blood pressure than normal children and children 
with malnutrition who did not grow rapidly.
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Introduction

The first 1000 days of life are a golden period 
for growth and development that determines health 
quality in the subsequent life cycle. Growth failure or 
malnutrition, mostly caused by nutrition deficiencies 
during pregnancy or the post-natal period, enables 
the adaptive response of infants to optimizing survival 
rate. As a result, they limit growth and development 
and run into epigenetic changes that alter fat–glucose 
metabolism by having fewer nephron cells on their 
kidney. On the other hand, children with malnutrition 
during the first 2 years of life can grow rapidly as the 
compensation of restricted conditions and to catch-up 
growth [1], [2].

Rapid growth is defined as gaining weight and 
length/height standard deviation exceeding the normal 
limit after an event of malnutrition. Malnutrition, which 
commonly occurs during the first 1000 days of life, 
includes low birth weight, stunting, and underweight. 
Early rapid growth in the post-natal period increases 
the risk of having a disease in adulthood. This condition 

occurs because children with rapid growth prioritize 
energy allocation from their nutrition intake to catch-up 
growth, whereas the development of metabolic organs 
and kidneys become suboptimal. As a result, rapid 
growth has detrimental effects on long-term health, 
including the risk of having higher blood pressure later 
in life. In addition, rapid growth alters metabolism and 
hormonal change; a bigger body size after a period of 
rapid growth needs optimal organ capacity. However, 
in children with malnutrition, the organs’ functions are 
suboptimal. As an outcome, they have a higher risk 
of excess body fat, insulin resistance, and high blood 
pressure [3], [4], [5].

According to the World Health Organization 
(WHO) data in 2015, high blood pressure – also 
commonly known as hypertension – is the major risk factor 
of cardiovascular disease and kidney disease. About 
1.13 billion people were diagnosed with hypertension, 
where its complications caused 55% of the mortality 
rate. Commonly, hypertension is more prevalent in the 
elderly, but nowadays, hypertension has become more 
prevalent in the younger age group. Surprisingly, this 
condition might occur since adolescence. In developing 
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countries, where malnutrition is common, the prevalence 
of hypertension has increased, including in Indonesia. 
Based on the Basic Health Survey (RISKESDAS) 
report, the prevalence of hypertension in adults age 
18 years old and older was 25.8% in 2013, and it 
reached 34.1% in 2018 [6].

Hypertension in adolescence leads to 
hypertension in adults, which increases the risk of 
morbidity and mortality. Epidemiological evidence 
suggests that growth and development in early life affect 
the development of hypertension later in life [7], [8]. 
The earlier studies in developed countries have shown 
that hypertension was more prevalent in children with 
low birth weight and stunting in early life. In contrast, 
studies in developing countries have shown that low 
birth weight and stunting did not strongly correlate to 
blood pressure. Recent studies from Asian countries 
show that rapid growth in weight, body mass index, and 
height/length in early life significantly correlated to the 
blood pressure elevation [9], [10], [11].

A longitudinal study that analyses rapid growth 
and its association to later health outcomes is still 
limited in Indonesia. A distinct mechanism about how 
rapid growth is associated with blood pressure in the 
Indonesian population is still unknown. Therefore, this 
study analyzed the association of rapid growth after the 
first 1000 days of life to adolescents; blood pressure. 
The result of this study is expected to provide more 
information about rapid growth and its impact on blood 
pressure later in life and to improve early hypertension 
prevention programs.

Methods

This study used secondary data from Indonesia 
Family Life Survey (IFLS), which provides longitudinal 
data from families and their individual members. There 
are five survey waves in which the data report has 
been published. We used data from the second wave 
in 1997, the third wave in 2000 and the fifth wave in 
2014. This study was an observational study with 
a retrospective cohort design. Data were collected 
from sampled families in 13 provinces of Indonesia (4 
provinces in Sumatra, 5 Provinces in Java, the other 4 
provinces represent Bali, Nusa Tenggara Barat, South 
Kalimantan, and Sulawesi).

IFLS used stratified random sampling based 
on residence area to determine the study sample. The 
population in this study was households with children 
under 2 year olds or aged 0−23 months in 1997. The 
inclusion criteria were singleton biological children 
in households that had complete anthropometric and 
blood pressure measurements. Children who were 
premature or born with small for gestational age (SGA) 
condition, and children with the extreme value of 

standard deviation score in anthropometric indicators, 
were excluded from the sample. From a total of 1215 
households with children under 2 available in 1997, 
only 672 children were included in this study. The 
questionnaires of IFLS consist of individual, household, 
and community books followed by anthropometric 
and health measurements. Data were collected by 
direct interview for adults and used proxy interviews 
for children and infants. We merged data from several 
questionnaire books. Institutional Review Board at 
Universitas Indonesia approved the study protocol 
number: Ket_464/UN2.F10.D11/PPM.00.02/2021.

We followed the children aged 0−23 months 
at a baseline in 1997 until 17 to 19 years old in 2014. 
Children’s data included in this study were birth dates, 
survey dates, age, sex, birth weight, length or height, 
weight, and blood pressure in wave 5. In addition, we 
used parents’ education level for parents’ data, and 
for household and community data, we included the 
household income, total asset, and housing area. As 
a result, the recontact rate of IFLS in every wave was 
more than 90%.

We defined children’s age based on birth 
date and survey date. Birth weight was categorized 
as normal birth weight (>3 kg) and low birth weight 
(<3 kg). Children with birth weights lower than 3 kg had 
an increased risk of higher blood pressure in adults [5]. 
The trained nurse measured anthropometric and health 
measurements; the same methods were used in every 
survey wave. Length/height was measured using Shorr 
measuring boards, and children’s weight was measured 
using Seca Floor Model Scales. Blood pressure was 
measured three times in the same visit using Omron 
Digital Self Initiating Meter (Oscillometric method), and 
we used average from those measurements.

Anthropometric data were converted into age-
gender specific z-score using WHO Anthro software, 
based on WHO Child Growth Standard. Children’s 
length/height measurements were converted into 
height/length-for-age z-score (HAZ) and weight 
measurements into weight-for-age z-score (WAZ). 
Children weight-for-height/length were converted into 
weight-for-height z-score (WHZ). Stunting was defined 
as the HAZ score below −2SD, underweight as the WAZ 
score <−2SD and wasting as the WHZ score <−2SD. 
Rapid growth was defined as an increase or change of 
HAZ and WAZ from 1997 (children aged 0−23 months) 
to 2000 (children aged 3−5 years), more than 0.67 
units equal to one unit major centile band in SD Score. 
This definition has been used in some studies of rapid 
growth in weight, body mass index (BMI), and length or 
height with samples in Low middle-income countries or 
Asian populations [1], [12], [13]. We grouped children at 
baseline into normal and children with malnutrition (low 
birth weight, stunting, or underweight). Furthermore, 
we divided children into three groups based on rapid 
growth in HAZ and WAZ, categorized as a normal 
group, children with malnutrition but not growth rapidly 
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(non-rapid growth), and children with malnutrition and 
growth rapidly (rapid growth).

Mother and father’s education level was 
grouped into three categories: Did not attend school 
and attended primary school, middle school, and higher 
school. Next, we calculated household income and total 
assets. Then, we divided them into five quintiles, from 
the poorest to the richest – finally, housing areas were 
categorized as urban and rural areas.

We summarized characteristics of samples 
using univariate analyses, continuous variables 
described by mean with standard deviation or median 
and range after normality test, and categorical variables 
described by frequency and percentages of the total 
sample. In addition, we performed a one-way analysis 
of variance to compare blood pressure among rapid 
growth groups based on HAZ and WAZ. The test was 
significant if the p < 0,05. All analyses were conducted 
using STATA software.

Results

Descriptive statistics of samples characteristic 
and demographic data are presented in Table 1. This 
study’s samples were dominantly female; the sex ratio 
was nearly balanced for both sex groups. For most 
children aged 12−23 months, the least age group was 
6 to 11 years old. The prevalence of low birth weight 
was 21.13% using a low birth weight cutoff point below 
3 kg. Stunting was the most prevalent malnutrition 
experienced by 40% of samples. On the other hand, 
the prevalence of underweight was 20%, whereas the 
wasting rate was only 11.9%. Thus, more than half of 
the samples had a history of malnutrition: Low birth 
weight, stunting, underweight, or wasting. Of children 
with malnutrition in early life, 25.63% experienced rapid 
growth according to HAZ, and 20.3% had rapid growth 
based on WAZ.

Most of the parent’s education level was no 
education or did not attend school or primary school, 
the percentage was 58,18% of mothers and 44,94% 
of fathers. Most samples had household income 
in Quintile 3 (22.7%) and total household assets 
mostly in Quantile 3 and 5 (20.09%). The mean 
value of numeric variables is described in Table 2. It 
was shown that the mean value of birth weight was 
3.19 kg ± 0.52 kg, which was categorized as normal 
birth weight. However, it was found that the minimum 
birth weight value was 1 kg – categorized as very low 
and the maximum birth weight reached 6 kg – which 
is considered very high considering the gestational 
age was 37−40 weeks. Based on HAZ, WAZ, and 
WHZ measurements in 1997, the mean value at 
baseline was categorized as normal. The least mean 
value observed among those growth indicators was 

HAZ, while WHZ had the widest range. The mean 
value of systolic and diastolic blood pressure was 
118.34 mmHg and 72.57 mmHg, respectively. The 
highest systolic and diastolic blood pressure values 
were 171.00 mmHg and 103.67 mmHg, respectively, 
which were above normal blood pressure limits. The 
normal blood pressure value for adolescents was a 
maximum of < 120 mmHg for systolic blood pressure 
and < 80 mmHg for diastolic blood pressure.
Table 2: Mean of birth weight, HAZ, WAZ, WHZ at baseline and 
blood pressure in 2014 at age 17−19
Parameter Mean ± SD Min Max
Birth weight (kilogram) 3.19 ± 0.52 1 6.03
HAZ (score) −1.42 ± 1.91 −6 5.93
WAZ (score) −0.95 ± 1.37 −5.76 4.87
WHZ (score) −0.2 ± 1.73 −5.16 10.57
Systolic blood pressure (SBP) (mmHg) 118.34 ± 12.38 90 171
Diastolic blood pressure (DBP) (mmHg) 72.57 ± 8.61 40.67 103.67

The comparison of blood pressure means 
value between the group is described in Table 3. The 
result of HAZ among rapid growth groups – rapid 
linear growth – shows that the lowest mean value 
was observed in the non-rapid group for systolic blood 
pressure (SBP) and in the normal group for diastolic 

Table 1: Characteristic and demographic of respondents  
(n = 672)
Characteristics n %
Sex

Female 354 52.68
Male 318 47.32

Age group
0−5 month 181 28.86
6−11 month 153 22.77
12−23 month 338 50.3

Birth weight 
Normal 530 78.87
Low birth weight 142 21.13

Height for age Z score at baseline
Normal 409 60.86
Stunting 263 39.14

Weight for age Z score at baseline
Normal 537 79.91
Underweight 145 20.09

Weight for height Z score at baseline
Normal 592 88.1
Wasting 80 11.9

Malnutrition 
Normal 285 42.4
Malnutrition 387 57.59

Rapid growth in HAZ
Normal 285 42.4
Non-rapid growth 214 31.9
Rapid growth 172 25.63

Rapid Growth on WAZ
Normal 285 42.4
Non-rapid growth 250 37.3
Rapid growth 136 20.3

Mother education
Middle school 111 16.5
Higher school 170 25.3

Father education
No education/primary 302 44.94
Middle school 98 14.58
Higher school 272 40.47

Household income
Quantile 1 136 20.24
Quantile 2 136 20.24
Quantile 3 151 22.27
Quantile 4 118 17.56
Quantile 5 131 19.49

Total Asset 
Quantile 1 134 19.94
Quantile 2 134 19.94
Quantile 3 135 20.09
Quantile 4 134 19.94
Quantile 5 135 20.09

Housing area
Urban 387 64.84
Rural 285 35.17
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blood pressure (DBP). The highest mean value for 
SBP was in children with malnutrition who experienced 
rapid growth (120.5 mmHg). In line with SBP, the 
highest DBP based on HAZ was in the rapid growth 
group (73.9 mmHg). Between the rapid linear growth 
group, the normal group had the widest range of SBP 
and DBP. There was a significant difference between 
SBP mean values among the rapid linear growth group 
with p-value=0.029. Otherwise, there was no significant 
difference in DBP mean value among the rapid growth 
group based on HAZ. In contrast, the result observed 
in the rapid growth group based on WAZ, the highest 
mean of SBP and DBP was in the non-rapid growth 
group, who had a history of malnutrition in early life 
but did not have rapid weight growth after 2-year-old. 
The mean value of SBP and DBP was higher in the 
rapid growth group than in the normal group, but the 
non-rapid growth group experienced the highest in both 
measurements. There was no significant difference 
between SBP and DBP among the rapid growth group 
based on WAZ. The p-values of the comparison test in 
SBP and HBP among the rapid growth group based on 
WAZ were 0.464 and 0.258, respectively.

Discussion

In recent years, the role of early life growth 
in determining the quality of health later in life has 
been extensively studied. Rapid growth during early 
life may have detrimental effects on health. The 
association between a child’s rapid growth and blood 
pressure as the major risk factor of heart disease was 
investigated [9], [12]. We conducted an observational 
study using longitudinal data from 672 children aged 
0−23 months in 1997 as a baseline and followed until 
they were 17 to 19 years old in 2014. We analyzed the 
rapid growth in children with malnutrition associated 
with blood pressure in adolescents. This study found 
that rapid growth in length/height in children with 
malnutrition during the first 1000 days of life was 
associated with higher systolic blood pressure. There 
was a significant difference between SBP in children 
with malnutrition who experienced rapid growth 
compared to normal children. The mean value of 

SBP in children with malnutrition who experienced 
rapid growth was >120 mmHg, which was above the 
normal limit of SBP for adolescents aged 17−19 years 
old. Based on the American Academy of Pediatrics 
definition, SBP starts from 120 mmHg, categorized as 
elevated blood pressure [14]. The mean value of DBP in 
the rapid growth group based on HAZ was 73.9, which 
is also the highest among groups. However, it is below 
80 mmHg, so that, on average, the mean DBP value 
is still considered normal blood pressure. There was a 
difference in DBP mean value between the rapid growth 
group based on HAZ, even though it was insignificant.

A study from Heys (2013) analyzed data from 
children in Hong Kong of 1997 birth cohort and followed 
until 11 years old, which found that linear growth in 
childhood was associated with adolescent systolic and 
diastolic blood pressure. In line with the study from 
Heys, another result from the same cohort study, which 
followed until the samples 17.5 years old, showed that 
greater length-for-age z-score (LAZ) obtained from 3 to 
8 years and 8 to 14 years was positively associated 
with higher SBP. However, these two studies did 
not separate children based on their experience of 
malnutrition in early life. In addition, they collected 
birth weight data and anthropometric measurements at 
3 months. According to a study from Heys, it was found 
that birth weight and growth in infancy were not strongly 
associated with adolescent blood pressure. Howeve, 
current body size and growth in childhood were more 
correlated to blood pressure. Similarly, the following 
cohort analyzed by Cheng showed that birth weight had 
no association with z-score SBP and DBP [9], [11].

This study divided the group of rapid growth 
into three, which separate children with malnutrition 
during 1000 first days of life at baseline. The children 
with malnutrition consist of those who experienced 
low birth weight, stunting, underweight and wasting. 
A hypothesis related to the fetal origin of the disease 
stated that prenatal exposures – indicated by birth 
weight – were associated with higher blood pressure. 
Studies in the Western population found an inverse 
association between birth weight and blood pressure. If 
studies from the Hong Kong birth cohort did not support 
the hypothesis, a cohort study from Amsterdam found 
that lower birth weight was associated with higher blood 
pressure at 5 years old. This study also suggested that 
faster weight gain and linear growth after 1 month of 
age positively correlated with systolic and diastolic 
blood pressure. The group with lower blood pressure 
from this study had a longer duration of breastfeeding 
and had complementary feeding introduction after 
6 months of age [11], [15].

Children with prenatal and early post-natal 
undernutrition are predisposed to the increased risk 
of coronary heart disease caused by the development 
of atherogenic metabolic change. Hypertension is 
one of the risk factors of coronary heart disease. In 
addition, hypertension is commonly found in adults who 

Table 3: Association of rapid growth with blood pressure in 
adolescent
Rapid growth group SBP Min Max DBP Min Max

Mean ± SD Mean ± SD
Rapid growth HAZ

Normal 117.9 ± 12.7 90 171 72 ± 8.8 40.67 103.3
Non-rapid growth 117.3 ± 11.8 93.7  159 72.3 ± 8.2 44.67 99
Rapid growth 120.5 ± 12.2 96.7  157 73.9 ± 8.8 54.3 103.7

p value 0.029 * 0.064
Rapid growth WAZ

Normal 117.9 ± 12.7 90 171 72 ± 8.8 40.67 103.3
Non-rapid growth 119.1 ± 12.5 95 159 73.3 ± 8.3 51.3 103.7
Rapid growth 118.5 ± 11.5 93.7 153 72.5 ± 8.8 44.67 94.7

p value 0.464 0.258
SBP: Systolic blood pressure, DBP: Diastolic blood pressure, *p < 0.05.
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experience stunting in early life. In India, a study from 
Deka found that 28% of stunted children had elevated 
blood pressure, particularly DBP (p < 0.05). Similarly, 
an earlier study from Febba in Brazil found that stunting 
was associated with angiotensin-converting enzyme 
activity, which correlated to higher blood pressure. In 
contrast, a study conducted in Indonesia shows no 
significant association between stunting in childhood 
and adolescent blood pressure, both systolic and 
diastolic [2], [10], [16], [17].

Several studies have reported that accelerated 
weight gain in early childhood is related to a higher risk 
of elevated blood pressure. The weight accelerated 
growth during childhood predicts elevated blood 
pressure. The weight gain during childhood was 
correlated with obesity risk. A study from Nan in China 
found that rapid growth in body mass index had a 
higher odd ratio of SBP and DBP with OR 2.38 and 
2.42, respectively. Another study from Ong had found 
that children with fetal growth deceleration followed 
with rapid postnatal weight gain from 0 to 2 years, was 
associated with elevated blood pressure. In line with 
those studies, the study by Asiki in Uganda suggested 
that children who recovered from wasting had higher 
blood pressure than the normal group. Children in this 
group had the highest blood pressure trajectories from 
3 to 7 years old compared to other groups [1], [12], 
[18]. The result of this study was contrary to studies 
from Ong and Nan. There was no significant difference 
between rapid growth groups based on WAZ in SBP 
and DBP. Malnutrition children who did not experience 
rapid growth in weight, had the highest mean of SBP 
and DBP. The effect of early pre- and post-natal 
exposure to malnutrition had significantly affected 
blood pressure. The limitation of this study was blood 
pressure measurements that used in this study were 
collected using digital measuring tools or oscillometer 
at one visit, not being confirmed or diagnosed as 
hypertension. We did not exclude the children who 
might have hypertension caused by immune metabolic 
disease because no data or supplements mention this 
condition.

Growth is the process of increasing in size that 
reflects the child’s health and living condition. Poor child 
growth is associated with poorer cognition and health 
quality later in life. Hence, the promotion or recovery 
from poor growth has been a priority to improve 
cognitive function and children’s health. However, many 
studies have revealed that rapid growth during early life 
has several adverse effects on long-term health. Rapid 
growth could increase the risk of chronic disease, 
including hypertension. This study showed rapid growth 
in children with malnutrition is the risk factor of higher 
systolic blood pressure [4], [9]. From the result of 
this study, it has been shown that rapid growth might 
increase the risk of elevated systolic blood pressure. 
On the other hand, if the prevalence of malnutrition 
was reduced, it might have a protective effect on the 

development of hypertension in adolescents and adults. 
Therefore, the growth of children who had malnutrition 
in early life should be monitored regularly. Furthermore, 
an intervention program for children and their families 
should be developed to reduce the risk of hypertension 
in later life.

Conclusion

Rapid growth in length/height after 1000 days 
of life in children with malnutrition was associated with 
higher systolic blood pressure in adolescents. There 
was a significant difference between SBP in the rapid 
growth group and the normal group. In contrast, there 
was no significant difference between SBP in children 
with malnutrition who did not grow rapidly and the 
normal group. Diastolic blood pressure of children with 
malnutrition who experienced rapid growth in length/
height was higher than other groups but not significantly 
different. On the other hand, there was no significant 
difference between SBP and DBP among the rapid 
growth group based on WAZ.
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