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Prognostic factors at birth for stunting at 24 months 
of age in rural Indonesia
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Abstract
Background The problems of stunting are its high prevalence as 
well as the complexity of its risk factors. Identifying the modifiable 
prognostic factors at birth may reduce the shortterm as well as 
longterm effects of stunting in later life. 
Objective To estimate the influence of prognostic factors detected 
at birth for stunting at 24 months of age and the occurence of 
reversal of stunting at 24 months of age among children in a rural 
area of Indonesia.
Methods Subjects (n=343) were born to mothers participating 
in a randomized controlled, double-blind, community-based study 
of vitamin A and/or zinc supplementation during pregnancy and 
followed from June 1998 to October 2000. The children were 
followed prospectively from birth until 2 years of age with monthly 
measurements of length from birth to 12 months, and again at 18 
and 24 months. Data on potential prognostic factors detected at 
birth, i.e., maternal, child, and household facilities, were collected 
by trained field workers at home visits. The incidence and risk ratio 
were calculated to assess the influence of the possible prognostic 
factors detected at birth on stunting at 24 months of age among 
these children.
Results Boys who were born prematurely had significantly 
higher risk of stunting at 24 months of age compared to girls born 
maturely. The incidences of stunting at 24 months of age according 
to gender, and gestational age were 33.9% boys vs. 22.5% girls 
(RR 1.80; 95%CI 1.06 to 3.09), and 33.3% premature vs. 27.6% 
mature (RR 7.11; 95%CI 2.07 to 24.48), respectively. 
Conclusion Boys who were born prematurely have significantly 
higher risk to become stunted at 24 months of age. The occurrence 
of reversal of stunting at 24 months of age is low. [Paediatr  
Indones. 2016;56:48-56.].

Keywords: stunting, 24 months, prognostic factors

From Departments of Child Health1 and Obstetrics and Gynecology,2 
Gadjah Mada University Medical School/Dr. Sardjito Hospital, Yogyakarta, 
Indonesia

Reprint requests to:  Endy P. Prawirohartono, Department of Child 
Health, Gadjah Mada University Medical School/Dr. Sardjito Hospital, Jl. 
Kesehatan No. 1, Sekip, Yogyakarta 55284, Office Tel. +62-274561616; 
Fax +62274583745; E-mail: prawirohartonoendypyt@yahoo.co.id

Stunting, defined anthropometrically as 
height-for-age Z-score (HAZ) <-2 SD,1 
is prevalent in children in developing 
countries. The prevalence of stunting 

ranges from 30 to 69% in Asian countries, including 
Indonesia.2-7 In European countries, by comparison, 
only 3.3 to 6.2% children are stunted.8 Early stunting, 
particularly during the first two years of life, decreases 
developmental test scores9 and increases the risk of 
psychological problems10 as well as risk of infection 
due to lower immune function.11

Stunting reflects the cumulative effects of several 
factors that occur through the life cycle. Both genetics 
and the environment are hypothesized to influence 
stunting. Stool regenerating gene protein (REG 1ß) 
has been observed to be higher at 3 months of age and 
predictive of a shortfall in linear growth later in life.12 
In addition, genetic studies among stunted children in 
developing countries revealed that male gender,6,13-

15 short mothers,6,15 paternal education,6,15 paternal 
occupation,6,16 low birth weight,6,14 early supplemen-
tal feeding,6 poor preventive health care,6 maternal 
zinc deficiency,17 low weight gain during pregnancy,18 
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short length at birth,19 history of malnutrition during 
early life,19 unhygienic environments,19 tap water and 
toilet facilities,14,15 family income,14,16 poor breastfeed-
ing practice,20 lack of supplementation with vitamin 
A,16 anemia,16 infections such as diarrhea and respira-
tory infections, food-insecure households, maternal 
tobacco use,22 preterm, and small-for-gestational age23 

were all potential risk factors for stunting.21 However, 
other results have been inconclusive, as gender as well 
as maternal education and occupation were not found 
to be predictors of stunting in another study.16

Stunting may be reversed, especially if it occurs 
during the first two years of life. Of children stunted 
at 2 years of age, only 30% were no longer stunted 
at 8.5 years, and 32.5% were no longer stunted at 
12 years.24 Preventive actions can be included in 
the health program if modifiable factors related to 
stunting in early life can be identified. Nutritional 
support should be included in the rehabilitation 
program, since a diet rich in vitamin A, for instance, is 
related to a greater incidence of reversal of stunting.25 
The controversy about predictors of stunting among 
previous studies suggests that demographic factors are 
likely to play an important role. Therefore, we aimed 
to evaluate possible prognostic factors identified at 
birth for stunting at two years of age, in a rural area of 
Indonesia. We also aimed to evaluate the occurrence 
of reversal of stunting at two years of age. 

Methods

We analyzed secondary data from the Zibuvita and 
the Pronak Studies done from September 1995 to 
December 1999 in the Purworejo District, Central 
Java, Indonesia. The Zibuvita Study was a community-
based, double-blind, randomized controlled trial to 
evaluate the effects of prenatal vitamin A and zinc 
on maternal morbidity and pregnancy outcomes. 
Infants born to Zibuvita mothers (without congenital 
anomalies) whose mothers consented to participate 
were included in the Pronak Study, a longitudinal 
study monitoring children from birth onwards with 
respect to growth, development, feeding practices, and 
morbidity. The results of these studies were published 
elsewhere.26,27  

We had an opportunity to analyze data from 343 
infants who had complete or at least minimally missing 

data on body length from birth up to 12 months of 
age that could be imputed. As such, subjects who died 
before two years of age were excluded. This subset of 
data was selected from 1,956 children born to 2,173 
women who were recruited by the Zibuvita Study. 

Stunting (in this study we combined stunting 
and severe stunting into one category) was defined as 
height-for-age Z-score (HAZ) <-2SD according to the 
WHO 2006 child growth standard.1 We evaluated the 
stunting status at 24 months of age and the reversal 
of stunting between a particular age and 24 months 
of age. Reversal of stunting is not as simple as change, 
for instance, from HAZ –2.1 SD to HAZ -1.9 SD, 
because a minor change of HAZ 0.2 SD is meaningless. 
Therefore, we defined reversal of stunting between 
particular ages (t1) and 24 months of age to be “a child 
who was stunted at t1 but not stunted at 24 months 
and for whom HAZ24 > r × HAZt1, where HAZ24 
was the child’s HAZ at 24 months, HAZt1 was the 
child‘s HAZ at t1 month, and r was the correlation 
coefficient between HAZ24 and HAZt1 calculated by 
statistic software (r = 0.148), for the subset of children 
who were stunted at t1 months and not stunted at 
24 months. Hence, we did not include children for 
whom HAZ24 ≤ r × HAZt1 in the category of those 
who recovered”.21

We analyzed several possible prognostic factors 
for stunting at 24 months of age, which could be 
identified at birth. These factors included maternal, 
child, and household variables. Maternal variables 
analyzed were height (normal vs. short) and education 
(illiterate/low educatational level vs. high educational 
level). Normal maternal height was defined as ≥145 
cm, while short was defined as <145 cm. Maternal 
education was classified as high educatational level if 
she passed high school. Illiterate/low educational level 
was defined as never attended school, graduated from 
primary school, or something in between. �����������Child vari-
ables were weeks of gestation (premature vs. normal), 
birth weight (low vs. normal), birth length (stunted vs. 
not stunted at birth), size for gestational age (small-
for-gestational age vs. appropriate-for-gestational 
age), and birth order (first born vs. non-first born). 
The definition of normal weeks of gestation was ≥37 
weeks, while prematurity was defined as gestation <37 
weeks. Normal birth weight was defined as ≥2,500 g 
and low birth weight as <2,500 g. Appropriate-for-
gestational age was defined as birth weight ≥10th per-
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centile, and small-for-gestational age as birth weight 
<10th percentile. Household variables analyzed 
consisted of source of drinking water (unimproved vs. 
improved), and sanitation facilities (unimproved vs. 
improved). We defined source of drinking water and 
sanitation facilities using WHO criteria.29 Improved 
sources of drinking water included household connec-
tions, public standpipes, boreholes, protected drilled 
wells, protected springs, and rain water collections, 
while unimproved sources included unprotected 
wells, unprotected springs, vendor-provided water, 
and tanker truck-provided water. Improved sanita-
tion facilities included connection to public sewers 
or septic systems, pour-flush latrines, and simple or 
ventilated improved pit latrines, while unimproved 
facilities included service or bucket latrines from 
which sewage was manually removed, public latrines, 
and open latrines. 

Trained field workers collected sociodemograph-
ic and anthropometric data from the participating 
subjects at home visits. At birth, anthropometric data 
were collected within 48 hours of birth. Birth length 
was measured using a calibrated, locally-produced, 
wooden measuring board. Afterwards, subjects’ 
lengths were measured monthly from birth to 12 
months of age, and additional data were collected at 
18 and 24 months of age. Body lengths were measured 
in triplicate and recorded as a mean value. 

We transformed body length data to Z-score 
using Epi Info version 3.3 (Centers for Disease Control 
and Prevention, Atlanta, GA, USA), then imported 
the data to SPSS version 15.0 (SPSS Inc., Chicago, IL, 
USA) for statistical analysis. Our monthly data of body 
lengths from birth to 12 months of age was missing 
in 16% of the subjects’ measurements, therefore, we 
performed imputations by assuming a linear growth 
pattern. For example, we imputed a missing length 
at 9 months of age as [(length at 8 mo + length at 
10 mo)/2].

We calculated relative risk and 95% confidence 
intervals for each prognostic factor detected at birth 
on stunting status at 24 months of age using SPSS 
version 15.0 (SPSS Inc., Chicago, IL, USA). All 
prognostic factors with P<0.2 in univariate analysis 
(unadjusted) then were included in a multivariate 
analysis (adjusted). Statistical significance was de-
termined based on 95% confidence intervals. This 
study was approved by the Health Research Ethics 

Committee of the Gadjah Mada University Medical 
School, Yogyakarta.

Results

Out of 1,956 infants born live to Zibuvita mothers, 
1,613 infants were excluded due to lack of maternal 
consent, being in another study involving micronutrient 
supplementation (namely, the Zinak Study), or who 
had missing body length data which could not be 
imputed. 

Of 343 children, the prevalence of stunting at 
birth was 17/343 (5%). Later in life, 121/343 (35.3%) 
children became stunted between the age of 0 and 24 
months. At 24 months of age, 96/343 (28%) children 
were still stunted. However, of the 121 children who 
were stunted between 0-24 months of age, 25 (20.7%) 
children were no longer stunted at 24 months of age 
(Figure 1). 

Table 1 shows that the majority of mothers in our 
study had a low educational level (76%). Prematurity 
and small-for-gestational age occurred in 7.0% and 
5.2% of the subjects, respectively. Only 12.6% of 
household facilities had unimproved water sources. 
We compared children who were not stunted at 24 
months of age to children who were stunted at 24 
months of age, to evaluate the potential prognostic 
factors related to stunting at 24 months of age. Table 
2 shows that gender and gestational age correlated 
to stunting at 24 months of age. The incidences of 
stunting at 24 months of age were higher in boys 
compared to girls (33.9% vs. 22.5%) and prematurity 
compared to maturity (33.3% vs. 27.6%). Hence, 
infants of male gender (RR 1.80; 95%CI 1.06 to 3.09) 
and prematurity (RR 7.11; 95%CI 2.07 to 24.48) had 
higher risk of stunting at 24 months of age compared 
to infants of female gender and normal gestational 
age. 

Although 20.7% of children who were stunted 
sometime between 0-24 months of age were no longer 
stunted at 24 months, we could not determine that 
the proportion of reversal of stunting in our study was 
20.7%. Based on our definition, only 3/121 (2.5%) 
experienced reversal of stunting at 24 months of age. 
Birth characteristics of 3 children who experienced 
reversal of stunting at 24 months of age were as 
follows: mature, not stunted at birth, appropriate-
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for-gestational age, and born to mothers of normal 
height.  

Discussion

Our multivariable analysis of factors identifiable at 
birth revealed that male gender and premature birth 
were significant prognostic factors of stunting at 
24 months of age. Few children who had ever been 
stunted in the period of 24 months of life experienced 
reversal of stunting at 24 months of age. 

Previous studies from African countries, 
Cambodia, India, and Brazil also reported male 
gender to be a predictor of stunting.13-16,29  A meta-
analysis of 16 demographic and health surveys from 
Sub-Saharan Africa observed that boys were more 

vulnerable to inequalities in health, especially in 
families with low socioeconomic status.13  Moreover, 
the conclusion from 131 demographic health surveys 
and 48 multiple indicator cluster surveys from 80 
countries done from 1990 to 2011 was that countries 
with higher prevalence of stunting tended to have 
larger socioeconomic inequalities.30 Unfortunately, we 
were not able to analyze differences of stunting status 
by socioeconomic situation of families due to lack of 
data. However, gender as a risk factor of stunting at 24 
months of age was reported to be more likely in boys 
the first year, and more likely in girls the second year, 
in a study of Filipino children. The researchers argued 
that differences in parental caregiving behavior led 
to the discrepancy. Boys were given solid food earlier, 
resulting in higher incidence of diarrhea compared 
to girls.6

Figure 1. Study profile

Live birth (n = 1,956)

Excluded (n = 1,613)
•  no consent (n = 896)
•  included in another study (n = 609)
•  missing data (n = 108)

Eligible for analysis (n = 343)

Not stunted between 0-24 months 
(n = 222)

Had been stunted between 0-24 months 
(n = 121)

Stunted at 24 months 
(n = 96)

Not stunted at 24 months 
(n = 25)

Reversal of stunting 
(n = 3)

No reversal of stunting 
(n = 22)
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Small-for-gestational age was a risk factor for 
stunting in a meta-analysis,23 which grouped children 
into four combinations of small-for-gestational age 
status and gestational age. Relative to the reference 
group, i.e., appropriate-for-gestational age (AGA) + 
full term, preterm + AGA, term + small-for-gestational 
age (SGA) and preterm + SGA children had increased 
risk of being stunted at 12-60 months of age with OR  
1.93 (95%CI 1.71 to 2.18), OR 2.43 (95%CI 2.22 to 
2.66), and OR 4.51 (95%CI 3.42 to 5.93), respectively. 
Therefore, according to the RR value of 3.3 (95%CI 
0.93 to 11.8), small-for-gestational age in our study was 
an “almost” significant prognostic factor, supporting 
the meta-analysis results that the origin of stunting is 
during the fetal stage of life. 

Low birth weight was reported to be a risk factor 
for stunting.6,14  Children born with low birth weight 
had a risk of neurological abnormalities that led to 
poor growth.14 However, a Filipino study showed 
that the effect of low birth weight on stunting was 
strongest during the first 6 months of age, then 
declined. This phenomenon occurred for several 
reasons. The length velocity of children born with 
low birth weight is higher during early life compared 
to those with normal birth weight. Thus, children 
who are stunted at birth may no longer be stunted 
several months later. Furthermore, feeding patterns 

influence the growth of low birth weight infants. Such 
children are less likely to initiate breastfeeding and 
are weaned earlier. Therefore, the consumption of 
infant formula in excessive quantities may influence 
growth.6 We observed that although low birth weight 
may increase the risk of stunting, however our finding 
was not statistically significant (RR 3.55; 95%CI 
0.97 to 12.56). Our results contrasted with those 
of the Filipino study, but we did not have sufficient 
data in our subjects’ records to identify other factors 
that may have affected stunting after birth.  Previous 
studies demonstrated that breastfeeding practice, 
feeding patterns, vitamin supplementation, infectious 
diseases, as well as family income affected stunting in 
children.6,14,16,20,21  

Maternal variables were not significant prog-
nostic factors for stunting at 24 months of age in 
our study. Low maternal educational level was not a 
prognostic factor for stunting, in contrast to a Cam-
bodian study that demonstrated a lower prevalence 
of stunted children from educated parents. Ikeda et 
al. hypothesized that educated parents were better 
equipped to provide good care to their children 
than parents with low educational levels.15 Again, 
we were unable to assess the influence of vari-
ous family socioeconomic conditions on stunting 
status. However, an Indian study concluded that 

Table 1. Basic characteristics of mothers and children according to stunting status from a longitudinal study 

Characteristics
Proportion of total 

(%)
Stunting status of the children during the 

first 24 mo. of life*
   Stunting
(n=121)

No stunting
(n=222)

Mother
Height <145cm, n (%)   36/286 (12.6)   17 (14.0)   19 (8.6)
Illiterate/low educational level,‡ n (%) 259/341 (76.0)   97 (80.2)   162 (73.0)

Child
Female gender, n (%) 178/343 (51.9)   57 (47.1)    121 (54.5)
First born, n (%)  72/299 (24.1)   29 (24.0)    43 (19.4)
Premature,§ n (%) 24/343 (7.0)   17 (14.0)    7 (3.2)
Small-for-gestational age,¶ n (%) 18/343 (5.2) 12 (9.9)   6 (2.7)
Stunting at birth, n (%) 17/343 (5.0)   17 (14.0) 0 (0)

Household facilities**

Unimproved water sources, n (%)   43/340 (12.6) 16 (13.2)     27 (12.2)
Unimproved sanitation, n (%) 161/340 (47.4)  63 (52.1)    98 (44.1)

* stunting = HAZ <-2 SD of WHO Growth Standard 2006, 
‡ never attended school or up to primary school graduate
§ gestational weeks <37
¶  birth weight <10th percentile
** according to WHO criteria
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maternal education did not significantly contribute 
to stunting.16 Maternal height was also not a prog-
nostic factor for stunting in our study. In contrast, 
a Cambodian study showed that maternal height 
was a significant risk factor for stunting status of 
the child. Short maternal height correlated with in-
trauterine growth retardation and low birth weight, 
which are potential predictors of infant mortality 
and failure to thrive.15

A report from Brazil showed that economic 
development had not changed the effect of lack 

of toilet availability at home as an indicator of 
socioeconomic status on stunting. Two surveys done 
in 1987 and 200714 indicated that unavailability of 
toilets combined with low birth weight were still 
significant risk factors of stunting. Other risk factors 
identified in the 1987 survey were no longer seen 
to be potential risk factors for stunting in 2007, i.e., 
BCG vaccination and severe pneumonia requiring 
hospitalization. Socio-economic development along 
with health intervention improved child nutritional 
status during the period of time.14 

Table 2. Incidences of stunting and risk for stunting at 24 months of age by prognostic factors identified at birth (maternal, 
child, and household factors) 

Predictive factors Incidence (%) Unadjusted risk Adjusted risk§

RR 95% CI  P value RR 95% CI
Maternal factors
Maternal height

<145 cm 33.9 1.68 0.83 to 3.39 2.04 0.95 to 4.38
Maternal education

High educational level 22.0 1 0.12 1
Illiterate/low educational level * 30.1 1.54 0.89 to 2.65 1.15 0.58 to 2.47

Child factors
Gender

Female 22.5 1 0.19 1
Male 33.9 1.35 0.86 to 2.10 1.80 1.06 to 3.09¶

Gestation at birth
Mature 27.6 1 0.001 1
Premature 33.3 5.02 2.02 to 12.48 7.11 2.07 to 24.48¶

Size-for-gestational age
Appropriate-for-gestational age 26.8 1 0.007 1
Small-for-gestational age† 50.0 3.96 1.45 to 10.85 3.32 0.93 to 11.80

Birth weight
Normal 26.0 1 <0.001 1
Low 54.2 8.08 2.94 to 22.26 3.55 0.97 to 12.56

Birth order
Not first born 26.9 1 0.40
First born 31.9 1.26 0.73 to 2.18 - -

Household factors
Water sources

Improved 27.9 1 0.78
Unimproved‡ 30.2 1.10 0.57 to 2.13 - -

Sanitation facilities
Improved 26.8 1 0.16 1
Unimproved‡ 29.8 1.38 0.88 to 2.15 1.17 0.67 to 2.05

* never attended school up to primary school graduate
†  birth weight <10th percentile
‡ according to WHO criteria
§ prognostic factors with P<0.2 were included in multivariate analysis
¶ significant
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Our study revealed a decline in stunting from 
birth to 24 months of age by 20.7%. However, we 
could not conclude that the prevalence of reversal 
of stunting in our community was 20.7%. According 
to our definition of reversal of stunting, only 2.5% 
children actually experienced reversal of stunting at 24 
months of age. In other words, 18.2% of children who 
were no longer stunted at 24 months of age, increased 
only slightly in length, although they were above the 
HAZ cut-off of –2 SD. A previous study reported a 
higher prevalence of reversal of stunting. Of children 
who were stunted at 6 to 72 months of age, 26.3% of 
them improved their HAZ (>- 2SD) after 18 months 
of follow up.25 Due to different definitions of reversal 
of stunting between studies, 26.3% improvement of 
stunting reported in that study can be deemed similar 
to the 20.7% in our study. We used the reversal of 
stunting definition from a publication based on nine 
prospective studies from developing countries.21 
Checkly et al. reported that 6% of children who were 
stunted at six months of age experienced reversal 
of stunting at 24 months of age. The percentages of 
reversal of stunting at 12 months and 18 months were 
4% and 9%, respectively.21 

Identification of prognostic factors of stunting 
at birth has a two-fold benefit. Intervention can be 
started early. A health promotion program should be 
prioritized for boys born small-for-gestational age or 
low birth weight. Moreover, health workers should 
be mindful of the health and nutritional status of 
pregnant women, since the results of our study 
indicate that intrauterine life has a role in the risk of 
future stunting. 

A strength of our study was that trained field 
workers collected data from birth up to two years age. 
This longitudinal observation permits us to observe 
cause and effect relationships. However, body length 
measurements at only 18 and 24 months after one 
year of age was a limitation of our study. The impact of 
missing body length data from 12 months to 24 months 
was that the occurrence of stunting between 12 and 
18 months, as well as between 18 and 24 months of 
age, could not be precisely identified. However, we 
hypothesized that as stunting is a chronic process, 
stunting between 12 and 24 months might be detected 
at 18 months of age. 

Premature infants and stunted children have 
a higher risk of obesity.33 Children born small-for-

gestational age is “low-high-human” means that 
“low birth weight will be a high risk of high fat in the 
future,” whereas obese children tend to be obese in 
adult life with high risk of cardiovascular disease and 
insulin resistance.34,35 As such, we suggest evaluating 
the occurrence of obesity among surviving small-for-
gestational age infants born to Zibuvita and Pronak 
women, as well as those who experienced stunting, 
since they are currently 14-19 years of age. 

In conclusion, boys who were born prematurely 
with low birth weight and small-for-gestational age 
have significantly higher risk to become stunted at 24 
months of age. Prevalence of the reversal of stunting 
is low, in which these children were likely born by 
mothers with normal height, mature gestational 
age, not stunted at birth, and size appropriate-for-
gestational age.  

Conflict of interest

None declared.   

References

1.	 United Nations Administrative Committee on Coordination 
Sub-Committee on Nutrition. 4th report on the World 
Nutrition Situation. Nutrition throughout the life cycle. 
Geneva: ACC/SCN; 2000.p.4.  

2.	 Wang X, Höjer B, Guo S, Luo S, Zhuo W, Wang Y. Stunting 
and ‘overweight’ in the WHO Child Growth Standards – 
malnutrition among children in a poor area of China. Public 
Health Nutr. 2009;12:1991-8.

3.	 Singh GCP, Nair M, Grubesic RB, Connel FA. Factors 
associated with underweight and stunting among children 
in Rural Terai of Eastern Nepal. Asia Pac J Public Health. 
2009;21:144-52.

4.	 Hoffman DJ, Lee SK. The prevalence of wasting, but not 
stunting, has improved in the Democratic People’s Republic 
of Korea. J Nutr. 2005;135:452-6.

5.	 Cutting WA, Elton RA, Campbell JL, Minton EJ, Spreng 
JM. Stunting in African children. Arch Dis Child. 
1987;62:508-9.

6.	 Adair LS, Guilkey DK. Age-specific determinants of stunting 
in Filipino children. J Nutr. 1997;127:314-20.

7.	 World Health Organization (2009). Global database on child 
growth and malnutrition – Indonesia. 2009; [cited 2009 



Endy P. Prawirohartono et al: Prognostic factors at birth for stunting at 24 months of age 

Paediatr Indones, Vol. 56, No. 1, January 2016 • 55

August]. Available from: http://www.who.int/nutgrowthdb/
database/countries/who_standards/idn.pdf.

8.	 Yngve A, De Bourdeaudhuij I, Wolf A, Grjibosvski A, Brug 
J, Due P, et al. Differences in prevalence of overweight and 
stunting in 11-year olds across Europe: The Pro Children 
Study. Eur J Public Health. 2008;18:126-30.

9.	 Mendez MA, Adair LS. Severity and timing of stunting in the 
first two years of life affect performance on cognitive tests in 
late childhood. J Nutr. 1999;129:1555-62.

10.	 Walker SP, Chang SM, Powell CA, Simonoff E, Grantham-
McGregor SM. Early childhood stunting is associated with 
poor physiological functioning in late adolescence and 
effects are reduced by psychosocial stimulation. J Nutr. 
2007;137:2464-9.

11.	 Verhoef H, West CE, Veenemans J, Beguin Y, Kok FJ. Stunting 
may determine the severity of malaria-associated anemia in 
African children. Pediatrics. 2002;110;e48.

12.	 Peterson KM, Buss J, Easley R, Yang Z, Korpe PS, Niu F, et al. 
REG1B as a predictor of childhood stunting in Bangladesh 
and Peru. Am J Clin Nutr. 2013;97:1129–33. 

13.	 Wamani H, Astrøm AN, Peterson S, Tumwine JK, Tylleskär 
T. Boys are more stunted than girls in sub-Saharan Africa: a 
meta-analysis of 16 demographic and health surveys. BMC 
Pediatr. 2007;7:17.

14.	  Correia LL, Silva AC, Campos JS, Andrade FM, Machado 
MM, Lindsay AC, et al. Prevalence and determinants of child 
undernutrition and stunting in semiarid region of Brazil. Rev 
Saude Publica. 2014;48:19-28.

15.	 Ikeda N, Irie Y, Shibuya K. Determinants of reduced child 
stunting in Cambodia: analysis of pooled data from three 
demographic and health surveys. Bull World Health Organ. 
2013;91:341-9.

16.	 Deshmukh PR, Sinha N, Dongre AR. Social determinants 
of stunting in rural area of Wardha, Central India. Med J 
Armed Forces India. 2013;69:213-17.

17.	 Umeta M, West CE, Verhoef H, Haidar J, Hautvast JG. 
Factors associated with stunting in infants aged 5-11 
months in the Dodota-Sire District, rural Ethiopia. J Nutr. 
2003;133:1064-9.

18.	 Strauss RS, Dietz WH. Low maternal weight gain in the 
second or third semester increases the risk for intrauterine 
growth retardation. J Nutr. 1999;129:988-93.

19.	 Amigo H, Bustos P, Leone C, Radrigán ME. Growth deficits 
in Chilean school children. J Nutr. 2001;131:251-4.

20.	 Eckhardt CL, Rivera J, Adair LS, Martorell R. Full breast-
feeding for at least four months has differential effects on 
growth before and after six months of age among children 
in a Mexican community. J Nutr. 2001;131:2304-9.

21.	 Checkley W, Buckley G, Gilman RH, Assis AM, Guerrant 
RL, Morris SS, et al. Multi-country analysis of the effects 
of diarrhoea on childhood stunting. Int J Epidemiol. 
2008;37:816-30. 

22.	 Saha KK, Frongillo EA, Alam DS, Arifeen SE, Persson LÅ, 
Rasmussen KM. Household food security is associated with 
growth of infants and young children in rural Bangladesh. 
Public Health Nutr. 2009;12:1556-62.

23.	 Christian P, Lee SE, Donahue Angel M, Adair LS, Arifeen 
SE, Ashorn P, et al. Risk of childhood undernutrition related 
to small-for-gestational age and preterm birth in low- and 
middle-income countries. Int J Epidemiol. 2013;42:1340-
55. 

24.	 Adair LS. Filipino children exhibit catch-up growth from age 
2 to 12 years. J Nutr. 1999;129:1140-8.

25.	 Sedgh G, Herrera MG, Nestel P, el Amin A, Fawzi 
WW. Dietary vitamin A intake and nondietary factors 
associated with reversal of stunting in children. J Nutr. 
2000;130:2520-6.

26.	 Prawirohartono EP, Nyström L, Ivarsson A, Stenlund H, Lind 
T. The impact of prenatal vitamin A and zinc supplemen
tation on growth of children up to 2 years of age in rural Java, 
Indonesia. Public Health Nutr. 2011;14:2197–206.

27.	 Prawirohartono EP, Nyström L, Nurdiati DS, Hakimi 
M, Lind T. The impact of prenatal vitamin A and zinc 
supplementation on birth size and neonatal survival – a 
double-blind, randomized controlled trial in a rural area of 
Indonesia. Int J Vitam Nutr Res. 2013;83:14-25.

28.	 WHO Statistical Information System (WHOSIS). Access to 
improved drinking water sources and to improved sanitation. 
2008; [cited 2009 August]. Available from: http//www.who.
int/whosis/indicators/compendium/2008/2wst/en/index/
html.

29.	 Engle-Stone R, Ndjebayi AO, Nankap M, Killilea DW, Brown 
KH. Stunting prevalence, plasma zinc concentrations, and 
dietary zinc intakes in a nationally representative sample 
suggest a high risk of zinc deficiency among women and 
young children in Cameroon. J Nutr. 2014;144:382-91. 

30.	 Bredenkamp C, Buisman LR, Van de Poel E. Persistent 
inequalities in child undernutrition: evidence from 80 
countries, from 1990 to today. Int J Epidemiol. 2014;43:1328-
35.

31.	 Mardones F, Villarroel L, Karzulovic L, Barja S, Arnaiz P, 
Taibo M, et al. Association of perinatal factors and obesity 
in 6- to 8-year-old Chilean children. Int J Epidemiol. 
2008;37:902–10.

32.	 Leitch I. Growth and health. Int J Epidemiol. 2001;30: 
212-6.



Endy P. Prawirohartono et al: Prognostic factors at birth for stunting at 24 months of age 

56 • Paediatr Indones, Vol. 56, No. 1, January 2016

33.	 Barker DJ. The developmental origins of insulin resistance. 
Horm Res. 2005;64:2–7.

34.	 Leitch I. Growth and health. 1951. Int J Epidemiol. 

2001;30:212-6.
35.	 Barker DJ. The developmental origins of insulin resistance. 

Horm Res. 2005;64:2–7.




