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ABSTRACT

Background: Stunting is impaired growth caused by chronic malnutrition in the first thousand days of life
divided into prenatal and postnatal period. The prenatal period starts from conception until the time of
birth. It is caused by multifactor including dietary consumption, infectious diseases, maternal nutrition,
socioeconomic factors, and environmental factors.

Objective: This study aims to identify the correlation between prenatal factors and the incidence of
stunting in toddlers aged 0-23 months in Guntur II Primary Health Care, Demak Regency.

Methods: This was an analytic observational study with a case control design. Independent variables in
this study were hemoglobin levels, iron tablet consumption behaviour, chronic energy deficiency (CED)
status, maternal height, and antenatal care (ANC) frequency. Its sampling technique was a purposive and
consecutive sampling. Its data were analysed by chi-square for bivariate analysis and logistic regression
test for multivariate analysis.

Results: Hemoglobin levels correlated with incidence of stunting (p = 0.012; OR = 4.375); as well as iron
tablet consumption behaviour (p= 0,297; OR = 1.727). Next, chronic energy deficiency status correlated
with stunting (p = 0.045; OR = 3.333) as well as maternal height (p = 0.045; OR = 3.333). Also, ANC
frequency and the stunting correlation was p = 0.067; OR = 2.667. Risk factors for stunting based on
multivariate analysis are chronic energy deficiency status (f = 1.703; p = 0.014; OR = 5.489) and frequency
of ANC (B =1.460; p=0.018; OR = 4.307).

Conclusion: The hemoglobin levels, maternal height, and CED status have significant correlation with
incidence of stunting in toddlers aged 0-23 months. The CED status is the dominant risk factor of incidence
of stunting in toddlers aged 0-23 months.

[ L]

INTRODUCTION

Stunting is characterized by a height-for-age Z score of less than -2, meaning it falls two
standard deviations below the median for a well-nourished reference population based on age
and sex. [t refers to growth impairment caused by chronic malnutrition during the first thousand
days of life, which includes both the prenatal and postnatal periods, starting from conception.
Moreover, it is influenced by various factors such as food intake, infections, maternal nutrition
during pregnancy, socioeconomic conditions, adequate micronutrient and macronutrient intake,
and environmental factors.12

The prenatal period spans from conception to time before birth. The impact of prenatal
growth will influence a child's development until adulthood. Issues arising during this phase can
affect the foetus in utero and the baby after born.3# This critical prenatal stage plays a significant
role in the development of stunting in children.

As reported by the World Health Organization (WHO) in 2020, 149.2 million children under
five globally experienced stunting, 45.4 million were wasted, and 38.9 million were overweight.>
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In Indonesia, the stunting prevalence reached 21.6% in 2022, exceeding the WHO's target of 20%
for developing countries. Demak Regency showed a notable reduction in stunting rates, from
25.5% in 2021 to 16.2% in 2022.6 However, stunting rates in Indonesia remain higher than the
national goal of 14% for 2024.” Demak Regency is one of the focal areas for integrated stunting
reduction programs, with targeted interventions implemented since 2019, particularly in Guntur
district within the Guntur II Primary Health Care area.8?

A study by Dewi indicates that pregnant women with a mid-upper arm circumference
(MUAC) of less than 23.5 cm (indicative of chronic energy deficiency or CED) have a tenfold
increased risk of giving birth to a stunted child compared to women with normal MUAC.
Additionally, maternal factors such as short stature (height <150 cm), low body mass index (BMI
<18.5 kg/m?), and maternal anemia (hemoglobin levels <11 g/dL) are associated with higher
risks of stunting in children.10.11 Other studies also suggest that inadequate iron supplementation
(less than 90 tablets) during pregnancy increases the risks of stunting by 1.05 times compared to
mothers who take 90 or more tablets.12 Moreover, inadequate antenatal care (ANC) frequency
correlates significantly with the occurrence of low birth weight, which is a risk factor for
stunting.13

Demak Regency has made significant strides in reducing the stunting, but it remains a
priority area for stunting reduction interventions, as the problem persists above the national
target. However, there is limited studies exploring the relationship between prenatal factors and
stunting incidence in children aged 0 to 23 months in the working area of Guntur Il Primary
Health Care.

This study aims to examine the relationship between the prenatal factors and the incidence
of stunting in toddlers aged 0-23 months within the area of Guntur II Primary Health Care in
Demak Regency. The findings this study may contribute valuable information for future studies
on stunting in this area and provide insight into how prenatal factors influence stunting in
children, ultimately helping to guide future stunting prevention efforts.

METHODS
Research design

This study was an analytical observational study using a case-control design. It was
conducted between September and October 2023 in the working area of Guntur II Primary Health
Care, Demak Regency. The dependent variable for this study was stunting. The independent
variables in this study were prenatal factors such as hemoglobin levels, iron supplementation
tablet consumption behaviour, CED status, maternal height, and ANC frequency.

Data collection

The stunting was assessed by comparing a child's height-for-age Z score (HAZ) to a
standard growth reference, with a score below -2 SD indicating stunting according to the WHO
classification. The prenatal factors referred to the occurrences and conditions occurring during
pregnancy that influence foetal development. These factors included maternal hemoglobin (Hb)
levels, iron tablet consumption, CED status, maternal height, and ANC frequency, all of which were
extracted from health books of the mother and her child.

For toddlers who could stand properly, their height was measured using a stadiometer,
which consists of a ruler and a sliding horizontal headpiece to provide a clear measurement. For
toddlers unable to stand, their length was measured using an infantometer, which accurately
measures an infant's recumbent length by securely positioning the child. The height
measurements using the stadiometer were preceded by calibration of the instrument. The child
stood on the stadiometer’s base with their spine, buttocks, and heels touching the scale pole, chin
raised, body upright, and looking straight ahead. The head slider was lowered until it contacted
the head, and the final measurement was recorded. For the length measurement with the
infantometer, the instrument was placed on a flat surface. The child was laid in a supine position,
with their soles pressed against the fixed panel. The child’s legs were held together and
straightened to ensure the knees were in contact with the measuring tool, and the feet formed a
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right angle. The sliding panel was moved until it touched the child’s head, and the length was
recorded.

Maternal variables were categorized into binomial caterogy. The maternal hemoglobin
levels were classified as anemia if the maternal Hb level was < 11 g/dL in the first and third
trimesters, < 10.5 g/dL in the second trimester, and normal if the Hb level was = 11 g/dL. Pregnant
women who consumed iron supplementation tablets daily or took at least 90 iron
supplementation tablets were classified as routine, while those who took fewer than 90 iron
supplementation tablets or did not take them daily were classified as non-routine. The pregnant
women were categorized as CED if their MUAC was < 23.5 cm and as normal if it was = 23.5 cm.
The maternal height was classified as short if the woman’s height was < 150 cm and as normal if
it was = 150 cm. The ANC frequency was considered routine if the woman attended at least six
visits (two in the first trimester, one in the second trimester, and three in the third trimester),
and non-routine if the number of visits was fewer or irregular.

Sampling size determination

The villages in the Guntur district were selected using a purposive sampling technique, and
the samples were collected through consecutive sampling according to the inclusion and
exclusion criteria. The sample size was determined using a case-control formula below.

n__(ZaJZPQ-{-Zﬁ,/PlQH—PZQZ2

(P1 — P2)2

A total of 30 samples were selected for each the case and control groups. The participants
in this study were mothers of toddlers aged 0-23 months, either diagnosed with stunting (a case
group) or not diagnosed with stunting (a control group), in the working area of Guntur II Primary
Health Care, Demak Regency. The inclusion criteria included mothers whose toddlers aged 0-23
months with complete records in their health books, who had not moved since their child's birth,
whose children had received complete immunizations, who had a history of exclusive
breastfeeding, and who had at least a junior high school education. Additionally, mothers with no
history of infections during pregnancy were included. Toddlers with congenital abnormalities or
physical disabilities and mothers who declined participation in the study were excluded. In total,
36 samples were collected for the case group and 40 samples for the control group. However, 6
participants from the case group and 10 from the control group were excluded due to incomplete
or missing information in their health books.

Statistical methods

The data were analyzed using IBM SPSS Statistics 25 software, with chi-square and logistic
regression tests. The Chi-square test was used for bivariate analysis with a p value <0.05,
indicating a significant relationship between a variable and the incidence of stunting. The
variables that had a p-value <0.25 were continued to multivariate analysis. The logistic regression
test was used for multivariate analysis, where the p-value <0.05 with the largest odds ratio
indicated the dominant risk factor for stunting in toddlers.

Ethics

This research received approval from the Research Bioethics Commission of the Faculty of
Medicine, Universitas Islam Sultan Agung Semarang, under a reference number
323/VIII/2023/Bioethics Commission.

RESULTS

Table 1 presented the characteristics of the subjects, including age, sex, maternal age, the
highest level of maternal education, and occupation. This study found that the majority of both
stunted (63.3%) and non-stunted (60.0%) toddlers were aged between 13 and 23 months. In
terms of sex, most children in both the stunted and non-stunted groups were male (56.7%). A
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large proportion of mothers with stunted (53.3%) and non-stunted (53.3%) children were aged
26-30. The highest level of education for most mothers was at the intermediate level (junior high
school, high school, or equivalent) in both the stunted (100%) and non-stunted (93.3%) groups.
Additionally, most respondents were unemployed, with 73.3% in the stunted group and 80.0%
in the non-stunted group.

Table 1. Characteristics of subjects

Stunting Non-Stunting

Variable n % n % p-value
Child’s age
0 - 12 months 11 36.7% 12 40.0% 0791
13 - 23 months 19 63.3% 18 60.0% '
Child’s sex
Male 17 56.7% 17 56.7% 1.000
Female 13 43.3% 13 43.3% '
Mother’s age
20 - 25 years 5 16.7% 9 30.0%
26 - 30 years 16 53.3% 16 53.3% 0.319
31 -35years 9 30.0% 5 16.7%
Mother’s education
Intermediate (JHS/SHS/equivalent) 30 100% 28 93.3% 0.492
High (Bachelor/Diploma/equivalent) 0 0.0% 2 6.7% '
Mother’s occupation
Unemployed 22 73.3% 24 80.0% 0.542
Employed 8 26.7% 6 20.0% '
Total 30 100% 30 100% -

JHS: Junior High School; SHS: Senior High School

From Table 1 it can be concluded that the entire demographic data of the respondents show
a p-value > 0.05, indicating that all characteristics of the respondents are equal between toddlers
with stunting and toddlers without stunting. This analysis is aimed to minimize selection bias in
the study. Prenatal factors percentages of the entire subjents were presented in Table 2.

Table 2. Prenatal factors

. Stunting Non-Stunting
Variable n (%) n (%)
Hemoglobin levels

Anemia 14 (46.7%) 5 (16.7%)

Normal 16 (53.3%) 25 (83.3%)
Iron tablet consumption behaviour

Routine 15 (50.0%) 11 (36.7%)

Non-routine 15 (50.0%) 19 (63,3%)
CED status

CED 12 (40.0%) 5 (16.7%)

Normal 18 (60.0%) 25 (83.3%)
Maternal height

Short 12 (40.0%) 5 (16.7%)

Normal 18 (60.0%) 25 (83.3%)
ANC frequency

Routine 16 (53.3%) 9 (30.0%)

Non-routine 14 (46.7%) 21 (70.0%)

ANC: Antenatal Care; MUAC: Mid Upper Arm Circumference; CED: Chronic Energy Deficiency.
To assess the relationship between variables we conducted Chi square tests. Hemoglobin
levels, CED, maternal height, and ANC frequency demonstrate significant association with the

stunting incidence (Table 3). These variables then underwent multiple regression.
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Table 3. Association between prenatal factors and incidence of stunting
Stunting Non- stunting OR

Variable n (%) n (%) P (CI 95%)
Hemoglobin levels

Anemia 14 (46.7%) 5(16.7%) 0.012* 4.375

Normal 16 (53.3%) 25 (83.3%) (1.320-14.504)
[ron tablet consumption behaviour

Routine 15 (50.0%) 11 (36.7%)  0.297 1.727

Non-routine 15 (50.0%) 19 (63.3%) (0.616-4.845)
CED status

CED 12 (40.0%) 5(16.7%) 0.045* 3.333

Normal 18 (60.0%) 25 (83.3%) (0.998-11.139)
Maternal height

Short 12 (40.0%) 5(16.7%) 0.045* 3.333

Normal 18 (60.0%) 25 (83.3%) (0.998-11.139)
ANC frequency

Routine 16 (53.3%) 9(30.0%) 0.067 2.667

Non-routine 14 (46.7%) 21 (70.0%) (0.924-7.699)

*p-value < 0,05 means there was significant correlation. ANC: Antenatal Care; MUAC: Mid Upper Arm
Circumference; CED: Chronic Energy Deficiency.

Table 4 presented the results of the multivariate analysis conducted using a backward
stepwise logistic regression test. In the final model, two variables were identified with p-values
below 0.05: chronic energy deficiency status and frequency of ANC visits. The confidence
intervals were greater than 1 suggesting that both CED and ANC frequency served as risk factors
for stunting. The OR for CED status was higher than that for ANC frequency, indicating that CED
was a more significant risk factor for stunting among the toddlers aged 0-23 months in the Guntur
II Primary Health Care.

Table 4. Multivariate analysis

Variable Coefficient p-value OR (CI 95%)
Chronic Energy Deficiency status 1.703 0.014* 5.489 (1.417 - 21.263)
Antenatal Care Frequency 1.460 0.018* 4.307 (1.287 - 14.417)
Constant -5.241 0.004 0.005

* p-value < 0,05 (risk factor for the incidence of stunting)

DISCUSSION

Low levels of hemoglobin, erythrocytes, and hematocrit contribute to anemia. During
pregnancy, physiological changes in the mother elevate the risk of anemia, particularly between
20 and 24 weeks of gestation.l* Maternal hemoglobin levels tend to decrease between 0-12
weeks, to reach their lowest between 13-28 weeks, and to gradually rise from 29-40 weeks of
pregnancy. Pregnant women with hemoglobin levels below 11 g/dL are classified as having
maternal anemia.!s This current study reveals an association between the maternal hemoglobin
levels and the stunting incidence, consistent with previous study which also identified a
correlation between maternal hemoglobin during pregnancy and stunting, with a p-value of 0.008
and an OR of 5.444. This means mothers with lower hemoglobin levels are 5.444 times more likely
to have stunted children (z-score < -2 SD) than mothers with normal hemoglobin levels.1! The
main cause for low hemoglobin levels during pregnancy is inadequate iron intake. However, other
factors such as poor iron absorption due to infections like tuberculosis, malaria, and parasitic
diseases, as well as bleeding, nutritional deficiencies, or abnormal hemoglobin production can
also contribute. Maternal anomia can affect foetal development by limiting the supply of nutrients
and oxygen, hindering the growth of body and brain cells, and potentially leading to shorter
stature in children. To prevent anemia, the WHO recommends iron supplementation or oral iron
intake during pregnancy, aiming to reduce anemia by 70% and iron deficiency by 57%.1416
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Consuming iron tablets daily during pregnancy, with a minimum of 90 tablets, is regarded
as a preventive measure against anemia in pregnant women.!¢ This current study also found no
significant relationship between the practice of taking iron tablets during pregnancy and the
incidence of stunting in toddlers. This finding aligns with previous conducted in Jombang and
Pasuruan regency from April to June 2019, which also reported no significant correlation
between iron tablet consumption during pregnancy and stunting. While iron tablet intake during
pregnancy may not shield infants from stunting, it does reduce the risk of maternal anemia and
low birth weight (LBW) in infants.1” In Indonesia, a lot of anemia cases are attributed to low intake
of iron-rich foods, particularly heme iron from animal-based food sources.18 The effectiveness of
iron tablet intake in reducing anemia risk depends not only on the frequency of consumption but
also on the quality and method of intake. Iron absorption can be improved by consuming iron
tablets with vitamin C-rich fruits, whereas combining them with high-caffeine drinks, milk,
antacids, or high-dose calcium tablets can inhibit absorption, making it less effective in reducing
the anemia risk.16

Fetal nutrition intake relies on the mother's nutrition during pregnancy, making the
mother’s nutritional status before and during pregnancy essential for meeting foetal nutritional
needs. Mid-upper arm circumference reflects muscle and fat reserves, and a below-normal MUAC
suggests insufficient energy and protein intake, which can lead to CED.2 This current study
pointed out that CED status was linked to an increased likelihood of short stature in children
under two years. This aligns with previous study conducted in Semarang Regency in June 2022
using a retrospective cohort design, indicating that mothers with a low MUAC had a higher risk
of stunting in children under 3 years old (RR = 1.87, 95% CI: 0.86-4.09).19 Long-term nutritional
deficiencies can reduce the nutrient supply to the foetus, impacting growth and development
during pregnancy. Preventing CED in pregnant women involves consuming nutrient-rich foods
and essential supplements, including iron, calcium, zinc, vitamin D, vitamin A, and iodine.20

Genetic factors are inherited from parents to their children through both physical and
psychological traits starting at conception. A child’s growth and development begin at conception
and continued into adulthood.2! Maternal height is a key factor in intrauterine growth restriction
and low birth weight, both of which are predictors of mortality and growth failure in early life.
Maternal short stature, reflecting generational influences, is strongly linked to stunting. The
relationship between maternal height and a child’s linear growth arises from a combination of
genetic and environmental factors. Shorter mothers tended to have lower protein and energy
reserves, smaller reproductive organs, and less space for foetal growth, which impacts foetal
development through the placenta and infant growth via breast milk quantity and quality. This
situation can lead to intrauterine growth restriction, contributing to short stature in children.22
This current study showed a significant association between the maternal height and the stunting
in toddlers. This finding aligns with a cross-sectional study in 2021 which demonstrated that
mothers with short stature during pregnancy had a higher risk of having stunted children than
mothers with average height2! Genetic transmission from parents to children through
chromosomes carrying genes for shorter stature can influence a child's physical traits. Conditions
such as maternal growth hormone deficiency, coupled with insufficient high-quality nutrition,
may lead to stunting in children.21.2

Antenatal care (ANC) allows for the monitoring of health issues in both the mother and
child during pregnancy, aimed at achieving optimal health. The ANC includes assessing maternal
and foetal nutrition, monitoring foetal growth, preventing and managing diseases during
pregnancy, and promoting health education.> The WHO recommends that pregnant women
attend at least eight ANC visits: once in the first trimester (0-12 weeks), twice in the second
trimester (20 and 26 weeks), and five times in the third trimester (at 30, 34, 36, 38, and 40
weeks).23 Indonesia adapts this recommendation, advising a minimum of six ANC visits: twice in
the first trimester (0-12 weeks), once in the second (>12-24 weeks), and three times in the third
trimester (>24 weeks to birth).2¢ According to this current study, the frequency of ANC visits did
not show a significant relationship with the incidence of stunting in toddlers, as supported by
previous study.2> ANC effectiveness depends on both quantity (frequency of visits) and quality
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(use of examination tools and healthcare standards). Inadequate ANC quantity or quality may
affect outcomes, while ANC provided by skilled professionals can reduce the risk of complications
like stillbirth, intrauterine growth retardation, preterm birth, low birth weight, foetal
abnormalities, and other issues by facilitating health promotion, disease prevention, screening,
and treatment, ultimately supporting maternal and newborn health. ANC can help ensure healthy
pregnancy outcomes.z426

A limitation of this study is that the researchers focused only on the quantity of ANC rather
than the quality of antenatal care received. Additionally, the use of non-probability sampling
techniques means that the findings may not have fully represented whole condition of Guntur II
Primary Health Care. However, the results of this study can assist local authorities in Guntur
district in their efforts to prevent stunting. This study also can help policy makers design
interventions aimed at improving the health outcomes of pregnant women.

CONCLUSION

Maternal hemoglobin levels, maternal CED status, and maternal height were significantly
associated with the incidence of stunting in toddlers aged 0-23 months in the working area of
Guntur II Primary Health Care, Demak Regency. However, the behaviour of iron tablet
consumption and the frequency of ANC did not show a significant relationship in this study. The
most influential prenatal risk factor for the stunting in toddlers aged 0-23 months was maternal
CED status during pregnancy, followed by the frequency of ANC.
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