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Abstract

Maternal nutrition status during pregnancy highly contributed to risk factors of stunting among children. Bone 
ossification approximately begins in the sixth weeks of embryonic development and continues to the end of 
pregnancy. However, inadequate nutrient supply in pregnant women harmed fetal growth. The study aimed to 
identify the association between pregnant women’s nutrition status and stunting. The case-control study using 
the retrospective design involved mothers with children aged 12–59 months. A proportional random sampling 
technique was applied to select participants. The sample was 80 toddlers, divided into 40 stunted, and 40 non-
stunted toddlers. Data were taken from 27 April to 3 May 2019 through observations following the Mother and Child 
Health handbook and children’s height. Weight gain calculation during pregnancy determined the maternal nutrition 
status, referred to as maternal pre-pregnancy body mass index. The univariate analysis used frequency distribution, 
while bivariate analysis used the chi-square test. This study obtained approval from The Health Research Ethics 
Committee of the Institute of Health Science of General Achmad Yani, Cimahi. The mothers’ poor nutritional status 
caused as many as 85% of stunted toddlers’ prevalence during pregnancy. Results showed that maternal nutritional 
status during pregnancy was significantly associated with stunting among children (p-value: 0.000). The OR value 
was 13,222, which means children born to mothers with inadequate nutrient supply during pregnancy were more 
likely to be stunted as much as 13,222 times, than children born to mothers who had good nutrient supply. It is 
recommended that health workers prevent stunting from pregnancy by providing supplementary food to pregnant 
women, and promoting the health of the maternal nutritional status during pregnancy. Suggestions for pregnant 
women is to increase nutrient intake and nutritional status during pregnancy to prevent stunting in children.
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Introduction

Stunting is a dominant nutritional problem 
in Indonesia compared to other nutritional 
issues such as malnutrition, underweight, 
and overweight, which tends to increase 
every year. The prevalence of stunting has 
continued to increase since 2016 to reach 
30.8% in 2018. This achievement is further 
from the stunting target tolerated at 20%. 
West Java Province is one of the provinces 
with the highest prevalence of stunting in 
the last three years. In 2017, West Java had a 
stunting prevalence at the age of 0-59 months 
of 15.1% and experienced an increase in 
2018 to 31.1% (Kemenkes RI, 2018). Cimahi 
City is one of the cities in West Java with a 
high prevalence of stunting at 0-59 months. 
The Cimahi City Health Office stated that the 
incidence of stunting in Cimahi City reached 
27.78% in 2017. The highest prevalence of 
stunting, as many as 573 children under five, 
was in the Central Cigugur Health Center 
(Kamaludin, 2018). 

Stunting has a negative impact both in 
the short and long term, and can even cause 
death in children under five years (UNICEF, 
2017). Children with stunting will experience 
physical growth disorders, disruption of brain 
development, intelligence, and metabolic 
disorders in the body. Meanwhile, the long-
term effects of stunting include low cognitive 
abilities and learning achievement leading 
to low economic productivity and decreased 
immunity. Hence, children get sick quickly 
and have the risk of developing diabetes, 
obesity, heart disease, stroke, and disability 
in old age (Picauly & Toy, 2013). This 
condition will be detrimental to individuals 
and the State.

There are two main factors causing 
stunting: the mother’s condition and factors 
due to the child’s condition (Rahayuwati et al, 
2019; Ermiati, Setyawati, A & emaliyawati, 
E, 2018). Maternal factors that cause stunting 
include malnutrition in pregnant women, 
lack of maternal health during pregnancy, 
closely spaced pregnancy, and teenage 
mothers (Budijanto, 2018). While factors 
due to the child’s condition are the intake of 
exclusive breastfeeding (breast milk), that 
is not optimal, giving too early MP-ASI, 
genetic factors, and nutritional deficiencies 

in children (Dwitama et al, 2018). Besides, 
a history of infectious diseases is also a risk 
factor of stunting in children (AM Abd El-
Maksou et al., 2017).

Among all these factors, the maternal 
nutritional status during pregnancy is a crucial 
causative factor in the first thousand days of 
life. The pregnant woman’s nutrition is the 
primary source of food for embryonic growth 
and development, which is the beginning of 
life (Karinne et al., 2019). Lack of nutrition 
during pregnancy, which is the beginning of 
life in the first thousand days of life, where 
growth occurs very rapidly, is hazardous to 
stunting in the first two years of life (Black, 
2013). Damage during pregnancy cannot be 
repaired in the next phase of life and will affect 
health outcomes in childhood and adulthood 
(Soetjiningsih, 2015). Therefore the nutrition 
of pregnant women is an essential factor in 
determining the incidence of stunting.

The formation and growth of the placenta 
and the rapid development of fetal cells 
need nutritional intake from the beginning 
to the end of pregnancy (Alison et al., 
2018). At the age of 0 days, nutrients are 
necessary to prepare the implantation of the 
conception results, namely the formation of 
decidua endometrium which contains lots 
of glycogen, protein, lipids, and minerals, 
which are sources of embryo nutrition since 
implantation before the placenta is formed 
(Guyton & Hall, 2012). The next stage is 
the growth and development of the placenta 
in the first week. The nutritional needs will 
increase to form a perfect placenta that will 
guarantee the transportation of oxygen and 
nutrients from the mother to the fetus and 
embryo (Alison et al., 2018). Nutritional 
needs will increase for embryonic and fetal 
development processes.   

Nutrition is essential for the process 
of growth and bone formation since the 
beginning of fetal life until the end of 
pregnancy (Setiawan et al., 2012). At the age 
of six days, a skeleton is formed, which was 
initially in the form of cartilage consisting 
of mesenchyme cells, which are embryonal 
tissues (Sethi, Priyadarshi, & Agarwal, 2020). 
From the age of 6 to 7 weeks, mesenchymal 
cells undergo an ossification process so that 
the cartilage will gradually turn into hard 
bones. Bones will undergo intramembranous 
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and endochondral ossification (Alison et 
al., 2018). Long bones are bones that are 
responsible for the endochondral ossification 
process that allows bones to grow longer. This 
endochondral ossification process occurs in 
the plate/cartilage epiphyte area, an area at 
the border of the epiphysis and diaphysis bone 
(Sethi et al., 2020; Prendergast & Humphrey, 
2014). The endochondral ossification process 
occurs in the epiphyseal plates that consist of 
four zones, namely the chondrocyte reserve 
zone, proliferation zone, maturation zone, 
and calcification zone, which are cartilages 
undergoing mineralization (Setiawan et al., 
2012; Christiani, Setiawati, & Yulihastuti, 
2017). Besides, each zone has a role. 

The rest zone is rich in hyaline cartilage, 
which consists of ovoid-shaped chondrocytes 
resting and do not undergo morphological 
changes. A proliferation zone is a place 
where chondrocytes are actively mitotic. This 
process serves as a place for the formation 
of new chondrocyte cells to replace cells 
that have undergone hypertrophy and 
degeneration in parts bordering the diaphysis. 
This process requires the essential ingredients 
of protein and energy (Helmita, 2015). New 
chondrocyte cells formed from mitosis are 
flat and arranged into columns parallel to the 
bone’s long axis, which results in increased 
bone length (Setiawan et al., 2012).

The maturation zone is where the 
chondrocytes are being calcified. This process 
will produce hydroxyapatite and requires 
calcium, phosphate, and zinc, helping the 
absorption of calcium. All necessary minerals 
must be available in fetal body fluids (Setiawan 
et al., 2012). In the fourth zone called the 
calcification zone, the calcification process 
occurs for the hydroxyapatite deposition 
to form a thin barrier around degenerated 
chondrocytes. In this calcification zone, 
there is one or several layers of chondrocytes 
which are hypertrophic and dead, so this zone 
is called the atrophy zone. The calcification 
process in the calcification zone is very much 
in need of minerals, calcium, magnesium, 
and phosphorus, which must be available in 
the fetal fluid. (Christiani et al., 2017).

The ossification process is closely related 
to the calcium and phosphorus content of 
the parent body. Calcium for fetal growth is 
obtained from the parent through absorption 

of Ca2 + from the digestive tract, reabsorption 
in the proximal tubule of the proximal renal 
kidney, and reabsorption through osteoclasts 
(Alison et al., 2018). Inadequate maternal 
nutritional intake will reduce the supply 
of nutrients to the fetus so that the fetal 
nutritional needs are not met (Karinne et al., 
2019), resulting in a long growth process on 
the epiphyseal plate in four inhibited zones 
(Setiawan et al., 2012). The rate of mitosis 
in the inhibited proliferation zone will disrupt 
the process of chondrocyte replacement. If the 
chondrocyte proliferation rate is not balanced 
with the chondrocyte resorption rate, then 
the thickness of the maturation zone will be 
disrupted. The calcification zone will also 
decrease as it is related to the previous areas 
experiencing growth retardation (Setiawan et 
al., 2012). So that inadequate nutrient intake 
in pregnant women will reduce the baby’s 
length and high potential. 

This study is different from previous 
studies. The difference is on the measurement 
indicators of the nutritional status of pregnant 
women. This study used the calculation of 
weight gain during pregnancy compared to the 
Body Mass Index (BMI) before pregnancy. 
Measurements using BMI are more reliable 
in reflecting the nutritional status of pregnant 
women. In previous studies, nutritional 
status indicators used the Mid Upper Arm 
Circumference (MUAC) (Sukmawati et 
al., 2018). This study aimed to identify the 
relationship of maternal nutritional status 
during pregnancy with stunting in toddlers 
aged 12 to 59 months at the Public Health 
Center (Puskesmas) of Cigugur Tengah.

Method

The method used an analytic study of a case-
control with a retrospective design. The 
population was mothers who had toddlers 
aged 12 to 59 months who lived in the Cigugur 
Tengah Health Center’s working area. The 
criteria were, the mother had maternal-and-
child health (MCH) card, the mother did not 
have anemia during pregnancy, and the age 
of the mother during pregnancy was above 
20 years. The criteria determination was 
to homogenize the population. The MCH 
card was a population requirement to get 
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historical data about the mother’s weight 
and height before pregnancy and weight gain 
during pregnancy. Data regarding maternal 
weight before pregnancy, weight at the end 
of pregnancy and height at pregnancy are 
secondary data obtained from the MCH 
card. These data were needed to determine 
the history of a mother’s nutritional status 
during pregnancy and to obtain a history of 
anemia during pregnancy. Based on these 
requirements, a population of 180 mothers 
was selected, who were generally newcomers, 
since Cigugur Tengah includes urban areas. 
The sample size was obtained using an 
unpaired categorical formula. According to 
Dahlan (2010), the basis is the categorical 
data scale and the unpaired data. The sample 
obtained was divided into two groups, 
consisting of 40 non-stunted toddlers and 40 
stunted toddlers. The sample was obtained 
through a proportional random sampling 
technique because the population spread over 
several neighborhood groups (Rukun Warga-
RW). Sampling was carried out in three RWs 
with a high incidence of stunting. From each 
RW, the number of samples was obtained 
based on proportional calculation, from RW 
13, 12 stunted, and 12 not-stunted toddlers, 
from RW 14, 14 stunted, and 14 not-stunted, 

and RW 19, 14 stunted, and 14 not- stunted 
toddlers. The sample determination was 
conducted randomly in each RW.

The nutritional status was collected from 
the MCH handbook to get data on maternal 
weight before pregnancy and weight 
gain during pregnancy, Furthermore, the 
nutritional status of pregnant women was 
obtained by comparing weight gain during 
pregnancy with Body Mass Index (BMI) 
before pregnancy. Data on the stunting of 
toddlers are collected by measuring toddlers’ 
height using a microtome, and then the 
toddler’s height is compared with the Z-score 
(TB/U) table (Kementerian Kesehatan RI, 
2018). Data on height and age of children are 
primary data. Data collection was conducted 
from 27 April to 3 May 2019. Furthermore, 
the univariate data were processed with 
frequency distribution, while the bivariate 
data used the Chi-square test. The study 
results were presend in tables. This study 
received ethical approval from the STIKES 
Research Ethics Committee general Achmad 
Yani number 49/KEPK /V/2019.

Results

Hemi Fitriani: Risk Factors of Maternal Nutrition Status During Pregnancy to Stunting in Toddlers

Table  1 Frequency Distribution of Maternal Nutritional Status During Pregnancy in the 
Stunting and Non-Stunting Groups In Cimahi City West Java Province in 2019

Stunted
Stunting No Stunting

n % n %
Mother with less weight gain 34 85.0 12 30.0
Mother with normal weight gain and mother with excessive 
weight gain

6 15.0 28 70.0

Total 40 100 40 100

Table 2 Relationship of Maternal Nutritional Status during Pregnancy with Stunting in Toddlers 
Age 12-59 Months at Cimahi City West Java Province in 2019

Variable
Stunting No Stunting

P Value OR
(CI 95%)n % n %

Mother with less weight gain 34 85.0 12 30.0 0.000 13.222 (95% 
CI: 4.400 – 

39.732)Mother with normal weight gain and 
Mother with excessive weight gain  

6 15.0 28 70.0

Total 40 100 40 100
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The percentage of maternal nutritional status 
during pregnancy in the stunted and non-
stunted groups in Cimahi City, West Java 
Province in 2019 can be seen in the following 
Table 1.

Table 1 shows that in the group of stunted 
toddlers, most of the mother’s conditions 
during pregnancy were in poor nutritional 
status. 

The relationship of maternal nutritional 
status during pregnancy with stunting in 
toddlers can be seen in Table 2 below.

Table 2 illustrates the results of the chi-
square statistical test with the Continuity 
Correction test. The p-value was smaller 
than α (α = 0.05), so it could indicate a 
relationship between the mother’s nutritional 
status during pregnancy and the stunting in 
toddlers. The statistical test results obtained 
an Odds Ratio of 13.222 (95% CI: 4.400 – 
39.732). This means that mothers who gained 
less weight had a risk for stunting in toddlers 
by 13 times compared to toddlers whose 
mothers experienced normal weight gain and 
mothers with excessive weight gain.

Discussion

The results found that the majority of stunting 
toddlers were toddlers born to mothers who 
were malnourished during their pregnancy. 
Poor nutritional status in pregnant women 
is still a significant problem in Indonesia 
(Kementrian Kesehatan RI, 2018). The level 
of education, maternal knowledge, and social-
economic status are the dominant causes 
(Irianto, 2014; Notifa et al., 2016). This factor 
is characteristic of urban migrants. Mothers 
are less able to modify the daily diet with the 
available income. Mothers’ skills in choosing 
foods require knowledge and awareness of 
the importance of nutrition during pregnancy. 
Lack of knowledge and information causes 
pregnant women to consume food based on 
what is found and desired, only to overcome 
hunger without considering the nutritional 
value.  

The study results stated that poor 
nutritional status during pregnancy risks 
stunting in children thirteen times compared 
to mothers with good nutritional status during 
pregnancy. The results of this study are in 

accordance with previous studies (Sukmawati 
et al., 2018; Pusparini et al., 2016). The 
maternal nutritional status will determine the 
fulfillment of micro and macronutrient dietary 
needs during pregnancy for the formation of 
the placenta, amniotic fluid, organogenesis, 
and fetal growth and development from the 
beginning to the end of pregnancy (Black, 
2013). Poor nutritional status in pregnant 
women will result in a reduced supply of 
nutrients to the fetus, thereby disrupting the 
fetus’s process of organogenesis, growth, and 
development (Rahmaniar et al., 2011).

The maternal nutritional status determines 
the process of the formation of an entire 
placenta. The placenta structure begins with 
the creation of decidua endometrium starting 
at the age of 0 days, requiring the essential 
ingredients of glycogen, proteins, lipids, 
and minerals (Guyton & Hall, 2012). These 
essential ingredients are obtained from the 
mother; when the mother does not have 
these nutrient reserves, the formation of 
decidua endometrium and placenta will be 
incomplete. An imperfect placenta decreases 
the supply of oxygen, nutrients, and minerals 
to the fetus during pregnancy. Fetal life is 
very dependent on the entire placenta. The 
supply of blood, oxygen, nutrients, and 
primary minerals is highly dependent on 
the placenta because the intestinal and renal 
fetuses are not functioning (Fikawati et al., 
2015; Sethi et al., 2020). Therefore, it takes 
an entire placenta to ensure the fulfillment of 
all fetal needs. The entire placenta is formed 
from the maternal nutritional reserves. 

The maternal nutrition status will 
determine the nutrient reserves needed for 
fetal organogenesis, including bone organ 
formation. Human fetal cartilage framework 
and primary ossification center in the vertebra 
and long bones are completed in the first 
trimester (Sethi et al., 2020). The cartilage 
formation process requires essential protein 
compounds (amino acid composition), 
namely collagen, as the dominant structural 
material in the bone matrix (Guyton & Hall, 
2012). The essential ingredients of collagen 
bones are obtained from the mother. If the 
mother cannot fulfill this need, then the 
formation of fetal cartilage skeleton and 
primary ossification center in the vertebra 
and long bones will be inhibited, including 
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the potential for reduced bone length. The 
primary ossification center of the long bones 
and vertebrae, which is the center of the fetal 
body’s length, has been completed in the first 
trimester, it can no longer be formed at a later 
time.

The maternal nutritional status will still 
guarantee the continuity of the subsequent 
bone formation process. That is the 
endochondral ossification process, which 
allows the bones to grow long, and the 
intramembranous ossification process helps 
to harden the bones. The endochondral 
ossification process of the long bones occurs 
in the epiphyseal plate, which is the center 
of fetal length increase. The epiphyseal plate 
is divided into four zones: the reserve zone, 
proliferation zone, maturation zone, and 
mineralization zone. The proliferation zone 
is a zone where active chondrocyte cells 
produced new cells by mitosis. This process 
requires the main ingredients of protein and 
minerals obtained from the mother. In this 
condition, also mitochondria of chondrocyte 
cells need an adequate source of energy for 
the process of mitosis (Helmita et al., 2015). 
The mother is the primary source of protein 
and energy in fetal life through the placenta 
(Sethi et al., 2020). Lack of energy sources 
and maternal protein reserves will cause a 
decrease in the supply of protein and energy 
to the fetus, thereby inhibiting the mitosis 
of chondrocyte cells (Helmita et al., 2015). 
So inhibition of bone cells’ formation will 
cause the thickness of the proliferation zone 
to decrease. The proliferation zone will 
affect the next zones, namely the maturation 
and mineralization zones. It will cause cells 
shorter in the maturation and mineralization 
zones, for in those zones, cell proliferations 
do not occur again (Setiawan et al., 2012; 
Christiani et al., 2017). 

Calcium is an essential nutrient needed 
in the ossification process in the maturation 
zone. New cells in the proliferation 
zone will shift towards the maturation 
zone. Chondrocyte cells will experience 
hypertrophy and vacuole; in this zone, there 
will be no new cell formation (Setiawan et al., 
2012). In the maturation zone, chondrocytes 
play a vital role in the calcification process. 
Chondrocytes accumulate Ca ++ ions 
in their mitochondria, which then form 

matrix vesicles. The matrix vesicles will 
mutually aggregate to form globules that 
subsequently form hydroxyapatite crystals in 
the longitudinal septa of the maturation zone. 
This hydroxyapatite crystal is a material 
for the process of mineralization and bone 
calcification in the mineralization zone. 

The mother is the primary source of 
calcium in fetal life through the placenta, 
which actively moves against electrochemical 
concentration and gradients. Ca levels of 
the fetus are maintained from 0.3 to 0.5 
mM / L, higher than Ca levels in maternal 
serum, to keep the level difference between 
mother and fetus. Low Ca levels in maternal 
serum can cause low serum Ca levels in 
the fetus (Sethi et al., 2020). Low Ca fetal 
serum causes inhibition of matrix vesicle 
formation; consequently, it will also inhibit 
the formation of hydroxyapatite crystals in 
the longitudinal septa of the maturation zone, 
which will result in the reduced thickness of 
the maturation zone.

A lack of zinc intake can also hamper the 
process of forming hydroxyapatite crystals 
in the maturation zone. Zinc is instrumental 
in the absorption of calcium by cells; if zinc 
levels are low, the uptake of calcium by 
cells will also be reduced (Setiawan et al., 
2012). Zinc also plays a role in the function 
of growth hormone; if the zinc level is 
insufficient; then, the growth hormone’s role 
is less than optimal (Black, 2013). Besides 
affecting bone growth, calcium ions can also 
affect genetic programs that determine body 
height. If calcium intake reduces, it will cause 
low blood calcium levels and may disrupt 
the genetic height process (Prendergast & 
Humphrey, 2014). 

Calcium (Ca), phosphorus (Pi), and 
Magnesium (Mg) are the major minerals in 
fetal bone mineralization in the mineralized 
zone. Hydroxyapatite crystals formed 
in the maturation zone will experience 
mineralization in the mineralized zone. The 
fetal Ca levels are maintained at 0.3 to 0.5 
mM/L higher than maternal serum levels 
of Ca. This is to keep differences in levels 
between mother and fetus. Calcium low 
levels in maternal serum can cause low 
levels of serum Ca in the fetus. Phosphorus is 
maintained at 0.5 mM/l higher than maternal 
serum phosphorus levels. Phosphorus is 
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active in the endochondral ossification, which 
plays a role in the chondrocyte apoptosis 
process and osteoid formulation. Magnesium 
is maintained at 0.05 mM / L higher than 
maternal serum levels. Mg plays a crucial 
role in biomacromolecules (DNA, RNA, 
and Protein), forming an energy-producing 
bone matrix. Fetal magnesium levels depend 
on maternal mg intake; if the mother lacks 
mineral intakes, then fetal serum mineral 
levels will decrease. Low levels of minerals 
in fetal serum will inhibit the mineralization 
process in the mineralized zone, osteoblast 
dysfunction, and disrupted bone metabolism 
(Sari et al., 2016). This condition decreases 
the thickness of the mineralized zone. This in 
Turn causes the baby’s length to be reduced 
and the potensial for reduced height as well.

Status of mothers with poor nutritional 
conditions has the potential to reduce 
fetal height after birth. Mothers who are 
unable to meet the fetal protein needs will 
inhibit chondrocyte cell proliferation in the 
proliferation zone, reducing the thickness of 
the proliferation zone. Furthermore, mothers 
who are unable to meet the fetal calcium 
and zinc needs will cause a decrease in the 
formation of hydroxy acid crystals in the 
maturation zone, which ultimately inhibits 
the process of mineralization and bone 
calcification in the next area, the cartilage 
zone. Moreover, mothers who cannot fulfill 
the fetal serum mineral needs, including 
Ca, Ph, and Mg in the mineralized zone, 
will cause the thickness of the mineralized 
zone to decrease. Overall, unmet nutrients 
cause the thickness of the epiphyseal plate 
to decrease. The lack of epiphyseal plate 
thickness will reduce the fetal length and 
reduce the potential fetal length after birth. 
So the mother’s status during pregnancy has 
the potential for stunting in children.

This study also found a unique case that 
stunting could occur in toddlers with mothers 
who had good nutritional status, even though 
it happened with a small presentation. The 
explanation for this unique case can be that 
the incidence of stunting may be affected 
by factors other than the nutritional status 
of pregnant women. Budijanto (2018) states 
that several factors underlie stunting in 
toddlers, including the pregnancy spacing 
that is too close, the teenage mother, the 

amount of parity, maternal height, and 
exclusive breastfeeding. In this study, factors 
of pregnancy spacing, maternal age, and 
maternal height were not selected. There 
was a possibility that these factors were the 
reasons for stunting in mothers with good 
nutritional status. Based on this, it can be a 
topic for further research to examine other 
factors that influence stunting besides the 
nutritional status of pregnant women.

Conclusion

The pregnant woman nutritional status is 
related to the incidence of stunting in toddlers 
aged 12–59 months. The maternal nutritional 
status during pregnancy determines the 
length of the baby and the potential length 
of the fetus. Recommendations for health 
workers are to carry out stunting prevention 
since pregnancy by providing supplementary 
food to pregnant women and health 
promotion of the maternal nutritional status 
during pregnancy. Suggestions for pregnant 
women are to increase food and nutritional 
status during pregnancy to prevent stunting 
in toddlers.
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