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ABSTRACT

Background: Stunting that occurs during
childhood will have an impact on the condition
of cognitive development in the future. The
purpose of this study is to determine the risk
factors that have a direct and indirect effect on
the stunting and developmental disorders in
children under five.

Subjects and Method: This was a case study
located at Gurah Health Center, Kediri, East
Java, from August 4t to 29th 2020. A sample
size of 100 subjects was selected by randomly.
The dependent variables were stunting and
developmental disorders. The independent
variables were maternal mid-upper arm cir-
cumference (MUAC), exclusive breastfeeding,
low birth weight (LBW), infants birth length,
and hair zinc levels. The data were measured by
questionnaire. Hair zinc levels were tested in
the laboratory. Quantitative data analysis used
path analysis.

Results: Child development was directly and
positively influenced by the maternal MUAC
(b= 0.12; SE= 0.36; p<0.001), birth weight (b=
0.29; SE= 0.15; p= 0.042), birth length (b=
0.37; SE= 0.15; p= 0.011), breastfeeding (b=
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0.08; SE= 0.04; p= 0.033), stunting (b= -0.39;
SE= 0.10; p <0.001), and hair zinc level (b=
0.58; SE= 0.67; p <0.001). Hair zinc level was
positively influenced by birth weight (b= 0.92;
SE= 0.04; p <0.001). Child development was
indirectly influenced by exclusive breast-
feeding, birth length, and zinc levels.
Conclusion: Child development is directly
and positively influenced by the maternal
MUAC, birth weight, birth length, breastfeed-
ing, stunting, and hair zinc level. Hair zinc level
is positively influenced by birth weight. Child
development ias indirectly influenced by
exclusive breastfeeding, birth length, and zinc
levels.
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BACKGROUND

Stunting was a nutritional problem in
children, which was currently the concern
of various parties. Stunting was a chronic
under nutritional status during growth and
development since early life (Guide, 2012).
Data from WHO in 2017 found that
22.2% or around 150.8 million children
under five experienced stunting, in which in
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this stunting case, 55% of children under
five were found in Asian countries and
nearly 2/5 of stunting cases in children in
the world were in Southeast Asia region.
Nearly half (47%) of children under five
who experienced stunting had come from
countries with lower middle economies
(WHO, UNICEF & Group, 2018). Results of
Basic Health Research (Riset Kesehatan
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Dasar, Riskesdas) in Indonesia in 2018
found that the number of children under
five who experienced stunting was 30.8%.
Whereas in East Java Province in 2018, the
stunting in children under five was 32.81%
(Kesehatan Badan Penelitian dan Pengem-
bangan Kesehatan Puslitbang Humaniora
dan Manajemen Kesehatan, 2018). Based
on this data, the East Java Provincial
Government was focused on handling
stunting in 12 regencies in 2019, one of
which was in the Kediri Regency. One of the
areas in Kediri Regency that had a stunting
case was the Gurah Public Health Center.
In 2019, the stunting case in the working
area of the Gurah Public Health Center,
Kediri Regency was 15.6% of the total
number of children under five in the
working area of the Gurah Health Center.

The causes of stunting in children
under five were very diverse including
maternal health, maternal age, history of
low birth weight, history of infection, and
environmental factors (Danaei et al., 2016).
The results of other studies on stunting
showed that deficiency of several micro-
nutrients in children under five would
increase the stunting in a child. According
to Maggini et al. (2010) in Bening et al.,
(2017), Zinc was an important micro-
nutrient in the body in cell growth, protein
and DNA synthesis, energy metabolism,
regulation of gene transcription, and influ-
encing growth factor hormone). Zinc defici-
ency could cause the effects of the meta-
bolite growth hormone (GH) to be inhibited
so that the synthesis and secretion of IGF-1
(Insulin-Like Growth Factor 1) were
reduced. Reduced IGF-1 secretion could
lead to stunted growth and children become
stunting (Park et al., 2017).

One of the effects of stunting was a
developmental disruption in the future, the
results of the study in China show that
children who had experienced stunting
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would have lower intelligence (Li et al.,
2016).

Kediri Regency was one of the areas
receiving treatment to overcome stunting.
Based on the background above, stunting
was one of the nutritional problems in
children under five that had to be
addressed immediately. One of the efforts
to overcome the stunting in children under
five was to find risk factors for stunting in
children under five, both directly and
indirectly affecting the stunting. Based on
the background above, this study took the
title "Path Analysis: Maternal determinant
factors and hair zinc levels as predictors of
stunting and developmental disorders in
children under five in Gurah District, Kediri
Regency

The objective of this study was to
analyze the effect of maternal determinant
factors and hair zinc levels as predictors of
the stunting and developmental disorders
in children under five in Gurah Public
Health Center area, Kediri Regency, East
Java.

SUBJECTS AND METHOD

1. Study Design

This study was conducted using case-con-
trol study by determining the group
exposed to a disease first, then identifying
the causes or risk factors for the disease. In
this study, the case group selected was
children under five with stunting and the
control group was children under five with
normal height. This study was conducted in
several villages in the working area of the
Gurah Health Center, Kediri, East Java.
Study data collection was carried out on
August 13t to 29th2020.

Respondents were divided into case
and control groups according to the
inclusion criteria in this study, with a ratio
of at least 1: 2 between case and control
groups. Fixed disease sampling was used to
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determine respondents in the case and con-
trol groups, in which the researcher selects
respondents according to the objectives and
needs of the study. In this study, the res-
pondents selected were children under five
with stunting and normal height. Samples
were taken based on the inclusion criteria
of the study, i.e., children under five,
accompanied by parents or -caregivers,
parents allowed their children to become
respondents. The study exclusion criteria
were children in sick condition, children
without hair. Samples were taken from four
villages, with the number of samples
according to their needs and conditions.
Data were collected at posyandu and door
to door if the sample was not met. Con-
ditions of Covid 19 made it impossible to
collect respondents at one time.

2. Population and Sample

The study population was all children
under five in the working area of the Gurah
Health Center. The sample in this quanti-
tative study was 100 study subjects.

3. Study Variables

There were six variables in this study which
consist of exogenous variables including
mother’s upper arm circumference, baby’s
birth weight, length at birth, and exclusive
breastfeeding as well as endogenous vari-
ables including hair zinc levels, stunting,
and developmental disorders.

4. Operational Definition of Variables
Maternal MUAC was a measure of the
upper arm circumference of pregnant
women when the first contact at ANC visits.
History of exclusive breastfeeding was
the history of breastfeeding immediately
after birth until the time of examination.
Infants birth length was the baby's body
length measured immediately after birth.
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Infants birth weight was the birth
weight of the baby measured immediately
after birth.

Hair zinc level was the zinc level checked
using a hair specimen during the examina-
tion.

Stunting was the children's height mea-
sured at the time of the study.

Child developmental disorder was the
child development progression score
checked using developmental pre-screening
questionnaire during the study.

5. Study Instruments

Data collection used developmental pre-
screening questionnaire sheets, laboratory
tests, and measurements used microtoice.
Stunting was measured using a microtoice.
Measurement of hair zinc levels was carried
out in the laboratory.

6. Data Analysis

Data processing was carried out by path
analysis using Amos 22.

RESULTS

1. Sample Characteristics

The characteristic dimension of the child
showed that of the 100 study subjects, there
were 88 study subjects (88%) aged 13-60
months, 55 study subjects (55%) were
female, 72 study subjects (72%) had a
history of aterm gestational age, and 67
study subjects (67%) had a height >145 cm,
61 study subjects (61%) had a history of Hb
levels during normal pregnancy, 57 study
subjects (57%) had no history of infection.
2. Univariate analysis

The results of the descriptive statistics of
continuous data in the form of mother’s
upper arm circumference, exclusive breast-
feeding, LBW, Length at birth, hair zinc
levels, and the dependent variables were
stunting and developmental disorders
could be seen in Table 2.
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Table 1. Study subject characteristics

Characteristics Criteria N %
Age 0-6 months old 7 7
7-12 months old 5 5
13-60 months old 88 88
Sex Male 45 45
Female 55 55
Gestational Age Premature 10 10
Aterm 72 72
Postdate 18 18
Maternal Height < 145cm 33 33
> 145 cm 67 67
Hemoglobin level <118r% 39 39
during pregnancy >118r% 61 61
History of Infection Yes 43 43
No Y o7
Table 2. Univariate analysis of study variables
Variables Criteria N %
Maternal MUAC > 23.5 cm 78 78
< 23.5cm 22 22
Birth weight > 2500 grams 56 56
< 2500 grams 44 44
Birth length > 48 cm 55 55
<48 cm 45 45
Breastfeeding Exclusive 53 53
Non exclusive 47 47
Zinc Level > 198 ppm 56 56
<198 ppm 44 44
Stunting Normal 53 53
Stunting 47 47
Developmental Disorders Normal 55 55
Developmental Disorders 45 45

The characteristic dimension of the child
showed that of the 100 study subjects, there
were 78 study subjects (78%) had mother’s
upper circumference > 23.5 cm, 56 study
subjects (56%) had weight at birth > 2500
grams, 55 study subjects (55%) had length

at birth > 48 cm, 53 study subjects (53%)
had exclusive breastfeeding, 56 study
subjects (56%) had hair zinc level > 198
ppm, 53 study subjects (53%) had normal
height, 55 study subjects (55%) had normal
developmental.

Table 3. Bivariate analysis of maternal determinant factors and hair zinc levels as

predictors of developmental disorders

Independent Variables r p
Maternal MUAC 0.12 <0.001
Birth weight 0.29 0.042
Birth length 0.37 0.011
Breastfeeding 0.08 0.033
Stunting -0.39 <0.001
Hair zinc levels 0.58 <0.001
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3. The result of bivariate analysis

Table 3 showed that maternal MUAC (r=
0.12; p <0.001), birth weight (r= 0.29; p=
0.042), birth length (r= 0.37; p= 0.011),
breastfeeding (r= 0.08; p= 0.033), and hair
zinc levels (r= 0.58; p< 0.001) had positive

effect on the development of the children
and they were statistically significant.
Stunting (r= 0.39; p< 0.001) had negative
effect on the development of the children
and it was statistically significant.

Table 4. Bivariate analysis of maternal determinant factors and hair zinc levels as

predictors of stunting

Independent Variables r p

Breastfeeding -0.12 <0.001
Length at birth -0.73 <0.001
Hair zinc levels -0.16 0.006

Table 4 showed that breastfeeding (r= -
0.12; p <0.001), birth length (r= -0.73; p
<0.001), zinc levels (b= -0.16; p= 0.006)

had negative effect on stunting and were
statistically significant.

Mother's upper arm circumference

weight at birth

development

zinc level

lenght at birth

breastfeeding

_‘_p Stunting

Figurei1. Path analysis structural model

Figure 1 showed the structural model
after being estimated using IBM SPSS
AMOS 22 so that the value was obtained as
shown in the figure. The indicator that
showed the suitability of the path analysis
model, such as Table 5 also showed the
goodness of fit measure (a measurement of
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model fit) found that the results of the
CMIN fit index were 6.32 with p = 0.28 >
0.05; NFI = 0.99 > 0.90; CFI 0.99 > 0.95;
RMSEA = 0.05 < 0.08 which meant that
the empirical model met the specified
criteria and was stated following empirical
data.
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Table 5. Path analysis results

]ig;g:l()lﬁe l;t Independent Variables b SE p B

Direct Effect

Child development < Maternal MUAC 0.12 0.36 < 0.001 0.10

Development < Normal birth weight 0.29 0.15 0.042 0.29
< Length at birth (normal) 0.37 0.15 0.011 0.37
< Breastfeeding 0.08 0.04 0.033 0.09
< Stunting -0.39 0.10 < 0.001 -0.39
< Zinc Levels (high) 0.58 0.67 < 0.001 0.58

Indirect Effect

Zinc Levels < Birth weight 0.92 0.04 < 0.001 0.92

Stunting < Breastfeeding -0.12 0.04 < 0.001 -0.12
< Birth length -0.73 0.06 < 0.001 -0.73
< Zinc level -0.16 0.06 0.006 -0.16

Model Fit

CMIN= 6.32

p = 0.28

GFI= 0.98 (= 0.90)

NFI =0.99 (= 0.90)

CFI = 0.99 (= 0.95)

RMSEA= 0.05 (< 0.08)

b= unstandardized path coefficient
Z= standardized path coefficient

From Table 5, it could be seen that
child development were directly affected by
maternal MUAC, stunting, birth weight,
birth length, breastfeeding, and hair zinc
levels.

Maternal MUAC increased child
development by 0.12 units (b= 0.12; SE=
0.36; p <0.001)

Stunting reduced child development
by 0.39 units (b= -0.39; SE= 0.10; p
<0.001)

Bbirth  weight increased child
development by 0.29 units (b= 0.29; SE=
0.15; p = 0.042)

Birth length increased child develop-
ment by 0.37 units (b= 0.37; SE= 0.15; p =
0.011)

Exclusive breastfeeding increased
child development by 0.08 units (b = 0.08;
SE = 0.04; p = 0.033)

Hair zinc levels increased child
development by 0.58 units (b = 0.58; SE =
0.67; p <0.001)
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Hair zinc levels was indirectly affected
by birth weight. Birth weight increased zinc
levels by 0.92 units (b= 0.92; SE= 0.04; p
<0.001).

Stunting was indirectly affected by
birth weight, breastfeeding, birth length,
and zinc levels.

Every one unit increase in breast-
feeding would reduce stunting by o0.12
units. (b= -0.12; SE= 0.04; p <0.001)

Every one unit increase in length at
birth would decrease stunting by 0.73 units.
(b=-0.73; SE= 0.06; p <0.001)

Every one unit increase in hair zinc
levels would reduce stunting by 0.16 units.
(b=-0.16; SE= 0.06; p = 0.006).

DISCUSSION

1. Positive effect of maternal MUAC
on the child development

Based on the results of the study, there is a

direct positive effect between maternal
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MUAC on child development (b= 0.12; p<
0.001) which is significant.

This study result is in line with the
study result by Nurahmawati et al., (2017),
which found that there was a direct positive
effect between the size of pregnant women's
mother’s upper arm circumference on the
weight of the newborn. Another study,
according to Ekayani (2014) also showed
that maternal MUAC < 23.5 have 5 times
the risk of giving birth to babies with LBW
(OR= 5.54; 95% CI= 2.65 to 11.60). Accord-
ing to Par’i et al., (2017) it was found that
pregnant women with maternal MUAC
<23.5 cm will have a risk of giving birth to
babies who were malnourished and, in the
future, will make the baby sick more easily.

The LBW condition experienced by a
baby will have several impacts on its deve-
lopment stage in the future. According to
the study result by Shenkin et al., (2004) it
was found that babies with a history of
LBW had a risk of experiencing abnormal
brain structures and brain signals when
compared to normal birth weight babies.
This would affect the maturity and develop-
ment of the child in the future.

The results of other studies by
Rosyidah & Trias (2018) show that there
was a significant difference between the
development of children with a history of
LBW and normal birth weight. In addition,
the study results by Erika & Amir (2009)
showed that there was a significant relati-
onship between birth weight, development,
and outcome (p = 0.0001). The result of
this study indicated that the aspects of
development that experience delays are
aspects of language speaking and social
independence.

Based on the study results by
Nasikhah & Margawati (2012), it was found
that the condition of pregnant women with
low nutritional status, anemia would be at
risk of giving birth with LBW, and this
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condition would have the risk of causing
stunting in children under five. It was due
to the condition of children under five with
a history of LBW will experience growth
retardation which will have an impact on
their future if they do not receive adequate
nutritional support, poor health services
and suffer from recurrent infectious
diseases (Indriani et al., 2018). This
condition will cause the risk of stunting in
children under five.

Besides, the results of other studies
according to Rahayu, et al., (2018) also
support the study results above, i.e. that
there was a positive effected of Low Birth
Weight on stunting. The growth and
development of children with a history of
low birth weight will develop more slowly
when compared to babies with normal birth
weight. The study results by Rabaoarisoa et
al., (2017) show that babies with a history
of LBW 1.6 times, in which the condition of
stunting occurs from the time when the
babies are in the womb to the age of 2 years
old.

2. Positive effect of birth weight on
the child development

The results of this study found that there is

zinc levels increased birth weight in infants

(b= 0.92; p<0.001) and child development

(b= 0.58; p<0.001).

The results of this study are in line
with Upadhyay et al., (2019), which conduct
a meta-analytic study in South Asia, found
that children who have a birth weight <
2000 grams, have cognitive and motoric
development disorders when compared to
normal birth weight. This condition is also
in line with data on neurodevelopmental
disorders in developing countries, which
states that children with a history of LBW
are at risk for lower cognitive abilities,
tendencies to have fewer academic grades,
have mental development disorders, emo-
tional and behavioral disorders, and other
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developmental delays when compared with
children with normal birth weight
(Orchinik et al 2017)

Neurodevelopmental disorders that
occur in children with a history of LBW are
associated with cerebral disorders, cystic
periventricular leukomalacia, intraventricu-
lar bleeding, decrease in total brain volume,
and decrease in the number of cells and
myelin. Besides, the brain consistency of
children with a history of LBW will also
have disturbances, it was indicated by the
disruption of neural migration, disruption
of dendrite processes, and the inefficiency
of the work system in the neural network
(Miller, Huppi and Mallard, 2016)

Children with a history of LBW have
lower zinc levels when compared to
children with a history of normal birth
weight. This condition was associated with
the condition of pregnant women who also
experience micronutrient deficiencies, one
of which is zinc deficiency. This deficiency
could cause LBW and IUGR. Lower zinc
levels in the mother can lead to a decrease
in placental transport and zinc supply to
the fetus (Black (1998) in Jyotsna et al.,
2015). Zinc deficiency harms the endocrine
system, thereby causing growth failure in a
child. Zinc has an important role in various
biological activities including maintenance
of cell form and function, protein synthesis,
nucleic acid metabolism, and immune func-
tion by acting as a co-factor for the produc-
tion of 200 enzymes such as phosphatase,
metalloproteinase, oxide-reductase, and
transferase (Jyotsna et al., 2015).

Zinc deficiency during pregnancy
could cause growth and development delays
in children because zinc deficiency could
affected the immune system. In addition,
zinc in the body also plays a role in
regulating IGF-I activity in the formation of
osteoblasts, which has a role to regulate
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bone growth (Domenech, 2001 in Jyotsna
et al., 2015).

3. The effect of length at birth on the

development

There was a positive effect of birth length
on stunting (b= 0.73; p<0.001. Stunting
had positive effect on child development
(b= 0.39; p < 0.001).

The study results by Andini et al.,
(2020) state that there was a significant
relationship between the baby's length at
birth and stunting. This condition was
caused by babies who have a low birth
length from an early age can experience a
condition of failure to grow (growth falter-
ing) in the future, so they wouldl not be
able to achieve optimal growth in the
future. According to Walyani (2015) the
condition of malnutrition experienced by
pregnant women would continue to the
condition of malnutrition experienced by
the baby, if it was not supported by ade-
quate intake, then a child will not grow
according to his age.

Another study result by (Permatasari
& Sumarmi (2018) shows that there was a
significant difference between a history of
length at birth as well as stunting and non-
stunting (p = 0.03). The other study results
according to Damayanti et al., (2017), in
which babies born with a low birth length
category are at risk of stunting 2.9 times
greater than babies born with normal body
length. According to Wijayanti & Sumarmi,
(2017), pregnant women with less micro-
nutrient intake will cause malnutrition in
children under five. This will have an
impact on growth and development dis-
orders in children under five. This condi-
tion, if left untreated, would lead to
stunting.

Stunting conditions experienced by a
baby will cause developmental disorders. It
was in line with the study results by
Probosiwi et al., (2017) which showed that a
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child who was stunting would have a 3.9
times risk of developmental disorders. The
results of this study are in line with the
study by Muhoozi et al., (2016) which states
that children with stunting affected cog-
nitive, motoric, and language development.
It was because the condition of stunting
would have an effect on brain development
directly and affect physical growth. Besides,
the condition of stunting will also affect the
low tricepsurae muscle development which
causes motor skills to be different when
compared to normal children (Solihin et al.,
2013).

4. Effect of breastfeeding on child

development

There is a positive effect of breastfeeding on
stunting (b= 0.12; p<0.001). There was
positive effect of stunting on the child
development (b= 0.39; p<0.001). Thus, it
can be concluded that there is an indirect
and positive effect of breastfeeding on the
development of the children.

This study result was in line with the
results of a study in Rwanda by Nshimyiryo
et al., (2019) which state that babies who
are exclusively breastfed for 6 months have
a lower risk of stunting, whereas the stunt-
ing will increase in Rwanda when children
under five get inadequate nutritional intake
during complementary feeding. This condi-
tion was caused by not having sufficient
knowledge to provide adequate comple-
mentary feeding for babies so that the
fulfillment of micronutrients becomes
inadequate.

Stunting condition experienced by
children, due to not getting adequate
breastfeeding, would affect the develop-
ment of a child. It was in line with the study
results by Maria Goreti Pantaleon and
Hamam Hadi, (2015) which state that there
was a significant relationship between the
incidence of stunting and motor develop-
ment of children under the age of two. The
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study results were consistent with the
opinion that stunted children experience
slow and low skeletal growth. The condition
of stunting was the result of a long period
due to unmet food needs which increase
morbidity, and usually found in countries
with poor economic conditions (Gibson,
1990).

5. Effect of zinc levels on the

development

Hair zinc levels had positive association
with stunting (b= 0.16; p= 0.006). Stunting
had positive association with child develop-
ment (b= 0.39; p<0.001.

The study results by Rahmawati A
dan Yekti W (2012) state that hair zinc
levels had a significant effect on the growth
of children's nutritional status as measured
by a child's z score HAZ. Hair zinc levels
represent long-term Zinc status and did not
rapidly experience fluctuations associated
with food intake and food variation
(Hambidge, 2003). Head hair could be used
as a biopsy material for population screen-
ing at risk of deficiency of trace elements
such as zinc. Head hair represents the trace
element's status chronically.

Hair zinc levels are a biomarker to
detect zinc deficiency, where hair zinc will
be taken as endogenous zinc to meet zinc
needs (Gibson, 2005). Zinc was a micro-
nutrient that plays an important role in cell
growth, especially for producing enzymes
needed for the synthesis of RNA and DNA.
Zinc, which was found in the brain, func-
tions to bind to proteins thus contributing
to the formation of brain structure and
function. Zinc deficiency can cause malfor-
mations and failure of brain structures such
as anencephaly, microcephaly, and hydro-
cephalus to occur. In addition, zinc defi-
ciency can cause behavioral problem dis-
orders, short memory skills, decreased cog-
nitive function, and can even cause emotio-
nal disturbances (Black, 1998).
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6. Effect of stunting on child
development

The results of the study carried out in the
working area of Gurah Public Health Center
are obtained first, there is a positive effect
of stunting on the development of children
directly. Figure 1 shows that there is a
direct and positive effect of stunting on the
children development (b= 0.39; p<0.001).

The condition of stunting starts in the
womb and lasts until at least 2 years old, if
allowed to continue, this condition can
cause developmental disorders (de Onis
and Branca, 2016). It was in line with the
study results by Probosiwi et al., (2017)
which shows that a child who is stunting
will have a 3.9 times risk of experiencing
developmental disorders.

The results of this study are in line
with a study by Muhoozi et al., (2016)
which states that children with stunting
affect cognitive, motoric, and language
development. It was caused by the condi-
tion of stunting will have an effect on brain
development directly and affect physical
growth. Besides, the stunting condition
would also affected the low tricepsurae
muscle development, causing motor skills
to be different when compared to normal
children (Solihin et al., 2013)

Based on the explanation above, it can
be concluded that the developmental dis-
orders on a child were affected by maternal
MUAC, birth weight, birth length, breast-
feeding, stunting, and hair zinc levels. Hair
zinc levels were affected by birth weight.
Stunting was affected by breastfeeding,
birth length, and zinc levels. By obtaining
the results of this study, it is hoped that
further researchers can provide interven-
tions to prevent and overcome the condi-
tion of stunting by providing interventions
to increase zinc levels and increase know-
ledge about exclusive breastfeeding. Good
nutritional preparation before pregnancy is
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an effort to give birth to quality future
generations.
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