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ABSTRACT

Background: Low birth weight (LBW) is one of the main risk factors of neonatal mortality and
morbidity. It is an important public health issue particularly in developing countries. Worldwide,
LBW shares around 15-20% of birth outcome. In Indonesia, LBW shares about 10.2% of birth
outcome. In theory, the risk factors of LBW include not only biological aspect but also psychosocial
and economic aspects. This study sought to estimate the biopsychosocial and economic
determinants of LBW in Jambi, South Sumatera, using path analysis approach.

Subjects and Method: This was an analytic observational study with case control design. The
study was carried out at 20 community health centers in Jambi, South Sumatera, from December
2017 to January 2018. A total sample of 200 newborn infants consisting of 50 LBW and 150 normal
birth weight newborn infants were selected for this study by fixed disease sampling. The dependent
variable was birth weight. The independent variables were gestational age, infant sex, maternal
mid-upper arm circumference (MUAC), maternal gestational stress, maternal education, family
income at gestational period, and sanitation. Data on birth weight and MUAC were taken from
obstetric record. The other data were collected by questionnaire. The data were analyzed by path
analysis.

Results: The risk of LBW directly decreased with gestational age =37 weeks (b= -5.06; 95% CI= -
6.49 to -3.62; p<0.001), male sex (b= -0.99; 95% Cl= -2.12 to -0.12; p= 0.081), low maternal stress
(b= -2.35; 95% CI= 14.01 to -0.70; p= 0.005), and good sanitation (b= -1.04; 95% CI= -2.13 to -
0.05; p= 0.062). Gestational age increased with family income (b= 1.74; 95% CI= 0.96 to 2.52;
Pp<0.001). Low maternal stress was positively affected by high family income (b= 1.34; 95% CI=
0.197 to 2.50; p= 0.022). Good sanitation was positively affected by high family income (b= 0.71;
95% Cl= 0.01 to 1.41; p= 0.046). High family income was positively affected by high education level
(b=1.37; 95% CI= 0.57 to 2.18; p= 0.001)

Conclusion: The risk of LBW directly decreases with gestational age >37 weeks, male sex, low
maternal stress, and good sanitation. LBW is indirectly affected by maternal education and family
income.
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BACKGROUND (Mahumud et al., 2017). The World Health

Organization (WHO) reports as many as 15-
20% of all infants worldwide are born with
low birth weight, representing more than

Birth weight is a significant predictor of the
newborn and future health status (Shrestha
et al., 2016; Ahankari et al., 2017; Mahu-

mud et al.,, 2017). Low birth weight is a
major public health problem, especially in
developing countries. It is a risk factor for
early neonatal mortality and morbidity
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20 million births annually, of which about
95% are from developing countries (WHO,
2014; Ahankari et al., 2017).
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Basic Health Research Results of 2013
estimated the percentage of low birth
weight in Indonesia by 10.2% (Ministry of
Health Indonesia, 2015). In Jambi city, the
number of infants with low birth weight
was 70 infants in 2016, which increased by
40%. Low birth weight was the leading
cause of neonatal mortality in Jambi from
2015-2016. Other major causes of neonatal
death in 2016 were asphyxia, infection or
sepsis, and other causes (Municipality
Health Jambi, 2017).

The birth of a low birth weight baby
has both short-term and long-term conse-
quences. Short-term effects include neo-
natal, morbidity and disability in infants
and children (WHO, 2014, WHO, 2017).
Long-term impacts are growth barriers (eg,
stunting) (Aryastami et al., 2017), poor cog-
nitive development, increased risk of
chronic illness (WHO, 2014), and adult
health status (WHO, 2017). In addition, low
birth weight provides a burden in the future
for the community as a whole and requires
greater health costs (Mahumud et al., 2017;
WHO, 2017). Low birth weight has both
short-term and long-term consequences.
Short-term effects include neonatal, mor-
bidity and disability in infants and children
(WHO, 2014, WHO, 2017). Long-term
impacts include growth retardation (eg,
stunting) (Aryastami et al., 2017), poor cog-
nitive development, increased risk of
chronic illness in the adult age (WHO,
2014), and adult health status (WHO,
2017). In addition, the low birth weight
causes a burden to the community as a
whole and greater health costs (Mahumud
et al., 2017; WHO, 2017).

Low birth weight may be caused by
biological, psychological, and socioeco-
nomic factors (Mahumud et al., 2017).
Based on this background, this study aimed
to examine the economic and biopsycho-
social determinants of low birth weight

incidence in Jambi city, Sumatera, Indo-
nesia.

SUBJECTS AND METHOD

1. Study Design
This was an analytic observational study
with a case control design. The study was
conducted at 20 community health centers
in Jambi, Sumatera, Indonesia, from
December 2017 to January 2018.
2. Population and Sample
Target population was infants with low
birthweight. Soure population was infants
with low birth weight in Jambi. A sample of
200 infants consisting of 50 infants with
low birth weight (case) and 150 infants with
normal birth weight (control) was selected
for this study by fixed disease sampling.
The exclusion criteria were gemelli,
subjects who did not reside in Jambi, Su-
matera, and subjects who refused to parti-
cipate in the study.
3. Study Variables
The dependent variable was low birth
weight. The independent variables were
maternal Middle Upper Arm Circumference
(MUAC), gestational age, sex, psychological
stress during pregnancy, environmental sa-
nitation, maternal education, and family
income.
4. Operational Definition of Variables
Low birth weight was defined as an infant
with birth weight less than 2,500 grams.
Birth weight was measured at birth and
weighed using a baby scale. The data were
taken from maternal and child health moni-
toring book. The measurement scale was
continuous, but for the purpose of data
analysis it was transformed into dichoto-
mous coded o for low birth weigth <2,500 g
and 1 for normal birth weight >2,500 g.
Maternal nutritional status was de-
fined as maternal MUAC during pregnancy.
Maternal MUAC was measured using mea-
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suring tape and recorded in the maternal
and child health monitoring book. Mea-
surement scale was continuous, but for the
purpose of data analysis it was transformed
into dichotomous coded o for MUAC <25.5
cm and 1 for MUAC >23.5 cm.

Gestational age was defined as the
length of time the fetus is in the uterine. It
was calculated from the first day of the last
menstrual period to the day of birth. The
measurement scale was continuous, but for
the purpose of data analysis it was trans-
formed into dichotomous coded o for <37
weeks and 1 for >37 weeks.

Sex was defined as the biological
sexual identity from birth. The measure-
ment scale was dichotomous coded o for
male and 1 for female.

Psychological stress during pregnancy
was defined as feeling of distress resulting
from changes in financial condition, family
problem, shifting concern, loss of value,
concern about pregnancy, physical, sexual
or emotional abuse, alcohol or drug use, or
excessive burden at work. The data were
collected using The Psychosocial Profile
Stress Scale by Curry et al. (1998). The
measurement scale was continuous, but for
the purpose of data analysis it was trans-
formed into dichotomous coded o (low
stress) if score <20 and 1 (high stress) if
score >20.

Environment sanitation was defined
as effort undertaken to control the environ-
ment based on the reference of Regulation
of the Minister of Health of the Republic of
Indonesia No. 3 of 2014 on total com-
munity based environmental sanitation, in-
cluding Stop Open Defecation (“Stop
BABS”), washing hands with soap, drinking
water management and household food, se-
curing household waste and ensuring
household waste water. The measurement
scale was continuous, but for the purpose of
data analysis it was transformed into dicho-
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tomous coded o for score <mean and 1 for
score >mean.

Maternal education was defined as
the highest scholar achievement by the
study subject based on the ownership of the
last diploma at the time of the study. The
measurement scale was categorical, coded
0 <senior high school and 1 >senior high
school.

Family income was defined as the
total amount of family income earned from
the income of the head of the household
and the income of the mother, either from
the regular or sideline income per month
and expressed in rupiah currency. The mea-
surement scale was continuous, but for the
purpose of data analysis it was transformed
into dichotomous coded 0 if < minimum
regional wage (Rp 1,906,650) and 1 if >
minimum regional wage (Rp 1,906,650).

5. Data Collection Instrument

The data were taken from medical record,
maternal and child health monitoring book,
and questionnaire.

6. Data Analysis

Sample characteristics were describe by
univariate analysis. Bivariate analysis used
Chi square. Multivariate analysis used path
analysis to determine the direct and in-
direct effects of the relationships between
study variables. Path analysis steps in-
cluded model specification, model identi-
fication, model fit, parameter estimate, and
model respecification.

7. Research Ethics

The research ethical clearance was obtained
from the Research Ethics Committee at Dr.
Moewardi Hospital, Surakarta, Central
Java, Indonesia. Research ethics included
issues such as informed consent, anony-
mity, confidentiality, and ethical clearance.
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RESULTS
1. Sample Characteristics

Table 1 shows that 142 (80.7%) infants with
normal birth weight were born from
mothers with MUAC >23.5 cm. As many as
35 (92.1%) LBW infants were born at <37
weeks gestation. As many as 27 (27.8%) of
the LBW infants were female.

As many as 41 (21.9%) of mothers
who experienced low stress during preg-
nancy gave birth LBW infants. As many as
32 (39%) of LBW infants came from fami-
lies with poor sanitation and 27 (67.5%)
came from low income families. Normal
birth weight infants were born mostly by
maternal education > senior high school.

Table 1. Distribution of sample characteristics

. ye Case Control
No Characteristics N % N %

1. Maternal MUAC

Maternal MUAC < 23.5 cm 16 66.7 8 33.3

Maternal MUAC > 23.5 cm 34 19.3 142 80.7
2. Gestational Age

Gestational age < 37 weeks 35 92.1 3 7.9

Gestational age > 37 weeks 15 9.3 147 90.7
3. Sex of baby

Male 23 22.3 8o 77.7

Female 27 27.8 70 72.2
4. Psychological stress during pregnancy

Low maternal stress (<20) 41 21.9 146 78.1

High maternal stress (>20) 9 69.2 4 30.8
5. Environment sanitation

Poor sanitation (<15) 32 39 50 61

Good sanitation (>15) 18 15.5 100 84.7
6. Maternal education

Maternal education < Senior High School 14 42.4 19 57.6

Maternal education > Senior high school 36 21.7 130 78.3
7. Family income

Low family income <Rp 1,906,605 27 67.5 13 32.5

High family income >Rp 1,906,650 23 14.4 137 85.6

2. Path Analysis
The number of observed variables were 8,
endogenous variables were 6, and exo-
genous variables were 2. Therefore, degree
of freedom (df) value were 19, so it can
conclude that degree of freedom was over
identified and path analysis can be done.
Figure 1 shows the structural model with
estimation. Table 2 shows the results of
path analysis on the biopsychosocial eco-
nomic determinants of low birth weight.
Table 2 shows that the risk of low
birthweight decreased with higher gesta-
tional age (b= -5.06; 95% CI= -6.49 to -
3.62; p <0.001), male sex (b= -0.99; 95%

CI= -2.12 to -0.12; p= 0.081), low psycho-
logical stress during pregnancy (b= -2.35;
95% CI= 14.01 to -0.70; p= 0.005), and
good environmental sanitation (b= -1.04;
95% CI= -2.13 to -0.05; p= 0.062).
Gestational age (b= 1.74; 95% CI=
0.96 to 2.52; p<0.001) increased with
family income. High family income
increased the likelihood of low stress (b=
1.34; 95% CI= 0.20 to 2.50; p= 0.022),
good environmental santitation (b= 0.71;
95% CI= 0.01 to 1.41; p= 0.046), and
maternal MUAC >23.5 cm (b= 1.45; 95%
CI= 0.56 to 2.35; p= 0.001). Education
level >senior high school was more likely to
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have high family income (b= 1.37; CI 95%=

0.57 to 2.18; p= 0.001).
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Figure 1. Path structural model with parameter estimates

Table 2. The results of path analysis on the biopsychosocial and economic deter-

minants of low birth weight

Dependent Path 95% CI
. Independent variable coefficient Lower Upper P
variable . . S E,
(b) limit limit
Direct Effect
Birth weight <2,500g < Gestational age (= 37 -5.06 -6.49 -3.62 <0.001
weeks) :
Birth weight <2,500g < Male sex -0.99 -2.12 -0.12 0.081
Birth weight <2,500g < Low psychological stress -2.35 -4.01 -0.70 0.00
during pregnancy 005
Birth weight <2,500g < Good environment -1.04 -2.13 -0.05 0.062
sanitation ’
Indirect Effect
Gestational age (> 37 € Family income > 1.74 0.96 2.52
weeks) Rp 1,906,650 <0.001
Low psychological < Family income > 1.34 0.19 2.50
stress during pre Rp 1,906,650 0.022
gnancy
Good environment < Family income > 0.71 0.01 1.41 6
sanitation Rp 1,906,650 0.04
Maternal MUAC > < Family income > 1.45 0.55 2.35 0.001
23.5cm Rp 1,906,650 ’
Family income >Rp < Maternal education > 1.37 0.57 2.18
1,906,650 Senior high school 0.001
N observation= 200
Log Likelihood= -481.75
DISCUSSION birthweight. This study supports the pre-

1. The relationship between gesta-
tional age and low birth weight

The current study showed that term preg-

nancy (=37 weeks) lowered the risk of low
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vious finding by Wang et al (2017) that
gestational age >37 weeks decreased the
risk of low birth weight. This study is also
consistent with Sebayang et al. (2012),
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which found the shorter gestation period,
the higher risk of LBW.

Another study added more evidence,
which showed that gestational age <37
weeks had twice as many risk of low birth
weight than gestational age >37 weeks.
Gestational age 28-34 weeks had 6 times as
many risk of low birth weight than gesta-
tional age >37 weeks (Chibwasha et al.,
2016).

According to Soetjiningsih and Ranuh
(2016), in the fetal growth and deve-
lopment, a fetus aged 8 months has only
1,500 g body weight. Generally, preterm
fetus (<37 weeks gestational age) has only
<2,500 gram body weight.

2, The relationship between sex and

low birth weight

The current study showed that female had
higher risk of low birth weight than male. It
is supported by Soetjiningsih dan Ranuh
(2016), which stated that sex was one of
factors affecting fetal growth and deve-
lopment.

This study is also consistent with
previous study, which found that female
fetus had an increased risk of the low birth
weight (Andayasari and Opitasari, 2016;
Kader and Perera, 2014; Momeni et al.,
2017; Setyo and Paramita, 2015; Sebayang
et al., 2012; Taywade and Pisudde, 2017).

It is because female fetus has lower
body weight than male fetus for the same
gestational age, so that female fetus has a
higher risk of low birth weight (Setyo and
Paramita, 2015).

3. The relationship between psycho-
logical stress and low birth weight
The current study found that low stress in
pregnancy lowered the risk of low birth
weight. Studies by Schetter (2011), Tandu-
Umba et al. (2014), Nurahmawati et al
(2017), and Nurmayanti et al (2017) found
that infants with low birth weight had been
mostly born by mothers with experience of

considerable amount of stress in preg-
nancy.

According to Tandu-Umba et al.
(2014) stress during pregnancy can induce
maternal health problem such as prematur
delivery. Janiwarty and Pieter (2013) added
that stress during pregnancy include nega-
tive and fear feelings, which can affect the
fetal physiologic and psychologic develop-
ment. In addition, stress during pregnancy
can lead to increased maternal blood
pressure, which eventually can hamper the
nutritional intake and constrain the fetal
growth (Lau, 2013).

Stress during pregnancy may also
affect appetite, eating frequency patterns,
and weight gain. All of these factors may
play an important role in fetal growth and
increased the risk of LBW (Lau, 2013).

Pregnant women are advised to
consult with medical personnel or the
closest people who can be trusted if they
have problems during pregnancy so as not
to burden their mind that eventually can
interfere with the fetal growth in the womb.
4. The relationship between environ-

ment sanitation and low birth

weight
The results showed that a good environ-
mental sanitation was associated with a
decreased risk of infant with low birth
weight. This finding is in line with the study
result by Demelash et al. (2015) and Tay-
wade and Pisudde (2017), which reported
that poor physical environmental sanitation
increased the risk of low birth weight.

Environmental sanitation is a strategy
for management development in health
care (Yindong et al.,, 2017). This study
suggested pregnant women have hygienic
and environmental sanitation behaviors as
well as government-defined programs
called community-based total sanitation.
Medical personnel is expected to improve
the achievement of community-based total
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sanitation by improving the quality and

quantity of health education to the com-

munity and improving observation and eva-
luation on a regular basis.

5. The relationship between family
income and low birth weigth
through gestational age

This study indicated that high family

income lowered the risk of infants with low

birth weight. Low income and rising living
costs can hamper pregnant women from
fulfilling the needs for nutrition and health
care. In turn, low income can increase the
risk of low birth weight (Sebayang et al.,

2012; Kayode et al., 2014; Demelash et al.,

2015; Mahumud et al., 2017; Taywade and

Pisudde, 2017).

6. The relationship between family

income and low birth weight

This study showed that high family income

lowered the risk of low birth weight via low

stress during pregnancy.

This finding is consistent with studies by

Islam and ElSayed (2015) and Setyo and

Paramita (2015), which reported that ma-

ternal employment increased family in-

come, lowered stress during pregnancy,

andeventually increased the risk of deli-

vering infants with low birth weight.
According to Oltmans dan Emery

(2013), pregnant mothers with stress may

experience eating disorder and increased

blood pressure, which interrupt nutrition
transfer from mother to fetus.

7. The relationship between family
income and low birth weight

This study indicates that family income

increases the risk of LBW infants through

environmental sanitation. Low family
income will cause poor environmental sani-
tation, thus increasing the risk of LBW.

8. The relationship between family
income and maternal MUAC

This study shows that family income can

affect Mother MUAC. Low family income
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will cause difficulties in meeting nutritional
needs (Setyo and Paramita, 2015). Maternal
nutrition before pregnancy greatly affects
the nutritional status of the mother and the
fetus it contains (Sulistyoningsih, 2011).
Mild nutritional status may lead to im-
paired fetal growth, delivering low birth
weight infants, and will subsequently affect
intergenerational malnutrition (Fikawati et
al., 2015).

Inadequate protein-energy intake in
pregnant women can lead to Chronic
Energy Deficiency (CED), which is cha-
racterized by MUAC <23.5 cm. Pregnant
women with CED have the higher risk for
low birth weight (Ministry of Health, 2016).

This study is consistent with the
results of a study by Sebayang et al. (2012),
which states that mothers who have an
upper arm circumference of less than 23.5
cm have a greater risk of having low birth
weight infants. Similarly, the results of a
study by Assefa et al. (2012) reported that
the MUAC of less than 23 cm increased the
incidence of infants with LBW.

9. The relationship between maternal

education on low birth weight
This study shows that education can affect
the incidence of infants with low birth
weight through income. Education level is a
risk factor for infants with low birth weight.
Lack of formal education may increase the
incidence of low birth weight (Sebayang et
al., 2012; Mahmoodi et al., 2013; Kader and
Perera, 2014; Demelash et al., 2015; Islam
and ElSayed, 2015; Khayati et al., 2016;
Momeni et al., 2017; Nurahmawati et al.,
2017).

Education level is a risk factor for low
birth weight. Education level can affect the
perceptions of pregnant women and the
community on various activities including
health activities and behaviors such as the
practice of feeding pregnant women and
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the utilization of health services (Demelash
et al., 2015).
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