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Abstract:

Background: Neonatal mortality rate (NMR) in Indonesia is still high compared to neighboring countries, but
more important is to know which socio-economic and geographical factors are associated with high NMR in
certain regions. The aim of this study is to unravel the socio-economic and geographical differences in five
regions of Indonesia, to be used by health policy makers to develop policies and budgets that meet specific
needs in related to NMR in each region.

Materials and Methods: Source of data was the 2015 Intercensal Population Survey (SUPAS) and the 2014
Village Potential Statistics. The study population were women of reproductive age (15-49 years) living in the
40,750 census blocks of the 2015 SUPAS. Information of all neonatal deaths (singleton live born) that occurred
between 2010-2015 were collected. Unit analysis was census block, each census block consisted of 16
households. Data analysis used natural logarithmic and multivariate regression.

Results: Results show that neonatal mortality in rural areas was almost twice to urban areas. Independent
variables representing maternal factors that are significantly correlated with neonatal deaths are: women's age
(<20 years and >35 years), parity (more than three children), low education (less than secondary high school),
average distance to a local hospital, living areas have small numbers of hospital and many traditional birth
attendants. Use of contraceptives, delivery attended by trained health workers, and living in urban area of Java-
Bali are variables significantly associated with reduction of neonatal deaths.The risk of neonatal deaths in East
Indonesia (East Nusa Tenggara, West Nusa Tenggara, Maluku and Papua) is twice of provinces in Java-Bali.
Conclusion:In conclusion, socio-economic and geo'graphic differentials do contribute to high neonatal deaths
in Indonesia.
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I. Introduction

World Health Organization (WHO) in 2006 reported 7,000 neonatal deaths occurred daily, during the
first 28 days of life or neonatal period (1). In recent years, neonatal mortality has declined rapidly in other
countries, but not declining as fast in Indonesia and even show an increasing trend (54%) in some regions.
(2)(3)(4) Efforts to reduce neonatal mortality became a priority for Government of Indonesia (Gol). (5)

One third of population in Indonesia was children. This group will be the next generation who
determine the nation’s future. Therefore, health development should be focused on the children. (6) At present,
neonatal mortality rate in Indonesia was till high (14 per 1,000 livebirths) compared to neighboring with similar
economic level such as Thailand (7 per 1,000 livebirths) and Malaysia (4 per 1,000 live births). (7) Neonatal
declined was stagnant and tend to increase in the last decade. (3) In contrast, the coverage of health service
program increased each year. Delivery by health workers had reached 89%. (6) The problem of neonatal
mortality is still high even though the coverage of service programs is increasing every year, inviting big
questions: Why have health programs, especially maternal and neonatal health programs not yet effectively
impacted on improvingneonatal health status ? This required an explanation of why child health services
program had not been effective in reducing neonatal mortality. Review shows 70% of neonatal deaths can be
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reduced through evidence-based interventions. (8) The analysis of determinants of neonatal mortality was still
rare in Indonesia. Therefore, this research was important.

Indonesia had unique characteristics. Demographically, Indonesia had 17,000 islands and
administratively had 34 provinces, 4,918 municipality, and 70,460 villages. (9) There were a diversity in
cultures. (10) The majority of population lived in rural areas and believed their ancestral tradition. Data on
economic status showed that more than 65 million population lived slightly above the poverty level and were
vulnerable of being poor. (11) There were 14% children lived with their family in poverty line. (6) Evidence
had shown that there was a significant difference in socio economic and health status in developing countries
including Indonesia.

Disparity among the poor and reach caused reducing in maternal, baby and under-five health status,
including the developed countries such as the United States. (4) Based on those geographical and socio-
economic background, this research aimed to obtain the factors (difference in geographical and socio-economic)
in explaining maternal mortality rate in Indonesia. This study used data form 2015 Intercensal Population
Survey and 2014 Village Potential Statistics. The information about neonatal mortality, geographic and social
economic were taken from the 2015 Intercensal Population Survey. While data on facilities and infrastructure in
each village were taken from 2014 Village Potential Statistics. This study was different from previous study
including the coverage areas, analytical methods and explanatory variables. (12) This study will be useful to
develop strategies and interventions to reduce disparity and increase child health status.

Il. Material and Methods

Data sources: Data were taken from 2015 Intercensal Population Survey (SUPAS) and 2014 Village Potential
Statistics (PODES). Both data sources were merged. SUPAS data were nationally representative samples that
produced fertility and mortality indicators such as crude death rate, maternal mortality, infant mortality and
under-five mortality. Total samples in this study were 40,750 census block which each block consist of 16
household. Total household were 652,000. (13)
Data taken form SUPAS were divided into 2 stata: household strata with cases of deaths and household strata
with no case of death. Representative population was maintained by take some and take all (Glaser 1962):
1. Population if there were death cases: take all if there were 1-8 households and take some if there were more

than 8 households, sample size was mentioned as nl.
2. Population with no death: take some with sample size was n2=n — n1, which n was 16 households. (13)
Data taken form PODES were used to describe barrier factors in accessing health services. The Central Burau of
Statistics (BPS) conducted PODES to collect information on village’s facilities and infrastructures as well as
economic, social, cultural and other condition.(14)

Population: The study population were women of reproductive age (15-49 years) in the census block. Birth and
death histories between 2010 and 2015 were obtained in the study population. Adequacy of sample size
(maternal mortality) based on maternal deaths during pregnancy, delivery and postpartum at the 2010 census,
thus the result would be accurate at regional and national levels.

Conceptual framework: This study was adopted Social determinant of health theory (16) and theory of change
(17) to examine determinants of neonatal mortality.
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Figure 1
Conceptual framework for factor influencing neonatal mortality

Figure 1 described neonatal mortality factors taken from SUPAS 2015 and PODES 2014. This study hypothezed
geographical and socio-economic condition influenced health program to reduce maternal mortality.

Study variables: The outcome used in this study was neonatal mortality. Predictor variables consist of input and
output of health program. Covariates in this study were geographical and socio-economic factors.

Table 1. Operational definition

Variables Definition Source
S/IP
Outcome: Infant death that occurred among babies in the first 28 days of life or neonatal period S
Neonatal mortality between 2010 and 2015 per 1,000 hirth. Only single births

Covariates Geographic

- place of residence Categorized as rural and urban S
- Java-Bali or Out Java Census block in Java-Bali or Out Java Bali S
Bali
ExplanatoryGeographic
- 5 big islands Sumatera, Java-Bali, Kalimantan, Sulawesi, Others (West Nusa Tenggara, East

Nusa Tenggara, Maluku and Papua)
- mean distance to hospital Mean distance from census block to hospital P
- Mean distance to health Mean distance from census block to health center P
center
Explanatory Socio-economic and cultural
- High or low of proportion Proportion of poor households in the census block. Variable was categorized as low S
of poor household and high. The cut point was median of first and second quintile.
- High or low of proportion Proportion of low educated women (women with no education or not graduate from S
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of low educated women

Junior High School). Variable was categorized as low and high. The cut point was
median of distribution of low educated women

- High or low of ratio of Ratio of Traditional Birth Attendant per 1,000 population. Variable was categorized P
traditional birth attendant as low and high with cut of point was the median of ratio distribution of Traditional
Birth Attendant
Characteristics of
reproductive age women
- High or low of Women in Age risk was the number of women aged 15-19 years and >35 years per S
high risk age reproductive age (15-49 years) women in census block. Variable was categorized as
low and high with cut of point was the median of distribution of high-risk women
based on their age
- High or low of risk of parity ~ Proportion of reproductive age women who have more than 3 children per S
reproductive age women in the census block. Variable was categorized as low and
high with cut of point was the median.
Health services
- High or low of skill birth Proportion of deliveries by skilled health providers (doctors or midwives) reached
attendant 100% per 1,000 population. Variable was categorized as low and high with cut of
point was the median of deliveries by doctors or midwives.
- High or low of hospital Total number of hospitals per 1,000 population. Variable was categorized as low P
density and high with cut of point was the median of distance mean distribution to
hospitals.
- High or low of health center ~ Total number of health center per 1,000 population. Variable was categorized as P
density low and high with cut of point was the median of distance mean distribution to
health centers.
- High or low of private Number of doctor/specialists per 1,000 population P
physician density
- High or low of private Number of private midwives per 1,000 population P
midwives density
- total number of Number of doctors/specialists who lived in villages per 1,000 population P
physician/specialists
- low or high midwife density ~ Number of midwives who lived in villages per 1,000 population P

Statistical analysis: Based on the valid data obtained, we performed a descriptive analysis of both the
independent and dependent variables of interest by using centralization and dispersion measures. The normality
of the quantitative variables was verified using the Kolmogorov-Smirnov test. In order to reach normality, log
transformation was used for the non-normal variables. Where variables did not follow a normal distribution,
non-parametric tests were used. Once this was checked, a Pearson/Spearman correlation analysis was performed
to ascertain the degree of the relation between MMR and the remaining variables.All hypothesis testing to
determine differences, associations and relationships was deemed significant at p< 0,10 and p < 0.05, and p
<0,01. Statistical data analyses were performed using the STATA version 14. The analysis used equalized block
census level of socio-economic and health program factors on natural log of unadjusted measures of neonatal
mortality.

I11. Result
Population characteristics
The result shows about one third of women in Indonesia were high-risk group. The group was age-risk
pregnant women, low educated women and poor women (first and second quintile). (figure2). The risks were
maternal reproductive health factors and socio-economic factors that have impact on birth outcome. The risk
factors should be managed in a good way in order to reduce neonatal mortality.
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Figure 2. .Socio-demographic characteristics, women of reproductive age with births 2010-2015

Neonatal mortality geographical characteristics

Indonesia has some big islands: Sumatera, Java, Bali, Kalimantan, West Nusa Tenggara, East Nusa
Tenggara, Sulawesi, Maluku and Papua. Those 9 islands were divided into 5 islands based on the number of
populations. The highest number of neonatal mortality is in Java-Bali islands, perhaps since about 60% of
Indonesian population lived in Java-Bali islands. (table 2) However, the highest neonatal mortality rate is among
those who lived in East Indonesia region: West Nusa Tenggara, East Nusa Tenggara, Maluku and Papua.
(Figure 3)

Table. 2 Neonatal mortality based on region and rural-urban 2010-2015

Number Number
Groups of Birth of Neonatal Death
Urban rural
Urban 89428 2780
Rural 136447 6219
Islands
Sumatera 63603 2567
Jawa-Bali 78679 2292
Kalimantan 19909 756
Sulawesi 28517 1420
NTB-NTT-Maluku-Papua 35167 1964
Total 225875 8999

NTB-NTT-Maluku-Papua [ ;¢ |
Sulawesi _ 49.8 I
kalimantan | 32 |
sawa-Bali [ 201 |
Sumaters | <04 |
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Figure 3. Unweighted Neonatal Death Proportion by Islands
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Note: These numbers and statistics are unweighted, not for citation for NDR (neonatal death rate)
Source: analysis of Supas data

Another purpose of this study is to examine the difference of neonatal mortality based on socio-
economic status and health services. The unit analysis is census block as community. Socio-economic was
multi-dimensional underlying factor. In this study, differences in socio-economic factors contribute to maternal
deaths. Community with high percentage of poor household have high neonatal deaths compared to community
with high number of poor populations. Similarly, community with high percentage of low educated women high
number of traditional birth attendant, low contraceptive used, low percentage of skilled birth attendant, low
density of hospital, low density of doctors. (Table 3).

Table 3. Unweighted neonatal death measured by socio-economic, maternal risk and health program

Characteristics Neonatal Deaths per 1000 live births*

Share of Women with high risk-age pregnancy
Low 36.36
High 43.50

The proportion of women with lower education

Low 31.66
High 46.83
The proportion of poor households

Low 29.94
High 48.6
Share of Women with high risk-age pregnancy

Low 36.36
High 435
Share of Women with high parity

Low 30.04
High 47.52
The proportion of women using contraception

Low 42.44
High 37.28
Births are 100% w SBA

Low 52.81
High 32.49
Ratio hospital per 1000 pop in district

Low 44.16
High 35.27
Ratio Puskesmas per 1000 pop in sub-districts

Low 34.61
High 44.65
Ratio physician practice per 1000 pop in subdistricts

Low 4474
High 34.46
Ratio midwive practice per 1000 pop in subdistricts

Low 43.50
High 35.53

Ratio number physician per 1000 pop in subdistricts
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Low 43.41
High 36.14
Ratio number midwives per 1000 pop in subdistricts

Low 36.24
High 43.10
Ratio traditional birth attendant per 1000 pop in village

Low 32.75
High 46.10
Total 39.84

Note :Neonatal Deaths per 1000 live births * ( These numbers and statistics are unweighted, not for citation

NMR).
source : analysis Supas 2015 data.

This study hypothezed differences in geographical and socio-economic factors influence neonatal
mortality rate. Descriptive analysis shows the differences in neonatal mortality based on geographical difference
(rural urban, islands). Correlation or simple regression is needed to examine the distance to health facility. The
far the distance to hospitals causes improvement in neonatal mortality. The result shows the relationship
between the distance to hospital and neonatal deaths. However, distance to Puskesmas have no correlation with
maternal deaths. Even the distance to Puskesmas is near, but it is not correlate with low neonatal deaths. (Figure
4 &05)
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Figure 4. Neonatal death by average distance to hospital Figure 5. Neonatal death by average distance
to Health Center (Puskesmas)

Despites demographic factors, this study also examine the roles of socio-economic differences in
influencing neonatal mortality. This study proves the poorer households in the community, the higher neonatal
deaths. ( figure 6 and 7) This result shows socio-economic factors that cause improvement in neonatal deaths
were poverty and low education.
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Figure 6. Neonatal death by poor household Figure 7. Neonatal death by poor household

In fatcs, death events are caused by multi related factors, not single factor. Multivariate analysis
approach using regression analysis is used to obtain significant determinants of neonatal mortality. Rural-urban
and Java-Bali are used as covariate to determine geographical roles in neonatal deaths.

The first multivariate model is without any difference in geographical factors, then second model is
used geographical factors as covariates. There are differences after geographical factors used in the analysis.
Factors of private midwive’s practices, even though not significantly influencingneonatal deaths, but initially
had a positive tendency to reduce neonatal deaths. However after controlled by urban factor and Java-Bali,
private midwive’s practices are not significantly influencing neonatal mortality.

Second differences, the initial analysis result without distinguishing urban and Java-Bali, shows that
the longer distance to the hospitals , the higher neonatal deaths. In contrast, after controlled by urban and Java
Bali, distance to hospital is not significant.

The urban role in neonatal mortality in this analysis is not significant but has a direction to reduce
neonatal mortality. This might be due to less varying data between urban and rural. The role of Java and Bali in
this analysis shows significant results that are likely to reduce neonatal mortality. In conclusion, geographical
factors are determinants for neonatal deaths in Indonesia.

Health program services consist of a high proportion of skill birth attendants, contraceptive used,
number of hospitals, distance to the hospital have probability to reduce neonatal mortality. High poverty, low
education, age <20 and> 35 years old, have more than 3 children and the presence of traditional birth attendants
are risk factors that significantly improved neonatal mortality. (Table 4).

Table 4. Determinants of Neonatal Death in Indonesia, 2010-2015

Neonatal death per 1000 Neonatal death per 1000
Birth Birth w. Location

High share of risk age women 0.00278*** 0.00300***
(0.000826) (0.000828)

High share of women with high parity 0.00884*** 0.00781***
(0.000874) (0.000903)

High share of low-educated women 0.00353*** 0.00398***
(0.000930) (0.000940)

High share of poor household 0.00432*** 0.00287***
(0.00104) (0.00110)

High share of women using KB -0.00367*** -0.00304***
(0.000838) (0.000852)
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High share of hospital per 1000 pop at dist. -0.00159* -0.00150*
(0.000889) (0.000894)
High share of puskesmas per 1000 pop at sub-dist. 0.00379*** 0.00217**
(0.000890) (0.000942)

High share of physician practice per 1000 pop at sub-

dist. -0.000333 -0.000293
(0.000943) (0.000990)
High share of midwive practice per 1000 pop at sub-dist -0.000296 0.0000353
(0.000860) (0.000865)

High share of # of trad.birth attendant per 1000 pop at

village 0.00246*** 0.00218**
(0.000912) (0.000927)
High share of SBA -0.00860%*** -0.00843***
(0.00108) (0.00107)
average distance to hospital 0.0000350* 0.0000101
(0.0000181) (0.0000187)
average distance to health center -0.00000928 -0.0000231
(0.0000449) (0.0000451)
Urban -0.00130
(0.00111)
Jawa-Bali -0.00575%**
(0.00101)
Constant 0.0271*** 0.0319***
(0.00164) (0.00197)
Observations 40055 40055
Adjusted R-squared 0.018 0.018

Standard errors in parentheses
* = p<0.10

** = p<0.05
*xk= n<0.01

IV. Discussion
The three main causes of neonatal death are complications from preterm, asphyxia and infection. 75%
of deaths of newborns occur in the first week, and 1 million occur in the first 24 hours from birth. (2), (18)
Preterm babies are at risk of low birth weight, and small baby size according to gestation, both are risks that
cause almost 80% of neonatal deaths. (18) This means that to reduce neonatal mortality, there are two
strategies, first is to prevent risk factors, especially preterm and the second strategy is to overcome
complications in the birth process.
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The first strategy is to reduce the risk of preterm babies needing understanding, that preterm is a fairly
complex problem, because it involves biological, psychological and social problems that are interrelated. The
preterm impact is death, disability and social and economic costs for the nation. Nevertheless, the preterm
problem is not understood by the general public or from the research side. (19) This study raises evidence of
geographic and socioeconomic factors that contribute to neonatal mortality. This study proves that there are
significant differences in geographic and socio-economic factors towards the level of neonatal mortality.
Another supportive study is research in China, which proves that there is a relationship between social economic
factors, low education associated with preterm cases.(20), (21).

Socio-economic factors are indirect factors in the occurrence of neonatal deaths, especially preterm.
The mechanism can be explained as follows: mothers with poor social status, do not have the ability to buy or
consume foods that meet nutritional standards. Maternal weight gain during pregnancy becomes inadequate,
anemia easily occurs, lack of resistance to disease, so it is easily infected. Infection will trigger the baby to be
born preterm. Similarly, the education factor is part of social status. The mechanism that occurs is that mothers
who are less educated, tend to not have good knowledge about the disease, consequently lack of hygiene, and
are prone to infection. Infection during pregnancy can result in babies born preterm. Preterm risk, babies born
with low body weight and easy to experience hypothermia. Hypothermia results in asphyxia in newborns, which
can lead to death if not treated properly.(19), (22), (23).

Indirect risk factors other than socio-economic causes of preterm are maternal biological factors. The
results of this study show evidence that maternal factors such as age and risky parity show significant results for
the increase in neonatal mortality. Another supportive study, cohort studies in America from 1998-2000 found
evidence of age at <19 and> 35 at risk for preterm improvement, as well as other studies. (19), (24), (25).
Strategies to reduce age risk factors during childbirth using contraception. The results of this study prove that
high contraceptive use in the community / census blocs significantly reduced neonatal mortality. Other literature
that supports the use of contraception can reduce infant mortality by Bongaarts(26),(27),(28) the benefits of
contraceptive use in addition to reducing neonatal mortality also have an impact on the welfare of the country,
which in turn also has an impact on reducing maternal and neonatal deaths at once.(29)

The second strategy reduces mortality through adequate management of birth / birth / labor.
Competency of emergency facilities and medical personnel is important in overcoming complications from
birth. Competency information is not available in this study. The proxy is carried out through hospital density
and distance to the hospital. The results of this study indicate that hospital density and distance to hospital are
significant factors in reducing neonatal mortality, but this is not the case with the puskesmas density. The
possibility is that puskesmas in Indonesia are not designed as facilities that address the complications of
newborns. Babies born with complications must be referred. Nonetheless the efforts of neonatal emergencies
continue to be a protective procedure in the Puskesmas. In addition to medical personnel, the community also
needs to be introduced to newborn care like the Kangaroo method, although it is simple, but can overcome
hypothermia which can be fatal. (30) The analysis also found that the midwife density but not midwife practice
was not associated with risk of neonatal death. These findings suggest the need for strengthening referral
system and improving the midwife clinical competency.

The results of this study have proven factors that risk increasing neonatal mortality. This finding also
proves that neonatal death risk factors and program service factors are still controlled by geographic and socio-
economic factors. Although health facilities or hospitals have facilities and personnel who are competent in
handling emergency cases of complications, but if there is a delay that causes a very severe condition of the
baby / terminal stage upon arrival at the hospital, then the technology will be very difficult to prevent death or
disability. The possible causes of delay is first aid to traditional birth attendant. (31) Fact that the present of
TBAs is associated with higher risk of neonatal death per birth suggests the need for gradually eliminating the
midwifery role of TBAs and educating communities to seek modern maternal health care. The best efforts to
improve public health are promotive and preventive, especially to risk group.

Communities in Java Bali have access to better health services because of geographic factors, it is
easier to reach health facilities and hospital densities and medical personnel that are higher than areas outside
Java Bali. There is a disparity in mortality rates between Java Bali and outside Java Bali. This indicates that
there should be a gap indicator of achieving targets between Java Bali and outside Java Bali. If this is not
monitored, it will be difficult to assess the progress and effectiveness of the program being implemented.

The results of this study indicate that there are still gaps in program services that occur at the level of
neonatal mortality. Program service factors are also controlled by geographic and socio-economic factors. The
same thing happened to countries at the global level. poverty factor is a very strong factor increasing risk
factors. (31) This indicates that the service program cannot be generalized between poor and rich communities.
In communities with poor and poorly educated socio-economic levels, especially having risky maternal factors,
more promotive and preventive interventions are needed, than the rich, and this becomes logical and fair,
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because the rich group themselves have the ability to access health services. If the gap is not overcome, then the
reduction in death will be hampered and it can even get worse. (4)

Some developing countries have succeeded in reducing neonatal deaths by innovating, given that
changing economic status is not easy in a short time. In Thailand, the role of the kingdom is important in
determining policy. The royal prince was trained in public health, so the policies issued were in accordance with
conditions in Thailand. Nursing education showed inadequate results under the Ministry of Education, a
breakthrough was made by establishing a school organized by the Ministry of Health. Forming supervisors in
the countryside, established rural doctors, etc. In Ethiopia, the District Government was given knowledge about
how to deal with the disease in general. In Bangladesh, access to facilities makes maximum use of electronic
media. In Kyrgyzstan, do strengthening in primary facilities, etc. (32) In conclusion, program innovations to
address demographic and socio-economic problems have become important efforts in reducing neonatal
mortality in Indonesia.

V. Conclusion

There are differences level of neonatal death according to geography (urban and rural, Java Bali and
Out Java Bali, between the Sumatra islands, Java Bali, Kalimantan, Sulawesi, and others (NTB, NTT, Maluku
and Papua). Health program services are still controlled by geographic factors and socio-economic. Factors that
increase the risk of neonatal mortality are maternal, age (<20 and> 35 years), parity (> 3 children) and low
education (<junior high school), far from the hospital, living in the hospital area are few and there are many
traditional birth attendants. The factors that reduce neonatal mortality are contraceptive use and delivery by
health workers. A better referral system is needed. Improve public health are promotive and preventive. Public
health interventions directed at reducing neonatal death should address community, especially to risk group
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