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Abstract 

Millions of under-five children die every year worldwide and some of these deaths could 
have been prevented. Though a global problem, under-five mortality is also a major public 
health problem in Bandung, Indonesia. Identification of spatial distribution and crucial risk 
factors of mortality among children aged below 5 years is an important problem that needs to 
be addressed in order to inform health policy and intervention programs in achieving the 
United Nations SDG Goal 3 target 2. We developed spatial distribution models and were 
estimated based on MCMC and INLA approaches. We found INLA approach outperform and 
the medical Birth (medical birth) in labor processing is a vital risk factor that high influence 
the under-five mortality in Bandung.  
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Introduction 

The under-five mortality rate decreased by 58% in 2018 worldwide from an estimate rate of 

95 death per 1000 live births in 1990 to 39 deaths per 1000 live birth in 2018 [1]. However, 

the number  of under-five death were still high. In 2018, WHO announced that 5.3 million 

children under age five dead [1]. It indicates, the risk the risk of a child dying before 

completing five years of age is still highest worldwide. Generally, high mortality rates of 

under-five age were found in low-income countries. In 2018, the under-five mortality rate in 

low-income countries was 68 deaths per 1000 live births. But this problem is also found in 

high-income countries with a lower number of mortality rates [2]. Based on WHO data, in 

high-income countries, the mortality rate was recorded at about 5 deaths per 1000 live births. 

Reducing number of death of under-five age across countries and saving more children’s 

lives are important priorities. Attention to the under-five mortality rate must begin early at the 
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birth process. In some areas, childbirth is still done in the traditional way by ignoring the 

health aspects. Several factors are thought to influence the high rate of infant mortality 

including Low birth weight, Poor hygiene practices, Malnutrition [3]. The mortality rate, 

under-5 in Indonesia are still high. In 2018, the mortality rate under 5 is 25 per 1000 live 

birth [4]. The city that has high contributes to the mortality rate is Bandung city, West Java, 

Indonesia. 

In this study, we develop a spatial model to identify the high-risk districts in Bandung 

and evaluate the effect of medical-birth, i.e., the childbirth assisted by medical personnel in 

reducing the probability of children die under-five age.  

   
Material and Method 

Material  

Bandung city is the capital city of West Java. Based on the 2015 estimate, it is Indonesia's 

fourth most populous city after Jakarta, Surabaya, and Bekasi with over 2.5 million 

inhabitants. The data in this study including total birth, under-five children mortality and 

percentage medical-birth were collected from Uhttp://data.bandung.go.id/ U.  

Method 

Spatial modelling 

The number of under-five children dies 𝑦𝑖 for each spatial unit is assumed follows Poisson 

distribution with mean and variance 𝜆𝑖 = 𝐸𝑖𝜃𝑖.  The 𝐸𝑖 is expected number of cases and 

relative risk 𝜃𝑖. The expected number of cases 𝐸𝑖 = 𝑁𝑖(∑ 𝑦𝑖𝑛
𝑖=1 ∑ 𝑁𝑖𝑛

𝑖=1⁄ ) where 𝑛 denote the 

number of areas and 𝑁𝑖 is number of births in area 𝑖th. The crude relative risk based in 

maximum likelihood estimation is given by the ratio of the observed to the expected count 

namely standardized mortality rate (SMR) ( [5], [6], [7]):  

𝜃�𝑖 =
𝑦𝑖
𝐸𝑖

 (1) 
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The SMR is unreliable for a small area level [8] [9]. Smoothing techniques through Bayesian 

methods  have been used as a standard method in disease modelling [5]. It can be used to 

capture spatial  dependence which is an important part for smoothing the SMR to get more 

reliable risk estimate. Covariates also can be added to explain variation in disease risk.   

log(𝜆𝑖) = offset(log(𝐸𝑖)) + 𝛼 + 𝛽1𝑥1𝑖 + 𝜔𝑖 (2) 

where offset(log(𝐸𝑖)). 𝛼 in an intercept and describe the overall relative risk, 𝛽1 denotes the 

regression coefficients of percentage medical-birth (x).   We consider Leroux CAR prior  for 

accommodating the spatial dependence in the model (Leroux, Lei,  Breslow 2000): 

𝜔𝑖|𝝎−𝑖,𝑾~𝒩�
𝜌∑ 𝑤𝑖𝑗𝜔𝑗𝑛

𝑗=1

𝜌∑ 𝑤𝑖𝑗
𝑛
𝑗=1 + 1 − 𝜌

,
1

𝜏𝜔�𝜌∑ 𝑤𝑖𝑗
𝑛
𝑗=1 + 1 − 𝜌�

� (3) 

whit 𝜌 denotes the parameter autoregressive.  We estimate the models using two different 

approaches, they are MCMC and Laplace. MCMC is performed using CARBayes package 

[10] and Laplace using INLA packages [11].  We compare two different models from (2). 

First the model without covariate (x) and second with covariate (x). The best model will be 

selected based on deviance information criteria (DIC) [12]. 

 

Result 

Descriptive statistics  

Out of the 41,834 children below 5 years in the data set, 118 (0.282%) of them were reported 

dead.  The proportion of medical-birth 99.12% in average, i.e.,  childbirth assisted by medical 

personnel. The complete descriptive statistics are presented in Table 1 and the spatial 

distribution of birth, mortality and medical-birth are presented in Fig1, Fig2, and Fig3 

respectively. 

Table 1. Descriptive statistics of under-five child 

Variable Unit Min Mean Max SD Total 
Birth Count 349.00 1394.47 2429.00 586.06 41834 
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Mortality Count 0.00 3.93 35.00 7.25 118 
Medical-Birth Percentage 94.86 99.12 100.00 1.46 

  

 

Figure 1. Total birth in 2019 in Bandung city, Indonesia. Note: the ids of each district can be 
found in Appendix A.   

The maximum total birth in 2019 were dominated in center and south west part regions of 

Bandung. 

 

Figure 2.  Under-five children mortality in 2019 in Bandung city, Indonesia 
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The maximum under-five children morality were found in district Panyileukan (24) and 

Coblong (19). It is consistent with the areas that have low percentage medical-birth.   

 

Figure 3.  Percentage childbirth through medical-birth in 2019 in Bandung city, Indonesia 

The percentage of childbirth through medical-birth was more than 99%. The only few 

districts that have percentage childbirth through medical-birth under 99%. The districts are 

Astana Anyar (4), Coblong (19), Panyileukan (24), Rancasari (25), and Sukasari (28). 

Table 2. Parameter estimates MCMC versus INLA  

Parameter Model* Posterior 
Mean q(0.025) q(0.975) 

Medical – 
birth  MCMC2 -478.32 -734.28 -233.56 

 
INLA2 -0.64 -0.85 -0.42 

Spatial Effect MCMC1 0.16 0.01 0.68 

 
MCMC2 0.08 0.00 0.45 

 
INLA1 0.21 0.00 0.84 

 
INLA2 0.24 0.00 0.89 

*MCMC1: M1 based on MCMC 
  MCMC2: M2 based on MCMC 
  INLA1: M1 based on INLA 
  INLA2: M2 based on INLA 
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Table 2 shows the parameter estimates of models (M1) and (M2) based on MCMC and INLA 

approaches. INLA provides a higher estimate of spatial dependence about 0.21 and 0.24 for 

model M1 and M2 respectively. MCMC and INLA estimated a negative effect of a medical 

birth variable on the under-five mortality rate. However, the parameter estimates of both 

methods are highly different. In exponential the coefficient of medical birth close to 0 based 

on MCMC and 0.528 for INLA. The spatial distribution of relative risk based on four models 

variants are presented in Fig.4, Fig.5, Fig.6 and Fig.7 for MCMC1, MCMC2, INLA1 and 

INLA2 respectively.  

 

Figure 4. Spatial distribution of the relative risk based on model 1 with MCMC estimation 
(MCMC1) 
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Figure 5. Spatial distribution of the relative risk based on model 2 with MCMC estimation 
(MCMC2) 

 

Figure 6. Spatial distribution of the relative risk based on model 1 with INLA estimation 
(INLA1) 
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Figure 7. Spatial distribution of the relative risk based on model 2 with INLA estimation 
(INLA2) 
 

Figure 7 shows different spatial distribution with the other figures. The comparison of the 

distribution of the relative risks are presented in Boxplot in Fig.8.  

 

Figure 8. Comparison of relative risk estimates 

INLA2 provides more reliable result than the other models with narrow boxplot. In the next 

step, we evaluate the model performance of CARBayes packages with MCMC estimation 

and INLA package with Laplace estimation. The model's comparison based on deviance 
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information criteria (DIC). In general, models (M2) based on MCMC and Laplace 

approximations are better fit than model 1. Models (M2) have lower DIC than models (M1).  

Table 3. Model comparison MCMC versus INLA 

No 
Model 

MCMC INLA 

pD DIC pD DIC 

M1 Random intercept 86.215 1192.7 22.231 121.022 

M2 Random intercept + Medical-birth 105.114 668.315 15.466 115.506 

pD: effective number of parameter; DIC: Deviance information criteria  

Using a similar procedure, the INLA approach provides a better model fit than MCMC. The 

DIC of the INLA approach much lower than the DIC of the MCMC approach. Based on this 

comparison, we choose the M2 with INLA approach is the best model for modelling under-

five children mortality in Bandung city, Indonesia.  

 

Conclusion 

The study set out to develop an ecological regression model in order to identify the spatial 

distribution of the mortality rate of an under-five child in Bandung, Indonesia, and investigate 

the effect of the medical-birth on under-five children mortality. The study was developed 

based on the Leroux model and estimated based on MCMC and INLA approaches. Based on 

DIC criteria we found the best model is Model with covariate medical-birth based on Laplace 

estimation. We found there are four districts that have high mortality risks, they are Astana 

Anyar, Coblong, Panyileukan, and Rancasari. This information can be used by a health 

agency to develop an effective program to reduce the under-five children mortality rate in 

Bandung city, Indonesia. 
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Appendix A 

Id District Born Death Medical-Birth 
1 Andir 1624 2 99.88 
2 Antapani 1335 1 99.93 
3 Arcamanik 1268 3 99.69 
4 Astana Anyar 1191 7 95.43 
5 Babakan Ciparay 2429 0 100.00 
6 Bandung Kidul 949 0 99.48 
7 Bandung Kulon 2387 1 99.96 
8 Bandung Wetan 349 0 99.43 
9 Batununggal 2404 0 99.88 

10 Bojongloa Kaler 2097 2 99.81 
11 Bojongloa Kidul 1485 5 99.40 
12 Buah Batu 1776 2 99.83 
13 Cibeunying Kaler 1203 0 100.00 
14 Cibeunying Kidul 1978 1 99.90 
15 Cibiru 1157 2 99.91 
16 Cicendo  1433 1 99.51 
17 Cidadap 947 1 99.27 
18 Cinambo 453 2 99.56 
19 Coblong 1892 22 96.78 
20 Gedebage 593 2 99.50 
21 Kiaracondong 2283 6 99.69 
22 Lengkong 1192 0 99.92 
23 Mandalajati 1247 5 99.60 
24 Panyileukan 665 35 94.86 
25 Rancasari 1245 8 95.62 
26 Regol 1246 2 99.84 
27 Sukajadi 1792 6 99.50 
28 Sukasari 1270 1 98.45 
29 Sumur Bandung 491 1 99.80 
30 Ujung Berung 1453 0 99.79 
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