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Abstract 

In practice, it may happen that data may arise from a hierarchical structure i.e., a cluster is nested within another cluster. In this 

case, nested frailty model is appropriate to analyze survival data to obtain optimal estimates of the parameters of interest. To 

identify significant determinants of infant mortality in rural Bangladesh, survival data have been extracted from Bangladesh 

Demographic and Health Survey (BDHS), 2014. Because of the presence of two-level clustering in data, nested frailty model has 

been employed for the purpose of analysis. Recommendations have been suggested based on the results obtained from the survival 

model to reduce the infant mortality in rural Bangladesh to a great extent. 
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I. Introduction 

Mortality of children is one of the main indicators of socio-

economic development of a country
1,2

. This is also a crucial 

problem in developing countries of the world. Though 

Bangladesh has made a significant progress to reduce child 

mortality over the past few years, the rate still remains 

high
3
. In Bangladesh, several programs have been taken to 

reduce urban-rural and regional inequalities in child 

mortality but socioeconomic inequalities still continuing
4
. 

Infant mortality generally depends on environmental, 

social, and cultural factors in developing countries. As a 

result, it differs substantially between rural and urban areas. 

Moreover, economic disadvantage, poor transportation 

systems, and religious conservatism contribute much to 

infant mortality in rural Bangladesh
5
. In addition, socio-

economic, environmental, ethnical and genetic factors 

create clustering effect, which in terms influence infant 

mortality
6
. The event of infant mortality from infectious 

and diarrheal diseases is less in urban areas for better health 

care facilities and water supply. Urban guardians provide 

better environment for infants than the rural guardians. In 

contrast, high risk of infant death exists in rural areas 

because of the lacking of pure drinking water, sanitary and 

healthcare facilities, high illiteracy, and a high incidence of 

poverty
5
. 

Almost all the large surveys in the developing countries 

collect clustered data in which the clusters are the 

geographic areas. As the individuals in the same cluster 

have some common factors in them, the corresponding 

survival times tend to be correlated
7
. For instance, if the 

data come from the same community or same households, 

then the observations must have some association among 

themselves. This association is created due to the 

unobservable or unmeasurable environmental, genetic, and 

behavioral factors that are related to the event of interest. In 

the same way, heterogeneity exists among the observations 

from different clusters. Frailty model considers the sharing 

of these unobserved factors of the observations of the same 

cluster as well as the heterogeneity of the observations from 

different clusters for estimating the parameters of interest
8
. 

Therefore, ignoring these heterogeneity and dependency 

under clustered sampling scheme may provide incorrect 

standard errors of the estimates of the parameters
9
. Frailty 

models cover this unobserved variation through the frailty 

term, which is a non-negative valued random variable. 

Gamma, inverse Gaussian, log-normal, positive stable, etc. 

are used as the distribution of the frailty term. Mathematical 

tractability of Gamma frailty model has made it widely 

used frailty model
10

.  

It may happen, in practice that data are collected using two-

stage cluster sampling, where, for example, the first level is 

community and the second level is household. Under this 

setup, observations within households are correlated and 

households within community are also correlated
11

. To 

obtain the optimal estimates of parameters of interest, it is 

required to consider both correlation into account. To 

address such situation, in survival analysis, the nested 

frailty model has widely been used
12

. In this paper, the 

mortality of children aged below one year in the rural 

Bangladesh has been considered as the event of interest. For 

the purpose of analysis, a sample from Bangladesh 

Demographic and Health Survey (BDHS), 2014 kids record 

data has been extracted and analyzed using nested frailty 

model.  

In this paper, nested frailty model has been considered to 

assess the impact of significant covariates on infant 

mortality of children in rural Bangladesh and 

recommending suggestions following results from the fitted 

model. In the following sections, Methods, a short 

description of nested frailty model along with the inference 

procedure and overview of data and variables are given. 

Then the obtained results from univariate, bivariate 

analysis, and nested frailty model have been presented. In 

the penultimate section, a brief discussion of the obtained 

results is provided and finally the paper concludes.  

II. Methods 

A semi-parametric modeling approach has been used in this 

study to measure the effect of covariates on the lifetime  . 

Cox (1972) proposed a semi-parametric proportional hazard 

model, which takes the form as
13 
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                      , 

where       be the baseline hazard function and   be the 

vector of covariates associated with the vector of regression 

parameters  . 

Nested frailty model is used for capturing the hierarchical 

clustering effect of the data by including two random effect 

terms that work multiplicatively on the hazard function. 

These models are appropriate when data are clustered at 

hierarchical levels naturally or by design
14

. Let’s consider   

independent clusters and within the  th cluster there are    

subclusters. Let      denotes the survival time under study 

for the  th subject               from the  th sub-

cluster              of the  th cluster            . 

Then the hazard function for  th individual in nested frailty 

model is given by 

                                  , 

                    ; 

where the cluster random effect    and the sub-cluster 

random effect     are both independently and identically 

distributed having nonnegative valued distributions. The 

mean of the distributions for both    and     are 

constrained to one and the unknown variances are   and  , 

respectively. It is very important to choose frailty 

distribution properly. Any nonnegative random variable 

can be used to model frailty
15

. For mathematical 

simplicity, Gamma distribution has been used in this study 

as the frailty distribution.  

III. Parameter Estimation 

Let            be the observed distinct ordered times at 

which events occurred. Also, let    be the risk set at 

time   , which consists of the set of individuals who are 

available in the study at time   . Suppose   distinct 

observed times are found in a censored random sample of 

size   and    be the number of events occurred at time   . 

In the case of tie, the overall likelihood function for the 

vector of parameters   can be written as 
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To obtain optimal estimates of the parameters, the 

penalized log-likelihood function of the above likelihood 

function has been optimized by the robust Marquardt 

algorithm
16

, which is a combination between a Newton 

Raphson algorithm and a steepest descent algorithm under 

the function “frailtyPenal” of R package “frailtypack”. 

IV. Data and Variables 

The data set used in this study have been extracted from 

Bangladesh Demographic and Health Survey (BDHS), 

2014. Two-stage stratified sample of households is used in 

conducting the survey. In the first stage, 600 EAs are 

selected with probability proportional to the EA size and in 

the second-stage of sampling, on an average, a systematic 

sample of 30 households has been selected per EA to 

provide statistically reliable estimates for key demographic 

and health related variables for the country as a whole, for 

both urban and rural areas separately. The event of interest 

is infant mortality in the rural Bangladesh, and the 

corresponding independent variables, based on previous 

literature review, are region [Dhaka, Barisal, Chittagong, 

Khulna, Rajshahi, Rangpur, Sylhet], maternal education 

[No, Primary, Secondary, Higher], source of drinking water 

[Safe and Unsafe], toilet facilities [Safe and Unsafe], 

domestic violence [Yes or No], awareness about child 

health care [Respondent and Others], NGO membership 

[Non-member, Member], access to media [Unexposed and 

Exposed], working status of mother [Yes or No], age of 

mother at first birth  [Less than or equal to 20 year and 

Above 20 year], sex of child [Male and Female], birth order 

number [Other than first birth and First birth], religion 

[Muslim and Non-Muslim], preceding birth interval [Less 

than equal to 18 months and Above 18 months], fathers 

education [No, Primary, Secondary, Higher], sex of 

household head [Male, Female], number of antenatal care 

visit [Less than 4, More than or equal to 4], and fathers 

occupation [Farmer, Service or business, Labor or others]. 

All these variables have been categorized according to 

previous literature review, and after deleting missing cases, 

4889 observations have been found ready for analysis.  

V. Results 

Univariate Analysis 

The rural respondents are more or less equally distributed 

among the divisions. Chittagong division has the highest 

percentage (18.8%) of respondents and Khulna division has 

the lowest one (10.7%). Though very few (6.4%) 

respondents are highly educated, almost half of them have 

completed secondary education (45.5%), while about one-

third have primary education (30.1%). But, still 18% 

respondents having no education is a matter of concern. It's 

a matter of joy that 96.6% and 91.5% of the respondents 

have safe drinking water and toilet facility, respectively. 

Exactly one-third (33.3%) respondents are victim of 

domestic violence. 69.2% respondents have taken health 

care of their child by themselves. It has been found that 

30.8% mothers have not taken direct care of their children, 

which is not a small percentage indeed. Only 32.7% 

respondents are NGO members. Almost half (49.3%) of the 

respondents are exposed to media implying still 50.7% have 

had no opportunity to be exposed. Most of the respondents 

(85%) have had their first birth at or before age 20, which is 

obviously a big issue to concern. There are almost equal 

percentage (51.4% and 48.6%) of male and female child, 
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respectively, in this study. Only 34.9% of the children are 

first birth to their mothers. Majority (72.8%) of the 

respondents are non-worker. Among the respondents, 

92.1% are Muslim. 79.3% respondents have at least 18-

month gap between taking index birth and previous birth. It 

should be noted that for the first birth, time to take first 

baby after marriage is considered as the preceding birth 

interval. Most (91%) of the household heads are male. Very 

few (9.7%) fathers have higher education, whereas almost 

one-third (29.3%) have no education, one-third (33%) have 

primary, and rest one-third (28%) have secondary 

education. Almost equal percentage of fathers (29.6% and 

27.8%) are farmer and service/businessmen, respectively. 

Rest of them (42.2%) are labor or in other professions. In 

our study, most of the rural mothers (74.5%) took antenatal 

care visit less than four times. 

Bivariate Analysis 

The bivariate technique involving the Product-Limit 

estimator
17 

for survival function along with log-rank test
18

 

has been used, rather than other ways of bivariate analysis 

like correlation, cross-tabulation, measure of association by 

chi-square test, as these techniques can’t handle censoring 

properly. Table 1 presents the comparison of the survival 

probabilities for socio-economic and demographic variables 

along with log-rank test p-value. The variables with 

significant impact on mortality of infants in rural 

Bangladesh at 5% level of significance are Region, Toilet 

Facility, Domestic Violence, Access to Media, Preceding 

Birth Interval, and Sex of Household Head; whereas 

Maternal education, Source of Drinking Water, Awareness 

about Child Health Care, NGO Membership, Age of 

Mother at First Birth, Sex of Child, Birth Order Number, 

Working Status of Mother, Religion, Fathers Education, 

Number of Antenatal Care Visit, and Fathers occupation are 

found to have no significant association. Along with the 

bivariate significant variables, NGO Membership, Religion, 

Working Status of Mother and Birth Order Number are also 

included in the nested frailty model as the long rank test p-

values corresponding to these covariates are small. 
 

Table 1. Log-rank test of survival times between the different categories for the selected socio-economic and 

demographic variables on infant mortality in rural Bangladesh from BDHS, 2014 data 

Covariates Survival Probability (at 
most of the time points) 

p-value 

Region  0.019 

                    Dhaka Barisal > Dhaka > Chittagong >  

                    Barisal Rajshahi > Rangpur > Khulna >  

                    Chittagong Sylhet  

                    Khulna   

                    Rajshahi   

                    Rangpur   

                    Sylhet   

Maternal Education  0.280 

                    No education Higher > Secondary > Primary >  

                    Primary No education  

                    Secondary   

                    Higher   

Source of Drinking Water  0.580 

                    Safe Safe > Unsafe  

                    Unsafe   

Toilet Facility  0.006 

                    Safe Safe > Unsafe  

                    Unsafe   

Domestic Violence  0.004 

                    No No > Yes  

                    Yes   

Awareness about Child Health Care  0.240 

                    Respondent Respondent > Others  

                    Others   

NGO Membership  0.076 

                    Non-member Non-member > Member  

                    Member   

Access to Media  0.044 

                    Unexposed Exposed > Unexposed  

                    Exposed   

Age of Mother at First Birth  0.850 

                    Less than or equal to 20 years Less than or equal to 20 years >  

                    Above 20 years Above 20 years  
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Covariates Survival Probability (at 
most of the time points) 

p-value 

Sex of Child  0.950 

                    Female Male > Female  

                    Male   

Birth Order Number  0.150 

                    Other than first birth Other than first birth > First birth  

                    First birth   

Working Status of Mother  0.140 

                    No No > Yes  

                    Yes   

Religion  0.085 

                    Non-Muslim Muslim > Non-Muslim  

                    Muslim   

Preceding Birth Interval  0.021 

                    Less than or equal to 18 months Above 18 months >  

                    Above 18 months Less than or equal to 18 months  

Fathers Education  0.100 

                    No education Higher > Secondary > Primary >  

                    Primary No education  

                    Secondary   

                    Higher   

Sex of Household Head  0.030 

                    Male Female > Male  

                    Female   

Number of Antenatal Care Visit  0.800 

                    Less than 4 More than or equal to 4 >  

                    More than or equal to 4 Less than 4  

Fathers Occupation  0.500 

                    Farmer Service or business >  

                    Service or business Labor or others > Farmer  

                    Labor or others   

 
Multivariable Analysis 

Nested frailty model has been employed to analyze infant 

mortality data in rural Bangladesh with the selected 

variables from bivariate analysis and the results are shown 

in Table 2. It is found that the variables Region, Toilet 

Facility, Domestic Violence, NGO Membership, Working 

Status of Mother, Birth Order Number, Religion, and Sex of 

Household Head have significant impact on infant 

mortality, whereas Access to Media and Preceding Birth 

Interval is insignificant. The estimated frailty variance 

terms for both the community and mother level are 

significant with p-values less than 0.001 and 0.026, 

respectively. This clearly indicates the presence of 

dependency in infant mortality data for both community 

and mother level.  

It is found from Table 2 that the hazard of occurring infant 

mortality for a child residing in rural Barisal division is 

                     lower than that of a child 

from rural Dhaka division. Similarly, for a child from rural 

Chittagong (43.9%), Khulna (79.3%), Rajshahi (9.5%), 

Rangpur (29.6%), and Sylhet division (152.4%) have higher 

hazard of having infant mortality than that of a child from 

rural Dhaka division. Here, the hazard ratio of a child from 

rural Sylhet division varies significantly from that of Dhaka 

division with p-value 0.003. The hazard of occurring infant 

death for a rural child who belongs to the household with 

unsafe toilet facilities is 1.725 times compared to that of a 

child from household with safe toilet facilities with p-value 

0.051. Domestic violence has been turned out as a potential 

determinant of infant mortality in rural Bangladesh (p-value 

= 0.037). If a mother is victim to domestic violence, her child 

has 1.449 times as much as hazard of occurring infant 

mortality compared to a child who is from non-victimized 

mother. Moreover, a rural child whose mother is member of 

NGO has 1.540 times as much as hazard of dying before 

celebrating first birthday compared to a child from non-

member mother and this difference is significant with p-value 

0.022. In this study, for the variable Birth Order Number, a 

child who is first birth to his/her mother has 92.4% higher 

hazard of occurring infant mortality than that of a child who 

is other than first birth to his/her mother with p-value 0.010. 

It has been found that the hazard of occurring infant mortality 

for a rural child whose mother works outside is significantly 

(p-value = 0.015)       higher than that of a child whose 

mother doesn’t work outside. In this study, religion is also a 

potential risk factor for infant mortality (p-value = 0.005). A 

child from rural Muslim mother has 2.993 times as much as 

hazard of occurring infant mortality compared to a child who 

is from non-Muslim mother. It is also evident that the rural 

child who belongs to the family headed by female has 

significantly 50.9% lower hazard of occurring infant 

mortality than the child whose family is headed by male with 

p-value 0.054. 
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Table 2. Nested frailty model estimates of the selected variables for infant mortality in rural Bangladesh from BDHS, 

2014 data along with standard error (SE), hazard ratio (HR) and p-value 

Covariates Coefficient SE HR p-value 

Region     

                    Dhaka - - - - 

                    Barisal -0.207 0.382 0.812 0.587 

                    Chittagong 0.364 0.323 1.439 0.262 

                    Khulna 0.584 0.348 1.793 0.093 

                    Rajshahi 0.090 0.349 1.095 0.794 

                    Rangpur 0.260 0.343 1.296 0.447 

                    Sylhet 0.925 0.318 2.524 0.003 

Toilet Facility     

                    Safe - - - - 

                    Unsafe 0.545 0.280 1.725 0.051 

Domestic Violence     

                    No - - - - 

                    Yes 0.371 0.178 1.449 0.037 

NGO Membership     

                    Non-member - - - - 

                    Member 0.432 0.189 1.540 0.022 

Access to Media     

                    Unexposed - - - - 

                    Exposed -0.293 0.183 0.745 0.109 

Birth Order Number     

                    Other than first birth - - - - 

                    First birth 0.654 0.254 1.924 0.010 

Working Status of Mother     

                    No - - - - 

                    Yes 0.493 0.202 1.637 0.015 

Religion     

                    Non-Muslim - - - - 

                    Muslim 1.096 0.393 2.993 0.005 

Preceding Birth Interval     

                    Less than or equal to 18 months - - - - 

                    Above 18 months -0.019 0.230 0.980 0.933 

Sex of Household Head     

                    Male     

                    Female -0.709 0.368 0.491 0.054 

Variance of Random Effects 
    

                    Community                                                                      0.007 <0.001  <0.001 

                    Mother 6.070 3.141  0.026 

Log-likelihood -1252.78    

 
VI. Discussion 

The main focus of this work is to search for the potential 

determinants on infant mortality in rural Bangladesh 

through analyzing the data obtained from Bangladesh 

Demographic and Health Survey (BDHS), 2014. Because 

of the presence of two-stage clustering effect in the data, 

nested frailty model has been used to find optimal results. 

The analysis reveals that there exists significant regional 

difference, which should be reduced to decrease the rural 

infant mortality. Similar result has been found in previous 

study conducted in Bangladesh
4
. Survival of children before 
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reaching first year in life is significantly worse for the rural 

children of Sylhet division of Bangladesh than those 

residing in the rural Dhaka division. This high risk may 

occur due to the territorial advancement, social 

improvement activity in the division, population density, as 

well as regional economic resources
7
. Toilet facility has 

been found to have a significant impact for infant death, 

which is due to the fact that unsafe toilet system causes 

many virus-bacteria related diseases. These diseases are a 

great threat to the lives of the children younger than one 

year
19

. Children residing in the households with safe toilet 

facilities get a healthy environment in their childhood and 

this is why, they immune to several diseases
1
. This study 

also finds the evidence that domestic violence causes more 

death to the infants. The victim mothers may not take 

proper care of their children due to this violence
20

. The 

children from NGO member mothers have the lowest 

survival probability, which may happen because the NGO 

members are usually too poor to have education and other 

facilities and also the rich NGO members are too busy to 

take care of their children
21

. The analysis also suggests that 

infant mortality is worse for the children who are first birth 

to their mothers compared to the children who are other 

than first birth to their mothers. The cause might be that 

first birth babies are coming from younger mothers and 

these mothers may face complicacy during the period of 

pregnancy and at the delivery time because of the physical 

immaturity
22

. In addition, these mothers may have limited 

knowledge about their child health
23

. Similar result has 

been found on child mortality that infant death is higher for 

the children from working mother
6,24

. It is easy to 

understand that working mothers can’t manage enough time 

for their children. Even, in many cases, maternity leave is 

also not available according to the demand, which is 

responsible for causing harm to the upcoming baby
24

. 

Religion has been found significant in this study. The 

children from Muslim mothers are more prone to die before 

celebrating their first birthday
25

. The rural Muslim families 

may lack in proper health and education facilities to bring 

up their babies carefully
26

. It is also important for infant 

mortality that whether the household head is male or 

female
27

. Our study finds that if the head of the household 

is a woman, there prevails lower chance of infant mortality.  

VII. Conclusion 

A dataset has been extracted from Bangladesh Demographic 

and Health Survey (BDHS), 2014 kids record file and 

analyzed using nested frailty model to find out the 

determinants that have potential impact on infant mortality in 

rural Bangladesh. The obtained result suggests that rural 

mothers of Sylhet division should be given extra attention to 

enhance awareness programs for reducing infant mortality 

gradually. The use of hygienic toilets should be enhanced 

among the rural families. Domestic violence should be 

stopped to reduce infant mortality as it has been found 

significant in this study. NGOs should pay more attention to 

the pregnant members by lessening their working pressure 

and providing valuable information on child health care. The 

rural working mothers should become more careful about 

their maternity. Also, more awareness is needed for the 

Muslim mothers on their maternity period. As the first baby 

of the parents are more prone to death, information on 

pregnancy complication and child health care should be 

provided to the newly married mothers. 
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