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Abstract: There is a significant improvement in infant survival over several decades in Bangladesh but the rate 

of infant mortality is still at unsatisfactory level. In many developing countries where primary healthcare 

requirements including antenatal care services are not generally available the infant mortality rate is not at 

acceptable level. Antenatal care is very important both for the health of mothers and children. Using 

Bangladesh Demographic and Health Survey (BDHS), 2014 data, this study made an attempt to examine the 

relationship between antenatal care and infant mortality employing survival regression model. Estimation 

results suggest that the children whose mothers did not receive antenatal care are about three times as likely to 

die during infancy than the children whose mothers received antenatal care during pregnancy period (HR=2.84, 

95% CI: 2.14, 3.63), controlling for sex of the child, birth status, skilled birth assistance, birth order number, 

mother’s age at birth, BMI, education level, wealth status, type of place of residence and region. The results 

also indicate that antenatal care is significantly negatively associated with infant mortality without controlling 

other risk factors. Hence the availability of antenatal care associated logistic supports should be increased at the 

peripheral level to improve the child survival in Bangladesh. 
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I. Introduction 

 

Children play vital role for the overall development of any country. Thus any nation should ensure their healthy 

growth. Globally, child mortality rates have been decreased over the last several decades. In spite of this 

improvement in child survival the rates of infant and child mortality remain unacceptably high in many 

developing countries
1
. In Bangladesh, the infant mortality rate was 34 per 1000 live births in the year 2014 

whereas it was 43 and 52 in 2011 and 2007 respectively
2
. Despite this reduction in infant mortality, the degree 

of infant mortality rate is not satisfactory in Bangladesh compared to the other developing countries
3
. Hence 

Bangladesh needs more initiatives to achieve further improvements in this regard of infant mortality.
 

 

The health care systems of many developing countries are struggling to provide basic public health facilities
3
. 

In case of mothers and children the health care condition is more critical
4
. In most of the developing countries, 
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maternal and child health care services such as antenatal care, delivery care, and postnatal care are not 

available
5-6

. Antenatal care (ANC) is the most important primary health care service for any pregnant mother. 

World Health Organization (WHO) recommended that at least four ANC visits during the pregnancy period is 

needed to ensure a safe motherhood
7
.It includes regular monitoring and variety of routine check-up of the 

mother and her baby during the pregnancy period. Therefore, women who receive antenatal care have more 

chance to learn about their pregnancy and have more opportunities to diagnose health problems and to be 

treated early. Lack of antenatal care is frequently associated with the premature delivery, pregnancy 

complications, maternal and neonatal child mortality
8
. The children whose mothers take proper antenatal care 

are less likely to be born as premature and are less likely to die before celebrating their first birthday than the 

mothers who take inadequate antenatal care
9-10

. 

  

Bangladesh is one of the most densely populated countries in the world and it is really struggling against 

extreme poverty. Despite severe poverty and over population it is observed that Bangladesh is improving in the 

field of maternal health programs but the vast majority of the women do not have adequate access to antenatal 

care services yet. Most of the infant mortality occurs due to severe infections, premature births, low birth 

weight, complicated pregnancies and deliveries
11

. These problems are directly related with antenatal care and 

the situation is more serious among the poor and peripheral women where availability of ANC services is 

limited. Most of the infant mortality can be prevented by providing proper antenatal care services to the 

pregnant mothers. Both in developed and developing countries, previous research studies have shown negative 

associations between antenatal care and infant mortality
12-14

. These studies did not account for different 

combinations of factors such as socioeconomic and demographic characteristics of the children and mothers. 

This study made an attempt to take into account the different combinations of risk factors to examine the 

relationship between antenatal care and infant mortality using data from Bangladesh Demographic and Health 

Survey (BDHS), 2014
15

. The study also examines how the gender of the child, birth status, delivery without 

skilled birth assistance, birth order number, mother’s age at birth, BMI, education, wealth status, type of place 

of residence and geographic region are associated with infant mortality. 

 

II. Data and Methods 

Secondary data extracted from Bangladesh Demographic and Health Survey (BDHS), 2014 is used for the 

analysis of this study which was conducted by National Institute of Population Research and Training 

(NIPORT), under the Ministry of Health and Family Welfare, Bangladesh. It was implemented by Mitra and 

Associates, a research firm of Bangladesh located in Dhaka. Technical support was provided by Macro 

International Inc., a private research firm located in Calverton, Maryland, USA; through the MEASURE DHS 

program. Economical support for the survey was given by the U.S. Agency for International Development 

(USAID). For conducting the survey, Bangladesh was stratified into 20 strata where each stratum is made up of 

enumeration areas (EAs). It followed a two-stage stratified sampling procedure where at the first stage; the 

survey randomly selected 600 EAs (among them 207 in urban areas and 393 in rural areas) with probability 

proportional to the EA size.  In the second stage of sampling, a systematic sample of 30 households was 

selected on average from each enumeration area. Finally, the information of 17863 ever-married women aged 

12 to 49 year was collected from the selected households. The BDHS-2014 also collected demographic, 

socioeconomic, and health-related information of the women. 

 

The analysis uses information on 4256 childbirth born within 5 years proceeding to the survey (which is 

approximate to the calendar years 2010-2014). The children whose information was insufficient or missing 

were excluded. Each mother interviewed in the survey was asked to give a detailed history of all her live births 

in chronological order, including whether a birth was multiple or single, gender of the child, survival status, 

date of birth,  age of the child on the date of interview if alive, and if not alive, age at the time of death. This 

information from the birth history is used to calculate infant mortality rate (IMR). Antenatal care status is 

evaluated by whether the mothers received antenatal care during pregnancy from a professional health care 
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service provider such as a doctor, nurse, midwife, family welfare visitor, family welfare assistant, health 

assistant, medical assistant etc. or did not receive antenatal care from professional service providers. To ensure 

safe motherhood, at least four ANC visits during the pregnancy period are recommended. Hence, if a mother 

received four or more times antenatal care from a professional health service provider then ANC is categorized 

as “Yes” otherwise “No”. 

 

Child survival is correlated with child’s characteristics, mother’s characteristics and other socioeconomic and 

regional factors. Hence the relationship between antenatal care and infant mortality are estimated after adjusting 

for the effects of other potentially confounding factors. These factors include gender of child (boy, girl), birth 

status (single, multiple), skilled birth assistance at delivery (no, yes), birth order number (1, 2, 3, 4+), mother’s 

age at birth (<20, 20-30, 30
+
), mother’s body mass index (BMI) (18.5– 24.9, < 18.5, ≥ 25.0 kg/m2), mother’s 

education level (no education, primary, secondary, higher), household wealth index (poorest, poor, middle, rich, 

richest), type of place of residence (urban, rural) and region (Barisal, Chittagong, Dhaka, Khulna, Rajshahi, 

Rangpur, Sylhet). It should be noted that Principle Component Analysis (PCA) is used to estimate household 

wealth index from the household durable asset
2
. In case of skilled birth assistance (SBA) it is considered 

whether women received the assistance from doctor, nurse, family welfare visitor (FWV), family welfare 

assistant (FWA), medical assistant/sub-assistant and community skill birth attendant (CSBA). If at least one of 

the above skilled persons presents at the time of delivery then SBA is ‘yes’ otherwise ‘no’. Using parametric 

multivariate survival regression model with Weibull hazard function the association of ANC and other 

confounding factors on infant mortality is estimated and results are presented as hazard ratios (HR) with 95% 

confidence intervals (CI). The multivariate survival regression model is described below. 

 

Survival Regression Model 
The most popular survival regression model using hazard function is the multiplicative hazard model or 

proportional hazard model. Under this model, covariates 𝑥 = (𝑥1, … , 𝑥𝑗 , … , 𝑥𝑝)′ act multiplicatively on the 

hazard function. Let 𝑇 be the survival time to occur an event of interest and 𝑥 = (𝑥1, … , 𝑥𝑗 , … , 𝑥𝑝)
′
 be 

the 𝑝 ×  1 vector of covariates with regression coefficient vector 𝛽 = (𝛽1, … , 𝛽𝑗, … , 𝛽𝑝)′. 

Suppose that ℎ0(𝑡) is the baseline hazard function. Under proportional hazard model, hazard function at time 

point 𝑡 in the presence of covariates 𝑥 can be written as 

ℎ(𝑡|𝑥) = ℎ0(𝑡)𝐶(𝑥)                                                                         (𝑖) 

where 𝐶(𝑥) is the positive valued function of 𝑥 such that 𝐶(𝑥) = 1 in the absence of covariates 𝑥. According to 

Cox
16

 the choice of 𝐶(𝑥) is 

𝐶(𝑥) = 𝑒𝛽′𝑥 = 𝑒
∑ 𝑋𝑗𝛽𝑗

𝑝
𝑗=1 . 

Thus the equation (i) is a multivariate survival regression model and the hazard ratio can be presented as 

𝐻𝑅 =
ℎ(𝑡|𝑥1)

ℎ(𝑡|𝑥2)
 , where 𝑋1 = (𝑥11, … , 𝑥1𝑗 , … , 𝑥1𝑝)′ and 𝑋2 = (𝑥21, … , 𝑥2𝑗 , … , 𝑥2𝑝)′ be two vectors of covariates 

associated with group/individual 1 and group/individual 2 [𝑋1 ≠  𝑋2]. 

 

III. Results 

The sample distribution of children born in the 5 years preceding the survey BDHS, 2014 by antenatal care and 

other selected covariates are shown in Table 1. The infant mortality rates per 1000 live births for different 

covariates are also presented in this table. Percentage distribution of number of ANC visits of mothers is shown 

in Figure 1. It is clear from the figure that approximately one third (32%) of the mothers received antenatal care 

but 68% of them didn’t receive it during their pregnancy period. About 51% were male children and 49% were 

females. Among all children 98% were born as singleton whereas only about 2% were born as multiple births. 

Only 37% of births received health care facility from skilled birth attendant at the time of delivery. Twenty nine 

percent of children were first order births, and another 28% were fourth or higher order. More than two-thirds 

(72%) of the births were from mothers whose age were below 20 years at the time of birth, about 25% were 
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from mothers aged 20-30 years, and the remaining 1.5% were from mothers aged more than 30 years. 

Approximately fifty-seven percent of the births were to mothers with normal BMI index (18.5– 24.9 kg/m2). 

Only 11% mothers were higher educated on the other hand 18% mothers were illiterate. It is also observed that 

about 26% of children were born in the poorest family that is consistent with the concept that fertility rate is 

higher in the poorer households, 19% were born in middle-class family and 14% were born in the richest 

family. In case of type of place of residence, 74% percent of births were in rural areas and other 26% were from 

the urban area. According to geographic division, about 16% of the births were in Dhaka division, 20% were in 

Chittagong division, and 12% were in Rajshahi and Rangpur division, 11% were in Khulna and Barisal division 

whereas 16% in Sylhet division.  

 

 

 

Figure 1. Percentage distribution of number of ANC visits of mothers. 

 

 
 

 

In the case of infant mortality rate (IMR), on average three in every 100 children born in Bangladesh (33 per 

1000 live births) cannot celebrate their first birthday. This figure shows one of the greater infant mortality rates 

within the nations of South Asia. It is observed that infant mortality rate for the mothers who didn’t receive 

antenatal care is 41 per 1000 live births but it is only 17 per 1000 live birth for the mothers who received 

antenatal care. In other words, children of mothers who did not receive antenatal care during their pregnancy 

period were about 2.5 times as likely to die during infancy as the children whose mothers received antenatal 

care. Thus there is a significant difference of IMR between these two groups of mothers. The infant mortality 

rate is higher among male children (37) than among female children (30). Consistent with the expectation, 

infant mortality rate is very high among the multiple birth children 278 per 1000 live births compared with only 

28 per 1000 live births among the single birth.  Mothers receiving skilled birth assistance at the time of delivery 

are associated with lower infant mortality rate. There is a U-shaped association between infant mortality rate 

and child’s birth order number. Children were born to the older mothers (30
+
 years old) are at higher risk of 

infant mortality. Infant mortality rate among the children of undernourished mothers and overweight mothers 

are 50 and 31 per 1000 live births respectively. As expected infant mortality rate is highly negatively associated 

with maternal education, with the increase of mother’s education level the IMR decreases. The probability of 

death before 1 year of age for children born in the poorest family is higher than children born in the richest 

family. Infant mortality rate is slightly higher in the urban area than in rural area and it is considerably higher in 

Dhaka and Sylhet division than the other geographical regions.  
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Table 1.Sample distribution and infant mortality rates among children born during 2010–2014 by selected 

covariates in Bangladesh  

 

Covariate Frequency Percentage (%) IMR/1,000 live births 

Bangladesh 4256  33.45 

Antenatal care 

Yes 

No 

 

1390 

2866 

 

32.68 

67.32 

 

17.68 

41.76 

Gender of child 

Boy 

Girl 

 

2158 

2098 

 

50.71 

49.29 

 

37.34 

30.09 

Birth status 

Single 

Multiple 

 

4172 

84 

 

98.02 

1.98 

 

28.34 

278.67 

Skilled birth assistance 

Yes 

No 

 

1594 

2662 

 

37.45 

62.55 

 

30.80 

35.65 

Birth order number 

1
st 

2
nd

 

3
rd

 

Other 

 

1221 

1096 

747 

1192 

 

28.70 

25.74 

17.55 

28.01 

 

41.45 

31.76 

23.05 

35.73 

Mother’s age at birth 

<20 

20-30 

30
+
 

 

3092 

1098 

65 

 

72.66 

25.80 

1.54 

 

36.87 

30.81 

41.68 

Mother’s BMI (kg/m
2
) 

< 18.5 

18.5-24.9 

> 24.9 

 

1688 

2455 

298 

 

35.30 

57.70 

7.00 

 

50.23 

23.19 

31.86 

Mother’s education level 

No education 

Primary or less 

Secondary  

Higher 

 

794 

1155 

1809 

490 

 

18.66 

27.14 

42.50 

11.45 

 

41.89 

34.67 

29.14 

22.55 

Wealth status 

Richest 

Rich 

Middle 

Poor 

Poorest 

 

626 

845 

819 

876 

1089 

 

14.70 

19.85 

19.22 

20.54 

25.59 

 

30.70 

27.23 

40.46 

33.95 

48.34 

Type of place of residence 

Urban 

Rural 

 

1139 

3117 

 

26.76 

73.24 

 

40.54 

31.28 

Region 

Barisal 

 

473 

 

11.12 

 

26.56 
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Chittagong 

Dhaka 

Khulna 

Rajshahi 

Rangpur 

Sylhet 

849 

702 

477 

527 

539 

687 

19.93 

16.49 

11.20 

12.39 

12.66 

16.14 

32.76 

41.99 

30.77 

27.56 

32.15 

49.23 

 

Impact of antenatal care on infant survival 

Survival probabilities for the children before 12 months of age by their mothers receiving antenatal care are 

represented in Figure 2. The figure shows that there is a considerable difference of survival before 12 months of 

age between the children whose mothers received ANC and whose mothers didn’t received ANC. The children 

whose mothers did not receive antenatal care having significantly lower survival probability than children of 

mothers who received antenatal care during their pregnancy period. 

 

Figure 2.The Probability of infant survival before 12 months of age by antenatal care in Bangladesh, 2014 

 

 

 

In Model 1 of Table 2, the unadjusted hazard ratio suggests that there is a strong negative association between 

taking proper antenatal care and infant mortality. Children of the mothers who did not receive antenatal care are 

about three times as likely to die in infancy as those of the mothers who received antenatal care (HR=2.84, 95% 

CI: 2.14, 3.63). The effect of antenatal care on infant mortality remains large and statistically significant, when 

effects of child’s gender, birth status, assistance by skilled birth attendant at the time of delivery, and birth order 

number are controlled for in Model 2. When these child characteristics are controlled it is observed that 

children of the mothers who did not receive antenatal care are 2.49 times more likely to die in infancy than 

those who received antenatal care. Besides, controlling for mother’s age at birth, BMI, and educational status in 

Model 3 has little changing effect on the strength and the direction of the relationship (HR=2.38, 95% CI: 1.81, 

3.12). In the full model (Model 4), after all the child, maternal, household, and geographical factors are 

controlled, the children of the mothers who did not receive antenatal care are about two and a half times as 

likely to die within the first year of life as those of the mothers who received antenatal care (HR=2.61, 95% CI: 

1.93, 3.43). 
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In Model 4 from Table 2, when antenatal care and other risk factors are controlled, it is observed that the 

children whose mothers get skilled birth assistance at the time of delivery are less likely to die before reaching 

their 1
st
 birthday (HR= 1.67, 95% CI: 1.20, 2.26). Children of first order birth are more likely to die before 

celebrating their first birthday compared to the other children. Also maternal education has significant impact 

on infant mortality. The probability of dying an infant decreases with the increase of maternal education. 

Geographical region is also related with infant mortality. However, the size of these effects and relationship is 

small (Model 4). None of the other risk factors in the models has a statistically significant impact on the risk of 

infant mortality. 

 

Table 2.Unadjusted and adjusted hazard ratio (HR) between antenatal care and infant survival before 12 

months of age, controlling for other factors among children born during 2010–2014 in Bangladesh 

 

Covariate Hazard Ratio (95 % CI) 

 Model 1 Model 2 Model 3 Model 4 

Antenatal care 

Yes (Ref) 

No 

 

 

2.84 (2.14, 3.63) 

 

 

2.49 (1.88, 3.27) 

 

 

2.38 (1.81,3.12) 

 

 

2.61 (1.93, 3.43) 

Gender of child 

Boy (Ref.) 

Girl 

  

 

0.93 (0.77, 1.21) 

 

 

0.92 (0.75, 1.19) 

 

 

0.96 (0.76, 1.19) 

Birth status 

Single 

Multiple 

  

 

4.08 (1.55,7.26) 

 

 

4.28 (1.67,7.33) 

 

 

3.98 (1.45,7.06) 

Skilled birth assistance 

No (Ref.) 

Yes 

  

 

1.59 (1.17, 2.16) 

 

 

1.52 (1.09, 2.12) 

 

 

1.67 (1.20, 2.26) 

Birth order number 

1
st
 (Ref.) 

2
nd

 

3
rd

 

Other 

  

 

0.66 (0.46, 0.86) 

0.64 (0.44, 0.89) 

0.85 (0.65, 1.11) 

 

 

0.65 (0.47, 0.92) 

0.57 (0.36, 0.88) 

0.65 (0.40, 1.03) 

 

 

0.53 (0.37, 0.79) 

0.52 (0.30, 0.81) 

0.56 (0.33, 0.91) 

Mother’s age at birth 

<20  (Ref.) 

20-30 

30
+
 

   

 

0.78 (0.55,1.08) 

1.41 (0.83, 2.48) 

 

 

0.88 (0.61,1.21) 

1.65 (0.87, 3.12) 

Mother’s BMI (kg/m
2
) 

< 18.5 

18.5-24.9  (Ref.) 

> 24.9 

   

1.16 (0.94, 1.40) 

 

1.09 (0.71, 1.76) 

 

1.05 (0.78, 1.27) 

 

0.97 (0.59, 1.64) 

Mother’s education level 

No education  (Ref.) 

Primary  

Secondary  

Higher 

   

 

0.73 (0.51, 0.90) 

0.67 (0.48, 0.87) 

0.61 (0.43,0.82) 

 

 

0.71 (0.54,0.94) 

0.68 (0.50, 0.93) 

0.63 (0.44,0.83) 

Wealth status 

Richest  (Ref.) 

Rich 

Middle 

    

 

0.79 (0.49, 1.25) 

1.07 (0.66, 1.68) 
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Poor 

Poorest 

0.73 (0.46, 1.15) 

0.96 (0.57, 1.58) 

Type of place of residence 

Urban  (Ref.) 

Rural 

    

 

0.92 (0.68, 1.21) 

Region 

Barisal  (Ref.) 

Chittagong 

Dhaka 

Khulna 

Rajshahi 

Rangpur 

Sylhet 

    

 

1.22 (0.78, 2.02) 

1.54 (0.94, 2.50) 

1.08 (0.65, 1.91) 

1.26 (0.85, 2.13) 

1.12 (0.71,1.92) 

1.82 (1.14, 2.92) 

 

 

IV. Discussion 

Estimation results indicate that receiving antenatal care at least four or more times from a health care 

professional during pregnancy period is associated with smaller risk of dying within the first 12 months of life 

among children born in the period from 2010 to 2014 in Bangladesh. The results of this study shows that infant 

mortality remains unacceptably high in Bangladesh, and the children whose mothers did not receive antenatal 

care are at greater risk of dying in infancy. The children whose mothers did not receive antenatal care are 2.84 

times as likely to die during the first year of their life as the children whose mothers received antenatal care, 

controlling the factors of child’s sex, birth status, birth order number, maternal education and nutritional status, 

and other factors. Without controlling these risk factors the association remains almost same both in strength 

and direction. These findings are consistent with the results from other studies
17-18

 and provide further evidence 

that antenatal care is one of the most important determinants of child survival in Bangladesh. 

 

In the previous research studies, mother’s education has been identified as one of the key factors in promoting 

child survival
6,10,19

. This study also finds that maternal education have significant impact on the risk of infant 

mortality. Thus maternal education plays a vital role for the reduction of infant mortality in Bangladesh. 

Besides, this study suggests that children of first order birth are more likely to die before celebrating their first 

birthday than other children. Hence special care and supervision is necessary for the first born baby of a family. 

 

The cross-sectional nature is one of the potential limitations of this study. While some of the characteristics 

used in this study, such as antenatal care, child’s sex, mother’s age at birth are fixed characteristics but other 

factors such as mother’s education level, type of place of residence could have changed during the last 5 years. 

Notwithstanding these potential limitations, consistency in the direction and strength of the association between 

antenatal care and infant mortality suggests that improving primary health care at the community level, 

expanding maternal and child health services for the mothers will be the key factors for the improvement of 

child survival in Bangladesh. The findings of this research may help policy makers to make health care policy 

in Bangladesh such that mothers can receive antenatal care to reduce infant mortality. 
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