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Abstract

Sustainable Development Goals are to reduce newborn mortality (NM) and under-five mortality
(USM) rates to 12 and 25 deaths per 1,000 live births by 2030. Following the successful
implementation of the Millennium Development Goal (MDG), Bangladesh, a lower-middle-
income nation in South Asia, had a considerable drop in USM (from 133 to 30.2 fatalities per 1000
live births between 1990 and 2018). However, rates remain high in South Asian nations, with
Bangladesh ranking third after Pakistan (74 per 1000 live births) and India (38.8 per 1000 live
births). There is no debate that further work and efforts are required to ensure further NM and
U5M reductions to meet the corresponding SDG objectives. It is evident from other Bangladesh
Demographic and Health Survey (BDHS) studies that infant mortality in Bangladesh is decreasing
day by day. That is due to several socio-economic and health-related factors that influence the
maternal and newborn baby's health. We have worked in this study based on BDHS data (2017-
18) having the number of total data of 20,127 households having 47,828 children with Division,
Type of place of residence, Wealth index combined, Mother’s educational level, Age of mother at
birth, Sex of child, Birth order of the child, preceding birth interval, successive birth interval, etc.
variables. To examine the factors that influence infant mortality, a Binary Logistic Regression and
a Random Forest Regression analysis were performed. The findings of the Binary Logistic
Regression were more suitable, and the odds ratio was compared with confidence intervals to assist
in the interpretation of the data. According to this study, babies in Bangladesh are at greater risk
of death due to societal factors such as mothers' lack of formal education and poverty. Infant
mortality is more likely to occur if the mother is older and born higher in the pecking order.
Preventing infant mortality requires community-based programs, emphasizing improving family-

based healthcare for newborns.

Keyword:

BDHS, Infant Mortality, Chi-Square Test, Binary Logistic Regression, Random Forest
Regression, SDG
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Chapter 1 Introduction

Bangladesh's neonatal and infant mortality rates have been declining. According to the Bangladesh
Demographic and Health Survey (BDHS) study, the under-5 mortality rate in Bangladesh was 45
fatalities per 1,000 live births in the five years preceding the study (about 2014-2018). (BDHS
2017-18). The newborn mortality rate was 38 per 1,000 live births, while the child mortality rate
was 7 per 1,000. The risk of dying in the first month of life (30 deaths per 1,000 live births) is
approximately four times that of dying in the next 11 months (8 deaths per 1,000 live births). It's
also worth mentioning that 67 percent of all deaths in children under five occur during the newborn
period. Under-5 mortality was 40 deaths per 1,000 live births, newborn mortality was 34 deaths
per 1,000 live births, and neonatal mortality was 26 deaths per 1,000 live births, according to the
2019 MICS survey of the Bangladesh Bureau of Statistics (BBS). Between 1993-1994 and 2017-
18, under-5, infant and neonatal mortality decreased by 66%, 57%, and 42%, respectively.
However, reductions were unusually slow or negligible from 2014 to 2017-18. Previous research
has found a variety of risk factors for early childhood death, including biodemographic and
sociodemographic variables based on the mother and child's features and the circumstances of the
birth. The analysis includes biodemographic indicators such as the sex of the child, the mother's
age at birth, birth order, and previous birth interval. Place of residence, division, mother's
schooling, and wealth index were among the sociodemographic parameters taken under

consideration.

The purpose of this study is to explore the biodemographic and sociodemographic factors that
influence infant mortality. In order to explore the causes and consequences of significant
dispersion in infant mortality, the study was conducted. We will utilize secondary data from the
BDHS for the 2017-18 period.

To determine the attributes that contribute to infant mortality dispersion, a Binary Logistic
Regression and a Random Forest Regression analysis were done on the number of newborn

fatalities to determine the factors that contribute to infant mortality spreading.

1.1 Background of the study:

Socioeconomic inequities in health and mortality have long been a matter of attention for our

society, regardless of profound influence, and Bangladesh is no exception. Though health services,



including child health care, are provided by the public sector for free in many countries, poor
people utilize them in smaller percentages than better-off people because they are less educated
and face cultural and societal challenges in accessing care. Discrimination in health concerns has
recently received increasing worldwide attention, with specific reference as development goals in
global agendas such as the Millennium Development Goals (MDGs) and Sustainable Development
Goals (SDGs). The Commission on Social Determinants of Health has been helpful to promote
dialogue and promoting worldwide policies and strategic goals. What was left unknown was how
best to minimize the inequalities to an acceptable level. While developing countries, such as
Bangladesh, have achieved considerable progress in improving health and decreasing death rates,
health but mortality inequalities remain the same. Though Bangladesh has made headway in
lowering urban-rural and regional differences in under-five mortality, but socioeconomic
disparities exist. Demographic analyses were conducted using SPSS v25, as well as the Logistic

model and Random forest models were carried out in R version 4.1.3.

Many poverty alleviation programs, particularly microfinance, targeting the most underprivileged
in Bangladesh have been undertaken to improve the socioeconomic status of the underprivileged
and eradicate socio-economic imbalances. The impact of such development programs on
decreasing socioeconomic inequalities has been investigated and shown to reduce health disparity.
Along with microfinance, Bangladesh launched a free universal primary education program with
a focus on females, funded by cash/material incentives for education, leading to a major increase
in female schooling. The growth of the public sector's free vaccination program, family planning
services, and basic healthcare to bring services to people's doorsteps, particularly in rural regions,

resulted in near-universal vaccine coverage and increasing use of contraceptives.

Mothers' education, one of several non-health determinants determining child survival, has been
proven to be highly significant across nations, particularly in contexts with poor health facilities

and socioeconomic development, also including Bangladesh.

Among the socio-economic parameters stated above, sex of children, birth order of children,
mothers' age at birth, household socioeconomic status such as wealth index, and site of residence

have been determined to be essential.

Given the relevance of mother's education and the socioeconomic disparity in child mortality, we

evaluated the trajectory of socioeconomic inequality in infant mortality in rural Bangladesh using



data fromthe BDHS 2017-18 dataset. We also looked at whether the mother's education and family

financial position had an impact on minimizing social inequities.

1.2 Motivation of the study

This study investigates trends and estimates the Infant mortality rate (IMR) in Bangladesh, as
well as inspects Socio-Economic behaviors and certain birth characteristics.

1.3 Obijectives of the study

o To investigate the biodemographic variables influencing infant mortality in Bangladesh.

e To determine the sociodemographic determinants that affect infant mortality in
Bangladesh.

e To compare the use of Binary Logistic Regression and Random Forest Regression on
BDHS 2017-18 data with significant dispersion.

1.4 Qutline of the study

Chapter 2 reviews ideas about methods and materials. A logistic regression model and random
forest regressor model were used to study the characteristics that influence infant mortality in
Bangladesh. The data were examined with the R program, SPSS 25 statistical program, and
Microsoft Excel 2016.

Chapter 3 reviews ideas about the BDHS dataset and the study variables used for the study. The

chapter also includes the ethical approval process and casual diagram of the study.

Chapter 4 is related to Analysis, results, and discussion. In this section of the research, we check
out the factors that influence infant mortality. However, Data from the BDHS from 2017-2018
were reviewed for multivariate analysis.

Chapter 5 is related to the summary and conclusion. In this section of the study, it is recommended
that not only the government but also the common people take necessary steps to reduce infant
mortality in Bangladesh. In this chapter, we also came to our findings. Using data from the

Bangladesh Demographic and Health Surveys, this study explores the situation and variables.

In the Reference section, the reference sources are mentioned.



Chapter 2 Methodology

2.1 Introduction

Data from the Bangladesh Demographic and Health Survey was used in this study (2017-18). To
describe an ever had infant mortality, the Chi-square test and logistic regression analysis were
used. Chi-square test was used in this study to examine the determinants of infant mortality.
Logistic regression analysis was applied to find out the most significant factors of infant mortality.
It was found that the covariates were education level, Respondent Currently Working, Type of
place of Residence, Wealth index combined, Religion, Highest Educational Level, Division the

significant effect on infant mortality.

2.2 Analytical approach

Let, Y be the outcome variable which has two levels and X is another random variable which is

our explanatory variables and also a binary random variables.

2.3 Chi-square test statistic

The formula for calculating the chi-square test statistic is:

o ZO-B
E
Where,

O represents the observed frequency,
E represents the expected frequency under the null hypothesis,
Which is computed by:
E = (row total x column total) / sample size

We will compare the value of the test statistic to the critical value of y2* with degree of freedom

(r- 1) (c - 1) and reject the null hypothesis if x?>y?2“.



2.4 Test hypothesis

The higher the chi-square value, the more likely it is to be significant, allowing the null hypothesis
to be rejected and the variables to be linked. Because the p-value in the test result is smaller than
the average alpha value, the null hypothesis that all variables are independent of one another is
rejected.

2.5 P-value

The smallest level of significance is the p-value. The likelihood of receiving a test statistic result
as severe as or more extreme than the one actually computed is the p-value for a hypothesis test.
A statistic's p-value is the minimum number at which the null hypothesis may be rejected. We
reject the null hypothesis if the p-value is higher than the significance level. We don't reject if the

p-value is smaller than the significance level.

2.6 Logistic regression model

2.6.1 Interpreting parameters in logistic regression

For a binary response variable Y and an explanatory variable X,

nx)=PX=x)=1-PX =x).

The logistic regression model is

__ expexp (a+Bx)
T[(x) - 1+expexp (a+fx) (l)

Equivalently, the log odds, called the logit, has the linear relationship

logit[n(x)] = log T _ g+ Bx (2)

1-m(x)

This equates the logit link function to the linear predictor.



TT{x)

Ty}

Figure 2.1 Logistic regression function

2.7 Interpreting

Its sign determines whether m(x) is increasing or decreasing as x increases. The rate of climb or
descent increases as | § | increases as f—0 the curve flattens to a horizontal straight line. When
B =0, Y is independent of X. For quantitative x with g > 0, the curve for m(x) has the shape of the
cdf of the logistic distribution. Since the logistic density is symmetric, = (x) approaches 1 at the

same rate that it approaches 0.

Taking exponentiation both sides of (2) shows that the odds are an exponential function of x. This
provides a basic interpretation for the magnitude of §: The odds increase multiplicatively by
eP for every 1-unit increase in x. In other words, e? is an odds ratio, the odds at X = x+1 divided
by the odds at X = x.

2.7.1 Binomial GLM for 2 x 2 contingency tables
Among the simplest GLMs for a binary response is the one having a single explanatory variable X

that is also binary. Label its values by 0 and 1. For a given link function, the GLM



link[r(x)] = a + fx
has the effect of X described by
B = link[n(1)] — link[r(0)]
For the identity link, 8 = (1) — m(0) is the difference between proportions. For the log link,
B =log[r(1)] — log[rn(0)] = log[m(1)/m(0)] is the log relative risk. For the logit link,

1 0 1)/(1 - (1
p = logit[n(1)] — logit[r(0)] = log f(ngl) —log7 f(ngo) = log ZE0§§E1 — ZEO;;

is the log odds ratio. Measures of association for 2 x 2 tables are effect parameters in GLMs for

binary data.

Likelihood equation for logistic model

i

Zni((yi —m(x;))x; =0

0

This is the likelihood equation for logistic model by solving this equation we can estimate « and 3.

2.7.2 Inference for binomial logistic

Deviance for binomial models

The deviance equals

i i
n.y. n. — n.y.
2 ZO: n;yilog n:ﬁll +2 Z(ni —nylog ni——n]lﬁll

At setting i,
n;y; is the number of successes and

n; — n;y; is the number of failures, is 1,..., N.

2.8 Estimation of odds ratio

The fundamental goal of estimating independent variable parameters in logistic regression analysis
is to interpret the relationship between the result and the independent variables. The odds ratio is
used to make practical inferences from the estimated coefficients of a fitted model. Because the

dependent variable is on a continuous scale, the estimated coefficients for the independent



variables indicate the slope or rate of change in the function of the dependent variable for every
unit change in the independent variable. However, because the dependent variable in logistic
regression is categorical, such an interpretation of the computed coefficients is not valid. Because
the logit in the independent variables is continuous and linear, the interpretation will be possible
if the change in independent variable is compared to the change in logit. As a result, we can see
that interpretation entails determining the functional connection between the dependent variable
and the independent variables, as well as defining the independent variables' unit of change.

2.9 Random forest regressor

A random forest regressor is a Meta estimator that fits a number of classifying decision trees on
various sub- samples of the dataset and uses averaging to improve the predictive accuracy and
control over fitting. A Random Forest is an ensemble technique capable of performing both
regression and classification tasks with the use of multiple decision trees and a technique called
Bootstrap and Aggregation, commonly known as bagging. The basic behind this is to combine
multiple decision trees in determining the final output rather than relying on individual decision

trees.

Random forest has multiple decision trees as base learning models. We randomly perform row
sampling and feature sampling from the dataset forming sample datasets for every model. This

part is called bootstrap.

2.10 Akaike information criterion

When several models are available, one can compare the models performance based on several
likelihood measures which have been proposed in the statistical literature. One of the most
popularly used measures is AIC. The AIC penalized a model with a larger number of parameters
and is defined as

AIC= —2InL + 2p
Where denotes the fitted log likelihood and p the number of parameters. A relatively small

value of AIC is favorable for the fitted model.

An alternative formula for least squares regression type analyses for normally distributed errors:



Where:

AIC = nlog (2) + 2k
RSS = Residual Sum of Squares/n,
n = sample size,

K is the number of model parameters.

2.11 Source of data

Since this study has its focus on the abortion in Bangladesh. Secondary data BDHS (17-18) was
used in this investigation. This study is based on the data of 20127 Bangladeshi women who had
ever married. Ever-married women mean they have been married at least once throughout their

lives even though their current marital status may not be “married”.

2.12 Statistical analysis

All statistical analyses in this study were performed using the R program (v-4.1.3), SPSS (v-25)
and Microsoft Excel 2016. Then logistic regression model is fitted and compared with random

forest model.



Chapter 3 Description of variables

3.1 Bangladesh demographic and health survey (BDHS) background

This research is based on data from a country wide cross sectional survey, the Bangladesh
demographic and health (DHS) survey 2017-2018. The survey was created to collect detail
information on reproductive history, marriage, fertility preferences, family planning methods,
breast feeding practices women and children’s nutritional status, maternal and child Health line

and child mortality, HIV/AIDS knowledge and attitudes and so on.

The sample was weighted in this study using the matching weighting factor supplied for each of
the women in the survey data. The first portion will aid in better understanding the current state of
child mortality behavior, particularly the childbearing status of married women, and the second

will aid in better understanding the factors of infant mortality.

Scientific sampling probability was used to create the survey sample. A thorough birth history was
kept, which included all live births conducted by women, as well as their age at first birth, birth

date, year of birth, child's sex, and survival status.

An interview was only done if the respondent gave their verbal assent after the interviewer read
them and informed consent statement. The DHS data set authorization was obtained from https://

https://dhsprogram.com/data and user guidelines were rigorously afforded to (all DHS data should

be made to identify any household or individual respondent interviewed in the survey). Using a
data extraction tool, variables were retrieved from the DHS 2017-2018 individual women’s

dataset.

3.2 Ethical approval

After eliminating all identifiable information from the respondents, this research was best on an
examination of existing public domain survey data sets data publicly available online this survey
was authorized by Bangladeshi ethics committees and ICF Macro in Calverton New York. The
authors obtain permission to download their dataset from this study for the demographic and health

survey (DHS) programmed data archivist.


https://dhsprogram.com/data

3.3 Casual diagram of the study:

Wealth Index
of Household

N

Place of
Residence

Mother’s
Educational
(|

Infant
Mortality

Mother Age
at Birth

Sex of Child

Birth Order
of Child

Figure 3.1 The causal diagram of the variables of the study

To determine the influence of demographic, socioeconomic and community service related
variables on the number of ANC visits during pregnancy of a woman in Bangladesh, the following

covariates are considered. These are
Division

Type of place of residence
Wealth index combined
Mother’s educational level
Age of mother at birth

Sex of child

Birth order of child



3.4 Variables

3.4.1 Response Variable

The key response variable in this study was the age of death of the child form respondents. It has
a direct impact on child mortality. The infant mortality influences SDG’s third goal of Good Health
and Well-being. The third goal of SDG targets by 2030, end preventable deaths of newborns and
children under 5 years of age, with all countries aiming to reduce neonatal mortality to at least as
low as 12 per 1,000 live births and under-5 mortality to at least as low as 25 per 1,000 live births.

The variables of interest for this study were obtained from the individual women questionnaire.
The response variable "Age at death (months)"” in women individual recode dataset was calculated
from 20 repeated measure of the variable “Age at death (months)” from the respondent of the dead
child. All dates in the data are expressed in terms of months. Age at death (months) is a continuous
variable that ranges from 0 to 48 months of age (Bangladesh Demographic and Health Survey,
2017-18).

The response variable 'age at death’ is assessed in months, and the start of exposure to infant
mortality is calculated from the variable ‘Child is alive’. As a result, the answer variable indicates
the status of the child whether the child is dead or alive. The ‘age at death (months)’ variable

indicates their ages at the time of death who were died at different point of time in months.

The research sample consisted of 20127 women aged 10 to 49 who had previously given birth
(Bangladesh Demographic and Health Survey, 2017-18). The response variable for this study was
the respondent's age at death (months). The child’s age at death was recorded into two categories

and defined as:

Y = {1, Respondents age at death < 12; 0, otherwise}
The outcome variable of interest in this study is infant mortality. In this case, infant mortality

includes child who had either before reaching their first birth or survive first year of birth.



3.4.2 Explanatory variables

As determinants of early motherhood in Bangladesh, several demographics, social, cultural, and
geographical characteristics were examined. Education (respondents) was categorized into four
groups among socioeconomic variables: no education, primary, secondary, and higher education.
The lowest, poorer, medium, richer, and richest categories were used to calculate the wealth
index.). As geographical factors, respondents’ place of residence (urban vs rural) and division
(Barisal, Chattogram, Dhaka, Khulna, Mymensingh, Rajshahi, Rangpur, and Sylhet) were
included. Some birth characteristics like sex of the children, birth order of children and mothers
age at birth is also included in the study.

The variables were chosen based on past studies and research expertise to explain the data in the
simplest way possible and to minimize redundant predictions. Bangladesh's demographic, social,

cultural sectors and birth characteristics are represented by these factors.

3.5 Description of Explanatory variables

The major goal of this research is to figure out what factors influence infant mortality. As a result,
we must contend with a plethora of issues related with child mortality. For the sake of this study,
certain variables are recorded, and new variables are formed by merging information from many

variables rather than using the variables' original codes.

3.5.1 Place of residence

Urbanization and its modernizing effects are expected to reduce infant mortality. Rural women
were thought to have a higher infant mortality rate than urban women for the following reasons:
urban women have greater access to healthcare than rural women. Infant mortality is higher in

rural areas due to hunger and poor health facilities.

3.5.2 Region

The mortality rate of infants varies depending on where they live. A variable called division
(Barisal, Chittagong, Dhaka, Khulna, Mymensingh, Rajshahi, Rangpur, and Sylhet) was included
in the study to determine the impacts of infant mortality. Different parameters were measured at

different locations, exhibiting distinct rates.



3.5.3 Mother's education level

The education of women, in particular, has a significant interaction effect on infant mortality.
Education provides new values, aims, and a fresh perspective on life, as well as the capacity to
embrace potential ideas. Educated women are more likely than uneducated mothers to provide
better care for their children.

3.5.4 Wealth index
The wealth index has an important role in predicting infant mortality rates. This is because the
impoverished are unable to offer adequate healthcare for their children and antenatal care for their

mothers.

3.5.5 Age of the mother at birth

Mother’s age at birth (maternal age) is considered as an influential factor of infant mortality. In
this study mother's age at birth was calculated from the mother's age at marriage and the
preceding and successive birth intervals. For the simplicity of the analysis, the data were recoded
as

20 or less=1

20-29=2

30 or more= 3

3.5.6 Sex of child

Gender of the kid: The gender of the child has a significant impact on infant mortality. Male
infants have been shown to have a greater infant mortality rate than female infants on several
occasions. Here the multiple responses from some individuals were obtained than for the analysis
the data are recoded as

1= female

2=male

3.5.7 Birth order of child

Several studies have discovered that birth order is likely to be linked to infant mortality. Multiple
responses from each respondent were collected in this study, and the data were recoded for
analytic purposes.

1=1
2-3=2
4ormore=3



Chapter 4 Result and Discussion:

4.1 Exploratory statistics

Here the graphical representation of different variables associated with the number Infant

mortality:
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Figure 4.1 Percentage of Infant mortality in different divisions

Figure 4.1 represent that the most percentages of infant mortality occurs in the Sylhet division
along with Mymensingh district and the least percentage of infant mortality occur in the

Chittagong District.
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Figure 4.2 Percentage of Infant mortality in different type of place of residence
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Figure 4.2 represent that the most percentages of infant mortality occurs in the rural areas and the
least percentage of infant mortality occur in the urban areas. Hence the difference of infant

mortality in different residence is very high.
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Figure 4.3 Percentage of Infant mortality in different type wealth index of household

Figure 4.3 represent that the most percentages of infant mortality occurs in the poorest households
and the least percentage of infant mortality occur in the richest households. Hence the impact of

household’s wealth index influences in reducing infant mortality.



35.00% 31.64%

30.00%
25.00%
20.16%
20.00%
15.00%
9.30%
10.00%
5.00%
0.00%
1

B No education M Primary M Secondary M Higher

3.47%

Figure 4.4 Percentage of Infant mortality in different education level of mother

Figure 4.4 represent that the most percentages of infant mortality occurs to the mothers who have
less than secondary level of education and the least percentage of infant mortality occur to the
mothers who have higher level of education. Hence the impact of mother’s education in reducing

infant mortality is very high.
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Figure 4.5 Percentage of Infant mortality in different sex

Figure 4.5 represent that the most percentages of infant mortal children are males and the least
percentage of infant mortality occur to the female children. Hence the influence of sex in infant

mortality is not same.
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Figure 4.6 Percentage of Infant mortality in different birth order of children

Figure 4.6 represent that the most percentages of infant mortal children are who born in birth order
4 or more and percentage of infant mortality occur to the children who born in first birth order.

Hence the influence of birth order of child in infant mortality is not same.
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Figure 4.7 Percentage of Infant mortality at different mother age
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Figure 4.7 represent that the most percentages of infant mortal children’s mothers are aged 30
years or more and percentage of infant mortality occur to the children whose mothers are aged less

than 20 years. Hence the influence mother’s age at birth in infant mortality is not same.



Table 4.1 Percentage distribution of infant mortality in Bangladesh, 2017-2018

. Percentages | Chi-Square
Covariates Frequency | Infant Death (%) Test
Barisal 5293 324 6.12%
Chittagong 7421 395 5.32%
Dhaka 6561 416 6.34%
Khulna 5484 331 6.04% x*=35.15
Division Mymensingh | 5343 389 7.28% p < 0.001
Rajshahi 5607 397 7.08%
Rangpur 5911 398 6.73%
Sylhet 6208 461 7.43%
Total 47828 3111
Place of Urban 7374 946 12.83% ¥2 = 21.69
residence Rural 12753 2165 16.98% » <0001
Total 20127 3111
No education | 3202 1013 31.64%
Highest Primary 6340 1278 20.16% ¥2 = 25821
educational | Secondary 7764 722 9.30%
level | Higher 2821 %8 3.47% p < 0.001
Total 20127 3111
Poorest 3826 810 21.17%
Poorer 3833 694 18.11%
Vi\ﬁ‘g(h Middle 3883 603 15.53% x* =89.16
combined Richer 4088 601 14.70% p < 0.001
Richest 4497 403 8.96%
Total 20127 3111
Male 24587 1752 55.85% 42 = 2832
Sex of child | Female 23241 1359 44.15%
Total 47828 3111 p<0.001
1 18134 373 11.99%
Birth order | 2-3 21866 1437 46.19% x* =1790.2
of child 4 or more 7828 1301 41.82% p < 0.001
Total 47828 3111
<20 18177 679 3.74%
Ageol 5579 22606 1624 7.18% x? = 484.01
mother at
birth 30 or more 5737 656 11.43% p < 0.001
Total 46520 2959




4.2 Differences in infant mortality based on their backgrounds

During the 2017-2018 year, the infant mortality in urban regions was consistently lower than in
rural areas. Infant death in 12.83% of metropolitan regions and 16.98% percent of rural locations.

There were significant differences in the infant death between divisions. During 2017-2018, infant
death in Chattogram division had the lowest rate while in Sylhet division had the highest rate of

infant mortality (Table 1).

During the period of 2017 to 2018, the frequency of infant death was higher 31.64% with no
education than lower 3.47% with a higher education.

During the period of 2017 to 2018, infant death in poorest wealth index had substantially higher

rate than their counterparts in the richest wealth index (Table 1).

The greater the chi-square value, the more probable it is to be significant, and hence to reject the
null hypothesis and determine that the variables are connected. The null hypothesis that all
variables are independent of one another is rejected since the p-value in the test result is smaller
than the typical alpha value. To put it another way, the conclusion is important: the data shows

that the response variable and explanatory variables are connected (Table 1).



Table 4.2. Odds ratio of different covariates with confidence interval

Covariates Odds ratio [confidence interval 95%]
Barisal [Reference]
Chittagong 0.83[0.71, 0.97]*
Dhaka 1.14[0.97, 1.34]
Khulna 1.20 [1.01, 1.42]*
Division
Mymensingh 1.15[0.98, 1.35].
Rajshahi 1.33 [1.14, 1.57]***
Rangpur 1.17 [1.00, 1.37].
Sylhet 1.05[0.90, 1.23]
Type of place of Urban [Reference]
residence Rural 1.02 [0.93, 1.12]

No education

[Reference]

Mothers educational Primary 0.94 [0.86, 1.03]
level Secondary 0.88 [0.79, 0.98]*
Higher 0.67 [0.53, 0.84]***
Poorest [Reference]
Poorer 0.93[0.83,1.04]
Wealth index of Middle 0.93 [0.83, 1.05]
family
Richer 0.98 [0.87, 1.11]
Richest 0.83[0.72, 0.97]*
Male 1.31[1.21, 1.41]***
Sex of child
Female [Reference]
>19 [Reference]
Mothers age at birth 20-29 0.88 [0.78, 0.98]*
29+ 0.82[0.71, 0.95]**




1 [Reference]

Birth order of child 2-3 3.52[3.09, 4.01]***

4 or more 10.26 [8.77, 12.02]***

4.3 Covariates of infant mortality in Bangladesh

Binary logistic regression was performed to assess the impact of several factors on the likelihood
that respondents would infant mortality. The model contained seven independent variables
(Division, Type of place of residence, Mother education level, Wealth index of family, Sex of
child, Mothers age at birth, and Birth order of child). We consider the first value as a REF variable
in the Odds ratio table.

Infant in the division, Chittagong, was found to have 17% lower odds of mortality than their
counterparts living in the Barisal division. Infant in the Khulna and Rajshahi division was found
to have a 19% and 33% higher risk of mortality respectively than their counterparts living in the
Barisal division, which is significant. Infant in the Mymensingh division was found to have 15%

higher odds of mortality than their counterparts living in the Barisal division.

In the type of residence, infants living in rural areas and urban areas have approximately similar

infant mortality rates.

At the mother education level, we were found to have a 12% lower risk for secondary education

and a 33% lower risk of higher education than no education respectively.

In sex of child, 31% higher risk for infant mortality to occur for the male child than the female
child.

In the wealth index of a family, the poorest wealth index was linked to a greater likelihood of
infant mortality. The richest families had a 17% less chance of infant mortality than their

counterparts from the poorest wealth index.

In mother age at birth, 20-29 aged women in 13% lower risk of mortality than their counterparts
in <19 age group and 29+ age group women in 18% lower risk of mortality than their counterparts

in <19 age group.



Children born in the second or third birth order had three times increased risk of infant
death counterparts corresponding to children born in the first birth order, while children born in
the fourth or higher birth order had ten times increased risk of infant mortality counterparts

corresponding to children born in the first birth order.

4.4 Random forest regression model

The mean of squared residuals of the fitted random forest model is 0.05741279 and 4.16% variance
explained indicate how well the model fits the data. Residuals are a difference between prediction
and the actual value.

To understand what the model has learnt, the importance = TRUE function is used as in the analysis
code. Random forest regression in R provides two outputs: Decrease in mean square error (MSE)

and node purity.

Prediction error described as MSE is based on permuting out-of-bag sections of the data per
individual tree and predictor, and the errors are then averaged. In the regression context, Node
purity is the total decrease in residual sum of squares when splitting on a variable averaged over

all trees (i.e. how well a predictor decreases variance).

MSE is a more reliable measure of variable importance. If the two importance metrics show
different results, listen to MSE.

Table 4.3: Mean square error (MSE) and node purity of the fitted random forest model

Covariate % MSE Node purity
Division 66.40597 102.09855
Type of place of residence 51.71039 42.94050
Wealth index combined 97.76023 88.91583
Mothers educational level 88.60636 64.45029
Age of mother at birth 76.15346 50.25974
Sex of child 19.96449 26.29502
Birth order of child 90.93519 71.19958

The built-in varlmpPlot() function is used to visualize the results. Here, both importance

measures we are combined into one plot emphasizing MSE results.



WEALTH =
Birth_Odr o
EDU o
Momage ]

division =

PLACE o

childSex o

20 40 60 80 100
%IncMSE

division <
WEALTH <
Birth_Odr <

EDU o

Momage o

PLACE o

childSex ©

1 1 1 T T 1
O 20 40 60 & 100

]
Figure 4.8 Mean square error (MSE) and node purity

From the fitted random forest model it is observed that the most important social-economic factor
influencing the infant mortality is the wealth status of the household of the child and the most
important birth characteristic influencing the infant mortality is birth order of the children.

Whereas, the least important factor influencing the infant mortality is the sex of child.

4.5 Binary logistic regression and random forest regression comparison

Logistic regression is extensively utilized to solve industry-scale issues since it is simple to
implement and provides probabilities for each outcome rather than discrete outputs. The logistic

regression approach is resistant to minor data noise and is unaffected by minor incidences of multi-



collinearity. We may evaluate using a variety of measures, but let's focus on True Positive Recall
and F1 Score (Harmonic Mean for Recall and Precision)

Random Forest Classifier is a more accuracy-focused algorithm that works best when employed
with a good fit; otherwise, it soon becomes overfat. Individual RFC decision trees with random
selection can capture more complicated feature patterns and deliver the greatest accuracy. RFC
may also use Feature Importance and tree graphs to better understand how much each feature
contributes to class prediction.

In this study, a binary logistic regression was fit to fit the BDHS dataset to see the impact of
biodemographic and sociodemographic factors on infant mortality. The AIC value of the model
was 20290.

When fitting a random forest regression model to the BDHS dataset to see the impact of
biodemographic and sociodemographic factors on infant mortality. The Mean of squared residuals
was 0.05741279 and the percentage of variance explained by the model was only 4.16. Which
represents the lack of fit of the model. To improve the model the number of trees was set to 500
and mtry = 6, but the result did not improve. The AIC value was calculated with MSR and the
value was -93034.39.

Comparing both the AIC value we conclude that, the Binary Logistic Regression model fits the

BDHS dataset better than the Random Forest Regression model.

Overall, when it comes to categorical data, declaring Random Forest Classifier performs better
than numeric and logistic regression is a little ambiguous. If the dataset contains more categorical

data and outliers, the Random Forest Classifier should be used.

When the number of noise factors is fewer than or equal to the number of explanatory variables,
logistic regression performs better, and the random forest has a greater true and false positive rate

as the number of explanatory variables in a dataset grows.



Chapter 5 Conclusion

Bangladesh has achieved significant progress in lowering under-five mortality and inequality over
the previous two decades, but the socio-economic imbalance in infant mortality prevents further
improvement. The 2017-2018 BDHS dataset considered in this study indicated that birth rank and
mother's age at birth and mother's education level and household income index were common
factors associated with infant mortality. These findings underscore the need for governments and
non-governmental organizations to increase women's education levels to at least the secondary
level and take the required efforts to prevent early parenthood. For the benefit of humanity, income
disparities must be decreased, and capitalism must be eradicated from the earth. Furthermore, birth
interval, child sex, and area of residence are involved in infant mortality. Infant mortality rates in
Bangladesh have been shown to differ across districts. The study's findings might assist in
establishing a framework for future health plans and policies designing and implementing effective
socio-economic measures to improve child survival. The government of Bangladesh and other
stakeholders might utilize our findings to assist increase initiatives to minimize infant mortality in

Bangladesh.

This study is based on nationally representative household surveys that reflect every locality in
Bangladesh. Data were pooled together to create large sample sizes of deaths reported within five
years preceding the surveys. Analyses were restricted to births within five years of each of the
surveys to reduce recall bias by mothers interviewed and minimize bias that may have arisen from
changes in household characteristics. Newborns’ dates of birth and death given by mothers may
have been misreported, particularly those that had occurred a few months or years before the

survey. Causes of death and children's medical conditions were unknown in the study.
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