
  
 

 

EXAMINING THE INFLUENCE OF ANTENATAL CARE 

AND SKILLED ATTENDANCE ON NEONATAL DEATHS IN 

ZAMBIA: A MULTILEVEL ANALYSIS 

 

 
 

 

 

By 

 

 

 

 

SIKOTA SHARPER (BA) 

 

 

 

 

 

 
 

A DISSERTATION SUBMITTED TO THE UNIVERSITY OF ZAMBIA IN PARTIAL 

FULFILLMENT OF THE DEGREE OF MASTER OF ARTS IN 

ECONOMICS 

 

 

 

 

 

 

 

 

 

 

 

UNIVERSITY OF ZAMBIA 

LUSAKA 

2016 

 



i 
 

 

© 2016, Sikota Sharper 

 

 

 

 

 

 

All rights reserved. No part of this dissertation may be reproduced or stored in any form or 

by any means without prior permission in writing from the author or the University of 

Zambia. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ii 
 

DECLARATION 

I, Sikota Sharper, declare that this dissertation:   

(a) Represents my own work; 

(b) Has not previously been submitted for a degree at this or any other University; and 

(c) Does not incorporate any published work or material from another dissertation. 

 

 

 

 

 

 

 

 

 

 

 

Signed-------------------------------------------------------- 

Date------------------------------------------------------------ 

  



iii 
 

APPROVAL 

This dissertation of Sikota Sharper has been approved as a partial fulfilment of the 

requirements for the award of the degree of Master of Arts in Economics by the University of 

Zambia.   

 

 

 

 

 

 

 

 

 

 

Signed:      Date: 

 

----------------------------------------------  ---------------------------------------------- 

 

----------------------------------------------  ---------------------------------------------- 

 

----------------------------------------------  ---------------------------------------------- 

  



iv 
 

ABSTRACT 

Background: Neonatal mortality is a global challenge; identification of individual and 

community determinants associated with it, are important for targeted interventions. 

Although many studies have emphasized the importance of accessible maternal healthcare as 

a means of reducing maternal and child mortality, very few of these studies have explored the 

influence of antenatal care visits and skilled attendance on neonatal deaths. 

Objective: The main objective is to examine the influence of antenatal care visits and skilled 

attendance on neonatal deaths in Zambia using a multi-level analysis. 

Method: The study uses data of women in their reproductive years from the 2013/2014 

Zambia Demographic and Health Survey data.  The aim was to identify individual (age, 

maternal education, paternal education, skilled attendance, antenatal care visits, delivery and 

other postnatal services) and community determinants associated with neonatal deaths. We 

further used IV estimation strategy to deal with the potential endogeneity of the antenatal 

care visits. 

Results: The results showed both individual and community characteristics to be associated 

with neonatal deaths.  The study finds that adequate utilization of antenatal care services, 

skilled attendance during pregnancy or/and delivery reduced the likelihood of neonatal 

deaths. Neonates who were born to mothers who had less than three ANC visits [OR 1.36; 

95% CI .95 - 1.96; P-value <0.1] had a higher likelihood of dying within the neonatal period. 

Infants that were born under caesarean section had 1.19 times higher chances of dying within 

one month after birth [OR 1.19; CI .58 - 2.45; P-Value< 0.1]. However, neonates who were 

born to mothers who were attended by skilled health personnel had less likelihood of having 

their neonates dying before reaching the age of one month. We also find that male infants 

were more likely to die than the female counterparts [OR 1.74; CI .51-2.06; P-value <0.1]. 

Some community level factors were shown to be associated with child survival within the 

first 28 days of life. Babies born to women who come from households with high poverty 

levels in the community were 1.47 times more likely to die within 28 days after birth [OR 

1.47; CI .71 - 3.06, P-value<0.1]. Women who stay in the rural areas of Zambia have 1.23 

times higher likelihood of having their neonates die compared to the urban counterparts 

[OR1.23; CI .49 - 2.10, P-value<0.5]. 

Conclusion; Both individual and community characteristics show a marked impact on 

neonatal survival. Implementation of community- based interventions addressing basic 

education, poverty alleviations in rural areas, ANC service provisions and skilled attendance 

and increased focus on the continuum of care approach in healthcare service will improve 

neonatal survival. 
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CHAPTER ONE 

1 INTRODUCTION 

1.1 Background to the Study 

According to World Health Organization (WHO) statistics, about 99 percent of all neonatal 

deaths occur in low and middle-income countries, 70 percent of which are concentrated in 

Africa and South East Asia (WHO, 2014). In Zambia, neonatal deaths are 24 per 1000 live 

births and most of these deaths are known to occur at home (CSO, 2014). Moreover, skilled 

health workers such as doctors, clinical officers and mid-wives at health institutions attend to 

about 64% of childbirths (CSO, 2014). 

Even though there have been global declines in neonatal mortality between 1990 and 2000, 

the declines have been slowest in Sub-Sahara Africa (Lambon-Quayefio and Owoo, 2014). 

Thus, many countries did not manage to achieve the Millennium Development Goal (MDG) 

of reducing child mortality by two-thirds by 2015 and Zambia is not an exceptional. Infant 

mortality for some Southern African countries such as Zimbabwe, Malawi, and Tanzania 

have reduced the neonatal mortality of 24, 22 and 19 per 1000 live births respectively (WHO, 

2014).   

The evidence of the importance of antenatal care (ANC) and skilled attendances for the 

prevention of neonatal mortality in the Zambian context is still limited. Beyond its role of 

detecting malformation problems and other risk factors associated with the development of 

the baby, antenatal care and skilled attendances can also be a means of educating women on 

the advantages of giving birth in medically controlled conditions (Corman and Grossman, 

1985). The timely use of qualified personnel reduces the risk of death for both the mother 

and newborn babies. By increasing the use of formal health services during pregnancy and at 

delivery, antenatal care can have an indirect influence on the survival of mothers and 

children. Evidence on the association of ANC and skilled attendance on neonatal mortality in 

some sub-Saharan African countries is available but there is limited evidence in the Zambia 

context  (Lambon-Quayefio and Owoo, 2014,Mwabu, 2008). 

The World Health Organization (WHO) recommends a minimum of four ANC visits, also 

known as Focussed Antenatal Care (FANC), for uncomplicated pregnancies in order to 

derive the maximum benefits from ANC visits and skilled attendance. Effective utilization of 

ANC is associated with improved maternal and neonatal health outcomes (Helmchen and  Lo 
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Sasso, 2010).  However, the reduction in neonatal mortality ultimately depends on access to 

adequate obstetric care and promoting the use of skilled attendance at birth. Timely and 

appropriate ANC is critical in the early stage of the pregnancy to ensure adequate antenatal 

follow up, early detection and management of complications, and the prevention of mother to 

child transmission of HIV in pregnancy (Chama-Chiliba and Koch, 2015). 

Most developing countries, high rates of ANC coverage continue to co-exist with high 

neonatal mortality. In Zambia, 94 percent of women obtain ANC service and there had been 

an increase in the percentage of deliveries assisted by skilled health personnel from 45 

percent in 2008 to 65 percent by 2014 yet the neonatal mortality rate is still high at 24 deaths 

per 1000 live births (CSO, 2014).  

1.2 Statement of the Research Problem 

In Zambia, ANC services are provided free of charge in all government health facilities and 

at a minimal cost in private clinics. The Zambia Demographics and Health Survey (ZDHS) 

indicates that the majority (94 percent) of pregnant women make at least one antenatal visit 

during pregnancy and those attended to by skilled health personnel stands at 65 percent 

(CSO, 2014). 

Despite the introduction of FANC combined with skilled attendance, mortality in the 

neonatal stage remains very high in Zambia. For example, Zambia’s current neonatal 

mortality rate is 24 per 1000 live births (CSO, 2014). The neighbouring countries Malawi, 

Zimbabwe, and Tanzania has neonatal mortality rates of 22/1000, 24/1000, and 19/1000 

respectively (WHO, 2014). Moreover, comparing the Zambian neonatal rate with that of 

developed countries like Belgium, France and Germany, which have rates of 2 deaths per 

1000 live births, there is need to increase efforts directed towards substantial reduction of 

neonatal mortality in Zambia. 

Figure 1 shows the trends of neonatal mortality since 1999 three preceding the survey. 

Neonatal mortality in the most recent period (2009-2013) is 24 deaths per 1,000 live births. It 

should be noted that, in the past five years from 2009 to 2013, there have been minimal 

changes in neonatal mortality of approximately 8 percent from 26 to 24 deaths per 1000 live 

births. For the period of 1999 to 2013, neonatal mortality has declined by 17 percent over the 

15-year period preceding the survey, from 29 to 24 deaths per 1,000 live births. This clearly 

indicates the reduction in neonatal mortality has been slow in Zambia. On the other hand, 

few studies have tried to investigate the factors associated with neonatal deaths in Zambia 
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with the introduction of FANC and skilled attendance. Therefore, the study examines why 

neonatal deaths are high despite the interventions of focused ANC and SBA in Zambia. 

Moreover, evidence shows that the newly adapted WHO guidelines of FANC improves the 

quality of care and is quite acceptable among clients (Kipronoh, 2009). It is expected that 

ANC should go a long way in reducing neonatal mortality and influencing the use of skilled 

delivery care among women. ANC use in Zambia is one of the highest in Africa, with 96 

percent of women receiving antenatal care from a skilled provided. Despite this, neonatal 

mortality remains high at 24 per 1000 live births with 65 percent of women deliver with a 

skilled provider (CSO, 2014). 

Figure 1: The trends of neonatal mortality since 1999-2013 in Zambia 

Source: (CSO, 2014), Zambia Demographic and Health Survey 2013/2014 report 

1.3 Research Objectives  

1.3.1 General Objective 

 The general objective of this study was to investigate the factors that are associated 

with neonatal deaths in Zambia. 
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 To investigate the individual, household and community level socio-economic 

characteristics, demographics, and pre-delivery related factors that contribute to 

neonatal death. 

1.3.3 Statement of Hypotheses 

 Neonatal death is not influenced by interventions of FANC and SBA 

 Individual, household and community level socio-economic characteristics, 

demographics, and pre-delivery related factors do not influence neonatal death. 

1.4 Justification and Significance of the Study 

The knowledge generated by this research will be useful for formulating policies aimed at 

improving ANC services and skilled attendances for research institutions, government 

agencies, and policy makers. These findings are important to policy-makers and program 

implementers in designing appropriate strategies to improve antenatal care services and 

skilled attendance in Zambia.  

The motivation for this study is to understand the factors associated with neonatal deaths 

from the community level to household and individual levels. Specifically, to assess the 

effectiveness of FANC and SBA interventions and to generate evidence that may be useful 

interventions targeted at reducing neonatal mortality. Understanding why neonatal mortality 

is high and consequently the associated factors is paramount for planning and improvement 

of the existing interventions aimed at improving neonatal outcomes. 
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CHAPTER TWO 

2 DESCRIPTION OF THE ZAMBIAN HEALTHCARE SECTOR AND 

ANTENATAL CARE INTERVENTIONS IN ZAMBIA 

2.1 Description of the Zambian Health Sector 

Since the adoption of the liberalized economic system in 1991 in Zambia, there has been a 

drive to decentralize the health sector and encourage the planning and delivery of health 

services at the district level as opposed to the national level. The decentralization programme 

has however not yet been fully effected.  

The MoH headquarter is responsible for the overall management and co-ordination of the 

formal health system in Zambia. The Provincial Health Office (PHO) is mandated to co-

ordinate health service delivery in respective provinces while District Health Offices (DHOs) 

exist to co-ordinate health service delivery within the districts. Neighbourhood health 

committees were established as a link between communities and formal health system.  

Individual health providers by type include the public health sector, which is the conduit 

through which most programmes of the MoH are implemented; the private sector includes 

for and not-for-profit providers and faith-based providers under the co-ordination of the 

Churches Health Association of Zambia (CHAZ). The country also has traditional and 

alternative health service providers which operate informally and are neither regulated nor 

formally monitored by the MoH. The healthcare delivery system is based on five levels of 

care. At the apex of facility types are the level three hospitals which offer specialist services 

and are the highest level of reference in the country. They cater for a population of 800,000 

and above and have specialist services in internal medicine, surgery, paediatrics, obstetrics, 

gynaecology, intensive care, psychiatry, training and research. There were six-third level 

hospitals in the country in 2012 (MOH, 2013).  

Second level hospitals, also known as provincial or general level hospitals cater for a 

catchment area of between 200,000 and 800,000 people. They provide services in internal 

medicine, general surgery, paediatrics, obstetrics, gynaecology, dental psychiatry and 

intensive care services. In 2012, there were nineteen second level hospitals in the country. 

First level hospitals, also known as district hospitals serve a catchment population of between 

80,000 and 200,000 people. Services provided include medical, surgical, obstetric and 

diagnostic services and they are also referrals for health centres. There were eighty-four first 
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level hospitals in the country in 2012. Health centres are broadly classified as either rural or 

urban. Urban Health Centres (UHCs) or clinics serve a catchment population of between 

30,000 and 50,000 people while Rural Health Centres (RHCs) typically target about 10,000 

people. There were 409 UHCs and 1,131 RHCs in 2012. Health posts are built for 

communities that are far away from health centres. They serve a catchment population of 

about 3,500 in rural areas and 1,000 to 7,000 in the urban areas. They are set up within a 

radius of 5km for sparsely populated areas. There were 307 health posts in the country in 

2012. The healthcare services provided here are basic (MOH, 2013). 

World Health Organization reports that many Zambians use traditional medicine regardless 

of ethnic, religious or social background. Many of the traditional practitioners are not 

formally registered. The traditional healer practitioners’ association of Zambia has a 

membership of more than 35,000 in the association. The government recognizes traditional 

and complimentary and/or alternative medicines but they have not formally been integrated 

into the national health sector to be used with allopathic medicine. However, traditional birth 

attendants and community healthcare workers assist in the provision of primary healthcare 

(WHO, 2001). 

The following graphs qualitatively summarize the formal healthcare sector in Zambia by type 

and by level of care in Zambia in 2013. 

Figure 2: Number of health facilities by level of care in Zambia 

 

Source: (CSO, 2014), Zambia Demographic and Health Survey 2013/2014 report 
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Figure 3: Number of health facilities by type of ownership 

 

Source: (CSO, 2014), Zambia Demographic and Health Survey 2013/2014 report 
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HIV/AIDS epidemic in Zambia.  The major health problems facing Zambia include diarrheal 

diseases, malaria, acute respiratory infections, HIV/AIDS, tuberculosis and malnutrition. 

The Infant and child mortality rates are important indicators of a country’s socioeconomic 

development and quality of life, as well as its health status. Measures of infant mortality also 

contribute to a better understanding of the progress of population and health programmes and 

policies. Analyses of mortality measures are useful in identifying promising directions for 

health and nutrition programmes and improving child survival efforts in Zambia. 

Disaggregation of mortality measures by socioeconomic and demographic characteristics 

helps to identify differentials in population subgroups and target high-risk groups for 

effective programmes. Measures of infant mortality are also useful for population 

projections. Childhood mortality rates were used for monitoring a country’s progress toward 

Millennium Development Goal 4, which aimed for a two-thirds reduction in child mortality 

by the year 2015 (United Nations, 2000).  

2.3 Antenatal Care Interventions in Zambia 

Table 1 shows the classification of ANC services on quality of care dimensions. The WHO 

classification of quality of care dimensions focus on access to care, responsiveness and 

appropriateness, continuity of care, and effectiveness and efficiency. Based on this 

classification, a health facility is considered to provide an optimum level of ANC service if it 

provides at least three days of ANC services per week, and performing at least three 

screening tests including urine protein testing. In addition, the facility should be able to offer 

all five key ANC functions, and should have three or more skilled health workers registered 

at the facility. The facility should also be able to offer Emergency Obstetric Care (EmOC) 

referral and delivery services. Thus, if a facility meets all the criteria for optimum level of 

ANC, it is regarded as providing an optimum level of service. In the same regard, a facility is 

considered as providing an adequate level of care if it offers at least one day of ANC per 

week. It should also be able to perform at least one screening test, at least three ANC 

functions and has at least one registered skilled worker. Failing in any of these criteria leads 

to the conclusion that the facility was offering an inadequate level of ANC services. 

Following classifications ensures improved ANC services and skilled attendance at the 

facility. 
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Table 1: Framework for classification of levels of ANC provision in Zambia 

 

VCT, voluntary counselling and testing; IPT, intermittent preventive treatment; 

PMTCT, prevention of mother to child transmission 

 

  

WHO Quality of care 

dimension. 

Process attributes Minimum 

requirement for 

optimal level. 

Minimum 

requirement for 

adequate level 

Access to care ANC days per week. 3+ 1 

Responsiveness and 

appropriateness 

ANC outreach 

IPT of Malaria 

Folate/iron tablets 

VCT for HIV 

Pre-eclampsia screening 

 

No requirement  

Yes 

Yes 

Yes 

Yes 

No requirement 

No requirement 

No requirement 

No requirement 

No requirement 

Continuity of Care PMTCT services 

Delivery services 

Postnatal services 

Routine FP services 

Yes 

Yes No  

No requirement 

No requirement 

No requirement 

No requirement 

No requirement 

No requirement 

Patient Safety Skilled health workers 

registered. 

EmOC Referral 

capacity. 

3+ 

 

Yes 

1 

 

No requirement. 

Effectiveness and 

efficiency 

Screening tests: 

Haemoglobin, syphilis, 

Urine protein, Urine 

sugar, Blood group+ 

rhesus factor. 

ANC functions: 

Folate/iron supplement, 

tetanus vaccine, VCT for 

HIV, PMTCT of HIV, 

IPT for Malaria. 

Any 3+ tests 

including urine 

protein. 

 

 

ALL 5 functions 

Any 1 test. 

 

 

 

 

At least 3 functions 



10 
 

CHAPTER THREE 

3 LITERATURE REVIEW 

3.1 Theoretical Framework of Factors Associated with Neonatal Deaths  

The theoretical foundation of this study is based on Grossman’s model on the demand for 

health and health care services. The Grossman model is an extension of the Human Capital 

Model in which individuals invest in their health for purposes of boosting their productive 

capacity. The notion that individuals invest in themselves has become widely accepted in 

economics. At a conceptual level, increases in a person's stock of knowledge or human 

capital are assumed to raise his productivity in the market sector of the economy, where he 

produces money earnings, and in the nonmarket or household sector, where he produces 

commodities that enter his utility function. Grossman argues that a person's stock of 

knowledge affects his market and nonmarket productivity, while his stock of health 

determines the total amount of time he can spend producing money earnings and 

commodities. The second argument for the model is that most economist have long realized 

that what consumers demand when they purchase medical services are not these services per 

se but, rather, "good health” (Grossman, 1999). 

 Seeking antenatal care and skilled attendance services is considered a demand for health care 

for babies not die within 28 days after birth. Underlying the Grossman model is the 

assumption that the individual derives utility from consumption goods (X) and from good 

health (H). Health is defined broadly to include longevity and illness-free days in a given 

year. It is both demanded and produced by consumers, in this case women produce good 

health for their babies if they seek antenatal care and skilled attendance services. Health is a 

choice variable because it is a source of utility (satisfaction) and because it determines 

income or wealth levels. That is, health is demanded by consumers for two reasons. As a 

consumption commodity, it directly enters their preference functions, or, put differently, sick 

days are a source of disutility. Secondly, as an investment commodity, it determines the total 

amount of time available for market and nonmarket activities. In other words, an increase in 

the stock of health reduces the amount of time lost from these activities, and the monetary 

value of this reduction is an index of the return to an investment in health(Grossman, 1999). 

The woman’s intertemporal utility function may therefore be represented as:   

 𝑈 = 𝑈(𝑋, 𝐻, 𝑍) (1) 
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Where, X is consumption goods, H is good health, and Z is other goods. 

The model further assumes that the health stock can be augmented by the woman through 

medical treatment services (M) and by committing time to prevention efforts (𝑡1).The effect 

of antenatal care and skilled attendances services on neonatal deaths represents a form of 

consumption of (M) aimed at restoring health of mother and the baby, (H). That is, the 

woman invests in (H) through (M) and (𝑡1).  Neonatal death takes place when  𝐻𝑖 = 𝐻𝑚𝑖𝑛. 

Therefore, length of life of the neonates depends on the quantities of (𝐻) that maximize 

utility subject to certain production and resource constraints. 

 𝐻 = 𝐻(𝑀, 𝑡1) (2) 

   

Where, M is medical services, H is health stock, and  𝑡1 is time committed to prevention 

efforts. An improvement of the health stock is desired for its intrinsic value since more 

healthy time yields utility to the woman in itself. Additionally, an improved stock of health 

can also be valued as a capital good since it enables women to earn more income and thereby 

purchase more consumption goods, from which he/she derives utility (Musole, 2015).  

 By definition, net investment in the stock of health equals gross investment minus 

depreciation. 

 𝐻1 = 𝐻𝑜(1 − 𝛿) + 𝐼(𝑀𝑜 , 𝑡1). (3) 

 

Where,  𝐼𝑖 is gross investment and 𝛿𝑖 is the rate of depreciation during the ith period. The 

rates of depreciation are assumed to be exogenous, but they may vary with the age of the 

woman Consumers produce gross investments in health and the other commodities in the 

utility function according to a set of household production functions: 

 𝐼𝑖 = 𝐼𝑖(𝑀𝑖𝑇𝐻𝑖,𝐸𝑖) 

𝑍𝑖 = 𝑍𝑖(𝑋𝑖, 𝑇𝑖, 𝐸𝑖) 

 

(4) 

In these equations,𝑀𝑖, is medical care, 𝑋𝑖 is the goods input in the production of the 

commodity, 𝑇𝐻𝑖, and , 𝑇𝑖 are time inputs, and, 𝐸𝑖 is the stock of human capital. It is assumed 

a shift in human capital changes the efficiency of the production process in the nonmarket 

sector of the economy, just as a shift in technology changes the efficiency of the production 

process in the market sector.  
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Since the individual can influence their stock of health, the rational individual will demand 

an optimal stock of health that maximizes their lifetime utility. Grossman (1972) used 

techniques of dynamic optimization to consider the demand for health and health care 

services as part of a lifetime utility maximization problem faced by the individual.   

In this study we adopt an analysis of the Grossman model by Zweifel et al. (1997) and apply 

it to the analysis of the influence of antenatal care and skilled attendance on neonatal deaths 

in Zambia. We consider a woman whose planning horizon is two time periods. During each 

of the time periods, the woman may experience an amount of time in which her baby dies 

(𝑡1). The stock of health for the woman is represented by (𝐻). We also assume that the 

woman derives utility from consumption goods ((𝑋) but derives disutility if she is sick or if 

baby dies within 28 days after birth. From the assumptions, the utility function for the 

woman may be represented as: 

 𝑈 = 𝑈[𝑡1(𝐻𝑂, 𝑋𝑂) + ∅𝑈(𝑡1(𝐻1), 𝑋1) (5) 

 

Where ∅ represents a subjective discounting factor 

The Grossman model regards a woman in this case as a producer of health and an essential 

equation of the model describes the movement of the health stock over time. We assume that 

the health stock depreciates at a rate (𝛿)   over time due to ageing and neonatal deaths. A 

woman can make investments (𝐼) in her health stock and the health stock of the neonates 

through the utilization of antenatal care services, skilled attendance services at delivery or 

committing time to preventive efforts (𝑡1). The time committed to preventive effort may be 

through women acquiring increased antenatal care knowledge through education and wealth, 

facility based delivery, small household size, place of residence and location. 

The final fundamental equation is based on the assumption that neonatal death occurs despite 

introduction of antennal care and skilled attendance services (𝜌𝑀) and expenditures on 

consumption goods (𝑐𝑋) are financed by wage income (𝑊) and some initial endowment of 

wealth (𝐴𝑂). It is also assumed that wage income (𝑊) diminishes proportionately with the 

period of time as mothers suffer from illness or dedicates time to prevention efforts. We 

further assume that the investment in health is only made in period 1. Both market goods and 

own times are scarce resources. The goods budget constraint equates the present value of 

outlays on goods to the present value of earnings income over the life cycle plus initial assets 
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(discounted property income). The budget constraint facing the individual can therefore be 

represented as: 

 
𝐴𝑜 + 𝑊𝑜(1 − 𝑡𝑠(𝐻𝑜) − 𝑡1) +

𝑊𝑜(1 − 𝑡1
𝑠(𝐻1))

𝑅
= 𝜌𝑀 + 𝑐𝑋𝑂 +

𝑐𝑋1

𝑅
 (6) 

Where R represents a factor that discounts future period money values 

The individual faces a utility maximization problem in which she seeks to maximize her 

lifetime utility subject to the health stock constraint and the budget constraint. This utility 

maximization problem can be considered using the following Lagrangian set up: 

 

𝐿(𝐻1, 𝑡1, 𝑀, 𝑋𝑂, 𝑋1)

= 𝑈[𝑡1(𝐻𝑂, 𝑋𝑂) + ∅𝑈(𝑡1(𝐻1), 𝑋1)] + µ[(𝐻𝑜(1 − 𝛿) + 𝐼(𝑀𝑜 , 𝑡1) − 𝐻1]

+ 𝛽[𝐴𝑜 + 𝑊𝑜(1 − 𝑡𝑠(𝐻𝑜) − 𝑡1) +
𝑊𝑜(1 − 𝑡1

𝑠(𝐻1))

𝑅
− 𝜌𝑀 − 𝑐𝑋𝑂 −

𝑐𝑋1

𝑅
 

(7) 

 We adapt a generic structural demand function for investment in health by the mothers to 

protect their babies from dying within 28 days after birth as specified in log form as:  

 𝐿𝑜𝑔 𝐼 = 𝑙𝑜𝑔𝑀 − (1 − 𝛼)𝑙𝑜𝑔𝑊 + (1 − 𝛼)𝑙𝑜𝑔 𝜌𝑀 + 𝛽𝐸

+ (1 − 𝛼)log (
1 − 𝛼

𝛼
) 

(8) 

 

Where all the variables are as defined before  

𝐼 = Investment in health by the mother to prevent the baby from dying within 28 days after 

birth 

𝑀 = FANC, SBA, and facility based delivery services. 

𝐻 = The woman’s health stock influenced by age, place of residence, size of the household 

𝑊 = Wealth 

 𝐸 = Women’s education status 

Education (E) acts as a shift factor and magnifies the effects of investment in health services 

utilized (M). Whereas Β is the marginal productivity of education, α is a parameter which 

measures the elasticity of investment. 
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Predictions of the Model  

The model specifically predicts wealth, age, education, ANC services, SBA services, facility-

based delivery, women’s education status and place residence to be important determinants 

of neonatal deaths. 

Antenatal Care Visits 

The number of visits is strongly associated with the eventual use of ANC services such as 

maternal nutrition services, maternal immunization services, and maternal infection services. 

Therefore, fewer ANC visits (3 or lower visits) linked to lower likelihood of use of ANC 

services and can lead to high neonatal deaths and lower SBA. Higher ANC visits (4+ visits) 

linked to higher use of ANC services and SBA, therefore, reducing the probability of 

neonatal deaths. The research suggests that number of ANC visits influences the use of 

delivery care by making expectant women develop a habit to use formal care services and in 

increasing maternal knowledge. A larger number of ANC visits are associated with 

increasing facility delivery and a reduction in neonatal deaths in the first one month after 

birth (Nasratullah, 2012). 

Antenatal care may influence facility based delivery, including factors such as attendance, 

early initiation, number of visits, seeing a physician during antenatal care, perceived quality 

of care, and being advised to deliver in a facility during antenatal care. Hence the two 

variables antenatal care and skilled attendance are endogenous. This entails that ANC 

attendance linked to higher likelihood of SBA. 

Skilled birth attendants 

Skilled care at delivery has been associated historically with lower neonatal mortality rates 

but provision for skilled attendance at delivery and management of obstetric emergencies is a 

first-order operational challenge. Reduction in perinatal and neonatal deaths as a result of 

improved detection and management of complicated labour requires a functioning referral 

system and the availability of a hierarchy of trained and supervised health care providers, 

including home or dispensary care provided by skilled community-based delivery attendants; 

trained midwives and/or nurses at first-line health facilities; and physicians trained in 

emergency obstetric care at district or regional hospitals. Meanwhile, priority research 

activities to improve labour and delivery care include education of pregnant women and their 

families in essential elements of clean and safe delivery, and recognition of maternal and 

new-born danger signs (Saikia, Singh, Jasilionis, & Ram, 2013). Interventions to train, 
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monitor, and supervise community health care workers in the recognition of complications of 

labour and delivery, and in appropriate referral of women with these problems also are 

priorities. 

Women’s Education Status 

The level of education of the pregnant woman often shows a significant positive association 

with the use of antenatal care (Becker, & Lewis, 1974). A higher maternal education is 

mentioned in the literature to promote the use of antenatal care in several ways. For instance, 

education might lead to more decision-making power for women at an individual level, 

within a household, and at a community level. It might also increase her knowledge of 

modern health care and its effectiveness and of how to apply it hence reducing the 

probability of death for the new born. The level of education of the mother might thus be 

correlated with several other factors that can be assumed to have an impact of the survival of 

the baby in the first one month after birth (Kipronoh, 2009). 

Wealth 

Poorest women are least likely to use delivery services. The inequalities across wealth groups 

are smallest in countries with highest female literacy rates. Women with highest levels of 

empowerment and resources are most likely to seek facility based delivery services and 

consequently have SBA; other research suggests autonomy and wealth interact but autonomy 

alone is insufficient (Saikia et al., 2013). 

Place of delivery 

In addition to the variables expressed in the model, this study included variables that have 

been considered by the empirical literature.  Access to proper medical attention under 

hygienic conditions during delivery by pregnant women can reduce the risk of complications 

and infections for the neonates. Since delivering without skilled attendant is a risk, much 

needs to be done to ensure that those who deliver at home or with a TBA seek skilled 

delivery care.  Maximizing opportunities for birth preparedness during ANC can go a long 

way in ensuring safe delivery among women to reduce neonatal deaths(P. K. Singh, Rai, 

Alagarajan, & Singh, 2012). 

The figure below summarizes all the factors that influence the ANC attendance for the 

women of the reproductive age in Zambia. These factors range from Individual level factors, 
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interpersonal level, institutional level and community level. These factors directly or 

indirectly affect neonatal deaths. 

Figure 4 : Analytical framework for factors influencing neonatal deaths 

 

  

  

 

 

 

 

 

 

Figure 4 shows a list of all the factors that affect neonatal deaths and their categorizations. 

Due to the nested nature of the data there are individual and community level factors 

associated with neonatal deaths. Individual level factors affect neonatal deaths at an 

individual level of a woman. They include age, education, number of ANC visits, skilled 

attendance, wealth, religion, and place of delivery. In this study both individual and 

household characteristics are individual-level variables because the average number of 

women in any household is small and therefore, the household cannot be analysed as its own 

level. Finally, community level factors examined the influence all the community level 

factors known to affect neonatal deaths. Community level factors associated with neonatal 

deaths include region, ethnicity diversity, location, community household poor. Individual 

and community level factors can either cause the neonate to die or survive as shown above. 

3.2 Empirical Review 

Many studies have investigated the factors associated with neonatal death. There is a general 

consensus in the medical literature regarding the reasons for high neonatal mortality: The 

major causes are preterm birth complications, asphyxia, infections, congenital, tetanus, 
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neonatal sepsis, neonatal pneumonia and diarrhoea (Kayode et al, 2014). In Zambia, the 

major causes of neonatal mortality have been identified as complications during pregnancy as 

well as birth asphyxia and infections (CSO, 2014). 

The literature on the determinants of neonatal mortality consistently identifies four broad 

categories of factors; household characteristics that have an indirect effect on mortality (e.g. 

maternal education, paternal education, region of residence, household income, and 

ethnicity); biological attributes at birth that have direct influence on health and nutrition (e.g. 

sex of the child, birth order, birth interval and mothers’ age); health inputs before, during and 

after delivery that directly affect mortality but can be influenced by parental behaviour (e.g. 

number of ANC visits, SBA,  institutional delivery and , postnatal care); supply side factors 

that indicate the availability of health infrastructure such as community health centres, 

primary health centres and private/public hospitals.  

Verlag and Jentzsch (2012) examined the impact of parent’s education, health services and 

household standard of living measured by permanent income, on neonatal survival in rural 

Sudan using household data consisting of 1400 rural residents. Neonatal mortality was 

assumed to depend on the education levels of the mother and father, household’s income per 

adult, mother’s age, public programme variables related to health (antenatal care services and 

services to improve skilled birth deliveries) and rural dummies. It is argued that women’s 

allocation of time between market and home production (upbringing and care of children) 

might influence the health status of children. The two Stage Least Squares estimation 

technique was used with household assets used as identifiers in the regression. However, the 

OLS technique was also used for comparison of results. Both maternal and paternal 

education was found to have a significant negative impact on neonatal mortality. However, 

maternal education was found to have a larger and more significant impact than paternal 

education.   

Saikia (2013) also estimated logistic models on factors associated with neonatal deaths in 

India. He used average education of women, mother’s education, religion, wealth, 

urbanization, availability of health care facilities and the age of the child were some of the 

explanatory covariates used to model neonatal survivors. The results showed that higher 

mother’s education, wealth, antenatal care and average education of women in the 

community are significant in reducing child mortality. The author recommended policies to 
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enhance women’s autonomy at both the individual and community level since their 

autonomy is crucial in reducing child mortality (Saikia et al., 2013).   

Nasratullah (2012) examined the relationship between early childbearing, parental use of 

health inputs and neonatal mortality in Bangladesh. The authors argue that mother’s age at 

birth as well as hospital delivery and antenatal care are chosen by the couple (i.e. they are 

endogenous in the neonatal mortality regression). Consequently, they attempted to address 

the potential bias resulting from endogeneity by jointly estimating neonatal mortality, 

mother’s age at birth and the demand for health inputs allowing for cross-correlations 

between the unobserved components of the residual terms in these equations.  Early child 

birth, institutional delivery, antenatal care and child mortality were all estimated as random 

effects probit models. The results revealed significant adverse selection in that women 

having early childbirth tended to use health inputs differently from all other women. Prior to 

accounting for self-selection in the choice of hospital delivery and child vaccination, hospital 

delivery was significant but was seen as having a harmful effect on child health (Nasratullah, 

2012). 

Using pooled data from the 1998 and 2003 Ghana Demographic Health Surveys and a 

piecewise constant hazard model with gamma-shared frailty, Osman (2008) found at the 

bivariate level that children whose mothers identified as Muslims and traditional believers 

have a significantly higher risk of death compared with their counterparts whose mother’s 

identified as Christians. However, the religious differences disappeared after the mediating 

and confounding influence of socioeconomic factors were controlled.  In his previous study 

on ethnicity and infant mortality in Ghana, he found significant ethnic differences at the 

bivariate level. However, the ethnic differences disappeared after controlling for 

socioeconomic variables (Osman and Saad, 2008). Although, Osman’s paper provides an 

excellent contribution to the body of knowledge on child health outcomes, he did not control 

for supply side factors such as access to roads. 

 Ensor et al (2014) conducted a study in Zambia on knowledgeable antenatal care as a 

pathway to skilled delivery. The study makes use of data from a survey of around 1700 

women who had recently given birth across 11 districts of Zambia in 2011. Multivariate 

analysis was used to explore the associations between ANC use and infant deaths. The results 

obtained indicated that number of visits is strongly associated with the eventual use of a 

facility for delivery and hence reduce neonatal mortality. Skilled attendance and obstetric 
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knowledge is linked to higher use of facility delivery care while care provided at home 

appears to have an opposite effect. The research suggests that number of ANC visits 

influences the use of delivery care by making expectant women develop a habit to use formal 

care services and in increasing maternal knowledge. A larger number of ANC visits are 

associated with increasing facility delivery up to a threshold level of about four visits. 

association is present for contact with both skilled and unskilled providers suggesting that 

this direct effect is largely linked to the development of a habit to use services at a facility 

rather than the knowledge imparted during the visit. This mechanism tends to reduce the 

number of neonatal deaths. However, ANC provided at home appears to reinforce the idea of 

staying in the village for delivery. Even going the short distance to receive ANC at a health 

post is positively associated with later use of a facility for delivery even though a health post 

can still be many kilometres from a health centre or hospital where deliveries are conducted. 

The second effect of ANC care is through an association with health knowledge through 

skilled attendance. Incorporating feedback effects suggest that while skilled ANC has a 

positive influence on knowledge of obstetric danger signs and hence to increase the 

likelihood of neonatal survival (Ensor et al, 2014). This study did not consider the fact that 

ANC, skilled birth attendant and the eventual use of the facility for delivery are related. 

According to Lukonga & Michelo (2015) who examined factors that may be associated  with 

neonatal mortality in Zambia using  a across-sectional design, data were extracted from the 

2007 Zambia Demographic and Health  Survey for women using a "Women's Questionnaire" 

for respondents aged 15-49 years in the selected households. The woman’s employment 

status, ANC received and the husband’s educational attainment are negatively associated to 

neonatal mortality. Neonatal mortality was largely associated with low birth weight, place of 

deliveries as well as presence of insufficient antenatal care attendance as core determinants 

of neonatal mortality in Zambia. These determinants were most prominent in rural 

populations irrespective of the age groups of the mothers. Furthermore, the concentration of 

burden of neonatal mortality found to be heavier in rural groups may be a further signal of 

poor socio-economic status in this part of Zambia (Lukonga & Michelo, 2015). 

 According to Chama-Chiliba and Koch (2013) who conducted a research on utilization of 

focused antenatal care in Zambia using a multilevel model found that both individual-and 

community-level characteristics influence inadequate use and non-use of ANC in the first 

trimester; however, community-level factors are relatively stronger in rural areas (Chama-

Chiliba and Koch, 2015). 
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In Tanzania, a similar  study on high ANC coverage and low skilled attendance in a rural 

Tanzanian district indicated that more than 90% of all pregnant women attend antenatal care 

at least once and approximately 62% four times or more, yet less than five in ten receive 

skilled delivery care at available health clinics (Magoma et al, 2010). This was a qualitative 

study in Ngorongoro district, Northern Tanzania, in order to gain an understanding of the 

health systems and socio-cultural factors underlying this divergent pattern of high use of 

antenatal services and low use of skilled delivery care on neonatal deaths. Women's 

preferences for a home birth and lack of planning for delivery which caused high neonatal 

mortality were reinforced by the failure of health care providers to consistently communicate 

the importance of skilled delivery and immediate post-partum care for all women during 

routine antenatal visits. This study highlighted that skilled attendance is critical to expectant 

mothers as well as to prevent the infants from death during delivery and post-partum period. 

Mekonnen et al (2015) conducted a multilevel analysis of individual and community level 

factors associated with neonatal mortality in Ethiopia identified several factors that have 

significant influence on the neonatal deaths and skilled attendance. The finding of this study 

showed that women education exerts a positive significant influence on the use of delivery 

care services thereby reducing neonatal deaths. The possible explanation was that educated 

women have a greater confidence and capabilities to take actions regarding their own health 

and have the ability and willingness to travel outside home to seek out modern and quality 

health care services. In addition, educated women have greater exposure in accessing 

relevant health information on maternal health services thus enabling them to seek proper 

medical care whenever necessary. In terms of wealth index, the relationship between 

education level and the number of antenatal visits was strongly significant for rich women 

but weak for their non-rich peers. In contrast, it appears that wealth does not moderate the 

association of education level with the quality of antenatal care. In other words, wealth tends 

to accentuate the positive effect of education level on the number of antenatal visits but does 

not change the relationship between education level and quality of care (Mekonnen et al, 

2015).  

From the ongoing discussion above, it is apparent that the major causes of neonatal deaths in 

developing countries could be prevented if pregnant women had access to ANC services and 

skilled care during pregnancy and at childbirth. One of the major interventions recommended 

by WHO to substantially reduced the rate of maternal and neonatal death is focused ANC. 

Kayode et al., (2014) in his review of cost effective and efficient interventions on saving 
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new-borns, suggested that emphasis on ANC and postnatal checks has the potential to 

effectively avert the high neonatal death rates, especially in setups that have weak health care 

systems such as those found in developing countries.  

The rationale for the extensive introduction of ANC is the belief that pregnancy risk factors 

that may result in mortality can easily be detected and timely interventions implemented. 

According to Neupane (2014), he explained that ANC provides that platform for pregnancy 

to be monitored for appropriate interventions in situations of malnutrition, premature labour, 

infections, and other conditions that are likely to threaten the life of both mother and baby. In 

addition, ANC interventions include intermittent preventive treatment for malaria during 

pregnancy as well as the management of infections associated with HIV, syphilis, and other 

sexually transmitted diseases that are also a major cause of infant deaths in Africa.  

According to the ZDHS report, about 47% of women in Zambia attended ANC from skilled 

health workers, and 53% are home delivery. The WHO has recommended that a woman 

should have a minimum of four ANC visits provided by a skilled health worker in order to 

obtain the full life-saving benefits of ANC. However, this has caused some debate in the 

literature, as studies such as that of (Osman and Saad, 2008) have established that some of 

the benefits of ANC can still be achieved. 

Antenatal care visits also provide a very essential function of educating the pregnant mother 

about how to access skilled care during delivery. This also means that ANC and SBA are 

endogenous (Awiti et al 2014). This important role of ANC visits has been widely researched 

in the literature. In a recent study examining the effects of ANC on institutional delivery in 

Ghana, Kenya, Tanzania and Uganda found a significant effect of ANC on the use of skilled 

care during delivery (Singh et al, 2013). 

A study done by Saha et al (2015) on econometric models of child mortality dynamics in 

rural Bangladesh using a structural equation modelling approach that corrects for 

endogeneity, in all four countries they found that the usual simpler probit (or logit) models 

tend to underestimate the direct effect of antenatal care on skilled birth attendance due to 

endogeneity.  To correct for endogeneity, they used Instrumental Variable (IV) strategy. The 

results suggest that governments and NGOs should place more importance on the role of 

antenatal care providers and on the services they offer, in efforts to promote skilled birth 

attendance.  
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Summary of the Literature  

The literature reviewed shows that the frequency of ANC visits is strongly associated with 

the eventual use of a facility for delivery and skilled attendance. Therefore, ANC provides 

that platform for pregnancy to be monitored for appropriate interventions in situations of 

malnutrition, premature labour, infections, and other conditions that are likely to threaten the 

life of both mother and baby with the help of skilled health workers. Thus, most studies 

revealed that the higher the number of ANC visits the lower the neonatal deaths. 

The finding of some studies showed that women’s education exerts a positive significant 

influence on the use of delivery care services such ANC services and skilled attendance. The 

possible explanation was that educated women have a greater confidence and capabilities to 

take actions regarding their own health and have the ability and willingness to travel outside 

home to seek out modern and quality health care services. 

In terms of wealth index, literature documents that the relationship between neonatal deaths 

and resource endowment was negative and significant for non-rich women but weak for rich 

peers.  In other words, women from wealth households were associated with low neonatal 

deaths than their counterparts since they had greater exposure in accessing relevant health 

information on maternal health services due to higher resource endowment thus enabling 

them to seek proper medical care whenever necessary. There were positive and significant 

associations between antenatal care use and several living standard indicators including the 

husband’s education level and his occupation, and wealth.   

Lower quality and higher costs of antenatal care, including both time and financial costs of 

treatment and travel, waiting time, attitude of health workers, and lack of privacy reduced the 

use of ANC services and subsequently lead to high neonatal deaths. Religion and ethnicity 

influenced the attitude of women towards pregnancy and modern health care, and thus have 

an effect on their use of antenatal care. Some studies reported a positive association between 

being Catholic and the use of antenatal care, and a negative with having a traditional religion, 

while ethnicity showed no significant association. There are however mixed findings on the 

influence of age, gender and region of residence on neonatal deaths.   

Our review of the literature highlights that only a few studies considered the influence of 

ANC visits and skilled attendance on neonatal deaths and even fewer studies in the Zambia 

context. Furthermore, the evidence on several variables including age, gender and region of 
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residence is inconclusive and several studies do not provide hypotheses as to how variables 

used in their studies influence neonatal deaths directly. 
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CHAPTER FOUR 

4 METHODOLOGY 

4.1 Multilevel Modelling Approach 

The factors associated with neonatal deaths are nested within individual level factors, 

individual factors in turn are nested with household level factors and household level factors 

in turn nested within community level factors. As such, the standard assumption of logistic 

regression that individual respondents are independent across clusters/communities and that 

there is equal variance (constant variance) across communities/clusters did not hold. 

Therefore, a multilevel regression framework was needed to account for this clustered data 

structure. 

The analysis proceeded in three steps. First, a null or base model was run including only the 

dependent variable neonatal deaths in the first 28 days of life to establish the degree of 

variance at the community level (in order to validate use of a multilevel framework). In order 

to assess the influence of level 1 and level 2 factors separately on neonatal deaths, we 

estimated a null model. This allows for determination of how much variation in the neonatal 

deaths is present at level 2 and level 1 prior to adding explanatory variables. 

Level 1 represents the relationships among the individual level variables that affect neonatal 

deaths at an individual level of a woman. In this study both individual and household 

characteristics are categorised as individual-level variables because the average number of 

women in any household is small and therefore, the household cannot be analysed as its own 

level. Finally, level 2 examined the influence of all the community level factors that are 

associated with neonatal deaths. Level 2 covariates (community level variables) were 

classified based on the following qualities: proportion of poor people, proportion of illiterate 

people, and rural/urban. 

Null Model 

The neonatal death 𝑵𝑫𝒊𝒋 for mother 𝑖 nested in individual level factors 𝑗  and it is 

considered as a binary outcome. 

 𝑵𝑫𝒊𝒋 = 𝜸𝟎𝟎 + 𝜺𝟎𝒋 + 𝒓𝒊𝒋 (9) 

Where 𝑵𝑫𝒊𝒋 = {
1, 𝑖𝑓 𝑛𝑒𝑜𝑛𝑎𝑡𝑒 𝑑𝑖𝑒𝑑
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
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The null model can be summarized as a single reduced-form equation as shown above. The 

interpretation of the model is straightforward; 𝜸𝟎𝟎 gives the mean; 𝒓𝒊𝒋 gives level 1-

disturbances; and 𝜺𝟎𝒋 gives the level-2 disturbance. The additional error term given by 𝜺𝟎𝒋 

separates this model from the standard regression model because there are two sources of 

residual variation. A ratio of variances can be constructed and is referred to as the intra-class 

correlation (𝝆). 

Model 1 

 𝑵𝑫𝒊𝒋 = 𝜷𝟎𝒋 + 𝜷𝟏𝒋𝑰𝑵𝑫𝒊𝒋 + 𝒓𝒊𝒋 (10) 

Where 𝑵𝑫𝒊𝒋 = {
1, 𝑖𝑓 𝑛𝑒𝑜𝑛𝑎𝑡𝑒 𝑑𝑖𝑒𝑑
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Treating 𝜷𝟏𝒋 as having some probability distribution is called soft constraint on J-unit 

variability (Rice and Jones, 2007). The mean effect is estimated but is assumed to have some 

random variability around it. This variability is attributable to unmeasured factors at level-2. 

We treat individual level factors as random effects given that the individual factors that affect 

neonatal deaths vary between individual level factors and community level factors. This can 

be done by specifying an equation for the slope.  

Model 2 

In an attempt to account for some variations in the neonatal deaths, both individual level 

factors and community level factors are included in model 2. The analytical framework used 

was 

 𝑵𝑫 𝒊𝒋 = 𝜸𝟎𝟎 + 𝜸𝟎𝟏(𝑰𝑵𝑫𝒊𝒋) + 𝜸𝟎𝟐(𝑪𝑶𝑴) + +𝜸𝟏𝟐(𝑪𝑶𝑴 × 𝑰𝑵𝑫𝒊𝒋) + (𝜺𝟏𝒋

× 𝑰𝑵𝑫𝒊𝒋) + 𝜺𝟎𝒋 + 𝒓𝒊𝒋 
(11) 

This approach of building a multilevel model through the specific combination of different 

level-1 factors (individual level) and level-2 factors (Community level) make it clear that the 

nested structure of the factors influence neonatal deaths. 

The dependent variables were survival status or neonatal deaths on the first day of life and 

the first one month of life for a woman’s most recent live birth. Neonatal death is employed 

as a binary outcome in this analysis.  

The key independent variables were SBA and number of ANC visits. SBA refers to the 

presence of skilled health care assistance during delivery e.g. doctors, mid-wives and nurses. 
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The vast majority of unskilled deliveries occurred in a home environment, and in Zambia the 

vast majority of skilled deliveries occurred in a health facility. Studies done by Gajate (2013) 

have pointed to the importance of skilled health care assistance during delivery as a potential 

source of significantly reducing neonatal deaths. This study therefore expects a negative sign 

on this variable. 

Number of antenatal care visits is another main variable of interest which captures the 

number of times the woman visited a healthcare facility for ANC services. The hypothesis on 

this variable is that, all things being equal, if a mother receives ANC services from skilled 

health care personnel, there will be significant reduction of the probability of child loss in the 

first month. We treated antenatal care visits as a binary independent variable, 1 if the woman 

had three or fewer visits, 0 other otherwise. 

Women who go for ANC services, they also seek professional care at delivery (SBA). 

Antenatal care may influence facility based delivery with skilled health professional. Hence 

the two variables antenatal care and skilled attendance are endogenous. This entails that ANC 

attendance linked to higher likelihood of SBA. We employed Instrumental Variable 

Estimation (IV) Strategy to account for the potential endogeneity of ANC visits and SBA. 

One interesting thing again is that women who deliver at a health facility with SBA are not a 

random sample of all pregnant women, not even a random sample of all women who 

attended ANC, meaning there is selection bias problem. For instance, some of the variables 

which influence women to seek SBA may be observed (such as ANC) but others are not, and 

some of those unobserved variables may be related with neonatal mortality. Unfortunately, 

the study is not able to control for unobservable characteristics due to the nature of the data. 

The key independent variables are SBA and FANC and we include other control variables as 

one of the mitigation measures for sample selection bias as suggested by (Söderbom (2011). 

The control variables  we include are: maternal age in years (15–19, 20–24, 25–34, and 35–

49); education (none, primary, secondary or greater); urban or rural residence; wealth quintile 

(poorest, poorer, middle, richer, and richest); caesarean section (yes or no); religion(catholic, 

protestants, Muslims, others); place of delivery(home, government hospitals, government 

health centres, private hospital/clinics, mission hospital/clinics, and others); and dummy 

variables for region (10 provinces in Zambia). 
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4.2 Instrumental Variable Estimation to Control Endogeneity 

There are several reasons to believe that the decisions to seek antenatal care as well as 

qualified help at delivery or giving birth in the health centre are interrelated. For instance, 

various characteristics of women such as education levels and income can explain why 

women may opt for both antenatal care and qualified personnel during delivery. (Lambon-

Quayefio and Owoo, 2014) argued that women wishing to give birth in a health facility are 

also those who make the most use of ANC services. In this case, unless we are able to 

include all the characteristics influencing the use of both antenatal care and skilled 

attendance during delivery, there will be simultaneity bias in the estimated effect of antenatal 

care and skilled birth attendance on neonatal deaths. More so, there are also other unobserved 

factors that bias the observed effects of ANC and SBA on neonatal deaths but cannot be 

controlled for due to the nature of the data.  

In order to correct for endogeneity on estimates for the effects of ANC visits and skilled 

attendance on neonatal mortality, this paper employed the Instrumental Variable (IV) 

Strategy. The instruments that will be used in this analysis are the husband’s education in 

years. The assumption here is that the husband’s education has no direct effect on the 

likelihood of neonatal deaths other than through the mother’s ANC visits.  

Formally, 𝑪𝑶𝑽(𝑁𝐷; 𝑍𝑖) = 0    𝑪𝑶𝑽(𝐴𝑁𝐶; 𝑍𝑖) ≠ 0  

Where 𝑁𝐷 = 𝑁𝑒𝑜𝑛𝑎𝑡𝑎𝑙 𝐷𝑒𝑎𝑡ℎ𝑠 

 𝐴𝑁𝐶 = 𝑀𝑜𝑡ℎ𝑒𝑟′𝑠𝐴𝑁𝐶 𝑣𝑖𝑠𝑖𝑡𝑠, 

 𝑍𝑖 = 𝐴 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑠. 

 All things being equal, the more educated the husband is, the more frequent the ANC visits 

of his pregnant wife. The number of ANC visits for a woman is significantly affected by the 

average ANC visits of other neighbouring women (Lambon-Quayefio & Owoo, 2014). 

For this analysis, we estimate a two- stage least squares model in which the endogenous 

variable (ANC visits) is first regressed on the instrument (husbands’ education). In the first 

stage of the e; 

𝐴𝑁𝐶𝑖 = 𝛽0 + 𝛽1𝒁𝒊 + 휀𝑖.  

Where 𝑍𝑖 = 𝑣𝑒𝑐𝑡𝑜𝑟 𝑜𝑓 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡𝑠. 
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In the second stage regression, the model of interest is estimated including the predicted 

value of the endogenous variable (ANC visits) derived from the first stage. A test was carried 

out in order to test for the strength of the instruments; this was generally done by considering 

the significance of the instruments in the first stage equation. Significance suggests that 

instruments are not weak since the covariance between the instruments and the factors that 

determine neonatal deaths is not equal to zero. Formally, 

𝐶𝑂𝑉(𝑍𝑖, 𝑋𝑖) ≠ 0 

In the second stage: 

𝑁𝐷𝑖 = 𝐵0+ 𝐵1𝐴𝑁𝐶𝑖 + 𝐵2𝐵𝐼𝑅𝑖 + 𝐵3𝑆𝐾𝐼𝐿𝑖 + 𝐵3𝐼𝑁𝐶𝑖 + 𝐵4𝑅𝐸𝐺𝑖 + 𝐵5𝑅𝐸𝑆𝑖 + 휀𝑖 

Where 

 𝑁𝐷𝑖 = Is the dependent variable and it measures the probability of child survival, which is a 

binary variable of 0 (if the child did not die in the first 28 days of life) and 1 (if the child died 

in the first 28 days of life).  

𝐴𝑁𝐶𝑖 = Is the main variable of interest, which captures the number of times the woman 

visited a healthcare facility for ANC services. The hypothesis on this variable is that, all 

things being equal, if a mother attends ANC services from a skilled health professional, it 

will significantly reduce the probability of losing her baby in the first month.  

𝐵𝐼𝑅𝑖 =  Represents a vector of a child’s birth-specific characteristics like gender and birth 

interval, it also includes place of delivery and whether the mother delivered via caesarean 

section. Male babies have a greater risk of death than their female counterparts. This is 

because male babies have a higher likelihood of infections, birth complications and 

congenital conditions that often lead to death (Lambon-Quayefio and Owoo,2014). These 

results were consistent with the assertion that male babies are more likely to die in the first 

month of life than female babies. 

𝑆𝐾𝐿𝑖 = Presence of skilled assistance during delivery (doctors ,clinical officers, nurses and 

midwives), studies done by Espo et al (2002) have pointed to the importance of skilled 

assistance during delivery as a potential source of significant reduction of neonatal mortality. 

This study therefore expects a negative sign on this variable. 
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𝐼𝑁𝐶𝑖 = Captures the household’s socio-economic characteristics, this vector includes 

variables such as the age of the mother, her educational status, as well as the household’s 

wealth quintiles.  

𝑅𝐸𝐺𝑖 = Captures the ten provinces in Zambia;Western, Southern, Eastern, Northern, 

Muchinga, Central, Lusaka, North Western, Copperbelt and Luapula to account for regional 

variations in neonatal deaths in Zambia. This captures the probability of neonatal deaths by 

area of residence. 

𝑅𝐸𝑆𝑖 = This term is included to differentiate the probability of neonatal death in the rural 

and urban areas of the country.  

 휀𝑖 = The error term, it captures the influence of all unobserved characteristics on neonatal 

deaths.  

4.3  Data  

The study uses the ZDHS 2013-2014 data, which was collected using a two-stage stratified 

cluster sample design. The sampling involved the selection of the Enumeration Areas EAs 

(or clusters) selected during the first stage and households selected during the second stage. 

In the first stage, 722 EAs (305 in urban areas and 417 in rural areas) were selected with 

probability proportional to size. Zambia is administratively divided into 10 provinces 

(Central, Copperbelt, Eastern, Luapula, Lusaka, Muchinga, Northern, North Western, 

Southern, and Western). Stratification was achieved by separating each province into urban 

and rural areas. 

The study sample was limited to women aged 15-49 years in 2013-2014 ZDHS. Specifically, 

the analysis uses information from the woman’s questionnaire, which captures women in 

their reproductive age group with live births in the 5years preceding the survey. The data 

include information on demographic characteristics of the woman, and details of live births 

such child mortality, history of ANC visits, as well as place and mode of delivery. The data 

also contain information on the socio-economic characteristics of the woman, such a wealth 

quintiles and highest education attainment (CSO, 2014). 
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4.4 Variables used in the Study 

4.4.1 Dependent Variable 

Neonatal deaths 

Neonatal death is defined as the death of a baby within the first 28 days of the baby’s life. It 

is employed as a binary outcome in this analysis.  

4.4.2 Independent Variables 

Focused antenatal care visits 

This is the main variable of interest which captures the number of times the woman visited a 

healthcare facility for ANC services. The hypothesis on this variable is that, all things being 

equal, if a mother receives ANC services from skilled health care personnel, there will be 

significant reduction of the probability of child loss in the first month. We treated antenatal 

care visits as a binary independent variable, 1 if the woman had three or fewer visits, 0 other 

otherwise. 

Presence of skilled attendance 

This refers to the presence of skilled health care assistance during delivery e.g. doctors and 

nurses.  Studies have pointed to the importance of skilled health care assistance during 

delivery as a potential source of significantly reducing neonatal deaths. This study therefore 

expects a negative sign on this variable. 

Child’s birth-specific characteristics 

Represent a vector of child’s birth-specific characteristics such as gender of the baby and 

birth interval. It also includes place of delivery and whether the mother delivered via 

caesarean section. Male babies have a greater risk of death than their female counterparts. 

This is because male babies have a higher likelihood of infections, birth complications and 

congenital conditions that often lead to death(Collins-McNeil, 2015). These results were 

consistent with the assertion that male babies are more likely to die in the first month of life 

than female babies. 

Household’s Socio Economic Characteristics 

Capture the household’s socio-economic characteristics. This vector includes variables such 

as the age of the mother, her educational status, as well as the household’s wealth quintiles. 
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A higher maternal education promotes the use of more antenatal care in several ways. For 

instance, education might lead to more decision-making power for women. It might also 

increase her knowledge of modern health care and its effectiveness and of how to apply it. 

(Awiti, 2014) found positive and significant associations between antenatal care use and 

several living standard indicators including the husband’s education level and his occupation, 

and wealth. 

Regional variations 

Capture the ten provinces of Zambia; Western, Southern, Eastern, Northern, Muchinga, 

Central, Lusaka, western, Copperbelt and Luapula in order to account for regional variations 

in neonatal deaths in Zambia. This captures the probability of neonatal deaths by region or 

province in Zambia. 

Area of residence 

This term is included to differentiate the probability of neonatal death in the rural and urban 

areas of the country. It captures the probability of neonatal deaths by area of residence. 

4.5 Diagnostics Tests 

Diagnostic tests were run on the data to ensure precise and meaningful estimation of our 

models. The models were correctly specified, and there was no heteroscedasticity, there were 

no influential data points (outliers) and there was no serious multi-collinearity. 

4.5.1 Test for Model Specification 

The Wald Test 

The Wald statistic was used to ensure that the model was correctly specified. The low 

probability value of the Wald statistic in model 2 and model 3 indicates that the models 

cannot be improved by dropping any of the variables and the variables are therefore jointly 

significant. 

Table 2: Results of the Wald test 

Models Wald Chi2 Pro >Chi2 

Model with individual level determinants 114.44 0.000 

Model with individual and community level 

determinant 

139.85 0.000 
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The Akaike Information Criterion (AIC) 

One of the relevant tests for model fitting is the AIC. In the Null model the AIC is 1556.227, 

in the model with individual level determinants the AIC is 1284.713 and in the model with 

both individual and community level determinants the AIC is 1282.337. This shows that the 

Akaike Information Criterion (AIC) has been declining from first model to the last model 

indicating that the model with both individual and community level determinants is the best 

distribution function because it has the lowest AIC. 

4.5.2 Heteroscedasticity 

 Analysing the P-value reveals the fact that it is small 0.05 (0.000<0.05), as such the null 

hypothesis that there is no constant variance is rejected. Therefore, there is significant 

evidence to suggest that heteroscedasticity is present. Variables tested for heteroscedasticity 

include ANC visits, skilled attendance, education, wealth and place of delivery. 

Table 3: Breusch-Pagan test for heteroscedasticity 

Chi2 Pro >Chi2 

1770 0.000 

 

The study adopted the Huber-white standard errors to control potential heteroscedasticity in 

the data used. The significant advantage of using robust standard errors is that they are 

asymptotically valid in the various forms of heteroscedasticity (Wooldridge, 2004). 

4.5.3 Normality  

Another assumption of the regression model (OLS) is that of the validity of all tests (P, t and 

F). The assumption made is that residuals should be ‘normal’. Using kernel density plot to 

produce a histogram for the residuals, it’s evident that the dependent variables (the number of 

Neonatal deaths) are not normally distributed and the OLS could therefore not be used for 

analysis. As discussed earlier, we considered various options put forward by literature and 

due to the nested nature of the data, we settled for multilevel models. 

4.5.4 Multicollinearity  

From the literature and the nature of the data, there was an obvious reason to suspect 

multicollinearity because most variables were computed from other variables. However, the 

pairwise correlation matrix indicated low multicollinearity. The variables checked for multi 

collinearity were neonatal death, paternal education, skilled birth attendance, antenatal care 
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visits, wealth, and mother’s education. A pairwise correlation coefficient of 0.8 was 

considered a benchmark indicator of possible high multicollinearity. The correlation matrix 

obtained reveals that the number of ANC visits and skilled attendance show low pairwise 

correlation with coefficients of 0.08 and 0.012 respectively. This indicates that 

multicollinearity was therefore not a problem. 

We checked for multicollinearity for the control variables using the Variance Inflating Factor 

(VIF). A mean value of 1.48 was obtained and it equally suggests low levels of 

multicollinearity. The VIF values for all the variables were computed and they were below 

the threshold of 10 (VIF<10 or a 1/VIF> 0.10), beyond which multicollinearity may be 

considered a serious problem (Gujarati, 2004). 

4.5.5 Endogeneity 

To test this endogeneity of antenatal visits, a Durbin chi-square and Wu-Hausman F-tests of 

endogeneity on the model with one instrument was used. The results are presented in table 3 

below: 

Table 4: Test for endogeneity 

Ho: variables are exogenous 

Test significance 

Durbin (score) chi2(1) 32.307 (p = 0.000) 

Wu-Hausman F (1,7927) 32.197 (p = 0.000) 

 

From the above table, it is noted that the reported Durbin chi-square and Wu-Hausman F- 

statistics have very small p-values. This makes the null hypothesis of variable exogeneity 

rejected in favour of ANC being endogenous.  

Table 5: Test of the strength of the instruments-first-stage regression summary 

statistics 

  

To assess the strength of the used instruments, first stage regression partial correlations of the 

instruments with the endogenous variable together with the values of their F-statistics were 

Variable 𝑅2 Adjusted 𝑅2 Partial 𝑅2 Robust𝐹1,7928 𝑃𝑟𝑜 > 𝐹 

ANC visits 0.235 0.205 0.61 128.7921 0.0000 
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computed. The correlation between the instrument and the antenatal care visits is represented 

by the partial 𝑅2(0.61) which measures the correlation between antenatal care visits and 

education after controlling the effects of SBA. The partial 𝑅2 is relatively high which 

indicates that our instrument is not weak. 

The F statistic is 128.8 which is much larger than any of the critical values shown in the 

critical value table below. Therefore, we can reject the null hypothesis that the instrument is 

week. We have good instrument in this case. 

Critical values 

Ho: instrument is weak 

 5%         10%        20%         25% 

2SLS Size of nominal 5% Wald test 16.38     8.96          6.67         5.53 

LIML Size of nominal 5% Wald test 12.31     5.23           3.71        3.10 

 

Table 6: Tests of over identifying restrictions 

  

Testing for correct model specification and instrument validity was accomplished by running 

an over identification test. Table 7 presents the results. The null hypothesis tested was that 

instrument was valid and that the model was correctly specified. The p-values of the Sargan 

and Basmann tests are large suggesting that the null hypothesis is not rejected; therefore, we 

conclude that the instrument is valid and the model is correctly specified. 

 

 

 

 

 

Sargan (score)chi2(1) (P=0.7213) 

Basmann chi2(1) (P=0.7219) 
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CHAPTER FIVE 

5 RESULTS AND DISCUSSION 

5.1 Descriptive Statistics 

The overall neonatal death rate in Zambia in the five years preceding the survey was 24 per 

1000 live births (CSO, 2014/2014). Table 8 shows the   summary statistics of the variables 

used in the study. The dependent variable is neonatal death, a binary outcome defined as the 

death of a new-born infant within the first 28 days. About 1.67% [210] of the babies born to 

the women in this sample died during the neonatal phase. The average age group of women 

in the sample is 30-34 years. About 10.3% of women have never attended school, 53.2% 

have primary education, 32% have secondary education, and only about 0.4% reported that 

they had higher levels of education. The average number of women who had three or less 

ANC visits was 45.1 % and 54.9% had four or more ANC visits.  This shows that most 

women had four or more ANC visits as recommend by WHO under the focused antenatal 

care approach. The results are illustrated in the pie chart below. 

Figure 5: Number of ANC visits 

 

Source: (CSO, 2014), Zambia Demographic and Health Survey 2013/2014 report 

In terms of sex and delivery, about 50% of the children were male. About 23.9% of the 

women delivered at home, while 5.5% gave birth through caesarean section. 

The majority of the women in the sample, regardless of the level of education and other 

individual and community level characteristics were assisted by a nurse during antenatal care 

visits. On average 2.2% of women received skilled health care assistance during birth 

Less than Four 
Visits 
45% 

More than four 
Visits 
55% 
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through doctors. About 0.7% were attended to by clinical officers,  65.8% received skilled 

assistance from midwives or nurses, 14.3% received assistance from Traditional birth 

Attendance, 13.6% received assistance form relatives or friends and 3.2% had no assistance 

during child birth. 

Eastern Province had the highest number of neonatal deaths representing 12.2% compared to 

Western and Central provinces which had the lowest percentage of 8.5%. About 59.7% of the 

women in rural areas lost their babies through death before they reached the age of 28 days 

compared to 40.2% of their counterparts in the urban areas. The statistics show that 48% of 

women lived in communities with a low proportion of educated women. About 9 in ten 

(97%) women lived in high ethnically diverse communities in Zambia. 

Table 7: Summary statistics 

Characteristics Obs. Mean SD Min Max 

Neonatal deaths 9086 0.01683 0.128 0 1 

Mothers' age 9086 34.7 7.45 15 49 

Female Education: No education 9078 0.103 0.304 0 1 

Primary 9078 0.532 0.498 0 1 

Secondary 9078 0.32 0.468 0 1 

Higher 9078 0.04 0.197 0 1 

Husband Education: No  8044 0.061 0.24 0 1 

Primary 8044 0.391 0.488 0 1 

Secondary 8044 0.438 0.496 0 1 

Higher 8044 0.0794 0.27 0 1 

Sex: Male 9086 0.505 0.5 0 1 

Female 9086 0.494 0.5 0 1 

ANC visits: Less than three 9086 0.451 0.497 0 1 

Greater than three 9086 0.548 0.497 0 1 

Skilled attendance: Doctor 8986 0.022 0.146 0 1 

Clinical officer 8986 0.0071 0.084 0 1 

Midwife or nurse 8,986 0.658 0.474 0 1 

Unskilled attendance: TBA 8,986 0.143 0.35 0 1 

Relatives or Friends 8,986 0.136 0.343 0 1 

No assistance 8986 0.032 0.176 0 1 

Wealth: Poorest 9086 0.218 0.413 0 1 

Poorer 9086 0.22 0.414 0 1 
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Middle 9086 0.229 0.42 0 1 

Richer 9086 0.1845 0.387 0 1 

Richest 9086 0.146 0.354 0 1 

Region: Central 9086 0.085 0.279 0 1 

Copperbelt 9086 0.0918 0.288 0 1 

Eastern 9086 0.1224 0.327 0 1 

Luapula 9086 0.1065 0.3085 0 1 

Lusaka 9086 0.0976 0.296 0 1 

Muchinga 9086 0.092 0.289 0 1 

Northern 9086 0.106 0.307 0 1 

North western 9086 0.1005 0.3 0 1 

Southern 9086 0.111 0.314 0 1 

Western 9086 0.085 0.28 0 1 

Location: Rural 9086 0.597 0.49 0 1 

Urban 9086 0.402 0.49 0 1 

Religion: Catholic 9063 0.164 0.37 0 1 

Protestants 9063 0.826 0.378 0 1 

Muslims 9063 0.003 0.0574 0 1 

Other 9063 0.0061 0.078 0 1 

Place of delivery: Home 9084 0.239 0.427 0 1 

Government Hospital 9084 0.026 0.159 0 1 

Government Health centres 9084 0.23 0.424 0 1 

Other public sector 9084 0.43 0.495 0 1 

Private Hospital/clinic 9084 0.0013 0.036 0 1 

Mission Hospital/clinic 9084 0.0093 0.096 0 1 

Other 9084 0.0471 0.211 0 1 

Caesarean section:  No 9083 0.944 0.228 0 1 

Yes 9083 0.055 0.228 0 1 

Ethnic diversity: Low 9086 0.026 0.161 0 1 

High 9086 0.973 0.161 0 1 

Community hhds poor: Low 9086 0.486 0.499 0 1 

High 9086 0.5137 0.499 0 1 

Community level education: Low 9086 0.365 0.481 0 1 

High 9086 0.634 0.481 0 1 

Source: Author's own calculations - ZDHS 2013-2014 
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5.2 Null model (Random effects) 

Table 9 depicts the results of the variance component model which is also referred to as null 

model or empty model (model 1). This model was applied to estimate the total variance in 

neonatal deaths that can be attributed to the communities in which the mothers were living. 

In other words, Community level variance was estimated in order to justify the applicability 

of multivariable multilevel regression analysis (MMLRA). Community-level variance was 

statistically significant (p-value <0.05); it showed that some of the total variance in neonatal 

deaths can be explained by community-level determinants thus MMLRA was performed to 

adequately consider the community-level factors affecting neonatal deaths. The intra-cluster 

correlation/intra- community correlation (ICC) or variance partition coefficient (VPC) was 

estimated at 0.0634 which simply means that 6.3 % of the total variance in neonatal deaths in 

Zambia can be attributed to the communities in which mothers were residing. This also 

implies that the correlation between mothers living in the same community regarding the 

likelihood of experiencing neonatal deaths was 0.063. 

Following the decomposition of the neonatal variance in model 1, individual-level covariates 

were introduced into the empty model to form model 2. It was observed that the community-

level variances reduced drastically in model 2. This indicated that the composition of the 

individual characteristics within the communities explained most of the community-level 

variances observed in the null model. However, we extended model 2 by introducing 

community-level covariates to form model 3. Community-level variance was no longer 

significant after adjusting for both individual and community-level factors. It is important to 

mention that a random intercept model was constructed rather than the usual single-level 

model, not only because of the hierarchical nature of the data but also not to have biased 

associations.  
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Table 8: Association between neonatal deaths and individual and community level 

determinants 

Variable description Null model Model with individual 

level determinants 

Model with individual 

& 

community level 

determinants 

 Odd ratio Odd ratio Odd ratio 

Fixed Effect (OR,95% CI,P-value) 

Individual level variables 

Mothers' Age (15-19)  1(reference) 1(reference) 

20-24  0.434(0.22 - 0.848)** 0.39(0.199 -  0.76)*** 

25-29  0.41(0.21  -  0.79)*** 0.36(0.182 - 0.73)*** 

30-34  0.59(0.29 -  1.197) 0.535(0.265 - 1.08)* 

35-39  0.581(0.26 -  1.28) 0.546(.247 - 1.21) 

40-44  0.71( 0.29 - 1.74) 0.663(.273 -1.61) 

45-49  2.9(1.17 - 7.40)** 2.76(1.102- 6.92)** 

Female Education: No education  1(reference) 1(reference) 

Primary  0.96(0.39  - 2.23)* .765(0.427 -  2.37)* 

Secondary  0.81(0.40 -1.61)** 0.68(0.43 - 1.81)*** 

Higher  0.272(.061 - 1.22)* 0.302(.067 -  1.35)** 

Husband Education: No education  1(reference) 1(reference) 

Primary  0.99(0.47 - 2.091) .98(.46 -2.083) 

Secondary   0.74(.34  - 1.63)*** 0.600(.27 -1.34)** 

Higher   0.47(.291 -  2.57)** 0.636(.21 -1.89)** 

Sex: Female  1(reference) 1(reference) 

Male  1.74(.51 - 2.06)* 1.73(.51 - 2.05)** 

Number ANC visits: greater than 

three 

 1(reference) 1(reference) 

Less  than three  1.4( .97  - 2.01) 1.36(.95 - 1.96)* 

Skilled attendance: Clinical officer  1(reference) 1(reference) 

Doctor  .256(.031  -  2.24)**  .212(.025 -1.79)* 

Midwife or nurse  .191(.089  - .41)*** .150(.069 - .32)*** 

TBA  .161(.043 - .56)*** .106( .029 - .38)*** 

Relatives or Friends  .132(.043 -  .694)  .137(.034 - .55) 

No assistance  .118(.023 - .642) .091( .016 - .495) 

Household size   .78(.715 -  .86) ***  .777(.703 - .859)*** 

Wealth: Poorest  1(reference) 1(reference) 

Poorer  0.91(.65  - 1.96)**  2.12(.65 - 2.94) 
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Middle  1.078(.59 - 1.95) 0.88(.615    2.29)** 

Richer  0.72(.59 -   3.18)* 0.54(.67 - 4.73)* 

Richest  0.58(.21 -    3.5) 0.45(.32 - 5.55) 

Religion: Catholic  1(reference) 1(reference) 

Protestants  .861(.541 - 1.37) .963(.603 - 1.53) 

Muslims  3.10(.573 - 16.81) 3.72(.69 - 19.86) 

Other  3.48(1.06-11.43)** 3.49(1.06 -11.48)** 

Place of delivery: Home  1(reference) 1(reference) 

Government Hospital  1.41(.56 - 3.561) .622(.191 -  2.02) 

Government Health centres  .762(.232 - 2.50) .55(.183 -   1.66) 

Other public sector  .67(.22 -  2.05) .822(.13 -  4.96) 

Private Hospital/clinic  1.25(.205 -7.64)    1.24(.48 - 3.13) 

Mission Hospital/clinic  .365(.073-1.82) .225(.044 - 1.13)* 

Other  1.35(.291 - 6.24) 1.131(.24 -5.39) 

Caesarean section:  No  1(reference) 1(reference) 

Yes  1.36(.67 -  2.77)* 1.197(.58 - 2.45)* 

Community level Variables  

Region: Lusaka   1(reference) 

Copperbelt   0.986(.398 - 2.44) 

Eastern   1.903(.862 -   4.20) 

Luapula   1.83(.799 - 4.18) 

Central    .557(.219 -1.41)  

Muchinga   1.37(.58 - 3.24) 

Northern   1.049(.436 - 2.52) 

North western   1.53(.64 - 3.68)** 

Southern   .54(.197 - 1.46) 

Western    1.719(.233 - 2.21)* 

Location: Urban   1(reference) 

Rural   1.23(.49 - 2.10)** 

Ethnicity diversity: Low   1(reference) 

High   1.93(.457- 8.16) 

Community households poor: Low   1(reference) 

High   1.47(.71 - 3.06) 

Mean paternal education   6.15(1.8220.79) 

Community level education: Low   1(reference) 

High   0.721(.461 - 1.13) 

Constant 0.06(.011 -   .020) 0.82 (.144 - 4.63) 0.272(.023 -   3.20) 

N 7,926 7926 7926 

Number of groups 721 721 721 
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BIC 1570.456 1549.874 1645.188 

AIC 1556.227 1284.713 1282.337 

Deviance 1552.2273 1208.7135 1178.3374 

Area variance 0.23(.027-1.83)* 0.031(.047 - 1.98) 0.055( 4.96 - 606.6) 

ICC 0.0634253  0.0846555 0.0163977 

Model 1 is the null model, contained no explanatory variable. 

Model 2 adjusted for individual-level characteristics. 

Model 3 adjusted for both individual-level and community-level characteristics 

Abbreviations: OR odds ratio 95%, CI 95% confidence interval, ICC intra-cluster correlation 

*** p<0.01, ** p<0.05, * p<0.1 

5.3 Individual Level Determinants 

Based on model 3, we find that at individual level; age, female education, number of ANC 

visits, skilled attendance, sex, wealth index and caesarean section birth history were found to 

be important predictors of the neonatal deaths in Zambia.  It was observed that infants who 

were born from women aged 44-49 had a two times higher likelihood of dying before the age 

of one month [OR 2.76; CI 1.102- 6.92; P-value < 0.05]. This may be because, all things 

being equal, older women are associated with more pregnancy complications and thus are 

more likely to lose their babies. They were less likely to deliver in health facilities and thus 

are at a higher risk of losing their babies. Babies born to educated women had less chances of 

dying before reaching the age of one month compared to those that had no form of education. 

For instance, babies born to women who had higher education had 0.36 less chances of dying 

before reaching the age of 28 days [OR 0.36; CI 0.21 -1.89; P-value <0.05].Our results 

confirm the findings of (Mekonnen et al, 2015). Their findings highlight the importance of 

attaining a higher level of education in maternal health care seeking behaviour which should 

be supported by the government and any other relevant stakeholders. 

Women who had less or equal to three ANC visits had 1.36 times higher likelihood of their 

neonates dying before attaining the age of one month [OR 1.36; CI .95 - 1.96; P-value<0.1]. 

This stresses the importance of focused antenatal care in reducing the number of neonatal 

deaths in Zambia.  Skilled attendance was negatively related to neonatal deaths and produced 

significant results. The wo   men that were attended to by doctors, nurses and TBA had odd 

ratios less than one implying that babies had less probability of dying. On the other hand, 

male infants had 1.74 times higher likelihood of dying than the female infants [OR 1.74; CI 

.51-2.06; P-value <0.1]. 

Wealth index entered our full model as categorical variable ranging from poorest to richest 

households. The results indicated that those women who were coming from rich wealth 
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quintiles had lower chances of having their babies die before one month. In particular being 

well endowed with resources reduces the odds of death to the infants. It is generally argued 

that community factors, such as overall level of wealth and education in the community, may 

influence the individual’s behaviour, partly through social learning and social influence. It 

has also been argued that if mothers in a community are wealthier, they are likely to be more 

educated and have better knowledge of antenatal care services. Their knowledge and 

attitudes may be passed on to other women in the community (Singh et al, 2013). 

 Infants that were born under caesarean section had 1.36 times higher chances of dying 

within one month after birth [OR 1.19; CI .58 - 2.45; P-Value< 0.1]. With regards to 

religious affiliation, the likelihood of dying during the neonatal life increased 3.5 folds in 

infants who were born to parents who were neither Protestants nor catholic nor Muslims [OR 

3.49; CI 1.06 11.48; P-Value < 0.05]. 

5.4 Community Level Determinants 

In addition to individual factors that were observed to influence neonatal survival, some 

community level factors were shown to be associated with child survival within the first 28 

days of life. Babies born to women who came from households with high poverty levels in 

the community were 1.47 times more likely to die within 28 days after birth [OR1.47; CI .71 

- 3.06, P-value<0.1]. The study further revealed that there are significant regional and 

residential differences that influence neonatal deaths. Women who stay in the rural parts of 

Zambia have 1.23 times higher likelihood of having dead neonates compared to their urban 

counterparts [OR1.23; CI 0.49 - 2.10, P-value<0.5] as shown above. The sub-sample 

comparison in appendix A4 indicates that an adequate number of prenatal care visits has a 

positive and statistically significant effect on neonatal deaths. Women who lived in rural 

areas had higher chances of having their babies dead than their urban counterparts. This 

effect is much larger and much more significant in rural areas than in urban areas. This is due 

to the limited number of health care facilities, long distances, poor quality of health services 

and early marriages. Another study also indicated that rural areas generally have poor 

infrastructure, fewer health care facilities and inadequate health care services compared to 

urban areas, making women from rural areas less likely to utilize health care facilities for 

delivery(Miguel, María, and Rathmann,2009.). Moreover, women from urban areas might 

have higher receptivity to new health related information and modern health care. 
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 In terms of regional variations, women from North Western province of Zambia had 1.53 

times higher likelihood of having dead neonates compared to Lusaka. Similarly, women of 

western province of Zambia had 1.7 times higher chance of having their neonates dead 

before reaching the age of 28 days compared to those living in Lusaka. Lusaka province is 

the capital city of Zambia; as a result, most of the women who reside there are more 

urbanized, educated and more knowledgeable about the importance of accessing quality 

ANC services compare to other provinces. 

It is worth to mention that ethnic diversity was found not to be statistically significant at 

influencing the neonatal deaths in Zambia. This was contrary to what recent evidence found 

that they are significant predictors (Awiti, 2014). This means that it does not matter what 

tribe a woman is, her baby can still die within one month. 

5.5 Regression Results for Instrumental Variable 

Table 10 shows the results for the probit and IV models. Model 1 is the probit estimation.  

Model 2 is IV estimation. The probit model was estimated for the purposes of comparison. 

After controlling for other relevant variables in the probit model, the result showed a 

negative and significant effect of ANC visits on neonatal deaths. This means that women 

who attend ANC visits are less likely to lose their babies in the neonatal period. The IV 

estimate also shows significant effect of ANC visits on neonatal death. Even though both the 

probit and the IV estimates show significance of the ANC at 5% and 10% levels respectively, 

the magnitude of the probit estimate is lower than that of the IV estimates. The IV estimation 

shows that ANC significantly reduces neonatal death by approximately 1.5%, while the 

estimate for the probit model shows a reduction of 7.9%. 
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Table 9: Regression results for the probit and instrumental variable models 

Variables Model1 (Probit) Model2 (IV Probit) 

Household size -0.0586***(0.0162) 0.00243***(-0.000627) 

number of ANC visits -0.0154**(-0.0665) -0.0786*(-0.49) 

skilled attendance - doctor 1(reference) 1(reference) 

skilled attendance - clinical officer -0.602(-0.43) -0.0637***(-0.0213) 

skilled attendance -midwife or nurse -0.653***(-0.147) -0.0668***(-0.0139) 

skilled attendance- TBA -0.770***(-0.228) -0.0696***(-0.0155) 

skilled attendance- relatives or friends -0.630**(-0.256) -0.0584(-0.0582) 

skilled attendance -no assistance -0.755**(-0.305) -0.0603(-0.057) 

wealth- poorest 1(reference) 1(reference) 

wealth- poorer -0.00451(-0.105) -0.00189(-0.016) 

wealth- middle 0.0346(-0.114) -0.00409(-0.0264) 

wealth - richer 0.195(-0.132) 0.000497(-0.031) 

wealth- richest 0.155(-0.152) -0.0155(-0.0908) 

sex of the baby - female 1(reference) 1(reference) 

sex of the baby - male 0.253**-(0.017) 0.451(0.0014) 

place of delivery- home 1(reference) 1(reference) 

place of delivery- government hospital -0.0853(-0.208) -0.0036(-0.00886) 

place of delivery -government health center -0.174(-0.195) -0.006(-0.00998) 

place of delivery- private hospital/clinic 0.159(-0.325) -0.0113(-0.11) 

place of delivery- mission hospital/clinic -0.343(-0.27) -0.0147(-0.0162) 

place of delivery -other 0.156(-0.288) 0.0129(-0.0235) 

Caesarean section- No 1(reference) 1(reference) 

Caesarean section- yes 0.0408(-0.123) 0.00215(-0.0353) 

mean paternal education in the cluster 0.31(-0.203) 0.0209**(-0.00999) 

Community education-women=low 1(reference) 1(reference) 

Community education-women 1=high-yes -0.136*(-0.0762) -0.00771(-0.00594) 

Household poor =low 1(reference) 1(reference) 

Household poor =high 0.18(-0.124) 0.00716(-0.0058) 

High ethnicity=No 1(reference) 1(reference) 

High ethnicity=yes 0.255(-0.267) 0.00524(-0.0146) 

Constant -1.457***(-0.375) 0.134(-0.288) 

Observations 8,970 7,954 

chi2 69.5 91.18 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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5.6 Discussion 

5.6.1 Main Findings 

The findings from this study shed light on the contribution of individual and community 

characteristics to neonatal survival. They demonstrated how the communities where the 

mothers were living shaped the prevalence of neonatal deaths in conjunction with the 

composition of the individual characteristics. Both individual and community-level 

characteristics showed significant association with neonatal survival. Living in a socio-

economic deprived community (rural with a high prevalence of illiteracy, poverty and poor 

wealth endowment) was inversely associated with neonatal survival. These four components 

of community socioeconomic deprivation coexist together in varying proportions in the 

communities and the intensity of deprivation depends on them. This findings are in line with 

prior studies in LMICs that have examined the association between community-level factors 

and neonatal deaths and found that community-level factors are associated with neonatal 

mortality and morbidity (Kayode et al, 2014). 

There are multifaceted plausible explanations for this association. Dwelling in a rural 

community where illiteracy, poverty and poor wealth endowment coexist will influence 

neonatal survival via multiple channels. People living in the same community with socio 

economic deprivation tend to be similar in terms of health outcomes (neonatal deaths) 

because of shared community characteristics. These shared characteristics may mediate their 

impact through poor access to health care services, inability to afford health care costs, poor 

personal and environmental hygiene, poor nutrition, ignorance of the importance of health 

care services and more. More so, community factors are associated with on the health 

outcome (neonatal deaths) through the individual level factors. Although it is not the aim of 

this study to explain the underlying mechanism of the observed association, we expect that 

living in a community with low socio economic status will mediate its effect on neonatal 

survival through individual-level factors as reported by studies (Babalola et al, 2014). Several 

neonatal, maternal, antenatal, delivery and postnatal characteristics were shown to be 

associated with neonatal mortality in the present analysis. 

Antenatal care and skilled attendance plays a critical role of detecting malformation problems 

and other risk factors associated with the development of the baby, it can also be a means of 

educating women on the advantages of giving birth in medically controlled conditions 

(Pecina, 1978). In rural areas of Zambia, with relatively fewer skilled birth attendances than 
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urban areas, the role of educating pregnant women within communities on the importance 

giving birth at the hospital is even more important. The timely use of qualified personnel 

reduces the risk of death for both the mother and new born. By increasing the use of formal 

health services during pregnancy and at delivery particularly in rural and remote areas, 

antenatal care can have an indirect influence on the survival of mothers and children.  

The negative effect of ANC on neonatal death for the women who had four and more visits is 

consistent with the findings of Singh (2013). After controlling for endogeneity, receiving 

adequate number of prenatal care visits has a negative and high statistical significant effect 

on the probability of neonatal deaths. During ANC visits, pregnant women are typically 

monitored and thoroughly screened for possible complications that may result in fatalities. In 

addition, they are educated on their own nutritional needs as well as the importance of 

colostrum and exclusive breastfeeding for the health of their new born. ANC visits may 

therefore contribute to a decrease in the death of children at the neonatal stage. 

ANC attendance could be a marker of familiarity of women to maternal health services. 

Analysis of DHS data from six African countries and a study in India have also shown that 

the characteristics that predispose women to seek pregnancy care also make them more likely 

to seek care during delivery. In addition, antenatal care could also be an opportunity for 

health workers to provide health information and to discuss on the women’s place of 

delivery. In a study conducted in Tanzania, women were informed about pregnancy 

complications during antenatal care were found to be more likely to deliver at a health 

facility. This shows that the information given to pregnant women during antenatal care is 

vital to promoting institutional delivery service (Verlag and Jentzsch-cuvillier, 2000). 

Additionally, when women attend ANC visits, they are more likely to deliver at health 

facilities. This is consistent with findings from the study by Bloom Saikia (2013) in India. 

The inclinations to deliver at health facilities thereby considerably increase their chances of 

having skilled assistance during delivery and in case of any complications. At the health 

facilities, the babies are more likely to be cared for under hygienic conditions and are also 

monitored for any birth complications. All these services are likely to reduce the risk of death 

of the new born. In this study, the results show evidence of the importance of skilled 

assistance during birth which is in line with the general expectation. 

Our findings revealed that women’s education status significantly reduced the likelihood of 

neonatal deaths in Zambia. The finding is similar to previous studies that have established a 
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link between women’s education status and the child’s survival. Maternal education is argued 

to improve child health through increased knowledge about the practices to improve child 

health and increased use of maternal care services. Similarly, the father’s education was 

found important for reduction in neonatal deaths (Miguel,2008). 

Among the proximate determinants included in the analysis was the mother’s age which was 

found to be significantly associated with reduction in neonatal deaths. Mothers aged 20-40 do 

not only possess better knowledge of pregnancy and child birth but also enjoy greater 

autonomy compared to younger mothers which help them take care of their neonates in a 

better way in this period. However, it emerges that those mothers aged 44-49 are more likely 

to have their neonates die within one month due to pregnancy complications (Mangeni, 

Mwangi, Mbugua, and Mukthar, 2013). 

A strong association has been previously reported between the sex of the child and neonatal 

mortality (Lambon-Quayefio and  Owoo , 2014). Similarly, in this study too, we find that 

boys are more susceptible to death within the first month after birth compared to girls. It has 

been argued that boys are biologically weaker than girls due to various reasons. These 

include immunodeficiency leaving baby boys more vulnerable to infectious diseases, late 

maturity resulting in a higher prevalence of respiratory diseases in males, and congenital 

malformation of the urogenital system. 

5.6.2 Study Limitations  

This research has several potential limitations. First, cross sectional data, such as the DHS 

does not allow for determination of causality and the results reported in this study are 

associations. The DHS data come from cross-sectional surveys, which collect information 

from respondents about past events, behaviours, and outcomes. Such self-reporting is subject 

to recall bias, but in the absence of a vital registry, is one of the best ways to obtain 

nationally representative estimates of neonatal mortality.   

The problem of missing values, which substantially reduces the number of observations. A 

much larger sample size would have offered more power to identify any possible associations 

between neonatal deaths and potential risk factors. The use of the SEAs as (Primary 

Sampling Unit) or neighbourhoods bias the results because of selection effects (Albright and 

Marinova ,2010). The inability of SEAs coinciding with the neighbourhood boundaries was a 

major bottleneck in defining the community level factors, and designing the multilevel 

model. 
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Other potential limitations in this research relate to challenges inherent in using secondary 

data.  First, analysis is necessarily limited to the items included in the ZDHS assessments. 

Several variables that would be useful to include in these analyses such as distance to the 

nearest facility are not available in the DHS. It is important to note that women who deliver 

at a health facility with SBA are not a random sample of all pregnant women, not even a 

random sample of all women who attended ANC, meaning there is selection bias problem. 

For instance, some of the variables which influence women to seek SBA may be observed 

(such as ANC) but others are not, and some of those unobserved variables may be related 

with neonatal mortality. Future studies could consider using the Heckman model to control 

for selection bias. 

Another limitation has to do with quality of care not measured in this study; this is important 

given the well-known sensitivity of neonatal conditions to quality of care. The quality of care 

a woman receives during pregnancy plays a vital role in ensuring the healthiest possible 

outcome for the mother and the baby hence reducing neonatal deaths. Hindrances to 

provision of quality care in developing countries include poor implementation of ANC 

programs, lack of supervision and support, poor client-provider interactions resulting from 

limited staff and funds.  

Nonetheless, DHS data are comprehensiveness, and the volume of data available on health 

and demographic information in a low-resource setting like Zambia is remarkable. As such, 

any limitations imposed by the structure and methods of the DHS are likely outweighed by 

the benefits of the quantity and quality of data available.   
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CHAPTER SIX 

6 CONCLUSION AND STUDY RECOMMENDATIONS 

6.1 Conclusion and Policy Recommendation 

In conclusion, the outcomes of the study demonstrated that both community and individual 

level factors to be associated with infant survival within the first 28 days of life. In this 

analysis four or more ANC visits was significantly associated with reduced neonatal 

mortality on both the first day and first month of life. ANC is a means of providing women 

with counselling, vitamins and treatment and detection of pre-existing conditions which may 

have a negative impact on birth outcomes. ANC is also a means to connect women to the 

health system, and women who use ANC are more likely to have a skilled delivery hence the 

reduction in neonatal deaths.  

SBA was negatively associated with neonatal mortality on both the first day and first week of 

life, and these associations were significant. Skilled delivery was protective against neonatal 

mortality in Zambia because performing deliveries in a health facility are a crucial element of 

a continuum of care approach for mothers and new-borns. Properly trained birth attendants 

have the potential to reduce neonatal mortality through the implementation of relatively 

simple and cost-effective interventions. Women with complications are more likely to seek 

skilled delivery than those without complications.  

Despite the fact that Zambia regulations protect women by guaranteeing their right to 

antenatal care, the findings of this research reveal inequalities related to accessing at least 

four antenatal visits, highlighting the need to make an effort to improve monitoring of the 

mothers who begin the antenatal visits in order to guarantee their continuity.  

 The limited possibility of receiving at least four antenatal visits when the socioeconomic 

conditions at the individual and community levels are adverse is evidence of the lack of 

capacity of some groups in the population to access health services. 

6.2 Policy Recommendation 

Include the characteristics of the community as a determinant of antenatal care in the design 

of maternal-infant health policies in Zambia. Within the community, government should 

promote access to antenatal visits for the poorest women, who have lower educational levels 

and who live in the regions with the least economic development (rural areas). Promote 

programs designed to strengthen women’s autonomy, taking into account the positive spill 
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over effects that can be derived from the degree of autonomy of other women in the 

community. Thus, in order to increase the capacities of the most vulnerable population of 

women, the government, through the different ministries, should work on improving some of 

the key social structural conditions such as education, the barriers of accessing the health 

system, and poverty. 

6.3 Recommendation for Future Research 

In this study, quality of care is not measured as a result we recommend that future researches 

could consider addressing this limitation. Another possibility is to explore the influence of 

social relationships and community structures on neonatal deaths using mixed methods 

approach. 
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APPENDIX 

Table 10: Appendix A1  

Summary Statistics 

Characteristics Obs. Mean SD Min Max 

Neonatal deaths 9086 0.01683 0.128 0 1 

Mothers' age 9086 3.355 1.48 1 7 

Female Education: No education 9078 0.103 0.304 0 1 

Primary 9078 0.532 0.498 0 1 

Secondary 9078 0.32 0.468 0 1 

Higher 9078 0.04 0.197 0 1 

Husband Education: No  8044 0.061 0.24 0 1 

Primary 8044 0.391 0.488 0 1 

Secondary 8044 0.438 0.496 0 1 

Higher 8044 0.0794 0.27 0 1 

Sex: Male 9086 0.505 0.5 0 1 

Female 9086 0.494 0.5 0 1 

 ANC visits: Less than three 9086 0.451 0.497 0 1 

Greater than three 9086 0.548 0.497 0 1 

Skilled attendance: Doctor 8986 0.022 0.146 0 1 

Clinical officer 8986 0.0071 0.084 0 1 

Midwife or nurse 8,986 0.658 0.474 0 1 

TBA 8,986 0.143 0.35 0 1 

Relatives or Friends 8,986 0.136 0.343 0 1 

No assistance 8986 0.032 0.176 0 1 

Wealth: Poorest 9086 0.218 0.413 0 1 

Poorer 9086 0.22 0.414 0 1 

Middle 9086 0.229 0.42 0 1 

Richer 9086 0.1845 0.387 0 1 

Richest 9086 0.146 0.354 0 1 

Region: Central 9086 0.085 0.279 0 1 

Copperbelt 9086 0.0918 0.288 0 1 

Eastern 9086 0.1224 0.327 0 1 

Luapula 9086 0.1065 0.3085 0 1 

Lusaka 9086 0.0976 0.296 0 1 

Muchinga 9086 0.092 0.289 0 1 

Northern 9086 0.106 0.307 0 1 
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North western 9086 0.1005 0.3 0 1 

Southern 9086 0.111 0.314 0 1 

Western 9086 0.085 0.28 0 1 

Location: Rural 9086 0.597 0.49 0 1 

Urban 9086 0.402 0.49 0 1 

Religion: Catholic 9063 0.164 0.37 0 1 

Protestants 9063 0.826 0.378 0 1 

Muslims 9063 0.003 0.0574 0 1 

Other 9063 0.0061 0.078 0 1 

Place of delivery: Home 9084 0.239 0.427 0 1 

Government Hospital 9084 0.026 0.159 0 1 

Government Health centres 9084 0.23 0.424 0 1 

Other public sector 9084 0.43 0.495 0 1 

Private Hospital/clinic 9084 0.0013 0.036 0 1 

Mission Hospital/clinic 9084 0.0093 0.096 0 1 

Other 9084 0.0471 0.211 0 1 

Caesarean section:  No 9083 0.944 0.228 0 1 

Yes 9083 0.055 0.228 0 1 

Ethnic diversity: Low 9086 0.026 0.161 0 1 

High 9086 0.973 0.161 0 1 

Community hhds poor: Low 9086 0.486 0.499 0 1 

High 9086 0.5137 0.499 0 1 

Community level education: Low 9086 0.365 0.481 0 1 

High 9086 0.634 0.481 0 1 

Source: Author's own calculations - ZDHS 2013-2014   
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Table 11: Appendix A2 

 Regression Results for the Probit and Instrumental Variable Models 

Variables Model1 (Probit) Model2 (IV Probit) 

Household size -0.0586***(0.0162) 0.00243***(-0.000627) 

number of ANC visits -0.0154**(-0.0665) -0.0786*(-0.49) 

skilled attendance - doctor 1(reference) 1(reference) 

skilled attendance - clinical officer -0.602(-0.43) -0.0637***(-0.0213) 

skilled attendance -midwife or nurse -0.653***(-0.147) -0.0668***(-0.0139) 

skilled attendance- TBA -0.770***(-0.228) -0.0696***(-0.0155) 

skilled attendance- relatives or friends -0.630**(-0.256) -0.0584(-0.0582) 

skilled attendance -no assistance -0.755**(-0.305) -0.0603(-0.057) 

wealth- poorest 1(reference) 1(reference) 

wealth- poorer -0.00451(-0.105) -0.00189(-0.016) 

wealth- middle 0.0346(-0.114) -0.00409(-0.0264) 

wealth - richer 0.195(-0.132) 0.000497(-0.031) 

wealth- richest 0.155(-0.152) -0.0155(-0.0908) 

sex of the baby - female 1(reference) 1(reference) 

sex of the baby - male 0.253**-(0.017) 0.451(0.0014) 

place of delivery- home 1(reference) 1(reference) 

place of delivery- government hospital -0.0853(-0.208) -0.0036(-0.00886) 

place of delivery -government health center -0.174(-0.195) -0.006(-0.00998) 

place of delivery- private hospital/clinic 0.159(-0.325) -0.0113(-0.11) 

place of delivery- mission hospital/clinic -0.343(-0.27) -0.0147(-0.0162) 

place of delivery -other 0.156(-0.288) 0.0129(-0.0235) 

Caesarean section- No 1(reference) 1(reference) 

Caesarean section- yes 0.0408(-0.123) 0.00215(-0.0353) 

mean paternal education in the cluster 0.31(-0.203) 0.0209**(-0.00999) 

Community education-women=low 1(reference) 1(reference) 

Community education-women 1=high-yes -0.136*(-0.0762) -0.00771(-0.00594) 

Household poor =low 1(reference) 1(reference) 

Household poor =high 0.18(-0.124) 0.00716(-0.0058) 

High ethnicity=No 1(reference) 1(reference) 

High ethnicity=yes 0.255(-0.267) 0.00524(-0.0146) 

Constant -1.457***(-0.375) 0.134(-0.288) 

Observations 8,970 7,954 

chi2 69.5 91.18 

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 12: Appendix A4 

 Association between Neonatal Deaths and Individual and Community Level Determinants 

Variable description Null model Model with individual 

level determinants 

Model with individual 

& 

community level 

determinants 

 Odd ratio Odd ratio Odd ratio 

Fixed effect(OR,95% CI,P-value) 

Individual level variables 

Mothers' age(15-19)  1(reference) 1(reference) 

20-24  0.434(0.22 - 0.848)** 0.39(0.199 -  0.76)*** 

25-29  0.41(0.21  -  0.79)*** 0.36(0.182 - 0.73)*** 

30-34  0.59(0.29 -  1.197) 0.535(0.265 - 1.08)* 

35-39  0.581(0.26 -  1.28) 0.546(.247 - 1.21) 

40-44  0.71( 0.29 - 1.74) 0.663(.273 -1.61) 

45-49  2.9(1.17 - 7.40)** 2.76(1.102- 6.92)** 

Female Education: No education  1(reference) 1(reference) 

Primary  0.96(0.39  - 2.23)* .765(0.427 -  2.37)* 

Secondary  0.81(0.40 -1.61)** 0.68(0.43 - 1.81)*** 

Higher  0.272(.061 - 1.22)* 0.302(.067 -  1.35)** 

Husband Education: No education  1(reference) 1(reference) 

Primary  0.99(0.47 - 2.091) .98(.46 -2.083) 

Secondary   0.74(.34  - 1.63)*** 0.600(.27 -1.34)** 

Higher   0.47(.291 -  2.57)** 0.636(.21 -1.89)** 

Sex: Female  1(reference) 1(reference) 

Male  1.74(.51 - 2.06)* 1.73(.51 - 2.05)** 

Number ANC visits: greater than three  1(reference) 1(reference) 

Less  than three  1.4( .97  - 2.01) 1.36(.95 - 1.96)* 

Skilled attendance: Doctor  1(reference) 1(reference) 

Clinical officer  .256(.031  -  2.14)**  .212(.025 -1.79)* 

Midwife or nurse  .191(.089  - .41)*** .150(.069 - .32)*** 

TBA  .161(.043 - .56)*** .106( .029 - .38)*** 

Relatives or Friends  .132(.043 -  .694)  .137(.034 - .55) 

No assistance  .118(.023 - .642) .091( .016 - .495) 

Household size   .78(.715 -  .86) ***  .777(.703 - .859)*** 

Wealth: Poorest  1(reference) 1(reference) 

Poorer  0.91(.65  - 1.96)**  2.12(.65 - 2.94) 

Middle  1.078(.59 - 1.95) 0.88(.615    2.29)** 
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Richer  0.72(.59 -   3.18)* 0.54(.67 - 4.73)* 

Richest  0.58(.21 -    3.5) 0.45(.32 - 5.55) 

Religion: Catholic  1(reference) 1(reference) 

Protestants  .861(.541 - 1.37) .963(.603 - 1.53) 

Muslims  3.10(.573 - 16.81) 3.72(.69 - 19.86) 

Other  3.48(1.06-11.43)** 3.49(1.06 -11.48)** 

Place of delivery: Home  1(reference) 1(reference) 

Government Hospital  1.41(.56 - 3.561) .622(.191 -  2.02) 

Government Health centres  .762(.232 - 2.50) .55(.183 -   1.66) 

Other public sector  .67(.22 -  2.05) .822(.13 -  4.96) 

Private Hospital/clinic  1.25(.205 -7.64)    1.24(.48 - 3.13) 

Mission Hospital/clinic  .365(.073-1.82) .225(.044 - 1.13)* 

Other  1.35(.291 - 6.24) 1.131(.24 -5.39) 

Caesarean section:  No  1(reference) 1(reference) 

Yes  1.36(.67 -  2.77)* 1.197(.58 - 2.45)* 

Community level Variables  

Region: Lusaka   1(reference) 

Copperbelt   0.986(.398 - 2.44) 

Eastern   1.903(.862 -   4.20) 

Luapula   1.83(.799 - 4.18) 

Central    .557(.219 -1.41)  

Muchinga   1.37(.58 - 3.24) 

Northern   1.049(.436 - 2.52) 

North western   1.53(.64 - 3.68)** 

Southern   .54(.197 - 1.46) 

Western    1.719(.233 - 2.21)* 

Location: Urban   1(reference) 

Rural   1.23(.49 - 2.10)** 

Ethnicity diversity: Low   1(reference) 

High   1.93(.457- 8.16) 

Community households poor: Low   1(reference) 

High   1.47(.71 - 3.06) 

Mean paternal education   6.15(1.8220.79) 

Community level education: Low   1(reference) 

High   0.721(.461 - 1.13) 

Constant 0.06(.011 -   .020) 0.82 (.144 - 4.63) 0.272(.023 -   3.20) 

N 7,926 7926 7926 

Number of groups 721 721 721 

BIC 1570.456 1549.874 1645.188 
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AIC 1556.227 1284.713 1282.337 

Deviance 1552.2273 1208.7135 1178.3374 

Area variance 0.23(.027-1.83)* 0.031(.047 - 1.98) 0.055( 4.96 - 606.6) 

ICC 0.0634253  0.0846555 0.0163977 
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Appendix A5 

Figure 6: Correlation matrix 

 

 

 

 

 

 

  

              

                 0.5818   0.0000   0.0000   0.0000   0.0000   0.0000   0.0000

  female_edu     0.0058  -0.3628*  0.4079* -0.2532* -0.0522*  0.0994*  0.2265*

              

                 0.0583   0.0000   0.0000   0.0000   0.0000   0.0000   0.0000

      wealth     0.0199  -0.6912*  0.5979* -0.2928* -0.0488*  0.1104*  0.2114*

              

                 0.4427   0.0000   0.0000   0.0000   0.0346   0.0009

    hus_educ     0.0086  -0.1519*  0.2223* -0.0781* -0.0236*  0.0369*  1.0000 

              

                 0.9498   0.0000   0.0000   0.0000   0.0055

  plac_deliv     0.0007  -0.0771*  0.0975* -0.3238* -0.0291*  1.0000 

              

                 0.0337   0.6248   0.0205   0.0000

    num_ancv     0.0223*  0.0051  -0.0243*  0.0889*  1.0000 

              

                 0.0685   0.0000   0.0000

    dum_skil    -0.0192   0.2525* -0.2614*  1.0000 

              

                 0.0121   0.0000

mpaternal_~u     0.0263* -0.6097*  1.0000 

              

                 0.1172

      hhpoor    -0.0164   1.0000 

              

              

      ndeath     1.0000 

                                                                             

                 ndeath   hhpoor mpater~u dum_skil num_ancv plac_d~v hus_educ
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