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ABSTRACT 

Background: Neonate’s health is intimately linked to maternal health. Yearly approximately 2.8 million 

neonatal deaths occur worldwide, counting for more than 40 % of all deaths of children less than five years. 

Over 70 % of these deaths happen during the first week of life (early neonatal mortality), often the first day, 

and 99% of these deaths occur in low- and middle-income countries with an often low quality of maternal 

health care services.  

Aim: To assess societal and household factors, and maternal health care factors delivered in Rwanda, and 

how these were associated with early neonatal mortality 

 

Methods: Cross-sectional data of interviewed mothers to 7726 children between 2010 to 2014, obtained 

from the 2014–15 Rwanda Demographic and Health Survey, were analysed in relation to early neonatal 

mortality using multiple logistic regression.  

Results: The factors found to be associated with reduced risk of early neonatal mortality were: delivery at a 

health facility, delivery assisted by a skilled birth attendant, and no low birth weight neonates. After 

adjustment with socioeconomic and proximate determinants, the same associations were found with delivery 

at a health facility and no low birth weight neonates. 

Conclusions: Delivery at a health facility and not to be born of low birth weight were associated with risk 

reduction of early neonatal mortality. These findings indicate that interventions to strengthen the antenatal 

health care system and to increase the utilization of already existing health care services are needed, and to 

educate practicing professional health care workers about early neonatal mortality. 
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ABBREVIATIONS 

 

ANC - Antenatal Care Visits 

DHS - Demographic Health Survey 

EA - Enumeration Areas 

EBF - Exclusive Breastfeeding Practices 

ENM -  Early Neonatal Mortality 

GA - Gestational Age 

ICF - Informed Consent Form  

IRB - International Institutional Review Board  

LMIC - Low- and middle-income countries 

MDG - Millennium Developing Goal 

MMR - Maternal Mortality Ratio  

NMR -  Neonatal Mortality Ratio 

RPHC - Rwanda Population and Housing Census 

SBA - Skilled Birth Attendant 

SDG - Sustainable Development Goal 

SGA - Small-for-gestational-age 

SSA - Sub Saharan Africa 

TFR - Total Fertility Rate 

USAID - United States Agency for International Development  
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KEY CONCEPTS 

 

 

 

Early Neonatal 

Mortality Rate     

 

The number of neonatal deaths in the first 7 completed days of life per1000 

live births during a specific time-period 

Early neonatal period  The time from birth to the 7th day of life 

 

Early Initiated 

Breastfeeding  

Provision of mother’s breast milk to newborns within one hour of birth 

 

Exclusive Breastfeeding 

Practices  

The infant up to six month receives only breast milk. No other liquids or 

solids are given, except for oral rehydration solution, or drops/syrups of 

vitamins, minerals, or medicines 

 

Maternal death  The death of a woman while pregnant or within 42 days of termination of 

pregnancy, irrespective of the duration and the site of the pregnancy, from any 

cause related to or aggravated by the pregnancy or its management, but not 

from accidental or incidental causes  

 

Maternal Mortality 

Ratio rate  

 

Numbers of maternal deaths per 100 000 live births during a specified time-

period, usually one year 

Neonatal mortality   Neonatal deaths during the first 28 completed days of life  

Neonatal period  

 

The time from birth to the first 28 completed days of life 

Perinatal mortality  

 

Includes both deaths in the first week of life (early neonatal mortality) and 

fetal deaths (stillbirths) 

Under-five Mortality 

Rate  

 

Probability of dying between birth and exactly five years of age expressed per 

1,000 live births 

 

 

 

 

 

 

 

 

 

 

 



 6 

1. INTRODUCTION  

 

1.1 Links between maternal health and neonatal mortality 

Research has learned that children’s health and chance upon survival are intimately linked to maternal health 

(1–6), and  newborn’s outcomes are directly related to maternal mortality due to obstetric complications (7). 

 Meaning that investments in interventions to improve maternal health care services to increase survival 

outcomes for the mother will also improve the survival outcomes of the newborn (7). That is one of the 

reasons why improvement in maternal health care the last 20 years has been high up on agendas of global 

health improvements (8–11).  

 

1.2 Global numbers and global goals of neonatal mortality and main reasons of early 

neonatal mortality 

Every year about 2.8 million neonatal deaths occur worldwide (12), which account for more than 40% of all 

deaths of children less than 5 years old (2,13), and about 99% of these deaths occur in low- and middle-

income countries (2). The Sustainable Development Goal (SDG) target number 3.2 is to end preventable 

deaths of newborn’s and children under 5 years of age (to reduce Neonatal Mortality Rate (NMR) to at least 

12/1,000 live births and Under 5 mortality rate to at least 25/1,000 live births) (11), and to achieve these 

goals, a reduction in early neonatal deaths is crucial (2,14).  

 

More than 70% of under 5 deaths appear during the child’s first week of life (Early Neonatal Mortality, 

ENM) (12,15) The most critical period for ENM is during the child’s first day of life, with the highest risk at 

the time of birth (1,2,15). One of the three major causes of ENM is intrapartum-related neonatal death, 

especially birth asphyxia (1,2,16). Another significant risk factor is preterm birth which leads to small size at 

birth (low birth weight), or a timely delivery but that the child is small-for-gestational-age (SGA) (1,15), 

often caused by malnutrition of the mother (17). Small size at birth is correlated to neonate hypothermia and 

infections, which both increases the risk for the neonate to die during the ENM period (18). Globally South 

Asia has the highest prevalence of SGA, and sub-Saharan Africa of preterm birth rates, and together these 

two regions have among the highest incidence rates of ENM (1,2,15). The third major cause of ENM is 

severe infections, where sepsis and pneumonia are the two major killers, but tetanus and diarrhea are also 

important causes (1,2). Additionally, male newborns have an increased risk of ENM due to biological 

factors, but the reasons behind that phenomena is not yet totally clarified (15,19). Interventions to save 

newborns lives are effective and also often inexpensive (1). For this skilled staff are needed, as well as the 

right equipment. Something many low- and middle-income countries lack (13).  
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1.3 Main reasons for maternal mortality globally, and strategies taken to improve the 

situation for both mother and her newborn  

The most risky period for a mother to die in maternal death is within the last weeks of pregnancy up to one 

week after giving birth, and the same is true for the baby (1,15).The reasons for maternal deaths differs 

between countries and regions (20), but globally the direct causes of maternal deaths are caused by five 

major complications; severe bleeding (mostly after child birth); infection (after childbirth and unsafe 

abortion); high blood pressure during pregnancy (pre-eclampsia and eclampsia); complications from 

delivery (such as obstetric labours); unsafe abortion (causing bleeding and/or infections) (3,20–22). 

Obstetric haemorrhage is the main medical reason for maternal death (27 %), and two third of these are 

classified as postpartum haemorrhage (22). Several key strategies are taken to improve the maternal, and 

newborn’s health care situation (9–11,23,24) of which the most important are; Antenatal Care Visits (ANC) 

during pregnancy (25,26); all deliveries should be performed at a health care centre or hospital  (3,4,24); and 

being aided by a Skilled Birth Attendant (SBA) , that has the required equipment, drugs, supplies, and also a 

referral system in place (Skilled Birth Attendance) (4,6,10,11,24,27–29); and both the mother and the baby 

having a first postnatal check-up within 24 hours of birth (4,30).  

 

1.3.1 Antenatal Care Visits 

ANC is a preventive public health intervention to ensure healthy pregnancy outcomes for both the mother 

and the newborn (31), and are associated with improved care during delivery (32). WHO recommends at 

least four ANC visits during pregnancy (25), and the first visit to be provided within the first trimester (26). 

To be qualified as an adequate ANC program the visits should be provided by an SBA, and contain five 

types of interventions (26); Nutritional interventions such as measurement of the mother’s weight and height 

plus give recommendation’s on food intake and complementary micronutrients (26); Maternal and fetal 

assessment, for example, a blood test to see if the mother is anaemic, measure blood-pressure to discover 

signs of pre-eclampsia, and  symphysis-fundal height measurement to follow the growth of the fetus (26); 

Preventive measures, e.g. Tetanus toxoid vaccination (26); Interventions for common physiological 

interventions, for example help with eventual nausea and vomiting (26); Health system interventions to 

improve utilization and quality of ANC, such as that all the ANC contacts should be scheduled, and that the 

pregnant women always carries her own case notes to improve continuity and quality of care (26). The 

prevalence of ANC visits can differ from none, or maybe one visit in a low-income country (31) up to 18 or 

above visits in a high-income country (33). Under- or non-attendance of ANC is associated with low-birth-

weight, higher risk of placental abruption, and increased risk of fetal- and early neonatal death (33,34).  
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1.3.2 Skilled Birth Attendants and Skilled Birth Attendance 

To improve maternal health and reduce both maternal and early neonatal mortality is assistance during 

delivery by a competent health care professional (SBA) is seen as one of the key components 

(4,6,10,11,24,27–29). The World Health Organizations (WHO) definition of an SBA is: “A skilled birth 

attendant is an accredited health professional — such as a midwife, doctor or nurse — who has been 

educated and trained to proficiency in the skills needed to manage normal (uncomplicated) pregnancies, 

childbirth and the immediate postnatal period, and in the identification, management and referral of 

complications in women and newborn”(35). A SBA, however, is not enough to save women and their 

newborn babies’. The strategy, ‘skilled birth attendance’ needs two interlinked components; the person who 

assists during delivery, the SBA, and the environment (28,29).“The term skilled birth attendance has been 

defined as the process by which a woman is provided with adequate care during labour, delivery and the 

early postpartum period” (17 s.34). To fulfill this it is needed to have a skilled health professional that both 

has the knowledge and adequate equipment and supplies, to at an early stage discover major obstetric 

complications, and then be able to handle the upcoming complications themselves, or have a sufficient 

referral system in place (28). 

 

1.3.3 Postnatal check-up 

The post-delivery strategy in maternal health care is to have a postnatal check-up for both the mother and 

her newborn, and WHO’s recommendations is that if the birth is in a health facility, the mother and the child 

should receive postnatal care in the facility at least 24 hours after birth. If birth is at home, the first postnatal 

contact should be as early as possible, and latest within two days after birth (2,30). Postnatal check-up for 

both the mother and the child is associated with increased knowledge of life-saving interventions, such as 

postnatal danger signs for the mother, in particular postpartum haemorrhage. Also, with essential newborn-

care practices, such as, early recognition of danger signs and cord care practices to avoid severe infections.  

Likewise increased knowledge and performing of Early Initiated Breastfeeding and Exclusive Breastfeeding 

practices (36,37). 

 

1.4 Inequalities in maternal and neonatal health care globally 

There are great disparities in the quality of maternal and neonatal health care between high-, middle, and 

low-income countries. One example of this is presence of SBAs during delivery, from a prevalence of 99.9 

% in high-income countries down to less than 40% in many low-income countries (2,3,38), and difference’s 

in the amount of ANC visits has already been mentioned above (31,33). Almost 99% of all maternal deaths, 

and as mentioned above, early neonatal deaths, occur in low- and middle-income countries (LMIC), the 
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regions, Sub Saharan Africa (SSA), and South Asia accounts for 84% of these deaths (3,22,39). These 

differences are due to a combination of factors such as economic recourses, free health care and a supportive 

health system are highly important factors (20,40). LMICs often suffer from workforce shortages, and the 

population usually has a low educational level, which can have negative effects on the availability and 

quality of health care workers (28). Unequal distribution of health service between rural and urban areas is 

also of significant importance in LMICs, combined with insufficient infrastructure. For the population living 

in rural areas often lack sufficient access to health care facilities (20,28), leading to devastating effects on 

maternal and newborn health and survival when complications occur (2,20).  

1.5 Rwanda 

Rwanda is still considered to be a low-income country, but through changes in policies and program 

management, they have made significant progresses of their public health situation, including maternal and 

child health care. Rwanda managed to reach both the MDG goals 4 and 5 (38). Declines in maternal 

mortality are much related to improvements in the access to contraceptives, increasing the prevalence use 

from 4% to 45% from 2000 to 2010 (41). There has been an increase in skilled birth attendants during 

delivery; according to the 2015 Demographic Health Survey (DHS) (42),  99% of the women with a live 

birth had at least one ANC visit, and 44% received four or more visits. Almost all the live births were 

delivered at health facilities, and 44% of the women who gave birth received a postnatal care checkup 

within two days (42). Similar improvements have been seen in children’s health, with for example, full 

immunization coverage increased to 90%, and the exclusive breastfeeding (EBF) rate increased to 85% (41). 

The empowering of women’s position in the society is also heading in a good direction. One example of this 

is free primary education and  90% of primary school aged girls, today goes to school (41). 

Despite these improvements in maternal and child health care in Rwanda the decline in neonatal death rate 

have been slow and still accounts for a little bit more than one third (39%) of under-5 deaths (41). The 

reasons behind this slow progress could be many, yet one reason may be that only 19% of newborns had a 

postnatal checkup within the first two days (41).   

 

1.6 Conceptual framework 

The conceptual framework ‘factors influencing neonatal mortality’, which is adapted by Mats Målqvist (43) 

from Mosley’s and Chen’s framework (44) of child survival in developing countries, has been used in this 

study. The framework is a sociological and biological explanatory model, and by sorting independent 

variables as either socio-economic distal or proximate determinants, it makes it possible to create a 

hierarchy of the analysis (44). This framework has been widely used, with frequent adaptations to fit 

specific areas, such as HIV/AIDS (45), neonatal health (46) and maternal mortality (47). Målqvist (43) has 
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in his adapted framework still used the distal and proximal socioeconomic determinants but adapted the 

different factors to fit the context for elements influencing neonatal mortality (43). 

 

In Målqvist’s (43) framework, shown below in Figure 1,  the socioeconomic determinants (43) are divided 

in ethnicity/culture, religion/conceptions, education/skills, and economy/wealth, and they are all interrelated 

and therefore affecting each other which is described with the arrows going in all directions. The proximate 

determinants (43) are divided into five categories, and the factors are: maternal, health system, neonatal, 

delivery, and postnatal care. Maternal health and health system factors are prioritized over the three others, 

due to their significant impact. Likewise, the socioeconomic determinants are here the arrows put in both 

directions because of their impact on each other. Between the independent and dependent variables are the 

interventions (43) put into the health system to increase the level of care given to newborns, depending on 

their needs and to the threats the neonate's are facing (43). The interventions are closely linked to health 

system factors, where resources and competence are the main limiting factors. The interventions used in 

Målqvist’s (43) framework are based on priorities made by WHO (48). The dependent variables (43), the 

outcome, are either survival or mortality of the neonatal child, and the outcomes are dependent on the 

factors and interventions described above (43).  

    

         

 

 

Figure 1. Conceptual framework for factors influencing neonatal mortality (43) 



 11 

1.7 Study rationale 

The global strategy to decrease mortality and morbidity among women and their newborn’s is to improve 

maternal health (2–6). In Rwanda significant improvements have been made within health care in general, 

and maternity health care in specific, and this is how Rwanda reached the goals for both MDG 4, and 5 

(41,42). As this decline in mortality rate has been slower among the neonates in Rwanda (41,42), it is of 

great public health interest to further investigate if the societal and household situation, and the maternal 

health care delivered in Rwanda is associated with decreased numbers of early neonatal mortality or not.  

1.8 Aim 

The aim with this study was by using the conceptual framework “factors influencing neonatal mortality”, to 

assess societal and household factors as well as maternal health care factors delivered in Rwanda, and how 

these factors were associated with early neonatal mortality, using the Rwanda 2014-2015 Demographic and 

Health Survey. 

 

1.9 Research question 

Is there an association between societal and household factors, and the delivered maternal health care in 

Rwanda and early neonatal mortality?  
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2. METHODS 

2.1 Study design 

This thesis is a secondary analysis of the Rwandan 2014-2015 Demographic and Health Survey (RDHS), 

which is a national representative survey with a cross-sectional study design (42). The main objectives with 

the 2014-2015 RDHS were to collect current information on demographic and health indicators, particularly 

concerning family planning, maternal and child health. (42). Data was collected by using structured 

questionnaires grouped in three head groups: women’s questionnaire, men’s questionnaire, and household 

questionnaire (42). 

 

2.2 Study setting 

Rwanda is a landlocked country located in central east Africa, bordering to four countries: Democratic 

Republic of Congo to the west, Uganda to the north, Tanzania to the east, and Burundi to the south. Rwanda 

is called “Land of a Thousand Hills” because of the mountainous terrain with an average elevation between 

1,500 -3,000 meters above the sea level. Though the country is landlocked it is full of water areas, such as 

the Congo-Nile and the lake Kivu (41,42,49). The climate is sub-equatorial with an average yearly 

temperature of 18.5°C, with smaller differences between regions. The country has two rainy seasons, with 

an annual rainfall of 1,250 millimeters, but also with smaller variations among the regions. There are also 

variations from year to year, with drought one year and flooding’s the other (42,49). Rwanda is divided into 

five provinces; North, South, East, and West and the City of Kigali. The countries administrative areas 

contain of 30 districts divided into 416 different sectors, 2,148 cells, and a total of 14,837 villages (42).  

 

 

    
 
Figure 1. Map over Rwanda’s location in Africa                  Figure 2. Map over Rwanda and its five provinces (50)   
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Since the genocide in 1994 when about one million people were killed, and more than two million people 

fled the country (50) Rwanda has made significant progresses. Economically, Rwanda is still considered a 

low-income country with Gross Domestic Product (GDP) per capita (current) of US$ 695.7 in 2014 

according to the World Bank (38), and 40% of the population is considered being poor (38,41). 

Nevertheless, the economy has been growing steadily, about 8% over the past 20 years (41,42), especially in 

the agricultural, industrial and service sectors (41,42). Social and political reforms have led to higher living 

standards, and increased life expectancy from 48 years in 2000, to 64 years in 2014 (38,41,42). The total 

fertility rate has declined from 6.1 children per woman in 1995, to 3,9 children per woman in 2015 (42). All 

the same, the population of Rwanda has more than doubled over the last 30 years, with a total population of 

about 10.5 million inhabitants by 2012, of which more than 80% where living in rural areas and more than 

40% of the population lives one hour or more (by foot) away from a health facility (41,42,49). The literacy 

rate has increased and according to 2014-2015 RDHS around 80% of the population between 15-59 years 

are literate. Nevertheless, the educational level still remained low (42), with about 10% with no education, 

and just above 25% has a secondary level of education (42).  

 

2.2.2 Health financing 

The total health expenditure was 7.5% of the GDP for 2014 (38), compared to 15% recommended by WHO 

(51). The financing of the health sector  is uncertain, as Rwanda still is depending on external financing 

(52). After the time of the genocide a community-based health insurance programme (Mutuelle de Sante’) 

was implemented with the purpose to protect the most vulnerable in the society (53). Today about 78% of 

the population have an health insurance (52), and the out-of-pocket expenditure has reduced from 28% to 

12% in about a decade (53).  

 

2.2.3 The health system  

The Rwandan Health System is built with a pyramidal structure in five levels, from the top; Ministry of 

Health, National level, District level, Sector level, village level (52). Ministry of health is the leader of the 

whole health sector, with a primary objective to improve the health of the people in Rwanda (52). This level 

also includes the four referral hospitals where medical specialists are working, and advanced medical care is 

provided (54). The district level contains of all the 48 district hospital (54), the pharmacies, the community 

health insurance, and the HIV/AIDS committees (52). The 450 health centres (54), which are staffed by 

nurses, is found at the sector level. These nurses are providing supervision for the voluntarily working 

community health workers that are working at the villages level (52) at the 34 health posts (54), and with 

outreach activities (52).  
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2.2.4 The health situation 

 

In 2005, the country adopted a new Health Sector Policy (42,55), and since then the health care situation has 

evolved. The under-5 mortality rate declined from 152 per 1000 live births in 2005, to 76 per 1000 live 

births in 2010 (49). The HIV transmission from mother to child declined from around 11% in 2004 to about 

2% in 2012. New HIV infections were also reduced by 50% over the same time period (52). The New 

Health Sector Policy from 2005 also included national strategies to eliminate malnutrition (55). Since then 

the nutrition status has improved. The percentage of stunted children under age five declined from 51% 

2005 to 38% in 2014-15 (42), and the percentage of underweight children under age five declined from 18% 

2005 to 9% in 2014-15 (42).The same improvements could be seen among women, with a decline of 

underweight from 10% 2005 to 7% 2014-15 (42). The prevalence of anemia among women has also 

improved, from 16% in 20015 to 19% in 2014-15 (42). In 2008, Rwanda implemented a new strategy to 

decrease the maternal, neonatal and child mortality, built on evidence-based practices and with three 

cornerstones within maternal health; emergency obstetric and neonatal care (EmONC) at health facilities, 

deliveries performed by SBA´s, and increased access to family planning (52).  

 

2.3 Study population 

Inclusion criteria was all eligible women in 2014-2015 RDHS who had given birth to one child or more 

between 2010-2014, and their born child or children during the same period.  The population of this study 

was the 7726 children who were born in 2010 to 2014 to eligible women in 2014-15 RDSH survey (42).  

 

2.4 Sampling 

2.4.1 Sample size calculation for 2014-2015 RDHS 

The sample size calculation was not reported in the 2014-2015 RDHS, but in the information about the 

survey it was described as a national representative survey of the health situation in Rwanda (42). 

 

2.4.2 Sampling design for the 2014-2015 RDHS 

The 2014-2015 RDHS followed a two-stage sample design, and followed the same sampling model as with 

the 2012 Rwanda Population and Housing Census (RPHC) (56), by following a list of Enumeration Areas 

(EAs) to cover the whole country (42). One EA was a whole village, or a part of a village. The first stage of 

2014-2015 RDHS involved selecting clusters of EAs defined for the 2012 RPHC. A total of 492 clusters 
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was selected from Rwanda’s all five provinces, and all 30 districts, in total 113 in urban areas and 379 in 

rural areas (42). The second stage implemented systematic sampling of households, from July 7 to 

September 6, 2014, where all households from all the selected EAs were randomly selected. A total of 26 

households was selected from each cluster, which ended with a total sample of 12,793 households (42). 

Eligible criteria for women in the 2014-2015 RDHS was all women in every eligible household between 15-

49 years, who either lived there permanently or visited over night before were eligible for interview. (42).  

Data collection for the 2014-2015 RDHS started with a pilot of the survey, and thereafter started the main 

training for the field staff participating in the study. The selection of the field staff in the survey was based 

on merit, and a total of 136 participants from across the country were chosen, 88 women and 48 men. Out of 

these field staff participants 17 teams were formed, with a group leader, a field editor, a health technician, a 

male interviewer, and three female interviewers per team. Each team was provided with a vehicle and a 

driver (42). The data collection for the 2014-2015 RDHS took place from November 9, 2014, to April 8, 

2015. In all selected households, data were collected on the household unit characteristics, and all eligible 

women in those households were interviewed on an individual level about themselves, and the children 

living in the household. In the households not selected for the men’s questionnaire (every second 

household), were anemia, malaria, height and weight testing for all eligible women, and all children between 

6-59 months (42). (For further detailed information see the original report) 

 

For this thesis, the secondary data from Children's Recode in the 2014-2015 RDHS was used. This dataset 

was a part of women’s questionnaire, and contained one record for every born child of interviewed women 

in five years preceding the survey, and covered information about the mother’s pregnancy of the child, 

postnatal care and the child’s health (42) 

 

 

2.5 Variables used in the present study  

The file Children’s record data, which contained all variables needed to answer the research question, was 

downloaded from the DHS website, and read into the statistical software program R. By help from DHS’s 

Standard Recode Manual for DHS 6 (57), the variables were decoded and a first subset with all the relevant 

variables was made. Thereafter another subset was made to remove all children born before 2010 and after 

2014, which then gave exact five total years preceding the survey. (See flowchart, Figure 3, in the result 

section for further description.). Next variables were renamed and recoded for the purpose of the analysis. In 

total 24 variables were used in the study and divided after the framework “Factors influencing neonatal 

mortality”(43) into; one outcome variable, five socioeconomic variables, and eighteen proximate variables. 

Most of the variables used were categorical, and the numerical ones were recoded to become categorical. 

For nine of the proximate variables (marked with 1 in the end of the variable) the question only was asked 

regarding the respondents’ latest born child. If the respondent had had more than one child during the period 
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of the study, the previous born child or children would be coded as not applicable (NA) for that question, 

and therefore seen as missing values. Due to the high extent of missing values, these variables were only 

used in the descriptive analyses, and not in any statistical models. For further information on all variables, 

see description below over each variable, and Table 7 in the annex. 

 

2.5.1 Outcome variable 

 

The outcome variable was early neonatal mortality. This variable was combined with two variables; whether 

the child was dead or alive at the time for the interview, and if the child was dead; age at death of the child 

as reported in the questionnaire. The first variable was dichotomous with either yes or no. The other variable 

was numerical, and for children who died within their first month; the answer was given in days (100= died 

same day as birth, 102=died second day in life). The dichotomous variable was changed to numerical; 

yes=0, and no=1. The two variables were then combined to a score by using the command “compute to new 

variables” in R.  This new variable was then categorized into two categorical variables; Alive or ENM, by 

using the score as; 0=Alive, all numbers greater than 107=Alive, all numbers between 101 and 107=ENM.   

 

2.5.2 Predictor variables 

Socioeconomic determinants: 

 

Province/region: Gave a description over the de facto region of residence for the respondent. It was a 

categorical variable, and divided into five categories: West, South, North, East, and City of Kigali. West was 

used as reference category. 

 

Residence: Gave a description over the facto region of residence for the respondent. It was a categorical 

variable, and divided into two categories: Urban, Rural. Urban was used as reference category. 

 

Economy/Wealth quintile: The wealth index was a composite measure of a household's aggregate living 

standard. The wealth index was calculated using easy-to-collect data on a household’s ownership of selected 

assets, such as televisions and bicycles; materials used for housing construction; and types of water access 

and sanitation facilities. It was a categorical variable divided into five sections: Poorest, Poorer, Middle, 

Higher, Highest. Poorest was used as reference category. 

 

Religion: This variable asked about the respondents’ religious affiliation. It was a categorical variable, and 

divided into seven categories: Protestant, Catholic, Adventist, Muslim, Jehovah witness, Others, Traditional, 

and No religion. For purposes of this analysis, Muslims, Jehovah witness, Others, Traditional, and no 
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religion were recoded into one category, which gave in total four categories: Protestant, Catholic, Adventist, 

and Others. Protestant was used as reference category. 

 

Mother´s educational level: This variable asked for the respondents’ highest level of education. This is in 

DHS a standardized variable providing level of education in four different categories; No education, 

Primary, Secondary, Higher. For purposes of this analysis No education + Primary was recoded into one 

category= Low, and Secondary + Higher into another category= High. The category Low was used as 

reference category. 

 

Proximate determinants: 

 

Age of the mother: The respondent was asked for current years, and the years were grouped in 5-year 

groups: 15-19, 20-24, 25-29, 30-34, 35-39, 40-44, 45-49. For purposes of this analysis, the age groups were 

recoded into four groups: 15-19y, 20-29y, 30-39y, 40-49y. The age group 15-19 years was used as reference 

category. 

 

Civil status: The respondent was asked for current marital status. It was a categorical variable, and divided 

into six categories: Never in union, Married, Living with a partner, Widowed, Divorced/separated, No 

longer living together. For purposes of this analysis, Married and Living with partner were recoded into one 

group, Widowed, Separated, and No longer living together recoded to another group, and No longer living 

together renamed to single, so for the analyses there was in total three groups: Never in union, 

Married/Living together, Widowed/Separated. The category Never in union was used as the reference 

category. 

 

Birth interval: Preceding birth interval was calculated as the difference in months between the current birth 

and the previous birth, counting twins as one birth. It was a numerical variable, with answers give in 

months, and recoded into six groups: 0-11 months=Less than 1 year, 12-24 months= 1 year, 24-35 months=2 

years, 37-47 months= 3 years, 48-59 months= 4 years, 60-235 months= More than 5 years. Due to high 

numbers of missing values, this variable was only used in the descriptive analysis. 

 

Sex of the child: The respondent was asked about the sex of the child. It was a categorical variable, and 

divided into: Male, Female. Male was used as the reference category. 

 

 

Numbers of ANC visits1: The respondent was asked about the numbers of ANC visits during pregnancy. It 

was a numerical variable, but for the purpose of this analysis the variable was recoded to a categorical 

variable, and grouped into six groups; No visit, 1 visit, 2 visits, 3 visits, 4 visits, 5 or more visits. Due to 
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high numbers of missing values, this variable was only used in the descriptive analysis. 

 

Time in pregnancy of first ANC visit1: The respondent was asked about the timing for first ANC visit, and 

the answer was given in months from start of the pregnancy. The variable was numerical, but for the 

purpose of this analysis the variable was recoded to a categorical variable, and divided into three groups; 0-3 

months= first trimester, 4-6 months= second trimester, 7-9 months= third trimester. Number 98 and 998 is 

coded by DHS as “other answer”, and was for this variable coded in the same way. Due to high numbers of 

missing values, this variable was only used in the descriptive analysis. 

 

Days iron tablets or syrup was taken during pregnancy1: The respondent was asked about for how many 

days she had taken any iron supplements during pregnancy. The answer was given in days. The variable was 

numerical but for the purpose of this analysis, the variable was recoded and divided into five groups: 0-29 

days= less than 1 month, 30-60 days= for 2 months, 61-90 days= for 3 months, 91-120 days= for 4 months, 

121-260 days= more than four months. Due to high numbers of missing values, this variable was only used 

in the descriptive analysis. 

 

Took intestinal parasite drugs during pregnancy1: The respondent was asked if they had taken any intestinal 

parasite drugs during pregnancy. The variable was categorical and the answer was given as either Yes or No, 

and a third option, Don’t know. Due to high numbers of missing values, this variable was only used in the 

descriptive analysis. 

 

Blood pressure measured at last ANC visits1: The respondent was asked if blood pressure was taken at the 

time of last ANC visits. The variable was categorical, and the answer was given as either Yes or No. Due to 

high numbers of missing values, this variable was only used in the descriptive analysis. 

 

Informed of signs of pregnancy complications at any ANC visit1: The respondent was asked if she was 

informed of signs at pregnancy complications at any ANC visit. The variable was categorical, and the 

answer was given as either Yes or No. Due to high numbers of missing values, this variable was only used 

in the descriptive analysis. 

 

Urine sample taken at last ANC visit1: The respondent was asked if urine sample was taken at last ANC 

visit. The variable was categorical, and the answer was given as either Yes or No. Due to high numbers of 

missing values, this variable was only used in the descriptive analysis. 

  

Blood sample taken at last ANC visit1: The respondent was asked if blood sample was taken at last ANC 

visit. The variable was categorical, and the answer was given as either Yes or No. Due to high numbers of 
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missing values, this variable was only used in the descriptive analysis. 

 

Delivery performed at a health facility: The respondent was asked where the delivery took place. It was a 

categorical variable, divided into 16 different categories: Home, Respondent’s home, Other home, Other, On 

way to health facility, Public sector, Health center, Private sector, Dispensary, Health center, Private 

hospital/clinic, Provincial/district hospital, Government hospital, Polyclinic. For purposes of this analysis, 

the categories were recoded into two groups. Home, Respondent´s home, Other home, Other, On way to 

health facility = No, the rest is recoded as = Yes. No was used as reference category. 

 

Delivery performed by caesarean section: The respondent was asked if the delivery was performed by 

caesarean section. The variable was categorical, and the answer was given as either Yes or No. As this 

variable was highly correlated to the variable “Delivery performed at a health facility, it was only used in 

the descriptive analysis and in univariate Logistic analysis. 

 

Assistance of an SBA during delivery: The respondent was asked about the type of health profession that 

assisted during the delivery of the child, and each profession was presented in different categorical variables, 

with the answer Yes or No for each profession. (M3a=Doctor. M3b=Country-specific health professional. 

M3b=Nurse/Midwife, M2c=Country-specific health professional. Auxiliary Midwife). For purposes of this 

analysis, these variables were first recoded to numerical variables and performed into a score. Each 

profession was given=1, and if no assistance of any SBA = 0. Thereafter was the three variables merged 

together by the command “compute new variables” in R, and then again recoded to a categorical variable 

given 0 =No (no SBA present during delivery), and 1= Yes (yes, SBA present during delivery. As this 

variable was highly correlated to the variable “Delivery performed at a health facility, it was only used in 

the descriptive analysis and in univariate Logistic analysis. 

 

Size of child subjectively reported: The respondent was asked about the size of the baby at birth. The 

categories to choose between were: very small, smaller than average, average, larger than average, very 

large, and don’t know. It was a categorical variable, and for purpose of the analysis was the categories 

recoded into three groups: very small + smaller than average= small, average= average, larger than average 

+ very large= large, don’t know=NA. Small was used as reference category. 

 

Mother received postnatal check-up while still were in the health facility1: The respondent was asked if she 

received a postnatal check-up while still were at the health facility. The variable was categorical, and the 

answer was given as either Yes or No. Due to high numbers of missing values, this variable was only used 

in the descriptive analysis. 
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Intervention: 

Early initiated breastfeeding: The respondent was asked at what time after birth the respondent first 

breastfed the child. It was a numerical variable and given answers in hours, month, and years. For the 

purposes of this analysis, the variable was recoded into a categorical variable and grouped into two groups: 

0 = within one hour= Yes, 1 hour and above= more than one hour= No. No was used as the reference 

category. 

 

2.6 Statistical analyses 

All statistical analyses were performed by using the R statistical software program, version 3.2.2, with the R 

Commander (Rcmdr) statistical package, Version 2.3-0 (58,59). Significance was set at <0.05 for p-value, 

and 95% confidence interval in all analysis. Decimals were rounded to one decimal for descriptive statistics, 

and two decimals for confidence intervals. 

 

Initially, to summarise and describe the data, frequency distribution was performed and missing values 

described, and thereafter, two-way contingency table, by Pearson’s Chi-square test was managed to 

investigate the relationship between each category and the outcome, early neonatal mortality (see table 1-4).  

Here were the analyses and tables divided after the framework “factors influencing neonatal mortality” (43).  

Table 1; outcome variable and socioeconomic variables: ‘early neonatal mortality’, ‘region’; ‘residence’, 

‘religion’; ‘wealth quintile’, ‘education’. Table 2; proximate variable (part 1): ‘maternal age’, ‘civil status’, 

‘birth interval’, ‘sex of child’, ‘numbers of ANC visits’, ‘time of first ANC visit’. Table 3; proximate 

variables with ANC components (part 2): ‘iron supplements taken’, ‘intestinal parasite drugs taken’, ‘blood 

pressure measured’, ‘informed of signs of pregnancy complications’, urine sample taken’, ‘blood sample 

taken’. Table 4; proximate variables concerning variables during and after delivery (part 3): ‘delivery 

performed at a health facility’, ‘an SBA assisted the delivery’, delivery performed by caesarean section’, 

size of child subjectively reported’, mother received postnatal check-up’, early initiated breastfeeding’. 

 

 To continue, since the outcome was binomial, Logistic regression with logit link function was used to 

investigate the associations between the predictor variables and the outcome (early neonatal mortality). Only 

variables with a maximum of 1 % missing values were used in both crude and adjusted analyses (see table 1-

4 for description of missing values). To start with, each variable was tested independently for the outcome 

(se “crude OR” in table 5). Then, three different models were performed with the framework “Factors 

influencing neonatal mortality” (43) used as a strategy. In the first model, all socioeconomic determinants 

were included (se Model 1 in table 5). Thereafter, in the second adjusted OR model, all proximate 

determinants were included (except for the variables “Delivery assisted by an SBA” and “Delivery 

performed by caesarean section”) (see Model 2 in table 5). Lastly, in the third model all socioeconomic and 
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proximate variables were included (except for Wealth quintile, civil status, Delivery assisted by an SBA and 

Delivery performed by caesarean section) (see Model 3 in table 5). 

2.7 Bias 

One of the largest biases in the current study was the nine variables with high percentages of missing values. 

Due to this, these variables were not possible to use in any models, but an extensive table with the variables 

characteristics and two-way table by Pearson’s Chi-square analysis was made to get as much information 

out of these variables in relation to the outcome, early neonatal mortality. 13 of the 24 variables had missing 

values (see table 1- 4). Nine of these had between 25.2% – 39.8% (see table 2-4), and were therefore 

excluded from any regression analysis. The main reason for these high percentages of missing values was 

due to that eight out of these nine variables only concerned the latest child born. Older siblings born during 

the study period were then marked as “not applicable”, and end up as missing values in the data (see table 1-

4). Of the 7726 children were 5885 of them so called “latest child born”, or 76.7 % of the whole population. 

Main reasons behind the high numbers of missing values for the variable “Birth interval” were the children 

born as first in line. (Birth order were excluded in this thesis due to that all dead children were reported as 

NA for that variable). Another bias was the possible multicoliniarity found between the variables delivery 

performed at a health facility, delivery assisted by an SBA, and delivery performed by caesarean section. 

Because of that, the two variables delivery assisted by an SBA, and delivery performed by caesarean section 

were excluded in all adjusted models. A correlation was also found between the variable wealth quintile to 

the variables region and residence. Also, a correlation was found between the variable maternal age and civil 

status. Due to these correlations were the both variables wealth quintile and civil status excluded in the 

adjusted models. 

 

2.8 Ethical considerations 

The DHS Program provides strict standard rules to protect all participants and their family members. The 

data used in this study is from the 2014-2015 RDHS, and was implemented by the National Institute of 

Statistics of Rwanda (NISR) and authorized by the Ministry of Health and Social Welfare (MOHSW). The 

Informed Consent Form (ICF) International Institutional Review Board (IRB) provided the technical support 

through the United States Agency for International Development (USAID). The ICF International 

Institutional Review board (ICF IRB) had reviewed the procedures, and survey protocols for the DHS 

survey, to ensure that they fulfilled with the U.S. Department of Health and Human Services regulations for 

the protection of human subjects (45 CFR 46) (60). Participation in the 2014-2015 RDHS was voluntary and 

participants was given an informed consent statement, both before interview and another before eventually 

measurement. A member of the survey team read the informed consent to the participant. The participant 

was also instructed that the information they were about to provide was confidential, and that they could 

refuse to answer any question, say no to biomarker test, or end the participating at any time (60). 
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3. RESULTS 

 

3.1 Participants 

From the 2014-15 Rwanda DHS, a sub-sample of 13,497 interviewed women between the ages 15-49 was 

chosen for this study. All women who had children born before 2010 and after 2014 were excluded from the 

sample. For the final analysis, there were 7726 children remaining who were born in the five years 

preceding the survey. The participants of this study are illustrated in the figure below (see figure 3).  

 

 
 

 
Figure 3. Flowchart of the participants used for current study. Data was obtained from the 2014-2015 Rwandan DHS. 
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3.2 Respondents’ socioeconomic and proximate characteristics in relation to early 

neonatal mortality  

 

3.2.1 Respondents’ socioeconomic characteristics in relation to early neonatal mortality 

 

The outcome variable, early neonatal mortality, and socioeconomic variables were described in table 1. 

None of the socioeconomic variables were statistically significant to ENM. 

 

Out of the 7726 participants, a total of 113 (1.5%) died during the early neonatal mortality period. Of these 

113 participants, 43.4% died the same day they got born (day 0), and 20.5% their first day of life (day 1) 

(see figure 4.)  

 

Three-quarters of the participants were divided over the three regions; West, South, and East. Fewest 

participants lived in the city of Kigali (11.5%, table 1). The highest proportion of ENM was found in South, 

with just below one-third of the total children dying during the ENM period (table 1). Most participants 

lived in the rural area (78.2%, table 1), and the proportion of ENM was also higher there. Almost three-

quarters of children who died during the ENM period came from rural areas (table 1). Almost half of the 

maternal participants belonged to the religious affiliation Protestants (48.6%), followed by 36.1% that were 

Catholics (table 1). The highest proportion of ENM was also found among the Protestants, with 48 children 

dying during the ENM period (42.2%, table 1). About one-quarter of the participants belonged to the poorest 

wealth quintile (24.2%), followed by a fifth belonging to the poorer quintile. The highest proportion of 

children dying during the ENM period was found among the poorest wealth quintile, followed by the richer 

(table 1). Primary education was the most common education level, with about three-quarters who had reach 

that level. Highest proportion of ENM was in the group having taken primary education (table 1).  
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Table 1. Baseline socioeconomic1 characteristics of study participants included in current study, a secondary  

analysis of the 2014-15 Rwanda demographic health survey. Socioeconomic determinants are tested against 

outcome (early neonatal mortality), including Pearson’s Chi-square test. Result presented in absolute (n) and 

relative frequencies (%). P-values are presented, and statistical significance set at p< 0.05. N=7726  

 
Variables Categories Total 

population 

N=7726 

n (%)3 

Surviving  

N=7613 

n (%)3 

Early neonatal 

deaths 

N=113  

n (%)3 

p-value   

Early 

neonatal 

mortality 

Surviving 

Early neonatal 

deaths 

Missing 

7613 (98.5) 

113 (1.5) 

 

0 (0) 

    

       
Region West 

South 

East 

North 

City of Kigali 

Missing 

1957 (25.3) 

1916 (24.8) 

1892 (24.5) 

2076 (13.9) 

885 (11.5) 

0 (0) 

1925 (25.3) 

1883 (24.7) 

1869 (24.6) 

1061 (13.9) 

875 (11.5) 

 

32 (28.3) 

33 (29.2) 

23 (20.4) 

15 (13.3) 

10 (8.8) 

 

0.589  

       
Residence Urban 

Rural 

Missing  

1685 (21.8) 

6041 (78.2) 

0 (0) 

1661 (21.8) 

5952 (78.2) 

 

24 (21.2) 

89 (78.8) 

 

0.882   

       
Religion Protestant 

Catholic 

Adventist 

Muslims 

Jehovah witness 

Other4 

Missing 

3748 (48.6) 

2787 (36.1) 

930 (12.1 

164 (2.1) 

50 (0.6) 

41 (0.5) 

6 (0.1) 

3700 (48.6) 

2741 (36.0) 

914 (12.0) 

163 (2.1) 

49 (0.6) 

41 (0.5) 

48 (42.9) 

46 (41.1) 

16 (14.3) 

1 (0.9) 

1 (0.9) 

0 (0.0) 

 

0.6242  

       
Wealth 

quintile 

Poorest 

Poorer 

Middle 

Richer 

Richest 

Missing 

1871 (24.2) 

1619 (21.0) 

1460 (18.9) 

1314 (17.0) 

1462 (18.9) 

0 (0) 

1841 (24.2) 

1601 (21.0) 

1439 (18.9) 

1286 (16.9) 

1446 (19.0) 

30 (26.5) 

18 (15.9) 

21 (18.6) 

28 (24.8) 

16 (14.2) 

0.131  

       
Education None 

Primary 

Secondary 
Higher 

Missing 

1132 (14.7) 

5525 (71.5) 

877 (11.4) 
192 (2.5) 

0 (0) 

1117 (14.7) 

5438 (71.4) 

866 (11.4) 
192 (2.5) 

15 (13.3) 

87 (77.0) 

11 (9.7) 
0 (0.0) 

0.3032  

 

1Baseline characteristics are divided into the sections socioeconomic and proximate determinants, in line with the framework “Factors influencing neonatal mortality”.  
2Due to low numbers per category Fishers exact test was runned. 
3Due to rounding percentages might not add up to 100. 
4Traditional=Other, No religion=Other 
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Figure 4. The proportion in absolute numbers (=n), and percentages (%) of deaths per day, and what day in life mortality occurs 

of the participants who died in the early neonatal period, in the secondary analysis of the 2014-25 Rwanda demographic and 

health survey. n=113 

 

 

 

 

3.2.2 Respondents’ characteristics of proximate variables (part 1) in relation to early neonatal mortality 

rate 

The proximate variables that were included in this part were: ‘maternal age’, ‘civil status’, ‘birth interval’, 

‘sex of child’, ‘numbers of ANC visits’, and ‘time of first ANC visit’, all described in table 2. None of the 

proximate variables in this part were statistically significant to the outcome, early neonatal mortality.  

 

One third of the participants belonged to the age group 25-29 years. Fewest were found among the youngest 

and oldest participants, with about 2% each (table 2). The highest proportion of ENM was seen in the next 

youngest age group, 20-24 years, with about one-quarter of the children who died in the ENM period 

coming from that group (table 2). More than half of the participants were married, followed by around a 

third of the participants living with a partner (table 2). Almost half of the ENM was found in the married 

group (table 2). Most of the participants had a birth interval of two years (21.0%, table 2), and the highest 

proportion of ENM was also found in this group (table 2). There were similar proportions of male and 
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female children, with a slight predominance of male children (table 2). The proportion of ENM was also 

higher among male children (57.5%, table 2). Almost one-third went for four ANC visits (table 2), closely 

followed by three visits (table 2). Highest proportion of ENM was seen in the group with three ANC visits 

with more than one-third of the dead children coming from that group. A majority (42.5%, table 2) went for 

their first ANC visit in the first trimester, and participants belonging to that group had also the highest 

proportion of ENM (table 2). 

 

 

Table 2. Baseline characteristics of proximate variables (part 11) of study participants included in current 

study, a secondary analysis of the 2014-15 Rwanda DHS. Socioeconomic determinants are tested against 

outcome (early neonatal mortality), including Pearson’s Chi-square test. Results presented in absolute (n) 

and relative frequencies (%), and p-values. Statistical significance set at p< 0.05. N=7726  

 
Variables Categories Total 

N=7726  

 n (%)3 

Surviving 

N=7613  

n (%)3 

Early neonatal 

deaths N=113 

n (%)3 

p- value  

Maternal age 15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

Missing 

152 (2.0) 

1347 (17.4) 

2277 (29.5) 

2020 (26.2) 

1197 (15.5) 

586 (7.6) 

147 (1.9) 

0 (0) 

147 (1.9) 

1319 (17.3) 

2250 (29.6) 

1997 (26.2) 

1181 (15.5) 

575 (7.6) 

144 (1.9) 

 

5 (4.4) 

28 (24.8) 

27 (23.9) 

23 (20.4) 

16 (14.2) 

11 (9.7) 

3 (2.7) 

0.090   

        
Civil status Never in union 

Married 

Living together 

Widowed 

Divorced 

Separated 

Missing 

686 (8.9) 

4104 (53.1) 

2230 (28.9) 

154 (2.0) 

200 (2.6) 

352 (4.6) 

0 (0.0) 

670 (8.8) 

4048 (53.2) 

2198 (28.9) 

152 (2.0) 

198 (2.6) 

347 (4.6) 

16 (14.2) 

56 (49.6) 

32 (28.3) 

2 (1.8) 

2 (1.8) 

5 (4.4) 

0.5632   

        
 

 

Birth 

interval 

 

<1 year 

1 year 

2 years 

3 years 

4 years 

5 years or > 
Missing4  

 

28 (0.4) 

741 (9.6) 

1622 (21.0) 

1177 (15.2) 

758 (9.8) 

1066 (13.8) 
2334 (30.2) 

 

26 (0.5) 

729 (13.7) 

1602 (30.1) 

1165 (21.9) 

747 (14.0) 

1055 (19.8) 

 

2 (2.9) 

12 (17.6) 

20 (29.4) 

12 (17.6) 

11 (16.2) 

11 (16.2) 

 

0.1662 
  

        

Sex of child Male 

Female 

Missing 

3928 (50.8) 

37998 (49.2) 

0 (0) 

3863 (50.7) 

3750 (49.3) 

65 (57.5) 

48 (42.5) 

 

0.152   

        
Numbers of 

ANC visits 

None 

1 visit 

2 visits 

3 visits 

4 visits 

5 or > 

Missing5 

49 (0.6) 

181 (2.3) 

655 (8.5) 

2359 (30.5) 

2485 (32.2) 

101 (1.3) 

1896 (24.5) 

49 (0.8) 

176 (3.0) 

645 (11.2) 

2337 (40.5) 

2467 (42.7) 

99 (1.7) 

0 (0.0) 

5 (8.8) 

10 (17.5) 

22 (38.6) 

18 (31.6) 

2 (3.5) 

0.0482   
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Time of first 

ANC visits 

First trimester 

Second trimester 

Third trimester 

Other answers 

Missing5 

3283 (42.5) 

2205 (28.5) 

288 (3.7) 

5 (0.1) 

1945 (25.2) 

3254 (56.8) 

2180 (38.1) 

285 (5.0) 

5 (0.1) 

29 (50.9) 

25 (43.9) 

3 (5.3) 

0 (0.0) 

0.6342   

 

1Baseline characteristics are divided into the sections socioeconomic and proximate variables, in line with the framework “Factors influencing neonatal mortality”, and the 
proximate variables are divided into 3 different parts (see table 2+3 for the other parts).  
2Due to low numbers per category Fishers exact test was runned 3Due to rounding percentages might not add up to 100. 
4Main reasons to high percentages of missing values of this variable were the children born first in line. 
5The high percentages of missing values were mainly because of that the question for these variables only concerned the participant’s latest born child.  

 

 

 

 

 

3.2.3 Respondents’ characteristics of proximate variables (part 2) in relation to early neonatal mortality 

rate 

The proximate variables included in part 2 were the six different ANC components: ‘iron supplements 

taken’ ‘intestinal drugs taken’ ‘blood pressure measured’ ‘informed of signs of pregnancy complications’ 

‘urine sample taken’ ‘blood sample taken’ None of the proximate variables in this part were statistically 

significant to the outcome, early neonatal mortality. All variables were described in table 3. 

 

More than one-third of the participants had taken any iron supplements during pregnancy for two months 

(table 3). The same group also had the highest proportion of ENM, with almost three-quarters of the children 

who died within the ENM period (table 3). The proportion of mothers who had taken or not taken any 

intestinal drugs were similar. The proportion of ENM was slightly higher among participants who had not 

taken any intestinal drugs (56.1%, table 3).  For the questions if the participant had been informed of 

dangerous signs of pregnancy complications at any ANC visits, and if blood pressure were measured, and if 

blood and urine sample had been taken at latest ANC visit, a majority of the participants had answered yes 

(table 2). These that had answered yes also had a higher proportion of ENM, from more than half (urine 

sample, 57.9%, table 3), up to almost all the total ENM deaths (blood sample, 98.2%, table 3). 
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Table 3. Baseline characteristics of proximate variables (part 21, antenatal care components) of study 

participants included in current study, a secondary analysis of the 2014-15 Rwanda demographic health 

survey. Socioeconomic determinants are tested against outcome (early neonatal mortality), including 

Pearson’s Chi-square test. Results presented in absolute (n) and relative frequencies (%), and p-values. 

Statistical significance set at p< 0.05. N=7726  

 
Variables Categories Total 

population 

N=7726 

n(%)3 

Surviving  

N=7613 

n (%)3 

 

Early 

neonatal 

deaths N=113 

n (%)3 

p-value 

AIron 

supplements 

taken?  

< than 1 

month 

2 months 

3 months 

4 months 

 > than 4 

months 

Other answer 
Missing4 

1318 (17.1) 

 

3058 (39.6) 

160 (2.1) 

41 (0.5) 

 

20 (0.3) 

55 (0.7) 
3074 (39.8) 

1309 (28.4) 

 

3024 (65.7) 

159 (3.5) 

39 (0.8) 

 

20 (0.4) 

54 (1.2) 

9 (19.1) 

 

34 (72.3) 

1 (2.1) 

2 (4.3) 

 

0 (0.0) 

1 (2.1) 

0.1312  

       
BIntestinal 

parasite drugs 

taken? 

No 

Yes 

Don’t know 

Missing4 

2923 (37.8) 

2891 (37.4) 

13 (0.2) 

1899 (24.6) 

2891 (50.1) 

2866 (49.7) 

13 (0.2) 

32 (56.1) 

25 (43.9) 

0 (0.0) 

0.4942  

       
CBlood 

pressure 

measured? 

No 

Yes 

Missing4  

846 (11.0) 

4934 (63.9) 

1946 (25.2) 

836 (14.6) 

4887 (85.4) 

10 (17.5) 

47 (82.5) 

0.532  

       
DInformed of 

signs of 

pregnancy 

complications

? 

No 

Yes 

Don’t know 

Missing4 

1192 (15.4) 

4574 (59.2) 

4 (0.0) 

1956 (25.3) 

1183 (20.7) 

4526 (79.2) 

4 (0.1) 

9 (15.8) 

48 (84.2) 

0 (0.0) 

0.4372  

       
CUrine 

sample taken? 

No 

Yes 

Missing4 

2337 (30.2) 

3443 (44.6) 

1946 (25.2) 

2313 (40.4) 

3410 (59.6) 

24 (42.1) 

33 (57.9) 

0.795  

       
CBlood 

sample taken? 

No 

Yes 

Missing4 

190 (2.5) 

5590 (72.4) 

1946 (25.2) 

189 (3.3) 

5534 (96.7) 

1 (1.8) 

56 (98.2) 

12  

 

1Baseline characteristics are divided into the sections socioeconomic and variables determinants, in line with the framework “Factors influencing neonatal mortality”, and the 
proximate variables are divided into 3 different parts (see table 1+3 for the other parts). 
2Due to low numbers per category Fishers exact test was runned. 
3Due to rounding percentages might not add up to 100. 
3The high percentages of missing values were mainly because of that the question for these variables only concerned the participant’s latest born child.  
AThe respondent was asked for how long time tablets or syrup with iron supplements was taken during pregnancy. 
BThe respondent was asked if any intestinal drugs were taken during pregnancy. 
CThe respondent was asked if blood pressure was measured/urine sample was taken/blood sample was taken at latest ANC visits.  
DThe respondent was asked if information had been given of signs of pregnancy complications at any ANC visits.  
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3.2.4 Respondents’ characteristics of proximate variables (part 3) in relation to early neonatal mortality 

rate 

The proximate variables included in part 3 were the variables concerning the time during and after delivery, 

and the variables were: ‘delivery performed at a health facility’, ‘an SBA assisted the delivery’, ‘had the 

delivery been performed by caesarean section’, ‘size of child subjectively reported by the mother’, ‘mother 

received postnatal check-up’, ‘early initiated breastfeeding’ Four of these variables were statistically 

significant to the outcome: ‘were the delivery performed at a health facility?’, ‘had an SBA assisted the 

delivery?’, ‘had the delivery been performed by caesarean section?’, ‘size of child subjectively reported by 

the mother’. All variables were described in table 4.  

 

More than 90% of the deliveries were performed in a health facility, and of the participants who died during 

the ENM period had a higher proportion been delivered in a health facility (80.5%, table 4). The same 

proportion of participants (91.1%, table 4) had been assisted by an SBA during delivery, and even the 

quantity of ENM among the participants were the same for this group (80.5%, table 4). Around 14% of the 

deliveries were performed by caesarean section. The highest proportion of ENM was seen among the 

participants who had not been delivered by caesarean section (76.1%, table 4). Most commonly were 

children reported as being of average size at birth (44.3%), and the highest proportion of ENM was seen in 

the same group with almost one-third of the children who had died during the ENM period (27.4%, table 4). 

Most of the participants had not received a postnatal check-up after delivery, but the proportion of ENM was 

slightly higher among the participants who had received a postnatal check-up (50.9%, table 4). About two-

thirds of the participants initiated early breastfeeding practices, and the same group also had the highest 

proportion of ENM (table 4).  

 

 

Table 4. Baseline characteristics of proximate variables (part 31, during and after delivery) of study 

participants included in current study, a secondary analysis of the 2014-15 Rwanda demographic health 

survey. Socioeconomic determinants are tested against outcome (early neonatal mortality), including 

Pearson’s Chi-square test. Results presented in absolute (n) and relative frequencies (%). P-values are 

presented, and statistical significance set at p< 0.05. N=7726  

 
Variables Categories Total 

population 

N=7726 

n (%)2 

Surviving  

N=7613 

n (%)2 

Early neonatal 

deaths N=113 

(n (%2) 

p- value  

Delivery 

performed at a 

health facility? 

No 

Yes 

Missing 

690 (8.9) 

7036 (91.1) 

0 (0) 

668 (8.8) 

6945 (91.2) 

22 (19.5) 

91 (80.5) 

<0.001   

        
AA SBA 

assisted the 

No 

Yes 

682 (8.8) 

7036 (91.1) 

660 (8.7) 

6945 (91.3) 

22 (19.5) 

91 (80.5) 

<0.001   
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delivery? Missing 8 (0.1) 

 

Delivery 

performed by 

caesarean 

section? 

No 

Yes 

Missing  

6651 (86.1) 

1075 (13.9) 

0 (0) 

6565 (86.2) 

1048 (13.8) 

86 (76.1) 

27 (23.9) 

0.002   

        
BSize of child 

subjectively 

reported 

Very small 

Small  

Average 

Large 

Very large 

Don’t know 

Missing 

231 (3.0) 

1011 (13.1) 

3420 (44.3) 

2481 (32.1) 

541 (7.0) 

33 (0.4) 

9 (0.1) 

214 (2.8) 

988 (13.0) 

3389 (44.6) 

2459 (32.3) 

531 (7.0) 

23 (0.3) 

 

17 (15.0) 

23 (20.4) 

31 (27.4) 

22 (19.5) 

10 (8.8) 

10 (8.8) 

<0.001   

        
CMother got 

postnatal 

check-up? 

No 

Yes 

Missing1 

3119 (40.4) 

2699 (34.9) 

1908 (24.7) 

3091 (53.7) 

2670 (46.3) 

 

28 (49.1) 

29 (50.9) 

0.494   

        
DEarly initiated 

breastfeeding? 

No 

Yes 

Missing 

2395 (31.0) 

5257 (68.0) 

74 (1.0) 

2369 (31.2) 

5214 (68.8) 

26 (37.7) 

43 (62.3) 

0.250   

 

1Baseline characteristics are divided into the sections socioeconomic and proximate variables, in line with the framework “Factors influencing neonatal mortality”, and the 
proximate variables are divided into 3 different parts (see table 2+3 for the other parts). 
2Due to rounding percentages might not add up to 100. 
3The high percentages of missing values were mainly because of that the question for these variables only concerned the participant’s latest born child.  
AThe respondent was asked if she during delivery got assisted by a professional health care worker (if assisted by a doctor, midwife or nurse=SBA, skilled birth attendant) 
BThe respondent was asked for the subjectively opinion of her child’s size at birth.  
CThe respondent was asked if she received a postnatal check-up while still were in the health facility. 
DThe respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no. 

 

 

 

3.3 Univariate and multivariate analysis of socioeconomic and proximate determinants in 

relation to early neonatal mortality 

 

3.3.1 Univariate analysis of socioeconomic variables association with early neonatal mortality 

Variables used in the crude analysis of the socioeconomic variables were described in table 5. Just as in the 

Chi-square test (see table 1) none of the socioeconomic became statistically significant in the crude analysis. 

Nevertheless, the regions East, North, and Kigali City had a protective association to ENM in comparison to 

the reference West, and to live in the South had a risk association (see table 5). To live in rural areas had a 

risk association in comparison to urban areas (see table 5). Belonging to the religions Catholic and Adventist 

had a risk association to ENM in comparison to Protestant. Having a higher education had a protective 

association to ENM in comparison to low education. Belonging to the wealth quintiles poorer, middle, and 

the richest had a protective association to ENM in comparison to the poorest, and to belong to the group 

richer had a risk association (see table 5).  



 31 

3.3.2 Multivariate analysis of socioeconomic variables associations with early neonatal mortality 

Variables used in the adjusted model of socioeconomic variables were described in table 5. As in the crude 

analysis of the socioeconomic variables there was no variable which became statistically significant in the 

adjusted analysis (see table 5, model 1). 

 

 

Table 5. Logistic regression analysis of the association between socioeconomic determinants and early 

neonatal mortality, 2014-15 Rwanda demographic health survey (N=7726). Crude and adjusted odds ratio 

(AOR) are presented with Confidence interval (95%CI). 

 

Variables Categories Crude OR, 95%, 

(CI)1 

AOR, Model 1, 

95% (CI)2 

Region West 
South 

East 

North 

Kigali City 

Reference 
1.05 (0.64-1.73) 

0.74 (0.42-1.26) 

0.85 (0.45-1.55) 

0.68 (0.32-1.36) 

 

Reference 
1.04 (0.63-1.72) 

0.76 (0.44-1.32) 

0.83 (0.43-1.53) 

0.77 (0.33-1.66) 

Residence Urban 

Rural 

Reference 

1.03 (0.67-1.66) 

Reference 

0.77 (0.45-1.41) 

    

Religion Protestant 

Catholic 

Adventist 

Other 

Reference 

1.29 (0.86-1.95) 

1.34 (0.74-2.33) 

0.60 (0.10-1.98) 

Reference 

1.24 (0.82-1.89) 

1.29 (0.71-2.52) 

0.60 (0.10-1.99) 

    

Education Low 

High 

Reference 

0.66 (0.34-1.19) 

 

Reference 

0.69 (0.33-1.33) 

    

Wealth quintile Poorest 

Poorer 

Middle 

Richer 

Richest 

Reference 

0.68 (0.38-1.23) 

0.89 (0.50-1.56) 

1.33 (0.79-2.25) 

0.79 (0.36-1.23) 

Reference 

0.67 (0.36-1.22) 

0.94 (0.53-1.65) 

1.42 (0.84-2.43) 

0.76 (0.34-1.65) 
 

1All socioeconomic variables are used in the crude analysis 
2All socioeconomic variables are used in the adjusted model number 1. 

 

 

3.3.3 Univariate analysis of proximate variables associations with early neonatal mortality 

Variables used in the crude analysis of proximate variables were described in table 6. Four out of eight 

variables were significant in the crude analysis (see table 6). For children reported to be of average size at 

birth had an association of 73% risk reduction to ENM in comparison to children who were of small size 

(Crude OR 0.27, 95% CI:0.17-0.44), and children reported to be of large size had an association of 68% risk 

reduction to ENM in comparison to children of small size (Crude OR 0.32, 95% CI: 0.20-0.51). Children 

delivered at a health facility had an association of risk reduction to ENM with 61% in comparison to 
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children who did not got delivered at a health facility (Crude OR 0.39, 95% CI: 0.25-0.65). The same risk 

reduction to ENM (61%) was seen among children where the delivery had been assisted by an SBA (Crude 

OR 0.39, 95% CI:0.25-0.65). For children being born through caesarean section was the risk association to 

ENM nearly two times higher, in comparison to children who had been born by a vaginal delivery (Crude 

OR 1.96, 95% CI:1.24-3.00). 

 

3.3.4 Multivariate analysis of proximate variables associations with early neonatal mortality 

Variables used in the adjusted model of proximate variables were described in table 6. Two out of six 

proximate variables used became statistically significant in the adjusted analysis (see table 6, model 2). 

Children being reported to be of average size had an association of 71% risk reduction to ENM, in 

comparison to children being reported as small (AOR 0.29, 95% CI: 0.16-0.53). Children being reported to 

be of large size had an association of 69% risk reduction in comparison to children reported as small (AOR 

0.31, 95% CI:0.17-0.58). Children being born at a health facility had an association of 71% risk reduction to 

ENM, in comparison to children not being born at a health facility (AOR 0.29, 95% CI: 0.17-0.54). 

 

 

Table 6. Logistic regression analysis of the association between proximate determinants and early neonatal 

mortality, 2014-15 Rwanda demographic health survey (N=7726). Crude and adjusted odds ratio (AOR) are 

presented with Confidence interval (95%CI). 

 

Variables Categories Crude OR, 95%, 

(CI)1 

AOR, Model 2, 

95% (CI)2 

Maternal age 15-19 

20-29 

30-39 

40-49 

 

Reference 

0.45 (0.20-1.31) 

0.36 (0.15-1.06) 

0.57 (0.22-1.79) 

Reference 

0.40 (0.13-1.81) 

0.48 (0.15-2.22) 

0.58 (0.15-2.93) 

Civil status Never in union 

Married/lived 

together 

Widowed/divorced 

Reference 

0.58 (0.35-1.05) 

0.54 (0.23-1.21) 

Reference 

0.66 (0.32-1.54) 

0.49 (0.15-1.53) 

    

Sex of child Male 

Female 

Reference 

0.76 (0.52-1.10) 

Reference 

0.70 (0.42-1.16) 

3Birth size 

subjectively 

reported 

Small 

Average 

Large 

Reference 

0.27 (0.17-0.44) 

0.32 (0.20-0.51) 

Reference 

0.29 (0.16-0.53) 

0.31 (0.17-0.58) 

    
4Delivery 

performed at a 

health facility? 

No 

Yes 

Reference 

0.39 (0.25-0.65) 

Reference 

0.29 (0.17-0.54) 

5Delivery 

assisted by an 

SBA? 

No 

Yes 

Reference 

0.39 (0.25-0.65) 
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6Delivery 

performed by 

caesarean 

section? 
 

No 

Yes 

Reference 

1.96 (1.24-3.00) 

 

 

7Early initiated 

breastfeeding? 

No 

Yes 

Reference 

0.75 (0.46-1.24) 

Reference 

0.98 (0.59-1.68) 
 

1All proximate variables with maximum 1% missing were included in the model. Excluded variables were: Numbers of ANC visits, Time of first ANC visit, Iron supplements taken? Intestinal drugs 

taken? Blood pressure measured? Informed of signs of pregnancy complications? Urine sample taken? Blood sample taken? 2Proximate variables excluded from Model 2 were the ones mentioned 

above, due to high percentages of missing values, and the variables: Delivery assisted by an SBA and Delivery performed by caesarean section due to high correlation to the variable Delivery 

performed at a health facility. 
3The respondent was asked for the subjectively opinion of her child’s size at birth. 
4The respondent was asked where the delivery took place; At a health facility=yes, not at a health facility=no 
5The respondent was asked if she during delivery got assisted by a professional health care worker (if assisted by a doctor, midwife or nurse=SBA, skilled birth attendant) 
6The respondent was asked if the delivery was performed by caesarean section or not 
7The respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no. 

 

 

3.3.5 Multivariate analysis of both socioeconomic and proximate associations with early neonatal 

mortality 

Variables used in the adjusted analysis of both socioeconomic and proximate variables were described in 

table 7. Two out of nine variables became statistically significant in the adjusted analysis of both 

socioeconomic and proximate variables used in the model (see table 7, model 3). Children being reported to 

be of average size had an association of 71% risk reduction to ENM, in comparison to children being 

reported as small (AOR 0.29, 95% CI: 0.16-0.54). Children being reported to be of large size had an 

association of 70% risk reduction in comparison to children reported as small (AOR 0.31, 95% CI:0.16-

0.57). Children being born at a health facility had an association of 71% risk reduction to ENM, in 

comparison to children not being born at a health facility (AOR 0.29, 95% CI: 0.16-0.55). 

 

 

Table 7. Logistic regression analysis of the association between both socioeconomic and proximate 

variables with early neonatal mortality, 2014-15 Rwanda demographic health survey (N=7726). Adjusted 

odds ratio (AOR) are presented with Confidence interval (95% CI). 

 

Variables Categories AOR, Model 3, 

95%, (CI)1 

 Socioeconomic determinants 

Region West 

South 

East 

North 

Kigali City 

Reference 

1.08 (0.56-2.10) 

0.60 (0.28-1.30) 

0.90 (0.36-2.05) 

0.97 (0.33-2.53) 

Residence Urban 

Rural 

Reference 

1.02 (0.51-2.23) 

   

Religion Protestant 

Catholic 

Adventist 

Other 

 

0.91 (0.51-1.62) 

1.40 (0.67-2.77) 

0.50 (0.03-2.43) 



 34 

   

Education Low 

High 

Reference 

0.62 (0.21-1.50) 

 

 Proximate determinants  

   

Maternal age 15-19 

20-29 

30-39 

40-49 

Reference 

0.31 (0.11-1.37) 

0.35 (0.12-1.51) 

0.35 (0.10-1.72) 

   
2Delivery 

performed at a 

health facility? 

 

No 

Yes 

Reference 

0.29 (0.16-0.55) 

3Birth size 

subjectively 

reported 

Small 

Average 

Large 

Reference 

0.29 (0.16-0.54) 

0.30 (0.16-0.57) 
4Early initiated 

breastfeeding? 

No 

Yes 

Reference 

1.03 (0.61-1.79) 

 

   
 

1All socioeconomic variables were included except for the variable Wealth quintile due to correlation to both region, residence and religion. Of the proximate variables were 

8 excluded due to high percentages of missing values: Numbers of ANC visits, Time of first ANC visit, Iron supplements taken? Intestinal drugs taken? Blood pressure 
measured? Informed of signs of pregnancy complications? Urine sample taken? Blood sample taken? Another 2 proximate variables were excluded: Delivery assisted by an 

SBA and Delivery performed by caesarean section, due to high correlation to the variable Delivery performed at a health facility. And the proximate variable Civil status 
were excluded due to correlation to maternal age. 
2The respondent was asked for the subjectively opinion of her child’s size at birth. 
3The respondent was asked where the delivery took place; At a health facility=yes, not at a health facility=no 
4The respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no. 

 

 

 

 

 

3.4 Missing values analysis 

Four of the variables used in the regression models had between 0.1% and 1% of missing values.  The 

numbers of participants with missing values were 119, but the total numbers of missing values were 130, as 

some of the participants had missing values for several variables. The four variables were: religion (6 

missing or 0.1%), an SBA assisted the delivery? (8 missing or 0.1%), size of child subjectively reported (42 

missing or 0.5%), early initiated breastfeeding? (74 missing or 1%).  

 

Significant differences between participants with missing values and participants without missing values 

were only seen for delivery performed at a health facility or not, and for assistance of an SBA during 

delivery or not (table 8). Participants with any missing values had to a less extent delivered at a health 

facility, and to a higher extent delivered without any assistance of an SBA (table 8).   
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Table 8. Comparison of socioeconomic and proximate variables from 2014-15 Rwanda DHS survey, 

including Pearson’s Chi-square test, of participants with missing values1 to participants without missing 

values. Results presented in absolute (n) and relative frequencies (%), and p-values. Statistical significance 

set at p< 0.05. N=7726 

 
 

                      

Variables  

 Participants 

with 

missing 

observations 

N=1191 

Participants 

with no 

missing 

observations 

N=7607 

p-value 

                       Region West 

South 

East 

North 

Kigali city 

 31 (26.1) 

28 (23.5) 

23 (19.3) 

21 (17.6) 

16 (13.4) 

1926 (25.3) 

1888 (24.8) 

23 (24.6) 

1055 (13.9) 

869 (11.4) 

0.551 

     

Residence Urban 

Rural 

 

24 (20.2) 

95 (79.8) 

1661 (21.8) 

5946 (78.2) 

0.662 

3Religion Protestant 

Catholic 

Adventist 

Other 

 

55 (48.7) 

47 (41.6) 

8 (7.1) 

3 (2.7) 

3693 (48.5) 

2740 (36.0) 

922 (12.1) 

252 (3.3) 

0.3372 

Education Low 

High 

 

104 (87.4) 

15 (12.6) 

6553 (86.1) 

1054 (13.9) 

0.695 

Wealth quintile Poorest 

Poorer 

Middle 

Richer 

Richest 

 

35 (29.4) 

22 (18.5) 

15 (12.6) 

27 (22.7) 

20 (16.8) 

1836 (24.1) 

1597 (21.0) 

1445 (19.0) 

1287 (16.9) 

1442 (19.0) 

0.146 

Maternal age 15-19 

20-29 

30-39 

40-49 

 

3 (2.5) 

54 (45.4) 

53 (44.5) 

9 (7.6) 

149 (2.0) 

3570 (46.9) 

3164 (41.6) 

724 (9.5) 

0.7572 

Delivery performed at 

a health facility? 

No 

Yes 

26 (21.8) 

93 (78.2) 

664 (8.7) 

6943 (91.3) 

>0.001 

3Assistance of an 

SBA during delivery? 

No 

Yes 
 

20 (18.0) 

91 (82.0) 

662 (8.7) 

6945 (91.3) 
 

>0.001 

Delivery performed 

by caesarean section? 

No 

Yes 

102 (85.7) 

17 (14.3) 

6558 (86.2) 

1049 (13.8) 

0.796 

     
3Size of child 

subjectively reported 

Small 

Average 

Large 

14 (18.2) 

34 (44.2) 

29 (37.7) 

1219 (16.0) 

3395 (44.6) 

2993 (39.3) 

0.725 

     
3Early initiated 

breastfeeding? 

No 

Yes 

14 (31.1) 

31 (68.9) 

2381 (31.3) 

5226 (68.7) 

0.978 

 

1 119 participants had together a total of 130 missing values 
2Due to low number per category Fisher’s exact test was runned 

3Variables with missing values were: religion (6 or 0.1%), assistance of an SBA during delivery (8 or 0.1%), size of child subjectively reported (42 or 0.5%), early initiated 

breastfeeding (74 0r 1%)  
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4. DISCUSSION 

 

4.1 Key findings 

This study aimed to, using the conceptual framework “factors influencing neonatal mortality”, assess 

societal and household factors as well as maternal health care factors delivered in Rwanda, and how these 

factors were associated with early neonatal mortality. According to this study there were nearly no 

differences in early neonatal mortality risks between various socio-demographic strata. To continue, in this 

study’s crude analysis, there was a protective association found against ENM when deliveries were 

performed at a health care facility and a skilled birth attendant assisted births. Children born with average or 

large birth size had a protective association against ENM, while a risk association was found for children of 

small birth size (low birth weight). For children delivered by caesarean section, an association of an almost 

doubled risk of ENM was seen, in comparison to a vaginal birth. In the adjusted ORs, the protective 

association to deliver the child at a health facility remained, and even increased. The protective association 

of not being of small size (low birth weight) at birth also continued. 

 

4.2 Findings in relation to other studies 

4.2.1 Delivery performed at a health facility 

This study found in both crude and adjusted analysis that to deliver the baby at a health facility was 

associated with reduced odds of the newborn dying in the early neonatal period (table 6 and 7). This finding 

is in line with WHO’s recommendations as well as the targets set for the SDGs. This result harmonizes with 

a similar study from Tanzania, also built on DHS data, where the place for delivery and its association with 

neonatal mortality rate were assessed (not separating early or late neonatal mortality). It was found that 

newborns born to mothers who did not deliver at a health facility experienced nearly two times higher odds 

of neonatal death, in comparison to the ones that was delivered at a health facility (AOR 1.85:95% CI 1.33-

2.58) (61). On the other hand, had another much larger study who had pooled approximately1.5 million 

births records (even those collected from DHS surveys) not found any associations between deliveries at a 

health facility and early neonatal mortality (AOR 0.995, 95% CI 0.966-1.025) (62). These results indicated 

that deliveries performed at a health facility have the potential to reduce early neonatal mortality, but as the 

writer of that study discussed, it depended on the quality of care delivered (62). A similar result, that the 

outcome of a delivery in a health facility depended on the quality of care delivered, was found in a study 

built on three cohorts between 2005 to 2007 (63). Each of the three cohorts was built on singleton births, and 

the children were followed from birth to 28 days (the neonatal period). The risk of death within the neonatal 

period (not separating early or late neonatal death) was nearly the same for children born in a health facility 
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as the ones who were not (63). A scarcity with that study, just as in the current, was that there was no 

information on complications during pregnancy, or gestational age at birth, which could have influenced the 

results. There was also a lack of information concerning the birth weight, which might, even more, have had 

implications on the result (63). The importance of high quality of care delivered at a maternal health facility 

has even been discussed by Campbell et al. (64), who have stated that often there is a discrepancy in the 

quality of care between health facilities in rural and urban areas, and that rural areas are often left behind 

with ill-equipped facilities that can lack even the lowest level of necessities such as electricity and water, 

and without possibilities to provide EmONC. If so, Campbell et al.(64) discussed that there was no reason to 

encourage women to perform their delivery in such health facilities. If compare to current study, there is no 

data in this study about the level of quality at the different health facilities, however the same proportion of 

women that delivered in a health facility gave the information that they had been assisted by an SBA during 

delivery (see table 4). Furthermore, in 2008 Rwanda implemented a new strategy to reduce maternal, 

neonatal, and child mortality, two of the cornerstones of that strategy were the introduction of EmONC at 

health facilities, and that all deliveries to be attended by an SBA (52). A challenge for Rwanda as for many 

other low- and middle-income countries is that most of the population lives in rural areas, with limited 

access to health facilities and therefore long distance to travel. A way to reach high coverage could then be 

to open more health facilities, but if there is a lack of both human and economic resources there is a risk of 

low levels of the standard at such facilities. In a study from 2014, Straneo et al.(65) discussed that if there 

are too many health facilities, the volume of deliveries per year per health facility would decrease, with a 

risk that the health staff will lose competence because of lack of practice. Building upon these ideas Straneo 

et al. (65) suggested that it might be preferable to reduce the numbers of delivery sites, and instead improve 

the quality of care and find a system to increase the access, especially for poor women in rural areas. Nesbitt 

et al. (66) came across similar findings in their study from a rural region in Ghana, where they assessed the 

influence of distance to a delivery facility and the quality of care delivered. It was found that the distance 

was a stronger determinant for the women to choose a health facility than the quality of care delivered. From 

this Nesbitt et al. (66) suggested that more health facilities would probably increase facility deliveries, but 

with risks of a low level of care, a reduction in maternal and neonatal mortality may not be seen. As 

Rwanda, during the last decade, has made significant improvements in maternal healthcare, reaching the 

goals for both MDG 4 and 5, the level of health facilities, as well as the quality of care, has most likely been 

taken under wisely considerations. It is always important though not to get blind by numbers of coverage, 

but also bear in mind the quality of care.  

4.2.2 Assisted by a skilled birth attendant during delivery 

To be assisted by an SBA during delivery was associated with lower odds of ENM in the crude analysis (OR 

0.39, 95% CI: 0.25-0.65). For all women to be assisted by an SBA during delivery is one of the main goals 

for WHO (4,6,24,27), and is also one the key indicators for the SDGs (11). On the other hand, several 
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articles have shown that the definition of an SBA is very diverged both between and within countries, and 

professional titles of health care providers can then become an invalid indicator (67–69). This is just in line 

with a study that found the outcome of an SBA present during delivery was dependent on geographic region, 

with more protective effect from neonatal mortality in Latin America/Caribbean, than in Asia and in Africa 

(70). According to the same study, Africa had an associated risk to have an SBA present during delivery, but 

as a majority of the women delivered at home, there is a risk that only the most complicated births were 

assisted by an SBA (70).  Adegoke and van den Broek (28) suggested in their paper, that skilled attendance 

during delivery is fundamental to decrease both maternal and neonatal mortality, but a universal 

standardization and evaluation of recruitment, education, training, and supervision of skilled attendants is 

needed (28). 

4.2.3 Small size at birth (low birth weight) 

Another finding in both the crude and adjusted analysis in this study was that children not born as small 

(from now on labelled as low birth weight) were associated with lower odds to die in the early neonatal 

period (table 6 and 7). This is line with extensive previous research conducted and low birth weight is stated 

as one significant risk factors of ENM (1,15). Low birth weight is caused either by preterm birth or SGA (or 

both), and as mentioned in the introduction is the global prevalence of SGA most common in South Asia, 

and preterm birth in Sub Saharan Africa (1,2,15). A weakness with current study is that there is no data 

concerning what caused the death of the baby such as birth complications, nor the gestational age (GA). 

Another is that there was no difference between stillbirth and ENM. For the variable “size of child 

subjectively reported”, 33 participants answered, “don’t know”, and these 33 children (100%) had died same 

day as birth (data not shown), and might it be so that all these children were stillborn and the mother had not 

seen the child? 

 

With the aim to evaluate morbidity and mortality associated with preterm and SGA at birth, a retrospective 

cohort study in the rural area of Southern Mozambique was conducted. This study followed the children 

over a year respectively, and they found that during the neonatal period, was preterm delivery associated 

with 13 times higher mortality compared to children born in term (HR13.0, 95% CI: 4.0–42.2), and a 

newborn born SGA had 5 times higher mortality compared to children not being of SGA at birth (HR 4.5, 

95% CI: 1.6–12.6). There were several limitations in this study, especially concerning exact calculations of 

the children’s GA (71). Nevertheless, were the result interesting, with findings in line with this study. 

Muhihi et al. (72) analysed the risk factors of SGA and preterm birth among children from one rural and one 

urban setting in Tanzania, with data obtained from nearly 20,000 participants which were enrolled in another 

large randomized controlled trial. Risk factors found were; a mother of short height, being first born, young 

maternal age (<20 years) as well as older maternal age (>30 year, children of male sex, and to go at the first 

ANC visit in the third trimester. To go to the first ANC visit in the first trimester significantly reduced the 
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risk of preterm birth. A strength with this study was the large study population, and the result was 

interesting, especially the importance of ANC visits and that to come for the first visit early in the pregnancy 

reduced the risk for preterm birth. It is not possible to compare the Tanzanian results with the current study 

as they are very different in both study population and methods. Nevertheless, if just looking at the results in 

current study, even if though was no significant result for either the maternal age or in what time in 

pregnancy the mother came for the first ANC visit, but when compared group per group there was a higher 

proportion of ENM among the mothers in the youngest age span (15-19 years) (see table 9 in annex), and 

mothers who went for their first ANC visit in the first trimester had the lowest proportion of ENM (see table 

9 in annex).  

 

In another study from two health districts in Burkina Faso, where the aim was to define the neonatal 

mortality rate among infants born with low birth weight, and to recognize risk factors for mortality during 

the neonatal period, preterm birth (HR 8.0, 95% CI: 2.4-26.5) and maternal history of infant death (HR 14.3, 

95% CI: 4.1-49.7) was found to be significant (73). In a study from Ethiopia with the aim to determine the 

causes of neonatal mortality, premature babies (before 37 weeks’ pregnancy) were found to be two times 

more likely to die during neonatal period, as well as being born of low birth weight, in comparison to babies 

born in term with no low birth weight. Not having good comprehensive neonatal practice (for example 

resuscitation) increased the risk 10-folds for death during the neonatal period. Interestingly, even this study 

found that ANC visits had a protective effect; 1-3 visits  decreased the odds of ENM with half (OR 0.51, 

95%CI: 0.28-0-93), and 4 or more visits decreased the odds of ENM even more (OR 0.35, 95%CI: 0.18-

0.68), in comparison to mothers who did no ANC visits at all (74). 

 

As described above, preterm birth is one reason causing low birth weight, and Koulalli et al. (75) found 

during a review on preterm birth and risk factors, that a maternal history of previous preterm birth was the 

most important risk factor. The same result was found by Muhande et al. (76) when they did a prospective 

study of more than 18,000 women at a hospital in Tanzania, to estimate the risk of preterm deliveries, and 

perinatal mortality in repeated preterm deliveries. They found the recurrence risk of preterm birth was 2.7-

fold (95% CI: 2.1-3.4) for a woman with a history of preterm birth. Maybe even more interesting were that 

15% of the babies to a mother with a history of preterm birth died in perinatal mortality, and a baby born at 

term but with an older sibling born as preterm had 10% higher perinatal mortality, in comparison to babies 

born at term and with older sibling also born at term (76).  

 

When comparing the results from other studies with the results from the present study, the importance of 

good knowledge of the mothers’ previous birth history, as well as the mothers’ health status is of extremely 

significance to prevent situations that could lead to low birth weight of the baby, either caused by preterm 

birth, SGA or both. All three conditions strongly correlated to maternal status, and can most of the time be 
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prevented by a well implemented maternal health system with a strong antenatal care system in place, and 

interventions to increase the maternal utilization of the health system. Maternal history of preterm birth 

should be considered as risk pregnancies, given extra controls and probably be referred to a tertiary hospital 

at the time of birth.  

4.2.4 Delivered performed by caesarean section 

In the crude analysis of this study, the odds for ENM were almost doubled if the delivery was performed by 

caesarean section (OR 96, 95% CI: 1.24-3.00). An increased risk for ENM when the delivery was through a 

caesarean section, was also seen in a study built on data from different areas in the three SSA countries; 

Democratic Republic of Congo, Burundi, and Sierra Leone. Overall one in seven caesarean sections resulted 

in early neonatal death, but there were differences between the three countries. The region with the lowest 

level (9%) was seen in Burundi. They had a well-organized referral system in place, with ambulances 

available all hours and all days per week, to transfer women in need to a health facility that provided 

comprehensive EmOC (which caesarean section is one of them). This compared to a district in Sierra Leone 

that did not have such a referral system or possibilities to comprehensive care at health facilities in place, the 

ENM prevalence was 21% (77). Similar findings were found in another study where a closer distance to 

health facilities with EmONC services was associated with lower early neonatal mortality when the delivery 

was performed by caesarean section (78). If comparing these findings with the current study, we know that 

nearly 80% of the Rwandan population lives in rural areas, and more than 40% of the population lives one 

hour or more (by foot) away from a health facility. A likely explanation for the associated increased risk of 

ENM could be the long distance before reaching medical help. Another explanation could be that health 

facilities in the rural areas are not able to provide all the EmONC services needed and that there is no 

effective referral system in place.  

 4.3 Results and relationships between variables and the framework “Factors influencing 

neonatal mortality” 

The framework used is a model explaining how both sociological parts in a society and individual biological 

parts are connected, and how the different parts affect one another on a neonate’s chance to survive. As 

described with all the arrows going in all directions in the first section with the socioeconomic determinants, 

they all influence each other. The main differences in a society is  often seen in the socioeconomic 

structures, with the wealthier part of the population often coming from a special culture or belonging to a 

population of a certain religion (79).  The wealthier part of the population often have a higher level of 

education and a better health situation than the poorer part of the population (79–81). This is not the case in 

Rwanda. One of the main findings of this study was that there were nearly no differences in early neonatal 

mortality risks between various socio-demographic strata. This is quite remarkable of a low-income country 



 41 

that relatively recently has gone through a civil war and a devastating genocide. Looking at the proximate 

determinants there was not much difference between the groups either, there could be many explanations to 

this. One explanation could be that nearly 80% live in rural areas and that 70% have the same level of 

education (primary), which make the population relatively equal. Another explanation could be the 

investments within the health care, and that about 80% of the population have a health insurance (52), which 

together has led to an increased access to health care of a good quality. Similarly findings with nearly no 

differences in the proportion of ENM among the different socioeconomic groups was also seen in a study 

from Ghana. As in Rwanda had improvements been made in the health system, which, according to that 

study could be one explanation to why the differences between different socioeconomic groups were low 

(82). 

 

 

 
 

Figure 1. Conceptual framework of factors influencing neonatal mortality  
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4.4 Relationship between the predictor variables (internal validity) 

 A strong correlation between the variables ‘delivery assisted by an SBA’, ‘delivery performed by caesarean 

section’ and ‘delivery performed at a health facility’ was seen, and the explanation behind these correlations 

might be multicollinearity. All these three variables were significant both to the outcome and to each other 

in two-way table analysis. They were also significant in the crude analysis, but when all were used in the 

adjusted analysis they lost statistical significance (see table 10 in annex). Due to these correlations, a 

decision was made to exclude the two variables ‘delivery assisted by an SBA’ and ‘delivery performed by 

caesarean section’ in the adjusted analysis. This choice could have caused a bias in this study, such as that 

the interpretation of these correlations might be wrong. In retrospect it might have been wiser to use the 

variable ‘delivery assisted by an SBA’ instead, as that variable is one of the key indicators for the SDGs 

(11). 

 

None of the socioeconomic variables were statistically significant in either crude or adjusted models, but 

when used in the adjusted model (with both socioeconomic and proximate variables, model 3) some of the 

categories odds ratio in the variables ‘region’, ‘residence’, and ‘religion’ turned from a protective 

association to risk, and vice versa (see table 2 in the study, and table 10 and 11 in annex). Several two-way 

tables were then performed to further investigate the relationship between the variables, and ‘wealth’ was 

found to be significant to both ‘region’ and ‘place for residents’, but not to ‘religion’. Regression analysis 

was also performed where the variables were put in the model one by one. (Final analysis of these regression 

models can be seen in table 10 and 11, annex). The exact epidemiological explanation behind this 

phenomenon is not clear, but due to these relationships the variable wealth quintile was excluded in the final 

adjusted analysis (table 7, model 3). The interpretation of the relationship and the exclusion of the variable 

‘wealth’ may have led to a risk of bias.   

 

The variables ‘maternal age’ and ‘civil status’ were also found to be significant to each other, as there of 

both biological and social reasons are less very young women that are married/widowed/divorced in 

comparison to older women. Due to this, the variable ‘civil status’ was excluded in the final adjusted model 

(table 7, model 3). 

 

Concerning the risk of bias with the many variables with missing values: nine of the twenty-four variables 

had between 24% to over 30% missing values and to avoid bias, these variables were excluded in the 

regression analyses. These variables were however used in the descriptive analysis, as they contained a lot 

of valuable information, but with high transparency concerning the high percentages missing values. In the 

missing value analysis (table 8), only the variables were included that had been used in the regression 

analyses, as the variables that had not been used in any models could have no implications on the results.  
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The choice of reference category might be another bias, which was chosen as they described an association 

of protection. Another way of choosing may have been to use a reference category that after analysis had 

shown an association of risk instead. The recoding of the categories could also be a risk of bias, but the 

coding was done as much as possible in the same way as other studies had coded the categories, to reduce 

the risk of bias as much as possible. 

 

4.5 External Validity/ Generalizability  

As DHS states the data to be national representative, the result from this study should be possible to 

generalize over the whole country. But as there are differences between different countries maternal health 

systems, a generalizability outside of Rwanda is most likely not possible.  

 

4.6 Strengths and limitations 

4.6.1 Strength 

DHS is considered to produce valid surveys with high quality data, collected from trained employees, and 

with well described methods, as well as methods used for a long time in many parts of the world. Rwanda is 

today a stable country, and DHS surveys have been made there for many years. Both the Ministry of Health 

and the population themselves are rather used to surveys which increase the validity of the method used, and 

people’s willingness and understanding to take part in the survey. The RDHS 2014-15 main objectives were 

to collect data concerning maternal and children’s health, which increased the opportunities to get rich data 

concerning the topic of this thesis. Another strength was the use of the very latest DHS data concerning this 

topic, and lastly, that the topic investigated is of a high public health interest concerning one of the 

cornerstones to reach SDG target number 3.2, to end preventable deaths of newborns and children under 5 

years of age (11). 

 

4.6.2 Limitations 

There were a few limitations identified; firstly, the cross-sectional nature of the study. This design makes it 

impossible to draw conclusions about causality, one can only analyze associations between factors. Another 

limitation is that it is built on a two-step cluster sampled survey, and the cluster effect of that has not been 

taken into consideration. Two-step cluster sampled surveys are often used in public health surveys because 

of its economic advantages and convenience when investigating a large sample. Disadvantages of this is that 

it may not reflect the diversity in a community, with the risk of providing less information per observation, 
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and with the risk of sampling errors because of differences between the sample and the entire population. 

Also, the small sample size, especially the group of children who died in the early neonatal period is a 

weakness. This was probably one of the main reasons why there were so few significant results in both two-

way analyses as well as in crude analyses. The small sample per group made it also necessary to merge the 

categories for several variables to be able to perform the analyses. This could have led to that important 

information being lost. The data used for the current study is built on a survey which relies on the 

participants recall memory.  Recall bias may have occurred here, especially if the interviewed woman had 

had several children, with a risk to mix the history of the different children. Due to the design of the 

questionnaires used by DHS, a lot of questions needed to assess current topic properly were missing. 

Especially data over the children’s GSA, eventual preterm birth, and if there had been any complications 

during birth, such as if resuscitation of the child had been performed. The use of the variable ‘size at birth’ 

could be another limitation as it is built on the mother’s self-reported opinion and with high risk of recall-

bias. The choice of this variable instead of the variable where the babies had been weighed at birth, was 

because the variable with weighed babies had a lot of missing values and had not been possible to use in the 

regression analysis. Lastly, the high proportion of missing values for nine of twenty-four variables is of 

great bias for this study. The reasons behind most of the missing values have been explained above, and the 

reasons to use these variables, even if it was not possible to use them in any of the models, was that they 

contained important information to answer the research question and the descriptive information over these 

variables gave a relatively good picture over the antenatal health care in Rwanda.  

4.7 Public health interests  

Still 40% of all deaths among children less than five years occur during the child’s first week of life. 

Increased knowledge and relatively easy and affordable interventions can save many newborn’s lives. 

Global inequalities within this area must be solved, and research and interventions must concentrate more on 

the 99% neonates that die in low- and middle income countries, instead of the 1% in high income countries. 

This study gives a picture from only one country and just over a five-year period. Nevertheless, there are 

findings similar in other studies from other SSA countries, and the interventions needed to improve the 

situation in Rwanda are comparable to the ones that are needed in most low- and middle income countries. 

 

4.8 Conclusions 

Maternal health care delivered in Rwanda and early neonatal mortality seemed to be associated with each 

other, as children born at health facilities and children not of small size at birth, a complication that 

relatively easy can be controlled for during ANC visits, was associated with decreased odds of ENM. The 

findings in this thesis could be used to set the agenda for preventative interventions aimed at reducing early 

neonatal mortality, by concentrating interventions to strengthen the antenatal health care system, and 
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interventions to increase the utilization of antenatal health care. Thus, increasing the possibilities at an early 

stage to detect pregnant women that are at risk of delivering a baby small-for-gestational-age, such as 

mothers with a history of preterm birth, mothers of short heights, and malnourished mothers. Education for 

professional health care workers about the reasons behind early neonatal death is also needed, to get skilled 

staff that can work with prevention so fewer mothers and newborns will be at risk, and to be prepared if 

complications occur. Well-trained health care workers entering early in a woman’s pregnancy can find signs 

of possible complications, and referral the women to a health center with more advanced care, that together 

with a well-organized referral system in place can prevent many unnecessary early neonatal deaths.    

 

More studies are needed to determine the linkage between maternal health care and early neonatal mortality. 

This so that preventative resources can be identified and right interventions will be put into place, 

adequately in time during pregnancy and delivery to save newborn’s lives. Future studies should include 

larger study populations, to validate the findings in the mortality groups with few events as early neonatal 

mortality is. 
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6. ANNEX 
 

Table 9. Socioeconomic and proximate variables association to early neonatal mortality with Pearson’s Chi-square 

test. A secondary analysis of the 2014-15 Rwanda DHS. Results presented in absolute (n) and relative frequencies 

(%), and p-values. Statistical significance set at p< 0.05. N=7726 

 
Variables Categories Survival ENM 

period  

n (%/n) 

Mortality 

ENM  

period 

n (%/n) 

p-value 

 Socioeconomic determinants   

     

Region West 

South 

East 

North 

City of Kigali 

1925 (98.4) 

1883 (98.3) 

1869 (98.8) 

1061 (98.6) 

875 (98.9) 

 

32 (1.6) 

33 (1.7) 

23 (1.2) 

15 (1.4) 

10 (1.1) 

0.589 

Residence Urban 

Rural 

1661 (98.6) 

5952 (98.5) 

24 (1.4) 

89 (1.5) 

0.882 

     

Religion Protestant 

Catholic 

Adventist 

Muslim 

Jehovah witness 

No religion  

Other 

3700 (98.7) 

2741 (98.3) 

914 (98.3) 

163 (99.4) 

49 (98.0) 

39 (100) 

2 (100) 

    48 (1.3) 

46 (1.7) 

16 (1.7) 

1 (0.6) 

1 (2.0) 

0 (0.0) 

0 (0.0)   

0.6241 

     

Wealth quintile Poorest 

Poor 

Middle 

Richer 

Richest 

1841 (98.4) 

1601 (98.9) 

1439 (98.6) 

1286 (97.9) 

1446 (98.9) 

30 (1.6) 

18 (1.1) 

21 (1.4) 

28 (2.1) 

16 (1.1) 

0.131 

     

Education None 

Primary 

Secondary 

Higher 

1117 (98.7) 

5438 (98.4) 

866 (98.7) 

192 (100) 

15 (1.3) 

87 (1.6) 

11 (1.3) 

0 (0.0) 

0.3031 

     

 Proximate determinants    

     

Mothers age 15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

147 (96.7) 

1319 (97.9) 

2250 (98.8) 

1997 (98.9) 

1181 (98.7) 

575 (98.1) 

144 (98.0) 

5 (3.3) 

28 (2.1) 

27 (1.2) 

23 (1.1) 

16 (1.3) 

11 (1.9) 

3 (2.0) 

0.0901 

     

Civil status Never in union 

Married 

Living with partner 

Widowed 

Divorced 

Separated 

 

670 (97.7) 

4048 (98.6) 

2198 (98.6) 

152 (98.7) 

198 (99.0 

347 (98.6) 

16 (2.3) 

56 (1.4) 

32 (1.4) 

2 (1.3) 

2 (1.0) 

5 (1.4) 

0.5631 

Birth interval Less than 1 year 

1 year 

2 years 

3 years 

4 years 

5 years or more 

26 (92.9) 

729 (98.4) 

1602 (98.8) 

1165 (99.0) 

747 (98.5) 

1055 (99.0) 

2 (7.1) 

12 (1.6) 

20 (1.2) 

12 (1.0) 

11 (1.5) 

11 (1.0) 

0.1661 

     

Sex of child Male 

Female 

3863 (98.3) 

3750 (98.7) 

65 (1.7) 

48 (1.3) 

0.152 

     

Numbers of ANC visits None 

1 visit 

2 visits 

49 (100) 

176 (97.2) 

645 (98.5) 

0 (0.0) 

5 (2.8) 

10 (1.5) 

0.0471 
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3 visits 

4 visits 

5 or more visits 

2337 (99.1) 

2467 (99.3) 

99 (98.0) 

22 (0.9) 

18 (0.7) 

2 (2.0) 

     

Time in pregnancy of first 

ANC visit 

First trimester 

Second trimester 

Third trimester 

Other answer 

3254 (99.1) 

2180 (98.9) 

285 (99.0) 

5 (100) 

29 (0.9) 

25 (1.1) 

3 (1.0) 

0 (0) 

0.6341 

ANC components      
2Iron supplements taken? Less than 1 month 

For 2 months 

For 3 months 

For 4 months 

For more than 4 months 

Other answer 

 

1309 (99.3) 

3024 (98.9) 

159 (99.4) 

39 (95.1) 

20 (100) 

54 (98.2) 

9 (0.7) 

34 (1.1) 

1 (0.6) 

2 (4.9) 

0 (0.0) 

1 (1.8) 

0.1311 

3Intestinal parasite drugs 

taken?  

 

No 

Yes 

2890 (98.9) 

2866 (99.1) 

32 (1.1) 

25 (0.9) 

0.4941 

     
4Blood pressure measured? No 

Yes 

836 (98.8) 

4887 (99.0) 

10 (1.2) 

47 (1.0) 

0.5701 

     
5Informed of signs of 

pregnancy complications? 

No 

Yes 

Don’t know 

1183 (99.2) 

4526 (99.0) 

4 (100) 

9 (0.8) 

48 (1.0) 

0 (0.0) 

0.4371 

     

4Urine sample taken?  

 

No 

Yes 

2313 (99.0) 

3410 (99.0) 

24 (1.0) 

33 (1.0) 

0.7881 

     
4Blood sample taken?  

 

No  

Yes 

189 (99.5) 

1 (0.5) 

5534 (99.0) 

56 (1.0) 

11 

  

 

   

6Delivery performed  

at a health facility? 

No 

Yes 

668 (96.8) 

6945 (98.7) 

22 (3.2) 

91 (1.3) 

<0.001 

     

7Delivery performed by 

caesarean section? 

No 

Yes 

6565 (98.7) 

86 (1.3) 

1048 (97.5) 

27 (2.5) 

0.002 

     

8An SBA assisted the 

delivery? 

No 

Yes 

660 (96.8) 

6945 (98.7) 

22 (3.2) 

91 (1.3) 

<0.001 

     

91Size of child subjectively 

reported 

Very small 

Smaller than average 

Average 

Larger than average 

Very large 

Don’t know 

214 (92.6) 

988 (97.7) 

3389 (99.1) 

2459 (99.1) 

531 (98.2) 

23 (69.7) 

17 (7.4) 

23 (2.3) 

31 (0.9) 

22 (0.9) 

10 (1.8) 

10 (30.3) 

<0.001 

     
10Mother received 

postnatal check-up?  

 

No 

Yes 

3091(99.1) 

2670 (98.9) 

28 (0.9) 

29 (1.1) 

0.494 

     
11Early initiated 

breastfeeding?  

No 

Yes 

Missing 

2369 (98.9) 

5214 (99.2) 

26 (1.1) 

43 (0.8) 

0.250 

 

1Due to low number per category Fisher’s exact test was runned 
2The respondent was asked for how long time tablets or syrup with iron supplements was taken during pregnancy. 
3The respondent was asked if any intestinal drugs were taken during pregnancy. 
4The respondent was asked if blood pressure was measured/urine sample was taken/blood sample was taken at latest ANC visits. 
5The respondent was asked if information had been given of signs of pregnancy complications at any ANC visits.  
6The respondent was asked where the delivery took place; Health facility=yes, home or other no health facility=no 
7The respondent was asked if the delivery was performed by caesarean section or not 
8The respondent was asked if she during delivery got assisted by a professional health care worker (if assisted by a doctor, midwife or nurse=SBA, skilled birth attendant) 9The respondent was asked 

for the subjectively opinion of her child’s size at birth. 
10The respondent was asked if she received a postnatal check-up while still were in the health facility. 
11The respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no. 
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Table 10. Logistic regression analysis of the association between socioeconomic determinants and early neonatal 

mortality, 2014-15 Rwanda demographic health survey (N=7726). Crude and adjusted odds ratio (AOR) are presented 

with Confidence interval (95%CI). 

 
Variables Categories AOR, Model 4,  

95% (CI)1 

AOR, Model 5, 

95% (CI)2  

AOR, Model 6,  

95% (CI)3 

AOR, Model 7, 

 95% (CI)4 

 Socioeconomic determinants    

Region West 

South 

East 

North 

Kigali City 

Reference 

1.05 (0.54-2.04) 

0.60 (0.27-1.28) 

0.93 (0.37-2.12) 

1.05 (0.34-2.87) 

 

Reference 

1.06 (0.55-2.08) 

0.60 (0.27-1.27 

0.90 (0.37-2.06) 

1.05 (0.35-2.83) 

 

Reference 

1.05 (0.54-2.04) 

0.60 (0.27-1.28) 

0.93 (0.37-2.12) 

1.04 (0.32-2.80) 

Reference 

1.06 (0.55-2.06) 

0.59 (0.27-1.27) 

0.90 (0.36-2.06) 

1.03 (0.34-2.77) 

 

      

Residence Urban 

Rural 

Reference 

0.90 (0.42-2.16) 

Reference 

0.88 (0.41-2.12) 

 

Reference 

0.90 (0.42-2.16) 

Reference 

0.41 (0.14-2.14) 

 

 

Religion Protestant 

Catholic 

Adventist 

Other 

Reference 

0.87 (0.49-1.56) 

1.33 (0.63-2.64) 

0.51 (0.0.-2.49) 

Reference 

0.87 (0.49-1.55) 

1.35 (0.64-2.68) 

0.51 (0.03-2.45) 

 

Reference 

0.88 (0.49-1.56) 

1.34 (0.64-2.65) 

0.51 (0.03-2.49) 

Reference 

0.87 (0.49-1.55) 

1.36 (0.65-2.70) 

0.51 (0.03-2.46) 

 

Mothers level 

of education 

Low 

High 

Reference 

0.64 (0.21-1.63) 

 

Reference 

0.66 (0.22-1.68) 

 

Reference 

0.64 (0.21-1.63) 

 

 

      

Mothers level 

of wealth 

Poorest 

Poorer 

Middle 

Richer 

Richest 

Reference 

0.69(0.41-1.97) 

1.37 (0.67-2.83) 

1.42 (0.66-3.03) 

073 (0.22-2.25) 

Reference 

0.91 (0.41-1.97) 

1.40 (0.68-2.89) 

1.46 (0.67-3.11) 

0.79 (0.23-2.41) 

 

 

Reference 

0.91 (0.41-1.96) 

1.37 (0.66-2.83) 

1.42 (0.66-3.03) 

0.73 (0.22-2.25) 

Reference 

0.90 (0.40-1.95) 

1.38 (0.67-2.83) 

1.41 (0.67-2.99) 

0.68 (0.21-2.03) 

 Proximate determinants     

      

Mothers age 15-19 

20-29 

30-39 

40-49 

Reference 

0.38 (0.12-1.69) 

0.43 (0.13-1.98) 

0.45 (0.11-2.35) 

Reference 

0.38 (0.12-1.73) 

0.49 (0.14-2.05) 

0.46 (0.11-2.36) 

 

Reference 

0.38 (0.12-1.69) 

0.43 (0.13-1.97) 

0.45 (1.11-2.35) 

Reference 

0.39 (0.12-1.73) 

0.45 (0.14-2.08) 

0.47 (0.12-2.47) 

 

      

Mothers civil 

status 

Single 

Married/living together 

Widowed/divorced 

Reference 

0.63 (0.30-1.50) 

0.53 (0.16-1.64) 

Reference 

0.63 (0.30-1.49) 

0.52 (0.15-1.62) 

 

Reference 

0.63 (0.30-1.49) 

0.53 (0.16-1.65) 

Reference 

0.64 (0.31-1.51) 

0.54 (0.16-1.67) 

 

      

Sex of child Male 

Female 

Reference 

0.67 (0.40-1.12) 

Reference 

0.67 (0.40-1.11) 

Reference 

0.67 (0.40-1.12) 

 

 

Reference 

0.67 (0.40-1.11) 

 

5Delivery 

performed at a 

health 

facility? 

No 

Yes 

Reference 

0.51 (0.02-13.50) 

Reference 

0.55 (0.02-13.93) 

Reference 

0.25 (0.14-0.49) 

 

Reference 

0.28 (0.16-0.53) 

 

      

6Delivery 

assisted by an 

SBA?4 

No 

Yes 

Reference 

0.48 (0.02-12.33) 

Reference 

0.51 (0.02-12.75) 

  

7Delivery 

performed by 

caesarean 

section?4 

No 

Yes 

Reference 

1.98 (0.93-3.96) 

 

 Reference 

1.98 (0.93-3.97) 

 

 

Birth size 

subjectively 

reported 

 

Small 

Average 

Large 

 

Reference 

0.30 (0.17-0.56) 

0.31 (0.16-0.57) 

 

Reference 

0.30 (0.16-0.54) 

0.30 (0.16-0.57) 

 

Reference 

0.30 (0.17-0.57) 

0.31 (0.16-0.58) 

 

Reference 

0.29 (0.16-0.54) 

0.30 (0.16-0.57) 
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9Early 

initiated 

breastfeeding 

practices 

performed? 

No 

Yes 

Reference 

1.25 (0.71-2.27) 

Reference 

1.04 (0.62-1.81) 

Reference 

1.25 (0.71-2.26) 

 

Reference 

1.05 (0.63-1.83) 

 

 
1All socioeconomic and proximate variables were included in the model. 
2All socioeconomic and proximate variables except “Delivery performed by caesarean section” were included in the model.  
3All socioeconomic and proximate variables were included in the model except for “Delivery assisted by an SBA”.  
4All socioeconomic and proximate variables were included in the model except for “Mothers level of education”, “Delivery performed by caesarean section”, and “Delivery assisted by an SBA”. 
5The respondent was asked where the delivery took place; Health facility=yes, home or other no health facility=no 
6The respondent was asked if the delivery was performed by caesarean section or not 
7The respondent was asked if she during delivery got assisted by a professional health care worker (if assisted by a doctor, midwife or nurse=SBA, skilled birth attendant)  
8The respondent was asked for the subjectively opinion of her child’s size at birth. 
9The respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no. 
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Table 11. Logistic regression analysis of the association between socioeconomic determinants and early neonatal 

mortality, 2014-15 Rwanda demographic health survey (N=7726). Crude and adjusted odds ratio (AOR) are presented 

with Confidence interval (95%CI). 

 

Variables Categories AOR, Model 8,  

95% (CI)1 

AOR, Model 9, 

95% (CI)2  

AOR, Model 10,  

95% (CI)3 

AOR, Model 11, 

 95% (CI)4 

 Socioeconomic determinants    

Region West 

South 

East 

North 

Kigali City 

Reference 

1.0 (0.53-1.91) 

0.57 (0.26-1.20) 

0.83 0.34-1.86) 

0.89 (0.31-2.31) 

 Reference 

1.07 (0.56-2.09) 

0.61 (0.28-1.30) 

0.90 (0.37-2.07) 

0.98 (0.33-2.56) 

Reference 

0.99 (0.52-1.90) 

0.56 (0.25-1.18) 

0.82 (0.34-1.83) 

0.95 (0.31-2.52) 

      

Residence Urban 

Rural 

Reference 

1.05 0.53-2.30) 

Reference 

0.83 (0.39-1.96) 

 

Reference 

1.01 (0.50-2.23) 

Reference 

0.91 (0.43-2.19) 

 

      

Religion Protestant 

Catholic 

Adventist 

Other 

 Reference 

0.91 (0.51-1.60) 

1.39 (0.66-2.74) 

0.51 (0.03-2.48) 

 

Reference 

0.91 (0.50-1.61) 

1.37 (0.65-2.71) 

0.51 (0.03-2.46) 

 

Mothers level of 

education 

Low 

High 

Reference 

0.62 (0.21-1.50) 

 

Reference 

0.67 (0.22-1.69) 

Reference 

0.63 (0.21-1.53) 

 

0.65 (0.22-1.65) 

      

Mothers level of 

wealth 

Poorest 

Poorer 

Middle 

Richer 

Richest 

 Reference 

0.88 (0.39-1.89) 

1.33 (0.64-2.73) 

1.38 (0.64-2.93) 

0.77 (0.24-2.24) 

 

 Reference 

0.99 (0.46-2.11) 

1.39 (0.67-2.85) 

1.44 (0.66-3.06) 

0.80 (0.24-2.43) 

 Proximate determinants    

      

Mothers age 15-19 

20-29 

30-39 

40-49 

Reference 

0.39 (.013-1.78) 

0.46 (0.14-2.13) 

0.56 (0.14-2.82) 

Reference 

0.39 (0.13-1.77) 

0.45 (1.14-2.10) 

0.46 (0.11-2.38) 

Reference 

0.38 (0.12-1.72) 

0.44 (0.14-2.06) 

0.46 (0.11-2.41) 

Reference 

0.40 (0.13-1.78) 

0.46 (0.14-2.11) 

0.55 (0.14-2.77) 

      

Mothers civil 

status 

Single 

Married/together 

Widowed/divorced 

Reference 

0.64 (0.31-1.51) 

0.48 (0.14-1.49) 

Reference 

0.62 (0.30-1.47) 

0.51 (0.15-1.58) 

Reference 

0.64 (0.30-1.52) 

0.51 (0.15-1.58) 

Reference 

0.62 (0.30-1.47) 

0.49 (0.15-1.53) 

      

Sex of child Male 

Female 

Reference 

0.70 (0.42-1.16) 

 

Reference 

0.67 (0.40-1.12) 

Reference 

0.67 (0.40-1.12) 

Reference 

0.70 (0.42-1.16) 

5Delivery 

performed at a 

health facility? 

 

No 

Yes 

Reference 

0.30 (0.17-0.65) 

Reference 

0.29 (0.16-0.55) 

Reference 

0.28 (0.16-0.54) 

 

Reference 

0.29 (0.17-0.56) 

6Size of child 

subjectively 

reported 

 

Small 

Average 

Large 

Reference 

0.29 (0.16-0.54) 

0.32 (0.17-0.60) 

Reference 

0.29 (0.16-0.54) 

0.30 (0.16-0.57) 

Reference 

0.29 (0.16-0.54) 

0.30 (0.16-0.57) 

Reference 

0.29 (0.16-0.55) 

0.32 (0.17-0.60) 

7Early initiated 

breastfeeding 

practices 

performed? 

No 

Yes 

Reference 

0.97 (0.58-1.68) 

Reference 

1.03 (0.61-1.80) 

Reference 

1.04 (0.62-1.81) 

 

Reference 

0.98 (0.59-1.67) 

1All socioeconomic and proximate variables were included in the model except for “Delivery performed by caesarean section”, “Delivery assisted by an SBA”, and “Religion”, and “Mothers level of 

wealth”. 
2All socioeconomic and proximate variables were included in the model except for “Delivery performed by caesarean section”, “Delivery assisted by an SBA”, and “Region”. 
3All socioeconomic and proximate variables were included in the model except for “Delivery performed by caesarean section”, “Delivery assisted by an SBA”, “Mothers level of wealth”.  

4All socioeconomic and proximate variables were included in the model except for “Delivery performed by caesarean section”, “Delivery assisted by an SBA”, and “Religion”. 

, 5The respondent was asked where the delivery took place; Health facility=yes, home or other no health facility=no 
6The respondent was asked for the subjectively opinion of her child’s size at birth. 
7The respondent was asked when after birth she started to breastfeed her child. If the answer was < than 1 hour after birth=yes, > than 1 hour after birth=no.
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Table 12 Variables included in the study; Maternal health care in Rwanda and its association to early neonatal mortality, a secondary analysis of the 

cross-sectional Rwanda Demographic Health Survey 2014-1015 

 

Variable Code Description Category Original label and after recoding Population/Missing (NA) 

Year of birth of child B2 At what year the child 

is born 

Numerical that 

is recoded to 

Categorical 

2015 

2014 

2013 

2012 

2011 

2010 

2009 

After subset of dataset the dataset used for current study 

only contains children born between 2010-2014 

2010=n1238 

2011=n1602 

2012=n1590 

2013=n1606 

2014=n1690 

NA=n0 

Age of death of the child B6 Mother is asked at age 

of death of the child, 

the answer is given in 

days if less than 1 

month, in month if less 

than 2 years, in years 

if more than 2 years 

Numerical that 

is recoded to 

Categorical 

This variable is first made to a score; 100-106=1. 107-

else=0. There after subset with variable “child dead or 

alive” (B5), to then be recoded to a new categorical variable 

 

Variable part of the outcome variable 

100-106=n113 

107-else=n181 

NA=n0 

 

Alive or dead in ENM 

period 

New 

created 

variable of 

B5+B6 

Weather the child 

survived over the early 

neonatal period or died 

within that period 

Categorical Alive 

ENM 

 

Variable part of the outcome variable 

Alive=n7613 

ENM=n113 

NA=n0 

Province/Region V101 De facto region of 

residence  

 

Categorical West 

South 

East 

North 

Kigali City 

 

West=n1957 

South=n1916 

East=n1892 

North=n1078 

Kigali City=n885 

NA=n0 

Residence V025 De facto region of 

residence 

Categorical Urban 

Rural 

Urban=n1685 

Rural=n6041 

NA=n0 

Religion V130 Religious affiliation Categorical Protestant 

Catholic 

Adventist 

Muslim=Other 

Jehovah witness= Other 

Traditional=Other 

Other=Other 

Due to low numbers per category a combination of 

categories is needed to do the analysis. 

Protestant=n3478 

Catholic=n2787 

Adventist=n930 

Other=n255 

NA=n6 
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Economy/Wealth 

quintile 

V190 The wealth index is a 

composite measure of 

a household's 

cumulative living 

standard. The wealth 

index is calculated 

using easy-to-collect 

data on a household’s 

ownership of selected 

assets, such as 

televisions and 

bicycles; materials 

used for housing 

construction; and types 

of water access and 

sanitation facilities.  

Categorical Poorest 

Poorer 

Middle 

Richer 

Richest 

Poorest=n1871 

Poorer=n1619 

Middle=n1460 

Richer=n1314 

Richest=n1462 

NA=n0 

Mother´s educational 

level 

V106 Highest education 

level attended. This is 

a standardized variable 

providing level of 

education in the 

following categories: 

No education, 

Primary, Secondary, 

and Higher.  

Categorical No education=Low 

Primary=Low 

Secondary=High  

Higher=High 

 

Due to low numbers per category a combination of 

categories was needed to do the analysis. 

Low=n6657 

High=n1069 

NA=n0 

Age of the mother V013 Current age in 5-year 

groups  

Categorical 15-19=15-19 

20-24=20-29 

25-29=20-29 

30-34=30-39 

35-39=30-39 

40-44=40-49 

45-49=40-49 

15-19=n152 

20-29=n3624 

30-39=n3217 

40-49=n733 

NA=n0 
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Civil status V501 Current marital status of the 

respondent  

 

Categorical Never in union= Never in union 

Married=Married/Living together 

Living together= Married/Living together 

Widowed=Widowed/Divorced/separated 

Divorced= Widowed/Divorced/separated 

No longer living together=Widowed/Divorced/separated 

Never in union=n686 

Married/Living together=n6334 

Widowed/Divorced/separated=n706 

NA=n0 

Birth interval B11 Preceding birth interval is 

calculated as the difference in 

months between the current birth 

and the previous birth, counting 

twins as one birth. 

Numerical that 

is recoded to 

Categorical 

0-11 months=< 1 year 

12-23 months=1 year 

24-35= 2 years 

36-47=3 years 

48-59=4 years 

60-235= > 5 years 

< 1 year=n28 

1 year=n742 

2 years= n1622 

3 years=n1177 

4 years= n758 

5 years or more= n1066 

NA=n2334 

Sex of the child B4 Respondent is asked about the sex 

of the born child 

Categorical Male 

Female 

 

Male=n3928 

Female=n3798 

Na=n0 

Numbers of 

ANC visits 

M14 Number of antenatal visits during 

pregnancy. Women who did not 

see anyone for antenatal care 

during the pregnancy are coded 0.  

Numerical that 

is recoded to 

Categorical 

0=None  

1=1 visit 

2=2 visits 

3= 3 visits 

4= 4 visits 

5-else= 5 or > visits 

Question only concerning the latest born child 

None=n49 

1 visit=n181 

2 visits=n655 

3 visits=n2359 

4 visits=n2485 

5 or > visits=n101 

NA=n1896 

Time in 

pregnancy of 

first ANC visit 

M13 Respondent was asked about 

timing of first ANC visit in 

pregnancy. Answer was given in 

months from start of pregnancy 

Numerical that 

was recoded to 

categorical 

0-3 months= First trimester 

4-6 months= Second trimester 

7-9 months= Third trimester 

98-998= Other answer 

Question only concerning the latest born child 

First trimester=n3283 

Second trimester=n2205 

Third trimester=n288 

Other answer=n5 

NA=n1945 

Days iron 

tablets or syrup 

was taken 

during 

pregnancy 

M46 Respondent was asked for how 

many days iron supplements was 

taken during pregnancy 

Numerical that 

was recoded to 

categorical 

0-29 days=Less than 1 month 

30-60 days= For 2 months 

61-90 days= For three months 

91-120= For 4 months 

121-260= For more than 4 months 

Question only concerning the latest born child 

Less than 1 month=n1318 

For 2 months=n3058 

For 3 months=n160 

For 4 months=n41 

> than 4 months=n20 

Other answer=n55 

NA=n3074 

Took intestinal 

drugs during 

pregnancy 

M60 The respondent was asked if 

taken any intestinal drugs during 

pregnancy 

Categorical No 

Yes 

Don’t know 

Question only concerning the latest born child 

No=n2923 

Yes=n2891 

Don’t know=n13 

NA=n1899 

Blood pressure 

measured at last 

ANC visit 

M43 Respondent is asked if blood 

pressure was taken at the time of 

last ANC visits 

 

 

 

Categorical No 

Yes 

Question only concerning the latest born child 

No=n846 

Yes=n4934 

Na=n1946 
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Informed of 

signs of 

pregnancy 

complications 

at any ANC 

visit 

M42c Respondent is asked if told about 

pregnancy complications at the 

time of last antenatal care visits 

Categorical No 

Yes 

Don’t know=NA 

 

Question only concerning the latest born child 

No=n1192 

Yes=n4574 

NA=n1960 (4 don’t know+1956 missing) 

Urine sample 

taken at last 

ANC visit 

M42D Respondent was asked if urine 

sample was taken at last ANC 

visit 

Categorical No 

Yes 

Question only concerning the latest born child 

No=n2337 

Yes= n3443 

NA=n1946 

 

Blood sample 

taken at last 

ANC visit 

M42E Respondent was asked if blood 

sample was taken at last ANC 

visit 

Categorical No 

Yes 

Question only concerning the latest born child 

No=n190 

Yes= n5590 

NA=n1946 

 

Delivery 

performed at a 

health facility 

M15 The respondent was asked of the 

lace of delivery of the child.  

 

Categorical Health Center=Yes 

Provincial/District hospital=Yes 

Government hospital=Yes 

Dispensary=Yes 

Polyclinic=Yes 

Private hospital/clinic=Yes 

Other public sector=Yes 

Respondent’s home=No 

Other home=No 

Other=No  

On way to health facility=No 

No=n690 

Yes=n7036 

NA=n0 

Assistance of 

SBA during 

delivery 

M3a 

M3b 

M3c 

 

The type of person who assisted 

with the delivery of the child. 

(The coding: M3a=Doctor. 

M3b=Country-specific health 

professional. M=Nurse/Midwife, 

M2c=Country-specific health 

professional. Auxiliary Midwife) 

 

Categorical No=No SBA 

Yes= By a Doctor/Nurse/midwife/Auxiliary midwife=Yes 

These 3 variables are first recoded to numerical and made 

to a score, thereafter a subset of the 3 variables is made, 

and thereafter recoded to again become categorical 

No=n682 

Yes=n7036 

NA= n8 

Delivery 

performed by 

caesarean 

section 

V401 Weather the child was delivered 

by caesarean section or not 

Categorical No 

Yes 

No=n6651 

Yes=n1075 

NA=n0 

Birth size 

reported 

subjectively of 

respondent 

M18 Size of child as reported 

subjectively by the respondent  

Categorical Very small= Small 

Smaller than average=Small 

Average 

Larger than average=Large 

Very large= Large 

Don’t know=NA 

Small=n1242 

Average=n3420 

Large=n3022 

NA=n42 (33 don’t know+9 missing) 

Mother got 

postnatal 

check-up while 

still were in the 

health facility 

M50 The respondent was asked if got a 

postnatal check-up while still 

were at the health facility. 

Categorical No 

Yes 

 

Question only concerning the latest born child 

No= n3119 

Yes= n2699 

NA=n1980 
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Early initiated 

breastfeeding 

practices 

V426 Time after the birth at which the 

respondent first breastfed the last 

child. The answer immediately is 

coded 0, in hours is coded 100, in 

days is coded 200 

Numerical that 

is recoded to 

Categorical 

0=Yes 

100-else=No 

 

No=n2395 

Yes=n5257 

Na=n74 
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