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ABSTRACT 

Aims: The rate of survival of under-five children is increasing but still very low in Sub-Saharan 

Africa (SSA) region. Thus, this study intended to elucidate the image of under-five children 

survival and to sort out which strong causes are linked to this phenomenon in SSA. Therefore, 

contribute, on the basis of a quantitative analysis outcome, to a good policies making oriented 

regarding the enhancement of the welfare of children in SSA and thus contributing to the 

realization of the second target of Sustainable Development Goals (SDGs) of ensuring child 

survival. 

Methods: Data were obtained from DHS program website: https://www.dhsprogram.com. In 

Births (BR)’s file. Following the inclusion criteria of being aged 5 years or less at the date of 

interview, a total of 26,602 children in Chad, 17,939 children in Angola, 5,270 children in 

Mozambique, 14,587 children in Ethiopia, 13,200 children in Tanzania, and 7,352 children in 

Zimbabwe children met the criteria and thus included into the analysis. 

The selection of variables was guided by Mosley and Chen model. Bivariate analysis was 

conducted to identify variables that were statistically associated with child survival in SSA using 

both Kaplan-Meier and life table and were subsequently considered into the cox proportional 

hazard model analysis to estimate their strength of effect on child survival in SSA region. All 

analyses were done in STATA15. 

Results:  The bivariate analysis revealed that all socio-economic and proximate as well as 

environmental factors considered in this study are statistically associated with the SSA children 

survival though the association vary considering country level and thus were all selected to be 

predicting child survival. Unlike Kaplan-Meier method, the cox proportional hazard model 

revealed that environmental factors have low power to the survivorship of SSA children whereas 

it confirms with Kaplan-Meier for both socio-economic and proximate factors with most 

influential being short inter-pregnancy interval and mothers low education level.  

Conclusions: Our findings indicated that child survival in SSA is mainly associated with fertility 

behaviors especially inter-pregnancy interval and mother education level. 

Key word: Under-five children, DHS, Time to event data, Hazard ratio; SSA  

https://www.dhsprogram.com/


3 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

LIST OF ACRONYMS 

 

BR Births 

CMC Century Month Code 

CSA Central Statistical Agency of Ethiopia 

EDHS Ethiopia Demographic and Health Survey 

EDST Enquête Démographique et de Santé au Chad 

GDP Gross Domestic Product 

i.e id est or “That is” 

INE Instituto Nacional de Estatística, Angola 

INSEED Institut National de la Statistique, des Études 

Économiques et Démographiques du Chad 

MDGs Millennium Development Goals 

NBS National Bureau of Statistics of Tanzania 

SDGs Sustainable Development Goals 

SSA Sub-Saharan Africa 

TDHS Tanzania Demographic and Health Survey 

UNDP United Nations Development Programme 

UNICEF United Nations Children’s Fund 

USAID United States Agency for International Development 

ZDHS Zimbabwe Demographic and Health Survey 

 

 ZNSA Zimbabwe National Statistics Agency 

 

  



4 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

TABLE OF CONTENTS 

ACKNOWLEDGEMENT ............................................................................................................................ 1 

ABSTRACT .................................................................................................................................................. 2 

LIST OF ACRONYMS ................................................................................................................................ 3 

LIST OF TABLES ........................................................................................................................................ 6 

LIST OF FIGURES ...................................................................................................................................... 7 

1. INTRODUCTION ................................................................................................................................ 8 

1.1. Purpose ........................................................................................................................................ 10 

1.2. Organization of the thesis ........................................................................................................... 11 

2. LITERATURE REVIEW ................................................................................................................... 12 

3. METHODOLOGY ............................................................................................................................. 13 

3.1. Survival function for time to event data ...................................................................................... 13 

3.2. Kaplan-Meier estimator .............................................................................................................. 15 

3.2.1. Testing the equality of Kaplan-Meier survival curves ........................................................ 16 

3.2.2. Limitation of Kaplan-Meier method ................................................................................... 17 

3.3. Life tables .................................................................................................................................... 18 

3.3.1. Limitation of life table method ........................................................................................... 19 

3.4. Cox proportional hazard regression model ................................................................................. 20 

3.4.1. Interpretation of hazard model ................................................................................................ 22 

3.4.2. Limitation of cox proportional hazard model method ........................................................ 22 

4. DATA ................................................................................................................................................. 23 

4.1. Sample size ................................................................................................................................. 23 

4.2. Sampling techniques ................................................................................................................... 24 

4.3. The selection of variables ........................................................................................................... 25 

5. RESULTS AND ANALYSIS ............................................................................................................. 28 

5.1. Survivorship of Sub-Saharan under-five children among selected countries ................................. 28 

5.2. Kaplan-Meier results ................................................................................................................... 31 

5.3. Log rank test results .................................................................................................................... 33 

5.4. Risk factors of under-five mortality in SSA ................................................................................... 35 

5.4.1. Testing the proportional hazard assumption ....................................................................... 39 

6. CONCLUSION, DISCUSSION AND RECOMMENDATIONS FOR FUTURE STUDIES............ 40 

6.1. Conclusion .................................................................................................................................. 40 



5 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

6.2. Discussion ................................................................................................................................... 41 

6.3. Recommendations ....................................................................................................................... 42 

6.3.1. Recommendation for further research ....................................................................................... 42 

6.3.2. Recommendation for DHS program ......................................................................................... 42 

6.3.3. Recommendation for SSA countries ......................................................................................... 42 

REFERENCES ........................................................................................................................................... 43 

A. APPENDICES .................................................................................................................................... 46 

A.1. Under-five mortality trend for selected Sub-Saharan Countries (1990-2016) ............................ 46 

A2: Sub-Saharan survival pattern of under-five children ....................................................................... 47 

A3. Standard DHS data file type ............................................................................................................. 47 

A.4. Worked example of estimating expected deaths in log rank test .................................................... 49 

A5. Method of estimating child mortality rate ........................................................................................ 50 

A.6. Mosley and Chen framework of child survival ............................................................................... 51 

A.7.Data management and analysis commands ...................................................................................... 52 

A.8. Authorization to use DHS data ....................................................................................................... 54 

 

 

  



6 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

LIST OF TABLES 

 

Table 1: The 2x2 table constructed at every unit of time for estimating expected deaths .......................... 17 

Table 2: Sampled Sub-Saharan countries ................................................................................................... 23 

Table 3: Selected Variables for Analysis of child survival ......................................................................... 26 

Table 4: Key child mortality rate by country .............................................................................................. 28 

Table 5: Life table for under-five sub-Saharan children in selected countries ........................................... 29 

Table 6: Log rank test ................................................................................................................................. 34 

Table 7: Cox proportional hazard model results ......................................................................................... 38 

 

  



7 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

LIST OF FIGURES 

Figure 1: General example of a survival curve ........................................................................................... 14 

Figure 2: General example of Hazard function ........................................................................................... 20 

Figure 3: children’s survival probabilistic in SSA ...................................................................................... 31 

Figure 4: General picture of children survival in SSA ................................................................................ 32 

Figure 5: Test of proportional hazard assumption ...................................................................................... 39 

 

  



8 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

1. INTRODUCTION 

Mortality especially child mortality decline is a prerequisite for the decline in fertility that 

developing countries struggled for years and years. The decline in mortality rate gives mothers 

the hope to the survivorship of their children and it is happens during industrialization stage 

where children are no longer economic assets. This push couples to produce less considering the 

economic burden of raising children and thus decline in total fertility rate. SSA has its own 

demographic transition pattern where the decline in fertility were associated with improved 

health facilities rather than industrialization which do not affect much to the producing behaviors 

of couples in that region(Woodrow and Watson, 2015). The most vulnerable are neonates, 

infancy and under-five years’ old children. Various reports from health organizations and 

researchers revealed significant worldwide progress in the reduction of the rate of mortality 

among those vulnerable populations. On the other side (Suzuki and Kashiwase, 2017) in their 

UN report on mortality analysis they revealed that 16 years ago from 1990 there was no change 

in neonatal deaths. The number was estimated to be 1,043,000 deaths in 1990 against 1,040,000 

deaths in 2016. 

Despite the progress made, Sub-Saharan and South-East Asia still carry the burden of 80 percent 

of all global under-five deaths(UNICEF et al., 2017). These two regions share nearly the same 

part: 39 percent of all deaths occurred in southern Asia whereas 38 percent occurred in sub-

Saharan region. The astounding thing is that among 5 countries whose half of the global under-

five deaths three of them is part of sub-Saharan countries namely: Nigeria, Ethiopia, and Congo 

Democratic Republic. (UNICEF et al., 2017) projected that if current trend remain there will be 

50 countries that will not meet the SDG target on child survival or halving the child mortality 

rate of 2015 by 2030. Moreover by that time among 6 million estimated under-five deaths half of 

them will be newborns. This persistence of high mortality rate slowed the growth of the 

economies in countries with higher mortality for instance SSA (Amiri and Gerdtham, 2013). 

Though they are no available estimates of impact of under-five mortality on GDP, numerous 

researchers argued that there is a positive relationship between economic decline and increase in 

under-five mortality rate in SSA region with an estimated loss of 154 us dollar for every died 

child(O’Hare et al., 2012). 
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Considering the survivorship situation of the most vulnerable population as attracted by a lot of 

researcher due to their major health concern; the under-five mortality rate for instance infant is 

relatively low among developed countries and burdening South-East Asian and Sub-Saharan 

countries(UNICEF, 2016). In 2016, estimated 5.6 million children died before celebrating their 

fifth birthday. Which is equal to 15000 under-five deaths per day. SSA had an average rate of 

under-five mortality of 79 deaths per 1000 live births which is translated to 1 death for every 13 

living children. This rate is almost 15 times as likely compared to countries high countries whose 

ratio of 1 death for every 180 living children (UNICEF et al., 2017). 

These global statistics indicates that if current trend in mortality rate continue there will be a gap 

of 10 years to achieve MDG4 target of reducing the child mortality by two third(UNICEF et al., 

2015). This indicates that there is a need for concerted effort to increase the pace of mortality 

decline especially among fragile countries where their children are 2 as less likely to celebrate 

their fifth birthday compared to non-fragile countries. 

This shows that there still needs of combined effort to help behind countries achieve the SDGs 

targets. This calls researchers for instance (Nasejje, 2015) who studied Ugandan children 

survival using UDHS2011 using survival analysis approach techniques to find out root causes of 

persistence higher mortality at every stage of child’s life. Most of them used standard analysis 

techniques rather than Survival analysis techniques which understate the results and thus 

ineffective policies from wrong recommendations are formulated. 

Survival analysis is a set of statistical concepts, models and methods for studying the 

occurrences of events over time for a number of subjects. That occurrence could be periodic (for 

recurrent events) or happens once (for time events). Thus this study is limited for time event 

(time till death for newborn child). 

The survival analysis is used to model the distribution of survival times and estimate the effect of 

risk factors of the survivorship(Mokgoropo and Walace, 2014). The function consider the 

information regarding lost in follow-up and those experiencing an event against ones who were 

at risk and then build a connection of survival probabilities at each time interval till the end of 

observation period. 

There is a considerable interest among statisticians in models of duration where “event” could be 

relapse of an illness, death, or failure of a product component. There were limitations in analysis 
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such events using standard regression models or other statistical tests like in cross sectional 

studies underlying distribution is rarely normal and the data are often censored(Bewick et al., 

2004) . But The Kaplan–Meier methods, log rank test and Cox's proportional hazards model are 

appropriate and they will be elaborated in this study in analyzing the survival probabilities of 

births cohort(Getachew and Bekele, 2016). Under these methods a cohort is followed during a 

given time interval in years. Beyond the follow up period survived children will be right 

censored and then followed for another kind study. 

 

1.1. Purpose 

This is a retrospective study of selected Sub-Saharan countries with higher under-five mortality 

rate (see appendix1) whose available and accessible data of DHS conducted in 2014 or later.  

The study analyzed the survivorship of children from birth till the age of five years in each 

country. This kind of study produces biased results when classical modeling techniques are 

applied but survival analysis approach for instance Kaplan–Meier method, Life tables and Cox's 

proportional hazards model are usually more appropriate as they were elaborated in the 

methodological party of this study(Getachew and Bekele, 2016).  

These methods helped us to know the risk of dying for every born child at every stage of life and 

associated root causes of that reported risk. Unlike DHS reports did this study therefore reported 

the pattern of survival probabilities at every month of life from births within and across countries 

and risk factors (for low survival probability) were identified. This helps to make comparison as 

well as generalization as previous researchers stick for only one country but hope with this 

combined study the SSA countries will all be alert for the same results and recommendations. 

This will help to evaluate and improve the child health and therefore contribute to meet the SDG 

target for countries in the SSA region as well as the rest of the world.  
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1.2. Organization of the thesis 

The next section (section 2) will highlight key previous researchers that applied survival 

approach methods to study the survivorship of children and the standard framework of 

understanding the risk factors of under-five mortality will be discussed and in section 3 we will 

discuss the methodology of selecting variables and we will provide the detailed distinction of 

survival analysis methods adopted in this study (Kaplan-Meier, Life table and cox proportional 

hazard model). The data generation process and sample size calculations will be discussed in 

section 4 while the section 5 presents the detailed results of analysis. Conclusion and 

recommendation are drawn in section 6. 
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2. LITERATURE REVIEW 

Previous researchers applied survival analysis approach to study child mortality and they argued 

that they are most relevant because they are capable of incorporate time aspect in estimating the 

outcome variable(Nasejje, 2015). Like Nasejje, (Getachew and Bekele, 2016) used non 

parametric methods (Kaplan-Meier and life table) and semi parametric method (Cox proportional 

hazard model) to study the survivorship and their associated factors among Ethiopian under-five 

children and they confirmed that these methods are appropriate for skewed distribution like 

survival distribution. 

The same approach was used also by (Greenwell and Winner, 2014) to assess the health 

outcomes on children survival in Guinea. They claimed that the survival analysis methods are 

appropriate because they uses information on how long it takes to make transition from entry 

into the study to occurrence of event of interest. They added that compared to classical methods 

survival methods facilitates the assessment of potential risk factors of children mortality. 

On the other hand, (Lemani, 2013) studied the survivorship of infant children in Malawi using 

both logistic model and cox proportional hazard model but he claimed that the logistic method 

has low statistical power on censored children. Thus it is problematic to use it when the time to 

exposure is short and when the risk of experiencing an event of interest vary with time. However 

he recommended using survival approach in such situations. 

The risk factors associated with child mortality have been developed by (Mosley and Chen, 

1984a) and become the standard model of analyzing the survival of children from developing 

countries. Their model illustrates the inter-relationship between socio-economic, environmental, 

and proximate factors of child mortality. See appendix 6. 

The strength of effect of these variables is usually tested using logistic model, cox proportional 

hazard model. When investigating survival event (Chukwu and Okonkwo, 2015) introduced 

Cox-Frailty model that can be used when cox proportional hazard model fail. So, he claimed that 

it is an alternative not a priority. Though other survival approach methods are used to investigate 

the occurrence of an event of interest most of them confirmed that Kaplan-Meier, life table and 

cox proportional hazard model are the most popular and useful methods that should be used together to 

get the unbiased results of the association between life time variable of a child and the occurrence of an 

event(AFZAL and ALAM, 2013).  
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3.  METHODOLOGY 

In this section we present the models that are used in this study. We therefore limited it to the 

most popular ones  Kaplan-Meier and Life tables method as used to estimate survival ratios over 

time as well survival probabilities and cox proportional hazard model as used to assess the 

strength of influence of one covariate against other to the probability of experiencing a survival 

event(Gail and Krickeberg, 2005).  

The first two methods (Kaplan-Meier and life table) are similar. The only difference is that for 

life table method intervals are based on calendar time instead of observed events. Thus life table 

use average risk set for each interval to estimate survival function. For this reason it is useful 

when studying the survival of group of individuals is of interest or when we do not know the 

individual survival information. In addition, these two methods are used inline with cox 

proportional hazard model since they have no power to estimate the strength of influence of a 

lifetime variable on the occurrence of an event of interest. 

These 3 methods are appropriate because dependent variable in survival analysis is composed of 

two parts: one is the time to event and the other is the event status, which records if the event of 

interest occurred or not. Thus classical approach cannot incorporate both time and event aspects 

information while estimating the chances of occurrence of an event(Ayele et al., 2017). 

3.1. Survival function for time to event data 

The Survival analysis is a set of statistical concepts, models and methods for studying the 

occurrences of events over time for a number of subjects and is mostly conducted using survival 

curves also referred to as survival functions”. The subjects under study may be humans, animals, 

engines, etc. Whereas the events of interest may be deaths, cancer diagnoses, divorces, child 

births, engine failures, etc. 

A survival time is the time elapsed from an initial event to a well-defined end-point.  

E.g: – From birth to death (time=age) 

      – From birth to breast cancer diagnosis (time=age) 

      – From disease onset to death (time=disease duration) 

     – From marriage to divorce (time=duration of marriage) 
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This technique allows one to depict the pattern of experiencing a survival event over time. The 

function is usually downward sloping curve with time at the x-axis and survival probability at y-

axis as indicated by figure1 below: 

Figure 1: General example of a survival curve 

 

Source: (Gail and Krickeberg, 2005) 

In general, the survival time is estimated based on three basic elements: “Time each individual 

enter the study”; “occurrence of an event of interest; and “measurement scale of the passage of 

time”. 

The probability that an individual will survive longer that a time t is estimated by survival 

function which is noted as S(t). 

 S t  P(T t) 1 P(T t) 1 F(t)          

Where: - F(t) P(T t)   is a cumulative distribution function of T 

             -T is the survival time and it is continuous 

             - 0 S(t) 1   and it is clear that the survival function is a downward sloping. 
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Note that the survival function is skewed. Thus unless under some assumptions on censored 

observations, it cannot be summarized using standard measure of central tendency mean and 

mode but only median and percentiles can do. 

A survival time is described as censored when there is a follow-up time but the event has not yet 

occurred or is not known to have occurred. In our case children who survived longer than 

observation period (5 years) were right censored and they could be followed by another kind of 

study. 

In clinical trial and other survival data application, though data can also be left censored
 †

, right 

censoring is the most form encountered. For example a new born child may be followed during a 

study in 5 years, a child who does not experience the event of interest for the duration of the 

study is said to be right censored.  

3.2. Kaplan-Meier estimator 

Kaplan Meier method was used to estimate the probability of dying (the hazard probability), the 

probability of surviving and median survival time. Under this graphical technique, bivariate 

analysis of child survival was depicted within and across countries. Thus survival function could 

be estimated using Kaplan-Meier graph. It particularity is that it first takes into account both 

censored and uncensored observations secondly assumes that censored times are independent to 

survival times while estimating survival probabilities. The Kaplan-Meier estimator is denoted as

s(t)


. 

i

i

t t
i 1

m
s(t) (1 )

r






    

Where: - s(t)


 is The Kaplan-Meier estimator and it was used to estimate the survivor function in 

this study; and 
i

t is the time after 
i 1

t


 

In this study 
i

m  represents number of children died whereas 
i 1

r


 represent number of children 

living at the start. The record of the child is an observation includes censored observations. 

Therefore, for each interval the survival probability is calculated as the number of children 

survived over the number of children at risk. This means that children who have died are not 

considered as “at risk”. The total probability of survival at that interval is equal to the 

                                                           
†
 occur when a person’s true survival is less than or equal to that person’s observed survival time 
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multiplication of probabilities of surviving at all the preceding intervals by applying the law of 

probabilities multiplication. The median survival time is the indicated by the probability of 

surviving at the end of a particular time (L=0.50) (Kishore et al., 2010). -The process is the same 

as binomial distribution process with 
i

n trials and 
i

m success(Mokgoropo and Walace, 2014).  

The Kaplan-Meier curve has a downward sloping to the fact that survivors decrease with the 

increase of time as shown in a hypothetical figure 1. 

3.2.1. Testing the equality of Kaplan-Meier survival curves 

The log rank test is useful method to test the equality of two or more survival functions. The 

standard methods are appropriate only to test the equality for only surveys data. This test can 

take into account the survival pattern and detect any possible association with the pattern of 

another covariate as time passes. 

The test also helps one to test the difference of survival function within covariates all across 

strata under the null hypothesis of: 

H0: The risk of experiencing an event (death for our case) is the same or the survival 

distributions are the same. Against 

H1: The risk of experiencing an event (death for our case) is not the same or the survival 

distributions are different.  

In log rank test both censored and uncensored observations survival times are placed in rank 

order in each group being compared to obtain the observed and expected events and the test 

statistic is estimated using the mathematical formulae below: 

The log rank test statistic (L) 
2 2

1 1 2 2

1 2

(O E ) (O E )
L

E E

 
   

2L   ; With k-1 degrees of freedom.  i.e k is the number of groups 

In this study, 
1

O  represents the total number of under –five children died during five years 

preceding the survey in group 1;
2

O  represents the total number of under –five children died 



17 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

during five years preceding the survey in group 2; 
1

E represent the total number of expected 

under-five children died during five years preceding the survey in group1 and 
2

E represent the 

total number of expected under-five children died during five years preceding the survey in 

group 2. 

Therefore, the null hypothesis is rejected in favor of alternative one whenever 2L    or the 

probability under null hypothesis (P-value) is less than the “level of significant”(Gail and 

Krickeberg, 2005).  

However, the table 1 indicates the way forward to estimate the expected under-five deaths. 

Table 1: The 2x2 table constructed at every unit of time for estimating expected deaths 

Variable Deaths Survival Sample size 

Group1 d1 n1-d1 n1 

Group2 d2 n2-d2 n2 

Total D n-d n 

 These expected deaths are obtained by: 












n

0t
t

t1

t1

n

n
*dE  

                                                    












n

0t
t

t2

t2

n

n
*dE (See Appendix4) 

3.2.2. Limitation of Kaplan-Meier method 

The Kaplan-Meier is the most popular method in survival analysis studies. Together with log 

rank test it may help to estimate survival probabilities and make comparison between groups. 

But sometime one may need more than that; for instance one would like to compare more than 

two groups at time and estimate the strength of effect of every factor. In such case, the log rank 

test which is purely a significant test would tell nothing about it. Hence the need for the 

regression technique like cox proportional hazard model as described in the next paragraphs.   
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3.3. Life tables 

The life table procedure is a conventional approach used since the 18th century to analyze the 

distribution of mortality in a population. It takes into account information from censored cases 

whose full observation period will not have elapsed at the time of interview and whose survival 

outcome cannot therefore be recorded. The life table will allow depicting survival ratios and 

failure rate at every time interval (WHO et al., 2013). This method is an alternative method of 

Kaplan-Meir method with particularity of being able to assess the survivorship function of 

groups of individuals even though there is no survival information at individual level. 

 

In this study failure rate are mortality rate: infant mortality rate (IMR) and under-five mortality 

rate (U5MR) and they were mathematically estimated as:   

     5 0

1 0

U5MR q *1000

IMR q *1000




 

In the estimation of infant and under-five mortality rates indicated by equation (3),

5 0 1 0 4 1
q 1 (1 q )(1 q )     

Where:     -
1

4 1

1

4*M
q

1 4(1 0.4)*M


   
 

                -
0

1 0

0

M
q

1 (1 a)* M


   
 

Note that “a “is the fraction of year lived by an infant and it is equal to 0.1 for countries with low 

mortality rate and 0.3 for countries with high mortality rate (WHO et al., 2013). 

n x
q is the probability of dying between age X and age X+n 

Mo and M1 are death rates for age < 1 year and age group of 1-4 years respectively and they are 

calculated as: 0

0

0

D
M

P
  and 1

1

1

D
M

P
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In the above formula, 0
D  and 

1
D  are number of deaths at the age <1 year and between the age 

group of 1-4 years whereas 
0

P and 
1

P  are the mid-year population for the same age group. We 

limited this study to the following death rate: 

Infant mortality: Deaths at ages 0 to 11 months (also includes deaths reported as age zero years) 

Child mortality: Deaths at age 1–4 years (also includes deaths reported as age 12–59 months) 

Under-five mortality: Deaths at age 0–4 years (also includes deaths reported as age 0–59 

months and 0–59 days). See appendix5 for method of estimation 

3.3.1. Limitation of life table method 

The life table method is mostly used against Kaplan-Meier method to estimate survival 

probabilities when individual information is not available. The life table method usually provides 

estimates in interval and assumes that mortality is proportional at every year. But individuals in a 

population come from different cohorts with different mortality experiences. However, the 

assumption of proportional mortality (Mortality is independent of calendar time) is not always 

met and can excess the mortality rate.  
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3.4.  Cox proportional hazard regression model 

The cox-proportional hazard regression model has been used for analyzing survival data. It is 

was used to check the existing association between child mortality and life time variables found 

to have a significant association with child mortality in Kaplan-Meier estimation with the help of 

hazard ratios.  

Unlike survival function that focuses on survival hazard function focuses on failure and it is 

denoted as h (t). Therefore, the hazard function is an upward curve that range from zero to 

infinity. 

Figure 2: General example of Hazard function  

 Source: (Gail and Krickeberg, 2005) 

  



21 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

The figure 2 illustrates three hazards. These are rate of probabilities of experiencing an event. 

The upper hazard indicates higher failure rate (i.e low survival probability) whereas the bottom 

hazard indicates low rate of probabilities of experiencing an event (i.e higher survival 

probabilities). However there is an opposite relationship between S(t)  andh(t) . The hazard 

function h(t)  is a function of rates of experiencing an event and it ranged from 0 to infinity 

whereas S(t) is a function of probability of not experiencing an event and it decrease from 1 to 0. 

The cox proportional hazard model used in this study has the following form: 

1 1 2 2 P P( X X ... X )

i 0
h (t) h (t)*e

   
    

Where: - 
i

h (t) is hazard of death for child I at time t 

- 
0

h (t)  is baseline hazard at time t for x=0 ( i.e. all covariates at their appropriate 

reference levels) 

-   is the vector of unknown coefficients of independent variables: x1, x2,…xp 

- 
ie
is the hazard ratio. If i

 is greater than 0 the hazard ratio will be greater than 1 

The dependent variable was the hazard of infant deaths (0-11 months) and under-five deaths (0-

59months). We excluded neonate’s mortality analysis because there no information regarding the 

exact date of birth of children in days in our datasets files so that we can be able to follow daily 

survivors from birth till 29 days. 

Under this method we can estimate the effect (hazard ratio) of each life time variable on child 

mortality and be able to compare these hazard ratios between countries. 
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3.4.1.  Interpretation of hazard model 

The cox proportional hazard model outputs are interpreted like the standard logistic regression 

model by considering the hazard ratio value and confidence interval values or probability under 

null hypothesis value. The hazard ratio value indicates the strength of effect of the life time 

variable on the survival variable. The hazard ratio of 1 indicates absence of effect; hazard ratio 

greater than 1 indicates higher effect while hazard ratio less than 1 indicates lesser effect of 

experiencing an event (death for our case) for exposed group against reference group controlling 

the effect of the other lifetime variables(Gail and Krickeberg, 2005). 

The hazards should be constant over time for cox proportional hazard model to fit the data. There 

different ways of testing this assumption but we only use the graphical method. Under this 

method the cox proportional hazard assumption is not violated whenever the graph of the log(-

log(survival)) versus survival time graph are parallel lines (Abeysekera and Sooriyarachchi, 

2008). 

3.4.2. Limitation of cox proportional hazard model method 

The cox proportional hazard model is mostly used in estimating the strength of effect of life time 

factors on survival outcome. This method is limited only on non-informative censored and 

proportional hazard data. The non-informative censoring assumption requires that the occurrence 

of an event of interest has no relationship with the mechanism that give rise to the occurrence of 

individuals’ censoring while the proportional hazard assumption requires that relative risk of 

experiencing an event for individuals is constant over time (i.e. Hazard ratio is constant over 

time). 

These two assumptions must hold in order to use the cox proportional hazard method otherwise 

its use in survival analysis may lead to false results. In that case other appropriate method should 

be used (PERSSON, 2002).  
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4.  DATA 

This is a retrospective study of selected SSA countries with higher under-five mortality rate. As 

discussed in earlier sections SSA account for almost 40 percent of all global under-five deaths 

and possess an average under-five mortality rate of 79 deaths per 1000 live births. However, to 

assess the risk factors associated with that higher mortality rate we chose all countries in that 

region whose under-five mortality rate above the global average (40 deaths per 1000 live births) 

whose available and accessible recent DHS data sets(Collected from 2014 or later). These data 

sets were requested to the DHS program authorities. The DHS program is a USAID project to 

assist developing countries worldwide in collecting and monitoring data to evaluate the 

population, health and nutrition programs. The project has other contributors like UNICEF, 

WHO, UNFPA and UNAIDS. All official raw data and reports from all countries where DHS is 

application can be accessed through https://www.dhsprogram.com. The table 1 indicates top 6 

countries meet the criteria and considered in this study. 

Table 2: Sampled Sub-Saharan countries 

Countries Surveyed date Under-five mortality 

rate/ 1000 live births 

World 

Ranking
‡
 

Chad October2014-April2015 127.3 

 

2 

Angola November 2015-Feb2016 82.5 

 

18 

Mozambique May-June 2015 71.3 

 

33 

Ethiopia Jan-June 2016 58.4 

 

46 

 

Tanzania August 2015-Feb 2016 56.7 

 

47 

 

Zimbabwe July-December 2015 56.4 

 

48 

 

Source: (WORLD BANK, 2016) 

4.1.  Sample size 

The data are saved based on standard formats in 6 files (see appendix 3) but the researcher 

pooled the recorded files of individual births (BR) from the selected Sub-Saharan countries’ 

DHS surveys. The observations consist of retrospective data obtained from mother’s birth 

                                                           
‡
 The rank on the world bank estimation of world’s countries mortality rate from highest to 

lowest under-five mortality rate in 2016 

https://www.dhsprogram.com/
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histories. Within 5 years before the date of interview, there were 26,602 births in Chad, 17,939 

births in Angola, 5,270 births in Mozambique, 14,587 births in Ethiopia, 13,200 births in 

Tanzania, and 7,352 births in Zimbabwe. During the follow up, the observation period is 11 

months for infant, 47 months for child mortality and 59 months following birth for under-five 

children; the survival status was recorded in months for infancy and years for under-five.  

4.2. Sampling techniques 

The sampling was done by countries’ statistical agencies following the standard DHS sampling 

design. In all countries it was done in two stages: the first stage involved the stratification 

selection of primary sampling units (PSUs) or enumeration areas (EAs
§
) of the recent population 

and household census of each country.  In  each  stratum,  a  sample  of  a  predetermined  

number  of  EAs  is  selected  independently  with  probability  proportional  to  the  EA’s  

measure  of  size. The households listing operation was implemented in all selected EAs. The 

listing consist of visiting each selected EA; drawing a location map; and recording on the 

household listing forms all the occupied residential households found in the EA with the address 

and name of head of household. Therefore, the resulting list served as the sampling frame for the 

second stage of selecting households.  

The second stage involved the selection of second sampling unit or households by equal 

probability systematic sampling. Then in each selected household all woman aged between 15-

49 years were selected to participate into the survey (THANH and VIJAY, 1997). Therefore the 

selected woman reported the birth histories of all her living and dead children. During the 

implementation phase, no change of the pre-selected households or replacement was allowed in 

order to avoid sampling bias. These two sampling stages are enough to ensure a national 

representative sample and reduces sampling errors (ICF International, 2012). 

 So, the survival status of each child has a non-zero probability of being recorded 

  

                                                           
§
 It is usually a geographic area which groups a number of households together for convenient 

counting purposes for the census. 
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4.3.  The selection of variables 

The proximate and indirect risk factors of child mortality were select based on the standard 

model of studying child mortality of (Mosley and Chen, 1984b) and (Mosley and Chen, 1984).  

Mosley and Chen model (See appendix 6) show how under-five mortality phenomenon is caused 

by an aggregate of risk factors. Proximate and socioeconomic determinants interact and lead to 

under-five mortality. Environmental, nutrient deficiency factors associated with maternal, 

personal illness control and injury related factors affect positively or negatively a child by giving 

him a healthy and sickness status. The sickness status could be a cause of a child’s growth 

faltering or death. Direct determinants are directly linked to child survival whereas 

socioeconomic or indirect factors influence under-five mortality when they are combined with 

the first one. 

The direct factors comprise a) maternal factors (age at birth, parity, and birth intervals), b) 

nutrient deficiency factors (nutrient availability to the infant and to the mother during pregnancy 

and lactation), c) injuries (recent injuries or injury-related disabilities), d) environmental 

contamination factors (intensity of household crowding, water and food contamination, housing 

conditions, energy availability…), e) personal illness control (use of preventive services as 

immunizations, malaria prophylactics or antenatal care, and use of curative measures for specific 

conditions). 

The indirect factors are made of a) Individual level factors (skills, health and time, usually 

measured by mother’s educational level, tradition/norms/attitudes, beliefs about disease 

causation…), b) Household level factors (food availability, clothing, transportation, daily 

hygienic and preventive care, access to information…), c) Community level factors (climate, 

temperature, altitude, season, rainfall, health system variables…). 

Unfortunately all variables were not considered in this study due to the lack of information in our 

DHS data files but our study cover the most crucial variables outlined also by the other 

researchers. Thus Table 2 indicates selected variables for this study. 
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Table 3: Selected Variables for Analysis of child survival 

Variables (DHS Codes) Label 

Survival analysis 

B7 Age at Death (Months, Imputed) 

B5 Child is alive 

B3 Date of birth (CMC
**

) 

V008 Date of interview(CMC) 

Socio-economic and demographic factors 

V106 Mother Highest education level 

V190 Socio-Economic Status of the Family 

proximate and biological determinants 

BORD Birth order number 

V481 Covered by health insurance 

B11 Previous birth interval(Months) 

B12 Succeeding birth interval (Months) 

B4 Sex of child 

B0 Type of birth (multiple or single birth) 

environmental factors 

V113  Source of drinking water 

V025 Type of place of residence 

V116 Type of toilet facility in a household 

 

In this study, the dependent variable is the dichotomous “survival status” that indicate if an 

under-five child died or not and at which year or month. All births occurred within 5 years before 

the date of interview were included.  

The survival time in years for children who are still alive and those who are died were calculated 

as: 

                                                           
**

 The number of the month since the start of the century 
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Where: age at death (Age at which a child died at), date of interview (Month at which the 

information were collected) and date of birth (Month a child born at) were provided in all 

surveys datasets. 

Social-economic and demographic variables: Mother Highest education level (the highest 

formal education level attained by a mother), Socio-Economic Status of the family (Measured by 

health index) were analyses as taken from DHS. On the other hand among proximate and 

biological determinants: birth order number (The order in which the children were born) was 

recorded as: 1, 2, 3, and more than 4 order; previous birth interval (The difference in months 

between the current birth and the previous birth, counting twins as one birth) and succeeding 

birth interval (The difference in months between the current birth and the succeeding birth, 

counting twins as one birth) were recorded as 1 year, 2 years and above 2 years; Twins (Number 

of children born at time) (B0) was recorded as single or multiple. Lastly among environmental 

related factors: source of drinking water was recorded as piped water or open well water and 

type of toilet facility was recorded as flush toilet, pit and traditional toilet and no toilet.   
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5. RESULTS AND ANALYSIS 

5.1.  Survivorship of Sub-Saharan under-five children among selected countries      

The survival analysis of SSA children indicates very low survival probabilities especially among 

neonates and infancy (see table 5). The failure rates are derived from table 5 by taking 1 minus 

survival probabilities and then times by 1000 to get an estimate of death rate per thousand live 

births. Thus table 4 summarizes key death rates: 

Table 4: Key child mortality rate by country 

Countries 

Infant mortality rate 

  

Under-five mortality rate 

  

Deaths/1000 live 

births 

Live birth /1 

death 

Deaths/1000 

live births 

Live birth 

/1 death 

Angola 44 23 64 16 

Ethiopia 51 20 76 14 

Mozambique 26 39 40 25 

Chad 68 15 125 8 

Tanzania 43 24 64 16 

Zimbabwe 47 22 62 17 

Weighted Average 52 22 84 14 

 

The weighted average in table 4 above indicates that in SSA for every 1000 live birth: 52 

children die before completing their first birth day
††

 while 84 die without celebrating their fifth 

birth day
‡‡

. This is translated to one infant death for every 22 live birth and 1 under-five death 

for every 14 live births. This rate of under-five mortality is affected by rate of mortality among 

Chadian children whose rate of 125 deaths per 1000 live birth. By excluding Chad rate, the SSA 

average rate of under-five mortality becomes 62 deaths per 1000 live births.  

This is translated to: In Chad for every 8 live births 1 die without celebrating her/his fifth 

birthday while on average in other countries for every 17 live births also one die without 

celebrating the fifth birth day. For infancy, in Chad for every 15 live births 1 die before 

celebrating the first birth day. The average rate for other countries is 1 death per 25 live births. 

The table5 displays the survival details for every mid-year time interval for all countries 

considered in this study.  

                                                           
††

 Completion first year of life 
‡‡

 Completion first 5 years of life 
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Table 5: Life table for under-five sub-Saharan children in selected countries  

Interval/years Beg.Total
§§

 Deaths Lost
***

 Probabilities Survival 

Angola 

0   1
†††

 14437 462 1533 0.0338 0.9662 

1   1 12442 114 1414 0.0432 0.9568 

1   2 10914 48 1449 0.0477 0.9523 

2   2 9417 16 1393 0.0494 0.9506 

2   3 8008 46 1324 0.0554 0.9446 

3   3 6638 1 1368 0.0555 0.9445 

3   4 5269 19 1314 0.0594 0.9406 

4   4 3936 2 1284 0.06 0.94 

4   5 2650 6 1237 0.0628 0.9372 

5   5 1407 1 1233 0.064 0.936 

5   6 173 0 173 0.064 0.936 

Ethiopia 

0   1 10746 433 1013 0.0423 0.9577 

1   1 9300 76 1022 0.0506 0.9494 

1   2 8202 52 1136 0.057 0.943 

2   2 7014 20 817 0.0599 0.9401 

2   3 6177 34 1101 0.0656 0.9344 

3   3 5042 0 818 0.0656 0.9344 

3   4 4224 15 1138 0.0694 0.9306 

4   4 3071 0 802 0.0694 0.9306 

4   5 2269 11 1248 0.0756 0.9244 

5   5 1010 0 844 0.0756 0.9244 

5   6 166 0 166 0.0756 0.9244 

Mozambique 

0   1 5232 101 528 0.0203 0.9797 

1   1 4603 24 514 0.0257 0.9743 

1   2 4065 26 549 0.0324 0.9676 

2   2 3490 3 480 0.0333 0.9667 

2   3 3007 10 528 0.0368 0.9632 

3   3 2469 1 477 0.0373 0.9627 

3   4 1991 2 584 0.0384 0.9616 

4   4 1405 0 459 0.0384 0.9616 

4   5 946 1 473 0.0398 0.9602 

5    5 472 0 421 0.0398 0.9602 

5    6 51 1 50 0.0767 0.9233 

                                                           
§§

 The total number of children at risk of dying at the time interval shown in the first column 

***
 The number of children censored (and thence no longer entering the risk set 

†††
  Every interval represent 6 months  
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Interval/years Beg.Total        Deaths         Lost       Probabilities           Survival 

Chad 

0    1 18874 859 1843 0.0478 0.9522 

1    1 16172 321 1672 0.0678 0.9322 

1    2 14179 226 1596 0.0835 0.9165 

2    2 12357 55 1284 0.0878 0.9122 

2    3 11018 193 1656 0.1051 0.8949 

3    3 9169 0 1664 0.1051 0.8949 

3    4 7505 83 1736 0.1163 0.8837 

4    4 5686 0 1841 0.1163 0.8837 

4    5 3845 29 1634 0.1248 0.8752 

5    5 2182 0 1975 0.1248 0.8752 

5    6 207 0 207 0.1248 0.8752 

Tanzania 

0    1 10293 345 976 0.0352 0.9648 

1    1 8972 69 1006 0.043 0.957 

1    2 7897 42 1120 0.0485 0.9515 

2    2 6735 33 1017 0.0536 0.9464 

2    3 5685 18 993 0.0569 0.9431 

3    3 4674 0 888 0.0569 0.9431 

3    4 3786 15 962 0.0611 0.9389 

4    4 2809 0 848 0.0611 0.9389 

4    5 1961 4 930 0.0636 0.9364 

5    5 1027 0 891 0.0636 0.9364 

5    6 136 0 136 0.0636 0.9364 

Zimbabwe 

0    1 6194 228 574 0.0386 0.9614 

1    1 5392 40 571 0.0461 0.9539 

1    2 4781 33 589 0.0531 0.9469 

2    2 4159 10 548 0.0556 0.9444 

2    3 3601 12 599 0.059 0.941 

3    3 2990 0 574 0.059 0.941 

3    4 2416 4 579 0.0608 0.9392 

4    4 1833 0 577 0.0608 0.9392 

4    5 1256 1 575 0.0618 0.9382 

5    5 680 0 571 0.0618 0.9382 

5    6 109 0 109 0.0618 0.9382 
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5.2.  Kaplan-Meier results 

The Kaplan-Meier results confirm with the life table results. The survival probability is very low 

among newborns and starts to stabilize when children reach two years of age. This means that 

children aged between [0-2] years are at higher risk of dying and that risk decrease with the 

increase of age for both children aged between [0-2] years and those aged between [2-5] years. 

Among selected countries Mozambique has higher infant survivors compared to the rest 5 

countries whose low infant survivors where Chad is the first on the list. At the later stage of life 

the figure 4 indicates that under-five children from Mozambique have a very low mortality rate 

compared to other considered countries while the mortality rate among under-five children from 

Chad is very high. The other countries showed a closer pattern of mortality among their under-

five children. 

Figure 3: children’s survival probabilistic in SSA 

 

 

As discussed in the earlier paragraph, the figure 3 indicates the survival functions of six SSA 

countries. The upper line is the survival function of under-five children of Mozambique and 

being at the upper indicates that those children have the highest survival probabilities. Unlike 
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Mozambique, Chad has the bottom survival function and it means that Chadian under-five 

children have the lowest survival probabilities. However, the survival probabilities decrease from 

up to bottom. Thus, Mozambique has the highest survival probability followed by Zimbabwe, 

Angola, Tanzania, Ethiopia and lastly by Chad.  

The difference in survival pattern of under-fiver children was also supported by a log rank test 

statistic of equality of survival function (L=2084.22) with 5 degrees of freedom and p-value 

(p=0.0000). 

In general by pooling together the data of all countries, we observed higher mortality among 

children aged between 0 to two years (infancy at higher risk) and considerably low mortality at 

the later age as shown in figure5. 

Figure 4: General picture of children survival in SSA 

 

The figure 5 displays the average survival function of SSA children. By looking at it the function 

drop down quickly till the 23
rd

 months and drop down slowly at the later months. The quick drop 

is a cause of higher rate of mortality and slow drop is an indicator of decrease in child mortality. 

This confirms the average under-five mortality of 84 deaths per 1000 living deaths in SSA 

revealed by the life table analysis.  
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5.3.  Log rank test results 

The log rank test analysis revealed also that among proximate determinants considered in this 

study, the sex of the child has a significant statistical association with child mortality in 

Zimbabwe (L = 4.90 with p = 0.0269) and Angola (L = 7.56 with p = 0.006); The type of birth 

(single or multiple) has a significant statistical association with persistence higher mortality rate 

in all considered countries in the region (L = 75.3 with p = 0.00; L = 68.8 with p = 0.00; L = 4.9 

with p = 0.02; L = 292 with p = 0.00; L = 34.0 with p = 0.00; and L = 37.6 with p = 0.00) in 

Angola, Ethiopia, Mozambique, Chad, Tanzania , and Zimbabwe respectively. The short inter-

pregnancy interval (before the current child or after the current child) also has significant 

association with child mortality in the region. The last proximate life time variable considered is 

being covered by a health insurance. The same test revealed that among considered countries the 

association was confirmed only among Angolans and Zimbabweans children. 

As far as environmental determinants are considered, the log rank test of equality (L) analysis 

indicated that the source of drinking water is associated with child survival in all countries 

except Mozambique. On the other side the type of toilet facility showed also a statistical 

significant association with child survival in Zimbabwe, Tanzania, Ethiopia and Angola. 

The education level of a mother as one of the socio-demographic variables included in this study 

showed also a statistical significant association with child survival in all countries except 

Mozambique (L = 6.81with p = 0.07). Considering their economic status of the family as 

measured by wealth index, unlike other countries, the same country (Mozambique) showed no 

association with the survival of children (L = 2.96 with p = 0.56). 
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Table 6: Log rank test 

Variables Angola Ethiopia Mozambique Chad Tanzania Zimbabwe 

 L
‡‡‡

 p
§§§

  L p  L p  L p  L p  L p 

Socio-economic and demographic factors 

Mother Highest 

education level 

205.4 0.00 278 0.00 6.81 0.07 99.7 0.00 185 0.00 181 0.00 

Socio-Economic 

Status of the 

Family 

79.6 0.00 38.8 0.00 2.96 0.56 67.1 0.00 42.5 0.00 41.0 0.00 

Proximate and biological determinants 

Birth order 

number 

38.6 0.00 112 0.00 18.18 0.00 187 0.000 93.8 0.00 3.36 0.34 

Covered by 

health insurance 

29.8 0.00 0.40 0.52 0.21 0.64 1.55 0.22 0.69 0.40 32.4 0.00 

Previous birth 

interval(Months) 

501 0.00 471 0.00 5.1 0.07 559 0.00 226 0.00 160 0.00 

Succeeding birth 

interval 

(Months) 

220.3 0.00 255 0.00 12 0.00 344 0.00 153 0.00 225 0.00 

Sex of child 7.56 0.00 3.26 0.07 0.5 0.44 3.36 0.06 0.17 0.67 4.90 0.02 

Type of birth 

(multiple or 

single birth) 

75.3 0.00 68.8 0.00 4.9 0.02 292 0.00 34.0 0.00 37.6 0.00 

Environmental factors 

Source of 

drinking water 

5.56 0.01 23.0 0.00

0 

0.0 0.85 6.64 0.01 26.4 0.00 26.6 0.00 

Type of place of 

residence 

35.1 0.00 20.4 0.00 0.0 0.78 0.44 0.5 7.15 0.00 58.9 0.00 

Type of toilet 

facility in a 

household 

69.1 0.00 16.3 0.00 3.2 0.19 0.72 0.6 25.2 0.00 61.3 0.00 

 

                                                           
‡‡‡

 Log rank test statistic 
§§§

 Probability under null hypothesis 
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5.4.  Risk factors of under-five mortality in SSA 

The Kaplan-Meier method depict the survival pattern of under-five children in Sub-Saharan 

region and reported the existing association with some life time variables and family socio-

economic and demographic variables retained in this analysis but it had low power on estimating 

the strength of effect of one covariate against another to the survival pattern. However, with 

estimated hazard ratio in cox proportional hazard model regression we can determine the most 

influential covariates and the degree of influence when other regressors are controlled. 

The regression model results (as shown in table7) indicates that among socio-economic and 

demographic variables considered like in Kaplan-Meier analysis mother education level has a 

signification contribution to the survivorship of the children for all countries except 

Mozambique. This is may be associated with that educated mothers are enlightening to the 

antenatal care services unlike their counterparts. The hazard ratio of 0.192, 0.394, 0.586, 

indicates that in Zimbabwe the child born to a mother whose higher education, secondary 

education or primary education is about 5 times, 2.5 times and 1.7 times less likely to die 

compared to the child born to a mother with no education. In Tanzania only mothers with 

secondary education level influence the survivorship of their children. Their children are 2.6 

times less likely to die compared to the children born with mothers without any formal education 

(HR: 0.389, P=0.016). Unlike others countries, In Angola children born from mothers with 

primary education are 1.3 times more likely to die compared to the ones born from mother with 

no education(HR:1.311, P=0.000). This not the same in Ethiopia where those children are 1.6 

times less likely to die compared to the ones born from mothers with no education(HR: 0.607, 

P=0.000) but the likelihood is 3.5 times less for children born from mothers with higher 

education compared to  the ones born from mothers with no education(HR:0.289, P=0.001). Like 

Tanzania Chadians children born from mothers with secondary education are 1.4 times less 

likely to die compared the ones born from mothers with no education.   

By using the same interpretation technique, we can see that for the next socio-economic variable 

(economic status of the family), a child born from a Zimbabwean poorer family; poorer or 

middle Angolan family reduces his/her risk of dying compared to the one born from the poorest 

family whereas being born from Tanzanian middle, rich or richest family; Ethiopian middle, rich 
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or richest family increase the risk of dying compared to the one born from the poorest family in 

the same country
****

. 

The same model indicates all proximate and biological determinants variables included in the 

analysis have effect on the child survival in all countries in one way or another. For instance the 

fourth or above child born to a mother is less likely to die compared to the first child. This is 

confirmed in all countries except Mozambique. HR= 0.806 (P=0.047); 0.661(P=0.000); 0.812 

(P=0.000); 0.657 (P=0.000) 0.888 (P=0.026) in Zimbabwe, Tanzania, Chad, Ethiopia and Angola 

respectively. 

The health insurance cover Angolan children from death with 1.5 times less probability 

compared to their counterparts (HR: 0.674, P=0.014).  

By considering also inter-pregnancy interval, there is less likelihood of dying for children born 

within 2 years or more after the preceding birth compared to the one born within 1 year 

preceding the previous birth in all countries except Mozambique. This is the same for the birth 

interval succeeding. The likelihood of dying reduces also with the increase of time (2 years or 

more).  

The last proximate determinants variable considered is the sex of the child. Contrary to the 

Kaplan-Meier results the proportional hazard model results confirm it existence association with 

child survival among only Angolan children where female are 1.1 times less likely to die 

compared to their counterparts (HR:0.905, P=0.028). 

The environmental factors also have significant impact on the survivorship of the children in 

SSA as indicated by the cox proportional hazard model results. The source of drinking water has 

an impact among only children from Mozambique and Ethiopia. Ethiopian children who uses 

open well water are 1.4 times less likely to die compared to the ones who uses piped water (HR: 

0.713, P=0.003) whereas in Mozambique children who uses open well water are 4 times less 

likely to die compared to the ones that uses piped water. 

                                                           
****

 Some results are counterintuitive as results of the categorizations criteria which are not 

consistent in all countries or fewer sample size (for the case of Mozambique) 
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 The place of residence has significant influence for only Tanzanian children. Children living in 

rural areas are 1.2 times less likely to die compared to the ones living in urban areas (H.R: 0.845, 

P=0.047). And then children from Mozambique living in families with no toilet facility have a 

very higher chance of dying compared to the ones living in families that use flush toilet facility. 

The table7 displays the details. 
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Table 7: Cox proportional hazard model results        

 

Covariates 

Countries 
Zimbabwe Tanzania Chad Mozambique Ethiopia Angola 
Haz. 
Ratio P>z Haz. 

Ratio P>z Haz. 
Ratio P>z Haz. 

Ratio P>z Haz. 
Ratio P>z Haz. 

Ratio P>z 

Socio-economic and demographic factors 
Mother Education level 
No education 1            

Primary 0.586 0.011 0.9474 0.358 0.984 0.781 0.801 0.737 0.607 0.000 1.311 0.000 

secondary 0.394 0.000 0.389 0.000 0.703 0.016 4.072 0.259 0.845 0.313 0.898 0.204 

Higher 0.192 0.001 1.30e-17 1.000 0.224 0.139   0.289 0.001 0.606 0.273 

Family economic status 
Poorest 1            

Poorer 0.731 0.021 1.135 0.099 1.010 0.887 3.716 0.143 1.076 0.315 0.834 0.004 

Middle 1.274 0.071 1.353 0.000 0.906 0.193 3.384 0.228 1.254 0.005 0.815 0.023 

Richer 0.878 0.589 1.471 0.000 0.862 0.052 0.548 0.700 1.440 0.000 1.120 0.303 

Richest 1.067 0.845 1.788 0.000 0.844 0.133 0.694 0.856 1.373 0.009 0.946 0.686 

Proximate and biological determinants 
Birth order number 
Third birth 0.881 0.256 0.937 0.368 0.997 0.962 1.866 0.506 0.918 0.192 0.898 0.094 

fourth and 
above 0.806 0.047 0.661 0.000 0.812 0.000 0.737 0.711 0.657 0.000 0.888 0.026 

Covered by health insurance 
Yes 1.019 0.950 1.317 0.008 1.166 0.654 2.25e-17 1.000 1.666 0.000 0.674 0.014 

Preceding birth interval 
less than 2 
years 0.636 0.025 0.591 0.000 0.722 0.000 0.406 0.381 0.715 0.000 0.642 0.000 

above 2 years  0.408 0.000 0.419 0.000 0.534 0.000 0.804 0.820 0.459 0.000 0.406 0.000 

Succeeding birth interval 
Less than 2 
years 0.401 0.000 0.435 0.000 0.842 0.042 0.299 0.233 0.614 0.000 0.619 0.000 

Above 2 
years  0.242 0.000 0.318 0.000 0.609 0.000 0.059 0.012 0.426 0.000 0.475 0.000 

Sex of the child 
Female 0.840 0.055 0.948 0.315 1.032 0.496 1.720 0.412 0.939 0.186 0.905 0.028 

Environmental factors 
Source of drinking water 
Open well 
water 1.084 0.591 1.186 0.073 0.941 0.422 0.246 0.040 0.713 0.003 0.909 0.176 

Type of place of residence 
Rural 0.962 0.876 0.845 0.047 1.039 0.670 0.135 0.058 1.192 0.096 0.998 0.980 

Type of toilet facility 
Pit and 
traditional 
toilet 

1.117 0.606 1.077 0.555 0.950 0.796 7.48e+07 . 1.347 0.073 0.878 0.055 

No toilet 1.0878 0.709 1.087 0.523 0.835 0.369 1.32e+09 0.000 1.274 0.156 .994 0.942 
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5.4.1. Testing the proportional hazard assumption 

The figure 5 indicates that the assumption of constant hazards is violated for “Enquête 

Démographique et de Santé au Chad” (EDST) data but respected in all other countries. 

Therefore the cox proportional hazard model is not the best method of predicting the Chadian 

children survival probability. 

Figure 5: Test of proportional hazard assumption 

 

In the above figure the upper line is the negative logarithmic of survival probabilities curve of 

Mozambique followed by Angola, Ethiopia, Chad, Tanzania and Zimbabwe respectively. 

As discussed in the section three of this study, lines should be parallel for them to satisfy the 

proportional hazard assumption. That means that no line should cross the other. But the negative 

logarithm of the negative logarithmic of survival probabilities curve of Chad’ s data cross the 

one of Tanzania at the 35
th

  month which indicates that Chad’s data do not meet the assumption 

of proportional hazard function that requires hazard to be independent of time. 
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6. CONCLUSION, DISCUSSION AND RECOMMENDATIONS FOR FUTURE 

STUDIES 

6.1.  Conclusion 

This study sought to investigate the survival pattern and their associated risk factors among SSA 

children. On the basis of the bivariate output of the results, in SSA 84 children died without 

celebrating their fifth (i.e. one death for every 14 living births) whereas 52 children died without 

completing their first year of life (i.e.one death for every 22 living children. Chad carry the huge 

burden of child mortality: 125 children died without completing their first five years of life per 

1000 living births (i.e.1 death per 8 living births). On the other side Angola, Mozambique, 

Tanzania, Ethiopia and Zimbabwe have nearly equal distribution of child mortality (1 death per 

25 live births for infancy and 1 death per 17 live births for under-five). 

In general the bivariate analysis (using Kaplan-Meier and life table methods) showed that there is 

a low survival probability among under-five SSA children. The survival probability is very low 

at earlier months from birth till the 23
rd

 month of life and start to increase from the 24
th

 month. 

The log rank test analysis showed that all socio-demographic, environmental and biological 

variables included in the study have a statistical significant association with low child survival 

probability in SSA in one way or another with small variation at country level. 

The cox proportional hazard model results showed that the biological factors and socio-economic 

factors are the most influential factors of child survival compared to environmental factors in 

SSA. For instance higher level of education of the mother reduces the likelihood of dying among 

children in all selected countries except Mozambique. This is the same for inter-pregnancy 

interval (form the previous birth) above 24 months and being the fourth or above for the child. 

The rich families also were proved to reduce the likelihood of dying among under-five children 

in all countries considered except Mozambique and Chad. 

The inter-pregnancy interval (from the succeeding birth) above 24 months reduces the likelihood 

of dying in all considered countries. On the other side, being female for the child reduces her 

likelihood of dying in Angola only. Lastly considering environmental factors families from 

Ethiopia and Mozambique who use open well water and Tanzania families who live in rural 

areas both reduces the likelihood of dying of their children. 
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6.2.  Discussion 

The SSA region made a significant process in increasing the children’s survival since the past 

two decades. But the survival rate is still low (15 times less likely) especially among new-borns 

in that region compared to developed countries (UNICEF et al., 2017). The child mortality rate 

revealed by this study do not differ much from the ones reported in individual country DHS 

reports of selected SSA countries: 29 neonates deaths, 50 infant death and 69 under-five deaths 

per 1000 live births in Zambia (ZNSA and The DHS program, 2015); 34 neonates deaths, 72 

infant deaths and 133 under-five deaths per 1000 live births (INSEED and ICF International, 

2016) in Chad; 24 neonates deaths, 44 infant deaths and 68 under-five deaths per 1000 live births 

in Angola (INE et al., 2017); 25 neonates deaths, 43 infant deaths and 67 under-five deaths per 

1000 live births in Tanzania (NBS and ICF International, 2016); 29 neonates deaths, 48 infant 

deaths and 67under-five deaths in Ethiopia (CSA et al., 2017). 

This Kaplan=Meier and cox proportional hazard model as applied in this study confirmed also 

the plausibility of (Mosley and Chen, 1984a) though environmental factors showed low or 

insignificant association child mortality in all countries these results supported the findings of 

(Nasejje, 2015). This may be caused by the fact that SSA countries put many efforts in health 

system by making safe water available and accessible and hygienic practices a priority thus the 

outcome variable (child survival) has low subsequential impact from environmental related 

variables. 

The most influential factors of child mortality in SSA as revealed by this study are: short inter-

pregnancy interval and mother education level. These results are consistent with previous 

researchers for instance (Nasejje, 2015) and (Lemani, 2013). 

The researcher found insignificant association between having health insurance and being 

survive among under-five children in SSA which is the same for economic status of the family. 

However the results gave us some clues on how some variables are associated with under-five 

mortality. For example the results said that in Ethiopia children covered by health insurance are 

1.6 times more likely to die compared to their counterparts. 

The results also understate the mortality pattern in SSA because the used data (DHS data) 

contain information on children born to living mothers aged between 15 and 45 years old at the 
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time of interview. This means that children born to mothers aged above 45 years and less than 15 

years as well as died mothers were not represented though they are highly risky of dying(Utstein 

and Rojas, 2006). 

6.3.  Recommendations 

Following the outcome of this study, the following recommendations were proposed: 

6.3.1. Recommendation for further research 

A follow-up study should be used to handle missing and incorrectness of information problems 

arises when a retrospective study is applied. Here mothers could be followed in a period of 5 

years and recording the death and births history of their children  

6.3.2. Recommendation for DHS program 

A variable indicates the birth history from died mother should be added in DHS questionnaire to 

make sample more representative. This is because the standard DHS questionnaire use only 

living mother although there may be children who lost their mother. However, information 

regarding their birth histories needs to be included in the dataset. Thus, during the surveying, 

there should be a way of collecting such data may be from their take taker. 

6.3.3. Recommendation for SSA countries 

Governments should make vital statistics events recordable at the exact time of occurrence so 

that data can even be found without any special investigation. The date of birth of the child 

should be recorded at the day of birth and date of death should be recorded at the burial date. 

The SSA families should be aware to the risk associated with multigravidae, and short inter-

pregnancy interval to their lovely children and mothers which are mostly morbidity, mortality 

and other complications (for mothers) and thus took appropriate measure (usually changing 

mindset) of reducing the chances of being exposed to the risks.  
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A. APPENDICES  

A.1. Under-five mortality trend for selected Sub-Saharan Countries (1990-2016) 

††††
 

Source: Adapted from (WORLD BANK, 2016) 

                                                           
††††

 The y-axis indicates the Under-five mortality rate per 1000 living births 
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A2: Sub-Saharan survival pattern of under-five children 

 

 

A3. Standard DHS data file type 

-Household file (HR): It includes household member's roster but no information from the 

individual women/men questionnaires is present in this file. The unit of analysis (case) in this file 

is the household 

 -Household Member (PR): This dataset has one record for every household member. It 

includes variables like sex, age, education, orphan hood, height and weight measurement, 

hemoglobin, etc. It also includes the characteristics of the households where the individual lives 

or was visiting. The unit of analysis (case) in this file is the household member. 

 -Women (IR): This dataset has one record for every eligible woman as defined by the 

household schedule. It contains all the data collected in the women's questionnaire plus some 

variables from the household. Up to 20 births in the birth history, and up to 6 children under age 

5, for whom pregnancy and postnatal care as well as immunization and health data were 
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collected, can be found in this file. The fertility and mortality programs distributed by DHS use 

this file for data input. The unit of analysis (case) in this file is the woman. 

-Men (MR): This dataset has one record for every eligible man as defined by the household 

schedule. It contains all the data collected in the men's questionnaire plus some variables from 

the household. The unit of analysis (case) in this file is the man 

 -Births(BR)- for living and dead children: his dataset has one record for every child ever born 

to interviewed women. Essentially, it is the full birth history of all women interviewed including 

its information on pregnancy and postnatal care as well as immunization and health for children 

born in the last 5 years. Data for the mother of each of these children is also included. This file 

can be used to calculate health indicators as well as fertility and mortality rates. The unit of 

analysis (case) in this file is the children ever born of eligible women. 

 -Children under 5(KR)-only for living children: This dataset has one record for every child of 

interviewed women, born in the five years preceding the survey. It contains the information 

related to the child's pregnancy and postnatal care and immunization and health. The data for the 

mother of each of these children is included. This file is used to look at child health indicators 

such as immunization coverage, vitamin A supplementation, and recent occurrences of diarrhea, 

fever, and cough for young children and treatment of childhood diseases. The unit of analysis 

(case) in this file is the children of women born in the last 5 years (0-59 months). 

 -couples (CR): This dataset has one record for every couple. It contains data for married or 

living together men and woman who both declared to be married (living together) to each other 

and with completed individual interviews (questionnaires). Essentially the file is the result of 

linking the two files previously described based on whom they both declared as partners. The 

unit of analysis (case) in this file is the couple in which both partners were interviewed(Utstein 

and Rojas, 2006)&(Measures DHS Internal, 2013) 
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A.4. Worked example of estimating expected deaths in log rank test 

 

                         Source: (Gail and Krickeberg, 2005) 
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A5. Method of estimating child mortality rate 

Infant mortality rate is calculated by: 

 Calculate the component survival probability by subtracting the component death 

probability from one. 

 Calculate the product of the component survival probabilities for 0, 1–2, 3–5, and 6– 

11 months of age. 

 Subtract the product from 1 and multiply by 1000 to get the infant mortality rate. Post 

neonatal mortality rate: Subtract the neonatal mortality rate from the infant mortality rate. 

Child mortality rate is calculated as: 

 Calculate the component survival probability by subtracting the component death 

probability from 1. 

 Calculate the product of the component survival probabilities for 12–23, 24–35, 36–47, 

and 48–59 months of age. 

 Subtract the product from 1 and multiply by 1000 to get the child mortality rate. 

Under-five mortality rate is calculated as: 

 Calculate the component survival probability by subtracting the component death 

probability from 1. 

 Calculate the product of the component survival probabilities for 0, 1–2, 3–5, and 6–11, 

12–23, 24–35, 36–47, and 48–59 months of age. 

 Subtract the product from 1 and multiply by 1,000 to get the child mortality rate(Utstein 

and Rojas, 2006). 

 



51 | P a g e  

UNDER-FIVE CHILDREN SURVIVAL ANALYSIS IN SUB-SAHARAN AFRICA,   2018 

A.6. Mosley and Chen framework of child survival 

 

Source: (Mosley and Chen, 1984a) 
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A.7.Data management and analysis commands 

 

1 use "C:\Users\user\Desktop\DHS data\ETBR61DT\ETBR61FL.DTA" 

2 gen hypage=(v008-b3)/12 

3 label var hypage"Age at of the child interview" 

4 gen timeyears=. 

5 replace timeyears=hypage 

6 replace timeyears=(b7/12) if b5==0 

7 gen dead=(b5==0) 

8 label var timeyears "survival time of the child in years" 

9 label var dead "the child is dead" 

10 gen hypmonth=v008-b3 

11 gen timemonths=. 

12 replace timemonths=hypmonth 

13 replace timemonths=b7 if (b5==0) 

14 label var hypmonth "age of the child in months" 

15 label var timemonths "survival time of the child in months" 

16 gen status=. 

17 replace status=0 if b5==1 

18 replace status =1 if b5==0 

19 label var status " The survival status of the child" 

20 label define status 1"dead" 0 "alive" 

21 label values status status 

22 stset timeyears, failure(status==1) 

23 ltable timeyears dead if hypage <=5 , int(.5) gr 

24 stset timemonths, failure(status==1) 

25 ltable timemonths dead if hypmonth <=59 , int(1) gr 

26 sort timeyears 

27 keep if timeyears<=5 

28 sts graph, by(v000) 

29 recode b0 1/5=2 0=1 

30 label define b0 1"single" 2"multiple" 

31 label values b0 b0 

32 recode v116 10/15=1 20/23=2 24/100=3 
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33 label define v116 1"flush toilet" 2"pit and traditional toilet" 3"no toilet" 

34 label values v116 v116 

35 recode v113 10/13=1 14/100=2 

36 label define v113 1"piped water" 2"open well water" 

37 label values v113 v113 

38 recode bord 1=1 2=2 3=3 4/50=4 

39 label define bord 1"first birth" 2"second thbirth" 3"third birth" 4"ffourth and 

above" 

40 label values bord bord 

41 gen b111=. 

42 replace b111=b11/12 

43 recode b111 0/1=1 1.0001/2=2 2.0001/25=3 

44 label define b111 1"less tha 1 year" 2"less than 2 years" 3"above 2 years 

years" 

45 label values b111 b111 

46 gen b122=. 

47 replace b122=b12/12 

48 recode b122 0/1=1 1.0001/2=2 2.0001/25=3 

49 label define b122 1"less tha 1 year" 2"less than 2 years" 3"above 2 years 

years" 

50 label values b122 b122 

51 label var b111"preceding birth interval in years recorded" 

52 label var b122"succeeding birth interval in years recorded" 

53 stset timemonths, failure(status==1) 

54 Appendend dataset analysis 

55 stset timemonths, failure(status==1) 

56 by v000, sort : stcox i.v106 i.v190 i.bord i.v481 i.b111 i.b122 i.b4 i.v113 

i.v025 i.v116 

57 estat phtest, detail 

58 stphplot, by(v000) adjust(v106 v190 bord v481 b111 b122 b4 v113 v025 

v116) nolntime plot1opts(symbol(none) color(red) lpattern(dash)) 

59 ltable timemonths dead if hypmonth <=59 , survival by (v000)int(1) gr 

60 sts test b4, logrank strata(v000) detail 
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