
 

 
 

 

 
Journal of African Population Studies 2023, 36(2), 5286. https://doi.org/10.59147/cQ8QGQyl www.journal.uaps-uepa.org 

Original Article 

Cause specific under-five mortality rates and associated risk 

factors among children in northern Ghana between 2007 and 

2012 using survival analysis techniques. 

Samuel T. Oladokun1,2*, Paul Welaga1,3, Engelbert A. Nonterah1,3,4, Patrick Ansah1, Abraham Oduro1,5, Tobias 

Chirwa2 

 1 Navrongo Health Research Centre, Ghana Health Service, Navrongo, Ghana ; s_oladokun@yahoo.com ; 

drenanonterah@gmail.com ; lonpoa2@gmail.com 
 2 School of Public Health, Faculty of Health Sciences, University of the Witwatersrand, Johannesburg, South 

Africa ; tobias.chirwa@wits.ac.za 
3 School of Public Health, C.K. Tedam University of Technology and Applied Sciences, Navrongo ; pwe-

laga@yahoo.com 
4 Julius Global Health, Julius Center for Health Sciences and Primary Care, University Medical Center 

Utrecht, Utrecht University, Utrecht, the Netherlands ; drenanonterah@gmail.com 
5 Research and Development Division, Ghana Health Service, Headquarters, Accra, Ghana ; aroduro@ya-

hoo.com 

* Correspondence: s_oladokun@yahoo.com; Tel. +233 24 384 6453 

Abstract: This study assessed the causes of under-five (U5) deaths and examined the associated risk 

factors in northern Ghana. The study analyzed prospectively collected longitudinal data of children 

born between 1st January 2007 and 31st December 2012 and resident in the Navrongo Health and 

Demographic Surveillance System (NHDSS) area in northern Ghana. Data from 20,651 children 

were analyzed with 1,056 under-five deaths and 51,783 person-years of observation. The overall 

mortality rate was 19.5 per 1000 person-years of observation. The main cause of under-five deaths 

was malaria (19.5%). Being male (Hazards ratio [95% CI]; 1.20 [1.06 - 1.36]; p=0.004), children born 

to single mothers (1.3 [1.18 - 1.59]; p<0.001) and home deliveries (1.29 [1.12 - 1.48]; p<0.001) were 

associated with increased risk of mortality. Children born to women aged 20-34 years (0.81 [0.67 – 

0.98]; p=0.0.25) were associated with relatively lower risk of death compared to those born to women 

aged 19 years and below.  Children from high socioeconomic households had relatively lower risk 

of death even though not statistically significant (0.87 [0.74 - 1.03]; p=0.056). Malaria remains the 

leading cause of under-five deaths in the study area. Adherence to prevailing malaria prevention 

measures including use of insecticide treated bed-nets, seasonal chemo-prophylaxis, indoor-resid-

ual spraying and adequate access to healthcare will greatly improve child survival. 

Keywords: Under-five mortality; neonatal mortality; verbal autopsy; Northern Ghana and Sustain-

able Development Goals 

 

1. Introduction 

Under-five mortality (U5M) is still a critical challenge globally, especially in Sub Sahara Africa (SSA). The disparities in 

child mortality between low- and high-income countries continue to be high and persistent (1). Of all the World Health 

Organization (WHO) regions, the African region has the highest risk of a child dying before attaining the age of five 

years (76.5 per 1000 live births) (1). The global under-five mortality rate was approximately 38.1 deaths per 1,000 live 

births in 2021, reflecting a comparison to 1990 (2),  but the situation seems to remain the same in SSA including Ghana. 

Ghana had a 52% decline in  U5M from 2000 to 2015 (3). Despite this modest decline, U5M still remains an important 

health concern to address if we seek to attain targets set in the Sustainable Development Goal (SDG) 3.2.  Being a critical 

indicator for child health and well-being, these disparities may well reflect either persistent inadequacies in the 
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healthcare system to address the prevailing factors or lack of contextual research to identify important community in-

terventions (4). 

The causes of U5M are many and vary across the WHO regions and between countries, emphasizing the need for con-

textual research to prioritize interventions. The Global Burden of Disease study observed in 2019 that neonatal diseases 

remained the greatest cause of death among children under the age of five, followed by lower respiratory infections, 

diarrhoeal diseases, congenital birth defects and malaria (5). Specifically, in South Asia, preterm related problems or 

complications dominated the 2 million under-five reported deaths.  However, in SSA, under-five deaths are predomi-

nantly caused by infectious diseases such as pneumonia and malaria. Other causes of U5M in countries with higher 

rates were attributable to preterm complications while congenital anomalies dominated the causes in countries with 

low U5M rates  (6).   

Studies have established that child mortality differs by sex with neonatal mortality reported to be higher among male 

than female children (7). Within SSA, male babies are highly susceptible to mortality before 5 years (8). Socioeconomic 

status has also been linked to the risk of U5 mortality with a study in rural Tanzania observing that children from poor 

homes had limited access to healthcare and were likely to die before five years compared to rich children (9). An analysis 

of data across 47 countries showed that children born into poor homes were more likely to die compared to their rich 

counterparts (10). 

 A study in Northern Ghana revealed that single and widowed women experienced relatively high infant and child 

mortality rates (11). Some studies observed that the age of the mother at birth and mother’s education were also signif-

icantly associated with child mortality (12). 

As U5M reflect a wide array of interventions such as vaccination or other preventive measures, medical treatment of 

infectious and other diseases as well as adequate nutrition among others, it is important to generate contextual factors 

relating these mortalities. This is an important step in generating targeted community appropriate interventions that 

will help mitigate the high under-five mortality rates in communities within SSA.  

This study sets out to assess the causes of under-five deaths and investigate the associated risk factors in the coverage 

area of the Navrongo Health and Demographic Surveillance System (HDSS) from 1st January 2007 to 31st December 2012 

in Northern Ghana. 

2. Materials and Methods 

Study area  

The study was conducted in the two Kassena Nankana districts (West and East) located in the northeastern corner of 

Ghana and bordering Burkina Faso. The vegetation of the study area is guinea Savannah in nature with a short rainy 

season from May to September and a prolonged dry season for the rest of the months. The area has an annual mean 

rainfall of approximately 1300 mm with mean monthly temperatures ranging from 22.88oC to 34.48oC  (13). Economi-

cally, the people in the study area are engaged in petty trading, agriculture, and tourism. The districts constitute the 

surveillance area of the Navrongo Health and Demographic Surveillance System (NHDSS) which is being managed by 

the Navrongo Health Research Center (NHRC). 

In terms of healthcare delivery, the study area has one secondary referral facility (The Navrongo War Memorial Hospi-

tal) (14,15). In addition to the hospital, there are seven health centers, 27 community health and planning services 

(CHPS) compounds with resident health workers, and several other primary health care clinics (13). The CHPS com-

pounds offer antenatal, postnatal and child welfare services and make use of community health volunteers to deliver 

essential health services (16). 

 

Study design  

The data for the analyses were extracted from the database of the Navrongo Health and Demographic Surveillance 

System (NHDSS), which routinely collects and updates records of births, deaths, marriages, in- and out-migration, and 

other socio-demographic data on households and individuals within the coverage area. The current study analysed 

prospectively collected NHDSS longitudinal data spanning six years from 1st January 2007 to 31st December 2012.  
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Sample size 

In all, 20,651 children under-five years of age born between 1st January 2007 and 31st December 2012 and registered into 

the NHDSS database, including 1,056 deaths were included in this study. 

Data  

All children born between 2007 and 2012 in the Demographic and Surveillance Area (DSA) and registered into the 

database of NHDSS were included in the analyses.  Children under-five years born outside the DSA but migrated into 

the DSA during the study period were excluded from the analyses because most of these in-migrant children had miss-

ing values for some key variables required for the analyses.  

Measurement of variables 

Variables included in the analyses were age of the child, household wealth index, sex of the child, maternal educational 

status, marital status, maternal age, religion, ethnicity and place of delivery. For the analyses, maternal age was catego-

rized  into ≤ 19 years (teen mothers), 20-34 years and ≥35 years (17). We computed household wealth index using prin-

cipal component analysis (PCA) from 30 separate household items, from large assets (e.g., land and car ownership) to 

smaller household items (e.g., phone, fan ownership). The principal component analysis of the household assets or 

items was done to predict factor scores. These scores were then categorized into wealth quintiles: Q1 = poorest, Q2 = 

poorer, Q3 = poor, Q4 = less poor and Q5 = least poor. Maternal education was self-reported and categorized according 

to educational levels in the country. These categories included no formal education for those who have never being 

exposed to formal education, those who completed primary or junior high school and those who completed senior high 

school or tertiary education. Religion was categorized into the three main religions in the country – traditional, Christian 

or Islam. Marital status was categorized as married and never married. Place of delivery was defined as either delivered 

in a health facility (primary to secondary health facility and supervised by a trained health personnel) or delivery at 

home or other places apart from the formal health facility and not being supervised by a trained health personnel. 

Ethnicity was self-identification with the three major ethno-linguistic groups; Kasem, Nankam, or Buli. 

Verbal autopsy Data 

The data used to establish the causes of death were extracted from the verbal autopsy database of the NHDSS. Verbal 

autopsy is routinely conducted on every death that occurs in the DSA. Verbal autopsy is an epidemiological tool that is 

used to assess causes of death in populations where data on causes of death are lacking.  Experienced field supervisors 

carry out structured interviews with close relatives or the main caregiver of the deceased before death. A suit of com-

puter models (InterVA4) was used to assign probable causes of death for all under-five children who died during the 

study period using the verbal autopsy data collected (18). 

Data analysis  

We used STATA 16.0 for all analyses. Follow-up period was censored on 31st December 2012. Kaplan Meir survival 

curves were used to depict the overall survival experience of the children during follow-up. The equality of survival 

experience by background variables was assessed using a log-rank test. Cox proportional hazards models with age as 

the underlying time and reported as mortality hazard ratios (HRs) with 95% confidence interval (CI) were used to assess 

the association between baseline sociodemographic characteristics and subsequent mortality. The proportional hazards 

assumption for the Cox proportional hazard models were checked visually and tested using Schoenfeld residuals, and 

were found not to be violated. We adjusted for age, wealth index, sex, maternal education, marital status, maternal age, 

religion and place of delivery. A wealth index was computed from a list of household assets using principal component 

analysis (PCA).  

3. Results 

Sociodemographic characteristics 

In all, 20,651 children under the age of five years were followed up from January 1, 2007 to December 31, 2012. A near 

equal number of female (49.9%) and male (50.1%) children were included in this study. The two main ethnic groups 

were the Kasem (50.6%) and the Nankam (45.0%). Approximately 67% of the mothers were aged 20 to 34 years with 

majority of the mothers (75.7%) being married.  Christianity (50.4%) and traditionalists (42.1%) were the dominant 
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religious groups and 86.6% of the participants resided in rural parts of the study area.  Nearly 30% of households were 

in the less and least poor wealth quintiles (Table 1).  

 

Table 1: Distribution of the sociodemographic characteristics of participants 

Factors Level N=20,651 Percent 

Sex of child     
  Female 10,307 49.9 

  Male 10,344 50.1 

Marital status of mother's     
  Married 15,631 75.7 

  Not married 5,020 24.3 

Ethnicity of mother     
  Kasem 10,446 50.6 

  Nankam 9,292 45 

  Buli 372 1.8 

  Other 541 2.6 

Mother's Age in years     
  ≤19 2,369 11.5 

  20-34 13,851 67 

  35 or more 4,431 21.5 

Religion of mother     
  Traditional 8,687 42.1 

  Christianity 10,409 50.4 

  Islam 1,507 7.3 

  Other 48 0.2 

Residence of mother     
  Urban 2,774 13.4 

  Rural 17,877 86.6 

Household socioeconomic status      
  Poorest 5,861 28.4 

  Poorer 4,735 22.9 

  poor 3,911 18.9 

  Less poor 3,791 18.4 

  Least poor 2,353 11.4 

Maternal education status      
  No education 5,999 29 

  Primary/JSS* 11,597 56.2 

  Secondary/tertiary 3,055 14.8 

Birth Place     
  Health Facility 13,722 66.5 

  Home/Elsewhere  6,929 33.5 

 

Under-five mortality rate per 1000 person years of follow-up by background characteristics 
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A total of 20,651 children followed up for the 7-year period yielded 51,783 person years of observation (PYO). The 

number of under-five deaths registered during the follow up period was 1056, which is about 4% of the total cohort. 

Overall, under-five mortality rate was 19.5 per 1000 person years of observation (PYO). Table 2 summarizes the mortal-

ity rates by background characteristics. 

 

Table 2: Under-five Mortality rates per 1000 person years of observation by background characteristics in Navrongo, 

2007-2012 

Factor Category deaths Person years Mortality rate/1000 pyrs (95%CI) 

Sex of child     
  Female 461 25732.3 17.9 (16.4-19.6) 

  Male 549 26061 21.1 (19.4-22.9) 

Marital status of mother     
  Married 710 39861 17.8 (16.5-19.2) 

  Not married 300 11932.3 25.1 (22.5-28.2) 

Ethnicity of mother     
  Kassem 498 26534.1 18.8 (17.2-20.5) 

  Nankam 453 23165.6 19.6 (17.8-21.4) 

  Buli 23 896.6 25.7 (17.0-38.6) 

  Other 36 1197 30.1 (21.7-41.7) 

Mother's Age     
  ≤19 129 5399.6 23.9 (20.1-28.4) 

  20-34 610 34378.5 17.7 (16.4-19.2) 

  35 or more 271 12015.2 22.6 (20.0-25.4) 

Religion of mother     
  Traditional 481 21763 22.1 (20.2-24.2) 

  Christianity 449 26334.5 17.0 (15.5-18.7) 

  Islam 79 3579.7 22.1 (17.7-27.5) 

  Other 1 116.1 8.6 (1.2-61.2) 

Residence of mother     
  Urban 107 6741.8 15.9 (13.1-19.2) 

  Rural 903 45051.5 20.0 (18.8-21.4) 

Wealth quintile     
  Poorest 338 15042.8 22.5 (20.2-25.0) 

  Poorer 236 11939 19.8 (17.4-22.5) 

  Poor 204 9709.8 21.0 (18.3-24.1) 

  Less poor 154 9442.3 16.3 (13.9-19.1) 

  Least poor 78 5659.4 13.8 (11.0-17.2) 

Maternal education     
  No education 341 15950.2 21.4 (19.2-23.8) 

  Primary/JSS 570 28675.1 19.9 (18.3-21.6) 

  Secondary/tertiary 99 7168 13.8 (11.3-16.8) 

Birth Place     
  Health Facility 547 29692.5 18.4 (16.9-20.0) 
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  Home/Somewhere 463 22100.8 20.9 (19.1-22.9) 

 

The results showed that under-five mortality rate per 1000 PYO was higher among males [21.1 (95% CI: 19.4, 22.9) per 

1000 PYO] compared to females [17.9 (95% CI: 16.4, 19.6) per 1000 PYO]. Under-five mortality rate among children born 

to mothers who were not married was higher [25.1 (95% CI: 22.5, 28.2) per 1000 PYO] than those whose mothers were 

married (Table 3.6). Under-five mortality rate was 19.6 (95% CI: 17.8, 21.4) per 1000 PYO among the Nankam and 18.8 

(95% CI: 17.2, 20.5) per 1000 PYO among the Kasem ethnic group. Mortality among children born to mothers aged 

between 20 and 34 was the lowest [17.7 (95% CI: 16.4, 19.2) per 1000 PYO] compared to those whose mothers were either 

below 20 years or older than 34 years. Under-five mortality rate among children in rural settings was higher than the 

rate in the urban settings (Table 3.6). Generally, there was a decrease in under-five mortality rate with an increase in 

SES status, with children in the poorest quintile recording the highest under-five mortality rate [22.5 (95% CI: 20.2, 25.0) 

per 1000 PYO] and lowest rates among children in the least poor quintile [13.8 (95% CI: 11.0, 17.2) per 1000 PYO]. Sim-

ilarly, children born to mothers with no education had the highest under-five mortality rate [21.4 per 1000 PYO] and 

children to mothers with secondary or tertiary education recorded the lowest under-five mortality rate [13.8 (95% CI: 

11.3, 16.8) per 1000 PYO].  Under-five mortality rate among multiple births [38.4 per 1000 PYO] was about twice the 

rates of singletons. Under-five mortality rate was slightly lower among children born to mothers with 2-5 children [17.2 

(95% CI: 15.7, 18.9) per 1000 PYO] compared to the other groups (Table 2). The trend in under-five mortality rates per 

1000 live births in the study area from 2007 to 2012 are presented in Supplementary Figure 1.   

Causes of under-five deaths 

The leading causes of under-five deaths by sex are presented in Table 3. Of the 1,056 under-five deaths from 2007 to 

2012, 94% had verbal autopsies done.  There was no sex difference in the top causes of U5M in the study area (p=0.191). 

The top causes of under-five deaths were malaria (19.5%), acute respiratory infections (11.8%), neonatal pneumonia 

(9.0%), HIV/AIDS (8.9%), birth asphyxia (7.9%) and prematurity (7.6%). 

 

Table 3: Causes of under-five deaths by sex in Navrongo Health and Socio-demographic Surveillance System in Ghana, 

2007-2012. 

Cause of under-five death Male Female Overall Χ2; p-value 

 n (%) n (%) N (%)  

Malaria 110 (18.2) 107 (21.1) 217 (19.5) 29.82; 0.191 

Acute respiratory tract Infection 68 (11.2) 63 (12.4) 131 (11.8) 

Neonatal pneumonia 51 (8.4) 49 (9.7) 100 (9.0) 

HIV/AIDS 47 (7.8) 52 (10.3) 99 (8.9) 

Birth asphyxia 52 (8.6) 36 (7.1) 88 (7.9) 

Prematurity 51 (8.4) 33 (6.5) 84 (7.6) 

Total 572 (54.2) 484 (45.8) 1056  

 

We did not find any statistically significant differences in the top cause of under-five deaths by wealth index, 
maternal education but that of place of residence is statistically significant (p=0.044) (Supplementary Table 
1). 
 

Causes of Early and Late Neonatal deaths 

Over the analysis period, a total of 309 neonatal deaths were recorded. Most of the neonatal deaths (71%) occurred in 

the early neonatal period of 0 to 6 days of life. Birth asphyxia (28%), prematurity (25%), neonatal pneumonia (24%) and 

prematurity (25%) were the major causes of early neonatal deaths. Neonatal pneumonia accounted for 40% of all late 

neonatal deaths, followed by prematurity (24%) (Figure 1).  
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Figure 1: Causes of early and late neonatal deaths in Navrongo Health and Socio-demographic Surveillance Site in 

Ghana, 2007-2012 

 

Risk factors associated with under-five mortality 

Figure 2 shows the survival probabilities of under-five children in the study area by socio-demographic status. Males 

had a lower survival rate compared with females (p=0.008). Children born to mothers aged 20 - 30 years had the highest 

chance of survival as was higher maternal educational level.  Single births were less likely to die compared to multiple 

births. These differences were statistically significant using the log-rank test for equality of survival functions (p<0.001) 

(Figure 2). 
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Figure 2: Kaplan Meier Survival estimates curves for under-five mortality by maternal age, education, multiple, and 

child’s sex in the Navrongo Health and Socio-demographic Surveillance System, Ghana, 2007-2012.  

Note: mumage - maternal age; edu - maternal educational level; Prim/JSS - Primary/Junior secondary school; sec – secondary 

 

Risk factors associated with under-five mortality by background characteristics  

Unadjusted and adjusted hazard ratios showing the risk factors associated with U5M are presented in Table 4. In biva-

riate analyses, sex, marital status of the mother, maternal age, religion of mother, household socioeconomic status and 

place of delivery were significantly associated with U5M in the study area. After adjusting for potential confounding 

variables, being male, children born to unmarried women, maternal age of less than 19 years, children from poor soci-

oeconomic households and home deliveries conferred increased risk of U5M in the study area. Being male was associ-

ated with a 20% increased risk of dying compared to being female (Hazard Ratio, HR=1.20, 95% confidence interval (CI) 

[1.06 - 1.36]; p=0.004). Similarly, children born to single or unmarred women had an increased risk of U5M mothers 

(HR=1.3, 95% CI [1.18 - 1.59]; p<0.001). Home deliveries, classified as unsupervised deliveries, are associated with a 

higher risk of U5M compared to health facility deliveries in the study area (HR=1.29, 95% CI [1.12 - 1.48]; p<0.001).  

 

 Table 4: Risk factors associated with under-five deaths by background characteristics of children in Navrongo, Ghana, 

2007-2012 

Variables 

Unadjusted HR 

(95%CI) P-value 

Adjusted HR 

(95%CI) P-value 

Sex of child     
Female 1  1  
Male 1.18 (1.05-1.34) 0.008* 1.20 (1.06-1.36) 0.004* 

Maternal marital status     
Married 1  1  
Not married 1.37 (1.18-1.59) <0.001* 1.37 (1.18-1.59) <0.001* 

Maternal age in years     
≤19 1  1  
20-34 0.77 (0.63-0.93) 0.007* 0.81 (0.67-0.98) 0.025* 

35+ 1.02 (0.83-1.26)  0.98 (0.79-1.22)  
Religion of mother     
Traditional 1  1  
Christianity 0.77 (0.67-0.88) < 0.001* 0.87 (0.75-1.00) 0.008* 

Islam 0.97 (0.74-1.27)  1.27 (0.98-1.66)  

Other 0.38 (0.05-2.65)  0.45 (0.06-3.18)  

Wealth quintile     
Poorest 1  1  
Poorer 0.87 (0.73-1.03) 0.001* 0.87 (0.74-1.03) 0.056 

Poor 0.92 (0.77-1.09)  0.93 (0.78-1.11)  

Less poor 0.71 (0.59-0.87)  0.79 (0.65-0.95)  

Least poor 0.59 (0.42-0.83)  0.72 (0.54-0.96)  

Maternal education     
No education 1  1  
Primary/JSS 0.90 (0.78-1.03) 0.013* 0.98 (0.85-1.13) 0.172 

Secondary/tertiary 0.60 (0.47-0.78)  0.79 (0.61-1.03)  
Birth Place     
Health Facility 1  1  
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Home/Elsewhere  1.41 (1.23-1.61) <0.001* 1.29 (1.12-1.48) <0.001* 

 

 

4. Discussion 

This study assessed the causes of under-five deaths and associated risk factors in two districts with a health and demo-

graphic surveillance system in Northern Ghana. Majority of under-five deaths were caused by infectious diseases which 

included malaria, acute respiratory infections, neonatal pneumonia, HIV/AIDS related, birth asphyxia and prematurity. 

Our findings showed that being a male child, being born to a mother with no formal education, being born to a single 

or unmarried mother, and being born outside a health facility were associated with increased risk of under-five deaths 

after controlling for other factors in our adjusted model. Maternal ages of 20-34 years as well as being in a rich household 

were associated with reduced risk of under-five death.  

When we examined the predominant causes of U5M, we identified neonatal pneumonia as the leading cause of death 

among neonates, followed by prematurity and birth asphyxia. Birth asphyxia was the leading cause of death among 

early neonates. This observation is consistent with similar findings in Nigeria (19). Birth asphyxia was the topmost cause 

of early neonatal death in a prospective study involving 4267 children from East, Central and Southern Africa regions 

(20).  

Our finding of pneumonia being the leading cause of neonatal deaths is consistent with an earlier study in the same 

area from 1998 to 2002 (21). While  the dominant causes of neonatal deaths in South Asia are preterm related,  the 

causes of neonatal deaths in Sub-Saharan Africa are dominated by infectious agents especially respiratory diseases such 

as pneumonia (6).   

Our study shows that malaria remains the leading cause of death among children under-five years in the study area 

with 19.5% of them dying from malaria. This finding is consistent with similar findings from studies in Ghana (12, 21). 

Other  studies in African countries reported up to 17% of under-five deaths attributable to malaria (24). These findings 

highlight the importance of malaria as the leading cause of under-five deaths in Ghana and Sub-Saharan African.   

While malaria deaths are relatively high in children aged 1-4 years, respiratory infections such as pneumonia are high 

among those below 1 year of age. This may possibly be because the smaller, rapidly developing and or underdeveloped 

lungs (alveoli and airway dimension) in younger children increase their risk and severity of respiratory infections (25). 

The high burden and transmission of malaria in the study area may be a major contributor to the high number of malaria 

deaths. However, the implementation of several interventions such as the introduction of the seasonal chemoprophy-

laxis (26) and regular use of ITNs may contribute to reducing the burden of malaria deaths in the study area (27). Despite 

the seasonal variations in malaria occurrence, the increase in vector breeding in the rain season might be contributing 

to increases in malaria cases and deaths (27). The seasonal harmattan winds might have contributed to the high suscep-

tibility of respiratory illnesses by increasing the reach of infectious agents and the drying of respiratory tract mucosa 

lining leading to increased penetration of infectious agent (28). These might have contributed to the relatively high 

deaths from malaria and pneumonia in the study area.  

Our study revealed that children born to mothers aged 20-34 years were less likely to die in the first five years of life 

compared to those born to mothers below 19 years.  These findings are consistent with similar studies elsewhere (29–

31). The main reason attributed to this observation is that teenage mothers have underdeveloped uterus and hence their 

children were likely to be premature and suffer adverse uterine conditions before birth (32).  A study in northern Ghana 

showed that children born to women aged 35 years or above were more likely to experience an under-five death com-

pared to women below 20 years of age (33). We did not find any statistically significant difference in the risk of dying 

between children born to mothers below 19 years and those aged 35 years or older. Studies  conducted in new Delhi 

and northern Ghana did report that children born to women older than 55 years and greater than 35 years respectively  

had higher risk of U5M (32, 33).  

These inconsistent findings call for further studies to elucidate the real mechanism. The findings highlight the possibility 

of residual confounding in the studies so far and may be an indication that other unmeasured factors may be associated 

with the risk of mortality other than maternal age.  
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Our results showed that children in the poorest wealth quintile have higher risks of death compared to those in the 

higher wealth quintiles.  Similar results were observed elsewhere (22). Differences in socioeconomic status have an 

effect on child survival as evidence suggest that poor families are less likely to have adequate access to healthcare, and 

are at risk of being infected with pathogens due to inadequate water, sanitation and hygiene facilities (WASH) (34). 

Other studies suggest that children from poor homes are more likely to die compared to those from rich homes as a 

result of limited access to life-saving medicines (35). The evidence from these studies adds up to the growing evidence 

that the poor are at a higher risk of experiencing child mortality (36). Formulation of interventions that aim at economic 

empowerment of parents, adequate access to healthcare and WASH facilities will help reduce U5M. Universally these 

social interventions have been identified as key contributors to reducing U5M (37).   

Our study observed that children to mothers with higher education levels were less likely to experience U5M compared 

to those with no formal education.  This protective effect of higher education  on child mortality is consistent with 

findings from Zimbabwe (38). A study from Turkey posited that maternal education improves child survival by im-

proving maternal and reproductive lifestyles (38). This observation further offers an avenue to explore short-term ma-

ternal educational interventions to complement the long-term plans of improving general education. 

We observed that male children were more likely to experience under-five death compared to female children. A United 

Nations report showed that more countries reported higher mortality rates in males than females. However, a study 

from China and India observed that female children were more likely to die than male children  (39). This finding, 

however, should be interpreted in the context of widespread sex selection where some families prefer male children to 

female children. 

Children born to unmarried women had increased risk of dying before age 5 compared to children born to married 

women in our study.  This finding is consistent with another study which reported a higher under-five mortality rate 

among children born to unmarried women in Chad, DR Congo, Mali, Niger and Zimbabwe compared to those born to 

married women (40). The increased risk is likely due to lack of spousal support to shoulder some of the financial support 

in health care provision, adequate nutrition, implementation of child survival strategies and the overall health seeking 

behaviour patterns.  

Our study has some limitations we seek to highlight. The distance to the nearest health facility, quality of services 

rendered and other health system related factors were not measured in this study. These are therefore likely to affect 

the obtained estimates. We also acknowledge that some other unmeasured factors that can influence mortality may 

cause residual confounding.  

5. Conclusions 

Malaria and other infectious diseases are the major causes of under five deaths in the study area. Interventions targeting 

children with increased risk of dying before age five will greatly minimize these risks and improve overall child sur-

vival. Contextual community-based interventions such as improved healthcare utilization and control of infections, 

especially malaria may improve child survival and contribute to attaining the targets set in the sustainable development 

goals. Though long-term interventions such as formal education in schools already exist, short term community-based 

interventions such as health literacy aimed at educating women on child survival techniques would be useful. Economic 

empowerment such as community gardening and sustainable agriculture to improve infant feeding and healthcare 

utilization should be considered in intervention formulation. 

 
Author Contributions: SO, TC and PW conceived the study and designed the study methods; SO conducted data extraction, man-

agement and analyses; SO wrote the first draft with contributions from EAN and PW; ARO is director of the Navrongo Health 

Research Center and has oversight for HDSS data; TC and PW supervised the analyses and study; EAN contributed to interpretation 

of the results and critical review of the manuscript; SO, EAN, TC, PA, ARO and PW reviewed and approved manuscript for submis-

sion. 

Funding: The Navrongo Health and Demographic Surveillance System (HDSS) is funded by the Navrongo Health Research Center 

while SO was funded by the DELTAS Africa Sub-Saharan Africa Consortium for Advanced Biostatistics (SSACAB) programme to 

pursue a master’s degree at the University of the Witwatersrand, Johannesburg. There was no specific funding for this publication 

work. 



Journal of African Population Studies 2023, 36(2), 5286 11 of 15 
 

 

Institutional Review Board Statement: Ethical approval for the collection of the original data by the NHDSS was given by the Nav-

rongo Health Research Centre’s Institutional Review Board (NHRC-IRB) with informed consent taken during the HDSS data collec-

tion process. Additional ethical clearance for this study (clearance number: M181193) was provided by the Human Research Ethics 

Committee (Medical), University of the Witwatersrand, Johannesburg, South Africa. As secondary data was used, informed consent 

was waived and the extracted data was used strictly for this study and confidentiality and anonymity were maintained during data 

extraction, management and analyses through the use of unique identifiers. 

Informed Consent Statement: Not applicable. 

 

Acknowledgments: We wish to express our gratitude to the Chiefs and people of the Kasena-Nankana districts for their support for 

health research over years. We acknowledge the mothers and babies whose records are used in these analyses. We appreciate data 

collectors for doing due diligence in collecting the data and finally to the University of the Witwatersrand DELTAS Africa SSACAB 

program for supporting this work. 

 

Conflicts of Interest: The authors declare no conflict of interest 

 

References 

1.  WHO. Under-five mortality. 2018.  

2.  UN Inter-agency Group for Child Mortality Estimation. BURDEN AND LOSS. [Internet]. IGME. 2021 [cited 2021 

December 10]. Available from: https://childmortality.org/profiles. 

3.  Arku RE, Bennett JE, Castro MC, Agyeman-Duah K, Mintah SE, Ware JH, et al. Geographical Inequalities and 

Social and Environmental Risk Factors for Under-Five Mortality in Ghana in 2000 and 2010: Bayesian Spatial Analysis 

of Census Data. Blakely T, editor. PLOS Med. 2016 Jun;13(6):e1002038.  

4.  Paulson KR, Kamath AM, Alam T, Bienhoff K, Abady GG, Abbas J, et al. Global, regional, and national progress 

towards Sustainable Development Goal 3.2 for neonatal and child health: all-cause and cause-specific mortality findings 

from the Global Burden of Disease Study 2019. Lancet. 2021;398(10303):870–905.  

5.  Paulson KR, Kamath AM, Alam T, Bienhoff K, Abady GG, Abbas J, et al. Global, regional, and national progress 

towards Sustainable Development Goal 3.2 for neonatal and child health: all-cause and cause-specific mortality findings 

from the Global Burden of Disease Study 2019. Lancet. 2021;398(10303):870–905.  

6.  Liu L, Oza S, Hogan D, Chu Y, Perin J, Zhu J, et al. Global , regional , and national causes of under-5 mortality in 

2000 – 15 : an updated systematic analysis with implications for the Sustainable Development Goals. Lancet [Internet]. 

2016;388(10063):3027–35. Available from: http://dx.doi.org/10.1016/S0140-6736(16)31593-8 

7.  Buwembo P. Factors Associated With Under-5 Mortality in South Africa: Trends 1997-2002. 2010.  

8.  Boco AG. Assessing sex differentials in under-five mortality in sub-Saharan Africa: A cross-national comparative 

analysis. Vol. 41, Canadian Studies in Population. 2014.  

9.  Schneider M, Bradshaw D, Norman R, Steyn K, Laubscher R. Poverty and non-communicable diseases in South 



Journal of African Population Studies 2023, 36(2), 5286 12 of 15 
 

 

Africa. Scand J Public Health. 2009;37(2):176–86.  

10.  Van De Poel E, Hosseinpoor AR, Jehu-Appiah C, Vega J, Speybroeck N. Malnutrition and the disproportional 

burden on the poor: the case of Ghana. 2007;  

11.  Statistical Service Accra G. Ghana Demographic and Health Survey 2014. 2015.  

12.  Babayara MNK, Addo B. Risk Factors for Child Mortality in the Kassena-Nankana District of Northern Ghana : A 

Cross-Sectional Study Using Population-Based Data. Scientifica (Cairo). 2018 Aug;2018:1–7.  

13.  Oduro AR, Wak G, Azongo D, Debpuur C, Wontuo P, Kondayire F, et al. Profile of the Navrongo Health and 

Demographic Surveillance System. Int J Epidemiol. 2012 Aug;41(4):968–76.  

14.  Nonterah, A Engelbert Isaiah AA, Id EWK, Kagura J, Tamimu M, Ayamba EY, Nonterah EW, et al. Trends and 

risk factors associated with stillbirths : A case study of the Navrongo War Memorial Hospital in Northern Ghana. PLoS 

One. 2020;15(2):1–13.  

15.  Nonterah EA, Kanmiki EW, Agorinya IA, Sakeah E, Tamimu M, Kagura J, et al. Prevalence and adverse obstetric 

outcomes of female genital mutilation among women in rural Northern Ghana. Eur J Public Health. 2020;30(3):561–7.  

16.  Sakeah E, Aborigo RA, Debpuur C, Nonterah EA, Oduro AR, Awoonor-Williams JK. Assessing selection 

procedures and roles of Community Health Volunteers and Community Health Management Committees in Ghana’s 

Community-based Health Planning and Services program. PLoS One [Internet]. 2021;16(5 May):1–17. Available from: 

http://dx.doi.org/10.1371/journal.pone.0249332 

17.  Yidana ENEAA, Kagura J, Agorinya I, Ayamba E, Atindama S, Kaburise M, et al. Descriptive epidemiology of 

anaemia among pregnant women initiating antenatal care in rural Northern Ghana. African J Prim Heal Care Fam Med 

[Internet]. 2019;11(1):1–7. Available from: https://phcfm.org/index.php/phcfm/article/view/1892/3028 

18.  Byass P, Chandramohan D, Clark SJ, D’Ambruoso L, Fottrell E, Graham WJ, et al. Strengthening standardised 

interpretation of verbal autopsy data: the new InterVA-4 tool. Glob Health Action. 2012;5:1–8.  

19.  Adebami et al. A Review of Neonatal Admissions in Osogbo, Southwestern Nigeria. Niger Hosp Pract. 

2010;(August).  

20.  Kinoti et al. Asphyxia of the newborn in east, central and southern Africa. 1993;  

21.  Baiden F, Hodgson A, Adjuik M, Adongo P, Ayaga B, Binka F. Trend and causes of neonatal mortality in the 

Kassena – Nankana district of northern Ghana , 1995 – 2002. 2006;11(4):1995–2002.  

22.  Kanmiki EW, Bawah AA, Agorinya I, Achana FS, Awoonor-williams JK, Oduro AR, et al. Socio-economic and 



Journal of African Population Studies 2023, 36(2), 5286 13 of 15 
 

 

demographic determinants of under-five mortality in rural northern Ghana. 2014;1–10.  

23.  Sinha S, Sc M, Indian F. Europe PMC Funders Group Association between maternal age at childbirth and perinatal 

and under-five mortality in a prospective birth cohort from Delhi. Eur PMC Author Manuscrips. 2017;53(10):871–7.  

24.  Adjuik M, Smith T, Clark S, Todd J, Garrib A, Kinfu Y, et al. Cause-specific mortality rates in sub-Saharan Africa 

and Bangladesh. 2006;84(05).  

25.  Grimwood K, Chang AB. Long-term effects of pneumonia in young children. Pneumonia. 2015;6(1):101–14.  

26.  Chatio S, Ansah NA, Awuni DA, Oduro A, Ansah PO. Community acceptability of Seasonal Malaria 

Chemoprevention of morbidity and mortality in young children: A qualitative study in the Upper West Region of Ghana. 

PLoS One. 2019;14(5):1–12.  

27.  Hershey CL, Doocy S, Anderson J, Haskew C, Spiegel P, Moss WJ. Incidence and risk factors for malaria , 

pneumonia and diarrhea in children under 5 in UNHCR refugee camps : A retrospective study. 2011;1–11.  

28.  Okeahialam BN. The Cold Dusty Harmattan : A Season of Anguish for Cardiologists and Patients. 2016;143–6.  

29.  Fall CHD, Sachdev HS, Osmond C, Restrepo-mendez MC, Victora C, Martorell R, et al. Association between 

maternal age at childbirth and child and adult outcomes in the off spring : a prospective study in fi ve low-income and 

middle-income countries ( COHORTS collaboration ). Lancet Glob Heal. 2015;3(7):e366–77.  

30.  Hanif H. ssociation between maternal age and pregnancy outcome: Implications for the Pakistani society. JPMA. 

ournal Pakistan Med Assoc. 2011;61(3):313–9.  

31.  Paranjothy et al. Teenage pregnancy: Who suffers? Arch Dis Child. 2009;94(3):239–45.  

32.  Orimo A, Inoue S, Minowa O, Tominaga N, Tomioka Y, Sato M, et al. Underdeveloped uterus and reduced 

estrogen responsiveness in mice with disruption of the estrogen-responsive finger protein gene , which is a direct target 

of estrogen receptor ␣. 1999;96(21):12027–32.  

33.  Tette et al. Maternal profiles and socio-determinants of malnutrition and the MDGs: What have we learnt? BMC 

Public Health. 2016;16(1):214.  

34.  Schellenberg J. A, Victora C. G., Mushi A., De Savigny D., Schellenberg D., Mshinda H. Tanzania IMCI MCE 

Baseline Household Survey Study Group. (2003). Inequities among the very poor: health care for children in rural 

southern Tanzania. 2001;361(9357):561–6.  

35.  Barros FC, Victora CG, Scherpbier R, Gwatkin D. Socioeconomic inequities in the health and nutrition of children 

in low/middle income countries. Rev Saude Publica. 2010;44(1):1–16.  



Journal of African Population Studies 2023, 36(2), 5286 14 of 15 
 

 

36.  Chalasani S, Rutstein S. Household wealth and child health in India. Popul Stud (NY). 2014;68(1):15–41.  

37.  Vyas S, Kumaranayake L. Constructing socio-economic status indices: How to use principal components analysis. 

Health Policy Plan. 2006;21(6):459–68.  

38.  Grépin K. A, Bharadwaj P (2015). Maternal education and child mortality in Zimbabwe. J. J Health Econ. 

2015;44:97–117.  

39. Chao F, Masquelier B, You D, Hug L, Liu Y, Sharrow D, Rue H, Ombao H, Alkema L, Cao B, Gaigbe-Togbe V. Sex 

differences in mortality among children, adolescents, and young people aged 0–24 years: a systematic assessment of 

national, regional, and global trends from 1990 to 2021. The Lancet Global Health. 2023 Oct 1;11(10):e1519-30. 

40.  Yaya S, Bishwajit G, Okonofua F, Uthman OA. Under five mortality patterns and associated maternal risk factors 

in sub-Saharan Africa: a multi-country analysis. PloS one. 2018 Oct 25;13(10):e0205977. 

 

 

 

 

 

 

Supplementary Table 1: Causes of under-five deaths by wealth index, maternal education, and place of resi-

dence in Navrongo Health and Demographic Surveillance System in Ghana: 2007-2012  

Cause of under-five death 

by Wealth index Poorest Poorer Poor Less Poor 

Least 

Poor Χ2; p-value 

  n (%) n (%) n (%) n(%) n(%) 

  

17.45 

0.357 

  

  

  

Malaria 64(34.2) 52(27.8) 41(21.9) 20(10.7) 10(5.4) 

Acute respiratory tract In-

fection 34(30.9) 28(25.5) 20(18.1) 17(15.5) 11(10.0) 

Neonatal pneumonia 36(39.6) 17(18.7) 14(15.4) 13(14.3) 11(12.0) 

HIV/AIDS 29(33.3) 24(27.6) 17(19.5) 12(13.8) 5(5.8) 

Prematurity 24(30.0) 14(17.5) 17(21.2) 18(22.5)) 7(8.8) 

 

Cause of under-five death by ma-

ternal education No education Prim/JHS Secondary+ Χ2; p-value 

  n (%) n (%) n (%)   

12.32 

0.138 

  

  

  

Malaria 70(37.4) 108(57.7) 9(4.8) 

Acute respiratory tract Infection 34(30.9) 63(57.3) 13(11.8) 

Neonatal pneumonia 32(35.1) 50(55.0) 9(9.9) 

HIV/AIDS 31(35.6) 49(56.3) 7(8.1) 

Prematurity 25(31.3) 41(51.2) 14(17.5) 

 



Journal of African Population Studies 2023, 36(2), 5286 15 of 15 
 

 

Cause of under-five death by 

place of residence Urban Rural Χ2; p-value 

  n (%) n (%) 
  

9.77 

0.044 

  

  

  

Malaria 15(8.0) 172(92.0) 

Acute respiratory tract Infection 18(16.4) 92(83.6) 

Neonatal pneumonia 11(12.1) 80(87.9) 

HIV/AIDS 4(4.6) 83(45.4) 

Prematurity 6(7.5) 74(92.5) 

 

 
Supplementary Figure 1: Trends in under-five mortality rates per 1000 live births in Kassena Nankana districts (West and East) 

from 2007-2012 
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