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ABSTRACT 

Introduction: The health of children is an important indicator for describing the overall 

social and economic wellbeing of a country. Yet, child mortality remains an albatross in 

developing countries. Approximately 111 per 1000 children in Ghana die before age five as 

compared to 5 in the industrialized world.  

Objective: The study investigates the factors influencing under-five mortality among a cross-

section of Ghanaian households. 

Methods: Women aged 15-49 who had experienced a live birth over the period 2002-2007 

were recruited into the study. The Weibull parametric model was applied in the empirical 

estimation.  

Results: Our findings indicate that the hazard of mortality is significantly correlated with 

gender, birth parity, multiple births (twin) and utilization of medical inputs such as ITN. 

Further, children from households in the intermediate income quintiles were found to have 

higher survival prospects relative to those from the poorest income quintile. District of 

residence was also found to be an important predictor of childhood survival. 

Conclusion: The study reiterates that low cost but effective interventions such as the 

utilization of Permethrin Treated Bed nets are crucial to mitigating the alarming mortality 

rates in developing countries.  

 

Keywords: Under-Five Mortality, Weibull Model, Impregnated Treated Bed nets, cross-

sectional data. 
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INTRODUCTION 

The state of child health is one of the most important indicators for tracking health progress 

and the overall socio-economic wellbeing of a country. Child mortality remains an important 

agenda of public health and international development agencies, and has received 

prominence in the United Nation’s Millennium Development Goals (MDGs). The UN’s 

commitment is reflected in their desire to reduce the level of under-five mortality rate by 

two-thirds from their 1990 levels by the year 2015. The UNICEF considers under-five 

mortality rate as the best indicator of human development due to the fact that it measures 

an end result of the development process rather than an “input”.
(1)

 

Approximately 12 million infants and children under-five years of age die each year, with 

large variations in under-five mortality rates across regions and countries.
(2)

 Sub-Saharan 

Africa is the region most affected and accounts for more than one-third of deaths of 

children under the age of five.
(3)

 Ghana’s experience with infant and under-five mortality 

rates is mixed. The government through the Ministry of Health and the Ghana Health 

Service is responsible for public health policies of which reducing child mortality features 

predominantly. After an initial decline of infant mortality rate from 81.3 per 1000 children in 

1988 to 61 in 1998, the figure increased again to 64 in 2003, though better than the sub-

Saharan average of 101. The under-five mortality rate follows similar pattern, recording a 

decline from 155 in 1988 to 110 in 1998 before increasing to 111 and 112 in 2003 and 2004 

respectively, albeit marginally.
(4)

 

If Ghana were to make the mark in actualizing the MDG on child mortality, it is imperative to 

contribute to the debate by examining the factors contributing to the high levels of child 

mortality. An important methodological contribution is the use of survival analysis in this 

study. Duration modelling is applied extensively in studying covariates of under-five 

mortality.
(5,6)

 In a more recent study, Hung and Ho applied a Weibull parametric model to 

investigate the survival prospects of Taiwanese adults aged 55 to 66.
(7)

 

Earlier studies on childhood and under-five mortality in Ghana had examined socio-

economic and bio-demographic factors without recourse to control variables such as access 

to and utilization of ITNs.
(5,8,9)

 In addition income/wealth has been treated as a single 

continuous variable instead of categorizing them into quintiles. 

 

MATERIAL AND METHODS 

Study type 

The study is based on a cross-sectional study design. 

The Study Setting 

The survey was conducted in three carefully selected Districts in Ghana (Lawra, Dangme 

West and Ejisu-Juaben) between October 2007 and January 2008. The choice of the three 

districts was informed by the poverty and under-five mortality trends as well as the need to 

capture the ecological zones of Ghana. A cross-section of 531 women who had experienced 

a live birth between October 2002 and October 2007 were recruited into the study using 

random sampling technique. Cochran’s
(10)

 estimated proportions approach was used to 

calculate the sample size of 531 women;  
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  Where;  

n = the sample size that is representative enough for the analysis. 

t = an error risk (t) of 1.96 which is the abscissa of the normal curve. 

p = an expected proportion of children who die before reaching age five (under-five 

mortality) in the respective districts. Using the GDHS (2003), p = 0.21 (Lawra/Nandom), p = 

0.12 ( Ejisu-Juaben) and p = 0.08 (Dangme West District).  

e = sampling error; 5% anticipated error. 

Per the formula above, 255, 163 and 113 women were interviewed in the Lawra, Ejisu-

Juaben and Dodowa districts respectively. The recruits were drawn from a list of households 

at the District level. In households where there were two or more women within the 

category (15-49 years), the first willing woman was interviewed. The questionnaire 

completion rate was an encouraging 94%. An over sampling of 20 additional women across 

the Districts was undertaken in order to ensure that the sample size was met. In order to 

minimize possible recall bias on child deaths and health history, we considered live births in 

the last five years preceding the survey. The survey includes questions on household, 

maternal and child demographic characteristics and utilization of preventive health services 

such ITNs. 

MODEL 

Weibull Model: 

The literature contains an abundance of choices for parametric models one of which is the 

Weibull model. The Weibull distribution is widely employed for survival analysis. The hazard 

function of the Weibull model is defined as: 

h( xt ) = t 1−αα  * et ii x )(1 0. ββααλ +−= .              1.1 

Computationally, the parameters λ and α  in the Weibull distribution are estimated by 

Maximum Likelihood. α  is a scale parameter with α <1 indicating that the hazard falls 

continuously over time (monotonically decreasing), while α >1 indicates that the hazard is 

monotonically increasing and constant if 1=α .
  For observed duration data, ttt n,...,, 21  the 

likelihood function can be formulated and maximized to incorporate censored and 

uncensored observations. Converting the survival model into a general parametric likelihood 

yields: 

     1.2  

        

 

Where ),( αλβ = , and 1=ci  denotes right uncensored observations and 0=ci  represents 

censored observations. To arrive at the maximum likelihood with respect to the parameters 

of interest, β , we maximize the log-likelihood function: 
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The procedure for obtaining the values of maximum likelihood estimation requires taking 

derivatives of )(ln βL with respect to β , the unknown parameters, setting these equations 

equal to zero, and solving for β . The model was estimated using Stata Statistical Software, 

Release 10.0.
(11)

 

 

RESULTS AND DISCUSSION 

Figure I depicts the place of delivery of the children under-study.  

 

Figure I: Choice of Delivery Institution 

 

Source: Maternal and Child Health Survey 2007/2008 

 

Hospital delivery accounted for the highest (37%) with “others” (friends or relatives’ home) 

being the least (3%). Overall, 70% of the deliveries took place in health institutions 

supervised by medical personnel of which 6% was via caesarean.  30% of the deliveries 

occurred outside appropriate health institutions with no professional supervision.  

Approximately 29% of the children were of first order births while 10% were of higher order 

birth.
(1)

 As regards the utilization of ITNs, approximately 68% of the children had access to 

ITNs. This figure seems relatively high given that just about 15% of children had slept under 

ITNs in the 2003 GDHS.
(2)

 The huge difference could be partly explained by the time lag 

between the GDHS and this study coupled with the fact that the GDHS was nationally 

representative while the current study looks at only 3 Districts. In addition, the GDHS 

captured only children who slept under ITN the previous night before the survey while the 

current study considered two weeks prior to the survey. In terms of under-five mortality, 94 

out of the 773 children had died over the period 2002-2007. Of the 94 deaths, 40% occurred 

in the first year of live. Of the 531 women sampled, 13% were less than 20 years old, 30% 

                                                 
1 . Children beyond the fourth birth order. 
2 An insecticide treated net (ITN) is a long lasting net that does not require any treatment, a pre-treated net obtained within the last six 

months, or a net that has been soaked with insecticide within the past six months (GSS, 2003). 
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between 20-24 years old, 29% between 25-29 years old 28% between 30-49 years. In terms 

of educational attainment, the women had a mean of six years of schooling. 

 

Figure II:  Kaplan Meier survival estimate of Under-five Mortality for Selected Districts in 

Ghana 

 

 

 

The shape of the Kaplan-Meier indicates that the hazard associated with under-five 

mortality reduces as the child approaches the terminal age of 60 months (see Figure II). 

 

Table I: Weibull Estimates of Child Mortality 

Number of obs   =    773 

No. of failures    =        94 

LR chi
2
(17)         =    101.03 

Log likelihood    =   -384.44 

Prob > chi
2
         =    0.0000 

 

Table I presents the results from the Weibull model reporting important statistics such as 

the hazard ratios, p-values and confidence intervals. A correlation matrix between the 

independent variables of interest shows that colinearity is not a problem. In fact, none of 

the correlation coefficients exceeds 0.5. The hazard ratio is akin to the odds ratio, thus 

hazard ratios exceeding one increase the hazard of failure while those less than one 

decrease the hazard. The value ofα , our scale parameter is equal to 0.557 (i.e. α <1) 

indicating that given the covariates the hazard falls continuously over time (negative time 

dependence) and significant at 1%. This result is consistent with the negative time 

dependent nature of the results obtained from the Kaplan-Meier estimates from Figure II. 
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Access to health care proxied by distance to the nearest health facility proved to be a 

significant determinant of under-five mortality. Longer distances serve as a barrier to 

prompt and appropriate health care. The result shows that households living a greater 

distance from a health facility experience higher mortality among their children (p=0.022) 

but the hazard ratio is negligible. With regard to household size, children born in larger 

households have higher survival prospects. This suggests that there might be some socio-

cultural benefits (social capital) in larger household sizes that increase the survival prospects 

of children under-five years of age. In terms of gender, girls are more likely to fail compared 

to boys (p<0.05). An increase in the birth weight of the child is strongly correlated with 

under-five mortality (p=0.00). The results also show that a child born twin has a lower 

survival prospect compared with singletons due to gestational and other biological 

complications (p<0.001). This is because multiple pregnancy and delivery are associated 

with higher risk for morbidity and mortality for both mother and child relative to singleton 

births.
(12,13,14)

 

As regards birth parity, children of the first order birth have a higher survival prospect 

(p=0.002). The hazard of under-five mortality reduces by 20 percentage points for first order 

births relative to children of other birth parity. In particular, children beyond the fourth 

order birth are 3.7 times more likely to die relative to those below the fourth order 

(p=0.001). This shows that the combined effect of age and a depletion of human capital via 

health depreciation reduce the prospect of having healthy babies. 

The use of insecticide-treated bednets is one of the most vital strategies for combating 

malaria. Studies have shown that under-five mortality rates could be reduced by about 25 to 

30 per cent if all young children in malaria prone areas were protected by treated bednets 

at night.
(3)

 This variable is inversely related to under-five mortality and significant at the 1% 

level (p = 0.0000). Sleeping under impregnated bednet is more likely to reduce the hazard of 

mortality by 73 percentage points. This result is consistent with Binka on his study on 

impregnated bednets and child mortality in rural Northern Ghana and Oindo et al on their 

study on households experiencing under-five mortality in Kenya.
(15,16)

 Hence, it is expected 

that continuous utilization of ITNs will greatly influence mortality rates in mosquito-prone 

developing countries. 

In the literature, maternal education has been found to contribute significantly in reducing 

under-five mortality in that education exposes the parents to information about nutrition, 

use of contraceptives to space births and knowledge about childhood illness and treatment. 

Unexpectedly, education had a neutral impact on under-five mortality. Although this 

variable had the expected sign, it was insignificant at least over the range of data used. This 

is against the backdrop that several studies have found robust inverse relationship between 

education and under-five mortality.
(17,18,19)

 The result is however, consistent with Mturi and 

Curtis who found that neither maternal education nor partner’s education play a significant 

role in infant and child mortality after controlling for other factors.
(20)

 

Per the a priori expectation, income was found to be a robust economic variable influencing 

under-five mortality in Ghana, the effect was however more pronounced in households 

from the intermediate income quintiles-3
rd

 quintile (p=0.013)  and the fourth income 

quintile (p= 0.072). In particular, children from the 3
rd

 income quintile household are 

approximately 60% more likely to survive compared to their counterparts from the poorest 

                                                 
3 http://www.unicef.org/health/index_interventions.html, (Accessed on 19th November, 2008). 
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income household (quintile 1). Maternal age had the correct positive sign, indicating that 

the probability of experiencing under-five mortality increases with maternal age but was 

insignificant.  

Access to safe water, proxied by piped water in residence (compound), public outdoor tap, 

borehole and protected well had the hypothesized inverse relationship and significant at the 

conventional level. This finding corroborates the importance of improved sanitation in the 

survivorship prospect of children aged under-five. Finally, two dummies were introduced to 

capture the area of residence. The results indicate that households in the Lawra District, the 

poorest in terms of average household income are more likely to experience under-five 

mortality as compared to those from the Ejius-Juaben District, the richest district. 

 

ETHICAL APPROVAL 

The study was reviewed and approved by the Ethical Review Committee of the Ghana 

Health Service. Informed consent was also obtained from all the respondents. 

 

CONCLUSION 

Although, a number of studies have been undertaken on the factors influencing under-five 

mortality in a developing country such as Ghana, only few have utilized a duration model. In 

addition, applying a more recent data and controlling for covariates such as the utilization of 

ITN enriches the literature. 

In general, the results corroborate the findings from other studies. In particular, our finding 

reiterates the robustness of impregnated bednets in the fight against under-five mortality in 

a developing country such as Ghana. The robustness of ITN calls for the intensification on 

the utilization of health inputs such ITNs to help curb the alarming mortality rate. Granted 

that the risk of mortality increases after the fourth child (higher order births), there is the 

need for a debate on the threshold of children that expectant mothers could have, while 

maintaining their health stock. It is also imperative that expectant mothers especially those 

with multiple pregnancy should be encouraged to utilize antenatal care services in 

appropriate health institutions. This is informed by the higher risk associated with multiple 

births.  
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