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Abstract 

Half of the 10 million children who die
annually in the world are from Sub-Saharan
Africa (SSA). The reasons are known, but lack
of will and resources avoid the development of
sustainable policies. Associated factors to the
high infant mortality rate (IMR) in SSA have
been investigated in this research. An ecologi-
cal multi-group study was designed comparing
rates within SSA. The dependent variable is
the IMR and health services, economic and
development indicators are the independent
variables. Information and data sources were
WHO, World Bank, UNICEF and UNDP (1997-
2007). IMR mean value is 92.2 (per 1000 live
births) and a relationship with several of the
factors could be observed. In the bi-variate
analysis direct relationship was observed with
maternal mortality rate and an inverse rela-
tionship was observed with prenatal care cov-
erage, births assisted by skilled health person-
nel, gross national income per capita, per capi-
ta government expenditure on health, social
security expenditure, adult literacy rate, net
primary school enrolment rate, population
with access to safe drinking water (in urban
and rural areas) and with population with
access to basic sanitation in rural areas. In the
multi-variate analysis IMR had an inverse rela-
tionship with children under 5 years with diar-
rhoea who receive oral re-hydration, with
social security expenditure as percentage of
general government expenditure on health
and with per capita government expenditure
on health. The situation in SSA would change
if their inhabitants received education and
information to demand more equitable polices
and better investments from their govern-
ments.

Introduction

It is estimated that half of the 10 million
children under 5 years old, who die every year
in the world (1000 child deaths per hour) are
in Sub-Saharan Africa (SSA).1 Most of these
children could have survived if they had access
to basic services and to simple, inexpensive
and easily implemented interventions. 
The causes of high infant mortality rate

(IMR) in SSA are well known. Some such as
malaria disappeared from southern Europe
only in the 1960s, while vaccine-preventable
diseases (diphtheria, tetanus, whooping
cough, polio or measles) disappeared later
though not entirely. Children in underdevel-
oped countries are not decimated by exotic dis-
eases but rather by common and frequent
problems. Around 1.5 million children die from
drinking unsafe water or the lack of access to
water for personal hygiene and poor access to
basic sanitation.2 This means that the
improvement of some factors could reduce the
IMR.3

Children born in SSA today have a life
expectancy of 51 years, and almost 10% of
them die in the first year of life. One hundred
fifty five out of every 1000 children born today
do not reach the age of five. IMR is particular-
ly high in the first month of life, with a neona-
tal mortality of 40 out of every 1000 live births.4

The main causes are, in order of importance,
neonatal causes (26%), child pneumonia
(21%), malaria (18%), diarrhoea (16%),
HIV/AIDS (6%), measles (5%) and accidents
(2%). However there are differences in SSA
between countries in the proportion of deaths
attributed to HIV infection (probably due to
poor records) and malaria (different endemic
patterns in these countries).5

Achieving the fourth Millennium
Development Goal (MDG 4), which requires
reducing in two thirds the children under 5
years old mortality rate, between 1990 and
2015, involves reducing it from 9.7 million in
2006 to less than 5 million in 2015.6 It is clear
that reaching these goals will require political
participation, resources and suitable strate-
gies at a level that has never before been seen. 
The World Health Organization (WHO), in

collaboration with UNICEF, implemented the
Integrated Management of Childhood Illnesses
(IMCI) strategy in the mid 1990s.7 The propos-
al is to reduce child mortality. For this the IMCI
has set in motion preventive and curative
interventions at the family, community and
institutional level. A number of studies have
demonstrated that this strategy is not only
effective,8 but also efficient.9

The objective of this study is determining
different types of factors (health services, eco-
nomic and development factors) associated

with the high IMR in SSA countries, by means
of statistical models and with the latest data
obtained from the main international informa-
tion sources (WHO, World Bank, UNICEF and
UNDP). 

Materials and Methods

An analytic ecological multi-group study10

was designed to compare rates between many
regions during a single period. In this specific
case each SSA country is used as an analysis
unit. The 47 countries selected are: Angola,
Benin, Botswana, Burkina Faso, Burundi,
Cameroon, Cape Verde, Central African
Republic, Chad, Comoros, Congo, Ivory Coast,
D.R. Congo, Djibouti, Equatorial Guinea,
Eritrea, Ethiopia, Gabon, Gambia, Ghana,
Guinea, Guinea Bissau, Kenya, Lesotho,
Liberia, Madagascar, Malawi, Mali, Mauricio,
Mozambique, Namibia, Niger, Nigeria,
Rwanda, Sao Tome and Principe, Senegal,
Seychelles, Sierra Leona, Somalia, South
Africa, Sudan, Swaziland, Tanzania, Togo,
Uganda, Zambia and Zimbabwe.
The result/dependent variable is the IMR

(per 1000 live births) obtained from WHO
(World Health Statistics (WHS) 2007). 
The independent variables are as follows.

Correspondence: Dr. Pablo Viguera Ester,
Department of Preventive Medicine and Public
Health, Immunology and Microbiology, University
Rey Juan Carlos, Avenida de Atenas s/n 28922
Alcorcón, Madrid, Spain. 
Tel. +34.649.423092.
E-mail: pablo.viguera@urjc.es 

Key words: infant mortality, Sub-Saharan Africa,
associated factors, IMCI, education, basic infra-
structure.

Contribution: PVB, main author, conceived,
designed and coordinated the study; AT, JMF, AG,
study supervision and coordination; VH, study
design participation and statistical analysis
accomplishment. All authors read and approved
the final manuscript.  

Conflict of interest: the authors report no con-
flicts of interest. 

Received for publication: 3 November 2010.
Accepted for publication: 10 June 2011.

This work is licensed under a Creative Commons
Attribution NonCommercial 3.0 License (CC BY-
NC 3.0).

©Copyright P.V. Ester et al., 2011
Licensee PAGEPress, Italy
Journal of Public Health in Africa 2011; 2:e27
doi:10.4081/jphia.2011.e27

Non
-co

mmerc
ial

 us
e o

nly



[Journal of Public Health in Africa 2011; 2:e27] [page 113]

Health services indicators
Maternal mortality rate (per 100.000 live

births): WHO (WHS-2007). 
Prenatal care coverage (%): UNICEF

(Information by Country (IbC); statistics). 
Births attended by skilled health personnel

(%): WHO (WHS-2007). 
Children under 5 years of age sleeping under

insecticide-treated nets (%): WHO (WHS-2007).
Except Equatorial Guinea, Ethiopia, Guinea,
Mali, Namibia: UNICEF (IbC; statistics). 

Children under 5 years of age with diarrhoea
receiving oral rehydration therapy (%): WHO
(WHS-2007) Except: Angola, Botswana,
Burundi, Central African Republic, Comoros,
D.R. Congo, Equatorial Guinea, Ethiopia,
Gambia, Guinea- Bissau, Sao Tome and
Principe, Sierra Leona, Sudan, Swaziland,
Togo: UNICEF (IbC; statistics). 

Children under 5 years of age with acute res-
piratory infections (ARI) taken to facility (%):
WHO (WHS 2007). Except: Angola, Botswana,
Burundi, Central African Republic, Comoros,
D.R. Congo, Equatorial Guinea, Gambia,
Guinea- Bissau, Liberia, Sao Tome and
Principe, Sierra Leona, Sudan, Swaziland,
Togo: UNICEF (IbC; statistics).

Economic indicators
Gross national income (GNI) per capita

(current US Dollars): WB (World Development
Indicators-2007). 

Government expenditure on health as per-
centage of the general government expenditure
(%): WHO (WHS-2007). 

Per capita government expenditure on health

(PPP): WHO (WHS-2007). 
Social security expenditure on health as per-

centage of the general government expenditure
on health (%): WHO (WHS-2007). 

Out-of-pocket expenditure as percentage of
the private expenditure on health (%): WHO
(WHS-2007).

Development indicators

Adult literacy rate (%): WHO (WHS-2007).
Except Congo, Gabon, Mozambique, Nigeria,
Sao Tome and Principe and Zimbabwe. UNDP
(Human Development Report 2007-2008). 

Net primary school enrollment rate (%):
UNDP-2005. 

Population with sustainable access to safe
drinking water in urban areas (%): WHO
(WHS-2007). 

Population with sustainable access to safe
drinking water in rural areas (%): WHO (WHS-
2007). 

Population with sustainable access to basic
sanitation in urban areas (%): WHO (WHS-
2007). 

Population with sustainable access to basic
sanitation in rural areas (%): WHO (WHS-
2007).
All this information was used to first provide

a descriptive analysis of the variables. The nor-
mal distribution was checked by applying the
Kolmogorov-Smirnov test. The degree of the
relation of the IMR with the remaining vari-
ables was studied by means of Pearson’s corre-
lations (r) in the bi-variate analysis and, final-
ly, a multi-variate analysis was performed by

applying a linear regression (R²) to obtain the
factors associated to IMR. A value of P<0.05
was considered significant. SPSS 14.0
(descriptive analysis) and Stata 10.0 (correla-
tions and regression) statistical software pack-
ages were used to process and analyze the
data.

Results

The descriptive analysis is presented in
Table 1. The mean of the IMR is 92.19 with a
standard deviation of 34.69.
About the health services indicators, 4.57%

of children under 5 years of age sleep under
insecticide-treated nets, 50% of them receive
oral rehydration therapy when they have diar-
rhoea, and 43.33% are taken to facility when
ARIs are suspected. In relation to the maternal
and perinatal data, there is a mean maternal
mortality rate of 853.42, a percentage of prena-
tal care coverage of 77.16% and a percentage of
births attended by skilled personnel of 53.39%.
The economic indicators show a GNI per

capita of 1445.22$ (current US$) and a per
capita government expenditure on health of
76.78$ (PPP). The government expenditure on
health as percentage of the general govern-
ment expenditure is 9.78% and the social secu-
rity expenditure on health as percentage of the
general government expenditure on health
was 3.21%. However the out-of-pocket expen-
diture as percentage of the private expenditure
on health is 77.77%.

Article

Table 1. Mean, range and standard deviation of indicators selected.

Indicator N Mean Range Standard 
(number of  (lowest deviation

countries with -highest 
available data) values)

Infant mortality rate 47 92.19 (12-165) 34.69
Health services indicators
Children under 5 years of age sleeping under insecticide-treated nets (%) 35 4.57 (0-36) 7.18
Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%) 41 49.95 (7-89.1) 19.50
Children under 5 years of age with ARI taken to facility (%) 41 43.32 (11.8-75.3) 15.69
Maternal mortality rate (per 100,000 live births) 45 835.42 (24-2000) 440.57
Prenatal care coverage (%) 43 77.16 (28-99) 17.88
Births attended by skilled health personnel (%) 46 53.39 (6-99) 21.83

Economic indicators
GNI per capita (current US$). 44 1445.22 (140-8650) 2174.62
Per capita government expenditure on health (PPP) 46 76.78 (4-317) 106.86
Government expenditure on health as percentage of the general government expenditure (%) 46 9.78 (2.3-28.8) 4.64
Social security expenditure on health as percentage of the general government expenditure on health (%) 35 3.21 (0 -14.7) 6.25
Out-of-pocket expenditure as percentage of the private expenditure on health (%) 45 77.77 (17.2-100) 27.01

Development indicators
Adult literacy rate (%) 41 61.87 (19-91.8) 20.71
Net primary school enrollment rate (%) 39 71.07 (33-99) 18.16
Population with sustainable access to safe water in urban areas (%) 47 83.23 (32-100) 14.60
Population with sustainable access to safe water in rural areas (%) 47 54.74 (11-100) 19.43
Population with sustainable access to basic sanitation in urban areas (%) 46 52.84 (24-95) 15.04
Population with sustainable access to basic sanitation in rural areas (%) 47 30.34 (3-100) 20.59

ARI, acute respiratory infections; GNI, gross national income; PPP, Per capita government expenditure on health.
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The development indicators show an adult lit-
eracy rate of 62% and a net primary school enroll-
ment rate of 71%. In urban areas the percentage
of population with sustainable access to safe
drinking water is 83.23% and the percentage of
population with sustainable access to basic sani-
tation is 52.84%. However these values are lower
in rural areas, where 54.74% of the population
has access to safe drinking water and 30.34% of
the population has access to basic sanitation.

Correlations
This study is presented in Table 2. 

Health services indicators
Direct and strong relationship between the

IMR and the maternal mortality rate
(Correlation coefficient (r) =0.67; P<0.01) and
an inverse and strong relationship with prena-
tal care coverage (r=-0.46; P<0.01) and with
births attended by a skilled health personnel
(r=-0.55; P<0.01) is observed. 

Economic indicators
Direct relationship is observed with the out-

of-pocket expenditure as percentage of the pri-
vate expenditure on health, however it is weak
and not significant (r=0.19; P>0.05). The rela-
tionship is inverse with the remaining indica-
tors. It is significant and strong for the GNI per
capita (r=-0.41; P<0.01), per capita govern-
ment expenditure on health (r=-0.53; P<0.01)
and the social security expenditure as percent-
age of the general government expenditure on
health (r=-0.41; P<0.05).

The development indicators 
The development indicators show inverse

relationships in all cases, and are significant
and strong for the adult literacy rate (r=-0.52;
P<0.01), net primary school enrollment rate*
(r=-0.4; P<0.05), the population with sustain-
able access to safe drinking water in urban and
rural areas (r=-0.47; P<0.01 and r=-0.5;
P<0.01) and the population with sustainable
access to basic sanitation in rural areas (r=-
0.42;P<0.01).

Linear regression
The data resulting from the multi-variant

analysis are presented in Table 3. A linear
regression model was applied, resulting in a
model using the factors examined in this study

to explain the IMR. The factors presenting sta-
tistically significant (P<0.05) regression coef-
ficient (R²) were selected in this case. 
Three factors inversely related to the IMR

were found for this study, which are children
under 5 years of age with diarrhoea receiving
oral rehydration therapy (R²=-0.57; P<0.01),
the social security expenditure on health as
percentage of the general government expen-
diture on health (R²=-2.64; P<0.01) and the
per capita government expenditure on health
(R²=-0.09; P<0.05).

*The net primary school enrollment rate has been included
due to its statistically significant r of virtually 0.4. It also
shows one of the lowest N, therefore further data would prob-
ably provide a higher strength.

Article

Table 2. Bi-variate analysis (correlation) between infant mortality rate and the selected indicators.

Indicator Pearson  correlation Significance N
index (r) (two-sided) (number of 

countries with 
available data)

Infant mortality rate 1 47
Health service indicators
Children under 5 years of age sleeping under insecticide-treated nets (%) -0.23 >0.05 35
Children under 5 years of age with diarrhoea receiving oral rehydration therapy (%) -0.39 >0.05 41
Children under 5 years of age with ARI taken to facility (%) -0.05 >0.05 41
Maternal mortality rate (per 100,000 live births) 0.67 <0.01 45
Prenatal care coverage (%) -0.46 <0.01 43
Births attended by skilled health personnel (%) -0.55 <0.01 46

Economic indicators
GNI per capita (current US$). -0.41 <0.01 44
Per capita government expenditure on health (PPP) -0.53 <0.01 46
Government expenditure on health as percentage of the general government expenditure (%) -0.06 >0.05 46
Social security expenditure on health as percentage of the general government expenditure on health (%) -0.41 <0.05 35
Out-of-pocket expenditure as percentage of the private expenditure on health (%) 0.19 >0.05 45

Development indicators
Adult literacy rate -0.52 <0.01 41
Net primary school enrollment rate (%) -0.4 <0.05 39
Population with sustainable access to safe drinking water in urban areas (%) -0.47 <0.01 47
Population with sustainable access to safe drinking water in rural areas (%) -0.5 <0.01 47
Population with sustainable access to basic sanitation in urban areas (%) -0.2 >0.05 46
Population with sustainable access to basic sanitation in rural areas (%) -0.42 <0.01 47

ARI, acute respiratory infections; GNI, gross national income; PPP, Per capita government expenditure on health.

Table 3. Linear regression model between infant mortality rate and the correlated indicators.

Infant mortality Regression t P>t [95% confidence
coefficient (R²) interval]

Children under 5 years of age with -0.57 -2.98 P<0.01 [-0.986 – -0.16]
diarrhoea receiving oral rehydration 
therapy (%)
Social security expenditure on health -2.64 -3.63 P<0.01 [-4.2 – -1.08]
as percentage of the general 
government expenditure 
on health (%)
Per capita government expenditure -0.09 -2.32 P<0.05 [-0.165 – -0.006]
on health (PPP)
Constant 134.45 10.83 0.000 [107.82 -161.08]

Adjusted R² value= 0.54.
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Discussion

The classically used health indicators exhib-
ited their increasingly close relations with the
social and economic indicators.11 This relation
has transformed them into social development
indicators. The IMR in particular is considered
one of the most useful indicators of health sta-
tus, not only in children between birth and 1
year of age, but also of the whole population
and the socioeconomic conditions under
which they live. In addition, the IMR is a sen-
sitive indicator of the availability, use and
effectiveness of health care, particularly peri-
natal care.12

The bivariate analysis indicated relation-
ships of more factors with IMR. The strong and
direct correlation between maternal mortality
and IMR is striking, though it is not surprising
given that in SSA countries, the mother is a
fundamental basis for the survival of her chil-
dren, especially in their first years of life. The
role of women in SSA is very important for the
future development of this continent. Women
are the main pillars of families13 and, there-
fore, of the society that will be formed by the
coming generations. Education of women
reduces the IMR and increases the general
health of the population, as has been observed
in the example of Kerala and Neuquen.14

Economic factors also show a strong inverse
correlation. The out-of-pocket expenditure as a
percentage of the private expenditure on
health is striking because even though the cor-
relation is not statistically significant, it is the
only factor presenting a positive value (direct
correlation) with regard to the IMR. This could
support what has been published in a number
of studies15 in relation to the financing sys-
tem’s inequity and inefficacy. However, it can-
not be concluded that there is a relationship
with the available data. The inverse correla-
tions with development factors, especially the
adult literacy rate and the net primary school
enrolment rate, are also very strong. The
efforts of many organisations to provide basic
training, especially for mothers, give SSA
countries a more hopeful future since, as has
been observed, more education of the mothers
reduces not only the IMR, but also morbidity
and misuse of health services.16

This study revealed, in the multi-variate
analysis, three factors associated with the IMR:
a higher social security expenditure on health
as a percentage of the general government
expenditure on health, a higher per capita gov-
ernment expenditure on health and a higher
number of children under 5 years of age with
diarrhoea receiving oral rehydration therapy
indicate a lower IMR. The first two factors are
key for health policy planning. It has been
demonstrated in several studies that equal
access to health services is increased in Social

Security Systems,17 resulting in a larger num-
ber of people who are receiving appropriate
health care, especially children and mothers.
There is a new perspective on the development
of health systems based on Social Security
financing in several African countries. They
are showing an improvement in their sanitary
situation as well as in their development situ-
ation, and, undoubtedly, these facts will have
repercussions in their economies.18 It is sur-
prising in this multivariate analysis model that
no association was found with other indicators
traditionally associated with high IMR, as sus-
tainable access to safe drinking water and
basic sanitation. Its association is well docu-
mented19 but since all countries have relative-
ly, high level of access (83.23%) with relatively
small variation among countries (range 32-
100) data used may have failed to show any
association in this analysis. 
Finally, when assessing this data it is neces-

sary to bear in mind several considerations.
The data have been obtained from four differ-
ent databases: WHO, WB, UNICEF and UNDP,
and it may be problematic using them in com-
bination; however, data collection methodolo-
gies are similar and therefore this effect on
the final result is probably not relevant. In
some cases, the information sources are based
on estimates, thereby providing only a close to
reality approximate of the situations in these
countries. Furthermore, the lack of a great deal
of this data makes the analysis less precise
(though the lack of data also provides consid-
erable information); nevertheless, the existing
data provide a first step for planning future
studies. The inherent limitations of ecological
studies must be taken into account. The cen-
tral problem is the one referred to by Selvin20

as the ecological fallacy, but classical exam-
ples, such as the Snow21 and Farr22 studies
about cholera disease, show the advantages of
this type of research, in spite of the important
limitations in the detailed biological knowl-
edge of this disease.
It can be said that it is necessary to improve

information and recording systems in SSA
countries. The situation in these countries
cannot be improved if the problems and actual
difficulties are not known. In addition, after
conducting the study, it is striking that the fac-
tors associated with and correlated with the
high IMR are the lack of basic infrastructures
(water and sanitation), the lack of basic formal
education (especially of women), the lack of an
effective and efficient health system and the
lack of a good government that is concerned
about the social protection of its citizens and is
able to invest in their health.
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