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The Millennium Development Goals are now replaced by 17 sustainable development
goals. The emphasis of old goals was on improving water, sanitation, and child mortality
conditions in developing countries. The study explored the major question about the
association between different household environment conditions with child survival and
health in Sub-Saharan African and South Asian countries in the current scenario. This
paper estimated the risk of death, morbidity, and undernutrition among children living
in households with the improved sources of water, sanitation, and non-solid cooking
fuel. Two sources of information are explored in this study. First, data from World Health
Statistics (WHS)-2014 for all of the Sub-Saharan African and South Asian countries were
used. Second, available standard Demographic and Health Survey (DHS) performed
in the countries of Sub-Saharan Africa and South Asia after 2010 was included in the
study. It resulted in the inclusion of 15 countries which were Bangladesh (2011), Congo
Republic (2013–2014), Cote d’Ivoire (2011–2012), Ethiopia (2011), Gambia (2013), Mali
(2012–2013), Mozambique (2011), Namibia (2013), Nepal (2011), Niger (2012), Nigeria
(2013), Pakistan (2012–2013), Sierra Leone (2013), Uganda (2011), and Zambia (2013).
The scatter plot diagram was plotted, and the curve was fitted using the WHS-2014. Cox
regression and logistic regression were used to estimate adjusted risks (odds ratio) of
child mortality and health outcomes using DHSs. The use of non-solid cooking fuel was
very high in most of the Sub-Saharan African and South Asian countries. There was a
positive correlation between improving access to safe drinking water and sanitation. The
exponential curve fitted well with child mortality and household environmental indicators.
The use of improved source of water and sanitation significantly related with the lower
odds ratio of death, morbidity, and undernutrition among children aged 12–59 months.
The risks were not significant for children aged less than 12 months. The study provides
evidence that these environmental conditions hold importance for improving child health,
especially in Sub-Saharan African countries.
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inTrODUcTiOn

The UN Millennium Declaration was signed by 189 countries 
at the start of the twenty-first century and resulted into eight 
Millennium Development Goals (MDGs) (1). All these goals were 
related to each other and established to enhance the development 
effort in the developing countries. The MDGs are now replaced by 
17 sustainable development goals (SDGs) (2). The emphasis of the 
MDGs was on improving water, sanitation, and decreasing child 
mortality, especially in Sub-Saharan African and South Asian 
countries. The new SDG-6 moved on from MDGs and included 
various aspects of water and sanitation (2, 3). The study assessed 
the association of the household environment with child health, 
important in the public health context of Sub-Saharan Africa and 
the South Asian countries.

Millennium Development Goal-4 emphasized on reducing 
infant mortality and under-five mortality rates in developing 
countries. It targeted to reduce it by two-thirds between 1990 and 
2015 (1, 4). Since 1990, South Asian and Sub-Saharan regions 
had seen a significant decline in their child and infant mortality 
(5). The child mortality remains a grave concern in countries 
of South Asia and Sub-Saharan Africa (5, 6). According to the 
UNICEF 2011 report, globally 98.6% of deaths among children 
less than 5 years of age took place in the developing countries 
(5). Sub-Saharan Africa and South Asian countries contribute to 
more than 80% of the total child deaths in the world (6, 7). Acute 
respiratory tract infections remain the leading cause of deaths 
among children, followed by diarrheal diseases (8). Infectious 
diseases are widespread among children under 5 years in develop-
ing countries and can affect the development through direct and 
indirect pathways. Unhygienic sanitation practices and unsafe 
drinking water are some of its main causes (9–11). Underweight 
children are also at higher risk of diarrhea, malaria, and other 
childhood morbidities (12).

The environment surrounding the children can have a major 
effect on their survival and health (10, 11, 13). The World Health 
Organization (WHO) has defined environmental health as “all 
the physical, chemical, and biological factors external to a person, 
and all the related factors impacting behaviours. It encompasses 
the assessment and control of those environmental factors can 
potentially affect health. It targeted towards preventing disease 
and creating health-supportive environments” (13, 14). Children 
are especially more at risk because they have no control over their 
prenatal and postnatal environment, including the air, water, food, 
and their place of residence (9). These threats form the foundation 
of poor health and often cause and exacerbate other diseases, which 
may even result in mortality (15). Also, MDG-7, SDG-6, and SDG-7 
instruct to enhance the access to improved water sources, improved 
sanitation, and the use of non-solid fuels to achieve environmental 
sustainability. A study indicated that there is an enormous variation 
in water supply and sanitation in different cities of Sub-Saharan 
Africa (16). Safe water and sanitation practices are significantly 
related to the child health and mortality in these regions (17). Use of 
solid fuels for cooking is very high, which was associated with poor 
health among children (18–20). Various literatures also discussed 
and empirically shown the weak progress in Sub-Saharan countries 
in meeting these development goals (21–23). It is also critical to 

point out that African countries also suffered from various disease 
outbreaks, such as AIDS and Ebola, which may lead to trim down 
development efforts (24, 25). As literature suggests, progress toward 
improving child health and household environmental indicators is 
better in South Asian regions compared to Sub-Saharan African 
regions. Child health remains a major public health concern in 
both the regions. ARI and diarrhea are the major killers of children 
in South Asia, combined with the high prevalence of underweight. 
Globally, both the regions constitute a major percentage of child 
population as well as total number of child deaths. The role of the 
household environment in influencing child health is important for 
priority setting the future development goals and agenda in these 
two regions.

This study explored the key question about the association 
between household environmental conditions with child survival 
and health in Sub-Saharan African and South Asian regions in 
the current scenario. We estimated the risk of death, morbidity, 
and undernutrition among children living in the households with 
improved sources of water, sanitation, and non-solid cooking fuel.

DaTa sOUrces

Two sources of information were explored in this study. First, 
data from World Health Statistics (WHS)-2014 for most of the 
Sub-Saharan African and South Asian countries were used (26). 
The WHS has compiled and published data on various develop-
mental indicators in different countries. We used the information 
on infant mortality, child mortality, population access to the 
improved sources of water, population access to the improved 
sources of sanitation, and population using non-solid cooking 
fuel for South Asian and Sub-Saharan African countries. All the 
information in WHS-2014 refers to the year 2012.

Demographic and Health surveys (DHSs) are the household 
surveys that collect and disseminate accurate, nationally repre-
sentative data on maternal and child health. For assessing the 
relationship between household environment and child survival, 
available standard DHS conducted in Sub-Saharan Africa and 
South Asia countries after 2010 was included in the study, as the 
second source of information (27). MDGs were signed in the year 
2000, and new SDGs were announced in the year 2015. To reflect 
the current scenario with regard to development goals, we had 
used DHS done after the year 2010. Non-standard DHSs were 
excluded either because they had not focused on child health and 
household environment or may not have been representative of 
the respective countries. This resulted in the inclusion of 15 coun-
tries named Bangladesh (2011), Congo Republic (2013–2014), 
Cote d’Ivoire (2011–2012), Ethiopia (2011), Mozambique (2011), 
Mali (2012–2013), Niger (2012), Nigeria (2013), Nepal (2011), 
Pakistan (2012–2013), Sierra Leone (2013), and Uganda (2011). 
Sample sizes (total number of children under 5 years old) of the 
respective countries are given in Table 1.

hOUsehOlD enVirOnMenT 
cOnDiTiOns

In DHSs, the information on household environment condition 
is collected through an exhaustive list. Water and sanitation 
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TaBle 1 | selected countries and their respective sample sizes.

countries number of children (N)

Bangladesh (2011) 8753
Congo Republic (2013–2014) 18,716

Cote d’Ivoire (2011–2012) 7776

Ethiopia (2011) 11,654

Gambia (2013) 8088

Mali (2012–2013) 10,326

Mozambique (2011) 11,012

Namibia (2013) 5046

Nepal (2011) 5306

Niger (2012) 12,558

Nigeria (2013) 31,482

Pakistan (2012–2013) 11,763

Sierra Leone (2013) 11,938

Uganda (2011) 7878

Zambia (2013) 13,457

FigUre 1 | relationship between infant and child mortality with access to improved source of water, improved sanitation, and use of non-solid 
cooking fuel in sub-saharan africa and south asia.
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conditions are classified into two categories as improved and 
non-improved sources, as per WHO guidelines (28). Use of 
cooking fuel is classified into two categories as non-solid fuel 
and solid fuel (18).

sTaTisTical analYsis

First, the information from the WHS was used to plot the scatter 
plot diagram. The scatter diagram was plotted for infant and 
child mortality in the y-axis and household environmental indi-
cators on the x-axis. The exponential curve was fitted to assess 
the relationship between access to improved source of water, 
sanitation, and use of non-solid cooking fuel with the infant and 
under-five mortality in all of the countries in Sub-Saharan Africa 
and South Asia.

Demographic and Health Surveys were used for further inves-
tigation. Cross tabulation was performed to study the percentage 
of children living in safe household environment conditions in 
selected countries. Missing values were excluded from the analysis. 
Cox regression was used to analyze the survival pattern of children 
and the effect of the household environment in influencing the 
survival of children. Cox regression (or proportional hazards 
regression) is a method for investigating the effect of several vari-
ables on the time a specified event takes to happen. In the context 
of an outcome such as death, this is known as Cox regression 
for survival analysis. An assumption of the proportional hazard 
model is that the hazard function for an individual (observation in 
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FigUre 2 | Percentage of children living in safe household environment (water, sanitation, and cooking fuel) in sub-saharan african and south asian 
countries.
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the analysis) depends on the values of the covariates and the value 
of the baseline hazard (29). Given two individuals with particular 
values for the covariates, the ratio of the estimated hazards over 
time will be constant. Logistic regression was done to calculate the 
risk of morbidity (diarrhea, fever, and cough) and undernutrition 
(stunting, wasting, and underweight) by household environment 
conditions. Household environment risks adjusted for sex of the 
child, birth order, multiple births, size at birth, mother’s education 
status, mother’s age at birth, place of residence, and wealth index. 
The Sub-Saharan countries of Cote d’Ivoire, Congo Republic, 
Ethiopia, Gambia, Mali, Mozambique, Niger, Sierra Leone, 
Uganda, and Zambia do not have enough number of children 
living in the households using non-solid fuel. So, we were not able 
to calculate the risk in these countries. The likelihood of mortality 
and morbidity is also known to differ in the first year of life. The 
analysis was performed separately for children aged 0–12 and 
12–59 months. STATA 12 was used to perform all the analysis.

resUlTs

Infant and child mortality was related to water and sanitation 
conditions. As the percentage of persons with improved access 

to the sources of water and sanitation increased, the infant and 
child mortality declined (Figure 1). The increasing use of non-
solid fuel for cooking was associated with the improved child 
and infant mortality rates. The exponential curve fitted well with 
child mortality and environmental indicators, which meant that, 
as soon as access to water, sanitation, and non-solid cooking 
fuel improved, there was a rapid reduction in infant and child 
mortality. Once a high percentage of the population had access 
to improved water and sanitation, thereafter, it did not influence 
on child mortality much. All countries in Sub-Saharan Africa or 
South Asia had more than 45% of the population with access to 
improved water sources. The percentage of the population using 
non-solid cooking fuel was in the range of 0–30%. However, the 
percentage of population access to improved sources of sanitation 
was well spread  out for all of the countries.

Figure 2 shows the percentage of children living in different 
household environment conditions in selected countries using 
DHSs. It is not very surprising to find that the percentage of 
children living in a safe household environment is high in South 
Asian countries, as compared to Sub-Saharan Africa, as South 
Asian countries are economically more developed than Sub-
Saharan Africa. In most countries studied, there were a high 
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TaBle 2 | household environment conditions in children aged less than 12 months: adjusted risk of death and morbidity outcomes in selected 
south asian and sub-saharan african countries.

countries household environment conditions risk of death Odds ratio  
of diarrhea

Odds ratio  
of fever

Odds ratio  
of cough

Cote d’Ivoire Improved sources of water 1.078 1.048 0.876 0.919
Improved sources of sanitation 1.02 0.952 0.893 0.888

Congo Republic Improved sources of water 0.891 0.986 0.881 1.042
Improved sources of sanitation 0.86 0.877 0.774*** 0.856*

Ethiopia Improved sources of water 0.89 0.899 0.91 0.904
Improved sources of sanitation 0.822 0.869 0.97 0.869

Gambia Improved sources of water 0.74 0.731* 0.884 0.952
Improved sources of sanitation 1.011 1.513** 1.166 1.409*

Mali Improved sources of water 1.241 1.374 1.027 0.765
Improved sources of sanitation 0.737 0.978 1.047 0.982

Mozambique Improved sources of water 1.193 1.101 1.125 1.384*
Improved sources of sanitation 1.175 1.045 0.918 0.881

Namibia Improved sources of water 1.469 0.969 1.021 0.835
Improved sources of sanitation 0.724 0.739 1.163 0.864
Use of non-solid cooking fuel 0.683 0.978 0.884 0.879

Nigeria Improved sources of water 0.945 0.836** 0.934 0.771***
Improved sources of sanitation 0.947 1.290** 1.275* 0.943
Use of non-solid cooking fuel 0.816 0.648** 0.551*** 0.921

Niger Improved sources of water 0.794* 0.826 0.826 0.791*
Improved sources of sanitation 0.733 0.829 0.907 0.872

Sierra Leone Improved sources of water 1.106 0.732** 0.847 0.868
Improved sources of sanitation 0.901 0.891 0.911 0.858

Uganda Improved sources of water 1.158 1.022 1.476** 0.824
Improved sources of sanitation 0.775 0.956 0.655** 0.977

Zambia Improved sources of water 1.18 1.093 0.896 1.028
Improved sources of sanitation 1.178 0.951 1.092 1.107

Bangladesh Improved sources of water 0.982 0.87 0.631 0.555*
Improved sources of sanitation 1.200 1.114 1.024 1.052
Use of non-solid cooking fuel 0.727 1.376 0.850 0.827

Nepal Improved sources of water 1.418 1.129 1.282 1.187
Improved sources of sanitation 1.133 0.994 1.162 1.185
Use of non-solid cooking fuel 0.962 0.899 1.321 2.182**

Pakistan Improved sources of water 0.965 1.23 1.163 1.119
Improved sources of sanitation 0.813 0.754** 0.998 1.085
Use of non-solid cooking fuel 1.460 0.128 1.22 1.273

Adjusted for sex of the child, birth order, multiple births, size at birth, mother’s education status, mother’s age at birth, place of residents, and wealth index.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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percentage of children living in households with improved water 
sources. The percentage of children living in the household using 
non-solid cooking fuel was very low in all the countries. It was 
almost negligible in countries like Ethiopia, Mali, Niger, Sierra 
Leone, and Uganda.

The Tables 2 and 3 showed the risk of death and morbidity 
in household environmental conditions. None of the household 
environmental conditions were significantly related to child 
survival at age less than 12 months (Table 2). In the age group 
0–12  months, the use of improved sanitation was significantly 
related to the lower odds ratio of diarrhea in Pakistan (OR = 0.754) 
and lower odds ratio of fever in the Congo Republic (OR = 0.774) 
and Uganda (OR = 0.655) compared to the households without 
access to improved sanitation. Use of improved water sources had 

significantly lower risk of diarrhea in Nigeria (OR = 0.836) and 
Sierra Leone (OR = 0.732) compared to the households without 
access to improved water sources. Assessment of the use of non-
solid cooking fuel was done only in few countries but significantly 
related to cough in Nigeria (OR = 0.648) among children aged 
0–12 months. In the age group of 12–59 months (Table 3), the 
use of improved sanitation was significantly related to increasing 
child survival in the Congo Republic (OR  =  0.779) and Niger 
(OR  =  0.631). Use of improved source of water also resulted 
in significantly reduced risk of death among children aged 
12–59 months in the Congo Republic (OR = 0.712) and Gambia 
(OR = 0.467). Use of improved source of water had significantly 
lower risk of fever in the Congo Republic (OR = 0.791) and lower 
risk of diarrhea in Sierra Leone (OR = 0.827). Use of improved 
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TaBle 3 | household environment conditions in children aged 12–59 months: adjusted risk of death and morbidity outcomes in selected south asian 
and sub-saharan african countries.

countries household environment conditions risk of death Odds ratio  
of diarrhea

Odds ratio  
of fever

Odds ratio  
of cough

Cote d’Ivoire Improved sources of water 0.937 1.03 0.802*** 0.887
Improved sources of sanitation 0.888 0.855* 1.0674 0.846*

Congo Republic Improved sources of water 0.712*** 0.929 0.898** 0.942
Improved sources of sanitation 0.779** 0.791*** 0.818*** 0.894***

Ethiopia Improved sources of water 0.843 0.985 1.035 0.968
Improved sources of sanitation 1.153 0.905 0.979 0.874

Gambia Improved sources of water 0.467** 1.066 1.088 0.978
Improved sources of sanitation 1.277 1.132 1.021 1.343**

Mali Improved sources of water 1.089 1.272** 1.333** 1.117
Improved sources of sanitation 0.942 0.871 0.762** 0.887

Mozambique Improved sources of water 1.106 1.029 0.929 1.19
Improved sources of sanitation 1.104 1.029 0.914 1.184

Namibia Improved sources of water 2.422 0.996 1.299 1.219*
Improved sources of sanitation 0.447 1.111 0.899 0.918
Use of non-solid cooking fuel 0.898 0.549*** 0.742*** 0.865*

Nigeria Improved sources of water 1.081 0.938 0.933 0.874***
Improved sources of sanitation 0.091 1.148** 1.109** 0.998
Use of non-solid cooking fuel 0.787 0.759** 0.767* 1.03

Niger Improved sources of water 0.959 1.036 0.865* 0.922
Improved sources of sanitation 0.631** 0.887 1.151 1.028

Sierra Leone Improved sources of water 0.951 0.827** 1.034 1.059
Improved sources of sanitation 1.11 1.104 0.998 0.942

Uganda Improved sources of water 0.838 1.084 1.313*** 1.135*
Improved sources of sanitation 1.155 0.919 0.889** 1.001

Zambia Improved sources of water 0.953 1.042 1.016 1.072
Improved sources of sanitation 1.323 0.994 0.97 0.926

Bangladesh Improved sources of water – 0.915 0.824 0.657**
Improved sources of sanitation 0.637 0.953 1.063 1.044
Use of non-solid cooking fuel 1.679 1.305 0.778** 0.924

Nepal Improved sources of water 1.068 1.079 1.107 1.087
Improved sources of sanitation 2.606* 0.859 1.103 0.977
Use of non-solid cooking fuel 1.452 0.936 0.731 1.141

Pakistan Improved sources of water 1.714 0.961 0.955 0.943
Improved sources of sanitation 0.851 0.923 1.023 1.104
Use of non-solid cooking fuel 0.742 1.003 1.025 1.067

Adjusted for sex of the child, birth order, multiple births, size at birth, mother’s education status, mother’s age at birth, place of residents, and wealth index.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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sanitation was related to lower risk of fever in the Congo Republic 
(OR  =  0.818), Mali (0.762), and Uganda (OR  =  0.889), when 
compared to no improvement in sanitation. Use of non-solid 
cooking fuel was found to significantly reduce the risk of fever in 
Namibia (OR = 0.742) and Bangladesh (OR = 0.778) compared 
to the use of solid cooking fuels.

We further investigated the role of these household environ-
mental conditions with nutritional indicators, such as stunting, 
wasting, and underweight, among children. There was a poor 
association with nutrition among children aged 0–12 months 
(Table  4). The household environmental conditions were 
found significantly influencing nutrition among children 
aged 12–59 months in most of the countries. (Table 5). Use of 

improved sources of water was significantly related to the lower 
odds ratio of stunting (0.767) and wasting in Uganda (0.500), 
while it was found significantly reducing odds ratio of under-
weight in Bangladesh (OR  =  0.594) and Mali (OR  =  0.768) 
compared to the use of non-improved water sources. Use 
of improved sanitation significantly related to lower risk of 
underweight in the Congo Republic (OR  =  0.821), Ethiopia 
(OR = 0.811), and Mali (OR = 0.768). It was also associated 
with lower risk of wasting in Nepal (OR  =  0.634) and lower 
risk of stunting in Cote d’Ivoire (OR  =  0.709) and Ethiopia 
(OR  =  0.854). Use of non-solid fuel was also significantly 
related to lower risk of stunting (OR = 0.749) and underweight 
(OR = 0.849) in Namibia.
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DiscUssiOn

Development goals and the association 
between household environment and 
child health
Millennium Development Goals brought the importance of 
health system strengthening, improving social, economic, and 
environmental conditions, which determined poor health con-
ditions in developing countries. Studies indicate that there is a 
remarkable improvement in infant and child mortality, especially 
in South Asia (30). All regions, except Sub-Saharan Africa, have 
successfully halved the under-five mortality rate compared to 
1990 in recent years (30, 31). Access to safe drinking water (one of 
the goals of MDG-7) is also well on track except for Sub-Saharan 
African region (31, 32). Water, sanitation, and the use of cooking 

fuel are known to influence child morbidity and nutrition, which, 
in turn, increases child mortality in developing countries (11–13, 
16, 33). Our study shows that water and sanitation condition had 
the significant impact on child survival in some of the African 
countries. However, studies do suggest that many Sub-Saharan 
countries will not be able to achieve these development goals (23, 
32). Sub-Saharan African countries were also severely affected by 
epidemics, such as HIV/AIDS and Ebola, in recent years, which 
caused high mortality in the region.

The access to non-solid fuel was very low in some of the 
African countries, and the relationship cannot be assessed. Using 
clean energy also has an economic perspective. The widespread 
poverty and economic inequality could be the reason for the high 
use of solid fuel in these countries (34). However, in South Asian 
countries, the relationship between household environment and 

TaBle 4 | Undernutrition among children aged less than 12 months: adjusted odds ratio by household environment conditions in selected south asian 
and sub-saharan african countries.

countries household environment conditions Odds ratio  
of stunting

Odds ratio  
of wasting

Odds ratio  
of underweight

Cote d’Ivoire Improved sources of water 0.505*** 0.861 0.781
Improved sources of sanitation 0.932 0.909 1.004

Congo Republic Improved sources of water 1.043 1.2 0.803
Improved sources of sanitation 1.064 0.964 0.786

Ethiopia Improved sources of water 0.957 1.155 1.207
Improved sources of sanitation 0.446** 0.984 0.846

Gambia Improved sources of water 1.05 0.999 1.096
Improved sources of sanitation 1.001 0.583** 0.764

Mali Improved sources of water 0.824 1.381 0.793
Improved sources of sanitation 1.234 1.282 1.164

Mozambique Improved sources of water 1.029 0.877 1.169
Improved sources of sanitation 1.16 0.733 1.843

Namibia Improved sources of water – 0.644 –
Improved sources of sanitation – 0.667 –
Use of non-solid cooking fuel – 0.768 –

Nigeria Improved sources of water 1.074 0.951 1.006
Improved sources of sanitation 1.228** 1.292*** 1.484***
Use of non-solid cooking fuel 0.972 1.032 0.951

Niger Improved sources of water 1.042 1.071 1.099
Improved sources of sanitation 1.305 0.811 0.874

Sierra Leone Improved sources of water 0.857 1.269 0.887
Improved sources of sanitation 1.189 0.724 0.86

Uganda Improved sources of water 1.052 1.862 1.283
Improved sources of sanitation 1.016 0.881 0.873

Zambia Improved sources of water 0.917 1.542** 0.976
Improved sources of sanitation 1.072 1.089 0.957

Bangladesh Improved sources of water 1.076 1.001 1.048
Improved sources of sanitation 1.131 0.948 0.902
Use of non-solid cooking fuel 1.225 1.248 1.027

Nepal Improved sources of water 1.657 0.599 0.776
Improved sources of sanitation 0.596 0.9 0.706
Use of non-solid cooking fuel 1.168 1.088 0.608

Pakistan Improved sources of water 0.742 1.532 1.318
Improved sources of sanitation 1.365 0.737 0.991
Use of non-solid cooking fuel 1.755 0.742 1.968*

Adjusted for sex of the child, birth order, multiple births, size at birth, mother’s education status, mother’s age at birth, place of residents, and wealth index.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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child survival were not found significant. The reason could be 
that the South Asian countries have achieved greater access to 
safer water and sanitation conditions (more considerable pro-
gress toward MDG-7). Although, the situation in India was not 
assessed due to the lack of a recent DHS, which may shows a 
likely influence in South Asia. The literature and different studies 
in India had shown the reduction in child mortality as well as an 
improvement in access to improved water and sanitation facilities 
(35, 36). Bangladesh has also shown great progress in child health 
and household environmental indicators in recent decades (37, 
38). The recent earthquakes in Nepal will influence the availability 
and accessibility of water and sanitation. Development efforts in 
Nepal need to rebuild health facilities and household environ-
ment conditions, which were destroyed by the earthquake.

health system and Development goals
Achievements of these goals are also highly affected by the 
governance of health system in the respective countries (39). 
Travis et  al. explains the different interventions, the health 
system responses, and the constraints of these responses in 
addressing these goals (40). Some of these constraints include 
financial–physical inaccessibility, inappropriate skills or poorly 
motivated health staff, and poor quality of health service deliver-
ies (39, 40). Child survival strategies in developing countries 
focus on case management and treatment. These strategies have 
focused on resisting or reducing infection once it occurred rather 
than reducing the exposure to these environmental threats (40, 
41). The importance of improving environmental surroundings 
holds a greater importance in enhancing health conditions in 

TaBle 5 | Undernutrition among children aged 12–59 months: adjusted odds ratio by household environment conditions in selected south asian and 
sub-saharan african countries.

countries household environment conditions Odds ratio  
of stunting

Odds ratio  
of wasting

Odds ratio of 
underweight

Cote d’Ivoire Improved sources of water 1.181 0.99 1.492*
Improved sources of sanitation 0.709*** 0.713 0.751*

Congo Republic Improved sources of water 1.073 1.064 0.938
Improved sources of sanitation 0.870** 1.109 0.811***

Ethiopia Improved sources of water 0.956 1.158* 1.06
Improved sources of sanitation 0.854** 0.847 0.821**

Gambia Improved sources of water 1.218 0.653** 0.962
Improved sources of sanitation 0.882 1.201 0.996

Mali Improved sources of water 0.911 0.699*** 0.768***
Improved sources of sanitation 0.997 0.692** 0.964

Mozambique Improved sources of water 0.896* 1.394* 0.993
Improved sources of sanitation 0.888* 0.979 0.98

Namibia Improved sources of water 0.963 1.025 0.999
Improved sources of sanitation 0.786 0.809 1.133
Use of non-solid cooking fuel 0.749*** 0.942 0.849**

Nigeria Improved sources of water 1.015 1.193** 1.151**
Improved sources of sanitation 1.142*** 1.491** 1.321**
Use of non-solid cooking fuel 0.651* 1.11 0.636

Niger Improved sources of water 1.191* 1.005 1.11
Improved sources of sanitation 0.928 0.934 0.96

Sierra Leone Improved sources of water 0.974 0.876 0.805*
Improved sources of sanitation 1.078 0.793 0.728***

Uganda Improved sources of water 0.767** 0.500** 0.769
Improved sources of sanitation 1.113 0.623 1.003

Zambia Improved sources of water 0.924 0.904 0.969
Improved sources of sanitation 1.199** 0.872 1.003

Bangladesh Improved sources of water 0.839 0.640** 0.594***
Improved sources of sanitation 0.889* 1.023 0.901*
Use of non-solid cooking fuel 1.103 1.255 1.089

Nepal Improved sources of water 0.87 0.914 0.777*
Improved sources of sanitation 1.347** 0.634** 0.861
Use of non-solid cooking fuel 0.896 1.263 0.771

Pakistan Improved sources of water 1.177 0.801 1.278*
Improved sources of sanitation 1.141 0.855 0.859
Use of non-solid cooking fuel 0.918 1.213 1.398**

Adjusted for sex of the child, birth order, multiple births, size at birth, mother’s education status, mother’s age at birth, place of residents, and wealth index.
*p < 0.10.
**p < 0.05.
***p < 0.01.
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cOnclUsiOn

Surveys indicate that a high proportion of children are living in 
poor household environmental conditions in the South Asian as 

well as in Sub-Saharan African countries. There is a positive cor-
relation existing between improving access to safe drinking water 
and sanitation with under-five and infant mortality. It is acknowl-
edged that these can be a result of overall efforts of development 
and improving health conditions in these countries. The use of 
non-solid cooking fuel is very high in most of the Sub-Saharan 
African and South Asian countries. Poor environmental condi-
tions, such as water and sanitation conditions, had a significant 
influence on child survival in some of the Sub-Saharan African 
countries but did not have much influence in the case of South 
Asian countries.

aUThOr cOnTriBUTiOns

AA performed the data analysis and writing of the manuscript. 
AA and NR participated in improving and finalizing manuscript.

FUnDing

There was no funding while preparing this article.

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
http://www.refworld.org/docid/51f8fff34.html
http://www.un.org/pga/wp-content/uploads/sites/3/2015/08/120815_outcome-document-of-Summit-for-adoption-of-the-post-2015-development-agenda.pdf
http://www.un.org/pga/wp-content/uploads/sites/3/2015/08/120815_outcome-document-of-Summit-for-adoption-of-the-post-2015-development-agenda.pdf
http://www.un.org/pga/wp-content/uploads/sites/3/2015/08/120815_outcome-document-of-Summit-for-adoption-of-the-post-2015-development-agenda.pdf
http://www.un.org/millenniumgoals/2014%20MDG%20report/MDG%202014%20English%20web.pdf
http://www.un.org/millenniumgoals/2014%20MDG%20report/MDG%202014%20English%20web.pdf
http://www.who.int/gho/child_health/mortality/causes/en/
http://www.unicef.org/media/files/Child_Mortality_Report_2011_Final.pdf
http://www.unicef.org/media/files/Child_Mortality_Report_2011_Final.pdf
http://dx.doi.org/10.1016/S0140-6736(10)60549-1
http://dx.doi.org/10.1016/S0140-6736(05)71877-8
http://dx.doi.org/10.1016/S0140-6736(05)71877-8
http://dx.doi.org/10.1002/psp.328
http://dx.doi.org/10.1017/S0021932006001301
http://www.who.int/topics/environmental_health/en/
http://dx.doi.org/10.1186/1471-2458-14-208
http://dx.doi.org/10.1021/es072435t
http://dx.doi.org/10.1289/ehp.8603
http://dx.doi.org/10.2471/BLT.07.044529
http://dx.doi.org/10.2471/BLT.07.044529
http://dx.doi.org/10.1093/ije/dyl234
http://dx.doi.org/10.1093/ije/dyl234
http://dx.doi.org/10.3390/ijerph2006030026
http://apps.who.int/iris/bitstream/10665/43488/1/9241563257_eng.pdf
http://apps.who.int/iris/bitstream/10665/43488/1/9241563257_eng.pdf
http://dx.doi.org/10.1016/j.worlddev.2008.02.009
http://dx.doi.org/10.1016/j.socscimed.2006.10.003


10

Anand and Roy Household Environment and Child Health

Frontiers in Public Health | www.frontiersin.org May 2016 | Volume 4 | Article 87

26. World Health Organization. World Health Statistics 2014. Geneva (2014). 
Available from: http://www.who.int/gho/publications/world_health_statistics/ 
2014/en/

27. U.S. Agency of International Development. Measure DHS-Demographic and 
Health Surveys (2015). Available From: http://www.dhsprogram.com/data/
dataset_admin/login_main.cfm

28. World Health Organization. Progress on Drinking Water and Sanitation – 2014 
Update. Geneva (2014). Available from: http://www.wssinfo.org/fileadmin/
user_upload/resources/JMP_report_2014_webEng.pdf

29. Cox DR. Regression models and life-tables. J R Stat Soc (1972) 
34(2):187–220. 

30. Lozano R, Wang H, Foreman KJ, Rajaratnam JK, Naghavi M, Marcus JR, et al. 
Progress towards millennium development goals 4 and 5 on maternal and child 
mortality: an updated systematic analysis. Lancet (2011) 378(9797):1139–65. 
doi:10.1016/S0140-6736(11)61337-8 

31. Lawn JE, Costello A, Mwansambo C, Osrin D. Countdown to 2015: will the 
millennium development goal for child survival be met? Arch Dis Child (2007) 
92(6):551–6. doi:10.1136/adc.2006.099291 

32. Accorsi S, Bilal NK, Farese P, Racalbuto V. Countdown to 2015: comparing 
progress towards the achievement of the health millennium development 
goals in Ethiopia and other Sub-Saharan African countries. Trans R Soc Trop 
Med Hyg (2010) 104(5):336–42. doi:10.1016/j.trstmh.2009.12.009 

33. Bartram J, Cairncross S. Hygiene, sanitation, and water: forgotten foun-
dations of health. PLoS Med (2010) 7(11):e1000367. doi:10.1371/journal.
pmed.1000367 

34. Sovacool BK. The political economy of energy poverty: a review of key 
challenges. Energy Sustain Dev (2012) 16(3):272–82. doi:10.1016/j.
esd.2012.05.006 

35. Ram U, Jha P, Ram F, Kumar K, Awasthi S, Shet A, et al. Neonatal, 1–59 month, 
and under-5 mortality in 597 Indian districts, 2001 to 2012: estimates from 
national demographic and mortality surveys. Lancet Glob Health (2013) 
1(4):e219–26. doi:10.1016/S2214-109X(13)70073-1 

36. Nath A. India’s progress toward achieving the millennium develop-
ment goals. Indian J Community Med (2011) 36(2):85. doi:10.4103/ 
0970-0218.84118 

37. World Bank. To the MDGs and Beyond: Accountability and Institutional 
Innovation in Bangladesh. Bangladesh Development Series Paper No. 
14, Dhaka. (2007). Available from: http://siteresources.worldbank.org/
BANGLADESHEXTN/Resources/295759-1171499457708/ complete.pdf

38. UNICEF. Progress for Children: A Report Card on Water and Sanitation. 
UNICEF (2006). Available from: http://www.unicef.org/publications/files/
Progress_for_Children_No._5_-_English.pdf

39. Mulholland EK, Smith L, Carneiro I, Becher H, Lehmann D. Equity and 
child-survival strategies. Bull World Health Organ (2008) 86(5):399–407. 
doi:10.2471/BLT.07.044545 

40. Travis P, Bennett S, Haines A, Pang T, Bhutta Z, Hyder AA, et al. Overcoming 
health-systems constraints to achieve the millennium development goals. 
Lancet (2004) 364(9437):900–6. doi:10.1016/S0140-6736(04)16987-0 

41. Gakidou E, Oza S, Fuertes CV, Li AY, Lee DK, Sousa A, et al. Improving child 
survival through environmental and nutritional interventions: the importance 
of targeting interventions toward the poor. JAMA (2007) 298(16):1876–87. 
doi:10.1001/jama.298.16.1876 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2016 Anand and Roy. This is an open-access article distributed under the 
terms of the Creative Commons Attribution License (CC BY). The use, distribution or 
reproduction in other forums is permitted, provided the original author(s) or licensor 
are credited and that the original publication in this journal is cited, in accordance 
with accepted academic practice. No use, distribution or reproduction is permitted 
which does not comply with these terms.

http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
http://www.who.int/gho/publications/world_health_statistics/2014/en/
http://www.who.int/gho/publications/world_health_statistics/2014/en/
http://www.dhsprogram.com/data/dataset_admin/login_main.cfm
http://www.dhsprogram.com/data/dataset_admin/login_main.cfm
http://www.wssinfo.org/fileadmin/user_upload/resources/JMP_report_2014_webEng.pdf
http://www.wssinfo.org/fileadmin/user_upload/resources/JMP_report_2014_webEng.pdf
http://dx.doi.org/10.1016/S0140-6736(11)61337-8
http://dx.doi.org/10.1136/adc.2006.099291
http://dx.doi.org/10.1016/j.trstmh.2009.12.009
http://dx.doi.org/10.1371/journal.pmed.1000367
http://dx.doi.org/10.1371/journal.pmed.1000367
http://dx.doi.org/10.1016/j.esd.2012.05.006
http://dx.doi.org/10.1016/j.esd.2012.05.006
http://dx.doi.org/10.1016/S2214-109X(13)70073-1
http://dx.doi.org/10.4103/
0970-0218.84118
http://dx.doi.org/10.4103/
0970-0218.84118
http://siteresources.worldbank.org/BANGLADESHEXTN/Resources/295759-1171499457708/complete.pdf
http://siteresources.worldbank.org/BANGLADESHEXTN/Resources/295759-1171499457708/complete.pdf
http://www.unicef.org/publications/files/Progress_for_Children_No._5_-_English.pdf
http://www.unicef.org/publications/files/Progress_for_Children_No._5_-_English.pdf
http://dx.doi.org/10.2471/BLT.07.044545
http://dx.doi.org/10.1016/S0140-6736(04)16987-0
http://dx.doi.org/10.1001/jama.298.16.1876
http://creativecommons.org/licenses/by/4.0/

	Transitioning toward Sustainable Development Goals: The Role of Household Environment in Influencing Child Health in 
Sub-Saharan Africa and South Asia Using Recent Demographic Health Surveys
	Introduction
	Data Sources
	Household Environment Conditions
	Statistical Analysis
	Results
	Discussion
	Development Goals and the Association between Household Environment and Child Health
	Health System and Development Goals

	Conclusion
	Author Contributions
	Funding
	References


