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Abstract
Background: In the context of global child health priority, under-five mortality remains considerably high
with the current rate of 132 deaths per 1,000 live births in Nigeria, which translates to 1 in 8 children dying
before his or her fifth birthday. This has been attributed to exposure of children to household air pollution
due to environmental context and inefficient cooking practices. Therefore, this study examined the
interaction effects of neighbourhood poverty and use of solid cooking fuels on under-five mortality in
Nigeria.

Methods: Data for the study were drawn from the 2018 Nigeria Demographic and Health Survey and
covered a weighted sample of 124,442 birth history of childbearing women who reported using cooking
fuels in kitchens located within the house. Descriptive and analytical analyses were carried out, including
frequency tables, Pearson’s chi-square test, and multivariate using Cox proportional regression model.

Results: The findings of this study showed that the risks of under-five mortality were significantly higher
for children whose mothers were found in the areas of high neighbourhood poverty (HR: 1.44, CI: 1.34-
1.54) and those whose mothers reported using solid cooking fuels within the house (HR: 2.26, CI: 2.06-
2.49). The results further showed that the risks of death significantly reduced for children whose mothers
had secondary or tertiary education (HR: 0.82, CI: 0.75-0.90) and children of mothers whose partners had
at least primary education, but increased for children of mothers who were rural residents (HR: 1.25, CI:
1.16-1.35); and those found in the North-east (HR: 1.31, CI: 1.18-1.46) and North-west (HR: 1.84, CI: 1.68-
2.02), compared with those in the reference categories.

Conclusion: The risks of under-five mortality are significantly linked to areas of high neighbourhood
poverty and use of solid cooking fuels in kitchens located within the house in Nigeria. There is the need
for more pragmatic strategies to re-educate people, especially mothers on the need to use clean cooking
fuels from the little resources they have to reduce the children’s exposure to harmful emissions within the
house.

Background
Under-five mortality (U5M), defined as the number of children dying before the fifth birthday (0–59
months) has universally remained unacceptably high. On the average, between 1990 and 2017, there was
a 58% decline in U5M across the globe, 118 countries have already achieved the sustainable development
goal (SDG) 3 target of the U5M rate of less than 25 per 1,000 live births [1]. Although the world witnessed
a tremendous reduction in child mortality, sub-Saharan Africa which Nigeria belongs is the only region
with U5M rates of 76 deaths per 1,000 live births [1, 2]. These deaths remain considerably high in Nigeria
as the eighth highest in the world [3] and the highest in Africa [4]. Even going by the current U5M rate of
132 deaths per 1,000 live births, this implies that more than 1 in every 8 children in Nigeria dies before
age 5 [2]. Despite the decline from 213 deaths per 1,000 live births in 1990 to 132 deaths per 1,000 live
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births in 2018 [2], the slow pace of decline in U5M has been attributed to poor progress in child survival
interventions [5], including exposure to household air pollution due to inefficient cooking practices [6].

Globally, around 3 billion people cook with polluting open fires fuelled by biomass including wood, animal
dung, crop waste and coal and most of these people are poor and live in low- and middle-income
countries [6]. Consequently, 3.8 million people die prematurely annually from illness attributable to the
household air pollution caused by the inefficient cooking practices of using solid fuels, while exposure to
household air pollution almost doubles the risks for childhood pneumonia and is responsible for 45% of
all pneumonia deaths in children less than 5 years old [6]. In Nigeria, the percentage of households using
solid cooking fuels is high (79%), with 61% using wood. This includes 87% of households in rural areas
and 47.7% of households in urban areas [2]. Studies have shown that the use of some solid fuels has
been associated with indoor air pollution, unsafe levels of toxic and mortality related cases in both adults
and children [7–11]. Children are more susceptible to housing air pollution than adults since they spend
most time indoors. They are at risk because they require a higher amount of air inhalation than adults,
and their organs are not fully developed [12–13]. Hence, children from the households where solid fuels
are the main sources of cooking amenities are more likely to experience acute respiratory infections
(ARIs) because indoor air pollution is closely associated with the location of kitchen [14].

Poverty and child’s health are connected in diverse ways. Children from less privileged households are
more vulnerable to air pollution, poor sanitation among others, which are some of the risks of diverse
diseases resulting in U5M [3, 15]. A study has shown that poverty is negatively associated with child
health [16]. No doubt, the absence substances that make life comfortable in the household as a result of
poverty could have an adverse effect on a child’s health outcome. Children who are living in poverty are
more likely to experience respiratory health problems [17]. Previous studies observed that the majority of
susceptible children are exposed to harmful emissions of biomass smoke at home, which significantly
increases the risk for acute lower respiratory tract infections, upper respiratory tract infections and
asthma, and pneumonia [18–20]. Besides, most under-five children’s deaths caused by ARIs are closely
associated with environmental factors including the use of solid fuels [21–22]. Therefore, avoiding the
use of solid fuels such as wood stove seems as preventive measures to reduce the risks of ARIs for
under-five children [23].

Socio-economic and demographic factors are akin to the status of children’s health. Mother’s education is
negatively associated with the incidence of children’s diseases which could result in deaths [24–25]. In
addition to the mother’s education, household wealth influences the choice of household fuel for cooking
[26]. Thus, increasing the level of education among women and in association with other socio-economic
and demographic factors significantly reduces the incidence of U5M [27]. Educated mothers tend to seek
a healthy environment and health care facility for their children. Under-five children’s health outcomes are
tied to mother’s education, occupation, and wealth status among others [28]. The choice of cooking
amenities and rural location are making much difference in terms of health challenges including ARIs
affecting children’s health [29]. Hence, the high prevalence of under-five deaths in rural areas has been
attributed to the predominant negative practices, as well as a low level of education and wealth status
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[30]. In Nigeria, the geo-political zones have significant effects on the unevenness in childhood mortality
rates [31]. Attributably, areas with enhanced accessibility to clean cooking fuels tend to record reduced
under-five deaths.

There have been few studies that investigated the association between household cooking fuels and
health outcome of under-five children in Nigeria. Most of these studies were limited to solid cooking fuels
by adopting binary logistic regression for data analyses [32]; contributory factors to regional inequalities
in ARIs symptoms among under-five children [29] and household materials as predictors of U5M using
2013 NDHS [33]. Also, the observations of some studies from other countries that examined the effect of
household air pollution on people’s health reached contradictory conclusions [34–36]. However, in the
context of global child health priority, no previous studies have examined the interaction effects of
neighbourhood poverty and using solid cooking fuels within the house on U5M. The implication is that
the findings of these studies might be limited in informing strategic interventions and policy formulation
concerning the interaction effects of neighbourhood poverty and use of solid cooking fuels on under-five
children’s health outcome. The need for this study becomes pertinent, especially in Nigeria which is one of
the five countries with the largest populations living in extreme poverty and are home to about 23% of the
world’s poor [37]. No doubt, poverty plays a role in the choice of solid cooking fuels that exposes under-
five children to harmful emissions of biomass smoke at home.

Assessing the contributory role of neighbourhood poverty simply described as the percentage of
households in the poorest quintile of the wealth index [38] and deprivation from a broader perspective
which is considered as a lack of basic needs, possibly resulting to the use of solid cooking fuels [39],
which directly impact people’s health [40] becomes important. Though, studies have shown the
significant association between poverty and child health outcomes [41–42]. This study investigated the
interaction effects of neighbourhood poverty and use of solid cooking fuels on U5M using the latest
NDHS data and Cox proportional regression analyses considered most appropriate for examining the risk
of U5M. Adopting the implications of the findings of this study is essential for futuristic strategies
towards developing more strategies towards ending poverty in all its forms, attaining universal access to
affordable, reliable, sustainable and modern energy, as well as reducing U5M in Nigeria by 2030.

Theoretical Framework

Socio-ecological models
This study adopted socio-ecological models to explain the interaction effects of neighbourhood poverty
and use of solid cooking fuels on U5M. The models recognize individuals as embedded within larger
social systems and describe the interactive characteristics of individuals and environments that underlie
health outcomes [43, 44]. Ecological models specific to health promotion are multifaceted, targeting
environmental, behavioural, and social policy changes that help individuals make healthy choices in their
daily lives [45]. The models are unique in the study of the risks of death by taking into account the
physical environment and its relationship to people at intrapersonal, interpersonal, organizational,
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community, and public policy levels. Studies have suggested that socio-ecological models offer
promising results in preventing many public health problems [46, 47]. In line with socio-ecological models,
Stokols [44, 47] observed that the social, physical, and cultural aspects of an environment have a
cumulative effect on health. He maintained that the environment itself is multilayered since institutions
and neighbourhoods are embedded in larger social and economic structures, and that the environmental
context might influence the health of individual people differently, depending on their unique beliefs and
practices. As a result, creating sustainable health improvements is most effective when all of these
factors are targeted simultaneously. It is, therefore, hypothesised that coming from areas of high
neighbourhood poverty influences the use of solid cooking fuels, which invariably influence children’s
health outcome.

Methods

Data source
This study was conducted in Nigeria and the data were obtained from the birth recode data file of the
2018 Nigeria Demographic and Health Survey (NDHS). The NDHS 2018 is a cross-sectional study and the
sixth survey of its kind to be implemented by the National Population Commission (NPC) in Nigeria.
Although the 2006 National Population and Housing Census of the Federal Republic of Nigeria (NPHC)
conducted by NPC did not provide the number of households and population for each Enumeration Area
(EA), population estimates were published for 774 Local Government Areas (LGAs). A combination of
information from cartographic material demarcating each EA and the LGA population estimates from the
census was used to identify the list of EAs, estimate the number of households, and distinguish EAs as
urban or rural for the survey sample frame. The survey provides up-to-date information on demographic
and health indicators in Nigeria. The sample was selected using a stratified, two-stage cluster design,
with enumeration areas (EAs) as the sampling units for the first stage. The second stage was a complete
listing of households carried out in each of the 1,400 selected EAs. A representative sample of 41,668
households was selected for the survey. Data were generated from 41,821 women age 15–49 and 13,311
men aged 15–59. A detailed report of the data collection methods and procedures for 2018 NDHS has
been published elsewhere [2]. The analyses for this study covered a weighted sample of 124,442 birth
history within 5 years before the survey to improve the representativeness of the data from the group of
women interviewed in the survey (i.e. 2013–2018). The group of women whose births history was
included in the sample were those within the childbearing age of 15–49 years and who reported to have
given birth to at least a child between 2013 and 2018, irrespective of socio-economic and demographic
backgrounds. Also, the women were those who reported using cooking fuels in kitchens located within
the house.

Variables measurements

Outcome variable:
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The analysis for this study was child-based. Hence, data from the birth recode of 2018 NDHS were
utilised and analyses covered the live births born to women between 2013 and 2018 period. Therefore,
the outcome variable in this study is under-five mortality - defined as the risk of a live-born child dying
between birth and the fifth birthday (0–59 months). This was measured as the duration of survival since
birth in months. Survival time was the age at death, while children who were alive by the survey data were
censored at their age.

Explanatory variables:
The key explanatory variables in this study were neighbourhood poverty and solid cooking fuel.
Neighbourhood poverty was measured as the percentage of households in the poorest quintile of the
wealth index [38]. The use of solid cooking fuels was derived from the type of cooking fuel used within
the house. Hence, solid fuels include coal/liquate, charcoal, wood, straw/shrubs/grass, agricultural crop
and animal dung, non-solid fuels were considered to be electricity, gas and kerosene used for cooking in
the kitchens located within the house. The use of solid fuels for cooking was used as a proxy because
exposure to smoke inside the home rather than in a separate building or outdoors, from cooking with
solid fuels has potentially harmful health effects [2, 32]. Besides, apart from the key explanatory
variables, co-variables included in the analyses were maternal age, mother’s educational attainment,
father’s educational attainment, mother’s employment status, father’s employment status, place of
residence and region. To make interpretations simpler and more meaningful, some variables were re-
grouped from their original categories in the data-sets. For instance, age: 15–24/25–34/35 + years; and
educational attainment: no education/ primary/secondary or tertiary (see Box 1 below). The choice and
selection of the key explanatory variables and co-variables for the study were informed by their
documented significant association in the literature with mortality and other related potential health
implications. The summary of variables is presented below.
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Box 1
Summary of variables

Variable
category

Variable Description

Outcome Under-five mortality This is dying before the fifth birthday (0-59 months)
categorised as yes (died between 0 and 59 months) and no
(alive)

Main
explanatory
variables

Neighbourhood
poverty

The percentage of households in the poorest quintile of the
wealth index, grouped into: no (reference category) and yes
[38].

  Type of cooking
fuel (solid fuel was
used as a proxy)

The use of cooking fuel in kitchens located within the house. It
was grouped as: non-solid cooking fuels (reference category)
and solid cooking fuels.

Co-
variables

Maternal age The age of mothers was regrouped as: 15-24 (reference
category), 25-34 and 35-49.

  Mother's education
attainment

The highest level of formal education attained by the mother,
grouped into: none (reference category), primary and
secondary or higher.

  Father's education
attainment

The highest level of formal education attained by the fathers,
grouped into: none (reference category), primary and
secondary or higher.

  Mother's
employment status

This is the current employment status of mothers. It was
grouped into 2 groups; not working (reference category) and
currently working.

  Father's
employment status

This is the current employment status of fathers. It was
grouped into 2 groups; not working (reference category) and
currently working.

  Place of residence This is the place where the respondents live. It is categorised
as: urban (reference category) and rural.

  Region This has to do with parts of the country categorised as: North-
central (reference category), North-east, North-west, South-east,
South-south and South-west.

Note: ‘Reference category’ is the most common category in each of the variables

 

Statistical analysis
Three levels of analysis (univariate, bivariate and multivariate) were employed in the study. Pearson chi-
square test was used at the bivariate level to investigate the relationship between the outcome variable
(under-five mortality) and each of the key explanatory variables and co-variables. At the multivariate level,
Cox proportional regression analysis was used to examine the risk of under-five mortality. The Cox
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regression procedure is a useful analytical technique for the analysis of survival data. At the multivariate
level, three models were fitted in all. Model 1 presents the univariate hazard ratio (HR) showing the
relationship between under-five mortality and the key explanatory variables, as well as co-variables.
Model 2 considered the adjusted HR for the effect of the two key explanatory variables. Model 3 adjusted
for all the selected key explanatory and co-variables. The results were presented as HR with 95%
confidence intervals (CIs). A variable with HR greater than 1.00 implied that the variable increases the
likelihood of the outcome (under-five mortality), while it is the opposite when the HR is less than 1.00. All
the analyses were conducted using Stata software (version 14).

Results

Percentage distribution of all the study variables of the
sample
The percentage distributions of the socio-demographic and ecological factors are presented in Table 1.
The largest proportion of the children (59.0%) were children of mothers aged 35–49. Concerning
educational attainment, mothers with no formal education had the largest number of children (50.0%),
while 42.3% were children of mothers whose husbands had secondary or tertiary education. Considering
the employment status, over two-thirds of the children (74.2%) were children of mothers who were
currently working. An overwhelming majority of the children (96.0%) were born of mothers whose partners
reported to be currently working. The mothers who were rural residents had the majority of children
(65.4%) in the sample. Also, the largest proportion of children (31.3%) and the lowest proportion of
children (9.8%) were children of mothers in the North-west and South-south, respectively. With respect to
the key explanatory variables, about 25% of the children were children of mothers found in the areas of
high neighbourhood poverty. Over two-thirds of the children (86.5%) were born of mothers who reported
using solid fuels for cooking within the house.
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Table 1
Distribution of all the study variables of the sample

Socio-economic and demographic
characteristics

  Socio-ecological
variables

 

Variable/category Number(%) Variable/category Number(%)

Maternal age   Neighbourhood
poverty

 

15–24 9,681(7.7) No 93,939(75.5)

25–34 41,395(33.3) Yes 30,503(24.5)

35–49 73,366(59.0) Type of cooking fuel  

Mother's educational attainment   Non-solid cooking
fuels

16,750(13.5)

None 62,169(50.0) Solid cooking fuels 107,692(86.5)

Primary 24,618(19.8)    

Secondary or higher 37,655(30.3)    

Father's educational attainment      

None 46,301(40.5)    

Primary 19,659(17.2)    

Secondary or higher 48,278(42.3)    

Mother's employment status      

Not working 32,139(25.8)    

Currently working 92,303(74.2)    

Father's employment status      

Not working 4,551(4.0)    

Currently working 109,687(96.0)    

Place of residence      

Urban 43,091(34.6)    

Rural 81,351(65.4)    

Region      

North-central 21,182(17.0)    

North-east 25,698(20.7)    
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Socio-economic and demographic
characteristics

  Socio-ecological
variables

 

North-west 38,905(31.3)    

South-east 13,586(10.9)    

South-south 12,173(9.8)    

South-west 12,898(10.4)    

Socio-economic and demographic factors associated with
under-five mortality
The bivariate relationship between under-five mortality and selected socio-economic, as well as
demographic variables presented in Table 1 showed that all the variables were significantly associated
with under-five mortality. The results showed a high percentage of under-five deaths among children of
mothers aged 35–49 (15.7%) and low among children of those aged 15–24 (11.4%; p < 0.001). As
expected, the results further showed that high percentage of under-five deaths were reported among
children of mothers with no formal education (18.6%; p < 0.001), as well as children of mothers whose
partners had no formal education (19.8%; p < 0.001). The results further revealed that more under-five
deaths occurred among children of mothers who were not working (16.2%; p < 0.001); children of mothers
whose partners were not working (15.9%; p < 0.01) and children of mothers who were rural residents
(16.3%; p < 0.001). Results also showed that under-five deaths among mothers ranged from 15.6% in the
North-east to 7.7% in the South-west.
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Table 2
Socio-economic and demographic factors associated with under-five mortality

  Under-five (0–59 months)    

  Alive Dead Total number Chi-square

Variable/category N = 106,647 N = 17,795 N = 124,442  

Maternal age       277.6***

15–24 8,578(88.6) 1,103(11.4) 9,681  

25–34 36,190(87.4) 5,205(12.6) 41,395  

35–49 61,879(84.3) 11,487(15.7) 73,366  

Mother's educational attainment     210.0***

None 50,637(81.5) 11,532(18.6) 62,169  

Primary 21,381(86.8) 3,237(13.2) 24,618  

Secondary or higher 34,629(92.0) 3,026(8.0) 37,655  

Father's educational attainment     190.3***

None 37,129(80.2) 9,172(19.8) 46,301  

Primary 17,043(86.7) 2,616(13.3) 19,659  

Secondary or higher 43,534(90.2) 4,744(9.8) 48,278  

Mother's employment status       139.4***

Not working 26,905(83.7) 5,234(16.3) 32,139  

currently working 76,742(86.4) 12,561(13.6) 92,303  

Father's employment status       8.2**

Not working 3,826(84.1) 725(15.9) 4,551  

currently working 93,880(85.6) 15,807(14.4) 109,687  

Place of residence       797.2***

Urban 38,588(89,6) 4,503(10.4) 43,091  

Rural 68,059(83.7) 13,292(16.3) 81,351  

Region       300.3***

North-central 18,805(88.8) 2,377(11.2) 21,182  

Note: **p < 0.01; ***p < 0.001
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  Under-five (0–59 months)    

North-east 21,691(84.4) 4,007(15.6) 25,698  

North-west 30,600(78.7) 8,305(21.3) 38,905  

South-east 12,452(91.7) 1,134(8.3) 13,586  

South-south 11,195(92.0) 978(8.0) 12,173  

South-west 11,904(92.3) 994(7.7) 12,898  

Note: **p < 0.01; ***p < 0.001

Socio-ecological factors associated with U5M
Table 3 presents the bivariate relationship between U5M and socio-ecological factors (key explanatory
variables). The results showed that the two selected key explanatory variables were significantly
associated with U5M. The relationship between neighbourhood poverty and under-five mortality showed
that a high percentage of under-five deaths occurred among mothers found in the areas of high
neighbourhood poverty (19.6%; p < 0.001). Considering the type of cooking fuel within the house, the
percentage of under-five deaths was higher among children of mothers living in houses where solid fuels
were used for cooking (15.5%), relative to their counterparts in households where non-solid fuels were
used for cooking within the house (6.7%; p < 0.001).

Table 3
Socio-ecological factors associated with U5M

  Under-five (0–59 months)    

  Alive Dead Total number Chi-square

Variable/category N = 106,647 N = 17,795 N = 124,442  

Neighbourhood poverty       918.7***

No 82,116(87.4) 11,823(12.6) 93,939  

Yes 24,531(80.4) 5,972(19.6) 30,503  

Type of cooking fuel       901.1***

Non-solid cooking fuels 15,620(93.3) 1,130(6.7) 16,750  

Solid cooking fuels 91,027(84.5) 16,665(15.5) 107,692  

Note: ***p < 0.001

Risk factors of U5M: survival analysis
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The results of the survival analysis are presented in Table 4. In all, three models were fitted to examine the
risk factors of under-five mortality. Model 1 presents the unadjusted HR showing the relationship between
under-five mortality and the two key explanatory and selected co-variables. Model 2 considered the
adjusted HR for the effect of the two key explanatory variables. Model 3 adjusted for all the selected key
explanatory and co-variables.

Results from the unadjusted hazard model (Model 1; Table 4) showed a significant relationship between
the risk of under-five mortality and all the variables. Regarding socio-ecological factors, the results
showed that risks of under-five deaths significantly increased for children whose mothers were found in
the areas of high neighbourhood poverty (HR: 1.63, CI: 1.51–1.75) and children of mothers who used
solid fuels for cooking within their houses (HR: 2.53, CI: 2.31–2.78), compared with their counterparts in
the reference categories. Considering socio-economic and demographic factors, the risks of under-five
deaths significantly reduced for children of mothers aged 25–34 years (HR: 0.89, CI: 0.82–0.96); children
of mothers and those whose partners had at least primary education and children of mothers who were
currently working (HR: 0.78, CI: 0.73–0.83), relative to those in the reference categories. The results in
Model 1 further showed that the risks of under-five deaths significantly increased for children of mothers
who were rural residents (HR: 1.76, CI: 1.62–1.90); and children of mothers found in the North-east (HR:
1.47, CI: 1.32–1.64) and North-west (HR: 2.05, CI: 1.87–2.26) relative to those in the reference categories.
But the risks of death for children of mothers found in the South-east, South-south and South-west.

The adjusted HR for the two socio-ecological factors in Model 2 (Table 4) showed similar results
observed in Model 1. The results showed that risks of under-five deaths significantly increased for
children whose mothers were found in the areas of high neighbourhood poverty (HR: 1.44, CI: 1.34–1.54)
and children of mothers who used solid fuels for cooking within their houses (HR: 2.26, CI: 2.06–2.49),
compared with their counterparts in the reference categories. After adjusting for the socio-economic and
demographic variables in Model 3, the results revealed significantly higher risks of death for children of
mothers who used solid fuels for cooking within their houses (HR: 1.22, CI: 1.09–1.37), relative to those in
the reference category. The results in Model 3 further showed that the risks of death significantly reduced
for children whose mothers had secondary or tertiary education (HR: 0.82, CI: 0.75–0.90) and children of
mothers whose partners had at least primary education. On the other hand, the risks of under-five death
were higher among children of mother residing in rural areas (HR: 1.25, CI: 1.16–1.35), as well as children
of mothers children of mothers found in the North-east (HR: 1.31, CI: 1.18–1.46) and North-west (HR:
1.84, CI: 1.68–2.02), compared with those in the reference categories.
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Table 4
Hazard ratio (HR) and 95% confidence interval (CI) for socio-ecological and demographic factors

associated with U5M, NDHS 2018

  Model 1 Model 2 Model 3

Variable/category HR(95% CI) HR(95% CI) HR(95% CI)

Neighbourhood poverty      

No (RC) 1.00 1.00 1.00

Yes 1.63(1.51–1.75)*** 1.44(1.34–1.54)*** 1.06(0.99–1.14)

Type of cooking fuel      

None solid cooking fuel (RC) 1.00 1.00 1.00

Solid cooking fuel 2.53(2.31–2.78)*** 2.26(2.06–2.49)*** 1.22(1.09–1.37)**

Maternal age      

15–24 (RC) 1.00   1.00

25–34 0.89(0.82–0.96)**   0.97(0.89–1.05)

35–49 0.95(0.87–1.02)   1.05(0.96–1.14)

Mother's educational attainment      

None (RC) 1.00   1.00

Primary 0.67(0.62–0.72)***   1.03(0.96–1.11)

Secondary or higher 0.40(0.37–0.43)***   0.82(0.75–0.90)***

Father's educational attainment      

None (RC) 1.00   1.00

Primary 0.65(0.60–0.70)***   0.89(0.83–0.95)***

Secondary or higher 0.47(0.44–0.50)***   0.75(0.71–0.81)***

Mother's employment status      

Not working (RC) 1.00   1.00

currently working 0.78(0.73–0.83)***   1.02(0.96–1.09)

Father's employment status      

Not working (RC) 1.00   1.00

currently working 0.88(0.77–1.01)   1.06(0.95–1.19)

Note: **p < 0.01; ***p < 0.001; RC = Reference category
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  Model 1 Model 2 Model 3

Place of residence      

Urban (RC) 1.00   1.00

Rural 1.76(1.62–1.90)***   1.25(1.16–1.35)***

Region      

North-central (RC) 1.00   1.00

North-east 1.47(1.32–1.64)***   1.31(1.18–1.46)***

North-west 2.05(1.87–2.26)***   1.84(1.68–2.02)***

South-east 0.74(0.63–0.86)***   0.93(0.80–1.07)

South-south 0.74(0.65–0.84)***   0.90(0.79–1.03)

South-west 0.66(0.58–0.76)***   0.92(0.80–1.05)

Note: **p < 0.01; ***p < 0.001; RC = Reference category

Discussion
The health outcomes of individuals have been documented to be influenced by poverty and household air
pollution; therefore, this study examined the socio-ecological determinants of under-five mortality with a
special focus on the interaction effects of neighbourhood poverty and use of solid cooking fuels. The
results of this study established that being found in the areas of high neighbourhood poverty and use of
solid cooking fuels within the house are indeed important aspects for the risks of U5M in Nigeria.
Therefore, interventions aimed at impacting under-five children’s health outcome might benefit from a
strength-based approach that underscores the interaction effects of neighbourhood poverty and use of
solid cooking fuels within the house in the lives of children.

About one-quarters of the children were born of mothers found in the high neighbourhood poverty and an
overwhelming majority of the children (86.5%) were of mothers who used solid fuels for cooking within
the house. The bivariate results showed that coming from areas of high neighbourhood poverty and use
of solid cooking fuels within the house are significantly associated with U5M. These results have some
policy implications in line with SDGs’ targets of achieving the sustainable development goals’ targets of
attaining universal access to affordable, reliable, sustainable and modern energy, as well as reducing
under-five deaths by less than 25 per 1,000 live births is needed in Nigeria.

The findings from Cox proportional regression analyses of the study revealed that the risks of under-five
deaths were significantly higher among children whose mothers were found in the areas of high
neighbourhood poverty than those in the low neighbourhood poverty (Table 4, Model 2). The finding
corroborates previous studies that living under poverty is negatively associated with child health [16–17].
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It further gives credence to other studies that children from less privileged households are more
vulnerable to poor sanitation, including household air pollution among others, which are some of the risks
of diverse diseases resulting to under-five mortality [3, 15]. Also, the study showed that children of
mothers who used solid fuels for cooking within the house are at a greater risk of U5M (Table 4, Model 2).
This finding validates the observations that most under-five deaths are closely associated with
environmental factors including the use of solid fuels for cooking within the house [21–22]. It further
explains that the cause most under-five children’s deaths are caused by risks of ARIs, which are closely
associated with environmental factors including the use of solid fuels for cooking [19–22].

After adjusting for all the selected socio-economic and demographic factors in Model 3, the findings
showed that mother’s education, father’s education, place of residence and region were significantly
associated with the risks of under-five deaths. For instance, the study revealed that parents having formal
education significantly reduced the risks of under-five deaths, which is validated by previous studies [24–
25, 27]. Plausibly, the choice of household cooking fuels which invariably influences the risks of under-
five deaths could be determined by the levels of education of both mother and father. The finding on the
influence of rural area on the risks of under-five deaths is expected considering the proportion of children
whose mothers were rural residents. This result has some policy implications for more pragmatic
strategies with a special focus on the rural dwellers towards poverty eradication, as well as achieving
universal access to affordable, reliable, sustainable and modern energy to improve under-five health
outcomes in Nigeria. Though, previous studies have attributed the influence of rural area on the risks of
under-five deaths to the predominant negative practices [30] and health challenges including ARIs
affecting under-five children’s health outcome in rural areas [29]. Additionally, the findings on regional
variations in the risks of U5M, especially among children of mothers found in the North-east and North-
west indicated the plausible influence of regional-level of high neighbourhood poverty and use of solid
fuels for cooking. This could further explain the reason for higher rates of under-five deaths recorded in
the North-west and North-east (187 deaths and 134 deaths per 1,000 live births, respectively), compared
to the rate in the country at large [2].

Conclusion
The number of deaths among under-five children in the face of various factors remains a problem in
Nigeria and estimated to be the highest in Africa. This study established that the risks of U5M were
significantly linked to children of mothers found in the areas of high neighbourhood poverty and
households where solid cooking fuels are used in kitchens located within the house in Nigeria. The
findings further revealed that amidst coming from areas of high neighbourhood poverty and use of solid
cooking fuels within the house, mother’s education, father’s education, place of residence and region were
significantly key predictors associated with the risks of under-five deaths. Hence, the use of solid cooking
fuels within the house which results to the emission of harmful smoke invariably influencing the risks of
under-five deaths could be determined by areas of high neighbourhood poverty, as well as socio-
economic and demographic factors. Therefore, there is the need to empower and re-educate people,
especially disadvantaged mothers in areas of high neighbourhood poverty to adopt the use of clean fuels
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for cooking to improve the health outcome of children. Government and non-governmental organisations
should initiate mitigation and more adaptation strategy by empowering mothers and discouraging them
from using solid cooking fuels within the house to reduce harmful emissions and child health
consequences.

Policy Implication
Globally, most scientific shreds of evidence on the associations between the use of solid cooking fuels
and health have grown considerably and helped in adopting preventive measures that are linked to good
health management within the neighbourhood. However, from a policy point of view, there is a need for
formulation of guidelines on healthy housing and environmental management including the need to end
poverty and avoid the use of solid fuels for cooking within the households. These make children
vulnerable to poor sanitation and household air pollution which are some of the risks of diverse diseases
resulting in U5M. The findings of this study on the interaction effects of neighbourhood poverty and use
of solid cooking fuels within the house on under-five mortality, using the latest NDHS have several policy
implications for ending poverty in all its forms, attaining universal access to affordable, reliable,
sustainable and modern energy, as well as reducing U5M by less than 25 per 1,000 live births by 2030 in
Nigeria. Additionally, adopting the findings of this study would enable policy-makers, including
government and non-governmental organisations to re-strategise and re-educate people on the need use
clean cooking fuels from the little resources they have to reduce the children’s risks of vulnerability to
harmful emissions within the house.

Abbreviations
ARIs: Acute Respiratory Infections; BR: Birth Recode; CI: Confidence Intervals; DHS: Demographic and
Health Survey; EA: Enumeration Area; LGAs: Local Government Areas; HR: Hazard Ratio; Local
Government Areas; NDHS: Nigeria Demographic and Health Survey; NPC: National Population
Commission; NPHC: National Population and Housing Census; RC: Reference category; SDG: Sustainable
Development Goal; U5M: Under-five mortality.

Limitations
This study is not without some limitations. The limitation is using Demographic and Health Survey (DHS)
data constrained inference of cause-effect relationship given that the data are cross-sectional. Thus, the
explanatory variables are only temporal factors associated with child survival. Because of the self-
reported information from women, there is the likelihood of reporting bias about neighbourhood poverty
and type of cooking fuel used within the house. Finally, the data used are nearly 2 years old, hence the
need for recent qualitative data and new studies to investigate the level of impact neighbourhood poverty
and use of solid cooking fuels have on under-five health outcome since 2018. Despite these limitations,
the findings of this study are important to formulating current policies and programmes for reducing U5M
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by ending poverty in all its forms, attaining universal access to affordable, reliable, sustainable and clean
cooking energy in Nigeria.
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