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Understanding household smoke exposure @
risks (SER) in Nigeria: A regional analysis
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Abstract

Background Indoor air pollution from household cooking fuels remains a pressing public health issue in low-
and middle-income countries such as Nigeria. Reliance on solid fuels, including wood and charcoal, significantly
contributes to respiratory diseases and premature mortality.

Methods This study utilized data from 39,725 households in the 2018 Nigeria Demographic and Health Survey
(NDHS) to examine the prevalence and determinants of smoke exposure risk (SER). Multivariable ordinal regression
was employed to investigate the associations between SER and household characteristics such as size, wealth,
education, and regional disparities.

Results The findings indicate that 29% of households experienced high smoke exposure risk (SER), with significant
disparities observed across regions. Households in the richest quintile were significantly less likely to face high SER,
with an adjusted odds ratio (AOR) of 0.05 (95% Cl: 0.04-0.06, p < 0.001), indicating a 95% reduction in odds, compared
to the poorest quintile. Educational attainment further reduced SER, with households led by individuals with higher
education exhibiting lower odds of high SER (AOR=0.43, 95% Cl: 0.38-0.49, p <0.001), a 57% reduction in odds,
compared to those headed by individuals with no formal education.

Conclusion This study underscores the importance of wealth and education in mitigating SER, and highlights the
need for targeted interventions to address regional inequalities.

Keywords Smoke exposure risk, Household air pollution, Nigeria, Good health and well-being, Sustainable cities and
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Background
In Nigeria, household air pollution from solid fuel use is a
major contributor to respiratory illnesses and premature
deaths, particularly in rural areas where reliance on bio-
mass fuels remains high [1, 2]. Indoor air pollution from
household cooking fuels represents a significant public
health challenge, particularly in low- and middle-income
countries (LMICs) such as Nigeria. In these regions, the
widespread use of solid fuels, such as wood, charcoal, and
animal dung, for cooking and heating has led to severe
health implications. Globally, it is estimated that approxi-
mately 3 billion people rely on these solid fuels, contrib-
uting to nearly 4 million premature deaths annually due
to household air pollution exposure [3, 4]. Sub-Saharan
Africa, where energy poverty is rampant, faces a partic-
ularly high disease burden associated with this form of
pollution [5]. The use of solid fuels remains prevalent in
Nigeria, which is the most populous country in Africa,
particularly in rural areas. According to the 2018 Nigeria
Demographic and Health Survey (NDHS), a large propor-
tion of households still depend on biomass fuels, despite
the availability of cleaner alternatives, such as liquefied
petroleum gas (LPG) and electricity [6]. This continued
reliance on polluting fuels exacerbates the health burden,
manifesting in conditions such as chronic obstructive
pulmonary disease (COPD), acute respiratory infections
in children, and cardiovascular diseases among adults [7].
The health risks associated with indoor air pollution are
well documented. Exposure to smoke from solid fuels has
been linked to several adverse health outcomes, includ-
ing lower respiratory infections, lung cancer, and adverse
pregnancy outcomes such as low birth weight [2, 8].
Women and children, who spend a considerable amount
of time indoors and are often involved in cooking, are
disproportionately affected [9]. The World Health Orga-
nization (WHO) has recognized household air pollution
as one of the leading environmental risk factors contrib-
uting to death and disability in LMICs [1]. Household
socioeconomic status plays a critical role in determin-
ing exposure to indoor air pollution. Studies in LMICs
have shown that lower socioeconomic status is a signifi-
cant predictor of household smoke exposure [5, 10-12]
Economic constraints often limit access to cleaner fuels,
increasing reliance on biomass and charcoal. Beyond
wealth and education, factors such as cultural norms,
access to clean fuel subsidies, and government policies
play critical roles in shaping SER [13-15]. Wealthier
households, which have the means to afford clean cook-
ing technologies such as LPG and electric stoves, are bet-
ter protected from the harmful effects of solid fuels [16].
In contrast, poorer households tend to rely on cheaper,
yet more polluting fuels, thus exacerbating their expo-
sure to harmful smoke [17]. Economic empowerment,
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therefore, has emerged as a key strategy for mitigating
the health risks associated with indoor air pollution.

Education is another crucial determinant of household
energy choice. Households headed by individuals with
higher education levels are more likely to be aware of
the health hazards posed by indoor smoke and are more
inclined to adopt cleaner cooking practices [18]. Studies
have shown that such households tend to use clean fuels
and improve kitchen ventilation, thereby reducing expo-
sure to indoor air pollutants [19]. Regional disparities in
household energy use further complicate this issue. In
Nigeria, access to clean energy sources varies significantly
by region, with urbanization, infrastructure development,
and economic conditions playing pivotal roles. According
to previous studies, urban households are more likely to
adopt clean energy solutions due to better access to infra-
structure [11, 20, 21]” For example, the Southwest region,
being more urbanized and economically developed, has
greater access to clean cooking technologies and less reli-
ance on solid fuels than the North-East and North-West
regions, where poverty is more prevalent and modern
energy services are scarce [20, 22].

Given these disparities, understanding the sociodemo-
graphic factors influencing smoke exposure risk (SER)
across different regions of Nigeria is crucial. This study
aimed to explore the prevalence and determinants of
SER by using data from the 2018 NDHS. By examining
household characteristics such as size, wealth, education,
and region, this study seeks to identify the drivers of SER
and provide evidence-based recommendations for reduc-
ing indoor air pollution in high-risk areas. The findings
of this study are intended to contribute to the growing
body of knowledge on the social determinants of health
in LMICs, particularly in the context of environmental
health risks. Identifying the key factors associated with
SER will help in the design of targeted interventions to
reduce the health burden of indoor air pollution in Nige-
ria. These interventions could include expanding access
to clean cooking technologies, raising awareness about
the health risks of indoor air pollution, and improving
the energy infrastructure in underserved regions.

Methods

Study setting

The study was conducted across Nigeria, covering all six
geopolitical regions: North-Central, North-East, North-
West, South-East, South-South, and South-West. It
includes households from both urban and rural settings,
reflecting a wide variety of population densities.

Data source and study sample

This study utilized secondary data from the 2018 Nige-
ria Demographic and Health Survey (NDHS), focusing
specifically on household record (HR) files. The NDHS
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is a nationally representative survey that uses a strati-
fied, multistage cluster sampling approach. Access to the
NDHS dataset was obtained through an online applica-
tion and an approval process. The analysis was centred
on the Household Recode (HR) file, which contained
demographic, socioeconomic, and health information
for all members of the households. The analysis included
only households that reported their primary cooking fuel
and cooking location. After data cleaning and consis-
tency checks, the final sample comprised 39,725 house-
holds with complete data on cooking fuel and location.

Study variables

This study examined the prevalence and determinants of
SER in Nigerian households. The analysis focused on a
dependent variable, SER, and a set of independent vari-
ables representing household characteristics. Cooking
fuel was recoded into a binary variable: clean fuels (elec-
tricity, LPG, natural gas, biogas) as 1, and unclean fuels
(kerosene, coal, charcoal, wood, biomass, animal dung) as

Table 1 Sociodemographic characteristics of household,

N=39,725
Variable Frequency Percentage
Sex of Household Head
Male 32471 81.74
Female 7,254 18.26
Wealth Index Combined
Poorest 6,720 16.92
Poorer 7,302 1838
Middle 8,096 20.38
Richer 8,585 2161
Richest 9,022 22.71
Highest Educational Level
No education, preschool 12,071 30.39
Primary 8,150 20.52
Secondary 12,779 32.17
Higher 6,692 16.85
Don't know 33 0.08
Residence
Urban 18,692 47.05
Rural 21,033 5295
Region
North Central 5,566 14.01
North East 5512 13.87
North West 9,507 2393
South East 4,745 11.95
South South 5712 14.38
South West 8,683 21.86
Members of Household
Mean (SD) 47 (3.18)
95% C.l. 4.62-4.68
Age of Household Head
Mean (SD) 457 (15.77)
95% C.l. 45.59-45.90
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0. Similarly, cooking location was recoded as outdoor (1)
or indoor (0). Consequently, the SER variable was con-
structed by combining these recoded variables, resulting
in four ordinal categories: Very Low SER (clean fuel and
outdoor cooking), Low SER (clean fuel and indoor cook-
ing), Medium SER (unclean fuel and outdoor cooking),
and High SER (unclean fuel and indoor cooking). This
classification, which captures both the pollution source
(fuel type) and the level of exposure (cooking location),
providing a comprehensive risk assessment for household
smoke exposure, follows the methodological framework
outlined in previous DHS studies [23]. These prior stud-
ies established that smoke exposure risk is fundamentally
influenced by both the pollution source and exposure
concentration. By adopting this established framework,
this study provides a robust assessment of household SER
within the constraints of available DHS data.

Independent variables encompass a range of household
characteristics that are hypothesized to influence SER.
These include the age and education level of the house-
hold head, wealth index as a proxy for economic status,
type of residence (urban or rural), sex of the household
head, total number of household members, and geo-
graphical region. Categorical variables were appropri-
ately controlled for in the analysis. These variables were
selected to provide a comprehensive understanding of
the sociodemographic and geographic factors that poten-
tially contribute to variations in the smoke exposure risk
among Nigerian households.

Data analysis

This study employed descriptive statistics, such as fre-
quencies and proportions, to characterize the study
population and assess the distribution of key variables.
Cross-tabulations were used to investigate the relation-
ship between smoke exposure risk (SER) and various
household characteristics. To illustrate regional dispari-
ties and the prevalence of SER throughout Nigeria, bar
and pie charts were created. To assess the household
determinants of SER, multivariable ordinal regression
analysis was conducted to identify the household factors
linked to SER. Odds ratios with 95% confidence inter-
vals were calculated, and statistical significance was
assessed at the p<0.05 level. Data analysis was carried
out using STATA version 17. Sampling weights provided
by NDHS were applied using STATA’s svy command to
adjust for complex survey design and ensure national
representativeness.

Results

Sociodemographic characteristics of households

The study sample consisted of 39,725 households
with a male-headed majority (81.74%). Table 1 pres-
ents the sociodemographic characteristics of the study
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population. The wealth index distribution revealed that
22.71% of the households were in the richest quintile,
while 16.92% were in the poorest quintile. Educational
attainment showed that 32.17% of household heads had
secondary education and 30.39% had no formal educa-
tion. The majority of the households (52.95%) resided in
rural areas. The regional distribution was most promi-
nent in the northwest (23.93%) and least prominent in
the southeast (11.95%). The average household size was
4.7 members (SD =3.18), and the mean age of household
heads was 45.7 years (SD=15.77).

Prevalence of smoke exposure risk

The prevalence of SER varies significantly between
regions (Figs. 1 and 2). Overall, 13% of households fell
into the very low SER category, 1.61% into the low SER
category, 55% into the medium SER category, and 29%
into the high SER category. Households in the North-East
and North-Central regions had the highest prevalence of
high SER, exceeding 40%, while the South-West had the
lowest prevalence of high SER, with over 35% classified
under very low risk. Specifically, the Southwest region
had the highest proportion of households with a very
low SER (35.79%), while the Northeast had the lowest
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(1.67%). Conversely, high SER was most prevalent in the
South-East (45.17%) and North-Central regions (40.40%).

Household factors associated with smoke exposure risk
Multivariable ordinal regression analysis identified sev-
eral significant household characteristics that influence
the levels of smoke exposure risk (SER) among Nigerian
households (Table 2). Household size emerged as a fac-
tor, with larger households being more likely to fall into
the medium and high SER categories. However, the effect
size was modest (AOR=1.01, 95% CI: 1.00-1.02, p =0.10).
The age of the household head did not show a significant
relationship with SER levels, with the odds ratios across
SER categories being very close to 1 (AOR =1.00, 95% CI:
1.00-1.00, p=0.86). This indicates that age alone does
not substantially impact the smoke exposure risk. How-
ever, the sex of the household head was a significant fac-
tor, with female-headed households showing lower odds
of high SER than those headed by males (AOR=0.82,
95% CI: 0.77-0.89, p<0.001).

Wealth is one of the most significant predictors of the
SER. The analysis showed that households in the rich-
est wealth quintile were markedly less likely to experi-
ence high SER compared to the poorest households

Proportion of SER

29%

mvery low = |ow SER

Fig. 1 Prevalence of SER in Nigeria

56%

medium S high SER
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Fig. 2 Regional Prevalence of SER in Nigeria

(AOR=0.05, 95% CI: 0.04—0.06, p <0.001). This gradient
was consistent across all wealth categories, with higher
wealth correlating with lower SER. The educational
attainment of the household head also played a crucial
role in determining SER. Households with heads who
had attained higher education levels were significantly
less likely to fall into the high SER category (AOR=0.43,
95% CI: 0.38—-0.49, p<0.001) than those with no formal
education. The type of residence urban versus rural)
also influenced SER, although the effect was relatively
small and not statistically significant (AOR=1.06, 95%
CI: 0.93-1.20, p=0.40). Rural households, which often
rely on traditional, unclean fuels such as wood and char-
coal owing to their availability and affordability, have a
slightly higher risk of high SER. Regional differences in
the SER were also pronounced. Households in the south-
west region had significantly higher odds of very low SER
compared to those in the north-central region, which was
used as the reference category. Conversely, households in
the northeast and northwest were more likely to experi-
ence medium and high SER, with lower odds of very low
SER (AOR=0.44, 95% CI: 0.38-0.50, p<0.001 for the
North-West). The Southeast region presented a complex
picture, with households showing both higher odds of
very low SER (AOR=1.88, 95% CI: 1.57-2.24, p<0.001)
and high SER (45.17%).

Discussion

This study examined the household determinants of
smoke exposure risk (SER) in Nigeria, revealing the sig-
nificant influence of socioeconomic factors, gender, and
regional disparities. The findings underscore the critical
roles of household wealth and educational attainment

North West

Low SER (%)

South East  South South  South West

Medium SER (%)  m High SER (%)

in shaping SER while also highlighting persistent infra-
structural challenges in certain regions. Unlike previ-
ous research that primarily categorizes household air
pollution risk based on fuel type alone, this study uti-
lized a four-category SER classification (Very Low, Low,
Medium, and High), incorporating both fuel type and
cooking location to provide a more comprehensive risk
assessment [23].

A strong inverse relationship between wealth and SER
was observed, with households in the richest quintile sig-
nificantly less likely to experience high SER (AOR=0.05,
95% CI: 0.04-0.06, p<0.001) compared to the poorest
quintile. This finding aligns with previous studies that
suggest economic status plays a key role in determin-
ing household energy choices, as wealthier households
can afford cleaner cooking fuels such as liquefied petro-
leum gas (LPQ) and electricity, which significantly reduce
indoor air pollution exposure [24]. Wealthier households
are also more likely to reside in better-ventilated homes
and have greater access to clean cooking technologies [5].
However, fluctuating LPG prices and supply chain incon-
sistencies in Nigeria may limit clean energy adoption
even among financially capable households [20].

Educational attainment was also a significant pre-
dictor of SER, with households led by individuals with
higher education being less likely to experience high SER
(AOR=0.43, 95% CI: 0.38-0.49, p<0.001). Education
increases awareness of the health risks of biomass fuel
use and enhances the likelihood of adopting clean energy
alternatives [10, 24]. In many LMICs, education plays a
vital role in fuel transition decisions, as higher aware-
ness and knowledge of health risks encourage behav-
ioural changes in household energy use [11]. However,



Sani et al. BMC Public Health (2025) 25:1351 Page 6 of 8

Table 2 Ordinal regression of household factors associated with smoke exposure risk

Variable Smoke Exposure Risk AOR[95% C.I.] p-value
Very Low Low SER Medium SER High SER

Household Members

Mean(SD) 3.6(2.16) 3.0(2.21) 5.0 (3.36) 4.6 (3.01) 1.01[1.00, 1.02] 0.10

Age of Household Head

Mean (SD) 43.8 (13.90) 37.2(12.59) 46.2 (15.73) 46.2 (16.01) 1[1.00, 1.00] 0.86

Sex of Head of Household

male 4,290 (13.21%) 454 (1.40%) 18,298 (56.35%) 9,428 (29.04%) RC

female 994 (13.71%) 190 (2.62%) 3,789 (52.24%) 2,281 (31.44%) 0.821[0.77,0.89] 0.00

Wealth Index

poorest 4 (0.06%) 1(0.02%) 4,274 (63.61%) 2,440 (36.31%) R.C

poorer 10 (0.14%) 4 (0.06%) 4,458 (61.04%) 2,830 (38.76%) 1.03[0.92, 1.16] 0.58

middle 80 (0.99%) 19 (0.24%) 5,084 (62.80%) 2,913 (35.98%) 0.86[0.75, 0. 98} 0.02

richer 726 (8.46%) 196 (2.29%) 5,049 (58.81%) 2,613 (30.44%) 0.54[0.45, 0.64] 0.00

richest 4,464 (49.48%) 423 (4.69%) 3,223 (35.72%) 913 (10.12%) 0.05 [0.04, 0.06] 0.00

Educational Level

no education/ 151 (1.25%) 36 (0.30%) 7,566 (62.67%) 4,319 (35.78%) R.C

preschool

primary 436 (5.35%) 96 (1.18%) 4,848 (59.49%) 2,770 (33.98%) 0.8810.81,0.96] 0.00

secondary 2,036 (15.93%) 309 (2.42%) 6,794 (53.16%) 3,640 (28.48%) 0.82[0.75,0.90] 0.00

higher 2,657 (39.70%) 204 (3.04%) 2,864 (42.79%) 968 (14.46%) 043 1[0.38,0.49] 0.00

Residence

urban 4,534 (24.26%) 527 (2.82%) 8,825 (47.22%) 4,805 (25.71%) R.C

rural 750 (3.57%) 117 (0.56%) 13,262 (63.05%) 6,904 (32.82%) 1.06 [0.93, 1.20] 040

Region

north central 373 (6.69%) 85 (1.53%) 2,859 (51.36%) 2,249 (40.41%) RC

north east 92 (1.67%) 6 (0.10%) 4,103 (74.45%) 1,310 (23.77%) 0.4310.36,0.51] 0.00

north west 407 (4.28%) 2 (0.03%) 6,761 (71.12%) 2,336 (24.57%) 0.4410.38,0.50] 0.00

south east 347 (7.31%) 66 (1.39%) 2,189 (46.13%) 2,143 (45.17%) 1.88[1.57,2.24] 0.00

south south 957 (16.75%) 94 (1.65%) 3,358 (58.79%) 1,303 (22.81%) 0.64[0.53,0.76] 0.00

south west 3,108 (35.80%) 391 (4.50%) 7 (32.44%) 2,367 (27.26%) 1 [0.40, 0.66] 0.00

Cut Points

/cut3 (Low SER/Very Low SER) -0.21 [-0.46, 0.03]

/cut2 (Medium SER/Low SER)
/cutl (High SER/Medium SER)

-3.81[-4.07,-3.55]
-4.02[-4.27,-3.76]

in Nigeria, education alone may not be sufficient to over-
come structural barriers to clean energy adoption, as fac-
tors such as fuel affordability, distribution networks, and
policy constraints still influence household decisions [14,
25].

Gender disparities in SER were evident, with female-
headed households exhibiting lower exposure risk
(AOR=0.82, 95% CI: 0.77-0.89, p<0.001). Studies have
suggested that women, when financially empowered, tend
to prioritize household health and cleaner fuel adoption
[12, 26]. However, this relationship is complex, as other
factors such as cultural norms, decision-making power,
and economic constraints also shape women’s energy
choices [9]. Future research should explore the mecha-
nisms through which gender influences SER, particularly
in relation to energy security and fuel affordability.

Significant regional disparities in SER were observed,
reinforcing structural inequalities in clean energy access

across Nigeria. The North-East and North-Central
regions exhibited the highest prevalence of High SER,
likely due to low household incomes, inadequate clean
energy infrastructure, and persistent reliance on biomass
fuels [20, 27]. Additionally, ongoing conflict and inse-
curity in northern Nigeria may further exacerbate clean
fuel accessibility issues, limiting household transitions to
modern energy sources [22]. In contrast, households in
the South-West had the highest prevalence of Very Low
SER, reflecting higher urbanization rates and greater
access to LPG and electricity [13]. The South-East region
exhibited a mixed pattern, with some households expe-
riencing low SER and others facing high SER, suggesting
urban-rural disparities in clean energy adoption. These
findings emphasize the need for regionally tailored inter-
ventions to address economic and infrastructural barriers
to clean energy access [25, 28—30].
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Given the strong association between wealth, educa-
tion, and SER, addressing regional disparities requires
targeted, multi-sectoral interventions. Expanding LPG
subsidies could help mitigate financial barriers, particu-
larly in high-SER regions such as the North-East and
North-Central. However, findings indicate that economic
constraints are not the only determinant of clean energy
adoption; fuel availability and distribution challenges
also contribute to high SER levels. As such, investments
in LPG distribution networks, rural electrification, and
improved cookstove technology remain essential to long-
term energy transitions [16, 30, 31]. Additionally, pro-
moting safer cooking environments, such as improved
ventilation, outdoor cooking spaces, and clean stove
adoption, could provide immediate health benefits in
regions where shifting to cleaner fuels remains a chal-
lenge [13, 17, 29].

Findings also reveal that female-headed households
exhibit lower SER, highlighting the potential role of
gender-sensitive interventions in clean energy adoption.
Policies should strengthen women’s financial auton-
omy in energy decision-making, as financial constraints
remain a significant barrier for many households. Pro-
viding microfinance opportunities for female entrepre-
neurs in clean cooking markets and ensuring women-led
households receive priority access to clean energy sub-
sidies could enhance adoption rates [5, 26, 32]. These
recommendations align with Sustainable Development
Goal (SDG) 3 (Good Health and Well-being) and SDG
7 (Affordable and Clean Energy), reinforcing the urgent
need for integrated policies that combine clean energy
access with broader poverty reduction and public health
initiatives [28, 33, 34].

Conclusion

This study highlights the significant role of socioeco-
nomic factors and regional disparities in shaping house-
hold smoke exposure risk (SER) in Nigeria. Wealthier and
more educated households exhibited lower SER, reflect-
ing better access to clean cooking fuels and awareness of
indoor air pollution risks. However, stark regional dis-
parities persist, particularly in the North-East and North-
Central regions, where economic constraints and limited
energy infrastructure hinder the transition to cleaner
fuels. Addressing these disparities requires targeted, evi-
dence-based interventions that combine economic incen-
tives, education, and infrastructure improvements to
ensure equitable energy access. These findings align with
Sustainable Development Goals (SDG) 3 and 7, empha-
sizing the need for integrated, multi-sectoral action to
promote cleaner household energy use and improve pub-
lic health outcomes.
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Limitation

This study has several limitations. Firstly, the estima-
tion of smoke exposure risk (SER) relied on self-reported
data from the Nigeria Demographic and Health Survey
(NDHS), which may introduce recall bias, as participants
may inaccurately recall cooking practices, and social
desirability bias, as they may underreport the use of pol-
luting fuels. These biases could lead to misclassification of
households into SER categories, affecting prevalence esti-
mates and associations with household characteristics.
Secondly, while the analysis accounted for key socioeco-
nomic determinants, it did not incorporate environmen-
tal factors such as ambient pollution and neighbourhood
effects, limiting our ability to fully assess external con-
tributions to household smoke exposure. This omission
may result in an overestimation of household fuel use
contribution to SER in urban areas, where external pol-
lution sources are significant, while having a negligible
impact in rural areas where household fuel is the primary
pollution source. Future research should integrate geo-
spatial data and air quality monitoring for a more com-
prehensive assessment of household and environmental
pollution exposure. Thirdly, the cross-sectional nature
of this study prevents causal inference. While associa-
tions between wealth, education, gender, and SER were
identified, we cannot determine whether these factors
directly influence SER or if unmeasured variables medi-
ate these relationships. Additionally, this design does not
capture long-term effects of economic and educational
changes on household energy transitions. Future longitu-
dinal studies should track household energy choices and
smoke exposure patterns over time to establish stronger
causal relationships and better understand fuel transition
dynamics. Despite these limitations, this study provides
a valuable regionally disaggregated analysis of SER in
Nigeria, offering important insights for policymakers and
public health stakeholders seeking to develop targeted
interventions to reduce household air pollution exposure.
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