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ABSTRACT
Background and Aims: Literature suggests that outdoor air pollutant exposure is associated with hearing problems, but

examination of this link has not extended to any potential association between hearing ability and the use of unclean cooking

fuels. The current paper investigates whether such a link exists, utilizing a large sample of older adults from low‐ and middle‐
income countries (LMICs) where such fuels are commonly used.

Methods: Data from the Study on global AGEing and adult health (SAGE) were analyzed. This is a nationally representative

and cross‐sectional data set collected for the World Health Organization for residents of South Africa, China, Ghana, India,

Mexico, and Russia. A range of “unclean” cooking fuels were assessed, namely agriculture or crop, animal dung, coal or

charcoal, Kerosene or paraffin, shrubs or grass, and wood. Hearing problems referred to the interviewer‐rated presence of this

condition. Statistical analysis was done using multivariable logistic regression.

Results: The present work analyzed data from 14,585 individuals aged ≥ 65 years [mean (SD) age 72.6 (11.5) years; 55.0%

females]. In the overall sample and in the final adjusted model, unclean cooking fuel use was associated with a significantly

increased risk of hearing problems (OR= 1.68 (95% CI = 1.22–2.30). This association was significant for females (OR = 2.36; 95%

CI = 1.53–3.63) but not for males (OR= 1.20; 95% CI = 0.79–1.81).
Conclusion: Unclean cooking fuel use is associated with an increased risk of hearing problems among adult residents of LMICs

over 65 years of age, particularly among females. Findings from this study support the development of Sustainable Development

Goal 7 (United Nations), which advocates for fairer and more sustainable access to modern energy, as well as a means to

prevent avoidable hearing problems.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly

cited.
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1 | Introduction

Hearing impairment may be defined as not being able to hear as
well as someone with normal hearing, taken as having hearing
thresholds of 20 decibels hearing level (dB HL) or better in both
ears across the clinically tested frequency range of human
hearing (250 Hz–8 kHz) [1]. It can be of various severity and can
affect one or both ears, with a disabling hearing impairment
described as having an average hearing threshold of ≥ 35 dB HL
across these frequencies [2]. Approximately 1.57 billion people
worldwide have impaired hearing, which impacts communi-
cation and everyday life [3]. The risk of hearing impairment
increases with increasing age, rising to more than one in four
aged over 60 years being affected by significant hearing
impairment [2]. Importantly, around 80% of those with a dis-
abling loss reside in low‐ and middle‐income countries
(LMICs). Such a striking prevalence of hearing impairment is of
concern as multiple poor health outcomes and comorbidities
are associated with uncorrected hearing impairment. For ex-
ample, in an umbrella review on hearing impairment and all
health outcomes, hearing impairment was associated with an
increased risk of cognitive impairment as well as a low quality
of life [4]. Moreover, hearing impairment has significant eco-
nomic impacts that extend beyond health and education, with
the main costs resulting from loss of employment and poor
quality of life [5]. For example, a conservative estimate of the
overall global annual cost of hearing impairment is approxi-
mately 980 billion dollars [2], and 57% of these costs are borne
by LMICs (rising to 83% when using mean world GDP per
capita) owing to limited availability of audiologists, and costs of
screening and treatment. Therefore, interventions that aid in
the prevention of hearing impairment in LMICs are needed. To
inform targeted interventions, risk factors of hearing impair-
ment should be identified. While several risk factors for hearing
problems have been reported (e.g., aging, loud noises, and some
diseases), one risk factor that could be of interest for hearing
impairment is the use of unclean fuels for cooking, which is
especially prevalent in LMICs.

Specifically, unclean cooking fuels are those not meeting the
WHO definitions recommended in their global air quality
guidelines [6]. This definition includes liquid fuels such as
kerosene and paraffin, and solid fuels such as charcoal, coal,
agricultural and crop residues, wood, animal dung, and
shrubbery or grass. It has been estimated in 2000, approxi-
mately 3.08 billion people used unclean cooking fuel as their
primary or only cooking fuel [7]. Out of these 3 billion people,
almost 87% reside in LMICs [8]. More recent estimates suggest
that the global total unclean cooking fuel use has fallen to 2.1
billion people in 2022 [9, 10], representing a positive trend but
highlighting the large proportion of the global population the
issue still affects. Unclean cooking fuel may increase the risk for
hearing impairment or problems via pollutants (e.g., particulate
matter) from unclean cooking fuels that can increase oxidative
stress, which may lead to the loss of hair cells or synapses in the
ear, permanent neurosensory damage, and concomitant hearing
loss [11]. At least one study in an adult Korean population
(n= 15,000) found that long‐term exposure to airborne pollu-
tants (NO2, CO, and PM10) was associated with mid (speech)—
and high‐frequency hearing impairment [6]. Additionally, long‐
term exposure to SO2 was associated with mid‐frequency

hearing impairment in an adult population [11]. However, to
date, no specific investigation has been identified on the use of
unclean cooking fuels and hearing impairment or problems.

Thus, with the very high prevalence of hearing problems,
especially among older people residing in LMICs, and the
plausible mechanism for the use of unclean cooking fuels to
cause hearing impairment or problems, we hypothesize that
using unclean cooking fuel will be associated with an increased
risk of hearing problems. The present study aims to investigate
the association between unclean cooking fuel use and hearing
problems in a large sample of ~15,000 adults residing in LMICs
aged ≥ 65 years.

2 | Methods

2.1 | Data Source

The data source for the study is Wave 1 of the WHO Study, the
Study on Global Ageing and Adult Health (SAGE), a long-
itudina study with nationally representative samples of people
aged ≥ 50 years in six LMICs [12]. The methodology of this
large‐scale survey is documented and separately published by
its authors [7]. The survey, conducted between 2007 and 2010,
investigated the populations of South Africa, Russia, Mexico,
India, Ghana, and China, all of which were classified at the time
of the study as LMICs. Multistage clustered sampling was used
to capture representative samples for each nation. In each case,
adults ≥ 18 years were recruited, with participants ≥ 50 years
being over‐sampled. Data were collected by face‐to‐face inter-
views using trained interviewers utilizing a standardized ques-
tionnaire, which was translated for each nation. Response rates
ranged from 93% (China) to 53% (Mexico), with intermediate
rates from Russia (83%), Ghana (81%), South Africa (75%), and
India (68%). Sampling weights were adjusted for nonresponse
and the structure of each population according to guidance
from the Statistical Division of the United Nations. The study
was granted ethical approval by the Review Committee of the
WHO alongside regional ethical approval by local committees.
Ethical approval was obtained from the WHO Ethical Review
Committee and local ethics research review boards.

2.2 | Hearing Problems

At the end of the survey, the interviewer provided information
on whether they perceived each participant to have a hearing
problem during the survey, with binary “yes” and “no” response
options only. The study utilizes a population aged 50 years and
older, which makes it suitable for the detection of hearing loss
that may develop over time but is not yet attributable to ageing.

2.3 | Cooking Fuel

SAGE asked its respondents, “What type of fuel does your
household mainly use for cooking?” to establish which primary
fuel was being used. Response options were shrubs/grass, ani-
mal dung, agriculture/crop, wood, coal/charcoal (solid fuels),
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kerosene/paraffin, electricity, and gas. As in previous SAGE
reporting, these were transformed into the binary responses of
“clean fuels” (electricity and gas) and “non‐clean fuels”
(remaining fuels). The location of fuel usage was assessed with
the question “Where is cooking usually done?” with responses
coded as “in a room used for sleeping” or “else” (i.e., outdoors
or else in a separate building or room).

Respondents who selected solid fuels as categorized above were
asked which type of stove was used to burn them (“In this
household, is food cooked on an open fire, an open or closed
stove?”) with similar dichotomization of responses as “closed
stove” or “open fire/stove” [13]. They were also asked, “Does
the fire/stove have a chimney, hood, or neither?” with
responses collapsed to “neither” or “chimney or hood” [13].

2.4 | Control Variables

Control variables were identified with reference to prior articles
[11]. These included country, sex, age, level of education
(tertiary, secondary, primary, or less) and income (quintiles of
wealth), unemployment (not engaged in paid work for 2 or
more days of the last 7 days), residential setting (rural or urban),
smoking (past, current, never), diabetic status (self‐reported
lifetime diagnosis), hypertensive status (one or more of
self‐report, diastolic blood pressure ≥ 90mmHg, or systolic
≥ 140mmHg), and body mass index (BMI). Widely accepted BMI
categorizations were used for “obese” (over 30.0 kg/m2), “over-
weight” (25.0–29.9 kg/m2), “normal” (18.5–24.9 kg/m2), and
“underweight” (less than 18.5 kg/m2) [14]. The Asian cut‐offs of
overweight (BMI 23.0–27.5 kg/m2) and obese (BMI≥ 27.5 kg/m2)
were also used for sensitivity analysis [15].

2.5 | Statistical Analysis

Statistical analyses were conducted with Stata 14.2 (Stata Sta-
tistical Software: Release 14. College Station, TX: StataCorp
LLC.). An analysis strategy similar to that previously used to
investigate other health sequelae was employed [16, 17]. Only
data from respondents 65 years and over was analyzed due to
the increased risk of hearing loss in this group (e.g., Royal
National Institute for Deaf People RNID [18]). A complete case
analysis was performed for all analyses. The difference in
characteristics as grouped by hearing problems was tested using
Chi‐squared tests, with the exception of age (Student's t‐test).
Multivariable logistic regression analysis was done to assess the
association between unclean cooking fuel use (“exposure”) and
hearing problems (“outcome”). To check for an interaction
effect of sex on any relation between exposure and outcome, the
product term “unclean cooking fuel use X sex” was introduced
to the model. Since preliminary analysis identified that there
was indeed an interaction effect, the analysis was then stratified
by sex. Furthermore, analysis with individual fuel type (e.g.,
agricultural, coal) and ventilation type as the “exposure” was
also performed. The analysis of ventilation type was necessarily
restricted to those using solid fuels as these data only existed for
this subgroup. All regression analyses included the full set of
control variables noted above (i.e., age, sex, wealth, etc.). As in

previously reported SAGE analyses, the inclusion of dummy
variables for each country in the model allowed for the country
to be adjusted for [19, 20]. For all analyses, the complex design
of the study and sample weightings were accounted for.
Regression analysis results are presented as odds ratios (ORs),
associated confidence intervals (95% CIs), with statistical sig-
nificance set at p< 0.05.

3 | Results

The present work analyzed data from 14585 individuals aged
≥ 65 years. Table 1 presents the sample characteristics. The
mean age of the sample was 72.6 (SD = 11.5) years and 55.0%
were females. The sample sizes from each country were:
China, n = 5360; India, n = 2441; Ghana, n = 1975; Russia,
n = 1950; South Africa, n = 1484; Mexico, n = 1375. The
prevalence of hearing problems and unclean cooking fuel
use were 10.7% and 45.9%, respectively. Lower levels of
wealth and education, unemployment, rural settings, and
hypertension were significantly more common among those
with hearing problems, while people with hearing problems
were also older. The level of hearing problems was higher
among unclean cooking fuel users in the overall sample and
females (Figure 1). For example, in females, the prevalence
of hearing problems among those who use clean cooking
fuel was 8.9%, but this increased to 12.7% among those
who use unclean cooking fuel. After adjustment for poten-
tial confounders, in the overall sample, unclean cooking
fuel use was associated with a significant 1.68 (95%
CI = 1.22–2.30) times higher odds for hearing problems
(Table 2). This association was significant in females only
(OR = 2.36; 95% CI = 1.53–3.63; males OR = 1.20; 95%
CI = 0.79–1.81). Hearing problems were not significantly
associated with cooking ventilation status (Table 3). Finally,
in comparison to using clean cooking fuel, the use of coal/
charcoal, agriculture/crop, and shrubs/grass were all asso-
ciated with significantly higher odds for hearing problems
(Table 4). The results remained almost the same when the
Asian cut‐off for BMI was used for adjustment.

4 | Discussion

4.1 | Main Findings

In the present representative sample of older adults from
multiple LMICs (n= 6), unclean cooking fuel use was signif-
icantly associated with a 1.68 (95% CI = 1.22–2.30) times
higher odds for hearing problems in the overall sample.
Interaction analysis showed that there is significant effect
modification by sex in this association, with the strength of the
association being particularly pronounced among females
(OR = 2.36; 95% CI = 1.53–3.63). In addition, we found that
cooking ventilation type is not associated with hearing prob-
lems, while in terms of individual cooking fuel types, coal/
charcoal, agriculture/crop, and shrubs/grass were significantly
associated with higher odds for hearing problems. To the best
of our knowledge, we report for the first time that unclean
cooking fuel use is associated with hearing problems.
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4.2 | Interpretation of Findings

While there are no prior studies on unclean cooking fuel use
and hearing problems, our study results are in line with a study
on “air pollutants” and hearing problems conducted in Korea
[11]. There are plausible pathways that may explain the
observed association between unclean cooking fuel use and
hearing problems. Considering traditional Bradford‐Hill Crite-
ria [21], several conditions are met or partially met (e.g.,
strength, plausibility, coherence), which strengthens the case
for an association and its further investigation. The cochlea
have high metabolic demands of hair cells in response to sound
stimulation and, thus, are vulnerable to oxidative stress [22]
that may lead to hair cell apoptosis in the ear and permanent
cochlear degeneration [11]. Indeed, cooking with biomass fuels
has been shown to exacerbate oxidative stress [23].

An alternative explanation for this increase in hearing diffi-
culties is linked to the potential presence of acrolein in the

cooking environment. Acrolein is produced in the burning of
wood, fossil fuels, and tobacco and is a known neurotoxin and
ototoxin. It has been observed to induce mitochondrial dys-
function and endoplasmic reticulum stress in cochlear nucleus
neurons, contributing to their injury and programmed cell
death [24]. Damage to the cochlear nucleus can result in
hearing impairment, in particular, auditory neuropathy spec-
trum disorder, characterized by difficulties in speech discrimi-
nation or sound localization that are often worse than those
predicted from the pure tone audiometric thresholds [25]. The
involvement of acrolein is highly consistent with this study's
findings that biomass fuels (coal/charcoal, agriculture/crop, and
shrubs/grass) were associated with increased odds of hearing
difficulties.

Furthermore, there is substantial evidence that pollutants
resulting from incomplete combustion of biomass fuels in the
domestic environment – in particular, suspended particulate
matter and nitrogen oxide—increase the risk of upper

TABLE 1 | Sample characteristics (overall and by hearing problems).

Hearing problems

Characteristic Overall No Yes p valuea

Age (years) Mean (SD) 72.6 (11.5) 72.1 (10.9) 75.8 (13.4) < 0.001

Sex Female 55.0 55.0 54.2 0.738

Male 45.0 45.0 45.8

Wealth Poorest 21.7 21.0 27.7 0.003

Poorer 21.0 21.0 20.8

Middle 20.4 20.2 21.5

Richer 17.5 18.0 12.9

Richest 19.4 19.8 17.1

Education ≤ Primary 63.7 62.6 70.3 0.010

Secondary 29.9 30.7 24.7

Tertiary 6.4 6.7 5.0

Unemployed No 21.6 22.7 13.2 < 0.001

Yes 78.4 77.3 86.8

Setting Urban 50.6 51.3 44.6 0.020

Rural 49.4 48.7 55.4

Smoking Never 62.2 62.5 59.7 0.045

Current 29.3 29.4 29.0

Past 8.5 8.1 11.3

Body mass index (kg/m2) < 18.5 19.3 19.3 21.0 0.081

18.5–24.9 46.4 45.9 50.4

25.0–29.9 23.9 24.3 19.2

≥ 30 10.4 10.5 9.3

Diabetes No 91.4 91.3 92.5 0.308

Yes 8.6 8.7 7.5

Hypertension No 36.6 37.4 31.9 0.020

Yes 63.4 62.6 68.1

Note: Data are % unless otherwise stated.
Abbreviation: SD Standard deviation.
ap value was obtained by Chi‐squared tests for categorial variables, and Student's t‐tests for continuous variables.
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respiratory tract infections, which can result in chronic otitis
media (infection of the middle ear). Otitis media is typically
characterized by fluid in the middle ear cavity and conductive
hearing loss. If otitis media persists, this can lead to mastoiditis
(infection of the mastoid) and, in turn, to permanent deafness
[26]. It is notable that chronic otitis media is particularly
common in LMICs (although the disease burden is difficult to
estimate accurately with current evidence) [27].

Interestingly, in our study, there was significant effect modifi-
cation by sex in the association between unclean cooking fuel
use and hearing problems, where the association was more
pronounced among females. This association may be explained
by higher levels of exposure to pollutants from using unclean
cooking fuels among females in LMICs. Indeed, in such set-
tings, females tend to take the majority of the burden of
household chores, including cooking, and thus experience
greater exposure to both pollutants [28, 29].

4.3 | Implication of Study Findings

Findings from the present study support the importance of
Sustainable Development Goal 7 described by the United
Nations related to sustainable and fair access to clean energy
[30]. The present study adds, for the first time, hearing prob-
lems to the list of associated negative outcomes that can be
avoided by transitioning away from unclean cooking fuel usage.
When taken together with the previously demonstrated asso-
ciations of their negative impact on health, which spans mental,
cardiovascular, and respiratory domains [21–23], the case is

more compelling than ever to prioritize the cessation of their
use and empower LMIC communities to do so.

4.4 | Strengths and Limitations

The SAGE study from which these data for analysis are derived
has strengths in terms of the large study cohort recruited and
investigated. It focused on a highly relevant and under‐
investigated population in the form of LMIC residents and older
residents of these countries most at risk of hearing loss. Limi-
tations are present, though, which should be acknowledged in
spite of a statistically significant effect being identified. First,
hearing problems were only based on observation of the inter-
viewer and did not consist of audiological assessment (e.g.,
through ear examination and objective or subjective audio-
logical tests), which can provide more accurate information on
the extent and underlying cause of reported hearing problems.
While observational and subjective assessments have been ar-
gued to be important in assessing the activity and participation
dimensions of disease [1]. Additionally, there was no explora-
tion of additional hearing symptoms such as tinnitus or dizzi-
ness, which would be suitable areas of expansion for further
work. Second, the study was cross‐sectional in nature, and thus,
the direction of the association is not known. However, it is
highly unlikely that hearing problems drive unclean cooking
fuel use. Third, the level and length of exposure to unclean
cooking fuel use were not measured. Future studies should
consider including this variable as longer exposure to unclean
cooking fuel can theoretically lead to a higher risk of hearing
problems. Finally, we lacked information on heat exposure,
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FIGURE 1 | Prevalence of hearing problems by type of cooking fuel (overall and by sex).
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TABLE 2 | Association between unclean cooking fuel use (or covariates) and hearing problems (outcome) estimated by multivariable logistic

regression (overall and by sex).

Overall Male Female

OR 95% CI p value OR 95% CI p value OR 95% CI p value

Unclean cooking fuel use

No 1.00 1.00 1.00

Yes 1.68 [1.22, 2.30] 0.001 1.20 [0.79, 1.81] 0.392 2.36 [1.53, 3.63] < 0.001

Age (years) 1.08 [1.07, 1.10] < 0.001 1.08 [1.06, 1.11] < 0.001 1.08 [1.06, 1.11] < 0.001

Sex

Female 1.00

Male 1.15 [0.90, 1.46] 0.266

Wealth

Poorest 1.00 1.00 1.00

Poorer 0.84 [0.63, 1.11] 0.224 0.75 [0.51, 1.11] 0.148 0.95 [0.63, 1.42] 0.795

Middle 0.97 [0.71, 1.34] 0.871 0.93 [0.60, 1.42] 0.721 1.02 [0.65, 1.59] 0.942

Richer 0.72 [0.51, 1.01] 0.061 0.55 [0.34, 0.90] 0.016 0.91 [0.56, 1.48] 0.708

Richest 1.00 [0.66, 1.51] 0.983 0.70 [0.46, 1.07] 0.1 1.34 [0.71, 2.53] 0.361

Education

≤ Primary 1.00 1.00 1.00

Secondary 0.76 [0.53, 1.10] 0.146 0.83 [0.52, 1.32] 0.434 0.66 [0.41, 1.07] 0.093

Tertiary 0.68 [0.40, 1.17] 0.166 0.98 [0.55, 1.75] 0.952 0.21 [0.08, 0.57] 0.002

Unemployed

No 1.00 1.00 1.00

Yes 1.80 [1.39, 2.33] < 0.001 1.23 [0.88, 1.72] 0.232 3.11 [1.97, 4.92] < 0.001

Setting

Urban 1.00 1.00 1.00

Rural 1.08 [0.80, 1.46] 0.611 1.18 [0.79, 1.77] 0.427 1.02 [0.70, 1.50] 0.918

Smoking

Never 1.00 1.00 1.00

Current 1.05 [0.81, 1.37] 0.707 0.97 [0.70, 1.35] 0.87 1.16 [0.77, 1.74] 0.472

Past 1.36 [0.96, 1.94] 0.083 1.19 [0.78, 1.81] 0.411 1.70 [0.86, 3.37] 0.126

Body mass index (kg/m2)

< 18.5 1.02 [0.75, 1.39] 0.901 0.74 [0.48, 1.15] 0.175 1.27 [0.84, 1.92] 0.265

18.5–24.9 1.00 1.00 1.00

25.0–29.9 0.69 [0.54, 0.88] 0.003 0.90 [0.60, 1.36] 0.629 0.52 [0.36, 0.77] 0.001

≥ 30 0.75 [0.50, 1.12] 0.154 1.15 [0.57, 2.31] 0.697 0.55 [0.36, 0.84] 0.006

Diabetes

No 1.00 1.00 1.00

Yes 1.07 [0.76, 1.50] 0.691 1.00 [0.57, 1.76] 0.999 1.20 [0.79, 1.83] 0.398

Hypertension

No 1.00 1.00 1.00

Yes 1.18 [0.95, 1.48] 0.133 1.38 [1.00, 1.89] 0.049 1.05 [0.79, 1.39] 0.741

Note: Model is adjusted for all variables in the Table and country.
Abbreviations: CI, confidence interval; OR, odds ratio.
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which can be induced by unclean cooking fuel use and can be a
risk factor for hearing loss [31]. Thus, residual confounding
may exist due to this factor. These factors could be addressed in
subsequent surveys to help improve the generalizability and
strength of our findings.

5 | Conclusion

In this large representative sample of older adults residing in
LMICs, unclean cooking fuel use was associated with higher
odds of hearing problems, especially among females. The
findings of our study support the implementation of Sustainable
Development Goal 7 also for the prevention of hearing prob-
lems, but future studies from diverse settings are necessary to
assess the extent to which our findings can be generalized to
other settings and, indeed, other measures of hearing health.
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