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A B S T R A C T   

Despite widespread use of unclean cooking fuels (UCF) in India, evidence from nationally representative data on 
its association with visual impairment was lacking. We used a population-based nationwide survey of adults aged 
45 years and older that included reported UCF and measured visual impairment. We estimated that 44.8% (95% 
CI: 42.6, 47.1) of older adults in India lived in households that used UCF. Age- and sex-adjusted prevalence of 
visual impairment was estimated to be 33.0% (95% CI: 31.0, 34.9) in the older population that did not use UCF 
and 9.0 percentage points (pp) (95% CI: 8.9, 9.1) higher among those who did. Among those who used UCF, age- 
and sex-adjusted prevalence of low distance vision was 4.3 pp (95% CI: 4.2, 4.4) higher, prevalence of low near 
vision was 8.0 pp (95% CI: 7.9, 8.1) higher, and prevalence of blindness was 1.0 pp (95% CI: 0.9, 1.0) higher. 
After controlling for a rich array of sociodemographic characteristics and state fixed effects, we estimated that 
use of UCF was associated with higher prevalence of visual impairment by 3.2 pp (95% CI: 1.4, 5.0), low distance 
vision by 1.8 pp (95% CI: 0.7, 2.9), and low near vision by 3.2 pp (95% CI: 1.3, 5.0). Doubly robust estimates of 
these differences were slightly larger. Blindness was not significantly partially associated with use of UCF (95% 
CI: − 0.4, 0.6). We did not find support for the hypotheses that the visual impairment risk associated with use of 
UCF was even larger for females and in households without a separate kitchen or ventilation. The older popu-
lation of India is highly reliant on UCF that is very strongly associated with visual impairment. Impaired vision 
should not be overlooked among the harms associated with UCF.   

1. Introduction 

Globally, 2.6 billion people use unclean cooking fuels (UCF), such as 
wood, biomass, coal, charcoal, and agricultural residues, for cooking 
because they lack access to modern energy sources (IEA, 2021). A ma-
jority of this UCF-dependent population is in low- and middle-income 
countries (LMIC) in South Asia, Southeast Asia, and sub-Saharan Af-
rica (IEA, 2021). Household air pollution (HAP) caused by burning UCF 
is estimated to be responsible for 2.3 million deaths (4.1%) and 91.5 
million disability-adjusted life years (DALYs) worldwide each year 
(Bennitt et al., 2021; Fuller et al., 2022). HAP is estimated to impose a 
global economic burden through lost productivity and spending on the 

healthcare of more than $2.4 trillion each year (ESMAP 2020). The 
enormous health and economic impact of HAP has made it a major 
concern in LMIC such as India (Bennitt et al., 2021; Fuller et al., 2022; 
Pandey et al., 2021; Sehgal et al., 2014; Smith et al., 2014). 

In India, it is estimated that approximately 41% of households cook 
with unclean fuels (IIPS and ICF, 2021), HAP, which is mainly from the 
burning of UCF, is one of the major sources of air pollution in India, 
contributing to 24–30% of the ambient particular matter concentration 
(Chowdhury et al., 2019). As a result, India has the largest health and 
economic burdens of HAP in the world (Fuller et al., 2022; Pandey et al., 
2021). HAP is estimated to cause 0.61 million deaths (6.5% of total 
deaths) and 20.9 million DALYs (4.5% of the total) each year in India 
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and to cost $13.3 billion due to these premature deaths and morbidity 
(Pandey et al., 2021). 

HAP caused by the use of UCF has been found to have multiple 
adverse health effects and it is the leading risk factor for respiratory 
disease mortality (Landrigan et al., 2018; Lee et al., 2020; Newby et al., 
2015; Sehgal et al., 2014; Smith et al., 2014). Although HAP arising from 
the use of UCF is hypothesized to harm eyesight, the association between 
UCF and visual impairment is not well understood. It is estimated that at 
least 2.2 billion people worldwide are visually impaired (WHO, 2019). 
At least 1 billion people have visual impairments that were preventable 
or could have been corrected (WHO, 2019). Visual impairment has 
serious consequences for the quality of life and ability to work, and it can 
lead to other health problems (Ehrlich et al., 2021; Khanna et al., 2013; 
Nayeni et al., 2021; Shang et al., 2021). Eye complaints, including eye 
pain, blurred vision, redness, and tears, associated with exposure to 
smoke from cooking are common (Aung et al., 2018; Diaz et al., 2007; 
Kulkarni et al., 2014; Li et al., 2016; Lin et al., 2022; West et al., 2013). 
There is also evidence to link ambient air pollutants (AAP) with eye- 
related disease (Chua et al., 2021; Chua et al., 2019; Lin et al., 2022; 
Lin et al., 2019; Ruan et al., 2019). Biomass smoke condensate, like that 
of tobacco smoke, is known to produce superoxide radicals that may 
increase the risk of cataracts (Chan et al., 2021; Li et al.,2021; Lin et al., 
2022; Patel et al., 2020; Sehgal et al., 2014; Yang et al., 2021). However, 
the exact mechanism by which pollutants cause eye diseases remains 
elusive and may vary depending on the type of disease (Gupta & 
Muthukumar, 2018; Lin et al., 2022). 

There is limited evidence on the association between visual impair-
ment and use of UCF, particularly in India. Analysis of 0.5 million Chi-
nese adults revealed that solid fuel users were more likely to have 
conjunctivitis, cataracts, and eye disorders of the sclera, cornea, iris, and 
ciliary body (Chan et al., 2021). Nepalese women using biomass for 
cooking were more likely to have impaired vision, to report more ocular 
symptoms, and to be at greater risk of blindness than those using clean 
fuels (Patel et al., 2020). Existing studies for India tend to use small and 
unrepresentative samples, and thus cannot provide evidence of the as-
sociation between visual impairment and use of UCF nationwide and 
how it varies across the states of a large and diverse country. A small- 
scale study from Karnataka reported that the use of biomass fuels has 
been found to be associated with higher rates of self-reported 
ophthalmic disease among women (James et al., 2020) and higher 
rates of blindness (Mishra et al., 1999). Many studies of particular 
geographic locations have found that individuals living in households 
that use biomass fuels have significantly increased risk of cataracts 
(Kulkarni et al., 2014; Li et al., 2021; Patel et al., 2020; Pokhrel et al., 
2013; Pokhrel et al., 2005; Ravilla et al., 2016; Tanchangya and Geater, 
2011). However, the evidence is limited and inconsistent. Previous 
studies lacked uniform measurement of visual impairment with standard 
instruments (Kulkarni et al., 2014; West et al., 2013). 

It has been hypothesized that women are at greater risk of visual 
impairment arising from the use of UCF because of their greater expo-
sure to smoke while cooking (James et al., 2020). But there have been 
limited opportunities to test this hypothesis because most studies of the 
association between use of UCF and visual impairment have focused on 
the female population (Kulkarni et al., 2014; West et al., 2013). Cooking 
with UCF in a separate kitchen (Tanchangya and Geater, 2011) and with 
improved stoves (Diaz et al., 2007) are thought to reduce the risk to 
eyesight (Kulkarni et al., 2014; West et al., 2013). Empirical support for 
these hypotheses often rests on no more than observations that visual 
impairment is higher among females, and in households without a 
separate kitchen or ventilation (Kulkarni et al., 2014; West et al., 2013). 

This study aimed to fill the gap in evidence on the association be-
tween visual impairment and the use of UCF in the older population of 
India. It also sought to test whether the association was stronger among 
females and in households with no separate kitchen or ventilation. 

2. Methods 

2.1. Data 

We used data from the first wave of the Longitudinal Ageing Study in 
India (LASI) conducted from April 2017 to December 2018. To date, 
only one wave has been conducted. Stratified, multistage cluster random 
sampling in all states and union territories (hereafter, “states”) of India 
was used to obtain a sample of around 72,000 individuals that is 
representative of the non-institutionalized population aged 45 years and 
older at both the national and state levels (Supplementary Material Text 
S1) (IIPS et al., 2020). Stratification was by state, then region. Regions 
were explicitly stratified by proportion of Scheduled Caste/tribe popu-
lation, proportion of non-agricultural employment, and female literacy 
rate. In each region, sub-districts (talukas) were selected by probability 
proportional to size (PPS) sampling. Before selection of these primary 
sampling units (PSU), they were ordered by the female literacy rate to 
implicitly stratify by that indicator of social development. In rural areas, 
within each sampled PSU, villages, then households were randomly 
sampled. In urban areas, within a sampled PSU, wards, then Census 
Enumeration Blocks (CEB), then households were randomly sampled. 
Within each sampled household, enumerators conducted face-to-face 
interviews with all persons aged 45 years and older, plus their spouses 
(irrespective of age). The response rate was 95.8% at the household level 
and 87.3% at the individual level (IIPS et al., 2020). After application of 
sample weights to correct for stratification and non-response, the 
randomly selected sample is representative of the population aged 45 
years and older in each state and in India. Data are not yet available for 
one state (Sikkim). 

LASI obtained ethical approval from the Government of India Min-
istry of Health Screening Committee and the Institutional Review Boards 
at the International Institute for Population Sciences and its collabo-
rating institutions. Written informed consent was obtained from all 
participants. 

2.2. Measurements 

A trained health enumerator measured a participant’s near and dis-
tance vision for each eye with the best correction available (include use 
of specs). Using the computer-assisted personal interview (CAPI) based 
tumbling E log medicine administration record (MAR) chart or log mart 
vision chart (IIPS et al., 2020). Low distance vision was defined as visual 
acuity equal to or poorer than 20/80 and equal to or better than 20/200 
in the better eye with the best correction available (IIPS et al., 2020). 
Low near vision was defined as visual acuity equal to or poorer than 20/ 
80 and equal to or better than 20/400 in the better eye with the best 
correction available (IIPS et al., 2020). The low vision was defined as 
either low near-vision or low distance vision. Blindness was defined as 
being unable to detect light and count fingers at 2 feet, or visual acuity 
poorer than 20/400 for near vision or poorer than 20/200 for distance 
vision in the better eye with the best correction available (IIPS et al., 
2020). A participant was defined as visually impaired if they had low 
vision or blindness. 

The use of unclean cooking fuels (UCF) was assessed based on self- 
reporting from household respondents, such as wood or agricultural 
by-products/residues/wastes, or straw/shrubs/grass or animal dung, or 
kerosene, or coal/lignite, or charcoal for cooking. A household that re-
ports using liquefied petroleum gas (LPG), biogas or electricity for 
cooking is considered to be using clean cooking fuels (IEA, 2021). 

We examined three potential modifiers of the association between 
visual impairment and use of UCF: cooking in a kitchen that is separate 
(divided by wall) from living and sleeping space (no, yes), ventilation at 
the cooking place (no, yes), and sex (female, male). Cooking in a sepa-
rate kitchen and ventilation at the cooking place were reported by the 
household respondent, while sex was self-reported. In addition to the 
potential modifiers, sex-specific age group indicators (45–54, 55–64, 
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65–74, and 75+) and state indicators (fixed effects), in the multivariable 
analysis we controlled for quintile group of household monthly per 
capita consumption expenditure (MPCE), educational attainment, 
urban/rural location, social group (caste), occupation, smoking tobacco, 
number of persons per room, religion, and marital status. MPCE is the 
measure of economic circumstances used to determine poverty status in 
India (SM Text S2). Covariates were selected based on evidence of as-
sociations with visual impairment (Cao et al. 2021; Furtado et al., 2019; 
James et al., 2020; Khanna et al., 2013; Zhang et al., 2021) or the use of 
UCF (Gupta et al., 2022; Gupta & Pelli, 2021; Pelz et al., 2021; Vyas 
et al., 2021). All covariates were reported by the household respondent 
or the participant. 

2.3. Statistical analysis 

We restricted the analysis sample to participants aged 45 years and 
older (excluding younger spouses) with full item responses on measures 
of visual impairment, use of UCF, potential modifiers, and all covariates. 
We used respective sample proportions to estimate the prevalence of 
visual impairment, low near/distance vision, and blindness nationally, 
by state, and by use of UCF. In all analyses, we applied sampling weights 
and took account of stratification and cluster sampling in the estimation 
of 95% confidence intervals and P-values. The adjustment for clustering 
allowed for any form of correlation between observations at the level of 
the sample clusters and below. Hence, correction is made for potential 
dependence between observations in the same household. We adjusted 
the state- and UCF-specific estimates of prevalence for differences in age 
and sex using the age and sex composition of the nationally- 
representative full sample as the reference (SM Text S3). 

For each category of each of the three potential modifiers, we esti-
mated the difference in the age- and sex-adjusted prevalence of visual 
impairment (and other outcomes) between those who used UCF and 
those who did not. We tested whether these differences were equal 
across the two categories of that potential modifier. For example, we 
tested whether the UCF-no UCF difference in visual impairment preva-
lence was the same for males and females. We used multivariable logistic 
regression to estimate the difference in the prevalence of visual 
impairment (and low near/distance vision and blindness) between those 
who used UCF and those who did not conditional all the covariates and 
state fixed effects. We did this by using the logit model estimates to 
calculate the difference in the percentage chance of being visually 
impaired associated with using UCF for each participant. We also esti-
mated these marginal effects of UCF using a double robust estimator that 
adjusted for covariates and state fixed effects not only by including them 
in regression but also through the application of inverse probability 
weights (IPW) derived from (logit-estimated) propensity scores of using 
UCF (Robins and Rotnitzky, 1995; Rosenbaum, 1987). The doubly 
robust estimator is consistent for the partial association between the 
probability of visual impairment and use of UCF conditional on cova-
riates, provided the regression model for either visual impairment or the 
propensity score is correctly specified. Both models need not be correctly 
specified. For both methods, we estimated the marginal effect for each 
participant and averaged these effects over the sample. We use the label 
“marginal effect” only as shorthand for conditional mean differences 
without meaning to imply that the estimates have a causal interpreta-
tion. We compared the marginal effect of the use of UCF on the proba-
bility of visual impairment with the marginal effect of each covariate. At 
the state level, we used a scatter plot and a linear regression line to show 
the association between the prevalence of visual impairment and the 
percentage of households using UCF. 

All analyses were done using the STATA 15.1. 

3. Results 

3.1. Participant characteristics 

Our complete cases sample included 53,438 participants from the 
full sample of 72,250. Exclusions were due to age less than 45 years 
(6,688), non-response on visual impairment (5,953), non-response on 
use of UCF and potential modifiers (5,317), and non-response on cova-
riates (854) (SM Fig. S1). With the exception of a lower proportion of 
females (54% vs 58%), and consequent lower proportions of non- 
smokers and currently married participants, the sociodemographic 
characteristics of the complete cases sample were very similar to those of 
available cases samples (Supplementary Table S1). Table 1 shows 
characteristics of the participants stratified by the use of UCF. Around 
45% of participants in the weighted sample lived in households that 
reported using UCF. From this, we estimated that 44.8% (95% CI: 42.6, 
47.1) of individuals aged 45 years and older in India were exposed to 
UCF. Among these individuals, around 43% were estimated to be in 
households without a separate kitchen for cooking and 35% did not have 
ventilation in the cooking place. A slight majority (53.7%) of the 
weighted sample was female, there was very little difference in sex 
composition between those who used UCF and those who did not. The 
mean age was 60.1 years (95% CI 59.9–60.3). On average, those who 
used UCF were 0.6 years (95% CI 0.2, 0.9) older than those who did not. 

Those who used UCF were much more likely to belong to socioeco-
nomically disadvantaged groups. Among those exposed to UCF, we 
estimated that 31.1% were in the poorest fifth of the population, while 
only 8.3% were in the richest fifth. The percentage with no schooling 
was estimated to be 64.6% among those who used UCF and only 36.6% 
among those who did not. Among those who used UCF, over 90% were 
in a rural location, while not even half of those who did not use UCF 
were rural dwellers. Related, 44.9% of those exposed to UCF, but only 
19.9% of those not exposed to UCF, were in agricultural and allied oc-
cupations. The percentage belonging to disadvantaged scheduled tribes 
and castes was 37.5% for those who used UCF and 19.4% for those who 
did not. Those who used UCF were more likely to use tobacco and to live 
in a household with more than three persons per room. 

3.2. Prevalence of visual impairment 

We estimated that 37.1% (95% CI: 35.5, 38.6) of people aged 45 
years and older in India were visually impaired (Table 2). The preva-
lence of low vision in the population aged 45 and older was estimated to 
be 34.9% (95% CI: 33.3, 36.3). Prevalence of low near vision (32.0%; 
95% CI: 30.5, 33.5) was more than three times higher than the preva-
lence of low distance vision (12.4%; 95% CI: 11.6, 13.1). The prevalence 
of blindness was even lower (2.2%; 95% CI: 1.9, 2.4). After adjusting for 
differences in age and sex, all of these outcomes were significantly (P <
0.001) higher among those exposed to UCF. For example, the prevalence 
of visual impairment was 9.0 percentage points (pp) (95% CI: 8.9, 9.1) 
higher among those who used UCF. Estimates of the prevalence of visual 
impairment by use of unclean cooking fuels, potential modifiers, and 
sociodemographic characteristics obtained from the complete cases 
sample and the available cases samples were very similar (Supplemen-
tary Table S2). 

Fig. 1 shows large variation across states in the prevalence of UCF use 
and visual impairment (see also SM Table S3). Use of UCF varied from 
71.7% (95% CI:61.7, 81.8) in Meghalaya to 7.4% (95% CI: 3.7, 11.1) in 
Telangana, and was higher in the central-eastern and north-eastern 
states. Prevalence of visual impairment varied from 18.6% (95% CI: 
14.9, 22.1) in Gujarat to 56.3% (95% CI: 47.7, 64.9) in Meghalaya, and 
also tended to be higher in the north-eastern states. Fig. 2a shows a 
positive correlation (ρ = 0.237, P-value = 0.190) between the preva-
lence of visual impairment and the use of UCF across states. There are 
deviations from this positive correlation. For example, Madhya Pradesh 
and Nagaland had relatively low prevalence of visual impairment 
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despite the high use of UCF. Poorer states with the lower gross domestic 
product per capita tended to use UCF to a much greater extent and have 
a higher prevalence of visual impairment (SM Figure S2). Fig. 2b shows 
little or no correlation (ρ = 0.083, P-value = 0.651) between the prev-
alence of visual impairment and the variation in the use of UCF across 
states that is not explained by state differences in GDP. 

3.3. Effect modification 

Table 3 shows estimates of age- and sex-adjusted prevalence of visual 
impairment by each of the potential modifiers of the association with the 
use of UCF. The estimates for the full analysis sample indicate that visual 
impairment was significantly (P < 0.001) more prevalent among those 
who did not cook in a separate kitchen, had no ventilation in the cooking 
place and were female. Stratification by use of UCF did not support the 
hypothesis that these characteristics strengthen the association between 
visual impairment and the use of UCF. In fact, the difference in the 
prevalence of visual impairment between those who used UCF and those 
who did not was significantly smaller for those who a) did not cook in a 
separate kitchen (P = 0.003) and b) did not have ventilation in the 
cooking place (P = 0.005). The difference in visual impairment preva-
lence between those who did and did not use UCF was roughly equal, 
and not significantly different (P = 0.484), for males and females. 

3.4. Regression result 

Table 4 shows logit and double robust estimates of the averaged 
(over the sample) marginal effects of UCF use on the probability of each 
vision outcome, conditional on the potential modifiers, the socio- 
demographic characteristics listed in Table 1, and state fixed effects. 
The logit and doubly robust estimates are consistent in sign and signif-
icance. The logit estimates are generally a little smaller in magnitude. To 
err on the side of conservativism, we summarise and interpret those 
estimates. Conditional on the observables, we estimated that the prev-
alence of visual impairment was 3.2 pp (95% CI: 1.4, 5.0) higher among 
UCF users compared with non-users. Use of UCF was associated with a 
higher prevalence of low distance vision and low near vision by 1.8 pp 
(95% CI: 0.7, 2.9) and 3.2 pp (95% CI: 1.3, 5.0), respectively. The 
prevalence of blindness did not differ significantly between UCF users 
and non-users after controlling for covariates. 

Fig. 3 shows the logit estimate of the averaged marginal effect (AME) 
of use of UCF on the probability of visual impairment along with the 
AME of all potential modifiers and socio-demographic characteristics. 
The model also controlled for state-fixed effects. Estimates of these ef-
fects are given in SM Table S4. The point estimate suggests that condi-
tional on all else, the probability of being visually impaired was 1.8 pp 
higher for those who did not cook in a separate kitchen, but this dif-
ference is not significant (95% CI: − 0.1, 3.7). The estimate of the mar-
ginal effect of ventilation in the cooking place is even smaller in 
magnitude (0.3 pp) and not at all significant (95% CI: − 1.5, 2.2). The 
estimated effect of being female (2.7 pp; 95% CI: 0.8, 4.7) is approxi-
mately equal to the effect of using UCF. We estimated an extended logit 
model that included interactions between the three potential modifiers 
and the use of UCF (as well as a use of UCF indicator) in the latent index. 
None of the coefficients on these interactions was significant, which is 
further evidence against the hypotheses that sex, as well as location and 
ventilation of the cooking place, modify the association between visual 
impairment and use of UCF. 

The AME of using UCF on the probability of being visually impaired 
is broadly similar in magnitude to the estimated effect of being in the 
middle MPCE quintile group compared with being in the richest fifth. 
Differences in the prevalence of visual impairment by education are 
much larger than the difference by use of UCF. The AME of the use of 
UCF (3.2 pp) was a little less than the estimated effect of aging ten years 
from a baseline of 45–54 years (3.8 pp; 95% CI: 2.2, 5.3). The estimated 
AME of UCF use was larger than the estimated effects of living in a rural 

Table 1 
Participant characteristics stratified by use of unclean cooking fuels, adults 45 
years and older.   

Total Use unclean cooking fuels  

(n ¼ 53438) No (n ¼ 30157) Yes (n ¼
23281)  

n % n % n % 

Use unclean cooking 
fuels0       

No 30,157  55.1 30,157  100.0 0  0.0 
Yes 23,281  44.9 0  0.0 23,281  100.0 
Cook in separate 

kitchen       
No 15,974  31.8 7373  22.9 8601  42.9 
Yes 37,464  68.2 22,784  77.2 14,680  57.1 
Cooking place 

ventilated       
No 11,080  22.9 3847  13.0 7233  35.0 
Yes 42,358  77.1 26,310  87.0 16,048  65.0 
Sex       
Female 28,599  53.7 16,184  53.9 12,415  53.5 
Male 24,839  46.3 13,973  46.1 10,866  46.5 
Age       
45–54 19,786  34.8 11,486  36.3 8300  33.0 
45–54 16,532  30.4 9112  29.8 7420  31.2 
65–74 11,890  24.1 6665  23.6 5225  24.8 
≥75 5230  10.6 2894  10.3 2336  11.0 
MPCE quintile       
Poorest 9210  20.0 2582  11.0 6628  31.1 
Poorer 9463  20.0 4122  16.4 5341  24.5 
Middle 10,451  20.0 5650  19.5 4801  20.7 
Richer 11,776  20.0 7875  23.7 3901  15.4 
Richest 12,538  20.0 9928  29.5 2610  8.3 
Educational 

attainment       
No schooling 24,335  49.3 10,380  36.6 13,955  64.9 
< 5 years 6162  11.2 3091  10.0 3071  12.6 
5–9 years 12,510  20.8 8039  24.8 4471  16.0 
≥ 10 years 10,431  18.7 8647  28.6 1784  6.5 
Residence       
Rural 34,104  68.8 13,352  49.1 20,752  93.0 
Urban 19,334  31.2 16,805  50.9 2529  7.0 
Social group       
Scheduled tribes 9457  8.6 3025  4.3 6432  13.8 
Scheduled castes 8630  18.9 4402  15.1 4228  23.5 
Other backward classes 19,952  45.2 11,904  48.5 8048  41.3 
Others 15,399  27.3 10,826  32.1 4573  21.5 
Occupation       
Agriculture and allied 13,636  31.1 4704  19.9 8932  44.9 
Services 7134  12.3 5863  18.4 1271  4.8 
Others 17,751  30.4 9997  31.4 7754  29.2 
Never worked 14,917  26.2 9593  30.3 5324  21.2 
Tobacco use       
No 29,034  53.0 18,957  62.7 10,077  41.0 
Smoke tobacco 13,041  24.0 6466  20.0 6575  28.9 
Smokeless tobacco 9606  20.0 4075  15.4 5531  25.7 
Both smoke and 

smokeless 
1757  3.0 659  1.9 1098  4.4 

Number of persons per room      
≤3 39,922  70.8 23,193  73.8 16,729  67.2 
>3 13,516  29.2 6964  26.2 6552  32.8 
Religion       
Hindu 38,697  82.2 22,363  82.0 16,334  82.6 
Muslim 6430  11.1 3521  10.5 2909  11.9 
Christian 5634  3.0 2551  3.3 3083  2.6 
Others 2677  3.7 1722  4.3 955  3.0 
Marital status       
Currently married 40,059  74.1 22,536  73.8 17,523  74.6 
Widowed 11,639  23.0 6523  22.8 5116  23.2 
Others 1740  2.9 1098  3.5 642  2.2 

Note - 0Unclean cooking fuels refers to use kerosene/coal/lignite/charcoal/ 
wood/straw/shrubs/grass/agricultural crop/animal dung. 
n refers to sample size, is unweighted, and % are weighted [National Level 
weight]. 

S. Islam et al.                                                                                                                                                                                                                                    



Environment International 165 (2022) 107302

5

location, belonging to disadvantaged scheduled tribes/castes, smoking 
tobacco, and living in a household with more than three persons per 
room. 

4. Discussion 

We produced the first estimates from a nationally representative 
sample of associations between the use of UCF and visual impairment in 
the middle-aged and older population of India. After adjusting for socio- 
demographic characteristics and differences between states, we esti-
mated that people exposed to UCF were 3.2 pp more likely to be visually 
impaired, which is a 9% increase on the baseline probability. The use of 
UCF was significantly associated with a higher risk of both low near 
vision and low distance vision. We did not find any significant associa-
tion between the use of UCF and blindness after controlling for all 
covariates. States with higher use of UCF tended to also have a high 
prevalence of visual impairment, although the correlation fell after 
adjusting for differences in GDP. 

These findings are consistent with evidence from studies in countries 
neighbouring India. In China, exposure to PM2.5 has been found to be 
associated with the same measure of visual impairment that we used 

(Yang et al., 2021). In a region of Nepal, women using biomass fuel were 
more likely to report visual impairment (Patel et al., 2020). Further 
study from Burkina Faso reported visual impairment was found to be 
associated with exposure to biomass smoke (as opposed to the use of 
UCF) (Freeman et al., 2010). Relative to these latter two studies, ours 
has the advantage of using measured, not reported, visual impairment, 
as well as producing nationally representative estimates for a very large 
country. 

Previous studies hypothesized that cooking in a separate kitchen, 
having a ventilated cooking place, and being male may each ameliorate 
any health effects of HAP (Islam et al., 2021; Li et al., 2016; Thompson 
et al., 2011; Upadhyay et al., 2021). However, these studies did not test 
the hypothesis and others simply compared the outcome between those 
cooking in a separate kitchen and those not, and those with and without 
ventilation in the cooking place (Islam et al., 2021; Islam and Mohanty, 
2021; Thompson et al., 2011). We found that the difference in the 
prevalence of visual impairment between those who used UCF and those 
who did not was not smaller for those who cooked in a separate kitchen 
had ventilation in the cooking place, and were male. 

We found a very strong socioeconomic gradient in exposure to UCF, 
which was much higher in rural and socially disadvantaged populations. 

Table 2 
Age- and sex-adjusted prevalence of vision outcomes by use of unclean cooking fuels, adults 45 years and older.   

Full sample Use unclean cooking fuels  

(n ¼ 53,438) No (n ¼ 30,157) Yes (n ¼ 23,281) Difference (n ¼ 53,438) 
% (95% CI) 

Equal prevalence, P-value  
% (95% CI) % (95% CI) % (95% CI) 

Visual impairment 37.1 (35.5, 38.6) 33.0 (31.0, 34.9) 42.0 (40.2, 43.9) 9.04 (8.89, 9.10)  <0.001 
Low distance vision 12.4 (11.6, 13.1) 10.4 (9.6, 11.3) 14.7 (13.7, 15.7) 4.26, (4.21, 4.38)  <0.001 
Low near vision 32.0 (30.5, 33.5) 28.4 (26.7, 30.2) 36.4 (34.6, 38.2) 7.94 (7.89, 8.10)  <0.001 
Low vision 34.9 (33.3, 36.3) 31.2 (29.3, 33.1) 39.3 (37.5, 41.1) 8.10 (7.99, 8.20)  <0.001 
Blind 2.2 (1.9, 2.4) 1.7 (1.5, 2.0) 2.7 (2.3, 3.0) 0.93 (0.90, 1.09)  <0.001 

Note- Visual impairment = Low distance vision OR low near vision OR Blind. 
Low distance vision = visual acuity equal to or poorer than 20/80 and equal to or better than 20/200 in better eye with best correction available. 
Low near vision = visual acuity equal to or poorer than 20/80 and equal to or better than 20/400 in better eye with best correction available. 
Low vision = either low near-vision or low distance vision in better eye with best correction available. 
Blind = can’t see light and count fingers OR visual acuity ≤ 20/400 for near vision OR ≤ 20/200 for distance vision in better eye with best correction available. 

a) Use of unclean cooking fuels (%) b) Visual impairment (%) 

Fig. 1. Age- and sex-adjusted prevalence of use of unclean cooking fuels and visual impairment (across the states of India, 2017–18. Note- State-level 
weights applied. 
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However, by no means everyone in these populations rely on UCF, 
which suggests that there is scope for targeted interventions to 
encourage the poor to substitute away from these sources of fuel. Like-
wise, while the rate of UCF use was higher in poorer states of India, 
some, such as Tamil Nadu, Andhra Pradesh, Maharashtra, and Gujarat 
are below average in both use of UCF and the prevalence of visual 

impairment. These exceptions suggest that it is not necessary to wait for 
UCF use to wane in the course of economic development. Motivated by 
Sustainable Development Goal (SDG) 7 – to ensure access to affordable, 
reliable, sustainable, and modern energy for all by 2030 (UN, 2015)) – 
the Government of India implemented the Pradhan Mantri Ujjwala 
Yojana (PMUY) scheme in 2016 that aimed to distribute free liquefied 
petroleum gas (LPG) connections to 80 million low-income households 
living below the poverty line by 2019 (PMUY, 2016). This contributed to 
a 56% increase in LPG consumption between 2014 and 2019 (Business 
Standard, 2019). The government has extended the programme to 
distribute an additional 10 million free LPG connections to households 
living below the poverty line in 2021–2022 (PIB, 2021). There are 
multiple potential benefits of such investments in cleaner, although far 
from clean, energy. Our estimates suggest that alleviating visual 
impairment, which can greatly impede the productivity of poor workers, 
through reduced reliance on UCF may be one benefit that hitherto has 
been given insufficient attention. 

Eye health, which was often overlooked in national and global health 
agendas, is beginning to be recognized as critical to wellbeing. India, as a 
signatory of VISION 2020 (MoHFW, 2020; WHO, 2005) and the 2020 
World Health Assembly decision to place people-centered eye care 
within the universal health care agenda (WHO, 2020), has adopted two 

Fig. 2. State prevalence of visual impairment and use of unclean cooking fuels (UCF) without and with control for state GDP. Note: 1. AN, Andaman and 
Nicobar Islands; AP, Andhra Pradesh; ARP, Arunachal Pradesh; AS, Assam; BR, Bihar; CG, Chhattisgarh; CH, Chandigarh; DL, Delhi; DNH, Dadra & Nagar Haveli; DD, 
Daman & Diu; GA, Goa; GJ, Gujarat; HR, Haryana; HP, Himachal Pradesh; JH, Jharkhand; JK, Jammu and Kashmir; KA, Karnataka; KL, Kerala; LK, Lakshadweep; 
MH, Maharashtra; ML, Meghalaya; MN, Manipur; MP, Madhya Pradesh; MZ, Mizoram; NG, Nagaland; NDSP, net state domestic product; OD, Odisha (Orissa); PB, 
Punjab; PY, Puducherry; RJ, Rajasthan; TN, Tamil Nadu; TR, Tripura; TS, Telangana State; UK, Uttarakhand (Uttaranchal); UP, Uttar Pradesh; WB, West Bengal. 2. In 
panel b), the x-axis gives the residual from an OLS regression of state prevalence of visual impairment (%) on log GDP. 

Table 3 
Age- and sex-adjusted prevalence of visual impairment by use of unclean 
cooking fuels and potential modifiers, adults 45 years and older.   

Full sample Use unclean cooking fuels  

(n ¼ 53,438) No (n ¼
30,157) 

Yes (n ¼
23,281) 

Difference P- 
value  

% (95% 
CI) 

P- 
value 

% (95% 
CI) 

% (95% 
CI) 

Cook in separate kitchen 
No 41.9 

(40.2, 
43.6)  

<0.001 39.4 (37, 
41.8) 

43.5 
(41.2, 
45.8) 

4.1 (4.0, 
4.3) 

0.003 

Yes 34.8 
(32.9, 
36.7)  

30.8 
(28.5, 
33.0) 

41.4 
(39.2, 
43.6) 

10.6 (10.5, 
10.7) 

Cooking place ventilated 
No 43.9 

(41.9, 
45.9)  

<0.001 42.0 
(39.3, 
44.8) 

44.9 
(42.5, 
47.3) 

2.9 (2.7, 
3.0) 

0.005 

Yes 35.0 
(33.3, 
36.8)  

31.4 
(29.3, 
33.5) 

40.9 
(38.5, 
43.3) 

9.5 (9.4, 
9.6) 

Sex 
Female 41.0 

(39.4, 
42.5)  

<0.001 37.2 
(35.2, 
39.1) 

46.9 
(44.9, 
48.8) 

9.7 (9.5, 
9.8) 

0.484 

Male 32.4 
(30.8, 
34.1)  

27.7 
(25.4, 
29.9) 

37.1 
(34.8, 
39.3) 

9.4 (9.3, 
9.5) 

Note. Prevalence estimates by sex are adjusted P-value column to the left is for 
test of no difference in prevalence between the respective two sub-populations, 
e.g. female vs male. P-value column to the right is for test of zero difference in 
difference. That is, the difference in prevalence by use of unclean fuels (Yes/No) 
does not differ between the respective two sub-populations, e.g. females vs 
males. 

Table 4 
Averaged marginal effects (AME) of use of unclean cooking fuels on percentage 
probability of vision outcomes, adults aged 45 years and older.   

(n ¼ 53,438)  

Logit Double robust  

AME (95% CI) P-value AME (95% CI) P-value 

Visual impairment 3.2 (1.4, 5.0)  0.000 4.5 (2.8, 6.2)  0.000 
Low distance vision 1.8 (0.7, 2.9)  0.001 2.1 (1.0, 3.1)  0.000 
Low near vision 3.2 (1.3, 5.0)  0.001 3.6 (2.0, 5.2)  0.000 
Low vision 3.1 (1.2, 5.0)  0.001 4.3 (2.6, 6.0)  0.000 
Blind 0.1 (− 0.4, 0.6)  0.734 0.1 (− 0.2, 0.4)  0.494 

Note – Both estimators control for all covariates listed in Table 1 plus state fixed 
effects. Logit includes all these controls in the model. The doubly robust esti-
mator does this as well as applying inverse probability weights based on the 
propensity score of using UCF. 
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targets for eye care by 2030: increases in effective coverage of 40% and 
30% for refractive errors and cataract surgery, respectively (WHO, 
2021). Policies that are effective in reducing the use of UCF could help 
the government to hit these targets as an important positive spill over 
from measures primarily motivated by the protection of the environ-
ment and health (Rosenthal et al., 2018; Xie et al., 2022). As more 
people learn that personal health benefits can accompany the public 
environmental benefits that primarily motivate clean energy policies, 
those policies are likely to garner greater support. 

Our study has a few limitations. First, we estimated partial associa-
tions between visual impairment and the use of UCF. While we use two 
methods to control for an extensive set of socio-demographic correlates 
of both the outcome and the exposure, as well as differences across 
states, we cannot infer anything about the causal effect of UCF use on 
visual impairment from the cross-sectional study design. Second, we 
could not measure the level of pollutants in houses using UCF. Use of 
UCF can be viewed merely as a proxy for those pollutants. But it may 
also be considered the appropriate exposure from a policy perspective if 
intervention is likely to be directed through substituting other energy 
sources for UCF rather than attempting to make UCF cleaner. Third, we 
were unable to examine variation in the prevalence of visual impairment 

with the duration of exposure to the use of UCF. It is possible that 
households that were not using UCF at the time of the survey had done 
so in the past. In that case, we will have underestimated the association 
between visual impairment and use of UCF to an extent that is increasing 
with the prevalence of households that stopped using UCF. Fourth, the 
complete cases sample had a slightly smaller proportion of females than 
the available cases sample. However, this is unlikely to have caused 
substantial bias since the prevalence of visual impairment by use of UCF 
was similar in the two samples and all analyses were adjusted for sex. 

Despite these limitations, our study has several strengths. First, we 
used a nationally representative sample of older people who are most 
prone to visual impairment covering all states but one in India. Second, 
we examined the association between visual impairment and use of UCF 
for both males and females, unlike many previous studies that focussed 
exclusively on females (James et al., 2020; Patel et al., 2020) and often 
in particular geographic locations (James et al., 2020; Patel et al., 2020; 
Pokhrel et al., 2013). Moreover, most of the previous evidence relied on 
self-reported indicators of visual impairment (Aung et al., 2018; Chan 
et al., 2021; James et al., 2020). This can cause bias because poorer 
individuals are less likely to be diagnosed with a sight problem, which 
may cause them to be less likely to report visual impairment, while they 

Fig. 3. Average marginal effects on the percentage probability of visual impairment, adults 45 years and older. Notes: Estimated marginal effects on the 
percentage probability of visual impairment obtained from multivariable logit model and averaged over the sample. Dots show point estimates. Horizontal lines show 
95% CI. The model also includes a complete set of state indicators (fixed effects). 
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are more likely to use UCF. Consequently, studies relying on self-reports 
may have underestimated the association between visual impairment 
and the use of UCF. In our study, trained enumerators performed the 
vision test and thus differential diagnosis is not an issue. 

5. Conclusion 

We find that visual impairment among older adults in India is 
strongly associated with the use of UCF. This adds to evidence of adverse 
health consequences potentially arising from the use of UCF in low- and 
middle-income countries. Further epidemiological research is required 
to test for a causal effect of UCF on visual impairment and to explore the 
pathways through which any such effect may operate. For now, 
increasing awareness of a possible negative effect of household air 
pollution on sight can help motivate households and policymakers to 
reconsider the burning of UCF. 
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Bertollini, R., Bose-O’Reilly, S., Boufford, J.I., Breysse, P.N., Chiles, T., Mahidol, C., 
Coll-Seck, A.M., Cropper, M.L., Fobil, J., Fuster, V., Greenstone, M., Haines, A., 
Hanrahan, D., Hunter, D., Khare, M., Krupnick, A., Lanphear, B., Lohani, B., 
Martin, K., Mathiasen, K.V., McTeer, M.A., Murray, C.J.L., Ndahimananjara, J.D., 
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