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among older adults in India: a multiple
mediation approach through depression
and sleep disorders
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Abstract

Background Studies across multiple countries reveal that depression and sleep disorders can lead to cogni-

tive decline. This study aims to speculate on the effect of different sources of indoor air pollution on cognition

and to explore the mediation effect of depression and sleep disorders on cognition when exposed to indoor air pollu-
tion. We hypothesize that an older adult experiences higher cognitive decline from indoor pollution when mediated
by depression and sleep disorders.

Methods We use data from Longitudinal Aging Study in India (LASI), 2017-2018, and employ a multiple media-

tion model to understand the relationship between indoor air pollution and cognition through sleep disorders

and depression while adjusting for possible confounders. Sensitivity analysis was applied to see the effect of different
sources of indoor pollution (cooking fuel, indoor smoke products, and secondhand smoke) on cognitive performance.

Results The effect of three sources of indoor pollutants on cognition increased when combined, indicating stronger
cognitive decline. Unclean cooking practices, indoor smoke (from incense sticks and mosquito coils), and second-
hand smoke were strongly associated with sleep disorders and depression among older adults. Indoor air pollution
was negatively associated with cognitive health (3=-0.38) while positively associated with depression (3= 0.18)

and sleep disorders (3= 0.038) acting as mediators. Sensitivity analysis explained 45% variability while adjusting

for confounders.

Conclusion The study lays a foundation for future investigations into the nexus of indoor pollution and mental
health. It is essential to formulate policies to reduce exposure to varying sources of indoor air pollutants and improve
screening for mental health services as a public health priority.
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Introduction

Air pollution is a serious environmental health concern
worldwide. Combustion of fuelwood, coal, agricultural
residue, cow dung cake, incense sticks, mosquito coils,
and second-hand smoke are some of the most impor-
tant contributors to indoor air pollution [1, 2]. Empirical
studies suggest harmful air pollutants may reach beyond
the cerebral blood barrier and cause psychiatric disor-
ders, including neurodegenerative diseases, sleepless-
ness, depression, and poor cognition [3, 4]. Older adults
are more vulnerable and exposed to short-term air pol-
lution, often because of weakened immune functions.
Long-term air pollution exposure has been linked to vari-
ous neurological disorders, including Parkinson’s disease
and Alzheimer’s disease, occurring more often among
older adults [5].

Particulate matter, nitrogen dioxide, and sulfur diox-
ide are the primary components of air pollution in coun-
tries like India which suffers hugely from indoor as well
as outdoor pollution [6]. In India, indoor air pollution
caused 0.61 million deaths and 4.5 percent of disability-
adjusted life years (DALY) in 2019 [7]. Residential solid-
fuel combustion primarily consists of black and organic
carbon, with traces of various hazardous compounds and
soot. Although sources and their magnitudes differ by
geography, household solid fuel use is the largest across
Asia, especially in South Asia [8]. Indoor air pollution
is responsible for ischemic heart diseases (27%), pneu-
monia (27%), chronic obstructive pulmonary diseases
(20%), stroke (18%), and lung cancer (8%), accounting for
approximately 4 million deaths worldwide [9]. In addition
to physical health impairment, studies have suggested
that indoor air pollution contributes to cognitive decline
and may also result in mental disorders [10, 11].

Sources of indoor air pollution and impact on cognitive
function in India

The principal sources of indoor air pollution in India are
combustion, building material, and bioaerosols. Stud-
ies have found that the residential sector contributes
20-50% of indoor pollution [12]. In India, unsafe cook-
ing practices comprise firewood (45%); cow dung cake,
coal, charcoal (10.4%) and kerosene (2.9%) [13]. Urban
populations are predominantly exposed to vehicular and
industrial exhausts, which directly and indirectly contrib-
utes to public health risks to all households [12, 14]. The
established risk of respiratory disease, cardiovascular dis-
eases, birth defects, blindness, depression and cognitive
dysfunction among adult and older adults is a concern
in low- and middle-income countries (LMIC) where bio-
mass fuels are used for cooking and heating [1, 15]. Both
social and environmental factors influence cognition, and
literature suggests that indoor air pollution is widespread
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in low-and-middle-income countries [15]. In a poorly
ventilated house, polluted air is inhaled through our cir-
culatory system, eventually damaging the lungs, heart,
and brain, causing inflammation and neuronal dysfunc-
tion [16]. The possible biological pathway is that air par-
ticles could get directly to the brain through the olfactory
bulb and affect the central nervous system with oxidative
stress and neuroinflammation [17]. Evidence suggests
that olfactory bulbs loaded with particulate matter and
impaired olfactory function are precursors to dementia
and Alzheimer’s disease [18]. Experimental studies in
China suggest that indoor air pollution has an adverse
effect on older adult cognition, especially for short-term
memory loss and mathematical reasoning abilities [10,
11]. A similar study from Mexico reported that persons
aged 50 and above exposed to indoor air pollution had
lower cognitive outcomes [1, 19]. This evidence base
necessitates an empirical study investigating the influ-
ence of indoor air pollution from solid fuel on cognitive
decline to derive insights to center the critical issue of the
mental health of older adults in India.

Mediating role of depression between air pollution

and cognition

Depression is a pressing public health challenge affect-
ing people of all ages and a leading cause of morbidity.
Pollutants like particulate matter (PM, ;) cause cell cycle
arrest and death in neurons, with oxidative stress and
DNA damage, resulting in brain degeneration [17, 20].
Depressive symptoms correlate negatively with poor
cognitive function [21]. Cognitive impairments interfere
with one’s ability to think or focus, including indecisive-
ness, and memory loss, all of which are criterion items
for diagnosing depression [22]. Patients with depression
report trouble distinguishing between similar or identical
objects and short-term memory loss [23, 24]. Reinforcing
neurological evidence of air pollution exposure and cog-
nitive outcomes of anxiety and depression, we posit that
depression could mediate associations between air pollu-
tion and cognitive impairment.

Mediating role of sleep disorders between air pollution
and cognition

The International Classification of Sleep Disorders
(ICSD-3) identifies sleep-related breathing disorders,
central disorders of hypersomnolence, circadian rhythm
sleep-wake disorders, and sleep-related movement, par-
asomnias, insomnia, and other sleep disorders as the
major categories of sleep-related disorders. Increases
in PM,, are associated with decreasing sleep efficiency
[25]. There is also mechanistic evidence between air pol-
lution and sleep disorders through alterations in inflam-
matory cytokines in the blood [26]. Yu et al., (2020)
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found a significant association between solid fuel use
and shorter and restless sleep days among Chinese older
adults. Difficulties with sleep are common among older
adults and are caused by multimorbidity, the aging pro-
cess, and increased medication, among other factors [27].
Changes in sleep structure with aging are linked to cog-
nitive decline. Aging is linked to decreased performance
across various cognitive activities, including informa-
tion processing, perceptual speed, executive function-
ing, concentration and attention, inhibitory functioning,
and memory [28]. Treating sleep disorders may enhance
cognitive performance and overall quality of life. Under-
standing the possibility of an individual’s health, social,
and environmental factors influencing sleep distur-
bances, we hypothesize that sleep disorders would medi-
ate the association between air pollution and cognitive
impairment.

Multiple mediation between air pollution and cognition
through depression and sleep problems

Some of the most prevalent mental and neurological dis-
eases among older adults are cognitive decline, sleepless-
ness, and depression [29]. Scholars have linked long-term
air pollution exposure to depression, sleep problems, and
cognitive loss [30, 31]. In rural India, fuel choices are lim-
ited primarily to biomass sources such as fuelwood, agri-
cultural residue, kerosene, and cow dung cake for cooking
and heating [32]; only 19% of rural families use liquefied
petroleum gas (LPG), a cleaner choice, as their primary
cooking fuel, while most others cook using biomass fuels
[33]. Per the National Sample Survey (NSS 68" Round),
56% of rural households relied on solid fuels during 2011-
2012. Thereafter, National Family Health Surveys (NFHS-
5), 2019-2021, reported that 40.6% of households use
solid fuels for cooking and 24.5% smoke inside the home
daily. Despite government programs providing LPG to
people below the poverty line under Pradhan Mantri
Ujjwala Yojana (PMUY) 2016, India’s rural areas still pri-
marily rely on unhealthy cooking practices.
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Few studies in India have examined how indoor air pol-
lution affects cognitive function through other underly-
ing psychological/neurological mechanisms [1, 15]. We
include multiple sources of air pollution and explore this
gap in literature by reconnoitering sleep disorders and
depression as mediators between air pollution and cog-
nition using nationally representative data. Mediation
models are well-established and used in various fields,
including psychology, gerontology, behavioral science,
genetic epidemiology, preventative research, and politi-
cal communication research [4, 34]. We speculate that
depression and sleep disorders may mediate the associa-
tion between air pollution exposure and cognition. Com-
pared to single mediation models, the multiple mediation
model (Fig. 1) simulates several mechanisms to exam-
ine how indoor air pollution relates to cognitive health.
We propose to decompose indoor air pollution’s direct
and indirect effects on cognitive health through sleep
problems and depression while adjusting for possible
confounders.

A comprehensive assessment of indoor air pollution
and associated health impacts is necessary to strengthen
public health policy in India. We focus on the associa-
tion between air pollution and cognitive decline, offer-
ing a multiple mediation approach to investigate this
relationship.

Material and methods

Our study utilizes data from Longitudinal Aging Study
in India (LASI), Wavel, collected in 2017-18. LASI is in
harmony with the Global Health and Retirement Study
(HRS). LASI collected information on physical and psy-
chological health, social security, and family dynam-
ics of adults aged 45 and above, including their spouses
residing in the same household (irrespective of age). The
survey used a multi-stage stratified probability cluster
sampling method, in which a three-stage and four-stage
sampling design was used for rural and urban areas,
respectively. The indicators of indoor air pollution from

M1 > M2
X : Indoor air pollution
Y : Cognition
M1 : Depression
Ma: Sleep Problem
X » Y

Fig. 1 Proposed path diagram of the multiple-mediation model for the study of X: independent variable (indoor air pollution); Y: outcome variable

(cognition); M,: mediator (depression); M,: mediator (sleep problem)
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the household dataset were merged with the individual
dataset to get all relevant variables yielding a sample size
of 72,250 individuals.

Key Measures

Dependent variable

We measured cognitive health under five domains: mem-
ory, orientation, arithmetic, executive functioning, and
object naming, and constructed a composite index as a
part of the regular cognition module of the Health and
Retirement Study (HRS). Overall, cognitive scores ranged
from 3-43, with higher scores indicating better cognitive
function [35].

Independent variable

Indoor air pollution was measured by poor cooking prac-
tices (use of unclean fuel inside home and cooking in tra-
ditional chullah/stove or open fire without ventilation.),
use of smoke products indoors (use of incense sticks,
mosquito coil, and fast card: paper-based mosquito
repellents are paper cards infused with mosquito repel-
lent chemicals that activate on burning), and second-
hand smoking (smoking inside home by any household
member). For index construction, we used factor analy-
sis using principal component extraction to explore the
underlying structure of the variables measuring the pol-
lution dimension. The factor model fit was examined
using the Kaiser Meyer Olkin (KMO) test, which meas-
ures sampling adequacy, and Bartlett’s test of spheric-
ity. We built three indices to investigate the effect of the
changes in index constructs:

Indoor Pollution (IP1) — Poor cooking practices
Indoor Pollution (IP2) - Poor cooking practices +
indoor smoke product usage

Indoor Pollution (IP3) - Poor cooking practices +
indoor smoke product usage + second-hand smoke

Mediators

The two mediators in our study were sleep problems and
depression. To measure depressive symptoms, ten items
from the Centre for Epidemiologic Studies Depression
(CES-D) scale were considered [36]. Items were divided
into seven negative and three positive symptoms, with a
score ranging from 0-10. Negative symptoms were scored
in ascending order, whereas scoring was reversed for pos-
itive symptoms; therefore, higher scores indicate severe
depressive symptoms [37]. Sleep disorders or problems
are measured in LASI using four indicators, including
trouble falling asleep, waking up in the middle of the
night, waking up too early, and feeling unrest during day-
time. The categories occasionally (3-4 nights/ week) and
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frequently (5 or more nights per week) were considered
sleep problems.

Confounders

We adjusted for eight socio-demographic variables. Sex
of the respondent was dichotomized as 'male’ and 'female’
Age was a continuous variable consisting of adults aged
45 or more (including spouses irrespective of age) [37].
Residence was coded as ’rural’ and ‘urban’ Education
was a continuous variable indicated by years of schooling
ranging from 0-26 years. Religion was coded as 'Hindu’
and ’'Others, and the various social caste groups were
coded as 'Scheduled Caste’ (SC)/Scheduled Tribe’ (ST)
and ‘Others; where SC/ST population is largely deprived
of privileges, historically and socially marginalized, and
vulnerable. Marital status was coded as 'Married’ and
‘Not married’ A structured set of 11 and 29 questions
on food and non-food expenses were asked to measure
the economic condition. Monthly Per capita Consump-
tion Expenditure (MPCE) was calculated and used as the
summary measure of consumption. Food expenditure
was collected over a seven-day reference period, whereas
non-food expenditure was collected over 30- and 365-
day reference period. The 30-day reference period was
used to standardize food and non-food expenditures. The
variable was then coded into five quintiles: poorest, poor,
middle, rich, and richest.

Statistical methods

Descriptive and bivariate analyses

Key variables were first described using summary statis-
tics: mean, standard deviations (continuous variables),
frequency distribution, and percentages (categorical
variables). The Table S1 in supplementary material pro-
vides the detailed descriptive statistics of all the variables.
Bivariate analyses examined the association between
independent variable (X), mediators (M1 and M?2), pos-
sible confounders, and dependent variable cognition
(Y). Independent t-tests were employed for categorical
variables with two categories, one-way ANOVA F-test
for more than two categories, and correlation tests were
used for continuous variables.

Mediation analysis

The multiple mediation model, suggested by Preacher
and Hayes [38, 39], accommodates both mediation fac-
tors simultaneously while adjusting for possible con-
founders. Mediation processes are framed with total
effects of the independent variable (X) on the depend-
ent variable (Y), with a transition of mediating factor
(M). The effect of X on Y is the direct effect (DE), and
when the effect of X is transmitted through M on Y, it is
the indirect effect (IE). Therefore, the total effect (TE) is
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decomposed into direct and indirect effects [40]. To test
the mediation hypothesis, we followed guidelines from
Preacher & Hayes (2008). We built three models ana-
lyzing indoor air pollution using independent variables
as IP1, IP2, and IP3 as Model 1, Model 2, and Model 3,
respectively [41].

The model analyzes the relationship between IP1/IP2/
IP3 (X) and cognition (Y) mediated through depression
(M1) and sleep problems (M2) with the following steps:
(i) regressing Y on X; (ii) regressing M1 on X; and (iii)
regressing M2 on X and M1; and (iv) regressing Y on X,
M1, and M2. There are three requirements for mediation
to exist - a,a, are significant, indicating X is related to
M1 (Equations 2, 3); b,, b, is significant, indicating MI
and M2 are associated with Y (Equation 3); and if indirect
effect ¢’ is not significant; if significant, then it indicates
partial mediation (Fig. 1). This model provides direct
and indirect paths among variables while controlling for
confounders.

Estimated effect of X on Y through M1 and M2

Y=iy+cX+e (1)
Ml =iy +a1X + e (2)
M2 = iy + a2X + asM1 + €3 (3)
Y =iy + X + b M1+ byM2 + €4 (4)

where, iy, im1, im2, iy’ are intercepts; al is the effect of X
on M1; a2 is the effect of X on M1; a3 is the effect of M1
on M2; bl and b2 are the effects of M1 and M2 on Y; ¢
and ¢’ are the direct and indirect effects of X on Y.

Mediation analysis was performed in SPSS based on
5000 bootstrapped samples (bias-corrected) and sort-
ing them to yield 95% confidence intervals. First, we
regressed Y over IP1, followed by IP2 and IP3, which we
used to compare and observe whether changes in indoor
pollution construction yielded different results and
choose the most informative aspects. We also included a
spatial component to visualize the distribution of indoor
air pollution, cognitive function, depression, and sleep
problems across India.

Results

Table S1 (appendix) shows key summary statistics for
variables in our analysis. Our sample comprised 42%
males and 58% females, with a mean age of 58.57. Most
respondents belonged to rural areas (68.2%), Hindu
religion (81.92%), and other castes (72.32%). Around
75.6% of respondents were married. The average years
of schooling in the sample was 4.06. Indoor air pollution
measured by IP1 (poor cooking practices), IP2 (poor
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Table 1 Bivariate analyses of covariates and mediators with
cognition as dependent variable

Covariates Cognition (Y)
Mean (5.D) Test p-value
Gender Male 2766(0.04) t=6028 <0.001
Female 24.53(0.04)

Age r=-026  <0.001
Residence Rural 2443(0.03) t=-7467 <0.001
Urban 28.38(0.04)

Education Years of schooling r=0.63 <0.001
Religion Hindu 25.97(0.03) t=-6.12 <0.001
Others 25.60(0.05)

Marital status Currently married  26.63(0.03) t=-5329 <0.001
Not married 23.12(0.06)

Caste SC/ST 24.24(0.05) t=43.52 <0.001
Others 26.68(0.03)

MPCE Poorest 24.06(6.7)  F=567.90 <0.001
Poorer 25.04(6.66)

Middle 25.78(6.77)

Richer 26.58(6.7)

Richest 27.74(6.72)

Indoor air pol- IP1 r=-023  <0.001
lution P2 (=-018 <0001

IP3 r=-0.17  <0.001
Depression (M1) r=-0.16 <0.001
Sleep problems r=-0.12  <0.001

(M2)

cooking practices + indoor smoke product usage), and
IP3 (poor cooking practices + indoor smoke product
usage + second-hand smoke) had a mean score of 3.65,
2.12, and 2.06, respectively. The dependent variable,
cognitive health score, ranged between 3 to 43, with a
mean score of 25.38. The depression score had a mean
of 2.94 and ranged from 0 to 10. The second mediator,
sleep problems, had a mean score of 0.79 and ranged
between 0-4.

Cognitive score by selected characteristics

The mean cognitive score was higher among males
(27.66), respondents in urban areas (28.38), with the
highest level of education (32.35), respondents who
were unmarried (25.78), not belonging to lower caste
(26.68), and in highest MPCE quintile (27.74) (Table 1).
There was a decline in cognitive function with increas-
ing age (r=-0.26). Years of schooling had a significant
and positive correlation with cognitive function (r=0.63).
Depression (r=-0.16) and sleep problems (r=-0.12) were
significantly correlated with cognition. The indoor air
pollution indices indicated by poor cooking practices
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Fig 2 Spatial distribution of mean score: (a) IP1- poor cooking practices (b) IP2- poor cooking practices + indoor smoke product usage (c) IP3- poor
cooking practices + indoor smoke product usage + second-hand smoke (d) Sleep problems (e) Depression (f) Cognition across States/UTs of India,

LASI (2017-2018). Note: Sikkim not included

(IP1) (r-0.23); poor cooking practices with indoor smoke
product use (IP2) (r=-0.18); and poor cooking practices
with indoor smoke product use and secondhand smoke
(IP3) (r=-0.17), all were significantly negatively correlated
with cognition (Table 1).

Spatial distribution of indoor air pollution and mental
health indicators

Figure 2 a, b, and c presents the spatial distribution
of various indoor air pollution sources across India.
Higher intensity of the color shows higher indoor pol-
lution levels. Northern and northeastern states showed
higher levels of indoor air pollution from sources like
unsafe cooking practices, indoor smoke product usage,
and secondhand smoke exposure. Depression was
higher in southern, northern, and parts of eastern states
in India (Fig. 2d); higher intensity of the color shows
higher depression levels. Sleep problems were higher in
the northern states (Fig. 2e); the higher intensity of the
color shows higher sleep problems among older adults,

although Karnataka (south) and West Bengal (east)
emerged as outliers with higher sleep-related problems.
A high cognition score, indicating better mental health
condition, was observed in the southern states; higher
intensity of the color shows a better mean cognitive level,
i.e., Kerala and Tamil Nadu (Fig. 2f).

Figure 3 depicts the spatial bivariate relationship
between indoor air pollution with three mental health
conditions, i.e., depression, sleep problems, and cogni-
tion. Excepting maps indicating the relationship between
cognition and pollution, in all other maps (Fig. 3a, b, d,
e, g, h), dark brown or dark green reflects high pollu-
tion and mental health issues. While for maps on cogni-
tion and pollution (Fig. 3 ¢, f, i), the yellow color reflects
high pollution with low cognition level. High depression
levels are associated with increased exposure to indoor
air pollution from unsafe cooking practices in northern
states like Rajasthan, Uttar Pradesh, Madhya Pradesh,
and a few states in India’s east and northeast (Fig. 3 a, d,
g). For instance, higher levels of indoor air pollution are
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IP2 (Poor cooking practices + indoor smoke IP1 (Poor cooking practices)
product usage)

IP3 (Poor cooking practices + indoor smoke
product usage + second-hand smoke)

Page 7 of 13

Fig 3 Bivariate plot for sleep problems, depression, and cognition with a) IP1- poor cooking practices (b) IP2- poor cooking practices + indoor
smoke product usage (c) IP3- poor cooking practices + indoor smoke product usage + second-hand smoke across different State/UTs of India, LASI

(2017-2018). Note: Sikkim not included

associated with higher levels of sleep problems in the
northern states of Uttar Pradesh, Madhya Pradesh, Bihar,
and West Bengal of East India (Fig. 3b, e, h). In Fig. 3 ¢,
higher levels of indoor air pollution are associated with
lower cognitive scores in northern states such as Uttar
Pradesh and Rajasthan and eastern states of Jharkhand,
Odisha, and some northeastern states. Southern states,
except Telangana, showed higher cognitive scores with
lower indoor pollution. Overall, southern states fared
better than the rest of India regarding lower indoor pol-
lution and cognitive decline.

Mediation effects

Table 2 provides estimated coefficients with statisti-
cal significance and standard errors from the mediation
analysis. In the first model, indoor air pollution measured
in terms of poor cooking practices (IP1) was negatively
associated with cognition (f:-0.394; p<0.001). In Model

1, where depression and sleep problems were consid-
ered as mediators, depression was negatively associated
with cognitive health (B:-0.237; p<0.001), and sleep prob-
lems were also negatively associated (f:-0.158; p<0.001)
with cognitive health. On the other hand, the effect of
IP1 on cognition was statistically significant and posi-
tively associated with depression (B:0.158; p<0.001) and
sleep problems ((3:0.011; p<0.01). The indirect effect
of IP1 on cognition, mediated by depression and sleep
problems, was -0.043 at (p<0.01), which indicated par-
tial mediation effects of depression and sleep problems
between indoor air pollution and cognitive health. Model
1 explained 45.6% of the variability in cognitive health.
Similarly, in model 2, indoor air pollution indicated by
poor cooking practices along with indoor smoke prod-
uct use (IP2) showed a negative association with cog-
nition (B:-0.387;p<0.001), whereas IP2 was positively
associated with depression (:0.14; p<0.001) and sleep
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Table 2 Multiple mediation analysis results of sleep problems and depression between indoor air pollution and cognitive health, LASI,

2017-2018
Depression(M1) Sleep problems(M2) Cognition(Y)
B SE B SE B SE
Model 1: Poor cooking practices and mental health
Indoor Air Pollution (X) 0.158*** 0.008 0.0171** 0.006 -0.394*** 0.026
Depression(M1) 0.153*** 0.003 -0.237%** 0.012
Sleep problems (M2) -0.158*** 0.017
Age 0.005*** 0.001 0.009*** 0 -0.1714%** 0.002
MPCE quintile -0.024%%% 0.005 0.029%** 0.003 0.194%** 0.015
Years of Schooling -0.030*** 0.002 -0.010%** 0.001 0.668*** 0.005
Sex
Male®
Female 0.012 0.014 0.135%* 0.01 -1.870%** 0.045
Residence
Rural®
Urban -0.053%*% 0.015 -0.055** 0.01 1.296%** 0.045
Religion
Other religious groups®
Hindus 0.176*** 0.015 0.084*** 0.01 0.095%* 0.046
Caste
Other caste group ®
SC/ST -0.108 0.014 -0.097*** 0.01 -0.847%** 0.044
Marital Status
Not married ®
Currently married -0.273%% 0.017 -0.044%* 0.012 0.425%** 0.054
R-square 0.034 0.073 0456
F-test 250.962 p<0.001 505.794 p<0.001 4902.045 p<0.001
Indirect Effect Pathways
Indoor Pollution > Depression > Cognition -0.038***
Indoor Pollution > sleep problem > Cognition -0.002%**
Indoor Pollution > Depression > sleep problems > Cognition -0.036***
Model 2: Poor cooking practices, indoor smoke product usage and mental health
Indoor Air Pollution (X) 0.140%** 0.01 0.033*** 0.007 -0.387%*% 0.032
Depression(M1) 0.153%** 0.003 -0.243%** 0.012
Sleep problems(M2) -0.156%** 0.017
Age 0.005%** 0.001 0.010%** 0 -0.114%%* 0.002
MPCE quintile -0.032%** 0.005 0.030*** 0.003 0.210%** 0.015
Years of Schooling -0.032%** 0.002 -0.010%** 0.001 0.673%** 0.005
Sex
Male®
Female 0.006 0.015 0.136*** 0.01 -1.857%** 0.045
Residence
Rural®
Urban -0.066*** 0.015 -0.052%** 0.01 1.327%*% 0.045
Religion
Other religious groups®
Hindus 0.169%** 0.015 0.082*** 0.01 0.116%* 0.046
Caste
Other caste group ®
SC/ST -0.096*** 0014 -0.098*** 0.01 -0.875%** 0.044
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Table 2 (continued)
Depression(M1) Sleep problems(M2) Cognition(Y)
B SE B SE B SE
Marital Status
Not married ©
Currently married -0.278*** 0.017 -0.044%* 0.012 0436%** 0.054
R-square 0.031 0.073 0455
F-test 231.882 p<0.001 507.677 p<0.001 4888.71 p<0.001
Indirect Effect Pathways
Indoor Pollution > Depression > Cognition -0.034%**
Indoor Pollution > Sleep problem > Cognition -0.005%*
Indoor Pollution > Depression > Sleep problems > Cognition -0.003***
Model 3: Poor Cooking practices, indoor smoke product usage, second-hand smoke and mental health
Indoor Air Pollution (X) 0.186*** 0012 0.038*** 0.008 -0.381%** 0.037
Depression(M1) 0.153*** 0.0028 -0.243%** 0.012
Sleep problems(M2) -0.157%** 0.017
Age 0.005%** 0.001 0.010%** 0 -0.114%%* 0.002
MPCE quintile -0.032%** 0.005 0.030%** 0.003 0.216%** 0.015
Years of Schooling -0.032%** 0.002 -0.010%** 0.001 0.673%** 0.005
Sex
Male®
Female 0.01 0.015 0.136*** 0.01 -1.858*** 0.045
Residence
Rural®
Urban -0.072%** 0.015 -0.054%** 0.01 1.357%** 0.045
Religion
Other religious groups®
Hindus 0.1771%%% 0.015 0.083%** 0.01 0.105%* 0.046
Caste
Other caste group ®
SC/ST -0.099*** 0014 -0.098*** 0.01 -0.878*** 0.044
Marital Status
Not married ®
Currently married -0.281*** 0.017 -0.045%** 0.012 0.442%** 0.054
R-square 0.032 0.073 0455
F-test 237.632 p<0.001 507.621 p<0.001 4881.056 p<0.001
Indirect Effect Pathways
Indoor Pollution > Depression > Cognition -0.045%*
Indoor Pollution > Sleep problem > Cognition -0.006***
Indoor Pollution > Depression > Sleep problem > Cognition -0.005%**

©®: Reference category; *** p<0.001, ** p<0.01, * p<0.05

problems (f:0.033; p<0.001). The indirect effect of IP2
on cognition, mediated by depression and sleep prob-
lems, was -0.043 and statistically significant. Model 2
indicates partial mediation by depression and sleep prob-
lems between indoor air pollution and cognitive health,
resulting in explaining 45.5% of the variability. Finally,
the third model with indoor air pollution considering
poor cooking practices along with indoor smoke product

use and secondhand smoke (IP3), was negatively associ-
ated with cognition (B:-0.381; p<0.001) and positively
associated with depression ($:0.186; p<0.001) and sleep
problem (B:0.038; p<0.001). The indirect effect of IP3 on
cognition, mediated through depression and sleep prob-
lems, was -0.056, but the variability explained by the
model remained the same at 45.5%. The models were also
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Model 1: Cooking practices
product usage

Model 2: Cooking practices + indoor smoke
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Model 3: Cooking practices + indoor smoke
product usage + second-hand smoke

Total Effect: -0.437

Direct Effect: -0.394

Total Indirect Effect: -0.043
Fig. 4 Pathways of the multiple-mediation models showing direct, indirect, and total effects

Total Effect: -0.43

adjusted for socio-economic and demographic covariates
selected within the framework of the study (Table 2).

As observed from Fig. 4, with the inclusion of indoor
air pollution index indicators, there was a slight variabil-
ity in the mediation effect. In Model 1, where the indoor
air pollution index construct included only poor cooking
practices, the total effect on cognition was -0.437; i.e.,
cognition was reduced by 43.7%. The indirect effect of
the mediation of depression and sleep problems brought
about 9.8% variability in the total effect on cognition.
Further, in Model 2, indoor air pollution was constructed
by indoor smoke product usage along with poor cook-
ing practices, we observed a total effect of -0.430, which
was not too different from Model 1, but there was a slight
increase in the mediation effect, which brought 10% vari-
ability in the total effect. Finally, Model 3, comprised of
poor cooking practices, indoor smoke product usage, and
secondhand smoke in the index, was similar to the for-
mer models in terms of the total effect, which in this case
was -0.437. However, the indirect effect due to mediation
by depression and sleep problems was higher in Model
3; 12.8% of the total effect on cognition was explained
by the indirect effect (Fig. 4). Thus, we can conclude that
Model 3 in (Fig. 4) showed a better picture of the media-
tion effect observed from the indirect effect of indoor
air pollution on cognition through depression and sleep
problems (-0.056). The variation in cognition is sensitive
to changes in the construct of indoor air pollution.

Discussion

The number of older adults is rising worldwide due to
factors such as declining fertility, improved longev-
ity, and medical gains [42]. While considered a young
country demographically, the global social transition
and population aging also have critical implications for
India. Our study attempted to understand the spatial
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variation of different sources of indoor air pollution
and their association with cognitive health. Further, we
explored the pathway between indoor air pollution and
cognition by testing mediating effects of depression and
sleep problems among older adults in India. Multiple
mediation analysis applied in the current study is an
emerging statistical method in theory and practice. It is
used in various research settings to understand causal
relationships [43]. The major findings are discussed
below:

First, indoor air pollution was higher in India’s North-
ern and Eastern regions, and low cognitive scores were
also observed in these regions. Traditional cooking
practices such as solid biomass fuels like firewood, crop
residue, cow dung, coal, etc., are more prevalent in the
rural parts of northern and eastern India. Another major
source of air pollution in these areas is agricultural bio-
mass burning in the northern Indo-Gangetic plains and
forest fires in the northeastern states, where a piece of
land is cleared and burned for human use [44]. Thus, con-
sidering different sources of indoor and outdoor air pollu-
tion, India is the third-largest emitter of carbon emissions
after China and the United States of America [45]. The
use of incense sticks, also called agarbatti/dhoop, has
been a part of Indian culture for centuries and is rooted
in various traditions and rituals. The release of particulate
matter into the air, including fine particles and smoke,
impacts respiratory health, especially for individuals with
pre-existing conditions such as asthma or allergies [46].

Based on the NSS 2011-2012, the monthly usage of
incense sticks (agarbatti) and room freshener in urban
and rural India stands at 742 and 737 per 1000 house-
holds, respectively [47]. Moreover, on average, Indian
households burn mosquito coils for approximately 6-8
hours daily. The mosquito coils/fast cards contain insec-
ticides and other toxic compounds, making them par-
ticularly hazardous, especially in poorly ventilated rooms
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[48, 49]. Per the Global Adult Tobacco Survey (GATS)
(2016-2017), 29% of the Indian population was exposed
to secondhand smoke; females are exposed at home, and
males are more exposed in public and workplaces [50].

Second, our study generated three models to under-
stand indoor air pollution exposure; we used different
types of poor cooking practices, indoor smoke prod-
uct usage, and second-hand smoke to characterize
the country-specific context of indoor air pollution in
India. The association between indoor pollution and
mental health is evident. Most importantly, the study
reveals that the direct effect of the multiple mediation
model was amplified by the indirect effect making the
total effect more significant, thus showing more robust-
ness than a simple regression model. In addition, when
combined, the three components of indoor pollution
have the highest explanatory power, indicating that all
three components of indoor pollution exposure play an
important role in cognitive decline.

Third, we observe the indirect or mediation effect by
serial mediation of sleep problems followed by depres-
sion. Such multiple mediation models have been stud-
ied previously but not in the context of indoor air
pollution and cognition, particularly in the Indian con-
text [51]. In the current study, the multiple mediation
model first observes the direct exposure of indoor air
pollution on cognition, which tends toward zero, sug-
gesting a mediation effect [52]. Indoor pollution may
disrupt sensitive brain structures and processes and
have long-term negative impacts like depression and
disrupted sleep patterns, particularly among the elderly
[31, 53-56]. Therefore, in our study, we quantified the
effect of mediators on the exposure variable (cognition).

In the growing scholarship on mechanisms and path-
ways through which air pollution is associated with
cognitive health, we offer multiple points of consid-
eration. The mediation analysis suggests that across all
conceptualizations of indoor air pollution, depression,
and sleep problems accounted for some but not all of
the relationship between indoor air pollution and cog-
nition. Therefore, while indoor air pollution was asso-
ciated with cognitive decline, this relationship was
mediated by a person experiencing depression and
sleep problems, with sleep problems showing a stronger
mediation effect. Our multiple mediation analysis dem-
onstrates how the hypothesized mediators, depression
and sleep problems, explain the effect of indoor air pol-
lution on cognitive health. The construct of indoor air
pollution, including all three dimensions, shows that
mediating effects of sleep problems and depression fur-
ther increase negative impacts of indoor air pollution
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on cognition. Since depression and sleep disorders can
lead to cognitive decline among older adults, future
investigations in communities exposed to higher pol-
lution rates should examine the potential protective
factors in safeguarding cognitive health among this
population.

Our findings have particular policy implications for
India. An analysis of the National Mental Health Survey
in India points to higher prevalence of depressive disor-
ders among older adults [57], and sleep disorders, includ-
ing sleep problems, are common among this population
[58]. India shoulders some of the highest global burden
of disease attributable to air pollution; indoor air pollu-
tion remains an important factor therein [59] and there-
fore presents a key challenge for India’s commitment to
sustainable development. Our results provide a regional
and contextual understanding of indoor air pollution
outcomes, in that unsafe poor cooking practices, indoor
smoke from incense sticks and mosquito coils, and sec-
ondhand smoking are associated with lower sleep qual-
ity and depression among India’s older adult population.
North and East India can benefit the most by addressing
indoor pollution. Second, our results confirm the nega-
tive association of indoor air pollution with cognitive
health in all models. This is consistent with other stud-
ies examining the association of air pollution with cog-
nitive health [1, 15, 19]; e.g., Exposure to indoor PM, ¢
might contribute to 476,000 cases of major depressive
disorder in the U.S. [60] and a decline in cognitive func-
tion among older men owing to exposure to black carbon
[61]. The home and built environment can significantly
improve resident mental health; considering the converg-
ing challenges of mental health, indoor air pollution, and
other ecological factors, therefore, is a policy imperative
to achieve Sustainable Development Goal 3 (SDG-3),
by enhancing good health and well-being of all which is
intricately linked with climate change (SDG 13).

Some limitations should be considered to contextual-
ize our findings. While LASI is designed to be a longitu-
dinal survey, data for this study are from the first wave.
Therefore, these data are cross-sectional, and the findings
do not lend to causal inferences. However, our analysis
provides a useful baseline on a critical issue that can be
extended with the availability of subsequent waves and
longitudinal studies in the future.

Conclusion

The global burden of disease from indoor air pollution
and the mounting, relatively unaddressed mental health
crisis in India necessitates the transition to clean fuel and
expansion of mental health services. Multitudes in India
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face challenges of poor indoor air quality, especially in
North, East, and North-Eastern parts of India, from vary-
ing sources, including unhealthy cooking fuels, burning of
different household products, and tobacco smoking. Sleep
quality is critical for improving mental health and reducing
depression among older adults; this is especially relevant
when evaluating fuel and burning product choices within
the home and the built environment. Our study provides
the basis for further research into the processes of indoor
air pollution, the specific types of fuels used for heating
and cooking, insufficient ventilation in the home, and other
smoke exposure. In examining the association between
air pollution and cognition, our study lays the foundation
for future investigations into this nexus to inform and for-
mulate policies to reduce exposure to air pollutants and
improve screening and access to mental health services as
a public health priority.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512877-024-04662-6.

Additional file 1: Table S1. Descriptive statistics of the study variables
(N=72,250).

Authors’ contributions

SS, SK, AC: Conceptualization, data curation, analysis and writing; SR: writing,
reviewing, and editing. All authors have critically reviewed and approved the
final version of the manuscript submitted for publication.

Funding
This research received no specific grant from any funding agency in the pub-
lic, commercial or not-for-profit sectors.

Availability of data and materials
The data is freely available upon request from https://www.iipsindia.ac.in/
content/LASI-data.

Declarations

Ethics approval and consent to participate

The analysis is based on secondary data available in the public domain for
research; thus, no approval was required from any institutional review board
(IRB). The survey agencies had conducted the fieldwork with prior taking
informed consent from the respondents. The LASI was conducted in accord-
ance with the relevant ethical guidelines and regulations. The participants
were given brochures containing information which explained the survey
purpose, privacy protection, health assessments and safety measures as part
of the ethical protocols. Informed Consent forms were as per the Human
Subjects Protection.

Consent for publication
Not applicable.

Competing interests

The authors declare no competing interests.

Received: 6 September 2023 Accepted: 3 January 2024
Published online: 22 January 2024

Page 12 of 13

References

1. Saenz JL, Adar SD, Zhang YS, Wilkens J, Chattopadhyay A, Lee J, et al.
Household use of polluting cooking fuels and late-life cognitive func-
tion: a harmonized analysis of India, Mexico, and China. Environ Int.
2021;156:106722.

2. Wong A, Lou W, Ho K, Yiu BK, Lin S, Chu WC, et al. Indoor incense burning
impacts cognitive functions and brain functional connectivity in com-
munity older adults. Sci Rep. 2020;10:7090.

3. SchikowskiT, Altug H. The role of air pollution in cognitive impairment
and decline. Neurochem Int. 2020;136:104708.

4. YuH, Luo J, Pollitt KJ, Liew Z. Solid fuel-related indoor air pollution and
poor sleep quality in the elderly: a national longitudinal study in China.
ISEE Conference Abstracts. 2020. https://doi.org/10.1289/isee.2020.virtu
al.P-1303.

5. Heusinkveld HJ, Wahle T, Campbell A, Westerink RHS, Tran L, Johnston
H, et al. Neurodegenerative and neurological disorders by small inhaled
particles. NeuroToxicol. 2016;56:94-106.

6. Chattopadhyay A, Shaw S. Association Between Air Pollution and
COVID-19 Pandemic: An Investigation in Mumbai. India GeoHealth.
2021;5:¢2021GH000383.

7. Pandey A, Brauer M, Cropper ML, Balakrishnan K, Mathur P, Dey S,
et al. Health and economic impact of air pollution in the states of
India: the Global Burden of Disease Study 2019. Lancet Planet Health.
2021;5:e25-38.

8. BondT,Venkataraman C, Masera O. Global atmospheric impacts of
residential fuels. Energy Sustain Dev. 2004;8:20-32.

9. WHO. Air quality database. 2022. https://www.who.int/data/gho/data/
themes/air-pollution/who-air-quality-database. Accessed 18 Oct 2022.

10. JiH,DuL, Sun M, Duan, Xu J, Wu R, et al. Association between solid
fuel use and cognitive decline among middle-aged and elderly Chinese
adults: a longitudinal study. Sci Rep. 2021;11:3634.

11. QiuY,Yang F-A, Lai W. The impact of indoor air pollution on health
outcomes and cognitive abilities: empirical evidence from China. Popul
Environ. 2019;40:388-410.

12. Rao ND, Kiesewetter G, Min J, Pachauri S, Wagner F. Household
contributions to and impacts from air pollution in India. Nat Sustain.
2021,4:859-67.

13. Kankaria A, Nongkynrih B, Gupta SK. Indoor Air Pollution in India: Implica-
tions on Health and its Control. Indian J Community Med. 2014,39:203-7.

14. EIf JL, Kinikar A, Khadse S, Mave V, Suryavanshi N, Gupte N, et al. Sources
of household air pollution and their association with fine particulate mat-
ter in low-income urban homes in India. J Expo Sci Environ Epidemiol.
2018;28:400-10.

15. Krishnamoorthy Y, Rajaa S, Ramasubramani P, Saya GK. Association
between indoor air pollution and cognitive function among nationally
representative sample of middle-aged and older adults in India—A
multilevel modelling approach. Indoor Air. 2022,32:212929.

16. Peters A, Veronesi B, Calderon-Garciduenas L, Gehr P, Chen LC, Geiser M,
et al. Translocation and potential neurological effects of fine and ultrafine
particles a critical update. Particle Fibre Toxicol. 2006;3:13.

17. Genc S, Zadeoglulari Z, Fuss SH, Genc K. The Adverse Effects of Air Pollu-
tion on the Nervous System. Journal of Toxicology. 2012;2012: e782462.

18. Fagundes LS, Fleck A da S, Zanchi AC, Saldiva PHN, Rhoden CR. Direct
contact with particulate matter increases oxidative stress in different
brain structures. Inhal Toxicol. 2015;27:462-7.

19. Saenz JL, Wong R, Ailshire JA. Indoor air pollution and cognitive func-
tion among older Mexican adults. J Epidemiol Community Health.
2018;72:21-6.

20. Hahad O, Lelieveld J, Birklein F, Lieb K, Daiber A, Miinzel T. Ambient Air
Pollution Increases the Risk of Cerebrovascular and Neuropsychiatric
Disorders through Induction of Inflammation and Oxidative Stress. Int J
Mol Sci. 2020;21:4306.

21. Bierman EJM, Comijs HC, Jonker C, Beekman ATF. Effects of anxiety
versus depression on cognition in later life. Am J Geriatr Psychiatry.
2005;13:686-93.

22. Murrough JW, lacoviello B, Neumeister A, Charney DS, losifescu DV.
Cognitive dysfunction in depression: Neurocircuitry and new therapeutic
strategies. Neurobiol Learn Memory. 2011;96:553-63.

23. Crocco EA, Castro K, Loewenstein DA. How Late-Life Depression Affects
Cognition: Neural Mechanisms. Curr Psychiatry Rep. 2010;12:34-8.


https://doi.org/10.1186/s12877-024-04662-6
https://doi.org/10.1186/s12877-024-04662-6
https://www.iipsindia.ac.in/content/LASI-data
https://www.iipsindia.ac.in/content/LASI-data
https://doi.org/10.1289/isee.2020.virtual.P-1303
https://doi.org/10.1289/isee.2020.virtual.P-1303
https://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database
https://www.who.int/data/gho/data/themes/air-pollution/who-air-quality-database

Shaw et al. BMC Geriatrics (2024) 24:81

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Hubbard NA, Hutchison JL, Turner M, Montroy J, Bowles RP, Rypma B.
Depressive thoughts limit working memory capacity in dysphoria. Cogn
Emot. 2016;30:193-209.

Zanobetti A, Redline S, Schwartz J, Rosen D, Patel S, O'Connor GT,

et al. Associations of PM10 with Sleep and Sleep-disordered Breath-

ing in Adults from Seven U.S. Urban Areas. Am J Respir Crit Care Med.
2010;182:819-25.

Thompson AMS, Zanobetti A, Silverman F, Schwartz J, Coull B, Urch B,

et al. Baseline Repeated Measures from Controlled Human Exposure
Studies: Associations between Ambient Air Pollution Exposure and the
Systemic Inflammatory Biomarkers IL-6 and Fibrinogen. Environ Health
Perspect. 2010;118:120-4.

Miner B, Kryger MH. Sleep in the Aging Population. Sleep Med Clin.
2020;15:311-8.

Park DC, Schwarz N, editors. Cognitive aging: A primer. Philadelphia:
Psychology Press; 2000.

Fiske A, Wetherell JL, Gatz M. Depression in Older Adults. Annu Rev Clin
Psychol. 2009;5:363-89.

Altug H, Fuks KB, Huls A, Mayer A-K, Tham R, Krutmann J, et al. Air pol-
lution is associated with depressive symptoms in elderly women with
cognitive impairment. Environ Int. 2020;136:105448.

Tang M, Li D, Liew Z, Wei F, Wang J, Jin M, et al. The association of short-
term effects of air pollution and sleep disorders among elderly residents
in China. Sci Total Environ. 2020,708:134846.

Chindarkar N, Jain A, Mani S. Examining the willingness-to-pay for
exclusive use of LPG for cooking among rural households in India. Energy
Policy. 2021;150:112107.

Gupta R, Pelli M. Electrification and cooking fuel choice in rural India.
World Dev. 2021;146:105539.

Vitman Schorr A, Khalaila R. Aging in place and quality of life among the
elderly in Europe: a moderated mediation model. Arch Gerontol Geriatr.
2018;77:196-204.

Lee J, Banerjee J, Khobragade PY, Angrisani M, Dey AB. LASI-DAD study: a
protocol for a prospective cohort study of late-life cognition and demen-
tia in India. BMJ Open. 2019;9:e030300.

Radloff LS. The CES-D Scale: A Self-Report Depression Scale for Research
in the General Population. Appl Psychol Meas. 1977;1:385-401.
International Institute for Population Sciences (lIPS), National Programme
for, Health Care of Elderly (NPHCE), MoHFW, & Public Health (HSPH) and
the University of Southern California (USC). (2020). Longitudinal Ageing
Study in India (LASI) Wave 1,2017-18, India Report. 2019.

LiY, Xia X, Meng F, Zhang C. The association of physical fitness with men-
tal health in children: a serial multiple mediation model. Curr Psychol.
2022;41:7280-9.

VanderWeele T, Vansteelandt S. Mediation analysis with multiple media-
tors. Epidemiol Methods. 2014;2:95-115.

Agler R, De Boeck P. On the Interpretation and Use of Mediation: Multiple
Perspectives on Mediation Analysis. Front Psychol. 8:1984. https://doi.org/
10.3389/fpsyg.2017.01984.

Preacher KJ, Hayes AF. Asymptotic and resampling strategies for assessing
and comparing indirect effects in multiple mediator models. Behav Res
Methods. 2008;40:879-91.

United Nations, Department of Economic and Social Affairs, Popula-

tion Division. World Population Prospects 2019: Highlights (ST/ESA/
SER.A/423).2019.

MacKinnon DP, Luecken LJ. How and for whom? Mediation and modera-
tion in health psychology. Health Psychol. 2008;27:599-100.

Singh P, Roy A, Bhasin D, Kapoor M, Ravi S, Dey S. Crop Fires and
Cardiovascular Health — A Study from North India. SSM Popul Health.
2021;14:100757.

Timperley J. The Carbon Brief Profile: India. Carbon Brief. 2019. https://
www.carbonbrief.org/the-carbon-brief-profile-india/. Accessed 25 Jun
2023.

Arora S. Study conducted in Delhi and NCR shows indoor pollution harm.
Times of India. 2015.

NSS. National Sample Survey Report No. 558: household consumption of
various goods and services in India, (2011-12). 2014.

Chakraborty R. COPD alert for non-smokers: Your mosquito coil as dam-
aging as cigarettes. Indian Express. 2023.

Page 13 of 13

49. Goel SG, Somwanshi S, Mankar S, Srimuruganandam B, Gupta R. Charac-
teristics of indoor air pollutants and estimation of their exposure dose. Air
Qual Atmos Health. 2021;14:1033-47.

50. Tripathy JP. Secondhand smoke exposure at home and public places
among smokers and non-smokers in India: findings from the Global
Adult Tobacco Survey 2016-17. Environ Sci Pollut Res. 2020;27:6033-41.

51. Yuan M, Fu H, HanY, Chen J, Fang Y. Mediation and moderated mediation
in the relationships among income condition, depression, cogni-
tion and residence among older adults in China. Geriatr Gerontol Int.
2020;20:860-6.

52. Mascha EJ, Dalton JE, Kurz A, Saager L. Understanding the Mechanism:
Mediation Analysis in Randomized and Nonrandomized Studies. Anesth
Analg. 2013;117:980-94.

53. Calderon-Garciduenas L, Reed W, Maronpot RR, Henriquez-Roldan C,
Delgado-Chavez R, Calderén-Garciduefas A, et al. Brain inflammation
and Alzheimer’s-like pathology in individuals exposed to severe air pollu-
tion. Toxicol Pathol. 2004;32:650-8.

54. Calderén-Garciduenas L, Calderon-Garciduenas A, Torres-Jardon R, Avila-
Ramirez J, Kulesza RJ, Angiulli AD. Air pollution and your brain: what do
you need to know right now. Prim Health Care Res Dev. 2015;16:329-45.

55. Hunter P. The health toll of air pollution. EMBO Rep. 2020;21:e51183.

56. Torres G, Mourad M, Leheste JR, Torres G, Mourad M, Leheste JR. Indoor
Air Pollution and Decision-Making Behavior: An Interdisciplinary Review.
Cureus. 2022;14.

57. Sinha P, Hussain T, Boora NK, Rao GN, Varghese M, Gururaj G, et al.
Prevalence of Common mental disorders in older adults: Results
from the National Mental Health Survey of India. Asian J Psychiatry.
2021;55:102463.

58. Gulia KK, Kumar VM. Sleep disorders in the elderly: a growing challenge.
Psychogeriatrics. 2018;18:155-65.

59. EIf JL, Eke O, Rakgokong M, Variava E, Baliram Y, Motlhaoleng K, et al.
Indoor air pollution from secondhand tobacco smoke, solid fuels, and
kerosene in homes with active tuberculosis disease in South Africa. BMC
Res Notes. 2017;10:591.

60. Taylor WL, Schuldt SJ, Delorit JD, Chini CM, Postolache TT, Lowry CA,
et al. A framework for estimating the United States depression burden
attributable to indoor fine particulate matter exposure. Sci Total Environ.
2021;756:143858.

61. Power MC, Weisskopf MG, Alexeeff SE, Coull BA, Spiro A, Schwartz J.
Traffic-related air pollution and cognitive function in a cohort of older
men. Environ Health Perspect. 2011;119:682-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3389/fpsyg.2017.01984
https://doi.org/10.3389/fpsyg.2017.01984
https://www.carbonbrief.org/the-carbon-brief-profile-india/
https://www.carbonbrief.org/the-carbon-brief-profile-india/

	Indoor air pollution and cognitive function among older adults in India: a multiple mediation approach through depression and sleep disorders
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Sources of indoor air pollution and impact on cognitive function in India
	Mediating role of depression between air pollution and cognition
	Mediating role of sleep disorders between air pollution and cognition
	Multiple mediation between air pollution and cognition through depression and sleep problems

	Material and methods
	Key Measures
	Dependent variable
	Independent variable
	Mediators
	Confounders


	Statistical methods
	Descriptive and bivariate analyses
	Mediation analysis

	Results
	Cognitive score by selected characteristics
	Spatial distribution of indoor air pollution and mental health indicators
	Mediation effects

	Discussion
	Conclusion
	References


