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the Indian context. This systematic review aimed to critically appraise the
DOI: 10.70034/ijmedph.2026.2.320 association between IAP exposure and all five IC domains among adults aged >45

years in India.

Materials and Methods: We included all studies enrolling adults aged >45 years
residing in India, with various IAP exposure and outcomes mapped to at least one
WHO IC domain. PubMed and Google Scholar were searched systematically with
the last search being conducted on February 12, 2026. Risk of bias was assessed
independently using the Newcastle-Ottawa Scale (NOS) with studies categorised as
low, moderate, or high quality. Given substantial heterogeneity in IC outcome
measurements, quantitative meta-analysis was not performed. A structured narrative
synthesis with direction-of-effect assessment was undertaken.

Results: Thirteen studies all rated high in methodological quality met the inclusion
criteria collectively incorporating upto 72,250 participants. In the cognitive domain,
polluting fuel use was associated with significantly lower cognitive performance. In
the psychological domain, odds of depression were higher among polluting fuel
users. In the sensory domain, unclean fuel use was associated with a higher visual
impairment which affected women more than men . In the vitality domain, solid fuel
use was associated with 10% higher odds of frailty. Evidence for the locomotion
domain was limited to one non-significant finding.

Conclusion: IAP exposure is consistently associated with multiple intrinsic capacity
domains among older adults in India, with the strongest evidence in cognition and
psychological capacity. The cognitive burden is equivalent to an estimated 6 years
of accelerated biological ageing. These findings position clean fuel policy, kitchen
ventilation, and IC-integrated geriatric screening as urgent public health priority.
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INTRODUCTION

Indoor air pollution (IAP) is a leading health risk in
middle-income countries, India being one of the
largest contributors of global burdens due to
continued dependence on polluting fuels for
household uses.['*] Although clean fuel measures
have expanded access to liquefied petroleum
gas(LPQG), sustained exposure to solid fuels like
wood, dung, crop residue, coal, and kerosene is still
an imminent burden in rural and socio economically
backward and underprivileged populations in
India.[24

The health consequences of indoor air pollution have
been documented extensively for respiratory and
cardiovascular diseases.['”) However, evidence
suggests that exposure to indoor air pollution may
contribute to accelerated functional decline across
mental and physical domains in older population.©-8]
The World Health Organization (WHO) has
introduced the concept of intrinsic capacity (IC) to
capture the physical and psychological competence
of an individual. Intrinsic capacity comprises of five
domains:  cognition, psychological capacity,
locomotion, vitality, and sensory function serving as
a potent indicator for assessing healthy ageing.
Decline in these five domains are indicators of
disability, disease, dependency, and mortality.?-!!]
India is experiencing a swift demographical shift,
with an increasing number of elderly population aged
45 years and above.'” Therefore, identifying
modifiable environmental factors on intrinsic
capacity is the key for fostering healthier ageing
patterns. While many observational studies have
found and stated links between household air
pollution and specific outcomes like cognitive
decline, depression, frailty, and sensory loss,>®! these
findings are scattered and have not been
comprehensively integrated using the intrinsic
capacity framework.

This systematic review aims to synthesize and
critically appraise evidence on the association
between indoor air pollution and intrinsic capacity
domains among older population aged more than 45
years in India.

MATERIALS AND METHODS

This systematic review was reported according to the

PRISMA 2020 guidelines.!'3] A detailed protocol

specifying objectives, eligibility criteria, and

analytical methods was registered in the PROSPERO
systematic review registration site. Registration:

CRD420251244801.

Eligibility criteria was defined using the modified

PECO framework as mentioned below:

e Studies including adults aged >45 years in India.
Multi-country studies were eligible if India-
specific effect estimates could be extracted.

e Allstudies that are assessing indoor air pollution,
including:

Solid/unclean cooking fuels (biomass, firewood,

dung, crop residue, coal)

Kerosene use

Cooking fuel type

Kitchen ventilation

Separate kitchen

Stove type was included.

e  Studies that assessed either Composite Intrinsic
capacity or outcomes corresponding to WHO
intrinsic capacity domains as mentioned below
were included:

Locomotion - gait speed, grip strength, physical

activity, phenotype-based frailty index (adapted Fried

criteria), Frailty status.

Sensory - Cataract assessment- LOCS III grading,

sensory capacity score.

Cognition - COGNITO Battery (Computerized

cognitive testing), HMSE, Composite standardised

cognitive performance score, Adapted Health and

Retirement Study (HRS) cognition battery,

Composite Cognitive Index.

Psychological - CES-D-10, CIDI-based algorithm.

Vitality - Sleep problem index, Vitality domain score.

This review does not have any comparators. Studies

merely stating awareness without objective exposure

measurements were excluded. Studies that only dealt
with outdoor air pollution were excluded.

Studies were required to report adjusted effect

estimates (e.g., odds ratios [OR], risk ratios [RR],

regression coefficients [B]) with corresponding
measures of precision (95% confidence intervals or
standard errors).

Both randomized and non-randomized study types

were included. Observational epidemiological

studies, including Prospective or retrospective cohort
studies, Case—control studies, Cross-sectional
analytical studies and Experimental studies including

Randomised control trials were included in the

screening.

A systematic search was conducted across PubMed

and Google Scholar. In short, the search strategy

contained the terms Indoor air pollution, intrinsic
capacity, cognition, vitality, locomotion, sensory,

depression and India. The full search strategy and a

more detailed description of the eligibility criteria is

available at the PROSPERO trial registration site.

The date of the last search was February 12, 2026.

All records identified through database searches were

imported into a reference management system and

duplicates were removed. Abstract and title screening
was performed independently by 2 of us (S.R.C. and

S.Y.) according to the predefined eligibility criteria.

Any discrepancy was resolved by a third

reviewer(S.R.). We attempted to identify further

studies from the reference lists of the included
articles.

Full text screening of studies was performed by three

of the reviewers (S.Y.,S.R.C,S.R) and any questions

or doubts were discussed with at least one other
reviewer (M.R.J). Reasons for exclusion at full-text
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stage were documented. Fig.l is a PRISMA flow
diagram summarizing the study selection process.
Data were extracted using a structured, piloted
extraction Excell spread sheet by two of us (S.Y.,
S.R.C.) and all data were validated at least twice by a
third reviewer (S.R.). Extracted variables included:
Study identifiers (author, year, location within India)
Sample size

Demographic information

Inclusion/exclusion criteria highlights

2 Socioeconomic indicators

Comorbidities or special population characteristics
Exposure definition and measurement

Intrinsic capacity domain assessed

Outcome measurement tool

Fully adjusted effect estimates and 95% confidence
intervals

P value

Direction of effect.

The same is presented in the tables 1 and 2.

Where both composite intrinsic capacity and domain-
specific estimates were reported, data were extracted
separately.

Risk of bias was assessed using the Newcastle Ottawa
scale for Analytical Cross-Sectional Studies,'* and
presented in Table 7. Studies were categorized as
low, moderate, or high risk of bias.

For binary outcomes (e.g., depression, cognitive
impairment, frailty), adjusted odds ratios (ORs) were
extracted. For continuous outcomes (e.g., cognitive
score), adjusted regression coefficients () were
extracted. When necessary, standard errors were
derived from reported confidence intervals.
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RESULTS

Thirteen studies conducted in India met the inclusion
criteria. Twelve were cross-sectional and one

incorporated longitudinal components. Most studies
were based on nationally representative datasets and
sampling, including LASI and SAGE. Sample sizes
ranged from 2,441 to more than 70,000 participants.
Exposure was primarily defined as use of polluting or
solid cooking fuels compared with clean fuels; some
studies additionally incorporated composite housing
indicators reflective of indoor air pollution.
Outcomes were mapped to the five WHO intrinsic
capacity (IC) domains: cognition, psychological
capacity, sensory capacity, locomotion, vitality, and
composite IC.

Effect measures varied across studies and included
adjusted odds ratios (OR), linear regression f
coefficients, and average marginal effects (AME).
Given heterogeneity in outcome scaling and effect
metrics, quantitative meta-analysis was not
undertaken. A structured narrative synthesis and
direction-of-effect assessment were performed.

Risk of bias was assessed and checked using the
Newcastle-Ottawa Scale adapted for cross-sectional
study design.['" All included studies were rated as
high methodological quality (scores 7-9 out of 9).
Most studies demonstrated nationally representative
datasets, validated outcome measures, and
multivariable adjustment. The predominance of
cross-sectional  study designs limits causal
interpretation, as temporality between indoor air
pollution exposure and decline in intrinsic capacity
cannot be definitively established.

Composite Intrinsic Capacity: One nationally
representative study evaluated a composite intrinsic
capacity index encompassing all five domains.['-'!]
Polluting fuel exposure was associated with higher
odds of intrinsic capacity deficit (OR 1.062; 95% CI
1.047-1.078).1131 Although modest in magnitude, the
estimate was precise and statistically robust.
Cognitive Domain: Seven studies evaluated the
association between indoor air pollution exposure
and cognitive outcomes in India.'??l Qutcomes were
reported as continuous measures, including
standardized z scores, 0-43 composite scores, or
standardized global cognition indices. All studies
reported multivariable adjusted estimates. One study,
Saha 2024, reported mean scores for overall
cognition but regression coefficients were reported
for each exposure of air pollution that was considered
in the said study such as: separate kitchen, sanitation,
and electricity.

Across all seven studies, exposure to polluting fuels
was associated with lower cognitive performance.
Adjusted B coefficients ranged from - 0.11 to -2.07,
depending on scale and exposure category.

In an analysis of LASI Wave-1 data, exposure to
polluting cooking fuels was discussed elaborately.
Association of composite cognitive scores with each
charcoal/lignite/coal use, wood/shrub use and dung
cake use was calculated. The same was adjusted for
socio-demographic and behavioural factors (adjusted
B -2.07 for charcoal/coal; -1.11 for wood; p<0.001; -
0.89 for dung cake) (Jana et al., 2022).1'%]
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One study additionally examined domain-specific
cognitive subcomponents. Polluting fuel use was
associated with lower performance in visuospatial
ability (B =-0.28; p = 0.013) and executive function
(B = -0.25; p = 0.019). Associations for memory,
language, and attention were negative but did not
consistently reach statistical significance (Mitra et
al.,2025).11%]

In all studies, the direction of association was adverse
(lower cognitive performance among polluting fuel
users). No study reported a protective association.
Despite heterogeneity in cognitive scales and
exposure classification, direction-of-effect
consistently indicated a negative association across
all studies. Effect magnitudes varied substantially
depending on outcome scale (standardized z-scores

versus raw composite scales), but adverse
associations predominated.
Given differences in cognitive measurement

instruments and scaling approaches, pooled effect
estimation was not appropriate and hence was not
performed. A Structured narrative synthesis was then
undertaken and demonstrated uniform adverse
directionality.

Psychological Domain : Five studies evaluated
depressive symptoms and major depressive episodes
using validated questionnaires (e.g., CES-D-10,

studies and regression coefficients ranged from 0.038
to 0.186. One study had reported a positive
association with sleep problems and depression but a
negative association with cognition (B = 0.038; B =
0.186; p=-0.381).12%]

Sensory Domain: Two studies assessed sensory
outcomes including cataract, visual impairment, and
standardized sensory scores. Ravilla 2016 reported
the association between cataract and biomass fuel
usage as 0.98 for men and 1.18 for women. > But as
the confidence interval ranged from 0.84 to 1.14 in
men it is deemed to be statistically insignificant.
Islam 2022 reported the outcome as AME =
3.22pp.120

Vitality Domain: One study assessed vitality-related
outcomes.?” Polluting fuel exposure was associated
with both Reduced vitality score (f = - 0.008) and
Increased odds of frailty (OR 1.10; 95% CI 1.04-
1.16). This indicated statistically significant adverse
associations.

Locomotion Domain : One study examined slow
gait speed. The adjusted OR was 1.52 (95% CI 0.88 -
2.61), which did not reach statistical significance.
Evidence for locomotion was limited.?*

Across domains, direction-of-effect consistency was
high, particularly in cognitive and psychological
domains. Heterogeneity was observed in outcome

CIDI-SF).l16:2223.241 - Qutcomes were reported as measurement and effect metrics, but adverse
binary (odds ratio) and standardized continuous associations predominated. No study reported
scores. Odds ratios ranged from 1.09 to 2.06 across protective effects of polluting fuel exposure.
Table 1: Study Characteristics
Study Sample Size | Age Gender | Setting Inclusion/Exclusion | Socioeconomic | Comorbidities/
(Author, (Total/Arms) | (Meanx | (% (% Criteria Indicators Special
Year) SD or Female) | Rural) Characteristics
Range)
Smith, 2023 | Total: 2,441 71.6 £ 48% 70.5% Inc: Community- Education BMI, Disability
SAGE Polluting: 10.0 dwelling adults aged (82.4% < (ADL
Wave 1 1,936 Clean: years >65. Exc: primary), limitations)
(India, >65 505 Institutionalized and Wealth quintiles
years) homeless.
Ravilla, Total: 5,871 Men: 48% 71.1- Inc: Randomly SES index BMI, Diabetes,
2016 India Biomass: 65% | 70.1 + 74.6% sampled clusters; (caste, land, Vitamin C
Eye Study 6.8 people >60 years. rooms), deficiency,
(North & Women: Exc: Non-participants | Education Malnutrition
South India, 679+ (slightly older/more
>60 years) 6.4 female).
Islam, 2022 | Total: 53,438 Mean: 53.7% 68.8% Inc: Non- MPCE quintiles, | Tobacco use,
LASI Wave | Polluting: 60.1 institutionalized aged | Education, Persons per
1 (National, | 23,281 Clean: years >45. Exc: <45 years, Caste, room
>45 years) 30,157 Range: non-response on Occupation
>45 years vision/fuel.
Jin, 2022 Total: 29,789 68.7 + 52.1% 66.3% Inc: Adults aged >60. | Economic status | BMI, Chronic
LASI Wave | Polluting: 7.4 years Exc: <60 years, (MPCE), diseases, Sleep
1 (National, 14,203 Clean: missing fuel/mental Education, disorder
>60 years) 15,586 health data. Caste, Religion
Rani, 2024 Total: 50,206 Range: 53.0% 70.3% Inc: Adults aged >50. | MPCE quintiles, | BMI,
LASI Wave | Polluting: >50 years Exc: Missing Education, Multimorbidity
1 (National, | 23,448 Clean: (38.5% outcome or fuel data. Work status, (>2 chronic
>50 years) 26,758 are 50— Caste diseases)
59)
Saha, 2024 Total: 35,059 Range: 35.2% 65.2% Inc: Middle-aged and | Education, Sleeping
LASI Wave | Arms: NR >45 years older adults aged >45. | Housing type problems, Self-
1 (National, (552% Exc: NR specifically. | (Kutcha/Pucca), | rated health
>45 years) are 45— Sanitation,
59) Electricity
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Shaw, 2024 | Total: 72,250 Mean: 58.0% 68.2% Inc: Representative MPCE quintiles, | Depression,
LASI Wave | Arms: NR 58.57 non-institutionalized Schooling Sleep problems
1 (National, years aged >45. Exc: NR (Mean 4.06
>45 years) Range: specifically. years), Caste
>45 years
Halder, Total: 55,572 Range: 53.3% NR Inc: Adults aged >45. | Education, Tobacco abuse,
2025 LASI | Frail: 9,609 >45 years Exc: <45, missing MPCE quintile, | Alcohol abuse
Wave 1 (45-59 & grip/walk speed, BMI | Health
(National, >60) outliers. insurance,
>45 years) Occupation
Jana, 2022 Total: 63,883 Range: 57.1% 63.9% Inc: Adults aged >45 MPCE quintiles, | Physical activity,
LASI Wave | Solid: 28,486 >45 years and spouses. Exc: NR | Education, Yoga
1 (National, | Clean: 35,397 (41.4% specifically. Caste, Religion engagement
>45 years) are 60+)
Li, 2022 Total: 6,276 63.31+ 54.0% 50.7% Inc: Adults aged >50. | Annual BMI, Diabetes,
SAGE Arms: NR 9.57 Exc: Missing household Hypertension
Wave 1 years depression or key income level,
(India covariates. Education
subset, >50
years)
Mitra, 2025 | Total: 4,145 572+ 43.7% 100% Inc: Resident >5 Annual income, | BMI,
CBR- Polluting: 9.05 (Rural years, aged >45. Exc: | Education years, | Depression,
SANSCOG | 1,665 Clean: years Taluk) Dementia, Job skill level Hypertension,
(Rural 2,480 psychiatric/terminal Diabetes,
Karnataka, illness, Dyslipidaemia
>45 years) sensory/locomotor
disability.
Saenz, 2021 | Total: 50,532 Mean: ~53.0% 48.7— Inc: Adults aged >50. | Education, NR
LASI Wave | Polluting: 63.0-63.5 93.0% Exc: Missing fuel or Wealth
1 (India 23,539 Clean: | years (Arm cognitive tasks. quartiles,
subset, >50 26,993 Range: dependent) Consumption,
years) >50 years Housing quality
Shen, 2024 Total: 30,981 Mean: 52.0% 45.9—- Inc: Adults aged >60. | Education level, | BMIL,
LASI Wave | Polluting: 68.9 89.3% Exc: Missing Per-capita Multimorbidity
1 (India 14,728 Clean: | years (Arm demographics or fuel | consumption (>2 diseases)
subset, >60 16,253 Range: dependent) | information.
years) >60 years
Abbreviations: NR = Not Reported; MPCE = Note: All "National" studies for India primarily

Monthly Per Capita Consumption Expenditure; BMI
= Body Mass Index; ADL = Activities of Daily
Living; SES = Socioeconomic Status; Inc = Inclusion
criteria; Exc = Exclusion criteria; LASI =
Longitudinal Ageing Study in India; SAGE = WHO
Study on Global AGEing and Adult Health; CBR-
SANSCOG = Community-Based Research study in
rural Karnataka.

utilize the LASI Wave 1 (2017-18) or WHO SAGE
Wave 1 (2007-10) datasets. Sample sizes represent
complete cases after exclusions. Polluting fuels
include biomass, wood, dung, crop residue, kerosene,
and coal. Clean fuels include LPG, natural gas, and
electricity.

Cognitive Domain

Table 2: Association between indoor air pollution and cognitive function among adults aged >45 years in India

Study Sample | Exposure Outcome Effect | Effect 95% CI 95% CI | P-
(Year) Size Type Size Lower Upper value
Jin 2022 29,789 Solid vs clean cooking Global cognitive B -0.63 -0.79 -0.47 <0.001
fuel impairment
Saha 2024 35,059 IAP vs no IAP Composite Mean 25.35 25.22 25.48 NR
cognitive score
(exposed mean)
No separate kitchen Cognitive score B -0.64 -0.90 -0.39 <0.001
No electricity Cognitive score B -0.97 -1.34 -0.61 <0.001
No sanitation Cognitive score B -0.81 -1.07 -0.55 <0.001
Jana 2022 63,883 Charcoal/lignite/coal vs LASI composite (0- | B -2.07 -2.37 -1.77 <0.001
clean 43)
Wood/shrub vs clean LASI composite (0- | B -1.11 -1.21 -1.00 <0.001
43)
Dung cake vs clean LASI composite (0- | B -0.89 -1.12 -0.67 <0.001
43)
Other solid fuels vs clean | LASI composite (0- | B -1.22 -1.51 -0.92 <0.001
43)
Mitra 2025 | 4,145 Polluting vs clean fuel Global cognition B -0.28 -0.44 -0.11 0.002
(z-score)
Visuospatial ability | -0.28 -0.48 -0.08 0.013
Executive function B -0.25 -0.44 -0.07 0.019
HMSE B -0.09 -0.28 0.09 0.448
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Saenz 2021 | 50,532 Polluting vs clean Composite B -0.115 -0.135 -0.095 <0.001
cooking fuel cognitive (z-score)
Shen 2024 30,981 Polluting vs clean Cognitive B -0.262 -0.30 -0.22 <0.001
cooking fuel composite (z-score)
Shaw 2024 | 72,250 TAP composite index LASI composite (0- | B -0.381 -0.453 -0.309 <0.001
43)
Abbreviations: [ = standardized regression = not reported. All models fully adjusted for
coefficient; CI = confidence interval; IAP = indoor sociodemographic and health covariates.
air pollution; LASI = Longitudinal Ageing Study in
India; HMSE = Hindi Mental State Examination; NR Psychological Domain

Table 3: Association between indoor air pollution and depression/psychological capacity among adults aged >45 years
in India

Study (Year) Sample Exposure Outcome Effect | Effect 95% CI | 95% CI | P-
Size Type Size Lower Upper value
Jin 2022 29,789 Solid vs clean Depressive OR 1.09 1.03 1.16 <0.05
cooking fuel symptoms
(CES-D-10)
Rani 2024 50,206 Solid vs clean Major OR 1.35 1.24 1.48 <0.001
cooking fuel depression
(CIDI-SF)
Li2022 6,276 Polluting vs clean Major OR 2.06 1.44 2.94 <0.001
cooking fuel depressive
episode (CIDI)
Shaw 2024 72,250 IAP composite index Depression B 0.186 0.162 0.210 <0.001
(CES-D)
IAP composite index Sleep problems | B 0.038 0.022 0.054 <0.001
Abbreviations: OR = odds ratio; p = standardized Diagnostic Interview; CIDI-SF = CIDI-Short Form;
regression coefficient; CI = confidence interval; IAP = indoor air pollution. All models fully adjusted.
CES-D = Center for Epidemiologic Studies
Depression Scale; CIDI = Composite International Sensory Domain

Table 4: Association between indoor air pollution and sensory function among adults aged >45 years in India

Study (Year) Sample Exposure Outcome Effect | Effect | 95% CI 95% CI | P-
Size Type Size Lower Upper value
Ravilla 2016 5,871 Biomass vs clean Cataract (men) OR 0.98 0.84 1.14 0.82
fuel
Biomass vs clean Cataract (women) OR 1.18 1.02 1.36 0.02
fuel
Islam 2022 53,438 Unclean vs clean Visual impairment AME 32pp 1.4 5.0 <0.001
fuel (logMAR)
Abbreviations: OR = odds ratio; AME = average minimum angle of resolution. All models fully
marginal effect; CI = confidence interval; pp = adjusted.
percentage points; logMAR = logarithm of the Vitality Domain
Table 5: Association between indoor air pollution and vitality/frailty among adults aged >45 years in India
Study (Year) | Sample Size Exposure Outcome Effect | Effect | 95% CI | 95% CI | P-
Type Size Lower Upper value
Halder 2025 55,572 Solid vs clean | Frailty (Fried OR 1.10 1.04 1.16 0.001
cooking fuel phenotype, ages 45-59)

Abbreviations: OR = odds ratio; CI = confidence interval. Fried phenotype = validated 5-component frailty
measure (weakness, slowness, exhaustion, low activity, weight loss). Model fully adjusted.
Locomotion Domain

Association between indoor air pollution and locomotor function among adults aged >45 years in India

Study Sample Exposure Outcome Effect | Effect | 95% CI | 95% CI P-

(Year) Size Type Size Lower Upper value

Smith 2023 2,441 Unclean vs clean Slow gait speed (4m | OR 1.52 0.88 2.61 NS
cooking fuel walk test)

Abbreviations: OR = odds ratio; CI = confidence interval; NS = not statistically significant (p>0.05). Slow gait
speed defined as <0.8 m/s over 4-meter walk test.
Composite Intrinsic Capacity
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Table 6: Association between indoor air pollution and composite intrinsic capacity among adults aged >45 years in

India
Study Sample Exposure Outcome Effect Type | Effect | 95% CI 95% CI | P-
(Year) Size Size Lower Upper value
Shen 2024 30,981 Polluting vs IC deficit OR 1.062 1.047 1.078 <0.001
clean cooking (composite 5
fuel domains)

Abbreviations: OR = odds ratio; CI = confidence
interval; IC = intrinsic capacity. Composite IC deficit
defined per WHO framework (integration of
cognitive, psychological, sensory, locomotor, and
vitality domains). Model fully adjusted.

Note: All effect estimates are from fully adjusted
models controlling for age, sex, residence, education,

socioeconomic status, and relevant health covariates.
LASI = Longitudinal Ageing Study in India; SAGE
= WHO Study on Global AGEing and Adult Health;
CBR-SANSCOG = Community-Based Research
study in rural Karnataka.

Table 7: Risk of Bias Assessment (Newcastle-Ottawa Scale)

Study ID Selection (Max 5%) Comparability (Max 1%) Outcome (Max 3%) Total | Quality
Islam, 2022 Jo ok de ok k * * ok k 9/9 High
Halder P, 2025 e Fe Kook ok * > h Kk 9/9 High
Smith, 2023 Jook kK * * ok k 8/9 High
Ravilla, 2016 L.2.8.9 * ¥k 8/9 High
Mitra, 2025 Jo ok de ok k * * ok k 9/9 High
Shen, 2024 ok kk * *k 7/9 High
Jin, 2022 > %k ok kK * * % 8/9 High
Rani, 2024 Jo ok de ok k * * ok 8/9 High
Saha, 2024 e Fe Kook ok * >k 8/9 High
Shaw, 2024 ok kk ok * *k 8/9 High
Jana, 2022 . 0.0.8.1 * * % 8/9 High
Li, 2022 > %k kK * * % 7/9 High
Saenz, 2021 ok kk * *k 7/9 High

Scoring Logic (per NOS.pdf): Selection (Max 5%:

Representativeness, Sample Size, Non-response,
Validated Tool); Comparability (Max 1%:
Multivariable Analysis); Outcome (Max 3%:

Objective Assessment, Statistical Test) = Total 9%.

DISCUSSION

This systematic review provides the first
comprehensive synthesis of evidence linking indoor
air pollution to intrinsic capacity across its five WHO
defined domains:  cognitive,  psychological,
locomotor, sensory, and vitality among adults aged
>45 years in India. Across the 13 included studies,
IAP exposure was consistently associated with
significant deterioration in multiple IC domains the
highest being in cognition and psychological
domains.[16-28]

Cognitive domain: The cognitive domain yielded
the most consistent evidence across the included
studies. Saenz et al,?! using the LASI dataset,
indicated that 5.5-6 years of early cognitive ageing
occurred in the population exposed when compared
to the unexposed after full socioeconomic
adjustment. Jana et al,['® also performed subgroup
analysis for each fuel type. This revealed the steepest
cognitive penalty for charcoal or coal use, followed
by wood/shrub, dung cake, and other solid fuels
indicating a dose response effect that strengthens
causal inference. Shen et al,*!! and Jin et al,['®

corroborated these findings in a sub-sample of older
adults aged >60 years further adding evidence to a
consistent cognitive decline among this population.
Crucially, Mitra et al,l'”! a cross-sectional study
which extracted baseline data from CBR-
SANSCOG, a prospective cohort study from rural
Karnataka, replicated these associations using a
validated neuropsychological battery, reporting
significant deficits in global cognition and executive
function but not in memory, language, or attention
domains after full covariate adjustment. Domain-
specific analysis highlighted that visuospatial and
executive deficits may be early sensitive markers of
IAP-related neurological harm.[*")

Shaw et al. made a distinctive contribution by
modelling depression and sleep disturbance as
sequential mediators of the IAP cognition pathway.
IAP had a significant direct effect on cognition while
also significantly predicting depression and sleep
problems, which in turn independently impaired
cognitive scores. The total indirect effect through
these mediators was B = -0.056, accounting for only
12.8% of the overall IAP—cognition association
signifying that 87.2% of the association operates
through direct pathways independent of these
measured mediators.??! This mediation architecture
is biologically credible: particulate matter activates
the hypothalamic-pituitary-adrenal (HPA) axis,
elevates cortisol secretion, and causes
neuroinflammation, each of which constitutes an
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established pathway to both depression and
accelerated neurocognitive ageing.[2%3031]
Psychological domain: The psychological domain
also demonstrated clear and consistent associations
across multiple studies. Rani and Astha,?3 reported a
35% increase in the odds of major depression (CIDI-
SF) associated with unclean cooking fuel use in the
fully adjusted model. Particularly alarming was the
finding that indoor use of unclean fuel without any
adequate ventilation conferred the highest depression
risk, reinforcing ventilation as a modifiable, low-cost
intervention target. Li et al,?* using WHO SAGE
Wave-1 India data, reported an even larger odds ratio
for major depressive episode among users of
polluting fuel. However, this difference may reflect
variations in the CIDI diagnostic threshold relative to
the CES-D scale used by other studies. Jin et al,!']
likewise found a 9% increase in depressive symptom
odds among LASI respondents aged >60 years. These
convergent findings position IAP as an overlooked
environmental determinant of late-life depression in
India.B3?!

Vitality domain: With respect to the vitality domain
encompassing physical energy, nutritional status, and
frailty, Halder et al,””! provided the first Indian
evidence linking solid fuel use to frailty (Fried
phenotype). They reported an adjusted odds of frailty
10% higher for solid fuel users aged 45-59 years.
Shen et al,”!l corroborated this finding through
standardised vitality scores, reporting a significant
negative association with polluting fuel use.
Sensory domain: The sensory domain, although less
extensively studied, provided notable evidence.
Islam et al,?®! demonstrated using LASI Wave-1
national data that unclean fuel users had a 3.2
percentage-point greater absolute probability of
visual impairment. This disparity is a clinically
significant gap in the already existing massive burden
of avoidable blindness in India. Ravilla et al,’*! in the
India Eye Study found that biomass fuel use was
significantly associated with cataract in women but
not in men. This sex-specific pattern may stem from
differential cumulative IAP exposure through
cooking roles. Shen et al,?'! further reported a
standardised sensory capacity decrement in the
Indian sub-sample.

Locomotion domain: The locomotion domain
yielded the most limited evidence among the five
intrinsic capacity domains examined in this review.
Only a single study directly assessed a locomotor
outcome in relation to indoor air pollution exposure
among older Indian adults. Smith et al,?®! analysed
WHO SAGE Wave-1 India data and reported a non-
significant association between unclean cooking fuel
use and slow gait speed. Although the effect estimate
suggested a 52% increase in the odds of slow gait
among unclean fuel users, the confidence interval
crossed the null, precluding definitive conclusions.
The relatively small sample size and cross-sectional
design further constrain interpretation, as the study
lacked statistical power to detect modest-to-moderate
effects and could not establish temporality.

Composite Intrinsic capacity: At the level of
composite IC, Shen et al,?!! reported a statistically
significant association between polluting cooking
fuel use and IC deficit in the India sub-sample of
LASI Wave-1. Although the effect size appears
modest in absolute terms, this estimate reflects
impairment across the composite index. The
convergence of domain-specific findings with this
composite estimate validates the IC framework as a
holistic, actionable lens for assessing the public
health impact of IAP in ageing populations.t!”]
Women demonstrated the largest [AP-associated
cognitive and psychological deficits across studies.
This trend likely emerges from the gendered patterns
of domestic labour in India, whereby women assume
primary cooking responsibilities.[**# Rural residents
consistently showed worse outcomes across studies,
primarily due to their reliance on solid biomass fuels,
which exceed 90% in some states, as well as poor
kitchen infrastructure and limited access to clean fuel
subsidies.?>%1  Saenz et al?  specifically
demonstrated that cooking without ventilation
exacerbated cognitive deficits, while use of improved
cookstoves attenuated the cognitive penalty. Adults
with no formal schooling, the poorest wealth
quintiles, and those from Scheduled Caste/Tribe
communities consistently showed the steepest IAP-
related IC decrements, reflecting the convergence of
environmental and socioeconomic disadvantage in
shaping cognitive ageing in India.[!816.27]

The biological mechanisms behind IAP related IC
impairment are multifactorial and mutually
reinforcing. Particulate matter from solid fuel
combustion can migrate to brain tissue through the
olfactory route, triggering neuroinflammation
mediated by TNF-o, interleukin-1B, and reactive
oxygen species.?*37l Sustained neuroinflammation
can lead to synaptic dysfunction, tau
hyperphosphorylation, and amyloid-f deposition, all
crucial to the pathological processes involved in
Alzheimer's disease and related dementias.®
Pollutants from combustion also activate the HPA
axis, elevating circulating cortisol, which exerts
neurotoxic effects on hippocampal volume and
episodic memory.%3! Epigenetic changes including
methylation of circadian CLOCK genes provides a
plausible explanation for IAP exposure affecting
sleep and its role in pathogenesis of mood
disorders.®”! For sensory outcomes, combustion
generated oxidative radicals, damage lens and retinal
pigment epithelium, contributing to cataract
formation and macular degeneration.[*”l For vitality
and frailty, chronic inflammation from repeated IAP
exposure accelerates sarcopenia and reduces
mitochondrial efficiency.!42]

All 13 included studies were assessed using the
Newcastle-Ottawa Scale and demonstrated high
methodological quality, with scores ranging from 7
to 9 out of 9. Ten studies received high scores for
including large, nationally representative samples
and validated measures for both exposure and
outcome, alongside thorough adjustments for
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socioeconomic and health related factors. The use of
harmonized LASI Wave-1 data across majority of
studies represents a major strength, enabling high
comparability  of  estimates.  However, it
simultaneously introduces cross-study dependence,
as many estimates are derived from overlapping or
identical underlying cohorts. This dependence should
be considered when interpreting the apparent
consistency across studies, as it may reflect shared
data. Furthermore, all included studies used cross-
sectional designs, which limit temporality. >4

The public health implications of these findings are
profound. India's Pradhan Mantri Ujjwala Yojana
(PMUY) scheme has distributed over 90 million free
LPG connections to below poverty line households
since 2016. However, sustained use remains low,
particularly in rural areas, due to ongoing fuel
affordability and traditional cooking
practices.[45,46] Recent geopolitical disruptions
have compounded these challenges, as the ongoing
conflict in the Middle East has severely constrained
LPG imports—nearly 60% of India's domestic LPG
is imported, with 90% originating from the Middle
East region—causing supply shortages, black market
price surges, and a documented reversion to firewood
and coal among vulnerable urban and rural
households. Evidence from the present review
suggests that even partial mitigation of IAP exposure
through better ventilation, improved cookstoves, or
transitioning to LPG could yield measurable gains in
cognitive and psychological IC domains. Integrating
IC-based health assessments into national
programmes such as the National Programme for
Health Care of Elderly (NPHCE) could further enable
earlier identification and intervention in high-risk
individuals.

Limitations: Several limitations of this review merit
acknowledgment. First, the preponderance of cross-
sectional evidence constrains causal inference.
Second, all included studies relied on self-reported or
household-level proxy measures of IAP exposure
rather than objective Particulate Matter monitoring,
likely introducing exposure misclassification. Third,
the substantial heterogeneity in cognitive assessment
methods spanning composite indices, standardized
continuous measures, dichotomous outcomes, and
comprehensive neuropsychological test batteries
prohibited statistical pooling of effect estimates,
thereby constraining the review to a systematic
review alone. Fourth, the focus on national LASI data
constrains generalizability to tribal, and peri urban
populations which are underrepresented in the
survey. Fifth, the absence of ambient air pollution
data across all studies leaves outdoor to indoor
pollution contamination as an uncontrolled
confounder.

Future recommendations

These limitations point to a clear research agenda.
Future studies should employ longitudinal designs
with objective monitoring of IAP exposure,
standardized IC assessment protocols aligned with

WHO guidance, and targeted sub-group analyses for
historically marginalized communities.[*]

CONCLUSION

IAP exposure is consistently and adversely
associated with multiple intrinsic capacity domains
among older adults in India, with the strongest
evidence in cognition and psychological capacity. In
the sensory, vitality and locomotion domains,
although only a few studies were incorporated, all
conclusively indicated a negative impact. These
findings position clean fuel policy, kitchen
ventilation, and IC-integrated geriatric screening as
urgent, intersecting public health priorities.
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