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ABSTRACT

BACKGROUND  Solid fuel use for cooking and heating is a major environmental risk factor, yet its association with new-onset heart di-
sease (HD) remains unclear. The aim of this study was to investigate the relationship between solid fuel exposure and new-onset HD in a la-
rge cohort.

METHODS Multivariablelogisticregression models assessed associations between cooking/heating fuel types (coal, crop residue/
wood, liquefied petroleum gas, natural gas, and others) and new-onset HD. Subgroup analyses explored effect modification by age, sex, edu-
cation, smoking, alcohol use, and region.

RESULTS A prospective cohort study included 5915 participants, with 781 participants (13.2%) developing new-onset HD. Coal use for
cooking showed an initial association with new-onset HD risk (OR = 1.41, 95% CI: 1.06-1.86, P = 0.02), which attenuated after full adjus-
tment (OR =1.28, 95% CI: 0.96-1.72, P= 0.10). Coal use for heating demonstrated robust associations across all models (OR = 1.86, 95% CI:
1.42-2.43, P<0.001). Crop residue/wood burning for heating was also significant (Model 2: OR =1.40, 95% CI: 1.06-1.86, P= 0.02). Subgro-
up analyses revealed stronger associations among females, non-smokers, non-drinkers, and less-educated participants. Geographic str-
atification showed significant associations in southern but not northern regions.

CONCLUSIONS  Solid fuel use, particularly coal for heating, is associated with increased new-onset HD risk. Reducing solid fuel expos-

ure is crucial for HD prevention in low-resource settings.

eart disease (HD) remains the leading cause

of morbidity and mortality worldwide, acc-

ounting for nearly 18 million deaths annual-
ly.m In China, the burden of HD has escalated dramatical-
ly over the past three decades, driven by urbanization, ag-
ing populations, and shifts in lifestyle factors.” While tradi-
tional risk factors such as hypertension, diabetes mellitus
(DM), and smoking have been extensively studied,"” em-
erging evidence suggests that the environmental exposure,
particularly indoor air pollution from solid fuel use, may pl-
ay a significant role in the development of HD." Solid fu-
els, including coal, wood, and crop residues, are widely us-
ed for cooking and heating in rural and low-income ho-
useholds in China.”? Combustion of these fuels generates
high levels of harmful pollutants, including fine particul-
ate matter (PM,s), carbon monoxide, and polycyclic arom-
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atic hydrocarbons, which have been linked to systemic inf-
lammation, oxidative stress, and endothelial dysfunction. [6]
However, the association between solid fuel use and new-
onset HD, especially among middle-aged and older adults,
a population at heightened risk for cardiovascular events,
remains underexplored.”

Prior studies have primarily focused on respiratory ou-
tcomes or all-cause mortality related to solid fuel use," wi-
th limited longitudinal evidence on its cardiovascular im-
plications.” Furthermore, most research has been condu-
cted in high-income countries or urban settings,"” negle-
cting the unique socio-environmental context of rural Ch-
ina, where solid fuel use remains prevalent."! Given the ra-
pid demographic transition in China, understanding the
cardiovascular risks associated with solid fuel use is cruci-
al for informing public health interventions and policy de-
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cisions aimed at reducing the burden of HD.""! The Chi-
na Health and Retirement Longitudinal Study (CHARLS)
provides a unique opportunity to address this gap."! Asa
nationally representative cohort, CHARLS offers detail-
ed data on household fuel use, health outcomes, and pote-
ntial confounders, enabling a robust examination of the re-
lationship between solid fuel use and new-onset HD. Lev-
eraging this rich dataset, our study aims to investigate wh-
ether the use of solid fuels for cooking or heating is associ-
ated with an increased risk of new-onset HD among Chi-
nese adults aged 45 years and older.

We hypothesize that solid fuel use is independently as-
sociated with a higher incidence of HD, mediated by prol-
onged exposure to indoor air pollution." By elucidating th-
is relationship, our findings will contribute to the growing bo-
dy of evidence on the cardiovascular risks of environme-
ntal exposure and underscore the urgent need for policies
promoting clean energy adoption in vulnerable populati-
Ons.[IS,lb]

This study is particularly timely, as China’s ongoing tra-
nsition from traditional to modern energy sources presen-
ts a critical window of opportunity to mitigate the health im-
pacts of solid fuel use. Our findings will provide actionab-
le insights for public health strategies aimed at reducing the
burden of HD in China and other low- and middle-income
countries facing similar challenges.

METHODS

Study Population

The CHARLS study is a prospective cohort that is na-
tionally representative, covering 450 communities and vil-
lages in 150 counties throughout China."” The national
baseline survey was first executed in 2011, and four more
tracking surveys were conducted from 2011 through 2020."”
In similar global projects, CHARLS stands out with its hi-
gh access response rate and data quality, offering an accu-
rate portrayal of the older adult population in China. Ap-
proval for this study has been granted by the Ethics Com-
mittee at Peking University School of Medicine, with inf-
ormed consent acquired from each participant prior to the-
ir involvement.

The initial cohort comprised 10,697 participants free of
HD at baseline. After applying the inclusion criterion (age
> 45 years), 10,529 individuals remained following the ex-
clusion of those with missing values in key variables: sex
(n=7), alcohol consumption (n=4), DM (n = 80), chronic
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kidney disease (n = 29), hypertension (n = 33), education
(n=10), and stroke history (n = 5). Excluding participa-
nts with missing systolic blood pressure (SBP) values fu-
rther reduced the cohort to 8589 individuals (n=1940 ex-
cluded). A further 2281 participants were excluded due to
missing low-density lipoprotein cholesterol (LDL-C) da-
ta, reducing the sample to 6308 individuals. Finally, 393
participants were excluded due to missing data on heat-
ing-related variables, yielding a final analytical sample of
5915 participants (supplemental material, Figure 15).

Assessment of Fuel

Data on primary household energy sources for heati-
ng and cooking were collected using a structured questio-
nnaire. The assessment of solid fuel exposure was based
on self-reported data. Participants were specifically as-
ked to identify their primary energy sources for househo-
1d heating (Question 1021) and cooking (Question 1022)
within the study questionnaire. Participants selected the-
ir main heating energy source from seven options: solar en-
ergy, coal/honeycomb coal, natural gas (pipeline or coal-
derived), liquefied petroleum gas (LPG), electricity, crop
residue/wood burning, or “other”. Similarly, cooking fu-
el sources were categorized as coal/honeycomb coal, na-
tural gas, marsh gas (biogas), LPG, electricity, crop resi-
due/wood burning, or “other”. Fuel types were classifi-
ed as solid fuels (coal, crop residue, wood burning) or cle-
an fuels (natural gas, LPG, electricity, solar, biogas, and
unspecified “other”) based on World Health Organizati-
on criteria. This classification guided exposure analysis in
subsequent heart health assessments.

Assessment of New-onset HD

New-onset HD is identified in patients who were not di-
agnosed with the condition at the start of the follow-up but
acquired it during the follow-up period. To diagnose HD,
doctors ask if the patient has been diagnosed with a heart
attack, coronary HD, angina, congestive heart failure, or ot-
her heart problems. This survey excluded patients diagn-
osed with HD in 2011, while those diagnosed post-2011 we-
re considered new-onset HD.

Covariates

Based on existing literature and clinical experience, the
covariates considered in this survey include age, sex (male,
female), education level (no formal education, primary sc-
hool, middle school, college or above), residential status
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(rural, urban), geographical region (south, north), smoking
status (no, yes), drinking status (no, yes), high-density lip-
oprotein cholesterol (HDL-C), LDL-C, triglyceride (TG), to-
tal cholesterol, glucose, serum creatinine, urea, body mass in-
dex, SBP and diastolic blood pressure (DBP). Moreover, ch-
ronic disease status including stroke, hypertension, DM,
dyslipidemia and chronic kidney diseases were included
to facilitate our investigation. The data of stroke is from se-
If-reported information. Hypertension patient refers to in-
dividual with at least one of these situations: self-reported
hypertension, using of antihypertensive drugs recently or
the three or more consecutive blood pressure measureme-
nt results that SBP > 140 mmHg and/ or DBP =90 mmHg;,"!
DM means recent use of hypoglycemic drugs or fasting bl-
ood glucose over 7 mmol/ L or postprandial blood glucose
over 11 mmol/L."" Dyslipidemia is defined as the prese-
nce of LDL-C >34 mmol/L or HDL-C £0.9 mmol/L, as we-
1l as TG = 2 mmol/ L Chronic kidney disease is diagnos-
ed by glomerular filtration rate < 90 mL/min per 1.73 m’ for
more than 3 months.”"

Statistical Analysis

Baseline characteristics were obtained from the 2011 CH-
ARLS dataset, with continuous variables presented as me-
an +SD and categorical variables expressed as counts (per-
centages). To address the potential influence of missing
data, covariates were imputed using the multiple imputa-
tion by chained equations. The independent samples ¢
tests were used to compare characteristics between part-
icipants with and without new-onset HD. Three multi-
variable models were constructed: Model 1 (unadjusted
any variables), Model 2 [adjusted for demographic factors
(age, sex) and lifestyle factors (smoking status, alcohol co-
nsumption, education level)], and Model 3 [adjusted for va-
riables in Model 2 plus the serum creatinine, fasting gluc-
ose, lipid profile (HDL-C, LDL-C, total cholesterol, TG, ur-
ea, hemoglobin Alc), cardiovascular risk factors (hyper-
tension, DM, stroke history), SBP, DBP, body mass index,
and residential status]. The analysis was conducted using
two approaches: (1) fuel type-specific analysis, where mult-
iple logistic regression examined the association between sp-
ecific fuel types (solid vs. clean fuels) and new-onset HD; and
(2) solid fuel analysis, where logistic regression models ca-
Iculated odds ratios (ORs) with 95% CI for the association
between solid fuel use and new-onset HD. Subgroup anal-
yses were performed to evaluate potential effect modifica-
tion by sex, education level, residence (urban/rural), geogr-
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aphic region, smoking status, alcohol consumption, and co-
morbidities (history of stroke, hypertension, DM, dyslipid-
emia, and chronic kidney disease). All analyses were perf-
ormed using R statistical software 4.2.2 (R Foundation for St-
atistical Computing, Vienna, Austria), with a two-sided -
value < 0.05 considered statistically significant.

RESULTS

Study Population Characteristics

The study included 5915 participants (supplemental ma-
terial, Figure 15), of whom 781 participants (13.2%) dev-
eloped new-onset HD. Participants with new-onset HD we-
re significantly older (59.73 £ 8.42 years vs. 57.64 + 8.54 yea-
rs, P<0.001) and had higher hemoglobin Alclevels (5.34
1£0.96 vs. 522 £0.71, P< 0.001) compared to those witho-
ut HD (Table 1). No significant differences were observed
in serum creatinine (0.76 £ 0.18 mg/dL vs. 0.77 £ 0.18 mg/
dL, P=0.22) or urea levels (4.38 £ 1.28 mmol/L vs. 441 +
1.21 mmol/L, P= 0.51) between the two groups (Table 1).
Participants with new-onset HD exhibited higher total ch-
olesterol (198.03 +37.88 mg/dL vs.193.28 + 3748 mg/dL,
P<001) and LDL-Clevels (120.92 + 3492 mg/dL vs. 116.00
+34.24 mg/dL, P<0.001), while HDL-C (51.26 + 1536 mg/
dL vs.51.82 £1522 mg/dL, P=0.34) and TG (131.33 + 84.32
mg/dL vs.129.17 +99.11 mg/dL, P= 0.52) showed no si-
gnificant differences (Table 1). Blood pressure measures
also differed significantly, with higher SBP (132.90 + 21.48
mmHg vs. 128,09 + 20.54 mmHg, P<0.001) and DBP (77.11
11247 mmHg vs. 75.01 £11.85 mmHg, P< 0.001) in the
new-onset group (Table 1). Smoking and alcohol consum-
ption patterns also differed significantly, with a lower pro-
portion of smokers (33.80% vs. 38.12%, P= 0.02) and drin-
kers (30.35% vs. 34.36%, P=0.03) in the HD group (Tab-
le 1). Participants with new-onset HD had a higher pre-
valence of stroke (2.82% vs. 1.44%, P< 0.01), hypertension
(30.99% vs.17.78%, P< 0.001), and DM (6.66% vs. 3.60%, P
<0.001) compared to those without HD (Table 1). Pooled
solid fuel exposure for cooking showed a borderline sig-
nificant difference (63.00% vs. 59.41%, P= 0.06), while sol-
id fuel exposure for heating was significantly higher in the
new-onset group (68.89% vs. 57.64%, P< 0.001) (Table 1).
More detailed information regarding the characteristics of
our study population is presented in Table 1. The baseline
characteristics of the study population, following multiple
imputation for missing data, are summarized in supplem-
ental material, Table 5S.
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Table1 Baseline characteristics of study participants stratified by incident heart disease status.

Variable Total (n =5915) No (n=5134) Yes (n=781) P-value
Age, yrs 57.92 £+ 8.55 57.64 £+ 8.54 59.73 +8.42 <0.001
Hemoglobin Alc 524 +0.75 522+0.71 5.34 +0.96 <0.001
Serum creatinine, mg/dL 0.77 £0.18 0.77 £0.18 0.76 £0.18 0.22
Urea, mg/dL 4.40+1.22 441+1.21 438+£1.28 0.51
Total cholesterol, mg/dL 193.91 £ 37.56 193.28 +37.48 198.03 + 37.88 <0.01
HDL-C, mg/dL 51.75+15.24 51.82 £15.22 51.26 +15.36 0.34
LDL-C, mg/dL 116.65 + 34.37 116.00 + 34.24 120.92 +34.92 <0.001
TG, mg/dL 129.46 + 97.28 129.17 £99.11 131.33 +84.32 0.52
Body mass index, kg/m? 23.33 +3.63 23.24 +3.58 23.91+391 <0.001
Waist, cm 83.64 +12.12 83.35+11.93 85.57 +13.16 <0.001
SBP, mmHg 128.72 +20.73 128.09 + 20.54 132.90 +21.48 <0.001
DBP, mmHg 75.28 +11.96 75.01 +11.85 77.11+12.47 <0.001
Sex <0.001
Female 3211 (54.29%) 2732 (53.21%) 479 (61.33%)
Male 2704 (45.71%) 2402 (46.79%) 302 (38.67%)
Education <0.01
College or above 53 (0.90%) 43 (0.84%) 10 (1.28%)
Middle school 1623 (27.44%) 1447 (28.18%) 176 (22.54%)
No formal education 2881 (48.71%) 2482 (48.34%) 399 (51.09%)
Primary school 1358 (22.96%) 1162 (22.63%) 196 (25.10%)
Smoke 0.02
No 3694 (62.45%) 3177 (61.88%) 517 (66.20%)
Yes 2221 (37.55%) 1957 (38.12%) 264 (33.80%)
Drink 0.03
No 3914 (66.17%) 3370 (65.64%) 544 (69.65%)
Yes 2001 (33.83%) 1764 (34.36%) 237 (30.35%)
Stroke <0.01
No 5819 (98.38%) 5060 (98.56%) 759 (97.18%)
Yes 96 (1.62%) 74 (1.44%) 22 (2.82%)
Hypertension <0.001
No 4760 (80.47%) 4221 (82.22%) 539 (69.01%)
Yes 1155 (19.53%) 913 (17.78%) 242 (30.99%)
DM <0.001
No 5678 (95.99%) 4949 (96.40%) 729 (93.34%)
Yes 237 (4.01%) 185 (3.60%) 52 (6.66%)
Dyslipidemia <0.001
No 5484 (92.71%) 4792 (93.34%) 692 (88.60%)
Unclear 67 (1.13%) 63 (1.23%) 4 (0.51%)
Yes 364 (6.15%) 279 (5.43%) 85 (10.88%)
Chronic kidney disease 0.12
No 5622 (95.05%) 4889 (95.23%) 733 (93.85%)
Yes 293 (4.95%) 245 (4.77%) 48 (6.15%)
Age, yrs <0.001
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Variable Total (n = 5915) No (n=5134) Yes (n ="781) P-value
<65 4640 (78.44%) 4074 (79.35%) 566 (72.47%)
>65 1275 (21.56%) 1060 (20.65%) 215 (27.53%)
Cooking fuel <0.01
Coal 655 (11.07%) 552 (10.75%) 103 (13.19%)
Crop residue/ Wood burning 2887 (48.81%) 2498 (48.66%) 389 (49.81%)
Electric 1041 (17.60%) 919 (17.90%) 122 (15.62%)
Liquefied petroleum gas 779 (13.17%) 693 (13.50%) 86 (11.01%)
Marsh gas 109 (1.84%) 98 (1.91%) 11 (1.41%)
Natural gas 404 (6.83%) 346 (6.74%) 58 (7.43%)
Other 40 (0.68%) 28 (0.55%) 12 (1.54%)
Heating fuel <0.001
Coal 1677 (28.35%) 1386 (27.00%) 291 (37.26%)
Crop residue/ Wood burning 1820 (30.77%) 1573 (30.64%) 247 (31.63%)
Electric 845 (14.29%) 757 (14.74%) 88 (11.27%)
Liquefied petroleum gas 101 (1.71%) 92 (1.79%) 9 (1.15%)
Natural gas 101 (1.71%) 91 (1.77%) 10 (1.28%)
Other 1233 (20.85%) 1112 (21.66%) 121 (15.49%)
Solar 138 (2.33%) 123 (2.40%) 15 (1.92%)
Cooking group 0.06
Clean 2373 (40.12%) 2084 (40.59%) 289 (37.00%)
Solid 3542 (59.88%) 3050 (59.41%) 492 (63.00%)
Heating group <0.001
Clean 2418 (40.88%) 2175 (42.36%) 243 (31.11%)
Solid 3497 (59.12%) 2959 (57.64%) 538 (68.89%)

Data are presented as means * SD or n (%). DBP: diastolic blood pressure; DM: diabetes mellitus; HDL-C: high-density lipoprotein cho-
lesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; TG: triglyceride.

New-onset HD Associated with Cooking Fuel Use

In unadjusted analyses, coal use was associated with
significantly increased odds of new-onset HD (OR =141,
95% CI: 1.06-1.86, P=0.02). This association remained sig-
nificant after adjustment for demographic and lifestyle fa-
ctors (Model 1: OR =1.36, 95% Cl: 1.02-1.81, P=0.04) but was
attenuated following additional adjustment for clinical bi-
omarkers, comorbidities, anthropometric measures, and re-
sidential status (Model 2: OR =1.28, 95% CI: 0.96-1.72, P=
0.10) (Table 2). The “other” fuel category demonstrated co-
nsistently elevated risks across all models, with progress-
ively stronger associations: unadjusted model (OR = 3.23,
95% CI:1.60-6.51, P=0001), Model 1 (OR =359, 95% CL: 1.76-
7.30, P<0.001), and Model 2 (OR = 3.36, 95% CI: 1.62-6.95,
P=0.001) (Table 2). No significant associations were obse-
rved for crop residue/wood burning (Model 2: OR =1.11,
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95% CI: 0.88-1.39, P=0.39), marsh gas (Model 2: OR = 0.95,
95% CI: 0.49-1.84, P=0.88), or LPG (Model 2: OR = 0.90, 95%
CI: 0.67-1.22, P=0.49) (Table 2). To address the potential
bias introduced by missing data, multiple imputation was
performed prior to assessing the association of solid fuel
use for cooking with HD (supplemental material, Table
35).

New-onset HD Associated with Heating Fuel Use

Coal heating showed consistent and robust associat-
ions across all analytical models: unadjusted model (OR =
1.81,95% CI: 1.40-2.33, P<0.001), Model 1 (OR =1.80, 95%
Cl: 1.39-2.33, P<0.001), and Model 2 (OR =1.86, 95% CI:
1.42-243, P<0.001) (Table 3). Crop residue/wood burni-
ng demonstrated a significant association in Model 2 (OR
=140, 95% CI. 1.06-1.86, P= 0.02), whereas the associat-
ion was non-significant in Model 1 (OR = 1.27, 95% CI:
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Table2 Adjusted odds ratios for incident heart disease associated with long-term solid fuel use for cooking, stratified by age and sex.

Model 1 Model 2 Model 3
Character
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

All

Electric Reference Reference Reference

Crop residue/ Wood burning 1.17 (0.94-1.46) 0.15 1.1 (0.88-1.37) 0.42 1.11 (0.88-1.39) 0.39

Marsh gas 0.85 (0.44-1.62) 0.61 0.9 (0.47-1.74) 0.76 0.95 (0.49-1.84) 0.88

Natural gas 1.26 (0.90-1.77) 0.17 1.22 (0.87-1.72) 0.24 1.13 (0.80-1.60) 0.50

Liquefied petroleum gas 0.93 (0.70-1.25) 0.65 0.93 (0.70-1.25) 0.65 0.9 (0.67-1.22) 0.49

Other 3.23 (1.60-6.51) 0.001 3.59 (1.76-7.30) <0.001 3.36 (1.62-6.95) 0.001

Coal 1.41 (1.06-1.86) 0.02 1.36 (1.02-1.81) 0.04 1.28 (0.96-1.72) 0.10
Male

Electric Reference Reference Reference

Crop residue/ Wood burning 1.06 (0.76-1.49) 0.71 0.96 (0.68-1.35) 0.79 0.99 (0.69-1.42) 0.95

Marsh gas 0.87 (0.33-2.30) 0.78 0.91 (0.35-2.42) 0.86 0.91 (0.34-2.45) 0.86

Natural gas 0.96 (0.55-1.67) 0.88 0.93 (0.53-1.63) 0.81 0.87 (0.48-1.56) 0.64

Liquefied petroleum gas 0.78 (0.49-1.25) 0.31 0.79 (0.49-1.26) 0.32 0.81 (0.50-1.30) 0.38

Other 3.08 (1.15-8.23) 0.02 3.23 (1.19-8.77) 0.02 2.64 (0.93-7.52) 0.07

Coal 1.21 (0.78-1.90) 0.39 1.19 (0.75-1.86) 0.46 1.24 (0.78-1.98) 0.37
Female

Electric Reference Reference Reference

Crop residue/ Wood burning 1.26 (0.95-1.67) 0.11 1.21 (0.90-1.61) 0.20 1.2 (0.89-1.62) 0.24

Marsh gas 0.83 (0.34-2.00) 0.68 0.87 (0.36-2.12) 0.77 0.95 (0.39-2.32) 0.91

Natural gas 1.5 (0.98-2.30) 0.06 1.45 (0.94-2.22) 0.09 1.35 (0.87-2.09) 0.18

Liquefied petroleum gas 1.06 (0.73-1.55) 0.75 1.04 (0.71-1.52) 0.85 0.98 (0.66-1.45) 0.91

Other 3.52 (1.28-9.68) 0.01 3.71 (1.34-10.25) 0.01 3.64 (1.29-10.23) 0.01

Coal 1.55 (1.08-2.24) 0.02 1.5 (1.04-2.17) 0.03 1.34 (0.92-1.96) 0.12
<65yrs

Electric Reference Reference Reference

Crop residue/ Wood burning 1.16 (0.91-1.49) 0.23 1.1 (0.85-1.42) 0.46 1.1 (0.85-1.44) 0.46

Marsh gas 0.56 (0.24-1.31) 0.18 0.6 (0.25-1.41) 0.24 0.62 (0.26-1.48) 0.28

Natural gas 1.36 (0.93-1.97) 0.11 1.3 (0.89-1.89) 0.18 1.18 (0.80-1.73) 0.41

Liquefied petroleum gas 0.92 (0.66-1.28) 0.62 0.93 (0.66-1.30) 0.66 0.88 (0.63-1.24) 0.47

Other 2.52 (1.11-5.72) 0.03 2.89 (1.26-6.65) 0.01 2.66 (1.14-6.21) 0.02

Coal 1.44 (1.04-1.98) 0.03 1.37 (0.99-1.89) 0.06 1.26 (0.91-1.76) 0.17
=65 yrs

Electric Reference Reference Reference

Crop residue/ Wood burning 1.02 (0.65-1.61) 0.93 1.07 (0.67-1.69) 0.78 1.08 (0.66-1.76) 0.75

Marsh gas 2.61 (0.83-8.24) 0.10 2.79 (0.88-8.83) 0.08 2.86 (0.88-9.30) 0.08

Natural gas 0.93 (0.42-2.05) 0.86 0.96 (0.44-2.13) 0.93 0.99 (0.44-2.25) 0.98

Liquefied petroleum gas 0.96 (0.52-1.79) 0.90 0.97 (0.52-1.81) 0.92 1.03 (0.54-1.95) 0.94

Other 10.44 (1.82-59.90) 0.01 11.81 (2.04-68.38) 0.01 11.74 (1.99-69.46) 0.01

Coal 1.23 (0.67-2.25) 0.51 1.24 (0.67-2.28) 0.50 1.24 (0.66-2.33) 0.51
All

Clean Reference Reference Reference

Solid 1.16 (1.00-1.36) 0.06 1.1 (0.94-1.29) 0.25 1.12 (0.94-1.33) 0.19
Male
: http:/ /www .jgc301.com; jgc@jgc301.com 105
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Continued
Model 1 Model 2 Model 3
Character
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Clean Reference Reference Reference

Solid 1.15 (0.90-1.48) 0.26 1.05 (0.82-1.35) 0.70 1.1 (0.84-1.44) 0.50
Female

Clean Reference Reference Reference

Solid 1.17 (0.96-1.43) 0.13 1.14 (0.93-1.41) 0.21 1.14 (0.92-1.43) 0.24
<65 yrs

Clean Reference Reference Reference

Solid 1.18 (0.99-1.41) 0.07 1.12 (0.93-1.35) 0.24 1.14 (0.94-1.39) 0.19
265 yrs

Clean Reference Reference Reference

Solid 0.97 (0.71-1.33) 0.84 0.99 (0.72-1.37) 0.96 0.96 (0.68-1.37) 0.84

Model 1: unadjusted any variables. Model 2: adjusted for age, sex, smoking status, alcohol consumption, and education level. Model 3: adjusted for

variables in Model 2 plus the serum creatinine, fasting glucose, HDL-C, LDL-C, total cholesterol, TG, urea, hemoglobin Alc, h:

rtension, DM, str-

oke history, SBP, DBP, body mass index, and residential status. DBP: diastolic blood pressure; DM: diabetes mellitus; HDL-C: high-density lipopro-
tein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; TG: triglyceride.

0.97-1.65, P=0.08) (Table 3). No significant associations
were observed for other fuel types, including LPG (Model
2: OR =0.87, 95% CI: 0.42-1.81, P= 0.72) and natural gas
(Model 2: OR = 0.81, 95% CI: 0.40-1.65, P=0.57) (Table 3).
Among male participants, coal heating maintained signi-
ficant associations in both Model 1 (OR = 1.85, 95% CI: 1.19-
2.86, P=0.01) and Model 2 (OR =1.94, 95% CI. 1.22-3.06, P
= 0.005). Similarly, female participants showed slightly at-
tenuated but still significant associations in Model 1 (OR =
1.78,95% CI: 1.29-2.45, P< 0.001) and Model 2 (OR =1.82,
95% CI: 1.30-2.53, P< 0.001) (Table 3). Crop residue/wood
burning demonstrated borderline significance in male pa-
rticipants (Model 2: OR = 1.60, 95% CI: 1.00-2.56, P= 0.05)
but not in female participants (Model 2: OR =1.29, 95% CI:
0.91-1.83, P=0.16) (Table 3). In participants aged > 65 yea-
rs, coal heating maintained significant associations in both
Model 1 (OR =1.97, 95% CI: 1.11-349, P=0.02) and Model
2 (OR =1.94, 95% CI. 1.07-3.51, P= 0.03), whereas crop resi-
due/wood burning showed no significant association (Mo-
del 2: OR =143, 95% CI: 0.79-2.59, P=0.24) (Table 3). Solid
fuel exposure significantly increased the risk of new-onset
HD: overall cohort (OR =1.70, 95% CI: 1.43-2.01, P<0.001),
males (OR =1.56, 95% CI: 1.19-2.05, P= 0.001), females (OR
=1.79,95% CI: 143-2.23, P< 0.001), participants aged < 65
years (OR = 1.68, 95% CI: 1.37-2.05, P < 0.001), and those
aged > 65 years (OR =1.69, 95% Cl: 1.20-2.37, P=0.003) (Ta-
ble 3 & Figure 1). Multiple imputation was carried out to co-
unteract the bias from missing data before analyzing the re-
lationship between heating with solid fuels and HD (sup-
plemental material, Table 45).
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Subgroup Analysis

Subgroup analyses demonstrated significant associat-
ions between cooking-related solid fuel use and new-on-
set HD across multiple demographic and clinical strata (Fi-
gure 2 & supplemental material, Table 1S). Significant as-
sociations were observed among non-smokers (OR = 1.216,
95% CI: 1.005-1.476, P=0.046) but not among smokers (OR
=1.080, 95% CI: 0.830-1.413, P=0.570) (Figure 2 & supp-
lemental material, Table 15). Similarly, significant associ-
ations were found among non-drinkers (OR = 1.244, 95%
CI: 1.031-1.505, P=0.023) but not among drinkers (OR =
0.997, 95% CI: 0.758-1.315, P= 0.981) (Figure 2 & suppl-
emental material, Table 1S). Subgroup analyses of heati-
ng-related solid fuel use revealed stronger and more cons-
istent associations with new-onset HD (Figure 2 & supp-
lemental material, Table 25). Among male participants, so-
lid fuel use was associated with a 51.5% increased odds of
new-onset HD (OR =1.515, 95% CI: 1.176-1.964, P=0.001),
and female participants showed a 72.6% increased odds
(OR =1.726, 95% CI: 1.404-2.130, P< 0.0001) (Figure 2 &
supplemental material, Table 2S,). Education-stratified
analyses showed significant associations across all subgr-
oups except college or above: primary school (OR =1.804,
95% CI: 1.302-2.528, P< 0.001), no formal education (OR =
1.551, 95% CI: 1.236-1.956, P< 0.001), and middle school
(OR =1.635, 95% CI: 1.183-2.279, P=0.003) (Figure 2 &
supplemental material, Table 2S). Geographic stratifica-
tion revealed significant associations in southern regions
(OR =1.406, 95% CI: 1.139-1.736, P=0.002) but not in nor-
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Table3 Adjusted odds ratios for incident heart disease associated with long-term solid fuel use for heating, stratified by age and sex.

Model 1 Model 2 Model 3
Character
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

All

Electric Reference Reference Reference

Crop residue/ Wood burning 1.35 (1.04-1.75) 0.02 1.27 (0.97-1.65) 0.08 1.4 (1.06-1.86) 0.02

Other 0.94 (0.70-1.25) 0.65 0.9 (0.67-1.21) 0.48 0.95 (0.70-1.28) 0.72

Solar 1.05 (0.59-1.87) 0.87 1.05 (0.58-1.88) 0.87 1.02 (0.56-1.83) 0.96

Liquefied petroleum gas 0.84 (0.41-1.73) 0.64 0.84 (0.41-1.73) 0.64 0.87 (0.42-1.81) 0.72

Natural gas 0.95 (0.47-1.88) 0.87 0.84 (0.42-1.69) 0.63 0.81 (0.40-1.65) 0.57

Coal 1.81 (1.40-2.33) < 0.0001 1.8 (1.39-2.33) <0.0001 1.86 (1.42-2.43) < 0.0001
Male

Electric Reference Reference Reference

Crop residue/ Wood burning 1.65 (1.07-2.54) 0.02 1.48 (0.95-2.30) 0.08 1.6 (1.00-2.56) 0.05

Other 1.23 (0.76-1.97) 0.40 1.12 (0.69-1.81) 0.65 1.18 (0.71-1.95) 0.52

Solar 4 (0.56-3.55) 0.47 1.41 (0.55-3.59) 0.47 1.39 (0.54-3.59) 0.49

Liquefied petroleum gas 1.14 (0.38-3.39) 0.82 .1 (0.37-3.31) 0.87 1.11 (0.36-3.40) 0.85

Natural gas 1.19 (0.40-3.57) 0.75 1.17 (0.39-3.50) 0.79 1.13 (0.37-3.49) 0.83

Coal 1.85 (1.20-2.84) 0.01 1.85 (1.19-2.86) 0.01 1.94 (1.22-3.06) 0.005
Female

Electric Reference Reference Reference

Crop residue/ Wood burning 1.21 (0.88-1.68) 0.25 1.15 (0.82-1.60) 0.41 1.29 (0.91-1.83) 0.16

Other 0.79 (0.55-1.15) 0.22 0.78 (0.54-1.14) 0.20 0.82 (0.56-1.20) 0.30

Solar 0.87 (0.41-1.83) 0.72 0.89 (0.42-1.87) 0.75 0.85 (0.40-1.82) 0.68

Liquefied petroleum gas .7 (0.27-1.82) 0.46 0.66 (0.25-1.74) 0.40 0.71 (0.27-1.88) 0.50

Natural gas 0.82 (0.34-1.99) 0.66 0.69 (0.28-1.70) 0.42 0.66 (0.26-1.64) 0.37

Coal 1.82 (1.33-2.50) <0.001 1.78 (1.29-2.45) <0.001 1.82 (1.30-2.53) <0.001
<65yrs

Electric Reference Reference Reference

Crop residue/ Wood burning 1.28 (0.95-1.72) 0.11 1.22 (0.90-1.65) 0.20 1.37 (1.00-1.89) 0.05

Other 0.93 (0.67-1.30) 0.67 0.91 (0.65-1.28) 0.59 0.95 (0.67-1.34) 0.77

Solar 0.98 (0.50-1.91) 0.96 0.98 (0.50-1.93) 0.96 0.92 (0.46-1.82) 0.81

Liquefied petroleum gas 0.84 (0.37-1.88) 0.66 0.82 (0.36-1.87) 0.64 0.82 (0.36-1.87) 0.63

Natural gas 0.93 (0.41-2.11) 0.87 0.89 (0.39-2.02) 0.77 0.77 (0.33-1.77) 0.53

Coal 1.76 (1.32-2.34) < 0.0001 1.74 (1.30-2.32) <0.001 1.79 (1.33-2.43) <0.001
=65 yrs

Electric Reference Reference Reference

Crop residue/ Wood burning 1.33 (0.77-2.30) 0.31 1.4 (0.80-2.45) 0.24 1.43 (0.79-2.59) 0.24

Other 0.85 (0.46-1.56) 0.60 0.89 (0.48-1.66) 0.72 0.92 (0.49-1.75) 0.80

Solar 1.27 (0.39-4.13) 0.70 1.31 (0.40-4.30) 0.66 1.34 (0.40-4.48) 0.63

Liquefied petroleum gas 0.84 (0.18-4.01) 0.83 .9 (0.19-4.27) 0.89 1.06 (0.22-5.17) 0.94

Natural gas 0.86 (0.23-3.18) 0.83 0.87 (0.23-3.24) 0.84 0.95 (0.25-3.60) 0.94

Coal 1.91 (1.08-3.36) 0.03 1.97 (1.11-3.49) 0.02 1.94 (1.07-3.51) 0.03
All

Clean Reference Reference Reference

Solid 1.63 (1.38-1.91) < 0.0001 1.62 (1.38-1.91) <0.0001 1.7 (1.43-2.01) < 0.0001
Male
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Model 1 Model 2 Model 3
Character
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value

Clean Reference Reference Reference

Solid 1.51 (1.17-1.96) 0.001 1.5 (1.16-1.95) 0.002 1.56 (1.19-2.05) 0.001
Female

Clean Reference Reference Reference

Solid 1.73 (1.40-2.13) <0.0001 1.7 (1.38-2.10) < 0.0001 1.79 (1.43-2.23) <0.0001
<65 yrs

Clean Reference Reference Reference

Solid 1.59 (1.32-1.92) <0.0001 1.57 (1.30-1.90) <0.0001 1.68 (1.37-2.05) <0.0001
265 yrs

Clean Reference Reference Reference

Solid 1.69 (1.23-2.33) 0.001 1.72 (1.24-2.37) 0.001 1.69 (1.20-2.37) 0.003

Model 1: unadjusted any variables. Model 2: adjusted for age, sex, smoking status, alcohol consumption, and education level. Model 3: adjusted for
variables in Model 2 plus the serum creatinine, fasting glucose, HDL-C, LDL-C, total cholesterol, TG, urea, hemoglobin Alc, hypertension, DM, str-
oke history, SBP, DBP, body mass index, and residential status. DBP: diastolic blood pressure; DM: diabetes mellitus; HDL-C: high-density lipopr-
otein cholesterol; LDL-C: low-density lipoprotein cholesterol; SBP: systolic blood pressure; TG: triglyceride.

Cooking fuel Heating fuel
NP Model 1 :—I— All- B Model 1 E i
H Model 2 ' B Model 2 !
_|_.7 |
Male 1 Model 3 R Male{ = Model 3 ! — S—
FemaleX - — Female ; e S—
< 65 yrs 1 L — < 65 yrs+ J— —
> 65 yrs — E— > 65 yrs | : [ “—
0 05 1.0 15 0 05 10 15 20 25
Odd ratio Odd ratio

Figure1l Adjusted odds ratios of heart disease associated with long-term solid fuel use. Model 1: unadjusted any variables. Model 2: adju-
sted for age, sex, smoking status, alcohol consumption, and education level. Model 3: adjusted for variables in Model 2 plus the serum creatin-
ine, fasting glucose, HDL-C, LDL-C, total cholesterol, TG, urea, hemoglobin Alc, hypertension, DM, stroke history, SBP, DBP, body mass ind-
ex, and residential status. DBP: diastolic blood pressure; DM: diabetes mellitus; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-den-
sity lipoprotein cholesterol; SBP: systolic blood pressure; TG: triglyceride.

thern regions (OR = 1.089, 95% CI: 0.797-1.514, P=0.600) (Fig-
ure 2 & supplemental material, Table 25). Significant assoc-

onset HD in middle-aged and older adult populations. Wh-
ile cooking-related solid fuel use showed no significant asso-

iations were observed among both smokers (OR =1.622,
95% CI: 1.229-2.159, P< 0.001) and non-smokers (OR =1.651,
95% CI: 1.358-2.015, < 0.0001), as well as among non-dr-
inkers (OR =1.802, 95% CI: 1.483-2.199, P< 0.0001), while
drinkers showed borderline significance (OR = 1.307, 95%
CI: 0.988-1.740, P= 0.063) (Figure 2 & supplemental ma-
terial, Table 25).

DISCUSSION

Solid fuel use is associated with an increased risk of new-
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ciation with HD risk, heating-related solid fuel use was sig-
nificantly associated with increased HD risk in this popul-
ation. Notably, the risk of new-onset HD associated with so-
lid fuel use demonstrates significant geographic variation, wi-
th elevated risk observed in urban compared to rural areas
and in southern versus northern regions.

The association between the use of solid fuels and HD
has garnered significant attention in recent years. Studies
have shown that cooking and heating with solid fuels can
lead to indoor air pollution, thereby increasing the risk of
HD. In a study in China, the incidence of non-fatal HDs
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Cooking fuel

Character OR (95% CI) P-value
Sex

Male 1.153 (0.902-1.479) 0.259

Female 1.167 (0.956-1.429) 0.131
Education

Primary school 1.092 (0.803-1.492) 0.579

No fromal education 1.278 (1.014-1.621) 0.040

Middle school 0.897 (0.654-1.227) 0.496

College or above 3.778 (0.880-16.618) 0.071
Residence

Rural 1.147 (0.940—1.406) »- 0.180

Urban 1.293 (0.980-1.701) 0.068
Southnorth

Sourth 1.208 (0.977-1.498) 0.082

North 0.924 (0.734-1.169) 0.508
Smoke

Yes 1.080 (0.830-1.413) 0.570

No 1.216 (1.005-1.476) 0.046
Drink H

Yes 0.997 (0.758-1.315) t 0.981

No 1.244 (1.031-1.505) : . 0.023
Stroke

No 1.183 (1.011-1.387) 0.037

Yes 0.644 (0.245-1.690) 0.368
Hypertension

No 1.115 (0.928-1.342) 0.247

Yes 1.253 (0.934-1.691) 0.137
Diabetes mellitus |

No 1.139 (0.971-1.339) — 0.111

Yes 1.604 (0.843-3.162) * 0.159
Dyslipidemia

No 1.111 (0.943-1.310) 0.210

Yes 1.924 (1.156-3.270) +-0.013

Unclear 0.853 (0.097-7.472) i 0.877
Chronic kidney disease :

No 1.142 (0.974-1.342) : 0.103

Yes 1.538 (0.799*3.1[)9) : ' = . 0.210

0 0.5 1.0 1.5 2.0

Heating fuel

Character OR (95% CI) P-value
Sex

Male 1.515 (1.176-1.964) 0.001

Female 1.726 (1.404-2.130) <0.0001
Education :

Primary school 1.804 (1.302-2.528) J = <0.001

No fromal education 1551 (1.236-1.956) : N <0.001

Middle school 1.635 (1.183-2.279) = 0.003

College or above 0.989 (0.190-4.199) 3 0.988
Residence |

Rural 1,564 (1.277-1.925) ' . <0.0001

Urban 1.919 (1.460-2.528) ; ++<0.0001
Southnorth

Sourth 1.406 (1.139-1.736) : 0.002

North 1.089 (0.797-1.514) 0.600
Smoke :

Yes 1.622 (1.229-2.159) : - <0.001

No 1.651 (1.358-2.015) : = <0.0001
Drink

Yes 1.307 (0.988-1.740) 0.063

No 1.802 (1.483-2.199) <0.0001
Stroke

No 1.663 (1.413-1.962) <0.0001

Yes 0.773 (0.295-2.052) 0.600
Hypertension

No 1.612 (1.332-1.957) < 0.0001

Yes 1.690 (1.254-2.296) <0.001
Diabetes mellitus

No 1.690 (1.431-2.002) <0.0001

Yes 1.095 (0.591-2.048) 0.773
Dyslipidemia

No 1.680 (1.417-1.998) <0.0001

Yes 1.250 (0.763-2.073) 0.380

Unclear 30669855.142 (0-NA) 0.994
Chronic kidney disease

No 1.689 (1.431-2.000) H < 0.0001

Yes 0.933 (0.500-1.768) ; . a ' . . 0.830

0 0.5 1.0 15 2.0

Figure 2 Subgroup analysis of solid fuel use and incident heart disease.

was significantly higher among middle-aged and elderly
populations using solid fuels.”"*! Additionally, another st-
udy pointed out that there is a synergistic effect between the
use of solid fuels and the high risk of HD, especially when ex-
posed to high levels of environmental air pollution.” Not on-
ly that, long-term use of solid fuels is also associated with an
increased mortality rate from HDs. In a study conducted in
rural Sichuan, households using solid fuels for cooking or he-
ating had significantly higher all-cause mortality and mor-
tality related to HD compared to those using clean fuels.””
Additionally, the study found that the use of solid fuels is li-
nked to an increased risk of atherosclerotic HD, which is pa-
rticularly evident when exposed to high levels of environ-
mental air pollution.”” Globally, the impact of solid fuel
use on heart health has also been confirmed. In a study inv-
olving 11 countries, households using solid fuels had hig-
her all-cause mortality and incidence of HD compared to th-
ose using electricity or gas”! These findings suggest that re-
ducing solid fuel use and improving indoor air quality are
crucial for lowering the risk of HD. The association betw-
een solid fuel use and HD has been confirmed in a numb-
er of studies. By promoting the use of clean energy and im-
proving indoor air quality, the risk of HD can be effectiv-
ely reduced and public health can be improved.”! While pr-
evious studies have investigated the association between
solid fuel use and HD, most lack longitudinal follow-up
data necessary to establish causal relationships. Our find-
ings demonstrate a significant association between solid
fuel use and risk of HD. Notably, by focusing on a popu-
lation free of HD at baseline, this longitudinal study pr-
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ovides robust evidence that solid fuel use may contribute
to new-onset HD. However, as this is an observational st-
udy rather than a randomized controlled trial, the eviden-
ce for a causal relationship should be interpreted with caut-
ion. Further experimental or quasi-experimental studies are
warranted to confirm causality.

The use of solid fuels, such as coal and wood, for cook-
ing and heating is prevalent in many parts of the world,
particularly in the low- and middle-income countries. This
practice is associated with household air pollution, which
has been linked to a variety of health issues, including HD.
The potential mechanisms through which solid fuel use
may contribute to HD are multifaceted and involve both
direct and indirect pathways. One of the primary mech-
anisms is the exposure to fine particulate matter (PM,5)
and other pollutants generated during the combustion of
solid fuels.”! These pollutants can lead to systemic inflam-
mation and oxidative stress, which are known contribut-
ors to the development of atherosclerosis, a major under-
lying cause of HD. Studies have shown that exposure to
indoor air pollution from solid fuels is associated with in-
creased levels of inflammatory markers and oxidative st-
ress, which can damage the heart system and lead to con-
ditions such as hypertension and HD."* Moreover, the
combustion of solid fuels releases a variety of toxic compo-
unds, including carbon monoxide, polycyclic aromatic hy-
drocarbons, and volatile organic compounds, which can
impair cardiovascular function. Our analysis revealed a
more pronounced association between solid fuel use for
heating and HD than for cooking. This may be attributab-
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le to the typically greater fuel consumption, longer daily ex-
posure periods, and consequently higher indoor pollutant
concentrations associated with heating practices comp-
ared to cooking,

These compounds can lead to endothelial dysfunction,
a precursor to atherosclerosis, by reducing the availabili-
ty of nitric oxide, a critical molecule for vascular health.
The resulting endothelial damage can promote the forma-
tion of atherosclerotic plaques and increase the risk of he-
art attacks and strokes.””””! Another potential mechani-
sm is the impact of solid fuel use on blood pressure. The in-
halation of pollutants from solid fuels can lead to an incr-
ease in both SBP and DBP, contributing to the developme-
nt of hypertension, a significant risk factor for HD. A sys-
tematic review and meta-analysis have highlighted the as-
sociation between biomass fuel exposure and elevated bl-
ood pressure, further supporting the link between solid fu-
el use and cardiovascular risk.””! In addition to direct phy-
siological effects, the use of solid fuels is often associated wi-
th socioeconomic factors that can indirectly influence car-
diovascular health. For instance, individuals relying on so-
lid fuels may have limited access to healthcare and lower so-
cioeconomic status, which are themselves risk factors for
HD. Furthermore, the use of solid fuels is often linked to po-
or indoor air quality and inadequate ventilation, exacerbat-
ing the exposure to harmful pollutants and increasing the
risk of heart events."”! The evidence suggests that the use of
solid fuels for cooking and heating is a significant risk fa-
ctor for HDs, mediated through pathways involving inf-
lammation, oxidative stress, endothelial dysfunction, and
hypertension."”" Efforts to reduce solid fuel use and pro-
mote cleaner energy alternatives could have substantial
public health benefits by mitigating these risks and imp-
roving heart health outcomes.””!

In rural area of China, the use of solid fuels remains wi-
despread, significantly impacting the risk of HD and all-ca-
use mortality. Studies show that households using solid
fuels for cooking or heating have a markedly increased ri-
sk of all-cause mortality.” Therefore, reducing the use of so-
lid fuels and switching to clean energy is a crucial measure
to lower the risk of HD. To address the health risks associ-
ated with solid fuel use, health policies need to be adjusted
accordingly. On the one hand, policymakers should prom-
ote the adoption of clean energy, particularly in rural and
economically underdeveloped areas. On the other hand, go-
vernments can encourage households to switch from so-
lid fuels to more environmentally friendly energy sources
through subsidies and incentives. Additionally, enhanc-
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ing public awareness of the hazards of solid fuel use and
increasing acceptance of clean energy are also crucial dire-
ctions for policy adjustments. To sum up, the use of solid
fuels is closely related to an increased risk of HD, and he-
alth policy adjustments should focus on promoting clean
energy and raising public awareness to reduce the resul-
ting health burden.

LIMITATIONS

This study had several limitations. Firstly, as a prospe-
ctive cohort study rather than a randomized controlled tr-
ial, our study cannot account for all potential confounders.
Nevertheless, we utilized logistic models to adjust for est-
ablished HD risk factors, thereby substantiating the assoc-
iation between solid fuel use and new-onset HD. Second-
ly, despite our efforts to control for a range of confounders
through multivariable adjustment and sensitivity anal-
yses, residual confounding may still exist. Unmeasured fa-
ctors, such as more detailed socioeconomic indicators, di-
etary habits, physical activity levels, and differential access
to healthcare, could potentially influence the observed as-
sociations between fuel use and cardiovascular outcomes.
Thirdly, the exclusion of participants with missing values
may introduce selection bias, as their household fuel use
patterns were not analyzed. This limitation, inherent to
observational studies, was unavoidable due to incomplete
data availability. Fourthly, self-reported fuel use data may
not fully capture actual pollution exposure variability due
to differences in ventilation systems, climatic conditions,
and fuel properties. The lack of detailed information on
indoor ventilation and stove types further constrained our
ability to adjust for these exposure modifiers. Last but not
least, although this study employed a prospective cohort
design and has established a significant association be-
tween solid fuel use and HD, it cannot definitively establi-
sh a causal relationship between solid fuel exposure and the
incidence of HD. The observational nature of the evidence
necessitates cautious interpretation, and further investig-
ations utilizing randomized or quasi-experimental designs
are warranted to elucidate causality.

CONCLUSIONS

The use of solid fuels is significantly associated with new-
onset HD. While the association between the use of solid fu-
els for cooking and new-onset HD remains inconclusive,
the use of solid fuels for heating is clearly associated with
an increased risk of new-onset HD. The HD risk associat-
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ed with solid fuel use shows significant geographic varia-
tion, with higher risk observed in urban versus rural are-
as and in southern versus northern regions. Transitioni-
ng from solid fuels to clean energy may represent an effe-
ctive public health intervention for reducing the risk of in-
cident HD.
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