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Aim: Dual sensory impairment (DSI) is more harmful than a single visual impairment or hearing impairment. We aimed to explore the relationship between household fuel use and the risk of DSI in the middle-aged and older adult Chinese population.

Methods: Data from the China Health and Retirement Longitudinal Study (CHARLS) 2015 of 8,083 participants aged ≥45 years were used, followed up to 2018. Household fuels include heating fuels and cooking fuels. Participants were divided into four groups based on the type of household fuel use at baseline (2015) and during follow-up (2018) (baseline and follow-up): clean fuels and clean fuels, clean fuels and solid fuels, solid fuels and clean fuels, and solid fuels and solid fuels. Logistic regression models were used to assess the association between household fuel use and the risk of DSI, and odds ratio (OR) with 95% confidence interval (CI) was utilized to evaluate the association.

Results: Of these 8,083 participants, 886 (10.96%) had hearing impairment, 2,361 (29.21%) had visual impairment, and 505 (6.25%) had DSI. The use of solid fuels at baseline (OR = 1.23, 95%CI: 1.02–1.49) was associated with a higher risk of DSI compared to the use of clean fuels. People in the clean fuels and solid fuels group (OR = 1.50, 95%CI: 1.04–2.16) and the solid fuels and solid fuels group (OR = 1.38, 95%CI: 1.10–1.73) were linked to an increased risk of DSI compared to people in the clean fuels and clean fuels group, whereas no significant difference was observed in the effect on DSI between people in the solid fuels and clean fuels group and the clean fuels and clean fuels group (p = 0.99). Subgroup analysis demonstrated that males in the solid fuels and clean fuels group (OR = 0.60, 95%CI: 0.39–0.92) had a lower risk of DSI compared to those in the solid fuels and solid fuels group.

Conclusion: Household solid fuel use is associated with an increased risk of DSI in middle-aged and older Chinese people, and promoting the use of clean fuels is beneficial in reducing the burden of DSI.
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Introduction

Dual sensory impairment (DSI) is defined as having both visual impairment and hearing impairment. Visual impairment and hearing impairment are very common among older people and increase with age (1). According to the World Health Organization (WHO), about 1.5 billion people globally were influenced by hearing impairment and 2.2 billion people by visual impairment and in 2019 (2, 3). The physiological decline caused by visual impairment and hearing impairment can significantly affect the quality of life, mental health, and economic level of the older adult population (4, 5). In addition, there is a synergistic interaction between visual impairment and hearing impairment (6), which exposes people with DSI to more serious adverse health outcomes (7). DSI poses a public health challenge by contributing to high hospitalization rates and high healthcare costs (8).

Exposure to indoor air pollution is a significant contributor to health problems (9). Indoor air pollution from the burning of solid fuels for cooking and heating is responsible for a significant portion of the global burden of death and disease (10). In China, approximately 46% of households are reported to use solid fuels for energy (11). Some previous studies have explored the association between indoor air pollution and visual impairment and hearing impairment, respectively (12–14). People exposed to high levels of nitrogen dioxide (NO), carbon monoxide (CO), and PM2.5 had a significantly higher incidence of hearing damage (12, 13). High levels of PM2.5 and CO from solid fuel use can directly or indirectly cause eye health problems (14). However, the effect of indoor air pollution on the risk of DSI is unclear and it is not clear whether exposure to indoor air pollution would be more likely to cause DSI in people who already have a single hearing or visual impairment. Thus, the aim of this study was to explore the impact of household solid fuel use on the risk of DSI based on data from a nationally representative cohort.



Methods


Study design and participants

This retrospective cohort study was based on data from the China Health and Retirement Longitudinal Study (CHARLS). CHARLS is a nationally representative longitudinal survey of people aged 45 years and older in China to assess the social, economic, and health status of community residents (15). CHARLS selected the sample through multi-stage probability sampling, with the final sample drawn from 150 districts in 28 provinces. Baseline data for the participants were collected between June 2011 and March 2012, and three waves of follow-up were conducted in 2013, 2015, and 2018, with face-to-face computer-assisted personal interviews and physical measurements of participants (blood samples were taken every two follow-up periods). This study used data from 2015 and 2018, with the 2015 data as baseline information and the 2018 data as outcome information. The inclusion criteria were as follows: (1) people with complete information on visual function and hearing function in 2015 and 2018; and (2) people with complete information on heating fuels and cooking fuels in 2015 and 2018. Participants with a baseline diagnosis of DSI or missing information on key covariates (e.g., smoking) were excluded. The study protocol of CHARLS was approved by the ethics committee of Peking University and written informed consent was obtained from each participant. This study used de-identified data from publicly available databases and was exempt from ethical review by a local hospital.



Outcomes

The outcome of this study was the occurrence of DSI during follow-up. DSI was defined as having both visual impairment and hearing impairment at the 2018 follow-up endpoint. Visual impairment was assessed through a self-reported visual status questionnaire (includes near and distant visual status), with possible responses to these questions being “poor,” “fair,” “good,” “very good,” and “excellent.” Participants who reported “poor” on these questions were considered to have visual impairment. Hearing impairment was evaluated by a self-reported hearing status questionnaire, with response options for this question being “poor,” “fair,” “good,” “very good,” and “excellent.” Participants who answered “poor” to this question were classified as having hearing impairment.



Assessment of household fuels

Household energy sources were evaluated through a questionnaire in 2015 and 2018, and the main energy sources included heating fuels and cooking fuels (16, 17). The specific categories of solid and clean fuels were: solid fuels [cooking (wood burning, coal, solid charcoal, crop residue); heating (wood burning, coal, solid charcoal, crop residue)]; clean fuels [cooking (liquefied petroleum gas, natural gas, electric, marsh gas); heating (liquefied petroleum gas, natural gas, electric, municipal heating, solar energy)]. Those using both clean fuels for heating and cooking were categorized in the clean fuels group, while others (solid heating fuels and clean cooking fuels, or vice versa; both solid fuels for heating and cooking) were categorized in the solid fuels group.



Covariates

Data on participants were collected including age, gender (male, female), education (illiterate, primary school or below, middle school or above, unknown), marital status (married, other), place of residence (urban, rural), type of house structure (reinforced concrete or masonry structure, other), income (<mean, ≥mean, unknown), body mass index (BMI) (<24 kg/m2, ≥24 kg/m2, unknown), self-assessed health status (very good, good, fair, poor, very poor, unknown), night sleep duration (<7 h, 7–9 h, >9 h, unknown), smoking (never, former, now), drinking (never, <1 time/month, ≥1 time/month, unknown), hypertension (no, yes, unknown), diabetes (no, yes, unknown), dyslipidemia (no, yes, unknown), cardiovascular disease (CVD) (no, yes, unknown), chronic lung diseases (no, yes, unknown), arthritis or rheumatism (no, yes, unknown), cancer (no, yes, unknown), estimated glomerular filtration rate (eGFR), and sensory disturbance frequency. Hypertension, diabetes, dyslipidemia, CVD, chronic lung diseases, arthritis or rheumatism, and cancer were determined by self-reported physician diagnoses.



Statistical analysis

Continuous variables were normally distributed and expressed as mean and standard deviation (SD). Categorical variables were expressed as frequency and percentage [n (%)]. The student t-test was used for comparisons between continuous variables, and the chi-square test or Fisher exact test was used for comparisons between categorical variables.

Covariates were screened using the Adaptive Best-Subset Selection (ABESS) method based on the Generalized Information Criterion (GIC), and covariate screening was performed via the “abbess” R package (version 0.4.8) (Supplementary Table S1) (18). In the abbess algorithm, covariates with coefficients β not 0 were included in the optimal subset. The variance inflation factor (VIF) was applied to evaluate the linear relationship between the covariates, with VIF < 10 indicating the absence of multicollinearity (Supplementary Table S2). The subset of the best covariates after screening were age, gender, place of residence, income, BMI, self-assessed health status, night sleep duration, diabetes, chronic lung diseases, and sensory disturbance. Univariable and multivariable logistic regression models were used to assess the impact of household fuel use on DSI, and odds ratio (OR) with 95% confidence interval (CI) was utilized to evaluate the association. The Hosmer-Lemeshow test was used to assess the goodness-of-fit of the model, and p > 0.05 indicates a good consistency of the model fit. In addition, we analyzed the impact of changes in household fuel use during the follow-up period on DSI. Participants were divided into four groups: clean fuel use at both baseline and follow-up (clean fuels and clean fuels); clean fuel at baseline and solid fuel use at follow-up (clean fuels and solid fuels); solid fuel use at baseline and clean fuel in follow-up (solid fuels and clean fuels); solid fuel use at both baseline and follow-up (solid fuels and solid fuels). The impact of household fuel use on DSI was further analyzed according to different subgroups of the population. Statistical analyses were performed by R version 4.2.3 software (Institute for Statistics and Mathematics, Vienna, Austria). p < 0.05 (two-tailed) was considered statistically significant.




Results


Participant’s characteristics

A total of 18,655 participants were recorded in the 2015 CHARLS database, of which 8,083 participants without DSI at baseline were included in this study (Figure 1). The baseline characteristics of participants according to household fuel use at baseline were listed in Table 1. The characteristics of participants based on household fuel use at baseline and during follow-up were shown in Supplementary Table S3. The mean age of participants was 60.39 (SD 9.79) years and 4,212 (52.11%) participants were male. There were 5,796 (71.71%) participants living in rural areas and 2,287 (28.29%) in urban areas. There were 3,905 (48.31%) participants who stayed on clean fuels use, 2,256 (27.91%) participants who stayed on solid fuels use, 510 (6.31%) participants who used clean fuels at baseline and solid fuels at follow-up, and 1,412 (17.47%) participants who used solid fuels at baseline and clean fuels at follow-up. At the follow-up endpoint of this study, 886 (10.96%) patients had hearing impairment, 2,361 (29.21%) patients had visual impairment, and 505 (6.25%) patients had DSI.

[image: Figure 1]

FIGURE 1
 Flowchart for screening the study population.




TABLE 1 Baseline characteristics of participants according to household fuels at baseline (2015).
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Association between solid fuel use and DSI

The effect of household fuel use on DSI was presented in Table 2. In an analysis of baseline household fuel use, the use of solid fuels (OR = 1.53, 95%CI: 1.27–1.83) was linked to a higher risk of DSI compared to the use of clean fuels. After adjustment for age, gender, place of residence, and income, the use of solid fuels (OR = 1.23, 95%CI: 1.02–1.49) still increased the risk of DSI. After adjusting for all confounders (age, gender, place of residence, income, BMI, self-assessed health status, night sleep duration, diabetes, chronic lung diseases, and sensory disturbance), the use of solid fuels (p = 0.154) had no significant effect on DSI compared to the use of clean fuels.



TABLE 2 Association between household fuel use and the risk of DSI.
[image: Table2]

In an analysis of the impact of changes in household fuel use on DSI during the follow-up period, people in the clean fuels and solid fuels group (OR = 1.76, 95%CI: 1.24–2.50) and the solid fuels and solid fuels group (OR = 1.92, 95%CI: 1.56–2.37) had an increased risk of DSI compared to people in the clean fuels and clean fuels group, whereas there was no significant difference in the effect on DSI between people in the solid fuels and clean fuels group and the clean fuels and clean fuels group (p = 0.154). After adjustment for all confounders, people in the clean fuels and solid fuels group (OR = 1.50, 95%CI: 1.04–2.16) and the solid fuels and solid fuels group (OR = 1.38, 95%CI: 1.10–1.73) were still linked to higher risk of DSI, whereas no significant difference was observed in the effect on DSI between people in the solid fuels and clean fuels group and the clean fuels and clean fuels group (p = 0.99).



Subgroup analyses on the association between solid fuel use and DSI

The impacts of changes in household fuel use on DSI during the follow-up period in different subgroups of the population were shown in Figure 2. In males, switching to clean fuels during follow-up (OR = 0.60, 95%CI: 0.39–0.92) was associated with a lower risk of DSI among people who used solid fuels at baseline compared with those who remained on solid fuels use during follow-up, but no significant difference in the effect on DSI risk was found for switching to solid fuels during follow-up among participants who used clean fuels at baseline (p = 0.063). Among females, no effect of changes in clean or solid fuels use during follow-up on DSI risk was observed (p > 0.05). In people without hearing impairment and visual impairment at baseline, switching to solid fuels during follow-up (OR = 1.80, 95%CI: 1.04–3.13) increased the risk of DSI among people who used clean fuels at baseline compared with those who remained on clean fuels use during follow-up. Among people with visual impairment and non-hearing impairment at baseline, switching to clean fuels during follow-up (OR = 0.59, 95%CI: 0.39–0.89) decreased the risk of DSI among people who used solid fuels at baseline compared with those who remained on solid fuels use during follow-up.

[image: Figure 2]

FIGURE 2
 The impacts of changes in household fuel use on dual sensory impairment (DSI) during the follow-up period in different subgroups of the population.





Discussion

This study assessed the effect of household fuel use on the risk of DSI in people 45 years and older. The use of solid fuels increased the risk of DSI compared to the use of clean fuels. Moreover, switching to solid fuels during follow-up (regardless of baseline solid or clean fuels) increased the risk of DSI compared with people who had been using clean fuels, whereas there was no significant difference in the effect on the risk of DSI between people who used solid fuels at baseline and clean fuels during follow-up and those who had been using clean fuels.

It has been reported that patients with DSI have an increased risk of cognitive impairment, dementia, and depression compared to patients with single visual impairment or hearing impairment (19, 20). In addition, patients with DSI are at higher risk for falls and unintentional injuries, and these may increase the risk of death (21, 22). Hearing impairments and visual impairments may accelerate cognitive decline, possibly due to the impact of sensory impairments on social isolation, depression, reduced physical and mental activity, and functional limitations (23). Our study explored the effect of household fuel use on the risk of DSI. The results showed that solid fuel use increased the risk of DSI compared to clean fuel use and that people who used solid fuels switched to clean fuel use during the study period reduced the risk of DSI. Several previous studies have also reported the effect of solid fuel use on sensory impairment (16, 17, 24). Cao et al. showed that household solid fuel use was associated with an increased risk of hearing damage (17). Cooking with solid fuels has been reported to increase the risk of distance visual impairment and near visual impairment (16). Household solid fuel use has been found to be a risk factor for the development of cognitive impairment (24). These studies all show the health hazards of household solid fuel use. The promotion of clean fuel use in households is important for health improvement.

The mechanism by which solid fuel use affects DSI is unclear. Some studies suggest that the effects of solid fuel use on visual impairment may be associated with household air pollution (HAP) (16, 24, 25). Environment PM from solid fuel use can cause oxidative stress and a decrease in endogenous antioxidants, which induces an inflammatory response and produces pro-inflammatory cytokines (26, 27). Fumes from solid fuels may also be deposited on the eyes, altering the chemical balance and immunity of the tear film, thereby increasing the risk of infection and directly damaging eye cells (14). Solid fuel use increases the risk of cataracts, which may be related to accelerated lens oxidation by free radicals in fumes (28). In addition, solid fuel use makes the eyes more susceptible to injury from sparks, wood chips, or sharp wood, which increases the risk of visual impairment due to eye trauma (16, 29). The effects of solid fuel use on hearing impairment may also be linked to HAP. Substances such as PM10, NO2, SO2, and CO produced by solid fuel use can promote oxidative stress and inflammation, which adversely affect cochlear endothelial cell function and microcirculation, and subsequently lead to hypoxia (30–33). Hypoxia damages cochlear cells and neurons in the inner ear and affects hearing function (33). Moreover, air pollution from the use of solid fuels may produce or act as reactive oxygen species, inducing mitochondrial damage and leading to inner ear hair cell death (34, 35).

This study analyzed the impact of household fuel use on DSI based on a large prospective population-based cohort. In addition, we considered the effect of changes in household fuel use types on DSI during the study period. Nevertheless, this study has several limitations. First, the diagnoses of hearing impairment and visual impairment were based on self-reported questionnaires. Since there are no records of relevant medical diagnoses in the CHARLS database, the use of self-reported diagnoses may be biased. The self-reporting data may not capture all relevant indoor air pollutants, which could affect the validity of our findings. Such as potential type of misclassification (probably non-differential) and direction of the bias (probably toward the null hypothesis), given the large sample size, this likelihood would be very low. Second, the level of exposure to household pollutants could not be accurately estimated for each participant due to the lack of relevant data. Third, the assessment of DSI at the end of follow-up and the limited time points for exposure changes may hinder our ability to definitively establish that exposure preceded outcome onset for all participants. This limitation could impact the interpretation of our results, particularly in terms of causality and the potential for reverse causation. Fourth, while the initial association was significant, the non-significant result after full adjustment indicates that other variables may indeed be influencing the relationship or over-adjustment. Although we have considered the effects of many confounders, there are still some potential confounders that may affect the results such as outdoor air quality, heat exposure, and noise.



Conclusion

This study assessed the relationship between the type of household fuel use and the risk of DSI in a middle-aged and older adult Chinese population. Solid fuel use increased the risk of DSI, but subsequent switching to clean fuels by those using solid fuels reduced the risk of DSI. Promoting the use of clean fuels may be beneficial in reducing the burden of DSI.
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Variables Total (N fuels (N = 3,668)

Age, years, Mean (£SD) 60.39 (£9.79) 59.67 (£9.78) 61.27 (£9.73) <0.001

Age, years, n (%) <0001
<65 5,556 (68.74) 3,159 (71.55) 2,397 (65.35)
265 2,527 (31.26) 1,256 (28.45) 1,271 (34.65)

Gender, n (%) 0.659
Male 4212 (52.11) 2311 (5234) 1,901 (51.83)
Female 3,871 (47.89) 2,104 (47.66) 1,767 (48.17)

Education, 1 (%) <0001
literate 1,370 (16.95) 590 (13.36) 780 (21.26)
Primary school or below 2,823 (34.93) 1,442 (32.66) 1,381 (37.65)
Middle school or above 2,424 (2999) 1,490 (33.75) 934 (25.46)
Unknown 1,466 (18.14) 893 (20.23) 573 (15.62)

Marital Status, n (%) 0.879
Married 6,048 (74.82) 3,300 (74.75) 2,748 (74.92)
Other 2035 (25.18) 1,115 (25.25) 920(25.08)

Place of residence, 1 (%) <0001
Urban 2,287 (28.29) 1,642 (37.19) 645 (17.58)
Rural 5796 (71.71) 2773 (6281) 3,023 (8242)

“Type of house structure, n (%) <0001
Reinforced concrete or 6,904 (85.41) 4,061 (91.98) 2,843 (77.51)

masonry structure

Others 1,179 (1459) 354(8.02) 825 (22.49)

Income, n (%) <0.001
<Mean 6,938 (85.83) 3,640 (82.45) 3,298 (8991)
>Mean 1,085 (13.42) 741(16.78) 344(938)
Unknown, 60 (0.74) 34(077) 26(0.71)

BMI, kg/m, n (%) <0.001
<2 3,680 (45.53) 1,891 (42:83) 1,789 (48.77)
22 3,163 (39.13) 1,735 (39.30) 1,428 (38.93)
Unknown, 1,240 (15.34) 789 (17.87) 451 (12.30)

Self-assessed health status, 1 (%) <0.001
Very Good 465 (5.75) 271 (6.14) 194(5.29)
Good 520 (6.43) 311 (7.04) 209 (5.70)
Fair 2,074 (25.66) 1,193 (27.02) 881(24.02)
Poor 823 (10.18) 395 (8.95) 428 (11.67)
Very poor 213 (2.64) 80 (1.81) 133 (3.63)
Unknown 3,988 (49.34) 2,165 (49.04) 1,823 (49.70)

Night sleep duration, hours, 1 (%) <0.001
7-9 3451 (42.69) 1,866 (42.27) 1,585 (43.21)
<7 4,175 (51.65) 2,336 (5291) 1,839 (50.14)
>9 371(459) 180 (4.08) 191 (5.21)
Unknown, 86(1.06) 33(0.75) 53 (1.44)

Smoking, n (%) 0.004
Never 4,526 (55.99) 2,540 (57.53) 1,986 (54.14)
Former 1,131 (1399) 613 (13.88) 518(14.12)
Now 2426 (30.01) 1,262 (28.58) 1,164 (31.73)

Drinking, n (%) 0733
Never 594(7.35) 320 (7.25) 274 (7.47)
<1 time/month 694(8.59) 370 (8.38) 324(8.83)
21 time/month 4312(5335) 2,349 (53.20) 1,963 (53.52)
Unknown 2483 (30.72) 1,376 (31.17) 1,107 (30.18)

Hypertension, 1 (%) <0.001
No 3814(47.19) 2,068 (46.84) 1,746 (47.60)
Yes 3,890 (48.13) 2,078 (47.07) 1,812 (49.40)
Unknown 379 (4.69) 269 (6.09) 110 (3.00)

Diabetes, n (%) <0.001
No 6.240(77.20) 3,297 (74.68) 2,943 (80.23)
Yes 1,183 (14.64) 684 (15.49) 499 (13.60)
Unknown, 660 (8.17) 434(983) 226(6.16)

Dyslipidemia, n (%) <0.001
No 3924 (48.55) 2,020 (45.75) 1,904 (51.91)
Yes 3474 (42.98) 1,945 (44.05) 1,529 (41.68)
Unknown 685 (8.47) 450 (10.19) 235 (6.41)

CVD, n (%) <0.001
No 5,368 (6.41) 2,862 (64.82) 2,506 (68.32)
Yes 780 (9.65) 365 (8.27) 415 (11.31)
Unknown 1,935 (23.94) 1,188 (2691) 747 (20.37)

Chronic lung diseases, 7 (%) <0.001
No 5,563 (68.82) 2,968 (67.23) 2,595 (70.75)
Yes. 573(7.09) 256 (5.80) 317 (8.64)
Unknown, 1,947 (24.09) 1,191 (26.98) 756 (20.61)

Arthritis or rheumatism, 7 (%) <0.001
No 4,120 (5097) 2,286 (51.78) 1,834 (50.00)
Yes 2022(25.02) 939 (21.27) 1,083 (29.53)
Unknown, 1,941 (24.01) 1,190 (26.95) 751 (20.47)

Cancer, n (%) <0.001
No 6,074 (75.15) 3,187 (7219) 2,887 (7871)
Yes 54(0.67) 30(0.68) 24(065)
Unknown 1,955 (24.19) 1,198 (27.13) 757 (20.64)

Visual impairment (2015), 1 (%) <0.001
No 5889 (72.86) 3,323 (75.27) 2,566 (69.96)
Yes 2,194 (27.14) 1,092 (24.73) 1,102 (30.04)

Hearing impairment (2015), n (%) 0.267
No 7,689 (95.13) 4211 (9538) 3478 (94.82)
Yes 394 (487) 204 (4.62) 190 (5.18)

Sensory disturbance (2015), 11 (%) <0.001
Non-visual impairment and 5,495 (67.98) 3,119 (70.65) 2,376 (64.78)

non-hearing impairment
Visual impairment and 2,194 (27.14) 1,092 (2473) 1,102 (30.04)
non-hearing impairment

Non-visual impairment and 394 (4.87) 204 (4.62) 190 (5.18)

hearing impairment

eGFR, mL/min/1.73m’, n (%) <0.001
<60 215 (2:66) 138(3.13) 77(2.10)
260 5,639 (69.76) 2,945 (66.70) 2,694 (73.45)
Unknown 2,229(27.58) 1,332(30.17) 897 (24.45)

Household fuels (2015 and 2018), 1 (%) <0001
Clean fuels and clean fuels 3,905 (48.31) 3,905 (88.45) 0(0.00)
Solid fuels and clean fucls 1412(17.47) 0/(0.00) 1412 (38.50)
Clean fuels and solid fuels 510(631) 510 (11.55) 0/(0.00)
Solid fuels and Solid fuels 2256 (27.91) 0(0.00) 2256 (61.50)

Hearing impairment (2018), 1 (%) <0001
No 7,197 (89.04) 3,996 (90.51) 3,201 (87.27)
Yes 886 (10.96) 419(9.49) 467 (12.73)

Visual impairment (2018), 1 (%) <0001
No 5,722(70.79) 3,224 (73.02) 2,498 (68.10)
Yes 2,361 (29.21) 1,191 (26.98) 1,170 (31.90)

DSI(2018), 1 (%) <0001
No 7,578 (93.75) 4,189 (94.88) 3,389 (92.39)
Yes 505 (6.25) 226(5.12) 279(7.61)

BMI, body mass index; CVID, cardiovascular disease; eGER, estimated glomerular fltration rate; DSI, dual sensory impairment.
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Variables Unadjusted model Model 1 Model 2

OR (95%Cl) 2 OR (95%Cl) OR (95%Cl)

Household fuels (2015)

Clean fuels Ref Ref Ref
Solid fuels 1,53 (1.27-1.83) <0.001 123 (1.02-1.49) 0.029 1.15 (0.95-1.40) 0.154
Household fuels (2015 and 2018)

Clean fuels and clean fuels Ref Ref Ref

Solid fuels and clean fuels 1.24 (0.95-1.62) 0.115 1.06 (0.80-1.39) 0.693 099 (0.74-1.31) 0925
Clean fuels and solid fuels 176 (1.24-2.50) 0.002 1.50 (1.05-2.15) 0.026 1.50 (1.04-2.16) 0031
Solid fuels and Solid fuels 1.92 (1.56-2.37) <0.001 148 (1.19-1.84) <0.001 1.38 (1.10-1.73) 0.005

DSI, dual sensory impairment; OR, odds rato; CI, confidence interval.
Unadjusted model was univariable logistic model.

Model 1 was multivariable logistic model adjusted for age, gender, place of esidence, and income.

Model 2 was multivariable logistic model adjusted for age, gender, lace o residence, income, BMI, slf-assessed health status, night sleep duration, diabetes, chronic lung diseases, and sensory
isturbance.
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