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Objectives: Our research intended to investigate the association between the solid fuels use and the risk of cognitive frailty (CF).

Methods: The research utilized data from the China Health and Retirement Longitudinal Study (CHARLS), a nationwide longitudinal study focusing on individuals aged 45 and older. A total of 8,563 participants without CF were enrolled from 2011 and followed up to 2015. Household fuel types include solid fuels (such as coal, crop residue, or wood-burning) and clean fuels (such as solar power, natural gas, liquefied petroleum gas, electricity, or marsh gas). CF was defined as the co-existence of cognitive impairment and physical frailty. Cox proportional hazards models were utilized to evaluate the relationship between the solid fuels use and the risk of CF. Furthermore, sensitivity analyses were conducted.

Results: Over a median follow-up of 4.0 years, 131 subjects were diagnosed with CF. We observed that the solid fuels use for cooking or heating increased the risk of developing CF compared to clean fuels, with HRs of 2.02 (95% CI: 1.25 to 3.25) and 2.38 (95% CI: 1.26 to 4.48), respectively. In addition, participants who use solid fuel for heating (HR: 2.38 [95% CI: 1.26, 4.48]) and cooking (HR: 2.02 [95% CI: 1.25, 3.25]) might experience an increased risk of CF. However, transitioning from solid to clean fuels for cooking could potentially reduce these risks (HR: 0.38 [95% CI: 0.16, 0.88]).

Conclusion: Household solid fuels utilization was closely associated with the risk of CF.
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Introduction

Cognitive frailty (CF) is a complex condition that gradually develops with aging (1). Previous studies have shown that cognitive impairment (CI) is significantly associated with physical frailty (PF) in older adults, as the two conditions frequently coexist (2, 3). In response to this, a consensus meeting held by members of the International Academy on Nutrition and Aging (I.A.N.A.) and the International Association of Gerontology and Geriatrics (I.A.G.G.) recently established the concept of CF (1). CF was defined as the coexistence of PF and mild CI without dementia. Global survey data indicate that the prevalence of CF among older adults in communities ranges from 1 to 5% (4), potentially affecting approximately 3.9 million older adult individuals in China (5). CF has a significant negative impact on health and is closely associated with an increased risk of disability, higher mortality rates, and a reduced quality of life (6).

PF, a key component of CF, has a global prevalence of approximately 12% and is primarily characterized by reduced walking speed and decreased muscle strength (7, 8). The impact of PF on cognitive functions is also noteworthy. Research has shown that low physical activity may further diminish cognitive reserves, triggering clinical or pathological manifestations of CI (9). Moreover, functional limitations in daily activities due to PF are closely linked to an increased risk of CI (10). CI involves declines in various cognitive domains, such as memory, visuospatial abilities, orientation, calculation, executive function, and comprehension (11). It is important to note that PF and CI frequently interact and coexist within the same individuals (12). The more holistic concept of CF integrates PF with CI, emphasizing the need for integrated healthcare strategies that address both cognitive and physical health challenges simultaneously (12, 13).

Globally, approximately 2.4 billion people depend on solid fuels, such as coal, crop residue, and wood burning, primarily for cooking and heating, which positions it as a leading cause of household air pollution (HAP) (14). Each year, over 3 million people worldwide die prematurely due to HAP (15). In typical developing countries like China, about 33% of the population remains reliant on solid fuels due to difficulties in accessing cleaner alternatives, particularly among lower-income and less-educated groups (16). The combustion of these solid fuels generates a significant amount of pollutants, including fine particulate matter (PM2.5 and PM10), carbon monoxide (CO), nitrogen dioxide (NO2), black carbon, and various organic compounds that are carcinogenic (17). These harmful substances pose a serious threat to human health, potentially causing cardiovascular and respiratory diseases, severe depressive symptoms, and cognitive function in the nervous system (18). Given the widespread use of solid fuels in households and the increasing recognition of CF, there is a lack of literature explicitly linking these two variables. Therefore, it is crucial to investigate the connection between utilization of solid fuels and its impact on CF.

In light of the current dearth of research pertaining to the link between domestic use of solid fuels and CF, and considering China’s evolution towards a population with a higher average age, we seek to explore if the utilization of indoor solid fuels among Chinese individuals aged 45 and older is linked to the likelihood of CF.



Methods


Study design and population

This study employed data from the China Health and Retirement Longitudinal Study (CHARLS), a comprehensive nationwide population cohort study. The research carried out within the framework of CHARLS has obtained ethical approval from the Biomedical Ethics Review Committee of Peking University (IRB 00001052–11,015), and all participants have provided their informed consent by signing consent forms. CHARLS, which was initiated in 2011 and is conducted every 2 years, has the primary objective of gathering nationally representative data from Chinese individuals aged 45 and above in order to advance gerontological research. This comprehensive study employs a meticulously designed multistage stratified probability proportional to size sampling method, which involves randomly selecting around 10,000 households across 450 villages/communities in 150 counties/districts throughout 28 provinces (19). Every participant is subjected to evaluation using standardized questionnaires, facilitating the methodical gathering of extensive data on sociodemographic characteristics, current indoor fuel exposures, lifestyle habits, and health-related information. The structured survey includes eight sections, with complete details accessible on the official CHARLS website.1 In 2014, the CHARLS introduced a pioneering life course survey aiming to reconstruct the life histories of Chinese residents aged 45 and above by delving into their past experiences. This particular survey offers detailed insights into the previous indoor fuel usage among participants of the 2011 baseline survey. To date, comprehensive data has been available from several phases: the initial baseline survey in 2011, followed by two-year (2013), four-year (2015), seven-year (2018), and nine-year (2020) follow-ups, along with the vital data from the 2014 life course survey.

Notably, the definition of CF encompasses a range of biochemical indicators, including body mass index (BMI), the chair stand test, 2.5-meter gait speed, and the grip strength test. Concerning biochemical data collection, the CHARLS was only conducted at critical intervals: initially at baseline in 2011, then in a second wave in 2013, and a third wave in 2015. Consequently, our analysis focused on the data collected within the 2011 to 2015 period. The preliminary phase of our study involved screening 17,708 individuals from the baseline survey conducted between 2011 and 2012. The criteria for excluding participants from the further analysis were as follows: those under the age of 45 (n = 602), missing data on both fuel use (n = 1909), use of other fuel types not specified (n = 2,864), diagnosis of mental disorders (n = 144), and missing information on significant covariates (n = 2076). Additionally, 151 participants who had prevalent CF at baseline and 1,397 participants who were lost to follow-up were also excluded. Ultimately, 8,563 participants were deemed eligible for our study, as illustrated in Figure 1.

[image: Figure 1]

FIGURE 1
 Flow chart of the study participant selection process.




Definition of household solid fuel

Adapting the research methodology from Chen et al. (20), we employed two pivotal questionnaires to ascertain the predominant energy sources in households, including queries like “What is the main source of cooking fuel?” and “What is the primary heating energy source?.” Solid fuels were self-reported and categorized into coal, crop residues, or wood-burning used for cooking and heating purposes. In contrast, clean fuels encompassed the habitual use of solar energy, natural gas, liquefied petroleum gas, or electricity to meet cooking and heating demands. To ensure the precision and relevance of our study, we excluded responses indicating the use of “other” fuels (21). Fuel switching is assessed when a disparity in fuel utilization exists between the life course survey and the baseline (22). For instance, if the life course survey unveils an individual’s reliance on solid fuels, while the baseline indicates the adoption of clean fuels, this circumstance would be interpreted as a shift in the participant’s fuel use from clean fuels to solid fuels.



Definition of PF

PF was conducted through an adapted version of the Fried phenotyping approach (23). This refined approach was adapted and validated within the CHARLS framework (24). As described previously (12, 24–26), PF encompasses five components: shrinking, weakness, slowness, low physical activity, and exhaustion. Shrinking was defined as having a BMI not exceeding 18.5 kg/m2 or self-reporting a weight loss of 5 kg or more in the preceding year. Weakness was evaluated by measuring handgrip strength with a dynamometer for both dominant and non-dominant hands, where participants were encouraged to exert their maximum effort. The criterion for defining weakness was set at a grip strength at or below the 20th percentile, taking into account adjustments for sex and BMI. Slowness was assessed through a 2.5-meter gait speed or the chair stand test, as outlined by Wu et al. (24). Participants were classified as having low physical activity based on their responses to three specific questions regarding their engagement in vigorous activities, moderate physical effort, and walking for at least 10 min continuously during a typical week (25). Negative responses to these questions resulted in their categorization into the low physical activity group.

The level of exhaustion was evaluated using two specific questions from the 10-item Center for Epidemiological Studies Depression Scale (CESD-10): “I felt everything I did was an effort” and “I could not get going.” Participants who responded with “sometimes or half of the time (3–4 days)” or “most of the time (5–7 days)” to either of these questions were categorized as experiencing self-reported exhaustion (25). Participants meeting three or more of the specified criteria were defined as PF.



Definition of CI

Within the CHARLS, the evaluation of CI concentrated on two primary cognitive measures: episodic memory and executive function (27).


Episodic memory assessment

This is measured through immediate and delayed recall tests. The procedure involves reading 10 unrelated Chinese words to the participants, followed by an evaluation of their ability to recall these words both immediately and after a four-minute interval. The episodic memory score is calculated as the average of the immediate and delayed recall scores, with a range from 0 to 10.



Executive function assessment

This is based on the Telephone Interview for Cognitive Status (TICS) and a drawing test. The TICS involves tasks like recognizing the date (year, month, season, and day), the day of the week, and performing serial subtraction of 7 from 100 (5 times). In the drawing test, participants are asked to replicate a given image. The executive function score is the combined total of the TICS and drawing test scores, with a scale from 0 to 11.

Ultimately, the total cognitive function score is derived from adding the scores of episodic memory and executive function, with a maximum of 21 points. According to the literature, a total score below 6 is defined as indicative of CI, whereas a score above this threshold is considered indicative of normal cognitive function (27).




Definition of CF

In accordance with the definition established by the International Consensus Group (I.A.N.A/I.A.G.G) (1), and as substantiated in the literature of preceding studies (5, 12, 25), the concept of CF is identified as the concurrent presence of CI and PF.



Covariates

Based on prior research (20, 28), we included the following covariates: social activities, age (years), sex (female/male), education level (junior high school or below/senior high school or above), marital status (married/divorced/widowed/unmarried), self-reported socioeconomic status (poor/fair/good), residence (urban/rural), smoking status (non-smoker/current or former smoker), drinking status (non-drinker/current or former drinker), and the presence of hypertension, diabetes, and stroke (yes/no for each). Socioeconomic status was self-reported through the question, “How would you rate your standard of living?” with options ranging from poor to very high. Based on their responses, we classified them into three categories: “poor” (including relatively poor and poor), “fair” (equivalent to a fair standard of living), and “good” (comprising both relatively high and very high). The criteria for identifying hypertension were (29): (1) a systolic blood pressure of 140 mmHg or more, (2) a diastolic blood pressure of 90 mmHg or more, (3) a self-reported history of hypertension, or (4) the use of medication to lower blood pressure. Participants were deemed to have diabetes if they reported a diagnosis confirmed by a doctor, had fasting blood glucose levels of 126 mg/dL (7.0 mmol/L) or above, had glycosylated hemoglobin levels of 6.5% or above, or were taking medications for diabetes (30).



Statistical analyses

Based on the cooking and heating fuel type, we presented baseline characteristic data with continuous variables expressed as mean ± standard deviation (SD) and categorical variables as percentages. We calculated CF incidence rates by individual cooking or heating fuel type, expressing these with 95% confidence intervals (CIs) as events per 1,000 person-years. The Cox proportional hazards model is a statistical methods employed to analyze the relationship between one or more explanatory variables (also known as covariates) and the hazard rate of a specific event (31). In the present study, we used Cox regression to evaluate the association between the solid fuels use and the hazard risk of CF. We assessed the proportional hazards models using Schoenfeld residuals and found no violations (32).

We first analyzed the different impacts of solid fuels for heating and cooking on the risk of CF. We then investigated the collective effects of fuel combinations on the development of CF ([reference group]: both clean fuels; [exposure group]: clean fuel use for cooking and solid fuel use for heating; solid fuel use for cooking and clean fuel use for heating; solid fuel use for both cooking and heating), including transitions from solid to clean fuels and vice versa. For each analysis, we calculated hazard ratios (HRs) and their 95% CIs. Participants were followed up from baseline to CF diagnosis, death, or the end of the follow-up, whichever came first. In our study, three Cox models were constructed: Model 1 was unadjusted, Model 2 adjusted for age and sex, and Model 3 with full adjustments including age, sex, education level, marital status, smoking, drinking status, residence, self-reported socioeconomic status, social activities, hypertension, diabetes, and stroke.

We conducted a comprehensive series of sensitivity analyses to rigorously assess and confirm the robustness of our findings. (1) Firstly, considering the diversity of solid fuel used among households in the CHARLS, we separately evaluated the individual impacts of coal use and crop residue/wood burning on the risk of developing CF. (2) Moreover, the published literature reveals variations in the definition of clean fuels for heating (33). These definitions can be broadly divided into two categories: solar energy, natural gas, liquefied petroleum gas, and electricity, whereas the other includes centralized heating alongside these previously mentioned fuels. In our sensitivity analysis, we specifically considered centralized heating as a factor within clean heating fuels. (3) To minimizing the influence of confounding factors and to uncover potential modification or interaction effects of stratified variables, as well as population-specific findings, we conducted stratified analyses based on age (≤65/>65), sex (female/male), socioeconomic status (poor/fair/good), drinking (nondrinker/ Current or former drinker), and smoking (nonsmoker/ current or former smoker). The interactions between these stratified covariates and CF were estimated using the likelihood ratio test. It is noteworthy that due to the uneven distribution of disease prevalence among the baseline population, we did not conduct stratified analyses for conditions such as hypertension, diabetes, and stroke.

A statistically significant result was determined when the two-tailed p value was less than 0.05. The statistical analyses were conducted utilizing the R software (version 4.1.2).




Results


Participant’s characteristics

Table 1 presents the fundamental characteristics of the included population categorized by the various types of household fuel utilization. Among the 10,232 study participants, we documented 131 incident CF, with females comprising 53.60% and males 46.40%, during a median observation period of 4.0 years. Regarding fuel usage, 62.60% of participants reported regularly using solid fuels for cooking, and 76.50% used solid fuels for heating; conversely, 37.40 and 23.50% of participants, respectively, used clean fuels for cooking and heating. Compared with participants who used clean fuels for heating or cooking, the group using solid fuels generally reported lower socioeconomic status and a higher proportion of current or former smokers and stroke patients. Furthermore, those using solid fuels for cooking or heating were often older, more likely to be unmarried or widowed, and tended to hold a junior high school diploma or lower, with a relatively higher risk of CF. Notably, urban dwellers often opted for clean fuels for heating or cooking purposes, whereas individuals in rural regions predominantly used solid fuels for these daily needs.



TABLE 1 Participant characteristics by household fuel type at baseline.
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Associations between household solid fuel use and cognitive frailty

In the longitudinal analysis, participants who utilized solid fuels for cooking or heating exhibited a higher risk of CF when compared to those employing clean fuels. Table 2 illustrated that the use of solid fuels for cooking significantly increased the risk of CF after adjusting for all covariates (HR: 2.02, 95%CI: 1.25–3.25). A similarly significant association was observed in the use of solid fuels for heating (HR: 2.38, 95%CI: 1.26–4.48). When examining the combined exposure to fuels, individuals reporting the use of solid fuels for both cooking and heating had a significantly higher risk of CF, with HR of 3.17 (95%CI: 1.43–7.05), compared to those reporting the use of clean fuels for both. However, null associations were observed among other combinations of fuel usage.



TABLE 2 Hazard ratios and 95% CI of household solid fuel use for cognitive frailty.
[image: Table2]



Associations between fuel use switching and cognitive frailty

Table 3 illustrated that 1,045 individuals transitioned from solid to clean fuels for cooking and 393 for heating, with their CF incidence rates (per 1,000 person-years) recorded at 2.24 and 1.70, respectively. When compared with counterparts who continued using solid fuels for cooking, those who made the switch to clean fuels demonstrated a significant reduction in CF risk (HR: 0.38, 95%CI: 0.16–0.88). A similar association was reported among individuals switching from solid to clean heating fuels in Models 1 and 2. Conversely, 2,174 individuals transformed from clean to solid cooking fuels, and 3,152 made a similar switch for heating, with their CF incidence rates (per 1,000 person-years) estimated to be 6.51 and 5.44, respectively. Compared to those who consistently used clean fuels for cooking, the group that switched from clean to solid fuels had an increased risk of developing CF (HR: 2.45, 95% CI: 1.16–5.19).



TABLE 3 Incidence rates and adjusted hazard ratios for cognitive frailty in association with switching fuel types.
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Sensitivity analyses

We conducted a series of sensitivity tests to affirm the robustness of our results. Firstly, when central heating was additionally included in the original fuel use, the results remained consistent with previous findings (Supplementary Table S1). Moreover, when analyzing solid fuels (coal and crop residues/wood burning) separately, the results remained stable (Supplementary Tables S2, S3). A similar trend was observed for the use of fuels for heating purposes (HR: 0.21, 95% CI: 0.05–0.86). Finally, stratified analysis revealed variations in how influenced the results (Supplementary Tables S4–S9): despite overall consistency in outcomes when analyzed by stratification, a significant association was found within the group aged 65 and below, but not in those over 65. Similarly, a significant association was observed in groups with lower socioeconomic status, while no such association existed within groups of higher socioeconomic status. Notably, the use of solid fuels was significantly associated with an increased risk of developing CF in both smokers and non-smokers. Concurrently, no statistically significant interactions were observed among participants stratified by age, sex, residence, socioeconomic status, smoking, and drinking (all P for interaction >0.05).




Discussion

Our study demonstrates a significant association between the use of indoor solid fuels and an increased risk of CF compared to clean fuels. Both cooking and heating with solid fuels are linked to a higher risk of CF, with the risk being even greater when solid fuels are used for both activities. This suggests that combined exposure to solid fuels for cooking and heating may result in a higher cumulative exposure to harmful pollutants, thereby increasing the risk of CF.

Our study has found a significant link between solid fuel usage and CF among middle-aged and older adult groups, consistent with earlier research findings. Specifically, by examining data from individuals aged 50 and above, three national cohort studies utilized time-dependent Cox regression models and mediation effect analyses (18). These studies provided robust evidence that the use of solid fuels for cooking markedly elevates the risk of CI. Moreover, an extensive analysis of 7,824 individuals in middle age and older from China, evaluating cognitive abilities via standardized surveys, showed that the use of solid fuels for cooking and heating markedly elevated the risk of CI (34). Cao and colleagues conducted a longitudinal study with 4,946 older adult individuals and discovered a positive correlation between the use of solid cooking fuels and the incidence of PF, in line with prior research findings (35). Furthermore, an analysis leveraging prospective data from CHARLS, which included 4,685 participants initially non-frail, identified a positive link between the use of solid fuels and a heightened risk of frailty (36). Additionally, one research conducted on 4,535 older adult individuals from 23 provinces substantiated the link between solid fuel use and a significant increase in the frailty index (37). Taken together, these results substantially reinforce the credibility and strength of our findings, confirming the harmful effects of solid fuel usage on the health of middle-aged and older adults.

To our knowledge, this study represents the inaugural cohort analysis exploring the link between domestic solid fuel consumption and CF. However, the exact mechanism of this association is unclear. CF is defined as a coexistence of CI and PF (1). Based on this definition, the potential mechanisms of impact may encompass: Regarding the impact of solid fuels on cognitive function, it was initially found that indoor air pollution, especially resulting from solid fuel combustion, is known to elevate the risk of respiratory and cardiovascular conditions (38, 39), both of which are known risk factors for CI (40). Secondly, pollutants from solid fuel burning can disrupt the regulatory roles of brain capillaries and initiate pro-inflammatory reactions, causing pathological alterations in the central nervous system and additional CI (41). Additionally, toxic pollutants released by the combustion of solid fuels, such as particulate matter, carbon monoxide, and sulfur dioxide (42), might impact protein aggregation through oxidative stress mechanisms, interfering with early biomarkers of neurodegenerative diseases, such as soluble Aβ and α-synuclein, thereby causing cognitive damage (41, 43, 44). Finally, long-term use of solid fuels is associated with reduced insulin levels (45), which could lead to inflammation, abnormal energy metabolism, altered vascular function, and reduced synaptic activity, ultimately resulting in a decline in cognitive function (46). Concerning the effect of solid fuels on PF, studies have shown a strong positive link between solid fuel usage and the incidence of PF in older populations (47). To begin with, PM2.5 particulates generated from solid fuels are closely linked with heightened systemic inflammation, increased platelet activation, and a decrease in erythrocyte antioxidant enzyme activity (48). These factors are key in the progression of PF. Additionally, HAP resulting from solid fuel combustion can hasten the aging process of cells, organs, and systemic functions, ultimately contributing to PF (49). Moreover, prolonged use of solid fuels is found to be directly associated with a heightened risk of arthritis in individuals aged 45 and above (29), a condition frequently identified as an indicator of PF (50). Lastly, long-term exposure to solid fuels correlates with decreased insulin levels, potentially leading to impaired skeletal muscle metabolism and contraction (40) and thereby precipitating the onset of PF (51).

In our stratified analysis, we observed a consistent trend: among smokers, the risk of CF increases regardless of the type of solid fuel used. This finding aligns with previous research, illustrating a broader pattern of risk. For example, population surveys on HAP in Northern China have shown that individuals who smoke and use solid fuels for cooking or heating display lower cognitive abilities. This suggested a compounded effect of smoking and solid fuel use on cognitive health (52). Likewise, analysis of data from rural communities showed a notable rise in CI risk among individuals who smoke and utilize solid fuels, further highlighting the connection between these risk elements and cognitive deterioration (35). A study from India supports this conclusion, showing that smokers generally have diminished cognitive abilities, highlighting the intrinsic risk smoking poses to cognitive well-being (53). The underlying mechanisms for these observations are complex. Harmful chemicals in tobacco smoke may induce neurotoxic effects, leading directly to cognitive deterioration (54). Exposure to smoke can also inhibit neurogenesis and promote glial cell proliferation in the dentate gyrus, which might work in synergy with the decrease in dopaminergic neurons seen with solid fuel use (55). Moreover, tobacco smoke and the free radicals from solid fuel combustion can trigger inflammatory responses, damaging the central nervous system and increasing CI risk (56). Importantly, research has shown that smoking leads to muscle atrophy and reduced resistance to muscle fatigue, potentially impairing physical function (57). Epidemiological evidence indicates that HAP from tobacco and solid fuels can cause various organ damages, accelerate cellular aging, trigger skeletal muscle dysfunction, and heighten the risk of chronic diseases, muscle atrophy, and sarcopenia (58, 59). Furthermore, inhaling smoke from these sources may elevate C-reactive protein levels, correlating with decreased physical function and exacerbating PF (60). Stratified analyses further observe that individuals aged between 45 and 65 are particularly sensitive to the effects of solid fuel use despite the lack of direct evidence. A possible mechanism, according to World Health Organization surveys, is that individuals aged 65 and older often see a decrease in daily activities and an uptick in sedentary behavior. This leads to a lifestyle that becomes more monotonous and potentially less engaging (61). Such a change may result in less frequent use of solid fuels, thereby reducing the risk of cognitive decline associated with their use.

This research possesses several significant strengths. Secondly, it includes a nationally representative cohort with long-term follow-up, enhancing the relevance of our findings for the middle-aged and older demographics in China. What’s more, we employed different Cox regression models and referenced past literature, incorporating relevant confounding factors to minimize the potential impact of covariates on our findings. Subsequently, our study primarily centered on CF, an outcome that encompasses cognitive function while also considering the impact of physical health on cognition. This in-depth analysis not only aligns closely with clinical practice but also enhances the thoroughness and depth of our findings. Lastly, by performing multiple sensitivity analyses, we have further validated the consistency and trustworthiness of our outcomes.

However, several limitations warrant attention. Firstly, the dependence on self-reported indoor fuel usage may introduce recall bias, potentially leading to misclassification errors. Concurrently, employing self-reports of cooking and heating with solid fuels as indicators for HAP exposure may not precisely capture the actual exposure levels, given that variations can arise from factors like the effectiveness of ventilation, weather conditions, and humidity levels. Moreover, considering CF encompasses both PF and CI, our analysis did not explore the specific relationships between household solid fuel use and these individual components. Furthermore, while adjustments were made to covariates as comprehensively as possible, based on existing literature, it remains challenging to account for all potential confounders. For example, household ventilation, an influential covariate, was not assessed in the CHARLS. Significantly, the pronounced disparities in the prevalence of conditions such as hypertension, diabetes, and stroke between diagnosed and undiagnosed individuals precluded further stratified analyses for these conditions, aiming to enhance the rigor of our findings. Lastly, the limited sample size led to wide confidence intervals in some stratified analyses. Thus, our findings should be considered with caution. Future research in a large population is essential to validate our initial findings.



Conclusion

This is the first longitudinal study among the Chinese population to explore the association between solid fuel use and CF. Our cohort research reveals a significant link between HAP from solid fuel use and a higher incidence of CF in middle-aged and older adult groups in China. CF is considered a reversible condition. For individuals, our study underscores the importance of personal protection during solid fuel use and early intervention to prevent CF in older adults. At a societal level, the study highlights the harmful effects of solid fuel use and offers a novel perspective on population health, advocating for a transition from solid fuels to clean fuels. Future research should involve larger, population-based cohorts with longer follow-up periods to better characterize fuel composition and individual exposure. Additionally, toxicological studies are needed to provide experimental evidence supporting these findings.
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