


Supplementary material

Material S1: Variable Recoding Procedure, Descriptive Statistics, and Latent Class Enumeration Fit Statistics
This supplementary document provides a comprehensive account of the variable recoding decisions made to facilitate stable Latent Class Analysis (LCA) estimation and presents the full model fit statistics supporting the selection of the two-class solution.

1. Variable Recoding for Latent Class Analysis
To ensure stable model estimation and address sparse data issues identified during preliminary Latent Class Analysis (LCA), a series of recoding decisions were applied to the 2023 wave of the Hainan National Health Survey data (N = 4,112). All recoding was guided by a balance between preserving clinically meaningful distinctions and maintaining statistical identifiability. The final set of LCA indicators—referred to hereafter as Configuration 4—was derived as follows:
	Preventive Behavior
	Original Categories
	Recoding Action
	Final LCA Categories
	Rationale

	Smoking
	(1) Never; (2) Quit; (3) Light; (4) Heavy
	Light and Heavy merged into Current smoking; Never and Quit remain separate
	(1) Never smoking ;(2) Former smoking; (3) Current smoking
	4→3：The Heavy smoking category comprised only 14.96% of the sample and the Light smoking category 6.86%. To avoid boundary parameter estimates in preliminary LCA models that retained all four categories, Light and Heavy current smokers were merged into a single "Current smoking" group.
3→2：As a sensitivity check, we further collapsed the smoking variable into two categories (Never/Former vs. Current). The "Quit smoking" group comprised only 4.94% of the sample. Merging it with "Never smoking" creates a binary indicator of current tobacco exposure. However, this binary specification eliminated the clinically meaningful distinction between never smokers and former smokers.
Finally, we chose the three categories in Configuration 4, which is both statistically stable and clinically interpretable as a preventive behavior.

	Drinking
	(1) Non-drinker; (2) Light drinker; (3) Heavy drinker
	Light and Heavy drinkers merged
	(1) Non-drinker; (2) Drinker
	3→2：The "Heavy drinker" category accounted for only 3.67% of the sample. A binary indicator distinguishing any alcohol consumption from abstinence was used to avoid estimation problems while retaining the preventive behavior signal.

	Physical Activity
	(1) Adequate (≥150 min/wk); (2) Inadequate (<150 min/wk); (3) Inactive
	Adequate and Inadequate merged
	(1) Any physical activity; (2) Inactive
	3→2：The "Adequate" category was extremely small (1.85%). The merged binary variable distinguishes individuals who engage in any intentional physical activity from those who are completely sedentary.

	BMI
	(1) Underweight; (2) Normal; (3) Overweight/Obese
	Unchanged
	(1) Underweight; (2) Normal; (3) Overweight/Obese
	Sample sizes were sufficient across all three categories to support stable estimation.

	Oral Hygiene
	(1) ≥2 times/day; (2) <2 times/day
	Unchanged
	(1) Good oral hygiene; (2) Poor oral hygiene
	Binary indicator already aligned with WHO recommendations.

	Physical Examination
	(1) Yes; (2) No
	Unchanged
	(1) Regular check-up; (2) No check-up
	Binary indicator of preventive service utilization.



2. Descriptive Statistics of LCA Indicator Variables
The following table presents the frequency distribution of the six categorical indicators used in the final LCA model before applying the recoding scheme described in Section 1.
Table S1. Descriptive Characteristics of Preventive Behavior Indicators (N = 4,112)
	Preventive Behaviors
	2023

	
	n
	%

	Total
	
	4,112
	100

	Smoking
	Never smoking
	3,012 
	73.25 

	
	Quit smoking
	203 
	4.94 

	
	Light smoking
	282 
	6.86 

	
	Heavy smoking
	615 
	14.96 

	Drinking
	Non-drinker
	3,024
	73.54

	
	Light drinker
	937
	22.79

	
	Heavy drinker
	151
	3.67

	BMI
	Underweight
	682
	16.59

	
	Normal
	2476
	60.21

	
	Overweight
	954
	23.20

	Exercise
	Adequate
	76
	1.85

	
	Inadequate
	1,743
	42.39

	
	Inactive
	2,293
	55.76

	Oral hygiene
	Good (≥2/day)
	1,445
	35.14

	
	Poor (<2/day)
	2,667
	64.86

	Physical examination
	Yes
	2,409
	58.58

	　
	No
	1,703
	41.42


3. Latent Class Enumeration and Model Fit Statistics
Latent Class Analysis was performed using Mplus Version 8. To evaluate the robustness of the class solution to varying levels of indicator granularity, five separate model configurations were tested (Configurations 1 through 5, representing progressively more parsimonious recoding schemes). For each configuration, models with one to five latent classes were estimated. Model fit was evaluated using the Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), Sample-Size Adjusted BIC (ABIC), Lo-Mendell-Rubin Likelihood Ratio Test (LMRT), Parametric Bootstrapped Likelihood Ratio Test (BLRT), and Entropy.
Table S2. Comparative Fit Indices for Latent Class Models (1- to 5-Class Solutions) Across Five Variable Configurations
	Configuration
	Classes
	AIC
	BIC
	ABIC
	LMRT 
	BLRT 
	Entropy

	Config 1: All original categories
	1
	37533.091 
	37602.629 
	37567.676 
	
	
	

	
	2
	37082.930 
	37228.328 
	37155.244 
	0.000 
	0.000 
	0.902 

	
	3
	36811.955 
	37033.213 
	36921.998 
	0.054 
	0.102 
	0.636 

	
	4
	36776.959 
	37074.077 
	36924.731 
	0.125 
	0.312 
	0.641 

	
	5
	36756.924 
	37129.902 
	36942.425 
	0.304 
	0.442 
	0.668 

	Config 2: Exercise 3→2
	1
	36899.665 
	36962.881 
	36931.106 
	
	
	

	
	2
	36448.760 
	36581.514 
	36514.786 
	0.000 
	0.000 
	0.904 

	
	3
	36175.944 
	36378.237 
	36276.555 
	0.056 
	0.117 
	0.632 

	
	4
	36140.128 
	36411.960 
	36275.324 
	0.201 
	0.219 
	0.685 

	
	5
	36118.026 
	36459.396 
	36287.808 
	0.197 
	0.309 
	0.663 

	Config 3: Exercise 3→2 + Drinking 3→2
	1
	36021.270 
	36078.165 
	36049.567 
	
	
	

	
	2
	35570.858 
	35690.970 
	35630.596 
	0.000 
	0.000 
	0.913 

	
	3
	35304.079 
	35487.407 
	35395.258 
	0.049 
	0.089 
	0.621 

	
	4
	35272.825 
	35519.370 
	35395.444 
	0.142 
	0.173 
	0.677 

	
	5
	35248.831 
	35558.592 
	35402.891 
	0.152 
	0.245 
	0.641 

	Config 4: Exercise 3→2 + Drinking 3→2 + Smoking 4→3
	1
	34902.395 
	34952.968 
	34927.547 
	
	
	

	
	2
	34450.396 
	34557.865 
	34503.846 
	0.000 
	0.000 
	0.916 

	
	3
	34183.955 
	34348.318 
	34265.702 
	0.063 
	0.201 
	0.612 

	
	4
	34151.551 
	34372.809 
	34261.595 
	0.156 
	0.291 
	0.675 

	
	5
	34128.469 
	34406.622 
	34266.809 
	0.219 
	0.223 
	0.620 

	Config 5: Exercise 3→2 + Drinking 3→2 + Smoking 3→2
	1
	33385.966 
	33430.218 
	33407.975 
	
	
	

	
	2
	32956.731 
	33051.556 
	33003.893 
	0.000 
	0.000 
	0.896 

	
	3
	32683.890 
	32829.288 
	32756.204 
	0.061 
	0.286 
	0.630 

	
	4
	32661.011 
	32856.983 
	32758.478 
	0.010 
	0.043 
	0.693 

	
	5
	32643.065 
	32889.610 
	32765.685 
	0.293 
	0.432 
	0.628 


Note: The selected model is highlighted in bold for each configuration. AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; ABIC = Sample-Size Adjusted BIC; LMRT = Lo-Mendell-Rubin Likelihood Ratio Test; BLRT = Parametric Bootstrapped Likelihood Ratio Test.
4. Interpretation of the Selected Two-Class Solution in Configuration 4 as the Main Results
For Configuration 4 (physical activity 3→2, alcohol use 3→2, smoking 4→3), the fit indices consistently supported a two-class solution. The LMRT and BLRT were both significant when moving from 1 to 2 classes (p < 0.001), but became non-significant when moving from 2 to 3 classes (LMRT p = 0.063, BLRT p = 0.201). Critically, the 3-class model suffered from a marked deterioration in classification quality, with Entropy dropping from 0.916 to 0.612. Such a low Entropy indicates that the three-class solution fails to reliably assign individuals to latent classes, rendering subsequent regression analyses based on class membership problematic. Information criteria showed a sharp drop from 1 to 2 classes (AIC: 34902.395 → 34450.396; BIC: 34952.968 → 34557.865), with relatively marginal changes thereafter. Accordingly, a parsimonious two-class latent class solution was retained for all subsequent analyses.
Although other configurations (e.g., Config 5) yielded lower absolute BIC values, cross-configuration comparisons are not valid due to different variable codings. Configuration 4 was selected because it retains more clinical granularity for smoking (three levels) while achieving the highest classification quality (Entropy = 0.916) among all two-class solutions. In Config 5, the LMRT for 4 vs. 3 classes was significant, but given the non-significant test for 3 vs. 2 classes, the 2-class solution remains preferred. Notably, Config 5 also exhibited a sharp Entropy decline from 0.896 (2-class) to 0.630 (3-class), reinforcing the conclusion that a third class introduces substantial classification uncertainty regardless of how smoking is coded.
5. Conclusion
The 2-class model derived from Configuration 4 is the most statistically defensible and substantively meaningful representation of latent preventive behavior patterns in this study. All subsequent multilevel regression analyses were conducted using the class membership assignments from this model.


Material S2: Trend of Preventive Behaviors among the Elderly in 2013-2023
Supplementary Table S3 displays the descriptive trends in preventive health behaviors among older adults in Hainan Province across the 2013 (N=772), 2018 (N=764), and 2023 (N=4,112) waves of the National Health Survey.
The prevalence of current smoking increased from 15.67% in 2013 to 21.81% in 2023, accompanied by a decline in never smokers (81.87% to 73.25%) and a modest increase in former smokers (2.46% to 4.94%). The proportion of drinkers rose from 5.70% in 2013 to 26.46% in 2023, with the largest increase occurring between 2018 and 2023. The percentage of older adults engaging in any intentional physical activity increased steadily from 28.50% in 2013 to 44.24% in 2023. The distribution of BMI categories fluctuated modestly over the decade. The proportion of normal-weight individuals declined from 63.34% in 2013 to 54.06% in 2018, then rebounded to 60.21% in 2023. Overweight/obesity prevalence increased from 14.51% in 2013 to 25.26% in 2018, before declining slightly to 23.20% in 2023. Underweight prevalence remained relatively stable (15.67% to 20.68% to 16.59%). The proportion of older adults brushing teeth at least twice daily remained essentially unchanged across the three survey waves, at 35.10% in 2013, 35.47% in 2018, and 35.14% in 2023. Participation in physical examinations increased consistently from 42.88% in 2013 to 53.14% in 2018 and 58.58% in 2023.
Table S3 Trends in Preventive Health Behaviors Among Older Adults in Hainan, China, 2013–2023
	Preventive Behaviors
	2013
	2018
	2023

	
	n
	%
	n
	%
	n
	%

	Total
	
	772
	100
	764
	100
	4,112
	100

	Smoking
	Never smoking
	632
	81.87
	601
	78.66
	3,012 
	73.25 

	
	Quit smoking
	19
	2.46
	25
	3.27
	203 
	4.94 

	
	Current smoking
	121
	15.67
	138
	18.06
	897
	21.81 

	Drinking
	Non-drinker
	728
	94.3
	683
	89.40
	3,024
	73.54 

	
	Drinker
	44
	5.7
	81
	10.60
	1,088
	26.46 

	BMI
	Normal
	489
	63.34
	413
	54.06
	2476
	60.21 

	
	Underweight
	121
	15.67
	158
	20.68
	682
	16.59 

	
	Overweight
	112
	14.51
	193
	25.26
	954
	23.20 

	Exercise
	Any activity
	220
	28.50
	327
	42.80
	1,819
	44.24 

	
	Inactive
	552
	71.50
	437
	57.20
	2,293
	55.76 

	Oral hygiene
	Good (≥2/day)
	271
	35.10
	271
	35.47
	1,445
	35.14 

	
	Poor (<2/day)
	501
	64.90
	493
	64.53
	2,667
	64.86 

	Physical examination
	Yes
	331
	42.88
	406
	53.14
	2,409
	58.58 

	　
	No
	441
	57.12
	358
	46.86
	1,703
	41.42 





Material S3: Sensitivity Analysis of LCA
1. Sensitivity Analysis 1: Latent Class Enumeration Excluding Smoking
To evaluate whether the two-class structure identified in Configuration 4 was disproportionately driven by smoking, a sensitivity analysis was conducted in which smoking was removed from the set of LCA indicators. The remaining five indicators—alcohol consumption, BMI, physical activity, oral hygiene, and physical examination—were used to estimate latent class models with one through five classes. Model fit was evaluated using the same criteria as in the main analysis. The complete fit statistics are presented in Table S4.
When smoking was excluded, the two-class model remained statistically significant (LMRT and BLRT both p < 0.001), indicating that meaningful heterogeneity in preventive behaviors persists even in the absence of smoking. However, classification quality deteriorated markedly, with Entropy falling to 0.410 (compared with 0.916 in Table S2 Configuration 4 as the main result). The three-class model was not supported (LMRT p = 0.287; BLRT p = 0.292). These findings demonstrate that while smoking is the most discriminating indicator in the LCA—substantially enhancing classification precision—it is not the sole driver of the two-class structure. The residual behavioral heterogeneity across alcohol consumption, BMI, physical activity, oral hygiene, and physical examination is sufficient to support a two-class distinction, albeit with greater classification uncertainty.
Table S4. Model Fit Statistics for Latent Class Analysis Excluding Smoking and Excluding Both Smoking and Drinking
	Configuration
	Classes
	AIC
	BIC
	ABIC
	LMRT 
	BLRT 
	Entropy

	Excluding Smoking (5 Indicators)
	1
	29070.097
	29108.027
	29088.962
	
	
	

	
	2
	28769.492
	28851.674
	28810.365
	0.000
	0.000
	0.410

	
	3
	28762.139
	28888.572
	28825.021
	0.287
	0.292
	0.404

	
	4
	28767.461
	28928.145
	28842.351
	0.058
	0.060
	0.512

	
	5
	28769.279
	28979.216
	28871.179
	0.217
	0.223
	0.537

	Excluding Both Smoking and Drinking (4 Indicators)
	1
	24316.230
	24347.838
	24331.951
	
	
	

	
	2
	24030.136
	24099.674
	24064.721
	0.000
	0.000
	0.407

	
	3
	24024.664
	24132.133
	24078.114
	0.810
	0.812
	0.403

	
	4
	24034.190
	24179.588
	24106.504
	0.759
	0.763
	0.532

	
	5
	24045.692
	24229.02
	24136.87
	0.425
	0.426
	0.376


Note: AIC = Akaike Information Criterion; BIC = Bayesian Information Criterion; ABIC = Sample-Size Adjusted BIC; LMRT = Lo-Mendell-Rubin Likelihood Ratio Test; BLRT = Parametric Bootstrapped Likelihood Ratio Test.

2. Sensitivity Analysis 2: Smoking as a Covariate in the Five-Indicator LCA
To address the question of whether smokers are less likely to adopt broader preventive lifestyles, a further sensitivity analysis was conducted in which smoking was treated as a covariate rather than as a class-defining indicator. The two-class solution derived from the five-indicator LCA excluding smoking (see Table S4) was used as the dependent variable. A two-level multilevel generalized linear model with random intercepts at the household level was then estimated, with smoking status (never smoking, quit smoking, current smoking) included as the primary independent variable alongside all other sociodemographic, economic, and resource-related covariates. The complete results are presented in Table S5.

Table S5. Multilevel Generalized Linear Model Results with Smoking as a Covariate: Factors Associated with More Favorable Preventive Behavior Group Membership
	Factors
	OR
	P
	95% CI

	Sociodemographic factors
	
	

	Age
	1.04 
	<0.001  
	1.02 
	1.06 

	Smoking ref. Never smoking
	
	

	Quit smoking
	1.10 
	0.74 
	0.64 
	1.89 

	Current smoking
	0.23 
	<0.001  
	0.09 
	0.51 

	Sex ref. Male
	
	
	

	  Female
	1.27 
	0.09 
	0.97 
	1.67 

	Ethnic Group ref. Han
	
	
	

	  Minority Li
	2.86 
	<0.001 
	2.06 
	3.97 

	  Other Minorities
	4.68 
	<0.001 
	1.79 
	12.22 

	Marriage Status ref. Not married
	
	
	

	  Married
	0.86 
	0.40 
	0.61 
	1.21 

	Education Level ref. Illiterate
	
	

	  Primary and secondary school
	0.55 
	0.37 
	0.38 
	1.81 

	  High school
	0.42 
	0.62 
	0.26 
	1.67 

	  College and above
	0.21 
	0.46 
	0.09 
	1.51 

	Economic-related factors
	
	
	

	Expenditure level ref. <25%†
	
	

	 25%-50%
	0.86 
	0.37 
	0.61 
	1.20 

	50%-75%
	0.87 
	0.39 
	0.39 
	1.84 

	 >75%
	0.88 
	0.12 
	0.38 
	1.88 

	Employment status ref. Employed 
	
	

	  Retired
	0.47 
	0.30 
	0.29 
	1.78 

	  Unemployed
	0.71 
	0.21 
	0.51 
	1.98 

	Social Medical Insurance Type ref. UEBMI
	
	
	

	  URBMI
	2.80 
	<0.001  
	1.68 
	4.68 

	  Others
	1.79 
	0.25 
	0.67 
	4.83 

	  No insurance
	7.69 
	<0.001  
	3.28 
	18.05 

	Supplementary commercial insurance participation ref. No

	Yes
	1.18 
	0.73 
	0.47 
	2.93 

	Resource-related factors
	
	
	

	Social support
	1.03 
	0.34 
	0.97 
	1.10 

	Healthcare spatial accessibility
	1.49 
	<0.001 
	1.32 
	1.69 

	Region ref. East
	
	
	
	

	  Central
	2.31 
	0.09 
	0.88 
	6.47 

	  West
	2.22 
	0.29 
	0.57 
	3.15 

	_cons
	0.03 
	<0.001 
	0.01 
	0.23 


Notes: CI = Confidence Interval. UEBMI = Urban Employee Basic Medical Insurance; URBMI = Urban and Rural Resident Basic Medical Insurance. The reference categories for categorical variables are indicated in the table.

The results confirm that current smokers were significantly less likely to belong to the more favorable preventive behavior group (OR = 0.23, 95% CI: 0.09–0.51, p < 0.001), providing direct evidence that smokers tend not to adopt broader preventive lifestyles. However, it is important to note that the five-indicator LCA used to generate the dependent variable for this analysis exhibited low classification quality (Entropy = 0.410, see Table S4). This substantial classification uncertainty can produce unstable covariate estimates, likely accounting for several anomalous findings in this sensitivity model—most notably the inflated and reversed odds ratios for insurance type, healthcare accessibility, and ethnicity relative to the main six-indicator model (Entropy = 0.916, see Table 4 in the main text). These discrepancies underscore the critical role of smoking as a class-defining indicator and support the retention of the full six-indicator LCA as the primary analytic framework. The qualitative conclusion that current smoking is strongly associated with a less favorable profile across multiple preventive behaviors remains robust and consistent across all sensitivity specifications.

3. Sensitivity Analysis 3: Latent Class Enumeration Excluding Both Smoking and Drinking
A further sensitivity analysis was performed excluding both smoking and alcohol consumption, retaining four indicators: BMI, physical activity, oral hygiene, and physical examination. The results are also shown in Table S4.
With both smoking and drinking removed, the two-class solution again remained statistically significant (LMRT and BLRT both p < 0.001), but Entropy remained low at 0.407. No solution with three or more classes received statistical support (all LMRT and BLRT p > 0.05). This confirms that the latent class structure is not exclusively driven by substance use behaviors, although smoking and drinking together account for the majority of the classification precision observed in the full six-indicator model.

4. Summary of Sensitivity Analyses of LCA
Taken together, the sensitivity analyses demonstrate that:
(1) The two-class latent structure is robust: it persists even when smoking is excluded and when both smoking and drinking are excluded, as evidenced by consistently significant LMRT and BLRT values.
(2) Smoking and to a lesser extent drinking, are the most discriminating indicators in the LCA. Their inclusion substantially improves classification quality (Entropy = 0.916 in Configuration 4 vs. ~0.41 when excluded), because between-class differences in BMI, exercise, oral hygiene, and physical examination are modest in magnitude.
(3) These sensitivity analyses support the continued use of Configuration 4 (all six indicators) as the primary model, with the recognition that the resulting classes are differentiated primarily, but not exclusively, by substance use behaviors. The full six-indicator model reveals that individuals who smoke are also less likely to maintain normal weight and attend physical examinations, though they do not necessarily differ in exercise or oral hygiene. This nuanced pattern of behavioral clustering would be obscured in a simple smoking-stratified analysis.
(4) The reviewer's core question—whether smokers are less likely to adopt broader preventive lifestyles—is precisely the substantive insight that the LCA framework was designed to address. When smoking was treated as a covariate rather than a class-defining indicator (Table S5), current smokers were substantially less likely to belong to the more favorable preventive behavior group (OR = 0.23, p < 0.001), directly confirming that smokers are less inclined to adopt broader preventive lifestyles. However, covariate estimates from this model showed inflated and unstable coefficients due to the low Entropy (0.410) of the underlying five-indicator LCA, reinforcing the importance of retaining smoking as a class-defining indicator in the primary analysis.


Material S4: Sensitivity Analysis of Sex effect
1. Sensitivity Analysis using Firth's Penalized Logistic Regression
As noted in the main text, the Less Favorable PB group comprised 98.35% males, resulting in a near-perfect association between sex and latent class membership. This quasi-complete separation can produce inflated odds ratio estimates and wide confidence intervals in standard maximum likelihood logistic regression. To address this issue, we re-estimated the multilevel model using Firth's penalized likelihood method, which applies a penalty to the likelihood function to reduce small-sample bias and produce finite, more stable coefficient estimates in the presence of separation. For comparison, the standard multilevel generalized linear model estimates (from Table 4 in the main text) are presented alongside the penalized estimates.

Table S6. Comparison of Standard Multilevel GLM and Firth Penalized Logistic Regression Estimates
	Factors
	OR
	P
	95% CI

	Sociodemographic factors
	
	

	Age
	1.06 
	<0.001  
	1.05 
	1.08 

	Sex ref. Male
	
	
	

	  Female
	11.67 
	<0.001 
	1.62 
	84.43 

	Ethnic Group ref. Han
	
	
	

	  Minority Li
	1.08 
	0.47 
	0.87 
	1.34 

	  Other Minorities
	1.24 
	0.43 
	0.72 
	2.14 

	Marriage Status ref. Not married
	
	
	

	  Married
	1.54 
	<0.001 
	1.18 
	2.01 

	Education Level ref. Illiterate
	
	

	  Primary and secondary school
	0.98 
	0.93 
	0.66 
	1.45 

	  High school
	1.07 
	0.75 
	0.70 
	1.64 

	  College and above
	2.69 
	<0.001 
	1.36 
	5.32 

	Economic-related factors
	
	
	

	Expenditure level ref. <25%†
	
	

	 25%-50%
	1.03 
	0.77 
	0.82 
	1.30 

	50%-75%
	0.88 
	0.33 
	0.68 
	1.14 

	 >75%
	1.20 
	0.23 
	0.89 
	1.62 

	Employment status ref. Employed 
	
	

	  Retired
	1.12 
	0.49 
	0.81 
	1.56 

	  Unemployed
	1.17 
	0.16 
	0.94 
	1.45 

	Social Medical Insurance Type ref. UEBMI
	
	
	

	  URBMI
	0.85 
	0.37 
	0.60 
	1.21 

	  Others
	0.64 
	0.23 
	0.31 
	1.33 

	  No insurance
	0.83 
	0.47 
	0.49 
	1.39 

	Supplementary commercial insurance participation ref. No

	Yes
	0.83 
	0.62 
	0.39 
	1.74 

	Resource-related factors
	
	
	

	Social support
	1.02 
	0.39 
	0.98 
	1.07 

	Healthcare spatial accessibility
	0.97 
	0.50 
	0.90 
	1.05 

	Region ref. East
	
	
	
	

	  Central
	0.89 
	0.34 
	0.70 
	1.13 

	  West
	1.07 
	0.54 
	0.85 
	1.35 

	_cons
	0.01 
	<0.001 
	0.00 
	0.05 


[bookmark: _Hlk233641951]Notes: CI = Confidence Interval. UEBMI = Urban Employee Basic Medical Insurance; URBMI = Urban and Rural Resident Basic Medical Insurance. The reference categories for categorical variables are indicated in the table.

The Firth penalized regression results confirm the robustness of the primary findings. The odds ratio for female sex was attenuated from 17.62 in the standard model to 11.67 in the penalized model—a reduction of approximately 34%—consistent with the expected correction of separation-induced inflation. Importantly, the association between female sex and membership in the More Favorable PB group remained highly significant (p < 0.001), and the lower bound of the 95% confidence interval increased from 1.46 to 1.62, indicating greater stability in the effect estimate.
Critically, the estimates for all other covariates were virtually unchanged between the two models. For the five significant predictors in the primary analysis, the maximum absolute difference in odds ratios was 0.06 (College and above: 2.75 vs. 2.69; Age: 1.07 vs. 1.06). No variable changed in statistical significance. This near-perfect correspondence demonstrates that the quasi-complete separation between sex and class membership did not bias the broader model estimates and that the primary findings are robust to the choice of estimation method.
In summary, the Firth penalized regression confirms that the strong association between female sex and More Favorable PB group membership is genuine and not an artifact of separation, while providing more conservative and reliable odds ratio estimates for this predictor.

2. Sensitivity Analysis Excluding Sex
To evaluate the extent to which the near-perfect association between sex and class membership influenced other covariate estimates, the multilevel model was re-estimated with sex excluded from the set of predictors. All other covariates were retained as in the primary analysis. A two-level multilevel generalized linear model with random intercepts at the household level was specified, identical to the primary analysis except for the removal of sex. The complete estimates are presented in Table S7 alongside the primary model results for comparison.

Table S7. Sensitivity Analysis: Multilevel GLM Results Excluding Sex Compared with Primary Model
	Factors
	OR
	P
	95% CI

	Sociodemographic factors
	
	

	Age
	1.04 
	<0.001 
	1.03 
	1.05 

	Ethnic Group ref. Han
	
	
	

	  Minority Li
	1.05 
	0.58 
	0.89 
	1.24 

	  Other Minorities
	0.94 
	0.78 
	0.62 
	1.43 

	Marriage Status ref. Not married
	
	
	

	  Married
	0.90 
	0.33 
	0.73 
	1.11 

	Education Level ref. Illiterate
	
	

	  Primary and secondary school
	0.98 
	0.92 
	0.65 
	1.47 

	  High school
	1.07 
	0.77 
	0.69 
	1.66 

	  College and above
	2.75 
	0.01 
	1.36 
	5.56 

	Economic-related factors
	
	
	

	Expenditure level ref. <25%†
	
	

	 25%-50%
	1.19 
	0.06 
	0.99 
	1.42 

	50%-75%
	1.05 
	0.64 
	0.86 
	1.28 

	 >75%
	1.47 
	<0.001 
	1.16 
	1.87 

	Employment status ref. Employed 
	
	

	  Retired
	1.37 
	0.04 
	1.02 
	1.84 

	  Unemployed
	1.25 
	0.01 
	1.05 
	1.49 

	Social Medical Insurance Type ref. UEBMI
	
	
	

	  URBMI
	0.87 
	0.40 
	0.64 
	1.20 

	  Others
	0.85 
	0.57 
	0.49 
	1.49 

	  No insurance
	0.78 
	0.29 
	0.49 
	1.24 

	Supplementary commercial insurance participation ref. No

	Yes
	0.87 
	0.66 
	0.47 
	1.62 

	Resource-related factors
	
	
	

	Social support
	1.01 
	0.64 
	0.97 
	1.05 

	Healthcare spatial accessibility
	0.97 
	0.28 
	0.91 
	1.03 

	Region ref. East
	
	
	
	

	  Central
	0.84 
	0.08 
	0.70 
	1.02 

	  West
	0.85 
	0.09 
	0.70 
	1.02 

	_cons
	0.79 
	0.68 
	0.25 
	2.46 


Notes: CI = Confidence Interval. UEBMI = Urban Employee Basic Medical Insurance; URBMI = Urban and Rural Resident Basic Medical Insurance. The reference categories for categorical variables are indicated in the table.

The exclusion of sex from the model confirmed the overall robustness of the primary findings. The estimates for the core sociodemographic predictors—age, college education, healthcare spatial accessibility, and region—remained virtually unchanged, demonstrating that these associations are independent of sex and robust to model specification. Notably, the odds ratio for college education and above was identical between the two models (OR = 2.75, p = 0.01), further supporting the stability of this association.
Two changes were observed. Marital status was attenuated and no longer significant (OR: 1.54 → 0.90, p: <0.001 → 0.33), indicating that the protective effect of marriage in the primary model was largely attributable to confounding by sex, as married older adults are disproportionately female. Several economic variables became significant when sex was excluded, suggesting that financial resources may independently facilitate preventive behavior adoption, although their effects are partially masked by the strong sex-class association in the fully adjusted model.
In summary, the exclusion of sex does not alter the substantive conclusions of the primary analysis. The core findings remain stable, and the observed differences are limited to variables whose associations are confounded by sex—a predictable consequence of the profound gender disparity in smoking and drinking behaviors among older Chinese adults.

3. Summary of Sensitivity Analyses of Sex effect
Taken together, the two sensitivity analyses confirm the robustness of the primary findings with respect to the sex-class association.
First, the Firth penalized logistic regression demonstrated that the strong association between female sex and More Favorable PB group membership is genuine and not an artifact of quasi-complete separation. The odds ratio for female sex was moderately attenuated from 17.62 to 11.67 following penalization, but remained highly significant (p < 0.001). Critically, the estimates for all other covariates were virtually unchanged between the standard and penalized models, with the maximum absolute difference in odds ratios being 0.06. No variable changed in statistical significance, confirming that the separation issue did not bias the broader model estimates.
Second, the model excluding sex revealed that the core findings—particularly the associations with age, college education, and region—were entirely robust to the removal of sex. The observed changes were limited to marital status, whose effect was attenuated and no longer significant after excluding sex, and to several economic variables that became significant, suggesting that their effects are partially confounded by the strong sex-class association.
In summary, the sex effect, while pronounced, does not undermine the validity of the primary analysis. The dominance of sex in predicting class membership reflects the well-documented gender disparity in smoking and drinking behaviors among older Chinese adults, and the stability of all other covariate estimates across sensitivity specifications supports the reliability of the reported findings.
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