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Part 1 Technical Appendix
This part describes the process of using World Population Prospects 2022 data to adjust the death probabilities and the transition probability matrices.

This study assumes that the process of health state transition follows the first order Markov chain, which is widely used in health expectancy studies (Cai et al.，2010). The transition probability matrices can be expressed as in Supplemental Figure 1. The three probabilities in the same row (e.g., , , ) represent the probabilities that individuals with the same health status at age a will be in three health states at age a+1. The sum of these probabilities is equal to be 100%.
	
	
	Health states at age a+1

	Health states
at age a
	
	Non-disabled (1)
	Disabled (2)
	Deceased (3)

	
	Non-disabled (1)
	
	
	

	
	Disabled (2)
	
	
	



Supplemental Figure 1. The transition probability matrices
Considering the issue of under-reported mortality in longitudinal surveys, we adjusted the annual transition probability among health states using Chinese death probability data from World Population Prospects 2022. The Prospects does not provide death probabilities stratified by education level. Furthermore, existing literature lacks data on the probability of under-reporting deaths by education among older adults in China. Without such information, we were unable to adjust death probabilities based on education level. Therefore, we made two assumptions when performing the adjustments: (1) The probability of under-reporting deaths varies by age and sex, not by education and other factors; (2) Among the probabilities whose health outcomes are non-disabled or disabled (e.g., and ,  and ), the relative composition of transition probability does not change. The adjustment process can be expressed in the following equations:
                                      （1）
                                     （2）
                          （3）
For each specific age-gender-education group, the baseline state of surviving individuals is denoted as , which can be either non-disabled (1) or disabled (2). The state after one year is denoted as , which can be non-disabled (1), disabled (2), or deceased (3).  represents the death probability for this age-gender-specific group obtained from the World Population Prospects 2022,  represents the death probability obtained from CHARLS data, and  is the adjustment coefficient for the death probability.  denotes the transition probability from baseline state  to deceased in the following year, while  represents the adjusted death probability.  denotes the probability of transiting from baseline state  to state  (where ≠3) after one year, and  represents its adjusted transition probability.

Using equations (1) to (3), this study reduces the impact of under-reporting deaths on the results. For instance, after adjusting for death probabilities, total life expectancy at age 60 for females changed from 28.88 to 23.56 years for females, closely aligning with the figure provided by the World Population Prospects 2022 (23.58 years for females). Similarly, disability-free life expectancy at age 60 for females decreased from 24.70 to 20.77 years. Moreover, we did not alter the partition of person years between non-disabled and disabled states, nor their distribution by education level.  

References:
Cai L, Hayward MD, Saito Y, Lubitz J, Hagedorn A, Crimmins E. Estimation of multi-state life table functions and their variability from complex survey data using the SPACE Program. Demogr Res 2010; 22(6): 129.
Supplemental Table 1. Definitions of variables
	Variables
	Definition

	1. Health states 
	1=non-disabled; 2=disabled; 3=deceased

	2. Gender 
	1=male; 2=female

	3. Educational attainment
	[bookmark: _Hlk148817385]1=low (i.e., primary school and below); 2=high (i.e., junior high school and above)

	4. Demographic variables
	

	Age group
	Five-year age group. 1=60–64 years; 2=65–69 years; 3=70–74 years; 4=75+ years

	Marital status
	1=unmarried; 2=married

	Residence
	1=urban; 2=rural

	5. Socioeconomic variables
	

	Job
	Current or pre-retirement job. 1=farmer; 2=worker; 3=cadre; 4=others

	PCHE
	We calculated the PCHE through dividing the total household yearly consumption by the square root of household size and used a hot deck method to impute missing values in this measure. The PCHE was then divided into three categories using tertiles. 1=low; 2=medium; 3=high

	Health insurance
	1=Government medical insurance or Urban employee medical insurance; 2=others

	House ownership
	Ownership of current residence. 0=no；1=yes

	6. Health behavior variables
	

	Drinking
	Long-term drinking habit. 1=Never had a drink or rarely drink; 2=Used to drink less than once a month; 3=Used to drink more than once a month

	Smoking
	Number of cigarettes consumed each day currently or before quitting
1=never smoke; 2=less than 20; 3=at least 20.

	Normal weight
	Normal weight is assessed using BMI. Those with BMI between 18.5 and 24 are regarded as having normal weight. 1=no; 2=yes; 3=missing.

	Normal sleep
	Normal sleep is assessed with the duration of sleep. Those with sleep duration between 6 and 8 hours are regarded as having normal sleep. 1=no; 2=yes; 3=missing.

	Social activity score
	The respondents were asked to report their frequencies in doing a list of elven social activities in last month. The frequencies of “almost daily”, “almost every week”, “not regularly”, and “never” were given a score of 3, 2, 1, and 0, respectively. Social activity score is an aggregate score for all listed social activities and ranges from 0 to 33. We divided the score into four categories: 1=0; 2=1–8; 3=9 and above; 4=missing


Note: PCHE, Per capita household expenditure. The social activities include: interacted with friends; played ma-jong, played chess, played cards, or went to community club; provided help to family, friends, or neighbors who do not live with you; went to a sport, social, or other kind of club; took part in a community-related organization; done voluntary or charity work; cared for a sick or disabled adult who does not live with you; attended an educational or training course; stock investment; used the internet; and other.


Supplemental Table 2. The bivariate analysis for physical health (n=8,751)
	
	Status in 2018 (%)
	

	
	Non-disabled
	Disabled
	Deceased
	p value

	Status in 2015 
	
	
	
	0.0000

	Non-disabled
	86.31%
	7.21%
	6.48%
	

	Disabled
	38.89%
	38.37%
	22.74%
	

	Gender
	
	
	
	0.0063

	Male
	81.57%
	9.18%
	9.25%
	

	Female
	81.42%
	11.49%
	7.09%
	

	Age group
	
	
	
	0.0000

	60–64 years
	91.26%
	5.94%
	2.80%
	

	65–69 years
	86.57%
	8.56%
	4.87%
	

	70–74 years
	81.39%
	10.18%
	8.43%
	

	75 years and above 
	59.39%
	20.01%
	20.59%
	

	Education
	
	
	
	0.0000

	Primary school and below
	79.18%
	11.52%
	9.31%
	

	High school and above
	88.73%
	6.81%
	4.46%
	

	Marital status
	
	
	
	0.0000

	Unmarried
	69.32%
	14.72%
	15.96%
	

	Married
	85.00%
	9.12%
	5.87%
	

	Residence
	
	
	
	0.0574

	Urban
	84.12%
	8.89%
	6.99%
	

	Rural
	80.15%
	11.13%
	8.72%
	

	Job
	
	
	
	0.0002

	Farmer
	78.87%
	11.79%
	9.35%
	

	Worker
	87.98%
	6.86%
	5.16%
	

	Cadre
	87.62%
	6.70%
	5.69%
	

	Others
	78.77%
	12.08%
	9.15%
	

	Health insurance
	
	
	
	0.0000

	GMI or UEBMI
	87.04%
	7.09%
	5.86%
	

	Other health insurances
	80.73%
	11.02%
	8.25%
	

	No insurances
	74.75%
	12.75%
	12.50%
	

	PCHE
	
	
	
	0.0000

	Low
	77.64%
	12.39%
	10.98%
	

	Medium
	83.25%
	9.71%
	7.04%
	

	High
	84.19%
	9.20%
	6.61%
	

	House ownership
	
	
	
	0.3658

	No
	79.10%
	11.44%
	9.46%
	

	Yes
	81.98%
	10.16%
	7.87%
	

	Health behavior variables
	
	
	
	

	Drinking
	
	
	
	0.6263

	Never or rarely drink
	81.16%
	10.89%
	7.95%
	

	Less than once a month
	81.77%
	10.11%
	8.12%
	

	More than once a month
	82.06%
	9.45%
	8.50%
	

	Smoking
	
	
	
	0.0001

	Never smoke
	81.98%
	11.02%
	7.00%
	

	Less than 20 cigarettes per day
	77.91%
	10.48%
	11.62%
	

	At least 20 cigarettes per day
	83.61%
	8.52%
	7.88%
	

	Normal weight
	
	
	
	0.0000

	No
	83.23%
	10.37%
	6.40%
	

	Yes
	84.73%
	8.71%
	6.56%
	

	Missing
	70.50%
	14.13%
	15.37%
	

	Normal sleep
	
	
	
	0.0000

	No
	81.64%
	10.94%
	7.42%
	

	Yes
	86.97%
	7.78%
	5.25%
	

	Missing
	47.22%
	23.40%
	29.38%
	

	Social activity score
	
	
	
	0.0000

	0
	80.12%
	11.95%
	7.92%
	

	1–8
	87.78%
	7.36%
	4.86%
	

	9–16
	93.61%
	3.50%
	2.89%
	

	Missing
	43.10%
	22.50%
	34.40%
	


Data are %. Bivariate analysis is based on the longitudinal data obtained from the China Health and Retirement Longitudinal Study (CHARLS) in 2015 and 2018. Values are sampling weighted. GMI=Government medical insurance, UEBMI=Urban employee medical insurance. PCHE=per capita household expenditure. Chi-square tests are used to examine the significance level of the bivariate associations.

Supplemental Table 3. Adjusted relative-risk ratios (RRRs) for physical health status in 2018 (n=8,751)
	  
	Model 1
	
	Model 2
	
	Model 3
	
	Model 4

	
	Disabled
RRR (95% CI)
	Deceased
RRR (95% CI)
	
	Disabled
RRR (95% CI)
	Deceased
RRR (95% CI)
	
	Disabled
RRR (95% CI)
	Deceased
RRR (95% CI)
	
	Disabled
RRR (95% CI)
	Deceased
RRR (95% CI)

	Baseline status
	
	
	
	
	
	
	
	
	
	
	

	Non-disabled
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)

	Disabled
	9.78 (7.93–12.05)
	5.97 (4.48–7.95)
	
	9.63 (7.81–11.86)
	5.81 (4.36–7.74)
	
	9.61 (7.80–11.83)
	5.79 (4.35–7.71)
	
	8.37(6.74–10.39)
	4.16 (3.15–5.49)

	Age groups
	
	
	
	
	
	
	
	
	
	
	

	60–64 years
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)

	65–69 years
	1.39 (1.07–1.81)
	1.72 (1.25–2.35)
	
	1.36 (1.03–1.78)
	1.64 (1.20–2.24)
	
	1.36 (1.04–1.79)
	1.64 (1.20–2.25)
	
	1.34 (1.03–1.74)
	1.57 (1.12–2.18)

	70–74 years
	1.69 (1.31–2.17)
	3.10 (2.26–4.26)
	
	1.67 (1.29–2.14)
	3.03 (2.21–4.15)
	
	1.67 (1.30–2.15)
	3.03 (2.21–4.16)
	
	1.64 (1.26–2.13)
	2.74 (1.97–3.82)

	75 years and above 
	3.92 (3.11–4.93)
	9.57(6.84–13.40)
	
	3.76 (2.98–4.74)
	8.85 (6.34–12.36)
	
	3.72 (2.95–4.69)
	8.77(6.29–12.23)
	
	3.38 (2.64–4.33)
	5.70 (4.11–7.91)

	Gender
	
	
	
	
	
	
	
	
	
	
	

	Male
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)

	Female
	1.10 (0.91–1.31)
	0.67 (0.52–0.88)
	
	1.04 (0.87–1.24)
	0.61 (0.47–0.80)
	
	1.13 (0.93–1.38)
	0.65 (0.49–0.86)
	
	1.06 (0.81–1.40)
	0.56 (0.42–0.76)

	Educational attainment
	
	
	
	
	
	
	
	
	
	
	

	Low
	
	
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)
	
	1 (ref)
	1 (ref)

	High
	
	
	
	0.73 (0.56–0.96)
	0.54 (0.41–0.72)
	
	0.88 (0.62–1.26)
	0.61 (0.44–0.85)
	
	1.13 (0.78–1.63)
	0.81 (0.57–1.15)

	Female # Low education
	
	
	
	
	
	
	0.58 (0.33–1.03)
	0.61 (0.29–1.26)
	
	0.62 (0.35–1.09)
	0.73 (0.35–1.54)

	Marital status
	
	
	
	
	
	
	
	
	
	
	

	Unmarried
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Married
	
	
	
	
	
	
	
	
	
	0.89 (0.72–1.10)
	0.54 (0.42–0.69)

	Residence
	
	
	
	
	
	
	
	
	
	
	

	Urban
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Rural
	
	
	
	
	
	
	
	
	
	0.98 (0.72–1.34)
	0.94 (0.66–1.33)

	Job
	
	
	
	
	
	
	
	
	
	
	

	Farmer
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Worker
	
	
	
	
	
	
	
	
	
	0.75 (0.51–1.10)
	0.61 (0.43–0.88)

	Cadre
	
	
	
	
	
	
	
	
	
	0.68 (0.38–1.24)
	0.65 (0.36–1.15)

	Others
	
	
	
	
	
	
	
	
	
	1.08 (0.74–1.57)
	0.96 (0.55–1.69)

	Health insurance
	
	
	
	
	
	
	
	
	
	
	

	GMI or UEBMI
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Other health insurances
	
	
	
	
	
	
	
	
	
	1.29 (0.81–2.04)
	1.13 (0.72–1.76)

	No insurances
	
	
	
	
	
	
	
	
	
	1.26 (0.74–2.14)
	1.49 (0.90–2.46)

	PCHE
	
	
	
	
	
	
	
	
	
	
	

	Low
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Medium
	
	
	
	
	
	
	
	
	
	0.96 (0.78–1.19)
	0.85 (0.64–1.13)

	High
	
	
	
	
	
	
	
	
	
	1.01 (0.81–1.27)
	0.90 (0.65–1.24)

	House ownership
	
	
	
	
	
	
	
	
	
	
	

	No
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Yes
	
	
	
	
	
	
	
	
	
	1.03 (0.82–1.30)
	1.00 (0.67–1.49)

	Drinking
	
	
	
	
	
	
	
	
	
	
	

	Never or rarely drink
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Less than once a month
	
	
	
	
	
	
	
	
	
	0.97 (0.72–1.32)
	0.91 (0.64–1.30)

	More than once a month
	
	
	
	
	
	
	
	
	
	1.08 (0.86–1.37)
	1.02 (0.79–1.32)

	Smoking
	
	
	
	
	
	
	
	
	
	
	

	Never smoke
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	< 20 cigarettes per day
	
	
	
	
	
	
	
	
	
	1.05 (0.81–1.38)
	1.38 (1.02–1.87)

	≥20 cigarettes per day
	
	
	
	
	
	
	
	
	
	1.09 (0.79–1.49)
	1.41 (1.03–1.94)

	Normal weight
	
	
	
	
	
	
	
	
	
	
	

	No
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Yes
	
	
	
	
	
	
	
	
	
	0.78 (0.64–0.95)
	0.79 (0.63–1.00)

	Missing
	
	
	
	
	
	
	
	
	
	1.13 (0.86–1.49)
	1.61 (1.11–2.33)

	Normal sleep
	
	
	
	
	
	
	
	
	
	
	

	No
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	Yes
	
	
	
	
	
	
	
	
	
	0.87 (0.72–1.06)
	0.89 (0.70–1.14)

	Missing
	
	
	
	
	
	
	
	
	
	2.02 (1.28–3.16)
	1.19 (0.60–2.36)

	Social activity score
	
	
	
	
	
	
	
	
	
	
	

	0
	
	
	
	
	
	
	
	
	
	1 (ref)
	1 (ref)

	1–8
	
	
	
	
	
	
	
	
	
	0.70 (0.58–0.86)
	0.70 (0.55–0.91)

	9–16
	
	
	
	
	
	
	
	
	
	0.56 (0.20–1.57)
	0.75 (0.20–2.80)

	Missing
	
	
	
	
	
	
	
	
	
	0.77 (0.45–1.30)
	2.90 (1.49–5.64)

	Intercept
	0.05 (0.04–0.06)
	0.03 (0.02–0.04)
	
	0.05 (0.04–0.07)
	0.04 (0.03–0.05)
	
	0.05 (0.04–0.06)
	0.04 (0.03–0.05)
	
	0.06 (0.03–0.11)
	0.07 (0.03–0.18)

	Pseudo 
	0.145	
	0.145
	
	0.148
	0.148
	
	0.149	
	0.149
	
	0.184
	0.184


Estimates are from multinominal logistic regression models. The outcome reference category is “non-disabled”. The 95% CIs of the point estimates use standard errors adjusted for household clusters and sampling weights. If the confidence interval of the RRR does not cross 1, the p value is <0.05 and statistically significan


