Supplementary Material
Vision Change and Risk of Incident Depressive Symptoms in Middle-Aged and Older Adults: Evidence from Four International Longitudinal Cohorts

Abbreviations used in this supplementary material: activities of daily living (ADL); body mass index (BMI); Center for Epidemiologic Studies Depression Scale (CES-D); eight-item Center for Epidemiologic Studies Depression Scale (CES-D8); ten-item Center for Epidemiologic Studies Depression Scale (CES-D10); China Health and Retirement Longitudinal Study (CHARLS); confidence interval (CI); English Longitudinal Study of Ageing (ELSA); ELSA multiple-imputation estimate (ELSA-MI); European Depression Scale (EURO-D); Health and Retirement Study (HRS); instrumental activities of daily living (IADL); multiple imputation (MI); odds ratio (OR); risk ratio (RR); Survey of Health, Ageing and Retirement in Europe (SHARE).
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Supplementary Figure S1. Cohort-specific and pooled forest plot for incident self-rated vision impairment versus persistently normal vision across CHARLS, ELSA-MI, SHARE, and HRS.


[image: ]Supplementary Figure S2. Cohort-specific and pooled forest plot for persistent self-rated vision impairment versus persistently normal vision across CHARLS, ELSA-MI, SHARE, and HRS.


[image: ]Supplementary Figure S3. Fully adjusted absolute risk differences for incident depressive symptoms by self-rated vision change group across CHARLS, ELSA-MI, SHARE, and HRS.


[image: ]Supplementary Figure S4. Exploratory subgroup forest plot for age, sex, and chronic disease burden strata across CHARLS, ELSA-MI, SHARE, and HRS.


Supplementary Tables
Table S1. Measurement, item wording, and scoring logic across CHARLS, ELSA-MI, SHARE, and HRS.
	Section
	Dataset
	Exposure window
	Exposure items
	Impairment threshold
	Rule when primary vision items were missing
	Outcome window
	Outcome scale
	At-risk definition
	Incident definition
	Key notes

	Harmonization
	CHARLS
	W1-W2
	Self-rated distance and near vision items
	Either item score >=4 => impaired
	If at least one item was observed and both observed items were below the impairment threshold => normal; if both items were missing => missing
	W2-W3
	CES-D10
	W2 CES-D10 <10
	W3 CES-D10 >=10
	Complete-case primary Model 2; covariate-MI sensitivity excludes physical activity because physical activity has structural high missingness

	Harmonization
	ELSA-MI
	W4-W5
	Self-rated distance and reading vision items; overall self-rated vision used only as an alternative indicator
	Either distance or reading item score >=4 => impaired; alternative overall self-rated vision indicating fair or worse => impaired
	Use overall self-rated vision only when both primary items are missing
	W5-W6
	CES-D8
	W5 CES-D8 <4
	W6 CES-D8 >=4
	Covariates imputed with 20 imputations; rows without cluster information were not used for robust standard-error fitting

	Harmonization
	SHARE
	W4-W5
	Self-rated distance and near vision items
	Either item score >=4 => impaired
	If at least one item was observed and both observed items were below the impairment threshold => normal; if both items were missing => missing
	W5-W6
	EURO-D
	W5 EURO-D <4
	W6 EURO-D >=4
	Complete-case primary Model 2; covariate-MI sensitivity uses the same Model 2 covariates

	Harmonization
	HRS
	W10-W11
	Gateway HRS self-rated eyesight
	Fair, poor, or legally blind => impaired
	Single eyesight item; no separate far/near subtype harmonization
	W11-W12
	CES-D8
	W11 CES-D8 <4
	W12 CES-D8 >=4
	Physical activity omitted from Model 2; covariate-MI sensitivity uses the corresponding HRS Model 2 specification

	Derived variables
	All cohorts
	t0+t1
	Wave-specific impaired vs normal status
	Persistent normal, improved, new impairment, persistent impairment
	Primary analytical contrasts compare new impairment and persistent impairment with persistent normal; improved vision is retained in model fitting when present but is not a primary contrast.
	t1-t2
	Incident depressive symptoms
	Baseline below cohort threshold
	Follow-up at/above cohort threshold
	Four-cohort Model 2 estimates are pooled with random-effects meta-analysis





Table S2. Analytic sample progression, missingness, and classification rules for missing primary vision items across CHARLS, ELSA-MI, SHARE, and HRS.
	Cohort
	Variable
	Analytic sample, n
	Missing count
	Missing note / percent

	CHARLS
	Age
	7247
	0
	0.00%

	CHARLS
	Sex
	7247
	0
	0.00%

	CHARLS
	Education
	7247
	0
	0.00%

	CHARLS
	Marital status
	7247
	0
	0.00%

	CHARLS
	Smoking
	7247
	0
	0.00%

	CHARLS
	Alcohol consumption
	7247
	0
	0.00%

	CHARLS
	Body mass index
	7247
	0
	0.00%

	CHARLS
	Chronic disease burden
	7247
	0
	0.00%

	CHARLS
	Physical activity
	7247
	4548
	62.76%

	CHARLS
	ADL/IADL limitation score
	7247
	0
	0.00%

	CHARLS
	Socioeconomic status score
	7247
	0
	0.00%

	CHARLS
	Baseline depressive symptom score
	7247
	0
	0.00%

	CHARLS
	Vision change category
	7247
	0
	Main exposure classification available in analytic rows

	CHARLS
	Incident depressive symptoms
	7247
	0
	Outcome available in analytic rows

	ELSA-MI
	Age
	6783
	0
	0.00%

	ELSA-MI
	Sex
	6783
	0
	0.00%

	ELSA-MI
	Education
	6783
	536
	7.90%

	ELSA-MI
	Marital status
	6783
	1
	0.01%

	ELSA-MI
	Smoking
	6783
	0
	0.00%

	ELSA-MI
	Alcohol consumption
	6783
	398
	5.87%

	ELSA-MI
	Body mass index
	6783
	1107
	16.32%

	ELSA-MI
	Chronic disease burden
	6783
	0
	0.00%

	ELSA-MI
	Physical activity
	6783
	419
	6.18%

	ELSA-MI
	ADL/IADL limitation score
	6783
	0
	0.00%

	ELSA-MI
	Socioeconomic status score
	6783
	103
	1.52%

	ELSA-MI
	Baseline depressive symptom score
	6783
	0
	0.00%

	ELSA-MI
	Vision change category
	6783
	0
	Main exposure classification available in analytic rows

	ELSA-MI
	Incident depressive symptoms
	6783
	0
	Outcome available in analytic rows

	SHARE
	Age
	21010
	0
	0.00%

	SHARE
	Sex
	21010
	0
	0.00%

	SHARE
	Education
	21010
	0
	0.00%

	SHARE
	Marital status
	21010
	0
	0.00%

	SHARE
	Smoking
	21010
	0
	0.00%

	SHARE
	Alcohol consumption
	21010
	0
	0.00%

	SHARE
	Body mass index
	21010
	0
	0.00%

	SHARE
	Chronic disease burden
	21010
	0
	0.00%

	SHARE
	Physical activity
	21010
	0
	0.00%

	SHARE
	ADL/IADL limitation score
	21010
	0
	0.00%

	SHARE
	Socioeconomic status score
	21010
	0
	0.00%

	SHARE
	Baseline depressive symptom score
	21010
	0
	0.00%

	SHARE
	Vision change category
	21010
	0
	Main exposure classification available in analytic rows

	SHARE
	Incident depressive symptoms
	21010
	0
	Outcome available in analytic rows

	HRS
	Age
	12210
	0
	0.00%

	HRS
	Sex
	12210
	0
	0.00%

	HRS
	Education
	12210
	0
	0.00%

	HRS
	Marital status
	12210
	0
	0.00%

	HRS
	Smoking
	12210
	0
	0.00%

	HRS
	Alcohol consumption
	12210
	0
	0.00%

	HRS
	Body mass index
	12210
	0
	0.00%

	HRS
	Chronic disease burden
	12210
	0
	0.00%

	HRS
	Physical activity
	12210
	Not in final HRS Model 2
	Omitted because no variation in the complete-case analytic sample

	HRS
	ADL/IADL limitation score
	12210
	0
	0.00%

	HRS
	Socioeconomic status score
	12210
	0
	0.00%

	HRS
	Baseline depressive symptom score
	12210
	0
	0.00%

	HRS
	Vision change category
	12210
	0
	Main exposure classification available in analytic rows

	HRS
	Incident depressive symptoms
	12210
	0
	Outcome available in analytic rows





Table S3. Four-cohort covariate multiple-imputation sensitivity analysis for CHARLS, ELSA-MI, SHARE, and HRS.
	Cohort
	Exposure contrast
	Primary estimator
	Primary N
	Primary events
	Primary OR (95% CI)
	Primary P value
	MI sensitivity N
	MI sensitivity events
	MI sensitivity OR (95% CI)
	MI sensitivity P value
	Approx. fraction missing information
	Log OR difference, MI minus primary
	Direction consistent
	Notes

	CHARLS
	New impairment vs persistent normal
	complete-case Model 2
	7247
	1633
	1.56 (1.15-2.10)
	0.004
	7791
	1744
	1.52 (1.14-2.01)
	0.004
	0.0001
	-0.026
	Yes
	MI excludes physical activity, matching the CHARLS main Model 2 because physical activity has structural high missingness.

	CHARLS
	Persistent impairment vs persistent normal
	complete-case Model 2
	7247
	1633
	1.71 (1.32-2.21)
	<0.001
	7791
	1744
	1.72 (1.34-2.19)
	<0.001
	0.0001
	0.0039
	Yes
	MI excludes physical activity, matching the CHARLS main Model 2 because physical activity has structural high missingness.

	ELSA-MI
	New impairment vs persistent normal
	multiple-imputation Model 2
	6783
	474
	1.70 (1.25-2.31)
	<0.001
	6783
	474
	1.70 (1.25-2.31)
	<0.001
	0.0024
	0
	Yes
	ELSA uses the multiple-imputation Model 2 as the primary estimator because complete-case fitting would exclude a substantial share of the main sample.

	ELSA-MI
	Persistent impairment vs persistent normal
	multiple-imputation Model 2
	6783
	474
	1.37 (0.92-2.04)
	0.119
	6783
	474
	1.37 (0.92-2.04)
	0.119
	0.0044
	0
	Yes
	ELSA uses the multiple-imputation Model 2 as the primary estimator because complete-case fitting would exclude a substantial share of the main sample.

	SHARE
	New impairment vs persistent normal
	complete-case Model 2
	21010
	3428
	1.24 (1.11-1.39)
	<0.001
	21498
	3533
	1.26 (1.12-1.41)
	<0.001
	0
	0.0123
	Yes
	MI uses the same covariates as the SHARE complete-case Model 2.

	SHARE
	Persistent impairment vs persistent normal
	complete-case Model 2
	21010
	3428
	1.34 (1.19-1.51)
	<0.001
	21498
	3533
	1.34 (1.19-1.51)
	<0.001
	0
	0.0021
	Yes
	MI uses the same covariates as the SHARE complete-case Model 2.

	HRS
	New impairment vs persistent normal
	complete-case Model 2
	12210
	978
	1.56 (1.27-1.92)
	<0.001
	12489
	1001
	1.52 (1.24-1.87)
	<0.001
	0.0002
	-0.0274
	Yes
	MI excludes physical activity, matching the HRS Model 2 specification.

	HRS
	Persistent impairment vs persistent normal
	complete-case Model 2
	12210
	978
	1.74 (1.44-2.10)
	<0.001
	12489
	1001
	1.69 (1.40-2.03)
	<0.001
	0.0003
	-0.0282
	Yes
	MI excludes physical activity, matching the HRS Model 2 specification.

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Footnotes: MI sensitivity models used 20 imputations with exposure, outcome, model covariates, and auxiliary variables in the imputation model. ELSA-MI is the primary estimator and is repeated here for comparison; CHARLS and HRS MI sensitivity models follow their corresponding Model 2 specifications, which do not include physical activity; SHARE and ELSA include physical activity as in their corresponding Model 2 specifications; Primary N/events are the main analysis counts; MI sensitivity N/events show the fitted sample after imputed covariates and any robust-SE cluster-ID availability constraints.








Table S4. Analysis coverage and cohort-specific availability summary for supporting analyses across CHARLS, ELSA-MI, SHARE, and HRS.
	Item
	Content
	Cohorts included
	Use in the present study

	Table S1
	Measurement and scoring logic
	CHARLS, ELSA-MI, SHARE, HRS
	Provides harmonized definitions for exposure outcome and key analytic variables

	Table S2
	Analytic sample progression and missingness summary
	CHARLS, ELSA-MI, SHARE, HRS
	Summarizes sample inclusion missingness and classification rules for missing primary vision items

	Table S3
	Covariate multiple-imputation sensitivity analysis
	CHARLS, ELSA-MI, SHARE, HRS
	Supports robustness of the main cohort-specific Model 2 estimates

	Table S4
	Analysis coverage and cohort-specific availability summary
	CHARLS, ELSA-MI, SHARE, HRS
	Summarizes how supporting analyses were used and where cohort-specific availability limits apply

	Supplementary Figure S1
	Single-contrast forest plot for incident impairment
	CHARLS, ELSA-MI, SHARE, HRS
	Displays cohort-specific and pooled estimates for incident impairment

	Supplementary Figure S2
	Single-contrast forest plot for persistent impairment
	CHARLS, ELSA-MI, SHARE, HRS
	Displays cohort-specific and pooled estimates for persistent impairment

	Supplementary Figure S3
	Adjusted absolute risk difference figure
	CHARLS, ELSA-MI, SHARE, HRS
	Displays absolute risk differences corresponding to the main adjusted models

	Supplementary Figure S4
	Exploratory age sex and chronic disease burden subgroup forest plot
	CHARLS, ELSA-MI, SHARE, HRS
	Provides exploratory subgroup results and should be interpreted as supportive rather than primary pooled evidence

	Table S5
	Modified Poisson and E-value robustness analysis
	CHARLS, ELSA-MI, SHARE, HRS
	Provides an alternative effect scale and unmeasured-confounding sensitivity summary

	Table S6
	Follow-up interval and wave-structure summary
	CHARLS, ELSA-MI, SHARE, HRS
	Provides study-design context for exposure and outcome timing across cohorts





Table S5. Alternative effect-scale and unmeasured-confounding robustness analysis using modified Poisson risk ratios and E-values across CHARLS, ELSA-MI, SHARE, and HRS.
	Cohort
	Exposure contrast
	Model 2 N
	Incident cases
	Primary OR (95% CI)
	Primary OR P value
	Modified Poisson RR (95% CI)
	RR P value
	E-value for RR
	E-value for CI limit
	E-value basis

	CHARLS
	New impairment vs persistent normal
	7247
	1633
	1.56 (1.15-2.10)
	0.004
	1.45 (1.14-1.84)
	0.003
	2.25
	1.53
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	CHARLS
	Persistent impairment vs persistent normal
	7247
	1633
	1.71 (1.32-2.21)
	<0.001
	1.54 (1.25-1.90)
	<0.001
	2.45
	1.81
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	ELSA-MI
	New impairment vs persistent normal
	6783
	474
	1.70 (1.25-2.31)
	<0.001
	1.53 (1.21-1.94)
	<0.001
	2.43
	1.7
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	ELSA-MI
	Persistent impairment vs persistent normal
	6783
	474
	1.37 (0.92-2.04)
	0.119
	1.29 (0.93-1.79)
	0.123
	1.91
	1.0
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	SHARE
	New impairment vs persistent normal
	21010
	3428
	1.24 (1.11-1.39)
	<0.001
	1.18 (1.08-1.29)
	<0.001
	1.65
	1.38
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	SHARE
	Persistent impairment vs persistent normal
	21010
	3428
	1.34 (1.19-1.51)
	<0.001
	1.24 (1.14-1.36)
	<0.001
	1.8
	1.54
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	HRS
	New impairment vs persistent normal
	12210
	978
	1.56 (1.27-1.92)
	<0.001
	1.46 (1.23-1.73)
	<0.001
	2.28
	1.76
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.

	HRS
	Persistent impairment vs persistent normal
	12210
	978
	1.74 (1.44-2.10)
	<0.001
	1.57 (1.35-1.82)
	<0.001
	2.51
	2.03
	RR + sqrt(RR*(RR-1)); CI-limit E-value set to 1.00 when the 95% CI crosses the null.





Table S6. Follow-up interval and wave-structure summary across CHARLS, ELSA-MI, SHARE, and HRS.
	Cohort
	Exposure classification wave 1
	Baseline risk wave
	Outcome wave
	Calendar exposure window
	Calendar outcome follow-up window
	Median observed exposure interval
	Median observed outcome interval
	Model 2 analytic N
	Incident cases
	Time source
	Comparability note

	CHARLS
	W1
	W2
	W3
	2011-2013
	2013-2015
	2.0 years
	2.0 years
	7247
	1633
	Wave labels and observed age-based intervals where available
	Exposure was classified across two consecutive waves and incident depressive symptoms were assessed at the subsequent wave.

	ELSA-MI
	W4
	W5
	W6
	2008/2009-2010/2011
	2010/2011-2012/2013
	2.0 years
	2.0 years
	6783
	474
	Wave labels and observed age-based intervals where available
	Exposure was classified across two consecutive waves and incident depressive symptoms were assessed at the subsequent wave.

	SHARE
	W4
	W5
	W6
	2011/2012-2013
	2013-2015
	Not available in harmonized analytic file
	Not available in harmonized analytic file
	21010
	3428
	Calendar wave labels from the harmonized analytic file
	Exposure was classified across two consecutive waves and incident depressive symptoms were assessed at the subsequent wave; calendar-wave timing is reported where person-level interval data were not uniformly retained.

	HRS
	W10
	W11
	W12
	2010-2012
	2012-2014
	Not available in harmonized analytic file
	2.0 years
	12210
	978
	Calendar wave labels and observed outcome interval where available
	Exposure was classified across two consecutive waves and incident depressive symptoms were assessed at the subsequent wave; calendar-wave timing is reported where person-level interval data were not uniformly retained.
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