Table S1. Sample missing rate
	Imputed Variables
	HRS
	CHARLS

	is_active
	0 (0.00%)
	15652 (32.84%)

	depress_pom
	0 (0.00%)
	5222 (10.96%)

	self_rated_health
	0 (0.00%)
	2960 (6.21%)

	smoken_bin
	0 (0.00%)
	2370 (4.97%)

	pain_bin
	0 (0.00%)
	1599 (3.36%)

	has_chronic
	0 (0.00%)
	1397 (2.93%)

	drink_bin
	0 (0.00%)
	277 (0.58%)

	living_alone
	0 (0.00%)
	0 (0.00%)


This supplementary table details the missingness rates for the primary exposure, outcome, and covariate measures prior to data imputation. It delineates the complete case availability of the US sample alongside the specific item non-response rates observed in the Chinese dataset.

Table S2. Results Robustness
	
	Fully Saturated
	Mundlak (CRE)
	Z-Score Outcomes
	Baseline IPW Matrix

	
	(1)
	(2)
	(3)
	(4)

	Physical Activity
	-2.734***
	-2.079***
	-0.112***
	-2.779***

	
	[-3.377,-2.091]
	[-2.450,-1.709]
	[-0.139,-0.086]
	[-3.923,-1.636]

	PA × China
	1.397***
	
	0.068***
	1.507**

	
	[0.594,2.200]
	
	[0.036,0.101]
	[0.087,2.927]

	Age (Years)
	0.558*
	-0.106***
	0.020
	0.629

	
	[-0.071,1.187]
	[-0.133,-0.079]
	[-0.005,0.046]
	[-0.574,1.831]

	Group-Mean PA (CRE)
	
	-3.980***
	
	

	
	
	[-4.628,-3.332]
	
	

	Female
	
	-3.095***
	
	

	
	
	[-3.528,-2.661]
	
	

	High Education
	
	-7.079***
	
	

	
	
	[-7.651,-6.507]
	
	

	Constant
	23.524
	38.224***
	-1.424
	-21.032

	
	[-87.391,134.440]
	[36.274,40.174]
	[-3.205,0.356]
	[-104.845,62.781]

	N
	91282
	88538
	86060
	91282


95% confidence intervals in brackets* p < 0.10, ** p < 0.05, *** p < 0.01
This supplementary table verifies the core findings through fully saturated specifications, Mundlak correlated random-effects (CRE) models, standardized Z-score outcomes, and baseline inverse probability weighting.

Table S5. Heterogeneity Analysis for China Sample (CHARLS)
	
	Edu Interaction
	Alone Interaction
	Three-Way Interaction

	
	(1)
	(2)
	(3)

	Physical Activity (PA)
	-1.336***
	-1.348***
	-1.345***

	
	[-1.851,-0.820]
	[-1.855,-0.840]
	[-1.891,-0.800]

	High Education
	-1.112
	-1.123
	-1.234

	
	[-3.461,1.237]
	[-3.221,0.975]
	[-3.602,1.133]

	PA × High Edu
	-0.015
	
	-0.020

	
	[-1.445,1.415]
	
	[-1.502,1.463]

	Living Alone
	2.494***
	2.442***
	2.351***

	
	[1.455,3.532]
	[1.080,3.803]
	[0.935,3.767]

	PA × Living Alone
	
	0.104
	0.077

	
	
	[-1.394,1.602]
	[-1.499,1.652]

	High Edu × Living Alone
	
	
	1.272

	
	
	
	[-3.765,6.308]

	PA × Edu × Alone
	
	
	0.311

	
	
	
	[-5.308,5.931]

	Constant
	68.937
	68.884
	68.471

	
	[-138.735,276.608]
	[-138.920,276.688]
	[-139.079,276.022]

	N
	47660
	47660
	47660


95% confidence intervals in brackets  * p < 0.10, ** p < 0.05, *** p < 0.01
This supplementary table details the regression coefficients, elucidating the structural moderation of the physical activity-depression association by educational attainment and solitary living in China.

Table S6. Heterogeneity Analysis for USA Sample (HRS)
	
	Edu Interaction
	Alone Interaction
	Three-Way Interaction

	
	(1)
	(2)
	(3)

	Physical Activity (PA)
	-2.833***
	-2.708***
	-3.541***

	
	[-4.314,-1.353]
	[-3.508,-1.907]
	[-5.587,-1.496]

	PA × High Edu
	0.128
	
	1.040

	
	[-1.510,1.766]
	
	[-1.178,3.258]

	Living Alone
	5.867***
	5.909***
	5.146***

	
	[4.665,7.070]
	[4.347,7.472]
	[1.619,8.673]

	PA × Living Alone
	
	-0.058
	1.360

	
	
	[-1.306,1.190]
	[-1.445,4.165]

	High Edu × Living Alone
	
	
	1.020

	
	
	
	[-2.890,4.930]

	PA × Edu × Alone
	
	
	-1.828

	
	
	
	[-4.961,1.306]

	Constant
	-20.470
	-20.495
	-20.584

	
	[-61.334,20.394]
	[-61.354,20.364]
	[-61.450,20.282]

	N
	43622
	43622
	43622


95% confidence intervals in brackets  * p < 0.10, ** p < 0.05, *** p < 0.01
This supplementary table details the regression coefficients, elucidating the structural moderation of the physical activity-depression association by educational attainment and solitary living in the United States.

