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[bookmark: _Toc226800007]Supplementary Table S1. Sex-stratified prospective associations of MVPA frequency at age 17 with psychological distress (K6) and mental well-being at age 23
Panel A. Outcome: K6 score at age 23
	Sex
	Model 1 β (95% CI)
	P 
	Model 2 β (95% CI)
	P 
	Model 3 β (95% CI)
	P 

	Female
	-0.212 (-0.366, -0.058)
	0.007**
	-0.182 (-0.341, -0.038)
	0.018
	0.016 (-0.120, 0.152)
	0.820

	Male
	-0.411 (-0.560, -0.263)
	[bookmark: OLE_LINK1]<0.001***
	-0.360 (-0.508, -0.212)
	<0.001
	-0.206 (-0.341, -0.072)
	0.003


Panel B. Outcome: Mental well-being at age 23
	Sex
	Model 1 β (95% CI)
	P 
	Model 2 β (95% CI)
	P 
	Model 3 β (95% CI)
	P 

	Female
	0.285 (0.087, 0.483)
	0.005
	0.254 (0.057, 0.451)
	0.012
	0.104 (-0.090, 0.299)
	0.291

	Male
	0.228 (0.006, 0.449)
	0.044
	0.182 (-0.041, 0.405)
	0.109
	0.035 (-0.186, 0.257)
	0.754


Note: Panel A presents associations with K6 score at age 23, and Panel B presents associations with mental well-being at age 23. Model 1 was unadjusted. Model 2 was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, and parent/carer status. Model 3 was further adjusted for the corresponding baseline mental health measure at age 17 (i.e., age-17 K6 for the K6 model and age-17 mental well-being for the mental well-being model). MVPA was modeled as an ordered variable representing increasing frequency categories. K6 = Kessler 6-item Psychological Distress Scale; higher scores indicate greater psychological distress. Higher mental well-being scores indicate better mental well-being. Bold or asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800008]Supplementary Table S2. Sex-stratified cross-sectional associations of MVPA frequency at age 17 with psychological distress (K6) and mental well-being at age 17
Panel A. Outcome: K6 score at age 17
	Sex
	Model 1 β (95% CI)
	P 
	Model 2 β (95% CI)
	P 

	Female
	-0.449（-0.597，-0.301）
	<0.001***
	-0.412（-0.554，-0.270）
	<0.001***

	Male
	-0.376（-0.506，-0.245）
	<0.001***
	-0.317（-0.445，-0.190）
	<0.001***


Panel B. Outcome: Mental well-being at age 17
	Sex
	Model 1 β (95% CI)
	P
	Model 2 β (95% CI)
	P 

	Female
	0.424（0.309，0.539）
	<0.001***
	0.409（0.296，0.522）
	<0.001***

	Male
	0.507（0.389，0.642）
	<0.001***
	0.462（0.346，0.579）
	<0.001***


Note: Panel A presents associations with K6 score at age 17, and Panel B presents associations with mental well-being at age 17. Model 1 was unadjusted. Model 2 was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, and parent/carer status. MVPA was modeled as an ordered variable representing increasing frequency categories. K6 = Kessler 6-item Psychological Distress Scale; higher scores indicate greater psychological distress. Higher mental well-being scores indicate better mental well-being. Bold or asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800009]Supplementary Table S3. Fully adjusted sensitivity analysis treating MVPA frequency at age 17 as a categorical variable for psychological distress (K6) at age 23
	KesslerK6scale
	Coefficient
	P
	[95% conf.
	interval]

	MVPADay
	
	
	
	

	1 
	-0.075
	
	-0.391
	0.240

	2 
	-0.381
	0.639
	-0.712
	-0.051

	3
	-0.578
	0.024✳
	-0.993
	-0.163

	4
	-0.218
	0.006✳✳
	-0.672
	0.236

	ethic
	
	0.346
	
	

	Indian
	-0.364
	
	-1.386
	0.657

	Mixed
	0.574
	
	-0.455
	1.603

	Not applicable
	0.626
	0.484
	-3.850
	5.103

	Other Ethnic group (inc Chinese,other)
	0.331
	0.274
	-0.875
	1.537

	Pakistani and Bangladeshi
	-0.529
	0.784
	-1.450
	0.392

	White
	-0.481
	0.591
	-1.235
	0.272

	FA education
	
	0.260
	
	

	Another type of qualification
	0.029
	0.210
	-0.570
	0.629

	Degree level or above
	-0.228
	
	-0.842
	0.387

	Do not know
	0.252
	
	-0.361
	0.865

	GCSE/O levels and equivalents
	-0.135
	0.923
	-0.670
	0.399

	I do not wish to answer
	7.790
	0.468
	-4.700
	20.280

	No answer
	0.599
	0.420
	-3.044
	4.242

	No qualification
	-0.040
	0.619
	-0.589
	0.509

	Other Higher Education below degree level
	-0.363
	0.222
	-1.020
	0.295

	MO education
	
	0.747
	
	

	Another type of qualification
	0.452
	0.887
	-0.133
	1.038

	Degree level or above
	0.571
	0.280
	-0.022
	1.164

	Do not know
	0.351
	
	-0.250
	0.953

	GCSE/O levels and equivalents
	0.626
	
	0.062
	1.191

	I do not wish to answer
	-4.740
	0.130
	-13.576
	4.095

	No answer
	0.119
	0.059
	-1.338
	1.577

	No qualification
	0.476
	0.252
	-0.091
	1.044

	Other Higher Education below degree level
	0.696
	0.030✳
	0.058
	1.335

	Health problem
	
	0.293
	
	

	No
	0.916
	0.873
	-5.320
	7.153

	No answer
	1.050
	0.100
	-9.753
	11.854

	Yes
	1.299
	0.033✳
	-4.953
	7.550

	Activity imitation
	
	
	
	

	Do not know
	-0.235
	
	-9.069
	8.600

	No answer
	0.000
	0.773
	
	

	Yes, a little, or
	0.166
	0.849
	-0.455
	0.787

	Yes, a lot,
	0.423
	0.684
	-0.415
	1.262

	Live with parent
	
	
	
	

	No
	0.382
	
	-5.990
	6.754

	No answer
	-0.545
	0.958
	-6.786
	5.695

	Yes
	-0.453
	
	-6.690
	5.785

	Parent carer
	
	0.601
	
	

	2
	-0.491
	0.322
	-0.765
	-0.218

	Missing
	0.409
	
	-0.802
	1.619

	k6
	0.491
	
	0.466
	0.516

	_cons
	4.525
	0.906
	-4.362
	13.412


Note：This table presents the fully adjusted regression model for K6 score at age 23 when MVPA frequency at age 17 was entered as a categorical variable rather than as an ordered continuous variable. The model was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline K6 score at age 17. The reference group for MVPA frequency was 0 days per week. K6 = Kessler 6-item Psychological Distress Scale; higher scores indicate greater psychological distress. Confidence intervals are 95% confidence intervals. Asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800010]Supplementary Table S4. Overall test of categorical MVPA frequency at age 17 in the fully adjusted model for psychological distress (K6) at age 23
	K6 Sensitivity Analysis

	F( 4, 5944) = 2.800

	Prob > F = 0.024


Note：This table reports the overall F test for the categorical MVPA variable in the fully adjusted model with K6 score at age 23 as the outcome. The model included ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline K6 score at age 17. A statistically significant F test indicates that at least one MVPA category differed from the reference category in its association with later psychological distress.

[bookmark: _Toc226800011]Supplementary Table S5. Fully adjusted sensitivity analysis treating MVPA frequency at age 17 as a categorical variable for mental well-being at age 23
	Mental Wellbeing
	Coefficient
	P>t
	[95% conf.
	interval]

	MVPADay
	　
	　
	　
	　

	1
	0.735
	0.002✳✳
	0.259
	1.212

	2
	0.562
	0.028✳
	0.062
	1.063

	3
	0.733
	0.022✳
	0.106
	1.360

	4
	0.077
	0.827
	-0.612
	0.766

	ethic
	　
	　
	　
	　

	Indian
	1.356
	0.085
	-0.187
	2.900

	Mixed
	0.979
	0.217
	-0.576
	2.534

	Not applicable
	1.441
	0.676
	-5.326
	8.207

	Other Ethnic group (inc Chinese,other)
	-0.920
	0.322
	-2.743
	0.902

	Pakistani and Bangladeshi
	0.236
	0.739
	-1.156
	1.628

	White
	1.291
	0.026✳
	0.153
	2.430

	FA education
	　
	　
	　
	　

	Another type of qualification
	-0.089
	0.847
	-0.995
	0.817

	Degree level or above
	0.763
	0.107
	-0.166
	1.692

	Do not know
	-0.292
	0.536
	-1.218
	0.634

	GCSE/O levels and equivalents
	0.363
	0.379
	-0.445
	1.170

	I do not wish to answer
	-28.078
	0.004✳✳
	-46.954
	-9.202

	No answer
	2.893
	0.303
	-2.613
	8.399

	No qualification
	0.081
	0.848
	-0.748
	0.911

	Other Higher Education below degree level
	0.428
	0.398
	-0.566
	1.422

	MO education
	　
	　
	　
	　

	Another type of qualification
	-0.152
	0.736
	-1.037
	0.732

	Degree level or above
	-0.298
	0.515
	-1.194
	0.599

	Do not know
	-0.315
	0.497
	-1.224
	0.594

	GCSE/O levels and equivalents
	-0.205
	0.638
	-1.059
	0.649

	I do not wish to answer
	6.719
	0.324
	-6.633
	20.072

	No answer
	-0.419
	0.709
	-2.621
	1.784

	No qualification
	-0.127
	0.772
	-0.984
	0.731

	Other Higher Education below degree level
	-0.253
	0.607
	-1.219
	0.712

	Health limitation
	　
	　
	　
	　

	No
	-1.815
	0.706
	-11.242
	7.612

	No answer
	-0.083
	0.992
	-16.411
	16.246

	Yes
	-1.925
	0.690
	-11.374
	7.524

	Activity limitation
	　
	　
	　
	　

	Do not know
	1.803
	0.791
	-11.548
	15.155

	No answer
	0.000
	　
	　
	　

	Yes, a little, or
	-0.736
	0.124
	-1.672
	0.201

	Yes, a lot,
	-0.413
	0.520
	-1.672
	0.846

	Live with parent
	　
	　
	　
	　

	No
	1.570
	0.749
	-8.060
	11.199

	No answer
	0.278
	0.954
	-9.154
	9.709

	Yes
	1.038
	0.829
	-8.389
	10.465

	Parent carer
	　
	　
	　
	　

	2
	0.569
	0.007✳✳
	0.155
	0.982

	Missing
	-1.827
	[bookmark: OLE_LINK2]0.050✳
	-3.656
	0.003

	mental wellbeing
	0.365
	0.000✳✳✳
	0.320
	0.410

	_cons
	13.092
	0.056
	-0.356
	26.541


Note：This table presents the fully adjusted regression model for mental well-being at age 23 when MVPA frequency at age 17 was entered as a categorical variable rather than as an ordered continuous variable. The model was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline mental well-being score at age 17. The reference group for MVPA frequency was 0 days per week. Higher mental well-being scores indicate better mental well-being. Confidence intervals are 95% confidence intervals. Asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800012]Supplementary Table S6. Overall test of categorical MVPA frequency at age 17 in the fully adjusted model for mental well-being at age 23
	Mental Wellbeing Analysis

	F( 4, 5944) = 3.09

	Prob > F = 0.0149


Note：This table reports the overall F test for the categorical MVPA variable in the fully adjusted model with mental well-being at age 23 as the outcome. The model included ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline mental well-being score at age 17. A statistically significant F test indicates that at least one MVPA category differed from the reference category in its association with later mental well-being.

[bookmark: _Toc226800013]Supplementary Table S7. Fully adjusted interaction model testing sex differences in the association between MVPA frequency at age 17 and psychological distress (K6) at age 23
	KesslerK6scale
	Coefficient
	P>t
	[95% conf.
	interval]

	SXE
	　
	　
	　
	　

	Male
	(0.276)
	0.154 
	(0.656)
	0.103 

	MVPADay
	0.022 
	0.744 
	(0.111)
	0.156 

	SXE #c.MVPADay
	　
	　
	　
	　

	Male
	(0.218)
	0.025✳
	(0.409)
	(0.028)

	ethic
	　
	　
	　
	　

	Indian
	(0.387)
	0.456 
	(1.406)
	0.632 

	Mixed
	0.560 
	0.285 
	(0.466)
	1.586 

	Not applicable
	0.337 
	0.883 
	(4.131)
	4.805 

	Other Ethnic group (inc Chinese,other)
	0.363 
	0.555 
	(0.841)
	1.566 

	Pakistani and Bangladeshi
	(0.520)
	0.267 
	(1.439)
	0.398 

	White
	(0.468)
	0.222 
	(1.220)
	0.283 

	FA education
	　
	　
	　
	　

	Another type of qualification
	0.020 
	0.947 
	(0.578)
	0.619 

	Degree level or above
	(0.246)
	0.432 
	(0.859)
	0.368 

	Do not know
	0.250 
	0.422 
	(0.361)
	0.862 

	GCSE/O levels and equivalents
	(0.157)
	0.564 
	(0.690)
	0.376 

	I do not wish to answer
	7.542 
	0.235 
	(4.919)
	20.003 

	No answer
	0.478 
	0.796 
	(3.157)
	4.114 

	No qualification
	(0.034)
	0.902 
	(0.582)
	0.513 

	Other Higher Education below degree level
	(0.390)
	0.244 
	(1.046)
	0.266 

	MO education
	　
	　
	　
	　

	Another type of qualification
	0.449 
	0.132 
	(0.135)
	1.033 

	Degree level or above
	0.588 
	0.052 
	(0.004)
	1.179 

	Do not know
	0.341 
	0.265 
	(0.259)
	0.941 

	GCSE/O levels and equivalents
	0.620 
	0.031✳
	0.057 
	1.184 

	I do not wish to answer
	(4.625)
	0.304 
	(13.439)
	4.189 

	No answer
	0.085 
	0.909 
	(1.369)
	1.539 

	No qualification
	0.468 
	0.105 
	(0.098)
	1.034 

	Other Higher Education below degree level
	0.705 
	0.030✳
	0.068 
	1.343 

	Health problem
	　
	　
	　
	　

	No
	0.688 
	0.828 
	(5.533)
	6.909 

	No answer
	1.206 
	0.826 
	(9.570)
	11.982 

	Yes
	1.088 
	0.732 
	(5.148)
	7.324 

	Activity limitation
	　
	　
	　
	　

	Do not know
	(0.005)
	0.999 
	(8.821)
	8.811 

	No answer
	0.000 
	　
	　
	　

	Yes, a little, or
	0.120 
	0.705 
	(0.501)
	0.740 

	Yes, a lot,
	0.455 
	0.286 
	(0.381)
	1.291 

	Live with parent
	　
	　
	　
	　

	No
	0.261 
	0.936 
	(6.095)
	6.616 

	No answer
	(0.682)
	0.830 
	(6.906)
	5.543 

	Yes
	(0.672)
	0.832 
	(6.894)
	5.551 

	Parent carer
	　
	　
	　
	　

	2
	(0.505)
	0.000✳✳✳
	(0.778)
	(0.233)

	Missing
	0.513 
	0.405 
	(0.695)
	1.721 

	k6
	0.480 
	0.000✳✳✳
	0.454 
	0.505 

	_cons
	5.107 
	0.259 
	(3.758)
	13.971 


Note：This table presents the fully adjusted interaction model including sex, MVPA frequency at age 17, and the sex × MVPA interaction term, with K6 score at age 23 as the outcome. The model was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline K6 score at age 17. A significant interaction term indicates that the association between MVPA and later psychological distress differs by sex. K6 = Kessler 6-item Psychological Distress Scale; higher scores indicate greater psychological distress. Confidence intervals are 95% confidence intervals. Asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800014]Supplementary Table S8. Overall test for the sex × MVPA interaction in the fully adjusted model for psychological distress (K6) at age 23
	MVPA ×SEX Interaction

	F( 1, 5945) = 5.03

	Prob > F = 0.0249


Note：This table reports the overall F test for the interaction between sex and MVPA frequency at age 17 in the fully adjusted model predicting K6 score at age 23. The model included the main effects of sex and MVPA, their interaction term, ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline K6 score at age 17. A statistically significant result supports effect modification by sex.

[bookmark: _Toc226800015]Supplementary Table S9. Fully adjusted interaction model testing sex differences in the association between MVPA frequency at age 17 and mental well-being at age 23
	Mental Wellbeing
	Coefficient
	P>t
	[95% conf.
	interval]

	SXE
	　
	　
	　
	　

	Male
	0.357 
	0.221 
	(0.215)
	0.929 

	MVPADay
	0.080 
	0.441 
	(0.123)
	0.283 

	SXE #c.MVPADay
	　
	　
	　
	　

	Male
	(0.069)
	0.639 
	(0.358)
	0.220 

	ethic
	　
	　
	　
	　

	Indian
	1.384 
	0.079 
	(0.160)
	2.928 

	Mixed
	0.994 
	0.210 
	(0.562)
	2.550 

	Not applicable
	1.434 
	0.678 
	(5.339)
	8.207 

	Other Ethnic group (inc Chinese,other)
	(0.928)
	0.319 
	(2.751)
	0.896 

	Pakistani and Bangladeshi
	0.237 
	0.739 
	(1.156)
	1.629 

	White
	1.301 
	0.025✳
	0.162 
	2.440 

	FA education
	　
	　
	　
	　

	Another type of qualification
	(0.103)
	0.823 
	(1.011)
	0.804 

	Degree level or above
	0.743 
	0.117 
	(0.186)
	1.673 

	Do not know
	(0.334)
	0.480 
	(1.260)
	0.593 

	GCSE/O levels and equivalents
	0.334 
	0.418 
	(0.474)
	1.142 

	I do not wish to answer
	(28.324)
	0.003✳✳
	(47.212)
	(9.437)

	No answer
	2.910 
	0.301 
	(2.601)
	8.421 

	No qualification
	0.035 
	0.934 
	(0.795)
	0.865 

	Other Higher Education below degree level
	0.416 
	0.413 
	(0.579)
	1.410 

	MO education
	　
	　
	　
	　

	Another type of qualification
	(0.139)
	0.758 
	(1.025)
	0.746 

	Degree level or above
	(0.293)
	0.522 
	(1.190)
	0.604 

	Do not know
	(0.313)
	0.499 
	(1.223)
	0.596 

	GCSE/O levels and equivalents
	(0.193)
	0.658 
	(1.047)
	0.662 

	I do not wish to answer
	6.730 
	0.323 
	(6.631)
	20.090 

	No answer
	(0.394)
	0.726 
	(2.597)
	1.810 

	No qualification
	(0.116)
	0.791 
	(0.974)
	0.742 

	Other Higher Education below degree level
	(0.274)
	0.578 
	(1.240)
	0.692 

	Health problem
	　
	　
	　
	　

	No
	(1.752)
	0.716 
	(11.183)
	7.680 

	No answer
	0.063 
	0.994 
	(16.272)
	16.398 

	Yes
	(1.902)
	0.693 
	(11.355)
	7.552 

	　
	　
	　
	　
	　

	Activity limitation
	　
	　
	　
	　

	Do not know
	1.206 
	0.860 
	(12.158)
	14.569 

	No answer
	0.000 
	　
	　
	　

	Yes, a little, or
	(0.733)
	0.126 
	(1.672)
	0.205 

	Yes, a lot,
	(0.465)
	0.469 
	(1.724)
	0.794 

	Live with parent
	　
	　
	　
	　

	No
	1.550 
	0.752 
	(8.084)
	11.184 

	No answer
	0.296 
	0.951 
	(9.139)
	9.731 

	Yes
	1.094 
	0.820 
	(8.338)
	10.525 

	Parent carer
	　
	　
	　
	　

	2
	0.599 
	0.005✳✳
	0.185 
	1.012 

	Missing
	(1.894)
	0.043✳
	(3.725)
	(0.062)

	Mental wellbeing
	0.361 
	0.000✳✳✳
	0.316 
	0.407 

	_cons
	13.305 
	0.053 
	(0.145)
	26.755 


Note：This table presents the fully adjusted interaction model including sex, MVPA frequency at age 17, and the sex × MVPA interaction term, with mental well-being at age 23 as the outcome. The model was adjusted for ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline mental well-being score at age 17. A significant interaction term indicates that the association between MVPA and later mental well-being differs by sex. Higher mental well-being scores indicate better mental well-being. Confidence intervals are 95% confidence intervals. Asterisk-marked estimates indicate statistical significance.

[bookmark: _Toc226800016]Supplementary Table S10. Overall test for the sex × MVPA interaction in the fully adjusted model for mental well-being at age 23
	MVPA ×SEX Interaction

	F( 1, 5945) = 0.22

	Prob > F = 0.6390


Note：This table reports the overall F test for the interaction between sex and MVPA frequency at age 17 in the fully adjusted model predicting mental well-being at age 23. The model included the main effects of sex and MVPA, their interaction term, ethnicity, father’s education, mother’s education, long-standing health problem, activity limitation, living with parents, parent/carer status, and baseline mental well-being score at age 17. A non-significant result indicates no clear evidence that the association between MVPA and later mental well-being differed by sex.
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