Supplementary Table S1  Sample inclusion, exclusions, and missingness of variables used in the final analysis
	Item
	n
	%
	Comment

	Initially assessed children
	1,368
	100.0
	Preschool children assessed in the surveillance

	Excluded because of incomplete core anthropometric or physical fitness data
	53
	3.9
	Excluded from the final analytic sample

	Final analytic sample
	1,315
	96.1
	Included in Tables 1–5

	Missing parent-reported questionnaire as a whole
	0
	0.0
	No whole-questionnaire missingness

	Missing values in variables included in the final GEE model among the analytic sample
	0
	0.0
	Complete data for all covariates in Table 5

	Final GEE model sample size
	1,315
	100.0
	The model included 111 unqualified events


Note. Percentages for initially assessed children, excluded children, and the final analytic sample were calculated using the initially assessed sample as the denominator. Percentages for missingness and the final GEE model sample size were calculated using the final analytic sample as the denominator. No missing values were observed for the variables included in the final GEE model among the 1,315 children in the analytic sample. GEE, generalized estimating equations.














Supplementary Table S2  Supplementary fixed-benchmark analyses with t statistics, FDR-adjusted P values, and standardized differences
Panel A  Body morphology indicators
	Age, years
	Sex
	Height, cm
	Weight, kg
	Sitting height, cm
	Chest circumference, cm
	Body fat percentage, %

	
	
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference

	3
	Boys
	5.61
	157
	<0.001
	<0.001
	0.45
	4.99
	157
	<0.001
	<0.001
	0.40
	4.15
	157
	<0.001
	<0.001
	0.33
	6.64
	157
	<0.001
	<0.001
	0.53
	5.92
	157
	<0.001
	<0.001
	0.47

	3
	Girls
	3.82
	152
	<0.001
	<0.001
	0.31
	3.90
	152
	<0.001
	<0.001
	0.32
	3.80
	152
	<0.001
	<0.001
	0.31
	6.20
	152
	<0.001
	<0.001
	0.50
	6.11
	152
	<0.001
	<0.001
	0.49

	4
	Boys
	5.16
	171
	<0.001
	<0.001
	0.39
	4.44
	171
	<0.001
	<0.001
	0.34
	4.39
	171
	<0.001
	<0.001
	0.33
	7.54
	171
	<0.001
	<0.001
	0.57
	3.62
	171
	<0.001
	<0.001
	0.28

	4
	Girls
	7.50
	168
	<0.001
	<0.001
	0.58
	5.39
	168
	<0.001
	<0.001
	0.41
	6.74
	168
	<0.001
	<0.001
	0.52
	7.29
	168
	<0.001
	<0.001
	0.56
	5.80
	168
	<0.001
	<0.001
	0.45

	5
	Boys
	5.42
	161
	<0.001
	<0.001
	0.43
	3.99
	161
	<0.001
	<0.001
	0.31
	5.53
	161
	<0.001
	<0.001
	0.43
	5.66
	161
	<0.001
	<0.001
	0.44
	6.57
	161
	<0.001
	<0.001
	0.52

	5
	Girls
	5.98
	165
	<0.001
	<0.001
	0.46
	4.71
	165
	<0.001
	<0.001
	0.37
	5.76
	165
	<0.001
	<0.001
	0.45
	5.57
	165
	<0.001
	<0.001
	0.43
	6.80
	165
	<0.001
	<0.001
	0.53

	6
	Boys
	10.04
	168
	<0.001
	<0.001
	0.77
	5.19
	168
	<0.001
	<0.001
	0.40
	9.83
	168
	<0.001
	<0.001
	0.76
	5.95
	168
	<0.001
	<0.001
	0.46
	7.94
	168
	<0.001
	<0.001
	0.61

	6
	Girls
	11.73
	165
	<0.001
	<0.001
	0.91
	8.39
	165
	<0.001
	<0.001
	0.65
	11.75
	165
	<0.001
	<0.001
	0.91
	6.03
	165
	<0.001
	<0.001
	0.47
	10.94
	165
	<0.001
	<0.001
	0.85




Panel B  Physical fitness indicators
	Age, years
	Sex
	Handgrip strength, kg
	Standing long jump, cm
	Sit-and-reach test, cm
	15-m obstacle run, s
	Continuous two-foot hop, s
	Balance beam test, s

	
	
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference
	t
	df
	P value
	FDR-adjusted P
	Standardized difference

	3
	Boys
	-1.82
	157
	0.071
	0.141
	-0.14
	1.77
	157
	0.079
	0.126
	0.14
	1.23
	157
	0.221
	0.453
	0.10
	6.67
	157
	<0.001
	<0.001
	0.53
	0.72
	157
	0.470
	0.470
	0.06
	0.27
	157
	0.785
	0.785
	0.02

	3
	Girls
	-0.44
	152
	0.659
	0.659
	-0.04
	-1.40
	152
	0.163
	0.217
	-0.11
	-0.06
	152
	0.949
	0.949
	-0.01
	7.65
	152
	<0.001
	<0.001
	0.62
	3.47
	152
	<0.001
	<0.001
	0.28
	1.56
	152
	0.120
	0.320
	0.13

	4
	Boys
	-3.06
	171
	0.003
	0.010
	-0.23
	-1.02
	171
	0.311
	0.356
	-0.08
	1.46
	171
	0.146
	0.453
	0.11
	9.56
	171
	<0.001
	<0.001
	0.73
	6.00
	171
	<0.001
	<0.001
	0.46
	0.49
	171
	0.622
	0.785
	0.04

	4
	Girls
	0.78
	168
	0.438
	0.501
	0.06
	-0.46
	168
	0.648
	0.648
	-0.04
	0.34
	168
	0.733
	0.862
	0.03
	7.00
	168
	<0.001
	<0.001
	0.54
	8.92
	168
	<0.001
	<0.001
	0.69
	2.58
	168
	0.011
	0.086
	0.20

	5
	Boys
	1.14
	161
	0.256
	0.409
	0.09
	-2.88
	161
	0.005
	0.018
	-0.23
	-2.38
	161
	0.018
	0.147
	-0.19
	7.92
	161
	<0.001
	<0.001
	0.62
	7.16
	161
	<0.001
	<0.001
	0.56
	0.84
	161
	0.405
	0.785
	0.07

	5
	Girls
	-0.92
	165
	0.359
	0.479
	-0.07
	-2.70
	165
	0.008
	0.020
	-0.21
	-0.31
	165
	0.754
	0.862
	-0.02
	9.74
	165
	<0.001
	<0.001
	0.76
	8.37
	165
	<0.001
	<0.001
	0.65
	2.20
	165
	0.029
	0.116
	0.17

	6
	Boys
	3.62
	168
	<0.001
	0.003
	0.28
	-2.87
	168
	0.005
	0.018
	-0.22
	-0.56
	168
	0.577
	0.862
	-0.04
	9.06
	168
	<0.001
	<0.001
	0.70
	4.43
	168
	<0.001
	<0.001
	0.34
	0.33
	168
	0.745
	0.785
	0.03

	6
	Girls
	2.80
	165
	0.006
	0.015
	0.22
	-1.87
	165
	0.064
	0.126
	-0.14
	1.21
	165
	0.227
	0.453
	0.09
	9.24
	165
	<0.001
	<0.001
	0.72
	5.23
	165
	<0.001
	<0.001
	0.41
	0.39
	165
	0.699
	0.785
	0.03



Note. Values under each indicator are presented in five separate columns: t statistic, degrees of freedom (df), raw P value, FDR-adjusted P value, and standardized difference. Heilongjiang means were compared with published national mean values from the Fifth National Physical Fitness Monitoring Communiqué using supplementary fixed-benchmark one-sample t tests. Standardized difference was calculated as the difference between the Heilongjiang mean and the national mean divided by the Heilongjiang SD because national SDs were unavailable. FDR-adjusted P values were calculated using the Benjamini-Hochberg procedure within each indicator across age-sex strata. These analyses were exploratory and should be interpreted cautiously because national standard deviations, standard errors, and age-sex-indicator-specific sample sizes were unavailable. FDR, false discovery rate; HLJ, Heilongjiang; SD, standard deviation.
Supplementary Table S3  Cross-tabulation between structured sports participation and arts-related enrichment class participation
	Structured sports participation
	Arts-related enrichment class non-participants, n (%)
	Arts-related enrichment class participants, n (%)
	Total, n

	Non-participants
	173 (67.8)
	82 (32.2)
	255

	Participants
	436 (41.1)
	624 (58.9)
	1,060

	Total
	609 (46.3)
	706 (53.7)
	1,315


Note. Values are presented as n (%), with percentages calculated by row. The association between structured sports participation and arts-related enrichment class participation was assessed using Pearson's chi-square test. Pearson χ² = 58.984, df = 1, P <0.001. Phi/Cramer's V = 0.212, indicating a statistically significant but modest association between the two variables. No cells had an expected count <5; the minimum expected count was 118.10.


















Supplementary Table S4  Model diagnostics and multicollinearity assessment for the final GEE model
Panel A  Final model diagnostics
	Diagnostic item
	Value

	Final analytic sample size, n
	1,315

	Unqualified events, n
	111

	Estimated model parameters excluding intercept, n
	15

	Events per variable (EPV)
	7.4

	Harmonized kindergarten clusters, n
	11

	Missing values among variables in the final GEE model, n
	0

	Minimum tolerance
	0.357

	VIF range
	1.027–2.799

	Maximum VIF
	2.799



Panel B  VIF values for predictors included in the final model
	Predictor
	Dummy-coded variable
	Tolerance
	VIF

	BMI category
	BMI_underweight
	0.964
	1.038

	BMI category
	BMI_overweight
	0.912
	1.096

	BMI category
	BMI_obesity
	0.911
	1.097

	Structured sports participation
	sports_yes
	0.869
	1.151

	Arts-related enrichment class participation
	arts_yes
	0.917
	1.090

	Sex
	sex_girl
	0.974
	1.027

	Urban–rural location
	rural
	0.923
	1.083

	Paternal education
	father_senior
	0.557
	1.796

	Paternal education
	father_college
	0.357
	2.799

	Maternal education
	mother_senior
	0.575
	1.739

	Maternal education
	mother_college
	0.367
	2.724

	Daily sleep duration
	sleep_recommendation
	0.956
	1.046

	Outdoor play duration
	outdoor_lt30
	0.958
	1.043

	Outdoor play duration
	outdoor_gt60_120
	0.946
	1.057

	Outdoor play duration
	outdoor_gt120
	0.968
	1.033


Note. EPV was calculated as the number of unqualified events divided by the number of estimated model parameters, excluding the intercept. Tolerance and VIF values were obtained from a linear regression collinearity diagnostic model including the same predictors as the final GEE model. BMI category, parental education, and outdoor play duration were represented by dummy variables. All VIF values were below 3, suggesting no serious multicollinearity. BMI, body mass index; EPV, events per variable; GEE, generalized estimating equations; VIF, variance inflation factor.















Supplementary Table S5  Sensitivity analysis using Firth penalized logistic regression for physical fitness unqualification
	Predictor
	Category
	β
	SE
	OR (95% CI)
	P

	BMI category
	Underweight/Thinness vs normal weight
	0.402
	0.508
	1.49 (0.47–3.74)
	0.458

	
	Overweight vs normal weight
	−0.344
	0.301
	0.71 (0.37–1.26)
	0.251

	
	Obesity vs normal weight
	1.257
	0.246
	3.51 (2.14–5.70)
	<0.001

	Structured sports participation
	Participants vs non-participants
	−0.691
	0.244
	0.50 (0.31–0.82)
	0.007

	Arts-related enrichment class participation
	Participants vs non-participants
	0.677
	0.219
	1.97 (1.28–3.08)
	0.002

	Sex
	Girls vs boys
	0.255
	0.201
	1.29 (0.86–1.94)
	0.212

	Urban–rural location
	Rural vs urban
	0.073
	0.206
	1.08 (0.71–1.63)
	0.728

	Paternal education
	Senior high school vs junior high school or below
	0.045
	0.341
	1.05 (0.52–2.07)
	0.897

	
	College or above vs junior high school or below
	−0.061
	0.342
	0.94 (0.48–1.89)
	0.862

	Maternal education
	Senior high school vs junior high school or below
	−0.082
	0.363
	0.92 (0.44–1.89)
	0.825

	
	College or above vs junior high school or below
	0.146
	0.340
	1.16 (0.59–2.31)
	0.676

	Daily sleep duration
	Not meeting vs meeting recommendations
	−0.146
	0.242
	0.86 (0.52–1.38)
	0.550

	Outdoor play duration
	<30 min vs 30–60 min
	0.247
	0.377
	1.28 (0.57–2.60)
	0.527

	
	>60–120 min vs 30–60 min
	−0.046
	0.240
	0.96 (0.58–1.52)
	0.850

	
	>120 min vs 30–60 min
	0.667
	0.417
	1.95 (0.79–4.24)
	0.139


Note. The dependent variable was failure to meet the physical fitness standard, coded as 1 = unqualified and 0 = qualified. Firth penalized logistic regression was fitted using the same covariates as the main GEE model to assess the robustness of estimates in the presence of sparse unqualified events. The model included 1,315 children and 111 unqualified events and converged successfully. Reference groups were normal weight; non-participants in structured sports participation; non-participants in arts-related enrichment class participation; boys; urban residence; junior high school or below for paternal and maternal education; meeting sleep-duration recommendations; and 30–60 min/day for outdoor play duration. P values were based on penalized likelihood tests. BMI, body mass index; CI, confidence interval; GEE, generalized estimating equations; OR, odds ratio; SE, standard error.




Supplementary Table S6  Sensitivity analysis additionally adjusted for age group and municipality
	Predictor
	Category
	β
	Robust SE
	Wald χ²
	OR (95% CI)
	P

	BMI category
	Underweight/Thinness vs normal weight
	0.484
	0.480
	1.016
	1.62 (0.63–4.15)
	0.313

	
	Overweight vs normal weight
	−0.352
	0.247
	2.038
	0.70 (0.43–1.14)
	0.153

	
	Obesity vs normal weight
	1.317
	0.121
	118.354
	3.73 (2.94–4.73)
	<0.001

	Structured sports participation
	Participants vs non-participants
	−0.643
	0.229
	7.867
	0.53 (0.34–0.82)
	0.005

	Arts-related enrichment class participation
	Participants vs non-participants
	0.432
	0.240
	3.224
	1.54 (0.96–2.47)
	0.073

	Sex
	Girls vs boys
	0.289
	0.263
	1.209
	1.34 (0.80–2.23)
	0.272

	Urban–rural location
	Rural vs urban
	0.251
	0.415
	0.367
	1.29 (0.57–2.90)
	0.545

	Paternal education
	Senior high school vs junior high school or below
	0.125
	0.396
	0.100
	1.13 (0.52–2.46)
	0.751

	
	College or above vs junior high school or below
	−0.011
	0.466
	0.001
	0.99 (0.40–2.46)
	0.981

	Maternal education
	Senior high school vs junior high school or below
	−0.083
	0.361
	0.053
	0.92 (0.45–1.87)
	0.818

	
	College or above vs junior high school or below
	0.206
	0.535
	0.148
	1.23 (0.43–3.51)
	0.701

	Daily sleep duration
	Not meeting vs meeting recommendations
	−0.038
	0.252
	0.022
	0.96 (0.59–1.58)
	0.881

	Outdoor play duration
	<30 min vs 30–60 min
	0.046
	0.252
	0.033
	1.05 (0.64–1.72)
	0.856

	
	>60–120 min vs 30–60 min
	0.216
	0.311
	0.482
	1.24 (0.68–2.28)
	0.488

	
	>120 min vs 30–60 min
	0.326
	0.359
	0.826
	1.39 (0.69–2.80)
	0.363

	Age group
	4 years vs 3 years
	0.346
	0.145
	5.723
	1.41 (1.07–1.88)
	0.017

	
	5 years vs 3 years
	1.320
	0.403
	10.719
	3.74 (1.70–8.25)
	0.001

	
	6 years vs 3 years
	1.043
	0.334
	9.727
	2.84 (1.47–5.47)
	0.002

	Municipality
	Shuangyashan vs Harbin
	−1.432
	0.375
	14.601
	0.24 (0.12–0.50)
	<0.001

	
	Suihua vs Harbin
	−0.587
	0.368
	2.542
	0.56 (0.27–1.14)
	0.111


Note. The dependent variable was failure to meet the physical fitness standard, coded as 1 = unqualified and 0 = qualified. This sensitivity model used the same covariates as the main GEE model and was additionally adjusted for age group and municipality. The model was fitted using generalized estimating equations with a binomial distribution and logit link, an exchangeable working correlation structure, and robust standard errors to account for clustering within 11 harmonized kindergarten clusters. Reference groups were normal weight; non-participants in structured sports participation; non-participants in arts-related enrichment class participation; boys; urban residence; junior high school or below for paternal and maternal education; meeting sleep-duration recommendations; 30–60 min/day for outdoor play duration; age 3 years; and Harbin. BMI, body mass index; CI, confidence interval; GEE, generalized estimating equations; OR, odds ratio; SE, standard error.


Supplementary Table S7  Complete-case GEE sensitivity analysis additionally adjusted for paternal BMI, maternal BMI, birth weight, and daily screen time
	Predictor
	Category
	β
	Robust SE
	Wald χ²
	OR (95% CI)
	P

	BMI category
	Underweight/Thinness vs normal weight
	0.620
	0.392
	2.500
	1.86 (0.86–4.01)
	0.114

	
	Overweight vs normal weight
	-0.390
	0.227
	2.962
	0.68 (0.43–1.06)
	0.085

	
	Obesity vs normal weight
	1.265
	0.139
	82.848
	3.55 (2.70–4.66)
	<0.001

	Structured sports participation
	Participants vs non-participants
	-0.645
	0.221
	8.508
	0.53 (0.34–0.81)
	0.004

	Arts-related enrichment class participation
	Participants vs non-participants
	0.575
	0.265
	4.726
	1.78 (1.06–2.99)
	0.030

	Sex
	Girls vs boys
	0.243
	0.239
	1.035
	1.28 (0.80–2.04)
	0.309

	Urban–rural location
	Rural vs urban
	0.084
	0.566
	0.022
	1.09 (0.36–3.30)
	0.882

	Paternal education
	Senior high school vs junior high school or below
	-0.081
	0.385
	0.044
	0.92 (0.43–1.96)
	0.834

	
	College or above vs junior high school or below
	-0.312
	0.387
	0.652
	0.73 (0.34–1.56)
	0.419

	Maternal education
	Senior high school vs junior high school or below
	-0.234
	0.317
	0.543
	0.79 (0.43–1.47)
	0.461

	
	College or above vs junior high school or below
	0.232
	0.546
	0.181
	1.26 (0.43–3.67)
	0.671

	Daily sleep duration
	Not meeting vs meeting recommendations
	0.065
	0.248
	0.068
	1.07 (0.66–1.74)
	0.795

	Outdoor play duration
	<30 min vs 30–60 min
	0.201
	0.334
	0.362
	1.22 (0.64–2.35)
	0.548

	
	>60–120 min vs 30–60 min
	0.060
	0.314
	0.037
	1.06 (0.57–1.97)
	0.848

	
	>120 min vs 30–60 min
	0.214
	0.579
	0.136
	1.24 (0.40–3.85)
	0.712

	Paternal BMI
	Continuous
	-0.004
	0.019
	0.056
	1.00 (0.96–1.03)
	0.813

	Maternal BMI
	Continuous
	-0.003
	0.036
	0.007
	1.00 (0.93–1.07)
	0.931

	Birth weight
	Continuous, kg
	-0.015
	0.238
	0.004
	0.99 (0.62–1.57)
	0.950

	Daily screen time
	Continuous, h/day
	-1.099
	1.047
	1.101
	0.33 (0.04–2.60)
	0.294


[bookmark: _GoBack]Note. This complete-case sensitivity analysis used the same covariates as the primary GEE model and additionally adjusted for paternal BMI, maternal BMI, birth weight, and daily screen time. Birth weight was recorded in kilograms; values coded as 99.9 in the original dataset indicated "unknown" or "not remembered" and were treated as missing. Therefore, 167 records with invalid birth-weight values were excluded from this analysis. The complete-case model included 1,148 children, of whom 95 did not meet the physical fitness standard. The dependent variable was failure to meet the physical fitness standard, coded as 1 = unqualified and 0 = qualified. The model was fitted using generalized estimating equations (GEE) with a binomial distribution and a logit link function, an exchangeable working correlation structure, and robust standard errors to account for clustering within kindergarten clusters. Reference groups were normal weight, non-participation in structured sports, non-participation in arts-related enrichment classes, boys, urban residence, paternal and maternal education at junior high school or below, meeting sleep-duration recommendations, and 30–60 min/day of outdoor play duration. BMI, body mass index; CI, confidence interval; GEE, generalized estimating equations; OR, odds ratio; SE, standard error.













