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[bookmark: _GoBack]Table S1. Baseline sport-background characteristics.
	Variable
	Astaxanthin group
	Placebo group
	Test statistic (P-values)
	Effect size
	Median (IQR), astaxanthin
	Median (IQR), placebo

	Training experience (years)
	1-10 (2.86 ±2.26)
	1-10 (3.76 ± 3.03)
	Mann-Whitney U = 196.00, p = 0.536
	rank-biserial r = -0.111
	2.00 (2.00-3.00)
	3.00 (1.00-5.00)

	Competitive level
	Municipal-level or higher competition experience
	Municipal-level or higher competition experience
	Eligibility criterion
	Not applicable
	Not applicable
	Not applicable



Table S2. Baseline values of main outcomes and between-group differences.
	Variable
	Astaxanthin group
	Placebo group
	Median (IQR), astaxanthin
	Median (IQR), placebo
	Mean difference (95% CI)
	Cohen's d

	SOD
	176.18 ± 10.57
	169.74 ± 15.12
	175.63 (171.68-183.53)
	170.83 (162.79-176.17)
	6.44 (-2.52 to 15.40)
	0.491

	MDA
	36.75 ± 15.49
	40.40 ±18.12
	33.65 (28.08-46.13)
	43.42 (26.88-49.80)
	-3.65 (-15.23 to 7.92)
	-0.216

	CK
	773.38 ± 1087.41
	333.69 ± 239.30
	419.00 (208.50-1096.50)
	240.25 (149.00-505.62)
	439.69 (-129.38 to 1008.76)
	0.566

	ABQa
	11.88 ± 3.43
	12.17 ± 1.62
	13.00 (11.00-14.00)
	12.00 (11.00-12.75)
	-0.28 (-2.18 to 1.61)
	-0.107

	ABQb
	11.00 ± 3.74
	11.61 ± 2.73
	11.00 (9.00-14.00)
	11.00 (10.00-14.00)
	-0.61 (-2.88 to 1.66)
	-0.188

	ABQc
	9.88 ± 3.35
	9.28 ± 2.70
	10.00 (8.00-13.00)
	9.50 (8.25-10.00)
	0.60 (-1.50 to 2.71)
	0.199







Table S3. Descriptive statistics for creatine kinase (CK), including median and interquartile range.
	Time
	Group
	n
	Mean +/- SD
	Median (IQR)
	Min
	Max

	Baseline
	Astaxanthin
	17
	773.38 ±1087.41
	419.00 (208.50-1096.50)
	76.000
	4654.000

	Baseline
	Placebo
	18
	333.69 ± 239.30
	240.25 (149.00-505.62)
	83.000
	875.500

	Week 2
	Astaxanthin
	17
	237.06 ± 315.47
	113.00 (59.00-158.50)
	10.500
	1127.000

	Week 2
	Placebo
	18
	359.64 ± 255.35
	292.50 (158.50-432.62)
	103.000
	942.000

	Week 4
	Astaxanthin
	17
	299.62 ± 223.18
	314.00 (141.00-357.00)
	10.500
	924.500

	Week 4
	Placebo
	18
	323.67 ±158.76
	301.25 (246.12-414.62)
	70.500
	656.000



Table S4. Between-group mean differences, 95% confidence intervals, and effect sizes at each time point.
	Variable
	Time
	Mean difference (A-P)
	Mean difference (95% CI)
	Cohen's d

	SOD
	Baseline
	6.441
	6.44 (-2.52 to 15.40)
	0.491

	SOD
	Week 2
	9.218
	9.22 (0.94 to 17.49)
	0.766

	SOD
	Week 4
	6.747
	6.75 (-1.21 to 14.70)
	0.581

	MDA
	Baseline
	-3.652
	-3.65 (-15.23 to 7.92)
	-0.216

	MDA
	Week 2
	-9.257
	-9.26 (-23.27 to 4.75)
	-0.451

	MDA
	Week 4
	-4.046
	-4.05 (-14.48 to 6.39)
	-0.265

	CK
	Baseline
	439.688
	439.69 (-129.38 to 1008.76)
	0.566

	CK
	Week 2
	-122.580
	-122.58 (-321.17 to 76.01)
	-0.428

	CK
	Week 4
	-24.049
	-24.05 (-158.62 to 110.52)
	-0.125

	ABQa
	Baseline
	-0.284
	-0.28 (-2.18 to 1.61)
	-0.107

	ABQa
	Week 2
	-0.801
	-0.80 (-3.16 to 1.56)
	-0.240

	ABQa
	Week 4
	-0.618
	-0.62 (-2.41 to 1.18)
	-0.244

	ABQb
	Baseline
	-0.611
	-0.61 (-2.88 to 1.66)
	-0.188

	ABQb
	Week 2
	0.608
	0.61 (-1.95 to 3.16)
	0.167

	ABQb
	Week 4
	-0.118
	-0.12 (-2.24 to 2.00)
	-0.039

	ABQc
	Baseline
	0.605
	0.60 (-1.50 to 2.71)
	0.199

	ABQc
	Week 2
	-0.023
	-0.02 (-2.52 to 2.47)
	-0.006

	ABQc
	Week 4
	1.987
	1.99 (-2.68 to 6.66)
	0.308














Table S5. Mixed-design ANOVA summary for group, time, and group x time effects.
	Variable
	Effect
	F
	Partial eta squared

	SOD
	Group
	4.626
	0.123

	SOD
	Time
	3.498
	0.096

	SOD
	Group ± Time
	0.299
	0.009

	MDA
	Group
	1.201
	0.035

	MDA
	Time
	1.715
	0.049

	MDA
	Group ± Time
	0.709
	0.021

	CK
	Group
	1.058
	0.031

	CK
	Time
	2.803
	0.078

	CK
	Group ± Time
	3.248
	0.090

	ABQa
	Group
	0.446
	0.013

	ABQa
	Time
	0.145
	0.004

	ABQa
	Group ± Time
	0.213
	0.006

	ABQb
	Group
	0.002
	0.000

	ABQb
	Time
	1.542
	0.045

	ABQb
	Group ± Time
	1.229
	0.036

	ABQc
	Group
	0.472
	0.014

	ABQc
	Time
	1.381
	0.040

	ABQc
	Group ± Time
	0.817
	0.024



Table S6. Spearman correlation matrix using pooled time-point observations.
	Variable
	SOD
	MDA
	CK
	ABQa
	ABQb
	ABQc

	SOD
	1.000
	0.046
	-0.192
	0.067
	0.075
	0.063

	MDA
	0.046
	1.000
	-0.163
	-0.066
	0.007
	-0.138

	CK
	-0.192
	-0.163
	1.000
	-0.126
	-0.147
	-0.093

	ABQa
	0.067
	-0.066
	-0.126
	1.000
	0.675
	0.630

	ABQb
	0.075
	0.007
	-0.147
	0.675
	1.000
	0.796

	ABQc
	0.063
	-0.138
	-0.093
	0.630
	0.796
	1.000



Note. Values are presented as mean +/- SD or median (IQR), as indicated. CI, confidence interval; IQR, interquartile range; SOD, superoxide dismutase; MDA, malondialdehyde; CK, creatine kinase; ABQ, Athlete Burnout Questionnaire.

