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Figure S1. The participants were university students with FPS esports experience. Subjective rating scales (VAS, RPE), esports task tests, and resting fNIRS were completed at baseline. After a 45-minute modified Stroop task to induce mental fatigue, the fatigue effect, the recovery effect of LV-HIIT, and prefrontal hemodynamics were investigated sequentially. Finally, various indicators were compared before fatigue, after fatigue, and after exercise intervention.

[image: ]
Figure S2. Flowchart of experiment 1. After enrollment and screening, participants completed subjective assessments of VAS and RPE and two esports performance tests at Pre. After 45 minutes of mental fatigue induced by a 45-minute modified Stroop task, all indicators were retested Post, Post10, and Post20.
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Figure S3. Flowchart of Experiment 2. fNIRS, VAS, RPE and esports performance were collected at three time points: baseline, mental fatigue, and LV-HIIT intervention. After mental fatigue was induced by a 45-minute modified Stroop task, the practitioners completed the LV-HIIT exercise intervention using an air-resistance cycle.
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Figure S4. 2D channel layout and numbering of the standard 8×8 scheme for the frontal lobe. The prefrontal lobe probe layout consists of 8 light sources (red dots) and 8 detectors (blue dots), forming a total of 20 monitoring channels. The probe arrangement is set according to the international 10-20 brain positioning system standard.

Supplemental Tables
Table S1. Descriptive statistics for all dates
	Figure
	Group
	Mean ± SD
	Mean difference
	95%CI

	Fig. 1A
	Pre
	15.40 ± 6.07
	/
	/

	
	Post
	65.00 ± 19.65
	/
	/

	
	Post 10
	47.00 ± 16.61
	/
	/

	
	Post 20
	31.80 ± 12.61
	/
	/

	
	Pre vs. Post
	/
	49.60 
	39.60 to 59.60

	
	Pre vs. Post 10
	/
	31.60 
	22.20 to 41.00

	
	Pre vs. Post 20
	/
	16.40 
	9.502 to 23.30

	
	Post vs. Post 10
	/
	18.00 
	12.72 to 23.28

	
	Post vs. Post 20
	/
	33.20 
	25.20 to 41.20

	
	Post 10 vs. Post 20
	/
	15.20 
	9.268 to 21.13

	Fig. 1B
	Pre
	9.40 ± 1.79
	/
	/

	
	Post
	14.72 ± 2.94
	/
	/

	
	Post 10
	11.84 ± 2.56
	/
	/

	
	Post 20
	10.44 ± 1.84
	/
	/

	
	Pre vs. Post
	/
	5.32 
	3.534 to 7.106

	
	Pre vs. Post 10
	/
	2.44 
	1.069 to 3.811

	
	Pre vs. Post 20
	/
	1.04 
	0.014 to 2.066

	
	Post vs. Post 10
	/
	2.88 
	1.739 to 4.021

	
	Post vs. Post 20
	/
	4.28 
	2.878 to 5.682

	
	Post 10 vs. Post 20
	/
	1.40 
	0.7058 to 2.094

	Fig. 2A
	Pre
	59082.76 ± 11884.40
	/
	/

	
	Post
	49310.56 ± 9844.28
	/
	/

	
	Post 10
	51922.64 ± 10342.33
	/
	/

	
	Post 20
	51684.52 ± 11105.85
	/
	/

	
	Pre vs. Post
	/
	8541.00 
	5799 to 11283

	
	Pre vs. Post 10
	/
	7053.00 
	4246 to 9861

	
	Pre vs. Post 20
	/
	6376.00 
	3810 to 8943

	
	Post vs. Post 10
	/
	-1488.00 
	-3048 to 72.68

	
	Post vs. Post 20
	/
	-2165.00 
	-4359 to 28.85

	
	Post 10 vs. Post 20
	/
	-677.20 
	-2584 to 1230

	Fig. 2B
	Pre
	87.29 ± 6.07
	/
	/

	
	Post
	80.75 ± 7.15
	/
	/

	
	Post 10
	83.93 ± 7.93
	/
	/

	
	Post 20
	81.38 ± 7.28
	/
	/

	
	Pre vs. Post
	/
	6.00 
	3.138 to 8.862

	
	Pre vs. Post 10
	/
	3.79 
	0.2748 to 7.313

	
	Pre vs. Post 20
	/
	5.76 
	2.928 to 8.588

	
	Post vs. Post 10
	/
	-2.21 
	-4.860 to 0.4485

	
	Post vs. Post 20
	/
	-0.24 
	-2.417 to 1.933

	
	Post 10 vs. Post 20
	/
	1.96 
	-0.6442 to 4.572

	Fig. 2C
	Pre
	835.20 ± 124.53
	/
	/

	
	Post
	919.76 ± 145.86
	/
	/

	
	Post 10
	898.52 ± 159.97
	/
	/

	
	Post 20
	871.12 ± 165.11
	/
	/

	
	Pre vs. Post
	/
	-74.32 
	-103.2 to -45.46

	
	Pre vs. Post 10
	/
	-55.28 
	-98.62 to -11.94

	
	Pre vs. Post 20
	/
	-26.20 
	-69.46 to 17.06

	
	Post vs. Post 10
	/
	19.04 
	-11.15 to 49.23

	
	Post vs. Post 20
	/
	48.12 
	8.927 to 87.31

	
	Post 10 vs. Post 20
	/
	29.08 
	-8.071 to 66.23

	Fig. 2D
	Pre
	78.04 ± 9.64
	/
	/

	
	Post
	73.16 ± 9.40
	/
	/

	
	Post 10
	74.96 ± 10.38
	/
	/

	
	Post 20
	76.32 ± 11.38
	/
	/

	
	Pre vs. Post
	/
	5.68 
	3.859 to 7.501

	
	Pre vs. Post 10
	/
	4.12 
	1.666 to 6.574

	
	Pre vs. Post 20
	/
	3.16 
	0.1690 to 6.151

	
	Post vs. Post 10
	/
	-1.56 
	-3.269 to 0.1486

	
	Post vs. Post 20
	/
	-2.52 
	-5.176 to 0.1361

	
	Post 10 vs. Post 20
	/
	-0.96 
	-3.076 to 1.156

	Fig. 3A
	Pre
	68271.52 ± 9124.83
	/
	/

	
	Post
	58159.24 ± 7495.42
	/
	/

	
	Post 10
	60724.64 ± 9493.82
	/
	/

	
	Post 20
	60841.16 ± 10986.34
	/
	/

	
	Pre vs. Post
	/
	9231.00 
	7198 to 11264

	
	Pre vs. Post 10
	/
	6723.00 
	4013 to 9432

	
	Pre vs. Post 20
	/
	6117.00 
	3243 to 8990

	
	Post vs. Post 10
	/
	-2508.00 
	-5636 to 620.1

	
	Post vs. Post 20
	/
	-3114.00 
	-6605 to 376.9

	
	Post 10 vs. Post 20
	/
	-606.00 
	-2236 to 1024

	Fig. 3B
	Pre
	328.64 ± 89.54
	/
	/

	
	Post
	280.24 ± 52.72
	/
	/

	
	Post 10
	280.88 ± 57.61
	/
	/

	
	Post 20
	290.56 ± 60.05
	/
	/

	
	Pre vs. Post
	/
	49.16 
	20.12 to 78.20

	
	Pre vs. Post 10
	/
	48.08 
	16.80 to 79.36

	
	Pre vs. Post 20
	/
	36.84 
	7.887 to 65.79

	
	Post vs. Post 10
	/
	-1.08 
	-10.28 to 8.120

	
	Post vs. Post 20
	/
	-12.32 
	-25.28 to 0.6393

	
	Post 10 vs. Post 20
	/
	-11.24 
	-27.65 to 5.173

	Fig. 3C
	Pre
	60.44 ± 4.74
	/
	/

	
	Post
	55.65 ± 4.40
	/
	/

	
	Post 10
	56.20 ± 4.27
	/
	/

	
	Post 20
	55.32 ± 3.85
	/
	/

	
	Pre vs. Post
	/
	5.24 
	3.930 to 6.542

	
	Pre vs. Post 10
	/
	4.24 
	2.849 to 5.631

	
	Pre vs. Post 20
	/
	5.64 
	4.280 to 7.000

	
	Post vs. Post 10
	/
	-1.00 
	-1.791 to -0.2012

	
	Post vs. Post 20
	/
	0.40 
	-0.7981 to 1.606

	
	Post 10 vs. Post 20
	/
	1.40 
	0.05798 to 2.742

	Fig. 4A
	Pre
	14.19 ± 6.25
	/
	/

	
	Post
	81.90 ± 10.99
	/
	/

	
	LV-HIIT
	40.48 ± 15.23
	/
	/

	
	Pre vs. Post
	/
	-66.29 
	-73.56 to -59.01

	
	Pre vs. LV-HIIT
	/
	-25.57 
	-35.20 to -15.94

	
	Post vs. LV-HIIT
	/
	40.71 
	32.89 to 48.54

	f
	Pre
	9.24 ± 1.68
	/
	/

	
	Post
	16.71 ± 1.89
	/
	/

	
	LV-HIIT
	12.10 ± 1.75
	/
	/

	
	Pre vs. Post
	/
	-7.19 
	-8.344 to -6.037

	
	Pre vs. LV-HIIT
	/
	-2.91 
	-3.906 to -1.903

	
	Post vs. LV-HIIT
	/
	4.29 
	3.343 to 5.228

	Fig. 5A
	Pre
	55415.43 ± 7788.29
	/
	/

	
	Post
	48265.10 ± 7748.38
	/
	/

	
	LV-HIIT
	53543.81 ± 6796.49
	/
	/

	
	Pre vs. Post
	/
	7415.00 
	5604 to 9227

	
	Pre vs. LV-HIIT
	/
	1915.00 
	-505.4 to 4335

	
	Post vs. LV-HIIT
	/
	-5501.00 
	-7660 to -3342

	Fig. 5B
	Pre
	86.42 ± 5.39
	/
	/

	
	Post
	77.65 ± 7.35
	/
	/

	
	LV-HIIT
	83.20 ± 6.69
	/
	/

	
	Pre vs. Post
	/
	9.24 
	6.060 to 12.43

	
	Pre vs. LV-HIIT
	/
	2.61 
	-0.7748 to 5.984

	
	Post vs. LV-HIIT
	/
	-6.64 
	-8.665 to -4.611

	Fig. 5C
	Pre
	824.24 ± 93.94
	/
	/

	
	Post
	894.48 ± 91.69
	/
	/

	
	LV-HIIT
	837.62 ± 77.72
	/
	/

	
	Pre vs. Post
	/
	-75.19 
	-95.87 to -54.51

	
	Pre vs. LV-HIIT
	/
	-17.43 
	-39.34 to 4.481

	
	Post vs. LV-HIIT
	/
	57.76 
	31.36 to 84.17

	Fig. 5D
	Pre
	78.24 ± 8.07
	/
	/

	
	Post
	68.67 ± 6.69
	/
	/

	
	LV-HIIT
	76.00 ± 6.66
	/
	/

	
	Pre vs. Post
	/
	9.81 
	8.050 to 11.57

	
	Pre vs. LV-HIIT
	/
	1.62 
	-0.3675 to 3.606

	
	Post vs. LV-HIIT
	/
	-8.19 
	-10.24 to -6.142

	Fig. 6A
	Pre
	65510.95 ± 7431.73
	/
	/

	
	Post
	54613.14 ± 7738.19
	/
	/

	
	LV-HIIT
	64328.71 ± 7003.10
	/
	/

	
	Pre vs. Post
	/
	10603.00 
	9008 to 12197

	
	Pre vs. LV-HIIT
	/
	556.20 
	-1757 to 2870

	
	Post vs. LV-HIIT
	/
	-10046.00 
	-12694 to -7399

	Fig. 6B
	Pre
	291.14 ± 43.13
	/
	/

	
	Post
	231.63 ± 48.82
	/
	/

	
	LV-HIIT
	268.14 ± 49.03
	/
	/

	
	Pre vs. Post
	/
	60.18 
	46.66 to 73.70

	
	Pre vs. LV-HIIT
	/
	21.14 
	5.588 to 36.70

	
	Post vs. LV-HIIT
	/
	-39.04 
	-54.55 to -23.53

	Fig. 6C
	Pre
	59.21 ± 3.86
	/
	/

	
	Post
	56.19 ± 4.79
	/
	/

	
	LV-HIIT
	59.52 ± 4.01
	/
	/

	
	Pre vs. Post
	/
	3.21 
	2.068 to 4.361

	
	Pre vs. LV-HIIT
	/
	-0.55 
	-1.757 to 0.6616

	
	Post vs. LV-HIIT
	/
	-3.76 
	-5.190 to -2.334

	Fig. 8A
	Pre
	9.84×10−8±2.53×10−8
	/
	/

	
	Post
	1.16×10−7±2.16×10−8
	/
	/

	
	LV-HIIT
	9.85×10−8±2.31×10−8
	/
	/

	
	Pre vs. Post
	/
	-2.048E-08
	-3.695e-008 to -4.003e-009

	
	Pre vs. LV-HIIT
	/
	-4.495E-10
	-1.909e-008 to 1.819e-008

	
	Post vs. LV-HIIT
	/
	2.003E-08
	4.323e-009 to 3.573e-008

	Fig. 8B
	Pre
	5.54×10−8±2.20×10−8
	/
	/

	
	Post
	6.93×10−8±1.66×10−8
	/
	/

	
	LV-HIIT
	5.17×10−8±1.41×10−8
	/
	/

	
	Pre vs. Post
	/
	-1.539E-08
	-2.771e-008 to -3.069e-009

	
	Pre vs. LV-HIIT
	/
	3.268E-09
	-9.716e-009 to 1.625e-008

	
	Post vs. LV-HIIT
	/
	1.866E-08
	3.904e-009 to 3.341e-008

	Fig. 8C
	Pre
	4.94×10−8±2.10×10−8
	/
	/

	
	Post
	7.53×10−8±2.47×10−8
	/
	/

	
	LV-HIIT
	5.35×10−8±2.16×10−8
	/
	/

	
	Pre vs. Post
	/
	-2.421E-08
	-4.423e-008 to -4.180e-009

	
	Pre vs. LV-HIIT
	/
	-6.3E-09
	-2.574e-008 to 1.314e-008

	
	Post vs. LV-HIIT
	/
	1.791E-08
	5.847e-009 to 2.996e-008

	Fig. 8D
	Pre
	5.88×10−8±2.47×10−8
	/
	/

	
	Post
	8.12×10−8±2.08×10−8
	/
	/

	
	LV-HIIT
	6.20×10−8±2.10×10−8
	/
	/

	
	Pre vs. Post
	/
	-2.01E-08
	-3.195e-008 to -8.248e-009

	
	Pre vs. LV-HIIT
	/
	-1.013E-09
	-1.856e-008 to 1.654e-008

	
	Post vs. LV-HIIT
	/
	1.908E-08
	5.559e-009 to 3.261e-008

	Fig. 8E
	Pre
	2.52×10−7±4.67×10−8
	/
	/

	
	Post
	2.97×10−7±6.59×10−8
	/
	/

	
	LV-HIIT
	2.51×10−7±5.11×10−8
	/
	/

	
	Pre vs. Post
	/
	-4.956E-08
	-9.807e-008 to -1.056e-009

	
	Pre vs. LV-HIIT
	/
	-2.393E-09
	-4.290e-008 to 3.811e-008

	
	Post vs. LV-HIIT
	/
	4.717E-08
	1.863e-009 to 9.247e-008

	Fig. 8F
	Pre
	6.04×10−8±2.82×10−8
	/
	/

	
	Post
	8.14×10−8±2.43×10−8
	/
	/

	
	LV-HIIT
	5.13×10−8±2.74×10−8
	/
	/

	
	Pre vs. Post
	/
	-2.264E-08
	-3.870e-008 to -6.576e-009

	
	Pre vs. LV-HIIT
	/
	9.299E-09
	-1.017e-008 to 2.877e-008

	
	Post vs. LV-HIIT
	/
	3.194E-08
	1.176e-008 to 5.211e-008
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