Strategic Application of Post-Exercise Cold-Water Immersion to Enhance Performance Recovery and Adaptation: An Umbrella Review of Fifteen Published Systematic Reviews with Meta-Analysis
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Certainty of Evidence: 
Risk of bias, based on the risk-of-bias assessments of the primary studies as reported in the original meta-analyses. Downgrading for risk of bias was applied when more than 50% of the contributing primary studies were judged to have a high risk of bias in key methodological domains (e.g., randomization, allocation concealment, or blinding). Inconsistency was assessed based on the magnitude of statistical heterogeneity (I² statistic) and visual inspection of the overlap of 95% confidence intervals (CI) and direction of effect estimates across studies. Heterogeneity was interpreted as low (< 50%), substantial (50–75%), or considerable (> 75%). Certainty was not downgraded when I² was <50%, downgraded by one level for I² of 50–75%, and downgraded by two levels when I² exceeded 75% or when the CI did not overlap or showed opposing directions of effect. Indirectness was assessed by how well the study populations, timing, temperature, and duration of cold-water immersion protocols matched the review's focus. Imprecision was assessed by the width of the 95% CI around the pooled effect, especially if it included both potential benefit and harm. For standardized mean differences (SMD; Cohen’s d or Hedges’ g), a practically meaningful effect was defined a priori as 0.2, consistent with conventional thresholds for small effects (1). Imprecision was downgraded by one level when the 95% CI crossed the line of no effect and by two levels when the interval included both practically meaningful benefit and harm (i.e., ≥ +0.2 and ≤ −0.2) (2). Publication bias was assessed using funnel plot asymmetry or Egger’s test when reported in the included meta-analyses. For outcomes where fewer than ten studies were available or where funnel plots were not reported, publication bias was considered not assessable. In such cases, a neutral (no downgrade) decision was applied unless there was a strong reason to suspect selective publication (e.g., small-study effects or exclusively positive findings), in which case the certainty was downgraded by one level for potential publication bias (3). For network meta-analyses, inconsistency was evaluated by examining the magnitude of within-network heterogeneity (τ²) or by assessing whether global/local inconsistency tests were statistically significant (p < 0.05). Certainty was downgraded when substantial unexplained heterogeneity was present or when statistically significant or clinically meaningful incoherence between direct and indirect estimates was observed, in accordance with GRADE guidance (4). For studies that assessed the certainty of evidence, the original certainty-of-evidence ratings reported by the authors are presented. These ratings are indicated by “#” beside the corresponding score and are labelled as “author-reported GRADE.”






















Table 1 Characteristics of the included studies.
	Author
	Number of Studies
	Number of Participants
	Duration and Temperature of CWI
	Comparison Group
	Measurement Domain
	Measurement Timepoint (h)
	Pooled effect size
	95% CI
	 p
	Heterogeneity 
I2 (%) / p
	GRADE

	
	
	
	
	
	
	
	
	
	
	
	

	Leeder et al. 2011
	9
	146
	N/A
	N/A
	Strength
	24,48,72
	0.134
	-0.041, 0.308
	0.133
	0
	Low

	
	7
	110
	
	
	Creatine Kinase
	24-48
	0.221
	0.032, 0.410
	0.02
	21.6
	Low

	
	12
	193
	
	
	DOMS
	24
	0.348
	0.076, 0.621
	0.01
	70.5
	Low

	
	12
	193
	
	
	
	48
	0.671
	0.396, 0.946
	0
	60.8
	Low

	
	8
	134
	
	
	
	72
	0.596
	0.268, 0.924
	0
	28.6
	Moderate

	
	8
	107
	
	
	
	96
	0.632
	0.296, 0.967
	0
	26.6
	Moderate

	
	3
	34
	
	
	Muscular Power
	24
	0.648
	0.174, 1.123
	0.007
	9.3
	Moderate

	
	3
	35
	
	
	
	48
	0.598
	0.135, 1.061
	0.011
	0
	Moderate

	
	3
	43
	
	
	
	72
	0.539
	0.032, 1.046
	0.037
	89.4
	Very Low

	Murray et al 2015
	3
	51
	5-15 min, 8-15 °C 
	
	Endurance
	24
	-0.19
	-0.593, 0.554
	0.94
	0
	Very Low

	
	3
	51
	
	
	
	96
	0.427
	-0.130, 0.985
	0.94
	0
	Very Low

	Choo et al. 2022
	5
	110
	3-20 min, 8-15 °C
	Passive rest, Active recovery, or Thermoneutral water immersion
	C-reactive protein
	1
	0.05
	-0.79, 0.88
	0.91
	75
	Very Low

	
	4
	82
	
	
	
	6
	-0.17
	-0.64,0.29
	0.47
	0
	Very Low

	
	10
	183
	
	
	
	24
	-0.09
	-0.64, 0.46
	0.76
	71
	Very Low

	
	6
	115
	
	
	
	48
	0.05
	-0.41, 0.51
	0.83
	15
	Very Low

	
	6
	53
	
	
	
	72
	0.11
	-0.53,0.75
	0.73
	0
	Very Low

	
	9
	176
	
	
	Creatine Kinase
	1
	-0.27
	-0.58, 0.05
	0.1
	23
	Low

	
	8
	109
	
	
	
	6
	0.11
	-0.22, 0.44
	0.51
	0
	Low

	
	23
	555
	
	
	
	24
	-0.38
	-0.66, -0.10
	<0.01
	60
	Low

	
	15
	330
	
	
	
	48
	-0.36
	-0.58, -0.14
	<0.01
	11
	Moderate

	
	12
	281
	
	
	
	72
	-0.27
	-0.54, -0.01
	0.04
	2
	Moderate

	
	7
	206
	
	
	
	96
	-0.11
	-0.44, 0.22
	0.52
	0
	Low

	
	4
	88
	
	
	Interleukin-6
	1
	-2.07
	-7.16, 3.02
	0.43
	91
	Very Low

	
	4
	94
	
	
	
	6
	-1.74
	-4.64, 1.17
	0.24
	88
	Very Low

	
	5
	100
	
	
	
	24
	-0.31
	-0.76, 0.14
	0.17
	0
	Very Low

	
	3
	71
	
	
	
	48
	0.47
	-0.07, 1.0
	0.09
	8
	Very Low

	
	1
	22
	
	
	
	72
	0
	-0.91,0.91
	1
	Not applicable
	Not applicable

	
	9
	172
	
	
	Jump
	1
	-0.17
	-0.42, 0.07
	0.16
	7
	Low

	
	7
	119
	
	
	
	6
	-0.48
	-0.94, -0.02
	0.04
	48
	Moderate

	
	24
	540
	
	
	
	24
	0.22
	0.03, 0.41
	0.02
	44
	Moderate

	
	14
	313
	
	
	
	48
	0.34
	-0.06, 0.75
	0.1
	66
	Very Low

	
	7
	121
	
	
	
	72
	0.49
	-0.09, 1.08
	0.1
	64
	Very Low

	
	1
	42
	
	
	
	96
	1.34
	0.52, 2.16
	<0.01
	Not applicable
	Not applicable

	
	10
	159
	
	
	Lactate Dehydrogenase/ lactate
	1
	-0.04
	-0.75, 0.67
	0.91
	0
	Very Low

	
	3
	71
	
	
	
	24
	-0.04
	-0.44, 0.37
	0.85
	0
	Very Low

	
	1
	10
	
	
	
	48
	-0.67
	-1.49, 0.15
	0.11
	Not applicable
	Not applicable

	
	1
	10
	
	
	
	72
	-0.88
	-1.71, -0.04
	0.04
	Not applicable
	Not applicable

	
	11
	184
	
	
	Strength
	1
	0.1
	-0.22, 0.42
	0.53
	40
	Low

	
	7
	132
	
	
	
	6
	0.06
	-0.53, 0.66
	0.83
	68
	Very Low

	
	21
	504
	
	
	
	24
	0.27
	0.07, 0.47
	0.01
	18
	Moderate

	
	13
	323
	
	
	
	48
	0.35
	-0.02, 0.72
	0.06
	58
	Very Low

	
	9
	265
	
	
	
	72
	0.08
	-0.18, 0.33
	0.54
	0
	Low

	
	7
	230
	
	
	
	96
	-0.13
	-0.44, 0.18
	0.4
	0
	Low

	
	4
	43
	
	
	Endurance
	1<
	0.5
	0.11, 0.89
	0.01
	0
	Moderate

	
	5
	83
	
	
	
	6
	0.46
	-0.07, 1.0
	0.09
	52
	Very Low

	
	6
	50
	
	
	
	24
	0.31
	-0.07, 0.70
	0.11
	0
	Low

	
	18
	355
	
	
	Muscle Soreness
	1
	-0.67
	-0.97, -0.38
	<0.01
	66
	Low

	
	12
	211
	
	
	
	6
	-0.35
	-0.65, -0.05
	0.02
	40
	Moderate

	
	33
	646
	
	
	
	24
	-0.48
	-0.77, -0.18
	<0.01
	67
	Low

	
	20
	438
	
	
	
	48
	-0.49
	-0.81, -0.17
	<0.01
	57
	Low

	
	19
	420
	
	
	
	72
	-0.48
	-0.84, -0.12
	0.01
	42
	Moderate

	
	6
	214
	
	
	
	96
	-0.2
	-0.70, 0.30
	0.43
	48
	Low

	Moore et al 2022 a
	2
	58
	3-20 min, 5-15°C
	Passive recovery
	Creatine Kinase
	1
 (post-ECC)
	0.85
	-0.93, 2.63
	0.34
	87.5
	Very Low

	
	11
	373
	
	
	
	24 
(post-ECC)
	0.12
	-0.31, 0.54
	0.59
	63.1
	Very Low

	
	5
	105
	
	
	
	24 
(post-HIT)
	-0.85
	-1.61, -0.08
	0.03
	58.6
	Low

	
	11
	373
	
	
	
	48 
(post-ECC)
	-0.04
	-0.37, 0.3
	0.83
	50.6
	Very Low

	
	4
	81
	
	
	
	48
 (post-HIT)
	-1.3
	-2.51, -0.20
	0.02
	77.3
	Very Low

	
	10
	353
	
	
	
	72 
(post-ECC)
	-0.15
	-0.57, 0.27
	0.49
	61.5
	Very Low

	
	6
	243
	
	
	
	96
 (post-ECC)
	-0.04
	-0.43, 0.35
	0.83
	39.4
	Low

	
	2
	71
	
	
	
	168 
(post-ECC)
	-0.62
	-1.05, -0.18
	0.006
	0
	Moderate

	
	2
	33
	
	
	Muscle Power
	1 
(post-HIT)
	-0.25
	- 0.58, 0.07
	0.123
	9.9
	Low

	
	4
	84
	
	
	
	1 
(post-ECC)
	-0.22
	-0.52, 0.09
	0.16
	14.3
	Low

	
	6
	174
	
	
	
	24 
(post-ECC)
	0.34
	0.06, 0.62
	0.018
	0
	Moderate

	
	17
	278
	
	
	
	24 
(post-HIT)
	0.22
	0.004, 0.43
	0.046
	74.6
	Low

	
	7
	196
	
	
	
	48 
(post-ECC)
	0.47
	0.22, 0.73
	< 0.001
	0
	Moderate

	
	10
	163
	
	
	
	48 
(post-HIT)
	-0.02
	- 0.12, 0.07
	0.608
	4.8
	Low

	
	4
	115
	
	
	
	72 
(post-ECC)
	0.62
	0.27, 0.98
	0.001
	0
	Moderate

	
	2
	25
	
	
	
	72 
(post-HIT)
	-0.01
	-0.51, 0.49
	0.969
	0
	Very Low

	
	2
	71
	
	
	
	96
 (post-ECC)
	0.41
	- 0.02, 0.84
	0.062
	0
	Low

	
	2
	37
	
	
	
	96 
(post-HIT)
	0.05
	-0.59, 0.70
	0.873
	0
	Very Low

	
	2
	71
	
	
	
	168 
(post-ECC)
	0.36
	-0.23, 0.95
	0.228
	0
	Low

	
	2
	38
	
	
	Strength
	1 
(post-ECC)
	2.31
	- 4.25, 8.88
	0.49
	97.2
	Very Low

	
	2
	42
	
	
	
	1 
(post-HIT)
	-0.11
	- 0.72, 0.50
	0.72
	0
	Very Low

	
	8
	224
	
	
	
	24 
(post-ECC)
	0.74
	-0.78, 2.26
	0.34
	76
	Very Low

	
	3
	62
	
	
	
	24 
(post-HIT)
	0.12
	-0.38, 0.62
	0.637
	0
	Very Low

	
	8
	224
	
	
	
	48
 (post-ECC)
	0.84
	-0.89, 2.57
	0.339
	78.9
	Very Low

	
	4
	84
	
	
	
	72 
(post-ECC)
	0.64
	-0.51, 1.79
	0.276
	74.9
	Very Low

	
	5
	165
	
	
	
	96 
(post-ECC)
	-0.3
	- 0.78, 0.17
	0.212
	36.8
	Very Low

	
	2
	71
	
	
	
	168 
(post-ECC)
	-0.09
	-0.51, 0.34
	0.691
	0
	Very Low

	
	5
	51
	
	
	Endurance
	24 
(post-HIT)
	-0.14
	-0.40, 0.13
	0.316
	73.6
	Very Low

	
	2
	24
	
	
	
	48 
(post-HIT)
	0.12
	-0.16, 0.40
	0.4
	0
	Very Low

	
	
	
	
	
	
	
	
	
	
	
	

	
	4
	64
	
	
	Muscle Soreness
	1 
(post-ECC)
	0
	-1.09, 1.10
	0.998
	69.4
	Very Low

	
	9
	149
	
	
	
	1 
(post-HIT)
	-1.1
	-1.81, -0.40
	0.02
	78.1
	Very Low

	
	13
	401
	
	
	
	24 
(post-ECC)
	-0.51
	-1.10, 0.09
	0.094
	75.9
	Very Low

	
	20
	297
	
	
	
	24 
(post-HIT)
	-0.89
	-1.48, -0.29
	0.003
	77.4
	Very Low

	
	12
	375
	
	
	
	48 
(post-ECC)
	-0.48
	-0.79, -0.16
	0.003
	49.1
	Moderate

	
	11
	164
	
	
	
	48 
(post-HIT)
	-0.82
	-1.57, -0.07
	0.031
	83.2
	Very Low

	
	10
	340
	
	
	
	72 
(post-ECC)
	-0.55
	-0.86, -0.23
	0.001
	33.4
	Moderate

	
	4
	69
	
	
	
	72 
(post-HIT)
	0.09
	-0.40, 0.59
	0.718
	23.9
	Very Low

	
	8
	296
	
	
	
	96 
(post-ECC)
	-0.41
	-0.62, -0.21
	<0.001
	0
	Moderate

	
	2
	42
	
	
	
	168 
(post-ECC)
	-0.78
	- 1.87, 0.31
	0.16
	75
	Very Low

	Moore et al 2022 b
	2
	42
	
	Warm water immersion
	Strength
	1
	-0.31
	-1.85, 1.22
	0.69
	84
	Very Low

	
	4
	82
	
	
	
	24
	0.3
	-0.61, 1.20
	0.52
	75.8
	Very Low

	
	2
	40
	
	
	
	48
	0.18
	-0.42, 0.77
	0.56
	0
	Very Low

	
	2
	39
	
	Air cryotherapy
	Strength
	1
	-2.6
	-7.00, 1.80
	0.25
	95.1
	Very Low

	
	5
	96
	
	
	
	24
	-1.58
	-4.65, 1.49
	0.31
	89.3
	Very Low

	
	5
	96
	
	
	
	48
	-1.32
	-3.59, 0.95
	0.25
	89.3
	Very Low

	
	5
	88
	
	Active recovery
	Power
	24
	0.1
	-0.09, 0.29
	0.32
	58.8
	Very Low

	
	2
	39
	
	
	
	48
	-0.07
	- 0.19, 0.05
	0.25
	0
	Low

	
	5
	98
	
	Contrast water therapy
	
	1
	1.13
	-1.09, 3.34
	0.32
	84
	Very Low

	
	6
	108
	
	
	
	24
	1.01
	- 0.59, 2.62
	0.22
	73.5
	Very Low

	
	7
	112
	
	
	
	48
	0.89
	-0.56, 2.35
	0.23
	70.8
	Very Low

	
	5
	79
	
	Warm water immersion
	
	24
	-0.31
	-0.85, 0.23
	0.26
	75.7
	Very Low

	
	3
	37
	
	
	
	48
	0.08
	-0.48, 0.64
	0.78
	68.2
	Very Low

	
	2
	39
	
	Air cryotherapy
	
	1
	-0.7
	-1.32, -0.08
	0.03
	0
	Moderate

	
	5
	85
	
	
	
	24
	-0.09
	-0.43, 0.25
	0.6
	0.7
	Very Low

	
	5
	85
	
	
	
	48
	-0.18
	-0.49, 0.13
	0.25
	2.4
	Low

	
	5
	85
	
	
	
	72
	-0.05
	-0.58, 0.49
	0.86
	53.5
	Very Low

	
	2
	40
	
	Massage
	
	24
	0.16
	-0.07, 0.39
	0.18
	0
	Low

	
	3
	60
	
	Active recovery
	DOMS
	1
	0.35
	0.09, 0.60
	0.01
	0
	Moderate

	
	4
	78
	
	
	
	24
	0.1
	-0.25, 0.45
	0.56
	0
	Very Low

	
	2
	39
	
	
	
	48
	0.06
	- 0.37, 0.50
	0.78
	16.7
	Low

	
	7
	119
	
	Contrast water therapy
	
	1
	0.05
	-0.27, 0.36
	0.78
	50.8
	Very Low

	
	6
	103
	
	
	
	24
	0.55
	-0.12, 1.22
	0.11
	77.3
	Very Low

	
	6
	96
	
	
	
	48
	0.54
	0.11, 0.97
	0.01
	53.7
	Low

	
	2
	29
	
	Warm water immersion
	
	1
	0.03
	-0.51, 0.57
	0.9
	0
	Very Low

	
	4
	59
	
	
	
	24
	1
	-0.33, 2.34
	0.14
	81.3
	Very Low

	
	3
	37
	
	
	
	48
	0.93
	-0.23, 2.08
	0.12
	63.6
	Very Low

	
	7
	119
	
	Air cryotherapy
	
	24
	0.11
	-0.33, 0.56
	0.62
	47.4
	Very Low

	
	
	
	
	
	
	
	
	
	
	
	

	
	6
	98
	
	
	
	48
	-0.03
	-0.40, 0.35
	0.88
	21.9
	Very Low

	
	5
	85
	
	
	
	72
	0.51
	-1.11, 0.08
	0.09
	55.6
	Very Low

	Xiao et.al 2023
	`
	36
	10–20, 6-15°C
	Passive recovery
	Lactate Dehydrogenase/ lactate
	0
	0.05
	-0.37, 0.47
	>0.05
	47
	Very Low

	
	
	
	
	
	
	
	
	
	
	
	

	
	3
	44
	
	
	
	24
	-0.61
	-1.08, -0.13
	< 0.05
	47
	Moderate

	
	2
	24
	
	
	
	48
	-0.82
	-1.56, -0.08
	< 0.05
	47
	Moderate

	
	5
	139
	
	
	Jump
	0
	-2.71*
	-5.03, -0.39
	0.02
	14
	Moderate

	
	4
	86
	
	
	
	24
	4.77*
	2.12, 7.42
	0.004
	86
	Very Low

	
	2
	30
	
	
	
	48
	-1.6*
	-4.98, 1.79
	0.36
	0
	Low

	
	5
	97
	
	
	C-reactive Protein
	0
	-0.01*
	-0.06, 0.04
	0.71
	0
	Low

	
	6
	116
	
	
	
	24
	0.06*
	-0.45, 0.57
	0.82
	0
	Low

	
	1
	11
	
	
	
	48
	-0.2*
	-0.96, 0.56
	0.6
	Not applicable
	Low

	
	6
	92
	
	
	DOMS
	0
	-0.59*
	-0.90, -0.28
	0.002
	1
	Moderate

	
	6
	194
	
	
	
	24
	-0.34*
	-0.65, -0.04
	0.03
	67
	Low

	
	5
	148
	
	
	
	48
	-0.25*
	-0.58, 0.07
	0.12
	66
	Very Low

	
	7
	94
	
	
	Creatine Kinase
	0
	-2.63*
	-36.72, - 31.47
	0.88
	0
	Moderate

	
	13
	260
	
	
	
	24
	-86.04*
	-153.88, -18.21
	0.01
	0
	Moderate

	
	7
	145
	
	
	
	48
	-5.44*
	-62.93, 52.04
	0.85
	0
	Very Low

	Chen et al 2024
	23
	454
	
	
	Jump
	24-48
	0.37
	0.13, 0.61
	< 0.05
	p > 0.05
	Moderate

	
	29
	536
	
	
	Creatine Kinase
	24-48
	-0.37
	-0.59, -0.15
	< 0.05
	p > 0.05
	Moderate

	
	35
	704
	
	
	DOMS
	24-48
	-0.64
	-0.94, -0.35
	0.05<
	p > 0.05
	Moderate

	Batista et al 2023
	31
	710
	
	Passive recovery
	Muscle soreness
	Immediate
	1*
	0.58, 1.43
	<0.001
	82
	#Low to very low

	
	41
	880
	
	
	
	Delayed
	1.05*
	0.55,1.55
	<0.001
	90
	

	
	12
	256
	Stratified based on temperature (Severe Cold: 5-9C˚)
	
	
	Immediate
	0.99*
	0.38,1.60
	<0.001
	54
	

	
	19
	454
	Stratified based on temperature (Moderate:  Cold: 10-15C˚)
	
	
	Immediate
	1*
	0.44,1.56
	0.001
	87
	

	
	12
	256
	Stratified based on temperature (Severe Cold: 5-9C˚)
	
	
	Delayed
	0.68*
	0.09, 1.26
	0.02
	37
	

	
	29
	624
	Stratified based on temperature (Moderate:  Cold: 10-15C˚)
	
	
	Delayed
	1.22*
	0.61, 1.83
	0.001
	92
	

	
	14
	293
	Stratified based on duration (short: ≤10 minutes)
	
	
	Immediate
	0.8*
	0.18, 1.41
	0.01
	85
	

	
	10
	283
	Stratified based on duration (Medium: 11–15 minutes)
	
	
	Immediate
	1.58*
	0.70, 2.45
	0.001
	80
	

	
	7
	126
	Stratified based on duration (Long:16–20  minutes)
	
	
	Immediate
	0.69*
	-0.06, 1.43
	0.07
	59
	

	
	18
	390
	Stratified based on duration (short: ≤10 minutes)
	
	
	Delayed
	1.25*
	0.51, 1.99
	0.001
	92
	

	
	15
	342
	Stratified based on duration (Medium: 11–15 minutes)
	
	
	Delayed
	1.02*
	0.08,1.96
	0.03
	89
	

	
	7
	156
	Stratified based on duration (Long:16–20 minutes)
	
	
	Delayed
	0.75*
	-0.16,1.65
	0.11
	74
	

	
	7
	129
	Intermittent Protocol
	
	
	Immediate
	1.47*
	0.66, 2.28
	0.01
	50
	

	
	22
	533
	Continuous Protocol
	
	
	Immediate
	0.92*
	0.35, 1.48
	0.01
	85
	

	
	8
	150
	Intermittent Protocol
	
	
	Delayed
	1.85*
	0.44, 3.26
	0.01
	90
	

	
	31
	719
	Continuous Protocol
	
	
	Delayed
	0.86*
	0.27, 1.46
	0.01
	92
	

	Wang et al. 2025
	36
	547
	10-15 min, 5-10 °C
	Passive recovery
	Jump
	24-48
	0.48
	0.20, 0.77
	0.01
	p > 0.05
	Moderate

	
	30
	437
	
	Passive recovery
	Creatine kinase
	24-48
	-0.9
	-1.46, -0.34
	0.02
	p > 0.05
	Moderate

	
	42
	762
	10–15 min, 11°C–15°C
	Passive recovery
	DOMS
	24-48
	-1.45
	-2.13, -0.77
	0.01
	p > 0.05
	Moderate

	Laborde et al. 2023
	9
	190
	5-15, 10-14°C
	Passive recovery
	Heart rate variability
	
	0.75
	0.42, 1.07
	0.01
	11
	Moderate

	Grgic 2022
	10
	172
	10-20 min,10- 15°C
	Passive rest or active recovery (e.g. low intensity cycling/running)
	Strength
	Longitudinal
	-0.23
	-0.45, -0.01
	0.041
	0
	Moderate

	
	
	
	applying CWI only to the trained limbs
	
	
	
	-0.31
	-0.61, -0.01
	0.041
	0
	Moderate

	
	
	
	whole-body CWI
	
	
	
	-0.08
	-0.53, 0.38
	0.743
	0
	Very Low

	Piñero et al. 2024
	8
	116
	
	
	Hypertrophy
	
	-0.22
	-0.47, 0.04
	N/A
	N/A
	Low

	Malta et.al 2020
	8
	
	
	
	time-trial mean power, maximal aerobic power
	
	-0.07
	-0.54, 0.53
	0.71
	N/A
	Very Low

	
	3
	81
	
	
	time-trial
	
	0
	-0.58, 0.58
	1
	
	Very Low

	
	5
	107
	
	
	1RM
	
	-0.5
	- 0.90, - 0.10
	0.01
	
	Moderate

	
	3
	57
	
	
	maximal isometric strength
	
	0.65
	- 1.14, - 0.17
	0.009
	
	Moderate

	
	2
	47
	
	
	Strength endurance
	
	-0.73
	- 1.29, - 0.16
	0.01
	
	Moderate

	
	2
	26
	
	
	ballistic efforts
	
	-0.61
	- 1.11, - 0.11
	0.02
	
	Moderate

	Machado et al 2016
	3
	56
	Stratified based on temperature (10- 15°C)
	
	DOMS
	Immediate
	0.273
	0.107, 0.440
	0.001
	52.31
	Low

	
	4
	70
	Stratified based on temperature (10- 15°C)
	
	
	delayed
	0.317
	0.102, 0.532
	0.004
	53.2
	Low

	
	2
	38
	Stratified based on duration (10–15 minutes)
	
	
	Immediate
	0.227
	0.139, 0.314
	0.001
	0
	Moderate

	
	4
	70
	Stratified based on duration (10–15 minutes)
	
	
	delayed
	0.317
	0.102, 0.532
	0.004
	67.77
	Low

	Abbreviations: DOMS: Delayed onset of muscle soreness, HIT: High-intensity training, ECC: eccentric. * denotes mean difference (MD) instead of standardised mean difference (SMD). No unit of measurement were provided for the MD reported in the relevant reviews. All values were extracted directly without rounding, hence the inconsistent decimal points.   # Indicates that the certainty of evidence was assessed and reported by the study authors. N/A: Not Available





Table 2 AMSTAR 2 checklist score and assessment for each included study. * Denotes critical items.
	[bookmark: _Hlk213675203]Study
	Item 1
	Item 2*
	Item 3
	Item 4*
	Item 5
	Item 6
	Item 7*
	Item 8
	Item 9*
	Item 10
	Item   11*
	Item 12
	Item 13*
	Item 14
	Item 15*
	Item 16
	Critical items failed
	Rate 

	Leeder et al. 2012 (40)
	Yes
	Partial Yes
	Yes
	No
	No
	No
	No
	No
	Yes
	No
	Yes
	No
	Yes
	No
	No
	Yes
	4, 7, 15
	Critically Low

	Murray et al 2015 (41)
	Yes
	No
	Yes
	No
	No
	No
	Yes
	No
	Yes
	No
	Yes
	No
	Yes
	Yes
	No
	Yes
	2, 4, 15
	Critically Low

	Machado et al 2016 (25)
	Yes
	Yes
	Yes
	Partial Yes
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	No
	Yes
	Yes
	No
	Yes
	7, 15
	Critically Low

	Higgins et al 2017 (39)
	Yes
	No
	No
	No
	No
	No
	No
	No
	No
	No
	Yes
	No
	No
	No
	No
	No
	2, 4, 7, 9, 13, 15
	Critically Low

	Malta et al 2021 (28)
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Yes
	No
	No
	No
	Yes
	No
	No
	Yes
	7, 11, 15
	Critically Low

	Moore et al 2022 (26)
	Yes
	No
	Yes
	Partial Yes
	Yes
	Yes
	Yes
	Partial Yes
	Yes
	No
	Yes
	No
	No
	No
	No
	Yes
	2, 13, 15
	Critically Low

	Choo et al 2022 (20)
	Yes
	No
	Yes
	Partial Yes
	Yes
	Yes
	No
	No
	Yes
	No
	Yes
	Yes
	Yes
	No
	No
	Yes
	2, 7, 15
	Critically Low

	Batista et al 2023 (24)
	Yes
	No
	Yes
	Partial Yes
	Yes
	Yes
	Yes
	Partial Yes
	Yes
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	2
	Low

	Xiao et al 2023 (36)
	No
	No
	Yes
	Partial Yes
	No
	Yes
	No
	No
	Yes
	No
	No
	No
	Yes
	Yes
	No
	Yes
	2, 7, 11, 15
	Critically Low

	Moore et al 2023 (27)
	Yes
	No
	Yes
	Partial Yes
	Yes
	Yes
	Yes
	Partial Yes
	Yes
	No
	Yes
	No
	No
	Yes
	No
	Yes
	2, 13, 15
	Critically Low

	Laborde et al 2023 (23)
	Yes
	Partial Yes
	Yes
	Yes
	No
	No
	No
	No
	Yes
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	7
	Low

	Grgic 2023 (21)
	No
	No
	No
	Partial Yes
	No
	No
	No
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	2, 7, 15
	Critically Low

	Piñero et al  2024 (22)
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	No
	Yes
	Partial Yes
	No
	Yes
	No
	Yes
	Yes
	Yes
	Yes
	2, 7
	Critically Low

	Chen et al 2024 (37)
	Yes
	Yes
	Yes
	Yes
	Yes
	No
	No
	Partial Yes
	Yes
	No
	Yes
	No
	No
	Yes
	Yes
	Yes
	7, 13
	Critically Low

	Wang 2025 et al (38)
	Yes
	Yes
	Yes
	Partial Yes
	Yes
	Yes
	No
	Yes
	Yes
	No
	Yes
	No
	No
	Yes
	Yes
	Yes
	7, 13
	Critically Low
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 Supplementary Figure 1 Firepower plot of the median statistical power of the observed and theoretical effect sizes (Hedges’ g) of the eligible systematic review and meta-analyses.
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