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Fatigue Recovery and Exercise Performance after
Contrast Water Therapy- Meta-analysis

Fatigue recovery plays a critical role in athletic performance. Contrast Water Therapy (CWT) has been wide-
ly applied, but its effectiveness remains controversial across different exercise types. Methods applied in the
study: A systematic review and meta-analysis were conducted using PubMed, Web of Science, and Elsevier
databases. Seventeen trials involving 368 participants were included. Two researchers independently screened
and extracted data, including subjective indicators (DOMS, RPE) and objective markers (CMJ, sprint, CK,
lactate, CRP, IL-6). Results: Meta-analysis showed that CWT significantly alleviated DOMS and RPE, par-
ticularly after team-based sports like football. CWT was also effective in reducing lactate levels immediately
post-exercise. However, no significant improvements were found in. CMJ or sprint performance for most
sports. Cold Water Immersion (CWI) showed superior results-in reducing CK and lactate at 24-48h post-
exercise compared to CWT. Discussion: CWT can reduce perceived muscle soreness and fatigue, especially
in team sports, though its impact on objective performance is limited. CWI may be more effective for physio-
logical recovery. Further studies are needed to explore protocol-specific and sport-specific outcomes.

Keywords: contrast water therapy, cold water immersion, fatigue recovery, muscle soreness, ratings of per-
ceived exertion, creatine kinase, lactate, countermovement jump, team sports, recovery strategies.

Introduction

Fatigue recovery is crucial for athletes to sustain performance and reduce injury risks, making effective
recovery modalities a key area of sports science research. Contrast Water Therapy (CWT) is a widely used
recovery technique involving alternating immersion in cold water (<20 °C) and hot water (>36 °C) [1], typi-
cally for 1-3 minutes per cycle [2]. This alternating protocol is believed to promote vasoconstriction and
vasodilation, thereby enhancing blood circulation and accelerating the removal of metabolic by-products
such as lactate. As a result, CWT is popular for its potential to reduce lactic acid accumulation [3], inflam-
mation, edema, pain, and muscle stiffness [1], ultimately alleviating Delayed-Onset Muscle Soreness
(DOMS) and improving fatigue recovery.

In contrast, Cold Water Immersion (CWI) involves immersing the body in cold water without alternat-
ing temperature changes. CWI is thought to reduce muscle inflammation and edema by inducing vasocon-
striction and decreasing tissue temperature. Several studies have directly compared CWT and CWI, yielding
mixed results. Some findings indicate that CWI may be more effective in reducing muscle temperature and
inflammation due to its ability to sustain vasoconstriction and lower tissue temperature [4-6]. Other studies
designate that CWT, due to its alternating vasoconstriction and vasodilation mechanism, may be more effec-
tive than CWI in alleviating muscle soreness and reducing creatine kinase levels [7].

While several studies have investigated the effects of CWT and CWI on post-exercise recovery, the
findings remain inconsistent. These inconsistencies may stem from variations in experimental designs, exer-
cise protocols, and the lack of systematic integration of key recovery indicators. To comprehensively assess
the effects of CWT on fatigue recovery, this review focuses on commonly used subjective indicators, such as
DOMS and Rating of Perceived Exertion (RPE), and objective markers [8], including Sprint time, Counter-
movement Jump (CMJ), Creatine Kinase (CK), lactate, IL-6, and C-reactive protein (CRP) [9, 10]. These
indicators are widely recognized for their relevance in evaluating both perceived and physiological recovery
after exercise.
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By systematically integrating these subjective and objective indicators, this review aims to clarify the
effects of CWT on subjects fatigue recovery across different post-exercise time points, providing a more
comprehensive understanding of its efficacy.

Based on the available literature, the present study hypothesizes that:

1. CWT can alleviate exercise-induced fatigue and promote subsequent exercise performance.

2. CWT and CWI have similar effects on fatigue recovery and promote subsequent exercise perfor-
mance.

3. The efficacy of CWT varies depending on immersion depth, exercise types, and experimental de-
signs.

Methods and materials

2.1 Literature Search Strategies

This meta-analysis was conducted from January 2023 to July 2023 according to ‘the guidelines of
PRISMA [11]. PubMed, Web of Science, and Elsevier were used as the primary databases for the literature
search. The search terms included “Contrast Water Therapy” OR “Contrast water immersion” OR “CWT”,
“Exercise performance” OR “Sports performance” OR “Athletic performance”, and “Fatigue” OR “Recov-
ery”. Only articles published in English between 2002 and 2022 were considered. This timeframe was cho-
sen to focus on studies conducted within the past two decades, as it reflects the evolution of contemporary
practices, methodologies, and technologies in Contrast Water Therapy (CWT), ensuring the inclusion of re-
cent and up-to-date research. All searches were conducted by two researchers (XFY, JL), with a third re-
searcher (ZH) performing a review for accuracy and completeness.

2.2 Literature inclusion and exclusion criteria

Following the PICOS criteria outlined in Cochrane systematic reviews, the inclusion criteria for the lit-
erature were as follows: (1) Participants: General population without specific gender restrictions and free
from any diseases. The inclusion criteria did not specifically limit participants to athletes, nor did it impose
restrictions on age range, as the focus was on the intervention outcomes rather than participant characteris-
tics; (2) Intervention: Post-exercise CWT intervention, with cold water temperature <20 °C and hot water
temperature >36 °C, this temperature was selected based on prior studies [12]. The inclusion criteria did not
impose specific restrictions on the duration of immersion cycles in CWT interventions, as the focus of this
review was on the overall effects of CWT rather than the optimization of immersion time. The immersion
depth included whole-body immersion up to the umbilicus or shoulders, while studies involving partial im-
mersion, such as hot-cold showers, were excluded to maintain consistency in the intervention protocols; (3)
Experimental Design: Both independent samples (between-group designs) and repeated measures (within-
group designs) were included, provided they met the inclusion criteria. To ensure valid comparisons, all
studies were required to have a clearly defined control group, which performed either passive recovery or
low-intensity active recovery. Studies without a control group or those using inappropriate comparison
groups (e.g., partial immersion or alternative recovery methods) were excluded; (4) Exercise Type: No spe-
cific restrictions were imposed on the type of prior exercise performed by participants; (5) Outcome
Measures: Subjective recovery characteristics (DOMS, RPE) and/or objective recovery features (Sprint time,
CMJ, CK, lactate, CRP, and IL-6).

The following studies were excluded from consideration: (1) Participants with specific major illnesses
affecting exercise performance; (2) Studies with inadequate experimental design; (3) Duplicate publications;
(4) Animal experiments; (5) Articles published in languages other than English.

2.3 Variable Selection

The primary outcome measures included subjective recovery characteristics (DOMS, RPE) and objec-
tive recovery features (Sprint time, CMJ, CK, lactate, CRP, and IL-6). DOMS and RPE were assessed using
validated scales, while Sprint time and CMJ were used to evaluate physical performance. Biochemical mark-
ers, such as CK and lactate were included to assess muscle damage and metabolic recovery, respectively.
Measurements were taken at multiple time points post-intervention: immediately (Oh), 1 hour (1h), 24 hours
(24h), and 48 hours (48h) after CWT intervention. The systematic search strategy and literature selection
process are illustrated (Fig. 1).
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Figure 1. Systematic review procedure

2.4 Data Extraction

Basic information from the literature was extracted by two researchers and subsequently cross-verified.
A secondary verification of the extracted data was performed. The included literature underwent a quality
risk assessment. In case of discrepancies, a third researcher intervened, and a consensus was reached among
all researchers regarding the accuracy of the data extraction. The primary contents extracted included the
first author of the literature, publication year, sample size, age, and gender of the study participants, experi-
mental design, post-exercise intervention methods, outcome assessment indicators, and corresponding data.

2.5 Statistical processing

The heterogeneity analysis, data synthesis, subgroup analysis, forest plot generation, and publication bi-
as analysis were conducted using RevMan 5.4 software. When the units were consistent, the Mean Differ-
ence (MD) was selected for statistical analysis. When there were variations in measurement units or meth-
ods, the Standardized Mean Difference (SMD) was chosen. The I* statistic was utilized to assess heteroge-
neity among studies, where I values of 0 %, >25 %, >50 %, and >75 % represent no heterogeneity, low,
moderate, and high heterogeneity, respectively. In the presence of moderate to high heterogeneity (1* >
50 %), a random-effects model was applied; otherwise, a fixed-effects model was used. If heterogeneity was
observed, subgroup and sensitivity analyses were performed. After excluding studies with abnormal results,
the analyses were repeated to observe whether heterogeneity persisted.

2.6 Risk of bias

The Cochrane risk of bias tool was used to assess all included articles independently by two authors.
Each article was scored in the following aspects: random sequence generation, allocation concealment, blind-
ing participants, blinding personnel, blinding outcome assessors, incomplete outcome data, and other sources
of bias. Each item was classified as either high risk, unclear risk or low risk [13]. Any disagreements were
discussed with a third reviewer (ZH).
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2.7 Subgroup analysis

Subgroup analyses were conducted based on different body parts (shoulders, umbilicus), different ex-
perimental types (randomized controlled trials (RCTs), cross-over Trials, and other types of Trials) and dif-
ferent types of exercise when performing CWT intervention.

Results

3.1 Risk of bias of the included literature
The risk of bias assessment for the included studies is shown in Figures 2 and 3.

Risk of bias domains

&
g
N
[o]
@
o
o

( BN BN BN BN BN B BN BN AN AN BN AN M M N )
‘ >

Study
| yamie [ Michael [ceorge2013] Fiona2016 | Christos | Essik [george2012] Kusuma |Fiona2019

23§ |
I 9O HPOOOOSS 08

528
5
8732
o
08,2 ‘
= 208
=3
825 |
252890
a3 2
ST o
3

o~
S
>
2
=
=
=
o

xJ
=
2
>
£
Q2
7}

‘
e
3
z

8
x
x
S
x
S
S
x
-
@
-
@
-
S
-
S

@SOS OO O®O®O®S® 0 8
0000000000000 00

| Laura

UUUUUUU

Figure 2. Risk of bias graph for all included studies
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Figure 3. Risk of bias summary for all included studies

3.2 Basic characteristics of the included literature

In this review, a total of 17 studies were included, providing the primary data source for this analysis
[6, 12, 14-28]. These trials initially recruited 368 healthy participants (338 males and 30 females). However,
due to individual dropouts (e.g., personal reasons or inability to complete the intervention), only 338 partici-
pants completed the trials and were included in the final analysis (Table 1).

Table 1
Summary of the included studies
th a;?fit;”;ﬂf: Enviroment Classifica- [CWT Outcome variables
Study, particip condition Exercise : durationand | Control | and time of meas-
(training . tion of the
year (Tm4S; protocol . temperature] | group | urement post exer-
status, sex exercise -
) RHm+S) xnumber cise(h)
(m: ), age)
1 2 3 4 5 6 7 8
- Recreational . .
Fiona A . 24.3-25.8°C; . . [1 min at 14 min DOMS (0;1);
Crowther et ?nvgl\; i ?leg;y 56.7- S'gﬂ:ﬁ;e:]erﬁ? y inlt_:r?sr;t 15°C+1 min passive CMJ(0;1);
al., 2019 2626 yr's ’ 61.0 %RH y at38°C]x7 recovery Sprint time(0;1)
Kusuma, Elite Sub-maximal . o o 15 min i
M. Nanang | athletes(30:0); intensity of cir- Suit;]-tr:r?gltmal tﬁalcfsgfnicn static ng:;esggg’
etal.,, 2021 | 18.23+1.17 yrs cuit training Y stretching
George Australian . [1 min at 14 min DO.MS (051524548)_;
. . - High o . . Fatigue(0;1;24,48);
P. Elias et |Footballers(14:0); AF training . . 12°C+1 min at| passive o o
al, 2012 | 209433 yrs Nensity | ™ 3g0c1x7 | recovery | o oH(0:24:48);
" R Sprint time(0;24,48)
Essi Physically active Short term exer- [1 min at 10 min Lactate (0);
K. Ahokas men(9:0); cise with maxi- 10°C + 1 min active DOMS(1;24,48);
etal, 2019 26+3.7 yrs mal effort at 38°C]x5 recovery CK(24,;48)
i i . 1 min at i
Christos Healthy _ Sm_gle full quy High [ _ 14 min DOMS(0:1);
K. Argus et| males(13:0); resistance train- intensit 15°C + 1 min passive Fatigue(0:1)
al., 2016 26%5 yrs ing session y at 38°C]x7 recovery guet®:

- Recreational R G [1 min at . DOMS (1;24;48);
et avtive healthy ALl Simulated team- High . . min CMJ(1;24;48);
Crowther et | - 71.9- - : ; 15°C + 1 min passive At F '24-48)-
al. 2017 males(34:0); 73.9 %RH game circuit intensity o recovery Sprint time(1;24;48);
" 2746 yrs ' at 38°C]<7 TQR(1;24;48)
George Elite footballers o . [Lminat |14 min pas- DOMS (0,;1_;24,;48)_;

. TN 25.8°C; High- o . . Fatigue(0;1;24,48);
P. Elias et (24:0); o AF match . . 12°C+1 min at| sive recov- AN
al. 2013 19.942 8 yrs 63 %RH intensity 38°C]x7 ery (_ZMJ.(O,24,48),
" T Sprint time(0;24,48)
. Junior representa- .
Michael - . . [1 min at 8- .
J. Hamlin et tive rugb)./ p!ay- FEppEElEL il - ngh_- 10°C+1 min at € min .S‘IOW Lactate(0)
ers(17:3); test intensity o jogging
al., 2007 38°C]x3
19 £1 yrs
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Continuation of Table 1

1 2 3 4 5 6 7 8
. . 1 min at .
Jamie Well-trained L . [ o 10 min .
Stanley et | cyclists(18:0); 25.1+0.8°C int6e asTtmchlgl?n inTelg:i-t 14'2;?ﬁ6atc+2 passive ESiMLie((OO))’
al., 2012 27+7 yrs y cycling y recovery g

35.5+1.1°C]x3

. 5 sets of 10 ec- . .
Joanna Recreatlo.nal. centric bilateral High- [% A7 3L S8 il DOMS(0;24;48);
M. Vaile et | athletes(4:9); leq press contrac-|  intensit 10°C+2 min at| passive CK(0:24:48)
al., 2007 | 26.2+58 yrs ap i Y| 40-42°C]x5 | recovery s

[1 min at 10- 15 min
12°C+1 min at| passive Fatigue(48)

Trevor | Well-trained rug-

Higgins et | by players(24:0); Simulated game High-

al., 2012 19.5+0.8 yrs of rugby union Intensity 38-40°C]x5 recovery
- Healthy . . .
Philip . . Eccentric ham- Al [1 min at 10 min D ..
D. Glasgow part|C|par.|ts(32.18 string contrac- . ngh_ 10°C+1 minat| passive DOMS(2_4’4_8'72)’
); - - intensity o CK(24;48;72)
etal., 2014 tions to fatigue 38°C]x3 recovery
18-35 yrs
Taisuke | 28 young soccer . . [1 min at . .
Kinugasa et players; %0 mrr:r;ticr)]ocer inTe:ggi-t 12°C+2 min at 9 gégsg:'ve TQR(0;24)
al., 2009 | 143407 yrs y 38°C]x3 y
5 sets of 10 ec- . .
Joanna . . . [1 min at 14 min Lactate(0;24;48);
Vaile et al., Stﬁgg&;?g‘fd I:entrréisby:rtﬁrr:l_ inTelg?i_t 15°C+1 min‘at| passive CK(0;24,;48);
2008 : gp s y 38°C]x7 | recovery IL-6(0;24)
IJeremy Athletes(11:0); | 19.8+1.5°C; | Simulated team High- EZ " E.it 15 min DOMS(_O;Z_A';A'S);
ngram et 27.546.0 yrs 41+12 %RH | sports exercise intensit QEHIN A passive CK(0;24:48)
al., 2009 PE0-0Y P Y 40°C]x3 | recovery | CRP(0;24;48)
[2 min‘at q ; 2 AR
M.De | 18youngsoccer | 3 g} 70c. | 140 min low Low- Wyo.5oce2 | Bmin | Fatigue(0:24:48);
el el B 87.5+£2.9 %RH]| intensity training | intensity min at passive GRS
2011 15.5£1.0 yrs 280.5°C] <2 recovery | Sprint time(0;24;48)
Laura Elite netball - \ [1 min at 14 min
E. Juliffet | athletes(0:10); Netball sPegfic High- 15°C+1 min at| passive Fatigue(0;24)

circuit intensity

al., 2014 20+0.6 yrs 38°C]x7 recovery

3.2.1 Type of literature
The types of literature include single-group pre-post comparison studies [12, 15, 16, 21], cross-sectional
studies [24], randomized controlled trials [14, 17, 18, 20, 25], and cross-over studies [6, 19, 22, 23, 26-28].

3.2.2 Type of exercise

Type of exercise included team sports such as simulated rugby matches [16, 29], soccer training [6] and
matches [17, 23], netball-specific circuit training [22], simulated team-game circuit training [15, 21], high-
intensity cycling [26], sub-maximal intensity exercise [24], low-intensity training [25], short-term exercise
[12, 19], and eccentric exercise [18, 27, 28] (Table 1).

3.2.3 Characteristics of CWT

During CWT interventions, the immersion depth varied, including water reaching the level of the navel
or below [18-21, 24, 25, 28], as well as water reaching the level of the shoulders or below [6, 12, 14-17, 22,
23, 26, 27]. The temperature of the hot water during CWT interventions ranged from 28+0.5 °C to 42 °C,
and the cold water temperature ranged from 8 °C to 15+0.5 °C, with immersion durations of 6 to 15 minutes
per session (Table 1).

3.2.4 Characteristics of CON

The common control (CON) methods include passive recovery, typically lasting 8-15 minutes [6, 15—
18, 26, 28-33], as well as static stretching [24], jogging [19], and active recovery [12, 23], with varying du-
rations of 6—15 minutes. The reason for choosing these forms as control groups is that subjects during rest
periods in competitions are not just passively waiting [34], but also engage in low-intensity warm-up activi-
ties to maintain body temperature. Therefore, low-intensity active recovery has also been included in this
review (Table 1).
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3.3 CWT versus CON
3.3.1 DOMS

CWT significantly reduced DOMS at 1h, 24h, and 48h post-exercise compared to CON (1h: SMD -
0.59, 95 %CL -0.89 to -0.29, 6 trials); (24h: SMD -0.56, 95 %CL -0.86 to -0.27, 7 trials); (48h: SMD -0.39,
95 %CL -0.68 to -0.10, 7 trials). Heterogeneity was observed at 24h and 48h, but the use of a random-effects

model did not change the significance of the results (Fig. 4).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.1.10h
Argus 2017 38 14 13 43 15 13 3.3% -0.53[-1.32,0.29] —
Fiona A Crowther 2019 36 14 14 36 189 14 37% 0.00[F0.74,0.74] S E—
George P. Elias 2012 45 12 14 49 15 14 37% -0.29 [-1.03, 0.46] T
George P, Elias 2013 72017 24 GE 1.6 24 B.21% 0.36 F0.21, 0.93] b e
Jamie Stanley 2012 5 2 18 [ 1 18 45% -0.62 [-1.29,0.08] - 1
Jeremy Ingram 2004 7 2 1 7 2 11 2.9% 0.00 [0.84, 0.84] -1
Joanna M. Vaile 2007 2 1 13 24 2 13 3.3% -0.55[-1.34,0.23] e
Kusurna, M. Nanang 2021 633 1.25 10 726 033 10 23% -0.97 [-1.91,-0.04]
Subtotal (95% CI) 117 117 29.9% -0.25[-0.51, 0.01] <
Heterageneity, Chi*=9.66, df=7 (F = 0.21); F= 28%
Test for averall effect Z=1.87 (P = 0.06)
1.1.21h
Ahokas, Essik 2019 04 07 ! 1.2 1 5 21% -0.88 [-1.86,0.10] B
Argus 2017 35 16 13 44 17 13 33% -0.53 [-1.31,0.26] —
Fiana A Crowther 2017 25 17 34 36 22 34 BE% -0.55[-1.04,-0.07]
Fiana A Crowther 2019 28 14 14 33018 14 37% -0.28 [-1.03, 0.46] - 1
George P. Elias 2012 32 18 14 54 19 14 30% -1.22[-2.03,-0.40]
George P. Elias 2013 B3 13 8 GE 1.7 5 21% 019117, 0.80] -
Subtotal (95% CI) 92 92 22.9% -0.59 [-0.89, -0.29] -
Heterogeneity: Chi®=3.94, df=5 (P=0.568), F=0%
Test for overall effect: 2= 3.89 (P = 0.0001)
1.1.3 24h
Ahokas, Essik 20149 18 11 il 18 14 5 24% 0.00[F0.92,0.92] S E—
Fiana A Crowther 2017 29 1.8 34 32 018 34 80% -0.16 [-0.64,0.32] - 1
George P Elias 2012 43 18 14 T4 08 14 18% S2E1[353,-1.48) Y
George P. Elias 2013 E5s 07 8 TA 14 5 149% -0.85[-1.89,0.18] —
Jererny Ingram 2009 4 1 1 5 1 11 2.5% -0.96 [-1.85,-0.07]
Joanna M. Vaile 2007 45 22 13 6A 24 13 31% -0.84 [-1.65,-0.03]
Philip D. Glasgow 2014 188 142 10 203 167 10 2E6% -0.09 [-0.97,0.78] - T
Subtotal (95% CI) 99 99  23.4% -0.56 [-0.86, -0.27] i
Heterageneity, Chi*= 20,658, df= 6 (P =0.002); F=71%
Test for overall effect: 2= 3.75 (P = 0.0002)
1.1.4 48h
Ahokas, Essik 20149 21 14 il 23 14 5 24% -0.13 [-1.06,0.749] —
Fiana A Crowther 2017 25 16 34 2 17 34 BA% 0.30 F0.18,0.78] T
George P, Elias 2012 38 14 14 64 1.3 14 23% 20294107 Y
George P. Elias 2013 41 07 8 55 16 5 18% -1.07 [-2.14,-0.00]
Jeremy Ingram 2009 4 1 1 5 1 11 5% -0.96 [-1.85,-0.07]
Joanna M. Vaile 2007 55 18 13 723 13 3.3% -0.57 [-1.35,0.22] e
Philip D. Glasgow 2014 277 183 10 339 2.4 10 2E6% -0.28 [-1.16, 0.60] —
Subtotal (95% CI) 99 99 23.8% -0.39 [-0.68, -0.10] -
Heterageneity, Chi*=23.21, df= 6P = 0.0007); F= 74%
Test for averall effect: 2= 2.61 (P = 0.008)
Total (95% CI) 407 407 100.0% -0.43 [-0.58, -0.29] L 4
Heterogensity: Chi*=B1.31, df= 27 (F = 0.0002); = 56% 5 ! v ! ¥

Test for overall effect: Z=5.87 (P = 0.00001)
Testfor subaraun differences: Chi*= 385 df=3 (P=028.F=221%

Favours [CWT] Favours [COM)]

Figure 4. Forest plot of the comparison of CWT versus CON for measurement of DOMS
CWT=Contrast water therapy, CON= Control, DOMS= Delayed-onset muscle soreness.

Sensitivity analyses were conducted to investigate whether heterogeneity was caused by individual
studies. Heterogeneity decreased when George et al. [6] was excluded at 24h (Chi2 = 5.57, df = 5 (P= 0.35);
I =10 %), suggesting that this literature may be responsible for the heterogeneity.
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CWT subgroup analysis was performed based on different immersion depth to further explore potential
sources of heterogeneity. There was no significance between the subgroups of the shoulder and umbilical
immersion groups (24h Test for subgroup differences: Chi2=0.11, df=1(P=0.74); 1>=0 %); (48h Test for sub-
group differences: Chi2=0.02, df=1(P=0.89); 1°=0 %), indicating that the difference immersion depth of
CWT was not responsible for the heterogeneity. Subgroup analyses were performed according to the type of
experiment, but no statistically significant difference was observed (Test for subgroup differences: 24h:
Chi2=2.33, df=2(P=0.31); 1°=14.0 %; 48h: Chi2=1.83, df=2(P=0.40); I°=0 %).

3.3.2 Perceived fatigue

Perceived fatigue was significantly reduced at Oh, 1h, 24h, and 48h after CWT compared to CON (Oh:
SMD -0.43, 95 %CL -0.77 to -0.08, 6 trials); (Lh: SMD -0.81, 95 %CL -1.30 to -0.31, 3 trials); (24h: SMD -
0.71, 95 %CL -1.18 to -0.24, 4 trials); (48h: SMD -0.48, 95 %CL -0.96 to -0.00, 4 trials) (Fig. 5). Heteroge-
neity was low across time points, and sensitivity analysis confirmed the stability of the results.

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.10h
Argus 2017 3z 13 13 39 17 13 1% -0.45811.23,0.33] —
Gearge P, Elias 2012 ar 11 14 K 214 Ba% -0.24 [-0.98, 0.40] S
George P. Elias 2013 7h 14 8 7 12 8 48% 0.35 064, 1.34] -1
Jamie Stanley 2012 5 1 18 B 1 18  46% -0.98 [-1.67,-0.28) y -
Laura E Julif 2014 34 158 10 43 1 10 B0% -0.30[1.18, 0.48] - 1
ht.DE Mardi 2011 A7 074 § 647 043 0 34% -0.87 1,73, 0 60] -1
Subtotal (95% CI) 69 69 39.8%  -0.43[-0.77,-0.08] <>
Heterogeneity: Chi*=514, df= 5 (P =040} F= 3%
Testfor overall effect 2= 2.44 (P=0.01)
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Subtotal (95% CI) 35 35 18.8%  -0.81[-1.30,-0.31] il
Heterogeneity, Chi*=3.41 df= 2 (F=0.18); F= 1%
Test for averall effect 7= 318 (F=0.001)
1.2.3 24h
George P, Elias 2012 31 13 14 47 17 14 T4% -1.03F1.82,-0.23) -
Gearge P, Elias 2013 5.3 1.3 8 64 12 8 43% -0.83[1.87,0.20] - |
Laura E Julif 2014 ar 11 10 4 1110 6.0% -0.261.14, 0,67 - T
M.DE Mardi 2011 62 045 6 BEY 074 0 34% -0.6581.82,0.43] - 1
Subtotal (95% CI) 38 38 21.1%  -0.71[-1.18,-0.24] ifffe
Heterogeneity. Chi*=1.67,df= 3 (P = 0.64), F= 0%
Test for overall effect £= 2. 95 (F = 0.003)
1.2.4 48h
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Heterogeneity. Chi*=4 63, df= 3(F=020) F= 35%
Testfor overall effect Z=1.98 (P =0.04)
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Figure 5. Forest plot of the comparison of CWT versus CON for measurement of Fatigue
CWT=Contrast water therapy, CON= Control, Fatigue= Perceived fatigue.
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3.3.3CMJ

No significant difference in CMJ were observed at any time point post CWT in comparison to the CON
(Oh: SMD -0.02, 95 %CL -0.44 to 0.41, 4 trials); (1h: SMD -0.15, 95 %CL -0.55 to 0.25, 2 trials); (24h:
SMD -0.03, 95 %CL -0.38 to 0.32, 4 trials); (48h: SMD -0.01, 95 %CL -0.41 to 0.39, 3 trials). The results
indicate that the CWT intervention did not enhance CMJ immediately after exercise or at the 1h, 24h, and

48h post-exercise (Fig. 6).

CWT CON Std. Mean Difference Sti. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI I, Fixed, 95% CI
1.3.10h
Fiana A Crowther 2018 151 21 14 152 23 14 T.0% -0.04[-0.78,0.70]
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W.OE Mardi 2011 3878 348 f 3876 274 B 30% 0.01F1.13,1.14]
Subtotal (95% CI) 42 42 21.0% 0.02[-0.44,0.41] —eanffiiEne.—
Heterogeneity, Chi*= 034, df= 3 {P=0.95); F= 0%
Testfar overall effect £=0.07 (F=0.594)
13.21h
Fiana A Crowther 2017 16.2 2 34 165 23 34 17.0% -0.14 [-0.61,0.34] [ ZI Ny A
Fiana A Crowther 2019 163 22 14 157 21 14 T0% -0.18[-0.92, 0.56]
Subtotal (95% CI) 48 48  24.0% -0.15[-0.55, 0.25] e {ii—
Heterageneity: Chi= 001, df=1 (P =0492); F= 0%
Testfor overall effect £=0.73 (P = 0.46)
1.3.3 24h
Fiana A Crowther 2017 162 23 4 165 22 M 1T.0% -013[-0.61,0.34] D
George P.Elias 2012 0.67 0.14 14 066 013 14 F0% 0.07 F0.67, 0.81]
George P.Elias 2013 086 0.04 8 055 003 8 40% 027 F0.72,1.25]
W.OE Mardi 2011 3788 342 f 3823 312 B 30% -0.07 [-1.20,1.07]
Subtotal (95% CI) 62 62  31.0% -0.03[-0.38, 0.32] R
Heterogeneity, Chi*= 060, df= 3 {P=0.90); F= 0%
Testfar overall effect Z=0.16 (F = 0.88)
1.3.4 48h
Fiana A Crowther 2017 162 21 34 164 23 34 170% -0.09[-0.57,0.349] I E—
George P.Elias 2013 047 002 8 056 0.03 8 398% 0.37 [F0.62,1.36]
W.OE Mardi 2011 3747 3H f 3777 3N B 30% -0.09[-1.22,1.08]
Subtotal (95% CI) 48 48  24.0% -0.01[-0.41,0.39] =2 BERER.—
Heterogeneity, Chi*= 069, di=2{P=071);F=0%
Test for averall effect: = 0.07 (F=0.95)
Total (95% CI) 200 200 100.0% -0.05[-0.25, 0.14] *

Heterageneity: Chif= 196, df=12 (P =1.00) F=0%
Testfor overall effect £=0.51 (P=0.61)

Testfar subaroun differences: Chif=0.31. df= 3 (P=0496) F=0%

a5 0 05
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Figure 6. Forest plot of the comparison of CWT versus CON for measurement of CMJ
CWT=Contrast water therapy, CON= Control, CMJ=Countermovement jump.
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3.3.4 Sprint time

As the figure shows, the sprint time after CWT intervention was not significantly different from the
CON group at Oh, 1h, 24h, and 48h (Oh: SMD 0.13, 95 %CL -0.30 to 0.56, 4 trials); (1h: SMD 0.10, 95 %CL
-0.30 to 0.50, 2 trials); (24h: SMD -0.20, 95 %CL -0.56 to 0.16, 4 trials); (48h: SMD -0.04, 95 %CL -0.39 to
0.32, 4 trials). However, the data showed heterogeneity at 24h (1=62 %). There was still no significant dif-
ference between the two groups after the random effects model was used (24h: SMD -0.30, 95 %CL -0.96 to
0.36, 4 trials) (Fig. 7).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
1.4.10h
Fiona A Crowther 2019 231 158 14 3017 14 BT% (.06 [-0.68, 0.80] B
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Subtotal (95% Cl) 42 42 19.9% 0.13[-0.30, 0.56] -

Heterogeneity: Chi®=0.61, df=3 (P =0.89); F=0%
Testfor averall effect £=0.59 (P = 0.55)
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Subtotal (95% CI) 48 48 22.7% 0.10[-0.30, 0.50] -

Heterogenaity: ChiF= 1,36, df= 1 (P= 0.24) F= 27%
Testfor overall effect 7= 0,48 (P = 0.62)
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George P Elias 2012 1882 051 14 1928 055 14 60%  -084}1.62,-008] —
George P Elias 2013 1899 044 8 1939 028 & 33%  -1.01[208,008] —

M DE Nardi 2011 362 019 6 352 012 B 7%  058[059,174) —

Subtotal (95% Cl) 62 62 282% 0.20[-0.56,0.16] <>
Heterogeneity: Chi*= 7 85, df= 3 (P = 0.05); = 62%

Testfor averall efiect 7=1.10 (P = 0.27)

1.4.448h

FionaACrowther 2017 214 13 34 216 18 34 162%  -013[0.60,035] T
George P Elias 2012 1878 053 14 1862 07 14 66%  025[0.49,080) T
George P Elias 2013 1885 044 © 8 19027035 & 37%  -040[1.40,059 — T

M DE Nardi 2011 162 022 B 356 015 B 28%  (0.29(0851.43) —

Subtotal (95% Cl) 62 62 203%  -0.04[-039,0.32] <>
Heterogeneity, Chi*= 1.6, df=3 (F=067); F= 0%

Testfor averall efiect =020 (P = 0.84)

Total (95% Cl) 214 214 100.0%  -0.02[-0.21,0.17] ?
Heterageneity: Chi* = 1318, df= 13 (P = 043, F= 1% L

Testfor overall effect £=0.19 (P = 0.85)

Test for subsroun diferences: Chit= 180, df= 3 (P = 061}, F= 0% Favours [CWT]. Favours [CON

Figure 7. Forest plot of the comparison of CWT versus CON for measurement of Sprint time
CWT=Contrast water therapy, CON= Control.

Sensitivity analyses were conducted to determine the causes of heterogeneity. Eliminating the literature
one by one did not change the heterogeneity between the data. To thoroughly examine the heterogeneity, the
subgroup analysis was conducted based on the varied water positions during CWT. The results indicate no
significant difference between the subgroups (Test for subgroup differences: Chi2=0.36, df=1(P=0.55);
1°=0 %), suggesting that difference in water immersion at either shoulder or umbilical level do not contribute
to heterogeneity in sprint times at 24h post-CWT. During the subgroup analysis of various trial types, no sig-
nificant difference was found (Test for subgroup differences: Chi2=1.16, df=1(P=0.28); 1’=13.7 %), indicat-
ing that trial type variations do not have a significant impact on the observed heterogeneity in sprint time
outcomes at 24h after CWT.
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3.3.5 Lactate

Compared to CON, there was no significant difference in lactate in the CWT group at Oh, 24h or 48h
(Oh: SMD -0.20, 95 %CL -0.60 to 0.20, 4 trials); (24h: SMD 0.16, 95 %CL -0.43 to 0.76, 1 trials); (48h:
SMD 0.34, 95 %CL -0.26 to 0.94, 1 trials). There was heterogeneity among the data at Oh (1’=60 %), hence a
random effects model was used. However, the results were still not significantly different (Oh: SMD -0.34,
95 %CL -0.99 to 0.32, 4 trials), indicating that the results were stable (Fig. 8).

CWT CON Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.10h
Ahokas, Essi kK 2019 32 1 8 44 11 9 83% -1.09-2.09,-0.08)
JoannaYaile 2008 280 87 15 ME 93 38 234% 0.35[0.25,0.95] T
Kusuma, M. Manang 2021 284 042 10 262 031 10 11.0% -0.21 [1.09, 0L67] - T
MichaelJ. Hamlin 2007 87 31 10 108 25 10 10.2% 071 1,682, 0.20] -1
Subtotal (95% CI) 44 67 52.9% -0.20[-0.60, 0.20] <

Heterogeneity, Chi*= 7 44, df= 3 (P = 0.06); = 60%
Testfor overall effect =096 (F = 0.34)

1.5.2 24h
JoannaYaile 2008 291 132 15 P00 123 38 237% 016043, 0.76] t
Subtotal (95% CI) 15 3B 23.7% 0.16 [-0.43, 0.76]

Heterogeneity, Mot applicable
Testfor averall effect 7= 044 (P =0.48)

1.5.3 48h
Joannaaile 2008 B4 N7 16 2300 92 38 234% 0.34 [-0.26,0.94] T
Subtotal (95% CI) 15 38 234% 0.34[-0.26, 0.94] <>

Heterogeneity Mot applicable
Testforoverall effect Z=110(F=0.27)

Total (95% CI) 74 143 100.0% 0.01[-0.28, 0.30] *
Heterogeneity, Chi*=8.85, df=4 (P =0.08); F=49%

Testfor overall effect 2= 0.09 (F=0.93)

Testfor subaroup differences: Chi*=2.41. df=2(F =030 F=171%
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Figure 8. Forest plot of the comparison of CWT versus CON for measurement of Lactate
CWT=Contrast water therapy, CON= Control.

Sensitivity analyses to identify sources of heterogeneity revealed that there was no heterogeneity be-
tween the data when the Joanna Vaile, 2008 literature was deleted (Chi2=1.71, df=2(P=0.43); 1°=0 %), so it
is probable that this literature was the source of heterogeneity between the data. Meanwhile, after this litera-
ture was deleted, significant difference between the CWT group and the CON group was identified (SMD -
0.63 95 %CL -1.17 to -0.10, 3 trials). This suggests that the results of the original meta-analysis were suscep-
tible to significant changes due to changes in the number of studies.

In order-to investigate the source of heterogeneity in lactate levels at Oh, subgroup analyses were con-
ducted. There has no significant difference between the shoulder and umbilicus subgroups of CWT (Test for
subgroup differences: Chi2=0.03, df=1(P=0.86); 1°=0 %), which suggest that alterations in water positions
during CWT were not responsible for the variability in lactate levels at Oh. In addition, subgroup analyses
were performed based on the type of trials. There was no significant difference among subgroups of varying
trial types (Test for subgroup differences: Chi2=0.50, df=1(P=0.48); 1°=0 %), suggesting that difference in
type of trials were not a source of Oh lactate heterogeneity.
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3.36CK

As shown, there was no significant difference in CK between the CWT group and the CON group at Oh,
24h, and 48h (0h: SMD -0.17, 95 %CL -0.58 to 0.24, 3 trials); (24h: SMD -0.05, 95 %CL -0.40 to 0.29, 5
trials); (48h: SMD 0.00, 95 %CL -0.35 to 0.35, 5 trials). And there was no heterogeneity between the results,
suggesting that CWT was not effective in improving CK compared to CON (Fig. 9).

CWT CON Std. Mean Difference Sti. Mean Difference
Study or Subaroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% C
1.6.10h
Jererny Ingram 2009 344 18 N 410 A0 11 B% -0.35F1.19, 048] —
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Joanna Vaile 2008 228 My 15 MA 200 3 124% -0.08 [0.68, 0.52] - 1T
Subtotal (95% Cl) 39 62 262%  -0.17[-0.58,0.24] i

Heterogeneity, Chi*= 027, df= 2 (F=0.88) F=0%
Testfor overall effect Z=0.81 (F=0.42

1.6.2 24h
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Joanna M. Yaile 2007 207 1603 13 296 184 13 7A% 005082072 - 1
Joanna Yaile 2008 (1 ) R R T 1 3% 124%  -0.00[0.60 0.60] -1

Philip D. Glasgow 2014 4157 33479 10 60634 58954 10 457%  -038[1.27 081 P

Subtotal (95% CI) 58 81 37.4%  -0.05[-0.40,0.29] b

Heterogeneity, Chi*=1.23, dfi=4 (F=0.87), F=0%
Testfor overall effect Z=0.30(F =10.76)

1.6.3 48h
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Jerermy Ingram 2008 332 1688 1 381 436 11 B3% 017 .01, 0067 -1
Joanna M. Vaile 2007 1854 1181 13 28401 3TEs 13 T.3% -0.4511.23,033] I
JoannaVaile 2008 416 A8 15 36 83 124% 0131047073 .

Philip D Glasgow 2014 14973 223760 10 16201 165800 10 58% -0.06 [0.94, 0.82) Y
Subtotal (95% Cl) 58 81 367%  -0.00[-0.35,0.35] il
Heterogeneity Chi*= 3.26, df= 4 (F= 062} F=0%

Testfor overall effect Z=0.00(F =1.00)

Tatal (95% Cl) 155 224 1000%  -0.06[-0.28,0.15] *

Heterogeneity, Chi*= 514, df=12 (F = 0.85); B= 0% |1 _0.5 ﬁ Dlﬁ
Testfor overall effect 2= 060 (F =055 . ’
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Figure 9. Forest plot of the comparison of CWT versus CON for measurement of CK
CWT=Contrast water therapy, CON= Control, CK=creatine kinase.
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3.3.7CRP

Analysis of the effects of post-exercise CWT and CON on CRP revealed no significant difference at Oh,
24h, and 48h, indicating that no improvement in CRP could be achieved after CWT. Meanwhile, only one
piece of literature was included in the CRP group for meta-analysis, which was insufficient literature to ade-

quately explain the results (Fig. 10).

Mean Difference
IV, Fixed, 95% CI

CWT CON Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl
1.7.10h
Jeremy Ingram 2008 06 04 11 06 0.3 11 8955% 0.00[-0.30,0.30
Subtotal (95% CI) 11 11 95.5% 0.00[-0.30,0.30]

Heterageneity: Mot applicable
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Total (95% CI) 33 33 100.0% 0.04[-0.25, 0.33]

N A

Heterogeneity: Chi*= 146, di= 2 (P=048), F=0%
Testfor overall effect Z=0.25{F=081)
Testfor subdgroun differences: Chif=1.46. df= 2 (F=043) F=0%
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Figure 10. Forest plot of the comparison of CWT versus CON for measurement of CRP
CWT=Contrast water therapy, CON= Control, CRP=C-Reactive Protein.

3.3.81L-6

There was no significant difference in IL-6 between the CWT group and the CON group at Oh and 24h,
indicating that post-exercise CWT was not able to optimize IL-6 in human blood. Meanwhile, this result is

not representative due to the insufficient amount of literature (Fig. 11).

CWT CON Mean Difference Mean Difference
Study or Subgroup _ Mean_SD_Total ‘Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.8.10h
Joanna Vaile 2008 22 07 15 2B 11 38 555% -0.40[-0.80,0.10] ——
Subtotal (95% CI) 15 38 555% -0.40[-0.90,0.10] -
Heterogeneity: Mot applicable
Testfor overall effiect Z=1.57 (P=012)
1.8.2 24h
Joanna Vaile 2008 1508 15 18 1 38 445% -0.40[-0.88, 0.16) —a—
Subtotal (95% CI) 15 38 445% -0.40[-0.96,0.16] i
Heterogeneity: Mot applicable
Testfor overall effiect Z=1.41 (P = 0.16)
Total (95% CI) 30 76 100.0% -0.40[-0.77, -0.03] -
Heterogeneity: Chi*= 0.00, df=1 (P =1.00) F= 0% l l

2 0 1

Testfor overall effect 2= 211 (P=003 Favours [CWT] Favours [CON]

Testfor subaroup differences: Chi*=0.00. df=1 (P =1.000. F=0%

Figure 11. Forest plot of the comparison of CWT versus CON for measurement of IL-6
CWT=Contrast water therapy, CON= Control, IL-6= Interleukin 6.
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3.4 CWT versus CWI

3.4.1 DOMS

The data presented in the figure indicates that there was a statistical difference only at 48h (48h: SMD
0.34, 95 %CL 0.03 to 0.65, 6 trials). Heterogeneity present at 1h, 24h, and 48h (1h: 1°=50 %; 24h: 1°=70 %;
48h: 1°=52 %), there was no statistical significance after selecting the random effects model at 1h, 24h, 48h.
This result suggesting that the findings at 48h were not stable enough. Meanwhile, there was no difference in
the effect of CWT or CWI intervention on post-exercise soreness (Fig. 12).

CWT Wl Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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George P. Elias 2012 12 16 14 12 14 43% 0.14 [-0.60, 0.88] -
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Testfor averall effect £=1.81 (P = 0.07)
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Figure 12. Forest plot of the comparison of CWT versus CWI for measurement of DOMS
CWT=Contrast water therapy, CWI=Cold water immersion, DOMS=delayed-onset muscle soreness.
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3.4.2 Perceived fatigue

No significant difference was found among the perceived fatigue metrics at Oh, 1h, 24h, and 48h post-
exercise with either the CWT or CWI interventions (Oh: SMD -0.02, 95 %CL -0.39 to 0.34, 5 trials); (1h:
SMD -0.14, 95 %CL -0.61 to 0.34, 3 trials); (24h: SMD 0.33, 95 %CL -0.21 to 0.87, 3 trials); (48h: SMD
0.44, 95 %CL -0.03 to 0.91, 4 trials). There was no heterogeneity (Oh: 1=0 %:; 1h: I1°=7 %; 24h: 1°=22 %;
48h: 1°’=0 %), hence a fixed effects model was used. The results revealed that there was no distinction in the
impact of CWT or CWI interventions on perceived fatigue (Fig. 13).

CWT Wi Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
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Subtotal (95% CI) 59 59 37.8%  -0.02[-0.39,0.34] e
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Trewor Higging 2012 450 141.42 8 400 18516 g a1% 0.29F0.70,1.27]

Subtotal (95% CI) 36 36 22.5% 0.44[-0.03,0.91] ~fiiii-

Heterogeneity Chit=1.04,df= 3(F=0.74) F=0%
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Figure 13. Forest plot of the comparison of CWT versus CWI for measurement of Fatigue
CWT=Contrast water therapy, CWI=Cold water immersion, Fatigue=Perceived fatigue.
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3.43CMJ

The results of CMJ at Oh, 1h, 24h, and 48h were not significant after CWT or CWI (Oh: SMD -0.16,
95 %CL -0.59 to 0.27, 4 trials); (1h: SMD 0.13, 95 %CL -0.28 to 0.53, 2 trials); (24h: SMD -0.08, 95 %CL -
0.43 to 0.27, 4 trials); (48h: SMD -0.14, 95 %CL -0.49 to 0.21, 4 trials), and there was no heterogeneity be-
tween any of the results (Oh: 1?=0 %:; 1h: 1=0 %:; 24h: 1°=0 %; 48h: 1°=0 %), so a fixed effects model was
used. These findings demonstrate that there is no difference in the effect of either post-exercise CWT or CWI
on CMJ (Fig. 14).
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Figure 14. Forest plot of the comparison of CWT versus CWI1 for measurement of CMJ
CWT=Contrast water therapy, CWI=Cold water immersion, CMJ=Countermovement jump.
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3.4.4 Sprint time

The findings reveal that there was no significant difference in sprint time between the CWT and CWI
interventions at Oh, 1h, 24h, and 48h (Oh: SMD 0.05, 95 %CL -0.38 to 0.48, 4 trials); (1h: SMD -0.21,
95 %CL -0.61 to 0.19, 2 trials); (24h: SMD 0.22, 95 %CL -0.13 to 0.58, 4 trials); (48h: SMD 0.22, 95 %CL -
0.13 to 0.58, 4 trials). The results were not heterogeneous (Oh: 1?=0 %: 1h: 1°=0 %; 24h: 1°=3 %; 48h:
12=0 %), necessitating a fixed-effects model. No evidence of a difference in the effect of either CWT or CWI
intervention on exercise performance sprint time was found (Fig. 15).
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Figure 15. Forest plot of the comparison of CWT versus CWI for measurement of Sprint time
CWT=Contrast water therapy, CWI=Cold water immersion.
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3.4.5 Lactate

There was no significant difference between lactate levels at Oh following CWT or CWI (Oh: SMD
0.23, 95 %CL -0.27 to 0.73, 3 trials), indicating that the immediate impact on lactate levels is similar when
using either CWT or CWI. The results at 24 h and 48 h showed a significant difference (24 h: SMD 0.87,
95 %CL 0.07 to 1.67, 1 trials); (48 h: SMD 0.85, 95 %CL 0.05 to 1.65, 1 trials), indicating that post-exercise
with CWI intervention is more effective in removing lactate than CWT at 24 h and 48 h. It should be noted
that this result is not representative as only one piece of literature was included (Fig. 16).
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Figure 16. Forest plot of the comparison of CWT versus CWI for measurement of Lactate
CWT=Contrast water therapy, CWI=Cold water immersion.
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346 CK

Significant difference was observed between the data of CK at 24 h (24 h: SMD 0.48, 95 %CL 0.05 to

0.91, 4 trials). A fixed effects model was utilized due to the absence of heterogeneity amongst the results (0
h: 1°=0 %; 24 h: 1°=0 %; 48 h: 1°=0 %). The findings indicate that the interventions of CWT and CWI had
comparable effects on CK at 0 h and 48 h. Conversely, CWI had a greater effect on CK clearance compared

to CWT at 24 h (Fig. 17).
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Study or Subgroup Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% Cl
26.10h
Jeremy Ingram 2004 44 1 1 34 1" 10.2% 0.19(0.65,1.03 - 1
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Figure 17. Forest plot of the comparison of CWT versus CWI for measurement of CK
CWT=Contrast water therapy, CWI=Cold water immersion, CK=Creatine kinase.
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3.4.7 CRP and IL-6

The analysis presented in the figure reveals no statistically significant difference between the groups
subjected to either CWT or CWI interventions in either the CRP or IL-6. However, due to the limited num-
ber of sources examined and the inclusion of only one study on indicators of CRP and IL-6, the findings are
not representative (Fig. 18, 19).
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Figure 18. Forest plot of the comparison of CWT versus CWI for measurement of CRP
CWT=Contrast water therapy, CWI= Cold water immersion, CRP=C-Reactive Protein.
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Figure 19. Forest plot of the comparison of CWT versus CWI for measurement of IL-6
CWT=Contrast water therapy, CWI= Cold water immersion, IL-6= Interleukin 6.
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3.5 Subgroup analysis

3.5.1 Position of water during CWT

In the subgroup analysis focusing on water immersion depth during CWT, participants were divided in-
to two categories: the umbilical immersion group and the shoulder immersion group. The analysis of DOMS
outcomes revealed a statistically significant reduction in the umbilical immersion group at both 24 h and 48 h
(24 h: SMD -0.64, 95 %CL -1.13 to -0.15, 3 trials); (48h: SMD -0.60, 95 %CL -1.09 to -0.11, 3 trials) post-
CWT. This implies that submerging the body in water up to the umbilical level is effective in reducing mus-
cle soreness. In contrast, no significant difference was observed in the shoulder immersion group at these
time intervals, indicating that immersion up to shoulder level did not significantly alter muscle soreness at 24
h and 48 h. Additionally, the shoulder immersion group showed no notable difference in sprint time perfor-
mance, suggesting that water level reaching the shoulders does not influence sprinting ability 24 hours post-
CWT. However, the findings pertaining to the umbilical immersion group were based on a single study, lim-
iting the generalizability of this result. Regarding lactate levels no statistically significant difference was ob-
served in either the umbilical or shoulder immersion groups immediately post-CWT (0 hours). This indicates
that the depth of immersion, whether at the umbilicus or shoulder level, does not significantly affect lactate
levels at this time point.

3.5.2 Types of trial

Subgroup analyses based on trial type were conducted, categorizing studies into RCTS, cross-over trials,
and other types of trials. For DOMS, no significant difference was observed in the RCTs group at 24 h or
48h post-CWT. In the cross-over trials group, a significant reduction in DOMS was found at 24 h (SMD -
1.64, 95 % CI -3.28 to -0.01, 2 trials), but not at 48 h (SMD -0.61, 95 % CI -1.38 to 0.15, 2 trials). No signif-
icant differences were observed in the other types group at either 24 h or 48 h.

Regarding sprint time, results in the RCTs group did not show improvement at 24h post-CWT (SMD: -
0.49, 95 % CL: -1.38 to 0.41, across 3 trials). The literature inclusion for both the cross-over group and other
types group was deemed insufficient for meta-analysis. In terms of lactate levels immediately post-CWT
(0h), non-significant results were observed in both the RCTs group (SMD: -0.12, 95 % CL: -1.16 to 0.92,
across 2 trials) and other types group (SMD: -0.59, 95 % CL.: -1.25 to 0.07, across 2 trials). These findings
indicate that neither RCTs nor other types of trials were effective in altering lactate levels at 0 hours post-
CWT.

3.5.3 Types of exercise

Exploring the effects of CWT on subjects after different sport types. The results showed a significant
difference in DOMS at 1h and 24h when CWT was performed after team sports (1h: SMD -0.58, 95 %CL -
1.06 to -0.10, 3 trials); (24h: SMD -1.07, 95 %CL -2.05 to -0.08, 4 trials), especially following soccer, the
DOMS was significant at 24h and 48h (24h: SMD -1.68, 95 %CL -3.31 to -0.06, 2 trials); (48h: SMD -1.60,
95 %CL -2.31 t0-0.90, 2 trials). There was insufficient literature to analyze rugby exercise. In team sports,
there was significant difference in indicator of perceived fatigue at 1h, 24h, and 48h (1h: SMD -1.01,
95 %CL -1.94 to -0.08, 2 trials); (24h: SMD -0.72, 95 %CL -1.23 to -0.21, 3 trials); (48h: SMD -0.55,
95 %CL -1.08 to -0.02, 3 trials). Additionally, it was also significant difference in the soccer group at 1 h and
24 h (1h: SMD -1.01, 95 %CL -1.94 to -0.08, 2 trials); (24h: SMD -0.95, 95 %CL -1.58 to -0.32, 2 trials).
There was also a significant difference in the indicator of sprint time in the soccer group at 24 h (24h: SMD -
0.90, 95 %CL -1.53 to -0.28, 2 trials).

For eccentric exercise, no significant differences were observed in DOMS, lactate, and CK at Oh, 1h,
24h, and 48h post-CWT intervention. No available data were reported for perceived fatigue, CMJ, and sprint
time in this category. In short-duration exercise, lactate levels significantly decreased at Oh post-CWT inter-
vention (SMD -0.88, 95 % CI -1.56 to -0.21, 2 trials). No significant differences were found in DOMS, per-
ceived fatigue, CMJ, sprint time, and lactate for high-intensity, submaximal intensity, or low-intensity exer-
cise.
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Discussion

4.1 CWT versus CON (passive rest and low-intensity active recovery)
All the results of CWT vs. CON are as shown in Table 2.

Table 2
Summary of results of CWT and CON
OH 1H 24H 48H
a It
DOMS — ! Umbilicus|; Umbilicus |;
Cross-over | Type—
Fatigue l l l 1
CcMJ — — — -
—f
Sprint time — _ Part—: e
Type—
—i
Lactate Part—,; — —
Type—
CK — y —
CRP — af _
IL-6 — —

Note. |= significantly decrease in CWT groups, compared with CON groups; 1= significantly increase in CWT groups, com-
pared with CON groups; — = unsignificant difference between CWT and CON groups; 7= heterogeneity present between CWT and
CON groups; Part= CWI of different body parts; Type= different type trial of CWT; CMJ= Countermovement jump; CK= Creatine
kinase; CRP= C-Reactive protein; DOMS= Delay of Muscle Soreness; Fatigue= perceived fatigue; IL-6= Interleukin 6.

This meta-analysis demonstrated that CWT significantly alleviates DOMS and perceived fatigue com-
pared to CON, consistent with previous findings by Dupuy et al. [35]. However, unlike the analysis conduct-
ed by Dupuy, this review incorporated subgroup and sensitivity analyses to investigate heterogeneity
sources, revealing that neither immersion depth nor trial type significantly influenced recovery outcomes.
Notably, the study of Dupuy included a broader range of exercise protocols and participant populations,
which may explain the differences in outcomes, particularly for biomarkers like CK.

The reduction in DOMS observed with CWT can be attributed to several potential mechanisms. Hydro-
static pressure during immersion likely facilitates fluid redistribution, reducing edema and alleviating muscle
soreness. Alternating vasoconstriction and vasodilation during CWT may enhance blood flow, thereby accel-
erating the clearance of metabolic by-products [28, 36]. Furthermore, cold water immersion reduces skin
temperature and sympathetic drive, which can promote recovery by decreasing muscle inflammation and
pain perception [37]. However, direct evidence supporting these mechanisms is sparse, and further research
is needed to elucidate their precise roles. Additionally, the placebo effect may partly explain subjective im-
provements, underscoring the importance of conducting future trials with appropriate blinding.

None of the biomarkers exhibited significant changes after CWT as compared to CON. CK is a general
biomarker that indirectly responds to muscle damage after strenuous exercise [38]. In contrast to the findings
of Dupuy, which reported a significant reduction in CK following CWT [35], the present meta-analysis did
not observe a significant effect of CWT on CK levels. The concentration of CK increases maximally when
performing multiple sets of moderate to high intensity eccentric exercises [39]. Most of the studies reviewed
only utilized a single exercise, which did not generate enough intensity to significantly increase CK. Conse-
guently, there was an insignificant variation in the recovery effect among the different intervention modali-
ties.

Lactate is a metabolite that accumulates during strenuous exercise and has traditionally been associated
with muscle fatigue. However, recent evidence suggests that lactate itself may not directly cause fatigue but
rather serves as an energy substrate and a buffer against acidosis [40, 41].The results are inconsistent with
other studies showing that CWT effectively reduces blood lactate levels at different times. This particular
study only found an immediate reduction in blood lactate after short-term exercise. This is because only one
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study about lactate indicators at 24 and 48 hours was included. Additionally, the short duration of CWT in-
cluded in the literature may also explain the insignificant changes in blood lactate at Oh [19]. Consistent with
the findings of Ingram and Vaile et al. that CWT does not affect inflammatory biomarkers [21, 27], this re-
view did not find an effect of CWT on IL-6 and CRP. This might be due to the fact that only a few studies
with indicators of 1L-6 and CRP were included in the present review and therefore the results were not repre-
sentative.

CWT did not enhance subsequent exercise performance compared to CON. Blood lactate was not sig-
nificantly reduced after CWT, and elevated lactate can adversely affect muscle contractile processes [42].
Both CMJ and sprint time, the metrics included in this review to characterize exercise performance, require
strong muscle contraction, which may explain why CWT did not improve exercise performance.

4.2 CWT versus CWI
All the results of CWT vs. CWI are as shown in Table 3.

Table 3
Summary of results of CWT and CWI
OH 1H 24H 48H
DOMS — — — —
Fatigue — — — —
CMJ — — — —
Sprint time — — — —
Lactate — l !
CK — ! _
CRP — — —
IL-6 — —
Note. |= significantly decrease in CWI groups, compared with CWT groups; — = unsignificant difference between CWT and

CWI groups; = heterogeneity present between CWT and CWI groups; CMJ= Countermovement jump; CK= Creatine kinase; CRP=
C-Reactive protein; DOMS= Delay of Muscle Soreness; Fatigue= perceived fatigue; IL-6= Interleukin 6.

There was few statistically significant difference between CWT and CWI in terms of perceived indica-
tors like DOMS and fatigue, biochemical markers like CRP and IL-6, and exercise performance indicators
such as CMJ and sprint time. The study revealed a significant reduction in lactate levels at 24h and 48h as
well as a significant reduction in CK levels at 24h with CWI compared to CWT. This suggests that CWI is
an effective intervention for relieving body soreness after 24 hours of exercise. However, the long-term use
of cold water immersion leads to decreased muscle temperature and impaired exercise performance. Future
research aims to explore alternative recovery protocols.

4.3 Characterization of subgroup analysis

4.3.1 Immersion Depth

The recovery efficacy of CWT varied by immersion depth. Subgroup analysis based on immersion
depth revealed that immersing the body to the umbilicus was more effective in reducing DOMS at 24h and
48h compared to shoulder-level immersion. This effect can be attributed to hydrostatic pressure differences
[36, 43, 44]: when immersed to the umbilicus, hydrostatic pressure facilitates fluid transfer from the lower
extremities to the central cavity [36], reducing edema and soreness [44]. In contrast, full-body immersion to
the shoulders applies pressure to the thoracic and abdominal cavities, potentially counteracting the beneficial
fluid transfer from the lower extremities.

The exercise protocols in the included studies primarily targeted lower extremity muscles, which might
explain the more pronounced recovery effects with umbilical immersion. Additionally, the reduced pressure
on the upper body during umbilical-level immersion may enhance comfort and relaxation [36, 44], indirectly
promoting fatigue recovery.
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4.3.2 Trial Type

The effectiveness of CWT in promoting recovery differed across various trial type. Subgroup analysis
by trial type showed that cross-over trials were more representative of the effects of CWT on DOMS,
demonstrating significant reductions at 24h post-intervention. In contrast, RCTs and other trial types did not
show consistent improvements, likely due to variations in study designs and protocols.

The significant heterogeneity observed across different trial types suggests that methodological differ-
ences—such as participant selection, intervention timing, and exercise protocols—may influence the report-
ed outcomes. Future research should adopt more standardized trial designs to improve the comparability of
results.

4.3.3 Exercise Type

The recovery efficacy of CWT varied by exercise type. CWT was more effective in reducing DOMS
and perceived fatigue after team sports, particularly soccer, where significant improvements were observed
at 1h, 24h, and 48h post-exercise. This enhanced efficacy may be due to the high physical contact and mus-
cle damage typically associated with team sports, making the alternating hot and cold immersion used in
CWT particularly beneficial [20].

In contrast, CWT was less effective in recovery after eccentric exercises, with no significant improve-
ments in DOMS, lactate, or CK at any time point. Additionally, while CWT was effective in reducing lactate
immediately post short-duration exercise (0h), it did not show similar benefits for high-intensity, submaxi-
mal, or low-intensity exercises.

4.4 Limitations of the study design

It was not possible to blind the different interventions in the study design. Although a RCT design could
have been used to try to avoid the placebo effect, RCTs are not enough in this review. When conducting such
studies in the future, try to choose the same type of experiment to minimize variability. This study specifical-
ly focused on CWT due to its unique alternating hot-cold-immersion protocol, which differs fundamentally
in mechanism and application from single-modality methods such as Hot Water Immersion (HWI) and
Thermoneutral Water Immersion (TWI). As a result, studies solely addressing HWI and TWI were excluded
to maintain a targeted scope. While HWI and TWI are recognized as effective recovery modalities, their
mechanisms (e.g., sustained vasodilation or neutral hydrostatic effects) are distinct and may warrant a sepa-
rate systematic review.

This study did not stratify results by gender or exercise protocols, which may influence recovery re-
sponses due to physiological and biomechanical differences. Additionally, biomarkers such as lactate dehy-
drogenase, blood urea nitrogen, and heart rate were not analyzed, limiting a comprehensive understanding of
the effects of CWT. Future research should address these limitations to provide a more nuanced understand-
ing of recovery dynamics across different populations and exercise modalities.

The literature search was limited to studies published between 2002 and 2022 to focus on research con-
ducted within the past two decades, reflecting contemporary practices and methodologies in CWT. While this
approach ensures the inclusion of relevant and standardized studies, it may exclude earlier pioneering studies
or more recent findings beyond 2022. Future reviews may expand this timeframe to incorporate additional
evidence

4.5 Future directions for research

In the future, researchers can select the same experimental type for review and analysis. They can also
combine -multiple recovery methods as a post-exercise intervention for subjects to assess the efficacy of a
combined form of these modalities in enhancing subsequent exercise performance. It remains to be seen
whether different recovery modalities can be developed for different sports.

Conclusions

Post-exercise CWT interventions were effective in relieving perceived muscle soreness and perceived
fatigue. Although CWT did not consistently improve subsequent exercise performance across all conditions,
it showed potential benefits after specific types of exercise, such as soccer. Compared to CWT, CWI was
more effective in reducing objective soreness, but both interventions demonstrated similar efficacy in overall
fatigue recovery. Furthermore, the effectiveness of CWT varied depending on exercise types, with perceptual
benefits being more pronounced after team sports. While immersion depth and experimental designs were
considered as potential influencing factors, further research is required to confirm their roles in modulating
the efficacy of CWT.
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