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EFECTOS DE LA INMERSIÓN EN AGUA 
FRÍA DESPUÉS DEL EJERCICIO SOBRE LA 
RECUPERACIÓN  A  CORTO  PLAZO,  EL 
RENDIMIENTO FÍSICO Y LOS 
MARCADORES  BIOQUÍMICOS:  UNA 
REVISIÓN  SISTEMÁTICA  Y  UN 
METAANÁLISIS

RESUMEN

La recuperación tras el ejercicio es fundamental para 
mantener  el  rendimiento  deportivo  y  afrontar  las 
exigencias  de  entrenamientos  y  competiciones 
repetidos. La inmersión en agua fría (IAF) se utiliza 
ampliamente como estrategia de recuperación, 
aunque  sus  efectos  sobre  el  rendimiento  físico 
posterior y la recuperación fisiológica siguen siendo 
inconsistentes.  Esta  revisión  sistemática  y 
metaanálisis tuvo como objetivo sintetizar los efectos 
de la IAF tras el ejercicio sobre el rendimiento físico 
a corto plazo, los indicadores de recuperación y los 
marcadores  bioquímicos, en comparación con otras 
condiciones de recuperación. Se realizaron búsquedas 
en  PubMed y  Scopus  de  estudios  publicados  entre 
enero  de  2021  y  junio  de  2026.  Los  estudios 
seleccionados evaluaron la  IAF tras  el  ejercicio  en 
atletas o individuos físicamente activos e informaron 
sobre  resultados  relevantes de rendimiento, 
recuperación o marcadores bioquímicos. El protocolo 
se registró en PROSPERO  (CRD420261468646). Se 
incluyeron veintiún  estudios  y se evaluó la calidad 
metodológica mediante la escala de la Physiotherapy 
Evidence  Database  (PEDro).  La  IAF  mejoró 
significativamente  el  rendimiento  en  el  salto  con 
contramovimiento (CMJ) (DM = 2,62 cm; IC del 95 
%: 1,54 a 3,70; p < 0,00001; I² = 70 %) y se
asoció con concentraciones más bajas de lactato en 
sangre (DM = −0,27; IC del 95 %: −0,44 a −0,09; p =
0,002; I² = 59 %) y de creatina quinasa (CK) 
circulante (DM = −46,19; IC del 95 %: −65,91 a 
−26,47; p <
0,00001;  I²  =  46  %).  No  se  observaron  efectos 
significativos en el  rendimiento de esprint  ni  en la 
contracción  voluntaria  máxima.  Aunque  la  IAF 
mejoró determinados indicadores de recuperación a 
corto  plazo,  su  relevancia  práctica  sigue  siendo 
incierta y la heterogeneidad limita la generalización 
de los resultados. Las concentraciones más bajas de 
CK y lactato no deben interpretarse como evidencia 
directa de una reducción del daño muscular o de una 
mayor tasa de aclaramiento de lactato. Los posibles 
efectos  de  la  IAF  repetida  sobre  la  adaptación  al 
entrenamiento a largo plazo se basan principalmente

en literatura longitudinal más amplia y no se 
evaluaron  directamente.  Se  requieren  más  ensayos 
estandarizados.

Palabras clave: Inmersión en agua fría, 
recuperación, rendimiento atlético, creatina quinasa, 
lactato
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EFFECTS OF POST-EXERCISE COLD-
WATER  IMMERSION  ON  SHORT-TERM 
RECOVERY,  PHYSICAL

PERFORMANCE, AND 
BIOCHEMICAL MARKERS: A SYSTEMATIC 
REVIEW AND META-ANALYSIS

ABSTRACT

Post-exercise  recovery  is  essential  for  maintaining 
athletic performance and supporting repeated training 
and  competition  demands.  Cold-water  immersion 
(CWI) is widely used as a recovery strategy, although 
its  effects  on subsequent  physical  performance and 
physiological  recovery  remain  inconsistent.  This 
systematic  review  and  meta-analysis  aimed  to 
synthesize the effects of post-exercise CWI on short-
term  physical  performance,  recovery-related 
outcomes,  and biochemical  markers compared with 
alternative recovery conditions. PubMed and Scopus 
were searched for studies published between January 
2021 and June 2026. Eligible studies evaluated post-
exercise  CWI  in  athletes  or  physically  active 
individuals  and  reported  relevant  performance, 
recovery, or biochemical outcomes. The protocol was 
registered  in  PROSPERO  (CRD420261468646). 
Twenty-one  studies  were  included,  and 
methodological  quality  was  assessed  using  the 
Physiotherapy  Evidence  Database  (PEDro)  Scale. 
CWI significantly improved countermovement jump 
(CMJ) performance (MD = 2.62 cm, 95% CI: 1.54 to 
3.70, p < 0.00001; I² = 70%) and was associated with 
lower blood lactate (MD = −0.27, 95% CI: −0.44 to
−0.09, p = 0.002; I² = 59%) and circulating creatine 
kinase (CK) concentrations (MD = −46.19, 95% CI:
−65.91 to −26.47, p < 0.00001; I² = 46%). No
significant  effects  were  observed  for  sprint 
performance  or  maximum  voluntary  contraction. 
Although CWI improved selected short-term 
recovery  outcomes,  practical  relevance  remains 
uncertain  and  heterogeneity  limits  generalizability. 
Lower CK and lactate concentrations should not be 
interpreted  as  direct  evidence  of  reduced  muscle 
damage  or  enhanced  lactate  clearance.  Potential 
effects  of  repeated  CWI  on  long-term  training 
adaptation are based mainly on broader longitudinal 
literature  and  were not directly evaluated. Further 
standardized trials are warranted.

Keywords:  Cold  Water  Immersion,  Recovery, 
Athletic Performance, Creatine Kinase, Lactate

EFEITOS DA IMERSÃO EM ÁGUA FRIA 
APÓS O EXERCÍCIO NA RECUPERAÇÃO A 
CURTO  PRAZO,  DESEMPENHO  FÍSICO  E 
MARCADORES  BIOQUÍMICOS:  UMA 
REVISÃO SISTEMÁTICA E META-ANÁLISE

RESUMO

A recuperação pós-exercício é essencial para manter 
o desempenho atlético e satisfazer as exigências de 
treinos e competições repetidos. A imersão em água 
fria (IAF) é amplamente utilizada como estratégia de 
recuperação, embora os seus efeitos no desempenho 
físico  subsequente  e  na  recuperação  fisiológica 
permaneçam inconsistentes. Esta revisão sistemática 
e  meta-análise  teve  como  objetivo  sintetizar  os 
efeitos da IAF pós-exercício no desempenho físico a 
curto  prazo, nos resultados relacionados com a 
recuperação  e  nos  marcadores  bioquímicos,  em 
comparação  com  condições  alternativas  de 
recuperação. Foram realizadas pesquisas nas bases de 
dados PubMed e Scopus por estudos publicados entre 
janeiro de 2021 e junho de 2026. Os estudos elegíveis 
avaliaram  a  IAF  pós-exercício  em  atletas  ou 
indivíduos fisicamente ativos e reportaram desfechos 
relevantes  de  desempenho,  recuperação  ou 
marcadores  bioquímicos.  O  protocolo  foi  registado 
no  PROSPERO  (CRD420261468646).  Foram 
incluídos 21 estudos, e a qualidade metodológica foi 
avaliada  através  da  escala  da  *Physiotherapy 
Evidence  Database*  (PEDro).  A  IAF  melhorou 
significativamente  o  desempenho  no  salto  com 
contramovimento (CMJ) (DM = 2,62 cm; IC 95%: 
1,54 a 3,70; p < 0,00001; I² = 70%) e associou-se a 
concentrações mais baixas de lactato sanguíneo (DM
= -0,27; IC 95%: -0,44 a -0,09; p = 0,002; I² = 59%) e
de creatina quinase (CK) circulante (DM = -46,19; IC 
95%: -65,91 a -26,47; p < 0,00001; I² = 46%). Não
foram  observados  efeitos  significativos  no 
desempenho em *sprints* ou na contração voluntária 
máxima. Embora a IAF tenha melhorado desfechos 
selecionados  de  recuperação  a  curto  prazo,  a 
relevância  prática  permanece  incerta  e  a 
heterogeneidade limita a generalização dos 
resultados.  Concentrações mais baixas de CK e 
lactato não devem ser interpretadas como evidência 
direta de redução do  dano  muscular  ou  de  maior 
depuração  de  lactato.  Os  potenciais  efeitos  da  IAF 
repetida  na  adaptação  ao  treino  a  longo  prazo 
baseiam-se principalmente em literatura longitudinal 
mais ampla e não foram
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avaliados diretamente. São necessários mais estudos 
padronizados.

Palabras-chave: Imersão em água fria, recuperação, 
desempenho atlético, creatina quinase, lactato
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INTRODUCCIÓN 
(INTRODUCTION)

Post-exercise and post-competition recovery 
is  essential  for  maintaining  athletic  performance, 
minimizing  fatigue,  and  supporting  physiological 
adaptation to repeated training demands (Mahendra, 
2025; Naderi et al., 2025). High-intensity exercise 
and competitive matches can induce neuromuscular 
fatigue, muscle damage, inflammatory responses, and 
temporary  reductions  in  subsequent  physical 
performance  (Garcia-Carrillo  et  al.,  2026;  Hamid 
Mohammed Saeed et al., 2023; Trisnadi et al., 2025). 
When recovery  is  insufficient,  the  accumulation of 
fatigue  may  impair  subsequent  performance  and 
increase the risk of adverse outcomes (Dewangga et 
al., 2024). Therefore, effective and practical recovery 
strategies  have  become  increasingly  important, 
particularly  in  modern  sports  characterized  by 
frequent training sessions and competitions (Li et al., 
2024). Among the various recovery modalities, cold 
water immersion (CWI) is widely used because it is 
relatively simple, accessible, and inexpensive (Moore 
et al., 2023).

The proposed physiological  effects  of  CWI 
are primarily related to cold-induced 
vasoconstriction,  reductions  in  tissue  temperature, 
and  alterations  in  neuromuscular and sensory 
function. These responses may reduce blood flow and 
edema,  attenuate  pain  perception,  and  influence 
inflammatory  and  muscle-damage responses 
following strenuous exercise (Ma et al., 2025; Wang 
et al., 2025). Accordingly, CWI has been investigated 
using a range of outcomes, including  biochemical 
markers such as creatine kinase (CK), interleukin-6 
(IL-6),  tumor  necrosis  factor-alpha  (TNF-α),  C-
reactive protein (CRP), and oxidative stress markers, 
as well as functional outcomes such as  strength, 
muscle  power,  and  jump  performance  (Dewangga, 
Candrika, et al., 2025; Irmawati et al., 2026; Stebel et 
al.,  2026;  Wunderle  et  al.,  2025).  However,  these 
physiological  effects  do  not  necessarily  translate 
consistently into improved functional recovery. For 
example, although CWI may  attenuate  perceived 
muscle  soreness  or  selected  markers  of  muscle 
damage and inflammation, its effects on subsequent 
neuromuscular  performance  remain  variable  across 
studies (Pawłowska et al., 2021; Wiewelhove et al., 
2024).

Despite  the  growing  body  of  evidence,  the 
effectiveness of CWI remains debated, partly because

previous systematic reviews and meta-analyses have 
examined  different  outcomes,  populations, 
intervention protocols, and follow-up periods (Cain et 
al.,  2025).  Earlier  reviews  have  predominantly 
emphasized individual domains of recovery, such as 
muscle soreness, biochemical responses, or physical 
performance, making it difficult to determine whether 
physiological  changes  are  accompanied  by 
meaningful  improvements  in  functional  and 
perceptual recovery. In addition, differences in CWI 
temperature,  immersion  duration,  timing  of 
application,  exercise  protocols,  and  participant 
characteristics may contribute to inconsistent findings 
across studies (Moore et al., 2023; Petersen & Fyfe, 
2021).  Importantly,  the  available  evidence  has  not 
consistently  integrated  neuromuscular  performance, 
perceived  recovery,  and  biochemical  biomarkers 
within a single contemporary quantitative synthesis. 
A  comprehensive  assessment  of  these  outcomes  is 
therefore needed to clarify whether the physiological 
responses  attributed  to  CWI  are  accompanied  by 
meaningful improvements in recovery and 
subsequent athletic performance.

Accordingly, this systematic review and 
meta-analysis addressed whether post-exercise CWI 
improves  short-term  physical  performance  and 
perceptual  or  functional  recovery  compared  with 
control  or  alternative  recovery  interventions,  and 
whether these effects are accompanied by favorable 
changes  in  biochemical  markers  associated  with 
exercise-induced muscle  damage and inflammation. 
Conceptually, the present review integrates 
functional, perceptual, and biochemical indicators of 
recovery  rather  than  evaluating  a  single  recovery 
outcome  in  isolation. Methodologically, the 
quantitative synthesis  evaluates  the  magnitude  and 
consistency of CWI effects across these distinct but 
complementary  outcome  domains,  allowing 
functional  and  physiological  responses  to  be 
interpreted  concurrently.  Therefore,  this  systematic 
review  and  meta-analysis  aimed  to  quantitatively 
synthesize  the  available  evidence on the effects of 
post-exercise CWI on short-term recovery, physical 
performance, and biochemical  markers  in  athletes. 
The  hypothesis  was  that  post-exercise CWI would 
enhance short-term recovery and  physical 
performance while  attenuating biochemical  markers 
associated with exercise-induced muscle damage and 
inflammation  compared  with  control  or  alternative 
recovery interventions
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MATERIAL Y MÉTODOS 
(METHODS)
Study Design

This systematic review and meta-analysis 
was  conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses  (PRISMA)  2020  statement.  The  review 
question  and  eligibility  criteria  were  formulated 
according  to  the  Population,  Intervention, 
Comparator, and Outcomes (PICO) framework. The 
review protocol  was prospectively registered in the 
International  Prospective  Register  of  Systematic 
Reviews  (PROSPERO)  under  registration  number 
CRD420261468646.

Search Strategy
A structured literature search was conducted 

in PubMed and Scopus to identify studies evaluating 
the effects of post-exercise cold-water immersion 

(CWI) on short-term recovery, physical performance, 
and biochemical markers. The databases were 

searched in June 2026, and studies published between 
January 2021 and June 2026 were considered 

eligible. The search strategy used terms related to 
CWI, recovery, physical performance, and 

biochemical
outcomes. The core search strategy was:
(“cold  water  immersion”  OR  “ice  bath”)  AND 
(“recovery” OR “muscle recovery”) AND (“athletic 
performance”  OR  “physical  performance”)  AND 
(“biomarkers” OR “physiological adaptation”).

In PubMed, the search terms were applied to 
the  Title/Abstract  fields,  whereas  in  Scopus,  the 
TITLE-ABS-KEY  field  was  used.  The  Boolean 
operators  AND and OR were used to  combine the 
search  terms.  The  search  was  limited  to  English-
language studies published between January 2021 
and June 2026.  The final  search was conducted in 
June  2026.  The  complete  database-specific  search 
strategies, including the applied field restrictions and 
filters,  are  provided  in  Supplementary  Table  S1. 
PubMed  and  Scopus  were  used  independently  for 
literature identification,  while Scopus indexing was 
subsequently  applied  as  a  predefined  eligibility 
criterion during study selection.

Eligibility Criteria
Eligibility  criteria  were  defined  a  priori 

according  to  the  PICO  framework.  Studies  were 
considered eligible if they met the following criteria:
(1) participants were athletes or physically active

individuals  involved  in  organized  training  or 
competitive sports; (2) the intervention involved post-
exercise  CWI,  administered  either  alone  or  as  the 
primary recovery intervention; (3) the study included 
a  control  condition  or  an  alternative  recovery 
intervention; (4) at least one relevant recovery-related 
outcome  was  reported,  including  physical 
performance,  fatigue,  muscle  soreness,  or 
physiological and biochemical markers such as blood 
lactate,  creatine  kinase,  inflammatory  markers,  or 
antioxidant-related  markers;  (5)  the  study  used  an 
experimental design, including randomized 
controlled trials, controlled trials, crossover trials, or 
quasi-experimental  studies;  (6)  the  full-text  article 
was published in English in a peer-reviewed journal 
between January 2021 and June 2026.

Studies were excluded if CWI was combined 
with nutritional or pharmacological interventions that 
prevented the independent effect of CWI from being 
evaluated; participants were non-athlete populations, 
including  clinical  patients,  elderly  individuals,  or 
sedentary  populations;  the  publication  was  a 
systematic review, meta-analysis, conference 
abstract, case report, or other non-original research; 
relevant recovery or performance outcomes were not 
reported;  or  the  study  provided  insufficient 
methodological information for assessment.

Study Selection
All  records  identified  through  the  database 

searches were imported for screening and duplicate 
records were removed. Two reviewers independently 
screened  the  titles  and  abstracts  of  the  identified 
records according to the predefined eligibility 
criteria.  Potentially  relevant  studies  were 
subsequently assessed through full-text review. Any 
disagreement  between  reviewers  was  resolved 
through discussion and consensus, with consultation 
with a third reviewer when necessary.

The  study  selection  process  was  reported 
using  a  PRISMA  2020  flow  diagram.  The  initial 
search  identified  1,919 records  from PubMed (n  = 
1,102) and Scopus (n = 817). After application of the 
publication-year  criteria,  587  records  remained  for 
screening. Following title and abstract screening, 220 
reports  were  sought  for  full-text  assessment.  After 
full-text  eligibility  assessment,  21  studies  met  all 
predefined eligibility criteria and were included in the 
systematic review.
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Figure 1.  The flowchart  illustrating the  process  of 
literature search and screening.

Data Extraction
Data were independently extracted from the 

included  studies  by  two  reviewers  using  a 
standardized  data  extraction  form.  The  extracted 
information included study characteristics, participant 
characteristics, exercise protocol, CWI 
characteristics,  comparator condition, outcome 
measures, assessment time points, and numerical data 
required for quantitative synthesis.

For  CWI  interventions,  relevant  protocol 
characteristics  included  immersion  duration,  water 
temperature, timing of immersion, and other 
available intervention details. Outcome data included 
measures of physical  performance and recovery,  as 
well  as  biochemical  markers  such  as  blood  lactate 
and creatine kinase when reported.

When  numerical  information  required  for 
meta-analysis was unclear or incompletely reported, 
the available study information was reviewed and

discrepancies  between  reviewers  were  resolved 
through discussion and consensus.

Risk of Bias Assessment
Risk of bias was assessed using the Cochrane 

risk-of-bias approach according to the design of the 
included studies. For randomized controlled trials, the 
Cochrane  Risk  of  Bias  (RoB  1)  tool  was  used  to 
evaluate  seven  domains:  (1)  Random  sequence 
generation; (2 Allocation concealment; (3) Blinding 
of participants and personnel; (4 Blinding of outcome 
assessment;  (5)  Incomplete  outcome  data;  (6) 
Selective reporting and (7) Other bias. For 
randomized  crossover  trials,  the  crossover-specific 
RoB framework was applied where appropriate. For 
non-randomized or quasi-experimental studies, risk 
of bias  was  assessed  using  an  appropriate  non-
randomized-study framework.

Two  reviewers  independently  assessed  the 
risk of  bias  of  each included study.  Disagreements 
were resolved through discussion and consensus, 
with  consultation  with  a  third  reviewer  when 
necessary.  The  risk-of-bias  judgments  were 
considered  when  interpreting  the  pooled  estimates 
and the overall strength of the evidence.

Methodological Quality Assessment
The  Physiotherapy  Evidence  Database 

(PEDro)  Scale,  an  established  tool  for  evaluating 
methodological quality in clinical trials, particularly 
in physiotherapy, rehabilitation, and exercise science, 
was used to assess the methodological quality of the 
included studies (Moseley et al., 2019). The PEDro 
Scale was selected because of its widespread use in 
exercise  and  rehabilitation  research  and  its 
standardized  assessment  of  key  methodological 
characteristics  related  to  internal  validity  and 
statistical reporting. Previous research has supported 
the use of PEDro ratings in systematic evaluations of 
exercise  interventions  and  demonstrated  their 
association  with  other  established  methodological 
quality and risk-of-bias frameworks for randomized 
controlled trials.

The  11-item  PEDro  Scale,  comprising  10 
items  contributing  to  the  total  score,  was  used  to 
evaluate the methodological quality of the included 
studies.  The  first  item,  which  assesses  the 
specification of eligibility criteria, is not included in 
the total score. The remaining items assess random 
allocation,   concealed   allocation,   baseline
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comparability,  participant,  therapist,  and  assessor 
blinding,  adequate  follow-up,  intention-to-treat 
analysis, between-group statistical comparisons, and 
reporting  of  point  estimates  and  measures  of 
variability  (Moseley  et  al.,  2020).  Higher  scores 
indicate better methodological quality.

Each item receives a score of 1 (yes) or 0 
(no), yielding a total score of 0 to 10. Methodological 
quality is interpreted as follows:

• 9–10: excellent quality
• 6–8: high quality
• 4–5: moderate quality
• <4: low quality

Two  reviewers  independently  conducted  the 
assessment. Any disagreements were resolved 
through discussion until consensus was achieved.

Statistical Analysis
Quantitative data were synthesized separately 

for each outcome using Review Manager (RevMan) 
version  5.4.  Mean  differences  (MDs)  with  95% 
confidence  intervals  (CIs)  were  used  for  outcomes 
measured on the same scale, while standardized mean 
differences  (SMDs)  were  used  when  different 
measurement scales were applied. MDs were used for 
CMJ,  sprint  performance,  blood  lactate,  and  CK, 
whereas SMD was used for MVC. For MVC, the 
SMD was calculated using Hedges’ adjusted g, which 
incorporates a correction for small-sample bias. 
Effect  estimates  compared  post-exercise  cold-water 
immersion  (CWI)  with  the  control  or  alternative 
recovery condition.

A fixed-effect model was used to estimate the 
pooled  effect  for  each  outcome.  Post-intervention 
values  were  primarily  used,  while  change-from-
baseline  values  were  used  when  appropriate. 
Crossover  studies were analyzed as paired designs. 
Paired  outcome  data  or  within-participant  standard 
deviations were used when reported by the original 
studies.  Crossover  studies  were  pooled  with  other 
eligible  study  designs  according  to  the  outcome 
assessed and were not treated as independent parallel-
group  observations.  When  multiple  follow-up  time 
points were reported, the most comparable short-term 
recovery  time  point  was  selected.  For  studies  with 
multiple  intervention  or  control  arms,  data  were 
handled to avoid double-counting participants. When 
standard deviations or other summary statistics were 
not  reported,  they  were  derived  when  possible; 
otherwise,  the  study  was  excluded  from  the

quantitative synthesis for that outcome. The direction 
of effect was standardized according to the outcome, 
with  positive  effects  indicating  better  performance 
following  CWI  and  negative  effects  indicating 
favorable  reductions  in  blood  lactate  and  CK. 
Heterogeneity was assessed using Cochran’s Q test 
and  quantified  using  the  I²  statistic.  Subgroup  and 
sensitivity  analyses  were  considered  to  explore 
potential  sources  of  heterogeneity;  however,  these 
analyses  were  not  performed  when  the  number  of 
studies was insufficient to provide stable estimates. 
Pooled effects were reported as MD or SMD with 
95% CIs and corresponding p-values.

Publication  bias  was  not  formally  assessed 
using  funnel  plots  or  statistical  tests  because  most 
outcome-specific meta-analyses included fewer than 
10 studies.  Therefore,  the possibility of  publication 
bias and small-study effects cannot be excluded.

RESULTADOS 
(RESULTS)

Risk of Bias
Risk  of  bias  varied  across  the  assessed 

domains. Most studies were judged to have a low 
risk  of  bias  for  random  sequence  generation, 
incomplete outcome data, and selective 
reporting.  However,  a  high  risk  of  bias  was 
observed  predominantly  for  allocation 
concealment  and  blinding  of  participants  and 
personnel.  Blinding  of  outcome  assessment 
showed a mixed pattern, with approximately half 
of  the  assessments  indicating  low risk  and the 
remainder indicating high risk. The difficulties in 
blinding participants  and  personnel  were 
particularly  relevant  to  cold-water  immersion 
interventions,  where  complete  blinding  is 
challenging. No additional “other bias” domain 
was  considered  applicable.  The  overall 
assessment therefore indicated that the principal 
sources of potential bias were related to 
allocation  concealment  and  blinding,  whereas 
attrition  and  selective  reporting  were  generally 
associated with low risk.
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Figure 2. Risk-of-Bias Assessment Across the Included 
Studies

Figure 3. Risk-of-Bias Judgments for Individual 
Included Studies

Methodological Quality Assessment
The methodological  quality  of  the  included 

studies  was  assessed  using  the  Physiotherapy 
Evidence Database (PEDro) Scale.  The majority of 
studies achieved PEDro scores ranging from 6 to 8, 
indicating high methodological quality according to 
the predefined scoring criteria. Most studies met the 
criteria for between-group statistical comparisons and 
reporting  of  point  estimates  with  measures  of 
variability,  indicating  adequate  statistical  reporting. 
Random allocation and baseline comparability were 
also commonly reported among the included studies.

However, several methodological limitations 
were  identified.  The  most  frequent  limitations 
involved  blinding  of  participants  and  therapists, 
allocation  concealment,  and  blinding  of  outcome 
assessors. These limitations are particularly relevant 
to  cold-water  immersion  interventions,  for  which 
blinding of participants and intervention providers is 
inherently  challenging.  Nevertheless,  none  of  the 
included  studies  was  classified  as  having  low 
methodological  quality  according  to  the  PEDro 
scoring  criteria.  Overall,  the  included  studies 
demonstrated high methodological quality, although 
several  methodological  limitations  should  be 
considered when interpreting the pooled estimates.
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Table 1. Assessment of Methodological Quality of Included Studies According to the PEDro Scale
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 Total

Huang & Chen, 2025 + + - + - - - + - + + 6
Richards et al., 2025 + + - + - - - + - + + 6
Pereira et al., 2025 + + - + - - + + - + + 7
Batista et al., 2024 + + + + - - + + - + + 8
Malta et al., 2026 + + - + - - - + - + + 6
Skein et al., 2025 + + - + - - - + - + + 6
Martínez-Rodríguez et al., 2025 + + - + - - + + - + + 7
Roepajadi et al., 2025 + + - + - - - + - + + 6
Dewangga et al., 2025 + + - + - - - + - + + 6
Janusiak et al., 2025 + + + + - - - + - + + 7
Horgan et al., 2024 + + - + - - - + - + + 6
Dantas & Vieira, 2024 + + + + - - + + - + + 8
Nasser et al., 2023 + + - + + - + + - + + 8
Bouchiba et al., 2022 + + - + + - - + - + + 7
Panyakham & Pariwat, 2022 + + - + - - - + - + + 6
Kusuma et al., 2021 + + - + - - - + - + + 6
Pawłowska et al., 2021 + - - + - - - + - + + 5
Kuswahyudi et al., 2021 + + - + - - - + - + + 6
Park et al., 2021 + + - + - - - + - + + 6
Fakhro et al., 2022 + + + + - - + + - + + 8
Gustafsson et al., 2025 + + - + - - - + - + + 6

D1: eligibility criteria; D2: random allocation; D3: concealed allocation; D4: baseline comparability; D5: participant blinding; 
D6: therapist blinding; D7: assessor blinding; D8: adequate follow-up; D9: intention-to-treat analysis; D10: between-group  
statistical comparisons; D11: reporting of point estimates and variability. D1 (eligibility criteria) is reported for descriptive 
purposes but is not included in the PEDro total score. The total PEDro score ranges from 0 to 10 and is calculated based on 
items D2–D11.
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Research Characteristics
Table 2 summarizes the characteristics of the 

included studies. In total,  21 studies were analyzed 
(Batista et al., 2024; Bouchiba et al., 2022; Dantas & 
Vieira, 2024; Dewangga, Asmara Dhani, et al., 2025; 
Fakhro et al., 2022; Gustafsson et al., 2025; Horgan 
et  al., 2024; Huang & Chen, 2025; Janusiak et al., 
2025; Kusuma et al., 2021; Kuswahyudi et al., 2021; 
Malta et al., 2026; Martínez-Rodríguez et al., 2025; 
Nasser  et  al.,  2023;  Panyakham  &  Pariwat,  2022; 
Park et al., 2021; Pawłowska et al., 2021; Pereira et 
al.,  2025;  Richards  et  al.,  2025;  Roepajadi  et  al., 
2025; Skein et al., 2025). These studies used various 
methodological  designs,  including  randomized 
controlled  trials,  crossover  trials,  and  quasi-
experimental designs.

The  reviewed  studies  included  healthy 
individuals, recreationally active persons, and 
athletes  from soccer, rugby, basketball, karate, 
taekwondo, and CrossFit. Both adolescent and adult 
participants were represented. Although most studies 
focused  on  male  participants,  some  also  included 
female  athletes  (Dewangga  et  al.,  2025;  Huang  & 
Chen,  2025).  Most  studies  used  repeated-measures 
designs  with  data  collected  before  exercise, 
immediately  post-exercise,  and during follow-up 
assessments lasting up to several  days. This design 
allowed examination of both immediate and longer-
term recovery outcomes.

Characteristics of Stressor Protocols
The  exercise  protocols  used  across  the 

included  studies  were  designed  to  induce  fatigue, 
metabolic  stress,  and  exercise-induced  muscle 
damage.  These  protocols  primarily  involved  high-
intensity  and  sport-specific  activities.  Eccentric 
contraction protocols were frequently used to induce 
muscle damage (Huang & Chen, 2025; Richards et 
al.,  2025),  while  high-intensity  interval  training 
(HIIT)  protocols  were  applied  in  endurance-based 
settings  (Malta et al., 2026). Resistance training 
protocols were  also  implemented  in  several 
studies(Horgan  et  al.,  2024;  Kusuma et  al.,  2021), 
alongside  functional  training  approaches  such  as 
CrossFit (Pereira et al., 2025).

Numerous studies have employed simulated 
or official match settings, particularly in team sports 
such as soccer, rugby, and basketball (Bouchiba et 
al.,  2022;  Dewangga,  Asmara  Dhani,  et  al.,  2025; 
Gustafsson et al., 2025; Janusiak et al., 2025; Nasser 
et al., 2023; Skein et al., 2025). Endurance protocols, 
including running and cycling (Dantas & Vieira, 
2024;

Roepajadi  et  al.,  2025),  as  well  as  combat-sport 
routines  such  as  karate  and  taekwondo  (Martínez-
Rodríguez et al., 2025; Park et al., 2021), have also 
been utilized. Standardized assessments, such as the 
Loughborough Intermittent Shuttle  Test  (LIST) and 
other sport-specific aerobic tests, were implemented 
to  evaluate  performance  (Nasser  et  al.,  2023).  The 
exercise  protocols  varied  in  both  duration  and 
intensity, ranging from brief intermittent sessions to 
extended or multi-week interventions, all intended to 
induce measurable physiological stress and fatigue.

Characteristics of Cold Water Immersion
The included studies'  cold water immersion 

(CWI)  methods  differed  significantly  in  terms  of 
immersion  depth,  duration,  and  temperature.  The 
majority  of  studies used temperatures  between 8°C 
and 12°C, the water temperature ranged from roughly 
1°C to 15°C. The immersion time ranged from 3 to 
20 minutes,  with  10 to  15 minutes  being the most 
common.  Depending  on  the  study  design  and  the 
targeted  muscle  groups,  several  immersion  depths 
were used, such as lower-limb, waist-level, and full-
body immersion.  To promote  acute  recovery,  CWI 
was used in most studies immediately after exercise 
or competition (Bouchiba et al., 2022; Dewangga et 
al., 2025; Nasser et al., 2023). However, some studies 
implemented repeated CWI sessions across multiple 
time  points  or  over  longer  training  periods, 
particularly  in  longitudinal  designs  (Horgan  et  al., 
2024;  Huang  &  Chen,  2025;  Malta  et  al.,  2026). 
Despite methodological variations, all CWI protocols 
aim to facilitate recovery by leveraging thermal and 
physiological mechanisms, including reducing 
muscle  temperature,  attenuating  inflammation,  and 
limiting exercise-induced muscle damage.

Characteristics of the Control Group
Control conditions varied across studies, but 

they generally included periods of sitting or lying at 
rest  in a room maintained at  a neutral temperature, 
typically  between  20  and  25  degrees  Celsius.  In 
multiple  studies,  thermoneutral  water  immersion, 
which is around 26 to 30 degrees Celsius, was used 
as a control condition to help separate the effects of 
cold exposure from other factors (Batista et al., 2024; 
Bouchiba et al., 2022; Dewangga et al., 2025). Some 
studies also incorporated different recovery methods, 
like active recovery, massage therapy, foam rolling, 
contrast water therapy, or hot water immersion, as
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comparison groups (Janusiak et al., 2025; Kusuma et 
al.,  2021;  Kuswahyudi  et  al.,  2021;  Pereira  et  al., 
2025). Although these interventions are not the same 
as  passive  rest,  they  were  considered  control 
conditions  because  they  did  not  involve  a  cold 
stimulus. The length of the control interventions was 
typically  aligned  with  the  cold  water  immersion 
(CWI) procedures, enabling a direct comparison of 
the recovery outcomes between the experimental and 
control situations.
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Table 2. Characteristics of included studies, including participant profiles, exercise protocols, cold water immersion (CWI) interventions, control conditions, and outcome 
measures

Study, Year Study Design Characteristics of 
Participants

Environme 
nt 

Condition

Stressor 
Protocol

Classification 
of Exercise

CWI (Duration 
& 

Temperature)

Control 
Group

Outcome 
Variables & Time

Huang & 
Chen, 2025

Randomized 
controlled trial

Healthy adult female 
(n=18; 21.7±1.1 yrs)

25°C; RH
50–60%

10 × 10 
maximal 
isokinetic 
eccentric
contraction

High-intensity 
eccentric 
exercise

14 min at 14°C 
(repeated 
sessions)

Seated 
passive rest

MVC, DOMS,
SLR, plasma Mb; 
pre, 0.5 h, 24–120 
h

Richards et 
al., 2025

Randomized 
crossover study

Recreationally  active 
adults  (n=12;  10  male 
and 2 female; 23.3±3.1
yrs)

Lab-based 
controlled

Isokinetic HIIE 
(6 × 30 s all-out)

High-intensity 
interval 
exercise

10 min at 10°C Passive rest MVC, torque, 
RTD, temperature; 
0–24 h

Pereira et al., 
2025

Randomized 
controlled trial

CrossFit athletes 
(n=18; 16 female and 
2 male;
32.5 ± 9.32 yrs)

20±2°C; RH
<60%

Murph WOD High-intensity 
functional
training

20 min at 8°C Massage 
therapy

Pain, PPT, 
thermography; pre–
48 h

Batista et al., 
2024

Randomized 
crossover study

Adolescent swimmers 
(n=20; 12 male and 8
female 14.0±1.8 yrs)

Water 
26±2°C

Resistance + 
swim training

Mixed training 12 min at 14°C 
(3×/week)

Thermoneutra 
l water
immersion

Performance,
flexibility, fatigue; 
pre–post

Malta et al., 
2026

Randomized 
controlled trial

Healthy male (n=16; 
25±6 yrs)

Indoor 
treadmill

HIIT (5 weeks) High-intensity 
endurance

11–15 min at
~11°C

Passive 
recovery

VO₂max, 
cytokines;
baseline–week 5

Skein et al., 
2025

Randomised 
crossover study

Male rugby athletes 
(n=10; 23±4 yrs)

Hot (~30°C; 
RH 65%)

Simulated rugby 
match

Intermittent 
team sport

15 min at 11.6°C Thermoneutra 
l water
immersion

Sprint, CMJ, HR; 
pre–post

Martínez-
Rodríguez et 
al., 2025

Randomized 
crossover study

Male karate athletes 
(n=11; 24±7 yrs)

Lab (20–
22°C)

KSAT Intermittent 
combat sport

10 min at 10°C Passive 
recovery

CK, CMJ, sprint; 
pre–72 h

Roepajadi et
al., 2025

Randomized
controlled trial

Male student-athletes
(n=40; ~20 yrs)

Lab setting Cycling (30
min)

Endurance
exercise

10 min at 9°C MHW,
MCW, HWI

CMJ, lactate; pre–
post

Dewangga et
al., 2025

Randomized
controlled trial

Female soccer players
(n=20; ~16 yrs)

Match
condition

Soccer match Intermittent
sport

15 min at 10°C Thermoneutra
l immersion

CMJ, CK, IL-6;
pre–48 h
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Janusiak et 
al., 2025

Randomized 
controlled trial

Basketball players 
(n=20; sex not 
reported)

Competition 
setting

Basketball 
match

Intermittent 
team sport

5 min at 1–5°C Active/contra 
st/no
intervention

CK, myoglobin; 
post–48 h

Horgan et 
al., 2024

Randomised 
controlled trial

Male rugby players 
(n=18)

Training 
season

Resistance 
training

Strength 
exercise

15 min at ~15°C Passive + 
HWI

Cytokines, 
hormones;
longitudinal

Dantas &
Vieira, 2024

Randomized
controlled trial

Male runners (n=30) Outdoor 10-km run Endurance
exercise

10 min at ~10°C Standing
Position

CK,  sprint,  pain;
pre–24 h

Nasser et al.,
2023

Randomized
crossover study

Males  soccer  players
(n=12)

Lab/field
(~23–25°C)

LIST protocol Intermittent
exercise

15 min at ~11°C Placebo + rest CK, CMJ, DOMS;
baseline–48 h

Bouchiba et
al., 2022

Randomized
Trial

Male soccer players
(n=12)

Indoor  (21–
23°C)

Simulated match Intermittent
sport

10 min at ~10°C Thermoneutra
l immersion

MVC,  CMJ,  CK;
pre–72 h

Panyakham 
& Pariwat,
2022

Randomized 
Trial

Male soccer players 
(n=16)

Match 
setting

Soccer match Intermittent 
sport

10 min at 10°C Drinking cold 
water

CK, IL-6, pain; 
pre–24 h

Kusuma et
al., 2021

Randomized
Trial

Male elite athletes
(n=30)

Indoor Circuit training Resistance
exercise

15 min at 5°C CWT +
stretching

Lactate, stress
markers; pre–post

Pawłowska
et al., 2021

Randomized,
crossover study

Male recreational
athletes (n=22)

Lab setting Cycling (30
min)

Aerobic
exercise

3 min at 8°C Passive rest Cytokines; post–20
min

Kuswahyudi 
et al., 2021

Randomized 
Trial

Male futsal athletes 
(n=24)

Outdoor Match + sprint Intermittent 
sport

15 min at 15°C Foam 
rolling/joggin
g

Lactate, CK; pre–
24 h

Park et al.,
2021

Randomized
crossover study

Male taekwondo
athletes (n=12)

Indoor Taekwondo
match

Combat sport 20 min at 10°C Seated
passive rest

Oxidative stress;
pre–post

Fakhro et al.,
2022

Randomized
Trial

Active adults (n=60; 30
male and 30 female)

Lab setting Drop jump Eccentric
exercise

15 min at 12°C Ice massage CK, CMJ, DOMS;
baseline–72 h

Gustafsson
et al., 2025

Randomized
controlled Trial

Male  Soccer  players
(n=40)

Field + lab Simulated match Intermittent
sport

10 min at 10°C Placebo +
HWI

Sprint, CMJ; pre–
45 h

CWI = cold-water immersion; MVC = maximum voluntary contraction; DOMS = delayed-onset muscle soreness; SLR = straight leg raise; Mb = myoglobin; RTD = rate of  
torque development; PPT = pressure pain threshold; VO₂max = maximal oxygen uptake; HR = heart rate; CMJ = countermovement jump; CK = creatine kinase; IL-6 =  
interleukin-6; HWI = hot water immersion; CWT = contrast water therapy; MHW = massage + hot water; MCW = massage cold water;
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DISCUSIÓN 
(DISCUSSION)

Synthesis  of  the  Results 

Countermovement Jump
A  review  of  seven  studies  examined  the 

effects  of  cold-water  immersion  (CWI)  on 
countermovement  jump  (CMJ)  performance, 
including 92 participants in the CWI group and 91 
participants  in  the  control  conditions.  The  control 
conditions  varied  across  studies  and  included  the 
respective control or alternative recovery conditions. 
Therefore, the pooled analysis was interpreted as the 
effect  of  cold-water  immersion  relative  to  the 
comparator condition used in each study rather than 
exclusively  to  alternative  recovery  conditions.  The 
pooled analysis demonstrated that CWI significantly 
improved CMJ height compared with the respective 
comparator conditions (MD = 2.62 cm; 95% CI: 1.54 
to 3.70; p < 0.00001). Substantial heterogeneity was 
observed among the included studies (I² = 70%; p = 
0.003),  indicating  considerable  variability  in  the 
magnitude of the treatment effect. This heterogeneity 
may be related to differences in exercise protocols, 
CWI temperature and duration, and the timing of 
post-exercise CMJ assessment. For example, Fakhro 
et al., (2022), which showed the largest effect size—
others,  such as Martínez-Rodríguez et al., (2025), 
observed a minimal or slightly negative effect. These 
variations suggest that the effectiveness of CWI for 
restoring  or  enhancing  CMJ  performance  may  be 
context-dependent.  Overall,  the  available  evidence 
indicates  that  CWI  may  improve  short-term 
neuromuscular  performance  as  assessed  by  CMJ, 
although the magnitude of this benefit varies across 
study conditions. Therefore, CWI protocols may need 
to be individualized according to the characteristics 
of the exercise performed and the specific recovery 
demands of athletes.

Figure 4. Forest plot showing the effects of cold-
water immersion (CWI) on countermovement jump 
(CMJ)

performance compared with control conditions. The 
pooled  analysis  demonstrated  a  significant 
improvement in CMJ following CWI (MD = 2.62 
cm;  95%  CI:  1.54  to  3.70;  p  <  0.00001),  with 
substantial heterogeneity across studies (I² = 70%; p 
= 0.003).

Sprint
This meta-analysis combined data from four 

studies evaluating the effects of cold-water 
immersion  on sprint performance, including 41 
participants in the  control  conditions.  The  control 
conditions  varied  across  studies  and  included  the 
respective control or alternative recovery conditions. 
Therefore, the pooled analysis was interpreted as the 
effect  of  cold-water  immersion  relative  to  the 
comparator condition used in each study rather than 
exclusively  to  alternative  recovery  conditions.  No 
statistically  significant  difference  was  observed 
between  cold-water  immersion  and  the  respective 
comparator conditions (MD = −0.02; 95% CI: −0.12 
to 0.08; p = 0.72). The
confidence interval included the null value, indicating 
no clear  evidence of  an effect  on short-term sprint 
performance.  No  statistical  heterogeneity  was 
observed among the included studies (I² = 0%; p = 
0.88),  suggesting consistent effect  estimates despite 
differences  in  study  characteristics  and  comparator 
conditions. Overall, the available evidence does not 
indicate  that  post-exercise  cold-water  immersion 
provides  a  meaningful  short-term benefit  for  sprint 
performance.

Figure 5. A forest plot illustrating the effects of cold-water 
immersion  (CWI)  compared  with  control  conditions  on 
sprint  performance.  The  pooled  estimate  indicates  no 
significant difference between the two conditions (MD =
−0.02; 95% CI: −0.12 to 0.08; p = 0.72), and there is no 
evidence of between-study heterogeneity (I² = 0%).

Blood Lactate
This meta-analysis combined data from four 

studies evaluating the effects of cold-water 
immersion  on blood lactate levels, including 39 
participants in the  experimental  and  control 
conditions.  The  control  conditions varied across 
studies and included the
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respective control or alternative recovery conditions. 
Therefore, the pooled analysis was interpreted as the 
effect  of  cold-water  immersion  relative  to  the 
comparator condition used in each study rather than 
exclusively  to  respective  comparator  condition.  A 
statistically significant reduction in blood lactate was 
observed following cold-water immersion compared 
with the respective comparator conditions (MD =
−0.27; 95% CI: −0.44 to −0.09; p = 0.002). The
negative mean difference indicates that blood lactate 
concentrations  were  lower  following CWI than the 
respective  comparator  conditions.  Moderate 
heterogeneity  was  observed  (I²  =  59%;  p  =  0.06), 
indicating variability in outcomes across studies. This 
variability may be attributed to differences in 
exercise intensity, timing of lactate measurement, and 
variations  in  CWI protocols,  including  temperature 
and immersion duration. Several studies (Kusuma et 
al., 2021; Kuswahyudi et al., 2021) reported 
consistent reductions in lactate levels, whereas others 
observed  smaller  or  non-significant  effects.  These 
results  suggest  that  CWI  effectiveness  depends  on 
specific experimental conditions. Overall, CWI was 
associated  with  lower  circulating  blood  lactate 
concentrations during the assessed recovery periods, 
although  the  underlying mechanism cannot be 
established from the available evidence.

Figure 6. A forest plot illustrating the effects of cold-
water  immersion  (CWI)  compared  with  control 
conditions on blood lactate levels. The meta-analysis 
indicates that CWI results in a significant reduction in 
blood lactate (MD = -0.27; 95% CI: -0.44 to -0.09; p
=  0.002),  with  moderate  heterogeneity  observed 
among studies (I² = 59%).

Creatine Kinase
This  meta-analysis  combined data  from six 

studies evaluating the effects of cold-water 
immersion  on  creatine  kinase  levels,  including  77 
participants  in  the  experimental  and  control 
conditions. The comparator conditions varied across 
studies  and  included the respective control or 
alternative recovery  conditions.  Therefore,  the  
pooled  analysis  was

interpreted  as  the  effect  of  cold-water  immersion 
relative to the comparator condition used in each 
study rather than exclusively to alternative recovery 
conditions.  A  statistically  significant  reduction  in 
creatine kinase levels was observed following cold-
water  immersion  compared  with  the  respective 
comparator conditions (MD = −46.19; 95% CI: 
−65.91 to −26.47; p < 0.00001). The negative mean 
difference  indicates  that  CWI  was  associated  with 
lower  circulating  CK  concentrations  during  the 
assessed short-term recovery period. Some degree of 
heterogeneity was observed among the studies (I² = 
46%;  p  =  0.10),  indicating  variability  in  outcomes 
across studies. This variability may be attributed to 
differences in the exercise routines used, participants' 
prior  training  experience,  timing of  creatine  kinase 
measurement,  and  CWI  protocols,  including 
temperature  and  immersion  duration.  Some  studies 
(Dewangga et al., 2025; Fakhro et al., 2022) reported 
substantial reductions in CK, while others observed 
smaller or inconsistent effects. Therefore, the benefits 
of CWI appear to depend on specific contextual and 
methodological  factors.  Overall,  the  evidence 
indicates that CWI may modify biochemical markers 
associated with post-exercise recovery, although the 
clinical  and  physiological  significance  of  these 
changes remains uncertain.

Figure 7. A forest plot illustrating the effects of cold-
water  immersion  (CWI)  compared  with  control 
conditions  on  creatine  kinase  (CK)  levels.  The 
aggregated  data  indicate  that  CWI  results  in  a 
significant reduction in CK (MD = -46.19; 95% CI: - 
65.91  to  -26.47;  p  <  0.00001),  with  moderate 
heterogeneity observed among studies (I² = 46%).

Maximum Voluntary Contraction
This meta-analysis combined data from three 

studies evaluating the effects of cold-water 
immersion  on maximum voluntary contraction 
(MVC), including 28 participants in the experimental 
conditions  and  27  participants  in  the  control 
conditions.  The  control  conditions  varied  across 
studies  and  included  the  respective control or 
alternative recovery conditions.
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Therefore, the pooled analysis was interpreted as the 
effect  of  cold-water  immersion  relative  to  the 
comparator condition used in each study rather than 
exclusively  to  alternative  recovery  conditions.  No 
statistically  significant  difference  was  observed 
between  cold-water  immersion  and  the  respective 
comparator conditions (SMD = 0.44; 95% CI: −0.20 
to 1.07; p = 0.18). The confidence interval included 
the null value, indicating no clear evidence of an 
effect  on  MVC recovery.  Substantial  heterogeneity 
was observed among the included studies (I² = 92%; 
p < 0.00001), suggesting considerable variability in 
effect  estimates  despite  differences  in  study 
characteristics  and  comparator  conditions.  Overall, 
the  available  evidence  does  not  indicate  that  cold-
water  immersion  provides  a  consistent  benefit  for 
restoring maximum voluntary contraction following 

exercise.
Figure 8. A forest plot illustrating the effects of cold-
water  immersion  (CWI)  compared  with  control 
conditions  on  maximum  voluntary  contraction 
(MVC).  The  pooled  analysis  demonstrates  no 
significant  difference  between  CWI  and  control 
conditions (SMD = 0.44; 95% CI: -0.20 to 1.07; p = 
0.18),  and  reveals  substantial  heterogeneity  among 
studies (I² = 92%).
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Certainty of Evidence
The certainty of evidence for the pooled outcomes was assessed using the GRADE framework and is summarized in Table 3. The certainty of evidence 

ranged from very low to moderate across outcomes. Downgrading was primarily due to risk of bias, inconsistency, and imprecision.

Table 3. GRADE assessment of the certainty of evidence for pooled outcomes
Outcome k n Effect (95% CI) p value I² Risk of 

bias
Inconsistency Indirectness Imprecision Publication 

bias
Overall 

certainty
CMJ 7 183 MD 2.62 (1.54 to

3.70)
<0.00001 70% ↓1 ↓1 Not serious Not serious Not 

assessed
Low

Sprint 
performance

4 82 MD −0.02 (−0.12
to 0.08)

0.72 0% ↓1 Not serious Not serious ↓1 Not 
assessed

Low

Blood lactate 4 78 MD −0.27 (−0.44
to −0.09)

0.002 59% ↓1 ↓1 Not serious Not serious Not 
assessed

Low

CK 6 154 MD −46.19
(−65.91 to −26.47)

<0.00001 46% ↓1 Not serious Not serious Not serious Not 
assessed

Moderate

MVC 3 55 SMD 0.44 (−0.20
to 1.07)

0.18 92% ↓1 ↓2 Not serious ↓1 Not 
assessed

Very low

Note: k = number of studies; n = total number of participants; MD = mean difference; SMD = standardized mean difference; CI = confidence interval; I² = 
statistical heterogeneity; ↓1 = downgraded by one level; ↓2 = downgraded by two levels.
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Discussion

Principal Pooled Findings
The  present  systematic  review  and  meta-

analysis  indicates  that  post-exercise  cold-water 
immersion  (CWI)  may  provide  selected  short-term 
recovery  benefits,  although  its  effects  are  not 
consistent across all  outcomes. The pooled analysis 
demonstrated  a  significant  improvement  in 
countermovement jump (CMJ) performance (MD = 
2.62 cm; 95% CI: 1.54 to 3.70; p < 0.00001), with
substantial heterogeneity (I² = 70%). In contrast, no 
significant  effects  were  observed  for  sprint 
performance (MD = −0.02; 95% CI: −0.12 to 0.08; p
= 0.72; I² = 0%) or maximum voluntary contraction 
(MVC) (SMD = 0.44; 95% CI: −0.20 to 1.07; p = 
0.18;
I² = 92%). CWI was also associated with lower blood 
lactate concentrations (MD = −0.27; 95% CI: −0.44 
to
−0.09; p = 0.002; I² = 59%) and circulating creatine 
kinase (CK) concentrations (MD = −46.19; 95% CI:
−65.91 to −26.47; p < 0.00001; I² = 46%). Several
individual studies also reported favorable perceptual 
recovery,  particularly  reduced  muscle  soreness, 
although  these  outcomes  were  not  quantitatively 
pooled. Taken together, these findings suggest that 
the  effects of CWI are outcome-specific, with 
evidence of benefit for selected short-term recovery 
measures  but  not  for  all  aspects  of  physical 
performance.

Effects of Cold Water Immersion on Performance 
(CMJ and Sprint)

The present meta-analysis showed that post-
exercise  cold-water  immersion  (CWI)  significantly 
improved countermovement jump (CMJ) 
performance compared with control conditions (MD 
= 2.62 cm; 95% CI: 1.54 to 3.70; p < 0.00001). 
However,
substantial  heterogeneity  was  observed (I²  =  70%), 
indicating  that  the  effect  may  vary  across  exercise 
protocols, participant characteristics, CWI parameters, 
and assessment time points. Previous meta-analyses 
have reported small or non-significant effects of CWI 
on CMJ and other power-related outcomes(Ma et al., 
2025;  Moore  et  al.,  2023).  Differences  in  study 
populations,  exercise-induced  fatigue  protocols, 
recovery intervals, and CWI procedures may 
therefore contribute to the variation between findings. 
Although  the  pooled  effect  was  statistically 
significant, its practical relevance remains uncertain 
because no established minimal important difference 

for CMJ in the context of post-exercise recovery was 
identified.
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Therefore, the observed 2.62-cm improvement 
should not be interpreted as definitive evidence of a 
practically  meaningful  improvement  in  athletic 
performance.

The variability among the included studies 
may help explain the observed heterogeneity. CMJ 
was  assessed  following different  exercise-induced 
fatigue  protocols,  including  simulated  team-sport 
matches  and  controlled  laboratory-based  exercise 
models. Recent studies involving soccer and rugby 
athletes have reported no consistent superiority of 
CWI  over  placebo  or  alternative  recovery 
conditions.  for  restoring  CMJ  or  other  physical 
performance outcomes following simulated match 
protocols  (Gustafsson  et  al.,  2025;  Nasser  et  al., 
2023; Skein et al., 2025). The type of comparator 
may also influence  the observed effect, as 
alternative recovery conditions,  placebo  or  sham 
conditions, and other recovery modalities may elicit 
different  physiological  responses.  Thus,  the 
significant pooled effect should not be interpreted 
as  evidence that  CWI consistently  enhances  CMJ 
performance  across  all  exercise  and  recovery 
settings.

Several  physiological  mechanisms  may 
potentially  contribute  to  the  observed  CMJ 
response.  Cold  exposure  induces  peripheral 
vasoconstriction,  reduces  tissue  temperature,  and 
alters autonomic and circulatory responses, whereas 
subsequent rewarming  may  contribute  to  the 
restoration  of  peripheral  physiological  function 
(Roberts  et  al.,  2015;  Wang  et  al.,  2025). 
Conversely,  acute  cooling  can temporarily  reduce 
nerve conduction velocity and influence excitation–
contraction processes, potentially affecting  rapid 
force production (Bleakley et  al.,  2012;  Moore et 
al.,  2023).  These opposing responses  suggest  that 
the observed effect may reflect the interaction 
between  cooling,  subsequent  rewarming,  and 
recovery from exercise-induced fatigue rather than 
a direct enhancement of neuromuscular function by 
cold  exposure  alone.  Because  CMJ  performance 
depends heavily on rapid force production and the 
stretch–shortening  cycle  (SSC),  the  timing  of 
performance assessment relative to immersion and 
rewarming may be particularly important (Hung et 
al., 2025).

Differences in CWI parameters may further 
contribute to variation in neuromuscular responses. 
The protocols summarized in Table 2 ranged from 
very  cold  immersion  (1–5°C)  to  more  moderate 
temperatures  (~10–15°C),  with  immersion 
durations  of approximately 5–20 minutes. Lower 
temperatures
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and longer exposure durations may produce greater 
reductions  in  muscle  and  nerve  temperature, 
particularly  when  performance  is  assessed 
immediately after immersion (Petersen & Fyfe, 
2021). Therefore, the timing of post-CWI testing may 
be  an  important  methodological  factor.  Immediate 
testing  may  capture  transient  cooling-related 
neuromuscular effects, whereas later assessment may 
better  reflect  recovery  following  rewarming. 
However,  the  available  evidence  does  not  allow  a 
definitive  conclusion regarding an optimal 
combination of water  temperature,  immersion 
duration,  and  assessment  timing  (Petersen  & Fyfe, 
2021; Roberts et al., 2015).

In contrast to CMJ, the present meta-analysis 
found  no  significant  effect  of  CWI  on  sprint 
performance (MD = −0.02; 95% CI: −0.12 to 0.08; p
=  0.72),  with  no  evidence  of  between-study 
heterogeneity  (I²  =  0%).  This  relatively  consistent 
pattern  suggests  that  CWI  did  not  provide  a 
measurable short-term benefit for sprint performance 
under  the  conditions  examined.  The  contrasting 
findings between CMJ and sprint performance may 
reflect differences in the specific physical demands of 
these  tasks.  Although  both  require  rapid  force 
production, CMJ primarily assesses vertical 
explosive  performance  and  rapid  force  generation 
through  the  SSC,  whereas  sprinting  involves 
horizontal  force  production,  acceleration,  interlimb 
coordination, and technical execution. Consequently, 
an improvement in  CMJ  performance  may  not 
necessarily  translate  into  improved  sprint 
performance.

Taken together, these findings suggest that 
the  effects  of  post-exercise  CWI may be outcome- 
and  context-specific rather than representing a 
generalized  enhancement  of  physical  performance. 
CWI  was  associated with a statistically significant 
improvement in CMJ, whereas no significant benefit 
was observed for sprint performance. The substantial 
heterogeneity in CMJ outcomes further indicates that 
the response may depend on the preceding exercise 
stimulus,  athlete characteristics, CWI temperature 
and duration,  comparator  condition,  and  timing  of 
subsequent performance assessment. Therefore, CWI 
may  be  considered a context-dependent recovery 
option when preservation of explosive performance is 
prioritized,  particularly  during  periods  of  repeated 
training  or  competition.  Future  randomized 
controlled  trials  should  use  standardized  CWI 
protocols  and  clearly  defined  post-intervention  
assessment  times  to

determine  which  performance  characteristics  and 
recovery contexts are most responsive to CWI.

Effects  of  Cold-Water  Immersion  on  Maximum 
Voluntary Contraction

In contrast to CMJ performance, the present 
meta-analysis found no statistically significant effect 
of  post-exercise  cold-water  immersion  (CWI)  on 
maximum  voluntary  contraction  (MVC)  compared 
with control conditions (SMD = 0.44; 95% CI: −0.20 
to  1.07;  p  =  0.18).  Although  the  pooled  estimate 
numerically  favored  the  control  condition,  the 
confidence interval crossed zero, indicating that the 
difference was not statistically significant. 
Substantial  between-study heterogeneity was 
observed (I² = 92%),  suggesting  considerable 
variability  in  the  magnitude  and  direction  of  the 
effects across studies.

The  high  heterogeneity  may  be  related  to 
differences  in  exercise  protocols,  muscle  groups 
assessed, participant characteristics, CWI parameters, 
and  the  timing  of  MVC  measurement.  Previous 
evidence  indicates  that  the  physiological  effects  of 
CWI are strongly influenced by the characteristics 
and  timing  of the intervention, with  acute cooling 
capable  of  reducing  tissue  temperature  and  nerve 
conduction  velocity, while subsequent rewarming 
may contribute  to the restoration of neuromuscular 
function (Bleakley  et al., 2012; Ihsan et al., 2016; 
Petersen & Fyfe, 2021)  These  opposing  responses 
may partly explain the variability in MVC outcomes 
across studies.

The individual studies included in the present 
meta-analysis also showed inconsistent effects, with 
one study numerically favoring CWI and two studies 
favoring the control condition. This pattern suggests 
that the response of maximum voluntary force to 
CWI  may  depend  on  the  characteristics  of  the 
preceding exercise, the muscle group evaluated, and 
the  timing  of post-intervention assessment. 
Moreover, the effects  of  CWI  on  neuromuscular 
performance  may  not  be  uniform  across  different 
performance measures (Moore et al., 2023).

The absence of a significant pooled effect on 
MVC  contrasts  with  the  significant  improvement 
observed for CMJ performance in the present meta-
analysis. This difference suggests that the effects of 
CWI may be outcome-specific rather than reflecting a 
generalized  restoration  of  neuromuscular 
performance.  CMJ  primarily  reflects  rapid  force 
production  and  stretch–shortening  cycle  function, 
whereas MVC assesses maximum voluntary force
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under a specific testing condition. Acute cooling may 
therefore  influence  these  neuromuscular  outcomes 
differently,  particularly depending on the timing of 
testing relative to cooling and subsequent rewarming 
(Ihsan et al., 2016; Moore et al., 2023).

Overall,  the  available  evidence  does  not 
demonstrate a consistent benefit of CWI for restoring 
MVC  during  short-term  recovery.  Given  the 
substantial heterogeneity and the limited number of 
studies,  these  findings  should  be  interpreted 
cautiously.  Future  studies  should  use  standardized 
MVC  testing  procedures  and  clearly  defined  CWI 
protocols,  including  water  temperature,  immersion 
duration,  and  timing  of  post-CWI  assessment,  to 
determine  whether  specific  recovery  conditions 
influence maximum voluntary force.

Effects of Cold Water Immersion on Biochemical 
Markers (Creatine Kinase and Blood Lactate)

The  present  meta-analysis  demonstrated  a 
significant  reduction  in  circulating  creatine  kinase 
(CK) following post-exercise  cold-water  immersion 
(CWI)  compared  with  the  respective  comparator 
conditions (MD = −46.19; 95% CI: −65.91 to −26.47;
p  <  0.00001),  with  moderate  heterogeneity  among 
studies (I²  = 46%). This finding suggests that CWI 
may  attenuate  the  post-exercise  elevation  of 
circulating CK during the short-term recovery period. 
However,  the  practical  relevance  of  the  observed 
46.19-unit  reduction  remains  uncertain  because  no 
established  minimal  important  difference  for 
circulating CK was identified. The magnitude of CK 
reduction also depends on baseline CK 
concentrations,  timing  of  blood  sampling,  assay 
characteristics,  and  inter-individual variability. 
Therefore, the statistically  significant  reduction 
should not be interpreted as definitive evidence of a 
clinically  meaningful  improvement  in  recovery  or 
reduced muscle damage. CK is an indirect and highly 
variable  biochemical  marker and should not be 
considered a direct measure  of exercise-induced 
muscle damage or tissue recovery.  As  shown  in 
Table 2, CK responses were assessed across diverse 
exercise  models,  including  endurance  running, 
intermittent  team-sport  activities,  and  eccentric 
loading protocols. Differences in exercise modality, 
participant characteristics, timing of CK assessment, 
and  CWI  parameters  may  therefore  contribute to 
variability in the observed effects (Malta et al., 2026; 
Moore et al., 2023).

A  further  consideration  is  the  delayed  and 
variable  kinetics  of  circulating  CK  following 
strenuous  exercise.  CK  concentrations  may  peak 
approximately 24–72 hours  after  exercise,  although 
the magnitude and timing of this response depend on 
the  characteristics  of  the  exercise  stimulus  and 
individual factors such as muscle fiber 
characteristics, training status, and previous exposure 
to  eccentric  exercise.  In  addition,  cold-induced 
vasoconstriction  may  influence  the  appearance  and 
distribution  of  CK  in  the  circulation,  potentially 
affecting  measured  concentrations  when  blood 
samples  are  obtained  at  fixed  time  points.  These 
factors  complicate  the  interpretation  of  circulating 
CK  as  a  standalone  indicator  of  exercise-induced 
muscle  damage  or  recovery  (Dewangga,  Asmara 
Dhani, et al., 2025).

In addition to CK, the present meta-analysis 
demonstrated a significant reduction in blood lactate 
following CWI compared  with  alternative  recovery 
conditions (MD = −0.27; 95% CI: −0.44 to −0.09; p 
= 0.002), with moderate heterogeneity among studies 
(I²
=  59%).  This  finding  indicates  that  blood  lactate 
concentrations were lower following CWI during the 
assessed recovery periods. Several studies, including 
Kusuma et al. (2021) and Kuswahyudi et al. (2021), 
reported lower lactate concentrations following CWI, 
whereas other studies demonstrated smaller or non-
significant effects.  The observed variability may be 
related  to  differences  in  exercise  intensity  and 
modality,  timing  of  lactate  assessment,  and  CWI 
characteristics,  particularly  water  temperature  and 
immersion duration.

However,  this  finding  does  not  establish 
enhanced  lactate  clearance  because  lactate 
concentration reflects the dynamic balance between 
production and removal. Blood lactate concentration 
reflects  the  dynamic  balance  between  lactate 
production and removal, and a lower concentration at 
a specific post-exercise time point does not 
necessarily  demonstrate a higher lactate clearance 
rate. Therefore,  the  present  findings  indicate  that 
CWI  is  associated  with  lower  circulating  blood 
lactate  concentrations  during  the  assessed  recovery 
periods, while the specific mechanism underlying this 
effect  cannot  be  established from the available 
evidence. The moderate  heterogeneity  further 
suggests that the effect of CWI on blood lactate may 
depend  on  the  characteristics  of  the  preceding 
exercise and the recovery protocol.

Beyond CK, several studies included in Table 
2 assessed additional biochemical markers, including
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IL-6,  other  cytokines,  and  indicators  of  oxidative 
stress. Although these findings suggest that CWI may 
influence inflammatory and redox-related responses, 
the evidence remains inconsistent, partly because of 
differences  in  measurement  timing,  assay 
characteristics, exercise protocols, and study designs 
(Horgan et al., 2024). Importantly, inflammation is a 
physiological component of tissue repair and training 
adaptation. Therefore, although attenuation of acute 
inflammatory responses may be beneficial for short-
term recovery in some contexts, repeated or 
excessive  suppression  of  these  responses  could 
potentially  influence  longer-term  adaptation 
(Pawłowska et al., 2021; Petersen & Fyfe, 2021).

Taken together,  the  significant  reduction  in 
circulating  CK suggests  that  CWI may modify  the 
biochemical  response  to  strenuous  exercise  during 
short-term recovery.  Nevertheless,  the  reduction  in 
CK should not be interpreted as direct  evidence of 
reduced muscle damage or accelerated tissue repair. 
These findings underscore the limitations of relying 
on a single biochemical marker to evaluate recovery 
and support the use of multidimensional assessment 
frameworks  that  integrate  biochemical,  perceptual, 
and functional outcomes.

Effects  of  Cold Water Immersion on Perceptual 
Recovery

Several included studies assessed perceptual 
recovery  outcomes,  particularly  muscle  soreness, 
following  cold-water  immersion  (CWI).  Although 
these outcomes were not quantitatively synthesized in 
the present meta-analysis, individual studies 
generally  reported  favorable  effects  of  CWI  on 
perceived  muscle  soreness  and  recovery.  These 
findings  were  observed across different exercise 
contexts, including  eccentric muscle-damage 
protocols and sport-specific fatigue models (Fakhro 
et  al.,  2022;  Huang  &  Chen,  2025;  Nasser  et  al., 
2023;  Panyakham  &  Pariwat,  2022).  However, 
differences  in  exercise  protocols,  comparator 
conditions, CWI characteristics, and assessment time 
points limit direct comparison across  studies. 
Therefore, the available evidence suggests that CWI 
may contribute to improved perceptual recovery, but 
the magnitude and consistency of this effect cannot 
be established from the present pooled analyses.

Several  physiological  mechanisms  may 
contribute  to  the  perceived  reduction  in  muscle 
soreness following CWI. Cold exposure induces

vasoconstriction  and  reduces  tissue  temperature, 
which may influence inflammatory and nociceptive 
processes following strenuous exercise (Hohenauer et 
al., 2015; Ihsan et al., 2016). In addition, cold 
exposure  may reduce nociceptive signaling and alter 
sensory  nerve  function,  potentially  contributing  to 
lower  pain  perception  (Vaile  et  al.,  2008). 
Hydrostatic  pressure  during  immersion  may  also 
influence  venous  return  and  fluid  distribution, 
although the relative contribution of hydrostatic and 
thermal effects cannot  be  determined  from  the 
available studies.

Importantly,  perceptual  recovery  should  be 
interpreted as a distinct dimension of recovery rather 
than as a direct indicator of physiological or 
functional  restoration.  Although  the  present  meta-
analysis  demonstrated improvements in CMJ 
performance and reductions in circulating CK, these 
outcomes  reflect  different aspects of post-exercise 
recovery and should not be assumed to arise from the 
same physiological  mechanism (Ihsan  et  al.,  2016; 
Petersen  &  Fyfe,  2021). Thus, CWI may improve 
how athletes perceive  their  recovery  without 
necessarily producing uniform improvements across 
biochemical or physical performance outcomes.

Mechanistic  Integration  and  Implications  for 
Adaptation

The  effects  of  CWI  should  be  interpreted 
within the temporal context in which it is used. The 
present  meta-analysis  primarily  evaluated  acute 
recovery, focusing on short-term changes in physical 
performance  and  biochemical  markers  following 
strenuous  exercise.  In  this  context,  CWI  may  help 
athletes  manage  the  immediate  consequences  of 
fatigue and facilitate readiness for subsequent 
activity. However, the physiological consequences of 
repeated CWI use over weeks or months may differ 
from those of a single recovery session.

This  distinction  is  important  because  acute 
recovery and long-term training adaptation represent 
different physiological objectives. During periods of 
frequent  training  or  competition,  reducing  soreness 
and restoring selected aspects of performance may be 
desirable.  In  contrast,  during  adaptation-focused 
training,  some  exercise-induced  physiological 
responses may contribute to the signaling processes 
underlying  training  adaptation.  Evidence  from 
longitudinal  studies  suggests  that  repeated  post-
exercise cooling may interact with these adaptive
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processes  differently  from  a  single  acute  exposure 
(Roberts et al., 2015; Wang et al., 2025).

Accordingly, the present findings should not 
be interpreted as evidence that CWI either enhances 
or impairs long-term training adaptation. Rather, the 
potential value of CWI may depend on the athlete's 
immediate objective and training context. CWI may 
be  particularly  relevant  when  rapid  recovery  and 
readiness  for  subsequent  exercise  are  prioritized, 
whereas  repeated  use  during  adaptation-focused 
training  should  be  considered  more  carefully. 
Importantly, concerns that repeated or indiscriminate 
CWI  use  could  compromise  long-term  adaptation 
remain a hypothesis and cannot be directly inferred 
from the acute pooled findings of the present meta-
analysis.

Future longitudinal research should therefore 
examine how the frequency, timing, temperature, and 
duration  of  CWI  interact  with  training  load, 
physiological  adaptation,  and  performance 
development  over  time.  Such  research  may  help 
clarify when CWI is  most  beneficial  as  a recovery 
strategy and how its repeated use influences longer-
term athletic development.

Practical Implications for Sports Performance
The integration of meta-analytic findings 

with  study-level  characteristics  suggests  that  post-
exercise  cold-water  immersion  (CWI)  may provide 
benefits across selected perceptual, biochemical, and 
functional  outcomes,  although these effects  are  not 
uniform across measures of athletic performance. The 
significant  improvement  in  countermovement  jump 
(CMJ)  performance,  together  with  reductions  in 
circulating  blood  lactate  and  creatine  kinase  and 
improvements  in  perceptual  recovery,  suggests  that 
CWI may be  particularly  relevant  when short-term 
recovery is prioritized. This may be of practical value 
in competitive settings characterized by high training 
or  match  density,  where  athletes  are  required  to 
recover  within  a  limited  period  before  subsequent 
performance.  However,  the  absence  of  significant 
effects on sprint performance and maximum 
voluntary  contraction  (MVC)  indicates  that  CWI 
should  not  be  expected  to  uniformly  restore  all 
aspects of high-intensity physical performance (Ma et 
al., 2025; Moore et al., 2023).

From  a  practical  perspective,  CWI  should 
therefore be considered a context-dependent recovery 
strategy  rather  than  a  universally  effective

intervention. Its application should be individualized 
according to the recovery objective, characteristics of 
the  preceding  exercise,  athlete  characteristics,  CWI 
temperature  and  duration,  and  the  timing  of 
subsequent performance. During competition periods 
or congested training schedules, CWI may be useful 
when short-term perceptual and selected 
physiological  recovery  are  prioritized.  Conversely, 
during  adaptation-focused  training  phases,  repeated 
CWI  exposure  should  be  considered  carefully 
because its potential effects on longer-term training 
adaptations were not directly evaluated in the present 
meta-analysis (Malta et al., 2026).

Limitations and Future Research Directions
This review has several limitations that 

should be considered when interpreting the findings. 
First, the  literature  search  was  restricted  to  studies 
published between 2021 and 2026 and was conducted 
in  only  two  electronic  databases,  PubMed  and 
Scopus. Therefore, relevant studies published before 
2021  or  indexed  in  other  databases  may  not  have 
been identified. This may have introduced temporal 
or selection bias, and the pooled estimates may differ 
if earlier studies or studies indexed in other databases 
had been included.

Second,  substantial  methodological  and 
clinical  heterogeneity  was  observed  across  the 
included  studies,  particularly  in  participant 
characteristics,  exercise  protocols,  environmental 
conditions, CWI temperature and duration, 
immersion  depth,  comparator  conditions,  and 
outcome assessment time points. For example, CWI 
temperature ranged from 1 to 15°C and immersion 
duration from 3 to 20 minutes. Such differences may 
produce different thermal and physiological 
responses and may have contributed to variability in 
the observed effects (Wang et al., 2025). Moreover, 
the  ecological  validity  of  the  exercise  protocols 
varied considerably, ranging from tightly controlled 
laboratory-induced muscle damage protocols to 
sport-specific  and  competition-based  scenarios. 
These differences may influence the magnitude and 
characteristics  of  post-exercise  fatigue  and 
consequently  the  response  to  CWI.  The  lack  of 
standardized protocols therefore limits comparability 
across studies and may reduce the generalizability 
and precision of the pooled estimates (Wiewelhove et 
al., 2024).
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Given the limited number of studies available 
for several outcomes, reliable subgroup and 
sensitivity  analyses  could  not  be  performed.  In 
particular, only four studies were available for blood 
lactate and three  studies  for  MVC,  which  was 
insufficient  to  support  stable  and  interpretable 
stratified estimates. Although CMJ included a larger 
number of studies, further stratification according to 
potential moderators would  have  resulted  in  small 
subgroups  and  potentially  unstable  estimates. 
Therefore, the sources of heterogeneity identified in 
this  review  should  be  interpreted  as  potential 
explanations rather than formally tested moderators.

Third,  several  studies  had  relatively  small 
sample  sizes,  and  blinding  of  participants  and 
therapists was difficult because of the nature of the 
CWI  intervention.  These  limitations  may  have 
introduced  performance  and  detection  bias, 
particularly for subjective outcomes such as 
perceived muscle soreness and recovery.

Although  the  review  protocol  was 
prospectively  registered  in  PROSPERO 
(CRD420261468646), the certainty of evidence was 
assessed using the GRADE framework. The certainty 
of  evidence  was  considered  when  interpreting  the 
pooled effects, taking into account factors such as 
risk of bias, inconsistency, indirectness, imprecision, 
and potential  publication bias.  Therefore,  statistical 
significance should not be interpreted as equivalent to 
high certainty of evidence. Publication bias was not 
formally assessed using funnel plots or statistical 
tests  for  funnel-plot  asymmetry  because  most 
outcome-specific meta-analyses included fewer than 
10 studies,  limiting  the  statistical  power  and 
interpretability  of  such  assessments.  Therefore,  the 
possibility of publication bias and small-study effects 
cannot be completely excluded.

Future  research  should  prioritize  well-
designed, adequately powered randomized controlled 
trials using standardized CWI protocols and clearly 
defined  outcome  assessment  time  points.  Future 
studies should also investigate potential  moderators 
when  a  sufficiently  large  evidence  base  becomes 
available, particularly athlete characteristics, exercise 
modality,  CWI  temperature,  immersion  duration, 
comparator  conditions,  and  timing  of  outcome 
assessment.  Systematic  reviews  with  searches 
conducted  from  database  inception  may  also  help 
determine  whether  earlier  evidence  changes  the 
magnitude or direction of the pooled estimates.

CONCLUSIONES 
(CONCLUSIONS)

This systematic review and meta-analysis 
indicates that post-exercise cold-water 
immersion  (CWI)  may  provide  selected  short-
term  recovery  benefits  following  strenuous 
exercise. CWI significantly reduced blood lactate 
and circulating  creatine kinase concentrations 
and was associated  with  improved  perceptual 
recovery,  particularly  reduced muscle  soreness. 
However,  these biochemical changes should be 
interpreted  cautiously  and  should  not  be 
considered  direct  evidence  of  reduced  muscle 
damage  or  enhanced  metabolic  recovery. 
Regarding  neuromuscular  performance,  CWI 
significantly  improved  countermovement  jump 
(CMJ)  performance,  whereas  no  significant 
effects were observed for sprint performance or 
maximum  voluntary  contraction  (MVC), 
indicating  that  its  effects  are  not  consistent 
across  different  measures  of  physical 
performance.  Overall,  CWI  may  be  a  useful 
context-dependent recovery strategy, particularly 
when  short-term  perceptual  and  selected 
physiological recovery are prioritized. However, 
substantial  heterogeneity across CWI protocols, 
exercise  modalities,  participant  characteristics, 
and outcome assessment  time points  limits  the 
generalizability  of  the  findings.  Further  well-
designed  randomized  controlled  trials  using 
standardized  CWI  protocols  are  warranted  to 
identify  optimal  temperature,  immersion 
duration,  timing,  and application strategies and 
to clarify their effects on short- and long-term 
athletic performance and training adaptation.
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