
 Int J Cur Res Rev ��| Vol 17 • Issue 23 • December 2025 5

Hydrogen-Rich Water and Molecular Hydrogen in 
Sports Science: A Review of Physiological Effects, 
Recovery Mechanisms, and Performance Outcomes
Julia Charkot1*, Wojciech Jędrzej Bieńkowski1, Katarzyna Bielawska1,  
Mikołaj Charkot1, Michał Bieńkowski2

1Medical University of Warsaw, 61 Zwirki i Wigury Street, 02-091 Warsaw, Poland; 2Jagiellonian University, 24 Golebia Street, 31-007 Krakow, 
Poland.

Corresponding Author:
Julia Charkot, Medical University of Warsaw, 61 Zwirki i Wigury Street, 02-091 Warsaw, Poland  
Email: julia2charkot@gmail.com

ISSN: 2231-2196 (Print)	 ISSN: 0975-5241 (Online)
Received: 28.10.2025	 Revised: 21.11.2025	 Accepted: 01.12.2025	 Published: 13.12.2025

INTRODUCTION

Molecular hydrogen (H₂) has recently emerged as a potential 
therapeutic and ergogenic agent within sports and exercise 
science. Its relevance stems primarily from its selective an-
tioxidant properties, which may counteract the elevated pro-
duction of reactive oxygen species (ROS) observed during 
strenuous or prolonged exercise. Increased ROS generation 
is a well-recognized consequence of intensified metabolic 
demand, can result in oxidative damage to muscle tissue, 
and impaired physiological functioning. 1,2 Molecular hydro-
gen is distinguished by its ability to selectively neutralize 
highly reactive species, including hydroxyl radicals and per-
oxynitrite, thereby contributing to the mitigation of exercise-
induced oxidative stress.3

Beyond its antioxidative role, molecular hydrogen appears to 
influence inflammatory pathways. Several studies indicate 

that H₂ may modulate the expression of pro-inflammatory 
cytokines that typically rise following intensive training ses-
sions.4,5 This anti-inflammatory action may support faster 
tissue recovery and decrease the cumulative inflammatory 
burden associated with high-volume training.6,7 By simulta-
neously targeting oxidative stress and inflammation—two 
central mechanisms contributing to exercise-induced fa-
tigue—molecular hydrogen presents a physiologically plau-
sible intervention for enhancing post-exercise recovery.8,9

Hydrogen-rich water (HRW) and inhaled hydrogen gas rep-
resent the most commonly investigated administration meth-
ods. HRW has been evaluated in multiple randomized con-
trolled trials, with findings indicating possible improvements 
in oxidative biomarkers, lactate kinetics, and subjective 
fatigue responses across various exercise modalities.10,11,12 
These outcomes, although heterogeneous, suggest that HRW 
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ABSTRACT
Molecular hydrogen (H2), particularly in the form of hydrogen-rich water (HRW), has gained increasing attention for its potential 
antioxidative, anti-inflammatory, and ergogenic properties in physically active populations. The aim of this narrative review was 
to synthesize and critically evaluate current evidence on the physiological effects, recovery mechanisms, and performance 
outcomes associated with molecular hydrogen supplementation in sport and exercise science. A literature search was con-
ducted for studies published between 2000 and 2024 using PubMed, Scopus, Web of Science, and Google Scholar. The review 
included studies investigating the effects of H2 administered via hydrogen-rich water, inhalation, or intravenous infusion on 
oxidative stress, inflammation, fatigue, and physical performance. Current evidence indicates that molecular hydrogen may at-
tenuate exercise-induced oxidative stress, reduce inflammatory biomarkers, improve lactate metabolism, and alleviate delayed 
onset muscle soreness. Hydrogen-rich water appears to confer benefits in both acute and chronic exercise contexts; however, 
study findings remain heterogeneous. Molecular hydrogen shows potential as a supportive intervention in sports medicine and 
exercise recovery. Nevertheless, variability in study design, limited sample sizes, and inconsistent performance metrics restrict 
definitive conclusions. Further well-designed, large-scale randomized controlled trials are needed to establish optimal dosing, 
administration strategies, and long-term effectiveness.
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may serve as a practical adjunct to training, particularly in 
endurance-based or high-intensity exercise environments.13-15

A notable advantage of H₂ supplementation is its excellent 
safety profile. Available data indicate an absence of adverse 
effects at physiologically appropriate dosages.16 Unlike some 
conventional antioxidant supplements—such as high-dose 
vitamins C and E—that may interfere with adaptive cellu-
lar responses to exercise, hydrogen appears to exert regula-
tory rather than suppressive effects on redox signaling path-
ways.17,18 This characteristic strengthens the rationale for its 
potential integration into sports medicine and performance 
practice.

Although preliminary evidence supports the use of molecu-
lar hydrogen in exercise settings, current findings require 
cautious interpretation due to variability in study method-
ologies, inconsistent dosing protocols, and relatively small 
sample sizes. Further research is needed to clarify optimal 
administration strategies, identify population-specific re-
sponses, and determine the translational relevance of the 
observed biochemical effects. This review synthesizes con-
temporary evidence on the physiological, recovery-related, 
and performance-related outcomes associated with molecu-
lar hydrogen, with a particular emphasis on hydrogen-rich 
water in athletic and recreational populations.

MATERIALS AND METHODS

A narrative review methodology was employed to evaluate ex-
isting scientific literature concerning the physiological effects, 
recovery benefits, and performance implications of molecu-
lar hydrogen (H₂), with a specific emphasis on hydrogen-rich 
water (HRW) in sport and exercise contexts. A comprehen-
sive search of PubMed, Scopus, Web of Science, and Google 
Scholar was conducted for studies published between 2000 
and 2024. Search terms included “molecular hydrogen,” “hy-
drogen-rich water,” “exercise,” “oxidative stress,” “inflamma-
tion,” “athletic performance,” and “recovery.”

Eligible articles included peer-reviewed original studies, 
clinical trials, systematic reviews, and meta-analyses pub-
lished in English and examining the effects of H₂ in healthy 
adults or athletes. Studies investigating acute or chronic 
interventions, and those utilizing oral, inhaled, or intrave-
nous hydrogen administrations, were included. Extracted 
data encompassed study design, participant demographics, 
intervention duration and dosage, and outcome measures re-
lated to oxidative stress, inflammation, fatigue, and physical 
performance. Methodological quality was assessed descrip-
tively, with particular attention to sample size, control condi-
tions, blinding, and statistical rigor. Given the heterogene-
ity in study protocols, populations, and outcome measures, 
a qualitative synthesis was deemed more appropriate than 
meta-analysis.

RESULTS

Antioxidant and Anti-inflammatory Effects of 
Molecular Hydrogen
Across the reviewed studies, strenuous or prolonged physi-
cal activity was associated with increased metabolic demand 
and elevated formation of reactive oxygen species (ROS), 
resulting in subsequent oxidative stress.19,20 Excessive ROS 
production can impair cellular homeostasis, damage bio-
molecules, and trigger inflammatory responses.21 Although 
moderate exercise enhances endogenous antioxidant capac-
ity, high-intensity or exhaustive exercise may exceed physi-
ological buffering systems, contributing to muscle damage 
and temporary immunosuppression.22-24 Key findings from 
the available studies on hydrogen supplementation are sum-
marized in Table 1.

Exercise-induced oxidative stress negatively influences ath-
letic performance by impairing muscle contractility, delay-
ing recovery and exacerbating fatigue.25-27 It is also linked 
to cognitive fatigue which may further compromise perfor-
mance.28,29 In contrast, regular moderate-intensity training 
improves antioxidant defense and promotes adaptive physi-
ological responses.30-32

Multiple studies reported that molecular hydrogen supple-
mentation reduced post-exercise biomarkers of oxidative 
stress and inflammation. A decrease in inflammatory mark-
ers, including C-reactive protein (CRP) and interleukin-6 
(IL-6), were observed after H₂ administration.33,34 Clinical 
findings also demonstrate reductions in oxidative damage bi-
omarkers, such as 8-hydroxy-2′-deoxyguanosine (8-OHdG) 
following hydrogen inhalation.35 Supplementation with hy-
drogen-rich water (HRW) has additionally been associated 
with lower perceived fatigue and reduced markers of muscle 
damage in trained individuals.36

Routes of administration influence the pharmacokinetics and 
physiological impact of hydrogen (see Table 2). Inhalation 
generates rapid increases in circulating hydrogen concentra-
tions, leading to acute reductions in oxidative and inflamma-
tory markers.37-39 In contrast, HRW produces more gradual 
hydrogen availability yet provides sustained antioxidant ef-
fects suitable for daily use in athletic contexts.40,41

Effects on Performance, Recovery, and Fatigue
Growing interest in the potential ergogenic properties of 
molecular hydrogen has led to several studies examining 
its effects on exercise, performance and recovery. Report-
ed outcomes suggest that H₂ may enhance performance by 
modulating oxidative stress pathways and improving meta-
bolic efficiency during exercise.42 HRW supplementation 
or use of wearable hydrogen-releasing devices have shown 
preliminary benefits in reducing muscle soreness, accelerat-
ing recovery, and improving endurance-based outcomes.43-44 
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Short-term HRW supplementation was associated with im-
proved lactate dynamics and reduced ratings of perceived 
exertion.45-46

Evidence regarding HRW effects on anaerobic performance 
and resistance training is inconsistent. Findings from Aoki et 
al. indicate reductions in muscle fatigue in elite athletes, but 
replication across diverse populations is limited.47

DISCUSSION

The results indicate that molecular hydrogen supplementa-
tion may attenuate exercise-induced oxidative stress and 
inflammation, supporting its role as a selective antioxidant 
capable of selectively neutralizing highly reactive species 
while preserving essential physiological redox signaling.48 
Reductions in inflammatory and oxidative biomarkers sug-
gest that hydrogen may help mitigate the cellular stress as-
sociated with high-intensity exercise, with potential implica-
tions for recovery and fatigue management.

Differences observed between administration routes high-
light important practical considerations. Hydrogen inhalation 
appears to provide rapid antioxidant and anti-inflammatory 
effects, making it potentially more effective in acute thera-
peutic scenarios whereas, HRW offers sustained hydrogen 
availability and may be preferable for long-term supplemen-
tation strategies.49,50

The observed improvements in endurance-related outcomes, 
lactate dynamics, and reduced ratings of perceived exertion 
suggest that hydrogen may influence metabolic efficiency 
and recovery processes, potentially through effects on mi-
tochondrial function and inflammatory signaling pathways. 
These mechanisms may support more efficient recovery be-
tween training sessions.51,52

Although HRW shows promise in endurance exercise, evi-
dence related to its effects on anaerobic performance and re-
sistance training remains inconsistent. The variability of study 
outcomes underscores the need for standardized protocols, 
larger sample sizes, and consistent performance metrics.

Beyond elite athletes, molecular hydrogen may also hold 
value for recreational athletes, older adults, and individu-
als with lower training tolerance, as oxidative stress plays a 
prominent role in fatigue and muscle soreness within these 
groups.53 The potential integration of hydrogen-based inter-
ventions, such as HRW, into physical educational programs 
has been proposed as a strategy to support recovery and en-
courage sustained physical activity.54

Methodological Limitations and Future Directions
Despite promising findings, research on molecular hydrogen 
in sports science faces several methodological challenges. 

Many studies utilize small sample sizes, lack adequate con-
trol groups, or employ non-randomized designs, limiting the 
strength of conclusions. 55,56 Inconsistent performance met-
rics and heterogeneous intervention protocols further hinder 
cross-study comparisons.30,31

Future research should prioritize well-designed, adequately 
powered randomized controlled trials with standardized dos-
ing regimens and clearly defined outcome measures. 17,30 
Statistical rigor, including proper sample size estimation and 
bias mitigation strategies, is critical for producing reliable 
evidence.17 Qualitative studies may also provide insights 
into subjective experiences, adherence, and practical consid-
erations associated with H₂ supplementation.18 Additionally, 
contextual factors—such as training environment, sport-spe-
cific demands, and individual variability—should be incor-
porated into study design to improve ecological validity.3

CONCLUSIONS 

Molecular hydrogen, particularly in the form of hydrogen-
rich water, represents a promising adjunct in sports science 
due to its antioxidative and anti-inflammatory properties. 
Current evidence suggests that H₂ may attenuate exercise-
induced oxidative stress, reduce inflammatory biomarkers, 
mitigate delayed onset muscle soreness, and improve subjec-
tive fatigue. Although hydrogen inhalation appears effective 
for acute therapeutic applications, HRW offers a practical 
and well-tolerated option for daily use in physically active 
populations.

However, significant limitations in the existing literature—
including small sample sizes, inconsistent methodologies, 
and a lack of standardized outcome measures—restrict the 
ability to draw definitive conclusions regarding optimal dos-
ing or performance-enhancing effects. High quality rand-
omized controlled trials and long-term studies are essential 
to clarify the role of molecular hydrogen within sports medi-
cine and preventive health. While the current findings are 
encouraging, molecular hydrogen should be regarded as a 
promising yet still emerging modality requiring further vali-
dation.
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TABLE 1: Summary of Studies Investigating Molecular Hydrogen in Exercise and Recovery

Author 
(Year)

Population H₂ Administration Duration Key Outcomes Overall Conclusion

Aoki et al. 
(2012)

Elite athletes HRW (oral) Single dose ↓ oxidative stress markers, ↓ 
muscle fatigue

HRW improves acute 
recovery after high-
intensity exercise

Botek et al. 
(2020)

Competitive run-
ners

HRW (oral) 2 weeks ↑ uphill running perfor-
mance

Possible ergogenic effect 
in endurance athletes

Botek et al. 
(2021)

Trained individuals HRW (oral) Acute ↓ DOMS, improved muscle 
performance

HRW may support 
resistance training 
recovery

Jebabli et al. 
(2023)

Recreational 
athletes

HRW (oral) Single dose ↓ perceived exertion, ↓ 
HR, improved aerobic and 
anaerobic performance

HRW may acutely en-
hance exercise tolerance

Hori et al. 
(2020)

Healthy adults HRW (oral) 2 weeks ↑ peak VO₂, improved cy-
cling performance

HRW may enhance 
aerobic capacity

Zhou et al. 
(2024)

Trained adults HRW (oral) 8 days ↑ muscular endurance, ↑ 
fatigue recovery

HRW beneficial for 
repeated resistance 
exercise

Zhou Q. et al. 
(2024)

Healthy adults HRW (oral) Various 
protocols

Improved lactate dynamics, 
↓ fatigue markers

HRW may enhance 
metabolic efficiency

Zhao et al. 
(2024)

Rugby athletes Inhalation Acute ↓ 8-OHdG, preserved NO 
bioavailability

Hydrogen gas may re-
duce oxidative damage

TABLE 2: Comparison of Hydrogen Administration Methods in Sports and Exercise
Method Hydrogen 

Availability
Time to Peak 
Effect

Best Use Case Advantages Limitations

Hydrogen-rich 
water (HRW)

Moderate Slow–moder-
ate

Daily supplementation 
for training and recovery

Safe, inexpensive, easy 
to use

Lower peak concentra-
tions; requires regular 
intake

Inhalation High Rapid (min-
utes)

Acute recovery, high 
oxidative stress states

Strongest immediate 
effect, high bioavail-
ability

Requires equipment; less 
practical for field use

Intravenous hy-
drogen saline

Very high Immediate Clinical or research 
settings

Precise dosing, rapid 
action

Not practical or allowed 
in sports settings; invasive


