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DISCUSSION
Discussion: Drinking hydrogen water enhances endurance and
relieves psychometric fatigue: a randomized, double-blind,
placebo-controlled study1
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Introduction
In 2019, Toshio Mikami et al. published the article “Drinking
hydrogen water enhances endurance and relieves psychometric
fatigue: a randomized, double-blind, placebo-controlled study”
(Mikami et al. 2019).
The authors conclude that drinking hydrogen (H2) – infused
water prior to exercise induces anti-fatigue effects and improves
endurance when compared with placebo water.
While the reported improvements in visual analogue scale (VAS)
_ 2
for fatigue, Borg’s scale, and maximum oxygen consumption (VO
max) are statistically signiﬁcant, these are of such small magnitude
that no clinical beneﬁts should be expected.

Summary
The study aims to assess the ergogenic and anti-fatigue effects
of drinking H2-infused water in healthy subjects performing mild
_ 2 max was estimated through a submaxior moderate exercise. VO
mal cycle ergometer protocol, while VAS for fatigue (score 0–10)
and Borg’s scale of perceived exertion (score 6–20) were reported
by participants immediately after exercise.
In substudy 1, 99 volunteers with no habit of extensive physical
training drank 500 mL of placebo water 30 min prior to mild
exercise with 10 min of gradual increase in resistance until 75% of
predicted maximum heart rate. Two weeks later, the participants
were randomized 1:1 to drinking H2-infused or placebo water
prior to performing an identical test.
_ 2 max or Borg’s scale after
The authors found no change in VO
the second exercise, but they report a signiﬁcant reduction in
VAS of approximately 0.05 in the H2 group and an increase of
approximately 0.3 in the placebo group, compared with baseline
(values are estimated based on ﬁg. 2C as these are not provided in
the article or appendix).
In substudy 2, 60 trained volunteers were stratiﬁed into ﬁve
10-year age blocks, ranging from 20 to 29 and from 60 to 69 years
with 12 participants in each. Participants drank 500 mL of placebo water 10 min prior to moderate exercise for 11 min. Two
weeks later, subjects were randomized 1:1 to drinking H2-infused
or placebo water before an identical test.
In the H2 group, the authors report a statistically signiﬁcant
_ 2 max of approximately 3 mL/kg per min
absolute increase in VO

_ 2 max was
and a relative increase of 1.1. No difference in VO
observed between the ﬁrst and second instance of exercise in the
placebo water group. Participants also exhibited a statistically
signiﬁcant decrease in Borg’s scale of approximately 0.7 in the H2
group and an increase of 0.35 in the placebo water group. VAS
was not reported (values are estimated based on ﬁgs. 3A–3C, as
these are not provided in the article or appendix).
_ 2 max or
The authors found no signiﬁcant improvement in VO
Borg’s scale within the prespeciﬁed age subgroups.
The authors report that the above ﬁndings are highly suggestive of beneﬁcial effects of H2 during mild and moderate exercise
in healthy people, by alleviation of psychometric fatigue and
enhancement of endurance capacity in addition to supporting
beneﬁcial effects in their daily lives.

Critique
The methodology of this project is generally commendable.
Randomization resulted in largely similar baseline characteristics between H2 and placebo water groups and proper blinding
was ensured.
One must consider, however, if the practical implications of
the reported ﬁndings are over interpreted.
Appraising each substudy separately, H2-infused water yielded
no positive effects on endurance or psychometric fatigue in
untrained volunteers, except for a modest difference in reported
VAS of approximately 0.35 between groups and a decrease of 0.05
within the H2 group.
While aimed at breathlessness due to disease, a 2006 Medical
Research Council (UK) consensus statement recommended that
only changes in VAS of at least 1 should be considered clinically
signiﬁcant (Booth 2006). More recently, Nordin et al. (2016) conducted a thorough review on minimal important differences for
fatigue patient reported outcome measures. The authors found
that when using a VAS 0–10 for estimating fatigue, the minimal
important difference was 1.1–1.3 for worsening and 0.8–1.1 for
improvement.
To the best of our knowledge, there are no peer-reviewed studies concerning the minimal important difference of VAS for fatigue in healthy subjects. Based on the available literature, we
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ﬁnd no reason to assume that the observed difference in reported
psychometric fatigue does indeed provide any beneﬁcial effect.
Furthermore, we noticed that mean baseline VAS was 3.7 6 2.2
in the placebo group and 4.3 6 2.0 in the H2 group. Such variation
beckons the question if the observed changes represent a regression towards the mean.
In trained individuals, H2-infused water resulted in a decrease in
Borg’s scale of approximately 1.05 between groups and 0.7 within
the H2 group. Several publications on various pathologies with
breathlessness as a central symptom report a minimal important difference in Borg’s scale of 0.9–1 (Araújo Oliveira et al. 2017;
Booth 2006; Khair et al. 2016; Ries 2005). Once again, seen in relation to the available literature, the changes observed within the
H2 group seem negligible and the change between groups modest
at best; thus, we are uncertain of the claims of a beneﬁcial effect of
the observed changes in Borg’s scale and cannot determine which
frame of reference the authors have employed for these conclusions.
_ 2 max,
Using a well-established protocol for estimation of VO
_ 2 max
the authors observed a statically signiﬁcant increase in VO
of approximately 3 mL/kg per min in the H2 group and no difference in the placebo group; however, within in the distinct age
groups no statistical differences were observed.
_ 2 max was not observed
In summary, the modest increase in VO
in untrained individuals, could not be conﬁrmed within subgroups
of 12 trained participants, and the improvements are transient,
possibly lasting approximately 30 min, based on the results presented in ﬁg. 1. We are fairly perplexed over how these ﬁndings
allowed for the conclusion that H2-infused water enhanced endurance in healthy people and why no effort to elucidate this
was made in the discussion.
A central premise of the study is the supposed beneﬁcial effects
of an attenuation of oxidative stress post exercise. Regardless of
sound methodology, the conclusion that “data are consistent
with the notion that H2 plays a key role in decreasing exerciseinduced inﬂammation, oxidative stress, and cellular stress” may
be falsely held in high regard. Previous literature has indicated
that interventions aimed at the antioxidant defense systems —
often in the form of antioxidant supplementation (AS) — may
even impede long term athletic performance and physiological
adaptations (Higgins et al. 2020), markedly in the form of strength
and hypertrophy. There is some evidence of an acute ergogenic
effects from AS, such as delayed onset of fatigue and a reduced
recovery period, as is to a modest extent the case in the present
study. Chronic administration of AS, however, may impair exercise
adaptations. Speciﬁcally the inhibition of anabolic signaling pathways and muscular hypertrophy has been suggested (Merry and
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Ristow 2016; Pastor and Tur 2019). The study at hand deals almost
exclusively with acute or subacute responses to exercise (hours to a
few weeks). Small as the effect sizes may have been, there is a real
risk of deleterious long term effects on training adaptations with
prolonged use of this type of intervention. Thus, it is uncertain
whether a hypothetic attenuation of oxidative stress in a training
setting is even desirable for most people.

Conclusion
The described beneﬁts of H2-infused water are clinically negligible, and we are perplexed by the claims of anti-fatigue effects
and improved endurance presented in the title and discussion.
The conclusions made in this study seem overstated.
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