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A B S T RAC T
BACKGROUND: Recent studies showed a positive effect of hydrogen rich water (HRW) intake on acid-base homeostasis at rest. We investigated 2-weeks of HRW intake on repeated sprint performance and acid-base status during prolonged intermittent cycling exercise.
METHODS: In a cross over single-blind protocol, 8 trained male cyclists (age [mean±SD] 41±7 years, body mass 72.3±4.4 kg, height 1.77±0.04
m, maximal oxygen uptake [V̇ O2max] 52.6±4.4 mL·kg-1·min-1) were provided daily with 2 liters of placebo normal water (PLA, pH 7.6, oxidation/reduction potential [ORP] +230 mV, free hydrogen content 0 ppb) or HRW (pH 9.8, ORP -180 mV, free Hydrogen 450 ppb). Tests were
performed at baseline and after each period of 2 weeks of treatment. The treatments were counter-balanced and the sequence randomized. The
30-minute intermittent cycling trial consisted in 10 3-minute blocks, each one composed by 90 seconds at 40% V̇ O2max, 60 seconds at 60%
V̇ O2max, 16 seconds all out sprint, and 14 seconds active recovery. Oxygen uptake (V̇ O2), heart rate and power output were measured during the
whole test, while mean and peak power output (PPO), time to peak power and Fatigue Index (FI) were determined during all the 16 seconds
sprints. Lactate, pH and bicarbonate (HCO3-) concentrations were determined at rest and after each sprint on blood obtained by an antecubital
vein indwelling catheter.
RESULTS: In the PLA group, PPO in absolute values decreased significantly at the 8th and 9th of 10 sprints and in relative values, ΔPPO, decreased significantly at 6th, 8th and 9th of 10 sprints (by mean: -12±5%, P<0.006), while it remained unchanged in HRW group. Mean power, FI,
time to peak power and total work showed no differences between groups. In both conditions lactate levels increased while pH and HCO3- decreased progressively as a function of the number of sprints.
CONCLUSIONS: Two weeks of HRW intake may help to maintain PPO in repetitive sprints to exhaustion over 30 minutes.
(Cite this article as: Da Ponte A, Giovanelli N, Nigris D, Lazzer S. Effects of hydrogen rich water on prolonged intermittent exercise. J Sports
Med Phys Fitness 2018;58:612-21. DOI: 10.23736/S0022-4707.17.06883-9)
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I

t is common practice for athletes to take supplements;1 typically sodium bicarbonate is ingested between 1 and 3 hours before competition to increase the
body’s alkaline reserve and to enhance the anaerobic
performance. While the first studies on this topic started in 1930s,2 it was in 1980s that a more scientific approach hinted at a positive effect of buffer “substances”
on athletic performance, in particular for track and field
400 and 800 meters.3, 4 To date, many studies have in-
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vestigated the influence of buffer substances on various
types of exercise. Authors reported positive or no effects 5, 6 in many sports: cycling,7-10 running,11, 12 swimming,13, 14 rowing,15, 16 basket,17 boxing,18 cross country
skiing,19 tennis 20 and rugby.21 It has been suggested that
the ideal amount of buffer to be ingested is commonly
300 mg·kg-1 body weight (BW) about 60 minutes before exercise for bicarbonate and ammonium chloride
and 500 mg·kg-1 BW for citrate, the latter recommended
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to be ingested about 2 hours before exercise. However,
bicarbonate ingestion, which is the most common buffer used, is often associated with gastrointestinal discomfort.22 Moreover, an important factor to consider
is that 27% of sodium bicarbonate is sodium: since the
“ergogenic” acute bicarbonate load is about 21 grams
for an adult subject, the amount of sodium ingested (in
this case almost 6 grams) by far exceeds the maximum
recommended intake of 2.3 grams per day.22
Recently, devices that can produce hydrogen rich water (HRW) with a pH higher than normal water have
become commercially available. Theoretically, consumption of HRW could replace ingestion of bicarbonate to influence the body’s alkaline reserve and exercise
performance. Animal studies suggest that HRW may
act as a neutralizing agent and scavenger of active oxygen species.23-25 Furthermore, recent basic and clinical
research revealed that hydrogen is an important physiological regulatory factor with antioxidant, anti-inflammatory and antiapoptotic protective effects on cells and
organs.26, 27 Moreover, hydrogen may also have positive effects in limiting metabolic acidosis.28 However,
to our knowledge, only a few studies have analyzed the
effects of hydrogen rich and/or alkaline water intake in
humans 29-32 and no one of these have measured its effect on physical performance. Brancaccio et al.33 studied calcium bicarbonate rich water (with pH 6.1) supplementation on intermittent exercise (5x60 seconds at
85% max power with 60 seconds rest between cycling
sprint) and showed a positive effect on pH. Other authors 34 found that hydrogen rich water was associated
with lower torque decrease and decreased lactate level
in prolonged isokinetic exercise. Further, a preliminary
pre-post design study without placebo 35 showed a significant pH increase after one week of HRW (obtained
from tap water adding magnesium) intake in healthy
men both at rest or after exercise. Also, Ostojic ��������
&�������
Stoja36
novic confirmed a significant pH and HCO3 increase
at rest and post exercise after two weeks of HRW intake
compared to control.
On these premises, the primary aim of our study was
to assess whether two weeks of HRW ingestion could
influence exercise performance. A secondary aim of the
study was to assess the body’s alkaline reserve. We hypothesized that ingestion of HRW could improve sprint
performance during prolonged intermittent cycling and
could reduce exercise-related metabolic acidosis, delay-
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ing fatigue onset. We reproduced the study of Price et
al.37 where the authors studied the effects of bicarbonate
ingestion on prolonged intermittent exercise, with the
exception that in our research the buffering bicarbonate
pre-exercise load was replaced with two weeks of HRW
intake.
Materials and methods
Participants
Eight well-trained, healthy male cyclist (mean±SD:
age 41±7 years, Body Mass Index [BMI] 22.6±1.1
kg·m-2, I) participated in this study. The experimental
protocol was approved by the Ethics Committee of the
University of Udine. Before starting the research, the
purpose and objectives of the study were carefully explained to each subject and written informed consent
was obtained from all of them. The participants were
recruited among experienced cyclists who filled out
questionnaires on physical exercise activity, demographics, medical history and lifestyle.38 They reported
aerobic exercise 5 times a week for a mean of 8.8±3.8
hours·week-1 (range: 6-14 hours·week-1). The subjects
were classified of performance level 2-3 according to
De Pauw.39
Experimental protocol
The protocol consisted in evaluating ergometric, cardiorespiratory and hematological parameters during
prolonged intermittent exercise performed in two different counter balanced trials: once during hydration
with control water (PLA) and once during hydration
with HRW.
The crossover study consisted in three sessions. During the first session, after a familiarization with all the
equipment, participants completed a graded cycling exercise test to exhaustion to determine maximal oxygen
uptake (V̇ O2max, mL·kg-1·min-1) and maximal power
output (Pmax, Watt).
Then, the participants were randomized in two groups
of 4 and 4 people and provided daily with water for 4
weeks. The athletes were unaware if they were consuming PLA or HRW while investigators were aware of the
study phase (single blind trial). The first group (4 athletes) received PLA for the first two weeks and HRW for
the following two weeks, while the second (4 athletes)
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group received the opposite treatment without wash out
after HRW period. Each athlete was daily provided by
a researcher with 2 liters of water in anonymous bottles
and instructed to keep it refrigerated in the dark at 4 °C.
Moreover, athletes were required to minimize any other
beverage consumption (alcohol, fruit juice etc.).
The HRW (pH 9.8, free hydrogen content 450 ppb)
was obtained using a “Miracle max” water ionizer
(Chanson Water Company Taiwan, provided by NERO’
H2O, Chanson Water Italy). This device, starting from
normal tap water, filters and then modifies water pH
through electrolytic process involving medical titanium
plates coated with noble metal like platinum. This process has a long history in the chemical industry and is
considered a reliable industrial process validated and
approved worldwide. Our device was ISO 9001 certified and in compliance with CE regulations.
During the second and third visit to the laboratory,
after two weeks of PLA and after two week of HRW hydration according to randomization, each subject undertook 30 minutes of intermittent cycle exercise (Figure
1) following the protocol suggested by Price et al.37 All
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Figure 1.—Intermittent protocol representation.
Each exercise block was 3 min in duration (top section) with each 3-min
block comprising 90 seconds at 40% V̇ O2max, 60 sec at 60% V̇ O2max, 16
seconds maximal sprint, and 14 sec active rest (bottom section). Adapted
from Price et al.37
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Anthropometric characteristics and body composition.
Body mass (BM) was measured to the nearest 0.1
kg with a manual weighing scale (Seca 709, Hamburg,
Germany), stature was measured to the nearest 0.001 m
on a standardized wall-mounted height board. BMI was
calculated as BM (kg) · stature-2 (m). Body composition
was measured by bioelectrical impedance (BIA 101,
Akern, Florence, Italy) according to the method of Lukaski et al.40 Body composition including fat-free mass
(FFM), fat mass (FM) and total body water (TBW) was
obtained from the software provided by the manufacturer.

PLA and HRW were measured with “Ph 55” Martini
Instruments pH-meter and “Redox MW500” Wilwakee
ORP-meter, while for free hydrogen measure was used
an ENH-1000 (Trastlex, Japan).
Graded exercise test to exhaustion

60%
V̇ O2max
60

Physiological measurements

Water characteristics

Time (min:s)

40%
V̇ O2max

tests were performed at the same time in the morning
without changing breakfast habits and after two days of
easy training.
During the period of the study athletes did not change
their training habits (expressed as training volume and
intensity). Moreover, each athlete filled a training diary reporting the daily training load during the study.
For macro and micronutrients analysis each participant
recorded the consumed meals for a week, and oxygen
radical absorbance capacity (ORAC) and potential renal
acid load (PRAL) were calculated using Metadieta software (Meteda, San Benedetto del Tronto, Ascoli Piceno,
Italy).

Maximal oxygen uptake (V̇ O2max) and maximal heart
rate (HRmax) were determined by a graded exercise test
on an SRM cycle ergometer (SRM, Germany) under
medical supervision. During the experiment, ventilatory and gas exchange responses were measured continuously with a metabolic unit (Quark-b2, Cosmed, Pavona
di Albano, Rome, Italy). The volume and gas analyzers were calibrated using a 3-L calibration syringe and
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calibration gas (16.00% O2; 4.00% CO2), respectively.
During the tests, HR was measured with a dedicated device (Polar, Oulu, Finland). The tests were performed
one week before the beginning of protocol study and
comprised a 5-minute rest period followed by cycling
at 2W·kg-1BM for 5 minutes; the power was then increased by 25 W every minute until volitional exhaustion. Subjects were required to maintain a cadence of 90
rpm throughout the test. A leveling off of oxygen uptake
(defined as an increase of no more than 1 mL·kg-1·min-1)
was observed in all subjects during the last one or two
minutes of the exercise test indicating that V̇ O2max had
been attained. V̇ O2max and HRmax were calculated as the
average oxygen uptake and HR of the last 20 sec of the
test. Respiratory Exchange Ratio (RER) was calculated
as V̇ CO2· V̇ O2-1.
Intermittent protocol
Intermittent protocol consisted of 30 min exercise
(Figure 1): each 3-minute block consisted of 90 sec
at power (W) corresponding to 40% V̇ O2max, 60 sec
at power (W) corresponding 60% V̇ O2max, 16 seconds
maximal sprint, and 14 secomds active recovery as proposed by Price et al.37
The maximal sprint was undertaken using a computer
controlled cycle ergometer (SRM, Jülich, Germany),
with continuous power measurement during the 4 phases of each block. Athletes were required to maintain a
cadence of 90 rpm throughout the 30-minute protocol
except for the maximal sprint in which subjects were
encouraged to sprint as fast as possible in isokinetic modality at 100 rpm. For each sprint, peak power output
(PPO), time to peak power output, minimum power output (MinPO) and mean power output (MPO) were recorded. Average peak power, total work (W) and fatigue
index (FI; %) were calculated for each sprint; FI was
determined from the difference between PPO and MinPO, expressed as a percentage of PPO for that sprint.
To overcome individual variation in sprint performance,
PPO data for each subject was also expressed relative to
the initial sprint (PPOrel).
During the whole intermittent exercise, expired
air was measured continuously with a metabolic unit
(Quark-b2, Cosmed, Italy) and ratings of perceived exertion (RPE, 10 point Borg Scale) was recorded after
each sprint.41
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Blood sampling
An indwelling catheter (BD Venflon Pro Safety 21G,
Becton Dickinson Italy) was inserted in an antecubital
vein of subjects before beginning sprint test. The first
blood sample was taken with tourniquet before exercise
with subjects in a supine position while the following
ten samples were taken without tourniquet with subjects
sitting on the cycle ergometer. Each 1 mL venous sample, collected with a heparin containing syringe, was
kept refrigerated at 4 °C and analyzed within one hour
using an ABL 700 analyzer (Radiometer Medical ApS,
Copenaghen, Denmark).
Statistical analysis
Statistical analyses were performed using PASW
Statistic 18 (SPSS Inc., IL, USA) with significance set
at P<0.05. All results are expressed as mean±SD or
mean±95 % confidence intervals when changes or percent changes are presented. Normal distribution of the
data was tested using the Kolmogorov-Smirnov Test.
Sphericity (homogeneity of covariance) was verified by
the Mauchly’s Test. When the assumption of sphericity
was not met, the significance of the F-ratios was adjusted according to the Greenhouse-Geisser procedure.
Changes of all tested variables were studied with General Linear Model repeated measures with two factors
considering group (G, PLA vs. HRW) and time (T), and
the interaction (group x time). Multiple comparisons
between “Time” within each group were achieved using
the paired t-test with Bonferroni correction for multiple
comparisons.
Results
Characteristics of subjects
The anthropometric characteristics of the 8 athletes
who participated the study are reported in Table I. Their
average V̇ O2max and maximal power reached during
the incremental test were 52.6±4.4 mL·min-1·kg-1 and
380±41 W, respectively.
The athletes’ percentage of body water was not significantly different during the two trials (61.8±4.4%
and 62.1±3.4% of BM during PLA and HRW hydration,
respectively). Regarding dietary habits, there was no
correlation between either ORAC or PRAL and blood
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Table I.—Physical characteristics of the subjects (N.=8).
Age (year)
Body mass (kg)
Stature (m)
Body mass index (kg·m-2)
Fat mass (%)
V̇ O2max (mL·min-1·kg-1)
HRmax (bpm)
Pmax (W)

41±7
72.3±4.4
1.77±0.04
22.6±1.1
14.6±5.1
52.6±4.4
176±11
380±41

[29-51]
[66-80]
[1.73-1.87]
[21-24]
[9-21]
[48-60]
[151-187]
[320-460]

All values are mean±standard deviation. Range in square brackets.
V̇ O2max: maximal oxygen uptake; HR: heart rate; Pmax: maximal power attained
during the incremental test.

acid-base status at rest and during exercise, as no correlation was seen with respect to power output. ORAC
values were positive (7743±4681 Trolox equivalents,
µmol/100g) in all athletes while mean PRAL was negative (-6.4±14.0 mEq/d) but with great interpersonal
variability.
Water characteristics
HRW pH produced by ionizer was quite stable during the first 24 hours decreasing from 9.8 to 9.2, while
Oxidation-reduction potential (ORP) deteriorated (from
-180 mV to +100 mV) as free hydrogen (from 450 to
150 ppb), even keeping water in the dark at 4°C as recommended by ionizer producer. As shown in Table II no
differences were recorded in PLA characteristics during
24 hours storage.

HRW condition respectively. These intensities corresponded to 66±4% of V̇ O2 max for both trials. �������
Analysing only the sprint phases, V̇ O2 was 2.98±0.21 and
2.95±0.25 L·min-1 for PLA and HRW condition respectively, equivalent to 77±5% of V̇ O2max.
A GLM repeated measures multivariate test shows
significant differences for Time (P<0.001) for RER,
HR and RPE, while not significant differences in “time
x group” interaction. Particularly, before the exercise
RER was not different between trials (0.78±0.07 and
0.75±0.04, for the PLA and HRW condition, respectively, Table III). It increased (P<0.004) to 1.24±0.07
and 1.24±0.09 at the 3rd minute of exercise, for the PLA
and HRW condition, respectively, although not differences were observed between groups. After the 3rd minute of exercise RER decreased progressively till the 21st
minute and then remained constant until the end of the
test protocol (1.06±0.05 and 1.06±0.07, for the PLA and
HRW respectively, Table III). Heart rates were not significantly different between groups (Table III). After the
1st sprint heart rates increased (P<0.001) to 152±16 and
149±9 and then to 164±13 and 162±9 beats·min-1 after
10th sprint, respectively.
Rating of perceived exertion (Figure 2, Table III) increased significantly (P<0.003) compared with the 1st
Table III.—Metabolic, ergometric and blood results of General
Linear Model repeated measures with two factors considering
group (G, PLA vs. HRW) and time (T), and the interaction (group
x time).

Oxygen consumption, RER, heart rate and ratings of
perceived exertion changes
No significant differences between trials were observed regarding mean oxygen consumption either considering the whole 30-minute trials or only the sprint
phases. For the whole 30-minute trials mean V̇ O2 was
2.54±0.19 L·min-1 and 2.56±0.25 L·min-1 for PLA and
Table II.—Water quality characteristics.

pH (at 24 h)
ORP mV (at 24 h)
Free Hydrogen ppb (at 24 h)
TDS mg/L

Control
water PLA

Hydrogen rich
water HRW

7.6 (7.6)
230 (228)
0 (0)
180

9.8 (9.2)
-180 (100)
450 (150)
180

P<0.001
P<0.001
P<0.001

All values are mean±standard deviation. Range in square brackets.
ORP: oxidation reduction potential in millivolts; Free Hydrogen in parts per
billion; TDS: total dissolved solids.
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Respiratory Exchange Ratio
Heart rate (bpm)
Rating of perceived exertion
Ergometric parameter
Peak power output (W)
Changes in Peak power output (%)
Mean power (W)
Time to peak power (s)
Fatigue index (%)
Blood parameters
pH
Bicarbonate [HCO3-] (mml·L-1)
Base excess (mEq·L-1)
Lactate (mml·L-1)
pO2 (mmHg)
pCO2 (mmHg)
Haemoglobin Sat (%)
Haemoglobin (g·dL-1)
Glucose (mg·dL-1)
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P
Group
effect

P
Time
effect

P
Group
x time

0.425
0.635
0.534

0.004
0.001
0.003

0.125
0.352
0.267

0.944
0.158
0.864
0.432
0.655

0.001
0.001
0.001
0.012
0.007

0.106
0.101
0.144
0.334
0.372

0.386
0.226
0.123
0.184
0.642
0.716
0.740
0.588
0.371

0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001

0.341
0.363
0.880
0.611
0.258
0.921
0.479
0.738
0.860
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Ratings of perceived exertion

A
Sprint N.

Figure 2.—Ratings of perceived exertion (RPE) values during the intermittent exercise in the PLA (O) and HRW (●) groups.
All values are mean±standard deviation;
*P<0.006 significantly different from 1st sprint in the PLA group;
#P<0.006 significantly different from 1st sprint in the HRW group.

sprint in both trials but there were not significantly differences between PLA and HRW hydration.
Ergometric parameter
PPO reached maximum power at the 2nd sprint in both
groups, decreasing in the following sprints (Figure 3A,
Table III). In particular, PPO decreased significantly at
the 8th and 9th sprint (P<0.006) in the PLA group, while
did not change significantly in the HRW group.
Relative changes in PPO decrease significantly
(P<0.006) at 6th, 8th and 9th sprint in PLA group only
(Figure 3B, Table III). Regarding absolute PPO and
ΔPPO, no significant differences were observed between groups during the entire exercise (Table III).
Mean power, time to peak power and fatigue index
showed no differences between PLA and HRW group
(Table III). Finally, average peak power and total work
over the 10 sprints showed no significant differences
between PLA and HRW group.
Blood parameters
Resting pH was similar in both trials (7.33±0.03 vs.
7.33±0.04, for PLA and HRW respectively, Figure 4A,
Table III). The main pH decrease (P<0.006) occurred
during the first three sprints and then remained quite
stable during the rest of the trials, reaching the value of
7.18±0.05 and 7.20±0.05 respectively for PLA and HRW
group and the end of exercise. Similarly, HCO3- values
(Figure 4B, Table III) at rest were not significantly dif-
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Figure 3.—Peak power output (A: PPO, W) and PPO changes (B: ΔPPO,
%) during the intermittent exercise in the PLA (O) and HRW (●) groups
PPO values are mean±standard deviation; ΔPPO values are
mean±confidence interval.
*P<0.006 significantly different from 1st sprint in the PLA group;
#P<0.006 significantly different from 1st sprint in the HRW group.

ferent between groups and then decreased significantly
(P<0.006) in the first nine minutes (three sprint) in both
groups reaching lowest value at the 10th sprint (12.9±2.0
vs 14.9±2.4 mmol·L-1, in PLA and HRW group respectively). Base excess (BE, Figure 4C, Table III) presented similar values at rest whilst they changed (although
not significantly) from the 1st sprint in favour of HRW
group till the end of exercise. As well, ���������������
values for lactate were not different at rest between groups (1.6±0.9
vs. 1.4±0.8 mmol·L-1 for PLA and HRW, respectively)
(Figure 4D, Table III), whilst they increased significantly (P<0.001) from the 3rd sprint for both groups reaching maximal values at the end (16.7±2.9 vs. 14.5±2.8
mmol·L-1 for PLA and HRW, respectively).
Venous blood gas analysis showed similar values at
rest and a similar pattern during the 30 min exercise in
both trials: pO2 (Figure 4E, Table III) decreased till the
2nd sprint and then increased progressively and from
8th sprint was significantly different (P<0.001) from
1st sprint. Regarding pCO2 (Figure 4F, Table III), it increased till the 2nd sprint then decreased, and from 6th
sprint was significantly lower (P<0.001) than after the
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Figure 4.—pH (A), Lactate (B), HCO3- (C), PO2 (D), BE (E), PCO2 (F),
HbSat (G), Hb (H), Glucose (I) values during the intermittent exercise
in the PLA (O) and HRW (●) groups
All values are mean±standard deviation.
*P<0.006 significantly different from 1st sprint in the PLA group;
#P<0.006 significantly different from 1st sprint in the HRW group.

1st sprint. Haemoglobin saturation (Figure 4G, Table
III) followed a pattern like pO2 with an initial reduction during the first two sprints and then a progressive
increase. Hemoglobin concentration (Figure 4H, Table
III), an indirect measurement of hydration, was not significantly different at rest between groups (14.9±1.0 and
14.7±1.4 g/dL for PLA and HRW, respectively), then
increased significantly (P<0.006) from the 1st sprint to
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16.4±1.1 and 16.0±1.3 g/dL at the end of exercise for
PLA and HRW, respectively. No differences emerged
from comparison between the two trials.
Glucose level (Figure 4I, Table III) increased
(P<0.006) considerably from normal resting range
(92±8.1 mg/dL for PLA water vs. 91±10.2 for HRW)
toward higher level continuing the exercise. Even if values were lower during HRW trial they were not statistically different from PLA.
Discussion
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The main result of this study, based on hypothesis
that HRW intake could modify body acid-base status
and anaerobic performance, is that two weeks of HRW
assumption does not influence significantly acid-base
balance even if it may delay fatigue onset during a prolonged intermittent cycling exercise.
One primary outcome was that peak power output values were similar between trials (no between
group significance) but showed a significant decrease
(P<0.006) after the 8th sprint in the PLA group while it
did not change in HRW group. A secondary outcome
was that the PPO expressed relative to the first sprint
had a significant reduction in the PLA group from the
6th sprint onward while it did not decrease in the HRW
group.
Based on our findings we reject our hypothesis that
two weeks of HRW intake could influence rest and exercise acidic-base status. While we did observe a pattern
for a higher pH and HCO3- and a reduction in lactate, no
statistical differences were observed between groups.
Power results, on the other side, are partially consistent with the hypothesis of a possible influence on anaerobic performance. The apparent reduction in fatigue
during HRW consumption is difficult to explain physiologically as it is also difficult to compare our findings
to others using HRW, due to differences in protocol
and HRW production. A previous study of Brancaccio
et al. considered the effects of ionized water on human performance:33 their athletes performed a modified
Wingate test either after a week of controlled hydration
with bicarbonate calcic mineral water or after a week
of controlled hydration with minimally mineralized water. They measured higher urinary pH and lower urine
specific gravity after hydration with bicarbonate calcic
mineral water but ������������������������������������
did not report power and hematic pa-
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rameters and for this reason it is difficult to compare
our data. Our results are in agreement with another investigation 34 in which Aoki et al. studied the effects
of HRW intake on elite athletes. Indeed, these authors
showed lower torque decrease and lower lactate level in
prolonged isokinetic exercise during HRW, even if the
study design and exercise protocol were rather different
from ours. When our study is compared with the works
of Ostojic et al.35, 36 there are some factors to consider.
In all these studies authors used HRW obtained from
tap water with magnesium supplementation and they reported data at rest and after exercise, but the study protocols were in both cases rather different from ours. The
first research,35 investigating the possible effects of one
weeks of HRW intake, was a preliminary pre-post design study without a placebo, while the second study 36
was a double blind one regarding the effects of two
weeks of HRW intake. Authors adopted endurance 35 or
incremental 36 test and not a prolonged intermittent protocol, thus a less intensive effort (post exercise arterial
blood pH was 7.39 and 7.46 respectively for pre and
post HRW hydration) 36 and they do not provide data
about lactate and power output or work. Our results are
in contrast with these studies because we did not measure differences at rest; furthermore, during exercise pH
and HCO3- could suggest possible reduced metabolic
lactic acidosis but data were not statistically significant.
With regard to others ergometric parameters, we recorded no differences in absolute PPO, mean power, time to
peak power and FI that were similar in both trials, as
previously reported.37
In our research, cardiopulmonary data during intermittent trials were not different between HRW and PLA
group: due to the recorded pH and HCO3- values and the
intrinsic instrumentation accuracy limits, we noticed
differences neither regarding O2 consume nor CO2 production, RER, ventilation and heart rate. Therefore, our
results suggest that the reduction in progressive power
decrement during HRW trials is not due to different cardiopulmonary performance.
Regarding the other blood parameters investigated,
we observed lower glucose level during this strenuous
exercise during HRW trial. This observation is in accordance with Oopik et al.42 who recorded lower glucose
level 5 minutes after a 5-km running trial in athletes
treated with sodium citrate. In contrast with this study,42
in which lower glucose level were considered related
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to the performance improvement (and more energy
consumed), the subjects’ performances (and work) we
analyzed were similar; furthermore, we investigated an
intermittent and not constant exercise and recorded glucose level throughout the whole exercise and not only
5 minutes post.
In our study RPE was not correlated with pH and
HCO3-, showing higher but not significantly different values for PLA compared with HRW in the first
phase of exercise when there is the main pH decrease.
Continuing the exercise, the intensity of effort was so
high, proved also by the high lactate level reached,
that we observed no differences between groups. According to previous studies 34, 36 no side effects were
reported during HRW ingestion which was completely
unrecognizable from normal water. This could be a
major advantage in favor of HRW over bicarbonate
consumption for trying to improve buffer capacity,
reduce metabolic acidosis, delay fatigue effects and
improve performance during intense anaerobic exercise without the reported side effects due bicarbonate
ingestion.22, 43, 44
To our knowledge this is the first study exploring the
effects of HRW produced by an ionizer device on prolonged intermittent exercise, while the few other studies 33-36 on this topic used naturally rich calcium water
or normal water added with magnesium.
Limitations of the study
We acknowledge that our study has some limitations.
One is that we had only one device for the production
of HRW and all athletes were provided each morning
with two liters of HRW or PLA. However, pH, ORP and
hydrogen content changed significantly during the 24
hours conservation even if in ideal condition. This could
be a pitfall because part of hydration was probably with
water of quality poorer than expected and it was impossible to control every single athlete adherence to conservation protocol. The influence of this water quality deterioration, if any, could have been only against positive
effects of HRW but this could in part explain the great
variability among the participants regarding both blood
and power parameters. Another limit of the study is that
the investigators were not blind about the type of hydration because of logistic reasons. Also, in contrast to the
majority of studies on exercise and acid-base status,6, 45
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our blood samples were venous and not capillary-arterial, adding a small but possibly significant different
when our work is compared with others. A third limitation is that we have no data about the reactive oxygen
and nitrogen species (ROS and RNS), making difficult
to evaluate any antioxidant effect of HRW. Related to
this issue, our data about ORAC show that all athletes
had a healthy dietary habit with good value for antiossidative capacity against oxygen free radicals. Accordingly, the mean dietary PRAL was negative but with
great variability among subjects and the lowest value,
as expected, in a vegetarian athlete. Neither ORAC nor
PRAL seem to influence acid-base status at rest and during exercise.
Regarding there was no wash out period between the
two phases of water supplementation, this could be another limit even if it was not necessary between PLA
and HRW period and, in the group receiving HRW in
the first phase of the study, we hypothesized that the
followings two weeks of PLA were actually a wash out.
We could test only few athletes and this limit of our
research, a small sample size, could explain the low significance of many recorded results.
Finally, most studies on bicarbonate, especially those
showing an ergogenic effect, evaluated the acute and not
the chronic intake.8, 12 Future studies should investigate
whether acute ingestion of HRW is followed by blood
pH alkalosis as occurs with acute bicarbonate load and
measure the metabolic and ergogenic responses using
only just treated, and not 24 hours stored, water. Moreover, further studies could consider measuring morning
urine pH as marker of organism acid-base balance and
using a standard HRW hydration during hours preceding tests.
Conclusions
Two weeks of hydrogen rich water intake may help
to maintain PPO in repetitive sprints to exhaustion
over 30 minutes. This research on HRW, produced by
a dedicated device, suggests that HRW could substitute
bicarbonate ingestion for improving performance in anaerobic lactic exercise with the advantages of no side
effects, no sodium overload and of encouraging correct
hydration. Since this is the first research on HRW and
athletic performance to date, further studies in this area
of interest are warranted.
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