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Abstract

BACKGROUND: Hydrogen, as an antioxidant, can reduce oxidative stress induced by strenuous exercise and achieve the effect of improving fatigue. Several
studies have been reported on the potential effects of hydrogen-rich water or hydrogen-rich gas on improving exercise fatigue and athletic performance.
OBJECTIVE: To investigate the effects of hydrogen-rich gas inhalation prior to high-intensity exercise on proprioception and muscular endurance performance
after exercise fatigue.

METHODS: Through a randomized, double-blind, crossover, and repeated measurement experimental design, 24 healthy men were randomly divided into
group A and group B, with 12 in each group. In the first phase of the crossover experiment, group A inhaled hydrogen-rich gas (hydrogen group) for 20 minutes
and group B inhaled placebo gas (air; placebo group) for 20 minutes. Then, cycle ergometers were used to establish the fatigue model. Visual analog fatigue
scale, heart rate variability, knee joint proprioception (passive position perception, joint motion perception, and muscle force perception) and isometric knee
extension muscle endurance were tested before and after intervention. After a 7-day washout period, two groups exchanged intervention methods and the
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above tests were performed again in the second phase of the experiment. Differences between the results of groups A and B in the two phases were compared,
and finally the results of the two phases were integrated to compare the overall differences between hydrogen intervention and placebo intervention.
RESULTS AND CONCLUSION: In the first phase of the crossover experiment, the visual analog fatigue scale score of the hydrogen group after intervention was
significantly lower than that of the placebo group (P < 0.01). The root mean square of the difference between the adjacent R-R, mean low-frequency output
power, mean high-frequency output power, and isometric muscle endurance after intervention in the hydrogen group were significantly higher than those in
the placebo group (P < 0.05). Passive position perception and joint motion perception after intervention in the hydrogen group were significantly better than
those in the placebo group (P < 0.05). There was no significant difference in muscle force perception between the two groups (P > 0.05), but muscle force
perception in the placebo group after intervention was significantly worse than that before intervention (P < 0.01). The difference trend of all test results after
intervention in the two groups in the first phase of the experiment showed the same results in the second phase of the experiment. The integrated results also
showed that the hydrogen group had better test values for the above indicators than the placebo group (P < 0.05). Linear regression analysis showed a positive
correlation between post-intervention visual analog fatigue scale scores and passive position perception results (r=0.327, P=0.023), i.e., the higher subjective
fatigue level after high-intensity exercise indicated the worse passive position perception results. To conclude, inhaling hydrogen-rich gas before high-intensity
exercise can reduce the degree of fatigue after exercise, thereby improving proprioception and muscle endurance performance, which may be a new strategy
to reduce the occurrence of injury. And its effectiveness can be achieved repeatedly.
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Figure 1 | Flow chart of the crossover trial
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Table 2 | Testing results in the two phases of the experiment and the integrated results in the hydrogen group and placebo group

T H

I B

WIS B

BEEHR
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E T2 FTIRT 2 406.75%2 100.21 2479.23+3016.18 2287.15+1734.22 2467.37+2 811.59 2530.65+2 585.87 2 538.48+2 540.20
B (ms?) TWiE 462.96+803.23 121.75+167.16 78.57+9.91 372.09+493.53 430.48+671.54 103.65+135.40°
A WEAMIEY () FWRET  9.63%3.77 11.9643.17 10.43+4.31 12.59+4.75 11.11#4.46 11.1943.78
ZS FWJE 13.63+4.57 17.55+3.49 18.1546.17 14.60+4.15 14.11#4.30 17.85+4.91°
B eaiEEsE () THIRT 0.88£0.56 1.18+1.04 1.0340.24 1.18+0.99 1.03+0.80 1.10£0.74
ot FHE  1.49+0.63 2.8242.49 1.7540.63 2.01#1.50 1.75+1.16 2.28+1.86°
W19 (kg)  FWIAT  2.65+1.69 1.98+1.29 1.98+1.29 2.51+1.85 2.58+1.73 1.98+1.26
FE  1.94+1.37 3.03+2.27 4.06+2.24 3.4242.61 2.68+2.17 3.54+2.26"
SRAAR 7 () TR 72.27+22.10 72.35429.62 67.63+17.61 65.77+19.72 69.02+20.75 69.99+23.95
FWJE 48.61+12.76 44.90+17.71 41.87+10.89 48.61£10.98 48.61+11.64 43.38+14.46°

Fyk: SREHESESRGIE, °P<0.05; SRR, °P<0.05.

Wy B AL B BE 1A B AN T 2 (I A] > 2H ) )(F=9.158,
P=0.006, f n’=0.285), 41 J ) £ R M A & ¥ (F=3.303,
P=0.082, fii n’=0.126), I [l ff] 3= % Bi & % (F=57.047,
P<0.001, fhin*=0.713), T &M ZRE WM B (5
HAs R ZEE ) B350 T 2 B4 (F=7.905, P=0.010,
n°=0.256).

KATIB BT I AL BN AN (B TR] < 2051 )(F=2.249,

P=0.147, fii n°=0.089). 4 Wl i  F B B F (F=5.987,
P=0.022, 1 n’=0.207), I [d] ) I 2 B & % (F=25.288,

P<0.001, fii n*=0.524), T-fil g A/ AR =B (5
A A RE I 2218 ) BE T =B FI4 (F=4.355, P=0.048, 1
n°=0.159).

JUU PR g 5 1 22 LR R 2 (B JE] x 43031 )(F=4.865,
P=0.038, 1 n’=0.175), 41 J f) £ 2 ¥ A & 3 (F=0.106,
P=0.747, f n’=0.005), I [&] ff) J= 2% B & ¥ (F=8.548,
P=0.008, fiii n’=0.271). AR & T WAl J5 LA A1
(5 HbS R ) R G B 3 1t X (F=0.046,
P=0.831, f{iii n’=0.002), %540 32X+ T Hi s LA ) 6
52 25 T HiAT (F=14.675, P=0.001, {f n’=0.390).

111 25 K LA T 0 00 A8 L 2k N R 2 (R D) x 41 51 )

(F=5.193, P=0.032, fi n>=0.184), #H %Il [ & 2% i A &, 2%
(F=0.829, P=0.372, i n’=0.035), Fsf &) (1) 32 257 55, 2 (F=45.239,
P <0.001, fiin*=0.663). F HiJF &L Z k& S KNLAIH /1
52K 2B FI4 (F=5.197, P=0.032, ffi n’=0.184).
25 KMwPEsER SHZRE TS R SIR (%
35 B LI FR bR AR 3R ) R R B 1 e ( FH 4 3 o B o
ARk, WS EHAAENEME) BATLER RS 4
FIRIRIE ST H 2K L E 43 R0 sh 7 B i % 3% M 5% (r=0.327,
P=0.023), R[I{E i 38 12 B0 g 2 WL o A2 3 0 v gt s o FL
SRz, WE 2.

30
2 | 5 EIMEEE T F#E BN
IVA=gl: P

g Figure 2 | Relationship between
10 .® i . visual analog fatigue scale scores
and passive position perception
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26 ARFH WK, ZRAELET USRS LR
BRI ARTA R, T FILREAR NS 5218 3& AN R

3 ifif Discussion

W VI 91 OOK R S B AT RN B AR RO AT
I, MEEESE TS REE L 1 28 0% 57 Sk ol 38 A A Bt AL
I 77, 75 )5 8258 2hid F2 o a] B 298D 18 sl 45 40 & AR I XU .
GEREW], EoR IS AN AT 20 min B A SR BETS B R
BN i 0 W 57 RS2 R0 AR S M S BT R W 57, A
TREFH, WNED G RSN EEIEF) KT
RIS (BIEH A B RATE S AMALIA A5 ) AL
PRI S B T AAR IR B LT ) 22 R A R AR
HEREE, KIS s S SR ReE B . i
957 H R LEAT 5 5 4 sh A B e IR PR LA 00T, B TA
AT AR AE ORI R . — R AU R R ARE B
55, I FLE b L As BT E P BEA 4 SRR I,
AAMER RS R T LEE SR, 5EA T S,
7 d [RIe I B 2 AT B S 5 B RO

DI FUR I, 18305 & SUK BB & SR
TR 2, 8 SR T B — B A e AR A R i
BRAESFEMZIEN Y, XA e Ak P A S B
L, I HAME G ER N HOA G, MR SE B A
FE R, 98D HR 57 51 R 1S sh g IR R A RE Bl JE R
—FEETE, MIBEhRTR N 272 A B 2RO B AR, R
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HAEZE

W f5 Sz B R SRR B, IR BiEi Mgt 5 R AL i =
JE SR B A AR B s FL AT 77 4 bR B0 T 1% BEA AT AT 1k
B S ESARRE B 557 A ROR B & B RIS A I,
PAEERTF FE N B SR IR 234 20 min 1 60 mint 2%,
DI R =R g sty YA L e e (B2 N iR DR R
M, BRI FIRER TN 20 min 1522, EBH T IS8R
20 min DA REME A UR, HEAEMIRANE (IREMK)
BT — B RS .

SURPUE ST R R AT Bk B T s ok P AN R B %
PREEJT, P DUESR SRR N E R EAHGE 235 R AR
AR Ak (5 59 R ) B FLER A AR )M R BNIE BT RE
o 2 BB AR R E AL RSB, SR S PR AR (G| R R
PR E TR LS RE I B A PRI SR 20 0K ok A P v
W AL R R IR IS I ) BRI Bt - FEEYE BV S A
NSNS . & R DNA A4, semm ki fk i1
R ATP ZE gD B, SEUE AR B RAL, Nk
SUREIIFI R, T S ECEH LR 25 A SRR AT T v B
2 AR LA B (1 ( LAIAC A ) A4 4 ( ILIAY A ) )=,
5S40 M P A S T A 4 P P AT B, R L I
(1 h 1 AL AN T PRALIA AR T ikis R4 P, IRl S8k
WL 55 A Th R T B B0, RIUCANLA J . T & .
T3 AL PR 57 752 A A= 4 (k. e DU IR . i
G EE E2. BRAIFLER ) S E I sz A, SR IR 1
BIME (BRI AL B P, NS oy JLBOT R
BB SN A ARG R 5 P ik, WRIZLE SN G PR DT
TR AR LA T BE R BLIHLH T, Sk B M E
A=A R, BREEEM SIS BOK T, FiREslE
HIFLER /KT AT R A L RE 8 7 2R BL IR e 28 SR R N . B
IRE R BUAAL DU 5 ML R TR — D R T, BIE
BOR CUFE T 7S FR AR 31 THIESE .

VEN—THEHR T, % RIS 7 — Pl s sh w4
FETA BB B AMIR BT AL TR SR8 5 22 3 IR 55 1R
FE i, BRSO 5T Ja AR IE S A VLA 2R 21,
T — € FEPE b BAR T 5| S0 e Az 0 AU o AELATF 72 AN
FMEDL AW T E A SRIER, A 0 L AT e
oD AR B S5 R R BRAR SR B B i R AR L, SRR E
TR LR, e R RIERZ LB B IR T B T & &
SR TS RERE AR AT KA . IENZ L R I S Al
Ak SETRYSTEAE MIBOU LA, R S0 26 R FH A W s S
WG, PR SRR S . AN, RRBZAG I
BRI NARN SRS E, AR T PSS E M7 RN
KR, BRI AREARK, DEda S FimnE.

L5 EE RIS ETN 20 min B A AR RE S >
BB G T RE R, BOCE AS AR B R S LI 7 1) 2 B
IE B ARG 2S5 12395 e A k. 28 SGRETT
R E S SN MA RE T DL E R S, X AT RSN PR
AR ARSI T — AN TR

5418 | DEHERTIEHER | 5528% | 55345 | 20245F 128

1EBTEE: T EAMATREILIT, @ XMIRE Rkt 5 T 471 R AR
BMEGW, ERE. FRBFEDETRRENK, FEETRTAILEF2K
BRI, ERETRIETIRE, GRMFRFIE AT FFTR.

RIBEMIERAREIBLZRR: XFHARE: OT o E—& L E R T
RAG H FAT RO MREAE, DT —ZEE NIk F LFRELR A6
AT AR, G EL. k. BAWM; @T i E—RE LT FRAR
F FAn s B B B A0 A XA, @4 KT AR IAAE o9 B 18 RS i s Bzl
F AL B B,

FIFNZE: LT A3 B, ERAIR L FIR BT RAEF AT R,

FERGREUARR: 32— B ORI L E, R4 (SrifE FHFT ) “F % - 3
B Atk AE R - AR 7 X F 4.07 Sk, £ RAGTFLT, AFtAAIER Lith
HRETRIN S Ay, FIR AR P A, TR #0455, 479,
ok BB I IR, FAZEI RG], ARG ASIE R L EI TR AR,

MAREELL . S B RRAT & BAE A 5 SR E T L MARGE e .

HARSE: AT (ML RRIE RIXIE A 50 4R5 46 %)) (CONSORT 45 ).
LFERRAT TR E LR D)5 LRGN R ARITIREE, LFZNRTHTFE
EREIF, FATIFSUAD LEFAMFILBEE.
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