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Variability under Exercise-Induced Fatigue

LIANG Ying'?, WANG Yuxin?, LI Miao'?, XIANG Yang'?, QIAN Youling'?**, ZHU Huan'**

('School of Physical Education of Hubei Minzu University, Enshi Tujia and Miao Autonomous Prefecture 445000, China;
“Sports Science Research Center of Hubei Minzu University, Enshi Tujia and Miao Autonomous Prefecture 445000, China;
*Shanghai Research Institute of Sports Science (Shanghai Anti-Doping Agency), Shanghai 200030, China)

Abstract The decline in HRV (heart rate variability) caused by high-intensity training can trigger the oc-
currence of exercise-induced fatigue and has a negative impact on an athlete’s performance. Therefore, timely in-
tervention measures should be taken after high-intensity training to promote the recovery of HRV. As a new method
for eliminating fatigue, MHBO (mild hyperbaric oxygen) therapy can improve the function of the autonomic ner-
vous system under the condition of exercise-induced fatigue and promote the recovery of HRV. However, there is
currently no review that summarizes the intervention effect of MHBO therapy on exercise-induced fatigue from
the perspective of HRV. To address this issue, this study will summarize the influence and mechanism of MHBO
on HRV in the state of exercise-induced fatigue, and clarify the research deficiencies in this field and propose re-

search prospects. The research shows: (1) both single MHBO intervention in a normoxic environment and continu-
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ous MHBO intervention for 4-8 weeks can promote the recovery of HRV under the condition of exercise-induced

fatigue; (2) 4-6 weeks of MHBO intervention in a high-altitude hypoxic environment can promote the recovery of

HRYV under the condition of exercise-induced fatigue; (3) promoting the clearance of metabolic products such as

lactic acid, regulating the secretion of neurotransmitters, and inhibiting oxidative stress responses are the potential

mechanisms by which MHBO therapy promotes the recovery of HRV; (4) the measurement methods of HRV need

to be optimized, there is a lack of records of adverse reaction events, insufficient research evidence in special envi-

ronments, and a lack of individual difference studies, etc., which are the problems that still need to be solved in this

field.
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Table 1 Studies on the effects of MHBO on HRYV under exercise-induced fatigue (in the order of reference citations in the text)

75 WS ST sl JEITIRA MHBOTT % THUSHRVA KR ZHI S B u4ie ZE R
AL
No. Subjects High-intensity Fatigue MHBO intervention Improvements in HRV-re-  Conclusions Refer-
exercise modality  status protocol lated parameters after ences
intervention
1 Fourteen male Incremental load ~ Acute Sixty min MHBO (1.3 RMSSD, SDSD increased; MHBO can signifi- [18]
physical educa-  graded test fatigue ATA) intervention the MHBO intervention cantly promote the
tion majors and natural recovery,  group was superior to the recovery of HRV
respectively natural recovery group
2 Eleven 30 s wingate Acute Sixty min MHBO (1.3 HR decreased significantly =~ MHBO can signifi- [19]
short-track spe-  maximal anaerobic fatigue ATA) intervention cantly promote the
cialized athletes  power test and natural recovery, recovery of HRV
respectively
3 Ten shooting Pre-competition Chronic Sixty min MHBO RMSSD, SDNN, HF, VLF ~ MHBO can signifi- [20]
athletes (3 males, specialized techni- fatigue (1.3-1.5 ATA) interven- increased significantly cantly promote the
7 females) cal training tion recovery of HRV
4 Fourteen shoot-  Pre-competition Chronic Twenty min, 30 min, 45 SDNN, SDSD, RMSSD, MHBO can signifi- [23]
ing athletes (10 specialized techni- fatigue min, 60 min MHBO TP, LF/HF increased, with  cantly promote the
males, 4 females) cal training (1-2 ATA) interven- no inter-group difference recovery of HRV,
tions, respectively with no positive
time-dose effect
5 Nine weightlift-  Pre-competition Chronic Twenty min and 30 min Parasympathetic nerve MHBO for more [24]
ing athletes (6 specialized fatigue MHBO (1.225-1.293 activity increased; resting  than 20 min can
females, 3 males) physical fitness and ATA) interventions, heart rate and tension level  significantly pro-
technical training respectively decreased on average mote the recovery
of HRV
6 Twelve male Incremental load ~ Acute Seventy-five min R-R, INRMSSD increased ~ MHBO can signifi- [25]
cyclists cycling training fatigue MHBO (1.3 ATA) in- cantly promote the
tervention and natural recovery of HRV
recovery, respectively
7 Nine female box- Specialized Chronic Thirty min normobaric SDNN, pNN50, RMSSD, MHBO can sig- [28]
ers physical fitness and fatigue oxygen inhalation and NNS50, TP, VLF, LF, HF, nificantly promote
technical training 60 min MHBO (1.3 LF/HF, sleep efficiency and HRYV recovery
ATA, once per day for  sleep ratio increased; sleep  and improve sleep
2 weeks), respectively  arousal times decreased quality
8 Fourteen skel- Specialized physi-  Chronic Sixty min MHBO LF/HF decreased, with MHBO can signifi- [31]
eton athletes (8 cal fitness training ~ fatigue (1.3 ATA, 4 times per ~ more pronounced changes  cantly promote the
females, 6 males) week for 4 weeks) and  in the MHBO group recovery of HRV
natural recovery plus
retraining, respectively
9 Twenty-four male Wingate standard ~ Acute Sixty min MHBO SDNN and RMSSD showed MHBO can signifi- [32]
physical educa-  sprint interval fatigue (1.3 ATA, 3 times per  an upward trend in the cantly promote the
tion undergradu-  training week for 4 weeks) MHBO group recovery of HRV
ates and natural recovery,
respectively
10 Sixteen parallel ~ Specialized physi- Chronic Sixty min MHBO TP, HFnu., LFnu., LF/HF and MHBO can [33]
giant-slalom ath- cal fitness training  fatigue (1.3 ATA, 3 times per ~ HR all decreased; changes =~ promote HRV
letes (8 females, week for 8 weeks) and  were more pronounced in recovery, which
8 males) natural recovery plus  the MHBO group could not return to
retraining, respectively pre-training levels
11 Fifteen parallel Specialized alpine  Chronic Sixty min MHBO TP, HFn.u. increased; LFn. MHBO can [33]
giant-slalom ath-  skiing training fatigue (1.3 ATA, 4 times per  u., LF/HF decreased; chang- promote HRV

letes (8 females,
7 males)

week for 4 weeks) and
natural recovery plus

sub-plateau winter

training, respectively

es were more pronounced in
the MHBO group

recovery, which
could not return to
pre-training levels
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No. Subjects High-intensity Fatigue MHBO intervention Improvements in HRV-re-  Conclusions Refer-
exercise modality  status protocol lated parameters after ences
intervention
12 Twelve skeleton  Track sliding train- Chronic Sixty min MHBO Nervous system function MHBO can signifi- [35]

athletes (6 males, ing fatigue (1.3 ATA, 4 times per  score increased and HR de- cantly promote the
6 females) week for 4 weeks) and  creased; changes were more recovery of HRV
natural recovery plus  pronounced in the MHBO
sub-plateau winter group
training, respectively
13 Fifteen parallel ~ Specialized alpine  Chronic Sixty min MHBO TP, HFn.u. increased; LFn. MHBO can [37]

giant-slalom ath-  skiing training fatigue
letes (8 females,

7 males)

high-altitude winter group

(1.3 ATA, 3 times per
week for 6 weeks) and  changes were more pro-
natural recovery plus

u., LF/HF, HR decreased; promote HRV
recovery, which
nounced in the MHBO could not return to

pre-training levels

training, respectively

NNSO0: AHAR I 5 524 O 8 18] 22 (5K F-50 msiAN 4L pNNSO: NNSO (s E & SR O S0 5 4 .

NN50: number of interval differences of successive NN (normal-to-normal) intervals greater than 50 ms; pNN50: proportion of NN50 divided by the

total number of NN intervals.
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BINGRTF B, (B H AT A& A 0 R MHBOTEIX
seTi § o R IT . BRI, A6 R B I E HEER
N TARE IR 5T N MHBOX! HRV 1)+ FURCR -+ 43 %
U

3 MHBOTMMEKXZEEEEEHRVE
BIENLF
3.1 RIFABRFR S =805

HRV = e it F EAHEE KRG IhEE, 1 H EL
ARG KIRE . D% 2% GBI T )Z H X fh 4
REMIEE . KIREEE)E LIRS U P2

XA 2 R 40 ok B B AR, T 400 1) A R 22 T RE
EE AR R AME TR R E, (A AR
FLIRMERR 2256 S 22 70 = A I VR FH , I o 9 25
FRE. mFeRe. S9PEbSERral, M&amy 23|
AR« IS 22 1 FLIR 23 52 0 1E 2R AR 1K 1)
e, FECE Z MR AREER B 224, HERME
JUrE AR AN AR B, MHBOYT 25 AT 32 T 3 ik afi
A eSS RME gt Re ), nbhm i i s) e IR
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{ 1
Single intervention Piﬁ?:rfez?;ﬁg li
: Normoxic ! [ ! ]
i environment i Nqnnoxic High-altitude hypoxic
! 20-75 min } environment environment
o C J‘ 4-8 weeks 4-6 weeks

3-7 sessions per 4 sessions per week

| | |
| |
1 | 1
|
60 min per session | | || 60 min per session i
\ [
|
\ [
|
\ [
|
\ [
|
|

week |, |
,,,,,,, ========1 r
____________________________ .
| |
I
L i s s s acpou en e s s en e sp e sz e e e e p s e e e e e e ge e e R o Jer v ae e S oe e o g s o ] I
! 1]
Time-domain Frequency-domain HR 1
I I A .
i RMSSD 1 i i TP 1! Sleep quality 1
| | | | | |
i SDSD T i i HF 1 i i Sleep efficiency 1 i
| | | |
i SDNN t i } LF 1 : } Proportion of deep-sleep stage I )
. | | | | |
} LF/HF l i i Number of sleep interruptions 1 i
|

| |
|| Hypothalamic-pituitary-adrenoco | |
} rtical axis }
! Locus }
| coeruleus-sympathetic-adrenom }
| |
| |
| |
| |
| |
| |

edullary axis

Neurotransmitter sensitivity I

MHBO: ## [E 4 ; HRV: 034257 1E; HR: 0% RMSSD: R-RIFZAE 77 4R, SDSD: HI4BR-R A1 2 B (¥ bt v 22, SDNN: 45 5 PENNi] 3]
PRifEZE; TP: T3, HF: @ATh3; LF: )3, LF/HF: ATh 3/ m 50 Th % Nrf2/HO-1/Keapl: 1% FE2H 5C R 1-2/ 1L 47 3 A A B 1/Kelch £f
ECHARSGHE (11; Bel-2: BANMIM R -2; HIF-lo: SRS S8 7> 10; BLA: MLFLER; BA: M5 5-HT: FiEe (i NE: £ EIREE; B B RIRE;
ACh: ZHARGE; DA: 2 ELiE; ROS: Witk %2; MDA: 5 —%; SOD: # A W ELEE; CAT: i E AN & b B SkARRIEAR/K- P, 10 &
SRACRARIRACT R

MHBO: mild hyperbaric oxygen; HRV: heart rate variability; HR: heart rate; RMSSD: root mean square of successive difference; SDSD: standard de-
viation of successive difference; SDNN: standard deviation of all normal-to-normal intervals; TP: total power; HF: high frequency; LF: low frequency;
LEF/HF: low frequency/high frequency; Nrf2/HO-1/Keapl: nuclear factor erythroid 2-related factor 2/heme oxygenase-1/Kelch-like ECH-associated
protein 1; Bel-2: B-cell lymphoma-2; HIF-1a: hypoxia-inducible factor-1a; BLA: blood lactic acid; BA: blood ammonia; 5-HT: 5-hydroxytryptamine;
NE: norepinephrine; E: epinephrine; ACh: acetylcholine; DA: dopamine; ROS: reactive oxygen species; MDA: malondialdehyde; SOD: superoxide dis-
mutase; CAT: catalase. The upward arrow indicates an increase in the index value, and the downward arrow indicates a decrease in the index value.

Ell MHBOXERIM R KA TFHRV RIS KA A HLE
Fig.1 Effects and mechanisms of MHBO on HRYV under exercise-induced fatigue
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RN 55 7 AR B R R .

MHBO-F Tl e 7 %022 fift i 3y % oA 55 1 1)
P22 T R ELRES . R R R, MHBOT il A]
I GE R = AU DR ES  (RiFiga i o
PERERR . 22 E kg B AE s DA R A SE2 i B iR
. ZHE FRRSHAE IR, 2 0EREM
236 5 IR A R TS R ) 7R BB LA 1) 4
U ALK E R ATP. QIHT frid , MHBO-T- Tl fg #2
A gt R T R kLR T RE, B — P T
BRI AT SEAAR, 2 T S5 i 22 2 1) & R it
BeE (K1), tb4h, MHBOT- Tk BE M S FAR .
ZHE ER RS R fEAE LS L,
MHBO W] et 1 2 T Fr o —3 R =5 i B Al A
WE I —AZ S i o e ) Tl e 4k Lo M i iR
FIRE(E ). hAh, MHBOXMES T, 455 5 fit 1] B
P22 0508 AH O 28 366 o P UM T it 2 4% Bk
PR 3 o R T8 110 S S KT (1 1) o
3.3 RIS MRIAUR N

K 32 B J5 i 48 o6 4 R A FE S R 3 . R
IM—FFRETE S8R WO S I i e e ie 32 14 386 o, 2
ZHZAROS KE A Préa b i & #6u8, TR —
RS TRV N ER AN GRS T PN ;- %
P s BiRR. BHE RRRS) LR
BT, B mREE R L. TR, £ HE
R R a2 44 B U C/A% R kBig A (e IR
P Jig F M e — A% R 9 PR 261X ¥ 2(nicotinamide ad-
enine dinucleotide phosphate oxidase 2, NOX2)% ik,
MG R AR T4, LR ik BTt i 22
AR AP 2 I B DG, AR AN SR A B FERE RS I,
TR IR, #EmAE 2R HBHE. AT A
P S U PR 5, I 2 1 B B s o 4 41
JEBT . HE 5T M DNAR SRR, B8 48 4 i i
IRANTE, Bl KRR DI RERRRG . A0 KM S5
LRI, FHMEMPIREZmEEMT. A
WFIC R I, R BE IS B Ja MR S8 SR FE 38, A
AR A R, HbE O e EME R4

De s . Bt n] WL, SRS FE IR 7= AR R 4R
R N 4 R hEE, i 3 EMEEH
LI RERERS .

Z TR Y, R A I8 3 5 R EXMHBOT- Tl g
FA 7% T % (malondialdehyde, MDA) & &, JF5& 5
A ALY AL (superoxide dismutase, SOD). 14 /b
£ (catalase, CAT)yf PE M%), 7RIX/Md 2+, MHBO
F- B R R v A e PO e S D] MR R Rk K
Fem U EACEEE T, DRSS A RIS R B % R
E2#H <Al F 2(nuclear factor erythroid 2-related fac-
tor 2, Nrf2)/IM 21 2 A& I 1(heme oxygenase-1, HO-
1)/Kelch# ECHA#H %45 1 1(Kelch-1ike ECH-associat-
ed protein 1, Keap )it % 58 % il 1d 4% 5 & NODFE 2
1R K pyrin&h #4358 25 11 3(NOD-like receptor family
pyrin domain-containing protein 3, NLRP3)F1=}: b 5
PR R A= R 3 (cysteine-aspartic acid protease-3,
Caspase-3){5 570 7 W T AR UL Ak B i
T4 05 R0 N K 20 B Th e B RS, A2 AN AR A P A L
W) S B SR IE % BT, MHBOT- T 58 i $2 1 41
o3, WOE N2, SEAL I NeR23E Nz S Hia e )
M JefF (antioxidant response element, ARE)%E &, 2
JENr2-ARE(S Si@ B . @il hilmek, G e ikhis
{EBERE . [FIRS, Nef22 5 20 B Ll 24
TIURMC AN, H P LG HO-1, X Sef ] LLi b B
Hi2E G . HO- N2 R (1 5CHE A 1, MHBO
TTRENS T ROS/p38 22 R K IH AL 1 (p38 mi-
togen activated protein kinase, p38 MAPK)/Nrf2if %75
FHO-131k, HO- Lt i fE Ak I 21 2 S8 A A, 72—
FAE, TRY P A R 50 32 E AL SO A

F4b, B EL IR -2(B-cell lymphoma-2, Bcl-2)
YERA—FZ 5HMHI g RE TR E S, G htE H
FHE I A B B R dH i 145 . HBOYT
REfE#EBel-2 48 F IS, S|4 T, thab, o
JE A BT R IE 2R S S R - Tathypoxia-
inducible factor-1a, HIF-1a), HIF-1a88 % 2 € /775 I
HNAMIAZ 5 HIF-1BJE il U — 284K, W0 T ik
PRI, 13/ 0 A0 M AE A S I PR IKROS /KPR, PEREE
H HH 2 )75 B A gl S bt e D IR T, 2 4H
W RLAR DI REAS 2K, 4 T 30 o st 1 o 227
7% K -F-(brain-derived neurotrophic factor, BDNF)F /i,
1455 BDNF/TrkB/CREB 53t % 3% 11k, i 1k 5 fil A1
BRI %, S22 (1) ] BEVE, (R A T RE K
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£5 I, MHBOJT VA 7T REIE 1L I B AR 075 B
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Bl 51 PR IR, (4 7 e & mT g 1 i s b 2, il
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