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(FZE] HM XTI A b ASGue g ik 1 75135 1 (remote ischemic preconditioning , RIPC)
YNGR 20 PR A SR A B AR B PR A = R S IRAE o i B ZE 42 R 225 — I ) = B JRR e et
F2024 45 H A PG ]S40 S5 A = A TR 08 - TR AR T 1 I R 86 44, R R BEHLEL F e o 32
KA AR RN (n=29) , fH RN R (n=29) FIXF AL (n=28) . A8 RNl LR A= [ FH T RN
W4 s (systolic blood pressure, SBP) 140 mmHg | 18 Hs Y1125k 2H hAE F A5 (BELIT 4 [ 7 200 mmHg) 53
AT 14 d AR E R RIPC N ZR (2 ¥R/, 5 AMEFA/K : 610 10 min J& , FREE 5 min) , X RRALAN AT 25
DN ZRZE R/ IG5 3 Kk A 4 500 m BRI , 7 b )5 PEAL 523835 &4 5 5 S W (acute mountain sickness,
AMS) {9 & R AN AR I D SR AR A IR AE S B R . 5 AR IR YIZRA] AMS &% R 23. 1%
(RR=0.4,95%CI: 0. 2~0. 8, x’=9. 433, P=0. 002) . {5 £ Yl Zx 20 AMS % I # 4 16. 0% (RR=0. 2, 95%ClI :
0. 1~0. 6, x’=12. 833, P<0. 001) , %Ik T X IR 20 AMS & %5 K 65. 4%, 7 IEIN 440 [(1.5(0.8,3.0) vs
(3.1£1.9),P=0. 018 | FIfEH RN ZRA1[ 1. 0(1.0,2.0) vs (3. 1£1.9),P=0. 001 | AMS FER P43 4% T XF #R
2. A EINZZH[000,1.0) vs 1.0(1.0,1.0),P=0. 001 JFHE EINZZH[ 1. 0(0,1.0) vs 1.0(1.0,1.0) ,P=
0. 003 ] 3L 2 VP20 B T BRAH 5 28 R 12540 [ 000, 0. 3) vs 1. 0(0,1. 0), P=0. 006 | FIE FEYI [0 vs 1.0
(0,1.0),P<0. 001 [ 55/ M 550743 YR T X B . A8 FRIINZRAL (P=0. 010) FME I 2141 (P=0. 042) il 4
TR AT R B (A cerebral tissue oxygenation index, ACTOD) ¥J/NF X HRZH . 3 2 3234 %) SpO, .HR .
SBP I DBP 22 55 I Gt 1277 X, AR R U ZR el AV e eI 2R 4 1Y AMS 290558 AMS 143 Sk &= 15 % 57/
914> M ACTOI 2 3 G242 X o &5 A8 (SBP+40 mmHg) F{E [ ([ 5 200 mmHg) BT
B L RIPC N R34 AT Sy 2t v S RS 02 v it >0 IRAE T, IR AMIS &0 2% I e AMIS ™ i 7%
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[ Abstract] Objective To compare the effects of upper limb remote ischemic preconditioning (RIPC)
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with different pressure modes on enhancing high-altitude acclimatization in healthy adult males rapidly
exposed to high-altitude environments. Methods In May 2024, 86 male adult residents living plain areas
planning a high-altitude travel were recruited through advertisements in Chongging by Department of
Anesthesiology at the Second Affiliated Hospital of Army Medical University. The participants were randomly
divided into a variable pressure training group (n=29), a constant pressure training group (n=29), and a control
group (n=28). The variable pressure training group underwent RIPC training in a variable pressure mode
[occlusion pressure was set at systolic blood pressure (SBP) + 40 mmHg], while the constant pressure training
group received RIPC training in a constant pressure mode (fixed occlusion pressure of 200 mmHg). Both
groups completed a bilateral upper limb RIPC training (twice daily, 5 cycles per time of 10-min occlusion
followed by 5-min reperfusion) for 14 d. The control group received no such training. On the 3rd day post-
training, all participants entered a simulated 4 500 m altitude chamber for 7 h. The incidence and severity of
acute mountain sickness (AMS) were observed and evaluated, and the vital signs and cerebral tissue
oxygenation index (CTOI) were recorded. Results The incidence of AMS was 23. 1% in the variable
pressure training group (RR=0. 4, 95%CI: 0. 2~0. 8, Chi-square=9. 433, P=0. 002) and 16. 0% in the constant
pressure training group (RR=0. 2, 95%CI: 0. 1~0. 6, Chi-square=12. 833, P<0. 001), and both incidences were
significantly lower than that in the control group (65.4%). The AMS symptom score in the variable pressure
training group [1. 5 (0. 8, 3. 0) vs (3. 1£1.9), P=0. 018] and the score in the constant pressure training group
[1.0(1.0,2.0) s (3. 1£1.9), P=0. 001] were significantly lower than that in the control group. The dizziness
score was obviously lower in the variable pressure training group [0 (0, 1. 0) »s 1. 0 (1. 0, 1. 0), P=0. 001] and
the constant pressure training group [1. 0 (0,1. 0) vs 1. 0 (1. 0,1. 0), P=0. 003] than the control group, so was
the fatigue/weakness score in the variable pressure training group [0 (0, 0. 3) vs 1. 0 (0,1. 0), P=0. 006], the
constant pressure training group [0 ws 1. 0(0, 1. 0), P<0.001], and the control group. The change of CTOI
(ACTOT) in the variable pressure training group (P=0.010) and the constant pressure training group (P=
0. 042) was significantly lower than that in the control group. There were no statistical differences in the
3 groups in terms of Sp0,, HR, SBP or DBP (P>0. 05). What’s more, no significant differences were observed
in the incidence of AMS, AMS score, dizziness score, fatigue/weakness score, or ACTOI between the variable
pressure training group and the constant pressure training group (P>0.05). Conclusion Both upper limb
RIPC protocols, variable-pressure (SBP+40 mmHg) and fixed-pressure (200 mmHg), can effectively enhance
high-altitude acclimatization by reducing AMS incidence, symptom severity, and cerebral oxygen desaturation.
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AR KA A )™ B 1 e i e S A 7 A LR A
PE B 732 B BF9E W, RIPC I 45 AT ek 4
AMS A H1 TIN5 7 58 AN TR) Can-F R 1125 o 3
) AR AR R SE P a5 i A —300 Y
B ARSI T2 2R FEAN [F] RS RIPC Y12 B9 4ie 1w 5t~ Rk
ROR 53R R < S YIN 25 i 39 mT g 277 Ak B i |
GRACRY S T AR RIPC S 1 7 r i 328 568 JHE A it
JE 7, LABH W i DT 5 | & e i ik 4008 . PRIt B
YRR B A1, I 2 i BEL T 1t 1 1 o s B AT
IR AL AT BE s e RIPC A Y1 280, A H i i G B
PRI % o RIPC YN A 2o it vl 5 BUB AR 1 Jay i 9%
iR AN , R TE T ) R S AE RS B 22 B AE H
AT AU 255 28 1 RIPC 22 2R FH A R AR =X (BEL BB
o [ 5 200 mmHg) FEAF YIS, — 5 i, 6145 IE#
1M 19 32 Y1 2 200 mmHg #Y BEWT I ) 7T B i 5 , 7614
10 2 U0 2 n] BRI RIPC 8 {36 17 4 % 15
I F 8, 200 mmHg A9 BT & 77 AT 6 H 20 FE W AS 4=
ARG D0, SE R8Ok o DRt , PR BRI e A 1Y
ISR J7 2042 /85 RIPC I 24 ) &7 3 B2 I ZRRiCR |, B
AEEE S, AUPSERGE  EBARE ) T 34T B
RIPC Il 25 T [ A% 32 1 3 09 2R VE 22, DUl 46 T
(systolic blood pressure, SBP) ill 40 mmHg 9 J& /7 47
RIPC I 5T #2486 ME AR AP PR 7 . SR T, 56 TR [R)
BELBBT Hs 119 RIPC I 25505 135 Jit > IR SR B BIF 2 1 Bk =2 4k
6, e, A5 DL B W A SBP il 40 mmHg #9748
AR L BELIBIT i 47 17 22 200 mmHg ()48 A5 2 X1
Jie RIPC I 5k 5 8 ok AT e Jt >0 IR I 2 , O3 2ok WL ¢
WA R AT (9 RIPC I 2500 {t Jie AT 55 1 2k 2
i TR S AR S R, B TEAR ST RS [R] Y
RIPC Il 577 2% v Jit > IR B8 1 A4 THSCR

1 #MEHE

1.1 Rt %

ARG A BE AL FRBIF 5T | 28 il 22 22 18 K450
% B g 5 2 A B2 B 2t v (2024-F4F 016-03) , IIfi R
IR 5 & ChiCTR2500095628 . ifi 4 7 155 K~ 4
TR I B RR B AL T 2024 4F 5 F AR H PO T
FEA e AT IR 8 SR AR B e R A T, i
AZAEEEAERZ,

Y AFRIE : DAFE 18~25 % s @% A EHIIER <2 500 m;
@30 d N A HE AT >2 500 m X ; @32 2 15 6] A ]
MM 259 ¥ A B S 5AR B3N ANEAS S
FAAIESY o HEBRARE : DA & M 5600 2 Ny 5T
I ol 9 5 1 Sk s s @6 AN H N Mk
A LBFAR LI RIEZ RIPCIZE

1.2 BAZFHHE

FIFHEAF PASS 2021 THRFEA R, 13 & W 5 K
- a=0. 05 K6 36 R fiE (power=1-B) K 90%., VA2 ik #
Y AMS & 9 2R 0 WL B9 45 e 38 b, AR 4 BE 1 A
G WU T L B4 6 R R 75% , 45 I 2R AL R
R 30%, B4 B /DI EAR L 25 1], 5 8 R U LA R
ViR GO 10% 15, /AT BAR S 2R 84 0. fix
LA IR 5552105 86 44 .

1.3 F#

1.3.1 el FIHBENLE 7 R 6 590 R
3H AR RN (n=29) JE BN ZRH (n=29) FIX} HEZH
(n=28).

1.3.2 R AE I RERAE Z i LA
P o R 58 UG 728 I Zh gl A e R I 2Rl k4T 14 d
() RIPC Y1 Zk , X BREH A HEAT RIPC 5. RIPC Il ZR4k
WA 3K, 2 A S RSB, DL 3~4 m/s
F14) 3o B R AL UL RE B 5 B 1 400 m | T2 4 500 m, 5 B3
7 h 5 PEAR AMS f14 2 2R 7 AR R [R] BRI A
A T AR AR RN

1.3.3 RIPCIIZ: )53 RIPC YN A< B8 &
TERUN b RS0 97 2 em &b, YIRS L4543 BEL BT
5710 min WK HET 5 min A 1VMEIR , B IR 5 DMER,
BR2W(E T 1K), ESINZ 14 d(E 1), 2
JE N S 21 A v I 25 2 I 1, HEBELT R a5 B
SBP+40 mmHg, 5 & 11 25 25 A4 BELIKT i 7 158 B R 4 58 1)
200 mmHg,

1 RIPCillZ&E

1.4 MAERIEAT

L4 1 GRRPFIr AHFTELL AMS Ao 508 T 2045
Jar 48 b , IR FH 4% 2 i8] AMS 343 (Lake Louise acute
mountain sickness score, LLS)2018 4F Jiz ' % AMS Ji bk
HEATVPAR  PPAL T H AL S AL E IR R & 0%
O X ) Sk S I 95/ 6 58, AR b A 3 0 )
WH0~375r . AMSIZWibRIE: S PFor =143 H AMS



http://aammt. tmmu. edu. cn Fii 4222 1B R 22 4%, 2025,47(9) 1013

PRIY =301 5 B0 3~5 03 MR AMS, 6~9 73 O
AMS, 10~12 43 Ry & £ AMS.,
1.4.2 A4y iRE * mindray PM9000 ExPress
AP A CR N T i A=y B 7 v, 1 IRy A BR A ) ) R4
> % (heart rate, HR) | SBP. £ 7 J& (diastolic blood
pressure, DBP) 1 Jk # % {f4 1 £ (peripheral oxygen
saturation, SpO, ) F( ¥
143 JRAMAEREN  RH ENGINMED-ECO-
N17-C25L A1 4Ll A2 P AN S IS R 22 52 Ay ey 7
HL A BR A ) ) M 00 fii 20 21 4805 45 % (cerebral tissue
oxygenation index, CTOI) o H K544 3k ] 5 76 2 Hij 4
AR E G, B30 sics% TR, sk 3, TR
AR EZ 1 CTOL,
144 AOwpiphlctE BUEZIEFR S5,
PR & R 46 4 (body mass index, BMI) 55 A [ 2%
Bk
1.5 %itE o

K HI SPSS 26. 0 1 AF #4748 11 7341 , 2K H Shapiro-
Wilktest £ 35 B B &M, IR M AEZS 204 19T 5T R
PLxes RoR , R BR R Jr 22 03 i AT 2N LU, 0%
JHLSD B AT PG L5, A i DA TE 2854313 19 15 5 )
M M(P25 S P75)%§i< , I % H Kruskal-Wallis ¥ 56 3547 P
P EGAEE s 2H N HE 3R FC R REAS ¢ 46 560 B Wilcoxon &
A 50 FEAT 34 5 THECTERER I (%) 7, AMS &
o 2% 30 3ok 2 P R N B D2 B BE  JFR
X K VEAT LA 5 SR FH Spearman 5 AH ¢ 28 KOG N 420401
5 AMSSEARPE 3 A SCAEBEAT 204 . P<0. 05
R BRI EE

2 #R

2.1 iR FHFAH

ARG I I 522 R 86 44, e 2L 77 A58 Il
R AL P9 A PP AR T B, Ferp 4 AR 52
Y5, 5 NRZIvEAl , e 2% I 26 A A8 R Il 254
26 N HEHEIZRE 25 NE IR #EAT T b 34032 iR

HRETR 2R IGI2FE L (R,
2.2 AMS A A& pMEER

BRI 4 500 m 5 7 hJ5 , RFERAL A 17 A
(65.4%) Kk AMS, Hir 15 A (57. 7%) Jy 5% 5 AMS,
2 N(7.7%) R AMS; A R ZR40H 6 A (23, 1%)
BHEAMS, ¥R R EHIEISGA A 4 N KL AMS
(16.0%) , ¥ 52 B 5 3 LA AMS K RAFFE G T
2 5 (x’=16. 129, P<0.001) . 7% JE I 2k 41 (RR=0. 4,
95%CI: 0. 2~0. 8, x’=9. 433) Fl 16 JE Il 2k 4 (RR=0. 2,
95%CI ;0. 1~0. 6, }’=12. 833) AMS % 5 R S T X} 1
2 (P=0. 002, P<0. 001 ) , 28 H= 31 25 2H A AE He 311 2R 2 1]
22 F LG it 2 7% X (RR=1. 4, 95%CI: 0. 5~4. 5, x'=
0.080,P=0.777).
2.3 AMS = EREIFELER

BEILEIR 4 500 m Z2 58 7 h 5, 28 R I 24 e TR
YIZR Z A 1 AMS SR PE 43 S5 F X BR AL AMS S
RIFE4> (P=0. 018, P=0. 001) , 1Mij A8 H I Zr 41 FriE 1|
G ZH I AMS W 2 5 BG4 X [T,
LLS P43 i S HACTEREAR JE 57/ 55 k2 4 Ptk
(P53 45 5 B AR FE I Gl A FR I 2R 20 52 38 1Y)
Sk BEVF A R TN B4 32303 19 3 #3743 (P=0. 001,
P=0.003) ,{H 2> RIPC Y1 2k 2H ] 22 5 T Ge 27 2 X
A YN R 2H RN I 2R 20 523038 9% 57/ 55 T Y AIR
T IR AZ i 9% 55 /1 551743 (P=0. 006, P<0. 001) ,
B2 4~ RIPC YNGR (] 25 57 R Ge i H 24 7 X5 3 4 i) Sk i
WA FE A SR T 2 22 R e g i 24 (R 2) . &
FEINZRH AHE DI ZR2 AMS PE43 < 15009 o 451 4350
50. 0% (P=0. 020) F1 64. 0% (P=0. 001 ) ¥ &5 F %} & 41
(19.2%) fH2 A1) 22 7 TG it E L (£ 3),
2.4 APHRIETAE R

PRV 4 500 m 2255 7 h e, %F BB 2H A8 R I 5
20 FIVE R I 2R 4 3238 10 HR 245 Ttk 28 14 v
(P<0.001) , SpO, 4 45 - J5 it 5 F# A% (P<0. 001) ;4%
21 21X # 1) SBP A1 DBP 4 IR Il 25 /i 6 3% A8 1k .
34HE]SBP.DBP HR F1SpO, 2= 4 et m X (FK 4) .

F1 ZHENELZTB v, M(Py, Py) |

ity X HEZH (n=26) A FEYNER (n=26) THFEYNZRE (n=25) P
AR 20(20,21) 20.5+1.4 20.2+1.4 0.713
B /em 176.2+5. 8 174.0+5.9 175. 0+6. 1 0.427
1At kg 72.4+9. 4 67.2+6. 1 69.3+8. 4 0.070
BMI/(kg/m®) 23.3%2.5 22.2+2.0 22.6%2.5 0.247
SBP/mmHg 117.8+9.7 114.0+9. 4 113.8+7.3 0.199
DBP/mmHg 62.0+9.2 57.6+7.8 58.5+6.9 0.119
HR/bpm 70. 0=10. 0 68.5%9.0 67.7+6.7 0. 636
Sp0,/% 99(98,99) 99(98,99) 98(97,99) 0.121




1014

B 2242 R K2 41, 2025,47(9)

http ://aammt. tmmu. edu. cn

F2 HEREK 4500 m REThEZIKE AMS FER TS x5, M(Pyg, Py5) |

SEPAT I H Xt A2 (n=26) AEFEINZR4L (n=26) H R (n=25) P, P, P,
AMSFESRITS 3.1%1.9 1.5(0.8,3.0) 1.0(1.0,2.0) 0.018 0. 001 1. 000
L PR 1.0(0,1.3) 1.0(0,1.0) 1.0(0,1.0) - - -
TH AL RERIT 23 0(0,1.0) 0(0,0.3) 0 - - -
KBTS 1.0(1.0,1.0) 0(0,1.0) 1.0(0,1.0) 0. 001 0.003 1..000
I 5711 55 V53 1.0(0,1.0) 0(0,0.3) 0 0. 006 <0. 001 0.813
P AT B os TR SR, P, 3T B vs 18 R DSR4, Py TR S 2B vs 18 R DI 2R 40
F3 HEMEK4500mBEThEZiXEAMSERES 4 (%) ]
25 04y 14y 24 34 44y 5% =64
X R4 (n=26) 2(7.7) 3(11.5) 4(15.4) 8(30.8) 5(19.2) 2(7.7) 2(7.7)
RN (n=26) 6(23.1) 7(26.9) 5(19.2) 5(19.2) 2(7.7) 1(3.8) 0
TH RN (n=25) 5(20.0) 11(44.0) 5(20.0) 3(12.0) 0 1(4.0) 0
x4 EWEHR4500mBEEThEZIXEEREETHER 245, M(Py, Py ]
- X AL (n=26) A5 FEVIZRE (n=26) fEIEYIZREL (n=25)
- J5E [ P - [ P i 5 B P
SBP/mmHg ~ 117.8%9.7 117.6x11.3 0. 909 114.0£9.4  113.549.4 0.817 113.8+7.3  118.2#9.6  0.078
DBP/mmHg 62.0+9. 2 64.0+8.9 0. 380 57.6+7.8  60.2+8.5 0.194  58.5:6.9  61.1x9.3  0.240
HR/bpm 70. 0£10. 0 80.7+9.7 <0. 001 68.5+9.0  82.1x12.6 <0.001  67.7+6.7  80.1%8.9 <0.001
Sp0,/% 99(98,99) 76.1£5.0 <0. 001 99(98,99) 75.4%6.2  <0.001  98(97,99) 73.6+7.3  <0.001

2.5 JEILRAAE

B 4 500 m 28 7 h )5, 3 41321303 CTO1
AR FHELR B AL (P<0. 001) 5 78 JR I 25 21 Fie R I 25
41 CTOI ) i T X IR A, (H 22 7 BG5S 2B R
YIZRZE AN E H I 25 2 i AU 0B R EE T R R (A cerebral
tissue oxygenation index, ACTOI) ¥4 ik F X B8 41 (P=
0.010,P=0.042) ,{H 2 41 [0] ACTOI [ 22 5 I G 2% 7
(K S5) o XA ZiE 1Y CTOUE AT AMS JiE R IE 43
PEAT AR SRS MY, 45 5 7w s A G (r=—0. 254, P=
0.026).

x5 TXEELFEIGEE 4500 mEE7h/ECTOISE (s)

BE YNGR AMS 95 5 T3 1) 0 35 I T3 R4
JUHIR k2 % 57/ 55 55 SRR R 1Y) 9% i oE R B o
X — 45 B 5 REAEBF AU ARRL Y, 3B RIPC T AR 1o
Z o L] 3 R AL A G AR R R Y T A7 hg
RIPC (1) A= B 37 8500 T RE 5 A S 1L P8 3 fish & 18 P9
R e OE AR 1SS 2 G T 2R A A VR 7 @ S TR N
THRETE S LA % S8 i B R ] 420 s e L ol 7T g
[/ FH 0 048 R 28 R 40, 08 U P 1 2D
ARG, DT 2B AMS K OGHER 27 B, AT
FEas R, HEA 4 500 m B R IR BT S i 41 214
B E REA 107 2 R AR 8L L B RTPC I 2535 )
D, 2% 3K P DR R AR R 51 LAY CTOL R B, ik 5 22t

X I 21 AR fE Rk SN L e N
sah7 <T 26) l( 1; r ( U;; ! SEPSILE RN 4 000 m WFIR 252 2 h 5 AR I 45 SR — B
n= n= n= 5
M| 4 S 1 A 4 3E apl27] 1=
L CTOU%  63.7+4.1  62.1+4.2  62.6%3.3  0.304 RIP(? U””%ETE& e i L 1 2 ’TO\I Tk e
BRCTOI% — 52.4+3.9"  53.7+4.5"  53.6x2.4"  0.393 {9l > i 33 RIPC AT A e 5t oA 6 M 3, 208 45 M 21 2
ACTOU% 11.344.2  8.4+4.6°  9.0+3.1° 0.025 SE LR A D IR SRR TR A R RGN EL R

a: P<0.05, 53T B2A 4 ;b P<0.001, 5 A& £ CTOI ¥oéx

3.1 RIPC % AMS &9 & -E-4F A B % f2 L)
AL R, it 14 d 1 RIPC I ZE )5, 3 fi

7] A A i 420 R B T 5 LD 1 T e S A

RIPC Y115 0] LAIE 28 858 il 2H 204805 T I, el LT

MO R IR TR SRR T, DR Sk R 55 Rk, 1 T R AR

AMS 19 A KU

3.2 WAREE AKX LB RIPC )| 45 69 20 2 1t
A AR (B T4 SBP+40 mmHg) 5 18 A5 =
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([E 22 200 mmHg) 7ERH W & 18 L AFfE 2SS (H2 4
TE AMS K9 %R GEARVES (R4 A0 & ACTOL Jy T ¥
T EZES . XA RN PR U A B T A R
Bt R . AR AN R b B RIPC Y1253 L
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