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[ Abstract]  The oxygen partial pressure in high-altitude areas is low. Long-term exposure to high-altitude
areas leads to a state of low-pressure hypoxia. The combination of low pressure and oxygen levels triggers a variety of
mechanisms that disrupt normal bodily functions. One key response to hypoxia is hypoxic pulmonary vasoconstriction,,
which, when aggravated, can induce the development of high altitude heart disease (HAHD). HAHD is a clinical

type of chronic mountain sickness mainly characterized by vasoconstriction and hyperproliferative remodeling of the

[EETB | ERHRFHFI4 (U20A20395, 82460333) ; TU7H 16 X 3 hh 5 A A 3 42 (XZ202401]D0031 ) s JRZE B Dpifl: - AA %
JE ST AR B e (202001)

(BRI ] E LA (1995—) , Zo  7E A -H 0 ge A8 BFSEJ7 In] - BRAE 55 B0 AHDCATLIRARF 9 . E-mail : 1006745854@ qq. com

ESIEEVERW (1964—) , &, #00% , 42 00 BF 5807 1) . IR SR A EHLPEATSY . E-mail ; longlikang@ xzmu. edu. cn



130 FRE B R 2k i 2025 4F 6 A5 35 %45 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

pulmonary artery. As the pressure in the pulmonary artery continues to rise, it increases the posterior load on the right

heart, causing right ventricular hypertrophy. Over time, this can lead to right heart failure or even complete heart

failure. Despite extensive on HAHD in recent years, its prevalence remains high. While researchers are committed to

finding an ideal treatment, this remains a huge challenge, particularly as awareness of the HAHD subtype is still

limited. Here, we review the recent research on the pathogenesis and treatment of HAHD, with the aim of providing

new clues for its prevention and treatment.

[ Keywords]

high altitude heart disease; high altitude pulmonary hypertension; hypobaric and hypoxia;

vascular remodeling; pathogenesis; therapy

Conflicts of Interest: The authors declare no conflict of interest.

12 P 5 LR ( chronic high altitude disease,
CHAD) J2 (=i R DX T I 119 23 3k T A= )il 2 —
CHAD J2 45+ 09 42 1 76 S MR b X (=2500 m)
8 i B o0 e D P A5 98 2K > iR Pl 08 2 AR i PR 25t
A4 CHAD B3 R R AR AE (high altitude
deterioration, HADT) | /5 Jii £1 4Jf] ffd 3% 22 JiE ( high
altitude polycythemia, HAPC) | /& J5L.0 JJE 9% ( high
altitude heart disease, HAHD ) #1112 4 & I %5
( chronic mountain sickness, CMS) %5 4 F Il IR 73
YL o HAHD S i sl ik 7 T e A A0
= AN, e A B L AR I — 20 I
EP . 7 E SN, HAHD PRy I il 20 ik s
& ( high altitude
HAPH) ' 2022 4F BRI 0 JIE 7 2 2% (european
society of cardiology, ESC ) F1 KK ¥ I 0 2% 25
(european respiratory society, ERS) 8 Fd % HAHD
U= A ifi 31 ik & & ( pulmonary hypertension , PH) 2
SR AN PH g — S 2E5] . HAHD ¢
KOS eGR4 R0 i PR RE IR A
BIRCR e, T ek Z m RISl W &R
W2 IE R WS oL . HAHD & /E & R 1)
L RS Ay S A LI L P B A ) R R 4 LA
K Jiti 2y ok F- 5 WL 40 i ( pulmonary artery smooth
muscle cells, PASMCs) #4557, o T 4 X
TR AR B AL | AR T 2L B AR X AN ] it
P DX AR ) il ik FE 2Z (R B A AR AR s 2
A% X BRI TN D1 T A b DR RO il
RGO S R 45 )R i BB O L I H3E AR
X HAHD BYF9T 2R FETE IR IR BT 6, X H AL
W TR I, SR AR HAHD & i L
FARTT BoR g i %F HAHD 5 A i R IR T
HA#HRSEL,

pulmonary  hypertension,

1 SEOERRITRE

TEAH ALE P, B CHAD Fjig e AR 4K
AR AR e A 16 g s AS T BT D HL J O SR A7 7
F 5T R VR 0 LA R R Y
AR W3, BEE BRI, HAHD A&k 34
Tt HAHD 235 i 5 1 4k 2 58 R 9 it 3 ik
FEUA R AEAT DU RE . i, HAHD A9 42 BR3 3i
FBTRIE 10% ~ 15% Z 18], Hi PR i i 2 8 26 AU i
SO N, E R AR, A 6% ~ 12%
(AR R R AT 38 369110 5 FTAE 6 v 4 b X )
B NBE , HAHD B R 298 4% ; 76 S 4 X
TAERINFE, HAHD BG4 9% ", 1boh, 5
JE X B P PH R R T Aok L A R 2
KR, AA 4% 5 /RS e RE A 0%
JERAF B FEHER 4500~4700 m (17 B L
YA 24. 9% ) JE BB AT B E A O BIE R, HAE
IR e ik — 25 %% B S HAHD'™ | b [ i e J
& HAHD 95 % h 3.29%°) ) X S0 47 %
HAHD J2&—AMES R A FT 10 B 2 [n) 81, H ™ &
S R Y A TR S, 7 R U R R AR A (R

2 BEOHERESNERERT

HAHD J& & 4= T i 4R IX | 83 - 24 il 5l
ik ( mean pulmonary arterial pressure,mPAP ) >30
mmHg , i 21 K 8 4 & ( pulmonary artery systolic
pressure , PASP) >50 mmHg, i % 4 £ 0 % It
K0 g vy | v AT AEC I AE TG 3o B 1 200 if 1
ZAE—2 CMS™ LV 1M 41 2 11 (hemoglobin,
Hb) <19 g/dL, B 1 Hb <21 g/dL, F-HW 8
ToHI AR, B 2052 gl IR IR AR A5 B 2 5 B A i
KT T, B 4 SR, AR R L
AR R A 55 7 M W R X, I o 5 155 i . 38



P P AR 2 4Rk 2025 4FE 6 45 35 %5 6 ] Chin J Comp Med, June 2025, Vol. 35,No. 6 131

I ST S Sk E MO RIS W I SR
ARDT L N ERE TR AG A, JE R P T ol A A2
SR TOEE, RS AT AL EY
sk, AT BE A A 0 3 o A R 4 B i Dk S i A
FENS S HAHD FR 0 F P 45 SRl 0 o SE M0
Bt P PR RS  aVR B RO A A D
NGRS i fe £ S-T B iE M i B LA e V1 & V5 7
5 N Ry Dl e N ES T e e e
FEH TR,

3 BIEOBER X R

3.1 {RESIEMMEWZENMESLE

e AR N 2 T R 2 o B AR AL, I A
Wi s Sl bk s B0 P Bz D RE R AT i L B
TR RERT LA S 28 9 By At [A] 22 5 HAHD i B 2R
R FEMREIMEE T P 28 E R A M
R ET ARG T Ak A B, M X ot S A BN
PR A il LA WA 4 4 o AL VR DA AR B A R A X
[ {2 e O 0 U . 2R 5 TR SR B LA
i 1fiL. % B 77 ( pulmonary vascular resistance, PVR)
FlmPAP FHIE N, S i E I A E
SB AT AN L WPV B i 8RO | 1A 2R AT
FREEAFAE . IOh , ML B ES BT T I T - 1o
(hypoxia inducible factor-lar, HIF-1a ) 3k [,
PR M N K A4 K I F ((vascular endothelial
growth factor, VEGF ) #% & BB, 5 B 1 45
Mo R KM, MRMA THALERKET -8
( transforming growth factor-B, TGF-B ), PINK1/
Parkin 38 -5 RS F W5 DL S B 45 2% 5k DX AH
FHK (calcitonin gene related peptide, CGRP) 2>
A I E
3.2 RESIEFN NI ZINEERTT

e DA AR AU P 5 2 R 2 5 | RSB AL, i
I NRZAEE SR RIFLOE >, Ak
A HE 15 4 4 (reactive oxygen species, ROS) ;=4
B ET AL R GAEN X IR S OL T 51T
SRR AR A8 R) =2 8] B S P A, ROS Mo A= 4
R 22 AN TR T IR, 51 B T i AR AR B
7, B0AE W) R Ty B R S N R PN AR OC il Y 45
Bi' 5] EOKE ROS i 23 5 2ok R 5147
DNA 4 A ff PR 577 A 3, 22 5 B4 g A
T2 WA, AR AR R B S T R kL

K DNA 5654 1AL AR | fif Aok (AT W 4% 1) e
BEfs, 5L R B T DR A R R TR
ST B K AS 1 4 3, A8 A0 0 AR b A ) AR
N3 A 96 B 1, W NADPH %801k B 2 ( NADPH-
oxidase 2, Nox2) Il NADPH % 1k /i 4 ( NADPH-
oxidase 4,Nox4 ) 7E K FRAL LI h F B3, H 1k
Wy 15 A it superoxide dismutase,SOD) M e H Ik
1 A ALY ( glutathione peroxidase , GSH-PX) {4
BTG, 3K 64 A 249 S Bt 1 4R A 17 98 BIDHE 38 o 2%
AN IR B, IREET 7K T NO & U
AR XS AR T HORS R, X 2 T BN K
DIfeREts 3 HAHD o AU, B 55 LA
[F) A5 SR R WY, i P K 20 L NO Ik B2 T v v [
I HAHD Hs 3, b [0 AR N NO ik B2 45
L I LUCH HAHD fE 858>, Mk, 288 T
RIEARA G T, Toi 2R 8L, 75 K S AL
N B T RE R R, AT 23 D v I AR SCER 1 A
3.3 RE&ESEOHERE

KR8 T BRI B D IE RGN T
T R AL A R SR 2 R AR AR EE R, L
PACIE 32 e SIS 2 3 K B B 0 U £ e i
B IO R, PR A R
LK (heart rate, HR) 2 i 3800 78 55 i
P X EAT R B 2 B HR 2334 i1 386 K8 o5
Ji  HR 23 [H 3z i B2 38 m b b s (B 7E s i, A
() B B Bl R AR, UDJUS 45 BFgE R
WY RS RT 51 HPV 5l A G O EE, BRItz
Hb IR AR R 8 2 5 M 20 E W AR T RE, 0 R
R Ze 0 28 W 4 T g Y T S48 A . 20 = I 3 4K
(left ventricular ejection fractions, LVEF ) Fl1 /£ % ki
M 45 %5 K (left ventricular fraction shortening,
LVFS) ™ Z LA 1,
4 BIEDERET
4.1 ZYRTT
4.1.1 VULhIRYY

HAGT HAHD 1975 24 3 S40 46 1 & % ok
EZEFE B FH ( angiotensin Il receptor blockers,
ARB) P s B B MR Mg BB 4 A
( phosphodiesterase-5 inhibitor, PDE5i) 7% Py jz

% 35 1 7 (endothelin receptor antagonist,
ERA) ' B 7 5 i & (glucocorticoid , GC) 7 LA



132 F ] b A IS 2 25 2025 4F 6 H 45 35 %55 6 1 Chin J Comp Med, June 2025,Vol. 35,No. 6

K NOWS I DUV SR AT AR I I R A RE S
7, W B A DY T AR At A R AR
YJJ& T PDESi, 1] il i 3 B B8 IR 1 ( cyclic
adenosine monophosphate , cAMP ) & £ /E H |, #5%
LLANME AR I B8 07, DU I A8 Wi e, ik — 2B Tk i
W RAE, H AT C gl TR T
HAHD ™ NO A5 — Rl R3 9 5 5 237 A5
ROMAEY TR, & 28 WA B A LR S M 3 Jik e e
( persistent pulmonary hypertension of newborn,
PPHN) i —F B ENAIT Ik o LA, S
1 fE Bk o B 4 B ( remote  ischemic
preconditioning, RIPC) [ BI T, B[R] 984777 1L /MR
Ptk A7 AB 4K ( Platelet-derived growth
factor AB,PDGF-AB) , A e Hizh5 ) ixs6zs
Yy F A h T e R B KR B R Rk
T BE WAV T, (B 5 AE N AL R AT 5 ik
50% % .t EEUS Sk E I K Z AL, BT
DA SE2h ) AN 1 D) 58 4 30 5 1 48 B 98 AN 1B A

1R 2 Bt
Cell membrane is depolarized CX3CR1

OIRE BB, JF B PG 24577 75 8RB VE
I, R B REIGTT HAHD 7 ZA58R B AR K &
JEREE(E 1) .
4.1.2  RIRAYNHIY

KIRE W) HA 2 Fp 2 B2 e ARG,
FRIOTT Z R, ABG b BE gE IS A LT
AR LR €8 18 24 9 VR TE TR AR A g i
e, HETIAYTY HAHD ) K 9R 25 ) 55U R 4 g
AT 20 5 RIS =kl & Y Nk U
FUH R B T BRI
YA SRR TS 44 1 R AR AR IR
Pyl A B A8 S5 AT G0 LA i o B R — B A
&1 ( endothelial nitric oxide synthase,eNOS) ¥
FRAL . BIF9E A IR, 21 5% R 4 ) RE 490 ) i A5 -
JULE T2 R0 A i, A7 B0, R 2 T e g 1B 5l P T
T HIF-1oe 35, A T2 HOBR G 25 I3
JEEHY R SR AU — L G2
Hidat F i AKT/eNOS/NO {35 5l B is 4% il /N3

ACX3CHALEH T2 A1

I EI

Vascular remodeling

OB T 5242
CCR2 \
FER T
Inflammatory response o
o
HNRNA210T 408
miR-210 D
AL T \
ARNALG-Sp g S,
iR-126a-5) ;
mil a-5p %;’:43%
i Al N
Mesenchymal transition .
\ \ e S oS
| High altitude heart discasc

BT PR AR | o S RN S pIL i s T 1

Figure 1 Schematic diagram of the pathogenesis of high altitude heart disease caused by chronic hypoxia
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Table 1 Western medicines are commonly used to treat high altitude heart disease
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(Bose;tan NO ,ICAM-1 NF-kB ET-1 15’27%—j§§ Pulmonary hypertension is reduced and leukocyte-

Hypoxia-rat

mediated damage is reduced

JE b

Irbesartan

AngIl ET-1 IL-6 NO

LHgERCS T SN
MCT-rat
A KB

ﬁﬂﬁ}jﬁj'ﬁ [40-41]

S Nt (a2t
Sildenafil NOS .cGMP \PKG K" ,Ca

PN
Hypoxia-rat

TR e A R P AL AL A0, AR AU o 7 e 4 PR - R 8 e
A BT R

It alleviates oxidative damage caused by hypoxia and
reduces the release of vasoconstrictor factors and
inflammatory mediators

AR B R 0 7 2 T | P24 i 3 I e A1
Hemodynamics of the model rats were improved and the

mean pulmonary artery pressure was decreased

Hypoxia-rat

LGHEREy ] SN

A AICATI R 7R R S A 3 ik o 2

kAR R NOS_cGMP sGC MCT-rat It can effectively inhibit pulmonary artery remodeling in
Tadalafil R (RPN model rats
Hypoxia-rat
B BFET A - " )
A e R MnCT-ral ) AE Wi s , s 30 Dk 7 eI
Treprostone Neil EP2 EP4 PPAR S - Vasoconstriction improved and pulmonary artery pressure
([IS=RPN)
; decreased
Hypoxia-rat
7, e ) KR YN IR DA RS G UL = RERE R
. NO .cGMP .NOS .Ca* ) . ~ Hemodynamic changes in the model rats reversed vascular
Acetazolamide Hypoxia-rat .
remodeling
iy o A
HFEA Hvooxiani Ree AR AT L8 REL ), 4R RE 0 e
A=A NF-kB.Na® \HIF-1a . IL-18 y/p; Pl Pulmonary vascular resistance was reduced and
Dexamethasone A - KR . .
; oxygenation was improved
Hypoxia-rat
e - PRS- 259 i sl ok P 3t A 78 K Ui 3k o 9
R— - AT 3K FE 36T B 3D Bk

K*.Ca* ,ATP PGI2 .cAMP ,PKA
Beraprost

Hypoxia-rat

Mean pulmonary artery pressure was reduced to reverse

pulmonary artery remodeling in the model rats

T ICAM-1 - 4 MBI 5 [T 53 7= 1, NF-kB A% K T kB cGMP : SRBIR 2 4 PKG : cGMP MR FA G sGC . AT S H RIMER ; EP2.
FIFIIRER E 24K 2, EP4 . TSI R E 21K 4; PPAR 1 ALY GRS W0 52 146 IL-18 : A R - 18 PKA R T A,
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Table 2 Common natural medicines for high altitude heart disease
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Drugs Biological indicators Models Action results
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