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Abstract

¢ AIM: To compare the differences in intraocular pressure
and anterior segment biometric parameters among
Tibetan populations permanent residing at different
altitudes in Xizang autonomous region, and to explore the
impact of high - altitude environments on ocular
characteristics.

e METHODS: This was a retrospective cross - sectional
study. Data were collected from Tibetan patients who
visited the People’ s Hospital of Xizang Autonomous
Region from September 2019 to October 2021. Participants
were divided into two groups based on their permanent
residence altitude: a higher altitude group (2 500-3 750
m) and a very high-altitude group (>3 750 m). The eye
with better best corrected visual acuity was selected for
each participant. Intraocular pressure, refractive error,
and anterior segment biometric measurements [ white -
to- white corneal diameter ( WTW ), central corneal
thickness ( CCT), anterior chamber depth (ACD), lens
thickness (LT), axial length (AL)] were recorded and
compared between the two groups.
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¢ RESULTS: A total of 43 Tibetan patients (43 eyes) were
enrolled in this study, comprising 23 males and 20
females, with a mean age of 57.88+13.90 y. There were 19
patients (19 eyes) in the very high-altitude group and 24
patients (24 eyes) in the higher altitude group. The mean
intraocular pressure in the very high- altitude group was
11.79 £ 1.72 mmHg, which was significantly lower than
13.44+2.43 mmHg in the higher altitude group ( P=0.019).
CCT in the very high-altitude group was 482.70£23.76 um,
significantly thinner than 503.00+ 31.09 um in the higher
altitude group ( P=0.012). AL in the very high - altitude
group was 22.96 + 0. 96 mm, significantly shorter than
23.64£1.10 mm in the higher altitude group (P=0.020). No
statistically significant differences were found between the
two groups in WTW, ACD, LT, or refractive error (all P>
0.05).

¢ CONCLUSION :Among the Tibetan population in Xizang
autonomous region, as the altitude of residence
increases, intraocular pressure significantly decreases,
CCT becomes thinner and AL shortens. These
morphological changes suggest possible adaptive
remodelling of the eye in very high - altitude
environments, and a thinner cornea may be an important
factor contributing to the lower measured intraocular
pressure values.

e KEYWORDS: high
anterior segment;
corneal thickness

intraocular
parameters;

altitude;
biometric

pressure;
central

Citation; Chen XR, Han TY, Liu ZX, et al. Differences in
intraocular pressure and anterior segment biometric parameters
among Tibetan populations at different altitudes in Xizang
2026,

autonomous region. Guoji Yanke Zazhi ( Int Eye Sci),

26(10) :1851-1854.

03l&

e TR DX BT AR AR R PR IR B iR 58 Ak e I 4
MR PRI RRAE  HRBR S LR IR 48 78 S X A RS S 3R
BE v BE R A8, HAE LS BT RE R ER BT AR e A
& PEARAL . BEAE 56 T IR R G i B 9Y £ B AR TR 3R
N2 2 88 T 8 R A B 5 A s, E 2RI
T HR R 3y £ R J5E 35 72 A K 400 190 S F00 06 3 g A 4
SR, D& T e A I 2 8 T A [V 4A R0 B T 1 IR
LB S I REE N AT A B, A BUA BRI 2ok
AR R T X — IR AR N R R AR K
I B T e e, EA R A iR iE N . LU AHE R
WFEXT G, LA H YA [) v 4 A 28 i IR SR RR AR, 7T
AR B HE BRI 22 5 TP, T30 Wi b 48 7R P14 R 7 () o
BN ) SRR 2 o] i I AR T 5 3 Ao R O o R A
XeF bV 5 i DX B T v V- v A i DX T
BRI R IR AT AE 2= 280, B EWI PR R K&
TR 3 A58 2 508 0 HR R 45 4 S MR R AR S A R il
1 X &G *E
1.1 X% AWFSE Il o A b i BF 9, BB 2019 4 9
H 2 2021 4F 10 JAEVE L A iR XN R EBEIRBH T2 5 {4
K2 B ANBE, AFRIE: (1) FR =18 i % (2)
SARCA YIS LS8 5 (3 ) 7E 24 Aif ¥ 44 4 1X 3% 252 Je A I

1852

[0 =10 a; (4) FAEEN, AT, HEBRPRE. (1) BEAAH
IRFRFAR S (A N R JEEFAR ILEEIRFARSE) ;(2)
SEA e HRH 0 SE 7 HR 5 (AN AR B T OGIR v R
FEAE R4 5 ) 5 (3) A R IR S 500 4 B P
(AR | HUR IR SC IR 5 55 ) 5 (4) K3 8 F 7T 8 52
AR 198 285 (rom B TS 28 o e T 400 o 790 45 ) 5 (5)
L (JE O <-6.00 D) 5w R i (JE b E
>+5.00 D), FE2F b J ) R s 0 T 4 o 3 3 A
2 500 m & AT BE & AR i R e R 0 U ; LB 1L b PR 2
258 XRHER 1 500-3 500 m K 3 500-5 500 m, 1
HRAR PR 4 25 AR s N A 2B B s 1 R 4 R U R 2 500 -
4 500 m JHE IR 4 500-5 500 m, 454 VE VA X B
Ry @ e AN =N - IS T TN N SR iR
PGk B MR ATIEL S 5 300 m, AHFSE MR HE 32 46 2 K0
JE AT TR 5 BB A3 R B = AR 4 (2 500-3 750 m)
R R (>3 750 m) o ASHBFFE ARG bk 2R B E
T IRV A IR XN R R B S A A0 B2 B A i, AR
TG B 220 B 2 D1 25 W A Lo (HEUE S . QZY Y2019 -
IRBPJ-21) , i 5 2 5 # DX R A0F 95 35 G B 25 3 11 [
B
1.2 Fi%
121 IERERRE ICRZRE LS MR AR %,
1 A b S P BT R R
1.2.2 IRFBEE PR AR IE JI (best corrected visual
acuity, BCVA) BHFIR 44 A 5341 (%5 3R BCVA A [7] 0] fifi
HLIEH—HR) 7" JE Y RE (refractive error, D) it 55Ok
BORAS, T 2R 5 B A 4 BT WAk A HR R
2R [F 320 HR 11 (iCare, Finland) DLk 60 < 30 HR JE7E
R AT RE N KRR S TR 22, IR ETT A
SN 2R A 00 2 A= I i X (TOL Master 700) ,ic
SESEAL TS . ff A 42 ( white —to—white corneal diameter,
WTW)  H1 e I JZ B (central corneal thickness, CCT) (Hi
SR (anterior chamber depth, ACD) | i R AR JE BE (lens
thickness, LT) M HR%H B (axial length, AL)

et Hr R SPSS 22.0 Gett 2 ik A7 5 e 45
Bro, EETEZESHREMAGIESHHE, U xxs £
N AL R BER F I SRR AR o K I ANAF A IR S i R
M M(P,,P,) 3R, 41H H# K H Mann - Whitney U £
¥, ARASE DL HE ORI LR R R, L
P<0.05 HERAGIHE L,
2R
21 —ER AMRILWAFEBIENES S E
43 {543 02, Horh 58 23 4], 4 20 ) 47 HR 17 B, 22 R 26 R
AR 2881 (44 57.88+13.90) %, K JmHu A5 WLIKI 1, i
AL 3 200-5 000 m, #B =R AL A 19 fi 19 BR,
K& #b i 3k 3 836 — 5 000 [ SF 2 i 4k 4450 ( 3840,
4450) ] m; AR AL A 24 6] 24 R, K R b R
3 200-3 657 F-H ik 3650(3650,3650) ] m, 4 4H [H] 4F
0 PRI IR 43 A BCVA R Jm G e, 22 R 64
TR (Y P>0.05,% 1),
22MRERMREITEYMESHILE
221 RE MEIGHR A SR E B TR iR,
ERAEGIFEX(P=0.019), L% 2,
222MREITSE MEIEIKA COT e i 4 %
AAH(P=0.012) , MFEHEERA AL B ik 4 B 25 6 0



Int Eye Sci, Vol.26, No.10 Oct. 2026 https .//www.ijo.cn
Tel . 029-82245172 85205906 Email :ij0.2000@ 163.com

(P=0.020) , REHEHR AR ACD /N T3 @i AL,
A2 R TG iE L (P>0.05) . WA WIW LT 22 578
TG 2F7E L (¥ P>0.05) , WL 2,
3iTie

AHEGT LA TR R N X 4 il T A isas AL 7 5
P25 5 FEAES PRI A4 B R Ty K S AR AL AR
RIS A Hb A T (N 2 500-3 750 m FE &
>3 750 m) , BRI e (2 35 B AR, IR B A CCT A% 36
AL 4550, X —Z5 548, 7602 M i U 411K 40 25 5 3 A
Be T HRERTTRE KA T 38 W MRS 49

KT R B PRI 6 MR 1 5 ), B A B AR A5 e AN —
Yang 25" [ Meta 43 M7 278, 7E 3 000-5 500 m 755 Bl 4, HR
JE BT = M REAG, X S AR AR — 8, SR L IX
AR A FEAIR A AL AT BB X 22 5 T« (1) 12 RS EUn] B S5 3K
T TR T A 05 2 2 90, 0 o i 2 Bk A A5 (2) R T Al
TRAEISE DU TT BE 30 4 B P i3 30 ) 22 202 =2 A%
TR RS A AR/ N ot A WA | T R 5 350 3R 2 U K O
5, DT84 0 5 K 3 HE B tE %) B 1O R (R R 85 T
FE S0 /1N % O 240 it F 5 60 40 i A/ 5 o o 9, R i ke A
K 5 B AR WRSE T CCT BE T3 T 55 1 3 728
L J R R T IE R 25 AR A I, S IR A R D S |
A I B EK P S8 cCT 80> AT A K
WIEAEH . Patyal 28 BF5E S 0 e s S A MBS D

W 5P 23 650 m) WP 34 4 4500 m)
FI g W (P 270343 840 m) M 1L (- ##54k3 560 m)
W 2O #EL3 200 m) W [ BT 335454 600 m)

7% 2%

7%

28%

B1 #EMNKKEMSHE,

FR 8, A0 3 2 o 18 P dfe S ) K 3038 7 5 S 3 A BT R
AR TR AE AR R Y ARG, Ak, m R
5i Z ) 20 AR B B R RE AR E A IS SR A I, BT < A R
SRR RN, T3 B T S 4 R AR AT
HHE, COT S5 J5 S HR R 2 4 S B R B, AR RS op
B 2 YRR A R R A A, AR KRR BT BB A T CCT A%
SR I PR R ARG, T A Al A R PR LSRR SR
WA REHERR A A= 40 77 2 45 M 7 A 4R 1 28 ke T 52 o HIR
Mg, T BRI — L IRAI,

AHIGEH AL BE G4 T 5 10 4 58 1T RE R — R A2
A BN 308 A AN Pk 285 A I 90 34 3 DA 20 5 40 T B ) 4R
BERET H X — PR 4t AT RE S i R GRS R R R A K
F5E W, 38 10 % B 85 16 B o 32 ] 1 00 T 6 22 B0 Jpig
A, A1) TRLFE G 2T 4k A A AR I, T ZE 28 AL 38 K5 )
i, SR AN B S TT A 84 5 I AR e i s 16, 4 i DU A= 9
SRR PR AL SEAT AR WS SR e T IR 4 AR T
“CCT 25 AL 45 %87 094-E T WTW B IS¢ % 2%
SR8 S P R A B XA L A B S AN i e YR PR
T, HRBR T AE S B0 — Fh < HR 7 55 A0 XF 75K R S 5 A X R
57 IE S AR , 20l T BR R T 4 2 TR T 3R B8 T 1138 g
AR, DLAERFIR A R # I e R 45

AHEFEH ACD LT FRARBUINGE AR R #, sk i/F 7
SRREA R /N i R R S PR AR TR R TR
B LA R (R A RN HEBR G A B KR AR 2 22
SEE R REE , TR B — B IRAW AT

AWFFERAE T ENE RSP T >2 500 m @& i3 X
Ko i R R S IR AT AE R IES BN R KT
TR IR PR 85 58 5 ot R BR 25 A8 S MR R A8 A A ) {E 3 A7 A S
FRAE RS S A X A /0N , EL A B s [ B ATE 5 5 k= i Yy
OCT ,UBM K fAEA= ¥ 71 2% (4N Corvis ST) 45 TS A
BRI, TCIETRA I HT D 0 245 ¥4 B f B8 A= ) o 2 R X
AR [ G TR IR Z 2 53 H R
AN B FEATS WO S il ST AR B sh kO T L H R S
VR B AR hR A0 IC 53, 3 P R AT BE 25 M R e S i1y
HEYISE I TR TR SR e I R P REEA
HATZ N R IR A5 2 6 i Go 745 1. Rk
YA 5 DX N BEAE S X R, R &2 rp s KRR AR T
I, 485G S T2 50 0k — A o) A v VA A A5 T O AR 25
B HE A BEATL ]

R1 TEBREEREAF—RARRERAN JERELR

i IR P51 iR 331 BCVA JiE e S IR

- (iis,k;“) (B4 6 (F7£R) [M(Py, Pr), LogMAR) ] [M(P,s, Prs), D] [M(Py, Py), m]
HEEEHRE 19 59.05+12.63 9/10 8/11 -0.69(-0.22,-1.00) -0.50(-3.13,0.00) 4450(3840,4450)
WEHRA 24 57.04+15.17 14/10 9/15 -0.40(-0.30,-1.00) 0.00(-0.63,0.00) 3650(3650,3650)
P 0.323 0.243 0.383 0.440 0.302 <0.001

TE BEIEAR AR 2 500-3 750 m; M ER 41N >3 750 m,
xR2 AAGBHSEHRABRERRIDTENFSHILE

o MR & CCT WTW ACD LT AL

B " [M(P,s, Pys), mmHg] (Q_Cis,p,m) [M(Pys, Pys), mm][M(Py, Pr5), mm][M(Py, Ps), mm] (&is,mm)
R 19 11.79+1.72 482.70+23.76 11.60(11.30,12.00) 2.84(2.46,3.09) 4.00(3.43,4.48) 22.96+0.96
Bt 24 13.44+2.43 503.00+£31.09 11.60(11.40,12.00) 2.94(2.27,3.21) 4.05(3.92,4.52) 23.64+1.10
P 0.019 0.012 0.167 0.234 0.236 0.020

T B R AR 2 500-3 750 m ;B IR 2H M>3 750 m,

1853



ERRRIZGE 2026 F 108 2634 55105
B335 : 029- 82245172 85205906

https://www.ijo.cn
BB 3= :ij0.2000@ 163.com

L5 LTIk RV A 16 DK R RO T, B AT
MR A T R HR R A, COT A8 HL AL 4606, X
iR 2 2 i A 41 7 HR B e TR R PR I5E T mT REAT 78 165 N
PEEE I, B A1 AT AR S SR 0 e v AER ) T 22 )
o AT IR AT 7 D6 R 7 A 8 e T AR A &)
W, W FE 535 B R K 0 LA CCT S AR £ AR 9 )
SAARFE SHR 0 A S

25 i 5T RS B AR SO AE R £ PR

TER STEk A B B/ /N K B9 SO R, F 58 1500 R 5
Jit 5 WA /INaae el R X7 B R O SCRIRAS 2R 5 WAL 4R
GIAT 5 W /N R ORI /MR e 8 SRS 5 Y I8 SO R, B
FEBLT ARG T BB SONE R . A 13 TR 12T ) B e
LA,

SE 3k

[1] Richalet JP, Hermand E, Lhuissier FJ. Cardiovascular physiology
and pathophysiology at high altitude. Nat Rev Cardiol, 2024,21(2):
75-88.

[2] Wu Y, Qiong—Da CR, Liu J, et al. Intraocular pressure and axial
length changes during altitude acclimatization from Beijing to Lhasa.
PLoS One, 2020,15(1) :e0228267.

[3] Willmann G, Schommer K, Schultheiss M, et al. Effect of high
altitude exposure on intraocular pressure using goldmann applanation
tonometry. High Alt Med Biol, 2017,18(2) :114-120.

[4] Mishra T, Goswami S, Deval H, et al. Recent public health
concerns of the high — altitude tribal population of Lahaul and Spiti,
Himachal Pradesh. J Family Med Prim Care, 2023,12(4) :660-665.
[5] Xie Y, Sun YX, Han Y, et al. Longitudinal observation of
intraocular pressure variations with acute altitude changes. World J Clin
Cases, 2019,7(20) :3226-3236.

[6] Xie Y, Yang YQ, Han Y, et al. Association between arterial blood
gas variation and intraocular pressure in healthy subjects exposed to acute

short—term hypobaric hypoxia. Transl Vis Sei Technol, 2019,8(6) :22.

1854

[7] Salabati M, Huang C, Kamalipour A, et al. Magnitude of visual
acuity change with ETDRS versus snellen testing in clinical trials;
Implications for Clinic — Based Outcomes. Ophthalmol Seci, 2024,
4(2):100372.

[8] Yang YQ, Xie Y, Sun YX, et al. Intraocular pressure changes of
healthy lowlanders at different altitude levels: a systematic review and
meta—analysis. Front Physiol, 2019,10.1366.

(9] B—12, TR FFER F AR PRI X IR (549 52 g K HAL ] i IS
HERE. PAEIRFH A, 2022,58(11) :949-953.

[10] Yeak Dieu Siang J, Mohamed MNAB, Mohd Ramli NB, et al.
Effects of regular exercise on intraocular pressure. Eur J Ophthalmol,
2022,32(4) :2265-2273.

[11] Zhu MM, Lai JSM, Choy BNK, et al. Physical exercise and
glaucoma: a review on the roles of physical exercise on intraocular
pressure control, ocular blood flow regulation, neuroprotection and
glaucoma — related mental health. Acta Ophthalmol, 2018, 96 (6):
e676—-e691.

[12] De Abreu J, Paillisser A, Berquet F, et al. Changes in retinal
vasculature phenotype and choroidal blood flow at high altitude in healthy
lowlanders. Invest Ophthalmol Vis Sci, 2025,66(6) :50.

[13] Patyal S, Arora A, Yadav A, et al. Corneal thickness in
highlanders. High Alt Med Biol, 2017,18(1) :56-60.

[14] Asharlous A, Hashemi H, Yekta A, et al. Topographic properties
of the Cornea in welders. Eur J Ophthalmol, 2022,32(1) :165-169.
[15] Fischer MD, Schatz A, Seitz IP, et al. Reversible increase of
central choroidal thickness during high — altitude exposure. Invest
Ophthalmol Vis Sci, 2015,56(8) :4499-4503.

[16] Brown DM, Mazade R, Clarkson—Townsend D, et al. Candidate
pathways for retina to scleral signaling in refractive eye growth. Exp Eye
Res, 2022,219.:109071.

[17] Xu YS, Lai LB, Chen Z, et al. Scleral remolding—related gene
expression after scleral collagen cross —linking using ultraviolet a and
riboflavin in myopic guinea pig model. Curr Eye Res, 2023,48 (4) .
392-401.



