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Abstract

The plateau has special natural environment, which is characterized by low pressure, low oxygen,
dry and cold climate, strong solar radiation and ultraviolet radiation, among which low pressure
and low oxygen are the most significant factors affecting human physiological functions. As an or-
gan with high oxygen consumption, the brain is particularly sensitive to hypoxia, and hypoxia en-
vironment will inevitably cause damage to the brain to varying degrees. Previous studies have
shown that acute hypoxic environmental exposure can cause cognitive impairment such as learn-
ing and memory, but there are few relevant studies on the cognitive impairment induced by
chronic hypoxic environmental exposure. Magnetic Resonance Imaging (MRI) has become the
main means to study neurocognitive function due to its advantages of non-invasive, non-radiation,
high spatial resolution, wide coverage and strong repeatability. Therefore, an in-depth study of
MRI in chronic hypoxia population is of great significance for finding imaging biomarkers of neu-
rocognitive impairment, early prediction, risk assessment and therapeutic effect.
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1. 5|8

TR e S AR R LR, RS B R AR R ORI E 5w EH XA IR A (KR
A SR R v R PR RT ve J O N B0 BF O BRI ™ B . B T R R . SCEAT A R IT KA
JEIA, e Jm e X N TR 2, RS AT FEAS SRR B 2 1) 5GVE  nfE o S SR A
B, SMREREOC UK, JFAR A M B R i i AR BT RE, JUHR AT RE, R R AR AR S
ARG R R . AT FLRR (1], B IEACE AR RN DY RERI0T AT BE 5 KI5 M 2 W 5% . RN T REAR
Pixt o) Adie . WSR2 AT P EARIREN, T EL B A R R I 1A K A 2 I R Bk AT M
HaH, NFIARAG A 2 BEATL AR R i AR A T B«

IR, BEERHIBAETB . BriBaE B R i . 2R ER T BOHSE & I 2 BB 7T
EAWE R R, W TIARRKIES 0 (voxel-based morphometry, VBM). #"H7K & i 1% (diffusion
tensor imaging, DTI). ZJik B Je#ric $ R (arterial spin labeling, ASL). #43E#RI i (magnetic resonance
spectroscopy, MRS)F1 L)) e 347 A% (functional magnetic resonance imaging, IMRI)&EH AR, HRRHERE T
PENFIRFE I, AMURETCOI . o] B HX I TS S A5 34T 40T, ICRE M REEAR U DhReidE+z.
5L BT TR SR A AR o RN TR AT I MRI X SR A0 2\ R0 D) BE45L475 IO S AR 7 AR Wb
W BT RS FIR ST RO R R X, B, A SCHUS MG R B A A S5 R T RE
MRI &5 77 T A A FUdk e AT 4518
2. BHRERFINTERGHAR

ZIWF TR, SVEICE R AR LI 15, A, SIS INADIRES. MA H 25 [2]%f
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KA R 57 A BEEAT S AR OGP A BN, KA A 28 8 N B I3 2 ) B R 451l B 71 %245« Hogan
ZE (31N DR T B R 4 S AS [ 4 h DXtH FB NFESA IR 05 5, AR 22 N T Hh AN [ 4 52 B B3 P G 2 e 8 o
TR, SRR 500 K| ABEAHLL, 4K 2500 K15 3700 Kt fE NFEAE &SRR B m]
BB B S SESE NI AR e T R DA R I 98 T P B R PRAIR . Yan S5[4] [SIALGER T skttt fE
3~4 RABEFHEEMEG N D2, 248 bR M VT A PR E X . g5 R EoR, R sk
DX N B 5 TN A S A DR S R B A, 518 TARICIZ5S 23 18 TARICIZAT % OB TR B4, $R
G 3~4 AQH. [ 2h JE A mr iR X A AR R AR AE T ARE 25 OB 5 T N Zh RE B P44 « Chen 25[6]% 52
JEVEIR PR 69 42 5T, RIVEK I IR R 5 TIEILIZAR#Ig 3 Dh e S5k Th Re 2
o — B L5 B AK E A AR AR 5000 SKAR AR A IS i) 20U AY, 45 R, FREIC A
T 8 5 KRR 7 8] 2 ST ANCAZ e SIS BRAR[ 7] MeAh, FEXF— e it R4 MR Ao, QA L 2 1P s
I AR T BT 452 2 B AE S5 IO S R B, 1M RGBT S BUE S ORI T RE IR [8]. TS5
FHR, TEXTHER B 2260 m R4 7 AN H B9 ANBES HO ONHEEIT T IA RN ZhREMNR S A IR A 3 BN
IHREFEAR[9], Fom b S5 0w g 4k B 58 AT RE A XN ThRE = AR AR gE A . IR S5 B & 2 Ab vT RE 2 B
VAR 1 P 5 2 R T ] P 22 SR i) o AR R 18 P AR A 5 RS A R 400 55 ) B MKV AR v P 5 3 i B (R AT i
—HhRiE, (AZH AR, BYERAR S ABERA, 1012, B35 2 M EE N maesits, A
T4 55 5% TR I T R4 1o FEE R I AH 2

3. BHRERENTEENR
3.1. RZRRESENENHAR

VBM &Rl 2 m i . 2WH 4 B el TS o, BENEXT A A BT A i 22 7
MIAACHEAT AW PPAY . oA BORMMERTE, R PPO K= S 22 57 ) — M E7A[10]. VBM
SIS R R 45 ) 53R BE T IR IS PR S e A TEAR 2 AN T RE 40 105 FA BN (H . Bao ZE[111HFFLK
B, SIEHX A, B CAA LM REL AR, AW S AR XU R K
JRARFAIG R, ML el e ol A AR RN . XU EESE (121 FL o, S X AL L, 12 PEAR AR
T e NN T [0 5 40 (o] OO 55 [l b e M5 (AR S AR ARSE N, 7 AT 0% [ A B AR AR 2> o
Yan ZE[13 )41 VBM 704 & 8L, Bt NG B T Rty oL B B J= AR R
KRB, HEZEESER SRR . b4, Zhang S [ 1418 AL 7 RURER, mEBE
2 SR N AOA N o S ) 0] 5 A BT ] g = 5 P 8 2 BRI, T A (A [ 3 55 [ml s A 00 i v St
A0 A7 i FURE A0 A A )/ ik 2 T ) B2 P2 T2 E JA3 AT 1 o, i EL AR 3 i B [ PR A R A AR S5 R A e e
R FIEMIR, o5 8] 5 ARAR 70 55 871 3R R B 18] AICAZ S W I ) 52 0 25 B AR 5% o Wk e A B
(15K J5TH8 2 7T Rg5 e 4R G I JR SR A o 5 H B m B e 2B BRAE AR G, AR5 ol 7T RE -5 sk SR
BRI R4 2% I8 EIRARSCHT UK BN, SRR A A LE, 18 PRAR SN 2 AN X AR AR
AR, HIXA AT RE AR ZhRESA 1 i) — A E ERAR E AR .

3.2. RBRESFRZENHMR

DTI &g br e R AR T HIE8h 77 ), 0] LAIE M s B B 2R 4E R & m Aoy A, 2 B HTME— T B
FEAR AN RS K0 Y AR LT 4 S5 46 H AR TTVE(16] [17]. 15 B) DTL, PR B £ A FE N 5 AT LA B3 21k A
JRETHESR )7 In) AVEERE, A BT SR B SR IO 45 46 FI D RE R I 1, ) 2 B T AR AT PPl
TRERAT T PRS0 B AR L AR . DTI £ 22 % 48 br o8 & Ui 57 V£ 45 £ (fractional anisotropy, FA), JBt [
IKG>F & ) S o B AR AN HOKR B ], HEEBOR,  WK ST B0 & e SR, AT R Sk
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P BB ) R SO BV, AR S T A AR 4E R ) SE M . Zhang S [14]5: T A 4E R A R Ge ot
(Tract-based spatial statistics, TBSS)73#1 DTI £4 A I & =1 )5 2 F NBEWFARAAR . O BT L SR
Mg 55 XX FA B, T B FAR . AR R 508 B8 o LS 5 B i R &5 X 4 FA 38757, 7B 55—
X e St 3~4 ARAHERIA FOR I, XU RIS BEARAA S N e L Sy [ R SR E A AR X 4 FA
B MR, EARSEX I FA BE(K[1]. BRICZ A, Chen SE[18]IFFLHARIL T 2RISR, BHEKEA
R 2 R ARG RN ATRC T DGR FA (83, 1 EAUR. NIRRT BRIk
XF FAAE RS, IF HORILR A PR Al 5 1818 T 1012 FRIA ¢ DL g5 R, 5B,
PG AR B AT B e I FA 038, R BRI B R OW 28546 52400, HAX Rk 38 vl B2 A N )
RE O (1) B Al

3.3. TheemsEiRMST

i TMRI @& —Fh R4 N B T B 5 O ik 20 ik i, 484 0 20 2 7 Rt S I 20 2 1 7 B g 22 A 5] ke
S ¥ o 2 R AL 2 A 5 AR A, SR S B B X #R i B AR BRI R ) ) R (8] 3 2R
NMATE MR A, O Z RN TR RGE 2 PR . TMRL 70 HESA fMRI (task-state
fMRI, ts-fMRI)F1#f 525 fMRI (resting-state fMRI, rs-fMRI).

ts-MRIts-fMRI i LEA: 25 7 58 BURF € A1 55 504 T R 30 23 X A 220 3R A R AR A8 A 51 ke I 3h 7
FHIEAR, kT E A RN X B D REAR AL G L. Yan S5 [4] [5]0 R fa AREREAT 2-back (R 55, i
A TARICIZ A G I X 2%, 45 R BoR, s # i AFEY 2-back 155 #ERf 26 5 6 N B AH LL I 2
2T, AHR RN (AR 3 2B K s[RI, fMRI &5 B, P2 NHEAT 55 A0 O SR i [X 55 330 A X8 28485
ST AL, R fE AR S TARCAZ AR S B Ze A A . 2 B b IRl BE S vy, 22 kLR
[IOE BE AR . BRitbzAh, WFFENDUERIN, Bt 2 5 i j )2 1) BOLD 15 S B 5 5238 TR
ARG I T B A G . 3 — U Fe R I, S0 HRAHAR L, w8 Jm AR [ A el ket
AN AEE 3 AR ICAZ A I3 AT SN i i S 2 PR 13]. DL B3R, B R B TR TR S S TR 12 M
KX D Re s g o

rs-IMRIrs-fMRI & iERT B AL T FRIRAE, FEAABUEATREE AR 515 0L T AT WAL IR R AR, B T [
W FEAT 55 B A 25 38 MR 22 et s e 5 SR = AL s, ] B S MEsR B o) THAE, R R Z .
© O R BHE  H 7 8 HE S E — 30 1E (regional homogeneity, ReHo) . 1 4l % i (amplitude of
low-frequency fluctuation, ALFF). Ij#gi%#(functional connectivity, FC). Bao ZE[11 7 &I, SXHEA
P 1E PR L= X AR WA = st 1 S w1 I 11 e W 1 s S 1 W S ) s P S 1 R N e e 3 S P
48 Bhiz s X B K iE 209820 - Chen Z5[ 191 rs-fMRI J7 60 78 L35 e JR A% i N B B S I D) RE 1 A8 4k,
ReHo 7 #T &R, mR#E NBEA FEGEi2 5 7 2 ReHo B35 5, HARME 5101248 ZRAT55 [ B ]
HAMRME . £ D Fer[6], KImER E NFEXNGEZ UL B S T0E N i =]
PN AN [T DA K /N i ReHo 5 25 FEAG, WU ) ReHo Y35 7t HLBF 7038 R 30 3R o X4 22 35 250 0k 553
TR TAEICAZ KEtigsh DR R i Th e 28 hk . IR, 1B PE(RA B E 5 5l il LBl . SURMAR. iy
[ S X 5 20 5 A% FC FEAIC, X8 X B A RE Ao 5408 . $ATHLE] . TAE L2 B HAh S 2T fg o
AR, T fMRI E08E 15 SRS M i iam, 72 A BTt . ot s 20 AT G ) 2 0 0 il 3 PRI
E A7 VAR TGIRT: DX 286 v, e 0] £ ] PR 0 o BE AR, T E A I Tt P g e, 7 0] o ey [ A e ol 5 [
PIFEEOE R REAR . BT FEN T2 R I e i 2 i 5 R I R i SRR A I 485 1) 048 T e A AT 42 il B i (1) 2
AEFEAR[20]. Yuan H S5[71@dzh)SCiew oA l, SxHi4Imte, BRI Sk, AR EE .
GURMARS A el SR Bl 2o b Ze i, A /NIRRT SR X RIS ALFF B3 BEIK, WL
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WiiE, &4

IAJAE AL 2L HR K P DX AR 4 S s P BE S AR D RE AR AT 5% BAE 2Rl IMRIT 734 5 %30 R B
1B PR R B NI Zh R W, H SRR EAE € R R, Wi, #EIREMEER
TR K DX SR JR B R 4 R Th B4, D IE TR 0 4 (K D e A5 4R 0L 1R LA

BRUEZAh, — 822300 N AR 2 R S BORWT FUI8 AR S 3 el B0 5, A B IR i R — o
A 15 5 R E i H U AN B A AR, Sl A A A 22 R GE e ZAR W, 0 N-LBER KR
M2 JULRR - REARSE B L AR AR AR VRAN il h BE R SR AR s BRK b i 2 A A I e s B2 75 »
AN S LT, ANRS LG 57 R 2 B VAl Ml L EE T 00, AL F) PR DA DA 45 47 £ 2 4
HUBIR SRR R -
4. &

EREPTIR, MRVEACA ST AR RIS Dhae A& R R, BRI R R, ERET iR
SRR, BDIRES R XA IR SR . I HR R AR S AR D e AH DG . B RTET X8 MR
SMSEHE S DhREARSCHT U AL, M8 AT SRS DI F) 2 0 ) S i S e R B A BEATL A A7 A 1 1
A U S 2 i M 45 #E R T 5 B0 B AR AL AR SR 2%, 3 7R B — D KRR AR R AT O E 7T, RS MRI
WBORK KRS & 2B MRI RS FUie AR AN A D RE R SR 1 2 A HEIE R
TR BT I USRI .
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