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PR AR B 55 DA T R B ML 5E T REDRR Y AH G T iR
XT 83 5] T2DM £ 5 62 filfiFext I (HC) #AT N A D) RETT:
it B WSz U 55 ( CSIT ) |, IR B B A 9l il Sk 78 = 4k £y i
230k [ BERRIC (3D-peASL) BIG, 285 Ak 33 AR A5 R I K it
) CBF {H, H& T2DM 415 HC 4 8] CBF {H2 5, 00
H5INETIBE I RS UM S8 A G 1, R T2DM &
HAE CSIT SRR RN HIITAL B 38 (MoCA) E7 T 4 I 56
(DST) 3813 F 1 1 0 36 ( VET) R 45 5% T HC 4H (P <
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2 RUME R (type 2 diabetes mellitus, T2DM ) J&
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5312 W] T2DM &I\ N3 R e A 14 AT f e PR R
AT SCHRY 438 T2DM B3 IRE D RS2 451 T g S IA
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Bhlk B € #5iC ( three-dimensional pseudo-continuous
arterial spin labeling, 3D-pcASL) 4 3t 4k £ K, XF
T2DM & 19 2 i K BT CBF $E47 TR 2 7K F- il
i, IMHRSE T2DM S5 CBF s F 50 )
AE B MRG0 AR A

1 #MREFZE

1.1 HmEIHEM/EFE  XHFEER 2019 4F 11
H—2021 4 1 A2 TZBIERR 25— R BE
BN o AEHE BE T2DM S5, N AR AF IR TE
25 ~65 % /NELLESCRRE AFITF, T2DM (912
WifT & 1999 4F WHO T T2DM )2 Wibnif, fa
FEXTBE (healthy controls, HC) 3k At X i 5%, 5
T2DM R ETEAERE R AR 4 FROT TAHVCAC

XF T I A AN AR HE SRR UE AL 5 R SN
Pl , FHODR R 20 8 S, ™ R O A8 (g
I FGREZESE ) | ffi A5 s S TR S G AR BT
fa] MRI A5 Sk (HA P RMEAE S5 ) | S S8 (AR
PTE S LN ISN A T-al Wl e PN
S5 i FE A 25 M M ( fasting plasma glucose,
FPG) =7. 0 mmol/L, 5245 F /K A HIFEA 2 ( mont-
real cognitive assessment, MoCA) 753 <26 73 (183
AINHINBEZ ) o P A 20 2 A S i 52
Ky, P TR R E A,
1.2 AOZEHEBMERIHERE WEMNHZ
T — RS LB AR ] BCE AR RR RS
F8E(body mass index, BMI) | [MLE T2DM M5 e,
SR AR AL AG FPG BHAL I 2125 1 (glycated hemo-
globin, HbAlc) =Mk HH (triglycerides, TG) | & AH &
I (total cholesterol, TC) A% B A5 & 1 AH [& B (low-
density lipoprotein cholesterol, LDL) /5% & g & (I
& ( high-density lipoprotein cholesterol, HDL)
1.3 AFITHRER R ZEThEE M IANADIRESIEM T
HALFE : MoCA # 3 | 8] 2 K #i IR 2 & 2 (mini-men-
tal state examination, MMSE ) . W b 18] 15 2% >J ) 46
(auditory verbal learning test, AVLT) & £& i A
(trail making test-A, TMT-A) =7 ) B 56 ( digit
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span test, DST) . ia] iff yii 15 14 ) 46 ( verbal fluency
test, VFT) (& H T i 3% (self-rating anxiety scale,
SAS) DL K ANAR A P12 2 ( self-rating depression scale,
SDS) . WS DIREIFHr T H. . i JH vy S RE 27 g 4k T o
FE| AR I I A B R R 31 U 56 ( Chinese smell identi-
fication test, CSIT) (s LIS T HR 40 SZE A ARFS
WR A SLAR | 7R T8 XL TCRRIR SR LR 3R R, T
UK W ZE MR e TT 5 i T S LA R Oy
215 s, iEHE N 4 Ay ik 5 i
SRIBARU RS, IEH15 1 43, BE RS, St
40 7, BRI E] B 30 s,

1.4 MRI BEf&RE&E R GE 227 Discovery MR
750w B 1 3. OT 3R K 8 i 18 Sk 2 Bl kA7 2k it
e R, T A ol B 84T R W MRI K A
(T2WI FLAIR ) >k W Z& 41 3 J2 15 S0 A H Al fii 359
o I ST S A I T AR R ] 3D-peASL 4%
KRR ASL P S EANT Al 50 )2, )2
J& =3 mm, 54 B} 8] ( repetition time, TR) =35 070
ms, [FE A E] (echo time, TE) =11.5 ms, FRicAER
FsF ] ( post labeling delay time, PLD) =2 025 ms, 5
M= 128 x 128 , #LEF (field of view, FOV) =240 mm
x 240 mm , FAEE =512, B R X ( number of exci-
tation, NEX) =3 8RR =8 FA4If 1] =294 s; fiF
A A TE 3T 5 0T 1R] SR PR | TBOms | DR R IR
IS Bl S IV 2T 8

1.5 E&#4E O 7 GE Discovery 750w 3.0T
MR T 1 3l J5 Ak B4R fF o 2 i CBF 181 @ i
dem2nii A CBF EE4 g NIFTT BHEA X 285
B2 A i AT RO R B B T SPM 8. 0 Fi i
(http://www. fil. ion. ucl. ac. uk/spm) ¥ Fr A i
CBF [&] iy A~ 2 1] i) MINT A 2 18] B ; @ PRk
E A WA CBF BG B ™ B HY CBF [B%
#Bs ; & 7E DPABI 4644+ % H “ Mean Division” J5¥
W A BT A — A © XA — A0S B UG
B 4% (full width at half maximum, FWHM) & 8
mm x 8 mm x 8 mm [ 4% 1] [7] P & W2 A7 25 6]
T AbHE , AT B2 55 CBF BRI {5 L

1.6 it i SPM 8. 0 # /X7 ab#S 1Y
PRl CBF B AT 8 ge it 4Im) e Ak
TSTAEAS ¢ K50 R 20 4R BRI ARy P A2
7R R T G CBF AR Z K1 Hu i (P
<0.001, FDR AZIE, Bk HRAKZ K /INMR/IME 402)
W BA I 25 20 18] 22 S 1) A HUAE R SO ER X (ROT)
IV ST B ROL ARY CBF 111,

XF TN 22 BORERITIG R 552 46 % 46 A FH SPSS
22.0 & 14:5&??5%&(%}%2}%%, Kolmogorov-Smirnov %= H
FHIGESHRR , ESSM IR « +
s PR AN HUECR AT ¢ K0, AR IEZS S0 A0 1Y 58 1
PELL M (P, Pys) 7 o T2 8] P P 3104 1l L A Aol
F G K, SR 22 06 X CBF {8, DMAEIE M
SR H AF IR R AR i 38 O AE DG 53 B, 4R 5
T2DM £ CBF B2 5iA MU fE K e I RERIHE G
P, P<0.05 AERAZIFE L,

2 R

2.1 ANOFRIGHKIER ZIFTRILHA T2DM &
H 83 ], HC 41 62 i, A H 2= Fllh IR &4 WL3& 1,
T2DM 41 H1 HC ZHAEAE WS M0 ZH A FRICEL, PR
2019 TC LDL LA Kl R 25 55 G124 2 X, T2DM
ZH7E BMI, FPG ., HbAlc, TG ¥ F HC 4 (P <
0.05) , 1M HDL fis F HC 41(P <0.05) , NFIThEE
CSIT M4 055 2 T2DM 41 H1 HC 2H Y MMSE |
AVLT TMT-A M 25 2R 22 R o Gi 24735 L, T2DM
2 CSIT, MoCA , DST | VFT 3 &% SR A% F HC 41,
SDS SAS %5 Rl & T HC 41 (P <0.05)

X1 T2DM BEEHC AAOFHMERKTWERE (v 25)

WH T2DM 4 HC 4 X>/tfi  PiE
PN (/%) 60/23 43/19 0.149  0.700
Y (%) 46.1 +8.5 45.1 +7.4 0.820 0.414
HEFR(F) 13.43.3 14.2£3.5 -1.650 0.102
SR (4E) 3.0(0.3,9.8) - - -

BMI(kg/m?)  25.7 3.3 24.1+£2.6 3.350  0.001
HbAlc(% ) 9.8+3.5 5.2+0.4 11.680 <0.001
FPG(mmol/L) 9.5 +3.1 5.1+0.4 12.530 <0.001
TG(mmol/L)  2.0%1.1 1.4+0.5 4.830 <0.001
TC(mmol/L)  4.4%1.0 4.4+0.8 -0.570  0.955
HDL(mmol/L) 1.0£0.3 1.5+0.4 -6.820 <0.001
LDL(mmol/L) 2.6 0.9 2.4+0.7 1.170  0.244
W45 (mmHg) 131.4 £15.1  127.0+13.8  1.410 0.161
#F5K)%E (mmHg) 84.7 £10.0 82.4+9.9 1.310  0.192

2.2 CBFMAEZESR 4 i saHr B/R T2DM
HAHC HZA WX CBF M ERH G IT¥E X (P
<0.05) ;5 HC M I, T2DM H 2 XU %45 1 [7] CBF
W (P <0.001,FDR #1E) , T2DM H& & 78 XU B
[] e XA R Rz i CBF B Hb HC BEAIK (P < 0.001,
FDR #21F) . WLIEI 1 5k 3,

2.3 CBF ¥E5I\MIEE R IR 5 I RERIAE K 1%
W3 4 iR, T2DM B 17 A& el CBF 51
M7 5 CSIT ,MMSE \MoCA 345 B ToAH Pk (P >
0.05) ; T2DM /& & [ WL B 5T 1) CBF B 1 2 22 5
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E1 T2DM £E45 HC 42 CBF ER
L R ZEM A

#*2 T2DM E£EE5 HC HNEMRk (55 ,x +5)

A T2DM £ HC 41 [N P1ia
CSIT 31.9+3.8 33.3+3.5 -2.40 0.018
MMSE 29.0+1.0 29.3 +£0.8 -1.87 0.064
MoCA 26.1+2.8 27.6 1.3 —4.08 <0.001
AVLT -1 9.2+1.8 9.6+1.9 -1.26  0.208
AVLT -2 9.6+3.4 10.3 2.7 —-1.41 0.162
AVLT -3 14.0+1.3 14.1+1.4 -0.52  0.603
TMT - A(s) 37.4+12.9  33.2+12.9 1.89 0.061
DST -1 8.0+1.7 8.5+1.4 -2.11 0.037
DST -2 5.5+1.7 6.1+1.6 -2.13  0.035
VFT -1 18.4 £4.9 20.6 5.0 -2.65 0.009
VFT -2 13.8 £3.2 14.7 3.5 -1.66 0.098
VFT -3 6.6 £3.1 7.4 £3.5 -1.54 0.127
SDS 6.2+3.9 4.5+3.4 2.90 0.004
SAS 34.7+6.4 32.1+5.5 2.55 0.012

AVLT-1 . W i) i 2 > P 5 B R S0 Z 5 AVLT-2 W58 31 27 2
UG IEIRILNZ s AVLT-3 WG 1) #2721 0 56 F1 35 A DST-1 . 807 B
DU ACF NS 5 DST-2 « 07T B2 W0 58 85 7480 75 5 VFT-1 . 3] 3 U W
W55 BRI VET-2 - 18] 15 U i 1 T 4% K SRRV 5 VET-3 . 8] i i 1%
LT vl e o5 S S i N

#3 T2DM £E5 HC %% CBF A= RHMEX

B RN W8 l"%{;ilﬁ MNI o [Ep 4
(KF) 1l Bhi(x,y,2) (%)
Frontal_Mid_R 662  4.694  38,34,16  AfEiHm - 75.38
Frontal_Mid_L 467  4.571  -32,10,60  ZEfAPE 81.16
Olfactory_L 402 -4.521 -8,18,-18 AfUEE  37.78

] 23.38
FEMIE R R 17.66
AT 6.46

R4 CBF HESIAMINAE R IR INRE M X1

CSIT MMSE MoCA

fie H PE R PE E  PHE

Frontal Mid_R 0.073  0.520  0.109 0.337 0.086  0.446
Frontal_Mid_L -0.072  0.525 -0.026 0.817 -0.034 0.765
Olfactory_L 0.081 0.474 -0.021 0.85 -0.117  0.301

CSIT , MMSE |, MoCA il i #5 Rt Jo A G PE (P >
0.05) . JET ROI B9AHSCHE /AT 3R B0 T2DM &35 11

CBF {E 228 5N P43 B CSIT 45 2R JoAH ¢
PE(P>0.05),

3 it

REAEFFTHE 1 T2DM B A3 43 X A7 1€ CBF
T SR 532 B X 53 A, AN ARG 45 21
JEAR—H, Zhang et al'®* HFFTHE i1} T2DM & M4
s e [l A &R el A AR CBE 3905 Cui et
al 7' B T2DM B3 YRG0 Bl CBF 5 HC 340,
AT A5 s FRE A B XU & R ] CBE 360, i
MoCA (S S TAFIZKF-) | DST ( Sz 2 > Fl T A
CICHE 1) B VET (Jx MEiE 5 e 1) 15 53 FR AR,
Thomas et al'®' A A Hi 45 - (14 ki 10 370 72 130 48 S
o B 00 ) i A AR S g o 0 [ A7 T R G ) iS
JETT AMUITT AR (1) 2 8B 43, VR AN Sl
W, Z 5% T s 518 5 S | TR
A B EAL BN G617 25 2 A0 & Al s 3
IZM DX 45 40 5 N 1 D g B A5 % DT AH OG . Hays et
al " BF I R A B DA AR A AR A AR AR T CBF 1
IS IANTIRE ke 2 IEM GBS SR, %S
B8 A BN 52152 1) 28 50 P (4 A G, 1T B
() JE DR A5 12 BF 58 T2DM 21 R A AR IR 8 R 4R 5%
[ R 2 AR R 450

ZAGE R 5 HC AUAH B, 9 61 21 4 XU L [l
MWLEZ Jit CBF FAI . 3 ZSAS[RIAH 58 43 B T2DM f&
HI CBF JE VR U AR X 25 SR A7 7 22 5775 Cui et
al T ST o T2DM B TR IS AT ] LT SR
ML B2 2 CBF 3% T [, Bangen et al''' i
T2DM &2 70 B0 i By A5 ST [l A i T /)
- A5 A 1R 3 CBF ME 08K, B R 4 Ak
BRAOCHEMG X, SAPERIE 1) LA — 2 R, Al
PRIFFE S R META M 00 A 6 5 0 B 0T T [ 46 i) il ¢
R et rg SN2 SN U 2 0 S
R HC A, T2DM #3559 B0 1 7] CBF [
1%, RV 2800 B4 0 B /s T2DM 28 35 A S0 D
£ FERE P A AR T R Rk 4 DT ik DX I 9
FRRAR AT RE LD IR E 4 R, MLt A2 5 Rk
W2 — 5 HEIE SN E B MU D) REH % AR
A T SOD PR A AR, AR %
W T2DM FE 35 17 76 WL T RE A, s 260 A
T2DM BETEN DI REAR A o T B 20, C 43R M
H L 55 (B 2 AR5 i [X ) 6 5 1% 4 2 A %
FE 4~ T2DM B8 35 (4 BUI ISR T CBE S MLt T
PEAMIBAR . SR H AT T2DM HR 3% W5 S 245 i #
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Preliminary study on the changes of cerebral blood flow in patients with

type 2 diabetes mellitus by arterial spin labeling
Luo Wei', Wang Jie’, Chen Mimi’, Liu Fujun®, Zhou Shanlei’, Deng Datong’, Zhu Jiajia®, Yu Yonggiang' *
(' Dept of Imaging , Chaohu Hospital of Anhui Medical University, Hefei 238000 ;
*Dept of Radiology ,” Dept of Endocrinology , The First Affiliated Hospital of Anhui Medical University ,Hefei 230022

Abstract Objective To investigate the changes of cerebral blood flow (CBF) in patients with type 2 diabetes
mellitus (T2DM) and its correlation with cognitive function and olfactory impairment. Methods Cognitive function
assessment and smell identification test were performed on 83 patients with T2DM and 62 healthy controls (HC).
Three-dimensional pseudo-continuous arterial spin labeling (3D-pcASL) head images were collected from the two
groups. CBF values of the cerebral cortex were compared between the patients and HC after the postprocessing.
Correlations between the CBF values and cognitive function assessment and between the CBF values and smell iden-
tification test scores were analyzed as well. Results =~ Compared to the HC, Chinese smell identification test
(CSIT) , montreal cognitive assessment ( MoCA) , digit span test (DST) , verbal fluency test ( VFT) scores were
lower in T2DM patients (P <0.05). The CBF of the bilateral middle frontal gyrus in T2DM patients was higher
than that in HC group (P <0.001). The CBF of the bilateral gyrus rectus and olfactory cortex in T2DM patients
was lower than that in HC group (P <0.001). Conclusion  The cognitive and olfactory function of patients with
T2DM decreased. Patients with T2DM have abnormal perfusion in the bilateral middle frontal gyrus, gyrus rectus
and olfactory cortex, revealing that CBF changes in these brain regions may be one of the causes for cognitive im-
pairment and olfactory dysfunction in T2DM.

Key words arterial spin labeling; type 2 diabetes mellitus; cerebral blood flow; olfactory dysfunction; cognitive

function



