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[Abstract] Diabetes is associated with cognitive dysfunction, and increases the risk of dementia.
Magnetic resonance imaging ( MRI) provides many quantitive information for tissues, such as brain
volume, microbleeds, lesions, perfusion, functional connectivity and white matter microstructural
integrity. Structural MRI indicates that brainatrophy is related to cognition dysfunction in diabetes
patients,and functional MRI indicates that the neuron activity changes are also associated with early
cognition dysfunction. Probing the subtle brain MRI changes in diabetes can provide diagnosis evidence
for early cognitive impairment, and may have the prospective value for predictions. In this paper, we
reviewed the findings of brain MRI markers and their applications in cognition dysfunction in diabetes.

[Key words] diabetes; structural MRI; functional MRI; cognitive function

b ¥ T Bk R L 30 (2017SHZDZX01) 5 1 ¥ 1l B} 22 36 Rk W 58 5 4530 H (164119548000 5 1 ¥ 117 B} Z2 367k i 58 K30 H (16]C1400500)

LCorresponding author E-mail: happy20061208(@126. com



TR S N 45 H K T R B I IR B AR (MIRD 7245 R 5 58 5 DA 60 B Al 4 25 w19 19 545

* This work was supported by Shanghai Municipal Major Project of Science and Technology (2017SHZDZXO01) ,the Key Project for

Basic Research of Shanghai Science and Technology Committee (16411954800) and the Major Project for Basic Research of

Shanghai Science and Technology Committee (16JC1400500).

W PR 2 1h 358 4% | A e T BB ZE L L B g R pl A
AR PO 74 T LR S BB D RE TR
e 5 R ARHTEE 51 A 1Y LA g MW S e A i) AR5 21 L
I 6 AR HE R R . AR T TR A
TR B RO N SE 25 5 5] 2% Fh R 82 11 0 0 ) g s
A IR ) R B IR R Z AR AR AE RS . A
RSB KRS 7 TR 1Y & LR B8 20 248
TR B K A B A UG Sy S 0L 9 e v D
W B i S8 A Bl I R IS S AR A L Pl 2 ST D) e
T2 UBGR L AR KCOF R RS 2 AT BRI R RE
DR 95 AR ) e 450 5 ) s AR L R AT A T F 5 B
B 2 A RO R 9T AR X O R AR Y i
PR R B FH R AZ Wi 8 . M RGEIR
AT PR ) — A5 A 7 I PR 2 B B 2 4R L R
e 28 6 A 1 45 AL 0 ) BE 1 150 T Gk 2 gl A T
VLA #E 3t 38 B 1% (magnetic resonance imaging,
MRD BEATAZIN . A SCA MRT 1 BE R KN &5 44 Je
e Z R AR A5 B AE M PR S8 2 I T RE i
R O T EAT 25« DU DR B PR A 0 B BE B 15 4
P 2 AR U

WERRR SN RERE RS R AT IR FIESR  WiiAT
i “FIE T R W R s 55 B0 R % i R ( Alzheimer” s
disease, AD) [ F I 7E _F T+ b [ Bl PR S50 56
1980 4F 1 0. 67 % L FF5] 2013 41 10. 9% 55 IR I
AT BEL) b B 935, 72607, MR 4l 2015 4F {7
AD e 5+ 2 BR AD K AR AE AW . 2015 454
4. 68 e NIEA AD, i3 2050 44353 13,15 12
NS BRI 238 AD 1 & KU . R F 5
AL 1996 4F 50k B, B 4 1 15 1. AD f 2 BB
R 9 2448 T s ELWE DR (6 7 A AD 8 JXURS: o £
o folt FH PR 5 VA T BB PR 8 3 R R AD B9 K
Wrdim Y . EHARY 1017 B2 Bivy 15 )5
S B AH L AR BE B A HE PR AR ) AD A
B o O R SO PR T 2 A AR B
(mild cognitive impairment, MCI) 5] AD )
ARUT R G LE AR A R R W PRI O RN T g
R N R i e T T B NG

PERBRIANNDEE R E AR EHVBERILE
BEPRIE S INH DI RE R AT /] BETE R GE A B 0 T35 &
AIKOE EAEAE R ) A B AR . AR ROA N 2
W8 DR s BRARRAIE 1) — 695 B 8 A B[] I X6 A R 2 R
JRREA S A I 1) 7 e B 11 1N 7 €7 = 2 L NN =
AR WEAGZE 7= B R Y R R
B R AR N -1 i PIBK/AKT {55 i % i
PR RHCHT . R RS Bl E DR
Grofi B FEAR B UE R RE AR 1 A0 B B 3R R S I L T L B
By 2K PGS 1 B IE MR B ATEBR . Bh) Sk
B UESE B R ARG N B IE M A AR DTN B AR B
5 2 W A T8 11 7K I 5405 DA 0 T RERSY . /b i
Jo 240 JL 1T A0 L 2 15 P 22 S SV B A 1 4
/Nl I ST 240 L IR R T 8 A A L TR 5 AR
[ RHCHL . B E KRR AR S O /N2 TR A
JHL 77 A b 2 A AR A N ) — A AL
1 4 %A (reactive oxygen species, ROS) %, M1 5 2
MG ITEIET " o SR PRBE AR I M Ak 28 7= 0 1 7=
IF U /N 28 I BT 240 L L T 4 L O A5 P Rz 4 L
Mg T FR M ML= Z KD W& Y%
BZH BIEMHEEAMNIER. S apoE T 1)
AR N T R AT S AL T AR T ) 32 R Y
A REHE N 2 BOBE PR A B AD XU

WERREENEZESNNINEERNXERE W
R 58 7 AN T e B B 5 1k 25 4 A7 R 3R R L T d g
S5k MRT K B, 25 47 B AR SR B 0 ivi 20 245 4 14
TR /) o Jii S5 5 sk 20> o i Jo 0k 9 8 ks 240 e 4 ol 0>
G 1 72 S ) 398 4R A it g P R
P RE—FRHNE . den Heijer 2 fF 57 & B
55 ARRE IR NAEAH LS W8 PR S8 T D S A ALY
ZEAE T W] L AF Y IR I B B AR S A A%
A7 RH G, T 8 R 5 2y Jhk o A A 1k B B R0 K R R AR
5 (white matter hyperintensity, WMH) } #f Z£ f})
SO J 33X A 5 A 25 SR AN AR L S 7 W RO B4 2 il
AD R 280 BRRCS L n R 5 R AR T AL ik T BE S
PR3 S8 5 0 BRZE R L R o R R R R Jo A FRAE
R € i DX R 1 TR DR T 20K E DX



546

5H2EESED 2019 4F 7 H ,46(4)

AR A RO AR B SO R AR I 41 R
e R A, R RO PR I B B R e PR e R
AR FRTE /)N Bl a7 9 A AR TE R, B R A AR
PR J8 35 A7 A 58 22 WMH L {H TG 32 1iF W) i 14 BB /)
JE H G I A5 90 A8 A 5 0 R RE A A LA ALY . B
FE R I DR 8 DN T BB R AIG 00 AR
WMH 34, 158 BB PR A8 2 DA 0 2 B B 65 o 3 5
ORI SR A O o A I A U R 445 R A M 2R e

Xof A I H At 5 19 4 DR S8 R AT Il 45 A B
5C. RIS FRWETE A BN PR R A L, BT
U Ay g BB PR A8 5 IR 22 4 B8 WD I [ I A A
INFV D RERA T . A I i 0L 76 9 05 A0 J] 2l ik 9 i K
S IR By Ik 5 45 Bl JK v 2 19 M DR R 4 i A B
T G 25 4 A L M AT E T 2 A A
R 8 P B R R JBE A AR /)N o () I AR )
TR T BB PR AL IR 58 7 A R AR D BE T
1 1 fE 21

W AT B 5T A 0 W PR 5 Jii 25 4 Bk F T BE T B
MG ZR i AW R . A IE 9 e B PR e R A S ) TR
AR S BR 13242 UGN Ao R0 S BE B 22, {H MRT
8 bR Cln i 25 45 55 5 D00 T R R A ST A D6 L b
PR 5 I NE Jhk 28 25 55 00 D s AE I T A8 3 A LG L 1 BT
PREUR B 0 Z2 P 343 B & B 1 AR AR/ R
AR PR N A0 A 45 %X (body mass index, BMI) #{
Ky BT LA L BB IR & I IE e A8 B B B AT [
& BMI R 5200 o 10 A 2 5 R A &

J TRV BE PR VR TT 1k AR AN RN R i 4
A F18 5 2R 208 3 0 W PR AU I AR A 5 A R i MIRT A
5S¢, K Bty E R WA ST 9 7 FE KBS Chypoglycemia
requiring assistance, HA) R & 576 HA B &M L,
HE R mER

HERREENEBRBRETSANNINERERHXER
R MR AT & BB PR o5 B8 25 ki F1 5T 7% (white
matter lesion, WML) 5 1A 1 Iy fig it 5 119 5 Bk,
WML 248 70 A 300 15 2 Jol ] L 6 i1 [X % 2 B
DX F) /3 18 BT o kL s 1 2R AN £ MIRT T1WI
RARAE T, MAE T2WT i JH 2 M 6 0 S e R 02 T
%) (fluid attenuated inversion recovery, FLAIR) &
e . WML (AL i A WY . DA 34 g
ALy Ay R WML AR B v WML ke
Rl i P WML 55 1045 8 50 T I 06 5 o 4 O B ki
A R ) TR A AT G R It WML 5 8 T AN
A K,

de Bresser 25000 % P B PR G B8 3 F0 IE 5 6 BB 41
WML &2 53 A K0 WML 46 & fE S %5
WA 8 DR 8 A7 AE B 2 A9 R IR RS Y WMH
SRR B WMH - 22 U 58 45 51 7 b DR s A
& WML 5iAHIRE T FEASC, LR i JEE
1 AT T BE AN fE B A B 45 7 S, van
Harten 5827 % BUBE IR (8 & o WML 32 2, Ju 1
SR WML, B AL i 2045 B 5 R & WML B 2 A1
KL WFFEEE A W7 B R S TR B8 WML 1Y i 57 1 [
HWEK ., b EaS WML ™8R A A
BT RS B AR PR R PR AR T BB WHL
K.

WERFEBEMHL KRR E NIRRT
KFE IR RIS IR B0 -5 A Bl B R G
(9 56 28 0 AN WA o Gl S ot o E T R PN DS I
708 5 SO il S JBT I i PR A58 5 i A /) I A O 8
AL H I DS BRI B R DA AR . Ik
E L — P TG i ARRE AR o HC 2 Jart PR i AN T A L E2H 21
% bRl UL 2R R B 0N I A A R B R R B
i B o B AR AR/ L B KR Ak | 2 kR e 4
3t F Y (7T) MRI KA Kl 5 S RE A > I &
Xt FEZEL AR I A %A 41 0, TR B R A 3300,
S5 WoR O S A DD RE AN A OC o TR0 PR i 55 7Y
INBROH . E B R AR Bl (quantitative susceptibility
mapping, QSM) ) {8 7& ¥ & Fl b fix X 5% 2 25 7t
2 QSM (B 5 ¢ i R PR i A (S 3 A G 6B
QSM A B T IC A i 8 D7 Al B JR i A8 3 O i 1) 4k 5k
AR

WERREE NN E S NN RERHX R
Tl PR B i I 288 450 00 5 ORI DDRE T R A OG . Zhie
MRI ] DL sk 48 00 K Ml Jey 35 a9 2 R0 40 I 41 2R
P 82 1) 722 P19 100 o T 42 S BT DA o R 2 14 455 8 DX
Tie MRT | F #2801 2l A i J=) 78 A 40 1 7 il
I 22 (8] 77 A AN -y e 2 00 Jay B 3 M o 722 A 1Y
R, 52 B AR R L AR B DX e B X
A 28 T 24 A Jag A DX it U 2 A b AR G L R 4R
B A R SR I L 2 TR A I AL A RO
JI5t AR i £ 2 1 KR R R UL s DT B T2 AR
(CReziE®

Biswal 4557 R 3, i BARS T (P2 5 B L oK
HEATATART b RV 155 0 ) R o i 3l B J2 AT Ak
FIE RS, I 5 i A K MK #i (blood oxygenation
level dependent, BOLD) {55 & EME., HE T



TR S N 45 H K T R B I IR B AR (MIRD 7245 R 5 58 5 DA 60 B Al 4 25 w19 19 547

PR e B B RS AETEAS [a) 9 i 210 RE 19 4% 8K
N S W ¥ T N NS o N ) SN
AE MR 73 #r 32 48 3 2o ) 68 73 A6 F0 2h RE B & P> O
T Ok BIF 5 K B 6 20 . ) 8 g b 3 F 5 R AR
MRI 15 5 ¥ &, WAL 4% 98 18 Camplitude of low-
frequency fluctuation, ALFF) #l & % — 2 1
(regional homogeneity, ReHo), IJRE® & FE AN
[Fi] i DX ] () BK % e 3 F 9 i L S D) B MIRT B[] )
HIE S Z 8] B AR B OC Z  BRDFAS (] 1 1X 22 18] 7 AH H.
VE o 5S4 45 mURH DG 20 Mt Rk ST 803 2317
TE ) RE 8 4 J5 T 5T A BUAE PR B8 38 1 RO
B 45 D) RE 3% 42 T B T R A =X R0 2% 1) 451 43 5
VA INTE=RL L D) =N ST iR N [ S
WEFE A B, 5 AR 28 1AWl DR A8 5 A LG 0 8 1 DR
o KB A AU G RS T R 3 e A
TEIRE S AL J7 T, ALFF #1 ReHo {55 A &
G5 Bl . B DR SR A 5 TE X BT L B A
Je 5 [E ) ALFF F1 ReHo 35 T &MY, [a] i) & BB
PR RN T BE 2 3 R B, HLIA N 2 R 5 A | A
e B4 3% 2 T R AR OG o 5 B2 DA R R A P DR i R
H ) ALFF 785 0 M I BEAH 5 /Y R R 1l X & AR Bl
AR AL HG A A A R [ T
X — R D UL T PR 1 A BE D A R A
ERAEERRETBRASIANINEREBRNX
F MR R I T RS O S AN I RE 1 SC R A
BIHA . sh ik B BE#drRiC Carterial spin labeling, ASL)
FORVAEARC 1 30 ok il A Ay P 5 X BE 5] A T
PR AE AR 2 T 0 A Bl K G A O i B e ik
o i o ) BT G A R R kAR R G ad — B RO I
(1) P9 SEE S 7E A 10 L 3 3 38 AR 2 TS R AT R A L 3R
51 UG 5 R e 1 T A5 AH i 5 380 9 v TR AR
ASL HA ToA . Jo i SRR BRI 4 A
AR ST N A DR R8T R A O S AT T fE
FETERCR . Dai S50 BB, 500 BALH LE , B PR &
A BRIA 2 e K/ G 1) 2% %) B I I e
1w Ly 1 e 11 A SRR (T S TRk VAR 7o )
RE L 10 B K HRBTADA I D REBR A A ¢ . X0
530 7 Ml PR RE A e 2 2 JR) S I R 1 5 A RN B RE AH
Ko BRI R ARHT AT RE AR HE 1 W PR B SRy S Mk T
R AT A R W PR R N TR OO A
DIRETFANAA G . XF 310 {368 50 s R84 R AT F o
KI5 8RO DA 41 AE b, X R AT A A i O
(cerebral blood flow, CBF) X Tk T 41, Ju H7E 10

S DX Sl R0 B L (H 5 A R BE Y 6 R JE A B
BE . 55— TR AT R B PR 4 1 J ST 1) CBF
TR JUHAE A2 op Bl Sl ik I 3 3 38 B E] (bolus
arrival time, BAT)7E47 FEAR 2L 22 v dl [ml R Ay v Al
134 I A5 v B BAT 5552055 9 B2 AH 5, 22 o dL [m]
BAT 5XURM J) T FEAH ¢ . fH CBF 5\ My 6
L EAIOCER

ERFEEEARAETEESINANDERTH
KR I E BT LT 2 S A e A
e A7 78 2 BE. MRI 5% H#5K & W f& (diffusion
tensor imaging, DTT) /& ¥R BN AL AR F AR 19 W ik
A S8 o 38 3o K5 A it o B 22 1) SR HBCRE J3E D 1) ok 4
L Z 25 AR GOWAR 2 AT DUKE i 15 3R 1 5 247 4t o
AR AT R AR Gk 78 2 H I ME — T A R Bl &R
G A 4 o e B R AR AR . DTT A 2 4
EESH AT 4> BUE (fractional anisotraphy,
FA) I3 %8 #0% (mean diffusivity, MD), DTI #f
FE T B N 5T 2T 4 i e R Horh FA
WA 1] B4 SR HBCRE 0 T MID U Bz ke B e 7Y G 1] 5% HE
FREE . FA 3G m vl W4 U5 40 HE 51 L2 5% & o)
SRR s AR R U8 B G 41 20 b i g ke R AR AR AR
55 HAM S5 # B TR 2R 2T 4t 52 ) B840 3 S 2R B
LRLERE R SR . Y T 2R AE A B RER 2 R TR
5t B 7 B e IR SO I A U G S AT 4 R 5 1] Y R
PRS- ) Y A ) TG v SR RO 5 L RO B FACR R
im MD _EFt,

DTT AT LA Sz e bR s 58 8 B3 J50 3 45 4 458 1
Wl PR AR A i 5 B MID I 3 8 A0 e
FA B2 TR, BRI S 24 I X Y 15T i 45
P AZ A AR O o AL F5 PRI /0N s 3 1 5 A 00 R IR A
P10 [0 7 RV 55 [ I R 1 A DR A R
b TEA O R R R A O AR L A
TR K A T G A B S 42 Al 1) SR HBCE AR AE AR
TO0 I 120 A3 1 5 4R BR T B B B e R A
JRAR AR T R

W DR A8 25 IS A 400 S5 NS RE R R A
%o Kodl 855 % BURE IR & LS | J5 % 48 4T
i FA R RRAK, 55000 s o A SO Ak i 20 28 1 T
A HSIAMIBERIOC . 55X AL L A
RN T P W DR 8 4 R T B SR A RO T
43 #r (tract based spatial statistics, TBSS) &7/~ , [
Ji FAMH FR# 7.3%, MD #8124, 9%5Y . A2
AE BT 7R 5O D) REAH ¢ 1Y ik X FA TR R i



548

5H2EESED 2019 4F 7 H ,46(4)

MD Jt . DTT 28 28 5 32l 3 5L % 0% PR
B A B S AR AT B &R . B PR
ST A 5 TR T RGBT T
PRI TSN S B DR R A T B9 1 o el 45 A S T LA
fRREICAZ TR o BRS8N D RE R R LA AT
ihe A WAL 3 L R B AR ICAC B . IR
T B T A K ) 2 AR R )R A DRI A L P
ZERT SCMSNEE , T RES B A O . A A i
SCANAINE 1 5 5 A SE B 5 AT B O .

i 2 XF e AD 458475 # iR DX AT (] 2 0 DB PR g
BT LF Ak RO A Y B 5N R ) B Y I R
Tan S5 % B RS £ 5 7 300 RO X0 4% 19
FUF X FA 2 2% R B, MD S 3% 58 42 45 iy
(] 50 B U T e b AR B T R A
0 101 6 955 5 TR T N 5 78 Fr I [ 4 e B0 5 LA
B | o AR S R b S R A X B A IR X
5 AD 1515 14 1l XA .

b /s B 52 SUHT A B A 22 FA FEAR . A% )
PHCRBCR TR o BRI /N UL A 22 L 40 4
P AE L P JE 748 =22 i - GiE W] DTT A] BB 2 5 301 T ) 43
A IR R L AR G U A RO

BiE PR ATREE RS AR H T ESAK
- _F 55U D RE R B A T XS] 4 5 BEAR PG R L N
17135 IO 45 4 8 2 R 1 A2 A L 3 BB R AR A
AN R R) R . MRT 2 AR bR ac vl DL R T 48 =
2 DU DR 8 IR T 45 F) A0 g B O DA B A 1Y
KA HAAE R B0 (E . RE 5 1 SR IO A
R ) B A 11 7 A0 RO A 3 B HE— 2P B O 1]
WEFEIESE . 1T H AT A BT 5 R 2 AR A B BR L Bl IR
T S8 O R 1B % L I TR A 3R R R 1R Ak
PR3 1 25 A AR [ o TR 0t 0 B PR 5 DA 0 2 E 55 Jil 52
BRPAPIRA PR . AN SRR &
TP B PR F 5 ) A E BE T R AR A i 5 R
KT PR R R D RE R AT Y T A

L] SRR, 2 BUME PR TA 0 2y B I 65 14 i 45 A4) A0 20 R 2 3L ik

WAAMRID]. E&:% = FEKX%.2015:1- 111,

[ 27 BIESSELS GJ, STAEKENBORG S, BRUNNER E, et al.
Risk of dementia in diabetes mellitus: a systematic review
[J]. Lancet Neurol ,2006,5(1) ;64 — 74.

[3] DUCKROW RB, BEARD DC, BRENNAN RW. Regional
cerebral blood flow decreases during chronic and acute

hyperglycemial J]. Stroke,1987,18(1) ;52 — 58.

[4]

[5]

L6]

[71]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

TR o NE Wl PR g A8 I I, AL 9 Y BB A8 Y I R R R
(I, % 46 48 o 22 & .2005,13(4) . 272 - 273.

WANG L,GAO P,ZHANG M, et al. Prevalence and ethnic
pattern of diabetes and prediabetes in China in 2013 []].
JAMA,2017,317(24) ;2515 = 2523.

ALZHEIMER’S DISEASE INTERNATIONAL. World
Alzheimer Report 2015 the global impact of dementia. An
analysis of prevalence, incidence, cost and trends [ R/OL7J.
https://www. alz. co. uk/research/WorldAlzheimerReport
2015. pdf

OTT A.STOLK RP., HOFMAN A. et al. Association of
diabetes mellitus and dementia; the Rotterdam Study[]J].
Diabetologia,1996,39:1392 — 1397,

OTT A,STOLK RP., VAN HARSKAMP F, et al. Diabetes
mellitus and the risk of dementia:the Rotterdam Study[]J].
Neurology,1999,53(9) : 1937 — 1942,

OHARA T,DOI Y, NINOMIYA T,et al. Glucose tolerance
status and risk of dementia in the community:the Hisayama
Study[J]. Neurology,2011,77(12) :1126 — 1134,

XU W. CARACCIOLO B. WANG HX, et al. Accelerated
progression from mild cognitive impairment to dementia in
people with diabetes [ ]J]. Diabetes, 2010, 59 (11); 2928 —
2935.

KAWAMURA T, UMEMURA T, HOTTA N. Cognitive
impairment in diabetic patients: can diabetic control prevent
cognitive decline? [J]. J Diabetes Invest,2012,3(5);:413
— 423,

MOLONEY AM,GRIFFIN RJ, TIMMONS S, et al. Defects
in IGF-1 receptor,insulin receptor and IRS-1/2 in Alzheimer’
s disease indicate possible resistance to IGF-1 and insulin
signaling[ J]. Neurobiol Aging 2010,31(2) ;224 — 243,

YU LY, PEI Y. Insulin neuroprotection and the mechanisms
[J]. Chin Med ] ,2015,128(7) ;976 — 981.

DE FELICE FG, FERREIRA ST. Inflammation, defective
insulin signaling, and mitochondrial dysfunction as common
connectingtype 2 diabetes to
Alzheimer disease[ ] |. Diabetes,2014,63(7) ;2262 — 2272.
GLASS CK,SAIJO K, WINNER B. Mechanisms underlying
inflammation in neurodegeneration[ ] ]. Cell, 2010, 140(6)
918 — 934.

YAN SD, CHEN X, FU ], et al. RAGE and amyloid-beta
peptide neurotoxicity in Alzheimer’ s disease [ ] ]. Nature,
1996,382(6593) :685 — 691,

BU G. Apolipoprotein E and its receptors in Alzheimer’ s

molecular denominators

disease: pathways, pathogenesis and therapy [ ] ]. Nat Rev
Neurosci ,2009,10(5) ;333 — 344,

XUHRTE B B, BRAR I, 55, B AR 2 PRI 2R 40 BB O R
UIREFEAT I G R FE S [T ). B & F % £ &,2017,37(6):
1482 — 1483.

DEN HEIJER T,VERMEER SE,VAN DIJK EJ.et al. Type
2 diabetes and atrophy of medial temporal lobe structures on
brain MRI[]J]. Diabetologia 2003 ,46(12) ;1604 — 1610.
PENG B.,CHEN Z,MA L,et al. Cerebral alterations of type 2
diabetes mellitus on MRI; a pilot study[ J]. Neurosci Lett,
2015,606:100 — 105.

SCHNEIDER ALC, SELVIN E, SHARRETT AR, et al.
Diabetes, prediabetes, and brain volumes and subclinical

cerebrovascular disease on MRI: the Atherosclerosis Risk in



TR S N 45 H K T R B I IR B AR (MIRD 7245 R 5 58 5 DA 60 B Al 4 25 w19 19 549

[22]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

[34]

[35]

[36]

Communities Neurocognitive Study ( ARIC-NCS) [ ] .
Diabetes Care 2017 ,40(11) : 1514 — 1521.
REIJMER YD, VAN DER BERG E.DE BRESSER ], et al.
Accelerated cognitive decline in patients with type 2 diabetes:
MRI correlates and risk factors[ ] ]. Diabetes Metab Res Rev ,
2011,27(2) 195 = 202.
TIEHUIS AM, VAN DE GRAAF Y, VISSSEREN FL,et al.
Diabetes increases atrophy and vascular lesions on brain MRI
in patients with symptomatic arterial disease [ ]J]. Stroke,
2008,39(5) : 1600 = 1603.
HUGENSCHMIDT CE.LOVATO JF,AMBROSI WT.et al.
The cross-sectional and longitudinal associations of diabetic
retinopathy with cognitive function and brain MRI findings:
the Action to Control Cardiovascular Risk in Diabetes
(ACCORD) Trial [J]. Diabetes Care, 2014, 37 (12); 3244
= 3252,
VAN HARTEN B, OOSTERMAN ], MUSLIMOVIC D, et
al. Cognitive impairment and MRI correlates in the elderly
patients with type 2 diabetes mellitus[J]. Age Ageing ,2007,
36(2):164 = 170.
VAN BLOEMENDAAL L, IJZERMAN RG, TEN KULVE
JS.et al. Alterations in white matter volume and integrity in
obesity and type 2 diabetes[ J]. Metab Brain Dis, 2016, 31
(3):621 =629,
ZHANG Z, LOVATO J.BATTAPADY H, et al. Effect of
hypoglycemia on brain structure in people with type 2
diabetes: epidemiological analysis of the ACCORD-MIND
MRI trial[ J]. Diabetes Care ,2014,37(12) ;3279 — 3285,
XUZE T 0 A 5 N B R B RARHT A AR DL &
D L EFFEL.2011:1 - 55,
EUENE L EIAR I A G T R Y Sk ST MRT 43 35 A28 B
BT F 0 f & % A& & (B F 10,2010, 4(2): 117
- 122,
DE BRESSER J,KUIJF HJ,ZAANEN K, et al. White matter
hyperintensity shape and location feature analysis on brain
MRI; proof of principle study in patients with diabetes[]].
Sci Reports ,2018,8(1) : 1893,
IMAMINE R, KAWAMURA T,UMEMURA T,et al. Does
cerebral small vessel disease predict future decline of
cognitive function in elderly people with type 2 diabetes?
[J]. Diabetes Res Clin Pract ,2011,94(1):91 = 99,
MANSCHOT SM, BRANDS AM, VAN DER GROND ], et
al. Brain magnetic resonance imaging correlates of impaired
cognition in patients with type 2 diabetes[J]. Diabetes,2006,
55(4):1106 = 1113.
VAN HARTENA B, OOSTERMAN JM, POTTER VAN
LOON BJ,et al. Brain lesions on MRI in elderly patients with
type 2 diabetes mellitus[J]. Eur Neurol,2007,57 (2):70
= 74.
A2 IR HE L m K BT S e A o A 9 e B AR e It 1 S
i P e XN D RE 2 [T ], B FR oAb om & &,
2015,42(5) :39 — 43.
BRUNDEL M, REIJMER YD, VAN VELUW SJ, es al.
Cerebral microvascular lesions on high-resolution 7-Tesla
MRI in patients with type 2 diabetes[]]. Diabetes,2014,63
(10) :3523 — 3529,
YOON SY, PARK S, KIM HG, et al.

susceptibility mapping in a diabetes mellitus rat model: Iron

Quantitative

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

accumulation in the brain[J]. Int J Imaging Syst Technol ,
2017,27:238 — 247.

BISWAL B, YETKIN FZ., HAUGHTON VM. et al.
Functional connectivity in the motor cortex of resting human
brain using echo planar MRI[J]. Magn Reson Med , 1995, 34
(4):537 — 541.

AR W2 LR A LR 4 1K B9 s TMRT 55D,
B E T ERKF.2017:1 - 45.

ZHANG H, HAO Y. MANOR B, et al. Intranasal insulin
enhanced resting-state functional connectivity of hippocampal
regions in type 2 diabetes[ J]. Diabetes, 2015, 64 (3): 1025
= 1034.

LIU ZY, CUI XW, TANG ZC, et al. Identifying cognitive
impairment in type 2 diabetes with functional connectivity:a
multivariate pattern analysis of resting state fMRI data[ C/
OL]//Medical Imaging 2017: Biomedical Applications in
Imaging, 101370N
[2017 = 03 = 17 ]. https://www. spiedigitallibrary. org/
conference-proceedings-of-spie.

CUI Y,JIAO Y,CHEN YC,et al. Altered spontaneous brain
activity in type 2 diabetes: a resting-state functional MRI
study[J]. Diabetes,2014,63(2) ;749 — 760.

ZHOU X,ZHANG J,CHEN Y, et al. Aggravated cognitive

and brain functional impairment in mild cognitive impairment

Molecular, Structural, and Functional

patients with type 2 diabetes:a resting-state functional MRI
study[J]. J Alzheimers Dis ,2014,41(3) :925 — 935,

TR TR AR 5 SRR A Sk B BE AR T 45 3 2 1 U H
MRI 7E Jigi 4% H e ifi 2 45 (9 6 IR L ). B B 5 3 A
B % ,2014.2002) :110 — 115.

DAI W,DUAN W,ALFARO FJ,et al. The resting perfusion
pattern associates with functional decline in type 2 diabetes
[I]. Neurobiol Aging s2017,60:192 — 202.

ESPELAND MA, LUCHSINGER JA, NEIBERG RH.,et al.
Long term effect of intensive lifestyle intervention on cerebral
blood flow[J]. J Am Geriatr Soc ,2018,66(1):120 — 126.
SHEN Y.ZHAO B,YAN L,et al. Cerebral hemodynamic and
white matter changes of type 2 diabetes revealed by multi-TT
arterial spin labeling and double inversion recovery sequence
[J]. Front Neurol ,2017,8.717.

FRILZE AR BR S RE IR HOR DTT 7B /R 2% i 3R
SRR T R L)) B CT A MRI & &,
2015,13(11) :1 - 3.

HSU JL.CHEN YL, LEU JG, et al. Microstructural white
matter abnormalities in type 2 diabetes mellitus: a diffusion
tensor imaging study[J]. Neuro Image .2012,59(2) ;1098 —
1105.

VAN BLOEMENDAAL L, IJZERMAN RG, TEN KULVE
JS,et al. Alterations in white matter volume and integrity in
obesity and type 2 diabetes[ ]J]. Metab Brain Dis, 2016, 31
(3):621 — 629,

KODL CT, FRANC DT, RAO ]JP, et al. Diffusion tensor
imaging identifies deficits in white matter microstructure in
subjects with type 1 diabetes that correlate with reduced
neurocognitive function [ J]. Diabetes, 2008, 57 (11): 3083
= 3089.

XIONG Y,SUI Y, XU Z, et al. A diffusion tensor imaging
study on white matter abnormalities in patients with type 2

diabetes using tract-based spatial statistics[J]. AJNR Am |



550

5H2EESED 2019 4F 7 H ,46(4)

Neuroradiol ,2016,37(8) :1462 — 69.

[52] YAU PL,JAVIER D, TSUI W,et al. Emotional and neutral
declarative memory impairments and associated white matter
microstructural abnormalities in adults with type 2 diabetes
[I7. Psychiatry Res ,2009,174(3) :223 — 230.

[53] ZHANG J,WANG Y,WANG J,et al. White matter integrity
disruptions associated with cognitive impairments in type 2
diabetic patients[ J]. Diabetes,2014,63(11) :3596 — 3605.

[54] TAN X,FANG P,AN J,et al. Micro-structural white matter

abnormalities in type 2 diabetic patients:a DTI study using
TBSS analysis[ J ]. Neuroradiology,2016,58 (12): 1209 —
1216.

[55] KANCHERLA S,KOHLER WJ, VAN DER MERWE Y, ez
al. In vivo evaluation of the visual pathway in streptozotocin-
induced diabetes by diffusion tensor MRI and contrast
enhanced MRI[J]. PL0oS One,2016,11(10) :e0165169.

CICRE H #2018 — 08 — 063 Z i - B 4E)

B DDA DA DA DDA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DA DDA DA DA DA DA DA DA DA DA DA DA DA DDA DA DA DA DA DA DA DD

(L5 543 1)

[15] GAVVA C, SARODE R, AGRAWAL D, e al.
Therapeutic plasma exchange for hypertriglyceridemia
induced pancreatitis: a rapid and practical approach[]].
Transfus Apher Sci ,2016,54(1):99 — 102,

L16]  JATEZS ) [ 2. 3R F 4 55 00T il 3% B 4 76 = i I AE 1P
JBE R 42 v8 T v R I L3R LT . o B LA 25 4 R, 20148
(3):36 - 37.

(170 B0l B0k 2, Bh D5 L 55 3 I I AE M T AE 2Pk IR R
IRFFE 2R LT F 4 5 A5 7 55 % 97 4 %.2010,24(11)
1123 — 1124,

[18] SUN S,HE L,BAI M,et al. High-volume hemofiltration plus

hemoperfusion for hyperlipidemic severe acute pancreatitis: a

controlled pilot study[J]. Ann Saudi Med ,2015,35(5) ;352

— 358.

BB ORI, E A AFL T XS0 Bk 1 R AR 4 I

BRI R I AR P P R R R BT B R SE R DR [T 1. &

E A K % 23R ,2018,53(2) 226 — 231,

[20] ENDO A, SHIRAISHI A, FUSHIMI K, et al. Impact of

[19]

continuous regional arterial infusion in the treatment of acute
necrotizing pancreatitis: analysis of a national administrative
database[ ] ]. J Gastroenterol s2018,53(9) : 1098 — 1106.

[21] HORIBE M, SASAKI M, SANUI M, et al. Continuous
regional arterial infusion of protease inhibitors has no efficacy
in the treatment of severe acute pancreatitis: a retrospective
multicenter cohort study[ J]. Pancreas,2017,46(4):510 —
517.

[22] Rk, BREK BT, VLG . 45 AR 4 IF 3 6 1 4 3 2R VA 9T

15 i ILAE P S T R A I R SR L) ). 52 R B ¥ & &, 2013,
29(16) ;2727 — 2729,

(23] IR FOBR S 7B 2R T 51 2R 5 5 S b 0T 85 i 1l
AETE SRR 2 IR T BOR LT DL o+ B BT 45 4 &, 2014,
37(16) :64 — 66.

[24]  BR2E e, 3 03 I 7 Of B T 36 97 T 20T R IR 2R 1l PR R
Z[J]. P B ¥ E &5 .2018,27(1):135 - 137.

[25] 73R, thod 258 R0 YT AR 2B IR 48 30 )7 O %€
[J]. 7T d E,2018,40(1) .83 — 87.

[26] PAQUETTE M, HEGELE RA. PARE G. et al. A novel
mutation in GPIHBP1 causes familial chylomicronemia
syndrome[J]. J Clin Lipidol ,2018,12(2) :506 — 510.

[27] KASSNER U, HOLLSTEIN T, GRENKOWITZ T, et al.
Gene therapy in lipoprotein lipase deficiency: case report on
the first patient treated with alipogene tiparvovec under daily
practice conditions[ J]. Hum Gene Ther,2018,29(4):520 —
527.

[28] LILLEY JS,LINTON MRF, KELLEY JC, et al. A case of
severe acquired hypertriglyceridemia in a 7-year-old girl[J]. J
Clin Lipidol ,2017,11(6) : 1480 — 1484,

[29] UEDA M,DUNBAR RL,WOLSKA A,etal. A novel APOC2
missense mutation causing apolipoprotein C-] deficiency
with severe triglyceridemia and pancreatitis [ J ]. J Clin

Endocrinol Metab,2017,102(5) :1454 — 1457,

(s B .2018 = 06 — 10 ; G« £ )



