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The changes of brain white matter topological microstructural Network in type 2 diabetes mellitus patients
QIN Xin,LU Yi,SUN Xue-jin. Department of Medical Imaging,the First Affiliated Hospital of Kun-
ming Medical University, Kunming 650032, China

[Abstract] Objective: To investigate the changes of white matter network structure in patients
with type 2 diabetes mellitus (T2DM) using diffusion tensor imaging (DTI),and provide some objec-
tive basis for predicting the occurrence and development of diabetic encephalopathy. Methods: Thirty
T2DM patients and 25 age-,sex- and education-matched healthy controls (HCs) were enrolled. Rele-
vant clinical data were collected,including disease course,body mass index (BMI),fasting plasma glu-
cose (FPG),glycosylated hemoglobin (HBA1lc),total cholesterol (TC),triglyceride (TG). T2DM pa-
tients and HCs performed MRI and acquired DTI. The difference of the cerebral white matter structure
network was analyzed by the graphic theory analysis method between T2DM and HCs group. In addi-
tion, Pearson partial correlation coefficient was used to calculate the correlation between the relevant
characteristic parameters of brain structure network and clinical related indicators of T2DM patients.
Results: The "small worldness" had statistical difference between groups (P<C0.05,FDR correction).
Compared with HCs,some brain structure networks of T2DM patients had significantly decrease (P<C
0.05,FDR correction), which included bilateral superior orbital frontal gyrus (ORBsup. L., ORBsup.
R) and dorsolateral superior frontal gyrus (SFGdor. R) and left medial superior frontal gyrus (SFG-
Med. L) ,middle frontal gyrus (MFG. L), central anterior gyrus (PreCG. L), olfactory cortex (OLF.
L) ,caudate nucleus (CAU. L) ,and cerebral island (INS. L),et. al. The Eloc of the left medial frontal
gyrus (MFG. L) was negatively correlated with the serum glycosylated hemoglobin ( HBAlc) value.
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Conclusion ;: The changes of T2DM patients’ cerebral white matter network structure may be related to

the pathogenesis of diabetic encephalopathy.

[Key words] Type 2 diabetes; Diffusion tensor imaging; Magnetic resonance imaging; White

matter network; Graph theory analysis method; Small worldness

Bl A AT A 5 KT 1Y 4 s Bt 25 2 08 1k i i)
i PR 9% (diabetes mellitus, DM) & 80 15 2 A\ K it flE
M) — s g PR . H 2 AR R, DM £
P 2 BIPE R JE (type 2 diabetes mellitus, T2DM) £
U295 9020 Lk b (R BSF S B R O I 23 51 A 4 0 I
D RS I A RN P 2 R G AN W AR B R P .
L R R B 5 32 B0 3 R A7 A A 3 B0 R B A5 0
HR X i 28 28 8 110 B A BRSO PR i T (dia-
betic encephalopathy, DE)™ . DE 2 %5 f& B , i & 28
18 1 DR ST PR i R U B9 2 A g AR DR s i
s KR AR AR H LB I A R R D Re AR E & kA
B S AR T T S T i 5 ) RN ) RE A L TS
EAEARLE . B, B0 A 512 W RaHE S Byl R 1
T2 DA BB A A T T R B R TS e R
1M DE 3 2 58 i R BE A= AR 408 i PR 2 BAE H 3 00 4
W7 Bk = 2 00 412 WA PR Ik 7 5 s L 300 i AR i
Wiz, LAY 80k & 4% (diffusion tensor imaging,
DTD KM MR HE AR R BT T2DM H 35 515 i
St Oine R T RE . A SCIREGE o DTT £ R
PRFE T2DM 35 ik 11 50 25 44 I 26 4 40 45 44 1 2l 728 48
TP B s Rl 1) & A R T AL A S0I00RE B o A o 7
SN R AR — S B WAR A

MRETE

L. WX 4

PEH 2017 4E 9 H —2018 4E 9 H itz T A N4>
WERH T2 B AT BE 83 H A 58 B I IR 08 R i 72 Oy
5~20 4F 11 T2DM 3 50 ], e BUAF &Y M 1) L BB 4F
FRR 25 2% 4 #H VT i B9 48 B % H8 41 (Healthy Controls,
HCs) & 7 35 fi 48 FE LB IG KRR, T2DM 2
OB A o 2 BE S W RS P 45 2013 41 il 1 W PR 12
R Sy TRl i A

995 ) HEBR b o O K3 B T, W & B 45 Can 4
5 A Jieb 8 45 B I /)N I 5 A% Cn s o 4 AR E kD
s QA Y & B IR E T AR S O/
s R A 25 A 2 U A D B 1 4 T A ) g P R L
F)H s @K A5 MR FEUR Pl 52 ™ 5, 50 J5 22 B 15 )
2 5 A B AT .

o 220 1 HY PG S5 e A 9 R A 5~ 20 41 30
i 2 ROBE DR B b 21 fil, £ 9 B, AR iR
(52.4+5.5) % HFAEM (10, 303, 5)4F) i it 5~

10 ECREDHLL B, 10~ 15 FE CRED 1L #i], 15 ~20 4
CE)8 . [m] i 3k BOAH DC BE 19 25 B E o 3 B E AR
R X R (HCs) 21, Hoh 55 14§, 0 11 B, 48 4%
(50.0£6. 00 % . B H R (10. 96 4. 4 (R . Fir
A AR R T B B R R IR T I R
Jridsk. AU C RIS R ERN R 218 B2 51 254t i
B A 258 50 2 5RO i R 5 F s R S 4 .

2. KA Trk

FiA 98 ¥4 3. 0T i 2L 4R T #E 47 3k Ml 49 4
K 16 38 18 Sk 2k Bl 41 H Ao 0 i P R L R R
e A B RS . b7 3 10 AT TR R B3R A
o FAF S LSHWM T Of 5 P Ax FSPGR
BRAVO@D TD 41, TR 8. 7 ms. TE 3. 2 ms. 4 %
256 X 256 , ML HF 256 mm X 256 mm, kA 1.0, )2 )8
1.0 mm, JZ[A]HE O mm, §IFE M 127, 156 JZ . i i ]
4 min 23 s;@DTI J£%1], TR 9359 ms. TE 78 ms, %0 4
115X 115, # 8 240 mm X 240 mm, i ik Ex 1. 0, )2 )5
2.5 mm,)Z B 0 mm,b {H=0.1000 s/mm*, ¥ H 7
] 64,60 J2, 458 [A] 13 min 55 s; @Q#hmm T, WICH ¥k
HEBR Bl 52 BT A A % 2 1 2 5 #D . TR 4255 ms, TE
120 ms, 5[ 225X 225, M B 240 mm X 240 mm , 3 il
WAL 1.5, )Z)% 6 mm, JZ (A 2 mm, BiFE M 157,16 )2,
A [E] 55 s,

3. N2 I 4 1) o3 A O v

TEAETE o ik 45 4 1) 2% 1) #4  f6 F PANDA 4%
4 (version 1. 3. 1) #4740 #™) (http://www. nitrc.
org/projects/panda/) . % B 4 £ FE B Diffusion
Toolkit™) . FMRIB # 4 FE'" . MRIcron'® . MATLAB
4 3 B 2R 45 (PSOMD ™ JLH 43449 A .

DTI EE UL B . OB ¥4 4 - fii 1] MRIcron 4%
P4 #9 dem2nii T B ALK DICOM U4k NIFTI 3¢
s @Bk Bz« fd I PANDA #1446 3k Bz 28 4k ik 41
LR QA IENR il ] PANDA B 47 5 742 e ok
A TE 103 3t 5 R At B Sk B i gl e A R R

2% 55 5 (Node) i 7€ 3L« AS IF 5 2R FH B4 K 52 45
FIJR # 22 BF 9% B ( Montreal Neurological Institute,
MND ) f# 3] 2 B 3 #7iC (anatomical automatic labe-
ling s AAL)BEAR K5 191 4k B A9 K G B 22 A B o
JR B E5H B 373 B 90 A D I AR Il X E N
— 4~ 55 (Node)

W& 1 10 (Edge) 19 € S« 78 1 1 I 45 1 1 4%



34 TS ER 2020 4E 1 A48 35 %45 1 8] Radiol Practice,Jan 2020, Vol 35,No. 1

i 25 1Y 1 (Edge) B8 MW O H S, W 2% 1 341 B
ORI DX 3R 1 SO0 0 2% 3 2, HC AR AN [v) A5 28 18 AR 4
AR ABFFE 3220 8 i i R 1B BRI A AR 2 4% ik X 1A
() 1 BT 4T 2 o, AR R Jry R HOk i O 1) F A DG {F R
B R — R R W T . BB R R S (FA<Z
0. 2) o F FIAT: 2 A i DX 0] 19 11 5T £F 28 o 119 &1 2 %K
it (fiber number, FND A Jy 2% 55 5 [0] 9 45 44 3% 4 . AT
o B ik 45 1 ) 2% 19 141 (Edge) o

G 225 48] I 8% i AP 2 5003 T < i 4 A TR 4 1 A S o
BRI WK B R 19 BT £ 4R 8 BR R AR BE S
BESR A 3L T 9k & B4 4E 8 B 55 1 (A0 Streamlines
Tractography) 3 #F 17 £F 4 4 iy 36 g2 . R A Dif-
fusion Toolkit # 4 % Chttp://trackvis. org/dtk/)
B dti_recon FI dti_tracker #7411, DL RN 3 & A
A8 SCI R DX/ P 28 755 a5 DX sl o T A AR R AR S Bl R
W) B SR FH £F 4 o % 252 BR #7551k (fiber assignmentby
continuous tracking, FACT) 3 %} 4 i [ it 21 4t o8 1
FEATHEATIEER o ARYE IR o S 50 F R 6 A Y
FA (BB BCE Ny 0. 2~ 1. 0, 345 21 4 U8 B5 19 f)
B e 45°01°

H b3 S8 B O 5 AR AR I S AT 4R RS L PR
PANDA #PEHH5 H BL 90 AN X 45 £ (Node) » 15
A4 [ 21 4 OB (FND Sy 1 (Edge) T A4 J8 A (90 XX 90)
T

%G 225 48] ) 8% i P 0 A A SE IR A A M 4 LS
fifiJl Matlab 2013b - &5 T ) Gretna #fFf2 (http://
www. nitrc. org/projects/gretna/) X it 2 #4 W 2 15 47
EIE ot . [RIE 456 BEAEOF 55 . 8 I 25 #  JE (spar-
sity) (18 i (Sthr) B3 2 0. 05<<Sthr<C0. 4, K K
0. 017,

T 3 P8 A AT S G 45 A R0 2 ) /N i B R 4%
JEME (o) 4 Jay M 2% J& £ [ 4 ] 23 (global efficiency,
Eglob) | R #B% & (local efficiency, Eloc) ] M J&) # ™ 2%

Bl AKARKAF DT HEBREF RV BT

=N
-3

JE ML SRR (nodal efficiency ., Enodal) |, 5% 4b ¥
5k KO RILE 1,

Ao G2 K ) 48 R S 8

2 )R P E8 R S /NI L I 2 R M (o) < E R
O P N T SR T 2 AR RN R S B T RE Y fE
J1 BME B TAAL BERE Iy . RS HUE 6>1
wh W 19 2 ELA /N5 R 2% S 1 L T HL o fEDBR
B4 JE kR . HaF R AT

C

@y

SN TS EF S T Y e
FRRIAC LI R A F BRI AR R LR %

SRR ) R B 1 50 4 R AR 1 T
i S B 190 26 4 R 10 £ B A S B D L S e T 2o
S R 13 8 B3R 5 — 5 IR K
B, R0 4 Jra 3t g . 00 A1 [0 4% 95 BT 049 35 4 )
5 b R, AR T

_ 1 €
Egoa = N(N—1)/2 Zm.(«:, 4, (2)

Horp dy R 2% P — 40 0 1 3 00 — 9 ) I AR
RS K N RN PGB H N(N—1D/2
T AR TE P 25 T i R A R

SRy AR (Ere) « 78 I A 1Y i 14 R B0 119 °F- 2
L o PR Ak 190 255 Jg 3600 4 1 JE0 A% i B 7 [ B 199 285 )
VISR g D) Je S A 295 91 L DAY i S A adh S ek AR A
o HAtR AT .

-1 1
Na (Ng — 1)]_%6 L;.

For Noo & 7B G 1Y s 80 Ly AR R 4% vp 2
— A AR R R R

SRR I 28 PR R AR 19 B R RO (B < IR
ity 9 245 10 4R AR AR T R — 1Y 5 5 A Y s 2 ]
P 80 R P B4 L 9 28R g D21 Y
(ESN iAo L R D U VAR

Epea 3

RN L 1 1 R
F[ZO: .
b1 o\ 1
Epau (1) = Nf1;). Li; v

Horp LG R 28 vh B — 45 i 1 21 55— i ) 1 IR
FLBEAR B s N AR W 2 1y 8 H

5. Giiterar

i ¥ 1) 2% I8 P 2 o) ge it e b S AR
T2DM J8 35 40 Kook B 20 J 5 A7 12 /507 0 2% ) 1k
(c=>1), 3R JG 2k Ml Gretna 473 5| tb & T2DM & &
20500 REZH 22 18] 42 JRy K JRy vl £ 1) 2% T M (L 22 ) 22 5 0
BAFAEGE T2 5 L (B P<C0. 05, FDR £ 1F) , iX 24 @



ATz 2020 45 1 A% 35 %45 1 ] Radiol Practice,Jan 2020, Vol 35,No. 1 35

PEMEAL4E Eg. Eloc & Enodal, 3 LAAH 5 I IR 58k A2
FE R R FE 35 80 (body mass index, BMD) | 55 i Ifi %
(fasting plasma glucose, FPG)., ¥ 1k Il 41 & B
(HBAlc) . i [ B (total cholesterol, TC) \H i = i
(triglyceride, TG) M/E A B2 i 15545 10 2% Ja 1 2 %K
5 R R bR 22 (8] J2 75 A A2 AH S

W 2% % $ (Egde) B G2« 5k HI Ak T M 2% 1 52 31 40
1% 4 (The network-based statistic, NBS) Chttp://
www. nitrc. org/projects/nbs) & /3 #r T2DM f # 4
5 i R Xof B 2 22 () K il i X 2 ] ) o 4% 3 4 2 SR 02 R
G S RS AR ¢ K 56 % 9 1 3 15
AW 2% 34 e (Edge) A7 20 3 H 5. THSRE . O T IEAS
WIRE BT ME R AEG I ER  RHES
B (5000 YCE ) L B HL P<<0. 05, 3F R FWE
Bk . M2 &R0 A TR P SE 45 SR 2k ] Brain-
Net Viewer 3 4 (http://www. nitrc. org /projects/
bnv) K 75 .

5 R

L 24 — et 0 Al R A5 B
PR 2H Bl e PRSI 5 5 34 {6 ] SPSS 22. 0 A
HEAT o B M0 22 S5 0 4L TR B A AT R AR AR R T R R
AR LR AT R A 18] LA 0 SR T SR AS Ik ST ¢ K
WA B H AR (P=0. 141) (PRI (P=0. 283) & #
BAERP=0.520) R LGEITFELEE D,
k1 TIDMEXASEEABAHERTHALE

T2DM &% MEMBA o &

4% (n=—130) (n—25) T TH
ES JED) 52.3745.56 50.00£6.18 1.49 >>0.05
MR (/5 9/21 11/14 1.16* >0.05
FF £/ 4D 0/30 0/25 — —
HEFFRE) 10.30+3.61 10.96+4.10 —0.64>0.05
JA A2 () 8.651+2.23 — — —

24.86+£2.37 23.59+£2.54 —1.91>0.0

RE 4% #(kg/m”) 5
10.09+2.62 4.97£0.91 10.02 <C0.05

= Wi A2 4% (mmol/L)

B it B G (%) 8.32+2.47 — — —
B2 B & (mmol/L)  4.474+1.15 4.9040.64 —1.75>>0.05
H ik = & (mmol/L)  2.14+1.28 1.65+0.79 1.74 >0.05

SRR IS TR VRS SR P S E S SIE Y
ERAFA R A 4 AL

2. T2DM 83 X 45 J& P 1) i A%

T2DM 21 B A 3 %k B8 (HCs) 41 ¥ B0 </
R B M (6), Hodh T2DM 44 6=1. 80 £0. 32,
HCs 4] 6=1.61+0. 19, SEif2o s L BoR, 4
Bk e /M B /45 8 % (6, FDR A4 1E . 1= 2. 507,
P<0.05) . &M R % (Eg,t= —2. 846, P<C0. 05)
T Ja T W 46 5 % (Eloc, t= — 2. 246, P<<0. 05) 3%
AR, 22 5% B Gt 2# 8 X, HAEHR 5% R 0. 05~
0. 10 [ B P9 B /Nt 5B P o (L I i 550 B8 1 484 o i
W (K 2)

3. T2DM H 3 W 4% i 82 Gl iy ek s

NBS #4345 A R o 5 il FE ot B CHCs) 4146
Lt T2DM i 5 A AE A W 46 52 45 Ja 1k Bk 35 B AR 1
W 2% , %l JL 4k (Edge) Fl 4 —A4> 15 & (Node) 41 A
(t=—3.41~—2.23,P<<0.05,NBS K iF), &4 F
W 2% 3= AL 5 XU & _E 9] 735 CORBsup. L. ORBsup.
R) 3UM 5 4l %5 | 18] (SFGdor. L, SFGdor. R) .22 N
M5 I =l (SFGMed. L) A7 il o 10345 F0 40 47 5% 15
(DCG. R) 2% o Bl (MFG. L) . 22 fil] B 7 i (OLF.
L) ZE MR AZ (CAU. L) 22 MR & (INS. L) Z2 i o
JL T [E (PreCG. L) (& 3),

4. T2DM J835 5 5 1 45 # ) 2% 3% £z (311D 1 A3 5%
& bR AR 5 I R D& 48 B 19 AH S 43 B

ATFGEHG T2DM J8 5 A1 55 0 45 A8 0 4% 3% 422
1) 4 oy R Jeg 55 I 445 AH 5% R AIE 12 48 b 5 I IR A 56 35 B
25 2 . BMI.FPG,HBAlc, TC.TG) #: 17 T # 3¢
PO AT 45 3 BR L FEEAT FDR AL IE I 25 BR A 0% 4 1)
SR 2 G AN P ) (MEG. L) 19 J5) # %0% Eloc {d
S04 4T & 1 (CHBALe) fi 5 7 AH ¢ (r= —0. 433,
P=0.017, 1),

i

1. T2DM i /M 5 s P i Az

ABFFEIRTT T T2DM H 3 ik o) B 3% 32 M 45 19 40
FhEEH 5 0 R T2DM (835 20 55 fdt Fe X B4 (HCs)
Z 100 fii 45 4 T 2 257 EL A/t SR 4 L {2 T2DM 2 (1 /)N
HAREMME o & HCs ATt/ . 2R A S8 30 H
TERER N 0. 05~010€0. 01 K 1Y 78 [ N I . o i
W 45 6 52 (L 174 354 o i /S

N i 235 8 Do 2% v, N e 5L Ji P S e ) 2 K M ) g
e SR A RS HH S8 o (AR MR Bk
PRI RE ) i B RE U B R I D) BE 4 B S R A DR
) ()P, PR A BS A BF 5 T2DM 5 4 o
fH R3S K, KB T2DM 835 K ik 75 F g v (o 55 5 %
) (1 PR 5 SRR R VA A R R HE L IR D T2DM i
G 1) 2 M 45 A0 ) 285 1) 00 IR o IO 2% A2 4T 1 T 1 s 1 1)
TR o E AN, BRAA EE AR X G
) D ERL AT R R A A 9 1) R 3 R ) i 3% B Ak T 1A
By B 3 T KM o B 5 R G i P v R
SR R AR B 5T i At 48 AR (Eg F1 Eloc) [ Bt T
T2DM B KN 1 3% B2 D k48 HCs & FRAIRI L X TC ik
Rk R ., Bk, 2F T2DM E & /MEFJE M o
1B 2 IS 3R & 0/ DA S AR A R 3 L 7
R FEA i T 2 SRR 5T

Xif T At 42 JRy B9 45 45 AiE M 35 45, 40 Eg Al Eloc
T 2DM 4] 5 HCs 41 th A A [\ 2 B 0 9 1%, 36 ] 17



36 TS ER 2020 4E 1 A48 35 %45 1 8] Radiol Practice,Jan 2020, Vol 35,No. 1

005 010 015 020 025 030 035 0.40
Sparsity

- T2DM
8 - HCS
7]
g p<001
_S 7 20 |—I
=
gs . e . S 15
s $ 10
"
4 >4 [1] 4 e
00
3
=
& &

B el L 5 2 I IXAFTE 45 4
T AN T R % . A DG B
SEWFFTUESE » A R R Jot 2 B /K 2% T
W (Alzheimer disease, AD) £
SR KB IX . [FEf, Van Bussel
SEIR AR W T 5 A il X
Chngan 350 ) i ) 28 34 42 1 D8
%, 23 7 T2DM & & ik 5 A
LI RE R AR T AR T 5 B 5 s

T O . T R

— T2DM

1. — HCs

14

12{ 111 "

0.05 0.10 015 020 0.25
Sparsity

0.30 035 040

<001
H
w

10 4

4 4 g

<
8 L 2
0

& &
) @

i 0 2% 1 B AIG . 3 2 T2DM i 3
WIZTI ) PR . AR L
PR T T Xl 25 49 ) 6% 34 2 1) BRI
BE R T LR, mtar
UL, T2DM 5| 5& i 42 J5 i i)
AT R U DX AR B K ek 45 A
I 2 1) 4 5 55 Al 1 12 A O i X
ChnFg ) ) £ 3% 22 [ AR 3 [ 2 A
.G T REy EEHE,
AFEIE KB T2DM [ 35 15
AL FE XM &5 1 [9] BE #8 CORBsup.

- T2DM
- HCs

24
22
20

EIo
—
L]

P

"
12
10

005 010 015 020 025 030 035 040
Sparsity

L, ORBsup. R) . S| 35 1 i &5 I
[#] (SFGdor. L., SFGdor. R) . 2 fil|
A I [l (SEFGMed. L) | 22 | %
W al (MFG. L) 2= ] o 3§ 1]
(PreCG. L) %5745 - figi 2% 44 ) 2% &
F YA 3 2 B 1 W S ORI R S
Wo BXORK S5 Z A NIX
ARG E I e &, P 5
B Y D REE . 5 NMAIA H ) g
FASES A 1Y 32 2 o R A

“ ®

bzl O EIERAME RIS

B2 T2DM % %54 d 18 (HCs) 42 18] 4 By M 4 45 M 35 47 09 7%
T, T2DM Al HCs AR % BE &A% EED . A

MWL F(Eloo) A A WA TERAUOHENERR. ZFHELA

WHETG Sh AL sriz s A 5% 0F 2
TR 0 I A5 S Ak B AR G A 42
W R T AR R A R Y

Gt F &L, QPR % D) &k M %z & (Eg);c) k3 M

%3 % (Eloo)

T2DM 4 fili 25 ¥4 I 2% 1) 43 Jy B Jmh 35 4% 336 30 R =2 51 3%
M), 7 4 HCs 9B 8 TR, X AT RE S5 T2DM &
R TR 97 i 9 T 1) e 29 BEATL 1 A 9%

2. T2DM f8 3 I 45 3% $z 11 il A%

ARHFGE KB T2DM 21 78 42l 2 5 COLF. L) X
$oR 114 M 10 4% 435 ) 3% 2 A HCs ZHIBIG 22 57 BB S8 i1 2
B, MR AT T X 32 X s A2 4R 2 e
I C 2 A T &8 56 B 22, 1 1 2 K I ) BB I 4% i % 2

DX Ja, 5 AR AP AR A R X — X

BRSO R A AT

by T R B A AT 5 SRR AR R
97 A T DA H1 ) R A R W DR TE TP A B 2 R G R
UL RESS Se AT 7T A BRS04 I R A R AR
5 Z 50N D) REF 0 A 2 o A 45 B AR T RE AT 2
AEAIE FCAZ T RE Y . AR BEIE 45 /R T2DM &
5V X SR G 25 R O 4% 3% B B A B Hes R E
TECAR, $E s T2DM X K il 45 #4990 46 3% 332 1 1 T
F L H R AT BE 5 R A ) R R A O L AL
A RE 5 T [R]85 X — 52 M A B R 1Y) 3 ik X []



ATz 2020 45 1 A% 35 %45 1 ] Radiol Practice,Jan 2020, Vol 35,No. 1 37

Ventral View

Left lateral view

3 5 HCs a4, T2DM % E 20 % Ik M4 5 A B S (P<<0.05) 8 F M %,

Right lateral view ®
YA LYY

BPEAHENRR R EERREARNLEREL), ORBsup. L= &M 41 L ¥ BE 3% ; ORBsup. R= A& M %1 L=
BE 3% ; SFGdor. L= £ ¥ #h M 41 £ = ; SEFGdor. R= & ] # s %7 L = ; SFGMed. L= £ M /3 M) 51 £ = 5
DCG. R= A& F do i o do iff 57 @ 3 MFG. L= ZM 3 F &3 OLF. L= A& & 5 ; CAU. L= A0 B AKX 4%;

INS. L= A fix & ; PreCG. L= A b a7 =,

(T Re PR AR A ¢ . Je il iy 2 4 S N MRT F 5¢
RIE 2 SR A TSN 2
AN NG DX 2 18] A7 ) R 34 42000 T 851 v i 45 A% T 45 1)
P 23R 5 b AR i DX T RE % 42 L DT 8] 422 5 )
T i A fi DX E e g T A R P VR T S R e i
SR E AT M VA 3 R T2DM BB 3 4k & s bl A
AT 5 | A OB ZE L. O, 2B A HE T2DM AT 23 i
JSUAT P G 235 ) OO 2% 11 L B 3 B0 A G B TA A
1 RE SO PE R 1) 151 T R S B, 3 52 i 4 i H At fi
DX 1) T BE 3 2 o DT 51 2 — 2R 41 L At 5] A0, 4n ofn W 25
LIRSV &

AR H8 902 b3 i 45 1 T 2% Bl 7R 1 XL R 22
J& T Rz J2 MBS R o A A A E R R T I 5 %
sz ) A S BF 5T R B T2DM H 3% XU fz 2 %3¢
F G AR R IE # 6 BRAL T B L LA A B v AR AR 5
T2 5, J0 4Rt T2DM R JZ2 258 2 50 R G 45 1 1 A8
FESZIA T A WA AT A s DT 51 R R Py ot A AR a5
- R =2 | AL U w9 o N e o
R0 DX B 1 1B 25 ) X 4% A0 %o R ik s B 483 £ 410 18

AT RE T I 0] oG 445 A4 IR 4% Ty i R 455 0 3% 2 B DA
fE FH T T2DM B #1012 7 W0R | 1E B i 65 |
MR AR A 87 S5 SEm B B L 15 L T2DM B £
RGP E .

3. T2DM #3555 i 45 44 ) 2% 3% 45 (1) RO A 56
6 b5 8 5 W PR G 48 B 19 AR G M 23 B

ARWEFEHE T2DM G 58 ik 45 48 19 45 3% 4 (0
FR R G 48 B 15 I R AR DG 48 AR 9 A DG VE EAT 1 20 BT, 25
W R A& R Bl (MEG. L) )4 /& P Eloc {65 1M
T WAL I 21 2R 17 CHBA L) 52 A 5

Ze g e el 4 53 £ S R S B TA BT IR Y TC
AR AR I DX IR A i B IMRT S R4
FHi 7 Cevent-related potential, ERP) 3% A #1781 5%,
45 PR BRI R TR A X 55 B i ), A2 4
[ 000 <t R 45 1 B g 058 2 S BOS R HE R LR A A .
AT LR B R T2DM B & A2 Hh [l i 245 44 1) 2%
1 HE Y Eloc EFAL, H5 HBALc (£ AC, 2R 78
50 [m] fii 45 48] 090 4 1 50 3 AT BB L T T2DM | 3
TEEAT R B8 0 r v s 5 R W 4 A A 52 ) 14



38 TS ER 2020 4E 1 A48 35 %45 1 8] Radiol Practice,Jan 2020, Vol 35,No. 1

15+

HBA1c

B4 T2DM &% £Mm % + = (MFG. L)Eloc 44 5 #
st & d (HBALIOE 2 4 2 i 48 % (r= —0. 433,
P=0.017),

BRI Y-8 . A 2 A i B )2 5 e il
DX HY) D RE % He 2 5 0K T4 R T 4 M 1% AT O R
U K AE A R0 L BN T B aR T RE A e TR
W 5 ST . i RT L, T2DM AR 3 iR A 34t
A ZETEL » T BE 5 A A B Chn e ) 5 v e 45 5 B 2 -
5 HC Al i DX T 79 S B i 9 5 CIn T E D P 7 TG PR 3R
AR X FE— PR T RTAR LI

4. ABEFE Y SR R

TR WETE AFAE LT R R M O AR BT AR
HEAT N K T RE L iC 42 P Be Uy A PE AL P X T
T2DM X igi 25 ¥4 9 2 1) A R 55 A0 B0 D) BE 32 12 2 RE 6t
H Z 0] Y AH A TR VA R B S R BRI R s O A
WEFE T2DM 4 58 5 i T2 25 2 55 o o Jii 485 g 1) 5% 1 4
S0 B RN R BE AN [ 5 o] X &5 R 7= A — 2 R s @ AR BF
GEALHE R R, BEAE T FE 46 i T2DM 825 78 b fili S /)N
ik, A7 G D) % 45 A T TS0 s R D e il R ) i —
AEFETT ) AR RIBETE b, AT 0 AR A
AL AL A R DG T T R VA S A /N e AR B R B
PR R AT 4 41 AT 2R X B 43 A s R AT DABE 5
ROl SIS G 25 R ) 2 ek E — 0 R R R
T2DM H 75 fiki 45 #4) ) 25 23028 A e AE 1

L5 b A BIE G E  BE T M 45 A I 4 S T a0
Br (NBS) M 16 70 M AR 4 5 19 5 i . & 3L T2DM i &
TR/ FU T 1 K 22 A i DX Jo 1) 465 245 e 50 0 BRZH
ST MUAR 3K B R S TR G ) 28 Ak B S Y RE
T3 R M Ah B2 g X CZE 50 H [l Fili ] 2% 25 1
M F IR AT RE S T2DM 25 AL 3 AL A 6,
S 30K
[1] ReskeNielsen E,Lundback K. Pathological changes in thecentral

and peripheral nervous system of young long-term diabetics. IL

[2]

[4]

(5]

[6]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

[21]

The spinal cord and peripheral nerves[]]. Diabetologia, 1968, 4
(1) :34-43.
F et E MR T L 5. 2 AU DR M s 8 A R T e I IR
Zg /NI A LT ). v B B 2 B 4 35, 2016, 33(5) :501-504,
van den Berg E,Reijmer YD, de Bresser J,et al. A 4 year follow-
up study of cognitive functioning in patients with type 2 diabetes
mellitus[ J]. Diabetologia,2010,53(1) :58-65.
American Diabetes Association. Diagnosis and classification of dia-
betes mellitus[ J]. Diabetes Care,2013,36(Suppl 1) ;S67-S74.
Cui Z,Zhong S,He Y,et al. PANDA :a pipeline toolbox for analy-
zing brain diffusion images[ ] ]. Front Hum Neurosci 2013,7;42.
DOI:10. 3389/fnhum. 2013. 00042.
Wang R,Benner T, Wedeen V], et al. Diffusion toolkit:a software
package for diffusion imaging data processing and tractography
[J]. Proc Intl Soc Mag Reson Med.,2007,15(3) ;3720.
Smith SM, Jenkinson M, Woolrich MW, et al. Advances in func-
tional and structural MR image analysis and implementation as
FSL[J]. Neuroimage, 2004 ,23(Suppl1) :S208-S219.
Rorden C., Karnath HO, Bonilha L. Improving lesion-symptom
mapping[ J]. ] Cogn Neurosci,2007,19(7):1081-1088.
Bellec P, Lavoie-Courchesne S, Dickinson P, et al. The pipeline
system for Octave and Matlab (PSOM) : a lightweight scripting
framework and execution engine for scientific workflows [ ] ].
Front Neuroinform,2012,6.:7. DOI.10. 3389/fninf. 2012. 00007.
Tzourio-Mazoyer N, Landeau B, Papathanassiou D, et al. Auto-
mated anatomical labeling of activations in SPM using a macro-
scopic anatomical parcellation of the MNI MRI single-subject
brain[J]. Neuro Image,2002,15(1) ;:273-289.
Mori S, Van Zijl PC. Fiber tracking: principles and strategies-a
technical review[J]. NMR Biomed,2002,15(7) ;:468-480.
THRK AR IR AR B R AR 2 IR B R R i g L.
BE 55 F AR . 2004,20(3) :477-479.
AR T, 0 S 4L R T O B P g A e R
AT B AR LT, A4 e st TR 222435, 2006, 23(4) - 899-902.
Xie S,Chen L, Zuo N, et al. DiffusionKit: a light one-stop solu-
tion for diffusion MRI data analysis[J]. ] Neurosci Methods.,
2016,273(1):107-119.
Mori S, Crain BJ,Chacko VP. Three- dimensional tracking of ax-
onal projections in the brain by magnetic resonance imaging[ J].
Ann Neurol,1999,45(2) :265-269.
Shu N, Liu Y, Li K, et al. Diffusion tensor tractography reveals
disrupted topological efficiency in white matter structural net-
works in multiple sclerosis[ J]. Cereb Cortex, 2011, 21 (11):
2565-2577.
S R IR TR AR AR 9 £ AR IR I 4 R0 1 AR AL
[1]. haepE2 2% ,2015,95(25) . 1972-1975.
Bullmore E, Sporns O. Complex brain networks: graph theoreti-
cal analysis of structural and functional systems[]]. Nat Rev
Neurosci,2009,10(3) :186-198.
Latora V, Marchiori M. Efficient behavior of small-world net-
works[ J]. Physrevlett,2001,87(19):198701.
Achard S, Bullmore E. Efficiency and cost of economical brain
functional networks[ J]. PLoS Comput Biol,2007,3(2) ;el7.
Friston K. Functional integration and inference in the brain[]].

Prog Neurobiol,2002,68(2) :113-143.



ATz 2020 45 1 A% 35 %45 1 ] Radiol Practice,Jan 2020, Vol 35,No. 1

[22]

[23]

[24]

[26]

[27]

[28]

[29]

Mansur RB,Cha DS, Woldeyohannes HO, et al. Diabetes mellitus
and disturbances in brain connectivity: a bidirectional relation-
ship? [J]. Neuromolecular Med,2014,16(4) ; 658-668.

van Bussel FC, Backes WH, Hofman PA, et al. Altered hipp-
ocampal white matter connectivity in type 2 diabetes mellitus and
memory decrements[ ] |. ] Neuroendocrinol,2016,28(3):12366.
Zhou H,Lu W, Shi Y,et al. Impairments in cognition and rest-
ing-state connectivity of the hippocampus in elderly subjects with
type 2 diabetes[]]. Neurosci Lett,2010,473(1) :5-10.

Xia W, Zhang B, Yang Y, et al. Poorly controlled cholesterol is
associated with cognitive impairment in T2DM;: a resting-state
fMRI study[J]. Lipids Health Dis,2015,14(5) ;47.

Perfetti C,Cao F,Booth J. Specialization and universals in the de-
velopment of reading skill: how Chinese research informs a uni-
versal science of reading[J]. Sci Stud Read,2013,17(1):5-21.
SRR DRSS R L AR TR AR R E £ A B Y i T R X
FELJ]. T 2 55 8, 2018, 33(4) : 349-352.

Al 2. 2 RUBE RO AR T RE A T CH: i B A 2 RE 3R AR
AR B SE HE e [) ], 3L 4% AL . 2017, 8(8) :630-635.

[30]

[31]

[32]

[33]

[34]

[35]

[36]

39

tional changes in mild white matter lesions relevant to cognitive
decline[ J]. ] Alzheimers Dis,2014,40(1) :123-134.

Rolls ET. The functions of the orbitofrontal cortex[ ]J]. Neuro-
case;1999,5(3):301-312.

Carmen C, Teresa C,Jaime T.,et al. The anatomical connections
of the macaque monkey orbitofrontal cortex:a review[ ] ]. Cereb
Cortex,2000,10(3):220-242.

Kahnt T, Chang LJ,Park SQ, et al. Connectivity-based parcel-
lation of the human orbitofrontal cortex[J]. ] Neurosci,2012,32
(18):6240-6250.

Makris N, Oscar-Berman M, Jaffin SK, et al. Decreased volume of
the brain reward system in alcoholism[ J]. Biol Psychiatry,2008,
64(3):192-202.

R R e L 2% X B T L AL 2 TR PR B I R R R R R R
LERBATTELT]. M7 R R R 22440, 2013, 33(9) 1 1265-1272.
IR AR T 5 SR W R A R R A A R AL R F Y
[D]. B K. YR K2, 2017.

WRAE X B L 48 2. 2 BB PR A8 & NE 50 B 2 A O T g % e 1Y
iRE MRIBFSEL)]. REFE IR % . 2017.8(5) :321-326.

Sun X, Liang Y,Wang J,et al. Early frontal structural and func- (s H 9 :2019-04-16

(AW )L BIEXBF

G 5 )2 AT 2007 3 AR R ZAEZBAGEREY URE HRG R AFTH. REL
FBREROFMREEREF AH DY RELEZFAEBMAY R LR, RESHAF. 28T H
13 FR2E 7 RikA kL, GEESHIZBRRENBALESEFNAHFELR R,

FAL BRI T R H IR RS L GFES U )A &S AE— 2 KRB BB,

CREL B RBBRER . ORBYAH P H =0 ARG FAE R H =30 H &0
g Bl TR (@G A B SR YR F R B A B m B A L ) s O R AR B IR AR 2w 49 A 6] 5T
M OERL AETH FRIEERITEEZLETAORBERBAA AL REEGE N, 05
HE AR (XE.CT X MRIFAREEF HFNGPETHARE-REFTFNHFBBANR o CT F42
Ao ik da B D Y@ B R (Rl — & H E%TAJe 3 & HAR T RIFH LR A R FNEA Y
Fitmeg B R LA e A R I AR R R I R AT kAR

AR RBRASRAFN (AT EROIGE —H 2 H A RAFELE R 5w AL 2AA
BORERE N i —HoPIME I MEZEI TR, F =5 ERMNESHEEEILTD

BB EH. LM A LE.027 69378385 15926283035

18 H#:2019-10-11)



