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Four-dimensional (spatio-temporal) consistency of local neural activity in type 2 diabetes patient
on fMRI
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Abstract: Objective To investigate the abnormities in the brain function and plasma glucose level of type 2 diabetes (T2D) patients
by functional magnetic resonance imaging (fMRI) and clinical data. Methods The fMRI signals of 34 T2D patients and 37 healthy
controls were collected. The four-dimensional (spatio-temporal) consistency (FOCA) of local neural activities was calculated.
The information of clinical laboratory examination of subjects was also collected, and the correlations between FOCA and clinical
information were analyzed. Results Compared with that of healthy controls, the FOCA of T2D patients was significantly decreased
in left middle temporal gyrus and right superior temporal gyrus, while increased in right cerebellum. The FOCA of left middle
temporal gyrus was negatively correlated to fasting plasma glucose and postprandial blood glucose. Conclusion T2D patients
have abnormal spontaneous neural activities in certain brain areas which includes right cerebellum, right superior temporal gyrus
and left middle temporal gyrus, and the abnormal activity of left middle temporal gyrus is related to fasting blood glucose and
two-hour postprandial plasma glucose in T2D patients.
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B o5 AR DR B ) 90% A B SE AT H R
T 15975 U HE S AL D0 5 725 5 22 O e, 7™
SN B AR T T

W5, T2D [ Bk 458 Sk D RE 4 H B4
Pio SFIEH AL, T2D 85 A KA R ST AR i sl
A ATy gy 55 [A] A (A [ o i el A
TR A A ] T R LR M el
AU Ia] s [m] A5 i X 3 4 figg DXOBR B (A RR I T [
523G M KEA O, S S AU Bem R4
(functional Magnetic Resonance Imaging, fMRI) i 5¢
K, 5IEH AL, T2D B8 Uit 22 MRtk
51 X 1 v/ s ST S 17 o N L e O (7B R
(Amplitude of Low-Frequency Fluctuation, ALFF) Hj
i B ARG, WU /N IR P ALFF {8 A 52 38 '™ T2D f 3
) MRI {5 % J& 3 — 2 ¥ (Regional Homogeneity,
ReHo) ZERL I 22 b ok J [ | e i 45 il DX b 2 A1
TE/ING 5 Pt RIS ] 0 5 i X ™ 4 4%
FRULFE (Degree Centrality, DC) ZEAZMIN 2 J5t A5
SRR [ A fi DX 2 AR AT, A A s R 55 0l
] G 2 e (H R G B 5 s A Ak = ]
PR IEARH, (AR — Y

Jry PR 235 Bl 23 U 24— 20 [ Four-dimensional
( Spatio- Temporal ) Consistency of Local Neural
Activities, FOCA /& Hi Dong 55" 4 Hh i) — N BTHEH,
‘BRI 1 SRR DX A A TR]AE D A B ] P Ry
TSI DX A 28 T Bl 0 25 [RIAF DGR 9 7 TET A RRAIE 8
R AN X B s [ R A R 3 SN SRR A T
By, Hrp AR DG S e T SR ARSI A 3R A s ] — 2
P, 23 A AH DG S e 1R IS FsF 1] ek SRy ¥ il DX 3% B RS
MFRETE. FOCA C7E IMRUE 5 /W i TR | —2L
VIS 22 A 1 i i o R Uy 7 i
S B FL-PRZE R AR L SORE 3 2UE B )
REAYA AR

AT T2D B H 1 fMRI {5 51708, 11
S FOCA fH , LA T fif T2D F 35 il 41 457 2 it 25 —
FOME A AR AR AL, [ BT T2D 2235 i D e 1 A8 4k 5
IBEAFIE RAE BR AR M T 555

1 FRETTE

1.1 #iRXT SR IGRE R

AT A T2D i 34 41, HYE 18 4 Lok
16 1], F- Y45 (56.71+8.77) % . AEFRAEL T or
7N s (1) AR 4l 2018 4F 3¢ [H B IR 4 % 23 (American
Diabetes Association, ADA)WHIRIFGIZTT b LA K 1999
AR T A ZL(WHO) BRI 12 Wibr it , 2012 /B

T2D HA AL B, (2) 4R F, DUK , S 4E L I
ZHE R L (3) AN 245 B I Wi R 90~140
mmHg, &F 5K % A 60~90 mmHg., (4)i2WriE 32 J6 F 41
PR s (D P2 R GEBE I B, A0 i A
Jirseg LA K i 046 5 () G p i Koo BRI AR 2
IR EE NG RUE SR AR DL B R A
85 Q) ANHTHEFT MRIAGIN , 20 P 2 ERE f8 % A
SIEFEYF ; @ BARTORIT L © BURIRTIREAEAE
S o (5)MRISHG T RERS PR AFH 1R

20 A A i X iR 2H (Healthy Controls, HCs) 3t 37
i, o B 17 1] A 20 1], S H AR IS (54.08+9.08)
o ANBEFREN AT UG, S E 2 HE R
BE KRG WES K A T2D, B U BOE &, HAbFHERR
PRUfES T2D HHIE] . AT 2 LA 28 1L R BE e BE 2
oAb, BT VS B B Bl 38 AT 2 ) s 048
BT AT,
12 Fi&
12,1 IGFRIEERE RET2D 5 HCs TR A # ik
) Il AR S 36 =5 K A i 60 4% 25 I 1B (Fasting
Plasma Glucose, FPG) % J& 2 h Ifil % (2-hour Plasma
Glucose, 2hPG) AL M1 & 1 (HbALC) | H i =ik
(Triglycerides, TG) . /& % J& 1 [# B (High Density
Lipoprotein, HDL) . {i% %% Ji& I [# i (Low Density
Lipoprotein, LDL) & it i #5840 (BMI) BH FRAGAER |
ZHEFIRE ., Bl EINEE T2D B35 17550 R
SIZ bR, B A BB R AR (2K 21K TG
DR RERR TR N )& AR E MBE=11.1 mmol/L, 5§
H FPG=7.0 mmol/L. #i¢f# FiRbRiEPEE HCs 41 I
JKENTER  BIFPG<6.11 mmol/L H.2hPG<7.77 mmol/L,
HERAZRIEZ. SEEEAE AR 8~10
h AT R RE R A o X T A il T T i %)
2k A& K A (Mini- Mental State Examination,
MMSE) , X4 I FN I REZEA T
122 IMRIZEHERIRE [T LST MEHAR UGN (SEE
GE SIGNA ) R AR S A IMRIZ M . VB
FERR AR T BRSNSl R A (HANREIEA
MEARCIRES: , AR FRERE. SR Ax 3D T1 FSPGR J¥511%
SELEGE A , SO B R ] (Repeat Time, TR)=
11.184 ms, [A]3% i} [a] (Echo Time, TE)=3.352 ms, J2 /&=
1.4 mm, JZ[E]#F=1.4 mm, B H=20°, HiFF=256x256.
I S T REAG AR 14 SR A A Y- 1 el gz (50737,
HEZH0h TR=2 000 ms, TE=40 ms, /2 /5=5.0 mm, )2
8] #5=5.5 mm , BFE F = 90° , L HF =240x240 , 4 {4 =
64x64 , FAIGZHCH 26 2 , 415 250 NI H] 45 MR
5 I TE 2R 500 s
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1.2.3 fMRIZ#ET A B B FOCA Wit & R NIT
(Neuroscience Information Toolbox ) % fMRI % 3 i
TALER . AREETE A - (1) SIBRAT S A ] i i 5l
DA 1l 3 AN e R BN i AR s 5 (2) XoF s [ J2
HEATHRIE 5 (3) 4T3k g% IE , BBk sliad K # ik
i CEEIRT 2 mmaf% 8l KT 2°) ; (4) 78 MNI %5 [i] i
17728 bR HEAL , i BAR R RN R (3x3%3) mm’;
(5) 0 T WS () T4, R BRI LM 1528 o) A ol
IHHG AW AE S SalfE 5 LA RS .

FIH 2 1 3d Ak # 5 #9 fMRI £ 718 FOCA
{8, AP TER  (D IR ER BB A C R AL,
BP0 28 (B2 B AH DG R A (2) TR RAMA R 1Y
23 [AAH G FR B8 (3) THRRE AR Z 0T I A s i) A OG R
B 23 AV H o6 R B TR AL, B AR K 1 FOCA
18 ; (4) B MA K B FOCA {5 4 ik -2 FOCA
H LA, BN AR R PR EALSS B FOCA A ; (5) 5 81
RR bR EAL S B9 FOCA (R 1, I HAH - MA R AR ifE
L FOCA (B 2 1 0 EAGASCT- i b 3, o 3P i A%
B h 8 mm,
1.3 Fit=ESHR

XF T2D 20 5 HCs 21 i it IR B8 BL A7 48 312
Wr, Z 2 E R AEE . BMI.FPG.2hPG .HbAlc . 5 .
I 28 82 L [ 12 B2 MIMISE T3 45 SR SR A ST PR AR £ 46
B iEAT LU, 25 R DL s i 22 17438, T2D
55 HCs AL M 51 25 555k R 7 ke 30 0 A 7 b, 45
LRI TR

SR B PZH FOCA (M TEAREA (A3 (1
H AR P<0.05, (A ##>621 mm', FDRILIE) , Xf
PIZH FOCA fE R FRUREAS ¢ 4656 ([l AR RIS, (2
PR P<0.005, (A 75>270 mm’ ) 4 T4 )X LE

K FH Bz R M S X6 FOCA K08 F1 T2D 4L 411t
PRGERHIEA T A S PE 2T ClA P B R 32 20 AR
KK iRy P<0.05 , 49 R SUIIARL 56 .

2.1 #HiklIEKREES MMSE {4 R

INZE 1 F7R, T2D 4 5 HCs 41 A 2 ZUE AR R | 4F
0% BMI, 5y AR B2 H [ B S 48 AR 24 T W W 22 5= (P>
0.05), T2D 415 HCs 412 [H] () FPG .2hPG .HbAlc,
MMSE 3 25 S A7 76 B 2 i e i F 24 25 5 (P<0.05) .
L HCs 4 A, T2D H 35 B9 MMSE 1553 B B A%
2.2 FOCAZRLILE

T BAREAS (36 (P{1<0.05, 1A %5621 mnr’,FDR
FEHS) , 2EE 55 T2D 2 A HCs 2H /Y FOCA 1R 5. & I X
34 (1), AIAL7E T2D 407, FOCA {1 i ki X 3=

%1 T2DAS HCsAIRKRZER S MMSE I REER (x£5)
Tab.1 Comparison of clinical data and MMSE results between
T2D group and HCs group (Mean+SD)

FHE HCs(n=37) T2D(n=34) ux'{§ P4
AES % 54.0849.08  56.71+8.77 -1.24 0.22
PERI (5 /20) 17/20 18/16 0.35 0.56
BMI 24774342 25.96+3.21 -1.51 0.14
HEENY/AE 8.00£3.00  7.53+4.00 0.56 0.58
FPG/mmol - L' 5424046  9.53+2.92 -8.11 0.00
2hPG/mmol - L' 5.95+1.14  15.10+3.72 -13.75 0.00
HbAI1C/mmol-L" 5324030  7.01+0.98 -9.68 0.00
TG/mmol - L 2.0042.60  1.97+1.66 0.07 0.95
HDL/mmol-L" 1.38+0.29  1.40+0.31 -0.32 0.75
LDL/mmol-L" 2.82+1.04  3.06+0.96 -1.00 0.32
MMSE 27.5442.10  26.44+2.10 2.10 0.04

T2D: 2 AUHESS s BMI: AR T A5 44 FPG - 25 M 1LY ; 2hPG 2 485 2 h il
B HDALC HEIRINZT L 5 TG HIM — g ; HDL : (=i % 2S5 1 ; LDL :
{25 FE R A 11 ; MMSE : (3] 5 8 SRS K

BRI A OUMAE T XUMERRR XU/ X
BRI B AT B 4SS . A HCs 41+, FOCA {H I %
0 DX = B R U - SR XU /)N LA
L py Ay A (E 1D .

PIZHRUEEAS ¢ 4656 (P {1 <0.005 , {A Z #>270 mm’)
gEIRLW (K 2), 5 HCs 4L Eb, T2D 411 FOCA {E7E
FEE - IRl A L [l S SR, A /I 8 2544
TEAIE B IR 2,

2.3 T2D A FOCA B SIEARE B AIE K ED 1

FE T2D A A, $2 UE R 4[] FOCA Ay
35 22 52 1IN X FOCA {H, /3 Hr H 5 T2D 411l R #¢
BEAY AR A, 45 5 W, T2D 8 25 16 20 3 b ] i
FOCA {575 Ji§ IfiLf# 7K F- (P=0.024, =-0.398) FI4& )5
MHEKF-(P=0.014, r=-0.431)4 B E A (E 3)

ARBTG5 IMRI B H , 454 FOCA J5 i
53 M T2D fE 35 WG D BE A U2 DR T2D 285 ik D) g
X2 TeiE S8k, EH K T2D 4 5 HCs 4l
FE U AF I OB P S /NG | 55 s [ 45 i X
FOCA fH ¥ & & ¥4 fin ; 5 HCs 41 A6 [k, T2D 41 1
FOCA {H 75 22 M H 1] A 1 1 [ dnb 38 BRI, A
NG S RGN, A2 R R [ FOCA {5 25 1 M b
KRG BT 2 R G

MMSE & F R A 8% 28 i RE 1, B2
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T value

1 T2D 4 HCs AFOCA EEZE X
Fig.1 Brain regions with significant FOCA in T2D group and HCs group

29 -2.9
T value

2 T2D 45 HCsAFOCA EEF BEHKX
Fig.2 Brain regions with significantly different FOCA between T2D group and HCs group

A AU L[] B ZEMBB ] C A5/ 1 DX, ReA72F8R; L Z02bak, B8 504635875 FOCA

TELH 155 5 B AR AR i X

%2 T2D4A5 HCs4BFOCA 5% B B2 MK X HHE
Tab.2 Details of brain regions with significantly different FOCA

between T2D and HCs
N L MNI 447
Jigg X Bk T ABYmm ————————— ff
GrIX. X Y z
e ] I 21 432 42 12 27 -3.45
s [ [l H 22 1458 51 12 21 -3.70

AN N . - 459 36 69 -30 3.34

P ) a5 1) 7 BPZ SR EAZ T GBS R e
775 5 T AR B AR AR T RE . A IR &
B, B AE T2D B H AR E AR T RS . 7F
ST, T2D 3% MMSE 15843 % 1F & 20 B 5 [
K", S RTF S R4 , 20 T2D s BAT A A T fig

53

Wirh o] 50 E 1042 T G2 L R 1T
RER AR C . SERiIE oY & B8 T2D f A 2o [w]
JR S B HIE #3820, H 5 MMSE P43 2 8L
TEARSE AR, BV b e 5 2 55 ek /b 8 22 , MMISE 1
ST, 53 4h T2D H g Ao Ml v i) ALFF (B 5 25 F%
R AHESE & I, HH H HCs 40, T2D 3% 220038
6] () FOCA fH {2 3 F#AK , U W T2D 8 2300 [0 fr Aol
LIt H KGR BUSTH . 34, T2D B Ao i
A1) FOCA fE5 25 I8 1A 85 U i /K -2 B 2
HH2E, B2 1 A 548 5 2 b IOA ey U0 [ Ao
2290 H KT B I 25— E0r: 6 B0k B Ak 1
P, AIFFEARGE T2D B3 T 2 [0l FOCA B %
A5 4 25 WA R T oo 1 J 2 R AP IR O, B
iz B
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FOCA*
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23 [
a: SEEMAE
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Fig.3 Correlation between FPG, postprandial plasma glucose and the FOCA of left middle temporal gyrus in T2D patients
*FR /AN I FOCA {E , 25 IR UBH /K P (BRI J UMK T P2 2807 AR R

i b ol 2 50T E B R SCAE T RE S VA G 1)
i DX 20 AFF 98 S, T2D JRE 1 1 %) i A R 2 A
WP FE X TG DN A B RS (Mild Cognitive
Impairment, MCI) .5 & MCI ) T2D &2 Fl1E# A 3
20 NHESEAT LT, 2 30 MCIIY T2D 2 355380 1 [l
i) BOLD {555l A 4l i 44 o 2 55 6 MCL ) T2D &
FHHAIEH N, $278 8078 T2D HE I MCT#% 1] Bl /R
PGB R R B DCHE I AR A, 5
HCs 41t , T2D F A M1 91 1) FOCA i . 3% [
I, BEWARE - [mpf 2850 H & PR 3 i i 28 — Bk &
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/NI NAR B 12 SR b i 2 AR B
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