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[Abstract] Objective To detect and evaluate brain metabolism abnormalities and white matter changes of posterior
cingulate cortex (PCC) in type 2 diabetes mellitus (T2DM) patients with ' H-MRS combined with DTI, and to explore the
correlation between the changes and cognitive impairment. Methods  Single-voxel 'H-MRS and DTI in PCC were
performed in 43 patients with T2DM (21 with cognitive impairment [ T2DM-+CD group], 22 without cognitive impairment
[T2DM group] ) and 23 healthy volunteers (HC group). The integral value of related crest area and fractional anisotropy
(FA), mean diffusivity (MD) values were calculated, and their correlation with cognitive function indicators were
analyzed. Results The value of myo-inositol/creatine (mI/Cr) in PCC region of T2DM-+CD group was higher than that of
T2DM and HC groups, and the value of glutamate—+glutamine/creatine (Glx/Cr) value was lower than that of T2DM and
HC groups (all P<C0.05). Glx/Cr was significantly positively correlated with Montreal cognitive assessment score
(MoCA; r=0.59, P<<0.01). FA values in the whole brain and PCC regions of T2DM-+CD group were lower than those
of T2DM and HC groups, and the MD values were higher than those of T2DM and HC groups (all P<<0.05). FA value
was significantly positively correlated with the score of MoCA (r=0.57, P=0.01). Conclusion The combination of ' H-
MRS and DTI with PCC as ROI can be used to quantitatively reflect and mutually confirm the neuropathological basis of
cognitive impairment induced by T2DM, which is expected to be a clinical indicator of early warning.
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(# ZE] HH BG4 H-MRSH DT E AR A PEAL 2 BOBE /R (T2DMD 8 2 J5 F04 15 (PCC) N i3 45 14 15 473 K Ini
AR W B BT S YU S BE R R A A G . sk X 43 1 T2DM s [21 Bl A IA %0 B RE R A% (T2DM+CD 4D .
22 BIAFENFN T REBE S (T2DM 41) 1 23 44 fil B 7 R % (HC 41) PCC #4178k 2% MRS & DT #2580 & 1 15 4 i e
Hi 2R R T R LA B A5 1) S 1 A B (FAD T3 B (MDD L 3 5 A T e de AR b AT AH G e 7. £ 8 T2DM+CD 44
PCC i X LR/ WLE2 (ml/Co){E & T T2DM Al HC 41, B &M E A& ¥/ N (Glx/Co) ik T T2DM #l HC 41 (P ¥<C0. 05);
Glx/Cr 55245 R /R N AL FE 26 (MoC A P43 52 TEAH 56 (r=0. 59, P<C0.01), T2DM+CD 44 i & PCC i X FA fH &
T T2DM 1 HC 41, MD {fi /% T T2DM #l HC 20 (P #<20. 05) ;FA {65 MoCA 4> 2 IEA X (r=0. 57, P=0.01), %t

PL PCC g X6 X B R ' H-MRS 5 DTT AR A E i ) e T2DM 51 DA 0 BE 45 47 B9 4 22 3 = S il , A7 22 00

00U ) W R A R
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[FESEXS] R587.2; R445.2 [X#KRIREG] A

2 BUBEFR % (type 2 diabetes mellitus, T2DM) &
e PR 5 DL A 1 v LB Sy = S R 0 AR P s, Tl
SEe G ZaE R LI RE R, B ET TSR Y
XA 28 28 G 4500 250 TA 0 B R B A 128 W Ry O 1 A
ML T2DM (A B s 2 BT 2R 9K W BR R ( Alzheimer
disease, AD)HA7 f& [ P 28 2 — , A3 i 52 B D\ 4146
{7 (mild cognitive impairment, MCD $7% 5 AD ) X
&, BF s &R, JA 10 [l (posterior cingulate
cortex, PCOJ& AD He - B KA i X 2 —, 2 i 4 &
o7 o B 20 R A A1 BRI R 2% (default mode network,
DMN) #2945 i, 75 22 WUIA R 2 8 vh A7 7K $2 4X 4 1k
FAM . ARBESCR T DTG MRS #R #53) T2DM
BE PCC M 405 S 5K F T B8 B AH P IR R
T2DM WA H ) RE 145 19 B 301 T 45 45
1 #AREFE
L1 — %R W 2016 4 4 H—2017 4F 1 A K
R I b B e N W RHISOIA Y 43 9] T2DM iR
#HH 22 Bl 221 B AR 48~T72 21 (60. 54
5.6) % s IN DI RE V708 H 3 o 2 2H . T2DM 190
FITIRE RS 4L (T2DM +CD 41, 21 i), 5 8 fil . % 13
i, 5 K IR N0 T Al i & (Montreal cognitive
assessment scores MoCA) 343 <<26 43 ; T2DM A~ f£E
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INFI T RE R 41 (T2DM 41) .22 i), 5 14 6], & 8 fi.
MoCA W43 =26 4y, W AbrifE: 4 T, AT L& MR
o A FIA AT L 0 G 5 TG i A0 1 Bt 2 RS MR SRR
g 5 R MRT 527 il P JC 4 i A e A | g 45 5 o 2)
P AR 2 N AR TS SRR 5 TG i P 5 1 RS DN R T g el AR 25 )
S5 TR AR A AR sl B A 422 57 g A 2 AR (e e
ZERRZYDIRTT . Sy PEE AR ] 2 B AR IR
FHVL C /Y9 23 44 4t e 35 B8 & AR S X 4l (HC 4.,
MoCA W-45r=26 43) . % 8 # .4 15 & . #iik#FH — i
TR 1, AHF9E 4 K 0%E K5 M@ b Ll B B Ao B 2
Biost i, A A E BB MR S

1.2 U5

1.2.1 Y% R Siemens Magnetom Verio 3.0T
SR MR 5, 12 38 38 b5 1 Sk # 4 B H-MRS
R H R R A S P A E ] 3 5% (point-resolved
echo spin spectroscopy, PRESS) ¥ 41| , 7£ K ki 1F Hf 4=
ARTE TIOR8 LA b L BRI A4 e 35 5 7 22 452 PCC (L 1)
AT TS R 5,280 TR 2 000 ms, TE 30 ms, K%
20 mm X 20 mm X 20 mm, M 90°, DTI HH#iRH
AR OR B 1 W Y 51, 280 TR 11 908 ms, TE
86 ms,b {HHEL 0.1 000 s/mm?.,

1.2.2 1% J5 ab B * JH Siemens T. 1E uh
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Spectroscopy 4K FXF! H-MRS % £k [ 3h 7F 47 M 2 e
LACHE 55 P2 AR g & il G R E A Bh
B PCC XAy Ml 26~ 1w AR L6 N-Z Bt R [T4
R M (N-acetylaspartate, NAA) , JLB& (creatine, Cr) .
JEH% ( cho-line, Cho) | JLEE (myo-inositol, ml) | 4% &
M2 2 4 ¥ (glutamate + glutamine, Glx) M # 2 Il B8
(phosphocreatine, PCr), 3 i3 NAA/Cr, Cho/Cr,
ml/Cr.Glx/Cr & NAA/Cho ft, &M PANDA #{f
#EAT DTT Edls sk 3 K% 53 #r L 2 HU H-MRS iy PCC
R mask B HE B mask BE#E# DTT G d, 8o
Hsh b 5 OR 52 B4 i K PCC X 45 ) 53 M 7 8K
(fractional anisotropy, FA) F1 3 ¥ 7K B & (mean
diffusivity, MD), WL 2,

1.2.3 AKEIIREMEL R MoCA & £ PFAf il #
PAT 5 LS (B BE ) A2 SN I RE L PR 43 =26 43
B PEA<<26 43 N FI T RE 52 401 5 B S i 282 I 25
(1% N X8 3 3 AT 3% 2k DU 3% (trail making test.,
TMT) )15 i 4% B 56 (verbal fluency test, VET) .
I B 56 (clock drawing test, CDT) M8 BE M 56
(digit span test, DST) % A H1 & 30 PFAk 5 I 3L, 6 B
K% 30 min.

FAEIEBSARHEREU s Fm, RABKNE
J7 2258 Fe 8 3 4 1] — i % R TN 1 B e VT 4 B 1R
2SR, W LR ] LSD-t #6556 52 41 18] b A % T
MSTFEA cR g, THECR B LR ] o K. T2DM
B PCC X Ay DTT F1' H-MRS 4% 45 b5 5 A M1 2 RE T
Iy BIAH AL SP BT R FH Pearson 43 #t, P<<0.05 H%EHF

Hgit#a X,
2 HR

T2DM+ CD, T2DM 5 HC #H 3 £ [8] 25 @ ifi 4%
(fasting plasma glucose, FPG),MoCA,CDT,DST,
VFT.TMT-A 25 ¥ H G228 L (P ¥<<0.05) ;M
Wb E L, HC 415 T2DM 41 . T2DM+CD 41 8] FPG 2%
SWES R X (P #<C0.05), T2DM+CD 4 5
T2DM 41 .\ HC #41[d] MoCA .CDT .DST.VFT.TMT-A
ZRWEGIERE X (P ¥<0.05) . K2R BTG
ES-S4C BN
2.1 '"H-MRS #8453 4ild] PCC X ml/Cr.Glx/Cr
EZRALGIHFE L (P ¥<0.05), Hd T2DM+CD 4
ml/Cr {8 9] & & T T2DM K HC 41 (P #<C0.05),
T2DM~+CD 4 Glx/Cr {58 & ik T T2DM K& HC 4 (P
17<20. 05) 33 41 [i] PCC X NAA/Cr,Cho/Cr.NAA/Cho

1.3 Gt R H SPSS 20. 0 4870 b7 #14. HER LG # (P #>0.05), L5 2,
#1103 HE BRI
13 ) H /4 =R Milﬁ%#“é.%& T2DM #5 H FPG Ak 1l 21 2 1
CVED) (kg/m?) (4F) (mmol/L) %)
T2DM+CD 4 (n=21)  61.1+4.9 8/13 10. 8343. 12 25. 9343, 60 11.3845.53 13.07+2.73 7.96+1.53
T2DM 4 (n=22) 60.0+6.2 14/8 10.89+2. 39 25.9643. 34 10.77+6.73 12.00+2. 98 7.85+1.78
HC 44 (n—=23) 58.2+5.4 8/15 10.78+2. 89 25.46+2,11 — 4.9140.48 —
F/y /18 0. 66 4.45 0.01 0.19 0.92 8. 15 0. 02
P 1A 0.37 0.11 0.99 0.83 0.34 <0.01 0.88
25 41 C-Jik (mmol/L) MoCA 43 CDT 4> VET () DST(s) TMT-A(s)
T2DM+CD £ (n=21) 1.484+0.55 23.43+2.01 2.3840.67 19.86+4. 83 10.57+1. 47 72.49433.11
T2DM 24 (n=22) 1.8540. 60 27.18+1.18 2.7740.53 23.5543. 74 12.36+2. 36 53. 65420. 30
HC 44 (n=23) — 27.30+1.11 2.8340. 38 23. 654 4. 80 12.48+2. 25 52.19416. 48
F/ufd 0.03 47. 88 8.38 4.99 5. 70 4.76
P1{A 0.87 <0.01 0.02 0.01 0.01 0.01
2 3HPIRE PCC X'H-MRS R Ml LA (£ )
2 4 ml/Cr Glx/Cr NAA/Cr Cho/Cr NAA/Cho
T2DM+CD £ (n=21) 1.2640. 19 1.08+0. 17 1.7240.13 0.71+0.08 0.65+0. 06
T2DM 4 (n=22) 1.0740. 14 1.2140. 23 1.7240. 14 0.70+0. 10 0.63%+0. 10
HC 41 (n=23) 0.940. 20 1.3240.22 1.7440.17 0.7140.07 0.61+0.08
F{g 17. 32 7.51 0.05 0. 06 0. 60
Pl <0.01 <0.01 0.95 0.94 0.55
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2.2 DTIH#br 3 @M M

#F 3 3dwkHE & PCC X FA MD 1§ H %

PCC X FA.MD EZ R WA 5
e X (P #<<0.05), Hd 24151
T2DM+ CD 4 4= i &2 PCC X

T2DM+CD ] (n=21)
T2DM 2 (n=22)

FA ¥ % F T2DM & HC 4
(P ¥ <<0.05), MD H¥ & T

HC # (n=23)
T2DM J HC 2 (P ¥5<C0.05), F (i
W 3. P

] PCC X
FA MD FA MD
(X107 mm?/s) (X103 mm?/s)

0.3340.01 0.9240. 04 0.2640. 04 0. 96+0. 06
0.34740.01 0.8940. 02 0.2940. 04 0.8840.08
0.34+0.01 0.8740.03 0.32+0.06 0.86+0.07

4. 60 12. 38 9. 44 13.06

0.01 <20.01 <20.01 <20.01

2.3 '"H-MRS K DTI $5#5 5 1A
HIPEARHH G T2DM+CD 4
PCC X Glx/Cr(r=10.59, P<<
0.01) . FA(r=0.57, P=0.01)
5 MoCA P43 4 B IEA G, HA
R 9 6 b 55 A NPT 43 8] 2 C B
A,
3 itig

T2DM & K W & i w5 mT
AE 51 S AAS [) 2 B DA 60 T i s i
SR AR 1) i A 25 A A5 4 T A Ok
C R [ AN AR AT . AR
T2DM+ CD 41 P 4 TA %1 7K S
JAR M MoCA FF 4> 11 A% T
T2DM 4 M HC #H (P<C0.05),
oAty L AN 25 R an AT 5
G NI AN o VAN =]
5 B4k Be ) S A TE R [ AR
BEfd, 5 280 Y S5 I AT .
3.1 PCC X!'H-MRS 1R ¥ +&
PR A8 K Ho@ X ' H-MRS &
SRR S Rl N}
NAA . Cho.ml K& Cr Q59 48 16 1) 50 5 F BB AR 1Y)
ARSE T . Cr 70 2R B RO BRI Y M 6 Fa e L 8
VBN 43 BSR4 AR U A DLk 86 AR 1R 9
FEXT AR HEAL B A . mT 2 il PN P28 I o 48 e b o 4, I
TR B BT 40 3 A . AR BESE T2DM A+ CD 40 ml/
Cr {48 & & F T2DM, HC 4. $ 7% B 2 2E K 5 9%
TE#E R, mI/Cr 7L . Geissler P 456 T2DM #L it
Bz 505 TR (5T ml/ Cr 85l B X BR 21 8 35 T 8, I
Shy 2 P M W T AR R 2 TG B e R 8 £ Y 45 4
JIE 0 240 ML B 7 A 48 A B0, Huang %M 858 AD f&
H W' H-MRS, &8 mI 7E42 88 AD &% v B A ] 1 7t
ms BB T NAA S H AR, A5t & 8
T2DM 24 m1/Cr {H# HC 4181 8 7t B T2DM i 6

B 1 PCCKX'H-MRS $fRREMEMNRER A ki B KA Cflir
X FAMD 2 BURE R A R0 B, &R C. s

D) 2C

B2 PCC

P 1 A B PR DA 6 D) 68 AR A R BT mI/Cr (A
B AR e LR B A BURRE . I/ Cr A5 AL
HUE U T2DM i 03 1) B 2 R 48 b 2 — .

B AW (glutamate, Glu) 42 K 5% B 2 ) X465 M
PEE 8 T, i B Glu 23 77 A X6y PE pl 22 1 M il N &
B RS o4 M v ¥ o i Glu Bk o8 & & B
(glutamine, Gln) , DT 7E i £ 338 07 K % B 8 35 v &
FEEZA/ER . H-MRS Eg 4, Glu 5 Gln JE R Glx 4
A, ABF5E T2DM + CD 4 Glx/Cr {5 ¥ &A% F
T2DM K HC 41, HE T2DM fii' H-MRS #f 5% % T
Glx 284 M 2518, Ajilore Z1Y & 31 T2DM 4 3f
PR AE B B R X Glx & B8 %5 1E % 41 2 3
A5 TA Ry T B8 Fh 5 fish T BB SZ 45 . van LB 5 | RS A 28 i o 4
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i 3y fit 2 04 AL [A) 4 FH PP 8805 {H Sinha 2512 38, T2DM
HE A AT Glx 5 0E #4182 FH s 0k 5 & i
R R 2 240 i ) 1R P9 A 45 A A B Jm) 3 4 L B A A
X, ABFFEEE RS Ajilore ZUY AL H R 3.0T
MR # AL AETNS Glu & Gln 440, B Glx (1
WEKZ, A FE— B WAPI. I, Schubert
SRR I PN Glx P o I AT I B KT B I A A 5T
T2DM & F 18 R K, AT REXT Glx & AT — & 5200
3.2 PCC X DTI @i R HHEL AR K
P T2DM % 2 & PCC X FA {8 Bt 5 15 v & 111 i
iK1 MD {EF &5 . 55 Zhang %5 BF 58 — 20, Al BE 5
PRS2 3 82 1 o OB 5 | R Kt M DR AL 2 P ) B R T
LA PN B T o 1 i 4 L 4 A 1 080 7 7 A 2 AR A
JoE 3t B I PN B A A AR 405 B R R PCC AE
FEREFTEARBS ML, 55 ML
JIK A B 22 S5 35 T 5] A I 2 40 A 7 S L A 2 A
FRL AR P L S A A IR T A TR S R B, S B
ZIOUYIREI AT AN, E A S LR IESE FA
B R AR 55 10 T ARO0R 45 40 T TR A O, 12 78 77 6 B B85 R il
gz, Rk DTI W FA {5/ MD {Hd4 B+
S T2DM #5354 I i DX G285 1) #2240 05
3.3 '"H-MRS 5 DTI & & 45 A5 7 o\ %0 2 68 i A
AHFSE 45 B B R, T2DM 8B % F7E 16 3 25 0 40 41
T A 08 2 R e ot 44 M A7 461 45, P H-MIRS Fi DT & & 45
FRAAETE 5% 2l 28 5 1 PCC A % DMN @ 2745 i 2
— B O S BOE A DMN Jyfig 5w, T S B0
iIReH . AW h T2DM+CD 41 PCC X FA {5
MoCA ,Glx/Cr {5 MoCA ¥J £ 7E IF A1 &, £ W IR
TR AR 5 R A T AR N B A7 AE B S AH OC 4R R Ik
AR MH'H-MRS 5 DTI & & PCC X AH R 48 #5748
PR AT S WL FFENGIE T2DM g8 35 5 BT 1 Ty B 46 105 &
P25 5 2 Bl L A R R L U Y AR ) 2 AR A
A5 0 JR BRAE  FEAS SR /)N FT BEAEAE — 2 Se it
AR AR AR s T2DM A8 50 1% SO 0 ) R B 15 4> 1K 22
S NS S P N E I SR SR = 1K s I o
S R R AT IR ABESY
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