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Research progress in the relationship between abnormal blood glucose fluctuation
and cognitive dysfunction of patients with diabetes mellitus
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[Abstract] Diabetes can not only cause pathological changes in both large vessels and microvessels, but also accelerate the
occurrence and development of cognitive dysfunction, increasing the risk of dementia. Studies have shown that diabetes-induced
cognitive dysfunction is associated with elevated blood glucose and abnormal glucose fluctuation, and its pathogenesis is closely
related to insulin resistance, oxidative stress, cerebrovascular lesions, inflammatory damage, brain cell apoptosis, as well as amyloid
B-protein accumulation. At present, drug therapy for diabetic patients with cognitive dysfunction is still in the exploratory stage. It
has been found that some hypoglycemic drugs, such as glucagon like peptide -1 receptor agonist, can improve cognitive dysfunction
in these patients. However, it still needs to be further clarified by randomized controlled trails with large sample size. This article
reviews the assessment methods of cognitive dysfunction, the effects of abnormal glucose fluctuation on cognitive dysfunction, and
the pathophysiological mechanisms involved, as well as the effects of different hypoglycemic agents on cognitive dysfunction in
patients with diabetes.
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W 43R TCRE IR I PRI L 2 B DA 60 D) e e i 0
S BRgT Y EEA, DM R TR AR S BE R A LA K
HC F A P DA RN T R e A A A8 S R R AU A s o o
WE AT T v A 3h S A Qi 2R L Y 2 F 2SR
o BERERFST B M, M B K A A i
fbIMLIEE H (glycosylated hemoglobin A,,, HbA,) %
SN RERRG B DIANSE . ITAESR ST 0 IR AL,
IS 20 5% 7] GedE in DM A e SR A N D g e 1 1Y)
SRS o T, AR SCE AR A9 IA RN ) RE B A5 DE A
T T4, X IR 3 5 5 0 PR DA R Dy g
T8 Z [ A OC RAEAT /AT, FEXT b 8k 2 S 4 A PR
g NI DI RE B At B VA A A AT REMEEA TIR R .

1 AHITRERSIS BT (A5 &

DM XHAFIZHRERYANE i (AT ohee . S
WAATE L 01T R PRI RESE) B iE
RS TR FE BE A 403 100, Al BE 2R AR H DR
INFITHRERRRG Y EETBz —, HIEAFRemt R a4
(magnetic resonance imaging, MRI) ZE5{% 48 R
W TN D RE A I R IPA

L1 fZE 0 BILEEA

R, R T ok MRS A A i R (Mini-
mental State Examination, MMSE) F15% % F] /K A %l
Pl i % (Montreal Cognitive Assessment, MoCA)
S A RN R WA D REHEA T AT AL o[RBT
PEA R E Ml = R W e 20 7N, W
FELEMNI (trail making test, TMT) XF AL 65
U, A ARIBIL2 I TMT-A ] TEfh &
HWER ML, TMT-B H TP B & AT
fig, EEX 2B IR (type 2 diabetes mellitus,
T2DM) FH RN AR U 7 ke 1)
56 (Stroop color word test) 8 T B & AU
U6, T HAEZR W A B, JUHAE T T B4R A
TEM 2O TP 25 5 BB 57 O RE . 185 T
PEM K (verbal fluency test, VFT) AJ PEAS 83 115
F e IR SGEICARAT I RE o W 1) 1 o~ T 56
(auditory verbal learning test, AVLT) 1] PEA & 1
W HIFEFEE, AR EE . BREINATI6E
B fig AR 5N R0 I RE OE R A o m g I (clock
drawing test, CDT) A HEPEAG A HATIIRE . M1
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AR SR Sy, BT DS (digital span test,
DST) #] H R IPAl &8 & 093 2 I MEHE J1, Rey-
Osterrieth &2 2% & JE il| 4 (Rey-Osterrieth Complex
Figure Test, CFT) WA PEAf B35 B #ATIIRE . 112
1 B3 [l NS5 F fig

1.2 AR FEL

VBl —Fh IR Ay B, S0 w3 I Dk %
('H-magnetic resonance spectroscopy, 'H-MRS) . 5§
sk % (diffusion tensor imaging, DTI). FE
g 2) B W 3o R A% (resting-state functional magnetic
resonance imaging, rs-fMRI) 587> MRI 4% A GBS 1
BEICIR A F 4548 . Thig i 4 LA K F-45 2 )5
fFH, FEVFZM AR g g Wr . BUs Mg
RIFEREAEN, IO HZ N T k0 D) e A
SR

'H-MRS J2&— 7l T LA 0 A 4 €385 4 K ~F K 23 A 14
TAERTIE A . BF9T ™ KB, FEM R A T fg
Bef B [ Lie 2 1 B BEJR 8 (type 1 diabetes
mellitus, TIDM) 0 JE T2DM 3 | B9,
HAW Y AR, HiZ5 % I8 5K MoCA
50 2 A ¢ . "TH-MRS 7] DL 51 Bl R 2% T K
(Alzheimer's disease, AD) & fixi 181 4 7K F 19 A8
b, HIHESE AP RE AR Y e bR 2 —,
SRR DA BEFE s S A Y A S D e A2 Ak i)
MIMEIE— 4087 0 BeAh, DM I s i i A8
SN T BEPE S VIAR G . BT U KT, DTIH:
AR A] Ak DM BN A IAs 14 S, 7RSS AR A A
RAPIAFI DI RERIT . 4% BE AN ) B e fi R 8 J T ¢
FHUR . AN DI RERERG I A R S R R R,
8 57 TR A & AR e B 440t AR A 2Z /T, T rs-fMRI
Fe AR AT R B AR A K X Bk [ A EAE T, DA
i 2 RE B S o AR — R U R T L s
fMRI 2 A AT AE A 2y B B fig A DG AE Rt 20 1 18 1) 4
TAIARI DR S8, DRI A SR A PR DA R ) e
O Y T e L () i I

2 IFER =) 5 R A HI D HE R0 22 0m AL
HOREMERHE

2.1 MBS Al SRR bR 9 DA D G BRE At ) 5 mil
MUBE I B4 1K P H g MR A 22 A1 AZ AL )
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AR RAS, n o3 S J 300 it AR I8 s A S0 i ape 3
S AR Sl LA H S IR Bl . R s .
Jo WA e 2 A, HEPE Al S R TR S ) A 0
(continuous glucose monitoring, CGM) A ; %
ARAHRfbES: . 2, TR REER, 8T
Yo M 9% 3 iF E (mean amplitude of glycemic
MAGE) . #j %j #% #5 #E 22 (standard
deviation, SD) . % 75 B 5% & 0 (coefficient of
variation, CV) 2523 ™0 KM W ok 5 £ 25 4%
][] N ] — i 2 UK Bl 7 45 25 I I B . HbA| 55
AR ST, ZLAZS RIS . HbA, %0 SDk CV 5
Rl Ak, T RAECEHW . Y T AR
S, FATHEE B AR N B ] (time in range, TIR)
CZHZ BTG, B0 S e i K- F-
B Bh L5 A4 ds UL BT AR, TIR 5K A%
I RAERIEARER Y L BRI O R AE 1L IR
R AEA " I EM gAY | g
AR SRR YIMOG, (HH AT A 56T TIR 50 RS
N IRINiE RN EE S TE

CABFFER, R b i sh 5% 5 DM 5 1)
NI REFE A5 AH 54 . RIZZO % ) SR CGM $ R
f#i 121 4] T2DM S8 55 1Y A I 3K F- . FFF] 1 MMSE
PP HOA AT RE . 45 & B, MAGE 5 MMSE 434}
BEMKE (=083, P<0.001), MAGEL 517 D16EE
R LRG0 BFMKE (=0.68, P<0.001).
ZHONG % ! i i} CGM ¢ A Wl 248 {51 2% 4% T2DM
SEE W MEACE, S5 R WoR s sh % 5 8 E 1
INHITIRERRATAT G, RIS SR Y B AR
A 2E. 2020 4%, XIA%F PR CGM AN 97 i
T2DM S8 1 50 il e 52 1582 1) B8 A1 2R AT e
H i MAGE 275 /N T 3.9 mmol/L % T2DM i # i —
243 S BRI 30 1F 5 2 RN s O sl e AL, R A
MMSE. MoCA. AVLT. CFT. DST. TMT (A #i
B) S CDT Al 3 4wl AR T BE . 45 2R %KW,
I 5 3 5 41 B 1 MoCA . TMT-B #ll VFT 25
I W AR T MO S B e R 20 . fil xS R [WIE
MRIAG A % B, AR ) 57 2H B 8 R 32 X s
JEpPE (degree centrality, DC) {H 7R & K T H
A2 (JUHZPATIIRER CHEMX) , RIBETT 1.5 4F
[T D i 95 R S W17, 2 T o2 E 1213 3
S AR BT I REAE T RE A W WA, 1,5-
JIi K #HEEE (1, 5-anhydroglucitol, 1,5-AG) &—fh
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SER 5 AT AR S LAY B, S Y (>10 mmol/L)
TEOLT , HAT S e 4 BT i, YA A B
WS D B U 28 PR R SR 22, AT il 1, 5-
AG KRR, R 1,5-AG BEWS L HbA | A SFp i 5
PRes | ORI R I S L Y. RAWLINGS
2 AR X S ks R AL KUK (atherosclerosis risk
in communities, ARIC) W3¢ F 44 A 12 835 ] 52 ik
#, BEUFFYI 21 4R )R 2B, B SR EE (HbA, >
7%) H.IfL 1,5-AG ¥ <10 wg/mL Y DM & & i/ &
A KU FE I 1, 5-AG & B =10 pg/mL (4 55 3 5 2 14
86% (P=0.011); H7EDM B EH, IfiL1,5-AG K
Bl 5 we/mL, R & AR KU WG I 16%.  F iR B
GEHRIR, R O 2 S AT RE T L DM A A
et FH I fak R Z—.

AN, ZHENG % ' %F 1987—2018 4F 3% [ Ifs IK
SRR AIE ST B 2 P 50 % DL _E Y DM R (R EA T
SR, AR KMAE AU I, A 6.3%
(28 627 5] ) Wy H K AHIAH . Cox [B1IH 73 Hr IR
5 HbA,-CV fiw ik U 5 {7 0 (0~25%) 41 AH b,
HbA,-CV (25%~50%) . HbA,-CV (50%~75%) M
HbA, -CV (75% ~100% )4 3 1 5 % & A KU 53 31
BN 6% . 12% f113% (35 P<0.05). ZHFs £,
28 HbA  -CV Tt 55 55 DM B 35 Ji i & 26 UG 38 Jon 2
AHOG, PR, I MB35 5 5 IR 2 T2DM B8 & A
yRepEmt Iy fab R Z —.

2.2 MUK e 2 S OB DR v DA K Dy B B A 1) T fiE

YE B

B I8 B0 5 AT 3 ot AP g ORI A I A A8 L R
i 0 00 R0 20 B R T L I R BT R B E A R AR
(amyloid B-protein, AR) YR 4% J7 I X IA %1 D) g
FEA g Y AR EAALR IR .
2.2 AL ORI A AR IR I S S AT
JE) 24 L 6 A RN IR, SO R AR R R A
QUINCOZES-SANTOS % %) 3 2 0 e 5 T2 Jie Fot 4 e
M RE 3R 5L, RIS 6 mmol/L 4 %5 B Al Xof IR 20 o e ol
12 mmol/L i Z W =i 2 . % 12 mmol/L 7 % 5 1Y
el Wi 2H T4 S O mmol/L 5 4 4 Y TR, AL A
WA B B ATY I X S anfel 75 & B T8 I o
UMY R TIPSR R YRR A
%) B K F N 6 mmol/L 3§ i E 12 mmol/L i, 7% 1 44,
(reactive oxygen species, ROS) FJF=A T 25%;
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226 25 B 7K S M 12 mmol/L [ %] 0 mmol/L i, ROS 7=
AT 29 60%. T ROS (14528 & 7™ Az % B2 ¢ Jo3 4
MEfI G T . A5 B AT DNA 4R T8 T — 21
AALE . R, SR BR A AR B 1 2 SRS AL AT g
FU AR 114 1 7K ST 26 X 4 L 1 e TR

FAN, AT RERRATEY R AR R RS N i A AR
A7 7E — 5 19 2 B . MAIORINO % ) %f 106 fi
TIDM & HAT0ET, o 41 B 5 AT RR2L B2 T R
By RS 65 PR E T HAT 2 WS RIS (R
H) o GERBIN, FRok B R IR 23R A Y
Beshw/N, PEH N A 40 (circulating endothelial
progenitor cells, EPCs) /K8 &, H MAGE BYR#{K
J& EPCs $Ui By Ay o — B 32 . EPCs J2 i $ER IR
BT, BERSLE G RY N Al Ak, 25 imAE
W E, X R UGE M 2 T BEXT TIDM %
N R A A AR B i)
2.2.2 RIEPGAAMEIE T MBI 3 R Q] DL
TR ARER O AR T, B IORE PRI A ) e R A
B A AU o 2 R s A A BT 5 v g SR AE A
F (tumor necrosis factor-a, TNF-a) F1 4042 -
18 (interleukin 1B, IL-1B) FikIE L, i K&/
1Y IL-13 AT i S R B 40 13835 . 4B R
By 22 i 20 L R K B 0 A B 4545 ;5 A TNF-«
IR NN AT R 0 B Y e S, R ECIE A 45
T3 B J A 20 ot W D s AN K0T I B AT 2
MM T T, (H5 RIS AL, Sk b
ST B E R P, gk4h, HSIEH % 7
SR, AV MOWE B 5035 /N e o 4 L 1~ 7 e
121 DM BB 2B A TR i P 2 —
2.2.3 [REFEMIIMABRSE W R ZHURIE R
AU T ZEUER 2 A W Ao o s o B 1 A 22
JCHT LT A L, B Mz Ve Y A
Y B 5 25 R0 AT s A B 48 O % ] 2 W 1) B R
SR a A AL A Re s ey, NS DR
WA N

WAL, AR RALZHE IR N HI T RE At 1) B 2R
bl 2 — o I 2% A i AR A e 5 3R i B
U WAl AR Y DGR o & 2F 1 5 SR AR I R Bl s
JoR 5y 2R e, FOEEMEIS 2 0 R 5 AR s gL
SRR R NG, 1 AR ANREBLEME . VEER,
TS50 AR & S0 B4R P T AR JRAE T X #i 22
YR AE R E ], B0 SR Bl 280 kA AR
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FET, IR R INAIIREREGG = HAT, SCF g
)5 AR RARH] 1 5 AR FIHLHIBIF ST 1t ol = AHOCHE

PR DA 2 R e ™ B R M R A A A R
1 BAAAE IR i R BE5E 22 W] . Bk iR al A AL
S, Tauidk AR EEREMR AL . RANROAEE . Pl A2
RGN R ST RE R A5 T BB DM AOIAAN
IR BB I B R AR AT O B0 AR B2 Y B
FERHE PRI DR D BE BT A BEAL ) 2 — 2B 4R, LA
WO Fs Kdfy R B A

3 REGNSAHNVMRERIEET

Bl X DM 5 AR RERE A ] ARG P ATRAYA WEn
W, ZIE C A R4 2 A5 AT s DM A (1Y
INHIIDREREAISHEA T TIRAIRR, I MIZE B IGIRIG
SRt TARIEBE AU . K ImPRAFFEERWT, B A
EHEAK-1 (glucagon-like peptide 1, GLP-1) “Z/&#s)
A BCEERERIA R RERAT RITE R, HABREREZG Y
T BKFEAKEE-4  (dipeptidyl peptidase-4, DPP-4) i
AL &M - A OB L 2 B -2 (sodium-glucose
cotransporter protein-2, SGLT-2) #iliil 7 K — H SUI4%
ST A RS N BRI A E AL

3.1 GLP-13%Z#h#

Flt AL S B B, BRIFEVEVEFRIS, GLP-1
Z AR 7 ——Exendin-4 REMSHD i AL SRR ZE 0T
JATS . AR A K BB I UCE RS R, ©f
G RAISE 2 6B, GLP-1 2R st ——RI b E ik mT
M3 50 % LA I T2DM (B F N R ReREds . O3 — ikt
XF 20 44 il FH 0 F OB BR 245 36 97 FL I o 4 A 4
(HDbA,, 7%~9%) FYHLE T2DM &% HIRT5E ™ K,
TE45 T GLP-1 24 sh] CRlhr & pRal 3 FERIK) 16
J3 M AT, ZIRE I MoCA A T . AR
RN N 7 e s IR S E s o 2 e
P BRCFN SEFEAR TGS 19 185 1) MoCA PF43 TG Wik 3 2
Sty dRTMEIR, GLP-1 32K S50 A) e ik 42 il 1w .
WA R SR ke 3 A JHE T2DM 8 35 A Eh B RS,

3.2 DPP-4 il

FURT, DPP-4 4l 5] 585 b D 2 RE RS A 14 5C
R BRI RIS . shP) sk B, vEfbsiTRE
S R R PR /N BRI 1 B A R 2 3R Uk, el
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INHITHRERSE RS . 11 BIESSELS 25 B4 ¥, FIA&HIIT
1E 2.5 4E N I A fig ok 3% T2DM 2 32 1 TA 20 D) RE P 15
ATES BULUT % P %8, 483177 Al ££3477 T2DM
B 6 H e cE L KCE RIS RE. Ik, A
K DPP-4 il 71 J2& 75 5 el 8 TA M1 ) RE B A v 75 - Jre o
WABIBF

3.3 SGLT-2 41 7

A WFgE PO LB, R SGLT-2 #1451 R
Y IR Y7 T2DM RS /N R 22 JBL IS, /N BROAO P 25 40
M B e AR 2R L DRI A szl R £ Bl 2 =7
HFHEICBE TG, WA TR T IAHI D) REREAS Y &
A {HAE PERNA %5 7 JE47 i — I IR 56 b 2% B
SGLT-2 il 7 yA 97 L A B ARy T By 12 H
ZARH BN REX AR & A B ARk

3.4 A REHE 2D

FIR, 8 T R IR i A X 6 4 Al 2 R e 24 )
197 DM & Jf WA 1 2 B B A% A 2 . CUKIERMAN-
YAFFE %5 % 16 HRS 19 5 0046+ BUsct i R 4s Jr ik
% (outcome reduction with an initial glargine
intervention, ORIGIN) [ —IiFHF5E &M, HHK
I 5 3R A -3 IR R AN EFA 1 DM 82 IA A D) BE R A
Mk BT, SEIRZEZ5Y06 T DM RN AT g
BBk ) SO 1 TR B A 2518, —FXUION DM A
S 31 8 A% 1 5 R IR AE £ 4+ . WEINSTEIN 4 )
XF 5 TR SN FE R o3 BT R WY, — F XUIRE s IR 25 )
EORGE RS RSO EE ANEAR AR e R S3 7 S]
SAMARAS % "0 [y i s M 0F 5 & B, MR T 0 R
A, ez W UIGIT 6 4F- ) DM B (1A %0 ) fE f
g i A 248 N SRR OR 1) KUK 2494 i R s dkani R B,
ZHUSUIIOR AT D R A PR AP I T BB -5 40 ) Tau 25 41
P BERERRAY . 30T ST SN B R I B R AR G
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(peroxisome proliferator-activated receptor y, PPAR<y)
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