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FEPHTBEROR A AL AR B, R PR

ks H . 20264E8 H2H: FHHM: 202656826 H; KA HM: 20265F9H4H
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Abstract

Type 2 diabetes mellitus (T2DM) complicated with stroke represents a leading cause of morbidity
and mortality among diabetic patients, with pathogenesis involving complex interactions between
genetic susceptibility and epigenetic regulation. DNA methylation, as a critical epigenetic modifica-
tion, can reversibly regulate gene expression without altering DNA sequences, serving as a crucial
molecular bridge linking environmental factors to cerebrovascular pathology. We systematically
searched PubMed, Embase, Web of Science, Cochrane Library, CNKI, Wanfang, and VIP databases
(from inception to March 2025), with 36 high-quality studies finally included for review. Current
evidence demonstrates that T2DM patients with stroke exhibit distinct DNA methylation patterns
compared to those with T2DM or stroke alone: epigenome-wide association study (EWAS) have
identified hypomethylation at PDE4B (cg18197392) and SLC1A3 (cg04542353) loci significantly as-
sociated with diabetes-related stroke risk (false discovery rate, FDR < 0.05); aberrant methylation of
metabolic regulatory genes including MNX1 and ABCG1 contributes to disease pathogenesis through
modulating insulin sensitivity, lipid metabolism, and inflammatory responses. These epigenetic al-
terations hold potential biomarker value, with combined detection of specific CpG sites achieving
an AUC of 0.78 for predicting 5-year stroke risk in T2DM patients. However, current research faces
challenges including cellular heterogeneity interference, insufficient causal inference, and lack of
tissue-specific intervention strategies. Future studies should integrate single-cell methylome se-
quencing, longitudinal cohort designs, and CRISPR-dCas9 epigenetic editing technologies to eluci-
date the dynamic epigenetic trajectories during T2DM-to-stroke transition, providing theoretical
foundations for precision prevention and targeted therapy.
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1. 51§
1.1. ERAIBSIEFEYER

5 [ Bk PR 955 56 ¥ (International Diabetes Federation, IDF) 2021 4E4iit, 42Fk 20~79 % B R % g 4
5.37 44, Wit £ 2045 4548 22 7.83 4 [ 1] A F R HOhE R F8 35 9 T2DM, (& S Bl ks F6 3 1Y) 85%~95%
2 ot S B —ORBEIN, R BUR I FE RN, REELA 1020 358 AN 2Rt (2] . H AR D A R
Ao AR B E K, BERA AT L) 200 i, BAA EEEE 2800 J7, I EREIE (S AR
FAET SR, mEIRE. MERR. MAF7E) [3]. MAEHERN T2DM ™ E I REL —, FEHER
A 0 2 e ) RS B AR PR N T ey 2~4 5 [4].

T2DM  F A i 26 H ELA TR (1)1 R BRARAIE o Pk o 2 Hh 25 R v IR T 5 8 ke IR
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JERAE RIS T I P2 i A0, R A 3Rl 5 SN L SR 2 TRIA7AE BRI B SR [5] . [, i A
o AV A5 o P R i) U PR T G A A, i — s AR e BT S E[6]. AR, BUE ST T BO
LR HIRA e AR, SRR AR R B AL 5 AR S o

12. RUBEFMROHEMNE

FEGEEAL 23 LS8 2 Re T2DM IR IR A R A AL, T SWs AL 27y BRI G IR 31 (s N R
B RESN . NGB 58 IS BAE AR TR LA[7]. DNA FEEAG 2 B AT ST 7 57
e Fe e i B o TR R Wt AL i [8], H7E DNA H 4 F i (DNA methyltransferase, DNMT) i
W, K FIEERERES B e C5 LS 5- FF A& Ju s i (5-methylcytosine, 5mC), AT Al 35 i 45 2%
K35 9] -

AR, A BE DN 20 PR AL SC IR T (EWAS) a7, Wl PR o 388 Tt 1 3ok 250 ok B4 A Al £ A1 a8 e I 2 i 24 %
A2, 1M DNA HUEEAL AR IR — 1 B2 R 45 S B34 FH[10] [11]. A 7548 2 SR AL 54l T2DM B ER 20 fi 26 o
(B, B Z 5% T2DM R M i — e R RGES LS. L, RSB EREG BOHT T
HERE, IR DNA HIELA SRR R RIA LA E T2DM R 28 i R i Fs pLe], 0 e R #4k
W
2. B E
21 XRREF R

AR IEAE RGN 5 R S5 75 L TE (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses, PRISMA)F B i#E 47 SCHk K % 50k -

K R H % : PubMed. Embase. Web of Science. Cochrane Library. =1 [E %1/ (CNKI). J5 75 %4 «
Y rh ORI #dfs P

RN 8] S50 e g e %8 2025 42 3 1 13 H.

KR g K R S B i 45 & 7 G T R R .

PubMed £7#%z(: (DNA Methylation [MeSH] OR Epigenesis, Genetic [MeSH] OR DNA methylation [Ti-
tle/Abstract]) AND (Diabetes Mellitus, Type 2 [MeSH] OR type 2 diabetes [Title/Abstract] OR T2DM [Title/Ab-
stract]) AND (Stroke [MeSH] OR brain ischemia [Title/Abstract] OR ischemic stroke [Title/Abstract])

H X E A F R E A, (361K OR £ Wid £ OR DNA FJE{k) AND (2 AUHE )RS5 OR F#JR%5) AND (fiki
At OR FNiAEAE OR i MfiL 1 i 4% OR i ifiL 99

2.2. MANSHBRIRAE

NPT

1) WFF RIS W T2DM F & Bl i 1 i 25 7 (8 5218 24 IE 5E) 5

2) il DNA H LR AS (15 398 J25 PRV B 4 2 TR 40 640 0 /77 5

3) it AP SRR AL R R . AR RS . TS ) R DR B
4) W BECIEAINETE, ARSI T a0 BRI 7T B A B T AP 9
5) FEACE: > 30 {5 (9 0] R FE B 2H)

HeBbr it -

6) ik gl T2DM B alifi A, R & e

7) SUHEL. LR RV RBIRE TR

8) B IR (BRARN AL e 1R By b 75 HLZ5 & I ARAE AR BEAIE) 5
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9) Kok AR R BT RV A EAL(INOS VA <5 43) Sk
2.3. XEkiiES RETH

PR A4 TF 98 3 B AT SCHR T AN BORME I, 7 SOl e B = A F 3 B i . SR AR R -
V8 K AE 23 (Newcastle-Ottawa Scale, NOS)V-Afr BA F1IAF 58 A5 5 %t HERIE 70 B &, SR FH 6 [ T A= LR {E o & A
W7 LK) (Agency for Healthcare Research and Quality, AHRQ)Fx #1411 i i 7T 7t i -

KR R IR IEIRAFAE G SR 1247 fi, Zad 225 (n = 312) Al ZE 9L (HEBR n = 824) 42303
fli(HERR n = 75), AN 36 R SCHRIEAT @ AT, HhRTREMEAFIRT 7L 12 55, B REATF T 21 59,
FEWTTHIE 7S 4 RS 4NN SCHRIY NOS 434 6~9 47, AHRQ F4rA 7~10 4, m 5L (NOS > 7 4rik
AHRQ > 8 %) 5 Lt 4 83.3% (30/36). SCHRTHZEHIFL I 1.

BIEERR
(n=1,247)

p— iR
el (n=312)
(n « EEXH
C
e
iR
o B T35k i
hdu_?fiﬁn_ N - WX
(n=935) -
- G/l
s s
(n=75)
ES QT HamTR
(n=111) - REFSE
- HRES
- EsRe
|

REMATHT
(n=36)

YNSRI @

* BUBEMERATIRRR : 1288
< ROINEBMR: 218
< BEERR: 48
BREMASGEE: 83.3%
(NOS>75%AHRQ=8)

Figure 1. Literature screening flowchart
1. XHERiRiERAEE
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3. DNA BE S T2DM H 4% ffZeh i EmIE R

T2DM S Ae rpIE 2RI Z AR DT LRI SRR FEAE AL S5 BEILR, DNA AR I 2 3L ) i
PR SRR I o A7 R A R R A A L 55 M A A R AT LA

31 RRRBNPRUBERE

JiE & Z AP (Insulin Resistance, IR) & T2DM (A% Lo BEAFAE, 2% Ao 10 353495 PO S 7 S G DR 3% o F 7
R, R AL S AU R R 2 5 IR KR A K.

TELRLR T RE TR T, MR SE K7 A (mitochondrial transcription factor A, TFAM)ZE A & 21
RS EDE IR RIS, SEERLAR LY & > & fe ARSI BRAG[12]. 7EG T 74207
T, ARG s 4 gn i A KK 7 21 (Fibroblast Growth Factor 21, FGF21)%: R i 5 1 FR JE 4L 5%
BEAAARIG, INE IR SRS ZEAL18]. LR 35 S T7 1, I S By A0 Y O 2 A4 o
W% A F 1a (Peroxisome Proliferator-Activated Receptor Gamma Coactivator 1-Alpha, PPARGC1A)%: A J5 2l
T CpG L i (—783) FFEA /K L5 J i ZRBURE 12 SR O [14],  H R H AL S 2R AR Dh RERRAT, el
I 0L A B A5 o
32 EHEMSTELRS

S RO T B IR 5 I R 0 G BERA T, 5 DNA HIELTE BOE OB IE PR, L[F{Edt T2DM
IR W2 R B AR . FE (AL DR R % 5 TH, p66SHC 3 (K] J 3 T H 364k S RO 85E B, (ks
14 %4 (Reactive Oxygen Species, ROS) A= i, 5 & 44 T e F i A I A 52 22 [15] - 78 H AL A 25 6L 75 1,
e 7 R 2 Fo IR ILRE S8 3 4] SR FP AT 202 (S-AdenosyImethionine, SAM) &, A DNMT &1, &
HOR R AR, DR RI16] [17]. PR R GURIG T, 20 AN A B AL Bl (Ex-
tracellular Superoxide Dismutase, EC-SOD)J& [l /& FH B AL FEAIR LRk, HISSHTE MBI BIEE ). 1IXFp “ AR
W- AL S - A SBYEEIAE T2DM B U B, A8 R AR B s B LA

3.3. BIBKREBLRERE

T2DM FEBE ¥ IR 12 1% e MUK A MR AR 25 L AL (R (2 1t 3 ik 56 FE A4 (Atherosclerosis, AS) [ 18] [19].
DNA F A 38 1o 1 42 IR 5 AR 5k R R0 4 AF DG R T AS JERE . (ENR [ 5502 77 T, ATP 4548
iz 1 G1 (ATP-Binding Cassette Transporter G1, ABCG1)#[K| ¢g06500161 47 s i F Ak 5 i %5 g & 1
JIE[# i (High-Density Lipoprotein Cholesterol, HDL-C) /K~ 5 G AHG, il AE [ B 73, (e ik e oA 4 T ik
Ko AS BEHREFR[20]. AERAEVEIE T, MR IRBER F-a (Tumor Necrosis Factor-Alpha, TNF-a). 4R/
#-6 (interleukin-6, 1L-6)45 5 AEAH JCHE K 5 21 FMIK FH B0 S 8O BERIA, R ML BEAG M 2E JL B
FasE . DNA HEAL I T2DM I i 25 r i1 2 LML i) 3 s L1 2.

4. T2DM H & Rz B4 571 DNA BREALEE
4.1, BERRIETF A RZE th R EALAR S

Cullell ZE[21]%F 72 {5k ifiL v fii 26 o £ 385 (31 145 IFWE PRI ) BEAT EWAS 3T, R 305 A B PR o e
LA . PDE4B (cg18197392): %A m ik F S 15 18 Fi o fii 2 o KU 82 2% A 5¢ (FDR < 0.05), - IT £ .
alifix A5 vh 3 HhOC i K . PDE4B Zmfil iR —BeAE 4B, HARIA LRI &/ NMA NLRP3 i 2 IL-
18 BEHL, NIR49S M [21]. SLC1A3 (cg04542353): %A AR Y B Ak [ RE A BRI e S5 P 4 2
SLC1A3 Zwht a3 ML 2 FE MR35 /K- 1 (Excitatory Amino Acid Transporter 1, EAAT1), HUIE(LFH SHA R
FH R IERS, ISR SN MM, nE s [21].
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BB RIS

EAUETIRE RACER
TFAMEREAL || PE6SHCEREL(L|
SIR/BERCBIESS -ROST/MERE
t RMEAERS
BEBSE T2 PEARWTEL MAFRRERE R
FGF21EEET Ll TEHcy-SAM] -DNMT|
SIR/EEEEL SERERRRE(
MEFRAER R0 el 2 R
I I PR — ]
RO RSN AEfR AEFEZN
PPARGCIABRE (LT I— EC-SODERE{LT
T RN |
EBBIEREL
T2DM/ ™ BERTAL
BRI ENBROR IR JERS .
1 i 4
S — A 4
FUCRTAEES BB A5E
ABCGTRELT N
~ HDL-C|/3A4mRE 1
SRR
TNF-o/IL-6 BB |
S W ABATIRE
27} 5%
FEAT (BRI FEALL (BREI) ‘ PR H iR ‘ —_— EEEEE b

SRR

Figure 2. Schematic diagram of the main mechanistic pathways by which DNA methylation regulates stroke complicating
type 2 diabetes mellitus
[ 2. DNA FREALIEIE T2DM H & X ZZ s ) = AL HIEB 5 E

Cullell S5 [21]7E S i 124 2 o 28 00 35 DR 20 SC eI 78 A Rk B 957 AN 22 5 B AL i, Forb 697 ANEShAL
BAB R EGAE AT, ZFHX3 A1 MAP3K1 25 3E [ 1) 2 57 H 34k 5 28 U 5. 38 A 52 o

4.2. ARARMARESNEER

CDKN2B: 21 it & HH 8 (A 4 i itk S 4041 X -7 2B (Cyclin-Dependent Kinase Inhibitor 2B, CDKN2B)3&
F AL KCP B S SOk B I, 4k ifi 8~ 140 2 (Vascular Smooth Muscle Cell, VSMC)id Ji #5,
I/ G I BE AS AR K A0 [22]. ARG, FE T2DM R rh, e o i i i R S AL 44K P2 ) (Advanced
Glycation End products, AGEs)i@ 4 #1i] CODKN2B FIEAL, 5 H i 8 A4 VE R IR 55,  nid s i & 9 A2 i3k
[22].

THBS1: %t EF#EUR 1 (thrombospondin 1, THBS1)4E Kl 5 &) 1 i F B4k 4| L 260k, W g9 0t I 4
A R P, R B S 00 /3 A 5t 3t B 2 [ 23] Li ZE[24THF 78 A BIL, B R 95 40 WA fI5E95 4% B 5% THBS1
Ja Bl X 3 R F R4 (P = 0.002), 6 /™ CpG £ mi F AL /K1 2 2 P IR (P < 0.05), THBS1 mRNA ik

WETE

4.3. PR SRIERE

MNX1: iz 5h#2 7oA R EJE & 1 (Motor Neuron and pancreas homeobox 1, MNX1) 3 Rk H LA 7F
T2DM &} 25 o v 3y B B A (. [25]« MINXL AN [RIVR S G S5 R, UG FE 2840 5 IO o S 5 RH G
AT RE I I e R 5 B A IR T AH O A DR 0 R] i T JB B 3R 2 Wlh « b Ah, MINXL ik BT {2 12F TNF-a
IL-6 45 98 fi PR 3% 3%, BRI o e 5 6 %, D0 3 A 452 473 [25] -

NPPB: B ZU%H R ik (natriuretic peptide B, NPPB)%:[H 5 2 F X 18 CpG 47 s A /KF X 5 T2DM
AR T R A A R [26] o K S e MUBRROT 22 o i 2% A £ 11 88 C (protein kinase C, PKC)i& %, 5% NPPB
Kik, SRR GRS, BRI A B 40 s = 45 14 [26] .
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GLUT4: Hi%iBi%: 5 E 4 (glucose transporter 4, GLUTA)HE P FF 3 Ak, S5 46 4| FLAE B BR LA IS i 21
RIS, W E PR, InE IR AR AL, TR A R A [27].

4.4. T2DM HEZRZErh 5 a4 iRZrh g A B ER
HTHAUEYE, T2DM Ff A 25 H 5 gl 2 o i S8 B 64 22 S nl IR g o LUR =5 THI (R 1):

Table 1. Differential DNA methylation patterns between T2DM complicated by stroke and isolated stroke
= 1. T2DM H % BZE 5 B 2R s i) DNA BRENE RAHE

HH 5 REEH HELER ThReRm BAERIME

fle KL K PDE4B. MNX1 R AR L PO S S35 PRI bR B
M PR AP JE A CDKN2B. THBS1 FEMOKPFEMR MEEEREN T T VPG R b
AR R 2 2 ] GLUT4. NPPB. ABCGl  HAALRH R  FAEM LI IHITHER

VE: T2DM, 2 BNERRG; DNA, MEZVEZR.

XL RPN T2DM FER M A R AR gl 25 p faf g, i “ARI 3L - M0 05 - SO
JS2” W A P AR BRI BT

5. DNA REMNMHERERS TR

DNA FEAL BAT AT e, SEABEIN s T2, P T IR B 4L . AR R G A A3 U7 sUA 2
% DNA A0 B 1 12 RORL B - T 77

5.1. EEANHIRIMIBEFHELR

WETH: =l EPERE T SEUEE R 248 1 (Insulin Receptor Substrate 1, IRS1). GLUT4 %53
KBS F = Ak, R IR; [FIRF51#2 TNF-a. 1L-6 Z5{¢ 2 FE R H J Ak, e 18 MR FE JORE[28]. AH
S bR AR B R T e AR SR R R AOIRES A TR IO I R

BIE IR T8 W EUE G RS 7R A RIB I OB R 5 = FEAE K RF 2 (insulin-like growth factor 2,
IGF2). H19 SEEc KR B Ak, IRk T2DM JAR i 1450 & i [29]

PRI1ESN: A EIBEh AT B35 PGC-Lan TFAM Z5CHE AR K (1 5 2R IRAS, Bl 2 fA oh
e AN I R U [28] .

AT ABCGL HEEAL /K R F0N AR & T A B Ao I RV 48 A 1) B35 7 2 [30]

5.2. BT HRIRVIZEHN

TN PR TR AR R, HXUNOAT I S AMP TEAL B S (AMP-activated protein kinase,
AMPK)i@ %, @it AMPK-H19/SAHH #fifi{% DNA FEERSEE G YE, SEIEFL N 3L [31]. 4R,
1) 96 ARSI DA 06 96 VI H 2 WL 3 A 1 4% RS PR I PR 3 A AN AL

SGLT2 #il55): WRPRATHEFC s, A F 5 a] 0 4% O LA 8 A SO DL R (40 NF-«B. SOD2)
) 5 H AR, st O I3 DO RE[32] « SR T, E RTUEHE 2 Bk F RSN RIS 72, NFERIE AL A A PR

MRS B e i PR E B P BRI K, Sk — B AR, A IE 7% DNA HHEqL
[16].

TEERNZ, &SN RAEERR AL RS, HAIA 2 A F i — P 7.
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6. IGARFEILATRSHERK
6.1 EMMREMFREN

JRUS: T A5 284 - Cheng 5 [33]2E T DNA FJE{L 143 11 tree-ensemble 5 4L Fiiil] T2DM ) AUC i 0.872,
BB TS FH AL 458 R PR K R R (AUC = 0.839, P = 1.6 x 10°75) . iZ%HJF 5T 7E Generation Scotland 1 KORA
PIAN BRI BAF1 58 SO R RIBGTE, #8278 DNA  HEALAS 1m0 5l A4 40 AU DF 3R R TR Ak e . 7R By )
F&, TR 3 75 8 TR P HEAT AN A

5T DNA HEALRRARTE bR EY RGO, Fag. nIshSmNMMmss, 78 T2DM FER A 1)
SRV T [341FATR i VE Ak v R I H S AT 5%, A7 7E B T AE I FE A0 T 1

TR Horvath FRULBHE R B0 s 5 T2DM B2 i 45 58 2 FLBE TEAH G, T 4B TAL A= 4
SRS J A AR BE[35].

TG VAL : THBSL I AL S BUR 20k 7 2 5 08 R 1 893 A2 o 9 1L A2 52 Th g 2R 8L [24]

6.2. AHRES R

SE RIS, B AR S R I AR N Z A7 AR ERIYA R EE AL AT T Wi LA R Bk

PTG [ A I A 5 0 0 2 G e P OB ARAE 22 57, ARG T 5 SR e 75 R S
PR 1 2 1) 5 B2 1 5

PSRRI A MRS 2R MR, ANIR] 20 EE S 22 S T e T A TR SRR I 45 2R
i i ol R 240 L 0 AR A 5

PR AN A - DA BT T 2 Do b 10 s B ox it X DA E R O SHOm M RLIR S &, &
KBTI L A BB

TR = . 4 5k DNMT SRR R, 75T A 2 43 ook PRl o ek A ) 0k AR 505

FRZE S 2RI T RGNS, W S ARMA B B =, 5B AMEESZ IR .

7. RKARFTEERE

BT YA TE IR, AR BIAE LT FuANZE B SR

1) AEIAYERE: AR ROH] FH B4 22 2 HOR, i@t T2DM 58 25 25050 Jik 946 A A8 A R B v 1) 22 4
MINERE, DASGHIE PDE4B (I A /2 1 32 B 5 4R TR Rk BRI, JF 4R J0 HO BEELAG i 1 (1 B3 Re
M o

2) WFIAIAERE . ARWTFU R VR HIBEAN m A S, JBER T2DM 12 2w 4 o & i it #2 ' PDE4B
€g18197392. ABCG1 cg06500161 2 MNX1 J& 5)F F B4 BN A AR AT, R 51 B AEA0 S50 o T I PR
R I ORI (] T, 5 T OB A T [A] #E A

3) DR KR F R /RN A2, BT KR EWAS IS giit- %, VPl PDE4B
918197392 {LH AL 5 T2DM JFf & i A Hh 2 8] B PR R SG T, FF X 43 Y A0 M0 38 2 5 i 1) Ji (R 2 JE AR
NG A% b 2547 (I PR 3% A S A TR SRAE 4

4) MEALAERE . RRWFFNAEIAE PDE4AB. ABCGL 2 MNX1 = JE K F R4 A K I (AUC = 0.78)
f3Ent b, BAESA. BEARASIHRRFEGEER . 2. HbALc), MRS T N TR BRI 2 4 R e X
B TMIASE AR, AR ST AT M DA B Hh 36 00E 3L 4y 245 B AR

5) -4 - KA TR ZRFFH CRISPR-dCas9 A5 136 Mgt 4 45 4 R (41 dCas9-DNMT3A/ dCas9-
TETL), 78 M A Bz 20 M AT i o 3 5044 52 PDE4B ¢g 18197392 1) 57 Ik F R4k B CDKIN2B [ 57 2=
HJEAY,  BRUE A7 s s P A R 3 B B I A e R AN BRI FERE AL R AL, RS HEVRI T TR HE S0 AR
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