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Abstract

Stroke is one of the major complications of diabetes and increases morbidity and mortality.

Hyperglycemia confers increased risk of stroke occurrence. Furthermore, cardiometabolic risk factors

such as hypertension and dyslipidemia frequently coexist in patients with diabetes and increase the risk

of stroke. Some recent cardiovascular outcome trials of newer anti-diabetic medications have shown

beneficial effects on cardiovascular complications. Prevention and improving outcomes of stroke in

patients with diabetes requires proper management of hyperglycemia and additional risk factors. This

review is an evidence-based approach to the epidemiology, glycemic control, effects of anti-diabetic

medications on stoke, and risk factor management for prevention and improving outcomes of stroke for

patients with diabetes.
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Table 1. Effects of anti-diabetic medications on cardiovascular outcomes and stroke in randomized controlled trials

CV outcomes Stroke
Study name Participants  primary cv HR (95% CI) Stroke  HR (95% CI)
composite
Thiazolidinediones
Pioglitazone PROactive [20] Type 2 diabetes All-cause mortality, 0.90 Stroke 0.81
with a history of nonfatal MI, stroke, (0.80~1.02) (0.61~1.07)
macrovascular disease ACS, intervention
in coronary or
leg arteries, and
amputation above
the ankle
HIS PROactive [21] PROactive subgroup  All-cause death, 0.78 Fatal and 0.53
with previous stroke  non-fatal MI, (0.60~1.02)  nonfatal stroke (0.34~0.85)
ACS, cardiac or leg
intervention, stroke,
leg amputation, or
bypass surgery
CNS IRIS [22] Previous ischemic Fatal or nonfatal 0.76 Stroke 0.82
stroke or TTA stroke, or MI (0.62~0.93) (0.61~1.10)
GLP-1 receptor agonists
Lixisenatide ELIXA [28] Type 2 diabetes with ~ CV death, 1.02 Stroke 1.12
CVD MI, stroke, or (0.89~1.17) (0.79~1.58)
hospitalization for
unstable angina
Weekly EXSCEL [29] Type 2 diabetes (70% CV death, nonfatal 091 Fatal or nonfatal 0.85
exenatide of population have had MI, or nonfatal (0.83~1.00) stroke (0.70~1.03)
CVD) stroke
Liraglutide = LEADER [25] Type 2 diabetes CV death, nonfatal 0.87 Fatal or nonfatal 0.86
with CVD or high MI, or nonfatal (0.78~0.97) stroke or TIA  (0.71~1.06)
cardiovascular risk stroke
Semaglutide SUSTAIN-6 [23] Type 2 diabetes CV death, nonfatal 0.74 Nonfatal stroke 0.61
with CVD or high MI, or nonfatal (0.58~0.95) (0.38~0.99)
cardiovascular risk stroke
Albiglutide =~ Harmony [26] Type 2 diabetes with ~ CV death, nonfatal 0.78 Nonfatal stroke 0.86
CVD MI, or nonfatal (0.68~0.90) (0.66~1.14)
stroke
Dulaglutide = REWIND [24] Type 2 diabetes CV death, nonfatal 0.88 Nonfatal stroke 0.76
with CVD or high MI, or nonfatal (0.79~0.99) (0.61~0.95)
cardiovascular risk stroke
Oral PIONEER 6 [27] Type 2 diabetes CV death, nonfatal 0.79 Nonfatal stroke 0.74
semaglutide with CVD or high ML, or nonfatal (0.57~1.11) (0.35~1.57)

cardiovascular risk

stroke
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DPP-4 inhibitors

Saxagliptin ~ SAVOR-TIMI [30]
Alogliptin EXAMINE [31]
Sitagliptin TECOS [32]
Linagliptin ~ CARMELINA [33]
SGLT2 inhibitors

Empagliflozin EMPA-REG
OUTCOME [34]

Canagliflozin CANVAS [35]

Dapagliflozin DECLARE-TIMI [36]

Ertugliflozin VERTIS CV [37]

Insulin analogues

Glargine ORIGIN [38]

Degludec DEVOTE [39]

Type 2 diabetes
with CVD or high
cardiovascular risk

Type 2 diabetes with
ACS within 15~90
days

Type 2 diabetes with
CVD

Type 2 diabetes with
cardiovascular risk

Type 2 diabetes with
CVD

Type 2 diabetes
with CVD or high
cardiovascular risk

Type 2 diabetes
with CVD or high
cardiovascular risk

Type 2 diabetes with
CVD

Type 2 diabetes with
cardiovascular risk
factors

Type 2 diabetes

CV death, MI, or
ischemic stroke

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, nonfatal stroke,
or hospitalization
for unstable angina

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, or nonfatal
ischemic stroke

CV death or
hospitalization for
heart failure

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, or nonfatal
stroke

CV death, nonfatal
MI, or nonfatal
stroke

1.00
(0.89~1.12)

0.96
(£1.16)

0.98
(0.88~1.09)

1.02
(0.89~1.22)

0.86

(0.74~0.99)

0.86
(0.75~0.97)

0.93
(0.84~1.03)

0.83
(0.73~0.95)

0.97
(0.85~1.11)

1.02
(0.94~1.11)

0.91
(0.78~1.06)

Ischemic stroke

Nonfatal stroke

Fatal or nonfatal
stroke

Fatal or nonfatal
stroke

Fatal or nonfatal
stroke

Fatal or nonfatal
stroke

Ischemic stroke

Fatal or nonfatal
stroke

Stroke

Nonfatal stroke

1.11
(0.88~1.39)

0.91
(0.55~1.50)

0.97
(0.79~1.19)

0.91
(0.67~1.23)

1.18

(0.89~1.56)

0.87
(0.69~1.09)

1.01
(0.84~1.21)

1.06
(0.82~1.37)

1.03
(0.89~1.21)

0.90
(0.65~1.23)

CV, cardiovascular; HR, hazard ratio; CI, confidence interval; MI, myocardial infarction; ACS, acute coronary syndrome; TIA,
transient ischemic attack; GLP-1, glucagon-like peptide-1; CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; SGLT2,

sodium-glucose contransporter-2.
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AEHAZS 7L o= A% GRHIAE dPde R
3+ F2R %4721 Prospective Pioglitazone Clinical Trial
In Macrovascular Events (PROactive) $37H20]= Elo}=g]
ol 27 ARl v e Fejek(pioglitazone)?] HEaLH
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I $AE0] APF-EAelN )@ SefEkE AREolA
Z% o] ZASIITHHR 0.53, 95% CI 0.34~0.85). ol
g 2= HET 719E] gle SAblMe BEER] st

21]. 3184 HEFolt YId szt 7)gkee] glow
A e gARE QlaEAE o] e e e s
3} Insulin Resistance Intervention after Stroke (IRIS) 3
e TeSEElE Folwtolx izt viste] dxpdRt
A N2 A S AL WA 9f3do] ZHASHITHHR
0.76, 95% CI 0.62~093) [22]. oJ&f3t TIa7E F3sPd
10 FEfelEd Biiolut EARdo] e HES &
2oM HES LS Sole o EN} S Aem

A7y,

i)

rir

2) GLP—1 +~EX=EH|

FAIA] GLP-1 -8A12-8A19] ebd oA elel=
Felol=(liraglutide), APl=E-F-Elo)=(semaglutide), &1
Feo]=(albiglutide), EeF=-FElo|=(dulaglutide) ©] Y] 7}
A oA Ag-Eo] AEWES dHAaE FEHAL, ©) T
AP FER]E el SRt FER|E Sl SR AME-
T HEF o] frefeiA g dikE Btk

AnpEFElo|e A8 obdAd A44¢1 Trial to Evaluate
Cardiovascular and Other Long—term Outcomes
with Semaglutide in Subjects with Type 2 Diabetes
(SUSTAIN-6) $I7{23Jxe thaed o] 8 A-dA}
21 2] 26% 7HASIAARKHR 0.74, 95% CI 0.58~0.95)

APEES Aol7h gtk o] ATrellM HIAEE HET
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A& o] A FABIITHHR 0.61, 95% CT 0.38~0.99)
[23]. <2 ¥xd SgSFeols Ada A A7
¢l Researching Cardiovascular Events with a Weekly
Incretin in Diabetes (REWIND)oIM= E8F=-FE|= A}
SrollA AEHARATHHR 0.88, 95% CI 0.79~0.99) 3
HIXE2] wHZZo|(HR 0.76, 95% CI 0.61~0.95) 2v] 7
7A4819tH24]. Lirglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results (LEADER)
25 el FEol= ARk T8 AddA
71 HAo] dlzst o] 13% Ao m(HR 0.87, 95%
Cl 0.78~097), % AEEL 15% Frolshl #239eHHR
0.85, 95% CI 0.74~097). Z&u} ¥&F WL Fadhe
S HoPle AN AR FoJFk Aol gl

(HR 0.86, 95% CI 0.71~1.06) [25]. &ulE&FElo|= A8

AR T8 AFFAo] ofn] SIA| FrAsIANHHR 0.78,
95% CI 0.68~0.90) H&F AEANE 2o} fIRITHHR
0.86, 95% CI 0.66~1.14), L 2] 7+ AnpFFER|=[27], ¢
7148 GLP-1 s+ 8A13H8AIR] Yrubete]=[28], F—ARS-
(weekly) AAFERR]=[29] Aelxle UxPEATR] AFHAL
A} HEF BT diz2ad 2] gle 2398 BY ofE
ATENEES FFsEE DrIkE GLP-1 F8ARH-EA R
U= 7124 GLP-1 =8A-AP L Al8wash) HE%
o o]22 EW7} A& Ao 2 Azt

3) DPP—4 AKX

DPP-4 A7A| & 2trt=HV(saxagliptin), G2SHY
(alogliptin), Ale}=HE(sitagliptin), evF=2HEl(linagliptin)
SOl AERES B gk FASEATEIE THA
AL glow, o] 45 Rl dxEIRI T8 Adudet
AR AL DPP—4 oA ARt} tzt Aol 2jolE
HolR| QQItH30-33]. HEF A 5025 fofgh 2jo]
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4) SGLT2 AX|X|
SGLT2 oA = du=2e)ZE 2 (empagliflozin), Thah=
= 2 A(dapagliflozin), 7} 22}& 2 (canagliflozin) 2 &
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(glargine)®] Outcome Reduction with an Initial Glargine
Intervention (ORIGIN) <1+[38]¢} dl&d vl=F4)
(degludeg)®] Trial Comparing Cardiovascular Safety of
Insulin Degludec versus Insulin Glargine in Patients with
Type 2 Diabetes at High Risk of Cardiovascular Events
(DEVOTE) 439} 9t} ORIGIN 9= %7] Wi=rgh
A2 dppom sgom e 2ok ASTY EEAE
o] deas Hlusle] Fa AEHAR 2] Aot gIl
AL, A Al o v e fofgh 2oy QIRITHHR 1.03,
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cholesterol) 7P} &% A8S S/, 2B QW B} HET Ui B AR, 53] S8 HETS

o] A& WrHsAlA LDL-FY|~HES aazo s 7+
AL AEERS Aol 2 SrEuo] QItH43]. et

§l9) WjB50) oo Eihe PIERHL e} T

oS 71 kel v itk At
ATHA4, PSSl AERdeks ek &
& 40~74 RS ME SR SEES ARS,
Ageel ffex 1»* TR SIE 20~394] FxrEekAje]
M= T54E 2B AR-S datshal, AEdsks §
FrePAle ARt vee] AR SIeIRlEo] Sl g

WA e A At AEEEsl] g ¥

LDL-Z#2=81E 27} 70 mg/dL o}dR] A9l olAE]
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