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Epidemiology of Ischemic Stroke in
Patients With Diabetes

Characteristics of ischemic stroke patients by diabetes and race

All Black White
Diabetic Nondiabetic P Diabetic Nondiabetic P Diabetic Nondiabetic P
fl 856 1,863 259 F64 507 1,399
Age (years) 70 £ 11 72x15 <0.0001 | 67 = 11 68 + 17 0.6 712 11 74*13 <0.0001
History of hypertension 676 (79) 1,061 (57) <0.0001]1219(84) 289(62) <0.0001 457(76) 7T72(55) <0.0001
History of high cholesterol 135 (16) 177 (10)  <0.0001] 35(14) 51(11) 0.3 100 (17 126 (9) <0.0001
History of myocardial infarction 193 (22) 272(15) =<0.0001] 43(17) 75 (16) 09 150 (25) 197 (14) =< 0.0001
History of atrial fbrillation 134 (16) 266 (14) 0.4 19 (7) 45 (10) 03 115(19) 221 (16) 0.1
Current smoking 157 (18) 408 (22) 0.03 63(24) 140 (30) 0.1 04 (16) 268(19) 0.1

Data are means = 5D or n (%),

Multivariable logistic regression model for ischemic stroke

African-American patients Caucasian patients

OR 95% Cl PAR 95% CI OR 95% Cl PAR 95% Cl
Age (per year) 1.02 1.01-1.03 1.06 1.05-1.06
Male 1.2 1.0-1.6 1.4 1.2-1.6
History of prior stroke 4.7 3.3-7.0 22.3 18.8-25.7 3.6 2847 4.8 13.4-16.1
History of both diabetes and hypertension 3.0 2.1-4.3 21.1 18.1-24.0 4.5 3.5-5.8 20.6 19.0-22.1
History of diabetes only 2.7 1.5-5.2 5.6 3.6-7.5 2.1 1.5-3.0 + 4.3-6.1
History ol hypertension only 1.3 0.9-17 08 3.7-15.5 1.6 14-19 16.2 13.8-18.4
Current smoking 1.3 1.1-1.9 10.9 6.5-15.2 1.7 1.4-2.2 12.5 10.7-14.2
History of myocardial infarction 1.1 0.8-1.7 l.4 0-3.6 1.1 0.9-1.4 1.0 0-2.0

*PARs calculated lrom GCNESS prevalence data
37-42% of all ischemic strokes are attributable to the effects of diabetes alone or in combination with hypertension

Kissela BM et al, Diab Care, 2005



CVD at Baseding

No (11 644) Yes (2788) . . .
AT = === = == Incidence and RlS.k FaFtors for Stroke in Type 2
Mean=SD Diabetic Patients
Age at visit, y 64=9 669 67+8 70+8 The DAI Study
Body mass index, kg-m * M4 2|=5 M4 28+5
Waist circumference, cm 100=11 B5=13 101 =11 97+13
Cholesterol, mgsdL 207 =47 22043 20945 22145
HOL cholesteral, mgfdL 48=13 52+ 14 4612 5114
Median (10 range) 10
Duration of diabetes, y 7 (3-13) 8 (3-14) 8 (4-15) 11 5-18) ~
Systolic BP, mm Hg 140 (130-160) 150 (135-160) 140 (130-160) 150 (138-160) £ g PY
Diastolic BP, mm Hg BO (B0-—50) 80 (B0-90 BO (80-90) B0 [B0-90) §
Piasma glucose, mg/dl 153 (129-186) 158 (130—194) 158 (130-191) 165 (135-203) S
Triglycenises, mg/dL 127 (91-180) 134 (99-183) 142 (102-198) 146 (108-201) 2 6-
% - - .
Hypertensiont 795 BE.3 89.6 937 e
HbA1cE 721 77.9 76.4 25
Alcohol intake 58.1 20.7 54.1 18.8
Smoking
Cusrrent 1.1 7.4 14.7 5.1
Former 0.9 5.1 459 7.5
Microvascutar complication 5.0 336 46.5 45.4
Relatives with CHD 255 0.1 381 39.4
Glycamic control month
Diet alone 186 14.0 12.8 a5
Oral agants B7 .4 67.1 65.2 0.1 Units: ! 157 120 ! 97 89 !
Insulin+-oral agents 57 9.1 8.0 142 Obs. : 14432 11367 9489 8259
Insulin alone 8.3 9.8 14.0 16.1
Antiypertensive treatment 44.2 59.4 .0 80.8 o — Patients without CVD, males
Lipic-lowaring trestment Ll e =53 =1 @ - --- patients with CVD, males
Geographic area ——=—Patients without CVD, females
Mortherm Itaty 571 49.5 58.1 51.4 @ - Patients with CVD, females
Central italy 1005 11.0 11.0 a3
Southern taly and the (stands 24 39,8 29.9 40.3
Candiovascular comphcation
AMI 45 4 22 4
L_siroke 109 121 | Giorda CB et al, Stroke, 2007
CHO & i 32.3 577

Oibhear= 11.4 T8



Risk factors for stroke in diabetes mellitus

* Modifiable risk factors for stroke in diabetes mellitus
® Hypertension
® Dyslipidemia
® Smoking
® Obesity and physical inactivity
® Hypercoagulability and enhanced platelet aggregation
® Arrhythmias, especially atrial fibrillation
® Heart failure or coronary heart disease
® Dysglycemia
® Excessive alcohol intake
® Asymptomatic carotid artery stenosis
* Nonmodifiable risk factors for stroke in diabetes mellitus
* Age
® Sex
* Family history
* Race/ethnicity

Kurukulasuriya LR et al, Expert Rev Cardiovascular Ther, 2006



Possible mechanisms of stroke in individuals with diabetes

Hypertension

Microvascular Disease |€—— DiabetesMellitus
Lipid Abnormalities

Metabolic Derangements

Autonomic Dysfunction

Y
Systemic Arterial Endothelial
Inflammation Stiffness Dysfunction

| !

Atherosclerosis

v \ !

Congestive Heart
Failure (FA) > Stroke




Treatment strategies to reduce stroke

Adiposity

Inflammation

Insulin resistance
Dysglycemia
Endothelial dysfunction

RAAS blockade

Aspirin

Adequate blood pressure control
Glycemic control

Treatment of dyslipidemia
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I ORIGINAL ARTICLE I

10-Year Follow-up of Intensive Glucose
Control in Type 2 Diabetes

Table 2. Aggregate Outcomes for Patients during Follow-up.*

Aggregate Outcome

Sulfonyurea-insulin group
Any diabetes-related end point
Diabetes-related death

Death from any cause

Myocardial infarction

Risk Ratio for
Intensive-Therapy
Regimen (95% Cl)

0.91 (0.83-0.99)
0.83 (0.73-0.96)
0.87 (0.79-0.96)
0.85 (0.74-0.97)

Stroke

0.91 (0.73-1.13)

" Peripheral vascular disease
Microvascular disease
Metformin group
Any diabetes-related end point
Diabetes-related death
Death from any cause

Myocardial infarction

0.82 (0.56-1.19)
0.76 (0.64-0.89)

0.79 (0.66-0.95)
0.70 (0.53-0.92)
0.73 (0.59-0.89)
0.67 (0.51-0.89)

Stroke

0.80 (0.50-1.27)

Peripheral vascular disease

Microvascular disease

Patients with Clinical Outcome Absolute Risky P Value;
Intensive Conventional Intensive Conventional
Therapy Therapy Therapy Therapy
no. of patients
2729 1138
1571 686 48.1 52.2 0.04
618 297 14.5 17.0 0.01
1162 537 26.8 30.3 0.007
678 319 16.8 19.6 0.01
260 116 6.3 6.9 0.39
83 40 2.0 2.4 0.29
429 222 11.0 14.2 0.001
342 411
209 262 45.7 53.9 0.01
81 120 14.0 18.7 0.01
152 217 25.9 33.1 0.002
81 126 14.8 21.1 0.005
34 42 6.0 6.8 0.35
13 21 2.3 3.4 0.19
66 78 12.4 13.4 0.31

0.63 (0.32-1.27)
0.84 (0.60-1.17)

Holman RR et al, NEJM, 2008




Analyses

Acute Myocardial Infarction

Primary

60-day grace period

ITT

Excluding tolbutamide users

Excluding patients with a history of AMI

HR (95% CI)

0.86 (0.55 to 1.34)
1.10 (0.78 to 1.54)
1.04 (0.65 to 1.67)
0.87 (0.56 to 1.37)
0.88 (0.54 to 1.44)

Ischemic stroke
Primary
60-day grace period
ITT
Excluding tolbutamide users
Excluding patients with a history of ischemic stroke

0.92 (0.59 to 1.45)
0.83 (0.55 to 1.24)
0.75 (0.43 to 1.30)
0.94 (0.60 to 1.48)
1.03 (0.61 10 1.72)

Hypoglycemia
Primary
60-day grace period
ITT
Excluding tolbutamide users
Excluding patients with a history of AMI or ischemic stroke

Cardiovascular Mortality
Primary
60~-day grace period
ITT
Excluding tolbutamide users
Excluding patients with a history of AMI or ischemic stroke

All-cause Mortality
Primary
60-day grace period
ITT
Excluding tolbutamide users

0.4

2.83 (1.64 1o 4.88)
1.86 (1.15 to 2.99)
1.51 (0.73 10 3.12)
2.65 (1.53 1o 4.60)
2.84 (1.85 to 4.90)

1.01 (0.72 to 1.40)
1.05 (0.81 to 1.37)
1.21 (0.8510 1.72)
1.06 (0.76 to 1.47)
1.14 (0.78 to 1.68)

0.81 (0.66 to 1.00)
0.87 (0.73 t0 1.02)
0.98 (0.80 to 1.20)
0.83 (0.67 to 1.02)

Pharmacologic Differences of Sulfonylureas and the Risk of Adverse Cardiovascular and Hypoglycemic Events

The nonspecific, long-acting
sulfonylureas glyburide and
glimepiride do not have an increased
risk of cardiovascular adverse events
compared with the specific, short-
acting sulfonylureas gliclazide,
glipizide, and tolbutamide.

Douros A et al, Diabetes Care, 2017



Association of prestroke metformin use, stroke severity, and thrombolysis outcome

Table 3 Comparison of outcome depending on MET treatment before and after matching

Before matching MET+ (n =757) MET- (n =1,162) p Value
Clinical scores
NIHSS on admission, mean (SD) 10.0 (6.7) 11.7 (6.5) <0.001
mRS after 3 months, median [IQR] 2(1.0-4,0) 3(1.0-5.0) <0,001
Complications, n (%)

Symptomatic ICH (ECASS-II criteria) 39(5.2) 58 (5.0) 0.96
Mortality within 3 months, n (%) 95(12.5) 258 (22.2) <0.001
After matching MET+ (n = 757) MET - (n = 757) p Value

Clinical scores
NIHSS on admission, mean (SD) 10.0 (6.7) 11.3(6.5) <0.001
mRS after 3 months, median [IQR] 2(1.0-4.0) 3(1.0-4.0) <0.001
Complications, n (%)
Symptomatic ICH (ECASS-II criteria) 39 (5.2) 39(5.2) 0.73
Mortality within 3 months, n (%) 95 (12.5) 136 (18) 0.008

Abbreviations: ECASS-Il = European Cooperative Acute Stroke Study II; ICH = intracranial hemorrhage; MET = metformin; mRS = modified Rankin Scale; NIHSS

= NIH Stroke Scale.

Secondary outcome:

- Mortality (all causes) within 3 months of
stroke

- Symptomatic intracranial hemorrhage (ICH)

Patients with stroke and diabetes on treatment with MET receiving IV thrombolysis (IVT) had less severe strokes on admission and a better
functional outcome at 3 months. The frequency of syntomatic intracerebral hemorrhages did not differ between groups.
This suggests a protective effect of MET resulting in less severe strokes as well as beneficial thrombolysis outcome.

Westphal LP et al, Neurology, 2020



QOutcome

First coprimary outcome
Second coprimary outcome

Microvascular outcomes
Total mortality

ORIGINAL ARTICLE

Basal Insulin and Cardiovascular and Other
Outcomes in Dysglycemia

igl j retions
Total strokes
eath from cardiovascular causes

Hospitalization for congestive heart failure
Revascularization
Angina

Unstable

New

Worsening
Limb or digit amputation
Cardiovascular hospitalization
MNoncardiovascular hospitalization

Any cancer
Death from cancer

The ORIGIN Trial Investigators®

1.02 (0.94-1.11)
1.04 (0.97-1.11)

0.97 (0.90-1.05)
0.98 (0.90-1.08)

1.03 (0.89-1.21)

1. oI=1.

0.90 (0.77-1.05)
1.06 (0.96-1.16)
0.95 (0.85-1.05)
0.91 (0.76-1.08)
0.72 (0.56-0.93)
1.02 (0.89-1.16)
0.89 (0.60-1.31)
1.00 (0.94-1.07)
0.99 (0.94-1.05)

1.00 (0.88-1.13)
0.94 (0.77-1.15)

Insulin Glargine Standard Care Hazard Ratio (95% Cl)
(N=6264) (N=6273)
no. /100 no. /100
no. (%) patient-yr no. (%)  patient-yr
1041 (16.6)  2.94 1013 (16.1)  2.85 = o
1792 (28.6)  5.52 1727 (27.5)  5.28 B
1323 (21.1)  3.87 1363 (21.7)  3.99 —.—
951 (15.2)  2.57 965 (15.4)  2.60 -
338 (S 4] 0.93 326 (5 21 0.90
331 (5.3) 0.91 319 (5.1) 0.88 ——
80 (9.3) 157  »o/6(2) 158 o
310 (4.9)  0.85 343 (5.5)  0.95 ——+
908 (14.5)  2.69 860 (13.7)  2.52 -
709 (11.3)  2.07 743 (11.8) 217 B
238 (3.8) 0.66 261 (4.2) 0.72 B B
100 (1.6) 0.27 138 (2.2) 0.38 B :
455 (7.3) 1.29 446 (7.1) 1.26 ——
47 (0.8) 0.13 53 (0.8) 0.14 |
2081 (33.2)  6.98 2071 (33.0)  6.91 E 3
2339 (37.3)  7.90 2349 (37.4)  7.93 .-
476 (7.6) 1.32 477 (7.6) 1.32 ——
189 (3.0) 0.51 201 (3.2) 0.54 ——
I 1
0.5 1.0

1
2.0

Insulin Glargine Standard Care

Better

Better

P Value

0.63
0.27

0.43
0.70

0.16
0.24
0.29
0.28
0.01
0.30
0.55
0.90
0.85

0.97
0.52

N Engl J Med 2012



Pioglitazone Prevents Stroke in Patients
With a Recent Transient Ischemic Attack
or Ischemic Stroke

A Planned Secondary Analysis of the IRIS Trial (Insulin Resistance
Intervention After Stroke)

100%
E
>
=
wy
@ 95% -
o
bt
Any stroke 155 138 8.0 222 181 10.7 0.75(0.60-094) | 0.01 "g
Hemorrhagic stroke 17 16 1.0 19 16 1.0 1.00(0.50-2.00) | 1.00 o
o 90% -
Nonfatal 11 10 06 12 9 06 1.11(045-2.73) | 082 _§'
Fatal 6 b 04 7 7 0.4 0.86(0.29-2.55) | 0.78 :rsu
£
: o PLB
Ischemic stroke 137 123 1.1 202 169 99 0.72(0.57-0.91) | 0.005 &  85% -
S
Nonfatal 131 118 6.9 191 161 93 0.72(0.57-0.92) | 0.008 E Hazard ratio, 0.75; 95% Cl, 0.60-0.94
Fatal 6 6 03 11 11 0.8 055(0.20-147) | 023 E Log-rank p=.01
O 80% . , . : .
0 365 730 1095 1460 1825
Time (days)
Pioglitazone was effective for secondary prevention
. . . . . . . No. at Risk:
of ischemic stroke in nondiabetic patients with Piogltazone 1939 1804 1712 1500 1214 536
|nSUI|n FESIStance Placebo 1937 1780 1698 1495 1199 505

Yaghi S et al, Circulation, 2018



Effects of Pioglitazone in Patients With Type 2 Diabetes
With or Without Previous Stroke

Results From PROQOactive (PROspective pioglitAzone Clinical Trial In
macroVascular Events 04)

Time to stroke (fatal and nonfatal) in patients with and without previous stroke.

Kaplan-Meier event rate

0.12 _
wavsesenines PlECEDO
0.10 _
0.08 _|
Pioglitazone

0.06 |
0.02 HR 95% Cl p value

Ploglitazone versus placebo 0.53 0.34,0.85 0.009
00 Jd -

N at Risk: 984 952 926 903 877 849 132 (42)

I I I 1

1 ] I T
0 6 12 18 24 30 36
Time from Randomization (months)

Kaplan-Meier event rate

0.12 =

0.10 —

0.08 —

0.06 —

0.04 —

0.02 4

0.0=

N at Risk:

HR 95% CI
Pioglitazone versus placebo 1.06 0.73, 1.52
Pioglitazone
Placebo
4254 4197 4137 4075 4005 3950 697 (225)
I I ! I : I 1
0 6 12 18 24 30 36

Time from Randomization (months)

Wilcox R et al, Stroke, 2007



Improved recovery

Increased neurogenesis
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Incidence of stroke in diabetic subjects treated with DPP-4 inhibitors
compared with placebo

Study name Statistics for each study Stroke / Total Qdds ratio and 85% CI

Odds Lower Upper
ratio limit limit p-Value DPP4 Placebo

TECOS 0828 0714 1,15 0,432 128/7257 1427238
SAVOR-TIMI 53 1108 0879 1382 0,388 157 /828D 14178212
EXAMINE 088 0542 1488 0676 29/2701 32/2879
Overall 058 0850 1,168 0,958

0,01 0,1 1 10 100

Favours DPP-4Inhibitor  Favours Piscabo

Barkas F, et al. Diabetes Metab, 2017



Effect of Linagliptin vs Placebo on Major Cardiovascular Events in Adults With Type 2 Diabetes and High Cardiovascular and
Renal Risk The CARMELINA Randomized Clinical Trial

- £l - a
Linagliptin (n = 3494) Placebo (n = 3485) Incidence
Rate Rata Rata DHference,
per 100 per 100 Linagliptin - Hazard Ratlo

Outcomeas M. (%) Patlent-Years  No. (%) Patlent-Years  Placebo (95% CIy (95% )" P valua
Primary Oukcome (3-Point MACE)
Cardiovascular death, nonfatal 434 (12.4) 537 420(12.1) 5.63 0.13 (—0.63 to 0.90) 1.02 (0.89-1.17)  =001%; 74¢
myoeCardial infarction,
or nonfatal stroke

Cardiovascular death® 221(6.3) 225 (6.5)

Nonfatal myocardial 154 (4.4) 132(3.8)

Iof kg

Monfatal stroks® 50(1.7 63(1E
Secondary Kldney Composite Outcoma
Sustained ESRD, death due to 327 (9.4) 489 306 (3.8) 466 0.22(-0.52 to 0.97) 1.04(0.89-1.22) G2
kidney fallure, or sustained
decrease of =40% In eGFR
from baseling

ESRD® 63 (L.8) 64 [1.8)

Death due to renal fallure® 1(0.03) 1 {0.03)

Sustained decrease 263 (7.5) 241 (5.9)

of =40% In eGFR"
Exploratory Cardiovascular and Death Outcomes.
All-cause death 367 (10.5) 469 373(10.7) 4.B0 -0.11 {-0.79 t0 0.58) 008 (0.B4-1.13) .74
Cardiovascular death 255(7.3) 3.26 264 (7.6) 3.40 -0.14 (-0.71t00.44). 0.96(0.81-1.14) .63
Moncardiovascular death 112(3.7) 1.43 100(3.1) 1.40 0.03 (—0.34 to 0.40) 1.02(0.78-1.33) .89
Fatal myocardial 11(0.3) 0.14 14 (0.4) 0.18 -0.04 (-0.17 to 0.09) 0.78(0.36-1.72) .54
Infarction
Monfatal myocardial 156 (4.5) 206 135(3.9) 1.80 0.27(-0.18 to 0.71) 1.15(0.91-1.45) .23
Infarction
Fatal or nonfatal 165 (4.7) 218 146(4.2) 1.94 0.24(-0.22 to 0.70) 1.12(0.90-1.40) .30

Srdia] Ipf=rcilon

Fatal stroke 17 (0.5} 0.22 15 (0.5} 021 0.01(-0.13 to 0.16) 1.05(0.53-2.09) .88
Monfatal stroke 65 (1.9) 0.85 73(2.1) 0.96 —0.12 {-0.42 to 0.19) 0.88 (0.63-1.23) 45
Fatal or nonfatal stroke 81(2.3) 1.06 B8 (2.5) 115 —0.11 {-0.44 t0 0.23) 0.81(0.67-1.23) .53
4-point MACE [3-point MACE 463(13.3) 620 450(13.2) &.21 -0.02 {-0.82 t0 0.79) 1.00(0.68-1.13) 96
E}“s hospitallzation

r unstable angina)
Hospitallzatlon for 42(1.2) 0.55 48 (1.4) 0.63 -0.08 (-0.33 to 0.18) 0.87 (0.57-1.31) .50
unstable angina
Coronary revascularization 160 (4.6) 212 149(4.3) 1.99 0.13(-0.33 to 0.59) 1.07 (0.85-1.33) 57
procedurs
Hospitallzatlon for 209 (6.0) 277 726 (6.5) 3.04 -0.27 (-0.82 t0 0.28) 000(0.74-108) 26 ROSEHStOCk Jet al; JA MA; 2018

heart fallure




GLP 1 RA: Risk of MACE and
each of its components

GLP-1 receptor Placebo Hazard ratio NNT p value
agonist nfN (%) n/N (%) (95% C1) (95% CI)

Three-component MACE :
ELIXA 400/3034 (13%) 392/3034 (13%) —— 1.02 (0-88-1-17) 078
LEADER GOB/4668 (13%) 69444672 (15%) - 087 (078-0.97) 0015
SUSTAIN-6 108/1648 (7%) 146/1649 (9%) s 074 {0-58-0-95) 0016
EXSCEL 830/7356 (11%) 905/7396 (12%) = 0.91 (0-83-1.00) 0061
Harmony Outcomes 338/4731 (7%) 428/4732 (9%) e 0.78 (0-68-0-90) 00001
REWIND 58474940 (12%) 66374952 (13%) —— 0-88 (0-78-0-99) 0026
PIONEER & 6171591 (4%) 76/1592 (5%) e 079 (0-57-1.11) 017

Overall 2048/27977 (11%) 330428027 (12%) ¢> 0-88 (0-82-0-94) 75(50-151)  <0-0001

{P=40.0%, p=0-118) | :

Cardiovascular death E |
ELIXA 156/3034 (5%) 158/3034 (5%) —— 0-98 (078-1.22) 085
LEADER 219/4668 (5%) 278/4672 (6%) — | 078 (0-66-0.93) 0.007
SUSTAIN-6 4471648 (3%) 46/1649 (3%) —# 0-98 (0-65-1.48) 092
EXSCEL 34077356 (5%) 38377396 (5%) —— 0-88 (076-1.02) 0-096
Harmony Outcomes 124731 (3%) 130/4732 (3%) e 0-93 (073-119) 058
REWIND 31774949 (6%) 346/4952 (7%) — 0-91 (078-1.06) 018
PIONEER 6 15/1591 (1%) 30/1592 (2%) +—* i 0-49 (0-27-0.92) 0.021

1

Overall 1277127977 (5%) 147128027 (5%) @ 0-88 (0-81-0-96) 163 (103489) 0.003

(P=13:5% p-0327) : :

Fatal or non-fatal myocardial infarction : |
ELIXA 2703034 (9%) 261/3034 (9%) _—— 1.03 (0-87-122) 071
LEADER 20274668 (6%) 339/4672 (7%) — 0.86 (0-73-1.00) 0.046
SUSTAIN-6 5471648 (3%) 6771645 (4%) — = 0-81 (0-57-1-16) 0326
EXSCEL 4837356 (7%) 493/7396 (7%) —— 0.97 (0-85-1-10) 062
Harmony Outcomes 18174731 (4%) 240/4732 (5%) — 075 (0-61-0.80) 0003
REWIND 22349489 (5%) 231/4952 (53%) —i— 0-86(0-79-1-15) 063
PIONEER 6* 3711581 (2%) 31/1592 (2%) —- 118 (073-1-90) 0-49

Overall 1540/27977 (6%) 1662728027 (6%) < 0.91(0-84-1.00) 193 (109-NA)  0.043

(=27-4%, p=0-210) T T

Fatal or non-fatal stroke |
ELIXA 67/3034 (2%) 60/3034 (2%) — 112 (079-158) 054
LEADER 173/4668 (4%) 199/4672 (4%) — e 086 (0-71-1.06) 016
SUSTAIN-6 30/1648 (2%) 46/1649 (3%) 065 (0.41-1.03) 0.066
EXSCEL 187/7356 (3%) 218/7396 (3%) —— 0-85 (070-1.03) 0.085
Harmony Qutcomes 04/4731 (2%) 108/4732 (2%) e 0-86 (0-66-1-14) 030
REWIND 158/4949 (3%) 205/4952 (4%) e 076 (0-62-0.94) 0.01
PIONEER 6* 12/1591 (1%) 1671592 (1%) +— 0-74(0-35-157) 0-43

Overall T2U27 977 (3%) 852/28027 (3%) <j> 0-84(0-76-093) 200 (13%-477) <0-0001

{P=0.0%, p=0557) . .

+—
Favours GLP-1

receptor agonist  placebo

Favours
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Kristensen SL et al, Lancet Diabetes Endocrinol 2019




GLP-1 receptor agonists in diabetes for stroke prevention: a systematic
review and meta-analysis

Overview of cerebrovascular outcomes among patients treated with GLP-1R agonists

Clinical outcome Number of OR (95% CI) p Heterogeneity (/°,
RCTs p for Cochran Q)

Nonfatal strokes 7 0.84 (0.76-0.94) 0.002 0%, 0.61

Fatal strokes 5 0.82 (0.62-1.09) 0.17 0%, 0.71

All strokes 5 0.84 (0.75-0.93) 0.001 0%, 0.92

Cardiovascular mortality 8 0.88 (0.81-0.95) 0.002 0%, 0.44

All-cause mortality 7 0.88 (0.82-0.95) <0.001 15%, 0.31

MACE 7 0.87 (0.81-0.94) <0.001 42%, 0.11

Malhotra K et al, J Neurol, 2020



Effects of Liraglutide on Cardiovascular Outcomes

i Prior ~n(%) Rate/100 PYO Hazard ratio Interaction in Patients With Type 2 Diabetes Mellitus With or
Mi/stroke Ko, el clhe o | (95% C)  Pvalue Without History of Myocardial Infarction or Stroke
i i i . 0.87 (0.78; 0.97 y
Primary endpoint Overall population 602 (13.0) 694 (14.9) 34 39 {}': 3 J78; 0.97) Post Hoc Analysis From the LEADER Trial
Prior Mifstroke 322(17.3) 372(204) 46 54 —o— 0.85 (0.73; 0.99)
Primary endpoint  CVD without MUstroke 158 (10.3) 199(129) 27 34 iy 0.76 (0.62: 0.94) 0.11
CV risk factors 128 (10.1) 123(85) 26 25 — — 1.08 (0.84; 1.38) O TV
Prior Mijstroke 500 (26.8) 552(302) 7.1 8.0 ] 0.88 (0.78; 0.99) ann — | ] i
Expanded MACE  CVD without MUstroke 261 (17.0) 336(21.7) 44 57 - 0.74 (0.63; 0.87)  0.01 Placebo Liraglutide
CV risk factors 187 (14.8) 174 (13.4) 39 35 -:-0—— 1.12 (0.91; 1.38) Patients with prior Mijstroke:
Prior Mlistroke 120 {(6.4) 147 (B.0) 1.7 21 ——t 0.B0 (0.63; 1.02) HR 0.95, 95% Cl: 0.71: 1.27
CV death VD without Mifstroke 48(3.1) 78 (5.0 08 13 —e— 0.59 (0.41; 0.84) 0.14 : . .
CV risk factors 51(4.0) 53(a.1) 111 —— 0.99 (0.67; 1.46) E b 7 Patients with CVD without Ml or stroke:
Prior Mistroke 157 (8.4) 185(10.1) 22 27 —t 0.83 (0.67; 1.03) < HR 0.68, 95% CI: 0.45; 1.03 o
All Mis* CVD without Mifstroke 85 (5.5) 98 (6.3) 14 1.7 — 0.85 (0.64; 1.14) 0.89 * Patiants with CV risk factors alons -
Prior Mifstroke 150 {8.0) 177(9.7) 21 26 —— 0.83 (0.67; 1.03) 4 4 e . '
Non-fatal M| CVD without Misstroke B4 (5.5} 91 (5.9) 1.4 16 . 0.91 (0.68; 1.22) 0.71 £
CV risk factors 47(37) 49 (3.8) 1.0 1.0 —— 1.00 (0.67; 1.49) 5
Prior Mifstroke 95 (5.1} 101 (5.5) 1.3 1.5 — 0.93 {0.70; 1.23) B
All strokes®* CVD without Mifstroke 39(25) 6129 0.7 1.0 ——a— 0.63 (0.42; 0.94) 0.17 c 2+
CV risk factors 9(31) 37028 08 07 —_—— 1.07 (0.68; 1.69) 2
Prior Mistroke 87(47) 91(50) 1.2 1.3 —— 0.95 (0.71; 1.27) &
Non-fatal stroke CVD without Mifstroke 38 (25) 55 (3.6) 06 09 —a—t 0.68 (0.45; 1.03) 0.28
O\ risk factors 34(2.7) 31 (2.4) 0.7 0.6 —_—— 1.12 (0.68; 1.82) 0
Prior Mi/stroke 219(11.7) 239(13.1) 31 35 — 0.89 (0.74; 1.07)
Coronary CVD without Milstroke 134 (8.7) 153(9.9) 23 26 —l 0.86 (0.68: 1.08)  0.51 0 12 24 36 48 60
revascularization OV risk factors 54 14.1) 49 (3.8) 1.1 1.0 —l— 1.11 (0.75; 1.64) Time from randomization :mgmhi]
Lo Prior Mifstroke 78(4.2) 66 (3.6) 1.1 1.0 —Lo— 1.15 (0.83; 1.59)
Hospitalization for ey withaut Misstroke 35(2.3) 50(3.2) 0.6 08 — 0.70 (0.45; 1.07) 0.18
SnRRGAnFOR CV risk factons 2:07) Bloe D2 04 e 118 (0.45 3.08 Liraglutide exerts a consistent benefit in
, : Prier Mijstroke 10(5.9) 134(7.3) 1.6 19 —e— 0.80 (0.62; 1.03) . ) ] )
Hospitalization for - cyp without Mstroke ~ 52(3.4)  72(47) 09 12  —a—1 0.70 (0.49; 1.00)  0.03 patients with established atherosclerotic
heart failure CV risk factors 56 (4.4)  42(3.2) 1.2 08 —— 1,37 (0.92; 2.05) di lar di ith and without
Prior Mi/stroke 196 (10.5) 212 (11.6) 2.8 3.1 e 0.90 (0.74; 1.09) Cardiovascular disease with and withou
All-cause death VD without Mifstroke 93 (6.0) 135(B.7) 1.6 23 —— 0.66 (0.51; 0.86) 0.12 H . H
CV risk factors 92(7.3) w027 19 20 —— 0.95 (0.72; 1.27) a history of MI/StrOke’_ how?ver, it .
T appears to be neutral in patients with
Overall Withprior  With CVD without  With CV risk Hazard ratio {95% Q) cardiovascular risk factors alone.
population Mi/stroke M/ stroke factors alone - liraalutide F laceb >
Liraglutide n=4668 Liraglutide n=1865 Liraglutide n=1538 Liraglutide n=1265  Favors liraglutide  Favors placebo
Placebo n=4672 Placebo n=1827 Placebo n=1545  Placebo n=1300 Vi S et I Ci I i 2016
erma S et al, Circulation,



The effect of dulaglutide on stroke: an exploratory analysis

of the REWIND trial
Dulaglutide (n=4949) Placebo (n=4952) HR (95% Cl) pvalue
Stroke 158 (3.2%); 0-61 205 (4-1%); 0-81 076 (0-62-0.94) 0.010
Mon-fatal stroke® 135 (2.7%); 0-52 175 (3-5%); 0-69 076 (0-61-0-95) 0.017
Fatal stroke 26 (0-5%); 0-10 33 (07%); 013 0-78 (0-47-1.30) 0-34
Disabling stroket 82 (17%); 0-32 109 (2.2%); 0-43 074 (0.56-0.99)  0.042
lschaemic stroke 129 (2-6%); 0-50 171 (3-4%); 0-67 075 (0:59-0.94) 0012
‘ Haemorrhagic stroke 19 (D-4%); 0-07 18 (0-4%); 0-07 1.05 (0-55-1.99) 0-89
Stroke of unknown type 14 (0-3%); 0-05 17 (0-3%); 0.07 0-82 (0.40-1.66) 058
Transient ischaemic attack 39 (0-8%); 0-15 49 (1.0%); 0-19 079 (0-52-1.20) 027
Mon-fatal stroke or 643 (13-0%); 2.50 722 (14.6%); 2-84 0-B8 (079-098) 0.017
all-cause death
All-cause death 536 (10-8%); 2.06 592 (12.0%); 2-29 0-90 (0-80-101)  0.067
Dataare n (%); number of events per 100 person-years, unbess otherwise indicated. All HRs are from Cox models and
p values are two-sided. HR=hazard ratic. * After adjusting for the competing risk of death HR 077 (95% C1 0-61-0.96;
p=0-02). tAny stroke with a modified Rankin score =3.
Table 2: Effect of treatment allocation on stroke outcomes

In conclusion, given the frequency of stroke in people with diabetes, the severity of its associated morbidity, and the paucity of preventive therapies, the
findings of this study suggest that GLP-1 receptor agonists should be considered when developing future stroke prevention guidelines for people with
diabetes. Furthermore, our study strongly supports the need for further research on the effect of these drugs on stroke.

Gerstein HC et al, Lancet Diabetes Endocrinol, 2020



ORIGINAL ARTICLE

Empagliflozin, Cardiovascular Outcomes,

and Mortality in Type 2 Diabetes

Table 1. Primary and Secondary Cardiovascular Outcomes.

Placebo Empagliflozin Hazard Ratio
Outcome (N=2333) (N=4887) (95% Cl) P Value
rate/1000 rate/1000
no. (%) patient-pr no. (%) patient-yr
Death from cardiovascular causes, nonfatal myocar- 282 (12.1) 43.9 490 (10.5) 37.4 0.86 (0.74-0.99)
dial infarction, or nonfatal stroke: primary
outcome*
Noninferiority <0.0011
Superiority 0.047
Death from cardiovascular causes, nonfatal myo- 333 (14.3) 52.5 599 (12.8) 46.4 0.89 (0.78-1.01)
cardial infarction, nonfatal stroke, or hospi-
talization for unstable angina: key secondary
outcome®
Noninferiority <0.0011
Superiority 0.087
Death
From any cause 194 (8.3) 28.6 269 (5.7) 19.4 0.68 (0.57-0.82) <0.001
From cardiovascular causes 137 (5.9) 20.2 172 (3.7) 12.4 0.62 (0.49-0.77) <0.001
Fatal or nonfatal myocardial infarction excluding 126 (5.4) 19.3 223 (4.8) 16.8 0.87 (0.70-1.09) 0.23
silent myocardial infarction
Nonfatal myocardial infarction excluding silent 121 (5.2) 18.5 213 (4.5) 16.0 0.87 (0.70-1.09) 0.22
myocardial infarction
Silent myocardial infarctiond: 15 (1.2) 5.4 38 (1.6) 7.0 1.28 (0.70-2.33) 0.42
Hospitalization for unstable angina 66 (2.8) 10.0 133 (2.8) 10.0 0.99 (0.74-1.34) 0.97
Coronary revascularization procedure 136 (8.0) 29.1 329 (7.0) 25.1 0.86 (0.72-1.04) 0.11
[Fatal or nonfatal stroke 69 (3.0) 10.5 164 (3.5) 123 118 (0.89-1.56) 0.26
MNonfatal stroke 60 (2.6) 9.1 150 (3.2) 11.2 1.24 (0.92-1.67) 0.16
Transient ischemic attack 23 (1.0) 35 39 (0.8) 2.9 0.85 (0.51-1.42) 0.54
Hospitalization for heart failure 95 (4.1) 14.5 126 (2.7) 9.4 0.65 (0.50-0.85) 0.002
Hospitalization for heart failure or death from car- 198 (8.5) 30.1 265 (5.7) 19.7 0.66 (0.55-0.79) <0.001

diovascular causes excluding fatal stroke

Zinman B et al, NEJM, 2015



ORIGINAL ARTICLE

Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes

Canagliflozin  Placebo

Outcome (N=5795) (N=4347) Hazard Ratio (95% Cl)
no. of participants per 1000 patient-yr
Death from cardiovascular causes, 26.9 31.5 ——] 0.86 (0.75-0.97)

|
|
nonfatal myocardial infarction, i
or nonfatal stroke I

I

therapy, or renal death

Death from cardiovascular causes 11.6 12.8 —e— 0.87 (0.72-1.06)
Nonfatal myocardial infarction 9.7 11.6 —— 0.85 (0.69-1.05)
Nonfatal stroke 7.1 8.4 I *— 0.90 (0.71-1.15)
Fatal or nonfatal myocardial infarction 11.2 12.6 —— 0.89 (0.73-1.09)
Fatal or nonfatal stroke 7.9 9.6 I @ | 0.87 (0.69-1.09)
Hospitalization for any cause 118.7 131.1 I-.-|I 0.94 (0.88-1.00)
Hospitalization for heart failure 5.5 8.7 I L { | 0.67 (0.52-0.87)
Death from cardiovascular causes 16.3 20.8 —e— | 0.78 (0.67-0.91)

or hospitalization for heart failure :
Death from any cause 17.3 19.5 I—.—Ii 0.87 (0.74-1.01)
Progression of albuminuria 89.4 128.7 & ! 0.73 (0.67-0.79)
40% reduction in eGFR, renal-replacement 5.5 9.0 | & | i 0.60 (0.47-0.77)

|

I

0.5 1.0 2.0

B
-

A

Canagliflozin Better Placebo Better

Neal B et al, NEJM, 2017



ORIGINAL ARTICLE

Dapagliflozin and Cardiovascular Outcomes
in Type 2 Diabetes

Dapagliflozin Placebo
Cutcome (N=8582) (N=8578) Hazard Ratio (95% Cl) P Walue
r.::t-el,.l'lﬂ-m mtej.l'lﬂﬂﬂ
no. (%) potent-yr Ao (38 patient-yr

Cardiovascular death or hospitalization 417 (49) 112 496 [5.8) 147 —a— 0.83 (0.73-0.95) 0.005

for heart failure
MACE 756 [BE) 216 E03 [94) 242 L. i 0.93 (0.24-1.03) 017
=40% decrease in eGFR 170 (43) 108 430 (55) 141 —a— 0.76 (0.67-0.87)

to <60 mil frmin/1.73 mE,

ESRD, or death fram renal

or cardiovascular cause
Dreath from any cause 529 (6.2} 151 570 [66) 1G4 —a— 0.93 (0.22-1.04)
Hospitalization for heart failure 212 (25) 62 286(33) &5 . 0.73 (0.61-0.38)
Myocardial infarction 383 [45) 117 441 [5.1) 13z —a— 0.89 (0.77-1.01)
Ischemic stroke 235(2.7) 69 231(27) 6.4 —— 1.01 (0.84-1.21)
Death from cardiovascular cause 245 (2.9) 70 249 (29) 71 —a— 0.98 (0.82-1.17)
Dreath from noncardiovascular cause 211 (2.5) 6.0 238 (2.8) 6.8 —a— 0.88 (0.73-1.06)
=40% decrease inm eGFR 127 [1.5) i7 238 [2.8) 7.0 06— 0.53 (0.43-0.68)

to <60 mil fmin/1.73 mE,

EZRD, or death from

renal cause

I I 1
040 050 1.0 1.5
Dapagliflozin Placebo
Better Better

Wiviott SD et al, NEJM, 2018



ORIGINAL ARTICLE

Cardiovascular Outcomes with Ertugliflozin
in Type 2 Diabetes

Table 2. Primary and Secondary Outcomes.*
Outcome Ertugliflozin Placebo Hazard Ratio (CI)i: P Valuef
no. of patients/ no. of events/ no. of patients/ no. of events/
total no. (%) 100 patient-yr total no. (%) 100 patient-yr
Primary outcome
Death from cardiovascular causes, nonfatal myocar- 653/5493 (11.9) 3.9 327/2745 (11.9) 4.0 0.97 (0.85-1.11) <0.001
dial infarction, or nonfatal stroke
Key secondary outcomes
Death from cardiovascular causes or hospitalization 444/5499 (8.1) 23 25072747 (9.1) 2.7 0.88 (0.75-1.03) 0.11
for heart failure
Death from cardiovascular causes 341/5499 (6.2) 1.8 1842747 (6.7) 1.9 0.92 (0.77-1.11)
Death from renal causes, renal replacement therapy, 175/5499 (3.2) 0.9 108/2747 (3.9) 1.2 0.81 (0.63-1.04)
or doubling of the serum creatinine level
Death from renal causes 0/5499 NA 0/2747 NA NA
Renal replacement therapy 7/5499 (0.1) NA 3/2747 (0.1) NA NA
Doubling of serum creatinine level 168/5499 (3.1) NA 105/2747 (3.8) NA NA
Other secondary outcomes
Death from cardiovascular causes, nonfatal myocar- 823/5499 (15.0) 4.5 439/2747 (16.0) 4.9 0.92 (0.82-1.04)
dial infarction, nonfatal stroke, or hospitaliza-
tion for unstable angina
Fatal or nonfatal myocardial infarction 330/5499 (6.0) 1.8 158/2747 (5.8) 1.7 1.04 (0.86-1.26)
Fatal or nonfatal stroke 185/5499 (3.4) 1.0 87/2747 (3.2) 0.9 1.06 (0.82-1.37)
Hospitalization for heart failure 139/5499 (2.5) 0.7 99/2747 (3.6) 1.1 0.70 (0.54-0.90)
Nonfatal myocardial infarction 310/5499 (5.6) 1.7 148/2747 (5.4) 1.6 1.04 (0.86-1. 27)
Nonfatal stroke 157/5499 (2.9) 0.8 78/2747 (2.8) 0.8 1.00 (0.76-1.32)
Death from any cause 473/5499 (8.6) 2.4 254/2747 (9.2) 2.6 0.93 (0.80-1.08)

Cannon CP et al, NEJM, 2020




Rates of myocardial infarction and stroke in patients
initiating treatment with SGLT2-inhibitors versus other
glucose-lowering agents in real-world clinical practice:

Results from the CVD-REAL study

Event rates, unadjusted hazard ratios and 95% Cls for stroke in the on-treatment population and in the ITT population

USA USA

N=143.264;  of events=301 bl 0.70 [0.58, 0.88) N=143.284; #of events=475 ——i ; 0.75[0.63, 0.90]
ERt {per 100 P-¥): SGLT.2in0 3. oGLO 46 g ER (por 100 P-Y): SGLT-2i0, M oGLO0 4T i
Momwa Marway f
Ne25,050; W of evertse158 —— 0.69[0.50, 0.86] N=25,050, # of events=210 — 0.76 [0.58, 1.00]
ER {per 100 P-¥}: SGLT-2i%0 & oGLD=0.74 ! ER (per 100 P.Y): SGLT-2m0.54; oGLOR0 72 :
nmark : Denmark :
ﬁ&m: # af everts=110 S 1.06 [0.73, 1.54) N 1B468, W of eventss 144 — 0.84 [0.68, 1.30]
ER (par 100 P-¥) SGLT-2i=0.88; pEL0=0 52 ; ER (par 100 P.YT SGLT -2i=0.64; oGLOD=0 89 i
Sweden i Sweden
N=18.378; ¥ of evenis=107 —8— 0.91[0.62, 1.24) N=18.378; ¥ of events= 130 —— 1.05 [0.75, 1.46)
ER {par 100 P.Y): SGLT-2is0 T sGLO=0.82 ER (per 100 P SGLT.2is002; oGLD=0E i
X o 5 N 0.83 (0.71, 0.97
ER {per 100 P-T) SOLT-2i%0 41 cOLO=0.58 - 0.80 [0.86, 0.97] ER [par 100 P.¥): SOLT-Zis0.45; oL 57 --- B3 [0.71, 0.97]
favor SGLT2  g————t——3p favor oGLD falmur SGLTZi | q—:—p | favor oGLD
I I | 1
0.25 0.50 1.00 2.00 0.25 0.50 1.00 2.00
. Hazard ratic
Hazard ratio P-valus=0.022 F"—H‘Hl_lﬂlﬂ.ﬂlﬁ
P-value (heterogeneity)=0.22 P-value (heterogenaity)=0.28

Kosiborod M et a, Diabetes Obes Metab, 2018



Association Between Use of Sodium-Glucose Cotransporter 2
Inhibitors, Glucagon-like Peptide 1 Agonists, and Dipeptidyl
Peptidase 4 Inhibitors With All-Cause Mortality in Patients
With Type 2 Diabetes

A Systematic Review and Meta-analysis

Absolute RD Favors = Favors

Treatment Comparator (95% Crl), % HR (95% Crl) Treatment Comparator Allstroke T ‘[:)cli"rl]?t—:j:nhihitnrs
DPP-4 inhibitor 0.0 (-0.2 to 0.4) 1.02 (0.88 to 1.18) . 83 Trials GLP-1 agonists
GLP-1agonist  vs Control -02(-05t000)  0.89(0.78t0 1.01) o 2024 Patients with events SGLT-2 inhibitors
SGLT-2 inhibitor -02(-0.4t00.2)  0.92(0.79to 1.08) . ;gi;gé E:::E::S
Control 0.0(-02t002) 0.98 (0.85to 1.13) — . Tyears
GLP-1 agonist vs DPP-4 inhibitor -0.2(-0.4t00.1) 0.87 (0.72t0 1.05) _.__ 1.04
SGLT-2 inhibitor -0.1(-0.4t00.2) 0.90 (0.73t0 1.12) - =
Control 0.2 (0.0t0 0.5) 1.12 (0.99 to 1.27) T 0.8
DPP-4 inhibitor  vs GLP-1 agonist 0.3(-0.1t00.8) 1.15(0.95t0 1.39) -
SGLT-2 inhibitor 0.1(-0.3t00.5) 1.04 (0.85t0 1.27) — m _
Control 0.1(-0.1t00.4) 1.08 (0.92 t0 1.27) e £ 06
DPP-4 inhibitor  vs SGLT-2 inhibitor 0.2 (-0.2 t0 0.6) 1.11 (0.89 to 1.37) I =
GLP-1 agonist -0.1(-0.3t00.3) 0.96 (0.79to 1.18) . S 04

No. of No. With Total No. r . — .
Treatment Trials Events (%) of Patients 0.5 1.0 2.0
Control 75 955 (2.1) 46012 HR (95% Crl) 0.21
DPP-4 inhibitor 39 371(1.5) 25106
GLP-1 agonist 28 455 (2.0) 23330 0
SGLT-2 inhibitor 30 243 (1.6) 15333 Best

Rank

In this network meta-analysis, the use of SGLT-2 inhibitors or GLP-1 agonists
was associated with lower mortality than DPP-4 inhibitors or placebo or no
treatment. Use of DPP-4 inhibitors was not associated with lower mortality
than placebo or no treatment.

There was no associated difference between drug classes for nonfatal stroke

Zheng SL et al, JAMA, 2018
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