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Abstract

Objective: To update the Spanish Society of Neurology’s guidelines for stroke prevention in
patients with type 2 diabetes or prediabetes, analysing the available evidence on the effect of
metabolic control and the potential benefit of antidiabetic drugs with known vascular benefits
in addition to conventional antidiabetic treatments in stroke prevention.

Methods: PICO-type questions (Patient, Intervention, Comparison, Outcome) were developed
to identify practical issues in the management of stroke patients and to establish specific
recommendations for each of them. Subsequently, we conducted systematic reviews of the
PubMed database and selected those randomised clinical trials evaluating stroke as an inde-
pendent variable (primary or secondary). Finally, for each of the PICO questions we developed
a meta-analysis to support the final recommendations.

Conclusions: While there is no evidence that metabolic control reduces the risk of stroke,
some families of antidiabetic drugs with vascular benefits have been shown to reduce these
effects when added to conventional treatments, both in the field of primary prevention in
patients presenting type 2 diabetes and high vascular risk or established atherosclerosis (GLP-1
agonists) and in secondary stroke prevention in patients with type 2 diabetes or prediabetes
(pioglitazone).

© 2020 Sociedad Espanola de Neurologia. Published by Elsevier Espafa, S.L.U. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Prevencion de ictus en pacientes con diabetes mellitus tipo 2 o prediabetes.
Recomendaciones del Grupo de Estudio de Enfermedades Cerebrovasculares de la
Sociedad Espaiiola de Neurologia

Resumen

Objetivo: Actualizar las recomendaciones de la Sociedad Espaiola de Neurologia para la pre-
vencion del ictus en pacientes con DM-2 o prediabetes, analizando las evidencias disponibles
sobre el efecto del control metabolico y posible beneficio de los antidiabéticos con beneficio
vascular anadidos al tratamiento antidiabético estandar en la prevencion de ictus.
Desarrollo: Se han elaborado preguntas tipo PICO (Patient, Intervention, Comparison, Out-
come) para identificar cuestiones practicas para el manejo de pacientes con ictus y poder
realizar recomendaciones especificas en cada una de ellas. Posteriormente se han realizado revi-
siones sistematicas en Pubmed y se han seleccionado los ensayos clinicos aleatorizados que han
evaluado ictus como variable independiente (principal o secundaria). Finalmente se ha elabo-
rado metaanalisis para cada una de las preguntas PICO y se han redactado unas recomendaciones
en respuesta a cada una de ellas.

Conclusiones: Aunque no hay evidencia de que un mejor control metabolico reduzca el riesgo
de ictus, algunas familias de antidiabéticos con beneficio vascular han mostrado reduccion en el
riesgo de ictus cuando se anaden al tratamiento convencional, tanto en el ambito de prevencion
primaria en pacientes con DM-2 de alto riesgo vascular o con enfermedad vascular aterosclerosa
establecida (agonistas GLP-1) como en prevencion secundaria de ictus en pacientes con DM-2 'y
prediabetes (pioglitazona).

© 2020 Sociedad Espanola de Neurologia. Publicado por Elsevier Espafna, S.L.U. Este es un
articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Introduction

Type 2 diabetes mellitus (DM2) and prediabetes increase the risk
of vascular diseases in the context of hyperglycaemia and poor
metabolic control.”® Around 60%-70% of patients with stroke
present history of DM2 or prediabetes,’”8 which, in turn, are asso-
ciated with increased risk of recurrence.’ "2 In patients with DM2,
vascular prevention strategies focus on introducing lifestyle changes
(healthy diet, regular physical activity, and smoking cessation),
managing the associated vascular risk factors (particularly dys-
lipidaemia and arterial hypertension), and promoting the use of
antiplatelet drugs.'3:14

Several clinical trials conducted in recent decades have con-
cluded that tight glycaemic control (HbA1c < 6%-6.5%, as compared
to HbA1c < 7%-8%) is associated with a decrease in the risk of
microvascular damage and a small decrease in the risk of non-
fatal coronary events, particularly myocardial infarction, although
it does not decrease the risk of death or stroke but does increase the
risk of symptomatic hypoglycaemia.'#~'® These observations have
had a considerable impact on the recommendations issued by differ-
ent diabetes associations; for most patients with DM2, HbA1c < 7%
is considered a reasonable target for reducing the risk of microvas-
cular events.'41?

Furthermore, since the United States Food and Drug Adminis-
tration (FDA) established the need to assess the vascular safety
of antidiabetic drugs, significant advances have been made in our
understanding of the vascular benefits of some of these agents,
such as sodium-glucose linked transporter-2 (SGLT2) inhibitors or
glucagon-like peptide-1 (GLP-1) receptor agonists, which have been
shown to reduce the risk of the composite endpoint of vascular
death, myocardial infarction, and stroke in patients with estab-
lished atherosclerotic vascular disease or high vascular risk.2% This
evidence has led the American Diabetes Association to recommend
adding a GLP-1 receptor agonist or an SGLT2 inhibitor to the first-
line treatment (metformin) in patients with established vascular
disease or high vascular risk.'* The Spanish Diabetes Society also
recommends adding thiazolidinediones,'® since pioglitazone has
also shown vascular benefits.

In the light of these advances, the Spanish Society of Neurol-
ogy’s Stroke Study Group has decided to update its guidelines on
stroke prevention and treatment,?' including a chapter on stroke
prevention in patients with DM2 or prediabetes. The first part of
this consensus document focuses on the effects of metabolic control
(decrease in HbA1c levels), whereas the second part analyses the
potential benefits of adding pioglitazone, SGLT2 inhibitors, or GLP-
1 receptor agonists to standard antidiabetic treatment in patients
with stroke and DM2 or prediabetes. The document does not analyse
the effects of other antidiabetic drugs including dipeptidyl pepti-
dase 4 inhibitors, which have failed to show overall vascular benefits
or a decrease in the risk of stroke in the clinical trials conducted to
date.20

Methods

We initially formulated patient, intervention, comparison, and out-
come questions (PICO strategy) to identify practical issues in the
management of patients with stroke that may enable us to issue spe-
cific recommendations. To evaluate the effects of tight glycaemic
control on the risk of stroke, we performed a systematic litera-
ture search on PubMed (conducted between 18 August 2019 and
1 October 2019) using the following search strategy: (((intensive
blood glucose control) OR glycated hemoglobin) AND randomized
trial) AND stroke AND diabetes; ((((Tiazolidinediones) OR glitazones)
OR pioglitazone) AND trial) AND stroke AND diabetes; (((((((Sglt2
Inhibitor) OR Empagliflozin) OR Canagliflozin) OR Dapagliflozin) AND
Diabetes) AND Trial) AND Stroke) AND Diabetes; ((((((((GLP-1 Ago-
nist) OR dulaglutide) OR albiglutide) OR semaglutide) OR liraglutide)

OR exenatide) OR lixisenatide) AND trial) AND stroke AND diabetes;
((((Prediabetes) OR Insulin Resistance) AND Antidiabetic Drug) AND
Stroke) AND Trial.

We subsequently reviewed the titles and abstracts of the arti-
cles identified in the literature search and selected those meeting
the following criteria: 1) reporting a randomised clinical trial, and 2)
including stroke as an independent variable (primary or secondary).
We excluded meta-analyses, non-systematic literature reviews,
clinical trials including populations other than patients with DM2 or
prediabetes, and clinical trials not including stroke as an outcome
variable. Fig. 1A and B summarise the article selection process;
meta-analyses were performed using version 5.3.5 of the Review
Manager 5 software (The Nordic Cochrane Centre, The Cochrane
Collaboration, 2014; Copenhagen, Denmark). The data included
in the meta-analyses were preferentially drawn from the primary
publication for each clinical trial; in some cases, supplementary
material or secondary publications were also consulted. Based on
the results of our meta-analyses, we drafted a series of recom-
mendations addressing each of the questions proposed, considering
the strength of recommendation as follows: class | (strong; benefit
clearly outweighs the risk), class lla (moderate; benefit outweighs
the risk), class llb (weak), and class Il (no benefit; benefit is equal
to the risk).22 To analyse the safety profile of each drug, we gath-
ered data on the main severe adverse reactions of each antidiabetic
drug family reported in the clinical trials; when these data were not
provided in the primary publication or its supplementary material,
we consulted the published meta-analyses. Evidence was classified
as level A (high-quality evidence from more than one randomised
trial, meta-analyses of high-quality clinical trials, or randomised
clinical trial data corroborated by high-quality registry studies),
level B (moderate-quality evidence, based on one or more ran-
domised clinical trials; one or more non-randomised, observational,
or high-quality registry studies; meta-analyses of moderate-quality
clinical trials; or meta-analyses of non-randomised studies), or level
C (limited evidence, with data from observational studies or reg-
istry studies presenting methodological limitations in design or
execution).?Z We made additional comments to contextualise the
recommendations. Tables 1 and 2 summarise the main characteris-
tics of the clinical trials included in the study.

Results

PICO 1: In patients with DM2, does good glycaemic
control (HbA1c < 7%) reduce the risk of ischaemic stroke
as compared to poor glycaemic control (HbA1c > 7%)?

We identified 3 randomised clinical trials whose main objective was
to evaluate the effect of tight glycaemic control on the risk of vascu-
lar events as compared to standard treatment. Glycaemic targets
(absolute or relative threshold HbA1c values) and the pharmaco-
logical and non-pharmacological strategies used differed between
trials.

In the ACCORD trial,?3~28 tight glycaemic control (target: HbA1c
< 6%) was associated with greater mortality as compared to stan-
dard glycaemic targets; this led to suspension of the trial after 3.5
years of follow-up. In the intensive glycaemic treatment group, 67
of 5128 patients (1.3%) presented non-fatal stroke during follow-up,
as compared to 61 cases among the 5123 patients (1.2%) included
in the standard glycaemic treatment group; the incidence of fatal
stroke was identical in both groups (0.2%) (Fig. 2). In the trial,
the primary outcome of efficacy was defined as presentation of
non-fatal myocardial infarction, non-fatal stroke, and/or vascular
death; no differences were observed between groups (HR=0.90;
95% Cl, 0.78-1.04; P= .16). Both the mortality rate and the inci-
dence of symptomatic hypoglycaemia were greater in the group
receiving intensive glycaemic treatment.
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Table 1  Main characteristics of the clinical trials evaluating the benefits of tight glycaemic control (target HbA1c level).

Clinical N Design Groups Inclusion criteria Mean age Sex HbA1c Primary efficacy Median
trial (years) (women) endpoint follow-up
time (years)
ACCORD 10 251 RCT Tight (HbA1c < 6%) DM2, HbA1c > 7.5%, 62 38% 8.1% Non-fatal MI, 3.5
vs standard age 40-79 years non-fatal stroke,
glycaemic control vascular death
(HbA1c 7.0%-7.9%)
ADVANCE 11 140 RCT Tight (HbA1c < DM2 (progression 66 42% 7.5% Vascular death, 5
6.5%) vs standard time > 30 years), age non-fatal MI,
glycaemic control > 55 years, non-fatal stroke,
micro/macrovascular development or
disease or > 1 VRF worsening of
nephropathy or
retinopathy
VADT 1791 RCT Tight (1.5% Poorly controlled DM2 60 29% 9.4% MI, stroke, 5.6

decrease in HbA1c
level) vs standard
glycaemic control

vascular death,
congestive heart
failure,
revascularisation
surgery,
inoperable
coronary artery
disease,
amputation due to
ischaemic
gangrene

DM2: type 2 diabetes mellitus; MI: myocardial infarction; RCT: randomised clinical trial; VRF: vascular risk factor.
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Table 2 Main characteristics of the included clinical trials evaluating the benefits of antidiabetic drugs for stroke prevention.

Clinical trial (year of N Patient profile History of Drug Follow-up
publication) atherosclerotic CVD or time (years)
stroke, n (%)
Thiazolidinediones (glitazones)
PROACTIVE (2005) 5238 DM2 and vascular disease 984 (18.7%) Daily oral pioglitazone 2.82
TIDE (2012) 1332 DM2 and vascular risk factors 49 (3.6%) Daily oral pioglitazone (n=392) 0.4
Daily oral rosiglitazone
(n=399)°
PROFIT-J (2014) 522 DM2 and high vascular risk No data Daily oral pioglitazone 1.8
J-SPIRIT 120 Ischaemic stroke or TIA and 100% Daily oral pioglitazone 2.8
prediabetes
IRIS (2016) 3876 Recent history of ischaemic 100% Daily oral pioglitazone 4.8
stroke or TIA and insulin
resistance
TOSCA.IT (2017) 3028 Poorly controlled DM2 under 41 (1%) Daily oral pioglitazone 4.7
treatment with metformin
PPAR Study (2018) 630 Mild DM2 (HbA1c < 6.5%) and 28 (4.4%) Daily oral pioglitazone 2
history of myocardial infarction
SGLT2 inhibitors
EMPA-REG OUTCOME 7020 DM2 and high vascular risk 1637 (23.3%) Daily oral empagliflozin 3.1
(2015)
CANVAS PROGRAM 10 142 DM2 and high vascular risk 1958 (19.3%) Daily oral canagliflozin 3.4
(2017)
DECLARE-TIMI 58 17 160 DM2 with established vascular 1301 (7.5%) Daily oral dapagliflozin 4.2
(2019) disease or high vascular risk
CREDENCE (2019) 4401 DM2 and chronic kidney disease 700 (15.9%) Daily oral canagliflozin 2.62

with albuminuria, treated with
renin-angiotensin system
inhibitors

€2€—60¢ (1207) 9¢ et3ojoinaN
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Table 2 (Continued)

Clinical trial (year of N Patient profile History of Drug Follow-up
publication) atherosclerotic CVD or time (years)
stroke, n (%)
GLP-1 receptor agonists
ELIXA (2015) 6068 DM2 and recent history of 331 (5.4%) Daily subcutaneous lixisenatide 2
ischaemic heart disease
SUSTAIN-6 (2016) 3297 DM2 with established vascular 491 (14.8) Weekly subcutaneous 2.1
disease or high vascular risk semaglutide
LEADER (2016) 9340 DM2 and high vascular risk 1507 (16.1%) Daily subcutaneous liraglutide 3.8
EXSCEL (2017) 14 752 DM2 with or without 2509 (17%) Weekly subcutaneous 3.2
established vascular disease exenatide
HARMONY (2018) 9462 DM2 and established vascular 1681 (17.7%) Weekly subcutaneous 1.5
disease albiglutide
REWIND 9901 DM2 with established vascular 687 (6.9%) Weekly subcutaneous 5.4
disease or high vascular risk dulaglutide
PIONEER 6 (2019) 3183 DM2 with established vascular 505 (15.9%) Daily oral semaglutide 1.3

disease or high vascular risk

CVD: cardiovascular disease; DM2: type 2 diabetes mellitus; TIA: transient ischaemic attack.

@ The results from 6- and 10-year post-hoc analyses have also been published.
b Qur meta-analysis did not include data from the rosiglitazone group.
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(A) Tight glycaemic control

PubMed
n=183

Excluded articles:

- Meta-analyses: 34

- Non-randomised

trials and reviews: 32

- Not analysing stroke: 12
- Intervention did not

(| focus on reducing
HbA1c level: 67

- Not including patients
with DM2: 10

- Study design did not
yield relevant results: 12

Included articles
n=15

(B) Antidiabetic drugs

1) Thiazolidinediones

PubMed
n=116

Excluded articles:

- Meta-analyses: 14

- Reviews: 49

- Not analysing stroke:
12

1 - Not clinical trials: 7

- Not including patients
with DM2: 10

- Not analysing
thiazolidinediones: 2
- Duplicate articles: 1

Included articles
n=21

3) GLP-1 receptor agonists

B) SGLT2 inhibitors

PubMed
n=285

Excluded articles:
-Meta-analyses: 11
-Reviews: 46
1 -Not analysing stroke: 5
-Not clinical trials: 8
-Study design did not
yield relevant results: 1

Included articles
n=14

4) Prediabetes

PubMed
n=284

Excluded articles:

- Not including patients
with DM2: 7

- Meta-analyses: 15

- Reviews: 31

[ - Study design did not

yield relevant results: 1
- Not analysing stroke:
11

- Not clinical trials: 4

Included articles
n=18

Figure 1
mellitus or prediabetes.

In the ADVANCE trial,'7:29=3" 214 of the 5571 (3.8%) patients
randomised to receive intensive glycaemic treatment (HbA1c tar-
get < 6.5%) presented non-fatal stroke during follow-up (median
of 5 years), compared to 209 of 5569 patients in the standard
glycaemic treatment group (3.8%) (Fig. 2). The primary outcome
of efficacy was defined as vascular death, non-fatal myocardial
infarction, non-fatal stroke, and/or occurrence or worsening of such
microvascular complications as nephropathy and retinopathy. Inten-
sive glycaemic treatment decreased the incidence of macrovascular
and microvascular disease in combination (HR=0.90; 95% Cl, 0.82-
0.98; P=.01) and microvascular disease alone (HR = 0.86; 95% Cl,
0.77-0.97; P=.01), especially due to its protective effects against
kidney damage (HR = 0.79; 95% Cl, 0.66-0.93; P= {.006). However,
no differences were observed in the incidence of macrovascular

Excluded articles:

- Meta-analyses: 9

- Reviews: 22

- Not clinical trials: 8

| | - Including patients with
DM: 8

- Not analysing antidia
betics: 7

- Not analysing stroke: 21

Included articles
n=9

Article selection process of our systematic review and meta-analysis of stroke prevention in patients with type 2 diabetes

disease alone or in mortality rates. Severe hypoglycaemia was
more frequent in the group receiving intensive glycaemic treat-
ment.

The VATD study also found no differences in the incidence
of stroke between patients receiving intensive glycaemic treat-
ment (1.5% reduction in HbA1c) and those receiving standard
treatment.'8:32-34 The primary outcome of efficacy was defined
as incidence of myocardial infarction, stroke, vascular death,
congestive heart failure, revascularisation surgery, peripheral vas-
culopathy, inoperable coronary artery disease, and/or amputation
due to ischaemic gangrene; no significant differences were observed
between groups (HR =0.88; 95% Cl, 0.74-1.05; P=.14). No significant
inter-group differences were observed in mortality or incidence
of microvascular disease, with the exception of progression of
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A) Non-fatal stroke

Intensive control Standard control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

ADVANCE, 2008 214 5571 209 5569 &B8.3% 1.02 [0.85, 1.23] 2008

ACCORD, 2008 67 5128 61 5123 19.9% 1.10 [0.78, 1.55] 2008 i 5

VADT, 2009 28 892 36 B899 11.7% 0.78 [0.48, 1.27] 2009 ]

Total (95% CI) 11591 11591 100.0% 1.01 [0.86, 1.18] k3

Total events 309 306

Heterogenelty: ChP = 1.29, df = 2 (P = 0.52); F = 0% bt o1 ) 100

Test for overall effect: Z = 0.13 (P = 0.80)

B) Fatal stroke

Intensive control Standard control

Risk Ratio

Favours intensive control Favours standard control

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
ACCORD, 2008 ) 5128 17 5123 73.4% 0.82[0.34,1.97] 2008

VADT, 2009 ] B92 4 B99 26.6% 1.51[0.43,5.34] 2009

Total (95% CI) 6020 6022 100.0% 1.00 [0.49, 2.05]

Total events 15 15

Heterogeneity: ChE = 0.61, df = 1 (P = 0.43); F = 0%
Test for overall effect: Z = 0.01 (P = 1.00)

C) Safety/adverse events

0.01 0.1 i 10 100
Favours intensive control Favours standard control

Intensive control Standard control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
ACCORD, 2008 830 5128 261 5123 70.6% 3.1B [2.78, 3.63] 2008 ]
ADVANCE, 2008 150 5571 81 5569 21.9% 1.85[1.42, 2.42] 2008 T
VADT, 2009 76 B892 28 899 7.5% 2.74[1.79,4.18] 2009 e
Total (95% CI) 11591 11591 100.0% 2.85 [2.54, 3.20] ¢
Total events 1056 370
Heterogenehty: ChE = 12.56, df = 2 (P = 0.002); F = B4X h o1 0:1 3 1:0 100=

Test for overall effect: Z = 17.96 (P < 0.00001)

Favours intensive control Favours standard control

Figure 2 Metabolic control for stroke prevention in patients with type 2 diabetes mellitus.

microalbuminuria, which was less marked in the intensive glycaemic
treatment group.

Recommendations

Tight glycaemic control is not recommended for stroke prevention
in patients with DM2 (class Ill recommendation, level of evidence
B).

Additional comments

In an open-label study including 10 years of follow-up of the
patients included in the UKPDS study, no significant differences
were observed in the risk of stroke between the group receiving
intensive glycaemic treatment (target fasting plasma glucose level
< 6mmol/L, or < 108 mg/dL) and those receiving non-intensive gly-
caemic treatment (6.3 vs 6.9 cases per 1000 patient-years; relative
risk [RR]=0.91; 95% CI, 0.73-1.13; P= .39).%5:3¢ Furthermore, in
the group of patients receiving intensive treatment, no significant
differences were identified in the risk of stroke between patients
treated and not treated with metformin (6.0 vs 6.8 cases per 1000
patient-years; RR=0.80; 95% Cl, 050-1.27; P=.35). However, the
intensive glycaemic treatment group did show a significant decrease
in the risk of vascular events associated with DM2, particularly in
the incidence of microvascular disease, myocardial infarction, or
death due to any cause. Therefore, for most patients with DM2,
an HbA1c level < 7% represents a reasonable target for reducing

the risk of microvascular events. More or less intensive glycaemic
control (HbA1c < 6.5% or > 8%) may be indicated on an individual
basis.

PICO 2: In patients with DM2 and history of stroke, does
good glycaemic control (HbA1c < 7%) reduce the risk of
stroke recurrence as compared to poor glycaemic
control (HbA1c > 7%)?

Our systematic review did not identify any clinical trials specifically
evaluating how the intensity of metabolic control affects patients
with stroke; we are therefore unable to issue specific recommen-
dations regarding the secondary prevention of stroke.

PICO 3: In patients with DM2, does adding antidiabetic
drugs with cardiovascular benefits to standard
antidiabetic treatment reduce the risk of stroke as
compared to administering standard antidiabetic
treatment alone?

Thiazolidinediones

Of the 7 clinical trials included among the 21 articles identified
in our systematic search, 4 evaluated the effects of pioglitazone
(PROactive,3”~* PROFIT-J,*8 TOSCA.IT,**~>" and PPAR%?), 2 evalu-
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A) Fatal or non-fatal stroke

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
PROACTIVE, 2005 B2 2605 100 2633 97.1% 0.83 [0.62, 1.10] 2005
PPAR Stwdy, 2018 1 313 3 311 29% 0.33[0.03,3.17] 2018
Total (95% CI) 2918 2944 100.0% 0.81 [0.61, 1.08]
Total events 83 103

Heterogeneity: Chi = 0.62, df = 1 (P = 0.43); F = 0X
Test for overall effect: Z = 1.42 (P = (.16}

B) Non-fatal stroke

0.01 01 i 10 100
A favor de pioglitazona A favor del control

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
TIDE, 2012 z 392 2 541 6.5% 1.38[0.20,9.76] 2012
PROFIT-), 2014 3 234 4 247 15.1% 0.79[0.18, 3.50] 2014
TOSCA.IT, 2017 16 1535 20 1493 78.4X 0.78 [0.40, 1.50] 2017
Total (95% CI) 2161 2281 100.0% 0.82 [0.46, 1.45]
Total events 21 26

Heterogenehty: Chi = 0.30, df = 2 (P = 0.86); F = 0X
Test for overall effect: Z = 0.69 (P = (.49)

C) Stroke recurrence

o1 01 i 10 100

Favours pioglitazone Favours control

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
PROACTIVE, 2005 27 4B&é 51 498 100.0% 0.54 [0.35, 0.85]
Total (95% CI) 486 498 100.0% 0.54 [0.35, 0.85] <l
Total events 27 51
Heterogenchy: Not applicable 0.01 01 i 10 100

Test for overall effect: Z = 2.67 (P = 0.008)

D) Safety/adverse events

Heart failure

Favours pioglitazone Favours control

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
PROACTIVE, 2005 281 2605 198 2633 OB.6X 1.43[1.21,1.71] 2005
TIDE, 2012 2z 392 1 541 0.4x% 2.76 [0.25, 30.33] 2012
PPAR Stwdy, 2018 7 313 2 311 1.0% 3.48[0.73, 16.61] 2018 1
Total (95% CI) 3310 3485 100.0% 1.46 [1.23, 1.73] L 2
Total events 290 201
Heterogenehty: ChE = 1.49, df = 2 (P = 0.47); F = 0X d 01 0%1 i 11‘0 106

Test for overall effect: Z = 4.32 (P < 0.0001)

Bladder cancer

Favours pioglitazone Favours control

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
PROACTIVE, 2005 14 2605 6 2633 922X 2.36[0.91,6.13] 2005 1
PPAR Stwdy, 2018 1 313 0 311 7.8% 2.98[0.12, 72.89] 2018
Total (95% CI) 2918 2944 100.0% 2.41 [0.96, 6.01] e
Total events 15 -]
Heterogenehty: Chi? = 0.02, df = 1 (P = 0.89); F = 0X Ib.Ol 0_51 i l‘b 100:

Test for overall effect: Z = 1.88 (P = 0.06)

Favours pioglitazone Favours control

Figure 3  Thiazolidinediones for stroke prevention in patients with type 2 diabetes mellitus.

ated rosiglitazone (RECORD>3->* and BARI 2D%:5¢), and one (TIDE*’)
included a control group and 2 active treatment arms (pioglitazone
and rosiglitazone), but had to be prematurely terminated at 162
days due to regulatory issues. As rosiglitazone has been withdrawn
from the market due to safety concerns, we excluded the RECORD

and BARI 2D trials from our meta-analyses, and only gathered data
on pioglitazone from the TIDE trial. As shown in Fig. 3, pioglitazone
was associated with a non-significant decrease in the RR of stroke
(fatal or non-fatal) and non-fatal stroke. The main adverse effect
of the drug was heart failure.
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SGLT2 inhibitors

We identified 4 randomised, double-blind, placebo-controlled clini-
cal trials evaluating the efficacy and safety of SGLT2 in patients with
DM2 and including stroke as a secondary outcome: EMPA-REG OUT-
COME (oral empagliflozin),?®~2 CANVAS (oral canagliflozin),3-%¢
CREDENCE (oral canagliflozin),®”-%® and DECLARE-TIMI 58 (oral
dapagliflozin),®®~7" including a total of 38 723 patients, 5596 of
whom had history of stroke or atherosclerotic cerebrovascular dis-
ease (Table 1). The VERTIS-CV trial’? evaluates the safety and
efficacy of ertugliflozin. At the time of writing, only the design
and baseline patient characteristics have been published; this trial
has therefore been excluded from our meta-analysis. Treatment
with SGLT2 inhibitors was not associated with a decrease in the RR
of fatal stroke, non-fatal stroke, or fatal or non-fatal stroke. The
safety analysis revealed significant decreases in the rate of hospi-
talisations due to heart failure and in the incidence of acute kidney
failure or progression of diabetic kidney disease, and an increase
in the incidence of amputation associated with use of canagliflozin
(CANVAS’3) and of genital infections (Fig. 4).

GLP-1 receptor agonists

To date, 7 randomised clinical trials have assessed the efficacy
of GLP-1 receptor agonists for stroke prevention in patients with
DM2 and established vascular disease or high vascular risk: ELIXA
(daily oral lixisenatide),’# 76 SUSTAIN 6 (weekly subcutaneous
semaglutide),’”-78 LEADER (daily subcutaneous liraglutide),”®82
EXSCEL (weekly subcutaneous exenatide),?3-8> HARMONY (weekly
subcutaneous albiglutide),?¢:87 REWIND (weekly subcutaneous
dulaglutide),38-8 and PIONEER 6 (daily oral semaglutide)’®°'; these
trials include a total of 56 004 patients. Of these, 7711 (13.7%)
presented history of cerebrovascular disease or stroke (Table 1).
Treatment with GLP-1 receptor agonists was associated with a 14%
decrease in the RR of fatal or non-fatal stroke (RR=0.86; 95%
Cl, 0.78-0.95) and a 15% decrease in the RR of non-fatal stroke
(RR=0.85; 95% Cl, 0.77-0.94), and no significant difference in the
RR of fatal stroke (RR=0.82; 95% Cl, 0.62-1.08). The safety analysis
found no significant increases in the risk of pancreatitis or diabetic
retinopathy, with the added benefit of a decrease in the risk of acute
kidney failure or worsening of kidney function (Fig. 5).

Recommendations

In patients with DM2 and established vascular disease or high vascu-
lar risk, we recommend adding GLP-1 receptor agonists to standard
antidiabetic treatment for fatal and non-fatal stroke prevention
(class | recommendation, level of evidence B).

In patients with DM2 and established vascular disease or high
vascular risk, adding pioglitazone or SGLT2 inhibitors to standard
antidiabetic treatment is not recommended for stroke prevention
(class lll recommendation, level of evidence B).

Additional comments

Although a non-significant trend toward a decrease in stroke (fatal
or non-fatal) and in non-fatal stroke was observed in the meta-
analysis of the 5 clinical trials of plioglitazone, the 6- and 10-year
follow-up of the PROactive trial revealed no difference in the long-
term risk of stroke.3%4’

PICO 4: In patients with DM2 and history of stroke, does
adding antidiabetic drugs with cardiovascular benefits to
standard antidiabetic treatment reduce the risk of
stroke recurrence as compared to administering
standard antidiabetic treatment alone?

Thiazolidinediones
No clinical trial has evaluated the effects of thiazolidinediones for
the secondary prevention of stroke in patients with DM2. The PROac-

tive trial is the only clinical trial of pioglitazone for which a post-hoc
analysis has been published assessing the prevention of stroke recur-
rence in the subgroup of patients with history of stroke; the analysis
identified a 46% decrease in the risk of recurrent stroke (Fig. 3).%

SGLT2 inhibitors

To date, no clinical trials have studied the use of SGLT2 inhibitors for
the secondary prevention of stroke. The EMPA-REG OUTCOME trial
(Fig. 4) and the CANVAS programme have published data on the risk
of stroke in patients with history of cerebrovascular disease.®!%4
Neither study found SGLT2 inhibitors to have a significant effect
on stroke recurrence. The CANVAS programme expresses data in
patient-years and does not provide the number of patients with
recurrent stroke per study group; this study was therefore not
included in our meta-analysis. In any case, the drug was found to
have no significant effect on the risk of recurrent stroke (HR=0.88;
95% Cl, 0.61-1.26).%* A post-hoc analysis of the CREDENCE trial,
studying the effects of canagliflozin for the primary and secondary
prevention of established vascular disease (history of myocardial
infarction or stroke) provides no specific data on stroke recurrence
in patients with history of stroke.®® The DECLARE-TIMI 58 trial has
not yet provided any data on the effects of dapagliflozin on stroke
recurrence.

GLP-1 receptor agonists

No clinical trial has analysed the effects of GLP-1 receptor agonists
for secondary stroke prevention; however, post-hoc analyses of the
LEADER and SUSTAIN 6 trials evaluated the effects of liraglutide
and semaglutide in the subgroup of patients with history of stroke
or myocardial infarction’®-82 and found no significant decreases in
the risk of non-fatal stroke, except for liraglutide in patients with
glomerular filtration rates < 60 mL/min/1.73 m2.8" The LEADER trial
also published a post-hoc analysis of patients with DM2 and polyvas-
cular disease (defined as atherosclerosis involving 2 or more of the
following vascular territories: coronary arteries, cerebral arteries,
or peripheral arteries), and found no significant differences in the
risk of non-fatal stroke between the liraglutide and the placebo
groups.”? This study was not included in our meta-analysis of recur-
rent stroke prevention since it does not provide specific data for the
subgroup of patients with history of stroke. To date, no secondary
analyses have been conducted to study the effects of dulaglutide,
exenatide, lixisenatide, albiglutide, or oral semaglutide for recur-
rent stroke prevention.

Recommendations

In patients with DM2 and history of stroke, pioglitazone may be
added to standard antidiabetic treatment to prevent stroke recur-
rence (class lIlb recommendation, level of evidence B).

The available evidence is insufficient to recommend adding
SGLT2 inhibitors or GLP-1 receptor agonists to standard antidiabetic
treatment in patients with DM2 and history of stroke to prevent
stroke recurrence.

Additional comments

The risk of heart failure should be assessed in patients with DM2
and history of stroke who are eligible for treatment with pioglita-
zone. Furthermore, randomised clinical trials evaluating the global
vascular benefits of antidiabetic drugs, including a total of 7711
patients with history of cerebrovascular disease or stroke (13.7%
of the total population included in these studies) have shown that
GLP-1 receptor agonists significantly decrease the risk of stroke;
it therefore seems reasonable to add GLP-1 receptor agonists to
standard antidiabetic treatment in patients with DM2 and history of
stroke.
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A) Fatal or non-fatal stroke

SGLT2i Control Risk Ratio Risk Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 164 4687 69 2333 22.8% 1.18[0.90, 1.56) 2015
DECLARE-TIMI 58, 2019 235 8582 231 8578 57.3% 1.02[0.85,1.22] 2019
CREDENCE, 2019 62 2202 B0 2199 19.9% 0.77 [0.56,1.07] 2019
Total (95% CI) 15471 13110 100.0% 1.01 [0.88, 1.15]
Total events 380
Heterogenelty: ChH* = 3.81, df-l(’ 0.15); F = 48X 001 160
Test for overal effect: 2 = 0.09 (P = 0.92) s SGLT2| Favours control
B) Non-fatal stroke
SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Welgm M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 150 4687 60 2333 28.7% 1.24 [0.93,1.67] 2015
CANVAS PROGRAM, 2017 158 5785 116 4347 47.6% 1.02[0.81,1.28] 2017
CREDENCE, 2019 53 2202 66 2199 23.7% 0.80 [0.56, 1.15] 2019
Total (95% CI) 12684 8879 100.0% 1.03 [0.88, 1.22]
Total events 361 242
Heterogeneity: Chi* = 3.47, df = 2 (P = 0.18); F = 42X v01 100
Test for overall effect: Z = 0.40 (P = 0.69) Favours SGLT2| Favours control
C) Fatal stroke
SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 14 4687 9 2333 46.2% 0.77[0.34,1.79] 2015 ——
CREDENCE, 2019 9 2202 14 2199 53.8% 0.64 [0.28, 1.48]) 2018 —
Total (95% CI) 6889 4532 100.0% 0.70 0.39, 1.27] B
Total events. e L 23
Heterogeneity: =0.10, df =1 (P 0.76); P = 0% 'bl)l 0:1 1=° 100
Test for overall effect: Z = 1.17 (P = 0.24) Favours SGLT2i Favours control

D) Stroke recurrence

SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME, 2015 68 1084 25 553 100.0% 1.39 [0.83, 2.17] 2015
Total (95% C) 1084 553 100.0% 1.39 [0.89, 2.17]
Total events 68 25
Hewroge:wky: Hot applcatie 601 o1 i 0 100
Test for overall effect: Z = 1.4 (P = 0.15) Favours SGLT2i Favours control

E) Safety/adverse events
Heart failure requiring hospitalisation

SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 126 4687 95 2333 184X 0.66 [0.51,0.86] 2015 S
CANVAS PROGRAM, 2017 123 5795 120 4347 198X 0.77 [0.60,0.99] 2017 -
CREDENCE, 2019 89 2202 141 2199 204X 0.63 [0.49,0.82] 2018 L
DECLARE-TIMI 58, 2019 212 8582 286 8578 414X 0.74 [0.62,0.88] 2019 -
Total (95% CI) 21266 17457 100.0% 0.71 (063, 0.79] L]
. Chet P -
Heterogenety: ChF = 1.73, df = 3 (P 0.63); F' = 0% oot 01 o 100
Test for overall effect: Z = 5.97 (P < 0.00001)} Favours SGLT2i Favours control
H *
Amputation
SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl _Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 91 4687 37 2333 17.9% 1.22[0.84,1.79] 2015 T
CANVAS PROGRAM, 2017 104 5795 44 4347 18.2%  1.77 [1.25,2.52] 2017 —
CREDENCE, 2019 70 2200 63 2197 22.9% 1.11[0.79, 1.55] 2019 -
DECLARE-TIMI 58, 2019 123 8574 113 8569 41.0%  1.09 [0.84, 1.40] 2019 -
Total (95% CI) 21256 17446 100.0% 1.24 [1.06, 1.46] *
Total events 257
Heterogenetty: Chi* = 5.46, df = 3('-0 14); P = 45% bo1 o1 10 100
Test for overall effect: Z = 2.68 (P = 0.007) Favours SGLT2i Favours control
. P . 5
Genital infections
SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% C!
EMPA-REG OUTCOME, 2015 301 4687 42 2333 71.8% 3.57 [2.59.4.91]1 2015
DECLARE-TIMI 58, 2019 76 8574 9 8569 11.5% 8. .83] 2019 ———
CREDENCE, 2019 50 2200 13 2197 16.7% 2018 ——
Total (95% CI) 15461 13099 100.0% 4.17 3.22,541) L 3
Total events 427
Heterogenehty: Chi* = 5.00, df = 2 (P = 0.08); F = 60! oot o1 10 100
Test for overall effect: Z = 10.62 (P < 0.00001) Favours SGLT2i Favours control
i s & i i . s *%
Acute kidney failure or worsening of diabetic kidney disease
SGLT2i Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
EMPA-REG OUTCOME, 2015 246 4687 155 2333 19.6% 6 -
CANVAS PROGRAM, 2017 124 5795 125 4347 136X -
DECLARE-TIMI 58, 2019 370 8582 480 8578 455% 0. 201 L
CREDENCE, 2019 153 2202 224 2199 213% 068 n 5‘ 0.83] 2019 -
Total (95% C) 21266 17457 100.0% 0.75 [0.69, 0.82] ‘
Total events 893 984
Heterogenehy: Chi* = 1.33, df = 3 (P = 0.72); F = 0% o1 o1 1 100
Test for overall effect: Z = 6.27 (P < 0.00001) Favours SGLT2i A favor del control

Figure 4 SGLT2 inhibitors for stroke prevention in patients with type 2 diabetes mellitus.

*Data on the number of amputations in the CANVAS programme and the EMPA-REG OUTCOME trial were gathered from the meta-
analysis conducted by Dicembrini et al.”®> The analysis of genital infections does not include data from the CANVAS programme since
that study expressed data as number of cases per 1000 patient-years; however, this study also reported a significant increase in the
incidence of genital infections.

**Diagnostic criteria varied between trials.
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A) Fatal or non-fatal stroke

GLP-1 agonists  Control Risk Ratio Risk Ratio
Study orSubgroup  Events  Total Events Total Weight M-H, Fixed, 95%Cl Year M-H, Fixed, 95% CI
ELXA, 2015 67 3034 60 3034 74X 1.12[0.79,1.58] 2015
LEADER, 2016 173 4668 189 4672 24.7%  0.87 [0.71,1.06] 2016
EXSCEL, 2017 187 7356 218 7396 27.0% 0.86 [0.71,1.05] 2017
HARMONY, 2016 94 4731 108 4732 13.4X  0.87[0.66, 1.14] 2018
REWIND, 2019 158 4949 205 4952 254X 0.77[0.63,0.95] 2019
PIONEER 6, 2018 13 1591 17 1582 21X 0.77 [0.37,1.57] 2018
Total (95% CI) 26329 26378 100.0% 0.86 [0.78, 0.95] ]
Total events 692
Heterogenehy: Ch? = 3.43, df-S(P-OGS).l‘ 00X 15
0.01 0.1 1 10 100
Test for overall effect: Z = 2.98 (P = 0.003) Favours GLP-1 agonists Favours control
B) Non-fatal stroke
GLP-1 agonists Control Risk Ratio Risk Ratio
Study or Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
ELIXA, 2015 54 3034 49 3034 66X 1.10[0.75,1.62] 2015 = 1
LEADER, 2016 159 4668 177 4672 23.8%  0.50[0.73,1.11] 2016 -
SUSTAIN-6, 2016 27 1648 44 1649  5.9% 0.61[0.38,0.99] 2016 =
EXSCEL, 2017 169 7356 193 7396 25.9% 0.88[0.72,1.08] 2017 -
HARMONY, 2018 76 4731 91 4732 12.2% 0.84 [0.62,1.13] 2018 i
PIONEER §, 2019 12 1591 16 1592 21X  0.75[0.36, 1.58] 2018 St
REWIND, 2019 135 4949 175 4852 23.5%  0.77 [0.62, 0.96] 2018 -
Total (95% CI) 27977 28027 100.0% 0.85 (0.77,0.94) 4
Toml events 632
Heterogenehy: Ch = 4.81, df = 6 (P = 0.57); !‘ 0x o1 10 100
Testfor overall effect: 2 = 3.05 (2 = 0.002) Favours GLP ‘1 agonists  Favours control
C) Fatal stroke
GLP-1 agonists Control Risk Ratlo Risk Ratio
Study or Subgroup __ Events _ Total Events Total Welght M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
ELXA, 2015 13 3034 11 3034 9.8% 1,18 (0.53,2.63] 2015 o |-
LEADER, 2016 16 4668 25 4672 22.3%  0.64 [0.34,1.20] 2016 —
EXSCEL, 2017 18 7356 25 7396 223X  0.72(0.40,1.33] 2017 —=
HARMONY, 2018 18 4731 17 4732 15.2% 1,06 0,55, 2.05] 2018 =
PIONEER §, 2019 1 1591 1 1592  0.9% 1.00[0.06, 15.98] 2019
REWIND, 2018 26 4948 33 4952 295X  0.79(0.47,1.32] 2018 —r
Total (95% CI) 26329 26378 100.0% 0.82 (0.62, 1.08) L
Total events 92
Heterogenehy: Che = 2.18, df = 5 (P = - 0807 ~ox 5ot 75 160
Test for overall effect: Z = 1.33 (P = 0.16) Favours GLP-1 agonists Favours control
D) Safety/adverse events
Acute pancreatitis
GLP-1 agonists Control Risk Ratlo Risk Ratio
Study or Subgroup Events Total Events Total Welght M-H, Fixed, 95%Cl Year M-H, Fixed, 95% CI
ELIXA, 2015 S 3031 B8 3032 9.1% 0.63[0.20,1.91] 2015 =
SUSTAIN-6, 2016 9 1648 12 1643 13.6% 0.75[0.32,1.78] 2016 ==
LEADER, 2016 18 4668 23 4672 26.1% 0.78 [0.42,1.45) 2016 —ie
EXSCEL, 2017 26 7344 22 7372 25.0% 1.19[0.67,2.09] 2017 —t—
HARMONY, 2018 10 4717 7 4715 B.0%  1.43[0.54,3.75] 2018 -1
REWIND, 2019 23 4949 13 4952 14.8% 1.77 [0.90, 3.49] 2019 I
PIONEER 6, 2018 1 1581 3 1582 3.4% 0.33[0.03,3.20] 2018 —
Total (95% CI) 27948 27984 100.0% 1.05 [0.78, 1.40) L 4
Total events 92
Heterogenehy: Chi* = 6.11, df = 6 (P = 0.41); R‘ -2 o1
Test for overall effect: Z = 0.31 (P = 0.76) Favours GLP-1 agonists Favours control
Ocular adverse reactions/retinopathy
GLP-1 agonists Control Risk Ratlo Risk Ratlo
Study or Sul Events  Total Events Total Welght M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
ELIXA, 2015 9 3031 13 3032 3.2%  0.69 [0.30, 1.62] 2015 ==
LEADER, 2016 106 4688 92 4672 23.0X 1.15(0.87,1.51] 2016 ¥
SUSTAIN-6, 2016 50 1648 29 1649 7.2%  1.73[1.10,2.71] 2016 —
HARMONY, 2018 78 4717 89 4715 22.2%  0.86 [0.65.1.18] 2018 -
REWIND, 2019 95 4949 76 4952 19.0X  1.25(0.93, 1.69] 2018 [~
PIONEER 6, 2019 113 1591 101 1592 25.2X  1.12[0.86, 1.45] 20189 o
Total (95% CI) 20624 20612 100.0% 1.13 [0.99, 1.29]
Total events 51 400
Heterogenchy: Chit = 7.84, df-so 0.17); B = 36X 4 o0

0.01 0.1
Test for overall effect: Z = 1.77 (P = 0.08} Favours GLP-1 agonists Favours control

Acute kidney failure or worsening of renal function
Risk Ratio

GLP-1 agonists Control Risk Ratio

Study or '] Events Total Events Total Welght M-H, Fixed, 95% CI M-H, Fixed, 95% CI

HARMONY, 2018 278 4717 319 4715 18.1X  0.87 [0.75,1.02]

LEADER, 2016 268 4668 337 4672 19.1X  0.80 [0.68, 0.93) -

PIONEER 6, 2019 32 1591 37 1592 21X  0.87[0.54,1.38]

REWIND, 2019 B48 4849 970 4952 55.0%  0.87 [0.80, 0.95]

SUSTAIN-6, 2016 62 1648 100 1649 5.7% 0.62 [0.46, 0.85] =

Total (95% CI) 17573 17580 100.0% 0.84 [0.79, 0.90] ]

Total events 1488 1763

Heterogenehy: Chit = 5.26, df = 4 (P = 0.26); I = 24% o1 100

Test for overall effect: Z = 5.13 (P < 0.00001) Favours ?e)l(peﬂmemﬂiFavours clo?wtrol

Figure 5 GLP-1 receptor agonists for stroke prevention in patients with type 2 diabetes mellitus.
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A) Thiazolidinediones

Pioglitazone Control

Study or Subgroup

Risk Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI

Risk Ratio
M-H, Fixed, 95% CI

PROACTIVE, 2005 63 486 B8 498 100.0% 0.73 [0.54, 0.99]
Total (95% CI) 486 498 100.0% 0.73 [0.54, 0.99] E-3
Total events 63 1]
Heterogeneny: Not applicable bor o1 i 1o 100
Test for overall effect: Z = 2.04 (P = 0.04) Favours pioglitazone Favours control
B) SGLT2 inhibitors
SGLT2i Control Risk Ratio Risk Ratio

Study or Subgroup

Events Total Events Total Weight M-H, Fixed, 95% Cl Year

M-H, Fixed, 95% CI

EMPA-REG OUTCOME, 2015 65 &35 29 325 100.0% 1.15[0.7§, 1.74] 2015

Total (95% CI) 635 325 100.0% 1.15 [0.76, 1.74])

Total events 65 29

Heterogeneity: Not applicable ‘h t y J
.01 0.1 i 10 100

Test for overall effect: Z = 0.65 (P = 0.52) Favous SGLT2i Favours control

C) GLP-1 receptor agonists
GLP-1 agonists Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

HARMONY, 2018 100 1171 124 1171 100.0% 0.81[0.63, 1.04] 2018

Total (95% CI) 1171 1171 100.0% 0.81 [0.63, 1.04)

Total events 100 124

Heterogenelty: Not applicable
Test for overall effect: Z = 1.68 (P = 0.09)

Figure 6
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Effect of antidiabetics in reducing global vascular risk (vascular death, non-fatal myocardial infarction, or non-fatal

stroke) in patients with type 2 diabetes mellitus and history of stroke.

PICO 5: In patients with DM2 and history of stroke, does
adding antidiabetic drugs with cardiovascular benefits to
standard antidiabetic treatment reduce the overall risk
of vascular complications as compared to administering
standard antidiabetic treatment alone?

Thiazolidinediones

The PROactive trial is the only clinical trial of pioglitazone that
has published data on the effects of the drug in the subgroup of
patients with history of stroke,*’ reporting a 27% decrease in the
RR of vascular death, non-fatal myocardial infarction, and non-fatal
stroke (Fig. 6).

SGLT2 inhibitors

In the EMPA-REG OUTCOME trial, empagliflozin did not provide
significant benefits in the prevention of vascular death, non-
fatal myocardial infarction, or non-fatal stroke in the subgroup
of patients with history of cerebrovascular disease.>® A secondary
publication of the CANVAS programme, analysing the effects of
canagliflozin in patients with history of cerebrovascular disease,
observed no benefit on the composite endpoint of vascular death,
non-fatal myocardial infarction, and non-fatal stroke (HR=0.96;
95% Cl, 0.75-1.23).%* This trial was not included in our meta-analysis
since raw numerical data are not provided. The CREDENCE and
DECLARE TIMI 58 trials have not reported specific data on the effects
of canagliflozin and dapagliflozin, respectively, on the overall risk
of vascular events in patients with history of stroke.

GLP-1 receptor agonists

The HARMONY trial®’ is the only clinical trial providing data on the
analysis of global vascular benefit (decrease in the risk of vascular
death, non-fatal myocardial infarction, and non-fatal stroke) in the
subgroup of patients with history of stroke, showing a trend toward
a decrease in the risk of the composite endpoint (Fig. 6).

Post-hoc analyses of the LEADER, SUSTAIN 6, and REWIND trials
have evaluated the effect of GLP-1 receptor agonists liraglutide,
semaglutide, and dulaglutide in the subgroup of patients with
history of stroke or myocardial infarction.’®82.8% Both liraglutide
(HR=0.85; 95% Cl, 0.73-0.99)%2 and dulaglutide (HR=0.79; 95% Cl,
0.66-0.96)% were found to significantly reduce the risk of vascu-
lar death, non-fatal myocardial infarction, and non-fatal stroke in
patients with history of stroke or myocardial infarction.

Recommendations

In patients with DM2 and history of stroke, pioglitazone may
be added to standard antidiabetic treatment to prevent vascular
death, myocardial infarction, or stroke (class Ila recommendation,
level of evidence B).

In patients with DM2 and history of stroke, GLP-1 receptor ago-
nists may be added to standard antidiabetic treatment to prevent
vascular death, myocardial infarction, or stroke (class llb recom-
mendation, level of evidence B).

In patients with DM2 and history of stroke, we do not recommend
adding SGLT2 inhibitors to standard antidiabetic treatment for the
prevention of vascular death, myocardial infarction, or stroke (class
IIl recommendation, level of evidence B).

Additional comments

Randomised clinical trials evaluating the global vascular benefits of
antidiabetic drugs, including a total of 7711 patients with history
of cerebrovascular disease or stroke (13.7% of the total popula-
tion included in these studies), have shown that GLP-1 receptor
agonists significantly decrease the risk of vascular death, non-fatal
myocardial infarction, and non-fatal stroke. Furthermore, post-hoc
analyses of the HARMONY, LEADER, and REWIND trials report a global
vascular benefit in patients with history of stroke or myocardial
infarction. It therefore seems reasonable to add GLP-1 receptor
agonists to standard antidiabetic treatment in patients with DM2
and history of stroke.
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A) Ischaemic or haemorrhagic stroke; fatal or non-fatal

Pioglitazone Control Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
J-SPIRIT, 2015 42 63 7 57 4.6% 0.52[0.16, 1.67] 2015
IR, 2016 127 1939 154 1937 954X 0.82 [0.66, 1.03] 2016
Total (95% CI) 2002 1994 100.0% 0.81 [0.65, 1.01]
Total events 131 161

Heterogenelty: ChE = 0.58, df = 1 (P = 0.45); F = 0%
Test for overall effect: Z = 1.86 (P = 0.06)

B) Fatal or non-fatal ischaemic stroke

Pioglitazone Control

Risk Ratio

oot o1 i 10 100

Favours pioglitazone Favours control

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
J=SPIRIT, 2015 3 63 L] 57 4.3% 0.45[0.12,1.73] 2015

IR, 2016 112 1939 140 1937 95.7% 0.80 [0.63, 1.02] 2016

Total (95% CI) 2002 1994 100.0% 0.78 [0.62, 0.99]

Total events 115 146
Heterogenelty: Ch = 0.67, df = 1 (P = 0.41); F = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

C) Safety/adverse events

bo1 o1 i 1o 100

Favours pioglitazone Favours control

Heart failure resulting in hospitalisation or death

Pioglitazone Control

Risk Ratio

Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% ClI Year M-H, Fixed, 95% CI
IRSS, 2016 51 1938 42 1937 100.0% 1.21[0.81, 1.82] 2016

Total (95% CI) 1939 1937 100.0% 1.21 [0.81, 1.82]

Total events 51 42

Heterogenelty: Not applicable
Test for overall effect: Z = 0.94 (P = 0.35)

bo1 01 i 10 100

Favours pioglitazone Favours control

Bone fractures requiring hospitalisation or surgery

Pioglitazona Control

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

IRES, 2016 99 1939 62 1937 100.0% 1.60[1.17, 2.18]

Total (95% CI) 1939 1937 100.0%  1.60[1.17,2.18] &

Total events 99 62

Heterogeneity: Not applicable h o1 o‘1 li) {
f I 100

Test for overall effect: Z = 2.94 (P = 0.003) Favours pioglitazone  Favours control

Oedema
Pioglitazone Control Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI

IRIS, 2016 691 1933 483 1937 100.0% 1.43 [1.30, 1.58] 2016

Total (95% CI) 1939 1937 100.0% 1.43 [1.30, 1.58] [

Total events 691 483

Heterogenehy: Not applicable bo1 o1 16 100

Test for overall effect Z = 7.16 (P < 0.00001)

Favours pioglitazone Favours control

Figure 7 Antidiabetics in patients with prediabetes or insulin resistance and history of stroke.

PICO 6: In patients with history of stroke and insulin
resistance or prediabetes, do antidiabetic drugs with
global vascular benefit reduce the risk of stroke
recurrence as compared to placebo?

We identified 2 clinical trials including patients with history of
stroke and insulin resistance or prediabetes and analysing whether
treatment with an antidiabetic drug modifies the risk of stroke
recurrence: the J-SPIRIT?> and IRIS trials.’*~% Both trials anal-
ysed the effects of pioglitazone; to date, no clinical trials have
assessed the use of other antidiabetic drugs for secondary stroke
prevention in patients with prediabetes or insulin resistance. The
criteria used for defining insulin resistance differed between trials.
In the J-SPIRIT trial, the definition was based on the results of an
oral glucose tolerance test, whereas the IRIS trial evaluated insulin
resistance using the homeostasis model assessment (HOMA-IR). The
open-label J-SPIRIT trial failed to reach the pre-established sample
size; with only 120 participants, it did not achieve the necessary

statistical power to provide definitive conclusions.?> The IRIS trial
included 3876 patients; the primary outcome was fatal or non-fatal
stroke or myocardial infarction, and stroke recurrence was stud-
ied as a secondary outcome.’® The meta-analysis of the results of
both trials shows a non-significant decrease in the RR of ischaemic
or haemorrhagic stroke in this population; nevertheless, when the
analysis only considered recurrence of ischaemic stroke, pioglita-
zone did significantly reduce the RR to 22%. Regarding safety, a
significant increase was observed in the risk of oedema and bone
fractures requiring surgery or hospitalisation, whereas no signifi-
cant differences were observed in the risk of heart failure resulting
in hospitalisation or death (Fig. 7).

Recommendations

In patients with prediabetes or insulin resistance and history
of stroke, pioglitazone may be added to standard antidiabetic
treatment to prevent recurrence of ischaemic stroke (class Ilb rec-
ommendation, level of evidence B).
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In patients with prediabetes or insulin resistance and history
of stroke, the available evidence is insufficient to recommend the
administration of SLGT2 inhibitors or GLP-1 receptor agonists due
to a lack of clinical trials in this population.

Additional comments

Our meta-analysis only included data from the original publication
of the IRIS trial. However, a secondary analysis applied different cri-
teria for identifying cases of stroke, and also included all patients
with neurological symptoms of less than 24 hours’ progression but
presenting lesions on neuroimaging studies; this resulted in an addi-
tional 48 cases of ischaemic stroke (14 in the pioglitazone group and
34in the control group). An updated analysis with these data showed
that the drug was associated with a significant decrease of 25% for
the RR of stroke of any cause and 28% for ischaemic stroke, but
had no effect on the risk of haemorrhagic stroke.’® As an additional
benefit in patients with insulin resistance or prediabetes and history
of stroke, pioglitazone has been found to reduce the RR of develop-
ing DM2 at 5 years by 53%.%7 The IRIS trial also analysed the effect
of pioglitazone on the risk of cognitive impairment, reporting no
impact on cognitive function at 5 years.’® A secondary publication
of the IRIS trial reported a RR of 47% for bone fractures attributable
to pioglitazone use, with an absolute risk of 1.6 at 5 years; patients
starting treatment with pioglitazone should be advised about this
adverse effect to prevent falls, and should undergo screening and
treatment for osteoporosis.®®

Discussion

In this systematic review and meta-analysis, we posed a series of
questions that we deemed relevant for guiding stroke prevention
strategies in patients with DM2 or prediabetes. Firstly, we evaluated
the available evidence on the effect of tight glycaemic control on
stroke prevention. Secondly, we analysed the available data on the
use of antidiabetic drugs for reducing the risk of stroke.

Both the target values for intensive glycaemic treatment
(decreasing HbA1c levels below an absolute or relative threshold)
and the strategies used differed between the 3 trials evaluating the
effect of glycaemic control. This complicated the task of establish-
ing recommendations based on a single HbA1c threshold; therefore,
our meta-analysis classified patients according to whether they
were assigned to receive intensive or standard glycaemic treat-
ment. According to the results of each of the clinical trials included
in our analysis and data from our meta-analysis, tight glycaemic
control does not seem to reduce the risk of stroke. However, in
view of the benefits of glycaemic control for preventing microvascu-
lar events, different diabetes associations recommend a glycaemic
target of HbA1c < 7% in patients with DM2 and no history of severe
hypoglycaemia, without severe macrovascular disease or associated
comorbidities, with good life expectancy, or without difficulties
achieving tight glycaemic control.'*1? Lastly, our systematic review
did not identify any study specifically analysing the effect of tight
glycaemic control on the prevention of stroke recurrence in patients
with DM2 and history of stroke; we are therefore unable to issue
specific recommendations for secondary stroke prevention.

The FDA requirement of evaluating the vascular risk of antidi-
abetic drugs has brought to light their benefits for reducing the
risk of stroke and other vascular complications in patients with DM2
and high vascular risk or established atherosclerotic cardiovascu-
lar disease. GLP-1 receptor agonists have been shown to be useful
for primary prevention of stroke, whereas pioglitazone seems to
help prevent stroke recurrence or other vascular complications in
patients with history of stroke. However, our systematic review is
not without limitations. Firstly, no clinical trial has been designed
specifically to evaluate the effect of antidiabetic drugs on the risk
of stroke; our recommendations are therefore based on the analysis
of stroke risk as a secondary outcome of the included clinical trials

or on post-hoc analyses of these trials. Furthermore, no data are
available for some families of antidiabetic drugs, and their effects
in some of the scenarios presented in this document therefore could
not be evaluated. Lastly, for patients with prediabetes and history
of stroke, the only available data come from clinical trials of piogli-
tazone; we are therefore unable to conclude whether other drug
groups are efficacious in these patients.

In conclusion, while there is no evidence that tight metabolic
control reduces the risk of stroke, some families of antidiabetic
drugs with vascular benefits have been shown to reduce the risk
of stroke when added to standard antidiabetic treatment, show-
ing efficacy both for primary prevention, in patients with DM2 and
high vascular risk or established atherosclerotic cardiovascular dis-
ease, and for secondary prevention of stroke in patients with DM2
or prediabetes. Neurologists should be familiar with the charac-
teristics and benefit/risk ratios of antidiabetic drugs with a view to
their inclusion in prevention strategies for stroke and other vascular
complications in patients with DM2 or prediabetes.
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