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Summary
Background Cardiovascular outcome trials have suggested that glucagon-like peptide 1 (GLP-1) receptor agonists 
might reduce strokes. We analysed the effect of dulaglutide on stroke within the researching cardiovascular events 
with a weekly incretin in diabetes (REWIND) trial.

Methods REWIND was a multicentre, randomised, double-blind, placebo-controlled trial done at 371 sites in 
24 countries. Men and women (aged ≥50 years) with established or newly detected type 2 diabetes whose HbA1c was 
9·5% or less (with no lower limit) on stable doses of up to two oral glucose-lowering drugs with or without basal 
insulin therapy were eligible if their body-mass index was at least 23 kg/m². Participants were randomly assigned (1:1) 
to weekly subcutaneous injections of either masked dulaglutide 1·5 mg or the same volume of masked placebo 
(containing the same excipients but without dulaglutide). Randomisation was done by a computer-generated random 
code with an interactive web response system with stratification by site. Participants, investigators, the trial leadership, 
and all other personnel were masked to treatment allocation until the trial was completed and the database was 
locked. During the treatment period, participants in both groups were instructed to inject study drug on the same day 
at around the same time, each week. Strokes were categorised as fatal or non-fatal, and as either ischaemic, 
haemorrhagic, or undetermined. Stroke severity was assessed using the modified Rankin scale. Participants were 
seen at 2 weeks, 3 months, 6 months, and then every 3 months for drug dispensing and every 6 months for detailed 
assessments, until 1200 confirmed primary outcomes accrued. The primary endpoint was the first occurrence of any 
component of the composite outcome, which comprised non-fatal myocardial infarction, non-fatal stroke, or death 
from cardiovascular or unknown causes. All analyses were done according to an intention-to-treat strategy that 
included all randomly assigned participants, irrespective of adherence. The trial is registered with ClinicalTrials.gov, 
number NCT01394952.

Findings Between Aug 18, 2011, and Aug 14, 2013, we screened 12 133 patients, of whom 9901 with type 2 diabetes and 
additional cardiovascular risk factors were randomly assigned to either dulaglutide (n=4949) or an equal volume of 
placebo (n=4952). During a median follow-up of 5·4 years, cerebrovascular and other cardiovascular outcomes were 
ascertained and adjudicated. 158 (3·2%) of 4949 participants assigned to dulaglutide and 205 (4·1%) of 4952 participants 
assigned to placebo had a stroke during follow-up (hazard ratio [HR] 0·76, 95% CI 0·62–0·94; p=0·010). Dulaglutide 
reduced ischaemic stroke (0·75, 0·59–0·94, p=0·012) but had no effect on haemorrhagic stroke (1·05, 0·55–1·99; 
p=0·89). Dulaglutide also reduced the composite of non-fatal stroke or all-cause death (0·88, 0·79–0·98; p=0·017) and 
disabling stroke (0·74, 0·56–0·99; p=0·042). The degree of disability after stroke did not differ by treatment group.

Interpretation Long-term dulaglutide use might reduce clinically relevant ischaemic stroke in people with type 2 
diabetes but does not affect stroke severity. 

Funding Eli Lilly and Company.

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction
Dulaglutide is a glucagon-like peptide-1 (GLP-1) receptor 
agonist that was developed and marketed as a glucose-
lowering drug for type 2 diabetes.1 Like other GLP-1 
receptor agonists, dulaglutide augments pancreatic 
insulin secretion in response to nutrients and suppresses 
pancreatic glucagon secretion. This drug also acts on the 
brain and gut to slow gastric emptying, promote satiety, 
and modestly reduce weight and blood pressure.1,2

To our knowledge, seven large randomised, placebo-
controlled trials have assessed the effect of GLP-1 
receptor agonists on cardiovascular outcomes in middle-
aged and older people with type 2 diabetes and additional 
cardiovascular risk factors. These trials reported that 
four GLP-1 receptor agonists (liraglutide, semaglutide, 
albiglutide, and dulaglutide) significantly and safely 
reduced the primary composite cardiovascular outcome 
of the first occurrence of non-fatal myocardial infarction, 
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non-fatal stroke, or death from cardiovascular causes.3 
Scrutiny of the individual components of this composite 
outcome in a meta-analysis of all seven trials suggested 
that the GLP-1 receptor agonist class might have a 
particularly beneficial effect on stroke.3

The researching cardiovascular events with a weekly 
incretin in diabetes (REWIND) trial results were included 
in the cited meta-analysis.3 The REWIND trial reported 
that dulaglutide significantly reduced cardiovascular 
events in a range of middle-aged people with type 2 
diabetes who were followed up for a median of 5·4 years. 
During this time, the hazard ratio (HR) for the occurrence 
of non-fatal stroke was 0·76 (95% CI 0·61–0·95; p=0·017). 
The consistency of this estimate with observations of the 
effect of other GLP-1 receptor agonists on stroke,4 the 
effect size, and the large number of stroke outcomes 
observed during the REWIND trial support an exploratory 
analysis of the effect of dulaglutide on this prespecified 
secondary outcome.

Methods
Study design and participants
The design and primary findings of the REWIND 
trial have been published previously.5,6 REWIND was 
a multicentre, randomised, double-blind, placebo-
controlled trial done at 371 sites in 24 countries. Men and 
women (aged ≥50 years) with established or newly 
detected type 2 diabetes whose HbA1c was 9·5% or less 
(with no lower limit) on stable doses of up to two oral 
glucose-lowering drugs with or without basal insulin 
therapy were eligible if their body-mass index (BMI) was 
at least 23 kg/m². Additionally, patients aged 50 years or 
older had to have vascular disease (ie, a previous myo
cardial infarction, ischaemic stroke, revascularisation, 

hospital admission for unstable angina, or imaging 
evidence of myocardial ischaemia); those aged 55 years or 
older had to have myocardial ischaemia, coronary, carotid, 
or lower extremity artery stenosis exceeding 50%, left 
ventricular hypertrophy, estimated glomerular filtration 
rate (eGFR) less than 60 mL/min per 1·73 m², or 
albuminuria; and those aged 60 years or older had to have 
at least two of tobacco use, dyslipidaemia, hypertension, 
or abdominal obesity. Key exclusion criteria were an 
eGFR less than 15 mL/min per 1·73 m², cancer in the 
previous 5 years, severe hypoglycaemia in the previous 
year, life expectancy less than 1 year, a coronary or 
cerebrovascular event within the previous 2 months, and 
plans for revascularisation. Complete inclusion and 
exclusion criteria have been reported previously.5

The REWIND protocol was approved by research ethics 
boards for all sites and all participants provided written 
informed consent. The trial was carefully monitored by 
members of an independent data monitoring committee 
who reviewed accruing and unblinded data every 
6 months.

The study consisted of two phases: a run-in period and a 
treatment period. During the 3-week single-blind placebo 
run-in period, all patients received placebo and were 
instructed on how to inject study drug. Patients were 
instructed to remain on their antihyperglycaemic therapy, 
except for patients taking a dipeptidyl peptidase-4 inhibitor 
or GLP-1 receptor agonist at screening, who discontinued 
these therapies at the start of the run-in period.

Randomisation and masking
Participants who were 100% adherent to weekly placebo 
injections during the single-blind run-in period and who 
still met eligibility criteria were randomly assigned (1:1) 

Research in context

Evidence before this study
We searched PubMed between Jan 1, 2010, and Oct 1, 2019, 
for English-language reports of double-blind, randomised, 
placebo-controlled trials designed to test the effect of 
glucagon-like peptide-1 (GLP-1) receptor agonists on incident 
cardiovascular events, including stroke, or on incident stroke 
in people with type 2 diabetes. Searches were limited to clinical 
trials and used the terms “type 2 diabetes”, “GLP1-RA”, 
“glucagon-like peptide receptor 1 agonist”, “glucagon-like 
peptide receptor 1 analogue”, “lixisenatide”, “liraglutide”, 
“semaglutide”, “taspoglutide”, “albiglutide”, “dulaglutide”, 
“cardiovascular disease”, “stroke”, and “randomized controlled 
trial”. This search identified seven trials, with sample sizes 
ranging from 3183 participants to 14 752 participants, which 
assessed the effects of these GLP-1 receptor agonists (except for 
taspoglutide) on incident cardiovascular outcomes in people 
with type 2 diabetes (mean age ranging from 54 years to 
66 years). All these trials included stroke and median follow-up 
durations ranged from 1·6 years to 5·4 years. A meta-analysis of 

these trials reported a reduced hazard ratio for fatal or non-fatal 
stroke of 0·84 (95% CI 0·76–0·93). However, these reports did 
not provide information on stroke type or severity or explore 
the effect on stroke within various subgroups and possible 
mediating variables.

Added value of this study
The 9901 REWIND trial participants included a large proportion 
of women (46%) and people without previous cardiovascular 
disease (69%). The reduced incidence of stroke with dulaglutide 
was due to a reduced incidence of ischaemic stroke, with no 
evidence of a differential effect within various subgroups, 
including previous cardiovascular disease.

Implications of all the available evidence
GLP-1 receptor agonists that reduce cardiovascular outcomes in 
people with type 2 diabetes might have a salutary effect on 
stroke. Future trials of the effect of these agents on prespecified 
stroke outcomes should be done in high-risk patients with and 
without evidence of cerebrovascular disease.
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to weekly subcutaneous injections of either masked 
dulaglutide 1·5 mg or the same volume of masked placebo 
(containing the same excipients but without dulaglutide) 
using a preloaded syringe. Syringes containing dulaglutide 
and placebo were identical in appearance. Randomisation 
was done by a computer-generated random code with an 
interactive web response system with stratification by site. 
Participants, investigators, the trial leadership, and all 
other personnel were masked to treatment allocation until 
the trial was completed and the database was locked. 
The independent data monitoring committee and the 
statisticians supporting the committee’s activities were 
the only people with access to unblinded data.

Procedures
During the treatment period, participants in both groups 
were instructed to inject study drug on the same day at 
around the same time, each week. Participants were seen 
at 2 weeks, 3 months, 6 months, and then every 3 months 
for drug dispensing and every 6 months for detailed 
assessments, until 1200 confirmed primary outcomes 
accrued. Assessments included cardiovascular events, 
adverse events, vital signs, and periodic questionnaires, 
laboratory tests, and electrocardiograms. Investigators 
were advised to promote a healthy lifestyle and encouraged 
to manage patients’ glucose levels, cardiovascular risk 
factors, and other medical problems according to local 
clinical practice guidelines. Investigators were also free to 
order any investigations at their discretion and were able to 
use any glucose-lowering drug, with the exception of a 
GLP-1 receptor agonist or pramlintide. Unless consent was 
explicitly withdrawn, all randomly assigned participants 
were followed up until the end of the trial, irrespective of 
adherence to study medication. Those who stopped study 
medication were encouraged to restart unless there was a 
clear contraindication.

Outcomes
The primary endpoint was the first occurrence of any 
component of the composite outcome, which comprised 
non-fatal myocardial infarction, non-fatal stroke, or death 
from cardiovascular or unknown causes. The seven 
secondary outcomes were a composite clinical micro
vascular outcome comprising diabetic retinopathy (defined 
as photocoagulation, anti-vascular endothelial growth 
factor therapy, or vitrectomy) or renal disease (defined as 
development of a urinary albumin-to-creatinine ratio 
>33·9 mg/mmol in those with a lower baseline concen
tration, a sustained 30% or greater decline in eGFR 
[ie, based on two consecutive eGFR concentrations], or 
chronic renal replacement therapy); hospital admission 
for unstable angina; each component of the primary 
composite cardiovascular outcome; death; and heart 
failure requiring either hospital admission or an urgent 
visit requiring therapy.

Cardiovascular outcomes were initially identified by 
either the investigators or by the central adjudication 

committee during its scrutiny of other centrally reported 
outcomes. This committee adjudicated all deaths, acute 
coronary syndrome events, cerebrovascular events, heart 
failure events requiring hospitalisation or urgent visits, 
any revascularisations, episodes of pancreatitis, and 
thyroid events. The committee used prespecified 
adjudication5 criteria to classify each cerebrovascular 
event as either a transient ischemic attack (TIA), non-
fatal stroke, or fatal stroke. Strokes were categorised as 
either ischaemic, haemorrhagic, or undetermined based 
on all the documentation (ie, clinical notes, imaging, and 
other reports) received. Stroke disability was assessed at 
30 days using the Modified Rankin Scale as follows: 0=no 
symptoms at all; 1=no significant disability despite 
symptoms (ie, able to carry out all usual duties and 
activities); 2=slight disability (ie, unable to carry out all 
previous activities, but able to look after own affairs 
without assistance); 3=moderate disability (ie, requiring 
some help, but able to walk without assistance); 
4=moderately severe disability (ie, unable to walk without 
assistance and unable to attend to their own bodily needs 
without assistance); 5=severe disability (ie, bedridden, 
incontinent, and requiring constant nursing care and 
attention); and 6=dead. Disabling stroke was defined as 
any stroke with a Modified Rankin Score of 3 or higher.

Prespecified and all other adverse events were reported 
by investigators on case report forms. These events 
included study drug discontinuation, acute pancreatitis, 
cancer, C-cell hyperplasia, serious hepatic, gastro
intestinal, renal, or urinary events, immune reactions, 
supraventricular tachycardia, conduction disorders, or 
severe hypoglycaemia.

Statistical analysis
The REWIND trial was designed to determine whether 
dulaglutide was superior to placebo with respect to the 
primary composite outcome and was not powered to 
detect an effect on any component of this outcome. 
However, in the event of a significant effect on the 
primary outcome, the prespecified statistical analysis 
plan included a hierarchical testing strategy in which the 
effect of the intervention on stroke could be tested at an α 
level of significance that varied according to the effect of 
dulaglutide on the other components of the primary 
outcome.6 As dulaglutide significantly reduced the 
primary composite outcome (HR 0·88, 95% CI 
0·79–0·99; p=0·026) and as the p value for the effect on 
non-fatal myocardial infarction and cardiovascular death 
exceeded 0·05, the prespecified p value to declare a 
statistically significant effect on non-fatal stroke5 
was 0·0070. Because the unadjusted p value for the effect 
on non-fatal stroke5 was 0·017, it did not reach this 
threshold. Thus, the analyses of the effect of dulaglutide 
on stroke should be viewed as exploratory.

Assuming a primary outcome rate of 2% per year in 
the placebo group, a two-sided significance level of 5%, a 
3-year recruitment period, and an annual dropout rate 
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of 0·15%, follow-up of at least 9600 people for a 
maximum of 8 years, and accrual of 1200 unique primary 
outcomes was estimated to provide at least 90% power to 
detect an HR of 0·82 or lower for the primary outcome 
and 80% power to detect an HR of 0·85 or lower. The 
independent data monitoring committee did a formal 
interim analysis for superiority after 756 unique primary 
outcomes had occurred, after which continuation of the 
trial was recommended.

All analyses were done according to an intention-to-
treat strategy that included all randomly assigned 
participants, irrespective of adherence. Participants were 
censored at last known follow-up date. We summarised 
continuous data as means and SDs or medians and IQRs 
and categorical data as counts with percentages.

We used Cox proportional hazards models to assess the 
univariable relationship between 28 common risk factors 
and stroke during follow-up. We constructed a 

multivariable Cox regression model considering all 28 risk 
factors as independent predictors of stroke using the 
forward selection method with an entry criteria 
significance level of 0·05 ÷ 28 (ie, 0·0018). We estimated 
HRs and 95% CIs for the identified variables by including 
them in a separate multivariable Cox regression model. 
We also used Cox proportional hazards models with 
dulaglutide assignment as the only independent variable 
to assess the effect of dulaglutide on total stroke, fatal 
stroke, non-fatal stroke, and the various stroke subtypes. 
We verified proportional hazards assumptions for all 
models by plotting the log of the negative log of the 
survival function against the log of time. We assessed 
robustness of the estimates of the effect considering the 
competing risk of death by analysing the effect of the 
intervention on the composite outcome of non-fatal stroke 
or death. We used Kaplan-Meier estimates to approximate 
and illustrate cumulative incidence and expressed 

All participants (n=9901) All stroke (n=363) No stroke (n=9538) Hazard ratio (95%CI) p value

Age (years) 66·2 (6·5) 67·0 (7·1) 66·2 (6·50) 1·02 (1·01–1·04) 0·0042

Female sex 4589 (46·3%) 160 (44·1%) 4429 (46·4%) 0·90 (0·73–1·10) 0·30

White race 7498 (75·7%) 306 (84·3%) 7192 (75·4%) 1·68 (1·27–2·23) 0·0003

Current tobacco use 1407 (14·2%) 59 (16·3%) 1348 (14·1%) 1·19 (0·90–1·57) 0·23

Cardiovascular disease* 3114 (31·4%) 151 (41·6%) 2963 (31·1%) 1·55 (1·26–1·92) <0·0001

Previous stroke or transient ischaemic 
attack

899 (9·1%) 83 (22·9%) 816 (8·6%) 3·20 (2·51–4·09) <0·0001

Hypertension 9224 (93·2%) 347 (95·6%) 8877 (93·1%) 1·61 (0·98–2·66) 0·063

Atrial fibrillation 636 (6·4%) 46 (12·7%) 590 (6·2%) 2·23 (1·64–3·04) <0·0001

Heart failure 853 (8·6%) 51 (14·0%) 802 (8·4%) 1·88 (1·40–2·53) <0·0001

Diabetes duration (years) 9·5 (5·5–14·5) 8·5 (5·5–13·5) 9·5 (5·5–14·5) 1·00 (0·99–1·02) 0·68

Diabetic retinopathy 891 (9·0%) 47 (12·9%) 844 (8·8%) 1·57 (1·16–2·14) 0·0038

Albuminuria† 3467 (35·0%) 160 (44·1%) 3307 (34·7%) 1·51 (1·22–1·86) 0·0001

Body-mass index (kg/m²) 32·3 (5·7) 32·5 (5·4) 32·3 (5·8) 1·00 (0·99–1·02) 0·75

Systolic blood pressure (mm Hg) 137·2 (16·8) 142·2 (17·7) 137·0 (16·7) 1·02 (1·01–1·02) <0·0001

Diastolic blood pressure (mm Hg) 78·5 (9·8) 79·2 (10·4) 78·4 (9·8) 1·01 (1·00–1·02) 0·14

Angiotensin converting enzyme 
inhibitor or angiotensin receptor blocker

8068 (81·5%) 290 (79·9%) 7778 (81·5%) 0·90 (0·69–1·16) 0·41

Beta blocker 4512 (45·6%) 201 (55·4%) 4311 (45·2%) 1·51 (1·23–1·86) <0·0001

Other blood pressure drug 5600 (56·6%) 238 (65·6%) 5362 (56·2%) 1·48 (1·19–1·84) 0·0004

Statin 6547 (66·1%) 243 (66·9%) 6304 (66·1%) 1·02 (0·82–1·27) 0·84

Fibrate 898 (9·1%) 33 (9·1%) 865 (9·1%) 1·00 (0·70–1·44) 0·98

Coumadin or anticoagulants‡ 610 (6·2%) 35 (9·6%) 575 (6·0%) 1·74 (1·23–2·46) 0·0019

Antiplatelet 5342 (54·0%) 215 (59·2%) 5127 (53·8%) 1·25 (1·01–1·54) 0·037

HbA1c (%) 7·2 (6·6–8·1) 7·3 (6·8–8·3) 7·2 (6·6–8·1) 1·13 (1·01–1·23) 0·028

Estimated glomerular filtration rate 
(ml/min/1·73m²)

74·9 (61·2–91·1) 73·7 (59·6–88·6) 75·0 (61·5–91·3) 0·99 (0·99–1·00) 0·013

Cholesterol (mmol/L) 4·52 (1·16) 4·68 (1·20) 4·52 (1·16) 1·12 (1·03–1·22) 0·0063

LDL cholesterol (mmol/L) 2·56 (0·98) 2·70 (1·02) 2·55 (0·98) 1·17 (1·05–1·29) 0·0031

HDL (mmol/L) 1·18 (0·34) 1·19 (0·46) 1·18 (0·34) 1·02 (0·75–1·37) 0·92

Triglycerides (mmol/L) 1·6 (1·2–2·2) 1·6 (1·2–2·2) 1·6 (1·2–2·2) 1·04 (0·96–1·12) 0·35

Data are mean (SD), n (%), or median (IQR), unless otherwise indicated. *Myocardial infarction, ischaemic stroke, unstable angina with electrocardiogram changes, 
myocardial ischaemia on imaging or stress test, or coronary, carotid, or peripheral revascularisation. †Albumin-to-creatinine ratio ≥3·39 mg/mmol. ‡Vitamin K antagonists, 
direct thrombin inhibitors or direct factor Xa inhibitors.

Table 1: Association between baseline characteristics and incident stroke
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incidence as the number of first events per 100 person-
years of follow-up. We used two-sample Cochran-Mantel-
Haenszel tests to compare the distribution of modified 
rank scores between groups. Two-sided p values at a 
nominal level of significance of 0·05 were used for 
declaring superiority.

We used a mediation analysis approach to estimate the 
degree to which the effect of dulaglutide on either HbA1c, 
systolic blood pressure, or weight could statistically 
account for its effect on any stroke or on ischaemic stroke 
(ie, fatal or non-fatal). As described previously,7,8 we used 
Cox models to estimate the epidemiological relationship 
between these three variables and stroke by using both 
the updated mean values (ie, the mean of consecutive 
measurements before the stroke or study end) and the 
change in these measures from baseline until the time of 
the stroke. If either the updated mean or the change 
from baseline significantly predicted stroke at a nominal 
p value of 0·05, we re-estimated the HR of dulaglutide on 
the stroke outcome using a separate Cox model that 
included dulaglutide allocation, the baseline value of the 
measurement, and either the updated mean or the 
change from baseline in the variable as time-dependent 
covariates. The degree to which the variables statistically 
accounted for the effect was estimated by 
100 × (ln HRunadjusted – ln HRadjusted))/ln HRunadjusted.

All data were analysed with SAS version 9.4. The trial 
was registered with ClinicalTrials.gov, NCT01394952.

Role of the funding source
The trial was sponsored and funded by Eli Lilly and led by 
an international steering committee coordinated by the 
Population Health Research Institute in Hamilton, ON, 
Canada, which also did all data analyses after the database 
was locked. Site management and data collection were 
provided by ICON Clinical Research. Scientists employed 
by the funder were on the steering committee and 
contributed to trial design, trial implementation, and data 
interpretation. All authors and the sponsor jointly made 
the decision to submit for publication. The corresponding 
author had full access to all the data in the study and had 
final responsibility for the decision to submit for 
publication.

Results
Between Aug 18, 2011, and Aug 14, 2013, we screened 
12 133 patients. 10 917 eligible patients began the 3-week 
run-in period, of whom 9901 were randomly assigned to 
either dulaglutide (n=4949) or an equal volume of placebo 
(n=4952). Follow-up ended on Aug 21, 2018.

Baseline characteristics by treatment group are 
reported in the appendix (p 2). At random assignment, 
9224 (93·2%) of 9901 participants had a history of 
hypertension, 636 (6·4%) had previous atrial fibrillation, 
853 (8·6%) had previous heart failure, and 899 (9·1%) 
had a previous stroke or TIA. Previous cardiovascular 
disease, comprising a previous myocardial infarction, 
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Figure 1: Cumulative incidence of stroke among participants assigned to 
dulaglutide or placebo
Fatal or non-fatal stroke (A); disabling stroke, defined as a stroke with an 
associated modified Rankin score ≥3 (B); non-fatal stroke (C); and fatal 
stroke (D). HR=hazard ratio.

See Online for appendix
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ischaemic stroke, unstable angina with electrocardio
graphic changes, myocardial ischaemia on imaging or 
stress test, or revascularisation, was reported by 
3114 (31·4%) of 9901 of participants. Anticoagulant drugs 
were being taken by 610 (6·2%) participants and 
5342 (54·0%) were taking antiplatelet drugs.

The 9901 participants were followed up for a median of 
5·4 years (IQR 5·1–5·9). Estimates of the HRs for stroke 
and ischaemic stroke associated with commonly 

measured clinical risk factors are reported in table 1 and 
the appendix (p 3). Forward selection of these variables 
identified a previous stroke or TIA, atrial fibrillation, and 
measured systolic blood pressure as independent risk 
factors for both stroke and ischaemic stroke (appendix 
p 5).

Participants randomly assigned to dulaglutide took 
study drug for 82·2% of follow-up time and participants 
assigned to placebo took study drug for 83·1% of follow-
up time. Final vital status (ie, whether the participant was 
alive or dead at the time of the final visit) was known in 
9867 (99·7%) of 9901 randomly assigned participants and 
final primary outcome status was known in 9610 (97·1%) 
participants. At the final visit, similar numbers of partici
pants in the dulaglutide group and the placebo group 
were taking drugs that are known to reduce the incidence 
of stroke, such as angiotensin-converting enzyme (ACE) 
inhibitors or angiotensin receptor blockers (ARBs), 
thiazolidinediones, and statins (appendix p 6).

363 participants had at least one new stroke during 
follow-up–158 (3·2%) of 4949 of those assigned to 
dulaglutide and 205 (4·1%) of 4952 of those assigned to 
placebo (HR 0·76, 95% CI 0·62–0.94; p=0·010; figure 1; 
table 2). Non-fatal strokes were similarly reduced by 
dulaglutide (0·76, 0·61–0·95; p=0·017; figure 1; table 2). 
Although very few fatal strokes were reported, the point 
estimate for the effect size was also similar for this 
outcome (0·78, 0·47–1·30, p=0·34). Dulaglutide also 
reduced the composite outcome of non-fatal stroke or all-
cause death (0·88, 0·79–0·98; p=0·017; table 2; appendix 
p 7). The salutary effect of dulaglutide was apparent for 
ischaemic stroke (0·75, 0·59–0·94, p=0·012) but not for 
haemorrhagic stroke (1·05, 0·55–1·99; p=0·89), stroke 
of unknown type (0·82, 0·40–1·66; 0·58), or TIAs 
(0·79, 0·52–1·20; 0·27; table 2; figure 2). Dulaglutide 
also reduced the incidence of disabling stroke, defined as 
any stroke with a modified Rankin score of 3 or more 
(0·74, 0·56–0·99, p=0·042; table 2; figure 1). However, 
in those who had a stroke, we found no difference in 
the overall distribution of stroke severity scores in 
participants randomly assigned to dulaglutide versus 
placebo (figure 3).

We observed similar effects for dulaglutide on stroke in 
people with or without a history of stroke or TIA before 
randomisation (pinteraction=0·83). We also noted similar 
effects within subgroups defined by age, sex, previous 
cardiovascular disease, atrial fibrillation, HbA1c, systolic 
blood pressure, race, diabetes duration, BMI, urinary 
albumin to creatinine ratio, or baseline use of renin–
angiotensin system drugs or statins (figure 4; appendix 
p 8).

As reported previously, dulaglutide reduced HbA1c by 
mean 0·61%, systolic blood pressure by mean 1·7 mm 
Hg, and weight by mean 1·46 kg.5 We further explored 
these data to determine whether these effects could 
statistically account for any of the effect of dulaglutide on 
stroke. First, we noted that both the updated mean and 

Dulaglutide (n=4949) Placebo (n=4952) HR (95% CI) p value

Stroke 158 (3·2%); 0·61 205 (4·1%); 0·81 0·76 (0·62–0·94) 0·010

Non-fatal stroke* 135 (2·7%); 0·52 175 (3·5%); 0·69 0·76 (0·61–0·95) 0·017

Fatal stroke 26 (0·5%); 0·10 33 (0·7%); 0·13 0·78 (0·47–1·30) 0·34

Disabling stroke† 82 (1·7%); 0·32 109 (2·2%); 0·43 0·74 (0·56–0·99) 0·042

Ischaemic stroke 129 (2·6%); 0·50 171 (3·4%); 0·67 0·75 (0·59–0·94) 0·012

Haemorrhagic stroke 19 (0·4%); 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) 0·58

Transient ischaemic attack 39 (0·8%); 0·15 49 (1·0%); 0·19 0·79 (0·52–1·20) 0·27

Non-fatal stroke or 
all-cause death

643 (13·0%); 2·50 722 (14·6%); 2·84 0·88 (0·79–0·98) 0·017

All-cause death 536 (10·8%); 2·06 592 (12·0%); 2·29 0·90 (0·80–1·01) 0·067

Data are n (%); number of events per 100 person-years, unless otherwise indicated. All HRs are from Cox models and 
p values are two-sided. HR=hazard ratio. *After adjusting for the competing risk of death HR 0·77 (95% CI 0·61–0·96; 
p=0·02). †Any stroke with a modified Rankin score ≥3.

Table 2: Effect of treatment allocation on stroke outcomes

Figure 2: Cumulative incidence of ischaemic (A) and haemorrhagic (B) stroke 
among participants assigned to dulaglutide or placebo
HR=hazard ratio.
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change from baseline HbA1c and systolic blood pressure 
(but not weight) were epidemiologically associated with 
total stroke (appendix p 10) and ischaemic stroke 
(appendix p 11) within the whole population. Second, we 
re-estimated the effect of dulaglutide on stroke after 
adjusting for its effect on HbA1c and systolic blood 
pressure. These analyses showed that the effect on total 
stroke was attenuated by up to 54% after accounting for 
the effect of dulaglutide on HbA1c and up to 14% after 
accounting for the effect of dulaglutide on systolic blood 
pressure. We observed similar effects for ischaemic 
stroke (appendix pp 10–11).

Discussion
These detailed exploratory analyses of data from the 
REWIND trial suggest that dulaglutide reduces the 
incidence of stroke in middle-aged and older people with 
type 2 diabetes and additional cardiovascular risk factors. 
Our findings indicate that dulaglutide reduced both 
serious (ie, disabling) and milder strokes when added to 
guideline-recommended stroke prevention therapies 
(eg, anti-hypertensive drugs, statins, anti-platelet drugs, 
and renin–angiotensin system drugs) that were taken by 
both study groups as part of their background therapies. 
The absence of an effect on stroke disability in the subset 
of people who had a stroke (as measured by the modified 
Rankin score) shows that dulaglutide did not mitigate the 
severity of the strokes that occurred despite treatment 
assignment. We found no evidence to suggest that the 
effect of dulaglutide differed according to participant sex, 
age, history of cardiovascular or cerebrovascular disease, 
HbA1c, systolic blood pressure, or use of statins, ACE 
inhibitors, or ARBs. These analyses also suggest that the 
effect of dulaglutide could be restricted to ischaemic 
stroke, with no effect on haemorrhagic stroke.

These salutary effects of dulaglutide on stroke are 
consistent with the effects of several other GLP-1 receptor 
agonists on stroke reported in previous cardiovascular 
outcome trials. Indeed, a meta-analysis3 of all these trials 
(including REWIND) reported that GLP-1 receptor 
agonists significantly reduced the incidence of stroke by 
16% (meta-analysed HR 0·84, 95% CI 0·76–0·93) with 
little evidence of statistical heterogeneity across the 
various representatives of the class (I² = 0).

The availability of therapies that reduce the incidence of 
stroke in diabetes is important because people with type 2 
diabetes have a 50% higher risk of stroke than do the 
general population.9 Three classes of glucose-lowering 
therapies have been shown to generally reduce cardio
vascular events.10,11 However, cardiovascular outcome 
trials have reported a reduction in stroke for two of these 
classes—GLP-1 receptor agonists and a thiazolidinedione 
(pioglitazone)10—with no clear evidence of a stroke effect 
for sodium–glucose cotransporter-2 inhibitors11,12 or other 
drug classes.13

Several possibilities could account for the beneficial 
effect of dulaglutide and other GLP-1 receptor agonists on 

strokes. First, like other GLP-1 receptor agonists, 
dulaglutide significantly reduced several stroke risk 
factors, including HbA1c, systolic blood pressure, and 
weight. We investigated the possibility that these effects 
might have contributed to the stroke effect in a mediation 
analyses, which estimated that the HbA1c reduction (or the 
reduction in some unmeasured variable closely linked to 
HbA1c) could statistically account for about half of its effect 
on stroke, and the systolic blood pressure reduction (or 
the reduction in some unmeasured variable closely linked 
to systolic blood pressure) could statistically account for 
around 14% of its effect on stroke. Such mediation 
analyses are exploratory, do not account for risk factor 
variations over time, measurement error, and the 
distribution characteristics of the mediating variable, and 
can only be viewed as hypothesis generating. Nevertheless, 
these analyses suggest that much of the effect of 
dulaglutide on stroke could be due to mechanisms that 
are independent of these two risk factors. Furthermore, 
these analyses suggest that the effect of dulaglutide on 
these two risk factors (or closely related variables) cannot 
be ignored. Several recent analyses have suggested a 
relationship between cardiovascular benefits and the 
degree of glucose lowering achieved with GLP-1 receptor 
agonists and other therapies.14–16

Second, GLP-1 receptor agonists also have direct effects 
on small and large blood vessels. Experimental studies in 
animals and humans have suggested that these drugs 
increase microvascular recruitment and blood flow, reduce 
vascular smooth muscle proliferation, reduce oxidative 
stress, increase nitric oxide, and reduce carotid intimal-
media thickness and other manifestations and markers of 
atherosclerosis.17,18 Third, a growing body of preclinical 
research has linked therapy with GLP-1 receptor agonists 
to additional mechanisms that might reduce stroke or its 
impacts.19–21 These mechanisms include reductions in 
inflammatory response, blood–brain barrier permeability, 
neurocellular cytotoxicity, cerebral oedema, and apoptosis 
and increases in neuronal regeneration. Animal studies 
have also shown dose-dependent effects on infarct volume 
when GLP-1 receptor agonists were administered either 

Figure 3: Distribution of modified Rankin scores among those who had a fatal or non-fatal stroke
p values are from a Cochran-Mantel-Haenszel test comparing the proportions across score categories.
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before or shortly after experimentally-induced stroke.19 
Finally, emerging evidence suggests that these drugs 
might reduce neurodegenerative diseases.22

The fact that the analyses in this study are based on the 
results from the large, long-term REWIND trial, within 
which 363 blindly adjudicated stroke events were 
recorded, is a clear strength. Moreover, the trial included 
people with type 2 diabetes who were similar to those in 
the general population with regard to sex distribution, 
HbA1c, systolic blood pressure, concomitant medication 
use, and cardiovascular risk.23 These analyses are limited 
by the fact that the power of the REWIND trial (with a 
placebo event rate of ≤0·81% per year) to detect a 
clinically significant reduction (ie, ≥20%) in the hazard of 
stroke or its subtypes was less than 60%. Furthermore, 
this study is limited by its exploratory nature. 
Nevertheless, the fact that the effect of dulaglutide on 
stroke is consistent with that of other GLP-1 receptor 
agonists strengthens the inference that dulaglutide has 
preventive effects for this important outcome.

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.
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