
S55Supplement to The Journal of Family Practice  |  Vol 72, No 6  |  JULY/AUGUST 2023 

Reducing Ischemic Stroke in 
Diabetes: The Role of GLP-1 RAs
John E. Anderson, MD; Javed Butler, MD, MPH, MBA; Andrei V. Alexandrov, MD

doi: 10.12788/jfp.0624

•

KEY TAKEAWAYS

•   Stroke is a significant cause of mortality 
worldwide, and diabetes is an indepen-
dent risk factor for ischemic stroke oc-
currence and recurrence.

•   Glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs) lower the risk of isch-
emic stroke through beneficial effects 
on traditional stroke risk factors such 
as hyperglycemia, hypertension, and  
dyslipidemia.

•   Primary care practitioners (PCPs) can 
play a substantial role in reducing isch-
emic stroke; studies have indicated that 
patients who have a PCP at the time of 
first stroke have a lower risk of stroke 
recurrence.

•   Clinical practice guidelines recommend 
treating type 2 diabetes in patients with 
or at risk for cardiovascular (CV) disease 
with glucose-lowering agents with prov-
en CV benefit, such as GLP-1 RAs and 
sodium-glucose cotransporter-2 (SGLT2) 
inhibitors.

•   Based on meta-analyses of CV outcomes 
trials, GLP-1 RAs have a substantial and 
statistically significant benefit on isch-

emic stroke risk reduction, whereas 
SGLT2 inhibitors have a nonsignificant 
effect.

•   The use of GLP-1 RAs, in addition to non-
pharmacologic and pharmacologic man-
agement of traditional stroke risk factors, 
is a key component of complex therapy 
for ischemic stroke risk reduction.
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INTRODUCTION
Stroke is a substantial cause of disability and mortality world-
wide, with an estimated 80.1 million stroke cases each year.1,2 
In the United States (US), about 1 in 6 deaths from cardiovas-
cular (CV) disease is due to stroke, and about every 3.5 min-
utes, someone in the US dies from a stroke.3 Ischemic strokes 
account for approximately 84% of strokes.1 Transient isch-
emic attacks (TIAs) are episodes of cerebral ischemia with-
out resulting permanent infarction; some definitions of TIA 
assign a time frame that effects must fall within.4 TIAs are often 
grouped with ischemic stroke for management recommenda-
tions and trial outcomes.5 Hemorrhagic strokes occur when 
a weakened blood vessel in the brain ruptures.6 They are less 
common than ischemic strokes and have different risk and 
treatment profiles.6 The focus of this article is ischemic stroke.

Patients who have experienced a stroke are at high risk 
of having another stroke, especially within the first 30 days 
following a first stroke.7 Additionally, recurrent strokes have a 
higher chance of disabling or fatal outcomes.1 

Diabetes is an independent risk factor for ischemic 
stroke occurrence and recurrence and is a risk factor for neu-
rovascular disease.1,8 Accordingly, about one-third of individ-
uals who have experienced stroke have diabetes.9 Although 
ischemic and hemorrhagic strokes have different risk factor 
profiles, uncontrolled diabetes raises the risk for both isch-
emic and hemorrhagic strokes.10,11 As such, reducing the risk 
of stroke in patients with diabetes highlights a critical need in 
clinical practice.

Stroke risk for patients with type 2 diabetes (T2D) can 
be substantially reduced with targeted intervention. For 
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example, the Steno-2 study demonstrated a 69% reduction 
in the risk of stroke in patients with T2D with implemen-
tation of a multifaceted intervention that targeted multiple 
risk factors of CV disease.12 Interventions included a low-fat 
diet, exercise regimen (90–150 minutes of light to moderate 
physical activity per week), angiotensin-converting enzyme 
inhibitor or angiotensin II receptor blocker therapy, a daily 
vitamin-mineral supplement, daily low-dose aspirin, and 
stepwise therapy for treatment of T2D, hypertension, and 
dyslipidemia.13 

Several glucose-lowering medications have demon-
strated benefit in reducing risk of major adverse CV events, 
primarily glucagon-like peptide-1 receptor agonists 
(GLP-1 RAs) and sodium-glucose cotransporter-2 (SGLT2) 
inhibitors.14 

The PCP’s role in reducing ischemic stroke risk
Since primary care practitioners (PCPs) manage most 
patients with T2D and concurrently address other vascular 
risk factors such as lipids and hypertension across the dis-
ease continuum, they are typically aware of patients’ stroke 
risk factors. Studies have demonstrated that patients who 
have a PCP at the time of first stroke have a lower risk of stroke 
recurrence.15 

CASE SCENARIO 1
A 57-year-old man with T2D and dyslipidemia was recently 

hospitalized for a TIA. He is seeing his PCP for a post-hospi-

talization follow-up visit. His glycated hemoglobin (A1c) today 

is 7.4%. The patient’s current medications include metformin 

1000 mg twice daily, glipizide XL 10 mg daily, atorvastatin 80 

mg daily, lisinopril 10 mg daily, and aspirin 81 mg daily.

The patient in case scenario 1 is at risk for ischemic 
stroke due to his recent TIA, along with T2D and dyslipid-
emia comorbidities. The PCP should evaluate his medica-
tion regimen for adjustments to reduce the risk of recurrent 
stroke.

POTENTIAL MECHANISMS OF GLP-1–MEDIATED 
STROKE RISK REDUCTION 
Cardiovascular and cerebral effects of GLP-1
Several mechanisms have been proposed for the actions of 
GLP-1 on cardiac physiology to reduce atherosclerotic CV 
disease (ASCVD) risk, including stroke (FIGURE 1).16-18 Based 
on experimental data, GLP-1 receptors are present in vari-
ous components of the CV and central nervous systems, 
leading to beneficial effects on stroke prevention due to 
stimulation of these receptors from GLP-1 RAs.17 Notably, 
all GLP-1 RAs cross the blood-brain barrier, enabling them 
to activate GLP-1 receptors in the brain.19 Examples of anti-
atherosclerotic CV and cerebral effects of GLP-1 activation 
include improved endothelial function, enhanced plaque 
stability, reduced vascular smooth muscle proliferation, 
higher nitric oxide levels, decreased cerebral inflammation 
and cell apoptosis, and reduced oxidative stress.17,18

FIGURE 1. Possible mechanisms for ischemic stroke risk reduction with GLP-1 RAs 

Abbreviations: AGEs, advanced glycation end products; HbA1c, hemoglobin A1c; ICAM-1, intercellular adhesion molecule-1; VCAM-1, vascular adhesion 
molecule-1. 

Used with permission of Wolters Kluwer Health, Inc., from Goldenberg RM, Cheng AYY, Fitzpatrick T, et al. Benefits of GLP-1 (glucagon-like peptide 1) receptor 
agonists for stroke reduction in type 2 diabetes: a call to action for neurologists. 2022;53(5):1813-1822; permission conveyed through Copyright Clearance Center, 
Inc.
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Improvement in traditional stroke risk factors
GLP-1 RAs have beneficial effects on hyperglycemia, dys-
lipidemia, blood pressure, body weight, and inflammation, 
which are recognized stroke risk factors.17 Although the ben-
efit of GLP-1 RAs on some factors is more established than on 
others, all may contribute to the lower risk of stroke observed 
with GLP-1 RAs in patients with T2D (FIGURE 1).17,18

Hyperglycemia is noted to have a causal relationship with 
increased risk of ischemic stroke, and reductions in A1c in CV 
outcomes trials (CVOTs) of GLP-1 RAs were associated with 
lower risk of nonfatal stroke.17,20,21 Lipid abnormalities and 
hypertension heighten the risk of ischemic stroke in patients 
with T2D.22,23 GLP-1 RAs have demonstrated improvements 
in lipid levels, specifically through mitigating postprandial 
increases in triglycerides and apolipoproteins and modulating 
lipoprotein metabolism.17 The mechanisms of blood pressure 
reduction by GLP-1 activation are not yet fully elucidated.17

GUIDELINE RECOMMENDATIONS FOR USE  
OF GLP-1 RECEPTOR AGONISTS TO PREVENT 
STROKE IN PATIENTS WITH DIABETES
American Diabetes Association (ADA) standards  
of medical care
To reduce the risk of ASCVD events such as stroke, the 2023 
ADA Standards of Medical Care recommend individualiz-
ing antihyperglycemic therapy based on comorbidities and 
risk factors, in addition to optimizing risk reduction through 
blood pressure and lipid management.14,24 For patients with 

diabetes and ASCVD or indicators of high risk, a GLP-1 RA or 
SGLT2 inhibitor with proven CV benefit is preferred.24

AHA/ASA stroke prevention guidelines
The American Heart Association/American Stroke Asso-
ciation (AHA/ASA) Guideline for the Prevention of Stroke in 
Patients With Stroke and Transient Ischemic Attack also rec-
ommends treating T2D with glucose-lowering agents such 
as GLP-1 RAs, which have proven to reduce the risk of future 
major adverse CV events.5

CLINICAL EVIDENCE FOR GLP-1 RECEPTOR 
AGONISTS IN STROKE RISK REDUCTION
Starting in 2008, the FDA mandated cardiovascular outcome 
trials (CVOTs) comparing the drug to placebo for CV safety 
to be conducted on antihyperglycemic agents submitted 
for approval in the US.25 These data form the basis of CV risk 
assessment for GLP-1 RAs and other T2D medications.

The GLP-1 RAs evaluated in CVOTs include semaglutide, 
dulaglutide, liraglutide, lixisenatide, and exenatide. A sum-
mary of CVOT data can be helpful to compare specific CV out-
comes of each agent, including for ischemic stroke, and can 
inform prescribing decisions (TABLE 1). Of note, the only GLP-1 
RAs to demonstrate statistically significant benefit for stroke 
risk reduction in CVOTs are semaglutide injection and dula-
glutide. The GLP-1 RAs with indications for reducing major CV 
events in adults with T2D who have established CV disease are 
semaglutide injection, dulaglutide, and liraglutide.32-34

TABLE 1. CVOTs of GLP-1 RAs in T2D and key outcomes related to ASCVD and stroke
Trial  
(drug)

Patients 
(n)

Inclusion criteria Primary outcome 
HR (95% CI)a

Stroke 
HR (95% CI)a

SUSTAIN-626 
(semaglutide injection) 

3297 T2D and preexisting CV disease, CKD, or 
HF at ≥50 years of age or CV risk at ≥60 
years of age

3-point MACE

0.74 (0.58-0.95)

0.61 (0.38-0.99)

PIONEER-627  
(semaglutide oral) 

3183 T2D and high CV risk (age ≥50 years with 
established CV disease or CKD, or age 
≥60 years with CV risk factors only)

3-point MACE

0.79 (0.57-1.11)

0.74 (0.35-1.57)

REWIND28  
(dulaglutide) 

9901 T2D and prior ASCVD event or risk 
factors for ASCVD

3-point MACE

0.88 (0.79-0.99)

0.76 (0.61-0.95)

LEADER29  
(liraglutide) 

9340 T2D and preexisting CV disease, CKD, or 
HF at ≥50 years of age or CV risk at ≥60 
years of age

3-point MACE

0.87 (0.78-0.97)

0.86 (0.73-1.00)

ELIXA30  
(lixisenatide) 

6068 T2D and history of ACS (<180 days) 4-point MACE

1.02 (0.89-1.17)

1.12 (0.79-1.58)

EXSCEL31 
(exenatide)

14,752 T2D with or without preexisting CV 
disease

3-point MACE

0.91 (0.83-1.00)

0.85 (0.70-1.03)

Abbreviations: ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CV, cardiovascular; HF, heart 
failure; MACE, major adverse cardiovascular event; T2D, type 2 diabetes.
aNote: Boldface text indicates statistically significant results.
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Of note, tirzepatide, a dual glucose-dependent insuli-
notropic polypeptide (GIP)/GLP-1 receptor agonist, did not 
have a significantly higher or lower risk of stroke based on a 
meta-analysis of 7 SURPASS phase 3 trials (HR = 0.81, 95% 
CI, 0.39–1.68).35

Meta-analyses of GLP-1 RAs  
and stroke risk reduction
Several meta-analyses of GLP-1 RAs, including CVOTs, have 
been conducted to detect class benefit on ASCVD events, 
including stroke. One analysis of the Taiwan Health Insur-
ance Database from 2011 to 2017 matched 4,460 individu-
als with T2D taking GLP-1 RAs with 13,380 patients taking 
dipeptidyl peptidase-4 (DPP-4) inhibitors.36 Those taking 
GLP-1 RAs had a lower risk of nonfatal stroke than those tak-
ing DPP-4 inhibitors.36

Another meta-analysis of 8 trials and 60,080 patients 
with T2D found that GLP-1 RAs were associated with a sta-
tistically significant 17% reduction in fatal or nonfatal stroke 
compared to placebo.37 A third meta-analysis of the same 8 
trials found that GLP-1 RAs significantly reduced nonfatal 
stroke by 15% and fatal stroke by 16%.38 Notably, the ELIXA 
trial, evaluating lixisenatide, showed a higher risk of stroke 
in the overall patient population, likely because patients 
enrolled in ELIXA had recent coronary syndrome.38 A sensi-
tivity analysis in one of the meta-analyses excluded patients 
from ELIXA and found marginally increased benefits of 
GLP-1 RAs.37 Of note, both of these meta-analyses included 
ELIXA and PIONEER-6 in the 8 trials, indicating that results 
may be applicable to lixisenatide and oral semaglutide.

Other T2D medications and stroke risk reduction
SGLT2 inhibitors. One meta-analysis of 4 SGLT2 inhibitor 
CVOTs found no overall effect on stroke risk.39 Another meta-
analysis evaluated 6 CVOTs of SGLT2 inhibitors and found no 
statistically significant benefit in several stroke subanalyses.40 
A third meta-analysis of the same 6 SGLT2 inhibitor CVOTs 
did not find a significant association with lower stroke risk.38

Analysis of 19 randomized trials of DPP-4 inhibitors, 
including a total of 9,278 patients, showed a nonsignificant 
trend toward benefit for stroke (OR 0.639, 95% CI: 0.336–
1.212; P = .170).41 Pioglitazone has been associated with 
lower risk of recurrent stroke in patients with insulin resis-
tance or T2D, but its unfavorable CV side effect profile limits 
use in patients at high CV risk.42 Sulfonylureas have a neutral 
effect on stroke risk.42

Key message. Meta-analyses of CVOTs for GLP-1 RAs 
indicate that these therapies demonstrate substantial reduc-
tion of ischemic stroke versus placebo in patients with 
T2D.5,37,43 In contrast, other T2D medications do not have sig-

nificant ischemic stroke benefit in patients with T2D, except 
for pioglitazone, which is limited by CV side effects.5,40 There-
fore, of agents recommended by guidelines to mitigate CV 
risk in patients with diabetes (GLP-1 RAs and SGLT2 inhibi-
tors), GLP-1 RAs are the preferred therapies for reducing risk 
of ischemic stroke.

REDUCING STROKE RISK IN PRIMARY CARE—
PRACTICAL APPLICATION
As a primary point of care for patients with T2D who have 
experienced or are at risk of ischemic stroke, PCPs should be 
familiar with implementing evidence-based complex ther-
apy to reduce stroke risk.

Primary prevention. Highlights of mainly primary-preven-
tion approaches to ASCVD and stroke risk reduction, based on 
the ADA Standards of Medical Care, are discussed below. 

•   Antihyperglycemic therapy should be selected based 
on clinical characteristics such as ASCVD, high CV 
risk, heart failure, and chronic kidney disease (CKD).24

•   GLP-1 RAs and SGLT2 inhibitors are recommended 
for ASCVD or high CV risk, but GLP-1 RAs are noted to 
have benefit in stroke prevention and SGLT2 inhibitors 
are not.24 

•   Hypertension is managed by targeting a blood pres-
sure of <130/80 mm Hg, if it can be safely attained, and 
selection of antihypertensive agent depending on the 
patient’s clinical characteristics.14 

•   Lipid management and primary prevention of ASCVD 
with moderate-intensity statin therapy is indicated for 
patients aged 40 to 75 years with diabetes, with high-
intensity statins indicated in certain high-risk situa-
tions (including patients with ASCVD).14 

•   Lifestyle adjustments to diet and physical activity are 
suggested for improving and maintaining optimal lev-
els of blood glucose, blood pressure, and lipids.14,24 

Secondary prevention. Since management strategies for 
ischemic stroke depend on the subtype, defining ischemic 
stroke etiology, when possible, can help guide therapy (FIGURE 
2). Topline recommendations from the AHA/ASA guidelines 
on secondary stroke prevention include the following5:

•   Generally, managing vascular factors such as hyper-
tension, diabetes, and lipids is a priority, as well as 
encouraging smoking cessation and engaging in mul-
tidisciplinary management.  

•   For patients with T2D and ASCVD, including ischemic 
stroke, GLP-1 RA therapy is recommended, regardless 
of baseline A1c.

•   A healthy diet, specifically a low-sodium or Mediter-
ranean diet, is suggested for stroke risk reduction. 

•   For nearly all patients who have experienced a stroke, 
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barring any contraindications, antithrombotic treat-
ment with antiplatelet or anticoagulant drugs is  
recommended. 

The reader is referred to the full AHA/ASA guideline (https://
www.ahajournals.org/doi/10.1161/STR.0000000000000375) 
for further discussion and detailed therapeutic strategy for 
secondary ischemic stroke prevention by subtype.

Revisiting case scenario 1, the PCP should consider 
optimizing the patient’s T2D regimen to include an antihy-

perglycemic agent with additional A1c-
lowering effects, as well as ASCVD risk 
reduction. Specifically, adding a GLP-1 
RA would likely improve the patient’s 
A1c and reduce the risk of ischemic 
stroke.

CASE SCENARIO 2
A 67-year-old female with T2D, atrial fibril-

lation, and CKD presents to her PCP for 

her annual visit. She has a family history of 

stroke but has been stroke free. Her medi-

cations include metformin 1000 mg daily, 

apixaban 2.5 mg twice daily, rosuvastatin 

20 mg daily, and irbesartan 300 mg daily. 

Her A1c is 6.8%. At today’s visit, her esti-

mated glomerular filtration rate has declined 

to 21 mL/min/1.73 m2, down from 30 mL/

min/1.73 m2 6 months ago.

In case scenario 2, the patient is at 
risk for ischemic stroke and would ben-
efit from therapies that reduce stroke risk, 
in addition to further workup of her kid-
ney impairment. Her kidney function has 
deteriorated to the point where clinicians 
may consider discontinuing metformin 
in favor of a safer agent. The degree of 
kidney impairment also precludes use 
of SGLT2 inhibitors. Discontinuing met-
formin and initiating a GLP-1 RA would 
reduce the patient’s risk of ischemic 
stroke and improve the safety of her med-
ication regimen, given her CV risk factors 
and decreased kidney function.

SUMMARY
Patients with diabetes are at increased 
risk for ASCVD events and should receive 
therapy with beneficial effects on CV out-

comes—especially patients with additional CV risk factors. 
GLP-1 RAs have demonstrated a reduced risk of ischemic 
stroke in patients with T2D compared to other T2D medica-
tions, and several mechanisms have been proposed. PCPs 
treating patients with T2D who are at risk for occurrence or 
recurrence of ischemic stroke should consider incorporating 
GLP-1 RAs as an important component of stroke risk reduc-
tion, consistent with current evidence and clinical practice 
guidelines.  ●

FIGURE 2. AHA/ASA conceptual representation  
of ischemic stroke subtypes

Abbreviation: ESUS, embolic stroke of undetermined source. 

Reproduced with permission from the American Heart Association, from Kleindorfer DO, et al. 2021 
Guideline for the Prevention of Stroke in Patients With Stroke and Transient Ischemic Attack: a guideline 
from the American Heart Association/American Stroke Association. 2021;52(7):e364-e467. https://www.
ahajournals.org/doi/10.1161/STR.0000000000000375. Permission for further use of this material must be 
obtained from the American Heart Association.
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