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Abstract

Purpose Stroke is a leading cause of disability and mortality worldwide. It has been estimated that more than 90% of the
risk of stroke is associated with modifiable factors, including diabetes, hypertension, obesity, and heart disease. Glucagon—
like peptide 1 receptor agonists (GLP1RAs) have been shown to have a beneficial effect on these major risk factors. In this
review, we discuss the evidence supporting the use of GLP1RAs on brain health, particularly in relation to stroke prevention.
Recent Findings The results of multiple randomized clinical trials demonstrate that, among patients with type 2 diabetes,
GLP1RAs reduce body weight and improve glucose levels and lipid metabolism. In high-risk populations, GLP1RAs also
reduce the risk of major adverse cardiovascular events, including all stroke and non-fatal stroke. Mechanistically, GLP1RAs
have a beneficial effect on different stroke risk factors, support microvascular function, and reduce inflammation and oxida-
tive stress.

Summary GLP1RAs are recommended for the primary prevention of stroke in patients with diabetes and elevated cardio-

vascular risk.
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Introduction

Glucagon—like peptide 1 receptor agonists (GLP1RAs) are
a cutting-edge anorectic therapy option with growing popu-
larity. By reducing appetite, delaying gastric emptying, and
enhancing the secretion of insulin, these drugs reduce body
weight, improve glucose levels, and enhance lipid metabo-
lism. The evidence obtained in multiple randomized clini-
cal trials demonstrates that GLP1RAs are effective for the
treatment of type 2 diabetes, obesity, and dyslipidemia.
There is, in addition, emerging evidence that indicate these
new drugs can have cardioprotective and neuroprotective
properties. The on-label and off-label use of GLP1RAs has
gained popularity, driven by robust clinical research, docu-
mented benefits, and widely circulated claims on social
media [1]. In addition, professional treatment guidelines
recommend the use of these medications in populations
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at high risk for developing major adverse cardiovascular
events. This chapter reviews the history, benefits, and side
effects of GLP1RAs use in relation to brain health with spe-
cial emphasis on stroke.

History and Pharmacology

In the 1970s, the glucose-dependent insulinotropic polypep-
tide (GIP) was isolated from porcine gastric extracts [2]. The
discovery of GIP, a potent stimulator of insulin secretion,
laid the foundation for the successful mapping of the pro-
glucagon gene and the discovery of the glucagon-like poly-
peptides GLP-1 and GLP-2. GLP-1 and GIP are incretins,
hormones produced by the epithelium of the gastrointestinal
tract in response to food intake that promote the secretion
of insulin. GLP-1 is synthesized in different cells, including
pancreatic islet cells, intestinal mucosa L-cells, and neurons
in the nucleus solitary tract [3]. GLP-2, in comparison, pro-
motes intestinal epithelial proliferation, decreases inflam-
mation and apoptosis, and enhances gut barrier function.
By activating its ubiquitously expressed receptor GLP1R,
GLP-1 regulates multiple physiological processes which
are summarized in Fig. 1. GLP-1 delays gastric emptying
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Fig. 1 Effect of Glucagon-like peptide 1 (GLP-1). GLP-1 receptors
are ubiquitously expressed in the body. In the gastrointestinal system,
GLP-1 reduces intestinal motility, gastric emptying, and glucagon
secretion. In addition, it increases insulin synthesis and enhances lipid

and causes postprandial satiety. In addition, it increases the
secretion of insulin by the pancreas and plays a pivotal role
in glycemic control and lipid metabolism [4]. Thus, GLP-1
was rapidly identified as a potential new treatment for dia-
betes and metabolic syndrome. Incretins, however, are rap-
idly degraded by dipeptidyl peptidase-4 resulting in fleeting
half-lives of 1-2 min (Fig. 2). The next important step in
the development of GLP1RAs occurred in 2005 when exen-
din-4, a GLP-1-like peptide with a half-life of more than 2 h,
was isolated from Gila monster venom. Although exendin-4
still lacked the extended half-life required to be effective for
glycemic control, it set the foundation for the development
of new GLP-1 analogs relatively resistant to dipeptidyl pep-
tidase-4 with prolonged half-lives revolutionizing the treat-
ment of obesity and type 2 diabetes. Currently, there are two
types of GLP1RAs. Exenatide, lixisenaide, and efpeglenide
are based on the sequence of exendin-4. In comparison,
albiglutide, dulaglutide, and semiglutide are human-GLP-1
based analogs. These therapy options differ by half-lives
and modes of administration (Table 1).
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metabolism. In the cardiovascular system, it reduces blood pressure,
enhances cardiac function, and protects against ischemia-induced
injury. In the central nervous system, it reduces appetite and increases
neurogenesis

Effect on Obesity and Diabetes

Obesity, particularly central obesity, is a major contributor
to metabolic syndrome, which includes insulin resistance,
type 2 diabetes, dyslipidemia, and hypertension. In addition,
it has been linked to multiple noncommunicable pathologies
such as diabetes, cancer, non-alcoholic fatty liver, obstruc-
tive sleep apnea, cardiovascular disease (CVD), and stroke
[5]. The term obesity epidemic refers to the rapid and wide-
spread increase in the burden of this condition around the
globe. World Health Organization estimates show that in
2022 1 in 8 people in the world had obesity, which doubled
compared to data from 1990. Also, according to the Center
of Disease Control (CDC), approximately 40% of the adults
living in the US have obesity (BMI>30 kg/m?) and 9.4%
have severe obesity (BMI>40 kg/m?). Despite the imple-
mentation of educational campaigns, the prevalence of
obesity and severe obesity among children and adolescents
in the US increased from 5.2% to 1.0% in 1971-1974 to
19.3% and 6.1% in 2017-2018, respectively. In comparison,
the prevalence of obesity in adults increased from approxi-
mately 28% in 1999-2000 to 43% in 2017-2018 [6].
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Fig. 2 Biochemistry of proglucagon. The GCG gene in chromosome
2 encodes for proglucagon, which has a tissue specific processing. In
the pancreas, the enzyme prohormone convertase 2 (PC2) metabolizes
proglucagon into glucagon which is stored in vesicles. Hypoglycemia
and the glucose-dependent insulinotropic peptide stimulate the secre-
tion of glucagon which increases glycemic levels. In the intestine and
the brain, proglucagon is metabolized by the prohormone convertase

Several studies have assessed the role of GLP-1 in
obesity. In the randomized double-blind controlled study
STEP-1 (Research Study Investigating How Well Semaglu-
tide Works in People Suffering From Overweight or Obe-
sity), the treatment of adults with obesity once-weekly with
semaglutide at a dose of 2.4 mg resulted in a mean reduc-
tion in body weight of approximately 15%, compared to
3% in the control group [7]. In addition, the coprimary end
point of weight reduction of >5% was achieved in 86% of
participants in the group receiving semaglutide and 32% of
those randomized to placebo. In the study SCALE (Effect of
Liraglutide on Body Weight in Non-diabetic Obese Subjects
or Overweight Subjects With Co-morbidities: SCALE™ -
Obesity and Pre-diabetes), patients with obesity and pre-
diabetes were randomized to once-daily subcutaneous
injections of liraglutide at a dose of 3.0 mg or placebo. After
56 weeks of treatment, the mean loss of weight was 8.4 kg
in the study group and 2.8 kg in the control group [8]. In
a meta-analysis that included 8 randomized clinical trials
(RCT) of semaglutide with overweight or obese patients
without diabetes, the mean weight of participants receiving
the study drug was 10 kg lower than in those receiving pla-
cebo [9]. Similarly, in another meta-analysis including 47

1/3 (PC1/3) into glucagon-like peptide 1 (GLP-1) and glucagon-like
peptide 2 (GLP-2). GLP-1 suppresses appetite, inhibits the secretion
of glucagon, and stimulates the release of insulin, all processes that
reduce the circulating levels of glucose and body weight. GLP-2, in
comparison, enhances intestinal epithelial barrier function and reduces
intestinal inflammation. Glucagon, GLP-1, and GLP-2 are degraded by
dipeptidyl peptidase 4 (DPP-4).

RCT and more than 23 thousand patients, patients receiv-
ing different GLP1RAs had a mean difference in weight
of -5 kg relative to placebo [10]. This difference was more
pronounced in individuals without diabetes (-9.2 kg) than in
those with diabetes (-2.7 kg). Thus far, there are only two
FDA-approved medications for weight loss in the GLP1RAs
family: semaglutide and tirzepatide (Table 2).

In relation to diabetes, CDC estimates show that 38.1 mil-
lion adults or 14.7% of the US population had diabetes in
2021. Of these, 8.7 million were undiagnosed. The preva-
lence of diabetes is age-dependent and increases from 4.8%
in young adults ages 18—44 to 29% among those older than
65 years. Furthermore, racial and ethnic variations have
been observed, with a prevalence of 13.6% in non-Hispanic
Whites, 15.5% in Hispanics, and 17.4% in Blacks. Among
all patients with diabetes, 80-90% have type 2 diabetes,
which is characterized by a reduced secretion of insulin by
the beta cells in the pancreas or insulin resistance. Diabe-
tes amplifies the detrimental effect of cardiometabolic risk
factors, such as dyslipidemia and atherosclerosis, and is
considered a major cause of cardiovascular disease, stroke,
and cognitive decline. According to the American Diabe-
tes Association, the total annual cost of diabetes in 2022
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Table 1 Characteristics of glucagon-like peptide 1 receptor agonists

Drug Name Type Mode of Administration  Dosages Regimen Therapeutic time frame Half-
life
Exenatide Synthetic form of Exen- Subcutaneousiinjection 5 pgand 10 pg  Twice Daily:  Short-Acting ~2.5h
din-4 present in Gila Adminis-
monster tered twice
a day before
breakfast and
dinner
Lixisenatide GLP-1 receptor agonist Subcutaneous injection 10 pg for 14 Daily Short-Acting ~3h
days
20 pg thereafter
Liraglutide Synthetic analogue of Subcutaneous injection 1.2 mg and Daily Intermediate-Acting ~13h
human GLP-1 1.8 mg
Abiglutide Long-acting GLP-1 agonist Subcutaneous injection 30 mg, 50 mg Once Weekly Long-Acting ~6-7
*discontinued ~ w/ GLP-1 dimer fused with days
human serum albumin
Semaglutide GLP-1 agonist with high Subcutaneous injection  0.25 mg, 0.5 mg, Once Weekly Long-Acting ~7
homology to human GLP 1 mg, 2 mg days
Semaglu- GLP-1 agonist with high Oral 3 mg, 7 mg, Daily Long-Acting ~7
tide Oral homology to human GLP 14 mg days
formulation
Dulaglutide GLP-1 receptor agonist Subcutaneous injection  0.75 mg Once Weekly  Long-Acting ~3.75
1.5 mg days
Max 4.5 mg
Tirzepatide Dual GIP and GLP-1 Subcutaneous injection 2.5 mg, 5 mg, Once Weekly Long-Acting ~5
receptor agonist 7.5 mg, 10 mg, days
12.5 mg, 15 mg
Exenatide-ER ~ GLP-1 agonist Subcutaneous injection 2 mg Once Weekly  Long-Acting ~5
*discontinued days

was $412.9 billion, accounting for 1 in every 4 healthcare
dollars spent [11]. Thus, there is an urgent need for iden-
tifying effective treatments for diabetes. By stimulating
the endogenous secretion of insulin, reducing the produc-
tion of glucagon, and delaying gastric emptying, GLP1AR
reduce glucose levels and enhance metabolic control. The
beneficial effect of GLP1AR for patients with type 2 diabe-
tes has been demonstrated in several RCT. The Liraglutide
Effect and Action in Diabetes (LEAD) series were 6 phase
3 RCT that showed improvement in hemoglobin Alc lev-
els, enhanced beta cell function, weight loss, and reduced
blood pressure with liraglutide alone or in combination with
other oral hypoglycemic agents. Similarly, the Semaglutide
Unabated Sustainability in Treatment of Type 2 Diabetes
(SUSTAIN) studies was a series of 7 RCT that investigated
the efficacy and safety of subcutancous semaglutide in over
8000 patients with type 2 diabetes [12]. The SUSTAIN 1-5
and 7 trials compared semaglutide to either placebo or other
existing hypoglycemic agents. In these studies, semaglutide
demonstrated superior and sustained glycemic control and
weight loss than all the other comparators evaluated. SUS-
TAIN 6, in particular, included patients with type 2 diabe-
tes who also had CVD, chronic kidney disease, or both. In
this study, patients were randomized to receive subcutane-
ous semaglutide (0.5 mg or 1.0 mg) once a week or pla-
cebo. After 104 weeks of treatment, the primary outcome
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of cardiovascular death, nonfatal myocardial infarction,
or nonfatal stroke occurred in 6.6% of the patients in the
semaglutide group and 8.9% of those in the placebo group,
resulting in a hazard ratio (HR) of 0.74 (95% CI 0.58-0.95)
[13]. The SUSTAIN studies confirmed that, in addition to
their effect on glycemic and weight control in patients with
type 2 diabetes, GLP1RAs have the potential to reduce the
incidence of major adverse cardiovascular outcomes in
high-risk populations. In a comprehensive meta-analysis
including 76 RCT and more than 39 thousand participants
with type 2 diabetes, treatment with GLP1RAs was associ-
ated with a reduction in HbAlc of -0.6% to -2.1% as well
as reduction of -10.8 to -57.7 mg/dl in the fasting blood glu-
cose levels relative to placebo [14]. Several GLP1RAs have
received FDA approval for the treatment of type 2 diabetes,
including semaglutide, tirzepatide, liraglutide, dulaglutide,
and exenatide (Table 2).

Effect on Cardiovascular and Cerebrovascular
Diseases

The beneficial effect of GLP1RAs on obesity and diabe-
tes and the results of SUSTAIN 6 suggest that this drug
class may play a major role in the prevention of CVD and
stroke. Thus far, 7 cardiovascular outcomes trials (CVTO)
have produced robust data supporting the beneficial effect
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Table 2 Major GLP-1RA. Indications for FDA approval, side effects, and contraindications

Drug Date FDA approval Side effects Contraindications
Liraglutide 2010 Improve glycemic control in adults with Nausea, Hypersensitivity reaction
type 2 diabetes vomiting,  History of pancreatitis or develops pancreatitis
2014  Chronic weight loss management diarrhea Family or personal history of Thyroid C-cell tumors/med-
2017 Pediatric patients with (10 years and ullary thyroid cancer or multiple endocrine neoplasia 2
older) with type 2 diabetes (MEN2)
2023  First generic version approved for type Pregnancy
2 diabetes
Semaglutide 2017 Type 2 diabetes Nausea, Hypersensitivity reaction
2021 Chronic Weight Management vomiting,  History of pancreatitis or develops pancreatitis
2023 Obesity in 12-year-old and older diarrhea quily history of medullary thyroid cancer or multiple endo-
2024 Reducing risk of cardiovascular events ;rme neoplasia 2 (MEN2)
in adults with obesity/overweight and regnancy
cardiovascular disease
2025 Reducing risk of kidney disease progres-
sion, kidney failure, and cardiovascular
death in adults with type 2 diabetes and
chronic kidney disease
Dulaglutide 2014 Type 2 diabetes Nausea, Hypersensitivity reaction
2020 Cardiovascular events in adults with/ vomiting,  History of pancreatitis or develops pancreatitis
without established cardiovascular diarrhea Family history of medullary thyroid cancer or multiple endo-
disease crine neoplasia 2 (MEN2)
Exenatide 2005 Type 2 diabetes Nausea, Hypersensitivity reaction
vomiting,  History of pancreatitis or develops pancreatitis
diarrhea Family history of medullary thyroid cancer or multiple endo-
crine neoplasia 2 (MEN2)
End-stage renal disease or CrCl1<30mL/min
Drug induced thrombocytopenia
Tirzepatide 2022 Type 2 diabetes Nausea, Hypersensitivity
2023 Chronic weight management vomiting,  History of pancreatitis or develops pancreatitis
2024  Obstructive sleep apnea diarrhea Family history of medullary thyroid cancer or multiple endo-
crine neoplasia 2 (MEN2)
Lixisenatide 2016 Type 2 diabetes Nausea, Hypersensitivity reaction
*discontinued vomiting,  End-stage renal disease or severe renal impairment
diarrhea,
Dizziness

of GLPIRAs on major adverse cardiovascular events
(MACE). In the Liraglutide Effect and Action in Diabetes:
Evaluation of Cardiovascular Outcome Results (LEADER)
study, patients with type 2 diabetes and high cardiovascular
risk were randomized to receive a daily subcutaneous injec-
tion liraglutide or placebo. The primary outcome was the
first occurrence of MACE, defined as death from cardio-
vascular causes, nonfatal myocardial infarction, or nonfatal
stroke. In the median follow up of 3.8 years, the primary
outcome occurred in 13% of the patients randomized to
liraglutide and approximately 15% of those receiving pla-
cebo (p=0.01 for superiority [15]. Also, in the Researching
Cardiovascular Events With a Weekly Incretin in Diabetes
(REWIND) study, approximately 10 thousand patients with
type 2 diabetes and history of CVD or cardiovascular risk
factors were randomized to a weekly subcutaneous injection
of dulaglutide 1.5 mg or placebo [16]. The median follow
up was 5.4 year, 12.0% of the patients receiving dulaglu-
tide and 13.4% of those assigned to the placebo group

experienced the primary composite endpoint of non-fatal
myocardial infarction, non-fatal stroke, or death from car-
diovascular causes (p=0.026). Most of the GLP1RAs are
administered subcutaneously. In an attempt to dispel con-
cerns related to injection site reactions and enhance conve-
nience and patient preference, new oral formulations have
been recently developed. The Trial Investigating the Cardio-
vascular Safety of Oral Semaglutide in Subjects With Type 2
Diabetes (PIONEER 6) randomized patients with high CVD
risk to once daily oral semaglutide versus placebo [17]. The
primary outcome was a composite of death from cardio-
vascular causes, nonfatal myocardial infarction, or nonfatal
stroke. During the median follow up of 15.9 months, 3.8%
of the patients assigned to the study group experienced the
primary outcome compared to 4.8% among those in the pla-
cebo. Similarly, in the A Heart Disease Study of Semaglu-
tide in Patients With Type 2 Diabetes (SOUL) study, which
randomized patients with type 2 diabetes and atheroscle-
rotic cardiovascular disease, chronic kidney disease, or both
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to oral semaglutide versus placebo, the primary outcome of
major adverse cardiovascular event occurred in 12.0% of
the patients receiving semaglutide and 13.8% of the patients
receiving placebo (hazard ratio, 0.86; 95% confidence
interval, 0.77 to 0.96; P=0.006) [18]. Detailed information
about these and other trials can be found in Table 3.

Although stroke was not a primary outcome in RCT
that assessed the effect of GPLIRA in high-risk patients,
subgroup analyses of several CVOTs suggest that these
medications may reduce the risk of cerebrovascular injury.
In a secondary analysis of REWIND, the incidence of non-
fatal stroke was 2.7% in the dulaglutide group compared
with 3.5% in the placebo group (HR=0.76; 95% CI 0.61
to 0.95; p=0.017) [19]. In a meta-analysis including seven
CVOTs and approximately 56 thousand participants, the use
of GLP1RAs in patients with type 2 diabetes reduced the
risk of total stroke by 16% (HR=0.84; 95% CI 0.46-0.93)
and the risk of non-fatal stroke by 15% (HR=0.85; 95% CI
0.76-0.94) relative to placebo [20]. In SUSTAIN- 6 non-
fatal stroke occurred in 1.6% in the semaglutide group vs.
in 2.7% of those receiving placebo, resulting in a reduc-
tion of 39% in the hazard ratio in favor of the GLP1AR
(HR=0.61; 95% CI 0.38 to 0.99; p=0.04) [13]. Further-
more, in another meta-analysis including over 30 thousand
patients, GLP1RAs reduced the risk of all total stroke by
17% (HR=0.83; 95% CI 0.76-0.92) and the risk of non-
fatal stroke by 16% (HR=0.84; 95% CI 0.76-0.93), relative
to placebo [21].

Different mechanisms may explain the beneficial effect
of GLP1RAs on stroke prevention. Low-density lipopro-
teins are pro-atherogenic and have been linked to intracra-
nial and extracranial atherosclerotic disease. The results of
a meta-analysis including 33 studies show that GLP1RAs
have a modest, albeit significant, effect on lipid profile
which is independent of their effect on weight reduction.
Patients receiving GLP1RAs, in particular, showed a reduc-
tion of 2.93 mg/dl in LDL-cholesterol levels and 5.52 mg/
dl in total cholesterol levels with no conclusive effect in tri-
glycerides or HDL-cholesterol. It is worth noting that this
meta-analysis showed a large heterogeneity across studies
(I*>99%), suggesting that there may be differences on the
effect of different GLP1RAs on lipid metabolism [22]. Small
dense LDL (sdLDL) particles are highly susceptible to oxi-
dation and are more atherogenic than LDL-cholesterol. Data
obtained in a small cohort of patients with type 2 diabetes
suggest that liraglutide reduces sdLDL levels and carotid
intima-medial thickness [23]. A similar effect was described
in association with tirzepatide, a GIP-R/GLP-1R co-agonist
[24]. In addition, data obtained in preclinical models and
small cohorts suggest that the GLP1RAs liraglutide may
downregulate PCSK9, a major inhibitor of LDL-receptor
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expression associated with the development of atheroscle-
rosis [25, 26].

There is emerging evidence that supports the active role
of GLPIR signaling pathways in microvascular function
and blood pressure control. GLP-1 receptors are expressed
in endothelial and vascular smooth muscle cells of conduit
and resistance arteries. Results obtained in preclinical mod-
els indicate that GLP-1 improves endothelial dysfunction,
prevents vascular remodeling, and activates the endothelial
nitric oxide synthase-nitric oxide-cGMP pathway. Further-
more, through the activation of canonical G-protein coupled
receptors, GLP-1 receptors activate adenylyl cyclase which
leads to an increased production of cAMP, a second messen-
ger involved in vasodilation [27]. GLP-1 can also support
microvascular health by inhibiting angiotensin II-NADPH
oxidase, which reduces the production of reactive oxygen
species in endothelial cells. It should be noted that carotid
body sensitization participates in sympathetic nerve activ-
ity in hypertension. Data obtained in animal models sup-
port the idea that GLP-1 reduces sympathoexcitation and
induces natriuresis, both processes associated with hyper-
tension. These findings correlate with the results obtained
in the REWIND study, where the use of dulaglutide was
associated with a reduction of the systolic blood pressure
of 1.7 mmHg when compared to placebo [16]. Also, in the
SCALE study, liraglutide reduced the systolic blood pres-
sure by 2.8 mmHg compared to placebo and, in the STEP-1
trial, semaglutide reduced the blood pressure by 5.1 mmHg
systolic and 2.4 mmHg diastolic compared to placebo. Fur-
thermore, the use of once weekly subcutaneous tirzepatide,
a dual GLP1RAs and GIP agonist, reduced the systolic
blood pressure from baseline by 7.4 to 10.6 mmHg, com-
pared to placebo [28].

There is emerging data supporting the notion that
GLPRA may be beneficial in atrial fibrillation (AF) and
heart failure (HF), both important risk factors for stroke.
In relation to AF, data obtained in animal models suggest
that, by reducing oxidative stress and inflammation, subcu-
taneous liraglutide can reduce atrial enlargement as well as
structural and electrical remodeling, all processes that con-
tribute to the development and perpetuation of AF [29]. In a
meta-analysis including 11 RCT, semaglutide was shown to
decrease the occurrence of incident AF by almost 42% com-
pared to placebo [30]. In addition, results obtained using the
experimental models of HF with preserved ejection fraction
showed that semaglutide improves endothelial function and
left ventricular cytoskeleton function, and restores the car-
diometabolic milieu. This was associated with an improve-
ment in cardiac structure and function [31]. These findings
correlate with the results obtained in a meta-analysis of 6
CVOT that evaluated GLP1RAs in HF with preserved ejec-
tion fraction. In this study, GLP1RAs reduced the composite
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of CV death and worsening HF by 32% (HR=0.68; 95%
CI 0.51-0.89) and worsening HF alone by 44% (HR=0.56;
95% C1 0.38-0.82) [32].

Lastly, obesity is a risk factor for venous thromboem-
bolism (VTE). In preclinical models, GLP1RAs inhibit
platelet aggregation, reduce platelet activation markers, and
suppress thromboxane A2 production [33]. These findings
suggest that these drugs may prevent VTE. In a target trial
emulation study, GLP1RA reduced the incidence of VTE
by 22% (HR=0.78; 95% CI 0.73-0.8) [34]. However, the
evidence obtained in RCTs, albeit confounded by a low inci-
dence of VTE events, has yielded inconclusive results [35].

Based on the available information, the 2024 AHA Guide-
line for the Primary Prevention of Stroke recommends using
GLPIRAs in patients with diabetes and high cardiovascular
risk or established CVD and hemoglobin Al1c>7% (Class of
Recommendation 1, Level of Evidence A) [36].

Effect on Cognition

Improvements in medical care have contributed to a global
rise in life expectancy. This progress has been linked to a
significant increase in the incidence and prevalence of age-
related diseases, such as cognitive impairment and dementia.
GLP1RAs can be effective for the treatment of obstructive
sleep apnea, a condition associated with elevated white
matter hyperintensity burden, microstructural damage, and
cognitive impairment [37]. In particular, the treatment of
adults carrying the diagnosis of obesity and moderate-to-
severe obstructive sleep apnea with tirzepatide for 52 weeks
has been associated with reduced levels of markers of sys-
temic inflammation and improved sleep-related outcomes,
including the apnea-hypopnea index, body weight, hypoxic
burden, systolic blood pressure, and sleep-related patient-
reported outcomes [38]. In addition, vascular risk factors,
stroke, and CVD contribute to both vascular and neurode-
generative dementias [6, 39, 40]. Thus, it is plausible that
GLPI1RAs could reduce the burden of cognitive impairment
and mental health disorders in the general population [41].
In a network meta-analysis, the odds of dementia among
individuals treated with dulaglutide, exenatide, or liraglu-
tide was reduced by 66% relative to non-GLP1AR users
[42]. In addition, in a meta-analysis that included 26 RCT
comparing cardioprotective glucose-lowering therapy with
controls that reported dementia or change in cognitive
scores, glucose-lowering therapy was not associated with a
reduction in cognitive impairment or dementia. However,
when analyzed by drug class, GLP1RAs almost halved the
odds of all-cause dementia (OR=0.55; 95% CI, 0.35-0.86),
but sodium-glucose cotransporter-2 inhibitors (SGLT2i)
did not modify it (OR=1.20, 95% CI, 0.67-2.17) [43]. The
interpretation of these findings is confounded by the low

number of dementia cases in each study. Nevertheless, these
results align well with data from the OneFlorida+Data
Trust healthcare repository. In this study, the authors com-
pared the risk of Alzheimer’s Disease and Related Demen-
tias (ADRD) among approximately 50 thousand patients
receiving GLP1RAs, SGLT2i, or other glucose-lowering
drugs. During the mean follow-up of approximately 2 years,
there were 75 ADRD cases among GLP1RAs users, 639
cases among GLD users, and 101 cases among SGLT2i
users. The calculated risk of ADRD was lower among
GLP1RAs users than in those treated with other glucose-
lowering drugs (HR=0.67; 95% CI, 0.47-0.96), but com-
parable among patients treated with GLP1RAs and SGLT2i
(HR=0.97; 95% CI, 0.72—1.32) [44]. Adequately powered
studies with prespecified cognitive outcomes and long fol-
low-up are necessary to ascertain the effect of GLP1RAs
on age-related cognitive change. Currently, the random-
ized studies EVOKE (NCT04777396) and EVOKE Plus
(NCT04777409) are studying the efficacy of oral semaglu-
tide on the progression of cognitive decline in patients with
early Alzheimer’s disease.

Side Effects and Other Concerns

GLP1RAs are well tolerated and, as a group, the most com-
mon adverse events resulting in the discontinuation of treat-
ment are gastrointestinal complications, including nausea,
vomiting, diarrhea, and abdominal discomfort. Albeit infre-
quent, severe gastrointestinal complications, such as pan-
creatitis and bowel obstruction, have also been described. In
SUSTAIN-6, retinopathy and vitreous hemorrhage requir-
ing photocoagulation were seen more commonly in patients
receiving high-dose semaglutide than in those assigned
to the placebo arm [13]. Additionally, most of the trials
excluded patients with family history or personal history of
multiple endocrine neoplasia type 2.

The rapid increase in the use of these medications has
led to supply challenges and resulted in the proliferation
of compounded analogs, raising concerns about safety and
bioequivalence [45]. Additionally, the high cost of these
therapies has driven up pharmaceutical expenditures and
sparked concerns about equitable access, especially among
minority populations, who face a disproportionately higher
burden of CVD and metabolic syndrome. One significant
concern is the potential for treatment discontinuation due
to cost, drug shortage, or adverse effects, which can lead to
a deterioration in key cardiometabolic parameters, includ-
ing glycemic control, blood pressure, and cholesterol levels.
Moreover, it has been suggested that lean muscle mass lost
during treatment with GLP1RAs may not be fully recov-
ered after discontinuation, potentially resulting in a return

@ Springer
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to pretreatment cardiometabolic risk or a rebound risk that
exceeds baseline levels [46].

Conclusion

GLPI1RAs represent a novel class of therapies that signifi-
cantly improves cardiometabolic profiles and reduces the
risk of CVD, stroke, and potentially neurodegenerative con-
ditions. Current practice guidelines recommend their use
in populations with high cardiovascular risk. To maximize
therapeutic benefit, healthcare providers should closely
monitor treatment adherence and ensure patients are well
informed about the potential rebound in cardiometabolic
risk following treatment discontinuation.
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