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To help ensure an expanded healthy lifespan for as many people as possible world-
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wide, there is a need to prevent or manage a number of prevalent chronic diseases
directly and indirectly closely related to aging, including diabetes and obesity.
Glucagon-like peptide 1 receptor agonists (GLP-1 RAs) have proven beneficial in type
2 diabetes, are amongst the few medicines approved for weight management, and
are also licensed for focused cardiovascular risk reduction. In addition, strong evi-
dence suggests several other beneficial effects of the pleiotropic peptide hormone,
including anti-inflammation. Consequently, GLP-1 RAs are now in advanced clinical
development for the treatment of chronic kidney disease, broader cardiovascular risk
reduction, metabolic liver disease and Alzheimer's disease. In sum, GLP-1 RAs are po-
sitioned as one of the pharmacotherapeutic options that can contribute to addressing
the high unmet medical need characterising several prevalent aging-related diseases,

potentially helping more people enjoy a prolonged healthy lifespan.
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1 | INTRODUCTION

Increased age is associated with frailty and diseases of varying sever-
ities, and for many, the hope of a long and healthy lifespan therefore
becomes elusive. Nevertheless, overall life expectancy has increased
markedly during the past decades, owing to a large extent to the in-
troduction of medicines such as statins and anti-hypertensives. These
and newer-generation drugs have resulted in a lower prevalence and

severity of age-related illnesses such as cardiovascular disease (CVD).

To sustain and reinforce this positive trend and help ensure a pro-
longed healthspan for more people across the world, novel pharmaco-
therapeutics and optimal use of existing options are arguably needed.

Glucagon-like peptide-1 (GLP-1) receptor agonists (RAs) are an ex-
ample of a drug class with proven or potential benefits across a range of
prevalent age-related conditions and complications (Miller et al., 2019).
Originally developed to manage blood glucose levels in type 2 diabetes
(T2D), GLP-1 RAs have subsequently been confirmed to have marked
benefits on body weight and CVD risk. Furthermore, evidence from
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research and clinical use of the drug class has led to the initiation of

clinical trials with GLP-1 RAs in other prominent aging-related diseases,

including chronic kidney disease (CKD) and Alzheimer's disease.

2 | THE PLEIOTROPIC GLP-1 HORMONE
AND DRUG CLASS

Secreted into systemic circulation following food intake, GLP-1 is one
of two major gut-derived peptide hormones of the incretin system (the
other is gastric inhibitory peptide, GIP) and plays important roles in sus-
taining glucose homeostasis via its glucose-dependent insulinotropic
and glucagonostatic effects (Miiller et al., 2019). GLP-1 is a pleiotropic
hormone that exerts its actions via the GLP-1 receptor (GLP-1R), which
in humans has been shown to be expressed in the pancreas and several
other tissues, including many areas of the brain (Figure 1).

Pharmaceutical development has enabled long-acting GLP-1
RAs for once-daily and once-weekly subcutaneous injection (Miiller
etal.,, 2019; Nauck et al., 2020). Recently, a GLP-1 RA (semaglutide) was
introduced for oral administration as a tablet. GLP-1 RAs have proven
safe and well tolerated during development and in clinical use accord-
ing to the prescribing information for each of the marketed GLP-1 RAs.
Tolerability concerns related mainly to gastrointestinal side effects can
be mitigated for most using dose-escalation regimens. Detailed reviews
of the safety and tolerability profiles of GLP-1 RAs are available else-
where (Amaro et al., 2022; Trujillo, 2020) and in the reports cited below
for each of the aging-related conditions discussed in this article.

GLP-1 RAs are currently indicated to improve glycaemic control in
T2D, for weight management, and to reduce CVD risk in people with T2D.

T2D and obesity are highly and increasingly prevalent cardiomet-

abolic diseases that may accelerate the aging process, illustrating the
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need for timely anti-diabetes and anti-obesity intervention to help
prevent or delay age-associated complications such as CVD, kidney
disease and neurodegenerative disorders (Morley, 2008; Salvestrini
etal., 2019).

2.1 | Type 2 diabetes

Amongst people 65years of age or older, the T2D prevalence is high in
many societies and in the US specifically, 25% of the people in this age
group is estimated to have diabetes with even more having prediabetes
(Rooney et al., 2021). Furthermore, older adults are amongst those with
the fastest growing diabetes incidence rate (Bellary et al., 2021; Khan
et al., 2020) and those with the highest prevalence of diabetes-related
comorbidities and poor outcomes (Bellary et al., 2021; Laiteerapong
et al,, 2011; Quinones et al., 2019). The metabolic derangements in T2D
are caused or exacerbated further by the physiological changes that
occur with aging, including reduced physical functioning and sarcope-
nia (Bellary et al., 2021). Overall, GLP-1 RAs in T2D provide meaningful
improvements in glycaemic control regardless of age to allow recipients
to achieve the glycaemia-focused treatment goals (Nauck et al., 2020).
Compared with other glucose-lowering drugs, GLP-1 RAs - because of
their glucose-dependent mode of action - are associated with low risk of
hypoglycaemia, an important consideration in older persons with T2D.

2.2 | Weight management
Physiologically, humans tend to gain excess body weight when aging,
but overweight and in particular obesity negatively impacts health-

span and markedly decreases quality of life, with visceral and ectopic
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adiposity being especially associated with cardiometabolic disease
and premature death. Recently, the European Commission classified
obesity as a chronic disease and regardless of age, a weight loss of
5% has traditionally been regarded as clinically relevant, with 10%
now emerging as the minimum to substantially lower the risk of poor
outcomes (Tahrani & Morton, 2022).

Liraglutide, the first GLP-1 RA licensed for use in weight manage-
ment, was approved in 2013 and recently, a second-generation RA,
semaglutide, was approved with weight loss of up to around 18%
after 68 weeks shown in phase 3 development (Wadden et al., 2021).
In addition, tirzepatide, a GLP-1/GIP dual RA, appears promising in
obesity management with weight loss of up to around 21% after
72 weeks in phase 3 (Jastreboff et al., 2022). Further, a product com-
bining semaglutide with an amylin analogue is in phase 3 develop-
ment (Table 1), showing weight loss of up to 17% after only 20 weeks
inaphase 1 trial (Enebo et al., 2021). Current knowledge links weight
loss with GLP-1 RAs to central effects in brain regions expressing
the GLP-1R, modifying food preferences, reducing appetite and
food intake, and increasing satiety. The weight-reducing effects of
GLP-1 RAs (liraglutide and semaglutide) do not depend on age (Novo
Nordisk A/S, 2015, 2022).

2.3 | Cardiovascular disease

CVD remains the major cause of morbidity and mortality globally,
and the incidence and prevalence of CVD depend on age. The pre-
dominant cause of CVD is atherosclerosis, representing a decades-
long process prior to clinical manifestation.

Strong evidence of a cardiovascular risk reduction benefit of
GLP-1 RAs in people with T2D has accumulated with data from large
cardiovascular outcomes trials (CVOT) collectively showing a sig-
nificant relative risk reduction of 14% for the 3-component MACE
composite outcome (major cardiovascular adverse events, compris-
ing cardiovascular death, myocardial infarction, and non-fatal stroke)
(Sattar et al., 2021). Moreover, significant 11%-12% relative risk re-
ductions for all-cause mortality and for heart failure hospitalisations
have also been shown (Sattar et al., 2021).

Currently, dulaglutide, liraglutide and semaglutide are approved
for cardiovascular risk reduction in people with T2D with established
CVD or increased cardiovascular risk. Additional CVD-focused trials
in T2D and weight management are currently ongoing (Table 1).

The cardiovascular benefits of GLP-1 RAs appear to be driven
by both direct and indirect effects (Figure 1); as such, the cardiac
effects of GLP-1 RAs are partly independent of their effects on body
weight and may also at least partly be mediated via direct effects via
the GLP-1R (Mdiller et al., 2019). Other evidence points towards that
the cardiovascular benefits may be driven by reduction of visceral
fat (Neeland et al., 2021). Studies in animal models of atheroscle-
rosis have demonstrated anti-inflammatory and anti-atherosclerotic
effects of GLP-1 RAs (Rakipovski et al., 2018). GLP-1 RAs can lower
blood triglyceride levels (Patel et al., 2014), which may also add to an
anti-atherosclerotic effect.

Aging

3 | FUTURE POTENTIALS AND
PERSPECTIVES

3.1 | Chronickidney disease

CKD contributes markedly to the increased morbidity or mortality
of the elderly. CKD in people with diabetes (diabetic kidney disease,
DKD) can, at least partly, be seen as the renal manifestation of the
diabetes-related glucotoxicity (Thomas et al., 2015). Other risk fac-
tors include dyslipidaemia, obesity, and hypertension. CKD/DKD
and CVD are strongly linked; DKD in particular is associated with
an unfavourable cardiovascular prognosis. Accordingly, the CVOTs
mentioned earlier also suggested a kidney-protective benefit of
GLP-1 RAs, indicating significant relative risk reductions of up to 35%
on composite kidney outcomes with real-world evidence corrobo-
rating this potential (Sattar et al., 2021; von Scholten et al., 2022).
Currently, completion of ongoing kidney-specific outcomes trials
(Table 1) and regulatory approval are needed for wide-spread use
of GLP-1 RAs in CKD. Potential direct kidney-beneficial effects of
GLP-1 RAs include improved haemodynamics (via RAAS modulation
and increased natriuresis), anti-inflammation and reduced oxidative
stress (von Scholten et al., 2022). Indirect effects on blood pressure
and body weight may also play a role.

3.2 | Alzheimer's disease and other
neurological disorders

Alzheimer's disease is one of the most common neurodegenerative
disorders, the risk of which increases with age. Based on evidence
from clinical trials and preclinical studies and in line with the fact
that Alzheimer's disease is intimately associated with diabetes to the
extent that some view the disease as “type 3 diabetes” (Kandimalla
et al., 2017), GLP-1 RAs are being repurposed as a potential inter-
vention to address the unmet medical need in Alzheimer's disease.
Preclinical data have indicated a neuroprotective role for GLP-1, and
current evidence points towards reduced inflammation as the com-
mon denominator for the benefits in Alzheimer's disease and other
neurological disorders (Cai et al., 2018; Li et al., 2021; Ngrgaard
et al., 2022; Yun et al., 2018; Zhao et al., 2020). Post hoc analysis
of datasets from CVOTs in T2D have indicated a significantly 53%
lower risk of dementia for people treated with GLP-1 RAs liraglutide
or semaglutide (Ngrgaard et al., 2022), and an exploratory analysis
of data from the REWIND CVOT indicated a robust 14% reduc-
tion of risk of substantive cognitive impairment with dulaglutide
(Cukierman-Yaffe et al., 2020). Currently, the effects of semaglutide
(oral administration) in Alzheimer's disease are being investigated in
phase 3 trials (Table 1).

In addition to Alzheimer's disease, a potential for GLP-1 RAs has
also been shown in neurological disorders such as Parkinson's dis-
ease (Athauda et al., 2017; Brauer et al., 2020) and cerebral small
vessel disease (Zhao et al., 2020) with ongoing clinical studies ex-
ploring the possibilities (Table 1).
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TABLE 1 Major clinical trials with GLP-1 RAs in aging- related diseases.

Trial name

Weight management

Title

Clinicaltrials.gov ID

OASIS 1 Effects of oral semaglutide on body weight in overweight/obesity NCT05035095
REDEFINE 2 Effects of semaglutide + cagrilintide (amylin analogue) in overweight/obesity NCT05394519
Cardiovascular risk reduction
SELECT Effects of semaglutide on heart disease and stroke in overweight/obesity NCT03574597
STEP-HFpEF Effects of semaglutide on HFpEF in overweight/obesity NCT04788511
STEP-HFpEF DM Effects of semaglutide on HFpEF in overweight/obesity with type 2 diabetes NCT04916470
STRIDE Effects of semaglutide in T2D with peripheral arterial disease NCT04560998
SURPASS-CVOT Effects of tirzepatide on MACE in type 2 diabetes NCT04255433
Chronic kidney disease
FLOW Effects of semaglutide on kidney outcomes in type 2 diabetes with chronic kidney = NCT03819153
disease
REMODEL Mechanisms of action of semaglutide in type 2 diabetes with chronic kidney NCT04865770
disease
Non-alcoholic steatohepatitis
ESSENCE Effect of semaglutide in non-alcoholic steatohepatitis NCT04822181
REALIST Effect of dulaglutide in non-alcoholic steatohepatitis NCT03648554
Neurological disorders
EVOKE and EVOKE+ Effects of semaglutide in early Alzheimer's disease NCT04777396
NCT04777409
Exenatide-PD3 Exenatide as disease modifying treatment in Parkinson's disease NCT04232969
GAPP-SVD Exenatide in preventing progression of small vessel disease NCT05356104

Note: List is not exhaustive and includes representative major, late-stage clinical trials in aging-related diseases.

Abbreviations: CVOT, cardiovascular outcomes trial; DM, diabetes mellitus; HFpEF, heart failure with preserved ejection fraction; MACE, major

adverse cardiovascular event.

3.3 | Metabolic liver disease

Amongst the non-alcoholic fatty liver diseases (NAFLDs), non-
alcoholic steatohepatitis (NASH) is one of the most common, as-
sociated with serious complications such as cirrhosis, CVD and
CKD, but without effective pharmacotherapeutic options (Younossi
et al., 2018). NASH is closely linked to diabetes and obesity; for ex-
ample, estimates have shown that amongst people with T2D, around
two-thirds have NASH (Younossi et al., 2018, 2019). In addition, al-
though NASH can occur at any age, advanced age is a major risk
factor. A meta-analysis showed that GLP-1 RAs may resolve NAFLD
(Ghosal et al., 2021) and recently, a phase 2 study showed that the
GLP-1 RA semaglutide was able to provide significant resolution of
NASH (Newsome et al., 2021). Additional clinical trials are ongoing
to establish the potential clinical usefulness of GLP-1 RAs in NASH
(Table 1).

3.4 | Anti-inflammation

Metabolic diseases such as diabetes and obesity in themselves
confer an increased inflammatory burden, which plays pathogenic
roles in several complications. In addition, mechanisms such as

clonal haematopoiesis of indeterminate potential (CHIP) (Jaiswal &
Libby, 2020) appear to be driving inflammatory processes associ-
ated with aging, including introduction of proinflammatory muta-
tions in immune cells. Several preclinical and clinical investigations
have shown that GLP-1 RA treatment is anti-inflammatory (Zobel
et al., 2021), which in addition to the disease-specific benefits men-
tioned above may be especially helpful in reducing the overall in-
flammatory burden associated with aging as the result of CHIP and/

or other processes.

4 | SUMMARY

In sum, GLP-1 RAs provide proven and potential benefits that may
help people experience a prolonged healthy lifespan with reduced
risk of serious and chronic aging-related conditions. Thus, the drug
class is positioned as a novel pharmacotherapeutic option that in
combination with non-pharmaceutical interventions can help ad-
dress the pronounced medical need associated with the aging

human population.
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