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ABSTRACT

The Anti-aging Properties of Metformin, Flozins, and GLP-1
Receptor Agonists: A Mini Review

Miftuch T."?, Mucha M.}, Roszkowska Z.°, Krupinski G.", Lis M."*

" Department of Internal Medicine, Endocrinology and Diabetology,
Czerniakowski Hospital, Warsaw, Poland; 2 Faculty of Medicine,
Cardinal Stefan Wyszynski University, Warsaw, Poland; ° Faculty of
Medicine, Medical University of Warsaw, Warsaw, Poland; * Faculty
of Medicine, Lazarski University, Warsaw, Poland

Obesity, insulin resistance, and type 2 diabetes mellitus (T2DM) are
emerging health-care problems around the globe. The disturbances
caused by these conditions are well-known factors leading to the
acceleration of the aging process. The introduction of flozins and
GLP-1 agonists has revolutionised therapeutic approaches and the
efficient treatment of these disorders. Their cardio- and renoprotec-
tive properties have significantly reduced the occurrence of compli-
cations secondary to T2DM and premature deaths. In this review,
we present the anti-aging mechanisms through which metformin,
flozins, and GLP-1 receptor agonists act. They reverse changes
in adipose tissue (such as its redistribution and reduction of brown
adipose tissue), decrease inflammation, reduce oxidative stress, en-
hance cognition, and alleviate the symptoms of Parkinson’s disease.
Hence, we provide evidence that they promote ‘healthy aging’ and
possibly lengthen life expectancy without an increase in disability.
We identify the existing knowledge gaps and highlight the necessity
for further research.

Keywords: metformin, flozins (SGLT2i), GLP-1 analogs (GLP-1RA),
antidiabetic drugs, aging

STRESZCZENIE

Przeciwstarzeniowe dziatanie metforminy, flozyn oraz agoni-
stow receptora GLP-1: Przeglad literatury

Mituch T."?, Mucha M.}, Roszkowska Z.°, Krupinski G.", Lis M."*

! Oddziat Choréb Wewnetrznych, Endokrynologii, Diabetologii,
Nefrologii, Szpital Czerniakowski, Warszawa; ? Collegium Medicum,
Uniwersytet Kardynata Stefana Wyszynskiego, Warszawa; * Wydziat
Lekarski, Warszawski Uniwersytet Medyczny, Warszawa; * Wydziat
Medyczny, Uczelnia tazarskiego, Warszawa

Otyto$c, insulinooporno$¢ oraz cukrzyca typu 2 stajg sie coraz
bardziej powaznymi problemami zdrowotnymi na $wiecie. Zmiany
w ustroju wywotane przez te choroby sg powigzane z komorkowy-
mi mechanizmami starzenia. Pojawienie sie¢ na rynku inhibitorow
SGLT2 (flozyn) oraz agonistéw glukagonopodobnego peptydu 1
zrewolucjonizowato leczenie zardwno cukrzycy typu 2, jak i otytoSci.
Ich dziatanie kardio- i nefroprotekcyjne pozwolito na skuteczne ob-
nizenie ryzyka rozwoju powiktan i przedwczesnej Smierci pacjentow.
W tej pracy przegladowej przedstawiamy mechanizmy, w ktérych
metformina, flozyny oraz analogi GLP-1 mogg wykazac dziatanie
spowalniajgce starzenie. Badania pokazujg, ze leki te mogg cofac
zmiany zachodzgce w tkance ttuszczowej spowodowane starze-
niem. Redukujg réwniez nasilenie stanu zapalnego, stres oksydacyj-
ny, poprawiajg sprawno$¢ umystowg oraz w Swietle nowych badan
pomagajg w redukcji objawow w przebiegu choroby Parkinsona.
Dzieki temu promujg ,,zdrowe starzenie” i by¢ moze mogg wydtuzyc
dtugos¢ zycia.

Stowa kluczowe: metformina, flozyny (SGLT2i), analogi GLP-1
(GLP-1RA), leki przeciwcukrzycowe, starzenie
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Abbreviations: T2DM - type 2 diabetes mellitus;
GLP-1RA — glucagon-like peptide 1 receptor agonist;
IR — insulin resistance; SGLT2i — sodium—glucose
co-transporter 2 inhibitors; UCP-1 — uncoupling protein
1/thermogenin; BAT — brown adipose tissue; APSCs —
adipose progenitor stem cells; mMTOR — mammalian
target of rapamycin; ERK — extracellular signal-
-regulated kinase; SASP — senescence-associated
secretory phenotype; IL — interleukin; TGF- — trans-
forming growth factor 3; VEGF — vascular endothelial
growth factor; AMPK — 5’AMP-activated protein kinase;
NF-kB — factor kappa-light-chain-enhancer of activated
B cells; CD — cluster of differentiation; TNF-a — tumor
necrosis factor a; MCP-1 — monocyte chemoattractant
protein 1; COX-2 — cyclooxygenase-2; ROS — reactive
oxygen species; Nrf2 — nuclear factor erythroid 2-related
factor2; HO-1—heme oxygenase-1; IFN-y—Interferonyy;
AD - Alzheimer’s disease; PD — Parkinson’s disease;
CRP — C-reactive protein; Drp1 — dynamin-related
protein 1; RNS — reactive nitrogen species; PCOS —
polycystic ovary syndrome

1. Introduction

Insulin resistance (IR), obesity, and type 2 diabetes
mellitus (T2DM) are known to accelerate the aging
process. They influence metabolism and cause dis-
turbances that have been associated with aging,
such as dysfunction of adipose tissue, inflamma-
tion, and oxidative stress [1,2]. Recent years have
brought a breakthrough in the management of T2DM.
Sodium—glucose co-transporter 2 inhibitors (SGLT2i)
and glucagon-like peptide-1 receptor analogues
(GLP-1RA) have revolutionized treatment outcomes.
Both flozins and GLP-1RA have been found effective
in prolonging lifespan by reducing cardiovascular risk
and providing protective action on kidneys. As some
antidiabetic drugs address the causes accelerating
aging, this review will focus on their potential role in
promoting ‘healthy aging’ within individuals.

Metformin is an essential medication used as
a first-line treatment for T2DM. Its ‘off-label’ indications
include polycystic ovary syndrome, weight gain in-
duced by antipsychotic medications, and prevention of
T2DM. Metformin decreases gluconeogenesis in the
liver and improves insulin sensitivity. In terms of aging,
it has been shown to reverse some aging-associated
changes in the body [3]. Metformin positively influenc-
es the redistribution and dysfunction of adipose tissue,
decreases inflammation, improves mitochondrial func-
tion, and restores cells’ antioxidative potential.

SGLT2 inhibitors (dapagliflozin, empagliflozin, to-
fogliflozin, and canagliflozin), also known as flozins,
limit the reabsorption of glucose in the proximal tubule
of the kidney, which results in glucosuria and under-
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lies its hypoglycemic mechanism of action. SGLT2
inhibitors show cardio- and nephroprotective effects,
and therefore prolong the lifespan of patients with
T2DM [4]. Moreover, flozins exhibit anti-inflammatory
properties, enhance mitochondrial functions, and limit
DNA damage. These effects may constitute their an-
ti-aging properties.

GLP-1RA (liraglutide, dulaglutide, semaglutide)
stimulate insulin secretion when glucose levels reach
supra-basal levels and inhibit glucagon release, com-
plementing the insulinotropic effect. Moreover, they
suppress appetite and promote weight loss, making
them effective anti-obesity drugs [5]. GLP-1RA reduce
cardiovascular incidents and show anti-inflammatory
properties. GLP-1RA are also neuroprotective — they
reduce neuroinflammation, enhance cognition, and
limit the progression of Parkinson’s and Alzheimer’s
diseases [6].

2. Metformin

Obesity is one of the causes of insulin resistance (IR)
and type 2 diabetes. Metformin is one of the oldest
drugs used to effectively address both of these dis-
orders. As obesity is known to accelerate aging and
IR increases with age, this section will focus on the
role of metformin in age-related changes occurring in
the body. These include dysfunction of adipose tissue,
inflammaging, and oxidative str.

During aging, adipose tissue undergoes redistribu-
tion. The mass of subcutaneous fat decreases, while
the reservoir of visceral fat increases. It is estimated
that the mass of visceral adipose tissue increases
twofold in women and fourfold in men between the
3rd and 7th decade of life [7]. This process results in
IR, a higher risk of cardiovascular diseases, diabetes,
and the acceleration of systemic aging. Tokubuchi
et al. demonstrated that rats treated with metformin
had a smaller volume of visceral adipose tissue than
non-treated controls [8]. The same effect was ob-
served in humans after 12 months of metformin ther-
apy [9].

Brown and beige adipose tissues maintain body
temperature by non-shivering thermogenesis. Their
deposits decline with age, which results in disturbed
energy utilization and prompts the development of
obesity. Uncoupling protein 1 (UCP-1) expression de-
creases with age as well as the mass of brown adi-
pose tissue (BAT) [10]. Metformin has been shown to
increase UCP-1 mRNA expression in BAT. Moreover,
metformin effectively reduces the expression of white
adipose tissue-related genes in both the liver and vis-
ceral fat [11]. It also promotes the proliferation and dif-
ferentiation of brown adipocytes, which results in an
increase in BAT mass [12].
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Adipose progenitor stem cells (APSCs) provide ma-
ture adipocytes, constituting the functional plasticity of
adipose tissue. The proliferation and differentiation
rate of APSCs decline with age, impairing lipid homeo-
stasis in the body. Obesity is another factor prompting
the dysfunction of APSCs. As a result, the liver and
other tissues are exposed to greater amounts of lipo-
toxic free fatty acids, leading to the development of
metabolic syndrome. A recent study has shown that
metformin can improve the preservation of adipose
stem cells by reducing their rate of proliferation and
differentiation into mature adipocytes. This effect is
dependent on the reduction of MTOR and ERK sign-
aling pathways and the promotion of autophagy [13].

The accumulation of senescent cells is another
component of adipose tissue aging. A decrease in
cell proliferation is a major cause of lowered tissue
regeneration potential, leading to systemic aging.
This state results in disturbed adipogenesis, inflam-
mation, and IR. Senescent cells can develop a se-
nescence-associated secretory phenotype (SASP),
comprising proinflammatory cytokines (IL-1B, IL-6,
TNF-a), growth factors (TGF-, VEGF), and intercel-
lular adhesion molecules [14,15]. These are believed
to further suppress adipogenesis and aggravate the
aging process [16]. Metformin has been shown to
decrease senescence by alleviating oxidative stress
and mitochondrial dysfunction in the adipose tissue of
older women. This effect is mediated by the activa-
tion of 5’AMP-activated protein kinase (AMPK) [17].
Metformin can also work independently of AMPK — it
has been shown that metformin blocks the expression
of proinflammatory cytokines, which are mostly reg-
ulated by NF-kB, as it inhibits the phosphorylation of
the IKKa/B kinase complex needed for NF-kB activa-
tion [18]. This leads to the suppression of SASP.

The decline in APSCs, the accumulation of senes-
cent cells, and the shift to a SASP profile lead to the
infiltration of immune cells within the white adipose
tissue. Metformin has been shown to exhibit immu-
nomodulatory and immunosuppressive properties. It
slows down the proliferation of lymphocytes (CD3+,
CD8+) [19] and down-regulates proinflammatory cy-
tokine secretion (IL-6, TNF-a, MCP-1) [20]. Metformin
also reduces the expression of COX-2, an enzyme
playing a central role in the inflammatory process [19].
The suppression of immune cell proliferation, reduc-
tion of COX-2 synthesis, and decrease in proinflam-
matory cytokines by metformin lead to a reduction in
the low-grade inflammation that characterizes both
aging and obesity.

Oxidative stress is another component of aging and
obesity, damaging proteins, cells, and DNA. Metform-
in inhibits complex 1 of the electron transport chain,
thereby reducing the production of reactive oxygen

species (ROS) in mitochondria [21]. Moreover, met-
formin has been found to activate antioxidant signal-
ing pathway (Nrf2/HO-1) [22]. In clinical trials, Esteg-
hamati et al. demonstrated that markers of oxidative
stress were significantly lower among patients with
diabetes treated with metformin [23]. By reducing the
concentration of ROS, it also countered associated
DNA damage, reducing the risk of cancer develop-
ment [24]. Therefore, metformin restores the balance
between ROS and antioxidants.

A meta-analysis conducted by Campbell et al.
proved that metformin reduces the risk of diseases of
aging and can extend the lifespan of individuals [25]. It
acts through various mechanisms whose effects sum
up to reverse aging-associated processes. Metform-
in improves the function of adipose tissue, reduces
inflammation, restores the ROS-antioxidant balance,
and protects proteins and DNA. It enhances insulin
sensitivity in tissues and improves glucose metab-
olism. Gathered evidence suggests that metform-
in might be able to prolong lifespan and reverse the
pro-aging reaction of the organism to obesity.

However, even though metformin has been shown
to reduce body visceral fat among adolescents with
obesity, this effect was not observed among women
with polycystic ovary syndrome (PCOS) [26]. The het-
erogeneity of different study results reveals the need
for conducting systematic reviews with meta-analy-
ses on the subject to identify the patients who would
benefit most from metformin treatment. The effect
of up-regulating UCP-1 mRNA expression observed
in animal models was not shown among women
with PCOS either (1500 mg metformin per day for
60 days) [27]. The data on improving mitochondrial
function is very promising, but still not entirely conclu-
sive [28]. Future study protocols should include inter-
ventions on different subjects (both adolescents and
adults diagnosed with simple obesity, PCOS, T2DM,
or non-alcoholic fatty liver disease, as well as healthy
patients) and testing at several time points to verify if
metformin positively influences the mass of visceral fat
and BAT activity.

3.Glucagon-likepeptide-1receptoranalogs
(GLP-1RA)

GLP-1RA constitute a relatively novel group of drugs
used to treat T2DM. Not only do they effectively lower
glycaemia, but they also decrease the risk of cardi-
ovascular incidents and preserve renal function [29].
GLP-1RA also promote weight loss and exhibit anti-in-
flammatory activity in various organs.

Chronic kidney disease is common among the older
population and is associated with T2DM [30,31]. This
suggests that controlling glucose levels, especially in
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diabetic patients, is beneficial for kidneys. GLP-1 an-
alogues present renoprotective properties, particularly
affecting macroalbuminuria, in patients with T2DM [32].
In a mouse model of diabetes, exenatide was found to
reduce albuminuria, glomerular hypertrophy, type IV
collagen, and lipid accumulation in kidneys. It also im-
proved glomerular hyperfiltration, ameliorated oxida-
tive stress, and reduced macrophage infiltration [33].
Moreover, Muskiet et al. found that exenatide acutely
improved glomerular filtration rate (P=0.015), effective
renal plasma flow (P=0.015), and glomerular pressure
(P=0.015) in men with obesity [34]. A recent clinical tri-
al conducted by Perkovic et al. proved semaglutide to
reduce the risk of major kidney disease events (kidney
failure, >50% reduction of estimated glomerular filtra-
tion rate, death) by 24% compared to placebo among
patients with T2DM and chronic kidney disease [35].
Additionally, Mann et al. showed that monotherapy
with semaglutide reduces the risk of kidney disease
events as effectively as polytherapy with semaglutide
and an SGLT2 inhibitor [36].

In a study from 2012, Cechin et al. found that ex-
enatide reduced levels of IL-13, IL-2, IL-5, IL-7, TNF-q,
and IFN-y in human pancreatic islet cultures. Fur-
thermore, they observed that administering the drug
to immunodeficient mice that received human islet
transplantation upregulated serine proteinase inhibitor
9, which promotes apoptosis, thus preventing further
islet degradation [37].

Hogan et al. demonstrated that GLP-1RA thera-
py reduces levels of inflammatory cytokines (TNF-a,
IL-1B, IL-6) and increases the secretion of anti-in-
flammatory adiponectin in patients with T2DM, inde-
pendently of weight loss and glycemic effects [38].
They also observed a decrease in the concentration
of sCD163 (an inflammatory macrophage activator),
which is known to increase with age and is associat-
ed with age-related diseases [39]. This indicates that
GLP-1RA exhibit anti-aging properties by modulating
inflammation and immune response.

Rakipovski et al. have demonstrated that liraglu-
tide and semaglutide reduce atherosclerosis, even
independently of their beneficial effect on cholester-
ol levels [40]. The mechanism is not fully understood
yet, although it is hypothesized that the anti-inflam-
matory action of GLP-1RA might prevent plaque for-
mation [40]. It was found that liraglutide suppresses
foam cell formation by downregulating CD36, which
results in a lower uptake of low-density lipoprotein by
these cells [41]. These results are consistent with the
outcome of a meta-analysis conducted by Kristensen
et al., which proved the cardioprotective effect of
GLP-1RA [42].

Inflammation is associated with many diseas-
es related to aging, including Alzheimer’s disease
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(AD), Parkinson’s disease (PD), osteoarthritis, and
more [43,44]. GLP-1RA therapy has also been found
to exert neuroprotective effects in AD and PD animal
models by attenuating neuroinflammation, which is
associated with the progression of these diseas-
es [48]. It reduces microglial activation in mice carrying
genes for amyloid precursor protein and tau plaque
formation. Moreover, they preserve dopaminergic
neurons and alleviate brain inflammation in mice with
a PD model induced by 1-methyl-4-phenyl-1,2,3,6-tet-
rahydropyridine, which degrades dopaminergic neu-
rons [46]. Athauda et al. conducted a clinical trial that
revealed that exenatide improved motor scores in pa-
tients with PD [47]. Exenatide was also found effec-
tive in alleviating PD symptoms in a systematic review
and meta-analysis conducted by Wang et al. [48].
A Cochrane review conducted by Mulvaney et al. indi-
cated that there is low-certainty evidence that exenati-
de improves motor impairment in patients with PD,
although its effect on non-motor symptoms remained
unclear [49].

Moreover, Meissner et al. have proved lixisenatide
to limit the progression of early PD and even cause
slight improvement. Participants in the control group
received a placebo, and their symptoms worsened
during the course of the study (12 months) [50].

Liraglutide enhanced synaptic plasticity (induced
by a weak stimulation protocol) in the hippocampus
of rats, although exenatide impaired it [51]. Moreover,
Gejl et al. showed that liraglutide increases glucose
transfer via the blood-brain barrier and net clearances
of glucose in the brain in patients with AD. This re-
sulted in an improvement of the total cognitive score
in the participants [52]the transporters become a po-
tential target of therapy. The incretin hormone GLP-1
prevents the decline of cerebral metabolic rate for glu-
cose (CMRglc. Unfortunately, no positive impact was
observed when exenatide was given to patients with
AD in Mullins et al.’s research. However, it should be
mentioned that their study was terminated early [53],
and therefore is not entirely conclusive. A meta-anal-
ysis performed by Bi et al. included studies with pa-
tients diagnosed with AD, diabetes mellitus, or both,
and taking exenatide or liraglutide. Treatment with
GLP-1RA was found to improve cognitive functions
when compared to placebo. As the authors mention,
only five studies were included and the sample size
was limited, so the results should be interpreted with
caution [54].

Moreover, a meta-analysis of preclinical studies
found GLP-1RA effective in the acute treatment of is-
chemic stroke by reducing inflammation, endothelial
leakage, oxidative stress, and apoptosis [55]. The re-
sults of these studies are promising; however, more
research on human subjects is needed.
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Gathered data strongly suggest that GLP-1RA ex-
hibit anti-aging properties. These drugs have been
found to prolong lifespan by reducing cardiovascular
diseases and protecting renal function. Moreover, they
reduce inflammation, which is another factor associ-
ated with aging. Unexpectedly, GLP-1RA were also
found to improve cognition and possibly limit the pro-
gression of PD and AD.

4. Flozins — SGLT2i

The most widely used flozins are dapagliflozin, em-
pagliflozin, tofogliflozin, and canagliflozin. They have
been widely used in the treatment of T2DM due to
their ability to reduce glycated hemoglobin levels
without inducing hypoglycemia. Moreover, they show
additional benefits, such as weight loss, and improve
several biochemical parameters including lipid profile,
hyperuricemia, and blood pressure.

The increasing prevalence of diabetes mellitus has
led to a rise in diseases based on vascular impair-
ment, such as retinopathy, kidney dysfunction, and di-
abetic foot ailments. These can be caused by vascular
impairments, which are a consequence of aging. This
results in arterial stiffness and accelerated pulse wave
transmission. Vascular aging usually starts at the mo-
lecular level and includes factors such as DNA dam-
age and chronic inflammation.

Chronic inflammation can lead to endothelial
dysfunction and exacerbate atherosclerosis [56].
Furthermore, higher levels of CRP and IL-6 are cor-
related with aortic sclerosis [57]. Empagliflozin and
dapagliflozin can alleviate endothelial inflammation
induced by TNFa in vitro [58], and therefore de-
crease CRP and IL-6 secretion. DNA damage can
include several forms such as partial deletions, ex-
trusions, or double-stranded breaks. It can modulate
gene expression or lead to apoptosis due to escalat-
ing damage [59].

The loss of mitochondrial membrane potential and
respiratory capacity generally occurs, usually asso-
ciated with an increase in oxygen free radicals [60].
Interestingly, SGLT2i prescribed under pathological
conditions have revealed beneficial effects in terms of
mitochondrial dynamics. Empagliflozin, for instance,
has shown the ability to delay microvascular endothe-
lial cell senescence and improve angiogenesis. It
works through the activation of AMPK and the conse-
quent inhibition of mitochondrial fission via suppres-
sion of Drp1 mitochondrial recruitment [61]. In anoth-
er study, the cardioprotective effects of SGLT2i were
linked to an improvement in mitochondrial functionality
via the normalization of mitochondrial membrane po-
tential, Ca2+ homeostasis, decreased ROS and RNS
(reactive nitrogen species) production, a recovered

ADP/ATP ratio, and balance between fusion- and fis-
sion-related proteins [62].

Moreover, empagliflozin enhanced the expression
of UCP1 (probably via AMPK signaling) in mice. This
led to metabolic changes and weight loss. The effect
is caused by the browning of white adipose tissue and
counteracts the changes occurring during aging [63].
Furthermore, a systematic review with a meta-analy-
sis of randomized controlled trials conducted by Wang
et al. revealed that SGLT2i reduce the mass of viscer-
al adipose tissue, subcutaneous adipose tissue, and
ectopic liver fat more effectively than other antidiabetic
drugs and placebo [64]. Therefore, they reverse adi-
pose tissue redistribution, which characterizes aging.
However, Rayeev et al. did not report a reduction in
visceral and subcutaneous adipose tissue in patients
taking dapagliflozin for 12 weeks. Nevertheless, liver
fat decreased significantly in participants when com-
pared to controls (on placebo). This may suggest that
longer exposure to the drug is needed to observe
a positive change in adipose tissue mass and distri-
bution.

Moreover, flozins exhibit a neuroprotective effect.
They have the ability to cross the blood-brain barrier
and target SGLT1 and SGLT2 receptors that are also
expressed in the central nervous system [65]. Due to
their ability to reduce vascular inflammation and ox-
idative stress, flozins can decrease cardiovascular
risk. Research conducted by Irace et al. showed that
3 months of therapy with flozins regressed complex
intima-media thickness, which is a marker of early
atherosclerosis [66]. Atherosclerosis impairs cerebral
blood flow and contributes to developing neurological
dysfunctions such as dementia [67]

A recent systematic review and meta-analysis con-
ducted by Tang et al. in 2023 showed promising re-
sults that patients taking SGLT2i have a lower risk of
developing all-cause dementia. The review included
three observational studies with heterogeneous re-
sults, and therefore its outcome should be interpreted
with caution. However, its findings should encourage
further research, as dementia is associated with major
disability and a low quality of life [68].

5. Discussion

Throughout this paper, we have demonstrated that
metformin, flozins, and GLP-1RA may present an-
ti-aging properties through various mechanisms of
action. All of them were found to reduce inflammation.
Moreover, metformin and SGLT2i enhance mitochon-
drial function and therefore reduce oxidative stress
caused by ROS/antioxidant imbalance. Both flozins
and GLP-1RA exhibit cardio- and renoprotective ef-
fects. Metformin counteracts adipose tissue redistri-
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bution, increases the mass of brown adipose tissue,
and reduces cell senescence. GLP-1RA can improve
cognition and alleviate the symptoms of AD and PD.
These effects reverse some of the changes occurring
through the course of aging, making antidiabetic drugs
an interesting topic for further investigation.

Data on the positive influence of GLP-1RA on neu-
rodegenerative disorders is limited, and therefore even
meta-analyses are not entirely conclusive on their role
in preventing or managing these diseases. Even if
the results are promising, more research is needed
to determine their efficacy. Hopefully, ongoing clinical
trials with liraglutide and semaglutide (NCT04777396,
NCTO04777409, NCT02953665, NCT03659682) will
provide us with more answers.

Although research presents us with promising re-
sults on the anti-aging properties of the aforemen-
tioned drugs, there are still not enough studies focusing
on aging itself. They do not cover the topic compre-
hensively. In order to establish the hypothesis of an-
ti-aging effects, more studies need to be conducted.
Fortunately, there are ongoing clinical trials that aim to
address this statement. One of them (NCT04401904)
focuses on age-related processes and the impact
on them by using SGLT2 inhibitors [69]. Another one
(NCT05302596) investigates the influence of sema-
glutide on age-related diseases and, importantly, mus-
cle strength, which correlates with longer preservation
of health and independence [70]. Moreover, even
more studies are being conducted on the role of met-
formin in aging and age-related biomarkers[71-73].

Considering the previously cited research, some
properties were studied only on rodent models, indi-
cating that research on humans must be included in
further approaches. Different results from preclinical
and clinical studies may arise from varying concentra-
tions of the drug; for example, relative doses of met-
formin range from 0.15-1 for clinical trials compared to
2-45 for in vivo trials [28,74]. It would also be benefi-
cial to delve into the topic of synergistic effects of the
mentioned drugs. Moreover, further research should
determine the effects and safety profile of antidiabetic
drug administration with no absolute indications but as
a form of prevention, aimed at extending life expec-
tancy. Even if all of the mentioned drug classes are
successfully used together, possible drug interactions
should also be taken into consideration.
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