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Abstract: The fight against aging is an eternal pursuit of humankind. The aging rate of patients with type 2 diabetes mellitus (T2DM) is
higher than that of healthy individuals. Reducing the aging rate of patients with T2DM and extending their life expectancy are challenges
that endocrinologists are eager to overcome. Many studies have shown that antidiabetic medications have potent anti-aging potential.
Telomeres are repetitive DNA sequences located at the ends of chromosomes, and telomere shortening is a hallmark of aging. This
review summarizes clinical trials that have explored the association between antidiabetic medications and telomere length (TL) in patients
with T2DM and explore the mystery of delaying aging in patients with T2DM from the perspective of telomeres. Various antidiabetic
medications may have different effects on TL in patients with T2DM. Metformin and sitagliptin may protect telomeres in patients with
T2DM, while exogenous insulin may promote telomere shortening in patients with T2DM. The effect of acarbose and glyburide on TL in
patients with T2DM is still uncertain due to the absence of evidence from longitudinal studies.
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Introduction

Recent studies have shown that approximately 536.6 million adults worldwide have diabetes mellitus (DM), and its
prevalence is increasing worldwide.'” DM and its complications seriously endanger the lives and health of patients. In
2019, 6.6 million disability-adjusted life years (DALYs) were associated with T2DM. Furthermore, the annual growth
rate of age-standardized DALY's for T2DM was 0.77% from 2000 to 2019.°

Many factors affect human longevity, and telomeres drive the aging process and promote the development of aging-
related diseases such as T2DM.* Telomeres consist of tandem repeat nucleotide sequences 5 “-TTAGGG-3” n at
eukaryotic chromosomes’ ends’ and are protective structures that maintain chromosomal integrity.*> The process of
cell division is accompanied by the shortening of TL, which triggers the Hayflick limit when TL is sufficiently short, and
the cell begins to senesce.’

TL shortening is a hallmark of aging® and is associated with other hallmarks of aging, including cell senescence, stem cell
exhaustion, genomic instability, mitochondrial dysfunction, epigenetic dysregulation, loss of protease homeostasis, altered
nutrient perception, and inflammation.* Telomere dysfunction can amplify these mechanisms and promote the occurrence and
development of aging and aging-related diseases,” thereby affecting human lifespans. In 2023, Lo pez-Oti'n introduced 3
additional hallmarks of aging: disabled macroautophagy, chronic inflammation, and dysbiosis.® Whether telomeres are
associated with these 3 hallmarks and thus have a specific impact on the aging process needs to be further explored.

Telomere shortening is associated with DM and its complications. Specifically, hyperglycemia can increase the
oxidative stress level, promoting single-stranded telomere breaks, thereby accelerating telomere shortening.>’ The level
of oxidative stress in islet § cells of patients with T2DM is increased, leading to shorter TL of B cells and reduced insulin
secretion.® A meta-analysis’ involving 9 cohorts (5759 cases and 6518 controls) showed a strong association between
shortened TL and T2DM risk. Moreover, a rneta-analysis10 of 17 cohorts (5575 cases and 6349 controls) showed that TL
was shorter in patients with DM than in non-DM individuals. Relative leukocyte telomere length (rLTL) may also be
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a predictor of the glycemic progression of T2DM, and rLTL shortening is associated with glycemic progression in
T2DM."" As the disease progresses, patients with T2DM gradually develop various complications.'? Several studies have
shown that complications of T2DM are closely related to TL (Table 1). Several scholars have also demonstrated that
shorter rLTL is associated with higher all-cause mortality in patients with T2DM.'® Verma et al reported that DM may
affect the health and life span of patients with DM by promoting telomere shortening.”

The anti-aging effect of antidiabetic medications such as metformin has attracted increasing attention. Metformin has
a significant cardiovascular protective effect and reduces the incidence of geriatric diseases, the risk of cancer, and all-
cause mortality.”'*> Some researchers believe that metformin can delay the progression of aging and aging-related
diseases by targeting the key hallmarks of aging.*>** Studies showing that metformin prolongs the lifespan of mice and
Caenorhabditis elegans further support its anti-aging effect.?>*

Multiple clinical studies have reported that a variety of antidiabetic medications, such as sitagliptin, acarbose,
glyburide, exogenous insulin, and metformin, are closely related to TL in patients with T2DM (Table 2 and Table 3),
indicating that antidiabetic medications may affect the aging process of patients with T2DM. This review summarizes the
clinical studies on the relationship between antidiabetic medications and TL in patients with T2DM, hoping to explore
the possibility from the camera shots of telomere that antidiabetic medications delay aging, prolong life span, and reduce
mortality of patients with T2DM.

Table | Association Between Complications of T2DM and TL

First author Source Population Conclusion
Year Method
Design
Rai'* Leukocyte |. T2DM DN had no effect on TL.
2022 southern blot 2. T2DM with DN
- 3. IDCM
4. Control
Cheng'® Leukocyte Patients with T2DM at baseline: Shorter TL is associated with CVD in patients with T2DM.
2020 QPCR I. CVD
cohort 2. CVD-free
Spigoni'® Leukocyte T2DM with atherogenic TL is an independent predictor of subclinical atherosclerosis in
2016 Multiplex QPCR dyslipidemia patients with T2DM.

cross-sectional

7

Adaikalakoteswari' Leukocyte 1. IGT In patients with T2DM, telomere shortening was more severe
2007 southern blot 2. T2DM without AP in those with AP compared to subjects without AP.
cross-sectional 3. T2DM with AP
4. Control
Sharma'® PBMCs I. NIDDM with NDR I. The control group had the longest TL compared to the
2015 southern 2. NIDDM with NPDR other groups.
- hybridization 3. NIDDM with PDR 2. TL was significantly reduced in NPDR and PDR subjects
4. Control compared to NDR subjects.
Testa'® Leukocyte I. T2DM with complications Telomere attrition was associated with the presence and
2011 quantitative real- 2. T2DM without complications number of diabetic complications.
cross-sectional time PCR 3. control
Tentolouris®® Leukocyte I. T2DM with MA T2DM with MA subjects had shorter TL compared to those
2007 TRF 2. T2DM without MA without MA.

cross-sectional

Abbreviations: AP, atherosclerotic plaques; CVD, cardiovascular disease; DN, diabetic neuropathy; IDCM, idiopathic dilated cardiomyopathy; IGT, impaired glucose
tolerance; MA, microalbuminuria; NDR, no diabetic retinopathy; NIDDM, non-insulin dependent diabetes mellitus; NPDR, non-proliferative diabetic retinopathy; PBMCs,
peripheral blood mononuclear cells; PDR, proliferative diabetic retinopathy; QPCR, quantitative polymerase chain reaction; TRF, terminal restriction fragments.
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Table 2 Effect of Antidiabetic Medications on TL in Patients with T2DM (Intervention Studies)

2.control: no

intervention

First Author Source Population Intervention Duration | Conclusion
Year Method
Design
Konopka®” Skeletal muscle All participants were free of chronic | |.metformin group 12 weeks | TL was significantly
2019 multiplexed qPCR | disease but had at least | risk factor | 2.placebo group increased after 12 weeks
RCT for T2DM (They were randomly of AET independent of
assigned to 2 groups during 12 weeks metformin or placebo.
of AET).
Vigili de PBMCs Prediabetic |.metformin group 2 |.TL was similar in both
Kreutzenberg®® | — 2.placebo group months groups at baseline and
2015 increased significantly
RCT with metformin but not
placebo.
2.The change from
baseline did not differ
significantly between the
2 groups.
Garcia-Martin®® | Chorionic villous Term pregnancies women with 1.GDM with lifestyle - Treatment of GDM
2018 in term placenta high-risk factors for DM underwent | intervention mothers with metformin
- STELA regular GTT. Women with GDM 2.GDM with metformin and/or insulin is not
were offered advice on lifestyle and/or insulin associated with
intervention. 3.term pregnancies telomere shortening.
If their blood glucose continued to | without DM: no
rise, they were given metformin intervention
and/or insulin.
Ma®° Leukocyte I.newly diagnosed T2DM I.newly diagnosed 2 months | Sitagliptin can prolong
2015 QPCR 2.control T2DM: sitagliptin TL, but has no significant

effect on telomerase

activity.

Abbreviations: AET, aerobic exercise training; GDM, gestational diabetes mellitus; GTT, glucose tolerance testing; STELA, single telomere length analysis.

Materials and Methods
PubMed and Embase were searched for literature published before May 16, 2023.

The PubMed retrieval strategy was as follows: 1. (“Hypoglycemic Agents” [Mesh] OR “Hypoglycemic Agents”
[Pharmacological Action]) AND (“Telomere” [Mesh] OR “Telomere Shortening” [Mesh] OR “Telomere Homeostasis”
[Mesh] OR “Telomerase” [Mesh]), 2. The generic names of all common antidiabetic medications and the word

“telomere” were connected with “and” respectively, and free-word retrieval was performed.

The Embase retrieval strategy was as follows: (“telomere”/exp OR “telomere length”/exp OR “telomere shortening”/

exp OR ‘telomere homeostasis’/exp) AND “antidiabetic agent”/exp.

The literature inclusion criterion was: clinical trial involving patients with T2DM. The literature exclusion criteria were: 1. The

main study did not include antidiabetic medications, 2. The main study involved antidiabetic medications; however, no correlation

analysis was performed between antidiabetic medications use and TL. One dissertation was found from the references of a review.

One randomized controlled trial (RCT) involving patients with prediabetic was included because of its classical design.

Sixteen clinical trials were included in the review (Table 2 and Table 3).

a-Glucosidase Inhibitors

Acarbose is an a-glucosidase inhibitor that controls blood glucose levels by inhibiting carbohydrate digestion in the small

intestine.** Two related studies

34,36

patients with T2DM independent of glycemic control.

showed that the use of acarbose is associated with leukocyte telomere shortening in
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Table 3 Effect of Antidiabetic Medications on TL in Patients with T2DM (Non-Interventional Studies)

cross-sectional

case—control

2.insulin only (20%)
3.both (7.3%)
4.unknown (10%)

First Author | Source Population Antidiabetic Medications Conclusion
Year Method
Design
Cuevas Diaz®' Leukocyte |.LADA |.LADA: metformin (n=68), glyburide (n=29), DPP- | In patients with T2DM, TL was shorter in those taking metformin plus any
2023 real-time PCR 2.T2DM 4i (n=14), insulin (n=58) other oral antidiabetic medications than in those taking metformin plus
cross-sectional 3.LADY 2.T2DM: metformin (n=29), glyburide (n=12), DPP- | insulin.

4i (n=12), insulin (n=14)

3.LADY: metformin (n=13), glyburide (n=4), DPP-4i

(n=3), insulin (n=12)

All subjects were taking at least 2 antidiabetic

medications.
Al-Daghri*? Leukocyte 1.T2DM T2DM: No difference in TL between antidiabetic medications use versus no
2021 quantitative real- | 2.control l.insulin analogs (10.6%) antidiabetic medications use.
- time PCR 2.metformin (2.9%)
Al-Thuwaini*? Whole blood 1.T2DM T2DM: Glyburide is more effective than insulin in limiting telomere shortening.
2021 southern 2.control |.glyburide (n=80, 23 years)
case—control blotting 2.insulin (n=70, 23 years)

3.both (n=75, 23 years)

4.non-treatment (n=75)

(treatment group: the first 3 groups)
Huang®* Leukocyte 1.MOD 1.MOD: 42.6% insulin, 29.8% sulfonylurea, 34.0% |.The MARD group had shorter TL and benefited more from the anti-
2021 TRF 2.5IDD metformin, 38.3% acarbose, 4.3% other aging effects of metformin than did the other groups.
cross-sectional 3.SIRD 2.5IDD: 39.7% insulin, 14.3% sulfonylurea, 22.2% 2.TL reduction in the SIRD group after acarbose use.

4.MARD metformin, 36.5% acarbose, 4.8% other

3.SIRD: 36.4% insulin, 45.5% sulfonylurea, 40.9%

metformin, 40.9% acarbose, 9.1% other

4.MARD: 53.5% insulin, 22.8% sulfonylurea, 30.7%

metformin, 17.5% acarbose, 4.4% other

All patients had been using antidiabetic medications

for more than 3 months.
AlDehaini*® Leukocyte 1.T2DM T2DM: The TL in patients treated with metformin only, insulin only, or
2020 real-time PCR 2.control |.metformin only (62.7%) a combination of both was similar.
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3.both (n=74)
4.none (n=63)

Liu®® Leukocyte T2DM: | .acarbose-free: TSR:
2019 TRF | .acarbose-free (Age:54.8 1) 23.7% insulin |.non-treated group>treated group (p<0.001)
cross-sectional +10.4) 2) 52.1% oral antidiabetic medications 2.acarbose group>acarbose-free group (p<0.0001)
2.acarbose 3) 24.2% both 3.acarbose group>non-treated group (p<0.0001)
(Age:54.2+12.5) 2.acarbose:
3.non-treatment patients took acarbose for more than 3 months
(Age:49.10£13.25) 1) 12.4% insulin
(treatment group: the first 2 2) 64.0% oral antidiabetic medications
groups) 3) 23.6% both
3.non-treatment
Zeng37 Leukocyte T2DM 18 patients were treated with insulin during the 6 1.The use of insulin may promote telomere shortening.
2019 QPCR years. 2.Insulin use may predict telomere shortening.
longitudinal
Rosa®® Leukocyte 1.T2DM T2DM: There was no significant difference in TL between the 2 groups.
2018 QPCR 2.control I.metformin (94.4%)
cross-sectional 2.sulfonylurea (6.5%)
Robb-MacKay*® Leukocyte I.non-T2DM not taking No information was available on metformin dose or | Metformin may reduce telomere shortening in senile patients.
2018 QPCR metformin duration of treatment.
- 2.T2DM taking metformin
3.T2DM not taking metformin
4.non-T2DM taking
metformin
Gilfillan* Leukocyte 1.GDM Insulin use: The association between acute glucose and fetal TL in the GDM group was
2016 quantitative real- | 2.PGDM 1.GDM:90% not significant with the use of insulin.
- time PCR 3.control 2.PGDM:100%
Tamura®' a and B cells 1.T2DM T2DM: I.NTCRB: non-treatment>treatment (p=0.01)
2014 FISH 2.control I. treatment (n=39): 57% oral antidiabetic 2.No significant difference in NTCRa between non-treatment and
cross-sectional medications, 15% insulin, treatment group (p=0.25).
11% both
2. non-treatment
Salpea*? Leukocyte 1.T2DM T2DM: The use of antidiabetic medications was not associated with TL (p=0.79).
2010 QPCR 2.control | Linsulin (n=74)
- 3.control2 2.oral antidiabetic medications (n=353)

Abbreviations: FISH, quantitative fluorescence in situ hybridization; LADA, latent autoimmune diabetes in adulthood; LADY, latent autoimmune diabetes in the young; NTCR, normalized telomere to centromere ratio (an index of TL);

PGDM, pre-gestational diabetes mellitus; TRF, terminal restriction fragment; TSR, telomere shortening rate.
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Liu et al*® conducted a cross-sectional analysis of 388 patients with T2DM, showing that among patients who
received antidiabetic medications, those taking acarbose for more than 3 months had a higher telomere shortening rate
(TSR) than did those not taking acarbose (TSR: —22.14 + 4.66 bp/year vs —9.29 + 4.30 bp/year, p<0.0001); furthermore,
the glycated hemoglobin (HbA1c), age and gender were similar between the 2 groups. Patients taking acarbose for more
than 3 months had a higher TSR than did those not taking antidiabetic medications (TSR: —22.14 + 4.66 bp/year vs
—15.74 £ 6.21 bp/year, p<0.0001) after adjustment for age, and the acarbose group had lower HbAlc (HbAlc: 8.64 +
2.38% vs 10.57 + 2.86%, p=0.000), higher age (age: 54.2 + 12.5 years vs 49.10 + 13.25 years, p=0.011) and similar sex
ratio. This finding suggests that the correlation between the use of acarbose and higher TSR in patients with T2DM is
independent of glycemic control.

Huang et al** analyzed 246 patients with T2DM and classified them as mild obesity-related diabetes (MOD) group,
severe insulin-deficient diabetes (SIDD) group, severe insulin-resistant diabetes (SIRD) group or mild age-related
diabetes (MARD) group. The 4 groups were statistically different in age (age: MOD: 39.53 + 9.01 years, SIDD: 37.81
+ 10.65 years, SIRD: 49.45 £ 14.54 years, MARD: 52.28 + 9.23 years, p<0.001) and had similar sex ratio. The results
revealed that among the SIRD group, patients who used acarbose exhibited shorter leukocyte TL compared to those who
did not use acarbose (p<0.001). However, in the other 3 subgroups, there was no significant difference in leukocyte TL
observed between patients who used acarbose and those who did not use acarbose within each subgroup. Linear
regression analysis revealed a significant correlation between the use of acarbose and the leukocyte TL of the SIRD
group, even after adjusting for the age and gender of the subjects (r = —0.069, 95% CI: —0.100 to —0.039, p < 0.001),
unlike the other 3 groups (p > 0.05). The leukocyte TL was shorter in the MARD group than in the non-MARD group
(p=0.0012), but there was no significant difference between the 2 groups after acarbose use. Comparisons of glycemic
control among patients using different antidiabetic medications within each subgroup are not provided.

However, the mechanism by which acarbose use is associated with shorter leukocyte TL in patients with T2DM is
unclear. Both intestinal flora and oxidative stress hypotheses suggest that acarbose may have anti-aging effects.

Gut Microbiota

The human gut microbiota, composed of bacteria, fungi, viruses, and protozoa that colonize the human gut system,
profoundly impacts age-related diseases and aging and can even be an intervention target to delay aging.** Relevant
animal experiments*> have shown that alterations in the gut microbiota can significantly improve aging. A systematic
review*® that included 27 studies found significant differences in the gut microbiota among oldest-old, younger-old, and
younger adults, suggesting that gut microbiota composition may have an impact on aging and longevity.

Acarbose profoundly affects the gut ecosystem as it can increase the relative abundance of Bifidobacterium and
Lactobacillus and reduce the relative abundance of Bacteroides in the intestinal microbiota of patients with T2DM.*
Animal experiments have shown that Bifidobacterium and Lactobacillus have anti-aging effects, reducing the expression
of aging biomarkers in mice and improving aging performance, such as cognitive ability and physiological function in
older mice.*® Given that these are potential anti-aging bacteria, it is reasonable to assume that acarbose may delay aging
in patients with T2DM by increasing the relative abundance of Bifidobacterium and Lactobacillus in the intestine.

Animal studies have shown that Lactobacillus can prevent telomere shortening in aging mice.**>°

Oxidative Stress

Oxidative stress refers to an imbalance between reactive oxygen species (ROS) and cellular antioxidant defense,
producing excessive ROS and other oxidative substances that can regulate cell signaling pathways and cause cell
damage.””! Oxidative stress is the main cause of telomere shortening in patients.” Hyperglycemia can elevate the
level of oxidative stress in patients with DM by increasing ROS production in the electron transport chain of the
mitochondria.” In addition, the production of advanced glycation end products, enhanced glucose auto-oxidation,
activation of protein kinase (PKC), and activation of the polyol pathway enhance oxidative stress.” Telomeres are
located at the ends of chromosomes and are rich in guanine base pairs that are easily oxidized,’* exist as a single strand

during mitosis, and are highly susceptible to oxidative stress and single-strand breaks, leading to telomere shortening.>~
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One of the important features of T2DM is insulin resistance (IR).® Oxidative stress is one of the key factors in
inducing IR, and in turn, IR can increase the level of oxidative stress through different mechanisms; therefore, it can be
postulated that oxidative stress and IR are mutually causal, leading to a vicious circle.”® Postprandial hyperglycemia,
a characteristic of IR, increases oxidative stress in patients with T2DM, whereas acarbose reduces oxidative stress in
patients with T2DM by reducing postprandial hyperglycemia.>* Notably, acarbose can also improve IR in patients with
T2DM.>* Feeding sucrose-containing food to Zucker rats with T2DM resulted in elevated blood glucose, plasma insulin,
and oxidative stress markers, whereas the acarbose intervention largely prevented the increase in oxidative stress markers
in these rats, suggesting that acarbose can reduce hyperglycemia-induced oxidative stress.>

However, it is important to note that the 2 hypotheses mentioned above contradict current clinical research findings
that acarbose may be related to telomere shortening in patients with T2DM. More prospective, large-sample clinical
studies and mechanism-based studies are needed to explore the causal relationship between acarbose and TL.

Dipeptidyl Peptidase-4 Inhibitor

Sitagliptin is a dipeptidyl peptidase-4 inhibitor (DPP-4i) that reduces the inactivation of the endogenous incretin
hormones glucagon-like peptide 1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) by inhibiting
DPP-4, thereby controlling blood glucose.’® GLP-1 protects cells from apoptosis and promotes B-cell survival.”’

In a clinical trial,*® 38 patients with newly diagnosed T2DM were treated with sitagliptin for 2 months. After 2 months,
their fasting plasma glucose (FPG) (FPG: baseline 11.51 £ 2.32 mmol/L, 1 month 9.78 + 1.87 mmol/L, 2 months 7.17 +
2.05 mmol/L, p<0.001) and fasting plasma insulin (FINS) (FINS: baseline 47.58 + 28.04 mIU/L, 1 month 32.84 + 21.14
mlU/L, 2 months 18.86 + 10.64 mIU/L, p<0.001) were significantly lower than those at baseline, the leukocyte TL was
significantly longer than that at baseline (telomere length ratio: baseline 1.58 + 0.57, 1 month 2.51 + 0.62, 2 months 3.95 +
0.92, p<0.001). This interventional study suggested that sitagliptin may prolong TL in patients with T2DM.

Khalangot et al®® found that leukocyte TL was negatively related to FPG and 2 h post-load plasma glucose (2hPG)
levels in patients with T2DM. That is, blood glucose levels can affect leukocyte TL in patients with T2DM. Ma et al**
suggested that reduced oxidative stress due to good glycemic control is the main reason sitagliptin prolongs leukocyte TL
and that sitagliptin may protect cells from destruction and delay the progression of T2DM by prolonging TL.

Telomerase, a ribonucleoprotein complex with reverse transcription functions, plays a key role in maintaining the
health and reproduction of species by adding telomeric repeats to the ends of chromosomes to maintain chromosomal
integrity.*” Preventing telomere erosion is the main function of telomerase.”® Few clinical studies have explored the
relationship between antidiabetic medications and telomerase. This study>® analyzed whether sitagliptin affected telo-
merase activity in patients with T2DM, and the results showed that there was no significant change in telomerase activity
before and after sitagliptin intervention (telomerase activity: baseline 0.41 + 0.22, 1 month 0.42 + 0.22, 2 months 0.40 +
0.21, p=0.830), suggesting that sitagliptin may not affect leukocyte TL changes in patients with T2DM by affecting
telomerase activity.

Sulfonylurea

Sulfonylureas are second-line antidiabetic medications for T2DM that control blood glucose levels by stimulating B-cells
to promote insulin secretion.®® Glyburide is a second-generation sulfonylurea and one of the most commonly used
sulfonylureas.**®

Al-Thuwaini designed a case-control study™* that involved 100 middle-aged individuals without DM and 300 middle-
aged patients with T2DM (75 non-treatment patients, 80 using glyburide, 70 using insulin and 75 with both therapies,
patients in the latter 3 groups had a history of using antidiabetic medications for more than 3 years). Logistic regression
analysis showed that glyburide may have a protective effect on telomeres in patients with T2DM (estimate: 2.42, odds
ratio (OR): 2.07, 95% CI: 1.13 to 2.90, p=0.004).

In brief, sulfonylurea drugs bind to sulfonylurea receptors, causing the closure of ATP-depended potassium channels
(Karp), which in turn leads to depolarization of B cells. This depolarization results in an increase in intracellular calcium
concentration, which promotes endogenous insulin release and exerts glucose-lowering effects.®'*** Al-Thuwaini et al
suggested that the prolongation of TL in patients with T2DM with glyburide may be caused by a decrease in oxidative
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stress levels due to good glycemic control.® As mentioned earlier, oxidative stress induced by hyperglycemia has been
found to accelerate telomere shortening.” Additionally, some scholars have highlighted that oxidative stress can inhibit
the activity of telomerase.®> Glyburide, by promoting endogenous insulin secretion and lowering glucose levels, can
effectively reduce oxidative stress.*® As a result, it may help safeguard TL.*?

Exogenous Insulin

Insulin therapy is an essential life-saving measure for patients with severe T2DM; however, insulin also has the potential
to accelerate telomere shortening in patients with T2DM. In a 6-year longitudinal study’’ investigating the effect of
insulin on leukocyte TL, 76 patients with T2DM were enrolled, and 64 patients were successfully followed up. Insulin
therapy was added to the original antidiabetic regimen for patients with HbAlc > 7.5%, despite taking 3 oral antidiabetic
medications. Finally, 18 patients received insulin therapy for poor glycemic control. Of the 64 successfully followed up
patients, telomere shortening was found in 45 patients (including 16 insulin-using patients) and telomere lengthening in
19 patients (including 2 insulin-using patients) compared to baseline. Multivariate regression analysis suggested that
insulin use was the only independent predictor of leukocyte TL change (B-coefficients: —0.587, 95% CI: —0.198 to
—0.085, p < 0.001). Logistic regression analysis showed that only insulin use (OR: 17.355, 95% CI: 2.659 to 35.627,
p=0.013) and LDL-C level (OR: 3.493, 95% CI: 1.599 to 10.063, p=0.007) were independent predictors of telomere
shortening. The aforementioned case-control study®® found that telomere shortening was 3 times higher in insulin-treated
patients with T2DM (logistic regression analysis, estimate: —3.41, p=0.001). A cross-sectional study’> by AlDehaini et al
found no significant difference in leukocyte TL among patients treated with metformin alone, insulin alone, or
a combination of the both. There are 2 possible reasons for the effects of insulin on TL.

Glycemic Progression

In the longitudinal study’’ mentioned above, it was observed that subjects who used exogenous insulin experienced
telomere shortening. However, it is important to note that these subjects were also using multiple antidiabetic medica-
tions and HbA1c>7.5% at the beginning of the study, indicating that they had a progression of glycemic levels. Telomere
shortening is recognized as a biomarker of glycemic progression.'' Therefore, it is plausible to suggest that the telomere
shortening observed in subjects using exogenous insulin may not be directly caused by the insulin itself, but rather by the
progression of their own glycemic levels.

Weight Gain

Weight gain is an adverse effect of insulin. A retrospective cohort study® involving 5086 patients with T2DM using
insulin suggested that some patients gained 5 kg in weight in the first few years after treatment with insulin. Weight gain
is one of the main causes of IR. A study® involving 1758 middle-aged obese individuals found that a weight gain of 5%
in adults was strongly associated with IR. It is reasonable to assume that insulin use may lead to weight gain, which in
turn leads to the exacerbation of IR, promotes elevated levels of oxidative stress, and finally leads to telomere shortening.

Biguanides
Metformin is the first-line treatment for T2DM and is recognized as a potent anti-aging drug. Clinical studies suggested
that biguanides may prolong TL in patients with T2DM.

Huang et al defined the MARD group in a study’* as older patients with T2DM suffering from moderate metabolic
disturbances. This study found that leukocyte TL was significantly shorter in the MARD group than in the non-MARD group
(p=0.0012); however, there was no difference in leukocyte TL between the MARD and non-MARD groups under metformin
treatment. In the MARD group, a longer leukocyte TL was found in patients using metformin than in those who did not
(p<0.001). Linear regression analysis revealed a significant correlation between the use of metformin and the leukocyte TL of
the MARD group, even after adjusting for the age and gender of the subjects (r=0.030, 95% CI: 0.010 to 0.051, p=0.004). It
has been shown that metformin may reduce all-cause mortality in older patients with DM and reduce the risk of age-related
diseases such as cardiovascular disease, cancer, depression, dementia, and frailty in older men with T2DM.%%*7 Metformin
may exert a significant anti-aging effect in older patients with T2DM.
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Vigili de Kreutzenberg et al designed an RCT?® involving 38 prediabetic patients who received metformin (n=19) or
placebo interventions for 2 months. Both groups had the same sex ratio and similar age. Peripheral blood mononuclear
cells (PBMCs) TL was similar between the 2 groups at baseline. PBMCs TL increased significantly in the metformin
group after 2 months (mean T/S ratio: 0.979 + 0.011 vs 0.951 &+ 0.007, p=0.012), whereas it did not change significantly
in the control group. It is worth mentioning that the baseline glucose was similar in both groups (glucose: 5.8 = 0.2
mmol/L vs 5.8 £ 0.2 mmol/L, p-value unknown). However, after 2 months, the metformin group showed a significant
decrease in glucose compared to baseline (glucose: 5.3 = 0.2 mmol/L vs 5.8 £ 0.2 mmol/L, p=0.018), whereas the control
group did not exhibit any significant change in glucose compared to baseline. There was no significant difference in
PBMCs TL change between the 2 groups after 2 months compared to baseline. This study also showed that metformin
increases SIRT1,%® which, in turn, protects against DNA damage.®®

SIRT1 is an nicotinamide adenine dinucleotide (NAD(+))-dependent class III histone deacetylase that can alleviate
oxidative stress, inflammatory reactions, and apoptosis, regulate transcription factors related to lifespan, and control
a variety of metabolic pathways.®>’® SIRT1 is a star target for regulating anti-aging activity and metabolism and is also
an inextricable topic in research on aging-related diseases.”®

1°% studied both loss- and gain-of-function in mouse models of SIRT1 and found that overexpression of

Palacios et a
SIRT1 in mice reduced telomere erosion associated with cell division and aging of tissues, such as the liver and kidney.
In contrast, loss of SIRT1 promotes telomere erosion and destroys telomere integrity, indicating that SIRT1 can positively
regulate TL and delay telomere shortening; this effect depends on the telomerase pathway.®® Amano et al’' observed that
the NAD(+) precursor nicotinamide mononucleotide (NMN) supplementation maintained TL and inhibited the DNA
damage response by regulating the “longevity protein” Sirtl activity. Another study’* found that SIRT1 may be involved
in telomere maintenance, and SIRT1 deficiency may lead to telomere instability. In the above RCT,* increased SIRT1
gene/protein expression and chromatin accessibility of the SIRT1 promoter were observed in the metformin group
compared with baseline, and increased SIRT1 protein expression was observed in the metformin group compared with
the control group, suggesting that metformin may prolong TL by increasing SIRT1 expression.

Diman et al” found that metformin may promote human telomere transcription through the nuclear respiratory factor 1
(NRF1) and adenosine 5'-monophosphate (AMP)-activated protein kinase (AMPK)/peroxisome proliferator-activated
receptor y coactivator 1o (PGC-1a) axis upregulation telomeric repeat-containing RNA (TERRA). Kulkarni et al suggested
that the maintenance of telomere homeostasis may involve a protective feedback mechanism mediated by the effects of
metformin on mitochondrial and cellular aging.>* However, the mechanisms underlying the effects of metformin on TL
remain unclear. It is necessary to explore the mechanism by which metformin delays aging in patients with T2DM from the
perspective of telomeres, and the protective effects of metformin on telomeres need to be further explored.

Summary and Perspectives

This review summarizes clinical trials on the effect of antidiabetic medications on TL and the related mechanisms that
may be involved. The effects of different antidiabetic medications on TL in patients with T2DM varied. Interventional
studies®®*" have shown that sitagliptin and metformin may prolong the TL of patients with T2DM, which is accompanied
by a significant decrease in their blood glucose or HbA ¢, suggesting that the telomere extension of these patients may be
related to the good control of blood glucose by antidiabetic medications. Interestingly, a longitudinal study®’ has shown
that insulin may accelerate telomere shortening in patients with T2DM. The effect of acarbose and glyburide on TL in
patients with T2DM remains uncertain due to the lack of longitudinal research evidence. However, observational

studies>343¢

suggest that the use of acarbose may be associated with telomere shortening and glyburide may protect
TL in patients with T2DM. Further research is needed to investigate the relevant mechanism of the effect of antidiabetic
medications on TL in patients with T2DM. When recommending treatment for patients with T2DM, especially for
patients with different subtypes of T2DM, endocrinologists can re-examine the antidiabetic regimen from the perspective
of telomeres and determine the most appropriate antidiabetic medications to achieve the dual goals of effective
hypoglycemia and delayed aging.

Sodium-Glucose Transporter 2 inhibitors (SGLT2i) and glucagon-like peptide-1 receptor agonists (GLP-1RA) have
been confirmed to provide cardiovascular and renal benefits in patients with T2DM in large clinical trials and even reduce

Diabetes, Metabolic Syndrome and Obesity 2023:16 https: 3747

Dove:


https://www.dovepress.com
https://www.dovepress.com

Qin Dove

all-cause mortality in patients with T2DM.’* Mitiglinide improves postprandial metabolic disturbances and reduces
excessive oxidative stress and inflammatory responses.”> All of these are potential anti-aging drugs or may have certain
anti-aging effects; however, to date, no clinical trials have investigated the effect of these commonly used antidiabetic
medications on TL. In the future, clinical trials are urgently needed to explore the effects of SGLT2i, GLP-1RA, glinides,
and other antidiabetic medications on telomeres and to uncover more anti-aging drugs suitable for patients with T2DM.

It is worth noting that, limited by the small number of large-scale prospective clinical trials, the relevant conclusions
need further confirmation. Endocrinologists will continue their pursuit of delaying aging in patients with T2DM. In the
future, larger-scale prospective clinical trials and related basic research are needed to further explore this topic to decode
the telomere password that connects antidiabetic medications to aging in patients with T2DM.
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