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History of Metformin

1957:

Prescribed as the primary glucose-lowering agent for T2DM
In most countries
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Metformin: Mode of action

* In the gastrointestinal tract, metformin effects glucose uptake and absorption,
* Increases glucagon-like peptide-1 (GLP-1) secretion,

« alters the composition and structure of the gut microbiota, and

« modulates the immune response.

The mechanism of its therapeutic action is not fully understood.

Cheng M et al. Front Pharmacol. 2024; 15: 1347047.
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Metformin and the heart: Update on mechanisms of cardiovascular
protection with special reference to comorbid type 2 diabetes and
heart failure
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Mechanisms for the antihyperglycaemic and
cardioprotective mechanisms for metformin

Antihyperglycaemic Cardioprotective

mechanisms mechanisms
Skeletal muscle Myocardium
¥ Insulin resistance Altered mitochondrial bicenergetics
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Schernthaner G, Brand K, Bailey CJ. Metabolism 2022; 130: 155160.
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Diabetes prevention: lifestyle and diabetes

Weight reduction

Change in diet or nutrition

Increasing physical activity and exercise

Smoking cessation

Marx N et el. Eur Heart J 2023; 44: 4043-4140.



Diabetes prevention program (DPP)
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REDUCTION IN THE INCIDENCE OF TYPE 2 DIABETES WITH
LIFESTYLE INTERVENTION OR METFORMIN
Diabetes Prevention Program Research Graup*

Knowler WC et al. N Engl J Med 2002; 346: 393-403.



Diabetes prevention program (DPP)

Cumulative Incidence of Diabetes According to Study Group.
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Diabetes prevention program: 15y follow-up
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Long-term Effects of Lifestyle Intervention or Metformin on
Diabetes Development and Microvascular Complications: the
DPP Outcomes Study
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Nathan DM et al. Lancet Diab Endocrinol 2015; 3: 866-875.



Diabetes prevention program: 15y follow-up

Cumulative incidence of diabetes by treatment group among the 2776 DPPOS participants.
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Nathan DM et al. Lancet Diab Endocrinol 2015; 3: 866-875.
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Classes of recommendation

Suggested wording to use

Mach F et al. Eur Heart J 2020; 41: 111-188.



L evels of evidence

Data derived from multiple randomized
clinical trials
or meta-analyses.

Level of
Evidence A

Data derived from a single randomized
clinical trial
or large non-randomized studies.

Level of
Evidence B

Consensus of opinion of the experts and/
or small studies, retrospective studies,
registries.

Level of
Evidence C

Mach F et al. Eur Heart J 2020; 41: 111-188.



@ ESG European Heart journal (2023) 44, 40434140 ESC GUIDELINES

European Society https:idoiorg/10.1093/eurheartj'ehad 192
of Cardiology

2023 ESC Guidelines for the management of
cardiovascular disease in patients with diabetes

Developed by the task force on the management of cardiovascular
disease in patients with diabetes of the European Society of
Cardiology (ESC)

Authors/Task Force Members: Nikolaus Marx @ *1, (Chairperson) (Germany),
Massimo Federici @ *1, (Chairperson) (Italy), Katharina Schiitt ¥, (Task Force
Co-ordinator) (Germany), Dirk Miiller-Wieland © ¥, (Task Force Co-ordinator)
(Germany), Ramzi A. Ajjan @ (United Kingdom), Manuel ]J. Antunes © (Portugal),
Ruxandra M. Christodorescu (Romania), Carolyn Crawford (United Kingdom),
Emanuele Di Angelantonio ©© (United Kingdom/ltaly), Bjorn Eliasson ©© (Sweden),
Christine Espinola-Klein (Germany), Laurent Fauchier (France), Martin Halle ©
(Germany), William G. Herrington @ (United Kingdom),

Alexandra Kautzky-Willer © (Austria), Ekaterini Lambrinou © (Cyprus),

Maciej Lesiak @ (Poland), Maddalena Lettino © (ltaly), Darren K. McGuire ©
(United States of America), Wilfried Mullens (Belgium), Bianca Rocca @ (Italy),
Naveed Sattar © (United Kingdom), and ESC Scientific Document Group



Glucose-lowering treatment for patients with T2DM to
reduce cardiovascular risk

Risk assessment for patients with type 2 diabetes based on the presence of
ASCVD/severe TOD and 10-year CVD risk estimation via SCORE2-Diabetes

Marx N et el. Eur Heart J 2023; 44: 4043-4140.



Recommendations for glucose-lowering treatment

Patients with type 2 diabetes and ASCVD Patients with type 2 diabetes but without
Recommendations: G| e ASCVD or severe target-organ damage
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Cardiovascular considerations of older glucose-lowering medications
not tested in dedicated cardiovascular outcomes trials

Metformin

* No dedicated randomized trials to rigorously assess the CV safety or efficacy of
metformin. Randomized trials that have reported CV outcomes with metformin are
most commonly limited by small sample sizes and few CV events for analysis.

* The largest randomized trial with the most encouraging CV results for metformin:
randomized trial of 753 patients in the UKPDS, comparing conventional glucose
targets with a policy of intensive glucose lowering with metformin. However, with
only 39 Mls and 16 coronary deaths in the metformin arm of the UKPDS, the
precision of these efficacy estimates is largely uncertain.

* The upper confidence limits of each of the outcomes analysed provided
reassurance on the CV safety of metformin.

Marx N et el. Eur Heart J 2023; 44: 4043-4140.



Cardiovascular considerations of older glucose-lowering medications
not tested in dedicated cardiovascular outcomes trials

Metformin

« Metformin should not be a prerequisite for considering SGLT2 inhibitor or GLP-1 RA
treatment for CV benefits. In patients already prescribed metformin, SGLT2
Inhibitors and/or GLP-1 RAs should be added, independent of the need for
additional glucose control.

* In patients with T2DM and ASCVD not treated with metformin, an SGLT2 inhibitor
and/or GLP-1 RA should be given first line, metformin should be considered for
those who thereafter warrant additional glucose control.

« Class lla recommendation for metformin is based on the weight of opinion rather
than the weight of evidence.

Marx N et el. Eur Heart J 2023; 44: 4043-4140.



Cardiovascular considerations of older glucose-lowering medications
not tested in dedicated cardiovascular outcomes trials

Metformin

* Results from meta-analyses of observational studies suggest associations with
better CV outcome, but this is not supported by results from meta-analyses
restricted to randomized trials in patients with T2DM and ASCVD, where no
statistically significant effect of metformin has been observed for any major CV
outcome.

* In patients without ASCVD or severe target organ damage (TOD) at low or
moderate CV risk, treatment with metformin should be considered based on the
metformin data from the randomized sub-group with overweight or obesity from
the UKPDS. For patients without ASCVD or severe TOD at high or very CV high
risk, treatment with metformin may be considered based on expert consensus of
the Task Force.

Marx N et el. Eur Heart J 2023; 44: 4043-4140.



Observational studies and meta-analyses

Schernthaner G, Brand K, Bailey CJ. Metabolism 2022; 130: 155160.



Evidence for metformin monotherapy




ARTICLES

Effect of intensive blood-glucose control with metformin on
complications in overweight patients with type 2 diabetes

(UKPDS 34)

UK Prospective Distetes Study (DKPDS Growp*

Summary

Background In patlents with type 2 diabetes, intensive
blood-glucose control with  insulin o sulphonylurea
therapy decreases progression of microvascular disease
and may also reduce the sk of heart atiacks. This study
Investigated whether Intensive glucose contrgl  with

UKPDS Group. Lancet 1998; 352: 854—-65.

associated with an increased rish of diabstes-related
desth (96% increased rsk [95% Cl| 2-275], p=0-039)
comparad  with  contineed sulphonylurea alone &
combingd analysis of the main and supplementary studies
ghowed fewer metformin-alecated patients having
diabetesrelated endpoints (rsk reduction 194 [2-33],
p=0-033), Epidemiological assessment of the possible
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Metabolic effects of drug therapy in T2DM

Patients with normal weight Patients with obesity

10 — - Insulin
s — Sulfomylurea
Metformin

Change in waight (kg)
(| L
|
HI
II-
Change in waight (lkg)
= Ln
|
I

=10 S
-1 0 1 2 3 4 5 &

Time from
randomization |years)

-r 100
!3 F il Y
—E 5_';'_ .Il_.-' 'k.\
Bs —~
s ] e
E- : :
EE =0 'E‘E 30 -
.5 L L] =
EE 100 EE =100
5 T T T T 1 & 1T T 1 T 1
=10 1 2 3 4 53 © =10 1 2 3 4 3 6
Time from Timee from
randomization [years) randoemization (years)

United Kingdom Prospective Diabetes Study Group. Ann Intern Med 1998; 128:165.
UptoDate® Wexler D et al. Metformin in the treatment of adults with T2DM, accessed 20.7.22



'he NEW ENGLAND JOURNAL of MEDRDICINE

ORIGINAL ARTICLE

10-Year Follow-up of Intensive Glucose
Control in Type 2 Diabetes

Rury R. Holman, F.R.C.P., Sanjoy K. Paul, Ph.D., M. Angelyn Bethel, M.D.,
David R. Matthews, F.R.C.P., and H. Andrew W. Neil, F.R.C.P.

ABSTRACT

BACKGROUND

During the United Kingdom Prospective Diabetes Study (UKPDS), patients with
type 2 diabetes mellitus who received intensive glucose therapy had a lower risk of
microvascular complications than did those receiving conventional dietary therapy.
We conducted post-trial monitoring to determine whether this improved glucose con-
trol persisted and whether such therapy had a long-term effect on macrovascular
outcomes.

Holman et al. NEJM 2008; 359:1577-1589.
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UKPDS - clinical outcomes
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Metformin and mortality in T2DM and HF
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Metformin and the heart: update

“As we stand today, we have evidence for cardiovascular
protection with metformin, including from randomised trials,
many observational studies, and substantial experimental data.

However, the nature of the clinical trial evidence has been
overtaken by the new constellation of outcomes trials that were
designed to address questions of clinical safety that were
formulated long after the randomised evaluations of metformin
were conducted.

Interpreting the current evidence base for metformin is
undoubtedly a challenging task, but no less important for that.”

Schernthaner G, Brand K, Bailey CJ. Metabolism 2022; 130: 155160.



Metformin and heart failure (HF)

* Metformin can be prescribed in patients with stable HF,

* but Is contraindicated for patients with decompensated HF

Schernthaner G, Brand K, Bailey CJ. Metabolism 2022; 130: 155160.



Clinical outcomes under metformin treatment
In patients with T2DM and HF

 Reduced mortality risk compared to non-
metformin controls (RR 0.80, p<0.001) and

 Reduced hospitalisation vs. non-metformin
treatment

« Significant reduction in mortality especially
for patients with preserved ejection fraction

(LVEF >50%)

Schernthaner G, Brand K, Bailey CJ. Metabolism 2022; 130: 155160.



Hierarchy of endpoints in randomized clinical trials

All-cause mortality

CV mortality

Myocardial infarction

Stroke
Revascularization

Hospitalization

Surrogate markers

Quality of life

Post-hoc

Order of significance

Objective, natural events

Events dependent on physicians decision

Drexel H et al. Eur Heart J CVP 2020; 6: 97-103.



RCTs on GLP1-RAS

Patients Metformin Metformin Total Total

RCT Intervention randomised Verum N Placebo N Metformin Metformin
%

PIONEER-6? Semaglutide vs. Placebo 3183 0437 76.6

)
REWIND?2 Dulaglutide vs. Placebo 9901 4022 (8 ‘m‘“ 7 81.2
HARMONY Albiglutide vs. Placebo 9/ me“ 6968 73.6

OUTCOMES? “
EXSCEL* Exenatide vs. 1 50l0 O o 5677 (76.8) 11305 76.6
LEADERS Liraglutide vs. F f 7710 3537 (75.8) 3599 (77.0) 7136 76.4

SUSTAIN-6°  Semaglutide vs. Placebo 3297 0.5mg 617 (74.7)  0.5mg 586 (71.1) 2414 73.2
1.0mg 594 (72.3) 1.0 mg 617 (74.8)

ELIXAY Lixisenatide vs. Placebo 6068 2038 (67.2) 1983 (65.4) 4021 66.3

1 Bain SC et al. Diabetes Obes Metab 2019; 21: 499-508 (Suppl).
2 Gerstein HC et al. Lancet 2019; 394: 121-130.

3 Hernandez AF et al. Lancet 2018; 392: 1519-1529.

4 Holman RR et al. NEJM 2017; 377: 1228-1239 (Suppl).

5 Marso SP et al. NEJM 2016; 375: 311-322 (Suppl).

6 Marso SP et al. NEJM 2016; 375: 1834-1844 (Suppl).

7 Pfeffer MA et al. NEJM 2015; 373: 2247-2257 (Suppl).



RCTs on SGLT2-inhibitors

RCT

EMPA-REG-
OUTCOME!

CANVAS
PROGRAM?

DECLARE-
TIMI®

CREDENCE*

DAPA-HF®

Patients Metformin Metformin Total

Intervention randomised Verum N Placebo N Metformin
(Placebo)

Empagliflozin vs. Placebo 7020 10 mg 1729 (73.7)
25 mg 1730 (73.9)

Canagliflozin vs. Placebo 10142 “ 7825

Dapagliflozin vs. Placebo

Canagliflozin

Dapagliflozin vd
504* (50.8)* 512* (51.7)* 1016*

1 Zinman B et al. NEJM 2015; 373: 2117-2128 (Suppl).

2 Neal B et al. NEJM 2017; 376: 644-57 (Suppl).

3 Wiviott SD et al. NEJM 2019; 380: 347-357.

4 Perkovic V et al. NEJM 2019; 380: 2295-306 (Suppl).

5 McMurray JJV et al. NEJM 2019; 381: 1995-2008. *fiir Patienten mit T2DM bei Baseline

Total
Metformin
%

74.0
77.2
82.0

57.8

51.2*



RCTs on DPP4-inhibitors

Patients Metformin Metformin Total Total

RCT Intervention randomised Verum N Placebo N Metformin | Metformin
(Placebo) %

SAVOR-TIMI*  Saxagliptin vs. Placebo 16492 5789 (69.9) 5684 (69 1473 69,6

)
EXAMINE? Alogliptin vs. Placebo 5380 175716 0 rm‘“ 62 66.2
TECOS3 Sitagliptin vs. Placebo 46 me“ 11966 81.6
CARMELINA*  Linagliptin vs. R 00/0 o ‘ ' 575 1927 (55.3) 3808 54.5

CAROLINAS  Linagliptin vs. GI\ ™™= . 2510 (83.3) 2510 (83.7) 5020 83.0

1 SciricaBM et al. NEJM 2013; 369: 1317-1326 (Suppl).
2White WB et al. NEJM 2013; 369: 1327-1335.

3 Green JB et al. NEJM 2015; 373: 232-242.

4 Rosenstock J et al. JAMA 2019; 321: 69-79.

5> Rosenstock J et al. JAMA 2019; 322: 1155-1166.



REVIEW Annals of Internal Medicine

Diabetes Medications as Monotherapy or Metformin-Based
Combination Therapy for Type 2 Diabetes

A Systematic Review and Meta-analysis

Miza M. Maruthur, MD, MHS; Eva Tzeng, MD, MPH; Susan Hutfless, PhD; Liza M. Wilson, 5cM; Catalina Suarez-Cuervo, MD;
Zackary Berger, MD, PhD; Yue Chu, M5PH; Emmanuel Ilyoha, MBChEB, MPH; Jodi B. Segal, MD, MPH; and Shari Bolen, MD, MPH

Maruthur NM et al. Ann Intern Med 2016; 164: 740-751.



Effects of metformin compared with sulfonylurea
monotherapy on long-term all-cause mortality and
cardiovascular mortality and morbidity

Outcome Range in RR From RCTs Range in RD From RCTs Adjusted HR From Observational Strength of
Studies Evidence

All-cause mortality 0.5 to 1.0 (2 studies [15, 16]) -5.0% to -0.1% (2 studies [15, 16]) 0.5 to 0.8 (7 studies* [17-23]) Low

CVD mortality 0.6 to 0.7 (2 studies [15, 16]) -2.9% to -0.1% (2 studies [15, 16]) 0.6 to 0.9 (3 studies [19, 21, 24]) Moderate

CVD morbidity 0.7 to 1.6 (2 studies [15, 16]) -0.4% to 10.1% (2 studies [15, 16]) 0.3 to 0.9 (5 studiest [19, 20, 22, 25, 26]) Low

CVD = cardiovascular disease; HR = hazard ratio; RCT = randomized, controlled trial; RD = risk difference: RR = relative risk.
* One additional retrospective cohort study reported an odds ratio of 0.9 (27).
1 One additional case-control study reported an odds ratio of 0.8 (28).

Maruthur NM et al. Ann Intern Med 2016; 164: 740-751.



1 IABETES RESEARCH AND CLINIcAL PRacTICcE IT60 [(2020) T0oBOOT

Contents available at ScienceDirect

Diabetes Research

S : International
and Clinical Practice

Diabetes
Federation

journal homepage: www.elsevier.com/locate/diabres

Cardiovascular risk following metformin treatment
in patients with type 2 diabetes mellitus: Results
from meta-analysis

Kui Zhang “', Wenxing Yang "', Hao Dai®, Zhenhua Deng *'

* Department of Forensic Pathology, West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University, Chengdu,
Sichuan 610041, People's Republic of China

® Department of Physiology, West China School of Basic Medical Sciences & Forensic Medicine, Sichuan University, Chengdu, Sichuan 610041,
People’s Republic of China

Zhang K. Yang W, Dai H, Deng Z. Diab Res Clin Pract 2020; 160: 108001.



Cardiovascular diseases risk following treatment
with metformin in patients with T2DM
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All diabetic patients should be
treated with metformin

EXCEPT

Impaired kidney function (estimated glomerular filtration
rate [eGFR] <30 mL/min/1.73 m?)

Concurrent active or progressive severe liver disease
Active alcohol abuse

Unstable or acute heart failure at risk of hypoperfusion
Past history of lactic acidosis during metformin therapy

Decreased tissue perfusion or hemodynamic instability
due to infection or other cause

UptoDate® Wexler D et al. Metformin in the treatment of adults with T2DM.
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T2DM prevalence

Study 1 Study 2 Study 3
(1999-2000) (2005-2008) (2022-2023) p-Value
(n=672) (n=1005) (n =481)
T2DM (%) 32.6 27.5 35.1 0.573
Known T2DM 56.2 70.3 72.8 <0.001
Newly diagnosed T2DM* 43.8 29.7 27.2 <0.001

OS = observational study, T2DM = type 2 diabetes mellitus
*ADA (American Diabetes Association) criteria: HbAlc > 6.5% and/or fasting glucose = 126 mg/dL

American Diabetes Association, Diabetes Care, 2019



Glucose-lowering therapy
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Neyer M et al. Diab Obes Metab 2025; 27: 835-844.
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Glucose-lowering therapy
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Neyer M et al. Diab Obes Metab 2025; 27: 835-844.



HbAlcC

OS1 OS2 0S3

p-Value
(n=219) (n=276) (n=169)
Fasting glucose (mg/dL) 149 £ 54 150 £ 49 153 £ 45 0.096
HbAlc (%) 7.2+1.4 7.2+1.4 6.7+0.8 <0.001
Percentage HbAlc <7.0% 51.9 54.7 69.2 <0.001

OS = observational study

Same trend for subgroup of older patients (HbAlc <8.0%)

Neyer M et al. Diab Obes Metab 2025; 27: 835-844.



Glucose-lowering therapy: conclusion

e P oral therapy

e N SGLT2 inhibitors

* Metformin still widely used (particularly in combinations)
* J Sulfonylureas and other old substance classes

* GLP-1 agonist use low

* More complex medication regimen

Neyer M et al. Diab Obes Metab 2025; 27: 835-844.
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The future of metformin in diabetes care

The future of diabetes care, particularly metformin, is evolving significantly due to
advances in precision medicine, drug delivery, and our understanding of diabetes itself.

While metformin remains a foundational therapy, especially for type 2 diabetes (T2D),
its role is shifting as newer technologies and treatments emerge.

1. Metformin as a Foundation, Not a Finish Line

Metformin will likely continue to be first-line therapy due to its safety, low cost, and
effectiveness in lowering blood glucose.

However, newer drugs like GLP-1 receptor agonists and SGLT2 inhibitors are being
prioritized earlier in high-risk patients due to cardiovascular and renal benefits.
Combination therapy from the start (including metformin) is becoming more common
to achieve quicker control and reduce complications.

ChatGPT, accessed 04.08.2025



The future of metformin in diabetes care

2. Personalized and Precision Medicine

Pharmacogenomics may soon help identify patients who respond better or worse to
metformin. Genetic markers (e.g., ATM, SLC22A1) are being researched to tailor dosing
or switch to alternatives.

Gut microbiome profiling may help predict how well a person responds to metformin,
since metformin’s effect is partially gut-mediated.

3. New Delivery Systems

Efforts are underway to improve metformin’s tolerability (e.g., minimizing
gastrointestinal side effects) through:

Extended-release (ER) formulations

Microparticle or nanoparticle delivery

Transdermal patches (experimental)

ChatGPT, accessed 04.08.2025



The future of metformin in diabetes care

4. Role Beyond Glycemic Control

Metformin’s benefits may expand to:

Anti-aging: Research in non-diabetics (e.g., the TAME trial — Targeting Aging with
Metformin) explores its potential to delay aging-related diseases.

Cancer: Metformin is being studied for anticancer properties in several cancers,
including breast and colorectal.

PCOS & Fertility: Widely used for polycystic ovary syndrome and being explored in
broader metabolic syndrome applications.

5. Digital Health Integration

Metformin regimens will increasingly be managed with the help of wearables,
continuous glucose monitors (CGMs), and Al-driven apps that adjust dosing or suggest
lifestyle changes. This means patients may receive real-time feedback on how

metformin is working for them. ChatGPT, accessed 04.08.2025



The future of metformin in diabetes care

6. Declining Role in Some Cases

In patients with cardiovascular disease or chronic kidney disease, metformin may be
de-emphasized in favor of drugs with direct cardiac or renal benefits (e.g.,
empagliflozin, semaglutide).

Some guidelines now allow skipping metformin in favor of these newer agents for high-
risk patients.

ChatGPT, accessed 04.08.2025



Summary: what’s ahead for metformin

Aspect

Clinical use
Formulation
Personalized medicine
Expanded indications

Role in guidelines

Future Trend

Still first-line, but increasingly combined or replaced
Extended, gut-targeted, and novel delivery systems
Genetics & microbiome will guide use

Anti-aging, cancer prevention, PCOS

May shift in high-risk populations

ChatGPT, accessed 04.08.2025
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International Diabetes & Endocrinology Conference, 2025

I\/Ietformln 360°

Vorarlberg Institute for Vascular Investlgatlon & Treatment (VIVIT), Feldklrch, A;
Vorarlberger Landeskrankenhausbetriebsgesellschaft, Feldkirch, A;
Private University in the Principality of Liechtenstein, Triesen, FL;

Drexel University College of Medicine, Philadelphia, USA;
ESC-Working Group on Cardiovascular Pharmacotherapy
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