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OUTLINE

 Case scenario 

 Where Does Metformin Stand in Modern Day Management of T2DM?

 Evidence for  Metformin as first line monotherapy

 Evidence for SGLT2-I as first line monotherapy
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First scenario 

 A 46 – years- old overweight lady diagnosed with T2 DM 

since 6 months ago.

 Her BMI =27, she is otherwise healthy, advised for life style 

modification

 Her most recent HbA1c is  8% 

 Lipid profile was normal,     e-GFR= 85 ml/min

 Normotensive

What is the best next step treatment ?
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Second  scenario 

 64 year  old  male

 DM2 since 2015 

 Had  ACS , Secondary PTCA in 2020

TX  for diabetes

Metformin 1000 BD

HbA1c 6,9
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Should we modify the glucose lowering medication? 5

NO

HbA1c =good
Yes 

EBM Treatment
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Initial Therapy

1- Metformin should be started at the time T2DM is diagnosed unless there are 
contraindications; for many patients this will be monotherapy in combination with 
lifestyle modifications.

2- Additional and/or alternative agents may be considered in special circumstances, 
such as in individuals with established or increased risk of cardiovascular or renal 
complications

 Metformin is effective and safe, is inexpensive, and may reduce risk of 
cardiovascular events and death.

Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HAW. 10-year follow-up of intensive glucose control in type 2 diabetes. N Engl J Med 2008;359:1577–1589
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Initial Therapy

 Compared with sulfonylureas, metformin as first-line therapy has beneficial 
effects on A1C, weight, and CV mortality

 There is little systematic data available for other oral agents as initial 
therapy of T2DM.

Maruthur NM, Tseng E, Hutfless S, et al. Diabetes medications As monotherapy or metformin based combination therapy for type 2 diabetes: a systematic 
review and meta-analysis. Ann Intern Med 2016;164:740–751
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Chemical structure of metformin 10
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Almost 60 years after first introduction for the treatment of T2D
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Metformin inhibits

this complex

The consequence of 

inhibition of the

respiratory chain 

complex I by metformin

is a transient reduction in 

cellular energy status.

AMPK

activation
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With the sulfonylurea gliclazide and insulin, metformin is part of the triad

of antihyperglycemic agents on the 2019 WHO list of essential medications
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Metformin and the UKPDS, What Did It Tell Us?

 A sub-study of this large multicenter trial in newly diagnosed individuals with 

T2D showed that compared to SU and insulin, metformin was associated with 

a reduction in:

 Any diabetes-related endpoint including MI and HF (p = 0.0034) 

 All-cause mortality (p = 0.021) 

 Stroke (p = 0.032) over a mean duration of 10.7 years
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Diabetes-related deaths

All –Cause Mortality

Myocardial Infarction

UKPDS 80.  NEJM 2008;  359:  1577-89

Lessons from UKPDS: Legacy Effect 

of Metformin Therapy from diagnosis

CV Complications and 

Survival reduced 

versus other therapies

UKPDS 34.  Lancet 1998; 352: 854-65

POST-Trial 
Monitoring

1997 - 2007

-30%

-27%

-33%

-42%

-36%

-39%

UKPDS Trial 
Intervention

1977 - 1997

CV Complications and 

Survival reductions 

maintained

Legacy

effect
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Randomized clinical trials involving metformin and CVD 

outcomes 
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 A recent, very large meta-analysis included more than 1 million patients, who 

participated in 40 randomized or observational evaluations of metformin. 

 Treatment with metformin versus no metformin therapy was associated with 

reduced risk of CV death (adjusted HR 0.81 [95% CI 0.79 to 0.84]).

Risk of mortality and adverse cardiovascular outcomes in type 2 diabetes: a comparison of patients treated with sulfonylureas and metformin. 
Diabetologia 2006;49(5:)930–6.
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21
Cardiovascular mortality   metformin Vs  non metformin 



 All-cause mortality was reduced in the overall population (adjusted HR 0.67 

[95% CI 0.60 to 0.75])

 in those with prior MI (adjusted HR 0.79 [95% CI 0.68 to 0.92])

 in those with prior CHF (adjusted HR 0.84 [95% CI 0.81 to 0.87]) 

 The frequency of CV events was also reduced, although interestingly no 

significant effect was observed in the absence of type 2 diabetes.
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701,843 patients of T2DM on metformin 

treatment

Following metformin treatment in 

patients with T2DM was associated 

with decreased cardiovascular risk, 

both with the mortality and incidence.

Heterogeneity among studies may potentially 

affect the final results.



Key Questions on the Current Role of Metformin

Should Metformin be the First-Line Treatment in T2D?

 In order to answer this question, let us first define an ideal glucose-

lowering agent. 
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An ideal glucose-lowering agent 

1. Safe 

2. Effective 

3. Durable 

4. Suitable for use at all stages of diabetes

5. across a range of individuals with range of co-morbidities  

6. Simple to administer with good adherence

7. Suitable for use in combination with other agents

Single agent, which fills most of these criteria above, is metformin
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Safety and Tolerability in Elderly Population

 The age range for MACE outcome trials of GLP-1RA and SGLT2i have been 

around 60 to 65 years and does not include frail individuals who form a large 

cohort of T2D. 

 For such individuals, metformin with convenient dosing schedule, low risk of 

hypoglycemia and good tolerability requiring little monitoring appears to be a 

safe and effective option .

Diabetes Prevention Program Research Group. Long-term safety, tolerability, and weight loss associated with metformin in the Diabetes 

Prevention Program Outcomes Study. Diabetes Care 2012, 35, 731–737. 
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Is There is a Clear Evidence in Head-to-head Trials of a Benefit 

of Other Agents Over Metformin

Either in Cardiovascular Benefit or 

Cost-Effectiveness?
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SGLT2i and GLP-1RA

1- We do not have any direct head-to-head primary CVOTs comparing 
metformin against either SGLT2i or GLP-1RA

2- Cost will remain a consideration even if either SGLT2i or GLP-1RA 
were found to be superior. 

3- There are significant intra-class differences in terms of the CV 
outcomes within both SGLT2i and GLP-1RA, and not all agents are 
equally potent or effective.
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SU 

 A multicenter randomized, double-blind, placebo controlled trial of 

metformin and glipizide on CV outcomes in T2D and CAD found 

that:

Treatment with metformin for 3 years substantially reduced MACE 

compared with glipizide (HR of 0.54, 95% CI 0.30, 0.90; p = 0.026).

Cardiovascular outcome trials of glucose-lowering therapies. Expert Rev. Pharm. Outcomes Res. 2020, 20, 

237–249
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DDP4 Inhibitors

 In a longitudinal study of 123,050 individuals with T2D followed over 

several years

Adjusted HR for a composite of CVD events including hospitalizations 

for ischemic stroke, MI and HF, and hypoglycemia were all found to be 

statistically lower for metformin compared to DPP4 inhibitors as a class 

(0.87, 95% CI 0.79, 0.94)

Risks of cardiovascular diseases associated with dipeptidyl peptidase-4 inhibitors and other antidiabetic drugs in patients with type 
2 diabetes: A nation-wide longitudinal study. Cardiovasc. Diabetol. 2016, 15, 41.
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DDP4 Inhibitors

 Even in major CVOTs of DPP4- I, baseline metformin use was 

associated with a trend towards improved CV outcomes (HR 0.92, 

95% CI 0.84, 1.01) compared to baseline metformin nonusers (HR 

1.10, 95% CI 0.97, 1.26) 

 Baseline metformin status may have a moderating effect on CVOTs of 

DPP4 inhibitors.

Metformin Use May Moderate the Effect of DPP-4 Inhibitors on Cardiovascular Outcomes. Diabetes Care 2017, 40, dc171528
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Dose metformin interfere with CV benefits of SGLT2-I

1- In one large-scale trial, empagliflozin reduced the risk of CV death by:

 54% in metformin nonusers 

 29% in metformin users (interaction P = 0.07) 

2- The interaction between metformin and Canagliflozin was even more striking in 

which risk of cardiovascular death or hospitalization for heart failure reduced  by 

 36% in patients not receiving metformin  

 12% in those receiving metformin (interaction P = 0.03)

3- Information regarding the interaction between metformin and dapagliflozin has not 

yet been presented.
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Dose metformin interfere with CV benefits of SGLT2-I

 Therefore, the findings with empagliflozin and Canagliflozin represent all 

available evidence concerning the influence of metformin pretreatment on the 

heart failure benefits of SGLT2 inhibitors.

 If metformin does exert an effect to attenuate the effects of SGLT2 inhibitors, it 

may be time to reconsider the wisdom of using metformin as a first-line 

treatment for patients with type 2 diabetes
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Metformin and DPP4 Inhibitors

 Meta-analysis of the three major CVOTs examining DPP4 inhibitors , showed that 

baseline metformin users experienced a trend towards improved CV outcomes 

when combined with DPP4 inhibitors (HR 0.92, 95% CI 0.84, 1.01)

 Compared to baseline metformin non-users who in fact showed a trend towards 

harm (HR1.10, 95% CI 0.97, 1.26) .

Metformin Use May Moderate the Effect of DPP-4 Inhibitors on Cardiovascular Outcomes. Diabetes Care 2017, 40, dc171528
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Metformin and GLP-1RA

 In the Harmony outcomes trial, those on baseline metformin therapy 

did slightly better (HR 0.77, 95% CI 0.65–09.2) than those who were 

not on metformin (HR 0.79, 95% CI 0.62, 1.00).

Albiglutide and cardiovascular outcomes in patients with type 2 diabetes and cardiovascular disease (Harmony Outcomes): A double-blind, 

randomized placebo-controlled trial. Lancet 2018, 392, 1519–1529.
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First-line treatment for type 2 diabetes: is it too 

early to abandon metformin?
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First-line treatment for type 2 diabetes: is it too early to 

abandon metformin? 

 In CVOT s most participants were on at least one OAD at baseline 

 Therefore, the CV  benefit of SGLT2 i- or GLP-1 RA remains uncertain for 
treatment-naive individuals

 Making difficult any comparison with previous evidence of first-line metformin 
treatment on CV events.

Gnesin F, Thuesen AC, Kähler LK, Madsbad S, Hemmingsen B. Metformin monotherapy for adults with type 2 diabetes mellitus. Cochrane 
Database Syst Rev 2020; 6: CD012906. 
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Is it too early to abandon metformin? 

A reduced efficacy of SGLT2 inhibitors in individuals taking metformin was 

reported in subgroup analyses of cardiovascular outcome trials, with inconsistent 

findings across agents and outcomes.

Packer M. Does metformin interfere with the cardiovascular benefits of SGLT2 inhibitors? Questions about its role as the cornerstone of diabetes treatment. Am J Med 2020; 133: 

781–82. 

Inzucchi SE, Fitchett D, Jurišić-Eržen D, et al. Are the cardiovascular and kidney benefits of empagliflozin influenced by baseline glucose-lowering therapy? Diabetes Obes Metab
2020; 22: 631–39. 

Neuen BL, Heerspink HL, Neal B, et al. Cardiovascular and renal outcomes with canagliflozin in people with type 2 diabetes according to baseline use of metformin. American 

Association of Clinical Endocrinologists 28th Annual Scientific & Clinical Congress; Los Angeles, CA, USA; April 24–28, 2019, 
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Is it too early to abandon metformin? 

For example, in the EMPA-REG:

1. Empagliflozin reduced the risk of admission to hospital for heart failure to a similar extent 
irrespective of metformin use at baseline

2. Conversely, the reduction in renal outcomes was greater in individuals not on 
metformin.

Inzucchi SE, Fitchett D, Jurišić-Eržen D, et al. Are the cardiovascular and kidney benefits of empagliflozin influenced by baseline 
glucose-lowering therapy? Diabetes Obes Metab 2020; 22: 631–39. 
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Is it too early to abandon metformin? 

The CANVAS , showed:

1. Greater effect for admission to hospital for heart failure in participants not on 

metformin 

2. similar effect for renal outcomes.

Caution is needed when interpreting such results

These CVOT S were primarily planned to investigate the safety of SGLT2 inhibitors and GLP-1 

receptor agonists on primary outcomes

Neuen BL, Heerspink HL, Neal B, et al. Cardiovascular and renal outcomes with canagliflozin in people with type 2 diabetes according to baseline use of metformin. American Association of Clinical Endocrinologists 28th Annual Scientific & Clinical 

Congress; Los Angeles, CA, USA; April 24–28, 2019, 

Kent DM, van Klaveren D, Paulus JK, et al. The Predictive Approaches to Treatment effect Heterogeneity (PATH) statement: explanation and elaboration. Ann Intern Med 2020; 172: W1–25. 
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Is it too early to abandon metformin?

Points to be considered 

1- Analyses looking for differential effects 

(interactions) should be considered exploratory and 

at best hypothesis-generating

2- in view of their low statistical power, lack of 

multiple testing adjustment, and no evidence of 

interaction for the primary outcome

 As has been the case for all trials reporting 

heterogeneity of treatment effect with metformin 

(LEADER, Harmony, EMPA-REG, CANVAS, 

DECLARE-TIMI, VERTIS CV). 

3- Moreover, participants not on 

metformin at baseline are not necessarily 

treatment-naive. 

 Furthermore, exploring interaction with one-

factor at a time is prone to confounding bias 

due to potential systematic differences 

between individuals with and without 

metformin (ie, diabetes duration or previous 

history of heart failure), which are reported in 

LEADER,EMPA-REG,CANVAS, and 

DECLARE-TIMI .
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Is it too early to abandon metformin? 

This observation tallies with the distinction between

 heterogeneity of treatment effect 

 and causal interaction.

VanderWeele TJ, Knol MJ. Interpretation of subgroup analyses in randomized trials: heterogeneity versus secondary 
interventions. Ann Intern Med 2011; 154: 680–83. 
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Is it too early to abandon metformin? 

Whether trialists

 aim to predict the effect of the treatment in relation to concomitant use of metformin

 or aim to establish whether metformin is the cause of a reduced SGLT2 inhibitor (or 
GLP-1 RA) effect (causal interaction) 

has relevant implications.

Kent DM, van Klaveren D, Paulus JK, et al. The Predictive Approaches to Treatment effect Heterogeneity (PATH) statement: explanation and elaboration. Ann Intern Med 2020; 172: 
W1–25. 
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Is it too early to abandon metformin?

What is the aim of the study 

1- If the aim is to predict the effect of starting a treatment, controlling for factors that 
are different between participants with and without metformin is not required.

1- To clarify whether metformin is the cause of the reduced effect, trialists must 
account for factors that could be causally related to the reduced treatment effect and 
associated with metformin use, unless metformin is randomly assigned (as in a 
factorial design)

VanderWeele TJ, Knol MJ. Interpretation of subgroup analyses in randomized trials: heterogeneity versus secondary interventions. Ann Intern Med 2011; 154: 
680–83. 
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Is it too early to abandon metformin? 

 Among these factors, a possible candidate is kidney function, because it is an 

established risk factor for CVD and death, and prescription of metformin should be 

carefully considered in patients with a reduced kidney function.

 Differences in e GFR according to baseline metformin were present in EMPA-REG 

,CANVAS , and DECLARE-TIMI 58.
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Is it too early to abandon metformin? 

 Unfortunately, the studies published to date have adjusted for these factors 

variably for both primary and other outcomes.

 Post-hoc analyses, with standardized methodological approaches across 

different treatments and outcomes, would be a valuable source of evidence 

to differentiate a causal interaction from a heterogeneity of treatment effect. 
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Is it too early to abandon metformin? 

The results of CVOT s have generated important evidence on treatment strategies 

to reduce the risk of cardiovascular disease in people with T2DM 

but the contribution of these findings to the knowledge about the optimal first-line 

agent for treatment of type 2 diabetes is far more limited. 
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Is it too early to abandon metformin? 

1- RCT comparing metformin with an SGLT2 –I or a GLP-1 RA as first-line agent 

would help to settle this controversy. 

2- Not only the efficacy but also the cost and the long-term safety profile of 

competing medications should guide decisions in clinical practice.

 3- The question of which first-line agent is best for individuals with type 2 diabetes 

should not detract from use of SGLT2 inhibitors and GLP-1 RA in patients with 

established cardiovascular diseases, for whom their efficacy is uncontroversial. 
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These results suggested

a larger effect of DPP-4i in 

patients on metformin at 

baseline

conversely,

there was no statistical 

evidence that baseline 

metformin modified the 

cardio vascular effects of 

GLP-1RA and SGLT-2i.
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Ann Intern Med. 2020;173:278-286. doi:10.7326/M20-0864

453 trials assessing 21 antidiabetic interventions from 9 drug classes were included. 

Interventions included monotherapies (134 trials) 

add-on to metformin-based therapies (296 trials) 

monotherapies versus add-on to metformin therapies (23 trials).



Comparative effectiveness of GLD for T2DM  A1c change  
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Comparative effectiveness of GLD for T2DM    all cause mortality 
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Conclusion

1- The use of metformin as first-line treatment of drug-naive patients 

at low cardiovascular risk seems justified.

2- Given the lack of pertinent evidence, we could not reach a 

conclusion about the optimal initial treatment of drug-naive patients at 

increased cardiovascular risk.
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Conclusion

3- In patients at low cardiovascular risk receiving metformin-based background 

therapy, choice among available agents should be based on their effect on other 

efficacy and safety outcomes because of lack of difference in vascular outcomes

4- For patients at increased cardiovascular risk receiving metformin-based 

background therapy, the optimal choice between specific GLP-1 RAs and SGLT-2 

inhibitors should be based on the cardiovascular profile of individual agents and 

guided by patients' personal preferences and therapeutic priorities.
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To assess whether the effects of SGLT2 inhibitors on cardiovascular, 

kidney and mortality outcomes are consistent with and without 

concomitant metformin use.



Results

 Six trials of four SGLT2 inhibitors that enrolled a total of 51743 participants.

 Baseline metformin use varied from 21% in DAPA-HF to 82% in DECLARE-TIMI 

58. 

SGLT2 inhibitors reduced the risk of MACE, with and without concomitant 

metformin use (HR 0.93, 95% CI 0.87–1.00 and HR 0.82, 95% CI 0.71–0.86, respectively; P-

heterogeneity = 0.14).
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Results

There were also clear and separate reductions in: 

1. HHF or CV  death with SGLT2 inhibitors, irrespective of metformin 

use (HR 0.79, 95% CI 0.73–0.86 and HR 0.74, 95% CI 0.63–0.87, 

respectively; P-heterogeneity = 0.48), 

2. as well as for major kidney outcomes and all-cause mortality (all P-

heterogeneity > 0.40).
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SGLT2-I with or without metformin 67

MACE MACE & HHF



SGLT2-I with or without metformin 68

HHF
CV DEATH



SGLT2-I with or without metformin
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Conclusion

Treatment with SGLT2 inhibitors results in clear and 

consistent reductions in cardiovascular, kidney and 

mortality outcomes regardless of whether patients are 

receiving or not receiving metformin.
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Escalation of therapy

It is crucial to escalate therapy after metformin as:

 within 2-years of initiating metformin monotherapy, over 30% of patients 
require an additional agent 

 within 3-years over 50% require combination therapy.

Turner, R.C.; Cull, C.A.; Frighi, V.; Holman, R.R. Glycemic control with diet, sulfonylurea, metformin, or insulin in patients with type 2 diabetes mellitus: Progressive requirement for 
multiple therapies (UKPDS 49). UK Prospective Diabetes Study (UKPDS) Group. JAMA 1999, 281, 2005–2012
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Paradigm shift 72



Evolution of treatment recommendations in type 2 DM management  73

HbA1c

The lower the 
better

Recommendation ADA/EASD 2015 

The lower the better

But w/o hypo or 
weight gain

HbA1c
CV 

event

BP

LDL 

Glucose

but use agents with 
proven safety and 

efficacy

ADA /EASD2021

ESC 2019

ACC/AHA2019

Pre 2008 2008-2018 Since 2018

Main target

strategy
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2020 Expert Consensus Decision Pathway 

on Novel Therapies for Cardiovascular 

Risk Reduction in Patients With Type 2 

Diabetes

A Report of the American College of Cardiology Solution Set Oversight Committee

Endorsed by the American Diabetes Association











81



Does the SGLT2 inhibitors should become our first choice for 

treatment of type 2 diabetes? 

A 2019 meta analysis involving 34 322 patients from 3 placebo-controlled 
RCTs found:

In patients on SGLT2 -I significant reductions in the risk of :

 Heart failure and CV death (OR 0.77, 95% CI 0.71–0.84)

 Renal disease progression (OR 0.55, 95% CI 0.48–0.64)

 In those with established atherosclerosis, MACE (OR 0.89, 95% CI 0.83–
0.96)
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Does the SGLT2 inhibitors should become our first choice for 

treatment of type 2 diabetes?

 Regardless of its comparator drug class, metformin achieved 

equivalent or better intermediate outcomes (including glucose 

control, patient weight and hypoglycemic events) compared with 

sulfonylureas and moderate evidence exists for reduced 

cardiovascular mortality with metformin.

 Furthermore, no RCT has directly compared long-term outcomes 

for metformin versus SGLT2 inhibitors
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Does the SGLT2 inhibitors should become our first choice 

for treatment of type 2 diabetes?

Despite these encouraging findings, SGLT2 inhibitors 

should not become first-line pharmacologic treatment 

for type 2 diabetes.
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Our patient

No

6 months

45 yrs old

Overweight 
only

absent

?

?



Choice of treatment

 For patients with established ASCVD or indicators of high ASCVD risk (such as 

patients>55 years of age with coronary, carotid, or lower-extremity artery stenosis 

> 50% or left ventricular hypertrophy), heart failure, or CKD

An SGLT2-I or GLP-1 RA with demonstrated CVD benefit is recommended as part 

of the glucose lowering regimen independent of A1C, independent of metformin use, 

and in consideration of patient-specific factors
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MR A.M

 64 year  old  male

 DM2 since 2015 

 HAD ACS , PTCA in 2020

TX  for glucose

Metformin 1000 BD

HbA1c 6,9

Add a GLP1RA

8

7

Second senario



Conclusions -1

 Metformin possesses many of the features expected of an ideal OAD; it is safe, effective, cheap, 

pairs well with most other agents with little to no adverse interaction and is available globally.

 It is unlikely that dedicated prospective trials looking at MACE outcomes to fully elucidate the 

cardiovascular benefits realized in experimental models and observational data will ever happen 

and metformin’s current role as a “foundation therapy” for newly diagnosed individuals with T2D 

may continue to be both justified and equally challenged.

Florez, J.C. The pharmacogenetics of metformin. Diabetologia 2017, 60, 1648–1655.
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Conclusions-2

 There is an increasing emphasis to transition existing algorithms from an 

approach based solely on HbA1c to a more comprehensive strategy targeting 

additional patient factors especially CVD prevention. 

 Until further safety data becomes available for SGLT2i and GLP-1RA use in 

treatment-naïve individuals, we recommend that not only the efficacy but also the 

cost and the long-term safety profile should guide decisions in clinical practice 

and metformin should continue to be used as a first-line therapy for newly 

diagnosed individuals with T2D
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Conclusions-3

 The key message is to avoid therapeutic inertia, as the uptake of these 

“newer” OADs with proven cardiovascular benefits remains generally low and 

to consider early addition of these agents to baseline metformin therapy 

where indicated.
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