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Review

Should metformin remain the first-line
therapy for treatment of type 2 diabetes?
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Abstract: Metformin is a biguanide that is used as first-line treatment of type 2 diabetes
mellitus and is effective as monotherapy and in combination with other glucose-lowering
medications. It is generally well-tolerated with minimal side effects and is affordable.
Although the safety and efficacy of metformin have been well-established, there is discussion
regarding whether metformin should continue to be the first choice for therapy as other anti-
hyperglycemic medications exhibit additional advantages in certain populations. Despite a
long-standing history of metformin use, there are limited cardiovascular outcomes data for
metformin. Furthermore, the available studies fail to provide strong evidence due to either
small sample size or short duration. Recent data from glucagon-like peptide-1 receptor
agonist and sodium-glucose cotransporter-2 inhibitor cardiovascular and renal outcomes
trials demonstrated additional protection from diabetes complications for some high-risk
patients, which has impacted the guidelines for diabetes management. Post-hoc analyses
comparing hazard ratios for participants taking metformin at baseline versus not taking
metformin are inconclusive for these two groups. There are no data to suggest that metformin
should not be initiated soon after the diagnosis of diabetes. Furthermore, the initiation of
newer glycemic-lowering medications with cardiovascular benefits should be considered in
high-risk patients regardless of glycemic control or target HbA1c. However, cost remains a
major factor in determining appropriate treatment.
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Introduction

Metformin is a biguanide that is used as first-line
treatment of type 2 diabetes mellitus and is effective
as monotherapy and in combination with other glu-
cose-lowering medications. It is generally well-toler-
ated with minimal side effects and is affordable.!
Although the safety and efficacy of metformin have
been well-established, there is discussion regarding
whether metformin should remain the first choice
for therapy in all patients as other anti-hyperglyce-
mic medications have proven to have additional
benefits in certain populations. It is important to
understand the risks and benefits of metformin and
other anti-hyperglycemic medications before mak-
ing any change in clinical practice.

Historical overview of metformin

Chemical origins of metformin

Guanidine-based remedies were originally
derived from the perennial plant Galega offici-
nalis (Figure 1A) and have been used medici-
nally for centuries.? Commonly known as Goat’s
Rue or French Lilac, the herb was used to treat
frequent urination and increased thirst, symp-
toms now known to be associated with hypergly-
cemia.? Of the common biguanide-based
medications, including phenformin and buformin,
metformin (dimethyl-biguanide, Figure 1B)
eventually stood out for its comparative advan-
tage in both safety and efficacy.
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Figure 1. (A) Galega officinalis, commonly known as French lilac; it is
rich in galegine, a substance with blood glucose-lowering activity and the
foundation for the discovery of metformin. (B) The chemical structure of
1,1-dimethylbiguanide hydrochloride or metformin hydrochloride.

Rediscovery of dimethyl-biguanide

In the 1940s, metformin inadvertently gained
recognition for its ability to lower blood
glucose—an observation noted when used to
treat influenza.* In 1957, a French physician,
Jean Sterne,> published data which indicated
metformin’s superior ability to safely lower
blood-glucose levels. Within a year, metformin
was prescribed in Europe for the treatment of
type 2 diabetes mellitus, and Sterne dubbed the
drug “glucophage” for its perceived ability to
devour blood glucose.?

While metformin was gaining popularity in Europe,
phenformin and buformin were still commonly
prescribed for the treatment of diabetes.> However,
these drugs were removed from the market due to a
considerable risk of lactic acidosis.® Clinical trials
between 1980 and 1998 focused on the safety and
efficacy of metformin® and showed a significantly
lower risk of lactic acidosis compared with other
biguanides while still providing meaningful thera-
peutic benefits.” Given the available evidence at the
time, the Food and Drug Administration (FDA)
approved metformin for use in the United States in
1994, and by 1995 it was widely prescribed for the
treatment of type 2 diabetes mellitus.8

Metformin in the 21st century

By the end of the 20th century, metformin’s abil-
ity to safely lower glucose levels in patients with
diabetes had been well-documented on a global
scale. In 2002, metformin became the most com-
monly prescribed oral anti-hyperglycemic medica-
tion.? In 2005, the International Diabetes
Foundation published guidelines recommending
metformin as a first-line treatment for type 2 dia-
betes.® Nearly 50 years after the rediscovery of

metformin, the World Health Organization added
metformin to its list of essential medications in
2011.1° Numerous clinical trials in the last decade
have thoroughly assessed concerns regarding the
risk of metformin-induced lactic acidosis in
patients with comorbidities such as renal and
hepatic dysfunction or congestive heart failure.
Results from such trials continue to support met-
formin as a safe and effective medication for the
vast majority of patients.!! In fact, the restriction
for using metformin in patients with impaired
kidney function has recently been relaxed.!?

Metformin mechanism of action

Since metformin was discovered from a plant
source and was not originally synthesized to bind
to a specific target, some of its actions remain
unknown. However, metformin has been shown to
improve glycemic control through several mecha-
nisms (Figure 2A). It inhibits hepatic gluconeo-
genesis, reduces absorption of glucose from the
intestines and increases glucose uptake by tissue.
One of metformin’s functions is vza the non-com-
petitive inhibition of the mitochondrial glycer-
ophosphate dehydrogenase enzyme. The inhibition
of this enzyme reduces hepatic gluconeogenesis by
reducing the conversion of lactate and glycerol to
glucose.’> Additionally, metformin diminishes
mitochondrial complex I activity, resulting in
decreased adenosine triphosphate and increased
adenosine monophosphate content and activation
of adenosine monophosphate-activated protein
kinase (AMPK) as outlined in Figure 2B.1* AMPK
is an enzyme that works as a fuel gauge that
becomes activated in situations of energy con-
sumption, resulting in inhibition of gluconeogene-
sis and increased fatty acid oxidation.'* A 2016
study suggested that most of metformin’s glucose-
lowering action takes place in the gastrointestinal
tract rather than in circulation.!> Studies have also
shown that metformin alters the gut microbiome,
increasing GLP-1 secretion and improving glucose
homeostasis.!%17 Unlike some other glucose-low-
ering agents, metformin rarely causes hypoglyce-
mia and is weight neutral.18

Adverse effects of metformin

Gastrointestinal. The most common side effects of
metformin are nausea, diarrhea, and abdominal
discomfort. Many patients (20-30%) report expe-
riencing at least one of these side effects.!’® The
gastrointestinal side effects will be less impactful if
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metformin is taken with a meal and the dose is
titrated gradually. Metformin therapy could be ini-
tiated at a low dose of 500mg twice daily and
increased by 500mg daily every 1-2weeks until the
patient reaches the maximum tolerated dose. For
those that are unable to tolerate the gastrointestinal
(GI) side effects associated with the standard
immediate-release formulation, extended-release
tablets are available.! While most patients either tol-
erate the side effects or switch to the slow-release
option, approximately 5% discontinue the drug
due to severe GI distress.!® The exact mechanisms
of action which result in the common GI side
effects are currently unknown. Possible mecha-
nisms may be related to high concentrations of
metformin within the GI tract, an increase in sero-
tonin within GI cells, or metformin’s effect on the
gut microbiome, leading to opportunistic infec-
tions.1%:20 Furthermore, it has been proposed that
an individual’s unique microbiome might influence
metformin tolerance.!”-20 Metformin’s relationship
with the gut microbiome continues to be a topic of
scientific interest.

Lactic acidosis. While the association between
metformin and lactic acidosis is notably less sig-
nificant compared with other biguanides, there is
still a slight risk of developing lactic acidosis while
taking metformin. Lactic acidosis affects 3—10 per
100,000 persons per year in patients taking met-
formin.2! Originally, it was thought that people
with renal impairment could not take metformin
due to an increased risk of developing this poten-
tially lethal side effect. However, in 2016, the
FDA deemed the drug safe for people with mild-
to-moderate kidney impairment.22 Most current
evidence suggests that even in patients with con-
traindications such as in renal, hepatic, or cardiac
failure, lactic acidosis associated with metformin
use is considered extremely rare.!!

Vitamin B12 deficiency. Malabsorption of vitamin
B12 is also linked to metformin use. Several stud-
ies have found low vitamin B12 levels in patients
taking metformin.! The major concern with this
side effect is its possible association with irrevers-
ible neurological consequences.??> Low levels of
vitamin B12 could potentially lead to an increased
prevalence of peripheral neuropathy.?? As a pre-
caution, regular testing of vitamin B12 levels in
patients taking metformin has been suggested.?3
In patients with low levels of vitamin B12, an oral
supplement may be recommended.!
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Figure 2. (A) Metformin improves glycemia by inhibiting hepatic
gluconeogenesis, reducing absorption of glucose from the intestines,
promoting glucose uptake by tissue, and increasing GLP-1secretion.
Additional benefits of metformin include alterations in the gut microbiota,
reduction in inflammation, and reductions in cancer and depression.
Metformin has also been shown to improve longevity in caenorhabditis
elegans (C. elegans). (B) Metformin diminishes mitochondrial complex |
activity, resulting in decreased adenosine triphosphate (ATP) and increased
adenosine monophosphate (AMP) content and activation of adenosine
monophosphate-activated protein kinase (AMPK).
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Metformin: clinical use in type 2 diabetes

Dosing

It has been reported that 500mg daily of met-
formin was the minimum dose necessary to yield
a clinically significant reduction in glycated
hemoglobin (HbAlc) with a mean reduction of
0.9%.24 While 2500mg is considered the maxi-
mum dose of metformin, most providers will pre-
scribe up to 2000 mg daily because increasing the
dose from 2000mg to 2500mg had minimal
impact on HbA1c with a slight increase in adverse
events.2* A recent study showed that optimizing
metformin to the 2000 mg daily or the maximum
tolerated lower dose improves glycemia in type 2
diabetes,?> confirming that the efficacy of met-
formin is dose dependent.

Metformin and glycemic control

Metformin monotherapy has been shown to
decrease mean HbAlc by 1.3%, compared with a
0.4% increase in the placebo group after 29 weeks.8
The United Kingdom Prospective Diabetes Study
(UKPDS) not only found a greater improvement
in glycemic control in patients taking metformin
compared with the conventional treatment arm
but also showed that metformin therapy resulted
in a reduction in hypoglycemic events and weight
gain compared with sulfonylureas and insulin.2¢

A Diabetes Outcome Progression Trial, compar-
ing monotherapy of rosiglitazone, metformin, and
glyburide in patients with newly-diagnosed diabe-
tes, reported that 36% of subjects in the met-
formin group achieved an Alc<7% as compared
with 40% in the rosiglitazone group, and only
26% in the glyburide group,?” suggesting that
metformin’s glucose-lowering effects were supe-
rior to glyburide but not to rosiglitazone. It should
be noted that concerns for adverse events such as
edema, weight gain, heart failure, and fractures
have led to a significant decrease in use of
thiazolidinediones.?8

There are few studies comparing metformin with
newer anti-hyperglycemic agents. A recent study
compared different doses of canagliflozin
(100/300mg) with metformin and combination
therapy. While the results indicated that combi-
nation therapy was superior in glucose-lowering
to the other treatment groups, both doses of the
canagliflozin were found to be non-inferior to
metformin. However, the canagliflozin groups

achieved greater weight loss.2° This study sug-
gests that there might be an additional benefit to
choosing a sodium-glucose cotransporter-2
(SGLT-2) inhibitor as first-line therapy or con-
sidering combination therapy as initial treatment
of type 2 diabetes in certain individuals.

Correlation between type 2 diabetes and
cardiovascular disease

The primary goal in the treatment of type 2 diabe-
tes is a reduction in the rate of development or
progression of complications associated with dia-
betes. The risk of cardiovascular disease (CVD)-
related death is two-to-four times greater in adults
with diabetes compared with those without diabe-
tes.30 Furthermore, over two-thirds of older adults
with diabetes die from heart disease.’?® While
intensive glycemic control decreases the incidence
and progression of microvascular complications, it
has failed to show a significant reduction in mac-
rovascular complications.2® However, long-term
follow-up has suggested that intensive glycemic
control early in diabetes treatment and prior to
CVD onset can reduce future cardiovascular
events; this is known as the legacy effect.3! Given
the high risk of morbidity and mortality associated
with cardiovascular disease, it is imperative to
identify glycemic-lowering therapies that decrease
the risk of atherosclerotic cardiovascular disease
(ASCVD) while also properly treating comorbidi-
ties such as obesity, hypertension, and hyperlipi-
demia in these high-risk patients.

Cardiovascular effects of metformin

Despite a long-standing history of metformin use,
there are limited cardiovascular outcomes data
for metformin. Furthermore, the available studies
fail to provide strong evidence due to either small
sample size or short duration. This section out-
lines some of the clinical trials relevant to met-
formin and CVD.

The UKPDS suggested there might be cardiovas-
cular benefits with metformin use. In that trial,
753 patients with newly diagnosed type 2 diabetes
were assigned to usual care (diet, with sulfonylu-
rea, insulin, and/or metformin added for marked
hyperglycemia) or open-label metformin. Drug
treatment was added in 44% of usual care patients.
Compared with usual care, metformin was associ-
ated with fewer deaths [relative risk (RR) 0.64,
p»=0.01] and myocardial infarctions (RR 0.61,
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p»=0.01) with non-significant reductions in stroke
and peripheral artery disease events.2® However,
the sample size was small, and the study was not
powered to prove cardiovascular benefits of met-
formin.2® The UKPDS results, including glyce-
mic-lowering efficacy, the weight benefits, the low
risk for hypoglycemia, and the reduction in mac-
rovascular complications, led to metformin
becoming the preferred first-line therapy for treat-
ment of type 2 diabetes. The 10-year follow-up of
the UKPDS reported continued benefit after met-
formin therapy among overweight patients.3!

Metformin therapy also showed a reduction in car-
diovascular events compared with glipizide in the
SPREAD-DIMCAD trial.32 While both groups
achieved Alc targets, metformin therapy resulted
in a 12% absolute risk reduction of major adverse
cardiovascular events whereas the glipizide group
experienced more episodes of hypoglycemia and
weight gain compared with the metformin group.32

There have been several meta-analyses to investi-
gate the effects of metformin on cardiovascular
events, but data have not been particularly conclu-
sive. A meta-analysis of 35 trials indicated lower
cardiovascular morbidity and mortality with met-
formin than with placebo or no treatment (RR
0.79, p=0.03).33> Another meta-analysis of 40 tri-
als (including some with active comparators) indi-
cated that metformin was associated with lower
cardiovascular mortality [RR 0.74, 95% confi-
dence interval (CI) 0.62-0.89].3¢ A third meta-
analysis, involving 40 studies and more than one
million patients with coronary artery disease, sug-
gested that there was a significant reduction in
cardiovascular mortality (RR 0.81, 95% CI 0.79—
0.84) and major adverse cardiovascular event
(MACE) rate (RR 0.83, 95% CI 0.78-0.89) with
metformin.3> However, a meta-analysis of eight
studies failed to show cardio-protective effects for
metformin.3¢ Furthermore, a retrospective study
of almost 25,000 Medicare patients showed that
metformin did not significantly reduce the risk of
death among patients with acute myocardial
infarction in the past year.3?

It should be noted that these are meta-analyses,
and there are unmeasured confounders that may
affect the outcomes. Unfortunately, there has
never been and likely will never be a placebo-
controlled cardiovascular outcomes trial with met-
formin in patients with type 2 diabetes. However,
the ongoing VA-IMPACT trial will examine the

effect of metformin on MACE:s in individuals with
pre-diabetes and established ASCVD.38

Cardiovascular outcomes trials for other
glucose-lowering medications

Since the FDA issued guidelines for cardiovascu-
lar risk assessment in 2008,3° there are more data
available on cardiovascular safety for novel glu-
cose-lowering drugs. Most of these newer medi-
cations have been compared with placebo and
added to the standard of care. In these cardiovas-
cular outcomes trials, most patients were using
metformin as background therapy.3® This section
briefly reviews cardiovascular outcomes trials for
these newer classes of medications. Table 1
reviews the hazard ratios for each of these trials.

Glucagon-like peptide-1 receptor agonists

[GLP-1 RAs)

GLP-1 RAs are incretin mimetics that stimulate
insulin secretion in a glucose-dependent manner,
delay gastric emptying and suppress appetite.40-41
In addition to improving glycemic control, these
medications also cause weight loss. Up to 50% of
patients who take GLP-1 RAs experience nausea,
vomiting, diarrhea, abdominal pain, or constipa-
tion.*? These symptoms are generally transient.
Most medications in this class can be initiated at
a lower dose and slowly titrated. Additionally,
patients should be instructed to avoid eating large
or high-fat meals to decrease the risk of more
severe gastrointestinal symptoms. Despite these
recommendations, 5-10% of patients discontinue
GLP-1 RAs due to gastrointestinal side effects.43
Animal studies have also shown an increase in the
risk of thyroid c-cell tumors,*%-4! but this has not
been seen in human studies. Most of the medica-
tions in this class are administered by subcutane-
ous injections. Four GLP-1 RAs have shown a
statistically significant reduction in cardiovascu-
lar events compared with placebo.

ELIXA was the first cardiovascular outcomes trial
for a GLP-1 RA. In 2015, this study showed that
there was not a significantly different rate of cardi-
ovascular events in patients treated with lixisena-
tide compared with placebo.** In 2016, liraglutide
became the first GLP-1 RA to show cardio-protec-
tion, with a relative risk reduction of 13% com-
pared with placebo in the LEADER trial, which
included over 9000 participants with established
cardiovascular disease for a period of 4 years.
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Table 1. A summary of CVOT results for GLP-1 RAs and SGLT-2 inhibitors including percentage of participants taking metformin at
baseline and the HR for the primary endpoint in the entire cohort, in the subgroup taking metformin, and in the subgroup not taking

metformin at baseline.

Study name Medication Metformin at HR

baseline (%)

Al Metformin No metformin

GLP-1RAs
ELIXA Lixisenatide 67 1.02 (0.89, 1.17) Not reported
LEADER Liraglutide 76 0.87(0.78, 0.97) 0.97(0.85, 1.10) 0.79 (0.64, 0.97)
HARMONY Albiglutide 73 0.78 (0.68, 0.90) 0.77 (0.65, 0.92) 0.79 (0.62, 1.00)
EXCEL Weekly exenatide 76 0.91(0.83, 1.0) Not reported
REWIND Dulaglutide 81 0.88(0.79-0.99) Not reported
SUSTAIN 6 SQ semaglutide 74 0.74 (0.58, 0.95) Not reported
PIONEER 6 Oral semaglutide 77 0.79 (0.57, 1.11) Not reported
SGLT-2 inhibitors
EMPA-REG Empagliflozin 74 0.86 (0.74-0.99) 0.92 (0.77-1.10) 0.72 (0.56, 0.93)
CANVAS Canagliflozin 77 0.86 (0.75-0.97) 0.91(0.78-1.07) 0.76 (0.61, 0.94)
DECLARE Dapagliflozin 82 0.83(0.73, 0.95) Not reported
VERTIS CV Ertugliflozin 76 0.97(0.85, 1.11) 0.92(0.79, 1.07) 1.13(0.87, 1.48)

Studies of liraglutide, albiglutide, dulaglutide, subcutaneous semaglutide, empagliflozin, canagliflozin, and dapagliflozin showed a statistically

significant reduction in the composite outcome of major cardiovascular events compared with placebo. Post-hoc analyses comparing metformin
users and non-users at baseline were not significant for heterogeneity. However, the HRs suggested that there might be better cardio-protection
for SGLT-2 inhibitors in those not taking metformin at baseline.
CVOT, Cardiovascular Outcomes Trials; GLP-1 RA, glucagon-Llike peptide-1 receptor agonist; HR, hazard ratio; SGLT-2, sodium-glucose
cotransporter-2; SQ, Subcutaneous.

Exenatide once weekly proved non-inferiority
compared with placebo in its cardiovascular out-
comes trial but failed to show superiority.4°
Albiglutide was the second GLP-1 RA to show
cardio-protection.*’” However, the manufacturer
chose to remove this medication from the market
for economic reasons.*8

The SUSTAIN-6 trial, with only 3000 partici-
pants and a 2-year follow-up period, was not
powered to show superiority for subcutaneous
semaglutide. However, subcutaneous semaglu-
tide did show a statistically significant reduction
in MACEs compared with placebo.*® The
PIONEER-6 cardiovascular outcomes trial, with
a median duration of approximately 16 months
and just under 1600 participants, showed that
oral semaglutide was non-inferior to placebo in
the MACE rate.5° A much larger trial designed to

determine whether semaglutide might offer car-
dio-protection is currently ongoing.>!

The REWIND study was the first cardiovascular
outcomes trial to enroll a majority of patients with-
out a history of cardiovascular disease.>2 In 2019,
this study showed a 12% reduction in the risk of
cardiovascular outcomes, suggesting that dulaglu-
tide can be used as primary prevention for cardio-
vascular disease in patients with type 2 diabetes.52
Based on the results which were outlined in this
section, subcutaneous semaglutide, liraglutide,
and dulaglutide have been identified as preferred
medications for people at high risk for cardiovascu-
lar disease.>3

Secondary analyses of the GLP-1 RA cardiovascu-
lar outcomes trials revealed a potential reduction
in renal outcomes for patients randomized to active
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study medication. The LEADER trial showed a
reduction in renal outcomes for patients rand-
omized to liraglutide, which was driven by a reduc-
tion in the onset of macroalbuminuria.’* Results
were similar for dulaglutide in the REWIND
trial.’>®> The FLOW study, with composite renal
outcomes as the primary endpoint for subcutane-
ous semaglutide versus placebo, is ongoing.>%

SGLT-2 inhibitors

SGLT-2 inhibitors prevent glucose reabsorption
in the kidneys, causing glucosuria and leading to
a reduction in plasma glucose in patients with
diabetes. Since excess glucose is excreted in the
urine, SGLT-2 inhibitor use is also associated
with weight loss. Less than 10% of patients taking
SGLT-2 inhibitors develop genital infections,
which was 2-3 times more than placebo in clini-
cal trials.57 The risk is higher in women and in
people with a history of genitourinary infections.
Rare but serious side effects include ketoacidosis,
fractures, foot amputations, and genital infec-
tions.>8-%¢ People at high risk for these serious
adverse events should avoid SGLT-2 inhibitors.

The EMPA-REG OUTCOME study estab-
lished empagliflozin as the first SGLT-2 inhibi-
tor known to reduce cardiovascular events. The
14% reduction in composite primary outcome
was driven by a 38% reduction in cardiovascu-
lar death; this study also showed a 35% relative
risk reduction for heart failure hospitaliza-
tions.% In 2017, CANVAS showed that cana-
gliflozin was associated with a 14% relative
reduction in the rate of MACEs compared with
placebo and decreased the rate of hospitaliza-
tions for heart failure by 33%.%% Dapagliflozin
was non-inferior but not superior to placebo in
its cardiovascular outcomes trial.%7 Similarly,
data from the VERTIS trial were released at
the 2020 American Diabetes Association
Conference, showing cardiovascular safety, but
not additional protection, when ertugliflozin is
added to the standard of care.%8

Secondary analyses of SGLT-2 inhibitor cardio-
vascular outcomes trials showed a reduction in
hospitalizations for heart failure as a likely class
effect independent of the diagnosis of diabetes. In
2019, dapagliflozin was shown to reduce the rate
of progression of heart failure or cardiovascular
death compared with placebo in patients with and
withoutdiabetes.®® Additionally, the CREDENCE

study showed a 30% relative risk reduction for the
primary composite renal outcome (end-stage
renal disease, doubling of serum creatinine levels,
and renal or cardiovascular death) with canagli-
flozin compared with placebo.”®

Dipeptidyl peptidase IV (DPP-1V) inhibitors
DPP-IV inhibitors increase insulin release by pro-
longing the life of incretins such as GLP-1 and
glucose-dependent insulinotropic polypeptide
(GIP)."! Cardiovascular outcomes trials for saxa-
gliptin,”? alogliptin,”® sitagliptin,’* and linaglip-
tin”> all showed non-inferiority but failed to show
superiority compared with placebo. Additionally,
there was an increase in rates of hospitalization
for heart failure with saxagliptin.?’?

American Diabetes Association (ADA)
standards of care guidelines

In 2008, the first ADA and European Association
of the Study of Diabetes (EASD) consensus guide-
lines on management of hyperglycemia in patients
with type 2 diabetes stated that metformin, along
with lifestyle interventions, should be used as first-
line therapy.’® While the guidelines of pharmaco-
logic treatment for type 2 diabetes in the United
States have largely remained the same, recent
updates in 2019 and 2020 have added additional
components in light of compelling data from car-
diovascular and renal outcomes trials. According
to the ADA 2020 Standards of Medical Care in
Diabetes, metformin remains the preferred first-
line pharmacologic treatment for type 2 diabetes
unless contraindicated or not tolerated by the
patient.>3 Other glucose-lowering agents may be
added to metformin considering patient prefer-
ences, hypoglycemic risk, and comorbidities.>3

While the ADA still recommends metformin as
first-line therapy, the updated Standards of Care
have become more outcomes-focused rather than
solely concentrating on glycemic control. For this
reason, in patients with certain comorbidities such
as high-risk for or established ASCVD, heart fail-
ure or chronic kidney disease, it is recommended
to consider GLP-1 RAs and SGLT-2 inhibitors
independently of baseline HbA1c or individualized
HbAIlc target.”” In 2019, the European Society of
Cardiology, in collaboration with the EASD, went
one step further in altering their treatment guide-
lines. SGLT-2 inhibitors and GLP-1 RAs are now
recommended as first-line therapy for patients
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with established ASCVD or high cardiovascular
risk in Europe.” Metformin should be considered
as the first line in patients without CVD and at
moderate cardiovascular risk.”®

The future role of metformin

The current debate is whether to start patients with
high risk of CVD on metformin then add one of the
cardio-protective medications independent of their
glycemia or bypass metformin and go straight to
the newer diabetes medications with proven cardio-
vascular benefits. To answer this question, one
should ponder whether metformin has any addi-
tional benefits beyond the glycemic lowering effects
or whether the cardio-protective effects of the
newer glycemic lowering medications such as
SGLT>-2 inhibitors and GLP-1 RAs are modified
by using metformin as background treatment.

Additional benefits of metformin

Clinical use of metformin changed from influenza
treatment to diabetes management and continues
to evolve in the modern era. Recent clinical trials
have shown promise for numerous other indica-
tions (Figure 2A). There are data that suggest that
metformin can alter the inflammatory response”9-82
to protect cells from damage.®3:8% Furthermore,
metformin has been shown to improve longevity in
caenorhabditis elegans.85-8° The role of metformin in
aging is currently being investigated in humans.87
Through epidemiological meta-analysis, metformin
has been associated with a decrease in the risk of
breast, colon, liver, pancreatic, prostate, endome-
trial, and lung cancer.®® Improvements in cognitive
function®-°! and depressive symptoms®%93 have
also been associated with metformin use. Ongoing
clinical trials such as DEMFOS, VA-IMPACT,
TAME, and ePREDICE are aimed to evaluate the
additional benefits of metformin for people without
diabetes.?8:9497 If these trials confirm added bene-
fits for metformin, it will make a strong argument
for keeping metformin as the first line of therapy.

Background metformin use and

cardio-protection

Although most of the cardiovascular outcomes
trials compared the newer glycemic-lowering
agent with placebo, the majority of subjects were
on background therapy of metformin.3® Therefore,
the beneficial effects of SGLT-2 inhibitors and
GLP-1 RAs have been observed mostly in

combination with metformin. There have been
post-hoc analyses to investigate whether met-
formin modifies the cardio-protective effects of
the newer glycemic lowering medications. A 2017
meta-analysis of DPP-IV inhibitor cardiovascular
outcomes studies showed a non-statistically sig-
nificant correlation between baseline metformin
use and reduction in cardiovascular outcomes for
patients randomized to DPP-IV inhibitors.%® It
was hypothesized that the added benefit might be
due to the fact that metformin increases GLP-1
secretion and DPP-IV inhibitors inhibit the deg-
radation of this endogenous enzyme.

Table 1 summarizes the available data on sub-
group analyses comparing metformin users and
non-users at baseline for SGLT-2 inhibitors and
GLP-1 RAs trials. Although some show differ-
ences in the hazard ratios between metformin
users versus non-users, the analysis for heteroge-
neity or treatment by subgroup interaction did
not reach statistical significance, suggesting that
the presence of metformin for the cardio-protec-
tive effects is not required.

The post-hoc analysis of the LEADER trial (76%
used metformin at baseline) reported that liraglutide
cardio-protective benefits were more prominent
among baseline metformin non-users.*® In contrast,
the HARMONY trial (73% used metformin at base-
line) showed that albiglutide cardio-protection was
significant in metformin users (Table 1).47

Among SGLT-2 inhibitors, hazard ratios in EMPA-
REG and CANVAS studies suggested that cardio-
protective effects might be driven by benefit seen in
those not taking metformin at baseline. However,
the VERTIS trial did not confirm this finding.
Opverall, further analysis showed that background
metformin use is not necessary to reap the cardiovas-
cular benefits of SGLT-2 inhibitors.!10%101 Further
post-hoc analyses of SGLT-2 inhibitors and GLP-1
RAs are underway to investigate whether back-
ground metformin treatment modifies the cardio-
vascular benefits of GLP-1 RAs or SGLT-2
inhibitors. It should be noted that there were other
baseline variables such as estimated glomerular fil-
tration rate that differed between the two groups
which need to be adjusted in future analyses.

Conclusion
Since metformin was approved by the FDA in
1994 it has quickly risen to front-line therapy for
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the treatment of type 2 diabetes mellitus.
Metformin has been associated with improvement
in glycemic control, weight neutrality, and low
cost as well as low risk for hypoglycemia.2¢
However, recent GLP-1 RA and SGLT-2 inhibi-
tor outcomes trials have impacted the guidelines
for diabetes management.

Appropriately, diabetes management has recently
become more outcomes-focused, shifting from con-
centrating exclusively on glycemic control to con-
sidering the impact these medications have on
complications from diabetes. Results from cardio-
vascular and renal outcomes trials are already influ-
encing current guidelines. The ADA Standards of
Care still recommends metformin as first-line ther-
apy while considering GLP-1 RAs and SGLT-2
inhibitors independently of baseline HbA1c¢ in high-
risk patients. Alternatively, the EASD recently rec-
ommended considering GLLP-1 RAs and SGLT-2
inhibitors as the first line for patients who have cer-
tain comorbidities, such as cardiovascular and renal
disease. The difference in the optimal diabetes
treatment in high-risk, drug-naive patients will not
resolve until we have more data from a head-to-
head trial comparing metformin with newer glyce-
mic-lowering medications or conclusive evidence
from previous cardiovascular outcomes trials sug-
gesting that metformin mitigates the beneficial
effects of GLP-1 RAs and SGLT-2 inhibitors.

While they might seem different, the two guide-
lines are actually similar in recommending diabe-
tes medications with beneficial cardiovascular
effects for certain high-risk patients as early as
possible. Despite the current recommendations,
there is still only a small portion of eligible patients
who are receiving these cardio-protective medica-
tions,192 probably due to cost and clinical inertia.
Our focus should be on expanding the use of opti-
mal medication with cardiovascular benefits.

In summary, there are no data to suggest that
metformin should not be initiated soon after the
diagnosis of diabetes. Furthermore, the initiation
of newer glycemic-lowering medications with car-
diovascular benefits should be considered in high-
risk patients regardless of glycemic control or
target HbAlc, yet cost remains a major factor in
determining appropriate treatment.
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