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Is It Time to Change the Type 2 sivio £ Inzucchi
Diabetes Treatment Paradigm?

No! Metformin Should Remain the
Foundation Therapy for Type 2

Diabetes

Diabetes Care 2017;40:1128-1132 | https.//doi.org/10.2337/dc16-2372

Most treatment guidelines, including those from the American Diabetes
Association/European Association for the Study of Diabetes and the International
Diabetes Federation, suggest metformin be used as the first-line therapy after diet
and exercise. This recommendation is based on the considerable body of evidence
that has accumulated over the last 30 years, but it is also supported on clinical
grounds based on metformin’s affordability and tolerability. As such, metformin is
the most commonly used oral antihyperglycemic agent in the U.S. However, based
on the release of newer agents over the recent past, some have suggested that the
modern approach to disease management should be based upon identification of its
etiology and correcting the underlying biological disturbances. That is, we should use
interventions that normalize or at least ameliorate the recognized derangements in
physiology that drive the clinical manifestation of disease, in this circumstance,
hyperglycemia. Thus, it is argued that therapeutic interventions that target glycemia
but do not correct the underlying pathogenic disturbances are unlikely to result in a
sustained benefit on the disease process. In our field, there is an evolving debate
regarding the suggested first step in diabetes management and a call for a new
paradigm. Given the current controversy, we provide a Point-Counterpoint debate
on this issue. In the point narrative that precedes the counterpoint narrative below,
Drs. Abdul-Ghani and DeFronzo provide their argument that a treatment approach
for type 2 diabetes based upon correcting the underlying pathophysiological abnor-
malities responsible for the development of hyperglycemia provides the best ther-
apeutic strategy. Such an approach requires a change in the recommendation for
first-line therapy from metformin to a GLP-1 receptor agonist. In the counterpoint
narrative below, Dr. Inzucchi argues that based on the medical community’s exten-
sive experience and the drug’s demonstrated efficacy, safety, low cost, and cardio-
vascular benefits, metformin should remain the “foundation therapy” for all patients
with type 2 diabetes, barring contraindications.

—William T. Cefalu

. . ge . L. . . N L. Yale School of Medicine, New Haven, CT
Chief Scientific, Medical & Mission Officer, American Diabetes Association
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however, metformin’s precise mechanism of action still remains incompletely See accompanying article, p. 1121.

20z udy /| uo 1s8nb Aq Jpd'Z.£2919P/60VESS/BZ L L/8/0/Pd-aI0ILIE/0180/WIO0 IEYOIOA|IS BPEY/:d)IY WO} PaPEC|UMOQ


https://doi.org/10.2337/dc16-2372
http://crossmark.crossref.org/dialog/?doi=10.2337/dc16-2372&domain=pdf&date_stamp=2017-06-26
mailto:silvio.inzucchi@yale.edu
http://www.diabetesjournals.org/content/license
http://www.diabetesjournals.org/content/license

care.diabetesjournals.org

understood. Over the years, several lines
of evidence have supported multiple
mechanisms, as shown in Table 1. The
most consistent finding is that the drug
reduces hepatic glucose production
(HGP), mainly through inhibition of hepatic
gluconeogenesis (1). Recently, elegant
studies in murine models have clearly
demonstrated that the specific target of
metformin is likely to be inhibition of the
mitochondrion-specific isoform of glycer-
ophosphate dehydrogenase, leading to
an increase in the cytosolic redox state
and, as a consequence, decreased conver-
sion of lactate and glycerol to glucose (2).
There is also growing evidence that at
least some of the drug’s metabolic effects
may involve the enteroendocrine axis,
including gut activation culminating in
the release of GLP-1 and peptide YY (3).
Because patients with type 2 diabetes
express both increased HGP and de-
rangements in the incretin system, met-
formin’s mechanism(s) of action could
also be considered to be pathophysiolog-
ically based.

The cardiovascular benefits of this drug
were initially demonstrated in 1998, with
publication of the results from a small,
prespecified subinvestigation of over-
weight patients within the UK Pro-
spective Diabetes Study (UKPDS). This
demonstrated strikingly better macrovas-
cular outcomes in those randomized to
metformin versus conventional diet ther-
apy (myocardial infarction: hazard ratio
[HR] 0.61 [95% Cl 0.41, 0.89], diabetes-
related death: 0.58 [0.37, 0.91], and all-
cause mortality: 0.64 [0.45, 0.91]) (4). In
contrast, in the main UKPDS comparing
sulfonylurea or insulin versus diet, there
was no such cardiovascular advantage (5).
Moreover, when metformin-treated pa-
tients were compared directly to those
on sulfonylureas or insulin, they experi-
enced fewer diabetes-related end points
(P = 0.003) and less all-cause mortality

Table 1—Major proposed mechanisms

of action of metformin

e Reduction in HGP

e Enhanced release of GLP-1 and other gut
peptides

e Improvement in peripheral insulin
sensitivity

e Decrease in gut carbohydrate absorption

e Increase in enteric glucose extraction

e Increased fatty acid oxidation

(P =0.02) and stroke (P = 0.03) (2). Intwo
subsequent trials, Hyperinsulinaemia: the
Outcome of its Metabolic Effects (HOME)
(6) and Study on the Prognosis and Effect
of Antidiabetic Drugs on Type 2 Diabetes
Mellitus With Coronary Artery Disease
(SPREAD-DIMCAD) (7), the risk reduc-
tions related to cardiovascular end points
were remarkably consistent at about
40% (Table 2).

More recently, several large observa-
tional studies have buttressed the notion
of cardiovascular benefits from metfor-
min, showing improved outcomes with
the biguanide as compared with sulfonyl-
urea monotherapy both for cardiovascu-
lar events and all-cause mortality (8-10).
Admittedly, it cannot be known from such
data whether event rates are decreased
by metformin or increased by sulfonyl-
ureas, which are, of course, associated
with hypoglycemia. Mechanistic studies
over the years, however, seem to support
the former conclusion, with this bigua-
nide having protean benefits on cardio-
vascular risk factors, including body
weight, blood pressure, lipid levels, in-
flammatory markers, hypercoagulability,
platelet dysfunction, and microvascular
reactivity (11).

This body of evidence, along with met-
formin’s low cost and general good toler-
ability, catapulted the drug in less than a
decade to be the most commonly used
oral antihyperglycemic agent in the U.S.
(12). Most treatment guidelines, includ-
ing those from the American Diabetes
Association/European Association for
the Study of Diabetes (13) and the Inter-
national Diabetes Federation (14), sug-
gest metformin be used as the first-line
therapy after diet and exercise, barring
any prevailing contraindications. The
drug is also endorsed by professional or-
ganizations for diabetes prevention in
those with mild hyperglycemia, attesting
to its excellent safety profile (15). This
recommendation and growing use by
the medical community stems from the
impressive findings of the Diabetes Pre-
vention Program (DPP), a study involving
3,234 overweight patients with impaired
glucose tolerance and fasting plasma
glucose 95-125 mg/dL who were ran-
domized to intensive lifestyle change,
metformin, or placebo (16). Patients in
the metformin arm experienced a 31%
reduction in the incidence of type 2 di-
abetes over 2.8 years relative to placebo.
In the long-term follow-up component of
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the DPP, known as the Diabetes Preven-
tion Program Outcomes Study (DPPOS),
those initially randomized to metformin
experienced an 18% reduction in the in-
cidence of diabetes versus the original
placebo group at the end of a full decade
(17). This was despite the fact that pla-
cebo patients were offered additional
lifestyle support and good adherence
to metformin was achieved by only 57%
patients.

The value of metformin was recently
indirectly suggested by the U.S. Food
and Drug Administration’s revision of its
proviso for use in those with chronic kid-
ney disease (CKD) (18), which, when se-
vere, can result in drug accumulation and
increased risk of lactic acidosis. The up-
dated guidelines now allow therapy in
those with stable, mild to moderate
CKD, thereby expanding its use in the
U.S. by, potentially, more than a million
individuals (19).

In fact, so pervasive is metformin’s clin-
ical use that every recent drug develop-
ment program for new glucose-lowering
agents routinely tests its investigational
agent in combination with metformin. It
is also the most common therapeutic in-
gredient in fixed-dose combination drugs,
now available in conjunction with sulfo-
nylureas, glinides, thiazolidinediones,
DPP-4 inhibitors, and SGLT2 inhibitors.

Despite these now widely recognized
advantages of metformin, a rapidly grow-
ing pharmacopeia for type 2 diabetes has
led to the emergence of an important but
controversial question: should any of the
newer medications replace metformin as
first-line therapy? Until recently, there
was no solid evidence that any specific
glucose-lowering drug or drug category
had any definitive long-term benefit
over other agents. During the past year,
however, members of two categories of
diabetes medications, the SGLT2 inhibi-
tors (specifically empagliflozin) (20) and
the GLP-1 receptor agonists (GLP-1 RAs)
(specifically the daily injectable liraglutide
[21] and the weekly and still investiga-
tional injectable semaglutide [22]) have
now been shown to have clear cardiovas-
cular benefits over the standard of care.
Two of these (empagliflozin [23] and lira-
glutide [21]) were also found to improve
renal outcomes. Both benefits are ex-
tremely important and also likely to be,
at least in part, distinct from the drugs’
glucose-lowering effects. Based on these
new data, should either of these agents
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Table 2—Randomized clinical trials involving metformin and CVD outcomes

Trial/year

Comparison

Study population N

Main CVD outcome(s)

HR (95% Cl) P

UKPDS 34 (4) (1998)

SU/insulin
HOME (6) (2009)
SPREAD-DIMCAD (7) (2013)

Metformin vs. diet
Metformin vs.

Metformin vs. placebo
Metformin vs. glipizide

Overweight, newly diagnosed 1,704
T2D patients

T2D patients on insulin 390
T2D patients with CAD 304

All-cause mortality
Myocardial infarction

Expanded MACE*
Expanded MACEt

0.64 (0.45,0.91) NR
0.61 (0.41, 0.89) 0.010

0.61 (0.40, 0.94) 0.02
0.54 (0.30, 0.90) 0.026

CAD, coronary artery disease; MACE, major adverse cardiovascular events; NR, not reported; SU, sulfonylurea. *Myocardial infarction, acute coronary
syndrome, coronary or peripheral revascularization, electrocardiogram changes, heart failure, stroke/transient ischemic attack. TCardiovascular
cause, death from any cause, nonfatal myocardial infarction, nonfatal stroke, or arterial revascularization.

supplant metformin’s long-held position
as the favored initial therapy for type 2
diabetes? Might the answer differ
when addressing it in the context of
patients with versus without overt cardio-
vascular disease (CVD)? In this writer’s
view, based on the available evidence,
the answers are the same: a resound-
ing “No.”

In order to be preferred over metfor-
min as initial monotherapy for type 2
diabetes, a glucose-lowering drug must
at the very least demonstrate some tan-
gible advantage, whether it be greater
potency, enhanced durability of effective-
ness, or a clear benefit on the incidence
of long-term complications, either micro-
vascular or macrovascular. No category
has thus shown this convincingly. Metfor-
min, with perhaps the exception of insu-
lin, has unsurpassed efficacy for HbA;.
reduction, typically in the 1-1.5% range,
influenced to some degree by baseline
glycemia (24). Whenever it has been com-
pared head-to-head with other drugs,
equivalent glycemic reductions have
been measured or, in some studies, an
actual advantage to metformin has
been found (24). Admittedly, how-
ever, the degree of HbA;. reduction may
not necessarily be the most impor-
tant outcome from a medication used
for diabetes.

The recently demonstrated cardiovas-
cular benefits of the newer agents have
also been measured versus placebo, not
versus metformin, and, moreover, upon a
background of contemporary treatment,
which commonly included metformin.
For example, in the Bl 10773 (Empagliflo-
zin) Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients
(EMPA-REG OUTCOME), 74% of patients
were already on metformin at baseline
(20). Corresponding figures from Liraglu-
tide Effect and Action in Diabetes: Evalu-
ation of Cardiovascular Outcome Results—A

Long Term Evaluation (LEADER) and Tri-
al to Evaluate Cardiovascular and
Other Long-term Outcomes With Sem-
aglutide in Subjects With Type 2 Diabe-
tes (SUSTAIN-6) were 76% and 73%,
respectively (21,22). Accordingly, it can
be said that the benefits to the cardio-
vascular system of the newer agents
have only been demonstrated, largely,
on top of widespread metformin use.

Most importantly, extending the find-
ings from these trials to the primary pre-
vention setting—the most common
scenario when prescribing initial glu-
cose-lowering therapy—is very pre-
mature. In the EMPA-REG OUTCOME
trial, a main inclusion criterion was a
prior history of CVD (20). It is impossible
to know whether empagliflozin might
have benefits in those without overt
macrovascular complications. Given the
prominent effects of empagliflozin in this
trial on heart failure hospitalization rates
(HR 0.65 [95% CI 0.50, 0.85]) and its rec-
ognized diuretic actions, some have pro-
posed that the drug exerts its benefits on
cardiovascular mortality by simply off-
loading the left ventricle in those with
known and even perhaps yet unrecog-
nized ventricular dysfunction (25). In
LEADER (21) and SUSTAIN-6 (22), eligibil-
ity criteria included those over age
50 years with overt CVD but also a smaller
cohort (about 1in 5 to 6 participants) over
age 60 years with cardiovascular risk fac-
tors only. Notably, in both studies, the
point estimates for the primary outcome
were =1.00 for those without overt CVD
(LEADER: HR 1.20 [95% CI 0.86, 1.67], P
for interaction = 0.04 [21]; SUSTAIN-6:
1.00 [0.41, 2.46], P for interaction =
0.49 [22]) (Fig. 1). These data also suggest
that the GLP-1 RAs may exert their car-
diovascular outcome benefits solely in
those with prevalent macrovascular
disease. Even the thiazolidinedione pio-
glitazone, which has been shown

to have favorable effects on athero-
sclerotic end points in the PROspective
pioglitAzone Clinical Trial In macroVascular
Events (PROactive) (26) and Insulin Re-
sistance Intervention after Stroke (IRIS)
(27) trial, has been tested solely in those
with preexisting macrovascular complica-
tions. Accordingly, it can be confidently
stated that metformin remains the only
diabetes drug with clear cardiovascular
benefits demonstrated in individuals
without known CVD. Therefore, its funda-
mental position as the preferred initial
glucose-lowering therapy for patients
with type 2 diabetes remains deeply
rooted.

Another concern is the adverse effect
profile of any medication, particularly those
used in chronic disease management. Other
than metformin’s well-recognized gastro-
intestinal side effects, which are typically
self-limited and often mitigated by use of
extended-release formulations (28), it is
exceedingly well tolerated and, as men-
tioned, has been in widespread use for
more the two decades in the U.S. The
very rare complication of lactic acidosis
is likely to occur only in those taking the
drug in spite of prevailing contraindica-
tions, especially renal failure (29). Addi-
tionally, as mentioned, the drug is now
being proposed as a diabetes prevention
agent (15) and prescribing guidelines
in those with mild to moderate CKD
have recently been relaxed (Fig. 2) (18),
which both attest to the safety of this
compound.

In contrast, with newer agents, by defi-
nition, there is less information available
concerning long-term toxicities. SGLT2 in-
hibitors appear to be reasonably well tol-
erated except for genitourinary infections,
but they have been in wide use for less
than 5 years. They now appear to increase
the risk of diabetic ketoacidosis, a rare but
potentially serious complication that we
are still trying to understand (30). The
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LEADER
N

>50 years old with established CVD 7,598

260 years old and CVD risk factors 1,742

SUSTAIN-6
N

>50 years old with established CVD 2,735

260 years old and CVD risk factors 562

Inzucchi

HR P for
Liraglutide Placebo (95% Cl) interaction
536/3,831 629/3,767 I—I—| 0.83 (0.74, 0.04
(14.0%) (16.7%) : 0.93)
72/837 65/905 I——I—| 1.20
(8.6%) (7.2%) (0.86, 1.67)
HR P for
Semaglutide Placebo (95% Cl) interaction
98/1,353 137/1,382 |—I—| 0.72 (0.55, 0.49
(5.4%) (9.9%) : 0.93)
10/295 9/267 L 1.00
(3.4%) (3.4%) (0.41,2.46)

Figure 1—Point estimates for primary outcome treatment effect in LEADER and SUSTAIN-6 by subgroups of baseline CVD status. HRs for the primary
outcome were >1.00 in participants enrolled with CVD risk factors only (i.e., no established CVD) in these trials. Such data suggest that the cardiovascular
benefits of these GLP-1 RAs (liraglutide in LEADER and semaglutide in SUSTAIN-6) were restricted to those participants with established CVD, calling into

question their role in primary prevention.

GLP-1 RAs have been available for
nearly a decade but in more limited use
and are associated with substantial rates
of nausea. Initial concerns about carcino-
genesis appear to be diminishing (31), but
additional long-term safety data are still
needed.

Finally, the current relative annual
cost differences between metformin
(<S$50), SGLT2 inhibitors (~$4,800), and
GLP-1 RAs (~$9,300) are striking (32).
With hundreds of billions of dollars al-
ready spent in the U.S. on the manage-
ment of diabetes, it is critical that we
favor the most cost-effective options in
the absence of compelling data dictat-
ing a different approach. Were these
newer categories to be used as initial
therapy for all 29 million Americans
with diabetes (admittedly an extreme
case used for illustrative purposed
only), costs to the health care system
might range up to $139 to $270 billion
dollars—clearly unreasonable. If both
categories were used in tandem, as

some have proposed, the combined costs
could easily exceed the total expenditures
for all retail prescription drugs in the U.S.
as of 2014 (33)! Our group recently re-
ported that while spending on diabetes
medications has increased dramatically
over the past decade, the mean HbA,.
and rates of hypoglycemia have not
changed appreciably (12). These data
suggest, at the very least, that the value
of diabetes therapy must be careful-
ly considered, especially if any major
changes in traditional strategies are being
contemplated.

Instead, as endorsed by the American
Diabetes Association and European Asso-
ciation for the Study of Diabetes (13),
SGLT2 inhibitors and GLP-1 RAs are rea-
sonable options after metformin mono-
therapy no longer adequately controls
HbA,.. Indeed, some members of these
drug categories may be the preferred
agents in this setting in patients with es-
tablished CVD, as suggested by the afore-
mentioned trials.

Stage 5 Stage 4 Stage 3 Stage 2 Stage 1
r A \r A L 3A l 3B L . L
T T T T T >
ESRD 15 30 45 60 90

eGFR (mL/min/1.73 m?)

Figure 2—Recently updated U.S. Food and Drug Administration guidelines for the use of metformin
in CKD. Metformin may now be used in patients with estimated glomerular filtration rate
(eGFR) <60 mL/min/1.73 m? but is contraindicated in those with an eGFR <30 mL/min/1.73 m?.
If eGFR falls <45 mL/min/1.73 m?, the benefits and risks of continuing treatment should be
assessed. Starting metformin in patients with an eGFR between 30 and 45 mL/min/1.73 m? is not

recommended. ESRD, end-stage renal disease.

In order to replace metformin as the
preferred initial drug in type 2 diabetes, a
head-to-head trial with the proposed agent
would need to be conducted, assessing the
relative effects on glycemia and both mac-
rovascular and microvascular outcomes.
Given the likely underlying cardiovascular
benefits of metformin, however, such a
study would probably need to involve
tens of thousands of patients and extend
well beyond 5 years. Some trialists would
view this as impractical from both a cost
and logistical standpoint. The majority of
the long-term diabetes treatment trials cur-
rently underway consist of other cardiovas-
cular outcome studies of similar design to
EMPA-REG OUTCOME, LEADER, and SUS-
TAIN-6, testing the investigational agent
versus placebo upon background therapy
(34). They therefore will not provide rel-
evant information as to the preferred
monotherapy for type 2 diabetes. One
exception is a trial comparing the DPP-4
inhibitor linagliptin to the sulfonylurea
glimepiride, but also upon background
glucose-lowering therapy that will likely
commonly involve metformin (35). The
National Institutes of Health’s Glycemia
Reduction Approaches in Diabetes: A
Comparative Effectiveness Study (GRADE)
trial is testing mainly the durability of
several options added to metformin
(glimepiride, sitagliptin, liraglutide, and in-
sulin glargine) (36). By definition, all GRADE
participants, per protocol, will already be
on metformin monotherapy. The study is
also not powered to adequately assess for
important long-term complications, such
as CVD. Notably, an important second-
line category, SGLT2 inhibitors, a member
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of which is now indicated for the preven-
tion of cardiovascular death in patients
with type 2 diabetes and CVD, are not rep-
resented because they became available in
the U.S. after the trial had started. Thus,
GRADE will also not be able to inform on
this specific debate.

In summary, based on the medical com-
munity’s extensive experience and the
drug’s demonstrated efficacy, safety,
low cost, and cardiovascular benefits,
metformin should remain the “founda-
tion therapy” for all patients with type 2
diabetes, barring contraindications. There
is no convincing evidence at the present
time to consider any other approach.

Duality of Interest. S.E.I. reports serving on clin-
ical trial steering/executive/publications commit-
tees for AstraZeneca, Boehringer Ingelheim, and
Daiichi Sankyo; serving on data-monitoring com-
mittees for Novo Nordisk and Intarcia; and serving
as a consultant to Janssen, Lexicon, Merck, Sanofi,
and vTv Therapeutics. No other potential conflicts
of interest relevant to this article were reported.
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