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Even though the United States Food Drug Administration
(US-FDA) did not approve any pharmacological agents for
the prevention of type 2 diabetes (T2D) in people with pre-
diabetes (PwPd), metformin has a therapeutic indication in
people at risk for the prevention or delay of a new diagnosis
of T2D, in nearly 66 countries [1]. In 2022, The Drug Con-
troller General of India (DCGI) also extended metformin
use to PwPd [2] at risk, failing despite intensive lifestyle
modification (iLSM) for 3 to 6 months; however, no cut-off
or threshold has been laid down for the age, body mass index
(BMI), fasting plasma glucose (FPG) or glycated hemo-
globin (HbAlc). The latest 2025 position statement of the
American Diabetes Association (ADA) recommends met-
formin pharmacotherapy in PwPd, along with LSM, in spe-
cific situations. This includes adults aged 25-59 years with a
BMI of > 35 kg/m?, higher FPG > 110 mg/dL (>6 mmol/L),
and higher HbAlc of >6.0% (>42 mol/mol), and in women
with a prior history of gestational diabetes mellitus (GDM)
[3]. The National Institute for Health and Care Excellence,
United Kingdom (NICE-UK) suggests using metformin
in PwPd when iLSM fails using clinical judgment or in
BMI > 35 kg/m? if doing iLSM is impossible. Contrarily,
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the 2019 European Society of Cardiology and European
Association of Studies in Diabetes (ESC-EASD) did not
recommend pharmacotherapy with metformin in PwPd [4].
This point-of-view article aims to analyze the ambiguity of
metformin in PwPd and assess whether it is a good oppor-
tunity or an unnecessary over-treatment rather than a proper
prevention of progression to overt T2D.

Although the term “prediabetes” remains widely used,
including by the ADA-EASD, this term has attracted con-
troversy, partly due to a perception that large numbers of
people with prediabetes will never develop overt T2D but
are nevertheless associated with it and thus become “medi-
calized.” The World Health Organization (WHO) has aban-
doned the term prediabetes in favor of “intermediate hyper-
glycemia.” Importantly, prediabetes is not associated with a
substantial risk of microvascular disease, unlike overt T2D.
However, it is associated with an increased risk of conver-
sion to full-blown T2D (especially in people with impaired
fasting glucose [IFG]) and an increased risk of cardiovas-
cular disease (CVD, especially in people with impaired
glucose tolerance [IGT]). Notwithstanding, prediabetes is
significantly associated with increased coronary heart dis-
ease (CHD, relative risk [RR] 16%), CVD (RR 15%), stroke
(RR 14%), and all-cause mortality (RR 13%), as evidenced
by a recent meta-analysis of 129 prospective studies and
post-hoc analysis of clinical trials, involving more than 10
million individuals with prediabetes with a mean follow-up
of 9.8 years [5]. These data suggest that some intervention
is needed in PwPd to prevent — a. conversion to overt T2D,
b. long-term macrovascular complications, and c. mortality.
To this end, metformin was the first pharmacological agent
tested extensively in PwPd and has been compared with a
placebo or LSM/iLSM.

Historically, in 1999, the first double-blind, randomized
controlled trial (RCT) that tested metformin in Chinese
PwPd was conducted by Li et al. [6], which showed a sig-
nificant 66% relative risk reduction (RRR) in the conversion
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rate of frank T2D by metformin compared to placebo, over
one year. The largest (n=3,234) and the longest double-
blind RCT was the US-based Diabetes Prevention Program
(US-DPP), an RCT conducted in 2002 by Knowler et al.
[7], and a subsequent 10, 15, and 22-year observational
follow-up outcome study (DPPOS) [8—10]. US-DPP ran-
domized PwPd in a 1:1:1 fashion to either iLSM (target
weight loss of at least 7% and 150 min/week of moderate
exercise such as brisk walking) or metformin or control.
During the randomized phase of mean 2.8 years of US-DPP,
both iLSM and metformin reduced T2D conversion by an
RRR of 58% and 31%, respectively, compared to control.
However, the incidence of T2D with iLSM was 39% lower
than metformin [7]. The subsequent observational 10, 15,
and 22-year follow-up of DPPOS [8-10] also showed a sig-
nificant decrease in RRR concerning progression to frank
T2D compared to control; however, the quantum of ben-
efit reduced over time in both metformin and iLSM arms
(Fig. 1). Meanwhile, several other RCTs (mainly open-
label) have been conducted in PwPd [11-17] that assessed
the effects of — a. metformin vs. control/standard of care
(SOC)/placebo or b. LSM/iLSM vs. control/SOC/placebo
or c. metformin vs. LSM/iLSM or d. metformin plus LSM/
iLSM vs. control/SOC/placebo, showing positive or neutral
effects on T2D conversion [11-17]. Interestingly, no RCT
was used to compare the effectiveness of LSM/iLSM plus
metformin vs. metformin alone. The results from all these
RCTs conducted are summarized in Table 1 chronologically

[6, 7, 11-17]. Briefly, amongst the open-label studies, two
RCTs were also conducted in the Indians — a. Indian Dia-
betes Prevention Program-1 (IDPP-1) was the four-armed
study (n=531), randomized in 1:1:1:1 fashion (LSM
[150 min/week of brisk walking/cycling] vs. metformin vs.
LSM plus metformin vs. SOC [control arm]) with a mean
follow-up of 3.0 years [12] and b. Diabetes Community
Lifestyle Improvement Program (D-CLIP) was a two-armed
study (n=1576) that compared iLSM (target weight loss of
at least 7% and 150 min/week of brisk walking) plus met-
formin to control (SOC or placebo) with a mean follow-
up of 3.0 years [15]. IDPP-1 showed that metformin and
LSM significantly reduced the RR of T2D progression by
26% and 29%, respectively, compared to the control/SOC/
placebo. The Indian studies, IDPP-1 and D-CLIP, showed
metformin plus LSM having a significant 28% and 32%
RRR in T2D conversion, respectively, compared to con-
trol/SOC/ placebo. The other large study was the Chinese
Diabetes Prevention Program (CDPP), a two-armed, 2-year
follow-up study (n=1678) that compared LSM (150 min/
week of brisk walking) plus metformin to LSM alone and
showed a 17% RRR with the former compared to the latter
[17]. Summarily, the only RCT that reported the outcome
of T2D conversion between iLSM vs. metformin was US-
DPP, which showed a 39% RRR with the former compared
to the latter [6]. Surprisingly, no statistical calculation
was made between LSM vs. metformin in IDDP-1 [12].
While the first RCT by Li et al. [6] showed 66% RRR with

22 years of DPP/DPPOS (first 2.8 year randomized phase of DPP followed by observational period of DPPOS)
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Fig. 1 Relative risk reduction in conversion to frank type 2 diabetes
with metformin and intensive lifestyle modification (iILSM) in peo-
ple with prediabetes at 2.8 years (randomized phase of US-DPP) and
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Table 2 (continued)

Final interpretation of the study

Duration Cumulative incidence (%) of  The number-needed-to-treat (NNT)

Background patient’s charac-

teristics at baseline

Study

T2D between -PBO/Control/

SOC vs

(Years)

MET vs. iLSM'/ LSM" vs.
MET +iLSM" / LSM"™"

MET +iLSM"/ MET+iLSM" /

MET vs. PBO iLSM'/

LSM" vs. PBO LSM"" vs. iLSM'/

LSM" vs.
PBO

LSM"

To prevent one overt T2D, 28

27.8"

2 25.1"vs. 21.5™

Median age: 53 years, mean

CcDpPPY

people need to be treated

weight: 73 kg, mean BMI:

26.0 kg/mz, and mean

with LSM plus metformin for

2 years

HbAlc: 6.0%. 100% were
Asian Chinese, and 53%

were female

MET: Metformin; T2D: Type 2 diabetes; BMI: Body mass index; h/o: History of; LSM"™"": Lifestyle modification (Brisk walking or cycling for 150 min per week); iLSM""': Intensive lifestyle

modification (Brisk walking or cycling for 150 min per week plus 7% weight loss); SOC: Standard of care; PBO: Placebo; GDM: Gestational diabetes mellitus; US-DPP: United States diabetes

prevention program; IDPP-1: Indian diabetes prevention program; D-CLIP: Diabetes community lifestyle improvement program; CDPP: Chinese diabetes prevention program

metformin compared to placebo in people with IGT (defined
by WHO 1985 criteria), baseline HbAlc was 7.3% and 7.4%
in the metformin and placebo arm, respectively. Indeed, the
author reports that nearly 50% of people with IGT in this
trial would have been diagnosed with frank T2D if the ADA
1997 criteria based on the FPG threshold had been used
instead. Nonetheless, the number needed to treat (NNT) to
develop frank T2D for metformin was impressive across
RCTs, and iLSM had even better NNT than metformin in
preventing frank/overt T2D conversion. Table 2 summarizes
the absolute risk reduction and NNT with metformin alone,
LSM/iLSM, and metformin plus LSM/iLSM, compared to
control/SOC/placebo. It should be noted that while the
reducing effect of metformin in T2D conversion could be
explained by the anti-hyperglycemic impact suggestive of a
“masking effect” rather than a preventive nature, an actual
preventive effect of T2D conversion can only be assessed
after a sufficient wash-out period. In this regard, only US-
DPP studied the impact of the 1- to 2-week (mean 11 days)
wash-out period of metformin on T2D conversion. This
study showed a curtailed effect of metformin at washout
(Odds ratio [OR]: 1.49) compared to before washout (OR
0.66), suggesting a 1.5-fold increase in development of T2D
compared with control. Precisely, there was a small but sig-
nificant+4.5 mg/dL increase (p <0.001) in fasting plasma
glucose without any considerable increase in 2-h glucose
(+2.9 mg/dL) assessed by oral glucose tolerance test during
the washout period [18]. Nonetheless, the authors suggested
that nearly one-quarter (25%) of the effect of metformin is
attributable to a pharmacological effect that did not persist
during the drug withdrawal or washout period. Similarly,
a weight loss of —1.7 kg with metformin vs. weight gain
of + 0.3 kg in the placebo arm also explained the 64% ben-
eficial effect of the drug at the end of US-DPP. This could
also explain the nearly twice larger iLSM (58% RRR) effect
intended to cause 7% weight loss on T2D prevention than
metformin (31% RRR) in US-DPP.

About systematic reviews and meta-analyses (SRM) of
RCTs that were also expected to be conducted [19-23],
the largest Cochrane meta-analysis (pooled data from
12 RCTs) showed a 50% RRR in T2D conversion with
metformin compared to control/placebo [20]. However,
no difference in T2D conversion was observed between
LSM vs. metformin in Cochrane SMR (pooled data from
7 RCTs) [20]. Similarly, another SRM found no differ-
ence in T2D progression between LSM and metformin
[22]. Contrarily, one SRM showed a 27% less T2D conver-
sion with LSM compared with metformin [23]. Neverthe-
less, except the Cochrane meta-analysis, most SRMs have
specific weaknesses, including- a. some used intention-
to-treat, others used per-protocol analysis, b. some used
fixed-model while others used random models’ analysis,
c. most of them clubbed the data of metformin plus LSM
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21-Year Follow-up of DPP/DPPOS and Effect of Metformin vs. Control on Cardiovascular Outcomes in Prediabetes

CV Death

Hazard Ratio (95% Cl)

Nonfatal Stroke b .

Nonfatal M| .

. 1.46 (0.90-2.39)

0.57 (0.31-1.06)

Total MACE .

1.07 (0.71-1.63)

1.03 (0.78-1.37)

0 0.5 1

Fig.2 Cardiovascular and mortality outcomes with metformin vs.
control at 21 years of DPP/DPPOS.?® [(US-DPP: United States Dia-
betes Prevention Program; DPPOS: Diabetes Prevention Program

or iLSM arm with metformin alone arm, d. similarly, most
of them clubbed the data of LSM with control/SOC/pla-
cebo together and compared it against metformin alone,
and e. one SRM has pooled the multiple publications
of DPPOS along with the original randomized phase of
US-DPP. Table 3 summarizes these findings, including
their shortcomings, which may limit any concrete con-
clusion. Nonetheless, all these data collectively suggest
that metformin is superior to placebo/SOC/Control but
not superior to LSM/iLSM in T2D conversion. However,
specific nuances need to be considered — i. the definition
of IFG and IGT varied amongst all RCTs. Older RCTs
used WHO 1985, ADA 1997, and WHO 1999 criteria,
while newer RCTs used ADA 2003 and 2010 criteria.
Surprisingly, the CDPP conducted in 2017-2019 used
WHO 1999 criteria (Table 1). It should also be noted that
IGT criteria have not changed since the National Diabetes
Data Group (NDDG) laid it down in 1979, while the FPG
threshold kept changing until ADA 2003. Contrarily, no
RCTs chose the IFG criteria laid down by the ADA in
2010 (HbAlc cut-off lowered to 5.7% for prediabetes) fol-
lowed until today except the PREVENT-DM study that did
not report T2D progression with metformin or LSM vs.
control due to zero to one event [16], ii. Baseline glucose,
HbAlc, BMI values, family history of T2D, and history
of GDM differed amongst RCTs; thus, outcomes are not
comparable (Table 3), iii. dosage of metformin used across

15 2 25 3

Outcome Study; MACE: Major Adverse Cardiovascular Events; CV:
Cardiovascular; MI: Myocardial infarction; CI: Confidence interval)]

RCTs varied from 500 to 1750 mg daily, and thus, it is
not precisely known what dose of metformin should be
the ideal one in PwPd. To this end, a recent meta-analysis
suggested that 750 mg of metformin daily is the optimal
dose in PwPd [24]. However, IDPP-1 showed that a daily
dose of as low as 500 mg was effective in Indians, and
indeed, a higher dose of 1000 mg daily caused hypogly-
cemic symptoms in 45% PwPd, iv. US-DPP indicated that
to reduce a 31% risk of frank T2D, 100% of PwPd have
to take metformin for 3 years, but it is not known whether
69% of them who develop frank T2D later, despite met-
formin treatment, should continue on either metformin or
change to other anti-hyperglycemic medications. In other
words, what would be the rationality of taking metformin
in 100 PwPd to prevent frank T2D if 70 of them ultimately
develop the disease and then need to take the same or
other medicine, v. long-term data of DPPOS suggested
that even though over half of PwPd were taking metformin
at 10 years follow-up, metformin delayed the frank T2D
conversion by around 2 years but did not prevent it [8],
and finally, vi. In the 1- to 2-week washout period of US-
DPP, metformin did show an attenuating effect on T2D
progression in PwPd compared to the non-washout period,
suggesting a pharmacological effect and not complete pre-
vention [18]. Thus, despite ample positive RCTs, various
brownie points are eligible to raise ambiguity regarding
metformin's role in PwPd.
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Metformin's role in preventing CVD and mortality in
PwPd is the second most significant point. To this end, there
is minimal data concerning metformin's effectiveness in pre-
venting CHD, CVD, stroke, and mortality in PwPd. US-DPP
is the only study that evaluated the effect of metformin on
these outcomes in PwPd. The 14-year follow-up of observa-
tional DPPOS assessed the impact of iLSM, control, or met-
formin on coronary artery calcium (CAC) scoring. This study
found no age-adjusted CAC score severity difference between
iLSM vs. control and metformin vs. iLSM. While metformin
showed a significantly 41% lesser age-adjusted CAC severity
than control (39.5 vs. 66.9 Agatston units, p=0.04) in men,
no such significant difference was observed in women [25].
The 21-year follow-up of observational DPPOS assessed
the impact of iLSM, control, or metformin in PwPd on total
major adverse cardiovascular events (nonfatal myocardial
infarction [MI], nonfatal stroke, and fatal CVD), nonfatal MI,
nonfatal stroke, and CV death. There was no difference in

over, US-DPP indicated that to reduce a 31% risk of frank T2D, 100%
of PwPd have to take metformin for 3 years, but it is unknown whether

69% of them who develop frank T2D later should continue on met-
formin. A 10-year follow-up of DPPOS suggested metformin delayed

the frank T2D conversion by around 2 years but did not prevent it.
Furthermore, in a 1- to 2-week washout period of US-DPP, metformin

NNT for LSM and iLSM is even more impressive than metformin. More-
did show an attenuating effect of metformin in T2D progression

% outcomes between metformin vs. control (Fig. 2) and iLSM
Eﬂ vs. control [26]. These data suggest that neither metformin
nor iLSM has a consistent beneficial effect on CV and mor-
° tality outcomes compared to control/placebo.
3 Finally, while a 10-year cost-effective analysis of met-
§~ formin in DPPOS showed a significant beneficial effect of
8 metformin in PwPd [27], a recent analysis challenged those
g findings. This new US-DPP re-analysis hinted at no met-
g formin cost-effectiveness in PwPd [28]. Notwithstanding,
E all these findings led to an ongoing debate, and both the
% proponents [29, 30] and the opponents [31, 32] of metformin
‘5 pharmacotherapy in PwPd have their own arguments. It
A should also be noted that a debate on “prediabetes” termi-
% nology already exists, and strong points and counterpoints
§ have already been made earlier [33-35]. Table 4 summarizes
2 points in favor or against pharmacotherapy with metformin
E = in PwPd based on all those arguments. So, what is the way
E & forward? The only solution is reconciling all the available
% § evidence and striking a balance [36]. Figure 3 represents
£ S the balance sheet of how defining prediabetes as a disease
5 f § entity and pharmacotherapy of prediabetes may or may not
é % = be beneficial. In conclusion, PwPd needs some interven-

tions. Notwithstanding, iLSM targeting 5-7% weight loss
should be the first and foremost advice, followed by LSM.
However, for some unavoidable reasons, if iLSM or even
LSM is not possible, we propose that metformin therapy be
advised in selected high-risk cases. These high-risk cases
include adults of age < 60 years having a family history of
T2D and IFG with fasting plasma glucose > 110 mg/dL or
HbAlc>6.0% and BMI > 35 kg/m? (this BMI cut-off can be
lowered to at least> 30 kg/m? in Asians including Indians
and Chinese—as both IDDP-1 and CDPP had a mean BMI
of 26 kg/m? while D-CLIP had a mean BMI of 28 kg/m*—
and the fact that Asians tend to progress faster in developing
frank T2D) or a history of GDM.

glucose; IGT: Impaired glucose tolerance; RRR: Relative risk reduction; IDPP-1: Indian diabetes prevention program; D-CLIP: Diabetes community lifestyle improvement program; GI: Gastro-

intestinal; BID: Twice daily; US-DPP: United States Diabetes Prevention Program; DPPOS: Diabetes prevention outcome study; BID: Twice daily; NNT: Number needed to treat; RCTs: Rand-

T2D: Type 2 diabetes; WHO: World Health Organization; ADA: American diabetes association; NDDG: National Diabetes Data Group; FPG: Fasting plasma glucose; IFG: Impaired fasting
omized controlled trials; LSM: Lifestyle modification; iLSM: Intensive lifestyle modification

Absolute benefit on T2D progression

Table 4 (continued)
Patients’ characteristics
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ﬁtion A: Label prediabetes as a “disease” entity \

Pros:

P

Option B: Lower the diagnostic criteria to
diagnose T2D
Pros:

* The type of macrovascular comp lications is similar
between prediabetesand diabetes, so it makes
sense to initiate intervention at an earlier stage.

* Thislikely provokes earlier treatment, thereby
theoretically prolonging beta cell longev ity.

Cons:

* Allthe consof Option A.

« Itwillmean lifelong treatm ent.

* No evidence suggests earlier treatment of the
“low er” diagnostic criteria would impact CV
morbidity and mortality.

* The interventions in the 15-year follow-up of the
DPP/DPPOS study did not impact even the
surrogate markers of microvascular com plications.

* Thereisno consensuson the choice of
pharm acological therapy for this group of patients
diagnosed because of the “lower” diagnostic
criteria.

* Higherincidence of CV disease compared to the “euglycemic™ population.
« Intervention at this stage may prevent p rogression to “overt” diabetes (which

would otherwise lead to a higher rate of CV and microvascular
complications).

* Non-pharmacological and pharmacological evid ence exists to prevent

progression to “overt” diabetes.

* Thiswill lead to greater awareness among doctors and the lay public of the

seriousness of the problem.

Cons:

* Thiswould drastically increase the number of patients with “biochemical™

diabetes.

* The label of a “disease” will have implications regarding health insurance.
« Label ofa “disease” will also have mental and psychological effects for at least

a proportion of the “patients.”

* Lackof consensus on the definition of IFG.
* There is no consensus regarding the dose of pharmacological agents—for

exam ple, varying d oses of m etformin have been used in trials for prediabetes.

* Risk, at least theoretical of hypoglycemia with the use of pharmacological

agents.

* More use of pharm acological agents would strain the government and health
authorities' bud gets.

* Most patients would revert spontaneously into the
K “nondiabetic range”. /‘

-

Consensus from options A, B, and C

This should be recognized as an entity that would

Option C: Create separate subgroups of high
vs. low-risk groups

Prediab etes group with the following criteria signifies
high risk:

(Age 25-59 years with BMI >35 kg/m?, FPG >110 mg/dL
or>6.0 mmoll, HbAlc >42 mmolmol (>6.0%), and in
wom en with prior gestational diabetes)

Pros:

* Thiswould reduce the number of people to whom
targeted therapy and investigations would be
directed since this group would be much more likely
to proceed to T2D and p resumably have more CV
complications.

Cons:

* More trialsare needed for this group to demonstrate
a reduction in the progression of diabetesand its
complications.

* Developing a risk score in this group isneeded to j

’k focus further on the target group.

warrant inter , if not phar herapy”,
then at least lifestyle changes to prevent the onset
of frank T2D.

Pharmacotherapy” with metform in in PwPd may be indicated in —
Adults <60 years of age with a family history of T2D and having
either FPG 2110 mg/dL or HbAlc 26.0%, and

29-36

Fig.3 Reconciling available evidence with the balance sheet.
[(T2D: Type 2 diabetes; BMI: Body mass index; CV: Cardiovascu-
lar; FPG: Fasting plasma glucose; IGF: Impaired fasting glucose; US-
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