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Review of Metformin Use for Type 2 Diabetes Prevention
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Abstract

Context: Prediabetes is prevalent and significantly increases lifetime risk of progression to type 2
diabetes. This review summarizes the evidence surrounding metformin use for type 2 diabetes
prevention.

Evidence acquisition: Articles published between 1998 and 2017 examining metformin use for
the primary indication of diabetes prevention available on MEDLINE.

Evidence synthesis: Forty articles met inclusion criteria and were summarized into four
general categories: (1) RCTs of metformin use for diabetes prevention (/=7 and =2 follow-up
analyses), (2) observational analyses examining metformin use in heterogeneous subgroups of
patients with prediabetes (7=9 from the Diabetes Prevention Program, n=1 from the biguanides
and the prevention of the risk of obesity [BIGPRO] trial), (3) observational analyses examining
cost effectiveness of metformin use for diabetes prevention (/=11 from the Diabetes Prevention

Address correspondence to: Tannaz Moin, MD, MBA, MSHS, 10940 Wilshire Blvd., Suite 700, Los Angeles CA 90024.
tmoin@mednet.ucla.edu.

All authors made substantial contributions to conception and design or analysis and interpretation of data and drafting of the article or
critical revision for important intellectual content. TM wrote the first draft of the manuscript. TM, JAS, JF, JY, LD, WH, and EW
analyzed the data. All authors reviewed and edited the manuscript. TM is the guarantor of this article.

TM, JAS, JHF, LK, JHY, CMM, WHH, EAW have no financial disclosures. AJK receives funding from AstraZeneca, Co. for an
unrelated independent investigator study.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

CM is a member of the U.S. Preventive Services Task Force. This article does not necessarily represent the views and policies of the
U.S. Preventive Services Task Force.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moin et al.

Page 2

Program, /=1 from the Indian Diabetes Prevention Program), and (4) real-world assessments of
metformin eligibility or use for diabetes prevention (/7=9). Metformin was associated with reduced
relative risk of incident diabetes, with the strongest evidence for use in those at highest risk (i.e.,
aged <60 years, BMI =35 kg/m?, and women with histories of gestational diabetes). Metformin
was also deemed cost effective in 11 economic analyses. Recent studies highlighted low rates of
metformin use for diabetes prevention in real-world settings.

Conclusions: Two decades of evidence support metformin use for diabetes prevention among
higher-risk patients. However, metformin is not widely used in real-world practice and enhancing
the translation of this evidence to real-world practice has important implications for patients,
providers, and payers.

CONTEXT

More than 30 million U.S. adults have type 2 diabetes and diabetes-related healthcare costs
account for 20% of healthcare spending.1-3 Despite recent decreases in rates of diabetes-
associated complications, the high prevalence of type 2 diabetes (referred to as diabetes
throughout this manuscript) creates a significant societal burden.? Prediabetes is an
intermediate metabolic state between normoglycemia and diabetes, including either
impaired glucose tolerance (IGT), impaired fasting glucose (IFG), or both conditions. The
risk of progression to diabetes is greater for individuals with IGT and IFG close to the
diagnostic boundary for diabetes. On average, about 15%-30% of adults with prediabetes
are expected to progress to diabetes in 5 years.> From a population perspective, this risk is
substantial given the high prevalence of prediabetes.

Accordingly, numerous studies have examined the efficacy of behavioral/lifestyle and
pharmacologic interventions in preventing or delaying incident diabetes among individuals
with prediabetes. Metformin is not approved by the Food and Drug Administration (FDA)
for use in prediabetes, but several studies have examined its use for diabetes prevention over
the past two decades. The objective of this study is to review the literature to better
understand the current state of evidence surrounding metformin use for diabetes prevention.

EVIDENCE ACQUISITION

Data Sources and Searches

Standard strategies for literature reviews were used to identify studies, determine eligibility,
and summarize findings as described below. A MEDLINE search was conducted using the
following Medical Subject Heading terms and text words (prediabetes AND metformin).
Searches were limited to literature published in English.

Study Selection

To be eligible, studies had to address metformin use for diabetes prevention or diabetes risk
reduction as the primary outcome. Studies had to be published between January 1, 1998 and
December 31, 2017. Randomized clinical trials and associated analyses (i.e., reports of
longitudinal follow-up and subgroup analyses) were included. Trial protocols, reviews,
commentaries/opinion pieces, and animal studies (i.e., non-human subjects) were excluded.
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Studies that examined metformin use in combination with other antihyperglycemic agents
were also excluded.

Data Extraction and Quality Assessment

Studies were reviewed by one or more independent co-authors to assess initial eligibility.
Data were extracted using a standardized template with no masking to author lists or
journals. A multidisciplinary team with diverse expertise in both clinical and research
disciplines including internal medicine, endocrinology, health services, epidemiology, and
health economics contributed to this review. Two independent team members reviewed all
eligible studies to confirm eligibility and accuracy of data extraction. Reference lists were
also reviewed in detail, cited reference searches for included manuscripts were conducted,
and discussions with topic experts also yielded additional studies for review. The Cochrane
Risk of Bias Tool was used for quality assessment of RCTs.5.7

Data Synthesis and Analysis

Forty articles met inclusion criteria (a Preferred Reporting Items for Systematic Reviews and
Meta-Analyses [PRISMA] flow diagram8 is presented in Figure 1). After detailed review,
manuscripts were further divided into four broad categories, as summarized in more detail
below; (1) RCTs of metformin use for diabetes prevention (7=7 RCTs and n=2 follow-up
analyses), (2) analyses examining metformin use in heterogenous subgroups of patients with
prediabetes (/7=9 subgroup analyses from the Diabetes Prevention Program [DPP], n=1 from
the Biguanides and the Prevention of the Risk of Obesity [BIGPRO] trial), (3) analyses
examining cost effectiveness of metformin use for diabetes prevention (/7=11 analyses from
the DPP, =1 analysis from the Indian DPP), and (4) real-world assessments of metformin
eligibility or use for diabetes prevention (/7=9).

EVIDENCE SYNTHESIS

RCTs of Metformin Use for Diabetes Prevention

The DPP is the largest RCT examining metformin use for diabetes prevention.? Eligible
participants from 27 U.S. medical centers were randomized to metformin (850 mg twice per
day [bid], 7/=1,073), or an intensive lifestyle intervention (16 weekly, one-on-one lifestyle
intervention sessions with a health coach and monthly follow-up thereafter, 7=1,079), or
placebo (/7=1,082). Over 2.8 years of follow-up, diabetes incidence was significantly
reduced by 31% (95% CI=17%, 43%) in the metformin arm and by 58% (95% CI1=48%,
66%) in the intensive lifestyle intervention arm as compared with placebo. The intensive
lifestyle intervention arm provided 39% (95% CI1=24%, 51%) relative risk reduction of
incident diabetes compared with metformin across the pooled sample and was also effective
for individuals aged >60 years (where metformin was not significantly better than placebo).
However, relative risk reduction for incident diabetes was comparable between the
metformin and lifestyle intervention arms for participants with a BMI =35 kg/m? and
women with histories of gestational diabetes.

About 88% (=2,776) of the DPP cohort enrolled in a long-term follow-up study known as
the DPP Outcomes Study (DPPOS).10.11 Over a total of 10 years of combined follow-up,
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diabetes incidence was reduced by 18% (95% CI1=7%, 28%) in the metformin arm and by
34% (95% Cl=24%, 42%) in the intensive lifestyle intervention arm, compared with
placebo.10 In the 15-year follow-up report, participant data was analyzed by intervention
arm using an intent-to-treat analytic approach and diabetes incidence was reduced by 18% in
the metformin arm (hazard ratio [HR]=0.82, 95% CI1=0.72, 0.93) and by 27% in the

intensive lifestyle intervention arm (HR=0.73, 95% CI=0.65, 0.83), compared with placebo.
11

Six additional randomized trials have examined metformin for diabetes prevention. As
compared to the DPP, these were much smaller studies, with a total of 2,513 participants,
from China,12 India, 1314 Pakistan,1°> Greece,16 and the United Kingdom.1’ Eligibility
criteria varied (i.e., IGT, or IFG, or BMI), as did metformin dosing (ranging between 250 mg
and 500 mg, bid or three times a day [tid]). In 1999, prior to the DPP, Li and colleagues!?
had randomized 90 participants between age 30 and 60 years with IGT to placebo versus
metformin 250 mg tid in Beijing, China. As treated analyses of data from 70 participants at
12 months follow-up showed significantly lower rates of incident diabetes in the metformin
arm (3.0% vs 16.2%, p=0.001). In 2003, Holman et al.1” randomized 631 participants with
IFG from nine United Kingdom centers to metformin 500 mg tid, or acarbose 50 mg tid, or
placebo, or combination therapy. The authors reported no difference in relative risk
reduction of incident diabetes in the metformin arm compared with placebo over 6 years of
follow-up (of note, these results were published in a brief abstract, not a complete
publication).1’

In the Indian DPP, Ramchandran and colleagues!3 randomized 531 participants with IGT to
standard lifestyle (control), intensive lifestyle (personal sessions every 6 months and
monthly telephone calls focused on individualized lifestyle change goals), metformin 250
mg-500 mg bid, or intensive lifestyle and metformin 250 mg-500 mg bid (almost all
patients only ever received 250mg bid). Over 30 months of follow-up, the relative risk
reduction for incident diabetes was 26.4% (95% C1=19.1, 35.1, p=0.029) with metformin
alone, 28.2% (95% C1=20.3, 37.0, p=0.022) with intensive lifestyle and metformin and
28.5% with lifestyle alone (95% CI1=20.5, 37.3, p=0.018), as compared with placebo. Thus,
both lifestyle and metformin significantly reduced diabetes incidence but there was no
additive benefit when they were combined.13

Igbal et al.1> also examined metformin in combination with lifestyle intervention. They
randomized 317 participants with IGT to control, or intensive lifestyle (one-on-one
counselling sessions every 2 months with specific goals including =5% weight loss), or
intensive lifestyle and metformin 500 mg bid. Relative risk reduction of incident diabetes
was 71% for lifestyle alone (95% CI=13.7, 90.3) and 76.5% (95% C1=19.7, 93.1) for
lifestyle and metformin compared with control. The 5.5% difference in risk reduction
between the two interventions arms was not statistically significant.®

In the Greek study by Andreadis and colleagues,6 366 participants with BM1>27 kg/m?
were randomized to standard lifestyle and cardiovascular risk factor management or standard
lifestyle and cardiovascular risk factor management and metformin 850 mg once daily.
Diabetes incidence was reduced by 7% (95% C1=12.7%, 1.4%, £=0.012) in the metformin
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arm across all participants. The degree of relative risk reduction was 18.5% (95% CI1=33.1%,
3.9%, p=0.010) among the subset of participants with IFG or IGT at baseline (/7=110).16 A
2016 RCT by Weber et al.14 randomized 578 overweight/obese Asian Indians with IGT,
IFG, or IGT and IFG to lifestyle intervention and stepwise addition of metformin 500 mg
bid at =4 months if at high risk of converting to diabetes (IFG and IGT or IFG and
glycosylated hemoglobin [HbAlc] =5.7%) versus control. At 3 years follow-up,
significantly fewer intervention participants developed incident diabetes (25.7% vs 34.9%,
p=0.014). Relative risk reduction was 32% (95% CI=7, 50), and the number needed to treat
to prevent one case of diabetes was 9.8.

All but onel” of the RCTs included in this review found metformin to be an effective means
of lowering risk of incident diabetes among individuals with prediabetes, although the
degree of relative risk reduction varied widely. Some of this variability may be attributable
to differences in eligibility criteria and hence risk of diabetes, dosages of metformin and
length of follow-up. The study by Holman and colleagues!’ was the only RCT that did not
find a significant reduction in risk of incident diabetes, but the authors reported that 214% of
participants were lost to follow-up and that among those who had not developed diabetes,
only 39% were taking metformin. Overall, risk of bias was high among RCTs except the
DPP. Thus, the strongest and highest quality RCT evidence comes from the DPP.

Analyses Examining Metformin Use in Heterogenous Subgroups of Patients With

Prediabetes

Data from the DPP was used to conduct nine subanalyses examining metformin use in
heterogeneous subgroups of patients with prediabetes (Appendix Table 2). These subgroup
analyses have assessed the influence of metformin withdrawal,18 body size, 1920 body shape,
19,20 autonomic nervous system function,?! age,22:23 genetic diabetes risk scores,?* diabetes
risk,2> and race?% on development of diabetes among the DPP cohort.

Data from these subgroup analyses suggest that metformin may be more effective among
individuals with higher diabetes risk, younger age, higher BMI, higher fasting glucose
levels, and possibly African American race. In addition, withdrawal from metformin over 1-
2 weeks after the DPP (i.e., a per protocol analysis during the bridge between DPP and
DPPOS) decreased the magnitude of relative diabetes risk reduction associated with
metformin use from 31% to 25%, suggesting at least partial direct pharmacological benefits
(i.e., diabetes was prevented or delayed, not just masked).18 In a few instances, findings
appear somewhat contradictory, prompting the need for caution when interpreting findings.
For example, Hivert et al.2* concluded there is no definitive evidence that the efficacy of
metformin is influenced by genetic loci associated with diabetes risk, which differs
markedly from the post-hoc non-genetic risk stratification analysis by Sussman and
colleagues.2> Also, an analysis using an HbAZlc-defined outcome of incident diabetes for
DPP participants showed that treatment interactions with age were not statistically
significant,23 contrasting the significant age and treatment interactions observed in the DPP
with a glucose-defined diabetes outcome. In fact, metformin and lifestyle intervention were
equally effective when HbA1c was used to define the outcome of incident diabetes.23 In
another example, Fujimoto et al.20 reported that relative risk reductions of incident diabetes

Am J Prev Med. Author manuscript; available in PMC 2019 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moin et al. Page 6

in the DPP metformin arm appear to be independent of changes in adiposity whereas the
DPP Research Group has shown metformin to be as effective as lifestyle intervention in
preventing diabetes in individuals with a baseline BMI =35 kg/m? or a waist circumference
>98.0 cm.

One subgroup analyses was based on BIGPRO1, which randomized 457 participants with
high waist-to-hip ratios to metformin versus placebo. The original trial findings, published in
1996, showed improvements in weight, total cholesterol, as well as glucose and insulin
levels in the metformin arm.2” A 2009 post-hoc analysis examined the effects of metformin
on the subset of patients that would have met criteria for prediabetes showing significant
reductions in fasting plasma glucose, systolic blood pressure, and total and low-density
lipoprotein cholesterol, as compared with placebo after adjustment for age and gender.28

Overall, these subgroup analyses may be underpowered for some comparisons and results
should be interpreted with caution because evidence from post-hoc analyses is less strong
for establishing causal inference. Data from these subgroups and post-hoc analyses should
ideally be confirmed using prospective, hypothesis-driven study designs with adequate
controls.

Analyses Examining Cost Effectiveness of Metformin Use for Diabetes Prevention

Twelve analyses have focused on the cost effectiveness (i.e., <$50,000 per quality-adjusted
life year cut off) of metformin use for diabetes prevention (Appendix Table 3). Eleven of
these are based on data from the DPP2%-39 and one was based on data from the Indian DPP.
40 All but one economic analysis3® concluded that metformin use for diabetes prevention is
cost effective. There is also some evidence to suggest that metformin may even be cost
saving.3” Several analyses have also shown metformin as a cost-effective strategy for
diabetes prevention or delay when DPP data are extrapolated to other countries.34-36.39.41,42
Data from the Indian DPP demonstrated metformin to be a cost-effective intervention for
preventing diabetes in India.4°

The majority of these analyses were based on the original DPP design and were applicable
to the healthcare settings and funding circumstances at the time the analyses were
conducted. The results of economic analyses are driven by the cost of both interventions and
outcomes, and these do vary widely across settings. However, the analyses presented reflect
a variety of settings across both high- and middle-income countries and in each instance,
metformin was cost effective.

Real-World Assessments of Metformin Eligibility or Use for Diabetes Prevention

Nine analyses have assessed metformin eligibility or use for diabetes prevention (Appendix
Table 4). The first was a 2010 cross-sectional analysis using National Health and Nutrition
Examination Survey data to assess the proportion of U.S. adults with prediabetes meeting
American Diabetes Association (ADA) consensus panel recommendations for metformin
eligibility for prevention or delay of diabetes.#3 The ADA consensus panel criteria for
metformin use included the presence of both IFG and IGT, with more than one additional
diabetes risk factor: age<60 years, BMI>35 kg/m2, family history of diabetes, elevated
triglycerides, reduced high-density lipoprotein cholesterol, hypertension, or HbAlc >6.0%.
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44 The authors concluded that >96% of adults with IFG and IGT were likely to meet ADA
consensus panel recommendations for metformin use. Thus, if this sample were
representative of the U.S. population, it would equate to approximately one in 12 U.S. adults
meeting ADA consensus panel criteria for metformin use.

The remaining real-world assessments are retrospective cohort analyses examining
metformin use for diabetes prevention/prediabetes. These studies either used data from
electronic health records,*>-48 insurance claims,#%°0 and national surveys.>1:52 These real-
world assessments have been predominantly focused on commercially insured adults but one
claims-based analysis focused on Medicaid beneficiaries.>% Overall, the rates of metformin
use ranged from <1% to 8.1% but there were important differences in the populations (i.e.,
age, gender, region of care, prediabetes diagnostic criteria, study windows) that may have
explained some of this variation.

Rates of metformin use among higher risk groups, such as women with gestational diabetes,
age <60 years, and elevated BMI, were estimated by three studies and ranged between 0%
and 17.5%, depending on the subgroups and data source.®3 In three studies where predictors
of metformin use were also examined, obesity or higher BMI was associated with higher
likelihood of metformin use.49:0:52 Other predictors of metformin use reported by at least
one study included female sex,*® African American race,? presence of other comorbidities,
49.50 glder age,>0 and higher glucose levels.52

DISCUSSION

This review provides a comprehensive summary of the literature on metformin use for
diabetes prevention published between 1998 and 2017. The DPP is the largest RCT
conducted to date, therefore much of the evidence to support metformin use for diabetes
prevention is derived from this one trial. However, the DPP was also the most rigorously
designed study with the longest follow-up, providing the highest quality evidence from
which to draw conclusions. The evidence accumulated from the DPP, as well as other
analyses over the last two decades included in this review, strongly suggest that metformin is
effective, particularly among subsets of higher-risk patients. A prior meta-analysis of data
from the DPP,® Indian DPP,13 and a 1999 trial by Li and colleagues? showed metformin use
was associated with an absolute risk reduction for diabetes progression ranging from 4.4%
to 14.3% and a number needed to treat between seven and 14 over a 3 year period.>* As
noted by the Lily et al.,>* these effect sizes are quite meaningful on a population level and
comparable with other treatments routinely used in clinical care. These data also
demonstrate that metformin is safe, tolerable, cost effective, and possibly even cost saving.
However, recent assessments show that metformin is rarely used in real-world settings,
highlighting an important gap that needs further study.4>:46.:49

Amidst intensive national efforts to curb the growing diabetes epidemic and reduce
healthcare expenditures, researchers and policy makers should examine ways in which the
evidence supporting metformin use can be translated into real-world settings for patients at
highest risk. The lack of clear “eligibility” criteria for metformin use in routine care is an
important translational barrier. In most studies, the oral glucose tolerance test (OGTT) has
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been used to identify individuals with IGT as potential candidates (Table 1). However,
OGTT is not commonly used in practice and the definition of prediabetes has now been
expanded to include IGT, IFG, and abnormal HbA1c. Because no trials have examined the
effectiveness of metformin using these broader prediabetes definitions, there is no evidence
to support metformin use for all 84 million U.S. adults currently estimated? to have
prediabetes. Thus, additional studies discerning clear real-world criteria for eligibility for
metformin use for diabetes prevention may be helpful in deciphering which patients should
be considered for metformin therapy.>®

Studies to date demonstrate that metformin use may be beneficial in subsets of the patients
who are at higher risk of progression to diabetes. For example, when HbA1c was used to
define the outcome of incident diabetes in a DPP post-hoc analysis, metformin and lifestyle
interventions were equally effective, contrasting the OGTT-based outcome showing lifestyle
interventions as the most effective therapy.23 Therefore, there may be some evidence to
suggest that patients with abnormal HbA1c, particularly those with HbAlc values in the
upper end of the prediabetes range (i.e., 6.0%—6.4%), may benefit from metformin therapy.
Examination of treatment effects within the DPP and DPPOS demonstrate significant
heterogeneity, such that obese participants (BMI 35 or more kg/m?), those with higher
fasting glucose levels, and women with a history of gestational diabetes had greater risk
reduction with metformin.10:11.56 Sussman and colleagues?® also showed that DPP
participants in the highest risk quarter averaged an absolute risk reduction of 21% over 3
years, with number needed to treat close to five. Similarly, Herman et al.>” showed an
absolute risk reduction of 25% among DPP participants at highest risk of developing
diabetes who adhered to metformin. Thus, there is evidence to suggest that metformin use
would be reasonable to consider in certain subsets of patients with prediabetes at higher risk.

Because patients with prediabetes have varying risk levels, understanding which patients are
most likely to benefit from metformin use for diabetes prevention is critical to informing
discussions regarding the risks versus benefits of this potential therapy. The DPP Research
Group recently developed multivariate models to predict individual risk of progression to
diabetes and reversion to normal glucose regulation using clinical variables routinely
collected in practice.>” The DPP Research Group plans to make these risk prediction models
accessible on the DPPOS website to guide prediabetes care decisions.

Even in higher risk patients where metformin use should be considered, safety
considerations may also be a barrier. Common side effects related to metformin include mild
gastrointestinal effects (e.g., diarrhea, nausea, abdominal pain) and vitamin B12 deficiency.
58 To mitigate against these side effects, the metformin dose can be titrated slowly®® and
routine testing of vitamin B12 can also be considered.>® The most worrisome side effect of
metformin is lactic acidosis, but this is extremely rare. A 2010 Cochrane review, examining
the risk of fatal and nonfatal lactic acidosis among 70,490 patient-years of metformin use,
concluded that “there is no evidence from prospective comparative trials or from
observational cohort studies that metformin is associated with an increased risk of lactic
acidosis, or with increased levels of lactate, compared with other antihyperglycemic
treatments.”8% Impaired renal function is an important risk factor for lactic acidosis but the
FDA has revised warnings to expand metformin use in certain patients with diabetes and
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reduced renal function.1 However, there is no FDA indication for metformin use in
prediabetes. This may present another barrier®? because FDA labeling can play an important
role in medication prescription patterns.83 Other potential barriers to metformin use include
possible lack of marketing to providers and patients, related to both lack of FDA approval
and the limited potential for financial gain by manufacturers because of the availability of
many inexpensive generic preparations; reluctance to “medicalize” prediabetes; limited
awareness of prediabetes; and advocates against metformin use.#6:62.64 |n a recent study,
only 6% of primary providers surveyed were able to correctly identify risk factors that
warrant prediabetes/diabetes screening and only 17% correctly identified the laboratory
parameters for diagnosing prediabetes.> Studies have also shown that physician attitudes
toward prediabetes can vary significantly and this variation impacts prediabetes care,
including recommendations for treatment that patients may or may not receive. 65

Although evidence over the last two decades suggests metformin may be a safe, effective,
and potentially cost-saving therapy, intensive lifestyle programs must be reinforced as first
line treatment for all patients with prediabetes. Thus, national efforts are underway to
translate intensive lifestyle programs and make them more readily available across the U.S.
66.67 |n recent years, national care guidelines have begun to endorse metformin use for
diabetes prevention, particularly for higher risk patients, while still recognizing that lifestyle
interventions are first-line and provide the greatest overall relative risk reduction (Table 1).68
Intensive lifestyle intervention was associated with the largest relative risk reduction overall
in the DPP and also the greatest weight reduction in one of the first comparative
effectiveness trials of intensive lifestyle intervention, metformin versus standard care in
Hispanic women with prediabetes.®9 Outside of study settings, however, the majority of
patients with prediabetes do not receive any recommendation for treatment (lifestyle or
metformin)#8:46.51.65 and most patients are not even aware of their prediabetes diagnosis.54
Thus, it is more important than ever to address the many existing gaps in prediabetes care to
ensure patients are informed and empowered to reduce their diabetes risk.

CONCLUSIONS

The current evidence suggests that metformin is an effective, safe, tolerable, cost effective,
and possibly even cost-saving intervention to prevent or delay incident diabetes. Evidence
for metformin use is strongest in those with IGT and IFG at higher risk; age 60 or less years,
BMI 35 or more kg/m?2, and in women with histories of gestational diabetes. Despite
growing evidence, recent studies show metformin is rarely used in real-world settings, even
among the highest risk patients. This is an important gap in knowledge patients, providers,
payers, and policy makers should be aware of. Stakeholders should work together to
understand the barriers to meaningful translation of nearly two decades of evidence
supporting metformin use for diabetes prevention into the real world. Lifestyle intervention
remains the first-line treatment, but metformin is an evidence-based treatment option that
can also be considered for higher-risk patients.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. PRISMA 2009 flow diagram from Moher et al.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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Table 1.

National Care Guidelines

Guideline, Wording regarding metformin use in prediabetes

Year

ADA, 201870 “Metformin therapy for prevention of type 2 diabetes should be considered in those with prediabetes, especially for
those with BMI 235 kg/m?, those aged <60 years, and women with prior gestational diabetes mellitus”

ISCI, 201471 “Metformin therapy for prevention of T2DM may be considered in those with IGT, IFG or an Alc, especially for those

with BMI >35 kg/m?, aged <60 years, and women with prior GDM”

AACE/ACE, 20157

“In addition to lifestyle modification, medications including metformin, acarbose, or thiazolidinediones (TZDs) should
be considered for patients who are at moderate-to-high risk for developing DM, such as those with a first-degree relative
with DM”

VA/DoD, 201073

“When lifestyle modifications have been ineffective at preventing a sustained rise in glucose, the patient may be offered
pharmacologic therapy with a metformin or an alpha-glucosidase inhibitor (e.g., acarbose) to delay progression from
pre-diabetes to a diagnosis of diabetes”

The 2017 VA/DoD Guidelines for Management of Diabetes in Primary Care does not cover diabetes prevention.

ADA, American Diabetes Association; ISCI, Institute for Clinical Systems Improvement, AACE/ACE, American Association of Clinical

Endocrinologists; VA/DoD, Veteran’s Health Administration/Department of Defense; DPP, Diabetes Prevention Program; GDM, gestational
diabetes mellitus; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; T2DM, type 2 diabetes mellitus.
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