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Purpose: Prediabetes is a serious public health concern, with 34.5% of US adults meeting the criteria
for prediabetes. The American Diabetes Association has highlighted metformin therapy as a considera-
tion for individuals with BMI > 35 kg/m?, those aged < 60 years, and women with a history of gesta-
tional diabetes. We examined metformin prescription rates among a national sample of commercially

insured, higher risk patients with prediabetes.

Methods: We gathered 2012 to 2018 demographic, laboratory, and prescription data for 53,551
patients with prediabetes from the IBM MarketScan research database. Qur primary outcome was met-
formin prescription rates 1 or 3 years after a laboratory confirmation of prediabetes among patients

who have a BMI > 35 kg/m” or are aged < 60 years.

Results: Overall, 2.4% (n = 1,124) of patients received a metformin prescription within 1 year of a lab-
oratory confirmed prediabetes result, including 2.4% of patients aged < 60 years and 10.4% of those with
BMI > 35 kg/m’. By a 3 year follow-up, 4.1% (n = 1901) received a metformin prescription, including 3.9%
of patients aged < 60 years and 14.0% with BMI > 35 kg/m”. Patients who developed type 2 diabetes within
the 1 (n = 2,769) or 3 year (n = 7,268) follow-up periods were excluded from analysis.

Conclusions: Few prediabetes patients who were either obese or aged < 60 years received a met-
formin prescription between 2012 and 2018. Prescription rates increased slightly between 1 and 3
years after a prediabetes diagnosis, so strategies to support timely intervention among higher risk
patients with prediabetes are critically needed. (J Am Board Fam Med 2022;35:821-826.)
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Introduction

Diabetes is a serious public health concern, with
10.2% of the US adult population diagnosed and an
additional 2.8% undiagnosed with the condition." In
2017, diabetes ranked as the seventh leading cause of
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death the US, with total direct and indirect costs of
$327 billion." Type 2 diabetes is often preceded by
prediabetes, characterized as blood glucose levels that
are elevated above normal, but not high enough to be
classified as diabetes. Adults with prediabetes are at an
increased risk of developing type 2 diabetes. In the
US, 88 million adults (34.5%) currently have predia-
betes,' which is approximately 1 in 3 individuals.
Evidence suggests that delaying or preventing the
transition to type 2 diabetes may have implications for
life expectancy and quality of life.>™ Type 2 diabetes
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Figure 1. Study flow diagram. Abbreviations: FPG,
fasting plasma glucose; HbAlc, glycohemoglobin Alc.
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conversion rates vary depending on the individual and
situation, with national prospective cohort studies
showing conversion ranging from 6 to 11% annu-
ally.® Studies have shown diabetes incidence can be
reduced through effective preventive interventions,
such as participation in intensive lifestyle change pro-
grams (LCP) like the National Diabetes Prevention
Program (National DPP) lifestyle change program, or
with pharmacotherapy such as metformin.””?
Unfortunately, referral and uptake of interventions to
prevent or delay type 2 diabetes remain low.
Although national clinical recommendations
identify metformin therapy as an effective

preventive intervention,'*'* there is no Food and
Drug Administration (FDA) indication for metfor-
min use for diabetes prevention and treatment effects
may vary depending on risk levels of the individual.”
Clinical recommendations highlight metformin use
for 3 higher risk groups: individuals with BMI
>35 kg/m’, those aged < 60 years, and women with a
history of gestational diabetes where it has been
shown comparably effectve to lifestyle modifica-
tion."* In addition to potential for type 2 diabetes
risk reduction, metformin therapy is also a feasible
strategy in real world settings, given its association
with cost savings." Thus, our goal was to focus on
metformin prescription rates for the 3 groups identi-
fied as most likely to benefit. In this report, we exam-
ine rates of metformin prescription among a national
sample of commercially insured US patients with a
BMI >35 kg/m’ or aged < 60 years.

Methods
We conducted a retrospective analysis of deidentified
data from a national cohort of commercially insured

patients derived from a database containing elec-
tronic health record (EHR) and claims data

Table 1. Characteristics of Patients with at Least One
Laboratory Result in Prediabetes Range

n (%)

Total 53,551
Sex

Male 22,809 (42.5)

Female 30,742 (57.5)
Age (years)

18 to 29 1,091 (2.0)

30 to 39 2,970 (5.5)

40 to 49 7,337 (13.7)

50 to 59 16,183 (30.2)

60+ 25,970 (48.5)
Body Mass Index (BMI) (kg/m?)

Underweight (< 18.5) 403 (0.8)

Normal (18.5 —24.9) 4,405 (8.2)

Overweight 25 - 29.9) 8,964 (16.7)

Class 1 Obese (30 — 34.9) 7,496 (14.0)

Class 2 or 3 Obese (35 >) 7,963 (14.9)

No BMI recorded 24,230 (45.4)
Transition to diabetes*

< 1lyear 2,769 (5.2)

< 3years 7,268 (13.6)

*Patients with prediabetes who recorded a diabetes diagnosis
within one or three years of initial laboratory result, based on

ICD-10 code.
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Table 2. Proportion of Patients with Prediabetes Receiving a Metformin Prescription, Based on American

Diabetes Association (ADA) Criteria (n = 53,551)

No Diabetes Diagnosis ~ Metformin Prescription ~ No Diabetes Diagnosis ~ Metformin Prescription
Population <1 Year* <1 Year (%) <3 Years* <3 Years (%)
Total population with 50,782 1,214 (2.4) 46,283 1,901 (4.1)
prediabetes
Age <60 years 26,553 632 (2.4) 24,200 948 (3.9)
BMI > 35 kg/m?" 4,609 481 (10.4) 4,065 569 (14.0)
Age < 60 years & 3,024 318 (10.5) 2,660 368 (13.8)

BMI > 35 kg/m?!

“Indicates number of patients with a type 2 diabetes diagnosis in subsequent one or three years from date of first laboratory result in

prediabetes range.

TBMI within = 365 days of first laboratory result in prediabetes range.

Abbreviation: BMI, body mass index.

including, outpatient services, inpatient services, lab-
oratory values, and prescription drugs, for approxi-
mately 4.1 million commercially insured US patients
from the 2012 to 2018 IBM MarketScan research
database. Variables extracted from these files
included age, sex, results for glycemic laboratory
tests, body mass index (BMI), diagnosis codes,
and a dichotomous indicator for receipt of a met-
formin prescription.

Our study included patients aged 18years and
older with at least 1 laboratory confirmed result in
the prediabetes range: fasting plasma glucose (FPG:
100 to 125 mg/dL) or glycohemoglobin Alc (HbAlc:
5.7-6.4%). Laboratory results were excluded when a
prior primary or secondary diagnosis of type 2 diabe-
tes was indicated by an International Classification of
Diseases, Tenth Revision (ICD-10) code with a prefix
of E11 and were extracted from outpatient service
claims to indicate a history of diabetes before a labo-
ratory result. Laboratory results indicating a type 2
diabetes diagnosis within specified follow-up periods
(1 or 3 years) were excluded from analysis. Patients
with a history of end stage renal disease (ESRD)
based on ICD-10 code N18.6, and patients currently
pregnant, ICD-10 code with prefix of Z33, were also
excluded. Finally, women with a history of gestational
diabetes were excluded from analysis due to very low
sample sizes.

We obtained BMI values within 1 year of a
patient’s qualifying laboratory result in the pre-
diabetes range date, with the nearest date selected
when multiple values were in that period. Date of
metformin prescriptions after a laboratory result
were classified into 2 groups: within 1 year or
within 3 years. Indications of a metformin

prescription within these groups were aggregated
at the patient level (Figure 1).

Results

Among the 139,274 patients with available labora-
tory result(s), 53,551 (38.4%) had at least 1 labora-
tory result in the prediabetes range and a mean age
of 58.9years. Approximately 57% (n = 30,472) of
the study population met the American Diabetes
Association’s (ADA) higher risk criteria for 1 of the
subgroups: 14.9% (n = 7963) BMI criteria for met-
formin therapy (35>kg/m?) and 51.5% (n =
27,582) were aged < 60years (with no comorbid-
ities). No BMI values were recorded for 45.4% (n =
24,230) of the population. Progression from predia-
betes to type 2 diabetes within 1 year or 3 years of
initial laboratory result occurred in 5.2% and 13.5%
of patients, respectively (Table 1).

Overall, 1214 patdents (n = 50,782; 2.4%)
received a metformin prescription in the first year
after a laboratory confirmation of prediabetes and
1901 patients (n = 46,283; 4.1%) received a metfor-
min prescription within 3 years (Table 2). Rates of
metformin prescriptions 1 year after a prediabetes
laboratory confirmation varied by ADA risk sub-
group; 2.4% of those aged < 60years and 10.4% of
those with a BMI> 35 kg/m” received a prescrip-
tion. When the window for metformin prescription
was increased to 3 years, rates of metformin therapy
increased to 3.9% for those aged < 60years and
14.0% for those with BMI > 35 kg/m”. For patients
who met both criteria (aged <60years and
BMI >35kg/m?), metformin prescription rates
were 10.5% within the first year and 13.8% within
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Figure 2. Density plots for glycohemoglobin (HA1c) laboratory results in prediabetes range, with American
Diabetes Association (ADA) criteria. *Body mass index (BMI) panel includes only patients with most recent BMI
measurement * 365 days from time of first glycohemoglobin Alc (HbAlc) laboratory result.
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3 years. Kernel density plots demonstrate varying
distributions of laboratory results between males
and females who meet ADA-criteria for metformin
therapy (Figures 2 and 3).

Discussion

Our study finds very low rates of metformin
prescribing after a laboratory documentation of predia-
betes among a large national sample of commercially
insured patents. Even among groups recommended
for consideration of metformin treatment, about 1 in
50 patients aged < 60 years (2.4%) and 1 in 10 patients
with BMI > 35 kg/m” received a metformin prescrip-
tion (10.4%) between 2012 and 2018.

Clinical recommendations for prediabetes treat-
ment specify that patients with prediabetes should
be offered effective prevention interventions to pre-
vent or delay progression to type 2 diabetes. Our
results demonstrate the lack of utilization of 1 such

prevention interventon of metformin therapy.
Previous studies examining metformin prescriptions

have also found low prescribing rates. Our study

shows this practice has changed very little in real-
world settings up to 2018.'%'¢ Since the annual pro-
gression rate from prediabetes to type 2 diabetes
can be as high as 11% in certain populations, these
delays represent missed opportunities to delay or
prevent progression to type 2 diabetes among adults
who are at higher risk.”

The low prescription rates found in our study

may be due to barriers encountered during clinical
encounters, such as limited time with patients and
challenges of managing multiple existing chronic

conditions. Additional barriers may include a lack of

familiarity of the clinical recommendations among
prescribers, a lack of FDA approval for metformin
for prediabetes, a lack of experience or comfort coun-
seling patients about prediabetes treatment options,
patient preference for lifestyle change over
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Figure 3. Density plots for Fasting Plasma Glucose (FPG) laboratory results in prediabetes range, with American
Diabetes Association (ADA) criteria. *Body mass index (BMI) panel includes only patients with most recent BMI
measurement * 365 days from time of first FPG laboratory result.
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pharmacotherapy for prediabetes, and prescriber
concerns about patients’ medication adherence or
potential adverse effects. After extending the time
frame for metformin prescription from 1 to 3 years
after prediabetes lab confirmation, we found small
increases in prescriptions, from 1.5 to 3.6 percentage
points. This suggests that adults with prediabetes
may be more likely to receive a metformin prescrip-
tion as the duration of their diagnosis increases and
that prescribers may be willing to initiate metformin
therapy for prediabetes among specific patients.
There are several limitations in this study.
Approximately 45% of patients did not have a BMI
value recorded within 1 year of their initial labora-
tory value, limiting our ability to examine metfor-
min prescription rates for those meeting the ADA
criteria of BMI>35kg/m?. Our study was only
focused on medication prescribing patterns, rather
than adherence to the prescriptions. Furthermore,
prediabetes is determined only by an HbAlc or

FPG lab test and does not consider oral glucose tol-
erance tests. We were unable to ascertain participa-
ton in lifestyle change programs, such as the
National Diabetes Prevention Program. Prevalence
of prediabetes in this population may have been over-
estimated, given the criteria of a single abnormal lab
value in the follow-up periods. In addition, we were
unable to determine metformin prescription rates
among women with a history of gestational diabetes,

due to the low sample size. Given the current lack

of FDA approval for metformin treatment in
patients with prediabetes, this may be a barrier to
physician prescriptions. Finally, the claims data-
base used may not fully encompass a patient’s med-
ical history, with respect to laboratory values,
chronic disease, or anthropometric measurements.

Conclusion
Our findings show that, despite the strong body of evi-

dence and recommendations indicating the benefits of
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metformin therapy for certain adults with prediabetes,
prescribing rates remain low. The most recent US
Preventive Services Task Force Recommendation
Statement and updated Evidence Review have added
metformin among diabetes prevention interven-
tions."”!”*® These changes may help overcome some of
these prescribing barriers. Future research and interven-
tions may inform understanding and implementation of
comprehensive care management strategies to curb the
transition from prediabetes to type 2 diabetes in the US

To see this article online, please go to: bttp://jabfm.org/content/
35/4/821 full.

References

1. National Diabetes Statistics Report, 2020. Centers
for Disease Control and Prevention. Published
2021. Available from: https://www.cdc.gov/diabetes/
pdfs/data/statistics/national-diabetes-statistics-report.
pdf.

2. Makrilakis K, Liatis S, Tsiakou A, et al.
Comparison of health-related quality of Life
(HRQOL) among patients with pre-diabetes, dia-
betes and normal glucose tolerance, using the 15D-
HRQOL questionnaire in Greece: the DEPLAN
study. BMC Endocr Disord 2018;18:32.

3. Leal J, Becker F, Feenstra T, et al. Health-related
quality of life for normal glycaemia, prediabetes and
type 2 diabetes mellitus: cross-sectional analysis of
the ADDITION-PRO study. Diabet Med 2022;39:
e14825.

4. Sattar N, Rawshani A, Franzen S, et al. Age at diag-
nosis of type 2 diabetes mellitus and associations
with cardiovascular and mortality risks. Circulation
2019;139:2228-37.

5. Knowler WC, Fowler SE, et al. 10-year follow-up
of diabetes incidence and weight loss in the
Diabetes Prevention Program Outcomes Study.
Lancet. Diabetes Prevention Program Research

G2009;374:1677-86.

6. Yeboah J, Bertoni AG, Herrington DM, Post WS,
Burke GL. Impaired fasting glucose and the risk of
incident diabetes mellitus and cardiovascular events in
an adult population: MESA (Multi-Ethnic Study of
Atherosclerosis). ] Am Coll Cardiol 2011;58:140-6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Wu J, Ward E, Threatt T, Lu ZK. Metformin pre-
scribing in low-income and insured patients with pre-
diabetes. ] Am Pharm Assoc (2003) 2017;57:483-7.
Tseng E, Yeh HC, Maruthur NM. Metformin use
in prediabetes among U.S. adults, 2005-2012.
Diabetes Care 2017;40:887-93.

Moin T, Schmittdiel JA, Flory JH, et al. Review of
metformin use for type 2 diabetes prevention. Am J
Prev Med 2018;55:565-74.

Nhim K, Khan T, Gruss SM, et al. Primary care
providers’ prediabetes screening, testing, and
referral behaviors. Am J Prev Med 2018;55:e39-
e47.

Mainous AG, 3rd, Tanner RJ, Baker R. Prediabetes
diagnosis and treatment in primary care. ] Am
Board Fam Med 2016;29:283-5.

Schmittdiel JA, Adams SR, Segal ], et al. Novel
use and utility of integrated electronic health
records to assess rates of prediabetes recognition
and treatment: brief report from an integrated
electronic health records pilot study. Diabetes
Care 2014;37:565-8

US Preventive Services Task Force. Screening for
prediabetes and type 2 diabetes: US Preventive
Services Task Force recommendation statement.
JAMA 2021;326:736-43.

American Diabetes Association. Prevention or
delay of type 2 diabetes: standards of medical care
in diabetes-2020. Diabetes Care 2020;43:S32-
S36.

Diabetes Prevention Program Research Group.
The 10-year cost-effectiveness of lifestyle interven-
tion or metformin for diabetes prevention. Diabetes
Care 2012;35:723-30. doi:10.2337/dc11-1468.

Moin T, Li J, Duru OK, et al. Metformin prescrip-
tion for insured adults with prediabetes from 2010
to 2012: a retrospective cohort study. Ann Intern
Med 2015;162:542-8.

Gregg EW, Moin T. New USPSTF recommenda-
tions for screening for prediabetes and type 2 diabe-
tes: an opportunity to create national momentum.
JAMA 2021;326:701-3.

Jonas DE, Crotty K, Yun JDY, et al. Screening for
prediabetes and type 2 diabetes: updated evidence

report and systematic review for the US Preventive
Services Task Force. JAMA 2021;326:744-60.

826 JABFM July—August 2022 Vol. 35 No. 4

http://www.jabfm.org

ybuAdoo Aq pa1osiold 1senb Ag €20z 1snbny z uo /Bio"wigel mmw/:dny wouij papeojumoq "zzoz AINC Lz Uo G8¥0TZ 70°2Z0Z wiqelizzTe 0T Se paysiignd 1s11y :ps|N wed preog wy


http://jabfm.org/content/35/4/821.full
http://jabfm.org/content/35/4/821.full
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
http://www.jabfm.org/

