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RESEARCH ARTICLE

Are we there yet? Increasing use of cardioprotective antihyperglycemic agents
in patients with T2D and CVD or CV risk in the United States

Reema Modya, Juliana Meyersb, Maria Yua, Keith Davisb and Joshua A. Levinea

aLilly Corporate Center, Eli Lilly and Company, Indianapolis, IN, USA; bRTI Health Solutions, Research Triangle Park, NC, USA

ABSTRACT
Objective: To report on the use of antihyperglycemic agents (AHAs) by age (i.e. <65, �65 years) in
patients with type 2 diabetes (T2D) and cardiovascular disease (CVD) or cardiovascular risk (CV risk)
factors in the United States.
Methods: Patients with T2D and CVD (CVD cohort) or T2D and an additional CV risk factor without
pre-existing CVD (CV risk cohort) were identified from 2015 to 2019 in a claims database. Patients
were followed from their first observed CVD diagnosis or CV risk factor for each year they were con-
tinuously enrolled or until occurrence of a CVD diagnosis (CV risk cohort only). Classes of AHAs
received were reported by year, cohort, and age group.
Results: From 2015 to 2019, the percentage of patients <65 years on glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) increased (CVD: 9–17%, CV risk: 9–17%) and was approximately twice that of
those �65 years (CVD: 4–8%, CV risk: 4–8%); the percentage of patients <65 years on sodium-glucose
cotransporter-2 (SGLT2) inhibitors increased (CVD: 11–16%, CV risk: 11–17%) and was approximately
triple that of those �65 years (CVD: 3–6%, CV risk: 4–7%).
Conclusions: The use of GLP-1 RAs and SGLT2 inhibitors increased during the study period; however,
most patients did not receive these medications. Patients aged �65 years were particularly
disadvantaged.
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1. Introduction

It is estimated that more than 30 million Americans, or 9.4%
of the population of the United States (US), have diabetes
[1]. Type 2 diabetes (T2D) is estimated to account for more
than 95% of all diabetes cases in the US and most often
develops in people over the age of 45 years [2].
Cardiovascular disease (CVD) has been shown to be a major
cause of death and disability among patients with diabetes
[3,4], with adults with diabetes tending to have a higher
prevalence rate of CVD compared with adults without dia-
betes [5]. A recent worldwide study estimated that CVD
affects approximately one-third of all patients with T2D and
was the cause of death in almost 50% of patients with T2D
[6]. Furthermore, previous research has suggested that the
economic impact of CVD is substantial and contributes to
between 20 and 49% of the total direct costs associated with
treating T2D [7].

Historically, the focus of T2D treatment has been on main-
taining good glycemic control. Starting in 2015, there was
evidence published on the cardiovascular benefits of
sodium-glucose cotransporter-2 (SGLT2) inhibitors and gluca-
gon-like peptide-1 receptor agonists (GLP-1 RAs), with
American Diabetes Association (ADA) recommending the use

of empagliflozin or liraglutide for patients with long-stand-
ing, suboptimally controlled T2D and established atheroscler-
otic cardiovascular disease, in 2017 [8]. Currently, two classes
of antihyperglycemic agents (AHAs) approved for the treat-
ment of T2D also have demonstrated cardiovascular (CV)
benefits: SGLT2 inhibitors (i.e. empagliflozin, canagliflozin,
and dapagliflozin) and GLP-1 RAs (i.e. liraglutide, semaglu-
tide, and dulaglutide). Furthermore, the 2020 ADA guidelines
recommend treatment with empagliflozin, canagliflozin,
dapagliflozin, liraglutide, semaglutide, or dulaglutide for
patients with T2D and either established atherosclerotic CVD
or multiple atherosclerotic CVD risk factors to reduce the risk
of major adverse CV events and heart failure hospitaliza-
tion [1].

Despite the available published evidence on the benefits
of certain SGLT2 inhibitors and GLP-1 RAs since 2015 and
2016, respectively, and the recommendations for their use in
patients with atherosclerotic CVD in the ADA guidelines pub-
lished since 2017 [8], previous studies have reported that
only a low percentage of patients with T2D and CVD receive
AHA therapy with CV benefits [9–11]. However, Hamid et al.
and Pantalone et al. conducted their studies in individual
medical centers between 2013 and 2019, while Arnold and
colleagues, whose data were included in an ongoing registry
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between 2016 and 2018, evaluated patients with atheroscler-
otic CVD and T2D. Results generated from these previous
analyses may not be nationally representative of the general
T2D population with CVD and CV risk. Additionally, there is a
lack of real-world published data on the longitudinal
changes in prescribing patterns for GLP-1 RAs and SGLT2
inhibitors as well as an understanding of patient characteris-
tics for patients with T2D and CVD or patients with T2D and
additional CV risk factors. Furthermore, to our knowledge, no
published information exists regarding treatment patterns of
AHAs among patients with T2D and CV risk factors.

This retrospective observational study was undertaken to
provide more recent information and fill noted gaps in the
literature regarding the utilization of classes of AHAs by year
(over a 5-year time period) in patients with T2D and CVD
and CV risk factors. Specifically, the key objective of this ana-
lysis of administrative health insurance claims data was to
evaluate two cohorts of patients with T2D (i.e. patients with
T2D and CVD and patients with T2D and at least one add-
itional CV risk factor without pre-existing CVD) to assess
trends in AHA prescribing patterns between 2015 and 2019,
stratified by age group (i.e. <65 years, �65 years).

2. Methods

2.1. Data source

This study used deidentified data from the IBM Watson Health
Analytics’ MarketScan (MarketScan) Commercial Claims and
Encounters (CCAE) and the Medicare Supplemental databases.
The CCAE database contains medical and drug utilization data
for nearly 60 million unique individuals, encompassing enroll-
ees in both employer-sponsored and private health insurance
plans. In total, more than 100 large employers and 12 unique
health plans across the US are represented in the database.
Similarly, the Medicare Supplemental database contains med-
ical and drug utilization data for individuals with supplemen-
tal insurance paid by employers and includes both the
Medicare- and employer-covered portions of payment.

For this study, data between 1 January 2015, and 30
September 2019 (which represented the 5 most recent years
of data available at the time this study was conducted), for
all patients with at least one diagnosis of T2D (International
Classification of Diseases, 9th Revision, Clinical Modification
[ICD-9-CM] codes 250.x0, 250.x2 or International Classification
of Diseases, 10th Revision, Clinical Modification [ICD-10-CM]
code E11.xx), representing 4,859,172 unique individuals,
were used.

Because the data used in this analysis were deidentified,
retrospective, and preexisting, RTI International’s Institutional
Review Board determined that this study did not classify as
research with human subjects.

2.2. Patient selection criteria and study cohorts

Two cohorts of patients with T2D were evaluated in this
study: all patients with CVD (CVD cohort) and all patients
with at least one additional CV risk factor without pre-

existing CVD (CV risk cohort). Patients were selected for
inclusion in the CVD cohort if they had a medical claim with
evidence of CVD (i.e. a diagnosis of acute coronary syn-
dromes [excluding myocardial infarction], carotid arterial dis-
ease, coronary artery disease, heart failure, ischemic stroke,
left ventricular hypertrophy, myocardial infarction, peripheral
artery disease, transient ischemic attack, or a procedure code
for a coronary artery bypass graft or percutaneous coronary
interventions) between 1 January 2015, and 30 September
2019 (Figure 1(A)). The date of the first observed claim with
evidence of CVD during the study period was termed the
CVD index date and the calendar year during which the CVD
index date occurred was termed the index year. Patients in
the CVD cohort were required to have at least two claims
with a diagnosis of T2D (ICD-9-CM codes 250.x0, 250.x2; or
ICD-10-CM code E11.xx) at least 30 days apart either before
or during the index year. Patients in the CVD cohort were
also required to be �18 years of age on their CVD index
date and to have continuous health plan enrollment for the
index year. Patients in the CVD cohort were followed for
each calendar year they remained continuously enrolled in
the health plan or until the end of the database, whichever
occurred first.

Patients were included in the CV risk cohort if they had
evidence of a CV risk factor (i.e. a diagnosis on a medical
claim for hyperlipidemia, hypertension, obesity, a history of
smoking, or microalbuminuria or macroalbuminuria or
receipt of a prescription for a likely CV-related medication
[i.e. aspirin, beta blockers, calcium channel blockers, angio-
tensin-converting enzyme inhibitors, angiotensin receptor
blockers, diuretics, antithrombotics, or antihyperlipidemics])
without pre-existing CVD, in addition to the diagnosis of
T2D, between 1 January 2015, and 30 September 2019, with
the date of the first observed CV risk factor defining the CV
risk index date (and the calendar year during which the CV
risk index date occurred termed the index year) (Figure 1(B)).
Patients in the CV risk cohort were required to have at least
two claims for T2D on separate dates at least 30 days apart
either before or during the index year, be aged �18 years on
the CV risk index date, and have continuous health plan
enrollment for the entire index year. Patients in the CV risk
cohort were excluded from the study if they had a CVD
event or received an antiplatelet medication (excluding
aspirin monotherapy, as aspirin monotherapy may have been
used for primary prevention) either before or during the
index year. Patients in the CV risk cohort were followed for
each calendar year they remained continuously enrolled in
the health plan and did not have a CVD diagnosis or until
the end of the database, whichever occurred first.

Patients were excluded from the CVD and CV risk cohorts
if they had evidence of type 1 diabetes (T1D). Because mis-
coding of T1D in a T2D population may be common,
patients were allowed to remain in the study if they had a
T1D diagnosis so long as the total number of T1D diagnoses
observed on all claims during the index year was lower than
the total number of T2D diagnoses observed on all claims
during the index year. Patients also were excluded from the
CVD and CV risk cohorts if they had a diagnosis of end-stage
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renal disease (ICD-9-CM code 585.6 or ICD-10-CM code
N18.6) or stage 5 chronic kidney disease (ICD-9-CM code
585.5 or ICD-10-CM code N18.5) at any point in time.

2.3. Study measures

Study measures for both cohorts included patient demo-
graphics, clinical characteristics, and classes of AHAs received.
Demographic characteristics were measured at the index
date and included age, sex, insurance type (i.e. commercial,
Medicare), health plan type, year of index date, and geo-
graphic location.

Clinical characteristics included comorbidities, diabetes
severity, and CVD or CV risk characteristics. To summarize
patients’ overall comorbidity burden, the Charlson
Comorbidity Index (CCI) score was calculated during the index
year [12–14]. Diabetes severity was measured during the index
year using the Diabetes Complications Severity Index (DCSI)
[15,16]. The numbers and percentages of patients with diag-
noses of other conditions of interest (i.e. obesity, hypertension,
hyperlipidemia) during the index year were also reported.

Among patients in the CVD cohort, the types of CVD
events observed during the index year were reported.

Similarly, among patients in the CV risk cohort, the types of
CV risk factors observed during the index year were reported.
The percentages of patients receiving any antihyperglycemic
medication along with the classes of AHAs that were
received in each calendar year were reported for patients in
both cohorts. Classes of AHAs included biguanides, GLP-1
RAs overall, GLP-1 RAs with CVD benefit (i.e. albiglutide, dula-
glutide, liraglutide, semaglutide), SGLT2 inhibitors (i.e. empa-
gliflozin, ertugliflozin, canagliflozin, and dapagliflozin; note:
all SGLT2 inhibitors except ertugliflozin have CVD benefit),
insulin, sulfonylureas, dipeptidyl peptidase-4 (DPP-4) inhibi-
tors, and thiazolidinediones (note: the percentages of
patients receiving meglitinides and alpha-glucosidase inhibi-
tors were small and did not tend to vary over time; there-
fore, data for these medication classes were not shown).
Patients were considered to have received medication in a
class if they had at least one prescription claim for the medi-
cation at any point in the calendar year.

2.4. Data analysis

Analyses of patient demographics, clinical characteristics, CVD
and CV risk characteristics, and treatment patterns were

Figure 1. Study schemas. (A) CVD cohort. (B) CV risk cohort. Abbreviations. CV, cardiovascular; CVD, cardiovascular disease; T2DM, type 2 diabetes mellitus.
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descriptive and entailed the tabular display of mean values,
medians, ranges, and standard deviations for continuous varia-
bles and frequency distributions and percentages for categor-
ical variables. All analyses were reported by cohort and
stratified by patient age group (i.e. <65 years, �65 years).

The generalized estimating equations (GEEs) method was
used to evaluate factors associated with the use of SGLT2
inhibitors and GLP-1 RAs over time. This method accounted
for missing data as well as for the correlation of outcomes
arising from repeated measures across individual patients in
multiple years of follow-up. Odds ratios (ORs) were reported
for all variables of interest. Dependent variables were flags
for the presence of a pharmacy claim for an SGLT2 inhibitor
or GLP-1 RA in each calendar year of follow-up observed for
the patient. Covariates that were included in the GEE models
included year of measurement, demographics (i.e. age, sex,
geographic region), clinical characteristics (i.e. diagnoses of
obesity, hyperlipidemia), and treatment history (i.e. previous
use of an AHA, antihypertensive, and cholesterol-lowering
medications).

All analyses were conducted using SAS version 9.4 (Cary,
NC, USA).

3. Results

3.1. CVD cohort

Of the total 4,859,172 patients with at least 1 diagnosis of
T2D, 1,208,938 patients (25%) were identified as having a
CVD event. Of these patients, 693,910 patients met all of the
selection criteria for the CVD cohort, with 55.6% of these
patients aged <65 years. Demographic characteristics of
these patients are presented in Table 1.

The most common CVD conditions observed in the first
year of follow-up were coronary artery disease, peripheral
artery disease, and heart failure (Table 2). Both the CCI and
DCSI scores were slightly higher for patients aged �65 years
compared with patients aged <65 years (Table 2).
Approximately one-third of patients had a diagnosis of obes-
ity in the first year of follow-up (39.1% aged <65 years and
23.1% aged �65 years). Diagnoses of hyperlipidemia and
hypertension were common in the first year of follow-up;
these percentages did not tend to vary by patient age.

Approximately three-quarters of patients received at least
one AHA and this proportion remained approximately the
same over time (overall: range, 72.7% in 2019 to 75.0% in
2015; age <65 years: range, 73.7% in 2019 to 77.9% in 2015;
age �65 years: range, 70.5% in 2019 to 72.8% in 2016 [data
not shown]). Regardless of the calendar year or age group,
metformin was the most common AHA received (Figure
2(A–C)). A quarter of the patients received insulin and sulfo-
nylureas in 2015, and the percentages of patients receiving
these medications decreased slightly over time; these results
were observed overall and in both patient age groups.
Approximately 16.6% of patients received DPP-4 inhibitors in
2015; this percentage did not tend to change over time, and
results were consistent for both patient age groups. In 2015,
the percentage of patients receiving thiazolidinediones was Ta
bl
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low (less than 5%), and this percentage did not vary over
time or by patient age group.

Overall, the percentage of patients receiving any GLP-1
RA (regardless of whether the medication had CV benefit or
not) increased from 6.2% in 2015 to 14.4% in 2019. The per-
centage of patients receiving GLP-1 RAs with CV benefit
increased from 4.5% in 2015 to 13.1% in 2019. Similarly, the
percentage of patients receiving SGLT2 inhibitors increased
from 6.3% in 2015 to 13.3% in 2019. The percentage of
patients receiving any GLP-1 RA and the percentage of
patients receiving GLP-1 RAs with CV benefit ranged from
9.2% in 2015 to 17.3% in 2019 and 6.8% in 2015 to 15.8% in
2019, respectively, among patients aged <65 years and
ranged from 3.9% in 2015 to 8.1% in 2019 and 2.7% in 2015
to 7.0% in 2019, respectively, among patients aged
�65 years. Similarly, the percentage of patients receiving
SGLT2 inhibitors ranged from 10.6% in 2015 to 16.3% in
2019 among patients aged <65 years and ranged from 2.9%
in 2015 to 6.5% in 2019 among patients aged �65 years.

The likelihood of receipt of GLP-1 RAs and SGLT2 inhibi-
tors was found to increase with increasing calendar year,
even after results were controlled for previous receipt of the
medication (Tables 3 and 4). Females were slightly more
likely to receive GLP-1 RAs and slightly less likely to receive
SGLT2 inhibitors compared with males, while patients aged
�65 years were less likely to receive either GLP-1 RAs or
SGLT2 inhibitors compared with patients aged <65 years. A
higher CCI score was also associated with an increased likeli-
hood of receipt of either GLP-1 RAs or SGLT2 inhibitors, with
the ORs tending to increase with increasing CCI score.
Diagnoses of obesity and hyperlipidemia in the calendar year
of the index date were also associated with an increased
likelihood of receipt of either GLP-1 RAs or SGLT2 inhibitors,
while receipt of a cholesterol-lowering medication or any
antihypertensive agent was associated with a decreased like-
lihood of receipt of either a GLP-1 RA or an SGLT2 inhibitor.

3.2. CV risk cohort

Of the 4,859,172 patients with at least 1 diagnosis of T2D,
3,853,320 patients (79%) were identified as having an add-
itional CV risk factor. Of these patients, 1,244,610 patients
met all of the inclusion criteria for the CV risk cohort, with
82.5% of these patients aged <65 years. Demographic char-
acteristics of these patients are presented in Table 1. The
most common additional CV risk factors were prescribed
pharmaceuticals (i.e. a prescription claim for aspirin, beta
blockers, calcium channel blockers, angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, diuretics,
antithrombotics, or antihyperlipidemics), diagnoses of hyper-
lipidemia, and diagnoses of hypertension (Table 2). Almost
one-third of patients had a diagnosis of obesity in the index
year (30.5% among patients aged <65 years and 17.7%
among patients aged �65 years) (Table 2).

Approximately three-quarters of patients received any
AHA, and this percentage remained approximately the same
over time (overall: range, 76.2% in 2019 to 77.5% in 2015;
age <65 years: range, 76.4% in 2019 to 78.5% in 2015; age

�65 years: range, 73.6% in 2019 to 74.3% in 2018 [data not
shown]). Regardless of the calendar year or patient age, met-
formin was the most common AHA received (Figure 3(A–C)).
In 2015, one-quarter of patients received sulfonylureas, and
this proportion decreased slightly over time; these results
were observed overall and in both patient age groups.
Additionally, the percentages of patients receiving insulin or
DPP-4 inhibitors were similar and did not vary over time or
by patient age group. In 2015, the percentage of patients
receiving thiazolidinediones was low, and the percentage of
patients receiving this medication remained approximately
the same over time overall and by patient age group.

Overall, the percentage of patients receiving any GLP-1
RA (regardless of whether the medication had CV benefit or
not) increased from 7.9% in 2015 to 16.5% in 2019. The per-
centage of patients receiving GLP-1 RAs with CV benefit
increased from 5.8% in 2015 to 15.1% in 2019. Similarly, the
percentage of patients receiving SGLT2 inhibitors increased
from 9.7% in 2015 to 16.6% in 2019. The percentage of
patients receiving any GLP-1 RA and the percentage of
patients receiving GLP-1 RAs with CV benefit ranged from
9.0% in 2015 to 17.2% in 2019 and 6.6% in 2015 to 15.7% in
2019, respectively, among patients aged <65 years and
ranged from 4.2% in 2015 to 8.1% in 2019 and 2.7% in 2015
to 7.0% in 2019, respectively, among patients aged
�65 years. Similarly, the percentage of patients receiving
SGLT2 inhibitors ranged from 11.4% in 2015 to 17.4% in
2019 among patients aged <65 years and ranged from 3.6%
in 2015 to 6.6% in 2019 among patients aged �65 years.

The likelihood of receipt of GLP-1 RAs and SGLT2 inhibi-
tors was found to increase with increasing calendar year,
even after results were controlled for previous receipt of the
medication (Tables 3 and 4). Females were slightly more
likely to receive GLP-1 RAs and slightly less likely to receive
SGLT2 inhibitors compared with males, while patients aged
�65 years were less likely to receive either GLP-1 RAs or
SGLT2 inhibitors compared with patients aged <65 years. A
higher CCI score was also associated with an increased likeli-
hood of receipt of either GLP-1 RAs or SGLT2 inhibitors.
Diagnoses of obesity and hyperlipidemia in the calendar year
of the index date were also associated with an increased
likelihood of receipt of either GLP-1 RAs or SGLT2 inhibitors.
Prior receipt of a cholesterol-lowering medication or any
antihypertensive agent was associated with a decreased like-
lihood of receipt of a GLP-1 RA or an SGLT2 inhibitor.

4. Discussion

To our knowledge, this study is the first nationwide real-
world analysis evaluating trends in AHA prescribing patterns
between 2015 and 2019 in a large population of insured
patients with T2D from across all four US census regions.
Overall, this analysis found that the percentage of patients
receiving GLP-1 RAs and SGLT2 inhibitors increased over
time for patients in the CVD cohort (GLP-1 RA: range,
6.2–14.4%; SGLT2 inhibitor: range, 6.3–13.3%) and for
patients in the CV risk cohort (GLP-1 RA: range, 7.9–16.5%;
SGLT2 inhibitor: range, 9.7–16.6%). Additionally, this study
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also found that patients with a diagnosis of obesity or hyper-
lipidemia had an increased likelihood of receipt of either
GLP-1 RAs or SGLT2 inhibitors.

Several previous studies have evaluated the use of SGLT2
inhibitors and GLP-1 RAs within single institutions or regis-
tries. For example, Pantalone and colleagues [11] evaluated
patients with T2D and CVD who were seen at the Cleveland
Clinic and found that in 2016, utilization of GLP-1 RAs and
SGLT2 inhibitors was low, with only 4.1 and 2.5% of patients
with T2D and CVD receiving these medications, respectively.
Arnold and colleagues [9] evaluated patients with athero-
sclerotic CVD and T2D in a US-based registry between 2016
and 2018 and observed that at the point of entry into the
registry, 9.0% of patients were receiving an SGLT2 inhibitor,
while 7.9% of patients were receiving a GLP-1 RA. Hamid
et al. [10] evaluated patients with T2D and CVD between
2013 and 2019 at an academic medical center in Mississippi
and observed that only 1.4% of patients received an SGLT2
inhibitor and only 1.6% of patients received a GLP-1 RA.

The small increase in the percentages of patients receiv-
ing SGLT2 inhibitors and GLP-1 RAs between 2015 and 2019
observed in the present analysis may be due to several fac-
tors, including increased awareness, additional physician

experience with these medication classes, and the publica-
tion of studies showing the CV benefits of these medication
classes during this time frame [17–25].

The present study found that there is a difference in the
use of GLP-1 RAs and SGLT2 inhibitors between patients
aged <65 years and those aged �65 years. Specifically, for
patients in both the CVD and CV risk cohorts, the percen-
tages of those aged <65 years on GLP-1 RAs was approxi-
mately twice those observed for patients aged �65 years,
while the percentages of patients aged <65 years on SGLT2
inhibitors was approximately triple those observed for
patients aged �65 years. Although this study was not able to
look at reasons for differences in prescribing patterns, the
lower percentages of patients receiving GLP-1 RAs and
SGLT2 inhibitors observed among patients aged �65 versus
<65 years may be due to several factors. As the aim of anti-
hyperglycemic treatment has historically been achievement
of HbA1c goals, physicians may be less willing for older (and
potentially frail) patients who have achieved good glycemic
control on established medication classes to be switched to
newer agents. Furthermore, Medicare reimbursement of
these medications may lag behind commercial approval,
thereby resulting in high out-of-pocket costs associated with

Figure 2. Antihyperglycemic treatment classes received in the CVD cohorta. (A) Overallb. (B) Patients aged <65 yearsc. (C) Patients aged �65 yearsd. Abbreviations.
CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-like peptide-1 receptor agonist; SGLT2, sodium-glucose cotransporter-2. aGLP-1 RAs
included albiglutide, dulaglutide, exenatide, liraglutide, lixisenatide, and semaglutide (oral and subcutaneous). GLP-1 RAs with labeled CVD benefit included dulaglutide,
liraglutide, and semaglutide (subcutaneous only). SGLT2 inhibitors included canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin. All these medications, except
ertugliflozin, have proven CVD benefit. bThe percentage of patients receiving any AHA ranged from 72.7% in 2019 to 75.0% in 2015. cThe percentage of patients receiv-
ing any AHA ranged from 73.7% in 2019 to 77.9% in 2015. dThe percentage of patients receiving any AHA ranged from 70.5% in 2019 to 72.7% in 2015.
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these medications for Medicare beneficiaries. Luo and col-
leagues [26] evaluated coverage, formulary restrictions, and
out-of-pocket costs for GLP-1 RAs and SGLT2 inhibitors
among patients in Medicare Part D. They found that cover-
age for these medications without prior authorization and
without step therapy requirements ranged from 53.2 to
95.4%, indicating that patients had reasonable access to
these medications; however, the mean annual out-of-pocket
costs for these medications ranged from $1,211 to $2,447,
which may be unaffordable for many older adults.

While this and previous studies have observed that rela-
tively few patients with T2D and CVD receive AHA with CV
benefit, this study found that a substantial proportion of
patients (range, 26% in 2015 to 21% in 2019) were receiving
sulfonylureas. Though the proportion of patients in the pre-
sent analysis receiving sulfonylureas decreased over time, it
is important to note that the percentage of patients receiv-
ing this class of AHA remained higher than the percentages
of patients receiving GLP-1 RAs and SGLT2 inhibitors. This
finding was observed despite sulfonylureas having been
shown to be associated with hypoglycemia and weight gain
in patients with T2D [27].

The present study also found that a substantial proportion
of patients received DPP-4 inhibitors, and the percentage of
patients receiving DPP-4 inhibitors did not change over time

(range, 16.6% in 2015 to 15.2% in 2019). A recent study by
Newman and colleagues [28] evaluated an administrative
claims database in which patients with T2D switched from
DPP-4 inhibitors to either a GLP-1 RA or an SGLT2 inhibitor.
The analysis by Newman and colleagues [28] observed that
patients switching to a GLP-1 RA or an SGLT2 inhibitor had a
lower incidence rate of inpatient admissions and lower total
unadjusted medical costs compared with patients remaining
on DPP-4 inhibitors. This suggests that patients may benefit
(in the form of reduced inpatient admissions) from switching
from DPP-4 inhibitors to either GLP-1 RAs or SGLT2 inhibi-
tors, while health plans may benefit from switching in terms
of reduced health care costs.

Despite the potential benefits of treatment switching and
augmentation, clinical inertia, defined as a lack of treatment
changes or intensification despite not reaching glycemic
goals, is common in patients with T2D, and previous studies
have estimated that this phenomenon is experienced by up
to 50% of patients with T2D [29]. While clinical inertia may
partially explain the slow uptake in GLP-1 RAs and SGLT2
inhibitors, the prescribing of GLP-1 RAs and SGLT2 inhibitors
may be further inhibited by the current health care system
in the US and by a lack of comprehensive care plans for
patients spanning multiple physician specialties [30].
Furthermore, it has been hypothesized that a rebranding of

Table 3. Factors associated with use of SGLT2 inhibitors, by cohorta.

Level CVD cohort CV risk cohort

Odds ratio 95% CI p Value Odds ratio 95% CI p Value

Lower limit Upper limit Lower limit Upper limit

Calendar year, reference ¼ 2015
2016 1.18 1.16 1.19 <.0001 1.14 1.13 1.15 <.0001
2017 1.30 1.28 1.31 <.0001 1.25 1.24 1.25 <.0001
2018 1.26 1.25 1.28 <.0001 1.28 1.28 1.29 <.0001
2019 1.39 1.37 1.41 <.0001 1.42 1.41 1.44 <.0001

Geographic region, reference¼West
Northeast 1.54 1.51 1.58 <.0001 1.45 1.43 1.47 <.0001
North Central 1.00 0.97 1.02 .9571 0.96 0.94 0.97 <.0001
South 1.46 1.43 1.50 <.0001 1.29 1.27 1.30 <.0001
Missing/Unknown 0.93 0.81 1.06 .2788 0.98 0.92 1.06 .6761

Sex, reference¼male
Female 0.83 0.82 0.84 <.0001 0.85 0.84 0.86 <.0001

Age on index date, reference< 65 years
�65 0.67 0.66 0.68 <.0001 0.62 0.61 0.63 <.0001

CCI score in the index calendar year, reference ¼ 0
1 0.67 0.66 0.68 .0003 1.68 1.15 2.44 .0068
2 1.53 1.21 1.94 <.0001 2.11 1.45 3.08 <.0001
3 2.18 1.73 2.75 <.0001 1.97 1.36 2.87 .0004
�4 2.13 1.69 2.68 <.0001 2.17 1.49 3.16 <.0001

Diagnosis of obesity in the index calendar year 1.09 1.08 1.11 <.0001 1.09 1.08 1.10 <.0001
Diagnosis of hyperlipidemia in the index calendar year 1.31 1.29 1.33 <.0001 1.29 1.28 1.30 <.0001
Drug categories previously received
SGLT2 inhibitors 7.32 7.17 7.47 <.0001 3.94 3.90 3.99 <.0001
GLP-1 RAs 1.34 1.31 1.37 <.0001 1.19 1.17 1.20 <.0001
Biguanides 0.89 0.88 0.90 <.0001 0.79 0.79 0.80 <.0001
Sulfonylureas 1.04 1.02 1.05 <.0001 1.06 1.05 1.07 <.0001
Meglitinides 0.82 0.78 0.87 <.0001 0.93 0.89 0.97 .0014
Thiazolidinediones 1.06 1.03 1.09 <.0001 1.00 0.99 1.02 .5540
DPP-4 inhibitors 1.27 1.25 1.29 <.0001 1.30 1.28 1.31 <.0001
Alpha-glucosidase inhibitors 0.91 0.83 1.01 .0765 0.98 0.91 1.05 .5012
Insulin 0.83 0.82 0.85 <.0001 0.85 0.84 0.86 <.0001
Any antihypertensive agent 0.29 0.28 0.29 <.0001 0.56 0.56 0.56 <.0001
Cholesterol-lowering medication 0.59 0.58 0.60 <.0001 0.76 0.76 0.77 <.0001

Abbreviations. CCI, Charlson Comorbidity Index; CI, confidence interval; CV, cardiovascular; CVD, cardiovascular disease; DPP-4, dipeptidyl peptidase-4; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; SGLT2, sodium-glucose cotransporter-2.
aGeneral estimating equations were used to account for repeated measures from patients contributing data for more than 1 calendar year.
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SGLT2 inhibitors and GLP-1 RAs as cardiometabolic medica-
tions may further assist in the uptake of these medications
through an increase in prescribing of these medications by
cardiologists [30].

This study has several limitations common to retrospect-
ive analyses of administrative claims data. Diagnoses in the
databases were coded using ICD-9-CM and ICD-10-CM codes,
which are subject to inaccuracies. Limited information was
available on diagnoses that occurred before the start of the
database; therefore, it was not possible to ensure patients in
the CV risk cohort had not had a CVD event before the start
of the study period. We required that all patients had at least
1 calendar year of continuous health plan enrollment.
Therefore, this study may be biased toward a healthier popu-
lation of patients with T2D and CVD or T2D and additional
CV risk factors, as those patients who died within the calen-
dar year (e.g. from acute myocardial infarction) would have
been excluded from the study. No information was available
in the database on laboratory test results, longitudinal
weight, or smoking history. Evaluation of obesity and smok-
ing history as CV risk factors was based on diagnosis codes,
and these diagnoses likely were undercoded in the adminis-
trative claims data. As most patients in the overall T2D popu-
lation were identified as having at least 1 CV risk factor (i.e.
nearly 80% of the overall T2D population had at least 1 add-
itional CV risk factor), no control population of patients

without CVD or CV risk was evaluated. Finally, no information
was available in the database on reason for prescription, so
it was not possible to determine why a physician prescribed
a medication or to evaluate their rationale for selecting one
medication class versus another.

5. Conclusions

To our knowledge, this is the first nationwide, retrospective,
real-world study evaluating AHA treatment patterns in the
years leading up to and after publication of the 2017 ADA
guidelines (when GLP-1 RAs and SGLT2 inhibitors were first
recommended for patients with CVD). While the use of GLP-
1 RAs and SGLT2 inhibitors increased during the study
period, even in 2019, most patients in the CVD and CV risk
cohorts did not receive these cardioprotective AHAs, and
patients aged �65 years were particularly disadvantaged.

Preventing cardiovascular events in patients with T2D has
the potential to reduce both additional disease burden and
health care costs in patients. We recognize that a paradigm
shift in the treatment of patients with T2D and CVD or CV
risk factors would not be expected to occur immediately
after release of new recommendations, and it will take time
for physicians to alter their prescribing habits in the face of
new evidence. Future studies should be conducted to

Table 4. Factors associated with use of GLP-1 RAs, by cohort.

Level CVD cohort CV risk cohort

Odds ratio 95 % CI p Value Odds ratio 95 % CI p Value

Lower limit Upper limit Lower limit Upper limit

Calendar year, reference ¼ 2015
2016 1.20 1.19 1.21 <.0001 1.17 1.16 1.17 <.0001
2017 1.32 1.31 1.34 <.0001 1.30 1.30 1.31 <.0001
2018 1.41 1.39 1.43 <.0001 1.47 1.45 1.48 <.0001
2019 1.54 1.52 1.56 <.0001 1.70 1.69 1.71 <.0001

Geographic region, reference¼West
Northeast 1.48 1.44 1.51 <.0001 1.37 1.35 1.39 <.0001
North Central 1.02 1.00 1.05 .0911 0.96 0.95 0.97 <.0001
South 1.37 1.34 1.40 <.0001 1.12 1.11 1.14 <.0001
Missing/Unknown 0.74 0.64 0.86 .0001 0.76 0.70 0.82 <.0001

Sex, reference¼male
Female 1.04 1.03 1.06 <.0001 1.11 1.10 1.11 <.0001

Age on index date, reference< 65 years
�65 0.80 0.79 0.81 <.0001 0.74 0.73 0.75 <.0001

CCI score in the index calendar year, reference ¼ 0
1 0.80 0.79 0.81 .0022 1.79 1.20 2.66 .0040
2 1.45 1.14 1.84 <.0001 2.35 1.58 3.49 <.0001
3 2.02 1.60 2.56 <.0001 2.27 1.53 3.38 <.0001
�4 2.01 1.59 2.54 <.0001 2.66 1.79 3.96 <.0001

Diagnosis of obesity in the index calendar year 1.29 1.28 1.31 <.0001 1.26 1.25 1.27 <.0001
Diagnosis of hyperlipidemia in the index calendar year 1.27 1.25 1.29 <.0001 1.24 1.23 1.26 <.0001
Drug categories previously received
GLP-1 RAs 10.86 10.65 11.08 <.0001 5.80 5.73 5.87 <.0001
SGLT2 inhibitors 1.57 1.55 1.60 <.0001 1.41 1.39 1.42 <.0001
Biguanides 0.80 0.79 0.81 <.0001 0.71 0.71 0.72 <.0001
Sulfonylureas 1.06 1.05 1.08 <.0001 1.07 1.06 1.08 <.0001
Meglitinides 0.99 0.95 1.05 .8217 1.05 1.01 1.10 .0112
Thiazolidinediones 1.12 1.09 1.15 <.0001 1.10 1.09 1.12 <.0001
DPP-4 inhibitors 1.01 1.00 1.03 .0863 1.09 1.08 1.10 <.0001
Alpha-glucosidase inhibitors 0.99 0.90 1.09 .9034 1.09 1.01 1.17 .0197
Insulin 1.12 1.11 1.14 <.0001 1.07 1.06 1.08 <.0001
Any antihypertensive agent 0.27 0.26 0.27 <.0001 0.52 0.51 0.52 <.0001
Cholesterol-lowering medication 0.57 0.56 0.58 <.0001 0.74 0.74 0.75 <.0001

Abbreviations. CCI, Charlson Comorbidity Index; CI, confidence interval; DPP-4, dipeptidyl peptidase-4; GLP-1 RA, glucagon-like peptide-1 receptor agonist;
SGLT2, sodium-glucose cotransporter-2.
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describe the treatment utilization trends as more recent data
become available.
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