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Abstract

Background: High-quality diabetes care is evidence-based, timely, and equitable. Sodium-glucose cotransporter-2
inhibitors (SGLT2i) are the most recently approved class of glucose-lowering medications with additional cardio-
and renal-protective benefits and low risk of hypoglycemia. Cardiovascular and kidney disease are among the most
common chronic diabetes complications, whereas hypoglycemia is the most prevalent adverse effect of glucose-
lowering therapy. We examine the sociodemographic and clinical factors associated with early SGLT2i initiation
and appropriateness of use based on contemporaneous scientific evidence.
Materials and Methods: Retrospective analysis of medical and pharmacy claims data from OptumLabs� Data
Warehouse for commercially insured and Medicare Advantage adult beneficiaries with diabetes types 1 and 2,
who filled any glucose-lowering medication between January 1, 2013 and December 31, 2016. Demographic
(age, sex, race, income), clinical (comorbidities), and insurance-related factors affecting first prescription for a
SGLT2i were examined using multivariable logistic regression.
Results: Among 1,054,727 adults with pharmacologically treated diabetes, 7.2% (n = 75,500) initiated a
SGLT2i. Patients with prior myocardial infarction (MI) (odds ratio [OR]: 0.94, 95% confidence interval [CI]:
0.91–0.96), heart failure (HF) (OR: 0.93, 95% CI: 0.91–0.94), kidney disease (OR: 0.80, 95% CI: 0.78–0.81),
and severe hypoglycemia (OR: 0.96, 95% CI: 0.94–0.98) were all less likely to start a SGLT2i; P < 0.001 for
all. SGLT2i were also less likely to be started by patients ‡75 years (OR: 0.57, 95% CI: 0.55–0.59, vs. 18–44
years), Black patients (OR: 0.93, 95% CI: 0.91–0.95, vs. White), and those with Medicare Advantage insurance
(OR: 0.63, 95% CI: 0.62–0.64, vs. commercial).
Conclusions: Younger, healthier, non-Black patients with commercial health insurance were most likely to start
taking SGLT2i. Patients with MI, HF, kidney disease, and prior hypoglycemia were less likely to use SGLT2i,
despite evidence supporting their preferential use in these patients. Efforts to address this treatment-risk paradox
may help improve health outcomes among patients with type 2 diabetes.
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Introduction

More than 30 million U.S. adults, or 12.2% of the adult
population, have diabetes.1 High quality patient-

centered diabetes care is predicated on managing glucose-
lowering pharmacotherapy to reduce risk of immediate- and
long-term diabetes complications, prevent adverse drug re-
actions, address pertinent comorbidities, and minimize bur-
den of treatment while supporting a healthy lifestyle and
addressing social determinants of health.2 Sodium-glucose
cotransporter 2 inhibitors (SGLT2i) are the most recently
approved class of glucose-lowering medications. Their use in
select clinical contexts—specifically with concurrent hyper-
tension, heart failure (HF), cardiovascular disease (CVD),
or at-risk for hypoglycemia—is supported by scientific
evidence3–6 and recommended by American Diabetes As-
sociation (ADA),7 American Association of Clinical En-
docrinologists (AACE),8 European Association for the Study
of Diabetes (EASD),9 and American Heart Association
(AHA)10 clinical guidelines.

CVD is the most common comorbidity among people
with diabetes and contributes the most to their morbidity
and mortality.11 Nearly 74% of people with diabetes
have hypertension,1 18% have coronary heart disease,12

and 9%–22% have HF.13 Similarly, severe hypoglycemia
is a common, yet potentially preventable, adverse event in
diabetes management, affecting as many as 17% of people
with type 2 diabetes.14 SGLT2i may be a preferred agent
to be considered in these contexts; yet, little is known about
how they were incorporated into real-world diabetes man-
agement and, specifically, whether their early use was
aligned with the clinical contexts for which they are most
beneficial.

Three SGLT2i were approved by the U.S. Food and Drug
Administration (FDA) before publication of cardiovascular
outcome trials demonstrating improved CVD, HF, and kid-
ney outcomes with their use3–6: canagliflozin (March 2013),
dapagliflozin ( January 2014), and empagliflozin (August
2014). They act by inhibiting SGLT2 in the proximal con-
voluted tubule, thereby preventing active glucose reabsorp-
tion and facilitating glycosuria in a glucose-dependent,
insulin-independent fashion. Early on, it was apparent that
SGLT2i are not associated with weight gain or hypoglyce-
mia, but can lower blood pressure and weight, thereby
making them particularly attractive treatment options for
overweight or obese patients, patients with comorbid HF or
hypertension, patients at risk for hypoglycemia, and the el-
derly.7 While approved as an add-on medication for the
management of type 2 diabetes, SGLT2i have also been used
off-label by patients with type 1 diabetes.15–17

The decision to initiate SGLT2i therapy is likely impacted
by clinician familiarity,18–23 patient interest, insurance cov-
erage and cost considerations, and adverse effect concerns.
Most notable safety concerns that emerged early on included
genitourinary tract infections, dehydration, acute kidney
injury,24,25 as well as rare but serious events such as lower
extremity amputations,5,26,27 bone density loss and frac-

tures,28–30 and ketoacidosis.31 The goal of patient-centered
diabetes pharmacotherapy is therefore to align the risk/
benefit ratios of available treatment options to achieve
maximal benefit with least probability of harm.

The degree to which this occurred for SGLT2i early in the
course of their availability on the market following FDA ap-
proval, particularly in the context of emerging safety con-
cerns, is unknown. Earlier studies revealed a risk/treatment
paradox in the management of CVD (focused on statin and HF
medications), whereby highest risk patients who are also most
likely to benefit from the studied interventions, were least
likely to receive them.32,33 To identify opportunities to bet-
ter align glucose-lowering therapies with patient context and
clinical necessity in a timely manner, we examined the pat-
terns and corollaries of SGLT2i initiation by commercially
insured and Medicare Advantage beneficiaries with diabetes
(types 1 and 2) across the U.S. between 2013 and 2016.

Materials and Methods

Study design

We retrospectively analyzed medical and pharmacy claims
from OptumLabs� Data Warehouse (OLDW), a deidentified
dataset of privately insured and Medicare Advantage en-
rollees in a large, private, U.S. health plan (Appendix
Methods).34,35 OLDW contains longitudinal health infor-
mation on enrollees, representing 19% of commercially
insured and 19% of Medicare Advantage beneficiaries, re-
sulting in a diverse mixture of ages, races/ethnicities, and
geographic regions across the U.S. The health plan provides
comprehensive insurance coverage for physician, hospital,
and prescription drug services. This study was exempt from
review by the Mayo Clinic Institutional Review Board, as it
involves research solely on preexisting and deidentified data.

Study population

The study population included adults (‡18 years) with di-
abetes mellitus type 1 or type 2 who filled less than one
glucose-lowering medication (Appendix Table A1) between
January 1, 2013 and December 31, 2016. Diabetes was as-
certained using Healthcare Effectiveness Data and Informa-
tion Set (HEDIS) claims-computable criteria36 applied to 12
months preceding the index medication fill date. All patients
were required to have 12 months of continued medical and
pharmacy enrollment before the index date. Patients with only
gestational diabetes (International Classification of Diseases,
9th edition [ICD-9] codes 648.0, 648.8; ICD-10 O24.x) were
not included.

Primary outcome

Initiation of SGLT2i (canagliflozin, dapagliflozin, and
empagliflozin) therapy was defined as the first filled pre-
scription for any SGLT2i with no fills 12 months prior. Use
was characterized as first-line (no other glucose-lowering
medication filled in preceding 12 months), add-on (one or
more additional medication filled during the 120 days before
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and after SGLT2i initiation, and none discontinued), or re-
placement (one or more additional medication filled in the
120 days before SGLT2i initiation, and at least one dis-
continued after initiation).

Independent variables

Patient characteristics included age, sex, race/ethnicity,
U.S. region of residency, and type of health plan (commercial
vs. Medicare Advantage). Variables describing the clinical
setting included prescriber specialty, number of evalua-
tion and management (E&M) visits with clinicians (primary
care, endocrinology, cardiology, other) during the preceding
12 months, diabetes type, and comorbidities. Comorbidities
were ascertained using ICD codes from E&M visits in the
12 months preceding the index date. We measured the (1)
overall comorbidity burden, measured by the Charlson Co-
morbidity Index37; (2) presence of diabetes complications,
measured by an adaptation of the diabetes complications
severity index and its individual components38; and (3) pres-
ence of myocardial infarction (MI), HF, cerebrovascular
disease, chronic kidney disease (CKD), hypertension, and can-
cer (except for skin cancer). Patients with type 1 diabetes
were included in the study to assess the degree to which
SGLT2i were used off-label in this population. Diabetes type
was ascertained on the basis of ICD codes and medications
filled during 12 months preceding the index prescription fill
date, consistent with previously published approaches.39,40

Specifically, type 1 diabetes was assumed for patients who
had >0.5 ratio of type 1 diabetes to type 2 diabetes ICD codes,
were treated with insulin, and had no fills for any glucose-
lowering medications, except for metformin and SGLT2i. All
other patients were considered to have type 2 diabetes. ICD
codes indicative of type 1 diabetes included ICD-9 250.x1
and 250.x3, and ICD-10 codes E10.xxx and O24.0xx. ICD
codes indicative of type 2 diabetes included ICD-9 250.x0
and 250.x2, and ICD-10 E11.xxx and O24.1xx.

Statistical analysis

SGLT2i-users were compared with patients who had no
fills for a SGLT2i during the study period (nonusers). These
patients were identified on the basis of the first pharmacy
claim for any non-SGLT2i glucose-lowering drug, catego-
rized as shown in Appendix Table A1. The two cohorts
(SGLT2i users and nonusers) were mutually exclusive.

Baseline characteristics of SGLT2i and non-SGLT2i co-
horts are reported as frequencies with percentages for cate-
gorical data and mean with standard deviations (SDs) for
continuous variables. Differences in baseline characteristics
of patients in the two cohorts were compared using w2 tests
for categorical variables and t-tests for continuous variables.
Multivariable logistic regression was used to assess predic-
tors of SGLT2i use with results presented as odds ratios (ORs)
and 95% confidence intervals (CIs). In addition, multinomial
logistic regression was used to assess predictors for SGLT2i
initiation as add-on versus first-line therapy.

The monthly rates of new SGLT2i users per 1000 phar-
macologically treated adults with diabetes over time were
calculated by specific SGLT2i drug, as well as by insurance
type, prescriber specialty, and diabetes type. All analyses were
conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC).

Results

The study cohort was composed of 1,054,727 adults with
pharmacologically treated diabetes, of whom 7.2% (75,500)
were treated with a SGLT2i (Table 1). The vast majority
(70.0%) were taking canagliflozin. Index medications for the
remaining 979,227 patients were metformin (37.5%), sulfo-
nylurea (21.6%), insulin (22.7%), DPP-4 inhibitors (DPP-4i)
(9.0%), GLP-1 receptor analogs (GLP-1RA) (2.3%), thia-
zolidinedione (3.5%), and others (0.6%). Diagnosis of type 1
diabetes was present in 1.2% of SGLT2i users and 3.7% of
nonusers; P < 0.001. Most SGLT2i were prescribed by pri-
mary care clinicians (32% family medicine, 24% internal
medicine), whereas 23.4% were prescribed by endocrinolo-
gists; P < 0.001.

SGLT2i users were younger than nonusers, with mean
age 56.5 (SD, 10.7) versus 62.2 (SD, 13.3) years; P < 0.001
(Table 1) and were more likely to have commercial health
insurance (75.5% vs. 46.8%; P < 0.001). Compared with
other drugs, SGLT2i were prescribed less frequently to
women (44.5% vs. 48.5%) and Black patients (12.3% vs.
16.3%); all P < 0.001.

Characteristics of patients receiving SGLT2i changed over
time, as demonstrated in Appendix Table A2. The most no-
table change was the increase in the mean age of patients
initiating SGLT2i therapy, with the proportion of patients
‡65 years increasing from 12.4% of those treated in 2013 to
27.5% in 2016; P < 0.001. The proportion of patients with
Medicare Advantage health coverage similarly increased
from 14.3% in 2013 to 31.8% in 2016; P < 0.001. Another
substantial change was in the proportion of patients newly
initiated on a SGLT2i who were treated with insulin, de-
creasing from 55.0% in 2013 to 31.6% in 2015; P < 0.001.

Trends in SGLT2i initiation over time

Rates of SGLT2i initiation increased in 2013 through 2015
but declined in 2016. Canagliflozin, the first SGLT2i to be
approved by the FDA (March 2013), was the most frequently
prescribed throughout the study period (Fig. 1A). Dapagli-
flozin began to be prescribed shortly after it was approved
(January 2014), but its initiation rates began to decline after
January 2015. Empagliflozin, the third SGLT2i to be approved,
was rarely prescribed between its approval in August 2014
until December 2014 but started to be prescribed after January
2015 and has been slowly gaining in market share since.

Trends in SGLT2i initiation varied among patients
with commercial and Medicare Advantage health coverage
(Fig. 1B). Patients with commercial health insurance were
started on SGLT2i earlier, and its use among them rose more
rapidly, than among those with Medicare Advantage health
plans. Endocrinologists began to prescribe SGLT2i earlier
than other specialties and did so at a more rapid rate until early
2015, when the rate of SGLT2i initiation decreased more
precipitously among endocrinologists than other specialties
(Fig. 1C). Use among patients with type 1 diabetes paralleled
that in type 2 diabetes, with initial increase between 2013 and
2015, and progressive decline in 2015 and 2016 (Fig. 1D).

Factors associated with SGLT2i initiation

Endocrinologists were the most likely to start a SGLT2i,
with odds of SGLT2i initiation 10% to 15% higher than for
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Table 1. Study Population

SGLT2i (n = 75,500) Non-SGLT2i (n = 979,227) P

Demographics
Age (years), mean (SD) 56.5 (10.7) 62.2 (13.3) <0.001
Age category (years), n (%) <0.001

18–44 10,090 (13.4) 101,111 (10.3)
45–64 49,302 (65.3) 409,148 (41.8)
65–74 12,680 (16.8) 291,780 (29.8)
‡75 3428 (4.5) 177,188 (18.1)

Sex, n (%) <0.001
Female 33,620 (44.5) 474,810 (48.5)
Male 41,880 (55.5) 504,417 (51.5)

Race/ethnicity, n (%) <0.001
White 49,665 (65.8) 615,336 (62.8)
Black 9265 (12.3) 159,274 (16.3)
Hispanic 11,254 (14.9) 122,937 (12.6)
Asian 2734 (3.6) 41,051 (4.2)
Other/unknown 2582 (3.4) 40,629 (4.1)

U.S. census region, n (%) <0.001
Midwest 18,239 (24.2) 264,947 (27.1)
Northeast 7784 (10.3) 145,145 (14.8)
South 40,988 (54.3) 454,779 (46.4)
West 8449 (11.2) 113,630 (11.6)
Other/unknown 40 (0.1) 726 (0.1)

Health insurance, n (%) <0.001
Commercial 56,993 (75.5) 458,627 (46.8)
Medicare Advantage 18,507 (24.5) 520,600 (53.2)

Diabetes type and complications
Diabetes type, n (%) <0.001

Type 1 diabetes 1254 (1.7) 36,052 (3.7)
Type 2 diabetes 74,246 (98.3) 943,175 (96.3)

Diabetes complications count, n (%) <0.001
0 36,011 (47.7) 441,826 (45.1)
1 21,338 (28.3) 264,558 (27.0)
2 10,293 (13.6) 142,133 (14.5)
3 4789 (6.3) 75,308 (7.7)
‡4 3069 (4.1) 55,402 (5.7)

Diabetes complications, n (%)
Retinopathy 10,801 (14.3) 139,556 (14.3) 0.68
Nephropathy 9591 (12.7) 157,419 (16.1) <0.001
Neuropathy 17,408 (23.1) 190,195 (19.4) <0.001
Cerebrovascular disease 3816 (5.1) 78,965 (8.1) <0.001
Cardiovascular disease 16,013 (21.2) 277,269 (28.3) <0.001
Peripheral vascular disease 6370 (8.4) 108,852 (11.1) <0.001
Hyperglycemic events 1311 (1.7) 16,527 (1.7) 0.32
Hypoglycemic events 4388 (5.8) 53,166 (5.4) <0.001

Additional comorbidity burden
Charlson index, mean (SD) 2.4 (1.8) 2.6 (2.1) <0.001
Charlson index category, n (%) <0.001

0–1 35,458 (47.0) 431,401 (44.1)
2 9756 (12.9) 137,802 (14.1)
3 15,003 (19.9) 164,054 (16.8)
‡4 15,283 (20.2) 245,970 (25.1)

Key comorbidities, n (%)
Acute myocardial infarction 1809 (2.4) 34,070 (3.5) <0.001
Heart failure 4125 (5.5) 92,407 (9.4) <0.001
Cerebrovascular disease 4452 (5.9) 95,396 (9.7) <0.001
Chronic kidney disease 5067 (6.7) 114,389 (11.7) <0.001
Hypertension 60,320 (79.9) 776,973 (79.3) <0.001
Cancer 3956 (5.2) 75,407 (7.7) <0.001

Treatment regimen
Baseline insulin use 32,761 (43.4) 222,632 (22.7) <0.001
Number of drugs at baseline <0.001

0 7215 (9.6) 302,546 (30.9)
1 21,994 (29.1) 400,817 (40.9)

(continued)
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nonendocrine specialties; P < 0.001 for all specialties com-
pared with endocrinology (Fig. 2). Middle-aged patients (age
45–64 years) were most likely to start a SGLT2i (OR: 1.43
[95% CI: 1.41–1.46] vs. 18–44 years), whereas patients ‡75
years were least likely (OR: 0.57, 95% CI: 0.55–0.59). Even

after adjustment for age, comorbidities, and other factors,
patients with Medicare Advantage health plans were less
likely to start a SGLT2i than those with commercial insur-
ance (OR: 0.63, 95% CI: 0.62–0.64). Type 1 diabetes de-
creased the odds of SGLT2i initiation only by half (OR: 0.46,

Table 1. (Continued)

SGLT2i (n = 75,500) Non-SGLT2i (n = 979,227) P

2 27,141 (35.9) 206,148 (21.1)
‡3 19,150 (25.4) 69,716 (7.1)

Number of drugs after index drug initiation <0.001
1 6221 (8.2) 609,283 (62.2)
2 23,526 (31.2) 277,283 (28.3)
3 28,076 (37.2) 80,497 (8.2)
‡4 17,677 (23.4) 12,164 (1.2)

Prescribing specialty, n (%) <0.001
Endocrinology 17,659 (23.4) 82,049 (8.4)
Family medicine 24,297 (32.2) 373,344 (38.1)
Internal medicine 18,342 (24.3) 325,997 (33.3)
Cardiology 353 (0.5) 10,180 (1.0)
Pediatrics 119 (0.2) 2684 (0.3)
Other/unknown 14,730 (19.5) 184,973 (18.9)

Baseline patient characteristics at the time that either a SGLT2i or another glucose-lowering drug was first started.
SD, standard deviation; SGLT2i, sodium-glucose cotransporter-2 inhibitors.

FIG. 1. Trends in SGLT2i initiation. Rates of SGLT2i initiation per 100,000 adults with pharmacologically treated
diabetes are shown by drug (A), health insurance coverage (B), diabetes type (C), and prescriber specialty (D). SGLT2,
sodium-glucose cotransporter-2.
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95% CI: 0.44–0.47), despite SGLT2i not being approved to
use in type 1 diabetes. Compared with patients living in the
Midwest, patients living in all other U.S. regions were more
likely to start a SGLT2i, with the highest probability among
patients living in the South (OR: 1.39, 95% CI: 1.30–1.49).
Patient sex and race/ethnicity also affected the odds of
SGLT2i initiation, with women less likely to be started on a

SGLT2i than men, and Black patients less likely, but His-
panic and Asian patients more likely, to be started on a
SGLT2i than White patients.

The presence of all comorbidities, with the sole exception
of hypertension, decreased the odds of SGLT2i initiation.
Patients with hypertension were more likely to be treated
with a SGLT2i (OR: 1.10, 95% CI: 1.09–1.12). Patients with

FIG. 2. Predictors of SGLT2i initiation. Multivariable logistic regression analysis of the odds of SGLT2i initiation.
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a history of severe hypoglycemia were less likely to be
treated with a SGLT2i (OR: 0.96, 95% CI: 0.94–0.98), as
were patients with a history of severe hyperglycemia (OR:
0.95, 95% CI: 0.92–0.98), after adjustment for other con-
current glucose-lowering therapies, including insulin.

We also examined whether the odds of starting a SGLT2i
differed depending on whether it was the first-line or add-on
medication (Appendix Table A3). The odds of first-line and
second-line SGLT2i initiation were generally similar, except
that patients 45–64 years of age were more likely to start a
SGLT2i as an add-on agent (OR: 1.28, 95% CI: 0.12–1.31
compared with patients 18–44 years), but they were less
likely to start it as a first-line agent (OR: 0.90, 95% CI: 0.85–
0.96). Women were less likely to add a SGLT2i than men
(OR: 0.95, 95% CI: 0.93–0.96), but were more likely to start
it as a first-line agent (OR: 1.12, 95% CI: 1.06–1.17).

Clinical context of SGLT2i initiation

SGLT2i were started as first-line agents in 9.6% of patients
(3.9% as monotherapy and 5.6% as combination therapy).
They replaced other glucose-lowering medications in 4.3%
of patients and were add-on agents in 86.1%. When the
SGLT2i was started, 65.8% of patients were using metfor-
min, 32.0% sulfonylurea, 24.3% DPP-4i, 16.7% GLP-1RA,
and 43.4% insulin. With the initiation of SGLT2i therapy,
11.9% of metformin-treated patients discontinued metfor-
min, 22.8% of sulfonylurea-treated patients discontinued
sulfonylurea, 25.2% of DPP-4i-treated patients discontin-
ued DPP-4i, 22.4% of GLP-1RA-treated patients discon-
tinued GLP-RA, and 10.6% of insulin-treated patients
discontinued their insulin.

Discussion

In this study of commercially insured and Medicare Ad-
vantage beneficiaries with type 2 or type 1 diabetes across the
U.S., SGLT2i were initiated most often by lowest-risk pa-
tients (i.e., young, with fewer comorbidities), without the
health conditions most likely to benefit from their preferential
use (i.e., CVD, HF, CKD, hypoglycemia), and with apparent
racial/ethnic, regional, and insurance-based disparities in use.
Moreover, while SGLT2i are approved and guideline re-
commended as second-line agents for the management of
type 2 diabetes, they were commonly prescribed as first-line
agents and occasionally used by patients with type 1 diabetes.
Temporal analyses of SGLT2i initiation also revealed po-
tential impacts of FDA- and European Medical Association
(EMA)-issued warnings,24,28,31,41,42 health plan formulary
decisions, inclusion in clinical practice guidelines,43–45 and
emerging cardiovascular outcome trial data3 on the rates of
SGLT2i initiation.

Early in the course of SGLT2i introduction into clinical
practice, they were first recommended for use by AACE/
ACE as third-line agents in May 2013,46 as second-line
agents by NICE in June 2014,47 and as second-line agents by
ADA and AACE/ACE in January 2015.43,48 In January 2016,
AACE/ACE recommended special consideration of SGLT2i
in the context of HF and CVD49 in recognition of the recently
published EMPA-REG trial.3 Yet, the presence of HF, MI,
and prior hypoglycemia, all significantly decreased the odds
of SGLT2i initiation. There are several potential explanations
for this treatment/risk paradox, which was previously ob-

served in the case of statin32 and ACE inhibitor/angiotensin
receptor blocker33 therapies. Clinicians may not have been
aware of emerging class-specific benefits of SGLT2i and as
a result prescribed these new, costly agents to patients they
believed warranted a more intensive approach to therapy:
younger patients and those with less comorbidity. This
awareness gap is expected to be greater among generalists as
compared with endocrinologists, contributing to the much
lower odds of SGLT2i initiation by internal medicine and
family medicine clinicians. Still, even before publication of
the cardiovascular outcome trials, SGLT2i were supported by
the same level of evidence as the glucose-lowering medica-
tions considered in the comparator group, including GLP-
1RA and DPP-4i. Similarly, patients with comorbidities may
have been wary of starting a new medication, either due to
existing polypharmacy or concerns about adverse effects.

Older patients and patients with Medicare Advantage (vs.
commercial) health insurance coverage were less likely to start
SGLT2i therapy, despite the higher propensity for hypogly-
cemia among older adults with type 2 diabetes. There are
several potential explanations for this. Older patients are more
likely to have multiple comorbidities, including but not limited
to ones examined in our study, leading to cautious use of newly
available drugs. Younger patients may be more likely to ask
for new medications as a result of direct-to-consumer adver-
tising.50 It may also be more difficult for people with Medicare
Advantage health plans to afford brand name medications even
though SGLT2i were on the included plans’ formularies, as
they are not eligible for the same discount programs as people
with commercial insurance, and older patients are more likely
to be taking and paying for multiple other medications al-
ready. Such financial barriers to diabetes management may
disproportionately affect people with government-sponsored
insurance, warranting examination of SGLT2i and other
brand-name drug use by traditional Medicare and Medicaid
enrollees, which could not be done in our data.

There were racial/ethnic differences in SGLT2i initiation,
with Black patients significantly less likely to start a SGLT2i
than people of other racial/ethnic backgrounds. This is
consistent with other studies demonstrating decreased utili-
zation of new drugs among Black patients,51,52 and may
contribute to overall worse glycemic control and diabetes
health outcomes in this population.53 Notably, Black patients
requesting medications in response to direct-to-consumer
advertising may be less likely to have them prescribed,50

reflecting potential clinician biases.
SGLT2i were frequently utilized as first-line agents and

as monotherapy, despite clinical guidelines and the FDA
explicitly recommending them as second-line drugs. Nearly
10% of patients were started on a SGLT2i as the first-line
glucose-lowering agent and 8.2% were using it as mono-
therapy. Younger and healthier people were most likely to
receive SGLT2i as first-line therapy; yet, these patients may
also have tolerated metformin, the consistently recommen-
ded first-line drug,7 which was used by only 52.7% of the
study population. It is therefore important to better under-
stand the factors affecting choice of glucose-lowering ther-
apy, including the consistently low rates of metformin use as
the first-line agent as previously noted.54–56

We also found that 3.4% of enrollees with type 1 diabetes
were started on a SGLT2i, comprising 1.7% of all SGLT2i
initiators. SGLT2i are approved for the management of type 2
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diabetes only, although off-label in type 1 diabetes has been
described.15–17,57–62 SGLT2i initiation by patients with
type 1 diabetes increased between 2013 and 2014 (when the
fraction of SGLT2i users with type 1 diabetes reached 2.3%),
but then decreased in 2015 down to 1.2% in 2016. This
parallels the growing awareness that SGLT2i can increase the
risk of ketoacidosis among insulin-treated patients, particu-
larly with type 1 diabetes.63,64 SGLT2i initiation among
insulin-treated patients in general declined over time, from
55% of patients starting an SGLT2i in 2013 to 32% in 2015.
Warnings about ketoacidosis risk were issued by the FDA in
May 201531 and the EMA in June 2015,42 corresponding to a
pronounced decline in SGLT2i use overall and more no-
ticeably among patients with type 1 diabetes. Still, continued
use of SGLT2i by patients with type 1 diabetes merits scrutiny.

Temporal changes in the rates of SGLT2i initiation reflect
formulary decisions as well as emerging evidence regarding
drug safety. Canagliflozin was added to formularies of in-
cluded commercial and Medicare Advantage health plans as
Tier 2 drugs, generally with either metformin or another
generic drug step therapy, in October–November 2014. This
corresponded to a steep rise in canagliflozin initiation among
Medicare Advantage beneficiaries, although patients with
commercial insurance were being started on canagliflozin
even before it came on formulary. Empagliflozin was added
to formularies (also as Tier 2 with metformin or generic step)
in January–February 2015, while dapagliflozin was simulta-
neously excluded from commercial plan formularies. This
corresponded to a rapid drop in new dapagliflozin prescrip-
tions paralleled by a rise in empagliflozin initiation. The
apparent disillusionment with SGLT2i beginning in 2015
parallels emerging safety concerns, including ketoacido-
sis,31,42 fracture,28 amputation,41 and acute kidney injury.24

Empagliflozin is the only SGLT2i whose use has been grad-
ually increasing since the second quarter of 2015, likely
because it was the first in its class to demonstrate strong car-
diovascular and renal benefits extending beyond its glucose-
lowering capabilities.3

Study findings must be considered in the context of its
limitations. We focused specifically on the early years of
SGLT2i adoption, before publication of clinical trial data
demonstrating their particular advantage in the context of HF
and CKD,3–6 to specifically examine the integration of novel
therapies into chronic disease management. Nonetheless,
clinical benefits with regard to hypertension, diuresis, and
hypoglycemia were already known and contemporaneous
guidelines advised SGLT2i to be considered as add-on agents
for type 2 diabetes in those contexts.43,46–48 Population-level
use of SGLT2i may be different from that observed in our
study, which relied on private and Medicare Advantage plans
administered by one, although large, U.S. health plan, since
treatment decisions are influenced by formulary design, which
varies among health plans. Finally, we did not examine the
impact of glycemic control and clinician characteristics on the
likelihood of SGLT2i initiation, as these data are not available
in OLDW.

Nonetheless, the discordance between guideline-
recommended and evidence-based use of SGLT2i and their
actual uptake in clinical practice, is striking. While SGLT2i
have specific benefits among patients with CVD, HF, hyper-
tension, CKD, and at risk for hypoglycemia, they were least
likely to be used by them. There were also nonclinical dis-

parities in SGLT2i use, with Black patients, older patients, and
those with Medicare Advantage insurance significantly less
likely to receive SGLT2i than White, younger, and privately
insured patients. Patient and clinician education regarding
individualized approaches to diabetes management, and health
plan support of such evidence-based treatment strategies, may
therefore help improve access to new diabetes therapeutics and
improve health outcomes among patients living with this
disease.
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