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BACKGROUND:Newer glucose-lowering drugs, including
sodium glucose co-transporter 2 inhibitors (SGLT2i) and
GLP-1 agonists, have a key role in the pharmacologic
management of type 2 diabetes. No studies have mea-
sured primary nonadherence for these two drug classes,
defined as when a medication is prescribed for a patient
but ultimately not dispensed to them.
OBJECTIVE: To describe the incidence and predictors of
primary nonadherence to SGLT2i (canagliflozin, empagli-
flozin) or GLP-1 agonists (dulaglutide, liraglutide, sema-
glutide) using a dataset that links electronic prescribing
with health insurance claims.
DESIGN AND PARTICIPANTS: A retrospective cohort de-
sign using data of adult patients from a large health sys-
tem who had at least one prescription order for a SGLT2i
or GLP-1 agonist between 2012 and 2019. We used
mixed-effects multivariable logistic regression to deter-
mine associations between sociodemographic, clinical,
and provider variables and primary nonadherence.
MAIN MEASURES: Primary medication nonadherence,
defined as no dispensed claim within 30 days of an elec-
tronic prescription order for any drug within each medi-
cation class.
KEY RESULTS: The cohort included 5146 patients newly
prescribed a SGLT2i or GLP-1 agonist. The overall inci-
dence of 30-day primary medication nonadherence was
31.8% (1637/5146). This incidence rate was 29.8% (n =
726) and 33.6% (n = 911) among those initiating a GLP-1
agonist and SGLT2i, respectively. Age ≥ 65 (aOR 1.37
(95% CI 1.09 to 1.72)), Black race vs White (aOR 1.29
(95% CI 1.02 to 1.62)), diabetic nephropathy (aOR 1.31
(95% CI 1.02 to 1.68)), and hyperlipidemia (aOR 1.18
(95% CI 1.01 to 1.39)) were associated with a higher odds
of primary nonadherence. Female sex (aOR 0.86 (95% CI
0.75 to 0.99)), peripheral artery disease (aOR0.73 (95%CI
0.56 to 0.94)), and having the index prescription ordered
by an endocrinologist vs a primary care provider (aOR
0.76 (95% CI 0.61 to 0.95)) were associated with lower
odds of primary nonadherence.

CONCLUSIONS: One third of patients prescribed SGLT2i
or GLP-1 agonists in this sample did not fill their prescrip-
tion within 30 days. Black race, male sex, older age, hav-
ing greater baseline comorbidities, and having a primary
care provider vs endocrinologist prescribe the index drug
were associated with higher odds of primary nonadher-
ence. Interventions targeting medication adherence for
these newer drugs must consider primary nonadherence
as a barrier to optimal clinical care.
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T he pharmacologic management of type 2 diabetes is
undergoing a dramatic transformation. This is due in part

to requirements of the FDA to assess the cardiovascular (CV)
safety of newly approved glucose-lowering drugs, which
resulted in publication of a substantial number of large CV
outcome trials (CVOT) over the past 10 to 15 years.1–10 While
the first class of new oral drugs (DPP-4 inhibitors) simply
demonstrated noninferiority to placebo in terms of CV safe-
ty,11,12 several drugs in the newest classes (i.e., SGLT2i and
GLP-1 agonists, approved between 2005 and 2017) were
shown to actually reduce the risk of major adverse CV events
(~ 12% reduction in HR), heart failure exacerbation, and
stroke.13 These agents were also shown to reduce the risk of
adverse renal outcomes including the progression of chronic
kidney disease, albuminuria, or development of end-stage
renal disease among patients (45% reduction) at higher base-
line risk.14–17

As a result of these CVOTs, practice guidelines from the
American Diabetes Association (ADA) and European Asso-
ciation for the Study of Diabetes (EASD) now recommend
select agents within these classes first for patients with athero-
sclerotic cardiovascular disease (or risk factors), heart failure,
or chronic kidney disease (CKD) who have not achieved
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glycemic goals despite maximally tolerated metformin and
lifestyle interventions.18 Unfortunately, despite the rationale
to preferentially select these drug classes for patients with
strong clinical indications, recent data from large administra-
tive claims studies suggest that underutilization is wide-
spread.19,20 In one study, older patients and those with addi-
tional comorbidities such as CKD were less likely to be
dispensed SGLT2 inhibitors, despite the fact that they are
more likely to benefit from the cardiovascular and renal pro-
tective effects of this drug class.21

It is unclear whether the potential underutilization of these
newer drug classes is related to lack of prescribing or lack of
filling prescriptions (or both). A large number of studies have
shown that higher out-of-pocket costs and other types of
restrictions results in secondary medication nonadherence,
generally defined as patients not refilling a prescription after
the first dispensed claim.22–24 Fewer studies, however, have
focused on the phenomenon of primary nonadherence, when a
patient is prescribed a medication but does not fill it at the
pharmacy. To our knowledge, no studies to date have de-
scribed primary medication nonadherence to SGLT2i or
GLP-1 agonists, despite their increasingly central role in the
care of patients with diabetes. The objective of this study was
to describe the incidence and predictors of primary nonadher-
ence to these two classes of medications using a contemporary
dataset that links electronic health records with health insur-
ance claims within a large integrated health system.

METHODS

Data Sources and Study Population

We used a dataset linking electronic health record data from
patients receiving care at a large health system including more
than 20 hospitals and 800 clinics based in Pennsylvania with
claims data from the integrated health care delivery system’s
affiliated health plan.
We obtained these data from the PaTH Clinical Research

Network, a Partner Network in PCORnet®, the National
Patient-Centered Clinical Research Network. PCORnet®
was developed with funding from the Patient-Centered Out-
comes Research Institute® (PCORI®) to support the use of
electronic healthcare data for patient-oriented comparative
effectiveness research. Raw data was available in the PCOR-
net common data model format. Electronic health record and
health plan claims data from patients were linked using a
HIPAA-compliant unique identifier. This study was deter-
mined exempt by the Human Research Protection Office of
the University of Pittsburgh.
Our cohort included all patients aged 18 years or older who

received at least one prescription order for any SGLT2i (can-
aglflozin, dapagliflozin, empagliflozin, ertugliflozin) or GLP-
1 agonist (dulaglutide, exenatide, exenatide ER, liraglutide,
semaglutide) between 2012 and 2019 (see Fig. 1 flow
diagram). Patients were excluded if they did not have evidence

of continuous enrollment in the health system or the health
insurance plan for at least 180 days before and at least 30 days
after their first prescription order date for one of the target
drugs. We additionally excluded patients if they did not meet
ICD-9-CM or ICD-10-CM diagnostic code criteria for type 2
diabetes (code list available upon request); if their first study
medication was one of the least commonly dispensed SGLT2i
or GLP-1 agonists in the health system (e.g., dapagliflozin,
ertugliflozin, exenatide, or exenatide ER); and—for complete
covariate adjustment—if they were missing a BMI value, or a
provider ID for the prescription of the study drug during the
baseline covariate assessment period.

Outcomes

The primary outcome was the incidence of primary nonadher-
ence to a SGLT2i or GLP-1 agonist, defined a priori as no
dispensed claim within 30 days of the first electronic prescrip-
tion order for any drug within each respective medication
class.25 The 30-day time window is consistent with a quality
metric established by the Pharmacy Quality Alliance. In this
study, if a patient was prescribed one GLP-1 agonist and was
able to fill their prescription within 30 days, we considered
them adherent. However, if the patient had no dispensed claim
for any GLP-1 agonist within 30 days, we considered them to
have experienced primary nonadherence. We obtained order
dates from EHR data and dispensing dates from health insur-
ance claims.
Secondary outcomes included the incidence of 30-day pri-

mary nonadherence to each individual drug (i.e., dulaglutide,
liraglutide, semaglutide, canagliflozin, or empagliflozin),
where primary nonadherence is defined as no dispensed claim
for that specific drug (i.e., if a patient is prescribed one GLP-1
agonist and does not have a dispensed claim for the specific
medication within 30 days, we considered them nonadherent).

Predictors

We selected 35 candidate predictor variables a priori on the
patient and provider levels that may affect the initiation of, or
adherence to, a second-line glucose-lowering medication.
These included demographic and clinical variables measured
in the baseline period of 180 days before the index prescription
such as age, gender, race, presence of coronary artery disease,
heart failure, chronic kidney disease, and presence of diabetes
complications such as diabetic nephropathy, neuropathy, and
retinopathy. We used validated ICD-9-CM or ICD-10-CM
diagnosis codes to define clinical comorbidities and National
Drug Codes (NDCs) to define co-dispensed medications. We
also included measures of engagement with the healthcare
system such as the presence of laboratory tests (e.g., HbA1c,
creatinine, total cholesterol based on Logical Observation
Identifiers Names and Codes (LOINC)) during the assessment
period and total number of hospitalizations.We included other
common medications (e.g., ACE inhibitors, insulin, metfor-
min, statins, sulfonylureas, TZDs), prescriber specialty (for the
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index drug), and index medication type (i.e., SGLT2i vs GLP-
1 agonist), measured during the baseline period.

Statistical Analysis

We used means and standard deviations to summarize contin-
uous measures and frequencies and proportions to summarize
categorical variables. We reported the proportion of patients
experiencing primary medication nonadherence within 30
(primary outcome), 7, and 14 days of follow-up. These pro-
portions were reported both within each drug class individu-
ally and overall. We fit a mixed-effects multivariable logistic
regression model to determine the associations between can-
didate predictors and the primary outcome. In the mixed
model, we included a random intercept for the prescriber to
account for the hierarchical nature of the data (i.e., multiple
patients clustered within an individual prescriber).
Model selection and predictor variable operationalization

was performed under the following considerations. We started
with the inclusion of all investigator pre-specified variables
and removed 4 variables with evidence of high collinearity
with other variables (e.g., body weight was removed because it
is highly collinear with BMI). Continuous variables in the
regression model (i.e., BMI, total # of hospitalizations) were
standardized to make estimated effect sizes more interpretable
in relation to one another. The variables included in our final
model included age; sex; race; Hispanic ethnicity; hyperten-
sion; coronary artery disease; heart failure; stroke; chronic
kidney disease; end-stage renal disease; retinopathy; neuropa-
thy; nephropathy; serious hyperglycemic events; serious

hypoglycemic events; hyperlipidemia; food ulcers; peripheral
artery disease; obesity; smoking status; standardized BMI;
presence of the following laboratory tests: HbA1c, creatinine,
and total cholesterol; provider specialty; standardized total # of
hospitalizations; co-dispensed medications; index prescription
year; and drug type (GLP-1 agonists or SGLT2i). We did not
impute missing data because the percentage was very small (<
3%) and we found no evidence that the data were missing not
at random. We assumed a type I error rate of 0.05, and no
adjustments were made for multiplicity. All analyses were
performed using R version 3.6.3, and logistic mixed-effects
models were produced using the lmerTest package.26

We conducted two sensitivity analyses: (1) we repeated the
multivariable model after excluding co-dispensed medications
due to potentially high collinearity with the primary outcome
(i.e., nonadherence to other classes of diabetes medications is
related to nonadherence to SGLT2i and GLP-1 agonists), and
(2) we varied the time window used to define primary non-
adherence to be 7 or 14 days.

RESULTS

We linked EHR data from 13,753 patients who had received at
least 1 prescription order for a GLP-1 agonist or SGLT2i to
their claims data. Six thousand four hundred (44%) were
excluded for not having sufficient enrollment in the health
system and health plan. After exclusions, the final cohort size
was 5146 (Fig. 1).

Fig. 1 Flow diagram for determining the final study cohort.
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Baseline characteristics comparing the overall study popu-
lation as well as those who experienced and did not experience
primarymedication nonadherence are shown in Table 1. Brief-
ly, 91% of the overall cohort was under the age of 65, 47%
were female, and 88% were White, 9% Black, and < 3% of

other race. Seven out of 10 patients had hypertension at
baseline, with 19% having a previous history of coronary
artery disease. Approximately 10% had chronic kidney dis-
ease at baseline. The mean BMI was 35.3. Fifty-six percent of
index prescriptions were written by a primary care provider

Table 1 Baseline Characteristics of the Study Cohort, Overall and Comparing Those Who Were Adherent Vs Those with Primary
Nonadherence

Baseline characteristic* Overall, n (%)
(total n = 5146)

Adherent, n (%)
(n = 3509)

Nonadherent, n (%)
(n = 1637)

Age
< 65 4682 (91) 3247 (92.5) 1435 (87.7)
≥ 65 464 (9) 262 (7.5) 202 (12.3)

Female 2410 (46.8) 1664 (47.4) 746 (45.6)
Race
White 4548 (88.4) 3111 (88.7) 1437 (87.8)
Black 458 (8.9) 299 (8.5) 159 (9.7)
Other 140 (2.7) 99 (2.8) 41 (2.5)
Hispanic 28 (0.5) 19 (0.5) 9 (0.5)

Comorbidity
Hypertension 3649 (70.9) 2496 (71.1) 1153 (70.4)
Hyperlipidemia 3196 (62.1) 2219 (63.2) 977 (59.7)
Obesity 1650 (32.1) 1162 (33.1) 488 (29.8)
Neuropathy 1117 (21.7) 766 (21.8) 351 (21.4)
Coronary artery disease 998 (19.4) 645 (18.4) 353 (21.6)
Smoker 811 (15.8) 533 (15.2) 278 (17)
Nephropathy 628 (12.2) 403 (11.5) 225 (13.7)
Chronic kidney disease 488 (9.5) 305 (8.7) 183 (11.2)
Peripheral artery disease 421 (8.2) 304 (8.7) 117 (7.1)
Retinopathy 335 (6.5) 228 (6.5) 107 (6.5)
Congestive heart failure 287 (5.6) 181 (5.2) 106 (6.5)
Foot ulcers 166 (3.2) 103 (2.9) 63 (3.8)
Stroke 118 (2.3) 71 (2) 47 (2.9)
Serious hyperglycemic event 58 (1.1) 38 (1.1) 20 (1.2)
Serious hypoglycemic event 24 (0.5) 15 (0.4) 9 (0.5)
End-stage renal disease 13 (0.3) 7 (0.2) 6 (0.4)

BMI, mean [SD] 35.3 [7.3] 35.5 [7.3] 35.0 [7.4]
HbA1c test 3738 (72.6) 2640 (75.2) 1098 (67.1)
HbA1c (%), mean [SD] 8.3 (1.7) 8.3 (1.7) 8.3 (1.7)
Creatinine test 2857 (55.5) 1988 (56.7) 869 (53.1)
Creatinine (mg/dL), mean [SD] 1 (0.3) 1 (0.3) 1 (0.4)
Total cholesterol test 2679 (52.1) 1866 (53.2) 813 (49.7)
Total cholesterol (mg/dL), mean [SD] 166.8 (46) 166.7 (45.3) 166.9 (47.7)
Prescriber specialty

Primary care, internal medicine 2892 (56.2) 1998 (56.9) 894 (54.6)
Endocrinology 1215 (23.6) 923 (26.3) 292 (17.8)
Cardiology 203 (3.9) 108 (3.1) 95 (5.8)
Other 836 (16.2) 480 (13.7) 356 (21.7)

Total # of hospitalizations, mean[SD] 0.09 [0.4] 0.08 [0.3] 0.13 [0.5]
Total # of hospitalizations
0 4756 (92.4) 3282 (93.5) 1474 (90)
1 or more 390 (7.6) 227 (6.5) 163 (10)

Co-dispensed medications
Metformin 3295 (64) 2489 (70.9) 806 (49.2)
Sulfonylurea 1267 (24.6) 953 (27.2) 314 (19.2)
TZD 112 (2.2) 76 (2.2) 36 (2.2)
DPP4i 1066 (20.7) 817 (23.3) 249 (15.2)
Insulin 1647 (32) 1238 (35.3) 409 (25)
ACE inhibitor 1387 (27) 1052 (30) 335 (20.5)
Angiotensin receptor blocker 628 (12.2) 462 (13.2) 166 (10.1)
Statin 3191 (62) 2443 (69.6) 748 (45.7)

Index prescription year
2012–2014 145 (2.8) 83 (2.4) 62 (3.8)
2015 397 (7.7) 248 (7.1) 149 (9.1)
2016 673 (13.1) 459 (13.1) 214 (13.1)
2017 994 (19.3) 672 (19.2) 322 (19.7)
2018 1443 (28) 1027 (29.3) 416 (25.4)
2019 1494 (29) 1020 (29.1) 474 (29)

Drug type
GLP-1 agonist 2435 (47.3) 1709 (48.7) 726 (44.3)
SGLT2 inhibitor 2711 (52.7) 1800 (51.3) 911 (55.7)

*Baseline characteristics were measured during the 180-day baseline period (prior to the first prescription order)
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while 24% were written by an endocrinologist. The index
prescription year ranged from 2012 to 2019, with more
patients initiating a target medication during 2017–2019 (>
75% of the overall cohort).
The overall incidence of 30-day primary medication non-

adherence was 31.8% (1637/5146). This incidence rate was
29.8% (n = 726) and 33.6% (n = 911) among those initiating a
GLP-1 agonist and SGLT2i, respectively (Table 2). Using a
shorter time window to define primary nonadherence resulted
in higher incidence rates: 40.8% and 45.5% for the overall
sample using 14 days and 7 days, respectively. The incidence
of primary nonadherence by individual drug is reported in
Appendix Table A.
Several baseline clinical, demographic, and provider

characteristics were associated with significantly higher
or lower adjusted odds of experiencing primary non-
adherence to GLP-1 agonists or SGLT2is (Table 3).
The following characteristics were associated with
higher odds of primary nonadherence: age ≥ 65 (aOR
1.37 (95% CI 1.09 to 1.72)), Black race vs White (aOR
1.29 (95% CI 1.02 to 1.62)), diabetic nephropathy (aOR
1.31 (95% CI 1.02 to 1.68)), hyperlipidemia (aOR 1.18
(95% CI 1.01 to 1.39)), and having the index prescrip-
tion ordered by a cardiologist (aOR 1.88 (95% CI 1.32
to 2.65)) or other provider type (aOR 1.64 (95% CI
1.35 to 1.98)) vs a primary care provider/internist. An
increase of one standard deviation from the mean num-
ber of hospitalizations at baseline was associated with a
14% higher adjusted odds (95% CI 1.06 to 1.22) of
primary nonadherence.
The following factors were associated with lower odds of

primary nonadherence: female sex (aOR 0.86 (95% CI 0.75 to
0.99)), peripheral artery disease (aOR 0.73 (95% CI 0.56 to
0.94)), having an HbA1c test at baseline (aOR 0.70 (95% CI
0.59 to 0.84)), and having the index prescription ordered by an
endocrinologist vs a primary care provider (aOR 0.76 (95%CI
0.61 to 0.95)). Being co-dispensed other diabetes medications
was almost uniformly associated with lower odds of primary
nonadherence (Table 3).
Results from sensitivity analyses excluding co-dispensed

medications or using 14 days to define primary nonadherence
were similar to the results from the primary analysis. In
Appendix Table B, we list the variables for which statistical
significance changed, with a comparison across models; in all
cases, the direction of the effects remained similar.

DISCUSSION

In this study of patients receiving care at a large integrated
healthcare system, 1 in 3 patients newly prescribed an SGLT2i
or GLP-1 agonist did not fill their prescription within 30 days.
Approximately 20% of patients in our cohort had evidence of
coronary artery disease at baseline. Older age, Black race,
male sex, having greater baseline comorbidities, and having
a non-endocrinologist prescribe the index drug were associat-
ed with higher odds of primary nonadherence. These findings
are clinically relevant given that many SGLT2i and GLP-1
agonists are medications with demonstrated cardiovascular
and renal benefits.
The rate of primary nonadherence we report is similar to, or

higher than, those reported in several other studies of primary
nonadherence to diabetes medications.27–35 The higher rate of
primary nonadherence reported in our study may be due to
differences in the classes of medications being examined. For
example, a prior study using pharmacy data alone reported a
12.9% rate of 30-day primary nonadherence to antidiabetic
agents,29 a category that included biguanides, sulfonylureas,
DPP-4 inhibitors, and thiazolidinediones. Since the vast ma-
jority of prescribed biguanides and sulfonylureas are available
as low-cost generic drugs (and thus less likely to be subject to
cost-related barriers), excluding those classes in the current
analysis likely resulted in a higher rate of primary nonadher-
ence. Changes in formulary practices over time may also
partly explain higher rates of primary nonadherence for these
two drug classes. For example, despite the commercial avail-
ability of 6 brand-name GLP-1 agonists and 4 SGLT2 inhib-
itors, clinical trial data from head-to-head comparisons are still
limited or entirely unavailable at this time. The lack of supe-
riority data allows insurers to employ utilization management
(e.g., excluding non-preferred agents,36 placing some agents
on very high cost-sharing tiers,37 or requiring failure of other
glucose-lowering agents prior to allowing reimbursement38) to
manage prescription drug spending.39,40 There may also be
other patient-related reasons for high rates of primary non-
adherence, because of cost concerns, or concerns about side
effects, or other barriers to filling medications.
The relatively high rates of primary nonadherence to

SGLT2i and GLP-1 agonists reported here may have impor-
tant clinical implications. A large body of drug utilization
literature suggests that newer agents have historically been
underutilized relative to their potential benefits among the
population of people living with type 2 diabetes.19–21,41–43

Some authors have reported a “treatment paradox,” where
patients at the highest baseline risk of experiencing major

Table 2 Incidence of Primary Nonadherence in the Study Sample

Outcome measure Overall, n = 5146 GLP-1 agonist, n = 2435 SGLT2 inhibitor, n = 2711

30 days 1637 (31.8%) 726 (29.8%) 911 (33.6%)
14 days 2099 (40.8%) 950 (39%) 1149 (42.4%)
7 days 2343 (45.5%) 1067 (43.8%) 1276 (47.1%)
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adverse cardiovascular events or hospitalizations from heart
failure (i.e., those with pre-existing disease or advanced age)
were least likely to be dispensed SGLT2i or GLP-1 ago-
nists.21,44 Although our primary analysis did not show a
statistically significant association between baseline CVD/
CKD and primary nonadherence, we did find that older age,
and a history of nephropathy or hyperlipidemia, were associ-
ated with a higher likelihood of experiencing this outcome.
In terms of health equity concerns, we found that Black

patients experienced higher odds of primary nonadher-
ence to SGLT2i and GLP-1 agonists when compared to

White patients. The race effect reported here is similar
to other reports in secondary medication nonadherence,
both from studies of SGLT2 inhibitors, and also novel
anticoagulants, using commercial claims data.44–46 Addi-
tional research is needed to understand why these differ-
ences persist, both across primary and secondary non-
adherence for higher-cost prescription drugs. Unfortu-
nately, we did not have sufficient patient numbers to
specifically examine primary nonadherence among other
population subgroups such as Asians or Hispanic
ethnicity.

Table 3 Factors Associated with 30-Day Primary Medication Nonadherence to GLP-1 Agonists and SGLT2 Inhibitors

Baseline characteristic Primary nonadherence, n (%) Unadjusted OR 95% CI Adjusted OR 95% CI

Age
< 65 1435 (30.6%) Ref Ref
≥ 65 202 (43.5%) 1.67 (1.36, 2.06) 1.37 (1.09, 1.72)

Male 891 (32.6%) Ref Ref
Female 746 (31%) 0.94 (0.83, 1.07) 0.86 (0.75, 0.99)
Race
White 1437 (31.6%) Ref Ref
Black 159 (34.7%) 1.25 (1, 1.55) 1.29 (1.02, 1.62)
Other 41 (29.3%) 0.96 (0.65, 1.41) 1.08 (0.72, 1.63)

Hispanic 9 (32.1%) 0.99 (0.43, 2.28) 1.37 (0.57, 3.27)
Hypertension 1153 (31.6%) 0.94 (0.82, 1.08) 1.1 (0.94, 1.28)
Coronary artery disease 353 (35.4%) 1.2 (1.03, 1.4) 1.05 (0.87, 1.26)
Congestive heart failure 106 (36.9%) 1.24 (0.95, 1.61) 0.93 (0.69, 1.26)
Stroke 47 (39.8%) 1.34 (0.9, 1.99) 1.25 (0.82, 1.91)
Chronic kidney disease 183 (37.5%) 1.3 (1.06, 1.6) 1.05 (0.8, 1.39)
End-stage renal disease 6 (46.2%) 1.81 (0.57, 5.73) 1.32 (0.4, 4.43)
Retinopathy 107 (31.9%) 1.07 (0.83, 1.37) 1.25 (0.95, 1.64)
Neuropathy 351 (31.4%) 0.97 (0.83, 1.13) 0.97 (0.82, 1.15)
Nephropathy 225 (35.8%) 1.26 (1.05, 1.52) 1.31 (1.02, 1.68)
Serious hyperglycemic event 20 (34.5%) 1.14 (0.64, 2.04) 1.13 (0.61, 2.11)
Serious hypoglycemic event 9 (37.5%) 1.22 (0.51, 2.91) 1.42 (0.56, 3.61)
Hyperlipidemia 977 (30.6%) 0.86 (0.76, 0.98) 1.18 (1.01, 1.39)
Foot ulcers 63 (38%) 1.29 (0.92, 1.8) 1.14 (0.79, 1.66)
Peripheral artery disease 117 (27.8%) 0.8 (0.63, 1.02) 0.73 (0.56, 0.94)
Obesity 488 (29.6%) 0.85 (0.75, 0.98) 0.86 (0.73, 1.01)
Smoker 278 (34.3%) 1.14 (0.97, 1.35) 1.05 (0.87, 1.26)
BMI* 0.94 (0.88, 1) 0.98 (0.91, 1.06)
HbA1c test 1098 (29.4%) 0.69 (0.6, 0.79) 0.7 (0.59, 0.84)
Creatinine test 869 (30.4%) 0.88 (0.78, 1) 0.95 (0.8, 1.13)
Total cholesterol test 813 (30.3%) 0.89 (0.79, 1.01) 1.08 (0.92, 1.27)
Provider specialty
Primary care, internal medicine 894 (30.9%) Ref Ref
Endocrinology 292 (24%) 0.69 (0.56, 0.86) 0.76 (0.61, 0.95)
Cardiology 95 (46.8%) 2.02 (1.47, 2.77) 1.88 (1.33, 2.65)
Other 356 (42.6%) 1.72 (1.44, 2.05) 1.64 (1.35, 1.98)

Total # of hospitalizations* 1.15 (1.08, 1.22) 1.14 (1.06, 1.22)
Co-dispensed medications
Metformin 806 (24.5%) 0.38 (0.34, 0.44) 0.51 (0.45, 0.59)
Sulfonylurea 314 (24.8%) 0.62 (0.53, 0.72) 0.79 (0.67, 0.93)
TZD 36 (32.1%) 0.97 (0.63, 1.48) 1.21 (0.77, 1.88)
DPP4i 249 (23.4%) 0.56 (0.47, 0.66) 0.66 (0.55, 0.78)
Insulin 409 (24.8%) 0.62 (0.54, 0.71) 0.62 (0.53, 0.73)
ACE inhibitor 335 (24.2%) 0.58 (0.5, 0.67) 0.78 (0.66, 0.92)
Angiotensin receptor blocker 166 (26.4%) 0.74 (0.61, 0.9) 0.81 (0.65, 1)
Statin 748 (23.4%) 0.35 (0.31, 0.4) 0.44 (0.38, 0.5)

Index prescription year
2012–2014 62 (42.8%)
2015 149 (37.5%) 0.79 (0.53, 1.19) 0.76 (0.49, 1.16)
2016 214 (31.8%) 0.64 (0.43, 0.94) 0.71 (0.47, 1.09)
2017 322 (32.4%) 0.64 (0.44, 0.94) 0.74 (0.48, 1.12)
2018 416 (28.8%) 0.54 (0.37, 0.78) 0.62 (0.41, 0.93)
2019 474 (31.7%) 0.61 (0.43, 0.89) 0.76 (0.5, 1.15)

Drug type
GLP-1 agonist 726 (29.8%) Ref Ref
SGLT2 inhibitor 911 (33.6%) 1.18 (1.04, 1.34) 1.14 (0.99, 1.32)

In Table 3, the bolded data (i.e. rows) are for predictors found to be statistically signifigant (95% Confidence Interval does not cross 1).
*Standardized
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In this study, patients receiving their index prescrip-
tion from an endocrinologist experienced lower odds of
primary medication nonadherence when compared to
non-endocrine prescribers (including primary care pro-
viders, cardiologists, or others). The exact reasons for
these differences deserve further study, although there
are potential explanations to consider. Clinical endocri-
nologists might have a better sense of which brand-
name alternative is more likely to be covered by insur-
ance when compared to other specialties, as well as
more time than other prescriber specialties to discuss
therapeutic options and potential side effects of newer
glucose-lowering medications. Alternatively, they may
have ancillary staff better equipped to secure prior au-
thorization for these classes of medications. It could also
be that patients who see endocrinologists are more
invested or engaged in their diabetes care and therefore
more likely to overcome administrative or financial bar-
riers to ensure that their prescribed medications are
dispensed.
One interesting finding from our study was that being co-

dispensed other glucose-lowering drugs for type 2 diabetes
was associated with lower odds of primary nonadherence to
SGLT2i and GLP-1 agonists. This finding is likely due to a
healthy adherer effect, where patients more likely to be adher-
ent to chronic diabetes medications are more likely to have
their prescription for a newer glucose-lowering drug
dispensed.
Our study has several limitations. First, our estimates

of primary nonadherence may be subject to misclassifi-
cation, such as when a patient chooses to fill a prescrip-
tion for one of the study drugs without insurance (i.e.,
cash).47 However, we believe this is unlikely because of
the extremely high list prices for these medications.37

Second, we could not accurately measure payor type
(e.g., Medicare/Medicaid vs commercial) or patient so-
cioeconomic status or level of education/familial support
using the available data, which may confound the rela-
tionship between measured predictors and primary non-
adherence. Third, our results may be limited by unmea-
sured confounding. For example, we did not have de-
tailed formulary data to help determine which specific
medications were covered by specific plans. In addition,
patients who participate less in the healthcare system
(e.g., by having fewer outpatient visits, fewer laboratory
tests, and fewer co-dispensed medications) may also be
less likely to fill a SGLT2i or GLP-1 agonist when
prescribed. In part due to unmeasured confounding, the
inferences we report here are not meant to be causal.
Fourth, our results could have limited generalizability
since they use data from only a single healthcare sys-
tem. However, because the insurer in this study includes
all types of insurance products (commercial, Medicaid,
Medicare), it may be more generalizable than other
payer sources of data.48

CONCLUSIONS

Approximately one third of patients first prescribed a SGLT2i
or a GLP-1 agonist in this sample did not fill their medication
within 30 days. Black race, male sex, older age, having greater
baseline comorbidities, and having a primary care provider
prescribe the index drug were associated with higher odds of
primary nonadherence. These findings highlight a key defi-
ciency in the utilization of these newer diabetes drugs and an
opportunity for improving the pharmacotherapy of patients
with diabetes.
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