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INTRODUCTION

Cardiovascular disease remains the most common cause of death among patients with
diabetes (1-3). Two recently approved classes of medications for Type 2 diabetes

mellitus (T2DM) reduce the risk of cardiovascular events. Glucagon-like peptide-1 agonists
(GLP1RA) reduce death from cardiovascular causes, nonfatal myocardial infarction,

and nonfatal stroke in patients T2DM(5-10). Sodium-glucose co-transporter 2 inhibitors
(SGLT2i) reduce heart failure events by 27% to 39% and decrease the frequency of
worsening renal disease by 39% compared to placebo in patients with T2DM. The 2018
American Diabetes Association Standard of Medical Care Consensus incorporated new
ASCVD recommendation the use of GLP1RA and/or SGLT2I as adjunctive therapy to
metformin for patients with T2DM and with high risk for cardiovascular disease(11).

Despite this evidence, uptake has generally been sub-optimal (12-13). There are critical
questions regarding how therapy uptake has varied based on medical and sociodemographic
characteristics. Prior analyses evaluated treatment with GLP1RA and SGLT2i among
patients with T2DM treated by endocrinologists and cardiologists between 2015 and 2019
(14-15). They found overall lower likelihood of treatment among high-risk patients with
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heart failure (HF) and among historically disadvantaged racial and ethnic groups. However,
several important questions remain. First, most patients with T2DM are primarily managed
by primary care. It is unclear how treatment rates compare among these patients compared
with patients treated by endocrinology and whether there is substantial variation in treatment
rates within specialties. Second, it is unknown whether racial and ethnic disparities exist
within clinician practices or if disparities are primarily related to who treats a given patient.
Finally, the use of these therapies may have shifted after they were incorporated into clinical
guidelines in 2018.

This study evaluated the use of GLP1RA and SGLT2i therapy among patients with T2DM in
2018-2019 using a commercial insurance database. We analyzed the association between
medical and sociodemographic characteristics with the likelihood of GLP1IRA/SGLT?2i
therapy to identify disparities and areas of risk-treatment paradox. We evaluated whether
identified disparities persisted after adjusting for differences in clinician practices.

RESEARCH DESIGN AND METHODS

Data

We used the Optum de-identified Clinformatics® DataMart a database comprising
administrative health claims for members of commercial and Medicare Advantage

plans across all 50 states. The DataMart included medical and pharmacy claims,
enrollment information, inpatient data, and clinician characteristics. The database includes
approximately 87 million unique individuals from between 2003 and 2020. Data access
requests are to be sent to Optum; statistical code will be made available upon request.

Study Population

We selected patients with diabetes aged 18 years or older with a clinic visit to a primary
care clinician or endocrinologist between January 1, 2018 through January 1, 2019. We
identified patients with T2DM based on at least one clinician diagnosis (using International
Classification of Diseases [ICD]-Version 9 or Version 10 codes listed in Supplement Table
1) on an evaluation and management (E&M) claim or an inpatient claim preceding their
clinic visit. To ensure the cohort had medically treated diabetes, we required at least

one diabetes medication filled in the prior year: biguanides (i.e., Metformin), DPP4,
sulfonylureas, thiazolidinediones, insulin, GLP1RA, or SGLT2i. Additionally, we required
at least one medication filled in the subsequent 180 days. Finally, to limit missing data, we
excluded patients without continuous insurance enrollment for 1 year before the index date
and 180 days post-index date.

We linked each patient to a single clinician. For patients with endocrinology and primary
care visits, we selected the endocrinologist. For patients with visits with multiple primary
care clinicians or endocrinology clinicians, we selected the clinician with the most visits.

If there was a tie in number of visits, we selected the clinician with the last encounter. We
used the last clinic visit between January 1, 2018 through January 1, 2019 with the selected
clinician as the index date.
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Study Variables

We evaluated demographic characteristics, including age, sex, and race/ethnicity. Race
and ethnicity are defined in mutually exclusive categories in the database: Asian, Black,
Hispanic (any race), and Non-Hispanic White. We also analyzed sociodemographic data,
which included level of educational attainment (less than 12" grade, high school diploma,
less than Bachelor Degree, Bachelor Degree Plus, and unknown), and household income
level (<$40,000, $40,000-49,000, $50,000-59,000, $60,000-74,000, $75,000-99,000 and
>$100,000).

We evaluated medical history based on diagnoses within the 1 year prior to the index

clinic visit. We included a wide array of medical comorbidities (codes in Supplement

Table 1). In addition to diagnoses, we also identified certain conditions based on
procedures using Current Procedural Terminology (CPT) or ICD-Procedure Coding System
(ICD-PCS) or admissions based on the Medicare Severity-Diagnosis Related Group (MS-
DRG). For example, we characterized patients as having IHD if they underwent coronary
revascularization or had an acute myocardial infarction admission. We identified patients on
dialysis based on either dialysis diagnosis codes or procedures codes.

We separated patients with IHD and HF into higher and lower risk groups. For IHD, we
stratified patients into three groups: those with revascularization or IHD-related admissions
within the prior 12 months, those with IHD diagnoses without IHD-related hospitalization
or revascularization, and those without IHD. For HF, we stratified patients into those with a
heart failure hospitalization within the prior 12 months, those with a HF diagnosis without a
recent HF hospitalization, and those without HF.

We estimated diabetes severity using the adjusted Diabetes Complications Severity Index
(aDCSI), which estimates the burden of diabetes-related complications using claims
diagnoses. It has been shown to be predict mortality and hospitalization among patients
with diabetes(17). We categorized aDCSI: 0, 1-2, 3—-4, and =5).

We identified medication fills using prescription data. We captured both medications filled in
the 180 days following the index date and the 12 months before the index date. Our primary
metric was a medication fill of either GLP1RA or SGLT2i within 180 days of the index
clinic visit as the primary outcome. As a secondary outcome, we evaluated GLP1RA and
SGLT2i therapy individually.

Statistical Analysis

We calculated summary statistics of our baseline patient cohort with mean and standard
deviation for normally distributed statistics, median and interquartile range for statistics
with skewed distributions, and frequencies for count variables. We compared patient
characteristics - age, sex, race/ethnicity, income, education level, and medical comorbidities
— across those who received SGLT2i or GLP1RA versus those who did not using effect size
estimates - Cramer’s V/for categorical variables and Cofien’s d for continuous variables. We
assumed a difference of over 0.1 was considered a meaningful difference and a difference
exceeding 0.5 was a large difference (18).
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We conducted multivariable logistic regression to examine factors associated with SGLT2i/
GLP1RA therapy within 180 days of the index clinic visit with nested models. For all
models, we adjusted for patient age, sex, census division, whether they were evaluated by an
endocrinologist during the study period, and if they received insulin therapy. In each model,
we clustered standard errors by the assigned clinician.

We first evaluated the association between high-risk medical characteristics (CKD, HF, and
IHD) with GLP1RA/SGLT?2i therapy with adjustment for other medical comorbidities. We
then ran three alternate models to evaluate these associations. First, we added adjustment
for sociodemographic characteristics (sex, race/ethnicity, and household income). Second,
we used a mixed effects model with a random intercept for clinician to evaluate the
within-practice effects of high-risk medical characteristics. Finally, we excluded patients
with severe, life-threatening comorbidities (cancer, dementia, and end-stage renal disease).
We then evaluated the association between these high-risk characteristics with each therapy
individually. Finally, we evaluated the association between the aDCSI and GLP1RA/
SGLT2i therapy without adjusting for other medical comorbidities given the substantial
multicollinearity between diabetes complications and other comorbidities.

Second, we evaluated the association between sociodemographic characteristics with
GLP1RA/SGLT?2i therapy. First, we evaluated the association between age and sex with
GLP1RA/SGLT2i therapy while adjusting for medical comorbidities. We then sequentially
evaluated the association between our outcome and race/ethnicity, income, and education.
In each model, we adjusted for sex and age but not other medical comorbidities given these
diagnoses may be related to the quality of diabetes care and the documentation of these
diagnoses may vary across sociodemographic characteristics. We performed two sensitivity
analyses of the race/ethnicity analysis. First, we adjusted for medical comorbidities. Second,
we adjusted for individual clinician practices using a mixed effects model with a random
intercept for the treating clinician. By adjusting for differences between clinician practices,
the model measured the within-clinician associations between race/ethnicity and GLP1RA/
SGLT2i treatment; in other words, this model estimated whether patients of different

races had a different likelihood of receiving GLP1RA/SGLT2i from the same clinician.
Finally, we modeled interactions between the presence of cardiovascular disease (IHD or
HF), income, and race/ethnicity; we plotted the adjusted probabilities of GLP1RA/SGLT2i
treatment as a function of these three variables.

The final set of analyses evaluated clinician variation in treatment rates after adjustment for
patient characteristics. We calculated the median odds ratio from the mixed effects model
with a random intercept for treating clinician. Conceptually, the median odds ratio represents
the difference in odds of a patient receiving therapy when treated by two randomly selected
clinicians. It captures clinician-level variance, not between-individual variance within a
clinician’s practice, and is always = 1. We ran separate models for endocrinologists and
primary care clinicians.

Analyses were conducted in STATA. A p-value of <0.05 was considered statistically
significant. Data access for this project was provided by the Stanford Center for Population
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Health Sciences Data Core. This study was approved by the Stanford Institutional Review
Board.

We analyzed a final cohort of 793,525 patients with a diagnosis of T2DM and receipt of a
diabetes medication (see Supplement Figure 1). Table 1 displays the patient characteristics.
There were 182,726 (26.48%) patients with prior insulin use. A large proportion (360,140
[44.3%]) had no diabetes-related complications (aDCSI of 0) and only 125,843 (15.9%)
were seen by an endocrinologist.

Of the total cohort, 125,636 patients (15.8%) received either GLP1RA or SGLT2i therapy
during the study period (9.5% received a GLP1RA and 8.6% an SGLT2i). The average

age for those who did and did not receive either an SGLT2i or GLP1RA during the study
period was 61.4 years and 68.1 years, respectively. Among the 109,821 patients seen by an
endocrinologist, 28.7% (31,561) received GLP1RA/SGLT2i therapy compared with 13.8%
among those who did not see an endocrinologist. Among patients with a history of HF

or IHD, 11.6% (11,108 of 96,041) and 13.8% (24,372 of 177,709) patients received a
GLP1RA/SGLT2i, respectively, compared with 16.7% (125,636 of 578,997) among patients
without either condition. Among the 279,006 patients treated with more than 1 diabetes
medication in the 90 days preceding the index visit, GLP1IRA/SGLT2i therapy was used by
32.6% of patients.

between Comorbidities and SGLT2i or GLP1RA Prescription

We subsequently performed analyses evaluating the association between medical
characteristics and GLP1RA/SGLT?2i therapy (Table 2). After adjusting for age and other
comorbidities, patients with IHD had slightly higher odds of receiving SGLT2i/GLP1RA
therapy compared with those without IHD. Patients with a recent IHD-related admission

or revascularization had an adjusted odds ratio [AOR] of 1.05 (95% CI: 1.02-1.07) while
other patients with IHD had an aOR of 1.07 (95% CI: 1.05-1.09) compared with patients
without an IHD-related admission or diagnosis. Patients with HF with and without a recent
HF admission were less likely to receive GLPIRA/SGLT2i (aOR: 0.62 [95% ClI: 0.57-0.67]
and 0.93 [95% CI 0.90-0.95], respectively) compared with those without HF.

For IHD and HF, the likelihood of treatment was similar when evaluating each therapy
individually. IHD was associated with higher likelihood of GLP1RA therapy (aOR: 1.03;
95% Cl: 1.01-1.05) and SGLT?2i therapy (aOR: 1.10; 95% CI: 1.07-1.12). HF was
associated with lower likelihood of GLP1RA therapy (aOR: 0.88; 95% CI: 0.86-0.91) and
SGLT2i therapy (aOR: 0.72; 95% CI: 0.70-0.75).

The association between CKD and treatment differed between GLP1RA and SGLT2i
therapy. Patients with CKD, without evidence of end-stage renal disease, had a slightly
higher odds of GLP1RA/SGLT2i therapy (aOR: 1.04 [95% CI: 1.02-1.06]. CKD was
associated with higher odds of GLP1RA treatment (aOR: 1.21; 95% ClI: 1.19-1.24), but
lower odds of SGLT2i treatment (aOR: 0.74; 95% CI: 0.72-0.76).
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In a separate model, we evaluated the association between the number of diabetes-related
complications and the odds of GLP1RA/SGLT2i therapy. Patients with the highest burden of
diabetes-related complications (aDCSI =5) had lower odds (aOR: 0.81; 95% CI: 0.77-0.82)
of receiving GLP1RA/SGLT?2i therapy compared with patients without diabetes-related
complications (aDCSI of 0) (Supplement Table 2). This finding was consistent after
excluding patients with cancer, dementia, and end-stage renal disease (aOR: 0.85; 95%

Cl: 0.83-0.88 for aDCSI of =5 compared with aDCSI of 0).

Sociodemographic Characteristics

The association between sociodemographic characteristics and GLP1RA/SGLT2i therapy

is shown in Table 3. Older patients were less likely to receive GLP1RA/SGLT?2i therapy
during the study period (aOR: 0.33 [95% CI 0.32 — 0.66] for patients aged 75-85; aOR: 0.14
[95% CI 0.13 — 0.15] for patients aged = 85 years compared with patients < 45 years) after
adjustment for medical comorbidities.

We also found disparities across sex and race/ethnicity (Table 3). Women had lower odds
of GLP1RA/SGLT2i treatment (aOR: 0.94, 95% CI 0.93 — 0.95). This was similar after
adjusting for patient income, education, or medical comorbidities (Table 3). Asian, Black,
and Hispanic patients also had lower odds of GLP1RA/SGLT?2i therapy compared with
non-Hispanic White patients (Asian aOR: 0.80 [95% CI 0.77 — 0.84]; Black: aOR: 0.80
[95% CI 0.79-0.82]; Hispanic: 0.88 [95% CI: 0.86 — 0.90]).

The disparities were similar within clinician practices. After adjusting for between-clinician
differences, the associations between sex and race/ethnicity with GLP1RA/SGLT2i therapy
remained relatively unchanged. Within a clinician’s practice, both women (aOR: 0.95, 95%
Cl: 0.94-0.95) and Black patients (aOR 0.80, 95% CI: 0.78-0.81) had lower odds of
GLP1RA/SGLT2i therapy (Table 3).

In terms of household income, we found a significant dose-dependent association between
income and the odds of GLP1RA/SGLT?2i therapy. Compared with patients with income
<$40,000, the aOR of SGLT2 or GLP1 prescription during the study period was 1.18 (95%
Cl: 1.15-1.21) for patients with a household income >$75,000 and <$100,000 and 1.30
(95% CI 1.27-1.33, p<0.01) for patients with a household income =$100,000. Educational
attainment was also associated with likelihood of GLP1RA/SGLT2i therapy. Patients with a
high school-level education had lower odds (aOR: 0.85; 95% CI: 0.78-0.82).

We analyzed the interaction between cardiovascular disease (ischemic heart disease or heart
failure), race/ethnicity, and household income by calculating the adjusted probability of
GLP1RA/SGLT2i therapy based on these three variables (Figure 1). There was a significant
interaction between low household income and Black race (OR 0.90; 95% CI: 0.82-0.98
compared with non-Hispanic White), indicating low-income Black patients had lower
GLP1RA/SGLT2i therapy rates than low-income, non-Hispanic White patients.

Clinician variation

The odds of SGLT2i or GLP1RA therapy were higher for those treated by an
endocrinologist (AOR 2.11 [95% CI 2.04-2.17]) after adjustment for medical comorbidities.

Diabetes Res Clin Pract. Author manuscript; available in PMC 2024 February 01.
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There were 1,718 endocrinology and 7,078 primary care clinician groups with more than

20 patients with GLPLRA/SGLT?2i therapy. For endocrinologists, the adjusted probability
of GLP1RA/SGLT?2i therapy ranged from 5.6%-67.0% (median: 25.1%; IQR 19.8%-31.3%)
(Figure 2a). The median odds ratio of GLPIRA/SGLT?2i therapy was 1.70 (95% CI: 1.65-
1.75), indicating there was a 70% difference in the odds of GLP1RA/SGLT2i therapy for a
given patient between two randomly selected endocrinologists. For primary care clinicians,
the adjusted probability of GLP1RA/SGLT2i therapy ranged from 1.9%-51.7% (median:
8.6%; IQR 6.0%-12.8%) (Figure 2b). The median odds ratio was 2.04 (95% CI: 2.00-2.09).
These results were similar after adjusting for sociodemographic characteristics (Supplement
Table 3).

DISCUSSION

Among a commercially insured cohort of patients with T2DM in 2018-2019, only 16%
received GLP1RA/SGLT2i therapy. We discovered important patient-specific disparities in
treatment. Asian, Black, and Hispanic patients, older patients and those with lower income
had lower odds of GLP1RA/SGLT?2i therapy, which persisted despite adjustment for medical
comorbidities or clinician practice. We also found evidence of a striking risk-treatment
paradox. Patients with HF and those with higher rate of diabetes-related complications were
less likely to receive GLP1RA/SGLT2i therapy than patients without these diagnoses. These
results identify a number of opportunities for improving our implementation of these novel
therapies to reduce cardiovascular morbidity.

Clinical guidelines have endorsed the use of GLP1RA and SGLT2i therapy as integral
components of the care for diabetes (11,20) In 2019, the American Diabetes Association
(ADA) released updated guidelines in support of cardioprotective GLP1RA or SGLT2i
when metformin monotherapy was no longer sufficient for patients with T2DM(19).
Additionally, position statements published by the ADA which came out just before our
study cohort in November of 2017 recommended empagliflozin and liraglutide for patients
with existing atherosclerotic cardiovascular disease (21). Despite the robust evidence for
the cardiovascular and renal benefits of these therapies in multiple guidelines and position
statements, we found a significant variability in their uptake even across endocrinologists.
There might be several explanations for the sluggish adoption among individual providers.
Familiarity with these medications, knowing which patients would benefit, and the patient’s
risk profile likely all factor into clinicians’ decisions to initiate GLP1RA or SGLT?2i (13,20).
Clinicians and patients may also be reluctant to change therapies when clinical status is
stable. This inertia often overlooks previous data demonstrating the high persistent risk of
clinical events among patients with glycemic control, especially among those with existing
cardiovascular disease(22). Clinicians may also have discomfort in recommending diabetes
therapies for the cardioprotective benefits as opposed to glycemic control. This emphasizes
the need to overcome the perception of GLP1RA/SGLT?2i as glucose-lowering, diabetes
medications. Instead, these therapies should be rebranded as preventive therapies for the
cardiovascular and renal diseases they prevent.

The high cost of GLP1IRA/SGLT?2i therapies presents unique barriers related to patient
affordability and prior authorization barriers(23,24). This is consistent with the lower odds
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of GLP1RA/SGLT2i therapy among those with low household income. The unaffordability
of clinically effective therapies is a critical factor in driving disparities. Reducing
out-of-pocket costs can have important effects on improving adherence and reducing
disparities(24). These findings emphasize the need for reform in pharmaceutical cost-
sharing(22,38). Patient affordability is especially critical for cost-effective therapies in
which the high costs are justified based on their clinical benefit (25,26), which has been
the case for SGLT2i among high-risk groups with CKD or HF. In addition to the actual
unaffordability of high-cost medication, implicit bias related to cost may contribute to
disparities. Clinicians are often unaware of out-of-pocket costs and may presume a drug

is unaffordable despite patient access programs such as the Low-Income Subsidy for
Medicare patients(27,29). Additionally, patients and clinicians are often unaware of program
eligibility, with over 1/3 of eligible patients unenrolled(28).

In addition to sociodemographic disparities, we found an important risk-treatment paradox.
The highest-risk patients were not substantially more likely to receive GLP1RA/SGLT2i
therapy. In fact, patients with HF or with more diabetes-related complications were less
likely to receive these therapies. However, these high-risk patients would derive the highest
absolute benefit with treatment. We also demonstrated that the risk-treatment paradox
persisted within high-risk subgroups. Patients with recent HF hospitalizations had lower
odds of GLP1RA/SGLT?2i therapy than patients with HF without a recent HF admission.
Patients with a recent IHD-related admissions/revascularization did not have higher odds of
GLP1RA/SGLT2i therapy. The risk-treatment paradox has been established across multiple
disease states, including statin prescription(30), percutaneous coronary intervention(31) and
in marginalized groups such as elderly patients(33) and women(34). While there may be
concerns regarding side effects in patients with more comorbidities, there are now extensive
safety data across broad populations. Similar guideline-directed research has been done

in other domains, such as evolution of formulary coverage and utilization strategies in
prescription of DOAC or PCSKQ therapies (35, 36).

Our analysis builds on prior studies that demonstrated the low uptake of GLP1RA/SGLT2i
therapy among patients with T2DM(14,15). Eberly and colleagues also found low rates

of GLP1RA and SGLT2i therapy among commercially insured individuals in the Optum
database between 2015-2019 with lower treatment rates among Black patients and those
with lower average neighborhood income. While we used a similar cohort, there are several
important differences and unique findings in our analysis. First, we included patients with
diabetes managed by primary care. We found patients managed by primary care without
endocrinology had substantially lower likelihood of GLP1RA/SGLT?2i therapy, even after
adjusting for comorbidities and sociodemographic characteristics. Second, we restricted
our cohort to the period after the diabetes treatment guidelines explicitly recommended
GLP1RA/SGLT2i, yet we found treatment rates for GLPIRA/SGLT2i remained low,
including among those with cardiovascular or renal disease. Third, we demonstrated patient-
level income and education were both associated with the likelihood of GLP1RA/SGLT2i
therapy.

Our study also builds on prior work by evaluating GLP1RA/SGLT2i treatment rates within
clinician practices and comparing rates across practices. Treatment disparities may be
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related to differences in treatment practices among clinicians who disproportionately treat
a given group (between-clinician differences) or differences in how individual clinicians
treat patients of different groups (within-clinician differences) or both. Understanding the
structure of disparities is critical. For example, if disparities are driven by between-clinician
differences, the primary factor is the general quality of care of the clinicians treating a
given group rather than differential treatment by a given clinician. We found disparities

in GLP1RA/SGLT2i remained unchanged after adjusting for between-clinician differences.
This illustrates that race- and ethnicity-based disparities were secondary to differential
treatment within clinician practices. Understanding the causes of these disparities is beyond
the scope of what we can determine from this analysis, but ethnic and racial discrimination
and structural racism may be important contributors.

We found a substantial range in treatment rates across clinicians. There was a 70%
difference in the odds of receiving a GLP1RA/SGLT2i between two randomly selected
endocrinologists after accounting for other patient characteristics, including income. This is
consistent with an earlier analysis that demonstrated profound between-practice variation in
prescription of second-generation diabetic medications(37). This variation strengthens the
argument that higher treatments rates are obtainable. Quality improvement efforts should
focus on increasing the use of GLPLRA/SGLT?2i, particularly among high-risk populations
that are most likely to benefit.

Careful implementation of guidelines also has a powerful effect on adoption. There are
multiple potential strategies to improving adoption of SGLT2i and GLP1RA. First, the
benefit of starting these therapies should be disseminated across medical specialties.
Diabetic patients at high risk of adverse cardiovascular and renal outcomes are often cared
for by a range of specialists, including cardiologists and nephrologists. Educating clinicians
across specialists about the benefit of these therapies may improve therapy uptake. Second,
quality improvement registries of diabetes patients may promote uptake of these therapies
via audit and feedback strategies (39). Third, inclusion of these medications on hospital
formularies would facilitate inpatient initiation and increase the likelihood that patients’
providers will continue them outpatient. Finally, reduction in patient cost-sharing to improve
affordability is critical. The Inflation Reduction Act of 2022 will cap Medicare Part D drug
cost-sharing to $2,000 annually starting in 2025 (40).

Our study has important limitations. First, this study used claims data which limits clinical
granularity. Second, Optum SES includes only patients with Medicare Advantage or
commercial insurance. Therapy rates may be even lower among patients without insurance
or with Medicaid. Finally, we did not directly link the prescription claims with a given
clinician and instead assumed the endocrinologist or primary care clinician treating the
patient were responsible.

In conclusion, we found sub-optimal adoption of GLPLRA/SGLT?2i therapy among patients
with medically treated T2DM. Overall therapy rates were low. Individual clinician practices
were less likely to treat Asian, Black, and Hispanic patients with GLP1RA/SGLT2i than
their non-Hispanic, White patients. Patients with heart failure and more diabetes-related
complications had lower treatment rates despite having a greater absolute likelihood of
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benefit with treatment. Overall, shifting the narrative around these medications from one of
a “glucocentric” view to a cardio-renal lens is paramount to not only improving uptake of
these protective medications into practice but ensuring accessibility to patients who would
derive the most benefit. Rebranding GLP1RA/SGLT2i therapies in this way will further
promote their use among patients at high risk of adverse cardiovascular and renal outcomes.
These findings underscore the urgency of identifying strategies to improve adoption of
T2DM therapies that have cardiovascular and renal benefits, especially among high-risk and
historically disadvantaged groups
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Figure 1.
Adjusted Probability of GLP1RA/SGLT2i Therapy Based on Cardiovascular Disease, Race/

Ethnicity, and Income
Abbreviations: A: Asian, B: Black, H: Hispanic. M: Missing Race/Ethnicity, W: Non-
Hispanic White.
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Variation in Adjusted GLP1RA/SGLT2i Therapy Rates Across Primary Care Clinicians and

Endocrinologists
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Table 1.
Patient Characteristics
Total No GLP1RA or SGLT2i GLP1RA or SGLT2i SMD
N=793,525 N=667,889 N=125,636
Age, years 67.1 (12.5) 68.1 (12.4) 61.4 (11.3) 0.55
Census Division 0.06
East North Central 103,009 (13.0%) 87,070 (13.0%) 15,939 (12.7%)
East South Central 30,658 (3.9%) 24,468 (3.7%) 6,190 (4.9%)
Middle Atlantic 57,789 (7.3%) 49,992 (7.5%) 7,797 (6.2%)
Mountain 67,135 (8.5%) 57,713 (8.6%) 9,422 (7.5%)
New England 23,726 (3.0%) 20,861 (3.1%) 2,865 (2.3%)
Pacific 90,405 (11.4%) 78,744 (11.8%) 11,661 (9.3%)
South Atlantic 241,212 (30.4%) 202,609 (30.3%) 38,603 (30.7%)
Unknown 3,081 (0.4%) 2,693 (0.4%) 388 (0.3%)
West North Central 44,649 (5.6%) 36,219 (5.4%) 8,430 (6.7%)
West South Central 131,861 (16.6%) 107,520 (16.1%) 24,341 (19.4%)
Race/Ethnicity 0.03
Asian 35,489 (4.5%) 30,944 (4.6%) 4,545 (3.6%)
Black 127,068 (16.0%) 108,945 (16.3%) 18,123 (14.4%)
Hispanic 133,884 (16.9%) 114,040 (17.1%) 19,844 (15.8%)
Missing 23,914 (3.0%) 19,831 (3.0%) 4,083 (3.2%)
Non-Hispanic White 473,170 (59.6%) 394,129 (59.0%) 79,041 (62.9%)
Endocrinology Visit 109,821 (13.8%) 78,260 (11.7%) 31,561 (25.1%) 0.38
aDSCI Score 0.07
0 360,140 (45.4%) 295,586 (44.3%) 64,554 (51.4%)
1 99,331 (12.5%) 82,054 (12.3%) 17,277 (13.8%)
2 139,038 (17.5%) 118,841 (17.8%) 20,197 (16.1%)
3-4 115,330 (14.5%) 100,387 (15.0%) 14,943 (11.9%)
5+ 79,686 (10.0%) 71,021 (10.6%) 8,665 (6.9%)
Medication Fills in Last 90 days
Number of Diabetes Therapies 1.4 (0.9) 1.2(0.8) 21(11) 0.60
Insulin 185,151 (23.3%) 147,698 (22.1%) 37,453 (29.8%) 0.18
Meglitinide 5,584 (0.7%) 4,513 (0.7%) 1,071 (0.9%) 0.02
Metformin 440,253 (55.5%) 372,012 (55.7%) 68,241 (54.3%) -0.03
Thiazolidine 43,425 (5.5%) 34,512 (5.2%) 8,913 (7.1%) 0.08
DPP4 Inhibitors 92,548 (11.7%) 72,387 (10.8%) 20,161 (16.0%) 0.16
Sulfonylureas 194,954 (24.6%) 164,193 (24.6%) 30,761 (24.5%) 0.00
GLPIRA 57,581 (7.3%) 4,607 (0.7%) 52,974 (42.2%) 1.54
SGLT2i 53,730 (6.8%) 3,979 (0.6%) 49,751 (39.6%) 1.50
Comorbidities
Alcohol Use Disorder 15,348 (1.9%) 13,307 (2.0%) 2,041 (1.6%) -0.03
Cardiac Arrhythmias 78,880 (9.9%) 70,246 (10.5%) 8,634 (6.9%) -0.12
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Total No GLP1RA or SGLT2i GLP1RA or SGLT2i SMD
N=793,525 N=667,889 N=125,636
Bipolar Disorder 121,717 (15.3%) 101,442 (15.2%) 20,275 (16.1%) 0.02
Cancer 69,668 (8.8%) 61,346 (9.2%) 8,322 (6.6%) -0.09
Cerebrovascular Disease 57,828 (7.3%) 51,280 (7.7%) 6,548 (5.2%) -0.10
Chronic Kidney Disease 218,574 (27.5%) 189,774 (28.4%) 28,800 (22.9%) -0.12
End-stage Renal Disease 4,113 (0.5%) 3,967 (0.6%) 146 (0.1%) -0.07
Chronic Liver Disease 31,614 (4.0%) 25,334 (3.8%) 6,280 (5.0%) 0.06
Chronic Obstructive Pulmonary Disease 90,630 (11.4%) 80,071 (12.0%) 10,559 (8.4%) -0.11
Dementia 23,352 (2.9%) 21,954 (3.3%) 1,398 (1.1%) -0.13
Heart Failure
No recent admission 85,467 (10.8%) 75,204 (11.3%) 10,263 (8.2%) -0.10
With admission 10,574 (1.3%) 9,729 (1.5%) 845 (0.7%) -0.07
Hyperlipidemia 589,444 (74.3%) 490,712 (73.5%) 98,732 (78.6%) 0.09
Hypertension 145,102 (18.3%) 127,910 (19.2%) 17,192 (13.7%) -0.14
Ischemic Heart Disease
No IHD Admission or Revascularization 113,522 (14.3%) 97,826 (14.6%) 15,696 (12.5%) -0.06
With Admission or Revascularization 63,587 (8.0%) 54,911 (8.2%) 8,676 (6.9%) -0.05
Neurologic Disorder 110,449 (13.9%) 95,176 (14.3%) 15,273 (12.2%) -0.06
Obesity 280,602 (35.4%) 222,231 (33.3%) 58,371 (46.5%) 0.26
Peripheral Arterial Disease 196,327 (24.7%) 169,196 (25.3%) 27,131 (21.6%) -0.08
Psychotic Disorder 7,365 (0.9%) 6,397 (1.0%) 968 (0.8%) -0.02
Thyroid Disorder 151,266 (19.1%) 127,113 (19.0%) 24,153 (19.2%) 0.01
Educational Attainment 0.02
Less than High School 8,400 (1.1%) 7,231 (1.1%) 1,169 (0.9%)
High School 302,668 (38.1%) 257,546 (38.6%) 45,122 (35.9%)
College Degree 401,548 (50.6%) 336,452 (50.4%) 65,096 (51.8%)
Graduate School 78,282 (9.9%) 64,427 (9.6%) 13,855 (11.0%)
Unknown 2,627 (0.3%) 2,233 (0.3%) 394 (0.3%)
Household Income, Thousand $ 0.07
<40 229,148 (28.9%) 198,385 (29.7%) 30,763 (24.5%)
>$40 and <50 62,259 (7.8%) 53,684 (8.0%) 8,575 (6.8%)
>$50 and <60 66,250 (8.3%) 56,979 (8.5%) 9,271 (7.4%)
=60 and <75 84,417 (10.6%) 71,600 (10.7%) 12,817 (10.2%)
>75 and <100 106,889 (13.5%) 88,810 (13.3%) 18,079 (14.4%)
>$100 144,405 (18.2%) 114,384 (17.1%) 30,021 (23.9%)
Unknown 100,157 (12.6%) 84,047 (12.6%) 16,110 (12.8%)
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Table 2.
Association Between Medical Characteristics and GLP1RA/SGLT2i Treatment

Model AL Model B: Model Model C: Model A Model D: Model
(n=793,525) A + Sociodemogr aphic + Clinician Practice A Excluding Cancer,
Characteristics! Adj ustment? Dementia, and ESRDL
(n=793,525) (n=793,525) (n=699,982)
Chronic Kidney Disease 1.04 (1.02-1.06) 1.05 (1.03-1.07) 1.05 (1.03-1.07) 1.04 (1.02-1.06)
Heart failure
With Recent Admission 0.62 (0.57-0.67) 0.63 (0.58-0.68) 0.62 (0.57-0.67) 0.60 (0.55-0.65)
Without Recent Admission 0.93 (0.90-0.95) 0.94 (0.91-0.96) 0.94 (0.91-0.96) 0.92 (0.90-0.95)
Ischemic Heart Disease
Admission or 1.05 (1.02-1.07) 1.04 (1.01-1.07) 1.05 (1.02-1.08) 1.06 (1.03-1.09)
Revascularization

Without Admission or 1.07 (1.05-1.09) 1.07 (1.04-1.09) 1.07 (1.05-1.10) 1.07 (1.04-1.09)

Revascularization

Adjusted for patient age, sex, census division, insulin treatment, medical comorbidities, and whether the patient was treated by endocrinology.
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Table 3.

Association Between Sociodemographic Characteristics and GLP1IRA/SGLT2i Therapy

Page 18

Model A: Race/ Mode B: Incomel Model C: Model D: Model Model E: Model A
Ethnicityl (n=793,525) Educationl A + Medical + Clinician Practice
(n=793,525) (n=793,525) Comorbiditiest Adjustment®
(n=793,525) (n=793,525)
Sex, Women (Ref: 0.95(0.94-0.97) 097 (0.96-0.99)  0.95 (0.93-0.96) 0.95 (0.94-0.96) 0.95 (0.94-0.96)

Men)

Age (Ref: <45 years

old)
>45 to <55 years
255 to <65 years
>65 to <75 years
>75 to <85 years

1.60 (1.55-1.65)
1.28 (1.24-1.32)
0.65 (0.63-0.67)
0.31 (0.30-0.32)

285 years 0.12 (0.11-0.13)
Race/Ethnicity (Ref:

non-Hispanic White)
Asian 0.80 (0.77-0.84)
Black 0.80 (0.79-0.82)
Hispanic 0.88 (0.86-0.90)
Missing 0.97 (0.93-1.00)

Household Income,

thousand $ (Ref: 2100)

=75 to <100
260 to <75
250K to <60K
240 to <50
<40

Missing

Educational
Attainment (Ref:
Graduate Degree)

Less than High School

High School
College
Missing

1.59 (1.54-1.64)
1.28 (1.24-1.32)
0.66 (0.64-0.68)
0.32 (0.31-0.33)
0.13 (0.12-0.14)

0.91 (0.89-0.93)
0.86 (0.83-0.88)
0.80 (0.78-0.82)
0.77 (0.75-0.79)
0.75 (0.73-0.76)
0.77 (0.75-0.79)

1.61 (1.56-1.66)
1.30 (1.26-1.34)
0.66 (0.64-0.68)
0.32 (0.31-0.33)
0.12 (0.12-0.13)

0.85 (0.78-0.92)
0.88 (0.85-0.90)
0.97 (0.95-1.00)
0.87 (0.77-0.97)

1.50 (1.46-1.55)
1.22 (1.19-1.26)
0.64 (0.62-0.66)
0.33 (0.32-0.34)
0.14 (0.13-0.15)

0.83 (0.80-0.87)
0.82 (0.80-0.84)
0.87 (0.84-0.89)
0.97 (0.93-1.01)

1.64 (1.60-1.69)
1.31 (1.28-1.35)
0.65 (0.63-0.67)
0.31 (0.30-0.32)
0.12 (0.11-0.13)

0.78 (0.75-0.81)
0.80 (0.78-0.81)
0.88 (0.86-0.90)
0.97 (0.94-1.01)

Adjusted for patient age, sex, census division, insulin treatment, and whether the patient was treated by endocrinology.

Diabetes Res Clin Pract. Author manuscript; available in PMC 2024 February 01.



	INTRODUCTION
	RESEARCH DESIGN AND METHODS
	Data
	Study Population
	Study Variables
	Statistical Analysis

	RESULTS
	Association between Comorbidities and SGLT2i or GLP1RA Prescription
	Sociodemographic Characteristics
	Clinician variation

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Table 1.
	Table 2.
	Table 3.

