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OBJECTIVE

To examine the association of race/ethnicity and socioeconomic deprivationwith initia-
tion of guideline-recommended diabetes medications with cardiovascular benefit (glu-
cagon-like peptide 1 receptor agonists [GLP1-RA] and sodium–glucose cotransporter 2
inhibitors [SGLT2i]) among older adults with type 2 diabetes (T2D) and either incident
atherosclerotic cardiovascular disease (ASCVD) or congestive heart failure (CHF).

RESEARCH DESIGN AND METHODS

Using Medicare data (2016–2019), we identified 4,057,725 individuals age >65 years
with T2D and either incident ASCVD or CHF. We estimated incidence rates and haz-
ard ratios (HR) of GLP1-RA or SGLT2i initiation within 180 days by race/ethnicity and
zip code–level Social Deprivation Index (SDI) using adjusted Cox proportional hazards
models.

RESULTS

Incidence rates of GLP1-RA or SGLT2i initiation increased over time but remained low
(<0.6 initiations per 100 person-months) in all years studied. Medication initiation
was less common among those of Black or other race/ethnicity (HR 0.81 [95% CI
0.79–0.84] and HR 0.84 [95% CI 0.75–0.95], respectively) and decreased with increas-
ing SDI (HR 0.96 [95% CI 0.96–0.97]). Initiation was higher in ASCVD than CHF (0.35
vs. 0.135 initiations per 100 person-months). Moderate (e.g., nephropathy, nonalco-
holic fatty liver disease) but not severe (e.g., advanced chronic kidney disease, cirrho-
sis) comorbidities were associated with higher probability of medication initiation.

CONCLUSIONS

Among older adults with T2D and either ASCVD or CHF, initiation of GLP1-RA or SGLT2i
was low, suggesting a substantial deficit in delivery of guideline-recommended care or
treatment barriers. Individuals of Black and other race/ethnicity and those with higher
area-level socioeconomic deprivation were less likely to initiate thesemedications.

Beginning in 2015, data began to rapidly accumulate reporting cardiovascular bene-
fits of glucagon-like peptide 1 receptor agonists (GLP1-RA) and sodium–glucose
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cotransporter 2 inhibitors (SGLT2i) in
patients with type 2 diabetes (T2D) and
atherosclerotic cardiovascular disease
(ASCVD), with SGLT2i also showing benefit
among patients with T2D and congestive
heart failure (CHF) (1–8). These findings
resulted in a paradigm shift in the treat-
ment of T2D, prompting American Diabe-
tes Association and European Association
for the Study of Diabetes consensus re-
port updates in 2018 and 2019 (9,10).
These updates first recommended use of
GLP1-RA and SGLT2i as preferred second-
line agents after metformin among pa-
tients with ASCVD or CHF whose hemo-
globin A1c (HbA1c) was above goal and
later recommended use of these medi-
cations among those with either comor-
bidity, regardless of baseline glycemic
control.

Despite the manifold benefits of these
medications, uptake has been slow, both
among the total population with diabetes
(11–15) and among those with both T2D
and ASCVD (15–18). Further, as seen with
other novel and/or costly diabetes thera-
pies (19–22), racial/ethnic and socioeco-
nomic differences in GLP1-RA (12,14,15,18)
and SGLT2i (11,15,16,18) use have already
begun to emerge. To our knowledge, up-
take has not been explored within cer-
tain key populations, including U.S. older
adults or publicly insured individuals, and
the degree to which race/ethnicity and
socioeconomic status contribute indepen-
dently to these disparities remains unclear.

In this study, we examine rates of initi-
ation of GLP1-RA or SGLT2i among older
adults with T2D and either ASCVD or
CHF, a population for whom recent guide-
lines would recommend universal treat-
ment with these medications (9,10). We
also examine racial/ethnic and socioeco-
nomic disparities in medication initiation,
including the independent contribution
of these factors and trends in these dis-
parities over time. Finally, we report the
associations of age, sex, region, medical
comorbidities, medications, and health
care use with initiation of these medica-
tions in order to define patient popula-
tions most likely to receive GLP1-RA and
SGLT2i based on current practice patterns.

RESEARCH DESIGN AND METHODS

Data Source and Study Cohort
We leveraged Medicare fee-for-service
claims data from Parts A (inpatient cov-
erage), B (outpatient coverage), and D

(prescription benefits) from July 2016
through December 2019, which were the
latest data available. July 2016 was cho-
sen as the study start date as it followed
the publications of at least one study sup-
porting use of a GLP1-RA [Liraglutide Ef-
fect and Action in Diabetes: Evaluation of
Cardiovascular Outcome Results (LEADER),
June 2016 (2)] and an SGLT2i [BI 10773
(Empagliflozin) Cardiovascular Outcome
Event Trial in Type 2 Diabetes Mellitus
Patients (EMPA-REG OUTCOME) trial, Sep-
tember 2015 (6)] for prevention of macro-
vascular complications in patients with
ASCVD or CHF.

In this data set, we examined a cohort
of individuals aged $65 years with at
least 365 days of continuous enrollment
and diagnoses of T2D and either incident
ASCVD or incident CHF, as defined by val-
idated ICD codes (Supplementary Table 1).
The date of diagnosis of either ASCVD or
CHF, or the first clinical documentation
(e.g., diagnostic code entry) of these indi-
cations following July 2016, was consid-
ered the cohort entry date. We excluded
individuals who had preexisting ASCVD
or CHF or previous exposure to either
GLP-1-RA or SGLT2i prior to cohort en-
try date, who had any diagnosis codes
for type 1 diabetes, or who would not
be eligible for either medication based
on diagnosis of either chronic kidney dis-
ease stage V or end-stage renal disease.
Lastly, we excluded individuals who were
missing key variables (age, sex, race/
ethnicity, or zip code from which to as-
sign area-level Social Deprivation Index
[SDI]) or who were admitted to a nursing
home (where diagnoses and medications
would not be individually charged to in-
surance) during the covariate assessment
period. The study was approved by the
institutional review board of the Brig-
ham and Women’s Hospital, and a data
use agreement was in place.

Outcome and Covariate Definitions
The primary outcome was filling of either
a GLP1-RA (including liraglutide, dulaglu-
tide, semaglutide, exenatide, albiglutide,
or lixisenatide) or an SGLT2i (including
empagliflozin, canagliflozin, dapagliflozin,
or ertugliflozin) within 180 days of co-
hort entry. Race and ethnicity were de-
fined as documented in the Medicare
data set (enrollment database variable).
SDI, a measure incorporating area-level
demographics, educational attainment,

and other socioeconomic measures, was
assigned at the zip code level (23).

Baseline characteristics that might as-
sociate with filling of GLP1-RA or SGLT2i
were assessed during the 365-day co-
variate assessment period prior to the
cohort entry date. Demographic covari-
ates included age, sex, region, and calen-
dar year of cohort entry. Comorbidities,
including key metabolic and cardiovascu-
lar comorbidities and relative contraindi-
cations for either GLP1-RA or SGLT2i use,
were defined based on the presence of
at least one ICD code for that diagnosis
(Supplementary Table 1). Frailty and
combined comorbidity were assessed
with use of validated, claims-based indi-
ces (24,25). Medication use was defined
based on the presence of at least one
filling of that medication (Supplementary
Table 2). Measures of health care use
were also captured, including number
of individual prescriptions, diabetes pre-
scriptions, primary care visits, endocri-
nologist visits, cardiologist visits, emergency
room visits, and hospitalizations.

Follow-up began on the cohort entry
date and continued until the first of the
following events occurred: 180 days of
follow-up, disenrollment from Medicare,
nursing home admission, death, or end
of the study period (31 December 2019).
Reasons for censoring are reported in
Supplementary Table 3.

Statistical Analysis
Baseline characteristics among those
who did and did not fill GLP1-RA or
SGLT2i and stratified by race/ethnicity
are presented with mean and SD for
continuous variables and number and
percent for categorical variables. Stan-
dardized differences were calculated to
compare those who did and did not ini-
tiate GLP1-RA or SGLT2i, and incidence
rates of medication initiation were cal-
culated as total initiations divided by
total person-months of follow-up. In the
primary analysis, Cox proportional hazards
models were used to assess differences in
time to occurrence of the primary out-
come (filling of either GLP1-RA or SGLT2i),
with results reported as hazard ratios
(HR) and 95% CIs for each exposure and
covariate. We used a sequential model-
ing approach was used to understand
the association of race/ethnicity and SDI
with prescribing, independent of one
other and related factors like health
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care access and use. The base model
(model 1) included only demographic
characteristics, comorbidities, and medi-
cation use. Model 2 was additionally
adjusted for race/ethnicity. Model 3 was
additionally adjusted for SDI, and the fi-
nal model (model 4) also included health
care use measures. SDI and number of
primary care visits were analyzed per SD
for interpretability. Finally, we included
additional models with examination
of multiplicative interactions between
1) year and race/ethnicity, 2) year and
SDI, and 3) sex and race/ethnicity to un-
derstand whether any observed dispar-
ities were evolving over time and whether
associations between sex and medication
initiation were similar across race/ethnicity
groups.
We performed multiple sensitivity anal-

yses to confirm the stability of results
under different assumptions, including
1) multivariable logistic regression models
of the primary outcome, 2) multivariable
linear regression models with examina-
tion of proportion of days covered with
a GLP1-RA or SGLT2i during the 180-day
follow-up period among those who filled

a GLP1-RA or SGLT2i at least once, and
time-to-event analyses 3) allowing for up
to 365 days of follow-up, 4) only includ-
ing medications with strong evidence for
cardiovascular benefit (liraglutide, sema-
glutide, dulaglutide, empagliflozin, cana-
gliflozin, dapagliflozin) as the outcome,
and 5) restricting to individuals with co-
hort entry dates in 2018 or 2019 when
updated guidelines were publicized rec-
ommending use of GLP1-RA or SGLT2i
therapy in these patients regardless of
glycemic control. We additionally per-
formed subgroup analyses restricting the
cohort to only metformin users, as a sam-
ple taking at least one diabetes medi-
cation and as a means of ruling out
advanced renal disease, which had not
been coded), and restricting the cohort
to only those with at least 180 days of
follow-up (a.k.a., not including those
who disenrolled, were admitted to a
nursing home, or died prior to 180 days)
in order to account for differential censor-
ing, which might reflect clinical differ-
ences in disease severity or life expectancy,
which are not well captured by codes.
Lastly, we performed time-to-event

analyses stratifying the cohort by 1) indi-
cation for GLP1-RA or SGLT2i (nonmutu-
ally exclusive ASCVD or CHF cohorts),
2) year of cohort entry, 3) age at co-
hort entry (65–74 years vs. $75 years),
and 4) race/ethnicity. In the analysis strati-
fied by indication, the primary outcome
was filling of either GLP1-RA or SGLT2i
among patients in the ASCVD cohort, with
additional analyses examining initia-
tion of each medication class individu-
ally; among patients in the CHF cohort,
the primary outcome was filling of an
SGLT2i. All analyses were performed with
SAS, version 9.4 (SAS Institute, Cary, NC).

RESULTS

Baseline Characteristics
A total of 4,057,725 individuals were in-
cluded in the analysis (Fig. 1). Of those
potentially eligible, only 169,581 (3.3%)
were excluded due to GLP1-RA or SGLT2i
use prior to ASCVD or CHF diagnosis
(Fig. 1). Within the included sample,
mean age was 75.6 years, 50.8% of in-
dividuals were women, and 80.0% were
non-Hispanic White (demographic char-
acteristics presented in Table 1, full

Figure 1—Flow diagram. CED, cohort entry date; CKD5, chronic kidney disease stage 5; ESRD, end-stage renal disease.
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characteristics presented in Supple-
mentary Table 4, full characteristics
stratified by race/ethnicity presented
in Supplementary Table 5). Given the
strong recommendations for treatment
of this group, and thus the aspiration
that nearly 100% of patients with ASCVD
or CHF should receive these medications,
incidence rates of initiation of GLP1-RA
or SGLT2i were low (0.34 initiations per
100 person-months) but increased over
time from 0.23 initiations per 100 per-
son-months in 2016 to 0.58 initiations
per 100 person-months in 2019.

Associations With GLP1-RA and
SGLT2i Initiation
In fully adjusted models, older age (HR
0.94 per year of age, 95% CI 0.94–0.94)
was associated with lower probability and
male sex (HR 1.08, 95% CI 1.06–1.10)
with higher probability of GLP1-RA or
SGLT2i initiation (Table 2). Non-Hispanic
Black and other race/ethnicity and greater
socioeconomic deprivation (as measured
by higher SDI) were also associated with
decreased likelihood of initiation of GLP1-
RA or SGLT2i (respectively, HR 0.81, 95%
CI 0.79–0.83; HR 0.87, 95% CI 0.79–0.97;
and HR 0.96 per 1 SD increase, 95% CI
0.96–0.97). Adjusting for SDI (model 3) did
not significantly attenuate the association

between race/ethnicity and medication
initiation observed in model 2 (Supple-
mentary Table 6). Patients in the West-
ern U.S. were most likely to fill prescrip-
tions for GLP1-RA or SGLT2i, followed
by those in the South, Northeast, and
Midwest.

Multiple medical factors were associ-
ated with increased or decreased proba-
bility of GLP1-RA or SGLT2i initiation
(Table 2). Cardiovascular risk factors
(e.g., hypertension, hyperlipidemia, obe-
sity, nonalcoholic fatty liver disease)
were associated with increased prob-
ability, whereas markers of end-stage
or more severe disease (e.g., cirrhosis,
combined comorbidity index score [25])
were associated with decreased prob-
ability of initiation. The association of
medication side effects and relative
contraindications to medication use
with medication initiation was variable
(e.g., urinary tract infection associated
with lower rates and diabetic ketoaci-
dosis with higher rates of medication
initiation). Prior filling of medications used
for treatment of ASCVD and heart failure
(e.g., b-blockers, ACE inhibitors, sacubitril)
was associated with higher rates of GLP1-
RA or SGLT2i initiation, whereas filling
of other first-line antihypertensive agents
more commonly used for uncomplicated

hypertension (e.g., thiazide diuretics and
calcium channel blockers) was associated
with lower rates of GLP1-RA or SGLT2i
initiation. Presence of any microvascular
complication and use of any other dia-
betes medication were associated with
higher rates of GLP1-RA or SGLT2i initia-
tion. Number of outpatient encounters
with a specialist (endocrinologist or cardi-
ologist) positively associated with GLP1-
RA or SGLT2i initiation, while encounters
for more severe or uncontrolled disease
(e.g., emergency department visits or
hospitalizations) associated with lower
rates of medication initiation.

Sensitivity and Stratified Analyses
Racial/ethnic and socioeconomic dispar-
ities persisted in all sensitivity analyses,
including in those with examination
of binary receipt of GLP1-RA or SGLT2i
(Supplementary Table 7) and percent
days covered with a GLP1-RA or an SGLT2i
in the first 180 days after diagnosis of
ASCVD or CHF, among those who filled
the medication at least once (Supple-
mentary Table 8). Disparities also per-
sisted in analyses restricting to patients
with at least 180 days of follow-up or
allowing for up to 365 days of follow-up
(Supplementary Table 9), examining ini-
tiation of only medications with clear

Table 1—Baseline demographic characteristics of patients who did and did not fill prescriptions for a GLP1-RA or an SGLT2i

Total
GLP1-RA or

SGLT2i initiators
GLP1-RA or SGLT2i

noninitiators
Standardized
difference

n 4,057,725 68,893 3,988,832

Age, mean (SD) 75.6 (7.50) 71.6 (5.60) 75.6 (7.49) �0.61038

Male, n (%) 1,996,028 (49.19) 37,168 (53.95) 1,958,860 (49.11) 0.09698

Year of cohort entry, n (%)

2016 1,706,022 (42.04) 21,050 (30.55) 1,684,972 (42.24) �0.24471
2017 1,043,432 (25.71) 18,437 (26.76) 1,024,995 (25.70) 0.02421
2018 700,058 (17.25) 15,716 (22.81) 684,342 (17.16) 0.1418
2019 608,213 (14.99) 13,690 (19.87) 594,523 (14.90) 0.13131

Race/ethnicity, n (%)

Non-Hispanic White 3,245,234 (79.98) 55,225 (80.16) 3,190,009 (79.97) 0.00468
Non-Hispanic Black 417,317 (10.28) 5,557 (8.07) 411,760 (10.32) �0.07817
Hispanic 111,070 (2.74) 2,290 (3.32) 108,780 (2.73) 0.03486
Asian 124,869 (3.08) 2,385 (3.46) 122,484 (3.07) 0.022
Other 21,392 (0.53) 357 (0.52) 21,035 (0.53) �0.00125
Missing 137,843 (3.40) 3,079 (4.47) 134,764 (3.38) 0.05616

SDI, mean (SD) 48.919 (28.00) 48.569 (27.94) 48.925 (28.00) �0.01273

Region, n (%)

South 1,611,393 (39.71) 28,936 (42.00) 1,582,457 (39.67) 0.0474
Northeast 873,219 (21.52) 13,618 (19.77) 859,601 (21.55) �0.04405
Midwest 897,362 (22.11) 13,627 (19.78) 883,735 (22.16) �0.05837
West 675,751 (16.65) 12,712 (18.45) 663,039 (16.62) 0.04814
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cardiovascular benefit (Supplementary
Table 10), restricting to metformin users
(Supplementary Table 11), and restricting
to those with a qualifying event in 2018
or 2019 (Supplementary Table 12).

In analyses stratified by indication
(ASCVD vs. CHF, nonmutually exclusive)
(Table 3), the incidence rate of initiating
a GLP1-RA or an SGLT2i was higher among
patients with ASCVD than among those
with CHF (0.35 vs. 0.13 initiations per
100 person-months). Racial/ethnic and
socioeconomic disparities in GLP1-RA or
SGLT2i initiation persisted in those with
ASCVD, while only Black race/ethnicity
was associated with lower medication
initiation in those with CHF (Table 3 and
Fig. 2). Among those with ASCVD, analy-
ses examining either GLP1-RA or SGLT2i
initiation in isolation (rather than as a
combined outcome) showed lower rates
of initiation of either medication among
those reporting non-Hispanic Black race/
ethnicity, with variable effects among
those of other race/ethnicity groups based
on the medication studied (Supplementary
Table 13).

In analyses stratified by year (Supple-
mentary Table 14), racial/ethnic and so-
cioeconomic disparities persisted for all
years studied, with the degree of dispar-
ity decreasing over time among non-
Hispanic Black and other race individuals
(with a significant race-by-year multiplica-
tive interaction when added to model 4;
P = 0.01 in 2019 vs. 2,016 for non-Hispanic
Black and P < 0.0001 in 2019 vs. 2016 for
other). No change in socioeconomic dis-
parities was seen during the study period
(P for interaction >0.05 for all years vs.
2016). In analyses stratified by age at
cohort entry, non-Hispanic Black race/
ethnicity remained associated with lower
rates of medication initiation for all
age-groups, with other race/ethnicity
and greater socioeconomic deprivation
associated with lower rates of initiation
in older (age $75 years) and younger
(age 65–74 years) groups, respectively
(Supplementary Table 15). Finally, in analy-
ses stratified by race/ethnicity (Supple-
mentary Table 16), negative associations
between social deprivation and GLP1-RA
or SGLT2i filling existed for individuals of
non-Hispanic White and non-Hispanic Black
race/ethnicity (the two largest groups) but
not for other reported race/ethnicities. In
individuals of Hispanic, other, and missing
race/ethnicity, there was no significant as-
sociation between SDI and filling, while in

Table 2—Cox proportional hazards models for filling a new prescription for a
GLP1-RA or an SGLT2i

HR (95% CI) P

Age 0.94 (0.94–0.94) <0.0001

Male 1.078 (1.06–1.1) <0.0001

Year of cohort entry

2016 Ref
2017 1.455 (1.43–1.48) <0.0001
2018 1.832 (1.79–1.87) <0.0001
2019 2.275 (2.23–2.33) <0.0001

Race/ethnicity

Non-Hispanic White Ref
Non-Hispanic Black 0.810 (0.79–0.83) <0.0001
Hispanic 0.989 (0.95–1.03) 0.6104
Asian 1.034 (0.99–1.08) 0.1263
Other 0.874 (0.79–0.97) 0.0112
Missing 1.032 (0.99–1.07) 0.093

SDI, per SD28 0.964 (0.96–0.97) <0.0001

Region

South Ref
Northeast 0.935 (0.92–0.96) <0.0001
Midwest 0.815 (0.80–0.83) <0.0001
West 1.064 (1.04–1.09) <0.0001

Comorbidities

Hypertension 1.053 (1.02–1.08) 0.0004
Hyperlipidemia 1.105 (1.08–1.13) <0.0001
Atrial fibrillation/flutter 0.945 (0.92–0.97) <0.0001
Obesity 1.377 (1.35–1.40) <0.0001
Cirrhosis 0.852 (0.80–0.91) <0.0001
NAFLD, hepatosteatosis 1.236 (1.19–1.28) <0.0001

Tobacco use 0.869 (0.83–0.91) <0.0001

Alcohol use 0.845 (0.78–0.91) <0.0001

Diabetes complications

Neuropathy 1.225 (1.20–1.25) <0.0001
Retinopathy 1.179 (1.15–1.20) <0.0001
Nephropathy 1.151 (1.12–1.19) <0.0001

Comorbidity indices

Gagne index 0.980 (0.98–0.98) <0.0001
Frailty index 0.802 (0.61–1.05) 0.1129

SGLT2i contraindications

Diabetic ketoacidosis 1.173 (1.00–1.37) 0.0487
Urinary tract infection 0.956 (0.93–0.98) 0.0002
Cellulitis of the groin or Fournier gangrene 1.384 (1.31–1.46) <0.0001
Nontraumatic amputation 0.961 (0.87–1.06) 0.4309
Hypotension 0.924 (0.88–0.96) 0.0004
Falls 0.992 (0.96–1.03) 0.6466
Fracture 1.002 (0.98–1.03) 0.8928

GLP1-RA contraindications

Pancreatitis 0.896 (0.82–0.98) 0.0185
Cholelithiasis, cholecystitis 0.844 (0.80–0.89) <0.0001
Medullary thyroid cancer 1.374 (0.34–5.49) 0.6532

SGLT2i and GLP1-RA relative contraindication

Chronic kidney disease, stage 4 0.998 (0.98–1.02) 0.8524

Diabetes medications

Metformin 1.421 (1.38–1.46) <0.0001
Sulfonylureas 1.593 (1.54–1.64) <0.0001
Meglitinides 1.509 (1.42–1.60) <0.0001
DPP-4 inhibitors 1.867 (1.82–1.92) <0.0001
Thiazolidinediones 1.432 (1.38–1.49) <0.0001

Continued on p. 70
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non-Hispanic Asian individuals, higher so-
cial deprivation was counterintuitively as-
sociated with higher rates of GLP1-RA or
SGLT2i filling (HR 1.05 [95% CI 1.01–1.09]
per 1 SD increase in SDI). Additionally,
a significant interaction existed between
sex and race/ethnicity, with non-Hispanic
Black men (P < 0.0001) and Hispanic men
(P = 0.02) less likely to initiate GLP1-RA or
SGLT2i therapy.

CONCLUSIONS

We found that among individuals for
whom GLP1-RA or SGLT2i therapy is rec-
ommended (those with T2D and incident
ASCVD or CHF and without advanced
renal failure), rates of GLP1-RA or SGLT2i
filling were very low (<0.6 initiations per
100 person-months) in all populations and
at all time points. Further, men, non-
Hispanic Black individuals and those of
other race/ethnicity, and those with higher
social deprivation had lower probability
of initiating a GLP1-RA or an SGLT2i, with
race/ethnicity and social deprivation

contributing independently to these dis-
parities. Findings were robust to a vari-
ety of sensitivity analyses, and disparities
largely persisted over time but seemed
to be narrowing slightly for non-Hispanic
Black and other race individuals by 2019.
GLP1-RA or SGLT2i filling seemed to be
more common among individuals with
moderately complex disease (e.g., requir-
ing multiple diabetes medications and
therapies for ASCVD and CHF, requiring
cardiology or endocrinology care) and
less common among those with advanced
or poorly controlled disease (e.g., as mea-
sured according to high frailty [24] or
combined comorbidity [25] indices, re-
cent emergency department visits or
hospitalizations).

Among the most concerning findings
of this study are the very low rates of
GLP1-RA or SGLT2i initiation in this pop-
ulation, a group who universally carried
indications for therapy. Significant car-
diovascular, renal, and even all-cause
mortality benefits of GLP1-RA and SGLT2i
have repeatedly been shown in studies

of patients with known ASCVD or CHF
(1–8), and current guidelines recommend
these therapies for patients at risk (9,10).
Despite this, as has been seen in other
medical conditions and especially following
the release of novel medications (26,27),
rates of guideline-recommend GLP1-RA
and SGLT2i use in individuals within this
high-risk population remain very low
(15–18), often even lower than in popula-
tions with T2D and without these indica-
tions (11,12,15). The rates of medication
initiation reported in our study are even
lower than those reported in previous
studies, possibly related to the older age
of participants in our study (as lower rates
of medication filling have been noted pre-
viously in Medicare Advantage vs. other
commercially insured individuals [15]), the
use of public rather than private insurance,
and the evaluation of medication initiation
after incident diagnosis of ASCVD or CHF,
which excluded individuals using these
therapies prior to diagnosis of ASCVD or
CHF (although only 3.3% were excluded
for prior GLP1-RA or SGLT2i use) (Fig. 1).
Efforts are urgently needed to improve
guideline implementation and to prevent
the exacerbation of preexisting health
disparities, including efforts to improve
access to and filling of these medications
in high-risk groups.

Significant racial/ethnic and socioeco-
nomic disparities existed in GLP1-RA or
SGLT2i filling. Although the effect size of
SDI was small, this was measured per
SD change in SDI, such that those at
more extreme levels of social depriva-
tion may have much larger reductions
in medication initiation. Previous analy-
ses examining a general T2D population
(with and without cardiovascular or renal
indications for these therapies) in com-
mercially insured data sets and among
individuals with T2D and cardiovascular
disease in commercially insured, elec-
tronic medical record, and nationally
representative data sets (14,16,17) have
shown similar trends, as well as lower
rates of medication use among those
with cardiovascular or renal indications
compared with those without these indi-
cations (11,12). Many factors, including
decreased access to health care overall or
subspecialty care, receipt of care in differ-
ent health care settings (18), limited health
literacy and ability to advocate for oneself,
financial barriers, and structural racism,
may be contributing to these differences.
However, the fact that race/ethnicity

Table 2—Continued

HR (95% CI) P

a-Glucosidase inhibitors 1.397 (1.27–1.54) <0.0001
Amylin analogs 1.590 (1.04–2.44) 0.034
Basal insulins 1.707 (1.65–1.77) <0.0001
Bolus insulins 1.163 (1.12–1.21) <0.0001
Mixed insulins 1.378 (1.31–1.45) <0.0001

Cardiovascular medications

b-Blockers 1.028 (1.01–1.04) 0.0009
ACE inhibitors, ARBs 1.038 (1.02–1.06) <0.0001
Mineralocorticoid receptor antagonists 1.037 (1.01–1.07) 0.0105
Sacubitril 1.373 (1.25–1.51) <0.0001
Thiazide diuretics 0.931 (0.91–0.95) <0.0001
Loop diuretics 0.986 (0.97–1.01) 0.1662
Calcium channel blockers 0.893 (0.88–0.91) <0.0001
Statins 1.010 (0.99–1.03) 0.2839
Ezetimibe 1.177 (1.14–1.22) <0.0001
PCSK9 inhibitors 1.873 (1.68–2.09) <0.0001
Fibrates 1.079 (1.05–1.11) <0.0001
Niacin 0.908 (0.83–1.00) 0.0469
n-3 formulations 1.420 (1.36–1.48) <0.0001
Bile acid sequestrants 1.158 (1.09–1.23) <0.0001

Use measures

Primary care visits, per SD (5 visits) 0.984 (0.98–0.99) 0.0001
Endocrine visits 1.062 (1.06–1.07) <0.0001
Cardiology visits 1.024 (1.02–1.03) <0.0001
ER visits 0.976 (0.97–0.99) <0.0001
Hospitalizations 0.867 (0.85–0.88) <0.0001
Total prescriptions 1.063 (1.05–1.07) <0.0001
Total diabetes prescriptions 1.100 (1.07–1.13) <0.0001

Full model (model 4) is adjusted for demographic characteristics, comorbidities, medication
use, race/ethnicity, SDI, and health care use measures. ARB, angiotensin II receptor blocker;
DPP-4, dipeptidyl peptidase 4; ER, emergency room; NAFLD, nonalcoholic fatty liver disease;
PCSK9, proprotein convertase subtilisin/kexin type 9; Ref, reference.
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Table 3—Cox proportional hazards models for filling a new prescription for a GLP1-RA or an SGLT2i among patients with
ASCVD and for an SGLT2i among patients with CHF

ASCVD cohort CHF cohort

HR (95% CI) P HR (95% CI) P

Age 0.939 (0.94–0.94) <0.0001 0.949 (0.95–0.95) <0.0001

Male 1.081 (1.06–1.1) <0.0001 1.199 (1.13–1.27) <0.0001

Year of cohort entry

2016 Ref Ref
2017 1.447 (1.42–1.48) <0.0001 1.395 (1.30–1.50) <0.0001
2018 1.828 (1.79–1.87) <0.0001 1.697 (1.57–1.83) <0.0001
2019 2.241 (2.19–2.29) <0.0001 2.803 (2.61–3.01) <0.0001

Race/ethnicity

Non-Hispanic White Ref Ref
Non-Hispanic Black 0.811 (0.79–0.84) <0.0001 0.818 (0.74–0.90) <0.0001
Hispanic 0.995 (0.95–1.04) 0.8294 1.182 (1.03–1.36) 0.0183
Asian 1.034 (0.99–1.08) 0.1423 1.294 (1.13–1.48) 0.0002
Other 0.842 (0.75–0.95) 0.0038 0.777 (0.54–1.11) 0.1709
Missing 1.025 (0.99–1.07) 0.2191 1.220 (1.08–1.38) 0.0014

SDI, per SD28 0.964 (0.96–0.97) <0.0001 0.991 (0.96–1.02) 0.529

Region

South Ref Ref
Northeast 0.929 (0.91–0.95) <0.0001 0.964 (0.90–1.04) 0.3286
Midwest 0.813 (0.80–0.83) <0.0001 0.793 (0.74–0.85) <0.0001
West 1.060 (1.04–1.09) <0.0001 1.142 (1.06–1.23) 0.0003

Comorbidities

Hypertension 1.070 (1.04–1.10) <0.0001 1.016 (0.93–1.12) 0.7367
Hyperlipidemia 1.101 (1.07–1.13) <0.0001 1.123 (1.04–1.21) 0.0019
Atrial fibrillation/flutter 0.947 (0.92–0.97) <0.0001 0.943 (0.89–1.00) 0.0571
Obesity 1.375 (1.35–1.40) <0.0001 1.128 (1.07–1.19) <0.0001
Cirrhosis 0.842 (0.79–0.90) <0.0001 0.924 (0.77–1.11) 0.4017
NAFLD, hepatosteatosis 1.231 (1.18–1.28) <0.0001 1.265 (1.11–1.45) 0.0006

Tobacco use 0.855 (0.82–0.89) <0.0001 1.034 (0.91–1.18) 0.6166

Alcohol use 0.841 (0.77–0.92) <0.0001 0.977 (0.78–1.22) 0.8398

Diabetes complications

Neuropathy 1.221 (1.19–1.25) <0.0001 1.202 (1.12–1.29) <0.0001
Retinopathy 1.179 (1.15–1.21) <0.0001 1.093 (1.01–1.18) 0.0255
Nephropathy 1.16 (1.12–1.20) <0.0001 0.956 (0.85–1.07) 0.4349

Comorbidity indices

Gagne index 0.982 (0.98–0.99) <0.0001 0.958 (0.94–0.97) <0.0001
Frailty index 0.773 (0.58–1.04) 0.087 0.331 (0.13–0.85) 0.0223

SGLT2i contraindications

Diabetic ketoacidosis 1.107 (0.93–1.32) 0.2576 1.722 (1.13–2.62) 0.0113
Urinary tract infection 0.948 (0.92–0.97) <0.0001 0.872 (0.80–0.95) 0.0009
Cellulitis of the groin or Fournier gangrene 1.389 (1.31–1.47) <0.0001 1.447 (1.19–1.76) 0.0002
Nontraumatic amputation 0.935 (0.84–1.04) 0.2096 1.013 (0.66–1.56) 0.9548
Hypotension 0.904 (0.86–0.95) <0.0001 1.045 (0.93–1.18) 0.4698
Falls 0.986 (0.95–1.02) 0.4711 0.927 (0.82–1.04) 0.2066
Fracture 1.000 (0.97–1.03) 0.9874 1.022 (0.94–1.12) 0.6323

GLP1-RA contraindications

Pancreatitis 0.88 (0.80–0.97) 0.0118 1.219 (0.93–1.60) 0.1495
Cholelithiasis, cholecystitis 0.846 (0.8–0.89) <0.0001 0.771 (0.65–0.91) 0.0028
Medullary thyroid cancer 1.710 (0.43–6.84) 0.4482 0 (0–1.11 × 10193) 0.9696

SGLT2i and GLP1-RA relative contraindication

Chronic kidney disease, stage 4 0.992 (0.97–1.02) 0.5363 0.752 (0.70–0.81) <0.0001

Diabetes medications

Metformin 1.412 (1.37–1.46) <0.0001 1.936 (1.75–2.14) <0.0001
Sulfonylureas 1.607 (1.55–1.66) <0.0001 1.769 (1.59–1.97) <0.0001
Meglitinides 1.532 (1.44–1.63) <0.0001 1.457 (1.17–1.82) 0.0009

Continued on p. 72
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and SDI were independently associated
with lower rates of medication filling,
including in stratified models (Supple-
mentary Table 16), suggests that the as-
sociation between race/ethnicity and
medication filling is not completely me-
diated by social deprivation. Further, so-
cioeconomic disparities have also been
described in Denmark, with persistently
lower use of GLP1-RA or SGLT2i in those
with lower socioeconomic position despite
access to universal health care (28), sug-
gesting that the association between SDI
and lower filling may not be mediated
exclusively by limited access to care. Our
results similarly showed that adjusting
for health care use measures did not
explain the effect of either race/ethnicity
or social deprivation on GLP1-RA or
SGLT2i filling. A recent analysis identified
racial/ethnic differences in primary non-
adherence (defined by failing to fill a pre-
scription within 30 days) of GLP1-RA and

SGLT2i (29), so even if prescribing were
equal across race/ethnicities, further re-
search is needed to understand barriers
to first medication filling. Our analysis
builds on and strengthens these findings
in examining a population for whom
these medications are strongly indicated,
studying older adults with public rather
than private insurance, and showing nar-
rowing of disparities over time in non-
Hispanic Black individuals.

In addition to racial/ethnic disparities,
we also identified lower rates of medi-
cation initiation in women than in men.
Previous studies have described this
phenomenon for SGLT2i use in other
populations (11,14–16,18), although sev-
eral studies show the opposite trend for
GLP1-RA use (12,18). Research shows
that women are less likely than men to
receive guideline-directed care in several
areas (30–33), including diabetes (34),
and it is believed that this may result

from implicit sex bias (35). Although
studies show that heart disease is less
likely to be recognized in women than
in men (36), this is an unlikely contributor
to our findings, as all individuals included
in our study had received a diagnosis of
ASCVD or CHF. Of note, the association
between sex and medication initiation
was reversed among non-Hispanic Black
individuals in our study, with a significant
sex-by-race/ethnicity interaction. The rea-
sons for this warrant further study, al-
though Black men’s health outcomes may
be disproportionately affected by experi-
ences of racism (37), and Black men face
a host of unique barriers to optimal
health care (38,39).

In examining the association of medica-
tion initiation and the spectrum of comor-
bidities, health care use measures, and
burden of disease, a pattern emerged
suggesting a narrow index of illness at
which GLP1-RA or SGLT2i are most likely

Table 3—Continued

ASCVD cohort CHF cohort

HR (95% CI) P HR (95% CI) P

DPP-4 inhibitors 1.871 (1.82–1.93) <0.0001 2.485 (2.26–2.74) <0.0001
Thiazolidinediones 1.405 (1.35–1.46) <0.0001 1.873 (1.65–2.13) <0.0001
a-Glucosidase inhibitors 1.431 (1.29–1.59) <0.0001 1.201 (0.84–1.72) 0.3197
Amylin analogs 1.583 (1.00–2.51) 0.0521 0 (0–8.29 × 1092) 0.9365
Basal insulins 1.706 (1.65–1.77) <0.0001 1.284 (1.14–1.44) <0.0001
Bolus insulins 1.166 (1.12–1.21) <0.0001 1.273 (1.11–1.46) 0.0005
Mixed insulins 1.389 (1.32–1.46) <0.0001 1.181 (0.99–1.42) 0.071

Cardiovascular medications

b-Blockers 1.026 (1.01–1.04) 0.0036 1.003 (0.95–1.06) 0.9129
ACE inhibitors, ARBs 1.033 (1.01–1.05) 0.0008 1.005 (0.95–1.07) 0.8804
Mineralocorticoid receptor antagonists 1.013 (0.98–1.05) 0.435 1.068 (0.99–1.15) 0.0796
Sacubitril 1.372 (1.20–1.57) <0.0001 1.424 (1.20–1.69) <0.0001
Thiazide diuretics 0.917 (0.90–0.94) <0.0001 1.016 (0.94–1.10) 0.6783
Loop diuretics 0.985 (0.96–1.01) 0.1825 0.880 (0.83–0.93) <0.0001
Calcium channel blockers 0.892 (0.88–0.91) <0.0001 0.853 (0.80–0.90) <0.0001
Statins 1.006 (0.99–1.03) 0.5306 0.986 (0.93–1.05) 0.6553
Ezetimibe 1.175 (1.13–1.22) <0.0001 1.166 (1.02–1.33) 0.0252
PCSK9 inhibitors 1.877 (1.67–2.10) <0.0001 1.337 (0.79–2.26) 0.2797
Fibrates 1.083 (1.05–1.11) <0.0001 1.043 (0.94–1.16) 0.4277
Niacin 0.900 (0.81–1.00) 0.0397 0.872 (0.60–1.27) 0.4708
n-3 formulations 1.421 (1.36–1.48) <0.0001 1.442 (1.24–1.68) <0.0001
Bile acid sequestrants 1.161 (1.08–1.24) <0.0001 1.219 (0.97–1.53) 0.0877

Use measures

Primary care visits, per SD (5 visits) 0.987 (0.98–1.00) 0.0034 0.981 (0.96–1.01) 0.1749
Endocrine visits 1.065 (1.06–1.07) <0.0001 1.050 (1.04–1.06) <0.0001
Cardiology visits 1.026 (1.02–1.03) <0.0001 1.020 (1.00–1.04) 0.0524
ER visits 0.978 (0.97–0.99) <0.0001 0.991 (0.96–1.02) 0.5301
Hospitalizations 0.872 (0.85–0.89) <0.0001 0.936 (0.89–0.99) 0.0128
Total prescriptions 1.067 (1.06–1.08) <0.0001 1.000 (0.97–1.04) 0.9841
Total diabetes prescriptions 1.094 (1.06–1.12) <0.0001 1.032 (0.94–1.13) 0.4892

Full model (model 4) is adjusted for demographic characteristics, comorbidities, medication use, race/ethnicity, SDI, and health care use measures.
ARB, angiotensin II receptor blocker; DPP-4, dipeptidyl peptidase 4; ER, emergency room; NAFLD, nonalcoholic fatty liver disease; PCSK9, proprotein
convertase subtilisin/kexin type 9; Ref, reference.
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to be initiated. Medication initiation was
more common among those with diag-
noses of disease precursors but not end-
stage disease (e.g., nonalcoholic fatty
liver disease but not cirrhosis, diabetic
neuropathy without amputations, diabetic
nephropathy without advanced chronic
kidney disease). Older age, frailty index,
and combined comorbidity index were
all associated with lower rates of medi-
cation filling. Similarly, subspecialty care
by an endocrinologist or cardiologist was
associated with higher rates of medica-
tion filling, while emergency or inpatient
care was associated with lower rates.
This may represent hesitation on the
part of clinicians or patients to initiate
new and relatively lesser studied medi-
cations among individuals with advanced
comorbidities, polypharmacy, or limited
life expectancy for whom adverse medi-
cation effects may be more severe than
in less ill patients (40–44). However, the
association of SGLT2i with lower rates
of hospitalization for heart failure in
many trials suggests that patients with
frequent hospitalizations, at least for
this indication, may be among those
who receive the greatest absolute bene-
fit from these therapies. Our findings are
consistent with those of a previous study
in a privately insured population with
T2D in whom rates of SGLT2i use were
found to be paradoxically lower among
those with indications (ASCVD or chronic
kidney disease) (11). In parallel, relative
contraindications to GLP1-RA or SGLT2i
did not necessarily correlate with lower
rates of medication initiation. For exam-
ple, history of diabetic ketoacidosis and
cellulitis of the groin, known complica-
tions of SGLT2i, were associated with
higher rates of GLP1-RA or SGLT2i use,
including in the analysis limited to individ-
uals with CHF and for which only SGLT2i
initiation was considered an outcome.
This study has multiple strengths, in-

cluding use of a large sample represent-
ing a diverse population of older adults
across the U.S., the restriction to only
individuals who have a strong indication
for GLP1-RA or SGLT2i initiation and who
are eligible for both medication classes
studied, the longitudinal outcome assess-
ment, and the multiple sensitivity analy-
ses, which confirmed the robustness of
our findings. However, this analysis must
be interpreted in light of its limitations.
Medicare data include only billing in-
formation, and thus important clinical

factors, such as hemoglobin A1c or blood
pressure and lipid levels from which lon-
gitudinal risk of ASCVD could be calcu-
lated, could not be considered in the
analysis. Similarly, billing codes are un-
derused for certain comorbidities (e.g.,
early-stage chronic kidney disease [45])
leading to underestimation of the preva-
lence of these conditions. The outcome
of medication filling captures elements
of both provider and patient behavior
and cannot speak directly to prescribing
patterns or patient adherence to therapy,
although the proportion of days covered
sensitivity analysis (Supplementary Table 8)
examining number of medication fillings
has been used as a proxy for medication
adherence in other studies. Race and eth-
nicity variables in claims databases are not
based on self-report and may be more ac-
curate for White and Black individuals
than for other race/ethnicities (46). Our
analysis considered only individuals with
fee-for-service Medicare insurance and
may not be representative of all elderly
adults in the U.S. (e.g., those with Medi-
care Advantage plans). Medication filling
using secondary insurance coverage may
not be captured in this data set, so indi-
viduals with secondary insurance may be
undercounted in calculating rates of
GLP1-RA or SGLT2i initiation. Finally,
although our analysis was able to iden-
tify disparities in medication filling, this
observational data set cannot confirm the
reasons underlying these disparities.

In conclusion, using a data set of
>4.5 million older adults in the U.S. for
whom guidelines clearly recommend
GLP1-RA or SGLT2i therapy, we found
that overall initiation of these medica-
tions was exceedingly low, that individu-
als of non-Hispanic Black or other race/
ethnicity and with higher social depriva-
tion experienced even lower likelihood
of starting treatment with these agents,
and that rates of medication use seemed
to be highest among individuals with mod-
erate but not severe disease processes.
Further studies are needed to examine the
reasons underlying these findings and their
consequences in population health and
health disparities. Additionally, interven-
tions are warranted to improve uptake
of these novel therapies among patients
for whom they are indicated.
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