
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e021084. DOI: 10.1161/JAHA.121.021084� 1

 

ORIGINAL RESEARCH

Contemporary National Patterns of 
Eligibility and Use of Novel Cardioprotective 
Antihyperglycemic Agents in Type 2 
Diabetes Mellitus
Arash A. Nargesi, MD, MPH;* Gini P. Jeyashanmugaraja , MD;* Nihar Desai , MD, MPH; Kasia Lipska, MD, MHS; 
Harlan Krumholz , MD, SM; Rohan Khera , MD, MS

BACKGROUND: SGLT-2 (sodium glucose transporter-2) inhibitors and GLP-1RAs (glucagon-like peptide-1 receptor agonists) 
effectively lowered cardiovascular risk in large clinical trials for patients with type 2 diabetes mellitus at high risk for these 
complications, and have been recommended by guidelines. To evaluate the contemporary landscape in which these recom-
mendations would be implemented, we examined the use of these medications according to clinical guideline practice.

METHODS AND RESULTS: In the National Health and Nutrition Examination Survey for 2017 to 2018, we defined compelling 
indications for SGLT-2 inhibitors by the presence of atherosclerotic cardiovascular disease, heart failure, or chronic kidney 
disease, and for GLP-1RAs by the presence of established or high-risk atherosclerotic cardiovascular disease, based on large 
clinical trials that have been incorporated in guideline recommendations of the American College of Cardiology and American 
Diabetes Association. We then evaluated use of these medications among patients with physician-diagnosed type 2 diabe-
tes mellitus. All analyses incorporated complex survey design to produce nationally representative estimates. A total 1104 of 
9254 sampled individuals had type 2 diabetes mellitus, representing 10.6% (95% CI, 9.7%–11.6%) of the US population or 
33.2 million adults nationally. Of these, 52.6% (95% CI, 47.7%–57.5%) had an indication for SGLT-2 inhibitors, 32.8% (95% CI, 
28.8%–37.2%) for GLP-1RAs, and 26.6% (95% CI, 22.2%–31.7%) for both medications. During 2017 to 2018, 4.5% (95% CI, 
2.4%–8.2%) were treated with SGLT-2 inhibitors and 1.5% (95% CI, 0.7%–3.2%) with GLP-1RAs. Atherosclerotic cardiovas-
cular disease, heart failure, or chronic kidney disease were not independently associated with SGLT-2 inhibitor or GLP-1RA 
use in patients with diabetes mellitus.

CONCLUSIONS: Despite a large number of patients being eligible for guideline-recommended cardiorenal protective therapies, 
there are substantial gaps in the use of SGLT-2 inhibitors and GLP-1RAs, limiting their public health benefits.
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The emergence of SGLT-2 (sodium glucose 
cotransporter-2) inhibitors and GLP-1RAs (glu-
cagon like peptide-1 receptor agonists) has 

transformed the therapeutic landscape for type 2 
diabetes mellitus. These medications represent the 
only drug classes with evidence for reduced risk of 

adverse cardiovascular events in patients with type 
2 diabetes mellitus in large randomized clinical trials, 
with their important role increasingly recognized by 
clinical practice guidelines.1 The expanding indica-
tions for treatment with these medications build upon 
significant reduction in major adverse cardiovascular 
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events noted with the use of these drugs in patients 
with diabetes mellitus and atherosclerotic cardiovas-
cular disease (ASCVD), heart failure, or chronic kid-
ney disease (CKD).2

However, for these large therapeutic effects to have 
an impact on public health, it is critical to ensure their 
use in patients with compelling indications. Prior as-
sessment of patients who qualify for therapy and use 
of these medications relied on older data from 2015 to 
2016 and does not reflect the expanding indications 
with emerging evidence or their potential uptake in 
contemporary practice. Other assessments based on 
clinical registries were also limited to select group of 
patients and may not be generalizable to the US pop-
ulation on a national scale.3

In this contemporary, nationally representative US 
study based on clinical and laboratory data, we eval-
uated the proportion of patients with diabetes mellitus 
who have compelling indications for SGLT-2 inhibitors, 
GLP-1RAs, or both, and the patterns of current use 
among those with and without indications.

METHODS
The data used in the study are publicly available from 
National Center for Health Statistics.

Data Source
We used the most recent National Health and 
Nutrition Examination Survey (NHANES) for the years 
2017 to 2018. NHANES is a nationally representative 
database of cross-sectional surveys that gather de-
mographic, socioeconomic, dietary, medical history, 
prescription drug use, and laboratory information of a 
systematically selected random sample of individuals 
through interview, physical examination, and labo-
ratory testing.4 NHANES uses a probability-based 
sampling approach with clustering and stratification 
methods that allow for national estimates represent-
ative of the US population.

Study Population and Exposure Groups
We used a combination of strategies to identify pa-
tients with type 2 diabetes mellitus. These included 
patients reporting a history of diabetes mellitus, re-
ceiving glucose-lowering medications, or having a 
hemoglobin A1C above 6.5%. Patients younger than 
40  years old who were only receiving insulin were 
excluded. We used American Diabetes Association 
and American College of Cardiology clinical prac-
tice guidelines for standards of care in patients with 
diabetes mellitus to define the indications for SGLT-2 
inhibitors and GLP-1RAs.5,6 We posited that the 
guideline recommendations represent a synthesis of 
landmark trials that identified cardiorenal indications 
for these drug classes.

For SGLT-2 inhibitors, this included individuals with 
diabetes mellitus who also had established ASCVD, 
heart failure, or CKD with estimated glomerular filtration 
rate 30 to 60 mL/min per 1.73 mm2 (stage III) or urine 
albumin to creatinine ratio >30 mg/g (categories A2–
A3). The Modification of Diet in Renal Disease formula 
was used to calculate estimated glomerular filtration 
rate.7 Patients with established ASCVD were identi-
fied by a reported history of coronary heart disease, 
heart attack, stroke, or angina on a standardized vali-
dated questionnaire delivered by a trained interviewer. 
Patients with heart failure were similarly identified on 
the basis of in-person interviews.

Patients with established or at high risk for ASCVD 
were considered to have a compelling indication 
for GLP-1RAs. American Diabetes Association and 
American College of Cardiology clinical practice 
guidelines define patients at high risk for ASCVD as 
those aged 55 years or older with coronary, carotid, 
or lower extremity stenosis >50%, left ventricular 
hypertrophy, retinopathy, or with multiple cardiovas-
cular risk factors. NHANES does not collect angi-
ography or echocardiography data of participants. 
We limited our definition to patients with diabetes 
mellitus, aged 60  years or older, with at least 2 of 
the following conditions: central obesity, smoking, 

CLINICAL PERSPECTIVE

What Is New?
•	 Nearly half of US patients with diabetes mellitus 

have guideline recommendations for the use of 
SGLT-2 (sodium glucose transporter-2) inhibi-
tors, and over a third are eligible for GLP-1RAs 
(glucagon-like peptide-1 receptor agonists) 
based on current clinical practice guidelines.

•	 Among patients with diabetes mellitus, <5% re-
ceived SGLT-2 inhibitors, and only 1% received 
GLP-1RAs in the US from 2017 to 2018.

What Are the Clinical Implications?
•	 Substantial gaps in the use of these medica-

tions limit their potential public health benefits.
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hypertension, or dyslipidemia, following the proto-
col of clinical trials on GLP-1RAs8 and the American 
College of Cardiology guideline definition of high-risk 
ASCVD.6

Central obesity was defined as waist-to-hip ratio 
above 88 cm in women and 102 cm in men. Smoking 
was defined as self-reported current cigarette smok-
ing. Hypertension was defined as self-reported 
history of high blood pressure, or 3 consecutive 
measurements with systolic blood pressure above 
130  mm  Hg and/or diastolic blood pressure above 
80  mm  Hg. Dyslipidemia was defined on the basis 
of either a self-reported history of high cholesterol 
or abnormalities on the lipid panel, including tri-
glycerides above 200 mg/dL, low-density lipoprotein 
cholesterol above 130  mg/dL, or high-density lipo-
protein cholesterol below 40 mg/dL in men or 50 mg/
dL in women.

Patients with contraindications for each medi-
cation based on US Food and Drug Administration 
product information were considered noneligible. 
This included those with end-stage renal disease, 
on dialysis, or with estimated glomerular filtration 
rate below 30 mL/min per 1.73 mm2 for SGLT-2 in-
hibitors, and pregnant and breastfeeding women for 
GLP-1RAs.

Study Covariates
Demographic characteristics of the study popula-
tion, including age, sex, and race were identified 
on the basis of standard definitions in NHANES. 
Notably, we identified participants’ race and ethnic-
ity as non-Hispanic White, non-Hispanic Black, and 
others, which included Mexican American individu-
als, other Hispanic individuals, multiracial individuals, 
and participants from other races. Health insurance 
status was assessed by self-reported coverage dur-
ing interviews. Other study covariates are outlined in 
the Study Population and Exposure Groups section 
above.

Study Outcome
The outcome of the study was the use of SGLT-2 
inhibitors and GLP-1RAs across eligibility based on 
clinical practice guidelines. Patients taking any of the 
following medications were identified as SGLT-2 in-
hibitor users: empagliflozin, canagliflozin, dapagliflo-
zin, or ertugliflozin. Those taking any of the following 
medications were identified as GLP-1RA users: lira-
glutide, semaglutide, dulaglutide, albiglutide, exena-
tide, or lixisenatide. The primary analyses focused on 
drug class. In exploratory analyses, we evaluated the 
use of individual drugs. SGLT-2 inhibitor and GLP-
1RA use were assessed through in-person interviews 
as described above.

Statistical Analysis
We used survey-specific methods that account for 
the complex design of the NHANES. First, we char-
acterized patients with diabetes mellitus in the United 
States. Given the clustered and stratified sampling 
of the NHANES study, we used subject weights that 
take into account differential probabilities of selection 
for each individual, rates of survey nonresponse, and 
representativeness of the sampled individuals for the 
target population. The weighted analyses provide na-
tional estimates representative of the US population 
and are reported with a 95% CI consistent with the 
recommendations for the National Center for Health 
Statistics.9

We assessed demographic characteristics and co-
morbidities that identified patients with diabetes melli-
tus eligible for SGLT-2 inhibitors and/or GLP-1RAs. We 
also assessed eligibility across subgroups of age, sex, 
and race. We then identified the proportion of patients 
who reported taking SGLT-2 inhibitors and GLP-1RAs 
among both individuals with indications and those 
without a strong recommendation for therapy based 
on clinical practice guidelines.

We also identified patient characteristics that were 
associated with the use of SGLT-2 inhibitors and 
GLP-1RAs in survey-specific logistic regression mod-
els. Eligibility for each drug class was also separately 
defined as a composite variable per guideline indi-
cations as described above. In univariate analyses, 
age, sex, race, smoking, hypertension, dyslipidemia, 
preexisting ASCVD, heart failure, CKD, and compos-
ite eligibility were tested for associations with SGLT-2 
inhibitor and GLP-1RA use. Multivariate models were 
then used to assess whether eligibility for a SGLT-2 
inhibitor or GLP-1RA was associated with their use, 
adjusted for age, sex, and race. All variables were 
categorical except for age, which was continuous, 
for which odds ratio (OR) per 1 standard deviation 
change is reported.

Because NHANES is publicly available deidenti-
fied data, it was exempt from the preview of the Yale 
Institutional Review Board. All statistical tests were 2-
sided, and α=0.05 was set as the significancy level. 
Statistical analysis was performed using survey tools 
in Stata 16 (StataCorp, College Station, TX).

RESULTS
Characteristics of Study Population and 
National Estimates
From 2017 to 2018, 1104 of 9254 sampled individuals 
in NHANES had type 2 diabetes mellitus, represent-
ing 33.2  million adults or 10.6% (95% CI, 9.7%–
11.6%) of the US population. Among patients with 
diabetes mellitus, 21 sampled individuals with type 
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1 diabetes mellitus were excluded from analysis. The 
mean age for patients with diabetes mellitus was 60.6 
years (95% CI, 58.7–62.5 years) and 42.4% (95% CI, 
36.2%–48.9%) were aged 65 years or older. A total 
of 48.6% (95% CI, 42.8%–54.4%) of patients with 
diabetes mellitus were female patients, 58.8% (95% 
CI, 52.9%–64.4%) were non-Hispanic White, 13.1% 
(95% CI, 9.2%–18.4%) were non-Hispanic Black, and 
90.6% (95% CI, 86.3%–93.7%) had health insurance 
coverage. Furthermore, 12.1% (95% CI, 8.5%–16.9%) 
of patients with diabetes mellitus reported current 
smoking, 79.0% (95% CI, 73.9%–83.3%) had cen-
tral obesity, 74.7% (95% CI, 70.5%–78.5%) had hy-
pertension, and 80.9% (95% CI, 76.3%–84.7%) had 
dyslipidemia. Among patients with diabetes mellitus, 
26.3% (95% CI, 21.0%–32.4%) had ASCVD, 8.5% 
(95% CI, 5.8%–12.3%) reported history of heart fail-
ure, and 39.2% (95% CI, 35.0%–43.6%) had CKD 
stage III/A2-3 (Table S1).

Indication for SGLT-2 Inhibitors and GLP-
1RAs
Overall, 548 of 1104 sampled individuals with diabetes 
mellitus, representing 52.6% (95% CI, 47.7%–57.5%) of 
the US patients with diabetes mellitus, had a guideline 
indication for SGLT-2 inhibitors based on concomitant 

ASCVD, heart failure, or CKD (Figure 1). This popula-
tion included 64.4% (95% CI, 56.9%–71.2%) of patients 
aged 65 years or older, 47.8% (95% CI, 39.8%–55.9%) 
were female patients, 57.4% (95% CI, 50.4%–64.2%) 
were non-Hispanic White, and 42.3% (95% CI, 35.4%–
49.5%) were non-Hispanic Black. (Figure 2). In sensitiv-
ity analyses that narrowly defined eligibility based on 
ASCVD and CKD alone, 52.1% (95% CI, 47.2%–56.9%) 
of patients with diabetes mellitus and without heart fail-
ure had a guideline indication for SGLT-2 inhibitors use.
For GLP-1RAs, 344 of 1104 sampled participants with 
diabetes mellitus, or one third of individuals with diabe-
tes mellitus nationally (32.8%; 95% CI, 28.8%–37.2%), 
were eligible for therapy (Figure 1). This eligible popu-
lation included 40.6% (95% CI, 34.2%–47.2%) of those 
aged 65 years or older, 27.0% (95% CI, 21.6%–33.3%) 
were women, 38.2% (95% CI, 31.2%–45.8%) of non-
Hispanic White, and 24.7% (95% CI, 18.7%–31.9%) 
of non-Hispanic Black patients with diabetes mellitus 
(Figure 3).

Furthermore, an estimated 26.6% (95% CI, 22.2%–
31.7%) of the US patients with diabetes mellitus were 
eligible for both SGLT-2 inhibitors and GLP-1RAs. 
Distribution of eligibility for SGLT-2 inhibitors, GLP-
1RAs, and both medications across demographic sub-
groups and comorbidities are outlined in Table 1.

Figure 1.  Flow diagram of exclusion and eligibility criteria for SGLT-2 inhibitors and GLP-1RAs.
ASCVD indicates atherosclerotic cardiovascular disease; CKD, chronic kidney disease; eGFR, estimated 
glomerular filtration rate; ESRD, end-stage renal disease; GLP-1RA, glucagon-like peptide-1 receptor 
agonist; and SGLT-2, sodium glucose transporter-2. *Probable type 1 diabetes mellitus was defined as 
patients younger than 40 years who were only receiving insulin.
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Use of SGLT-2 Inhibitors and GLP-1RAs 
From 2017 to 2018
Among individuals with diabetes mellitus in the 
United States, an estimated 4.5% (95% CI, 2.4%–
8.2%) of patients overall and 7.0% (95% CI, 3.4%–
13.7%) of patients eligible for SGLT-2 inhibitors were 
receiving a drug in this class. Similarly, 1.5% (95% CI, 
0.7%–3.2%) of patients with diabetes mellitus overall 
and 1.3% (95% CI, 0.3%–4.5%) of patients eligible for 
GLP-1RAs were receiving one of the medications in 
this drug class. Three patients were receiving both 
medications, representing 0.2% (95% CI, 0.1%–
0.3%) of patients with diabetes mellitus. The most 
commonly used medications in each drug class were 
canagliflozin (weighted use rate 2.6% [95% CI, 1.3%–
5.1%] among eligible patients) and empagliflozin 

(1.9% [95% CI, 0.5%–6.9%]) for SGLT-2 inhibitors, 
and liraglutide (0.6% [95% CI, 0.1%–2.8%]) and du-
laglutide (0.4% [95% CI, 0.07%–2.1%]) for GLP-1RAs. 
Distribution of SGLT-2 inhibitors and GLP-1RAs use 
among patients with and without compelling indica-
tions across age, sex, and race/ethnicity domains 
are represented in Figures  2 and 3. The degree of 
underuse for SGLT-2 inhibitors was highest among 
patients with CKD/albuminuria, followed by ASCVD 
and heart failure. The use of SGLT-2 inhibitors and 
GLP1-RAs by their individual indication are summa-
rized in Table S2.

History of established ASCVD, heart failure, and 
CKD were not associated with use of either drug class 
in univariate models (Table S3). In multivariate mod-
els, the composite of any compelling indication for 

Figure 2.  Use of SGLT-2 (sodium glucose transporter-2) inhibitors among patients with type 2 
diabetes mellitus with guideline indications (A) and without guideline indications (B).
Error bars represent upper and lower limits of 95% CI for weighted percentage.
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treatment was significantly associated with SGLT-2 
inhibitors use (adjusted OR, 4.2 [95% CI, 1.23–14.8], 
P=0.02) among patients with diabetes mellitus but 
not the use of GLP-1RAs (adjusted OR, 0.97 [95% CI, 
0.28–3.3], P=0.97; Table 2). Univariate and multivari-
ate analyses of demographic factors and comorbid-
ities in predicting use of each drug class in patients 
with diabetes mellitus are presented in Table S3 and 
Figure S1.

DISCUSSION
In the United States, based on current national prac-
tice guidelines, 1 in 2 patients with diabetes mel-
litus has a strong recommendation for treatment 
with SGLT-2 inhibitors, 1 in 3 for GLP-1RAs, and 1 
in 4 for both medications. However, despite multi-
ple large randomized clinical trials suggesting their 
role in reducing the risk of cardiovascular events 
and progression of renal disease, only 7% of eligible 

patients received SGLT-2 inhibitors within 3  years 
of obtaining specific approval for these indications. 
For GLP-1RAs, only 1% of patients with indications 
received these medications, and fewer than 1% of 
individuals received both medications. Furthermore, 
there is no consistent use among individuals most 
likely to benefit from these drug classes, including 
low rates of use among those with cardiovascular or 
renal disease.

The favorable cardiorenal benefits of SGLT-2 inhib-
itors and GLP-1RAs have been reported in large ran-
domized trials from 2015 to 2016,10–12 with expedited 
inclusion of these indications by the US Food and Drug 
Administration. They have also been recommended 
for patients with diabetes mellitus and concomitant 
cardiovascular disease and/or CKD in clinical practice 
guidelines from 2017 to 2018.13 The large randomized 
clinical trials that evaluated effects of these drugs had 
broad eligibility, and more than a third of the US popula-
tion with diabetes mellitus would have been potentially 

Figure 3.  Use of GLP-1RAs (glucagon like peptide-1 receptor agonists) among patients with type 
2 diabetes mellitus with guideline indications (A) and without guideline indications (B).
Error bars represent upper and lower limits of 95% CI for weighted percentage.
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eligible for SGLT-2 inhibitor trials,14 and over half would 
have been eligible to enroll in those for GLP-1RAs.15

Despite multiple investigations highlighting the 
unique indications of these novel agents in a large pro-
portion of patients with diabetes mellitus, we found 
that even in 2018 their use was restricted to only 1 in 
14 of eligible individuals for SGLT-2 inhibitors and 1 in 
100 of those eligible for GLP-1RAs. Our national study 
confirms the generalizability of prior observations in 
clinical registries, including the GOULD (Getting to an 
Improved Understanding of Low-Density Lipoprotein 
Cholesterol and Dyslipidemia Management) study, in a 
selected number of outpatient practices that reported 
only 5% to 6% and 8% to 9% of patients eligible for en-
rollment in trials were receiving SGLT-2 inhibitors and 
GLP1-RAs, respectively.16

Affordability of therapy likely remains a major barrier 
to expand use of both drug classes. The monthly out-
of-pocket cost of treatment is estimated to be $338 to 
$593 for SGLT-2 inhibitors and $744 to $1106 for GLP-
1RAs, varying across health insurance coverage.17 Of 
note, 90% of patients with diabetes mellitus had access 
to health insurance, but barriers with insurance prior 
authorization for novel agents likely represent an im-
pediment to their wider use among the insured.18,19 Of 
note, we observed a trend toward lower use of SGLT-2 
inhibitors in non-Hispanic Black patients, which may 

represent underlying racial disparities in prescription 
or healthcare access that lead to worsened outcomes 
in this population.20,21 The slower adoption of these 
drugs may also suggest clinical inertia toward using 
novel agents or lack of information on these updated 
guidelines among practicing clinicians, but this aspect 
requires dedicated investigations.22

Our study has limitations that merit consideration. 
First, our assessment of comorbid conditions and 
treatments is partly based on interviews. However, 
the questionnaire used in NHANES is a validated in-
strument delivered by trained interviewers and was 
used in multiple prior studies.23,24 Furthermore, we 
supplemented our diagnostic criteria to include objec-
tive measures, such as blood pressure readings and 
laboratory values of hemoglobin A1C, serum creati-
nine, and urine albumin to strengthen the robustness 
of our interpretations. Our estimated 10.6% national 
prevalence of diabetes mellitus is consistent with es-
timates from other national agencies.25 Second, we 
cannot definitively distinguish type 1 and type 2 dia-
betes mellitus, because only the latter group is eligible 
for these therapies. We attempted to distinguish these 
patients by excluding those who were younger than 
age 40  years and were taking only insulin. However, 
only 5% of US patients with diabetes mellitus have 
type 1 diabetes mellitus, and therefore, it is unlikely to 

Table 1.  Distribution of Eligibility for SGLT-2 Inhibitors, GLP-1RAs, or Both in Patients With Diabetes Mellitus Across 
Demographics and Comorbidities

Total SGLT-2 Inhibitor GLP-1RA SGLT-2 Inhibitor and GLP-1RA

No. No.
Weighted %  

[95% CI] No.
Weighted %  

[95% CI] No.
Weighted %  

[95% CI]

Overall 1104 548 52.6 [47.7–57.5] 344 32.8 [28.8–37.2] 267 26.6 [22.2–31.7]

Age, y

<65 577 234 44.0 [35.3–53.1] 149 27.2 [21.8–33.2] 103 20.9 [15.7–27.3]

≥65 527 314 64.4 [56.9–71.2] 195 40.6 [34.2–47.2] 164 34.4 [27.6–41.9]

Sex

Women 537 228 47.8 [39.8–55.9] 135 27.0 [21.6–33.3] 97 20.0 [14.0–27.7]

Men 567 320 57.2 [51.8–62.5] 209 38.3 [32.4–44.7] 170 32.9 [26.9–39.5]

Race/ethnicity

Non-Hispanic 
White

345 208 57.4 [50.4–64.2] 148 38.2 [31.2–45.8] 124 32.6 [25.0–41.3]

Non-Hispanic 
Black

271 122 42.3 [35.4–49.5] 71 24.7 [18.7–31.9] 58 18.9 [14.7–24.0]

Others 488 218 47.4 [41.4–53.5] 125 25.4 [20.3–31.2] 85 17.7 [13.4–23.1]

Health 
insurance

985 493 52.3 [46.7–57.9] 319 33.4 [28.7–38.5] 248 26.7 [21.5–32.7]

Comorbidities

Smoking 144 81 53.0 [39.4–66.1] 49 34.4 [24.2–46.3] 45 31.6 [22.0–43.2]

Central 
obesity

787 382 50.7 [44.8–56.7] 220 30.0 [25.8–34.6] 175 24.1 [18.7–30.5]

Hypertension 817 452 61.5 [56.0–66.8] 241 32.3 [26.8–38.4] 223 31.2 [25.7–37.2]

Dyslipidemia 863 446 55.1 [49.3–60.7] 230 28.5 [22.7–35.2] 212 27.2 [21.7–33.6]

GLP-1RA indicates glucagon like peptide-1 receptor agonist; and SGLT-2, sodium glucose transporter-2.
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meaningfully change the estimates. Third, our data do 
not inform adherence with treatment among those re-
ceiving these therapies. We are also unable to assess 
patient’s preferences, affordability, or discontinuation 
of treatment because of adverse events. Fourth, the 
most recent data from NHANES represent practice 
in 2018, and their use may have increased in recent 
years. However, our data highlight the slow uptake of 
therapy in clinical practice even years after robust data 
supported a strong protective role for SGLT-2 inhibitors 
and GLP-1RAs. Nevertheless, the slow uptake several 
years after the publication of landmark trials demon-
strating their efficacy suggests that they are likely to 
continue to be underused. Fifth, certain conditions that 
were included in guidelines as a component of the indi-
cations, including left ventricular hypertrophy or carotid 
or peripheral artery stenosis, could not be identified in 
NHANES. There is likely to be overlap among these 
and included conditions, and nevertheless would sug-
gest that our analysis likely underestimates the eligi-
bility and overestimates the use of these medications. 
Finally, the small number of patients taking SGLT-2 in-
hibitors and GLP-1RAs precluded an assessment of 
heterogeneity in their use. This also limited a drug-level 
analysis, adjustment for further confounding factors in 
multivariable models, and those evaluating the role of 
factors such as income and comorbidities, which may 
be associated with underuse of these drug classes. 
However, the low uptake in contemporary practice 
suggests a widespread underuse of these drugs 
across clinical and demographic groups.

In conclusion, nearly half of US patients with diabe-
tes mellitus have guideline recommendations for the 
use of SGLT-2 inhibitors, and over a third are eligible 
for GLP-1RAs based on current clinical practice guide-
lines. Despite these recommendations, there are sub-
stantial gaps in the use of these medications, limiting 
their potential public health benefits.
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Table S1. Characteristics of study population and national estimates in 

individuals with and without diabetes. 

 Total Non-Diabetes Diabetes 

N N Weighted % [95% CI] N Weighted % [95% CI] 

Overall  9254 8150 89.3 [88.3-90.2] 1104 10.6 [9.7-11.6] 

Age      

<65 7754 7177 88.1 [86.0-89.8] 577 57.5 [51.0-63.8] 

>=65 1500 973 11.9 [10.1-13.9] 527 42.4 [36.2-48.9] 

Sex      

Female 4697 4160 51.4 [49.5-53.2] 537 48.6 [42.8-54.4] 

Male 4557 3990 48.5 [46.7-50.4] 567 51.3 [45.5-57.1] 

Race      

Non-Hispanic White  3150 2805 59.1 [53.3-64.7] 345 58.8 [52.9-64.4] 

Non-Hispanic Black 2115 1844 11.6 [8.7-15.5] 271 13.1 [9.2-18.4] 

Others 3989 3501 29.1 [24.0-34.7] 488 27.9 [24.1-32.1] 

Health Insurance 8157 7172 87.9 [84.4-90.7] 985 90.6 [86.3-93.7] 

Comorbidities      

Smoking 1021 877 13.2 [11.5-15.1] 144 12.1 [8.5-16.9] 

Central Obesity 3692 2905 46.4 [43.6-49.2] 787 79.0 [73.9-83.3] 

Hypertension 2774 1975 27.7 [25.2-30.3] 817 74.7 [70.5-78.5] 

Dyslipidemia  3929 3066 45.7 [43.4-48.0] 863 80.9 [76.3-84.7] 

ASCVD  631 357 4.2 [3.5-5.0] 274 26.3 [21.0-32.4] 

Heart Failure 201 94 0.9 [0.6-1.2] 107 8.5 [5.8-12.3] 

CKD Stage III/A2-3 1343 915 11.6 [10.5-12.7] 428 39.2 [35.0-43.6] 

 

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease. 

 

 

 



Table S2. Utilization of each drug class across components of eligibility among 

patients with diabetes. 

 SGLT-2 Inhibitors GLP-1RAs 

Weighted % [95% CI] Weighted % [95% CI] 

 ASCVD 7.4 [3.9-13.3]  1.6 [0.4-5.4] 

High-risk for ASCVD * 0.7 [0.2-1.9] 

 Heart Failure 9.0 [2.1-30.6]  * 

CKD Stage III/A2-3  6.0 [2.1-15.8] * 

 

*Not included in eligibility criteria for treatment 

SGLT-2, sodium glucose transporter-2; GLP-1RA, glucagon like peptide-1 receptor 

agonists; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease.  



Table S3. Univariate logistic regression analysis of predictors of SGLT-2 inhibitor 

and GLP-1RA use in patients with diabetes. 

 SGLT-2 inhibitor GLP-1RA 

Odds Ratio 

[95% CI] 
p-value 

Odds Ratio  

[95% CI] 
p-value 

Age 0.99 [0.71-1.26] 0.95 0.62 [0.38-0.86] 0.004 

Female  0.44 [0.07-2.4] 0.32 1.58 [0.28-8.9] 0.58 

Non-Hispanic White 1.68 [0.73-3.8] 0.20 0.78 [0.22-2.7] 0.68 

Non-Hispanic Black 0.48 [0.21-1.06] 0.06 2.3 [0.73-7.7] 0.13 

Household Income 1.05 [0.92-1.19] 0.40 0.92 [0.78-1.09] 0.34 

Smoking  0.17 [0.01-1.72] 0.12 2.1 [0.47-9.8] 0.30 

Hypertension 3.8 [1.35-10.7] 0.01 1.9 [0.33-11.0] 0.44 

Dyslipidemia 4.6 [1.10-19.9] 0.03 2.1 [0.46-9.9] 0.30 

ASCVD 2.1 [0.63-7.5] 0.19 1.08 [0.30-3.8] 0.88 

Heart Failure 2.2 [0.36-14.6] 0.35 0.93 [0.15-5.6] 0.93 

CKD Stage III/A2-3 1.6 [0.43-6.5] 0.41 3.1 [0.66-15.1] 0.13 

Any guideline 

indication  
4.1 [1.39-12.4] 0.01 0.79 [0.21-2.9] 0.71 

 

SGLT-2, sodium glucose transporter-2; GLP-1RA, glucagon like peptide-1 receptor 

agonists; ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease. 

  



Figure S1. Forest plots representing adjusted odds ratio corresponding with 

multivariate analysis of any compelling indication for SGLT-2 inhibitors (A) and 

GLP-1RAs (B) in predicting their use in patients with diabetes. 
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