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Background: Glucagon-like peptide-1 agonists (GLP-1a) and sodium-glucose cotransporter-2 inhibitors
(SGLT-2i) are recommended in carefully selected patients with type 2 diabetes. This study will assess
prescription of these medications and investigate predictors of prescription.

Methods: This retrospective cross-sectional study included 31,354 patients. Data including sociode-
mographic descriptors, clinical histories, medications, and health insurance providers were extracted
from a health system’s administrative databases. Variables to be associated with prescription of a GLP-
1a or SGLT-2i were assessed using a multivariable logistic regression model.

Results: Mean age was 62.58 years and 40.8% identified as African American. Only 3.4% were pre-
scribed a GLP-1a and 2.1% received a SGLT-2i. Logistic regression demonstrated lower odds of receiving ei-
ther medication in the highest age-group (70 to 79 years) (GLP-1a: odds ratio [OR] 0.44, P< .01, SGLT-2i:
OR 0.39, P< .01) and in African Americans (GLP-1a: OR 0.64, P< .01, SGLT-2i: OR 0.28, P< .01).
Atherosclerotic cardiovascular disease was not associated with GLP-1a prescription (P= .54) and conferred
lower odds of being prescribed SGLT-2i (OR 0.68, P< .01). History of chronic kidney disease conferred
lower odds of receiving GLP-1a and was not associated with the odds of receiving SGLT-2i.

Conclusions: Prescription of GLP-1a and SGLT-2i medications was low as compared with existing lit-
erature. Advanced age and African American race were negatively associated with prescription of these
medications. Contrary to guideline recommendations; atherosclerotic cardiovascular disease and
chronic kidney disease were not positively associated with prescription. ( J Am Board Fam Med
2022;35:255–264.)
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The American Diabetes Association recommends
the use of certain glucagon-like peptide-1 agonists
(GLP-1a) and/or sodium-glucose cotransporter-2
inhibitors (SGLT-2i) in carefully selected patients
as second-line pharmacologic therapies to achieve
glycemic control in patients with type 2 diabetes
and atherosclerotic cardiovascular disease (ASCVD).1

The American Diabetes Association also recommends

certain SGLT-2i as the preferred second-line pharma-
cologic therapy in heart failure with reduced ejection
fraction or chronic kidney disease (CKD).2 These
guidelines were influenced by the results of cardiovas-
cular safety trials mandated by the Food and Drug
Administration (FDA) in 2008 before approval of
new antidiabetic medications.3 Several large
randomized-controlled trials have documented
the safety of these antihyperglycemics and showed
positive outcomes in major adverse cardiovascular
events4–7 leading to FDA label indications for car-
diovascular risk reduction. Beyond these FDA
label indications, there are numerous studies that
have demonstrated the safety and cardiovascular
benefit of GLP-1a medications.8–13

Despite these advances, a “lag-time” in the
translation of novel therapies into wide-spread clin-
ical application has been described.14 It has been
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suggested that it may take more than a decade for
prescribers to widely adopt drugs into their prac-
tices despite existing evidence of benefit.14

Historically, the delay to adopt the initiation of
b -blockers or aspirin after myocardial infarction
are some of the starkest reminders of this lag.15

In addition, literature has described disparities in
prescribing practices based on patient demo-
graphics and the prescriber’s specialty and gen-
der.16,17 For example, African American participants
in a 2017 study were found to be significantly less
likely to be prescribed multiple myeloma treatments
that yield superior outcomes.18 Furthermore, Schore
et al found that African American patients pay
more in provider fees, while receiving less therapy
intensification when indicated.19 Prescribing
practices of novel antihyperglycemics may face
similar obstacles.

A recent large scale retrospective analysis
described US national prescribing practices for
antihyperglycemic agents. This study indicated
that although the use of GLP-1a or SGLT-2i as
second-line agents gradually increased leading up
to liraglutide and empagliflozin receiving FDA
label indications for cardiovascular risk reduction
in 2016, these drug classes were used significantly
less than their alternatives such as sulfonylureas,
dipeptidyl peptidase 4 inhibitors and insulin.20

There is limited literature examining what factors
may predict utilization of GLP-1a and SGLT-2i
medication classes. This study aims to determine
existing prescription practices for GLP-1a and
SGLT-2i medication classes, as well as identify
any demographic or medical history factors that
suggest increased likelihood of prescription of
these medication classes.

Methods
Data Source

A sample population was identified from the admin-
istrative databases of a large tertiary-care health sys-
tem in metropolitan Detroit (Wayne, Macomb and
Oakland counties). Data were extracted from the
linked electronic health records for the identified
patients.

Study Design

With institutional review board approval, a ret-
rospective cross-sectional study was developed.
The initial population included 1) adult patients

between ages 40 to 79 years; 2) who had an out-
patient encounter with an International
Classification of Diseases, Tenth Revision, diag-
nosis code for type 2 diabetes mellitus (E11.xxx)
in 2016. Patients were excluded when there was
no documentation confirming 1) white or
African American race; or 2) measurements of
body mass index (BMI) in 2016 and another 12
to 18months later, measurements of hemoglo-
bin A1c (HbA1c) in 2016 and another 12 to
18months later and estimated glomerular filtra-
tion rate (eGFR) within 12months of January 1,
2016. A total of 31,354 eligible patients were
included in the analysis. Patients included in the
final population represented patients seen in ei-
ther a primary care or subspecialist setting.
Arrival at the final study population is summar-
ized in Figure 1.

Measurements of Main Exposure and Outcome

Variables

Age was categorized as 40 to 49, 50 to 59, 60 to 69,
and 70 to 79 years. BMI was categorized based on
World Health Organization criteria (underweight<
18.5 kg/m2, normal 18.5 to 24.9 kg/m2, over-
weight 25 to 29.9 kg/m2, obese 30 to 39.9 kg/m2

and morbidly obese≥ 40 kg/m2). HbA1c was
categorized into 3 strata (HbA1c≤ 7.0% [≤
53mmol/mol], 7.1%-8.9% [54 to 74mmol/mol]
and≥ 9.0% [≥ 75mmol/mol]). Additional covari-
ates included race, gender, eGFR, prescription
medications, median income by zip code, type of
health insurance carrier; as well as relevant past
medical history including hypertension, ASCVD
and tobacco use status. History of ASCVD was
defined as the presence of any International
Classification of Diseases, Ninth Revision or
Tenth Revision, diagnosis code for coronary ar-
tery disease, ischemic stroke, peripheral artery
disease, myocardial infarction, or Current
Procedural Terminology procedure codes for
coronary revascularization procedures (ie, percu-
taneous coronary intervention and coronary ar-
tery bypass surgery). Reported eGFR was
calculated using the CKD-EPI equation. Median
household income was obtained by mapping
patients’ addresses to census block group level
median household income. Insurance coverage
was reported in groups defined as commercial,
Medicaid or Medicare.
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Statistical Analyses

The study population was described using mean
and standard deviations for continuous variables
and frequencies for categorical variables. A multi-
variable logistic regression model was generated to
examine the associations between covariates and
the outcomes of receiving a prescription for GLP-
1a, SGLT-2i, or both. Bivariate analysis was con-
ducted to examine the data, however selection of
variables for the logistic regression model was not
based on bivariate outcomes. Independent variables
were selected for inclusion in the model based on
authors’ judgment of variables likely to correlate with
the outcome categories (prescription of GLP-1a or
SLGT-2i). A main effects model was utilized and the
absence of a prescription for any of the outcome cat-
egories (GLP-1a or SLGT-2i) was designated as the
reference category. Variables were introduced using
a forward entry method. Considering that continu-
ous variables were entered into the model as grouped
categorical variables, an assessment of linearity was
not performed. All analyses were performed using
SPSS Statistics 26 (IBM, Armonk, NY).

Results
Sample Characteristics

Clinical characteristics and medications of the
31,354-patient sample are summarized in Table 1.

Bivariate analyses were used to explore the char-
acteristics associated with use of GLP-1a or

SGLT-2i. Although gender was not associated with
use, white race, commercial insurance, younger
age, and residence in higher income areas were
associated with greater use. Clinical characteristics
associated with greater use included higher BMI,
higher HbA1c, lower CKD stage and the use of sta-
tins, metformin and/or insulin. Persons with a his-
tory of ASCVD were less likely to receive GLP-1a
or SGLT-2i. Lastly, current cigarette use was asso-
ciated with reduced use of GLP-1a or SGLT-2i. A
detailed report of bivariate analysis results is avail-
able in the Appendix.

GLP-1a

The logistic regression model demonstrates that
the odds of prescription of GLP-1a were lower for
older patients (ie, aged 70 to 79 as compared with
ages 40 to 49 [odds ratio [OR] 0.44, 95% CI 0.33-
0.59; P< .01]). Furthermore, odds ratio decreased
progressively with each increment in age category.
Odds were lower for males (OR 0.72, 95% CI 0.63-
0.82; P< .01) and African Americans (OR 0.64,
95% CI 0.55-0.74; P< .01). No significant odds
were attributed to history of ASCVD (OR 0.95,
95% CI 0.82-1.11; p 0.53). Odds of GLP-1a pre-
scription were higher for patients on insulin (OR
2.30, 95% CI 1.54-3.44; P< .01), higher HbA1c
levels, and for patients with median household
incomes > $66,000 as compared with the reference
category (Table 2).

Figure 1. Attrition diagram for study population sample selection. Abbreviations: BMI, body mass index; eGFR,

estimated glomerular filtration rate; HbA1c, hemoglobin A1c; DM2, diabetes mellitus type 2.
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Table 1. Baseline Characteristics

Clinical and sociodemographic
characteristics

Total Population
N = 31354 (%)

Pts on GLP-1a
Agonist

N = 1066 (%)

Pts on SGLT-2i
Inhibitor

N = 673 (%)

Pts on Neither GLP-1a
nor SGLT-2i
N = 29757 (%)

Gender
Male 15020 (47.9%) 458 (43.0%) 364 (54.1%) 14272 (48.0%)
Female 16334 (52.1%) 608 (57.0%) 309 (45.9%) 15485 (52.0%)

Age strata
Age 40 to 49 3566 (11.4%) 181 (15.1%) 114 (16.9%) 3317 (11.1%)
Age 50 to 59 7756 (24.7%) 341 (32.0%) 263 (39.1%) 7207 (24.2%)
Age 60 to 69 11562 (36.9%) 436 (40.9%) 229 (34.0%) 10953 (36.8%)
Age 70 to 79 8470 (27.0%) 128 (12.0%) 67 (10.0%) 8280 (27.8%)

Race
African American 12778 (40.8%) 328 (30.8%) 113 (16.8%) 12.360 (41.5%)
White 18576 (59.2%) 738 (69.2%) 560 (83.2%) 17397 (58.5%)

BMI (kg/m2) mean (S.D.) 34.15 (7.48) 37.15 (7.79) 35.96 (7.34) 34.02 (7.45)
BMI strata
BMI< 18.5 (Underweight) 80 (0.3%) 0 (0.0%) 0 (0.0%) 80 (0.3%)
BMI 18.5 to 24.9 (Normal) 2350 (7.5%) 24 (2.3%) 20 (3.0%) 2309 (7.8%)
BMI 25.0 to 29.9 (Overweight) 7437 (23.7%) 149 (14.0%) 117 (17.4%) 7191 (24.2%)
BMI 30.0 to 39.9 (Obese) 15374 (49.0%) 547 (51.3%) 360 (53.5%) 14540 (48.9%)
BMI 40.0 to 49.9 (Morbidly obese) 6113 (19.5%) 346 (32.5%) 176 (26.2%) 5637 (18.9%)

HbA1c mean (S.D.) 7.7 (1.92) 8.4 (1.75) 8.4 (1.81) 7.7 (1.93)
HbA1c≤ 7.0% (≤53 mmol/mol) 14750 (47.0%) 241 (22.6%) 168 (25.0%) 14367 (48.3%)
HbA1c 7.1 to 8.9% (54 to 74
mmol/mol)

10467 (33.4%) 475 (44.6%) 308 (45.8%) 9752 (32.8%)

HbA1c≥ 9.0% (≥75 mmol/mol) 6137 (19.6%) 350 (32.8%) 197 (29.3%) 5638 (18.9%)
History of hypertension 25292 (80.7%) 873 (81.9%) 532 (79.0%) 24001 (80.7%)
History of ASCVD 9557 (30.5%) 288 (27.0%) 123 (18.3%) 9172 (30.8%)
Cigarette use
Never used cigarettes 14661 (46.8%) 571 (53.6%) 339 (50.4%) 13818 (46.4%)
Current cigarette use 5185 (16.5%) 113 (10.6%) 99 (14.7%) 4993 (16.8%)
Former cigarette use 11456 (36.5%) 382 (35.8%) 233 (34.6%) 10896 (36.6%)
Missing 52 (0.2%) 0 (0.0%) 2 (0.3%) 50 (0.2%)

Current statin use 20591 (65.7%) 777 (72.9%) 437 (64.9%) 19.471 (85.4%)
CKD Stage 1 (eGFR ≥90) 11934 (38.1%) 500 (46.9%) 331 (49.2%) 11183 (37.6%)
CKD Stage 2 (eGFR 60 to 89) 12913 (41.2%) 383 (35.9%) 284 (42.2%) 12295 (41.3%)
CKD Stage 3a (eGFR 45 to 59) 3597 (11.5%) 124 (11.6%) 47 (7.0%) 3439 (11.6%)
CKD Stage 3b (eGFR 30 to 44) 1750 (5.6%) 52 (4.9%) 10 (1.5%) 1688 (5.7%)
CKD Stage 4 (eGFR 15 to 29) 653 (2.1%) 6 (0.6%) 1 (0.1%) 646 (2.2%)
CKD Stage 5 (eGFR <15) 507 (1.6%) 1 (0.1%) 0 (0.0%) 506 (1.7%)
eGFR (mL/min) mean (S.D.) 79.07 (24.59) 83.67 (22.27) 86.78 (18.40) 78.78 (24.74)
Median Household Income from
Census mean, (S.D.)

52577.82 (25916.15) 58138.43 (28047.15) 58116.94 (24179.18) 52282.99 (25840.50)

Income strata
Income <$27000 4484 (14.3%) 99 (9.3%) 49 (7.3%) 4346 (14.6%)
Income $27000 to 44999 9255 (29.5%) 274 (25.7%) 159 (23.6%) 8857 (29.8%)
Income $45000 to 65999 9560 (30.5%) 350 (32.8%) 240 (35.7%) 9017 (30.3%)
Income ≥$66000 7964 (25.4%) 339 (31.8%) 223 (33.1%) 7452 (25.0%)
Missing 52 (0.2%) 4 (0.4%) 2 (0.3%) 85 (0.3%)

Continued
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SGLT-2i

Odds of prescription of SGLT-2i were similarly
lower for older patients (aged 70 to 79 as compared
with ages 40 to 49; OR 0.39, 95% CI 0.27-0.57;
P< .01). Odds were also found to be lower in
African American patients (OR 0.28, 95% CI 0.23-
0.35; P< .01) and in patients with history of
ASCVD (OR 0.68, 95% CI 0.55-0.84; P< .01).
Odds were higher for patients on insulin (OR 1.25,
95% CI 1.06-1.45; P< .01) and metformin (OR
1.21, 95% CI 1.01-1.47; P< .04), as well as for
patients with higher HbA1c (7.1%-8.9% [54 to
74mmol/mol], OR 2.27, 95% CI 1.87-2.76;
P< .01; ≥ 9.0% [≥ 75mmol/mol], OR 2.32, 95%
CI 1.86-2.91; P< .01). Other covariates including
gender, BMI, eGFR, smoking status, income or
health insurance carrier were not found to be sig-
nificant (Table 3).

Discussion
Compared with the national diabetes prevalence of
8.5% reported by the Centers for Disease Control
and Prevention in 2016, the prevalence of diabetes
in the counties from which the sample population
was drawn (Wayne [10.3%], Oakland [7.7%] and
Macomb [9.5%]) was similar or greater.21 Despite

this, the study population showed lower prescrip-
tion of GLP-1a (3.4%) and SGLT-2i (2.1%) as
compared with the national-level prescription rates
in 2016 (7% and 7%, respectively).20 The logistic
regression analysis offers suggestions as to the na-
ture of this disproportion.

In both GLP-1a and SGLT-2i analyses, older
age produced significantly lower odds of receiving
prescriptions for either of these medication cate-
gories. Within a cohort of the general US popula-
tion aged 40 to 79, those in the oldest quartile (70
to 79 years) accounted for 14.4%.22 The same
age-group in the study sample accounted for
27.0% of participants, suggesting an overall older
population. By comparison, when examining the
national population with type 2 diabetes,
Montvida et al reported 22% of patients being
more than 70 years old at the time of initiation of
their second antidiabetes drug.20 With increasing
age, clinical factors such as advanced CKD
(eGFR< 30 mL/min), higher goal HbA1c and
increased sensitivity to adverse effects may guide
prescribers away from the use of GLP-1a or
SGLT-2i.23 However, other indications for the
use of these medication classes, such as ASCVD
or heart failure with reduced ejection fraction,
become more common with increasing age.

Table 1. Continued

Clinical and sociodemographic
characteristics

Total Population
N = 31354 (%)

Pts on GLP-1a
Agonist

N = 1066 (%)

Pts on SGLT-2i
Inhibitor

N = 673 (%)

Pts on Neither GLP-1a
nor SGLT-2i
N = 29757 (%)

Insurance
Commercial Insurance 13338 (42.9%) 594 (55.7%) 455 (67.6%) 12391 (41.6%)
Medicaid Insurance 3078 (9.9%) 77 (7.2%) 37 (5.5%) 2969 (10.0%)
Medicare Insurance 14694 (47.2%) 386 (36.2%) 177 (26.3%) 14165 (47.6%)
Missing 243 (0.8%) 9 (0.8%) 4 (0.6%) 232 (0.8%)

Glucose lowering medications
prescribed

Metformin 19341 (61.7%) 767 (72.0%) 504 (74.9%) 18178 (61.1%)
Secretagogues 8069 (25.7%) 338 (31.7%) 258 (38.3%) 7525 (25.3%)
DPP-4 2439 (7.8%) 132 (12.4%) 208 (30.9%) 2135 (7.2%)
a-glucosidase inhibitor 64 (0.2%) 5 (0.5%) 2 (0.3%) 57 (0.2%)
Thiazolidinediones 536 (1.7%) 35 (3.3%) 19 (2.8%) 485 (1.6%)
Insulin 13141 (41.9%) 698 (65.5%) 318 (47.3%) 12209 (41.0%)
GLP-1a agonist 1066 (3.4%)
SGLT-2i inhibitor 673 (2.1%)

Abbreviations: DPP-4, Dipeptidyl peptidase-4 inhibitor; ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index;
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GLP-1a, glucagon-like peptide 1; HbA1c, hemoglobin
A1c; SGLT-2i, sodium glucose cotransporter-2.
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African American race was the only other vari-
able to produce lower odds of prescription in both
GLP-1a and SGLT-2i analyses. The study popula-
tion included 40.8% African American participants
whereas national US Census data describes 12.7%
of respondents identifying as African American in
2016.24 This discrepancy may suggest rationale for
the differences in medication prescription in the

study population as compared with Montvida et al’s
analysis of national prescription patterns, which
also reported a 12% population of African
American participants.20 A meta-analysis of recent
cardiovascular safety trials for GLP-1a, SGLT-2i
and dipeptidyl peptidase 4 inhibitor medications
found no significant difference in the incidence of
major adverse cardiovascular events as compared

Table 2. Logistic Regression GLP-1a

Covariate Beta (S.E.) Odds Ratio (95% CI) p-Value

Age 40 to 49 Reference Category
Age 50 to 59 0.223 (0.058) 0.995 (0.814, 1.215) <0.001
Age 60 to 69 0.144 (0.052) 0.920 (0.743, 1.139) 0.006
Age 70 to 79 �0.595 (0.086) 0.439 (0.329, 0.586) <0.001

Race: African American �0.223 (0.038) 0.640 (0.552, 0.741) <0.001
Race: White Reference Category
Gender: Male �0.164 (0.033) 0.721 (0.633, 0.821) <0.001
Gender: Female Reference Category
Hypertension: Present 0.033 (0.043) 1.069 (0.902, 1.267) 0.441
Statin Prescribed: Yes 0.152 (0.037) 1.356 (1.173, 1.568) <0.001
Insulin Prescribed: Yes 0.435 (0.036) 2.389 (2.075, 2.750) <0.001
History of ASCVD: Yes �0.024 (0.038) 0.954 (0.821, 1.108) 0.536
Metformin Prescribed: Yes 0.126 (0.037) 1.286 (1.111, 1.488) <0.001

BMI< 18.5 (Underweight) �9.024 (166.7) N/A * 0.957
BMI 18.5 to 24.9 (Normal) Reference Category
BMI 25.0 to 29.9 (Overweight) 2.112 (41.683) 1.796 (1.160, 2.781) 0.960
BMI 30.0 to 39.9 (Obese) 2.515 (41.682) 2.687 (1.773, 4.073) 0.952
BMI 40.0 to 49.9 (Morbidly obese) 2.870 (41.682) 3.834 (2.509, 5.859) 0.945

Lifetime Non-smoker Reference Category
Former Cigarette Smoker 0.144 (0.051) 0.960 (0.836, 1.102) 0.005
Active Cigarette Smoker �0.329 (0.069) 0.598 (0.485, 0.739) <0.001

CKD Stage 1 (eGFR ≥90) Reference Category
CKD Stage 2 (eGFR 60 to 89) 0.561 (0.190) 0.802 (0.692, 0.929) 0.003
CKD Stage 3a (eGFR 45 to 59) 0.692 (0.199) 0.914 (0.733, 1.140) <0.001
CKD Stage 3b (eGFR 30 to 44) 0.536 (0.218) 0.782 (0.571, 1.070) 0.014
CKD Stage 4 (eGFR 15 to 29) �0.650 (0.384) 0.239 (0.105, 0.543) 0.091
CKD Stage 5 (eGFR <15) �1.922 (0.839) 0.067 (0.009, 0.480) 0.022

HbA1c≤ 7.0% (≤53 mmol/mol) Reference Category
HbA1c 7.1 to 8.9% (54 to 74 mmol/mol) 0.244 (0.043) 2.209 (1.877, 2.599) <0.001
HbA1c≥ 9.0% (≥75 mmol/mol) 0.305 (0.049) 2.349 (1.960, 2.814) <0.001

Income <$27000 Reference Category
Income $27000 to 44999 �0.096 (0.057) 1.163 (0.914, 1.479) 0.092
Income $45000 to 65999 0.080 (0.055) 1.387 (1.088, 1.767) 0.145
Income ≥$66000 0.263 (0.057) 1.666 (1.300, 2.135) <0.001

Commercial Insurance Reference Category
Medicaid �0.290 (0.126) 0.599 (0.466, 0.768) 0.022
Medicare 0.061 (0.104) 0.850 (0.727, 0.993) 0.559
Other/Unknown 0.005 (0.261) 0.804 (0.407, 1.588) 0.985

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CI, confidence interval; CKD, chronic kidney dis-
ease; eGFR, estimated glomerular filtration rate; GLP-1a, glucagon-like peptide 1; HbA1c, hemoglobin A1c; N/A, not available; S.E.,
standard error.

260 JABFM March–April 2022 Vol. 35 No. 2 http://www.jabfm.org

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.02.210360 on 4 A

pril 2022. D
ow

nloaded from
 

http://www.jabfm.org/


with placebo for the African American participants
(n = 4601 [4.4% of total pooled trial participants])
of these trials.25 Another meta-analysis of African
American participants in 7 liraglutide trials demon-
strated benefits in improved glycemic control and
weight loss as compared with placebo.26 Review of this
existing literature on the use of GLP-1a or SGLT-2i
medications in African American populations provide

insufficient data on preventing adverse cardiovascular
outcomes in African American population.

Residence in a zip code with greater median
household income correlate with higher odds of
GLP-1a prescription (similar analysis for SGLT-2i
did not reach significance). Those residing in
neighborhoods where the median household
income was ≥ $66,000 had greater odds of being

Table 3. Logistic Regression SGLT-2i

Covariate Beta (S.E.) Odds Ratio (95% CI) p-Value

Age 40 to 49 Reference Category
Age 50 to 59 0.323 (0.070) 1.001 (0.794, 1.262) <0.001
Age 60 to 69 �0.032 (0.068) 0.702 (0.542, 0.910) 0.639
Age 70 to 79 �0.613 (0.114) 0.393 (0.272, 0.567) <0.001

Race: African American �0.631 (0.056) 0.283 (0.227, 0.353) <0.001
Race: White Reference Category
Gender: Male 0.019 (0.041) 1.040 (0.885, 1.221) 0.636
Gender: Female Reference Category
Hypertension: Present 0.110 (0.051) 1.245 (1.020, 1.520) 0.031
Statin Prescribed: Yes 0.006 (0.043) 1.013 (0.855, 1.200) 0.883
Insulin Prescribed: Yes 0.115 (0.03) 1.259 (1.064, 1.489) 0.007
History of ASCVD: Yes �0.193 (0.054) 0.679 (0.550, 0.839) <0.001
Metformin Prescribed: Yes 0.098 (0.047) 1.217 (1.011, 1.465) 0.038

BMI< 18.5 (Underweight) �9.630 (335.5) N/A * 0.977
BMI 18.5 to 24.9 (Normal) Reference Category
BMI 25.0 to 29.9 (Overweight) 2.369 (83.867) 1.537 (0.950, 2.487) 0.978
BMI 30.0 to 39.9 (Obese) 2.592 (83.866) 1.922 (1.215, 3.042) 0.975
BMI 40.0 to 49.9 (Morbidly obese) 2.729 (83.866) 2.205 (1.370, 3.546) 0.974

Lifetime Non-smoker Reference Category
Former Cigarette Smoker 0.057 (0.061) 1.010 (0.848, 1.203) 0.353
Active Cigarette Smoker �0.104 (0.076) 0.860 (0.681, 1.086) 0.173

CKD Stage 1 (eGFR ≥90) Reference Category
CKD Stage 2 (eGFR 60 to 89) 2.647 (28.213) 1.039 (0.872, 1.238) 0.925
CKD Stage 3a (eGFR 45 to 59) 2.290 (28.213) 0.727 (0.523, 1.010) 0.935
CKD Stage 3b (eGFR 30 to 44) 1.527 (28.214) 0.339 (0.177, 0.648) 0.957
CKD Stage 4 (eGFR 15 to 29) 0.270 (28.224) 0.096 (0.013, 0.694) 0.992
CKD Stage 5 (eGFR <15) �9.342 (141.1) N/A * 0.947

HbA1c≤ 7.0% (≤53 mmol/mol) Reference Category
HbA1c 7.1 to 8.9% (54 to 74 mmol/mol) 0.265 (0.054) 2.269 (1.866, 2.761) <0.001
HbA1c≥ 9.0% (≥75 mmol/mol) 0.290 (0.063) 2.328 (1.859, 2.914) <0.001

Income <$27000 Reference Category
Income $27000 to 44999 �0.100 (0.075) 0.957 (0.686, 1.335) 0.182
Income $45000 to 65999 0.043 (0.069) 1.104 (0.795, 1.533) 0.533
Income ≥$66000 0.113 (0.072) 1.184 (0.848, 1.654) 0.115

Commercial Insurance Reference Category
Medicaid �0.336 (0.182) 0.414 (0.292, 0.585) 0.064
Medicare 0.058 (0.152) 0.613 (0.499, 0.754) 0.704
Other/Unknown �0.268 (0.384) 0.443 (0.163, 1.203) 0.485

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CI, confidence interval; CKD, chronic kidney disease;
eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; N/A, not available; SGLT-2i, sodium glucose cotransporter-2; S.E.,
standard error.
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prescribed a GLP-1a when compared with the ref-
erence group (< $27,000).

Neither the presence of CKD nor ASCVD
increased the likelihood of prescription of these med-
ication classes in the study population. Interestingly,
participants with ASCVD were found to have lower
odds of being prescribed an SGLT-2i and participants
with CKD stages 2, 3a or 3b had lower odds of being
prescribed GLP-1a. In years since the study period,
treatment guidelines have been substantially updated
to recommend the use of these agents in individuals
with diabetes and either CKD or ASCVD.27

Investigating the uptake of these recommendations
may be an interesting area for future study.

In summary, this retrospective cross-sectional
study finds that the prescription of GLP-1a and
SGLT-2i medications was low when mainstream
clinical guidelines began advocating their use. This
study also indicates that age, race, sex and income
impact the likelihood of being prescribed these novel
medications. Further study may reveal how GLP-1a
and SGLT-2i prescription has changed since con-
temporary guidelines have promulgated further.

Limitations

Related to use of a retrospective cross-sectional
chart review design, this study was limited to data
reliably found in medical records. By extension,
data regarding diet, exercise, medication side effect
and adherence to prescription could not be
included. Income data were collected from a popu-
lation level data source (census block-group data)
whereas all other data were individual level (elec-
tronic health record/health system administrative
database). Data regarding the proportion of pri-
mary care vs subspecialist prescribers was not col-
lected/examined.

Although, a strength of the study population was
the inclusion of a sample with 40% of participants
identified as African American, this also presents a limi-
tation in its generalizability nationwide. Furthermore,
it is acknowledged that participants without a docu-
mented race or a race other than white or African
American categories were not included in the study.

We thank Chandpreet Sohi, DO, Kemal Bahcheli, MD, Hege
Heggum, MD, and Della Rees, PhD, for their assistance with
the study.

To see this article online, please go to: http://jabfm.org/content/
35/2/256.full.

References
1. American Diabetes Association. 10. Cardiovascular

disease and risk management: standards of medical
care in diabetes-2021. Diabetes Care 2021;44:
S125–S150.

2. American Diabetes Association. Pharmacologic
approaches to glycemic treatment: standards of
medical care in diabetes-2021. Diabetes Care
2021;44:S111–S124. Jan.

3. Low Wang CC, Everett BM, Burman KD, Wilson
PWF. Cardiovascular safety trials for all new diabetes
mellitus drugs? Circulation 2019;139:1741–3. Apr 2.

4. Marso SP, Daniels GH, Brown-Frandsen K, et al.
Liraglutide and cardiovascular outcomes in type 2
diabetes. N Engl J Med 2016;375:311–22. Jul 28.

5. Marso SP, Bain SC, Consoli A, et al. Semaglutide
and cardiovascular outcomes in patients with type 2
diabetes. N Engl J Med 2016;375:1834–44. Nov 10.

6. Zinman B, Wanner C, Lachin JM, EMPA-REG
OUTCOME Investigators, et al. Empagliflozin, car-
diovascular outcomes, and mortality in type 2 diabe-
tes. N Engl J Med 2015;373:2117–28. Nov 26.

7. Neal B, Perkovic V, Mahaffey KW, et al.
Canagliflozin and cardiovascular and renal events in
type 2 diabetes. N Engl J Med 2017;377:644–57.
Aug 17.

8. Drucker DJ, Sherman SI, Gorelick FS, Bergenstal
RM, Sherwin RS, Buse JB. Incretin-based therapies
for the treatment of type 2 diabetes: evaluation of
the risks and benefits. Diabetes Care 2010;33:428–
33. Feb.

9. Rotz ME, Ganetsky VS, Sen S, Thomas TF.
Implications of incretin-based therapies on cardiovas-
cular disease. Int J Clin Pract 2015;69:531–49. May.

10. Monami M, Marchionni N, Mannucci E. Glucagon-
like peptide-1 receptor agonists in type 2 diabetes: a
meta-analysis of randomized clinical trials. Eur J
Endocrinol 2009;160:909–17.

11. Monami M, Cremasco F, Lamanna C, et al.
Glucagon-like peptide-1 receptor agonists and cardi-
ovascular events: a meta-analysis of randomized clini-
cal trials. Exp Diabetes Res 2011;2011:215764.

12. Gamble JM, Thomas JM, Twells LK, Midodzi WK,
Majumdar SR. Comparative effectiveness of incretin-
based therapies and the risk of death and cardiovascu-
lar events in 38,233 metformin monotherapy users.
Medicine (Baltimore) 2016;95:e3995.

13. Kristensen SL, Rorth R, Jhund PS, et al.
Cardiovascular, mortality, and kidney outcomes
with GLP-1 receptor agonists in patients with type
2 diabetes: a systematic review and meta-analysis of
cardiovascular outcome trials. Lancet Diabetes
Endocrinol 2019;7:776–85.

14. Morris ZS, Wooding S, Grant J. The answer is 17
years, what is the question: understanding time lags
in translational research. J R Soc Med 2011;
104:510–20.

262 JABFM March–April 2022 Vol. 35 No. 2 http://www.jabfm.org

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.02.210360 on 4 A

pril 2022. D
ow

nloaded from
 

http://jabfm.org/content/35/2/256.full
http://jabfm.org/content/35/2/256.full
http://www.jabfm.org/


15. Lenfant C. Shattuck lecture–clinical research to
clinical practice–lost in translation? N Engl J Med
2003;349:868–74.

16. Anderson TS, Lo-Ciganic WH, Gellad WF,
et al. Patterns and predictors of physician adop-
tion of new cardiovascular drugs. Healthc (Amst)
2018;6:33–40.

17. Zhang Y, Mendez SJ, Scott A. Factors affecting
general practitioners’ decisions to adopt new pre-
scription drugs - cohort analyses using Australian
longitudinal physician survey data. BMC Health
Serv Res 2019;19:94.

18. Ailawadhi S, Frank RD, Advani P, et al. Racial dis-
parity in utilization of therapeutic modalities among
multiple myeloma patients: a SEER-medicare anal-
ysis. Cancer Med 2017;6:2876–85.

19. Schore J, Brown R, Lavin B. Racial disparities in
prescription drug use among dually eligible benefi-
ciaries. Health Care Financ Rev 2003;25:77–90.

20. Montvida O, Shaw J, Atherton JJ, Stringer F, Paul
SK. Long-term trends in antidiabetes drug usage in
the U.S.: real-world evidence in patients newly
diagnosed with type 2 diabetes. Diabetes Care
2018;41:69–78.

21. Centers for Disease Control and Prevention. United
States Diabetes Surveillence System. `Updated April
2021. Accessed July 29, 2021. https://gis.cdc.gov/
grasp/diabetes/diabetesatlas.html#.

22. United States Census Bureau. Age and sex: American
community survey (ACS 1-year estimates subject
tables). United States Census Bureau. Updated July
2021. Accessed July 29, 2021. https://data.

census.gov/cedsci/table?q=Age&g=0100000US&
tid=ACSST1Y2016.S0101&hidePreview=false.

23. Palmer SC, Tendal B, Mustafa RA, et al. Sodium-
glucose cotransporter protein-2 (SGLT-2) inhibi-
tors and glucagon-like peptide-1 (GLP-1) receptor
agonists for type 2 diabetes: systematic review and
network meta-analysis of randomised controlled tri-
als. BMJ 2021;372:m4573. 01 13;372:m4573.

24. United States Census Bureau. Demographic and
housing estimates: American community survey
(2016 - ACS 1 year estimates data profiles). US
Census Bureau. Updated July 2021. Accessed July
29, 2021. https://data.census.gov/cedsci/table?q=
Race&g=0100000US&tid=ACSDP1Y2016.DP05&
hidePreview=false.

25. Mishriky BM, Powell JR, Wittwer JA, et al. Do
GLP-1RAs and SGLT-2is reduce cardiovascular
events in black patients with type 2 diabetes? A sys-
tematic review and meta-analysis. Diabetes Obes
Metab 2019;21:2274–83.

26. Shomali ME, Orsted DD, Cannon AJ. Efficacy and
safety of liraglutide, a once-daily human glucagon-
like peptide-1 receptor agonist, in African-American
people with Type 2 diabetes: a meta-analysis of sub-
population data from seven phase III trials. Diabet
Med 2017;34:197–203.

27. Bureau USC. Income in the past 12 months (in 2016
inflation-adjusted dollars). American Community
Survey 1-year estimates. https://data.census.gov/
cedsci/table?q=Income%20Wayne%20County,%
20Michigan&g=0500000US26099,26125&tid=
ACSST1Y2016.S1901&hidePreview=true.

doi: 10.3122/jabfm.2022.02.210360 Prescription Patterns of Antihyperglycemic Medications 263

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.jabfm
.org/

J A
m

 B
oard F

am
 M

ed: first published as 10.3122/jabfm
.2022.02.210360 on 4 A

pril 2022. D
ow

nloaded from
 

https://gis.cdc.gov/grasp/diabetes/diabetesatlas.html#
https://gis.cdc.gov/grasp/diabetes/diabetesatlas.html#
https://data.census.gov/cedsci/table?q=Age&g=0100000US&tid=ACSST1Y2016.S0101&hidePreview=false
https://data.census.gov/cedsci/table?q=Age&g=0100000US&tid=ACSST1Y2016.S0101&hidePreview=false
https://data.census.gov/cedsci/table?q=Age&g=0100000US&tid=ACSST1Y2016.S0101&hidePreview=false
https://data.census.gov/cedsci/table?q=Race&g=0100000US&tid=ACSDP1Y2016.DP05&hidePreview=false
https://data.census.gov/cedsci/table?q=Race&g=0100000US&tid=ACSDP1Y2016.DP05&hidePreview=false
https://data.census.gov/cedsci/table?q=Race&g=0100000US&tid=ACSDP1Y2016.DP05&hidePreview=false
https://data.census.gov/cedsci/table?q=Income%20Wayne%20County,%20Michigan&g=0500000US26099,26125&tid=ACSST1Y2016.S1901&hidePreview=true
https://data.census.gov/cedsci/table?q=Income%20Wayne%20County,%20Michigan&g=0500000US26099,26125&tid=ACSST1Y2016.S1901&hidePreview=true
https://data.census.gov/cedsci/table?q=Income%20Wayne%20County,%20Michigan&g=0500000US26099,26125&tid=ACSST1Y2016.S1901&hidePreview=true
https://data.census.gov/cedsci/table?q=Income%20Wayne%20County,%20Michigan&g=0500000US26099,26125&tid=ACSST1Y2016.S1901&hidePreview=true
http://www.jabfm.org/


Appendix: Bivariate Analysis for Use of GLP-1a or SGLT-2i

Characteristic
Patients on GLP-1a or

SGLT-2i (%)
Patients Not on GLP-1a or

SGLT-2i (%) p-Value

Gender 0.38
Male 748 (5.0) 14272 (95.0)
Female 849 (5.2) 15485 (94.8)

Race
African American 418 (3.3) 12360 (96.7) <0.05
White 1179 (6.3) 17397 (93.7)

Age strata
Age 40 – 49 249 (7.0) 3317 (93.0) <0.05
Age 50 – 59 549 (7.1) 7207 (92.9)
Age 60 – 60 609 (5.3) 10953 (94.7)
Age 70 – 79 190 (2.2) 8280 (97.8)

Insurance
Commercial 947 (59.7) 12391 (42.0) < 0.05
Medicaid 110 (6.9) 2969 (10.1)
Medicare 529 (33.4) 14165 (48.0)

Income strata
Income < $27000 138 (3.1) 4346 (96.6) < 0.05
Income $27000 – 44999 398 (4.3) 8857 (95.7)
Income $45000 – 65999 543 (5.7) 9017 (94.3)
Income > $66,000 512 (6.4) 7, 452 (93.6)

BMI strata
BMI< 18.5 0 (0.0) 80 (100.0) < 0.05
BMI 18.5 – 24.9 41 (1.7) 2309 (98.3)
BMI 25.0 – 29.9 246 (3.3) 7191 (96.7)
BMI 30.0 – 39.9 834 (5.4) 14540 (94.6)
BMI 40.0 – 49.9 476 (7.8) 5637 (92.2)

HbA1c category
HbA1c< 7.0% 383 (2.6) 14367 (97.4) <0.05
HBbA1c 1,1 – 8.9% 715 (6.8) 9572 (93.2)
HbA1c> 9.0% 499 (8.1) 5638 (91.9)

CKD Stage
CKD Stage 1 (eGFR >90) 751 (6.3) 11183 (93.7) < 0.05
CKD Stage 2 (eGF 60 – 89) 618 (4.8) 12295 (95.2)
CKD Stage 3a (eGFR 45 – 59) 158 (4.4) 3439 (95.6)
CKD Stage 3b (eGFR 30 – 44) 62 (3.5) 1688 (96.5)
CKD Stage 4 (eGFR 15 – 29) 7 (1.1) 646 (98.9)
CKD Stage 5 (eGFR <15) 1 (0.2) 506 (99.8)

Hypertension 1281 (80.8) 24001 (80.7) 0.86
ASCVD 385 (24.1) 9172 (30.8) <0.05
Current Cigarette Use 192 (12.0) 4993 (16.8) <0.05
Statin Use 1120 (70.1) 19471 (65.4) <0.05
Metformin Use 1163 (72.8) 18178 (61.1) <0.05
Insulin Use 932 (58.4) 12209 (41.0) <0.05

Abbreviations: GLP-1a, glucagon-like peptide 1; SGLT-2i, sodium glucose cotransporter-2; BMI, body mass index; HbA1c, hemo-
globin A1c; ASCVD, Atherosclerotic cardiovascular disease.
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