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Background: The use of sodium-glucose cotransporter-2 inhibitors (SGLT2i)

and glucagon-like peptide-1 receptor agonists (GLP-1 RA) in patients with

type 2 diabetes mellitus (T2DM) remains limited, especially in those with other

compelling indications. Thus, this study aimed to describe the prescribing

patterns of GLP-1-RA and SGLT2i in patients with T2DM and to determine the

factors that a�ect the prescribing of these medications.

Methods: This multicenter retrospective cross-sectional study reviewed the

electronic health records of adult patients diagnosed with T2DMwho received

care between January and December 2020. The patients were classified

according to their compelling indications into “patients who are more likely”

to benefit from SGLT2i or GLP-1 RA and “patients who are less likely” to benefit

from them. They were then further categorized depending on whether these

medications were prescribed.

Results: A total of 1,220 patients were included; most were female (56.9%).

SGLT2i or GLP-1 RA were preferably prescribed in only 19% of the patients for

reasons including BMI ≥ 27 kg/m2 (85.6%), uncontrolled T2DM (68.5%), high

risk for ASCVD (23.9%), or established ASCVD (14%). The remaining 81.0% were
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underprescribed these agents. Patients at an older age or with a history of

stroke or transient ischemic attack had higher odds of being underprescribed

(OR 1.02; 95% CI: 1.01–1.03 and OR 2.86; 95% CI: 1.33–6.15), respectively.

Conclusion: The results concur with those of previous studies highlighting

the underutilization of GLP-1 RA and SGLT2i in patients with T2DM but also

with compelling indications. To optimize the use of GLP-1 RA and SGLT2i

for their additional benefits, prescribers need to assess the benefits of using

these agents in patients who would likely benefit from them, regardless of

DM control.

KEYWORDS

type 2 diabetes, underprescription, sodium-glucose cotransporter-2 inhibitors,

glucagon-like peptide-1 receptor agonists, comorbidities

Background

Sodium-glucose cotransporter-2 inhibitors (SGLT2i) and

glucagon-like peptide-1 receptor agonists (GLP-1 RA) are

among the emerging classes of antidiabetic medications for

the management of type 2 diabetes mellitus (T2DM). Several

trials have demonstrated that SGLT2i and GLP-1 RA can

reduce major adverse cardiovascular events (MACE), death

from cardiovascular diseases (CVD), and heart failure (HF)

hospitalization, as well as delay the progression of chronic

kidney disease (CKD) in patients at high risk of or with

established atherosclerotic cardiovascular disease (ASCVD) (1–

8). Thus, the treatment decision for patients with T2DM should

follow a patient-centered approach based on the presence of

CVD and renal comorbidities, the agents’ efficacy and safety, and

the patient’s preference (9, 10).

Since SGLT2i and GLP-1 RA exhibit cardiovascular,

renal, and weight-reduction benefits independent of their

blood-glucose-lowering effect (10), recent diabetes guidelines

recommend using these medication classes for T2DM patients

with established ASCVD, HF, or CKD, or for those at high risk

of ASCVD (11, 12). Moreover, the Kidney Disease: Improving

Global Outcomes (KDIGO) Foundation and the American

Diabetes Association (ADA) recommend first-line treatment

with metformin or SGLT2i in patients with CKD and T2DM

(13, 14). The updated American Heart Association and the

Abbreviations: DM, Diabetes mellitus; SA, Saudi Arabia; ASCVD,

atherosclerotic cardiovascular disease; T2DM, type two diabetes

mellitus; SGLT2i, sodium-glucose cotransporter-2 inhibitors; GLP-1 RA,

glucagon-like peptide-1 receptor agonists; CHD, coronary heart disease;

PAD, peripheral artery disease; HF, heart failure; MACE, major adverse

cardiac events; CV, cardiovascular; CVD, Cardiovascular disease; BMI,

body mass index; PMH, past medical history; HFrEF, heart failure with

a reduced ejection fraction; TIA, transient ischemic attack; IM, internal

medicine; ADA, American Diabetes Association.

European Society of Cardiology guidelines recommend using

SGLT2i in patients with HF with or without T2DM (15, 16).

In addition, due to the significant weight-reduction effect of

SGLT2i and GLP-1 RA, these agents should be considered for

individuals with T2DM who are overweight or obese (9, 17).

Despite the proven cardiorenal benefits and weight-

reduction effects of SGLT2i and GLP-1 RA in patients with

T2DM, along with the guidelines that recommend their use,

their application in practice remains limited (18–20). Several

studies have reported that the rate of using SGLT2i or GLP-

1 RA among patients with T2DM and at high risk of or with

established ASCVD or CVD ranges from 4.1 to 19% (18, 20, 21).

The underutilization of these medications may be attributed to

the older age of these patients, as well as the increased number

of comorbidities, costs, and formulary barriers (18, 22). Other

factors that limit the use of SGLT2i andGLP-1 RAmay be related

to the prescriber’s specialty, concerns about the safety of these

medications, or the need for prior authorization (19, 23).

Most previous studies have examined the underutilization of

SGLT2i and GLP-1 RA in T2DM patients with established CVD

or ASCVD (18, 21, 24). However, there are limited data on the

effective prescribing of SGLT2i and GLP-1 RA in patients with

T2DM and other compelling indications who are more likely to

benefit from using these medications. Thus, this study aimed to

describe the prescribing patterns of GLP-1 RA and SGLT2i in

patients with T2DM.

Methods

Study design and patients

This multicenter retrospective cross-sectional study was

conducted in two centers in Riyadh, Saudi Arabia: a secondary

care hospital, King Abdullah bin Abdulaziz University Hospital,

and a tertiary care center, King Abdulaziz Medical City. We

included patients with T2DM who were 18 years of age or older
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and who had received care in one of the two centers between

January 1, 2020, and December 31, 2020. We excluded patients

with other types of DM (type 1 DM or gestational DM). This

study was conducted in accordance with the Declaration of

Helsinki and was approved by the institutional review board

at Princess Nourah bint Abdulrahman University (log number:

21–0291) and King Abdullah International Medical Research

Center (Ref. #SP20/477/R). The patients’ informed consent was

not required because all the data were collected from their

electronic medical records after de-identification.

According to the ADA patient-centered approach to using

SGLT2i or GLP-1 RA for patients with T2DM (25), the patients

were split into two major groups. The first group consisted

of “patients who were more likely to benefit from SGLT2i or

GLP-1 RA” and the second group, “patients who were less

likely to benefit from SGLT2i or GLP-1 RA.” The preference

criteria for using SGLT2i or GLP-1 RA were based on the

ADA recommendations and are detailed in Table 1 (25). Patients

who were more likely to benefit from these agents and were

prescribed them were categorized as preferably prescribed. In

contrast, patients who were more likely to benefit from either

GLP-1 RA or SGLT-i but were not prescribed these medications

were categorized as underprescribed. Patients who were less

likely to benefit from GLP-1 RA or SGLT2i and were not

prescribed these medications were categorized as preferably not

prescribed, but if they were prescribed them, then they were

categorized as prescribed but unpreferred.

Data collection and study outcomes

The data were collected from the patients’ electronic medical

records and included their demographic information and past

medical history (PMH) during clinic visits or upon hospital

admission. In addition, information about SGLT2i and GLP-1

RA, doses, and prescribers was gathered. The primary outcome

was the proportion of patients who were or were not prescribed

GLP-1 RA or SGLT2i as the preferred approach according to

ADA standards (25). The secondary outcomes were factors

associated with the underprescribing of GLP-1 RA or SGLT2i

and the distribution of prescriber specialties.

Statistical analysis

Descriptive statistics, which included means with standard

deviations for continuous variables and frequencies with

percentages for categorical variables, were used to summarize

the study variables. The unpaired t-test for continuous variables

and a chi-squared test for categorical variables were used

to make an unadjusted comparison between the preferably

prescribed and the underprescribed groups. Multivariable

logistic regression analysis was used to identify the patients’

characteristics associated with underprescribing SGLT2i and

TABLE 1 The definition of SGLT2i and GLP-1 RA preference criteria

based on the ADA recommendations (25).

Patients’ criteria to

likely benefit from

the use of either

SGLT2i or GLP-1

RA

SGLT2i for patients with T2DM and one of the

following:

1–Chronic kidney disease.

2–Established ASCVD.

3–High-risk of ASCVD; defined as having a

10-year ASCVD risk score ≥20%, having stenosis,

or left ventricular hypertrophy.

4–BMI ≥ 27 Kg/m2 .

5–HFrEF (<EF <45%).

6–Patient is on two other

antidiabetic medications*.

GLP-1 RA for patients with T2DM and one of

the following:

1–Chronic kidney disease.

2–Established ASCVD.

3–High-risk of ASCVD; defined as having a

10-year ASCVD risk score ≥20%, having stenosis,

or left ventricular hypertrophy.

4–BMI ≥ 27 Kg/m2 .

5–Patient is on insulin.

6–Patient is on two other

antidiabetic medications* .

SGLT2i, Sodium–glucose Cotransporter−2 Inhibitors; GLP−1 RA, Glucagon–like

Peptide−1 Receptor Agonists; ASCVD, Atherosclerotic Cardiovascular Disease; T2DM,

Type 2 diabetes mellitus, BMI, body mass index, HFrEF, Heart failure with reduced

ejection fraction; Stenosis, Diagnosis of stenosis of the carotid, coronary, or lower

extremity with > 50%. *This is used to indicate the patient has uncontrolled T2DM.

GLP-1 RA. The data were collected from the patients’ electronic

medical records using the Research Electronic Data Capture

(REDCap
R©
) software, version 7.3.6, and then analyzed using the

SAS
R©
software, version 9.4 (SAS Institute Inc., Cary, NC).

Results

Patients’ clinical characteristics

The study included 1,220 patients from the two centers. The

overall mean age was 59.3 ± 13.2 years, and the majority of

the patients were female (56.9%). The most common PMH in

our patients was dyslipidemia (69.0%), followed by hypertension

(67.6%), as shown in Table 2. According to the ADA patient-

centered criteria listed in Table 1; 1,167 patients were categorized

as “more likely to benefit from SGLT2i or GLP-1 RA,” while the

remaining 53 patients were classified as less likely to benefit from

either SGLT2i or GLP-1 RA (Table 2).

In the patient group, which included those who were less

likely to benefit from either SGLT2i or GLP-1 RA, the commonly

observed PMHswere dyslipidemia and hypertension (56.9% and

37.3%), respectively. The mean age at 54.1 ± 14.4 years and the

mean BMI of 24.4 ± 2.4 kg/m2 was much lower than those of
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TABLE 2 Patients’ baseline characteristics (n = 1220).

Patients more likely to benefit from

the use of either SGLT2i or GLP−1

RA

Patients less likely to benefit

from the use of either SGLT2i

or GLP−1 RA

(n = 1167) (n = 53)*

Characteristics Overall Preferably

prescribed

Underprescribed Preferably not prescribed

n = 1220 (n = 222) (n = 945) (n = 51)

Age in years 59.3± 13.2 57.3± 11.4 60.0± 13.3 54.1± 14.4

Sex, Female 694 (56.9) 139 (62.6) 523 (55.3) 31 (60.8)

BMI (kg/m2) 31.9± 6.5 34.2± 6.9 31.7± 6.3 24.4± 2.4

Smoker or former smoker 93 (7.6) 18 (8.1) 70 (7.4) 5 (9.8)

Family history of T2DM 81 (6.8) 13 (5.9) 62 (6.8) 6 (12.2)

Past medical history

Hypertension 825 (67.6) 144 (64.9) 661 (69.9) 19 (37.3)

Dyslipidemia 842 (69.0) 178 (80.2) 634 (67.1) 29 (56.9)

Hypothyroidism 161 (13.2) 36 (16.2) 115 (12.2) 9 (17.6)

Hyperthyroidism 13 (1.1) 2 (0.9) 11 (1.2) 0 (0.0)

Retinopathy 57 (4.7) 25 (11.3) 31 (3.3) 1 (2.0)

Neuropathy 35 (2.9) 14 (6.3) 20 (2.1) 1 (2.0)

ASCVD 10–year score

category

Low risk (<5%) 188 (24.1) 56 (33.5) 124 (21.3) 8 (26.7)

Borderline risk (5–7.5%) 103 (13.2) 20 (12.0) 76 (13.1) 6 (20.0)

Intermediate risk

(≥7.5–<20%)

250 (32.1) 51 (30.5) 183 (31.5) 16 (53.3)

High risk (≥20%) 238 (30.6) 40 (24.0) 198 (34.1) 0 (0.0)

Data are presented as frequency (%) or mean± SD. p–values are from the Chi–square test for categorical variables and the t–test for continuous variables.

SGLT2i, Sodium–glucose Cotransporter−2 Inhibitors; GLP−1 RA, Glucagon–like Peptide−1 Receptor Agonists; ASCVD, Atherosclerotic Cardiovascular Disease; T2DM, Type 2 diabetes

mellitus; SD, Standard Deviation.

ASCVD includes stroke, transient ischemic attack, acute coronary syndromes (ACSs), a history of myocardial infarction, stable or unstable angina, coronary or other arterial

revascularization, or peripheral arterial disease (PAD) presumed to be of atherosclerotic origin.

*Two patients received GLP−1 RA or SGLT2i while not being preferred to be prescribed these medications.

the patient group who were more likely to benefit from SGLT2i

or GLP-1 RA. In the patients who were less likely to benefit from

SGLT2i or GLP-1 RA, more than half had an intermediate risk

of ASCVD (53.3%), while 26.7% had a low risk of ASCVD, as

shown in Table 2.

The characteristics of the patients who were more likely

to benefit from SGLT2i or GLP-1 RA were mostly balanced

between patients who received SGLT2i or GLP-1 RA and those

who did not, except for the number of female patients and the

presence of dyslipidemia, retinopathy, and neuropathy, which

were significantly higher among patients who were preferably

prescribed SGLT2i or GLP-1 RA, as shown in Table 3. In

contrast, the mean age was significantly higher among patients

who were underprescribed SGLT2i or GLP-1 RA compared to

those prescribed these agents (60.0 ± 13.3 vs. 57.3 ± 11.4 years,

p = 0.002). In the underprescribed group, significantly more

patients had established ASCVD, including stroke/ transient

ischemic attack (TIA), compared to the preferably prescribed

group (20.7% vs. 14.0%, p = 0.0217, 10.6% vs. 4.1%, p = 0.0026,

respectively; Table 3).

SGLT2i or GLP-1 RA prescribing patterns

Among patients who were more likely to benefit from

SGL2i or GLP-1 RA (n = 1167), only 19.0% (n = 222)

received SGLT2i or GLP-1 RA, while the remaining 81.0%

did not receive either. In comparison, of the patients who

were less likely to benefit from either SGLT2i or GLP-1 RA

(n = 53), only two received SGLT2i or GLP-1 RA. The

main reasons for using SGLT2i or GLP-1 RA in the patients

who were preferably prescribed these agents were obesity

(BMI ≥ 27 kg/m2 and T2DM) at 85.6%, uncontrolled DM

indicated by using two or more other antidiabetic agents
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TABLE 3 Factors associated with the under–prescribing of SGLT2i or GLP−1 RA for patients with type 2 diabetes mellitus (N = 1167).

Factors Overall Preferably

prescribed

Underprescribed Unadjusted

analysis

Adjusted

analysis

(n = 1167) (n = 222) (n = 945) p–value AOR (95%CI)

Age in years 59.5± 13.0 57.3± 11.4 60.0± 13.3 0.0020 1.02 (1.01−1.03)

Sex, female 662 (56.7) 139 (62.6) 523 (55.3) 0.0492 0.78 (0.56−1.08)

Smoker or former smoker 88 (7.5) 18 (8.1) 70 (7.4) 0.7220 ——

Family history of T2DM 75 (6.6) 13 (5.9) 62 (6.8) 0.6613 ——

Past medical history

Hypertension 805 (69.0) 144 (64.9) 661 (69.9) 0.1407 ——

Dyslipidemia 812 (69.6) 178 (80.2) 634 (67.1) 0.0001 0.45 (0.31−0.66)

Hypothyroidism 151 (12.9) 36 (16.2) 115 (12.2) 0.1060 ——

Hyperthyroidism 13 (1.1) 2 (0.9) 11 (1.2) 0.7368 ——

Retinopathy 56 (4.8) 25 (11.3) 31 (3.3) <0.0001 0.36 (0.19−0.67)

Neuropathy 34 (2.9) 14 (6.3) 20 (2.1) 0.0008 0.47 (0.21−1.08)

Patients’ criteria to be prescribed

SGLT2i or GLP−1 RA

Chronic kidney disease 106 (9.1) 17 (7.7) 89 (9.4) 0.4115 ——

HFrEF (EF <45%) 37 (3.2) 7 (3.2) 30 (3.2) 0.9869 ——

Established ASCVD 227 (19.5) 31 (14.0) 196 (20.7) 0.0217 ——

Myocardial infarction 83 (7.1) 11 (5.0) 72 (7.6) 0.1636 1.86 (0.85−4.07)

Stable angina 10 (0.9) 1 (0.5) 9 (1.0) 0.4646 ——

Unstable angina 18 (1.5) 2 (0.9) 16 (1.7) 0.3879 ——

Stroke/TIA 109 (9.3) 9 (4.1) 100 (10.6) 0.0026 2.86 (1.33−6.15)

PAD 6 (0.5) 0 (0.0) 6 (0.6) 0.2339 ——

Revascularization, including stent

or CABG

96 (8.2) 18 (8.1) 78 (8.3) 0.9433 0.53 (0.27−1.04)

Indicators of high risk

ASCVD 10–year risk score ≥20% 238 (20.4) 40 (18.0) 198 (21.0) 0.3288 ——

Stenosis 51 (4.4) 9 (4.1) 42 (4.4) 0.7956 ——

Left ventricular hypertrophy 68 (5.8) 7 (3.2) 61 (6.5) 0.0588 2.09 (0.91−4.80)

Obesity (BMI ≥ 27 Kg/m2) 933 (79.9) 190 (85.6) 743 (78.6) 0.0405 0.70 (0.45−1.09)

Patient is currently on

Two other antidiabetic medications 753 (64.5) 152 (68.5) 601 (63.6) 0.1723 ——

Insulin 503 (43.1) 122 (55.0) 381 (40.3) <0.0001 0.54 (0.40−0.75)

Data are presented as frequency (%) or mean± SD. p–values are from the Chi–square test for categorical variables and the t–test for continuous variables.

SGLT2i, Sodium–glucose Cotransporter−2 Inhibitors; GLP−1 RA, Glucagon–like Peptide−1 Receptor Agonists; ASCVD, Atherosclerotic Cardiovascular Disease; T2DM, Type 2 diabetes

mellitus; HFrEF, Heart failure with reduced ejection fraction; SD, Standard Deviation; AOR, Adjusted odds ratio.

ASCVD: stroke, transient ischemic attack, acute coronary syndromes (ACSs), a history of myocardial infarction, stable or unstable angina, coronary or other arterial revascularization, or

peripheral arterial disease presumed to be of atherosclerotic origin.

(68.5%), the presence of high risk for ASCVD (23.9%), and

established ASCVD (14%), as presented in Table 4. Moreover,

patients with established HF or CKD were 3.2% and 7.7%,

respectively, in the preferably prescribed group. In contrast,

in the underprescribed group, the most common compelling

indications for the use of SGLT2i or GLP-1 RA were obesity

(78.6%), uncontrolled DM (63.6%), and a high risk for ASCVD

(29.5%), followed by 20.7% having established ASCVD (Table 4).

Also, 3.2% and 9.4% of the underprescribed group had HF and

CKD, respectively.

In the patients who received SGLT2i or GLP-1 RA for

preferred reasons, 58.2% were prescribed SGLT2i, and 51.8%

were prescribed GLP-1 RA. It is worth noting that 22 patients

received both SGLT2i and GLP-1 RA. Dapagliflozin (90.7%)

and liraglutide (71.4%) were the most commonly prescribed

SGLT2i and GLP-1 RA, respectively (Table 5). In addition,

the most commonly prescribed antidiabetic medication, along

with SGLT2i or GLP-1 RA, was metformin (86%), followed by

insulin (55%). The additional antidiabetic agents prescribed with

SGLT2i or GLP-1 RA are detailed in Table 5.
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TABLE 4 Patient–centered preference criteria for using either SGLT2i

or GLP−1 RA (n = 1167).

Patient criteria Overall Preferably

prescribed

Underprescribed

n = 1167 (n = 222) (n = 945)

Chronic kidney

disease

106 (9.1) 17 (7.7) 89 (9.4)

HFrEF (EF <45%) 37 (3.2) 7 (3.2) 30 (3.2)

Established ASCVD 227 (19.5) 31 (14.0) 196 (20.7)

Myocardial

infarction

83 (7.1) 11 (5.0) 72 (7.6)

Stable angina 10 (0.9) 1 (0.5) 9 (1.0)

Unstable angina 18 (1.5) 2 (0.9) 16 (1.7)

Stroke/TIA 109 (9.3) 9 (4.1) 100 (10.6)

PAD 6 (0.5) 0 (0.0) 6 (0.6)

Revascularization,

including stent or

CABG

96 (8.2) 18 (8.1) 78 (8.3)

Indicators of high

risk

332 (28.4) 53 (23.9) 279 (29.5)

ASCVD 10–year risk

score ≥20%

238 (20.4) 40 (18.0) 198 (21.0)

Stenosis 51 (4.4) 9 (4.1) 42 (4.4)

Left ventricular

hypertrophy

68 (5.8) 7 (3.2) 61 (6.5)

Obesity (BMI ≥ 27

Kg/m2)

933 (79.9) 190 (85.6) 743 (78.6)

Patient is currently

on

Two other

antidiabetic

medications

753 (64.5) 152 (68.5) 601 (63.6)

Insulin 503 (43.1) 122 (55.0) 381 (40.3)

Data are presented as frequency (%). p–values are from the Chi–square test.

SGLT2i, Sodium–glucose Cotransporter−2 Inhibitors; GLP−1 RA, Glucagon–like

Peptide−1 Receptor Agonists; HFrEF, Heart failure with reduced ejection fraction;

ASCVD, Atherosclerotic Cardiovascular Disease; TIA, transient ischemic attack; PAD,

peripheral arterial disease presumed to be of atherosclerotic origin; CABG, Coronary

artery bypass graft; BMI, Body mass index; Stenosis, Diagnosis of stenosis of the carotid,

coronary, or lower extremity with > 50%.

Factors associated with underprescribing

Older age and a history of stroke/TIA were significantly

associated with higher odds of underprescribing SGLT2i or

GLP-1 RA (OR 1.02; 95% CI 1.01–1.03 and OR 2.86; 95%

CI 1.33–6.15, respectively). Conversely, patients with a PMH

of dyslipidemia (OR 0.45; 95% CI 0.31–0.66) or retinopathy

(OR 0.36; 95% CI 0.19–0.67) had lower odds of being

underprescribed either SGLT2i or GLP-1 RA. Fortunately,

the odds of underprescribing were significantly lower among

patients with T2DM who were receiving insulin (OR 0.54; 95%

TABLE 5 Antidiabetic medication prescribed for patients with type 2

diabetes mellitus (N = 1167).

Antidiabetic

medication or

class of

medications

Overall Preferably

prescribed

Underprescribed

(n =

1167)

(n = 222) (n = 945)

SGLT2i 129 (11.1) 129 (58.1) ——

Dapagliflozin 117 (90.7) 117 (52.7) ——

Empagliflozin 12 (9.3) 12 (5.4) ——

GLP−1 RA 115 (9.8) 115 (51.8) ——

Liraglutide 81 (70.4) 81 (36.5) ——

Semglutide 33 (28.7) 33 (14.9) ——

Dulaglutide 1 (0.9) 1 (0.4) ——

Additional

antidiabetic agents

Metformin 982 (84.1) 191 (86.0) 791 (83.7)

Insulin 503 (43.1) 122 (55.0) 381 (40.3)

DPP−4 inhibitors 438 (37.5) 74 (33.3) 364 (38.5)

Sulphonylurea 381 (32.6) 67 (30.2) 314 (33.2)

Thiazolidinedione 19 (1.6) 6 (2.7) 13 (1.4)

Data are presented as frequency (%).

SGLT2i, Sodium–glucose Cotransporter−2 Inhibitors; GLP−1 RA, Glucagon–like

Peptide−1 Receptor Agonists; DPP−4, Dipeptidyl peptidase−4.

CI 0.40–0.75). The details of the logistic regression used to assess

these factors are presented in Table 3.

Prescriber specialties

Endocrinologists were the most frequent specialty

prescribing SGLT2i or GLP-1 RA (60.6%), followed by

internal medicine (IM) physicians (11.4%). Cardiologists

were responsible for only 9.8% of the SGLT2i or GLP-1 RA

prescriptions, and nephrology for 2%. Most of the SGLT2i

agents (n = 129) were prescribed by endocrinologists (59%),

followed by IM physicians (13%) and cardiologists (10.9%).

In contrast, GLP-1 RA prescriptions (n = 115) were also

mostly prescribed by endocrinologists (62.6%), family medicine

physicians (11.3%) and then IM physicians (9.6%) accounted

for the other significant percentages, as depicted in Figure 1.

Discussion

This retrospective cross-sectional study evaluated the

prescribing patterns of SGLT2i and GLP-1 RA in patients

with T2DM. Among the patients who were more likely to

benefit from SGLT2i or GLP-1 RA, only 19% were preferably
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FIGURE 1

SGLT2i or GLP-1 RA prescribers’ specialty (N = 224).

prescribed them for diabetes management or cardioprotective,

renoprotective, or weight-reduction benefits. In contrast, 96%

of the patients who were less likely to benefit from SGLT2i or

GLP-1 RA were not prescribed these agents.

Although SGLT2i or GLP-1 RA are preferred over other

antidiabetic medications for their organ protection effect in

patients with T2DM (26), we still observed a low rate of

prescribing SGLT2i or GLP-1 RA in patients with T2DM and

established ASCVD, HF, CKD, or obesity who were likely to

benefit from these medications. This low prescribing rate is

similar to that found in a previous retrospective cross-sectional

study that used a large set of U.S. claims data (27). That study

reported that SGLT2i or GLP-1 RA was prescribed in patients

with T2DM at a rate of < 12% and at an even lower rate in

patients with ASCVD (< 9%) (27). It is worth noting that the

data, in this case, were collected in 2015 before the first set

of ADA guidelines (2017) was published, which recommended

the use of SGLT2i or GLP-1 RA in patients with T2DM and

ASCVD (22, 27). However, a 2020 nationwide study from U.S.

Veterans Affairs, which included 537,980 patients with ASCVD

and T2DM, found that the prescription of SGLT2i or GLP-1 RA

remained low at 19% (21). Similarly, we found that 86% of the

patients with established ASCVD and 83% of those at high risk

of ASCVD (10-year score ≥ 20%) were not prescribed SGLT2i

or GLP-1 RA.

In this study, we noticed a high rate (81%) of

underprescribing SGLT2i or GLP-1 RA among patients

who were likelier to benefit from them. Specifically, patients

with increased age and a history of stroke/TIA had higher odds

of being underprescribed SGLT2i or GLP-1 RA. This finding

is consistent with a retrospective study that found that the

mean age of patients who were not prescribed SGLT2i or GLP-1

RA was greater than that of those who had been prescribed

these medications (73.0 ± 9 years vs. 69.2 ± 8 years, p <

0.01 for SGLT2i; 72.8 ± 9 vs. 69.6 ± 8, p < 0.01 for GLP-1

RA). Moreover, they found a significantly greater proportion

of patients with ischemic cerebrovascular disease among the

nonusers of GLP-1 RA and SGLT2i compared to the users

(27.4% vs. 23.9%, p < 0.01 for SGLT2i; 27.2% vs. 25.6%, p <

0.01 for GLP-1 RA) (21), which is similar to what we found in

our study.

The underprescription of GLP-1 RA and SGL-2i could

be attributed to patient-related factors, such as a patient’s

preference to avoid using multiple medications for diabetes

management, or the claim that they would comply with a

healthy diet and regular exercise to avoid additional agents.

Moreover, in the present study, the underprescribing of SGLT2i

or GLP-1 RA in older patients may be attributed to lenient

glycemic control goals. In addition, there is some concern

about increased comorbidities, a high risk of polypharmacy and

side effects such hypoglycemia specially in older adult patients.

All of these reasons may prevent prescribers from initiating

the use of additional agents. Another interesting observation

in this study was that 91% of the patients with a history of

stroke/TIA were not prescribed SGLT2i or GLP-1 RA, despite

the recommendation to use these medications in patients with
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established ASCVD, including cerebrovascular diseases (9). This

underutilization in patients with stroke/TIA may have been

influenced by the fact that most of the available evidence

supports the use of SGLT2i or GLP-1 RA for primary prevention.

Still, limited studies have proven their benefits for secondary

stroke prevention in patients with DM (8–31).

The results also revealed that the odds of underprescribing

GLP-1 RA and SGLT2i were significantly lower in patients with

a history of dyslipidemia, retinopathy, or on insulin therapy.

A retrospective cohort study of patients with T2DM and CVD

or CV risk factors (e.g., hyperlipidemia, hypertension, obesity,

smoking, or micro/macroalbuminuria) found high rates of

prescribing SGLT2i (OR 3.94; 95% CI 3.90–3.99) or GLP-1 RA

(OR 1.19; 95% CI 1.17–1.20) in patients at risk of CV (20).

In that study, the likelihood of using SGLT2i or GLP-1 RA

increased with obesity or dyslipidemia diagnosis, as in our study

(20). Since high lipid levels are the main driver of ASCVD, this

could be suggested as a marker for prescribers to initiate SGLT2i

or GLP-1 RA in patients with established ASCVD who are at

high risk for ASCVD, or even obese patients. The use of insulin

therapy in patients with T2DM may indicate uncontrolled DM,

since it is recommended to start with hemoglobin A1C levels

above 10% (9). Insulin therapy may also be combined with GLP-

1 RA to exhibit longer glycemic durability (9). However, the fear

of hypoglycemia resulting from the combination of insulin with

SGLT2i or GLP-1 RAmay lead to the underprescription of these

agents in patients using insulin.

Furthermore, this underutilization of SGLT2i and GLP-1 RA

may be driven by prescriber or payor factors, such as high costs,

limited prescriber awareness, and formulary restrictions (22, 31).

Insurance companies may also deny coverage of these drugs

and push for alternative agents (18, 22). In the present study,

most of the SGLT2i and GLP-1 RA prescriptions were given by

endocrinologists (60.6%), followed by IM physicians (11.4%).

The prescription rates of SGLT2i and GLP-1 RA by cardiologists

and nephrologists were low. At the same time, 84% of the

patients with CKD, 86% with established ASCVD, and 81% with

HF were not prescribed SGLT2i or GLP-1 RA. This may indicate

the limited prescribers’ knowledge about the effective use and

the cardiovascular and renal benefits of SGLT2i and GLP-1 RA

in patients with T2DM and these comorbidities. The trends

in the specializations of the prescribers are similar to national

and global models, where endocrinologists and primary care

physicians are the most common prescribers for SGLT2i and

GLP-1 RA, while cardiologists are the least common prescribers

(32, 33). A cross-sectional survey in Saudi Arabia that included

103 prescribers showed that 15.5% of prescribers admitted to

choosing SGLT2i as a second-line therapy, whereas 31.1% chose

it as a first-line therapy for patients with CVD (34).

The behavior of underprescribing SGLT2i or GLP-1 RA

is consistent with the findings of previous studies that have

highlighted the issue of physicians’ lack of familiarity with the

effective utilization of these agents (23, 33). Since SGLT2i and

GLP-1 RA are relatively new agents, providers may be reluctant

to prescribe them (21, 23). Cardiologists and nephrologists, in

particular, tend to be hesitant to prescribe SGLT2i or GLP-1 RA,

as they view the use of antidiabetic medications to be beyond

their scope (35). Moreover, they may be concerned about the

adverse effects of SGLT2i, such as volume status and other safety

concerns, especially in patients with CVD or CKD. The limited

prescription of SGLT2i or GLP-1 RA may also be influenced

by institutional limitations on the scope of SGLT2i and GLP-1

RA (21) Prescribers, including cardiologists and nephrologists,

need to understand that the decision to use SGLT2i or GLP-

1 RA is based on their cardiorenal protection, independent

of these medications’ hypoglycemic effects. SGLT2i and GLP-

1 RA are currently recommended in patients, regardless of the

presence of T2DM (13, 15, 16). More importantly, the latest

ADA standards recommend SGLT2i or GLP-1 RA as first-line

therapy in patients with an established or high risk of ASCVD,

HF, or CKD (10, 14). These new recommendations emphasize

the importance of prescribers assessing the advantages of using

these agents in patients who would likely benefit from them,

regardless of DM control.

Our study is one of several that have assessed the real-world

prescribing patterns of SGLT2i and GLP-1 RA in patients with

T2DM (18, 20, 21, 27). Most previous studies have focused on

the rate of prescribing SGLT2i or GLP-1 RA in patients with

established CVD or ASCVD (18, 21, 27). However, this study

assessed all patients with T2DM, regardless of their history or

risk for ASCVD, to determine if SGLT2i or GLP-1 RA are

prescribed according to a personalized approach and individual

comorbidities. However, the study has several limitations, such

as its retrospective design and small sample size, which may

limit the generalizability of its results. Specifically, the number

of patients prescribed SGLT2i or GLP-1 RA was relatively small,

which may have limited our ability to identify additional factors

that might have affected the prescribing of these medications.

Also, we cannot exclude the possibility that the use of SGLT2i or

GLP-1 RA may be driven by the medications’ hypersensitivity,

drug-to-drug interaction, or failing other agents, which were not

investigated in the present study.

Conclusions

This study concurs with previous studies highlighting the

underutilization of GLP-1 RA and SGLT2i in patients with

T2DM, but this time in patients with T2DM and additional

compelling indications. To optimize the use of GLP-1 RA and

SGLT2i for their additional benefits, prescribers need to follow

the most recent guidelines in managing patients with T2DM.

Thus, increasing prescribers’ awareness about the appropriate

use of GLP-1 RA and SGLT2i is essential. In light of the expected
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increases in the use of GLP-1 RA and SGLT2i with the new

recommendations, larger-scale studies are needed to investigate

their effective use.
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