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Highlights
 • We aimed to evaluate SGLT2i or GLP-1RA use in patients with T2DM and established CVD.
 • 26.8% of the patients received SGLT2is or GLP-1RA after CVD events.
 • Sex, BMI, DM duration, glycemic control, and renal function influenced drug use.
 • The primary reason for discontinuing these drugs was inadequate glycemic control.
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Background: Recent diabetes management guidelines recommend that sodium-glucose cotransporter 2 inhibitors (SGLT2is) or 
glucagon-like peptide 1 receptor agonists (GLP-1RAs) with proven cardiovascular benefits should be prioritized for combination 
therapy in patients with type 2 diabetes mellitus (T2DM) and established cardiovascular disease (CVD). This study was aimed at 
evaluating SGLT2i or GLP-1RA usage rates and various related factors in patients with T2DM and established CVD.
Methods: We enrolled adults with T2DM aged ≥30 years who were hospitalized due to established CVD from January 2019 to 
May 2020 at 13 secondary and tertiary hospitals in Korea in this retrospective observational study. 
Results: Overall, 2,050 patients were eligible for analysis among 2,107 enrolled patients. The mean patient age, diabetes duration, 
and glycosylated hemoglobin level were 70.0 years, 12.0 years, and 7.5%, respectively. During the mean follow-up duration of 9.7 
months, 25.7% of the patients were prescribed SGLT2is after CVD events. However, only 1.8% were prescribed GLP-1RAs. Com-
pared with SGLT2i non-users, SGLT2i users were more frequently male and obese. Furthermore, they had a shorter diabetes du-
ration but showed worse glycemic control and better renal function at the time of the event. GLP-1RA users had a longer duration 
of diabetes and worse glycemic control at the time of the event than GLP-1RA non-users.
Conclusion: The SGLT2i or GLP-1RA prescription rates were suboptimal in patients with T2DM and established CVD. Sex, body 
mass index, diabetes duration, glycemic control, and renal function were associated with the use of these agents.
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INTRODUCTION

Among antidiabetic drugs, sodium-glucose cotransporter 2 
inhibitors (SGLT2i) and glucagon-like peptide-1 receptor ago-
nists (GLP-1RA) have been shown to reduce the risk of major 
adverse cardiovascular events and improve renal outcomes in 
several large randomized control trials [1-5]. Therefore, there 
has been a paradigm shift in the use of antidiabetic drugs, from 
the lowering of blood glucose levels to protection against car-
diovascular disease (CVD) and chronic kidney disease (CKD). 
Recent recommendations for diabetes treatment by the Ameri-
can Diabetes Association [6] and the Korean Diabetes Associa-
tion (KDA) [7] emphasize that SGLT2is and GLP-1RAs with 
proven cardiovascular benefits should be prioritized for com-
bination therapy in patients with type 2 diabetes mellitus 
(T2DM) and established CVD or heart failure (HF).

After the first large cardiovascular outcome trial of SGLT2i 
showed significant cardiovascular benefits in patients with 
T2DM [2], the prescription rates of SGLT2is and GLP-1RAs 
have continued to increase not only in Korea [8] but also world-
wide [9-13]. It is therefore important to assess the real-world 
clinical treatment rates of SGLT2is and GLP-1RAs. If the actual 
treatment rates are not consistent, i.e., lower than the recom-
mended guidelines, it is necessary to evaluate the barriers to the 
prescription of these agents or the causes of the lower-than-ex-
pected prescription rates for these agents. However, the pre-
scription rates for these drugs in eligible patients with estab-
lished CVD and HF according to guidelines have not been 
thoroughly evaluated in Korea. Therefore, we conducted this 
study to evaluate the prescription rates of SGLT2is or GLP-1RAs 
in patients with T2DM and established CVD according to the 
KDA guidelines.

METHODS

Study design
The current study was a multicenter retrospective study con-
ducted at 13 secondary and tertiary hospitals in Korea. The 
study protocol was reviewed and approved by the local ethics 
committee of each hospital (Institutional Review Board no. for 
Uijeongbu St. Mary’s Hospital, CIRB-20200928-002), and con-
ducted in accordance with the Declaration of Helsinki. The 
need for informed consent from the patients was waived be-
cause of the retrospective nature of this study. 

Patients and eligibility
Patients with T2DM who were 30 years of age or older were eli-
gible if they were hospitalized because of established CVD dur-
ing the enrollment period (January 2019 to May 2020). The ex-
clusion criteria were as follows: (1) patients with type 1 diabetes 
mellitus, (2) pregnant women, (3) those undergoing chemo-
therapy or radiotherapy for malignancy, and (4) those hospital-
ized for a simple diagnostic procedure for a CVD, such as coro-
nary angiography. Established CVD was defined as atheroscle-
rotic cardiovascular disease (ASCVD) and hospitalization for 
heart failure (HHF). ASCVD comprised three categories: (1) 
ischemic heart disease (IHD), defined as myocardial infarction 
and acute coronary syndrome requiring primary coronary in-
tervention or coronary artery bypass grafting, and coronary ar-
tery disease with stenosis confirmed by coronary angiography 
from cardiologists; (2) stroke, which consisted of ischemic 
stroke or transient ischemic attack and was diagnosed based on 
magnetic resonance imaging or medical records from neurolo-
gists; and (3) peripheral artery disease (PAD) requiring angio-
plasty, bypass surgery, or amputation during hospitalization. 

Data collection
The index date was defined as the day on which each patient was 
first admitted to the hospital owing to established CVD events. 
The enrolled patients were followed up until August 2020. The 
information analyzed included demographic characteristics, 
anthropometric data, medical history, laboratory test results, 
and antidiabetic medications prescribed. This information was 
collected from the patients’ electronic medical records at base-
line and every 3 months after the index date by the investigators 
listed on the case report form. Baseline demographic and an-
thropometric data were collected at the time the patient was dis-
charged or at the time closest to discharge after the index date. 
Prescription rates for cardiovascular risk-reducing drugs and 
antidiabetic drugs at discharge and during the follow-up period 
after the CVD event, were calculated for all cases who had been 
taking medication before the index date or started taking the 
medication after the index date. The primary outcomes were the 
prescription rates of SGLT2is or GLP-1RAs during the follow-
up period, and the secondary outcomes were various factors re-
lated to the use and discontinuation of SGLT2is and GLP-1RAs. 
Causes of medication discontinuation were assessed by dividing 
them into two categories: patient factors (complaints of side ef-
fects, inappropriate glycemic control, or others) and treatment 
factors (evidence of side effects, inappropriate glycemic control, 
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patients died in the hospital during the admission period. Fi-
nally, 2,050 patients (66.9% of the patients were men) were eli-
gible for analysis. The mean age of the study population, diabe-
tes duration, and glycosylated hemoglobin (HbA1c) level were 
70.0 years, 12.0 years, and 7.5%, respectively. Many patients 
(1,522 patients, 74.2%) had hypertension upon admission. Ap-
proximately 33.7%, 14.8%, 4.3%, and 11.4% of the patients 
previously had IHD, stroke, PAD, and HF, respectively. Other 
clinical variables are shown in Supplementary Table 1. Among 
the 2,050 patients, 58.3% (n=1,196), 20.9% (n=428), 4.1% 
(n=83), and 16.7% (n=343) were hospitalized due to IHD, 
stroke, PAD, and HF, respectively.

Prescription patterns after established CVD events
The departments managing diabetes after CVD events were 
mostly endocrinology (43.8%, n=898) and cardiology (34.3%, 
n=704); 4.5% (n=92), 3.4% (n=70), and 11.7% (n=234) of the 
cases were handled by nephrology, neurology, and other de-
partments. Fig. 1 shows the prescription rate of cardiovascular 
risk-lowering medications and antidiabetic agents at discharge 
after the CVD events. The prescription rates of statins and anti-
platelet agents were approximately 85%. And 62.2% of patients 

Fig. 1. Prescription rate of cardiovascular risk-lowering medications and antidiabetic medications at discharge after event in type 
2 diabetes mellitus with established cardiovascular disease. The inset graph shows the number of class of antidiabetic medications. 
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blockade; DPP4i, dipeptidyl peptidase 4 inhibitor; 
SGLT2i, sodium-glucose cotransporter 2 inhibitor; TZD, thiazolidinedione; AGI, alpha-glucosidase inhibitor; GLP-1RA, gluca-
gon-like peptide 1 receptor agonist. 
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Statistical analysis
Continuous variables are presented as mean±standard devia-
tion values, and categorical variables are presented as numbers 
and percentages. An independent-samples t-test was used to 
compare users and non-users of medication. The chi-square 
test and Fisher’s exact test were used to compare categorical 
variables. Logistic regression models were used to evaluate the 
odds ratios (ORs) with 95% confidence intervals (CIs) of clini-
cal factors for the use or discontinuation of medications. Mul-
tivariate logistic regression models were used, including vari-
ables with a P value of <0.05, in the univariate analysis. All sta-
tistical analyses were performed using SPSS version 25.0 for 
Windows (IBM Co., Armonk, NY, USA), and a P value of <0.05 
was considered significant.

RESULTS

Baseline patient demographics
A total of 2,107 patients with T2DM who were hospitalized 
because of established CVD were enrolled from 13 centers; 57 
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with IHD, HHF, stroke, and PAD, respectively. The correspond-
ing percentages of patients in whom GLP-1RAs were used were 
1.8%, 1.5%, 1.4%, and 3.6%. SGLT2is were more likely to be 
prescribed to patients who were attended to primarily by cardi-
ologists (33.9%, 239/704) and endocrinologists (26.5%, 238/ 
898). On the other hand, GLP-1RAs were predominantly pre-
scribed by endocrinologists (3.0%, 27/898), followed by ne-
phrologists (2.2%, 2/92). The distribution of the departments 
prescribing SGLT2is or GLP-1RAs showed differences accord-
ing to the cause of the established CVD events (Supplementary 
Fig. 1A and B, respectively). In the case of IHD, SGLT2is were 
similarly prescribed by endocrinologists and cardiologists. On 
the other hand, in the case of HHF, SGLT2is were more fre-
quently prescribed by cardiologists. GLP-1RAs were predomi-
nantly prescribed by endocrinologists for events of all causes.

Comparison of patients’ characteristics at discharge 
according to the use of SGLT2is or GLP-1RAs
Tables 1, 2 show the comparison of patients’ characteristics at 
discharge according to the use of SGLT2is or GLP-1RAs. Com-
pared with SGLT2i non-users, SGLT2i users were more fre-
quently male (75.8% vs. 64.0%, P<0.001) and obese (body mass 
index [BMI]: 25.5 kg/m2 vs. 24.7 kg/m2, P<0.001). Furthermore, 
the duration of diabetes was shorter among SGLT2i users (10.4 
years vs. 12.6 years, P<0.001); however, they showed worse gly-
cemic control (HbA1c: 7.9 % vs. 7.4%, P<0.001). SGLT2i users 
also had a higher estimated glomerular filtration rate (eGFR) at 
the time of the CVD event (82.5 mL/min/1.73 m2 vs. 69.1 mL/

received angiotensin-converting enzyme inhibitors or angio-
tensin receptor blockers as antihypertensive medications at 
discharge (Fig. 1). More than half of the patients used over two 
classes of antidiabetic agents; 36.1% used two classes of agents 
and 24.6% used ≥3 classes of agents. More than half of the pa-
tients (57.9%) used metformin, and the second most common-
ly used class of agents was dipeptidyl peptidase 4 inhibitors 
(DPP4is, 49.8%). The prescription rates of SGLT2is and GLP-
1RAs at discharge were 16.4% and 0.6%, respectively (Fig. 1). 

During the mean follow-up duration of 9.7±0.1 months, 
25.7% of the patients were prescribed SGLT2is after CVD 
events. However, only 1.8% of the patients were prescribed 
GLP-1RAs. Eventually, 26.8% of the patients were prescribed 
SGLT2is or GLP-1RAs among the patients with T2DM and  
established CVD. Of the patients taking SGLT2is and GLP-
1RAs, 91.3% and 82.8% were newly started after CVD events 
occurred, respectively. The mean times to the initiation of 
SGLT2is and GLP-1RAs after discharge from the hospital were 
58.9 and 91.6 days, respectively, among the patients for whom 
these agents were started after CVD events. And 58.7% and 
27.6% of newly prescribed medication after CVD events were 
prescribed at discharge. The class and number of antidiabetic 
medications prescribed at the time of SGLT2is or GLP-1RAs 
initiation are shown in Supplementary Table 2.

The prescription rates of SGLT2is or GLP-1RAs differed ac-
cording to the cause of the established CVD and the depart-
ment managing diabetes after the CVD events (Fig. 2). SGLT2is 
were used in 31.3%, 26.5%, 12.6%, and 10.8% of the patients 

Fig. 2. Prescription rate of sodium-glucose cotransporter 2 inhibitor (SGLT2i) or glucagon-like peptide 1 receptor agonist (GLP-
1RA) in the patients with established cardiovascular disease during 9.7 months follow-up after events according to (A) cause of 
event and (B) department managing diabetes. IHD, ischemic heart disease; PAD, peripheral artery disease; HHF, hospitalization 
for heart failure. 
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min/1.73 m2, P<0.001). Over half (62.1%) of the SGLT2i users 
were using the medication at the time of discharge after CVD 
events. 

Compared with that in GLP-1RA non-users, the duration of 
diabetes was longer among GLP-1RA users (16.3 years vs. 11.9 
years, P=0.021) and glycemic control was worse (HbA1c: 8.9% 
vs. 7.5%, P<0.001) at the time of the CVD event. However, sex, 
BMI, and renal function were comparable between the two 
groups. GLP-1RA users took more antidiabetic medications 
than GLP-1RA non-users did. In particular, insulin use was 
significantly higher in GLP-1RA users than in GLP-1RA non-
users.

Table 1. Comparison of baseline characteristics at discharge of 
participants according to the use of SGLT2i during follow-up

Variable SGLT2i 
user

SGLT2i 
non-user P value

Number 528 (30.8) 1,188 (69.2)

Age, yr 70.0±12.1 69.8±11.8 0.648

Male sex 400 (75.8) 760 (64.0) <0.001

BMI, kg/m2 25.5±4.2 24.7±3.8 <0.001

Smoking 0.002

   Non-smoker 275 (52.5) 688 (58.6)

   Former smoker 105 (20.0) 246 (21.0)

   Current smoker 144 (27.5) 240 (20.4)

Comorbidities 

   History of IHD 173 (33.3) 426 (37.2) 0.131

   History of stroke 50 (9.6) 190 (16.6) <0.001

   History of PAD 12 (2.3) 64 (5.7) 0.003

   History of HF 60 (11.7) 137 (12.1) 0.779

Diabetes duration, yr 10.4±9.2 12.6±10.4 <0.001

Range of diabetes duration, yr <0.001

   <10 197 (49.1) 388 (40.3)

   10–19 126 (31.4) 274 (28.5)

   ≥20 78 (19.5) 300 (31.2)

Cause of admission <0.001

   IHD 374 (70.8) 676 (56.9)

   Stroke 54 (10.2) 284 (28.9)

   PAD 9 (1.7) 55 (4.6)

   HHF 91 (17.2) 173 (14.6)

SBP, mm Hg 124.8±17.2 128.1±18.0 0.001

DBP, mm Hg 73.5±11.4 73.1±11.1 0.485

Random plasma glucose, mg/dL 181.2±74.7 167.8±77.0 0.001

HbA1c, % 7.9±1.7 7.4±1.5 <0.001

Creatinine, mg/dL 0.96±0.42 1.47±1.62 <0.001

eGFR, mL/min/1.73 m2 82.5±27.2 69.1±34.1 <0.001

   ≥60 421 (79.9) 717 (60.8) <0.001

   45–59 76 (14.4) 180 (15.3)

   30–44 21 (4.0) 130 (11.0)

   <30 9 (1.7) 153 (13.0)

Total cholesterol, mg/dL 151.4±49.0 150.3±45.9 0.688

Triglycerides, mg/dL 157.1±131.5 148.3±119.7 0.196

HDL-C level, mg/dL 42.4±11.5 43.2±12.1 0.234

LDL-C level, mg/dL 86.8±38.0 87.0±35.5 0.929

Variable SGLT2i 
user

SGLT2i 
non-user P value

Antidiabetic medication

   Metformin 402 (76.1) 642 (54.1) <0.001

   Sulfonylurea 181 (34.3) 331 (27.9) 0.008

   TZD 24 (4.5) 58 (4.9) 0.757

   DPP4i 148 (28.0) 693 (58.4) <0.001

   SGLT2i 328 (62.1) 5 (0.4) <0.001

   AGI 1 (0.2) 11 (0.9) 0.119

   Meglitinide 1 (0.2) 6 (0.5) 0.683

   Insulin 61 (11.6) 220 (18.5) <0.001

   GLP-1RA 6 (1.1) 7 (0.6) 0.238

No. of antidiabetic medications <0.001

   0 23 (4.4) 138 (11.6)

   1 87 (16.5) 383 (32.3)

   2 218 (41.3) 421 (35.5)

   ≥3 200 (37.9) 244 (20.6)

Statin 474 (89.8) 1,031 (87.0) 0.105

Anti-platelet 477 (90.3) 1,010 (85.2) 0.004

ACEi or ARB 371 (70.3) 738 (62.2) 0.001

Values are presented as number (%) or mean±standard deviation.
SGLT2i, sodium-glucose cotransporter 2 inhibitor; BMI, body mass 
index; IHD, ischemic heart disease; PAD, peripheral artery disease; 
HF, heart failure; HHF, hospitalization for heart failure; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated 
hemoglobin; eGFR, estimated glomerular filtration rate; HDL-C, 
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; TZD, thiazolidinedione; DPP4i, dipeptidyl peptidase 4 
inhibitor; AGI, alpha-glucosidase inhibitor; GLP-1RA, glucagon-like 
peptide 1 receptor agonist; ACEi, angiotensin-converting enzyme in-
hibitor; ARB, angiotensin receptor blockade.

(Continued to the next)

Table 1. Continued
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Association between several baseline clinical factors and 
medication use
We analyzed the associations between several clinical factors 
and the use of SGLT2is or GLP-1RAs (Table 3). Female sex, in-
sulin use, and an eGFR of <60 mL/min/1.73 m2 were signifi-
cantly associated with the non-use of SGLT2is. BMI of ≥25 kg/
m2 and HbA1c level of ≥7% were significantly associated with 
SGLT2i use. Unlike SGLT2i use, GLP-1RA use was not associ-
ated with sex, BMI, and renal function. Univariate analysis 
showed that insulin use, diabetes duration of more than 20 
years, and HbA1c level of ≥7% were significantly associated 
with GLP-1RA use. Multivariate analysis revealed that the du-

Table 2. Comparison of baseline characteristics at discharge of 
participants according to the use of GLP-1RA during follow-up

Variable GLP-1RA 
user

GLP-1RA 
non-user P value

Number 35 (2.1) 1,660 (97.9)

Age, yr 69.6±9.6 69.9±11.9 0.891

Male sex 21 (60.0) 1,123 (67.7) 0.339

BMI, kg/m2 25.9±5.5 24.9±3.9 0.143

Smoking 0.290

   Non-smoker 23 (65.7) 927 (56.5)

   Former smoker  6 (17.1) 341 (20.8)

   Current smoker 6 (17.1) 374 (22.8)

Comorbidities 

   History of IHD 6 (18.8) 587 (36.4) 0.039

   History of stroke 7 (20.6) 229 (14.2) 0.318

   History of PAD 4 (11.8) 72 (4.5) 0.071

   History of HF 3 (9.4) 192 (12.1) 1.000

Diabetes duration, yr 16.3±9.5 11.9±10.1 0.021

Range of diabetes duration, yr 0.001

   <10 6 (18.2) 569 (43.4)

   10–19 11 (33.3) 384 (29.3)

   ≥20 16 (48.5) 358 (27.3)

Cause of admission 0.508

   IHD 21(60.0) 1,017 (61.3)

   Stroke 6 (17.1) 325 (19.6)

   PAD 3 (8.6) 61 (3.7)

   HHF 5 (14.3) 257 (15.5)

SBP, mm Hg 124.8±16.4 127.1±17.9 0.455

DBP, mm Hg 75.0±10.7 73.2±11.3 0.363

Random plasma glucose, mg/dL 209.0±85.7 171.2±76.3 0.004

HbA1c, % 8.9±1.7 7.5±1.6 <0.001

Creatinine, mg/dL 0.97±0.43 1.32±1.41 0.139

eGFR, mL/min/1.73 m2 79.9±27.1 73.0±32.8 0.215

   ≥60 26 (74.3) 1,095 (66.3) 0.195

   45–59 5 (14.3) 249 (15.1)

   30–44 3 (8.6) 146 (8.8)

   <30 1 (2.9) 161 (9.8)

Total cholesterol, mg/dL 151.5±54.9 150.7±46.8 0.914

Triglycerides, mg/dL 166.2±91.7 150.9±124.6 0.476

HDL-C level, mg/dL 41.2±11.7 43.0±12.0 0.386

LDL-C level, mg/dL 90.7±37.5 86.8±36.4 0.533

Variable GLP-1RA 
user

GLP-1RA 
non-user P value

Antidiabetic medication

   Metformin 27 (77.1) 998 (60.2) 0.042

   Sulfonylurea 9 (25.7) 494 (29.8) 0.601

   TZD 2 (5.7) 79 (4.8) 0.683

   DPP4i 10 (28.6) 829 (50.0) 0.012

   SGLT2i 10 (28.6) 304 (18.3) 0.123

   AGI 0 12 (0.7) 1.000

   Meglitinide 0 7 (0.4) 1.000

   Insulin 13 (37.1) 264 (15.9) 0.001

   GLP-1RA 12 (34.3) 1 (0.1) <0.001

No. of antidiabetic medications 0.005

   0 1 (2.9) 160 (9.7)

   1 8 (22.9) 461 (27.8)

   2 8 (22.9) 623 (37.6)

   ≥3 18 (51.4) 414 (25.0)

Statin 33 (94.3) 1,455 (87.8) 0.426

Anti-platelet 30 (85.7) 1,441 (87.0) 0.799

ACEi or ARB 24 (68.6) 1,075 (64.8) 0.647

Values are presented as number (%) or mean±standard deviation.
GLP-1RA, glucagon-like peptide 1 receptor agonist; BMI, body mass 
index; IHD, ischemic heart disease; PAD, peripheral artery disease; 
HF, heart failure; HHF, hospitalization for heart failure; SBP, systolic 
blood pressure; DBP, diastolic blood pressure; HbA1c, glycosylated he-
moglobin; eGFR, estimated glomerular filtration rate; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein cho-
lesterol; TZD, thiazolidinedione; DPP4i, dipeptidyl peptidase 4 inhibi-
tor; SGLT2i, sodium-glucose cotransporter 2 inhibitor; AGI, alpha-
glucosidase inhibitor; ACEi, angiotensin-converting enzyme inhibitor; 
ARB, angiotensin receptor blockade.

(Continued to the next)

Table 2. Continued
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ration of diabetes and HbA1c level were associated with GLP-
1RA use.

Discontinuation of medications
Regarding the discontinuation of SGLT2is or GLP-1RAs, anal-
ysis of electronic medical records and laboratory test results 
showed that 17.0% (n=82/482) of SGLT2i users and 51.7% 
(n=15/29) of GLP-1RA users among those who started taking 
these medications after CVD events stopped taking these 
agents (Table 4). The mean times to SGLT2i and GLP-1RA dis-
continuation were 110.3 and 93.9 days, respectively, after start-
ing the medications. The most common cause of SGLT2i dis-
continuation was a lack of glycemic control with SGLT2i use, 
followed by patient complaints of dehydration or body weight 
reduction after starting the medication. Objective evidence of 
urinary tract or genital infection was found in one case. The 
most common cause of GLP-1RA discontinuation was a lack 
of glycemic control with GLP-1RA use.

DISCUSSION

In this retrospective, observational multicenter study, we as-
sessed SGLT2i or GLP-1RA usage rates and various related 
factors in patients with T2DM and established CVD. We found 
that the prescription rates of SGLT2i or GLP-1RAs in our pa-
tient population were suboptimal (25.7% and 1.8%, respective-
ly). Furthermore, compared with SGLT2i non-users, SGLT2i 

users were more frequently male and obese. SGLT2i users also 
had better renal function and a shorter duration of diabetes 
but had worse glycemic control. GLP-1RA users had a longer 
duration of diabetes and worse glycemic control than GLP-
1RA non-users did. However, sex, BMI, and renal function 
were comparable between the two groups. Diabetes duration 
and glycemic control status were associated with the use of 
both agents, while sex, BMI, insulin use, and renal function 
were only associated with SGLT2i use. Insufficient glycemic 
control was the most common reason for the discontinuation 
of both classes of drugs.

The prescription rates for SGLT2is or GLP-1RAs were lower 
than those recommended in the treatment guidelines in other 
countries also. In a study based on a large outpatient registry in 
the USA [14], only 5.2% and 6.0% of patients were prescribed 
SGLT2is and GLP-1RAs, respectively, among potentially eligi-
ble patients according to the enrollment criteria of previous 
cardiovascular outcome trials [2,3]. The low use of these agents 
was consistent with more recent real-world data in the USA 
[12]. In a Danish nationwide cohort study, 14.7% of patients 
with T2DM and CVD used SGLT2is and GLP-1RAs at 2 years 
after the diagnosis [15]. In an observational study in the USA, 
diabetes patients with CVD and nephropathy were 17% to 73% 
less likely to start GLP-1RAs and/or SGLT2is compared with 
DPP4is [16]. In our study, we found that SGLT2is were used at 
least for patients with IHD and HHF rather than others. How-
ever, the prescription rate for GLP-1RAs was especially low 

Table 3. Odds ratios of baseline clinical factors for use of SGLT2i or GLP-1RA

Variable
SGLT2i GLP-1RA

Odds ratio Adjusted odds ratio Odds ratio Adjusted odds ratio

Age ≥65 years 1.05 (0.84‒1.31) - 1.05 (0.51‒2.16) -

Female sex 0.57 (0.45‒0.72) 0.64 (0.48‒0.86) 1.39 (0.70‒2.76) -

BMI ≥25 kg/m2 1.54 (1.25‒1.91) 1.67 (1.29‒2.17) 1.63 (0.83‒3.21) -

Diabetes duration, yr

   <10 Reference Reference Reference Reference

   10–19 0.91 (0.69‒1.19) 1.03 (0.76‒1.41) 2.72 (1.00‒7.41) 2.31 (0.84‒6.36)

   ≥20 0.51 (0.38‒0.69) 0.85 (0.60‒1.21) 4.24 (1.64‒10.93) 3.24 (1.21‒8.68)

Insulin use 0.57 (0.42‒0.78) 0.58 (0.40‒0.84) 3.12 (1.55‒6.28) 1.37 (0.64‒2.94)

HbA1c ≥7% 1.97 (1.58‒2.45) 2.59 (1.94‒3.45) 6.17 (2.16‒17.60) 5.58 (1.66‒18.80)

eGFR <60 mL/min/1.73 m2 0.39 (0.31‒0.50) 0.37 (0.26‒0.51) 0.68 (0.32‒1.46) -

Values are presented as odds ratio (95% confidence interval). 
SGLT2i, sodium-glucose cotransporter 2 inhibitor; GLP-1RA, glucagon-like peptide 1 receptor agonist; BMI, body mass index; HbA1c, glyco-
sylated hemoglobin; eGFR, estimated glomerular filtration rate.
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overall. In a study using nationwide population-based cohort 
data in Korea, the prescription rates of SGLT2is after the first 
hospitalization for ASCVD and HF in patients with T2DM 
were 13.7% and 11.2%, respectively, and there was no differ-
ence in the prescription rates of the drugs according to the 
presence of CVD and HF [17]. Considering that the national 
data showed a lower prescription rate of SGLT2is than in our 
study, the prescription rate of GLP-1RAs in the general popu-
lation with T2DM with established CVD may be lower than 
the result in our study. The reason for this low prescription rate 
may be that the treatment guideline has not yet been widely 
implemented; the treatment guideline to prioritize the use of 

SGLT2i or GLP-1RA in diabetic patients with CVD was first 
published in Korea in 2019, and this study was conducted on 
patients hospitalized since 2019. Therefore, it is estimated that 
the use of these drugs will increase over time, and a follow-up 
study for more recent prescription patterns is needed.

The prescription rates of medications differed depending on 
the diabetes management department or the cause of the CVD 
event. In the case of GLP-1RAs, these drugs were mainly used 
by endocrinologists, and the fact that they were administered 
by injection seems to have been a hurdle to their use. In fact, 
GLP-1RAs tended to be used more in patients taking insulin 
who would have had long-lasting and uncontrolled diabetes, 
possibly because the burden of injections is less in patients tak-
ing insulin. Considering this point [18], if oral GLP-1RAs are 
introduced in the future, it is expected that more patients will 
be prescribed GLP-1RAs, especially earlier, which will greatly 
change the prescription pattern of GLP-1RAs among antidia-
betic medications. Since patients with CVD and CKD are often 
followed up in other departments such as cardiology and ne-
phrology, the efficacy of GLP-1RAs should be better known to 
physicians dealing with diabetes, and it should become an op-
tion that can be used in primary care settings.

The finding that SGLT2i use was more common in men and 
obese patients was probably due to side effects such as genital 
infections in women [19,20] and its weight-reducing effect 
[21]. This also reflects the fact that physicians are concerned 
about the use of SGLT2is in elderly non-obese women in clini-
cal practice. Although older age was not significantly associat-
ed with the medication use in our study, the previously men-
tioned study found that elderly and female patients were less 
likely to start SGLT2i treatment [17]. And another study re-
vealed that use of SGLT2is and GLP-1RAs as first-line medica-
tions compared with that of metformin was associated with 
younger age and prevalent CVD [12].

Unlike in the case of GLP-1RA users, patients with an eGFR 
of <60 mL/min/1.73 m2 were less likely to start SGLT2is (ad-
justed OR, 0.37; 95% CI, 0.26 to 0.51). This might be related to 
clinicians’ concerns regarding the decrease in eGFR in the ear-
ly phase after starting SGLT2is in patients with CKD. The limi-
tation of the use of SGLT2is in patients with CKD might be an-
other reason because drug labeling for SGLT2is was extended 
to those with an eGFR of ≥45 mL/min/1.73 m2 in August 2019 
after the CREDENCE  trial results were published in June 2019 
[22]. The clinical barriers based on renal function encountered 
in our study were also reported in a study of diabetes patients 

Table 4. Cause of discontinuation of SGLT2i or GLP-1RA

Variable No. (%)

SGLT2i

   Discontinuation of SGLT2ia 82/482 (17.0)

   Patient factor; complaint of 10/82 (12.2)

   Dehydration or weight reduction 5 (6.1)

   Genital problem 1 (1.2)

   Polyuria 1 (1.2)

   Glucose control (hyper/hypo-glycemia) 1 (1.2)

   Others 2 (2.4)

   Treatment factor; evidence for 22/82 (26.8)

   Uncontrolled glucose level 16 (19.5)

   Acute kidney injury 2 (2.4)

   Urinary tract/genital infection 1 (1.2)

   Complication of diabetes 1 (1.2)

   Diabetic ketoacidosis 0 

GLP-1RA

   Discontinuation of GLP-1RAb 15/29 (51.7)

   Patient factor; complaint of 3/15 (20.0)

   Gastrointestinal problem 1 (6.7)

   Injection site problem 1 (6.7)

   Glucose control (hyper/hypo-glycemia) 0 

   Others 1 (6.7)

   Treatment factor; evidence for 4/15 (26.7)

   Uncontrolled glucose level 3 (20.0)

   Complication of diabetes 1 (6.7)

   Gastropathy 0 

SGLT2i, sodium-glucose cotransporter 2 inhibitor; GLP-1RA, gluca-
gon-like peptide 1 receptor agonist.
aIn case of the patients initiating SGLT2i after event (n=482, 91.3%), 
bIn case of the patients initiating GLP-1RA after event (n=29, 82.8%).
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with CKD, defined as an eGFR of <60 mL/min/1.73 m2 or 
urine albumin-to-creatinine ratio of ≥30 mg/g, after Septem-
ber 2019. Only 25.6% of the patients received SGLT2is [23]. In 
other words, although it is well known that SGLT2is are effec-
tive against CKD, renal function has served as a barrier to drug 
initiation until recently. However, in July 2020, the KDA and 
the Korean Society of Nephrology released a consensus state-
ment on the use of SGLT2is in patients with T2DM for attenu-
ating renal function decline [19]. And recent studies have shown 
a protective effect in a population with more advanced CKD 
[5,24]. Therefore, it is expected that this association with eGFR 
will be negligible; rather, it will be used more in patients with 
low eGFR when changes in SGLT2i use are tracked in the future.

It is interesting to note that the most common reason for dis-
continuing medication was poor glycemic control. Of course, 
in the case of GLP-1RA, the glucose-lowering effect of the 
agent might be insignificant in patients with a long duration of 
diabetes. However, given that GLP-1RAs were primarily used 
in patients with longer diabetes duration and poor glycemic 
control in the first place, this result for the reason for discontin-
uation suggests that clinicians are still focused on the glucose-
lowering effect rather than on the preventive effect on compli-
cations such as CVD. At this point, it is imperative that physi-
cians shift their perception of diabetes management from a 
glucocentric approach to a patient-centered holistic approach. 
This should be addressed through continuous education for 
physicians based on evidence-based treatment guidelines. In 
addition, there were fewer cases of drug discontinuation than 
expected due to side effects such as acute kidney injury or uri-
nary tract/genital infection. This could be attributed to several 
factors. The incidence of side effects was low in Asians [25], 
and patients were well educated about side effects or the side 
effects were not serious enough to stop the medication. This re-
sult may also be a difference between clinical trials and real-
world data.

The timing of the initiation of these drugs is also interesting. 
Many trials allowed patients to be enrolled the study at least 2 
weeks [3] or 2 months [1,2,4] after an established CVD events, 
such as myocardial infarction or unstable angina. However, 
our real-world data showed that 58.7% of patients who were 
newly prescribed the SGLT2i after events received the pre-
scription at the time of discharge. There are no specific guide-
lines on when to initiate these drugs after the events. However, 
considering that there may be an initial decrease in GFR  after 
the initiation of the SGLT2i and that ketoacidosis may occur in 

an ischemic state, the patient’s overall health, the severity of the 
event, and individual treatment goals are necessary to be con-
sidered when the drug should be initiated.

Our study had several limitations. First, this study was con-
ducted at 13 centers; therefore, it cannot represent the entire 
population with established CVD in Korea. However, patients 
with established CVD, who are definite targets for treatment 
with SGLT2is or GLP-1RAs, mostly require hospitalization in 
a secondary or tertiary hospital. We reviewed all participants’ 
data during the study period in several secondary and tertiary 
hospitals in various regions to overcome this limitation. Sec-
ond, the follow-up period was short, less than 1 year. Longer 
follow-up may have showed increased SGLT2is or GLP-1RAs 
usage rates. Lastly, since the reasons for discontinuation of 
medication were evaluated retrospectively through medical re-
cords, the reasons for medication discontinuation may be un-
derestimated or the proportion may not be accurate if the re-
cords are incomplete. However, the reason for medication dis-
continuation in real-world data can only be identified through 
a medical record review. Therefore, medical records of other 
departments and outpatient clinics were comprehensively re-
viewed to increase accuracy. Furthermore, objective data such 
as HbA1c level and urinary test results were also reviewed.

 In conclusion, the prescription rates of SGLT2is or GLP-
1RAs were suboptimal in patients with T2DM and established 
CVD. Sex, BMI, duration of diabetes, glycemic control, and re-
nal function were associated with the use of these agents. Our 
study results suggest that more effort is needed for education 
based on evidence-based treatment. Because of these efforts 
and accumulated evidence, we expect an increase in the pre-
scriptions of SGLT2is or GLP-1RAs with the adoption of pa-
tient-centered approaches.
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Supplementary Table 1. Baseline characteristics at event in 
patients with type 2 diabetes mellitus and established cardio-
vascular disease

Variable Value

Age, yr 70.0±11.9

Male sex 1,371 (66.9)

BMI, kg/m2 24.7±4.1

Smoking 

   Non-smoker 1,178 (57.5)

   Former smoker 411 (20.0)

   Current smoker 426 (20.8)

Comorbidities 

   Hypertension 1,522 (74.2)

   History of IHD 690 (33.7)

   History of stroke 304 (14.8)

   History of PAD 89 (4.3)

   History of HF 234 (11.4)

Diabetes duration, yr 12.0±10.1

Range of diabetes duration, yr

   <10 674 (32.9)

   10–19 481 (23.5)

   ≥20 452 (22.0)

   Unknown 443 (21.6)

SBP, mm Hg 127.3±17.8

DBP, mm Hg 73.2±11.1

Random plasma glucose, mg/dL 172.5±78.2

HbA1c, % 7.5±1.6

Creatinine, mg/dL 1.40±1.53

eGFR, mL/min/1.73 m2 71.6±33.6

   ≥60 1,311 (64.0)

   45–59 304 (14.8)

   30–44 189 (9.2)

   <30 234 (11.4)

Total cholesterol, mg/dL 150.0±46.7

Triglycerides, mg/dL 146.5±117.5

HDL-C level, mg/dL 42.8±11.8

LDL-C level, mg/dL 86.7±36.1

Values are presented as number (%) or mean±standard deviation.
BMI, body mass index; IHD, ischemic heart disease; PAD, peripheral 
artery disease; HF, heart failure; SBP, systolic blood pressure; DBP, di-
astolic blood pressure; HbA1c, glycosylated hemoglobin; eGFR, esti-
mated glomerular filtration rate; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol. 
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Supplementary Table 2. Class and number of antidiabetic 
medications prescribed at the time of initiation of SGLT2i or 
GLP-1RA 

Variable SGLT2i GLP-1RA

Antidiabetic medication at start

   Metformin 401 (83.2) 24 (82.8)

   Sulfonylurea 175 (36.3) 9 (31.0)

   TZD 12 (2.5) 2 (6.9)

   DPP4i 67 (13.9) 3 (10.3)

   SGLT2i NA 5 (17.2)

   AGI 1 (0.2) 0 

   Meglitinide 0 0 

   Insulin 65 (13.5) 17 (58.6)

   GLP-1RA 0 NA

No. of other antidiabetic medications at start

   0 44 (9.1) 2 (6.9)

   1 207 (42.9) 4 (13.8)

   2 185 (38.4) 16 (55.2)

   ≥3 46 (9.5) 7 (24.1)

Values are presented as number (%). 
SGLT2i, sodium-glucose cotransporter 2 inhibitor; GLP-1RA, gluca-
gon-like peptide 1 receptor agonist; TZD, thiazolidinedione; DPP4i, 
dipeptidyl peptidase 4 inhibitor; NA, not applicable; AGI, alpha-glu-
cosidase inhibitor. 
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Supplementary Fig. 1. Distribution of department prescribing (A) sodium-glucose cotransporter 2 inhibitor and (B) glucagon-
like peptide 1 receptor agonist according to the cause of established cardiovascular disease events. IHD, ischemic heart disease; 
PAD, peripheral artery disease; HHF, hospitalization for heart failure.
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