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Background: To evaluate the safety and effectiveness of empagliflozin in routine clinical settings, we collected and assessed the
clinical profiles of Korean patients with type 2 diabetes mellitus.

Methods: This was a post-marketing surveillance study of empagliflozin 10 and 25 mg. Information on adverse events and ad-
verse drug reactions (ADRs) was collected as safety data sets. Available effectiveness outcomes, including glycosylated hemoglo-
bin (HbAc) level, fasting plasma glucose, body weight, and blood pressure, were assessed.

Results: The incidence rate of ADRs was 5.14% in the safety dataset (n=3,231). Pollakiuria, pruritis genital, and weight loss were
the most common ADRs. ADRs of special interest accounted for only 1.18%, and there were no serious events that led to mortali-
ty or hospitalization. In the effectiveness data set (n=2,567), empagliflozin significantly reduced the mean HbA1c level and body
weight during the study period by -0.68%+1.39% and -1.91+3.37 kg (both P<0.0001), respectively. In addition, shorter disease
duration, absence of dyslipidemia, and higher baseline HbA1c levels were identified as the clinical features characteristic of a “re-
sponder” to empagliflozin therapy.

Conclusion: Empagliflozin is a safe and potent glucose-lowering drug in routine use among Korean patients with type 2 diabetes
mellitus. It is expected to have better glycemic efficacy in Korean patients with poorly controlled type 2 diabetes mellitus.

Keywords: Diabetes mellitus, type 2; Empagliflozin; Hypoglycemic agents; Product surveillance, postmarketing; Sodium-glucose
transporter 2 inhibitors

INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) in Korea is

estimated to be 13.8% in adults older than 30 years [1], and it
has increased about 5-fold over the past 30 years according to
the Korea National Health and Nutrition Examination Survey
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(KNHANES II1, 2005) [2]. The number of patients with T2DM
is expected to increase dramatically from about 3.2 million in
2011 (8.8% of the national population) to about 4.25 million
(11.1%) by 2030 [3].

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) are a
relatively new class of glucose-lowering drug (GLDs) that exert
their effect through an insulin-independent mechanism of ac-
tion by reducing renal glucose reabsorption, and are being in-
creasingly used for cardiorenal protection, body weight reduc-
tion, and blood pressure-lowering in clinical practice [4,5].
While the safety profiles are generally acceptable, controversies
still exist regarding the risk of mild to severe adverse events
(AEs), which range from genital and urinary tract infection
(UTT) [6] to diabetic ketoacidosis (DKA) [7], lower limb am-
putation [8], and bone fracture [9].

Empagliflozin was approved for use in Korea in 2014 and has
been known as the first-in-class drug that has proven its benefits
against major adverse cardiovascular events, including cardio-
vascular death and all-cause mortality, and showed advantages
in hospitalization for heart failure and renal composite out-
comes in the (Empagliflozin) Cardiovascular Outcome Event
Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG OUT-
COME) trial [10]. This groundbreaking trial provided long-
term safety data with an acceptable safety profile and revealed
an increased risk of genital infection, which is commonly expe-
rienced by SGLT2i users compared to the placebo group. Re-
cently, a meta-analysis of randomized controlled trials (RCTs)
consistently confirmed the safety of empagliflozin in patients
with diabetes [11]. Empagliflozin also significantly improved
glycemic control in patients with T2DM [12], and greater efhi-
cacy was suggested in Asian patients than Caucasian patients
based on a comparative meta-analysis [13].

Despite the evidence from previous studies, data on the safety
and effectiveness of empagliflozin use in real-world settings are
limited, especially in Korea. In addition, the clinical characteris-
tics of patients who respond appropriately to empagliflozin treat-
ment are not yet well defined. To address these questions, we as-
sessed the safety and effectiveness of empagliflozin use in routine
clinical settings in Korean patients with T2DM based on the re-
sults of the nationwide post-marketing surveillance (PMS).

METHODS

Study design and population
This observational, prospective, non-interventional, open-la-
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bel, single-arm, multicenter, and national study (ClinicalTrials.
gov, NCT02848833) investigated the safety and effectiveness of
empagliflozin (Jardiance 10, 25 mg; Boehringer Ingelheim In-
ternational GmbH & Co., Ingelheim, Germany) in Korean pa-
tients with T2DM in a routine clinical practice setting. Patients
with T2DM were recruited by 67 investigators from 52 institu-
tions in Korea and received empagliflozin 10 or 25 mg once
daily as monotherapy or as combination therapy with other
GLDs with the starting dose and dose escalation defined ac-
cording to the local authorized label and at the discretion of
the physician between August 12,2014, and August 11, 2020 (6
years). Only patients who signed the data release consent form
were enrolled, and patients with type 1 diabetes mellitus or
those who were pregnant or who previously received empa-
gliflozin were excluded.

The enrolled patients were followed up for 24 weeks or until
discontinuation of empagliflozin. The primary endpoint of the
study was safety, defined as the incidence rate of adverse drug
reactions (ADRs). Other safety endpoints included in the anal-
ysis were serious ADRs and ADRs of special interest, including
genital infection, increased urination, UTI, volume depletion,
DKA, decreased renal function, hepatic injury, and lower limb
amputation, as shown through incident rates or descriptively.
The effectiveness endpoints of empagliflozin were evaluated by
the changes from baseline to the last observation date in glyco-
sylated hemoglobin (HbAIc) level, fasting plasma glucose
(FPQG) level, body weight, and systolic and diastolic blood pres-
sure (SBP and DBP, respectively).

The diagnosis of comorbidities was based on the medical re-
cords of each patient or clinical judgment by the physician (as
already described in the ‘Methods’ section), data which was
used for analyzing the safety and effectiveness of empa-
gliflozin, was collected by standard procedure. All reported
AEs in patients who take at least one dose of empagliflozin was
collected. Data for effectiveness analysis were collected within
1 month prior to baseline and after 12 and/or 24 weeks of
treatment by standard procedure (Supplementary Table 1).
Previous GLDs, except empagliflozin, were maintained, titrat-
ed, or switched in accordance with the physician’s decision
during the study period. Lifestyle modification therapy and
education for both diet and exercise were also provided in par-
allel with the medications.

This study was conducted in accordance with the Standard
for Re-examination of New Drugs published by the Ministry
of Food and Drug Safety in Korea. All institutions received
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ethical approval from their institutional review boards accord-
ing to the rules of each institution. Informed consent was ob-
tained from all patients for participation in this study, and phy-
sicians treated patients based on their own clinical judgment
throughout the study.

Data assessment

Clinical data including demographic characteristics, baseline
vital signs, and medical history such as the duration of T2DM,
diabetic complications, comorbidities, concomitant medica-
tions, and renal function were assessed and recorded in elec-
tronic case report forms (CRFs) at the baseline visit. The diag-
nosis of comorbidities was based on the medical records of
each patient or clinical judgment by the physician. Blood sam-
ples were obtained to measure HbAlc, FPG, and creatinine
levels.

During the observation period, all reported AEs in patients
who received at least one dose of empagliflozin were collected,
regardless of whether there was causality with the drug. AEs
were coded using the Medical Dictionary for Regulatory Ac-
tivities version 20.0. Serious, unexpected AEs and AEs leading
to discontinuation were noted. Concomitant treatments were
coded according to the latest version of the Korean Index of
Medical Specialties. Physicians reported the name of the AE,
date of occurrence, intensity, causal relationship to empa-
gliflozin, measures taken, and the outcome. The intensity and
causal relationship to the drug were determined based on the
physician’s medical and scientific judgment.

The safety outcomes of empagliflozin comprised data on
ADRs, which were defined as AEs for which causality with
empagliflozin could not be excluded. If the ADR was life-
threatening or the outcome was death, hospitalization, disabil-
ity, or permanent damage, the ADR was defined as a serious
ADR. Ifan ADR case needed any interventions to prevent seri-
ous ADRSs, it was also included in the serious ADR.

The effectiveness of empagliflozin was assessed by differences
in HbAc level, FPG level, weight, SBP, and DBP measured at
baseline and last visit or at the last measurement when available.

Statistical analysis

Continuous variables are presented as mean +standard devia-
tion, and categorical variables are presented as numbers or
percentages. In the effectiveness analysis, changes in HbAlc
level, FPG level, weight, SBP, and DBP between the baseline
and last observation were compared using a paired t-test. Mul-
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tiple linear regression analysis was performed to identify inde-
pendent variables that were significantly correlated with
changes in HbA ¢ levels. The relative factors for the changes in
weight were determined using univariate correlation analysis.
All statistical analyses for calculations and graphics were per-
formed using SAS version 9.4 software (SAS Institute Inc.,
Cary, NC, USA), and results were considered statistically sig-
nificant at P<0.05.

RESULTS

Study population characteristics

The study flowchart is presented in Fig. 1. During the study
period, CRFs were retrieved from 3,368 subjects. Of these,
3,231 were included in the safety analysis set and 2,567 were
included in the effectiveness analysis set. The baseline charac-
teristics of the patients in the safety analysis set are presented
in Supplementary Table 2. The mean age was 56.66+11.60
years, and the proportion of males was 57.29%. The average
duration of diabetes was 7.37 years, and HbAlc was 7.98%+
1.40%. All patients with chronic kidney disease (CKD) were at
stage 1 or 2 of disease, which met the criteria of the local label
that did not allow initiation of the drug when the estimated
glomerular filtration rate (¢GFR) was below 60 mL/min/1.73
m’. Most patients (89.94%) were prescribed empagliflozin 10
mg. Metformin (85.45%) was the most commonly used oral
GLD with empagliflozin. Of the patients, 38.94% reported car-
diovascular disease (CVD), which were consisted of coronary
artery disease (34.08%) and stroke (4.86%).

Safety of empagliflozin

ADR reports of patients in the safety analysis set by system or-
gan class are presented in Fig. 2 and Supplementary Table 3. Fig.
2 demonstrated the number of subjects who reported ADRs by
system organ class, and ‘reproductive system and breast disor-
ders; ‘renal and urinary disorders; and ‘gastrointestinal disor-
ders’ were the three most common organ classes related to side
effects of empagliflozin. In the safety analysis, the 10 most fre-
quently reported ADRs by preferred term are summarized in
the order of frequency in Table 1. A total of 606 AEs were re-
ported in the safety analysis set, and 450 patients (13.93%) ex-
perienced AEs. Among them, 193 ADRs were reported, and
166 patients (5.14%) experienced ADRs. Pollakiuria (frequent
urination) was the most common ADR, followed by vulvovagi-
nal pruritus, weight loss, pruritus whole body, and pruritus gen-
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eCREF collected
(n=3,368)
Excluded from safety analysis (n=137)
1 Duplicated eCRF
» 11 Empagliflozin not administered
6 Follow-up loss
119 Ineligible patients
Y
Safety analysis set
(n=3,231)
_| Excluded from effectiveness analysis (n=664)
"1 664 No efficacy (HbA 1c) data available
Y
Effectiveness analysis set
(n=2,567)

Fig. 1. Flow diagram of the analyzed population in the Korean post-marketing surveillance. The safety analysis set was completed
by excluding subjects who were duplicated (one case), subjects who did not take the study drug (11 cases), subjects with follow-up
failure (six cases), and subjects with inclusion/exclusion criteria violations (119 cases). The effectiveness analysis set was complet-
ed by excluding subjects whose glycosylated hemoglobin (HbA1c) levels before or after administration of the study drug were not
recorded (235 cases); subjects whose HbA1c levels before or after administration of the study drug were unknown (429 cases).
eCRE, electronic case report form.

Reproductive system and breast disorders 32

Renal and urinary disorders 28

2
S}

Gastrointestinal disorders

Investigations 21

Skin and subcutaneous tissue disorders 19

Infections and infestations 17

Nervous system disorders 14

General disorders and administration site conditions 10

Metabolism and nutrition disorders 8

Musculoskeletal and connective tissue disorders 4

Respiratory, thoracic, and mediastinal disorders 3

Injury, poisoning, and procedural complications 3

&)

Ear and labyrinth disorders

[*)

Blood and lymphatic system disorders

Vascular disorders 1

Psychiatric disorders 1

(n) 0 5 10 15 20 25 30 35

Fig. 2. The number of reported subjects with adverse drug reactions by system organ class.
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Table 1. Ten most frequent ADRs reported in the safety analy-

sis set
ol iy
Total no. of AE 606
Patients with an AE 450 (13.93)
Total no. of ADR 193
Patients with an ADR 166 (5.14)
Ten most frequent types of ADRs*
Pollakiuria 19 (0.59)
Vulvovaginal pruritus® 18 (0.56)
Weight decreased 17 (0.53)
Pruritus® 15 (0.46)
Pruritus genital® 9(0.28)
Constipation 7(0.22)
Dizziness 7(0.22)
Thirst 6(0.19)
Vulvovaginitis 5(0.15)
Vaginal infection 4(0.12)

ADR, adverse drug reaction; AE, adverse event.

*Classified by the preferred term (MedDRA version 20.0), "Vulvovagi-
nal pruritus: vaginal itching/pruritus, vulvar itching/pruritus, “Pruri-
tus: itching/pruritus, itching sense, whole body itching/pruritus, pru-
ritus of scalp, facial itching, foot pruritus, ‘Pruritus genital: genital area
itching/pruritus, itching of perineum, itching sense of perineal site.

ital. Overall, the reported incidence rates of all ADRs were less
than 1%. Except for the three most common ADRs (pollakiuira,
vulvovaginal pruritus, and weight loss with incidence rates
0.59%, 0.56%, and 0.53%, respectively), incidence rates for most
ADRs were less than 0.5%. Regarding pre-defined ADRs of spe-
cial interest, increased urination was the most commonly expe-
rienced ADR after empagliflozin use; however, only 22 patients
(0.68%) reported this ADR. There were 13 (0.40%) and three
(0.09%) patients with genital infections and UTIs, respectively,
and no serious ADRs of special interest, such as DKA, kidney
and hepatic injury, and limb amputation, were reported (Table
2). Only five serious ADRs were reported (acute pyelonephritis,
ureterolithiasis, cervix inflammation, hyperglycemia, and hypo-
natremia) and are listed in Supplementary Table 4. Except for
cervix inflammation, the other four serious ADRs required
hospitalization and all patients recovered.

Effectiveness of empagliflozin
Baseline characteristics of participants included in the effec-
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Table 2. Adverse drug reactions that are of special interest*

Safety analysis set
(n=3231)
Variable
No. of No. of
patients (%)  events
Total AE of special interest 47 (1.45) 48
Total ADR of special interest 38 (1.18) 38
Genital infection® 13 (0.40) 13
Increased urination 22 (0.68) 22
Urinary tract infection 3(0.09) 8
Volume depletion 0 0
Diabetic ketoacidosis 0 0
Decreased renal function® 0 0
Hepatic injury defined by the following 0 0
alterations of liver parameters®®
Lower limb amputation®® 0 0

AE, adverse event; ADR, adverse drug reaction.

“Pre-defined adverse drug reactions of special interest, "Vaginal moni-
liasis, vulvovaginitis, balanitis, and other genital infection, “Creatinine
value shows a >2-fold increase from baseline and is above the upper
limit of normal (ULN), “An elevation of aspartate transaminase (AST)
and/or alanine transferase (ALT) >3-fold ULN combined with an ele-
vation of total bilirubin >2-fold ULN measured in the same blood
draw sample, An isolated elevation of AST and/or ALT >5-fold ULN
(without an elevation of total bilirubin >2-fold ULN), ‘Amputation
(i.e., resection of a limb through a bone), disarticulation (i.e., resection
of alimb through a joint), auto-amputations (i.e., spontaneous separa-
tion of non-viable portion of the lower limb), ®Not included in this def-
inition are debridement (removal of callus or dead tissue), procedures
on a stump (such as stump revision, drainage of an abscess, wound re-
vision), and other procedures (e.g., nail resection or removal) without
a concomitant resection of a limb (amputation or disarticulation).

tiveness analysis set were similar to those of the safety analysis
set and are presented in Supplementary Table 5. The effective-
ness of empagliflozin on glycemic control, weight, blood pres-
sure, and renal outcomes are presented in Table 3 and Supple-
mentary Table 6. Glycemic parameters, as well as weight, sys-
tolic and diastolic pressure, were improved after 12 weeks of
empagliflozin treatment, while renal function and urine albu-
min/creatinine ratio (ACR) remained unchanged (Supplemen-
tary Table 6). Empagliflozin treatment significantly reduced the
mean HbAlc level during the study period by —0.68%+1.39%
(P<0.0001). In addition, 44.10% of patients achieved the glyce-
mic control target (HbAlc <7%) and over half (51.23%) showed
an Alc reduction greater than 0.5%. The mean FPG level signifi-
cantly decreased by —25.59+59.84 mg/dL (P<0.0001). The av-
erage change in body weight was —1.91+3.37 kg (P<0.0001),
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Variable No. of patients Baseline visit Last visit Difference® Pvalue®
HbAlc, % 2,567 7.98+£1.38 7.30x1.16 -0.68+1.39 <0.0001
Final HbAlc <7.0 1,132 (44.10)
More than 0.5% reduction 1,315 (51.23)
FPG, mg/dL 2,160 164.49+54.50 138.90+42.99 -25.59+59.84 <0.0001
Weight, kg 2,097 74.70£14.06 72.79+13.72 -1.91+3.37 <0.0001
SBP, mm Hg 2,355 129.78+15.07 125.83+14.33 -3.95+15.44 <0.0001
DBP, mm Hg 2,354 77.84+10.58 76.04+10.52 -1.80+10.82 <0.0001
eGFR, mL/min/1.73 m? 433 94.11+21.48 92.89+21.55 -1.22+15.57 0.0365
Serum creatinine, mg/dL 432 0.81+0.18 0.82+0.19 0.01+0.12 0.2561
Urine ACR, mg/g 24 28.84+28.55 25.99+24.44 -2.85+17.74 0.4297

Values are presented as mean + standard deviation or number (%).

HbAg, glycosylated hemoglobin; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glo-

merular filtration rate; ACR, albumin/creatinine ratio.
“Difference: (last visit)-(baseline visit), "Wilcoxon signed-rank test.

and both SBP and DBP significantly decreased (—3.95+15.44
and —-1.80+10.82 mm Hg, respectively; P<0.0001). Among the
patients who were available for collecting renal outcomes, eGFR
was slightly decreased during the treatment period (-1.22+
15.57 mL/min/1.73 m? P=0.0365), while neither serum creati-
nine level nor urine ACR changed (Table 3).

Clinical factors associated with the effectiveness of
empagliflozin

To identify the major factors associated with the response to
empagliflozin, we analyzed the clinical factors relevant to effi-
cacy in terms of glycemic control and weight reduction. In
multiple regression analysis, disease duration, dyslipidemia,
and baseline HbA1c levels were independently correlated with
changes in the HbAIc levels (Table 4). Age, sex, baseline body
mass index (BMI), and baseline eGFR were not statistically
significant after adjustment. Consequently, a shorter duration
of diabetes, absence of dyslipidemia, and higher baseline
HbAIc levels were clinical factors associated with a greater re-
duction in HbAlc levels. Additionally, younger age, lower
baseline HbA1c level, and higher baseline BMI were associated
with weight reduction, as shown in Supplementary Fig. 1.

DISCUSSION
In this PMS, we found that empagliflozin is a safe, potent GLD
that can be administered to Korean patients with T2DM. In

this study, the incidence of ADRs was 5.14%. Most ADRs, such
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Table 4. Multiple regression analysis of factors associated with
the change in HbAlc

AHbAIc, %*

Variable

B 95% CI Pvalue
Age, yr 0.00 0.00 to 0.01 0.804
Sex -0.06 -0.16t00.03 0.1935
Smoking status (current/other) -0.09 -0.22t00.03 0.1535
Duration of diabetes, yr 0.05 0.04t00.05  <0.0001
Other disease® 0.10 -0.11t00.31 0.3366
Hypertension 0.04 -0.07t00.14 0.4652
Dyslipidemia 0.11 0.01t0 0.22 0.0355
Coronary artery disease 0.01 -0.10to0.11 0.916
Baseline HbA1c, % -0.68 -0.72t0-0.65 <0.0001
Baseline BMI, kg/m* 0.00 -0.01to 0.02 0.4717
Baseline FPG, mg/dL 0.00  0.00t00.00 0.5869
Baseline eGFR, mL/min/1.73 m? 0.00 0.00 to 0.00 0.6641

Sex (standardized by ‘female’ from male/female), smoking status
(standardized by ‘others’ from current/others), other disease (stan-
dardized by the nonexperience from experience/nonexperience of
any comorbidities such as stroke, liver disease, renal failure, allergy,
and nephropathy within 6 months), hypertension, dyslipidemia, and
coronary artery disease (standardized by ‘nonexperience’ from expe-
rience/nonexperience) were included as categorical variables. Age,
duration of diabetes, HbAlc, BMI, FPG, and eGFR were included as
continuous variables.

HbAIg, glycosylated hemoglobin; B, regression coefficient; CI, confi-
dence interval; BMI, body mass index; FPG, fasting plasma glucose;
eGFR, estimated glomerular filtration rate.

“*Change in HbA1c from baseline to last visit, "Negative values indicate
greater changes in HbA1c levels, ‘Other disease: history of any stroke,
liver disease, renal failure, allergy, and nephropathy.

87



Moon JS, et al.

dmj

as pollakiuria, pruritus genital, and weight loss, are related to
the mode of action of SGLT2is and can be managed with ap-
propriate education in clinical practice. Only 1.18% patients
reported ADRs of special interest, and there were no serious
events related to mortality and hospitalization, such as DKA,
acute kidney/hepatic injury, and lower limb amputation. Em-
pagliflozin therapy showed potent glycemic efficacy, consistent
with previous RCT results, and further added benefits of
weight reduction and blood pressure-lowering effects. We
identified the clinical features contributing to the definition of
‘responder’ to empagliflozin therapy: shorter disease duration,
absence of dyslipidemia, and higher baseline HbA1lc level.

Empagliflozin administration led to increased incidence of
genital infections than placebo (6.4% vs. 1.8%), which was
more frequently observed in women (10% vs. 2.6% in placebo,
vs. 5% in male) in the EMPA-REG OUTCOME trial [10]. This
tendency was consistent in the subgroup analysis of patients
with baseline eGFR >60 mL/min/1.73 m? [14] and with that
observed in our study. In addition, a large meta-analysis
showed a 4.7% event rate, and the risk of genital infection was
over three times higher (relative risk [RR], 3.3; 95% confidence
interval [CI], 2.74 to 3.99) compared with that due to control
[15]. Among SGLT2is, the RR was lower for empagliflozin
than for canagliflozin and dapagliflozin [15]. Another meta-
analysis including only the East Asian population found that
the risk of genital infection was also increased but relatively
lower in the study population (RR, 1.73; 95% CI, 1.02 to 2.96)
than in the overall population [16]. Symptoms related to geni-
tal infection (vaginal moniliasis, vulvovaginitis, balanitis, and
other genital infection) in our study (0.4% as shown in Table 2)
were evidently fewer than those reported in previous studies.
This decrease might be attributed to the nature of the PMS;
contrary to concerns, it implied that this ADR could be con-
trolled with proper education and hygiene management in
clinical settings.

UTIs have been a major concern after SGLT2i use, but large
meta-analysis studies showed similar risk with a placebo [4,15,
17]. A large United States population-based cohort study con-
firmed that the risk of UTI, regardless of severity, was not
higher than that observed on use of other anti-diabetic drugs
[18]. The incidence of UTIs in clinical trials is reported to
range from 4% to 9% [15], whereas in our study, the incidence
was <1%. This gap may be attributed to the different study du-
rations and designs (RCT vs. PMS), but we hypothesize some
possible factors contributing to this difference. Interestingly, a
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previous study showed that more UTIs were reported by pa-
tients from hot climate regions (typically year-round warm
weather regions) than other regions after canagliflozin use
(19.5% vs. 6.9%) [19]. A recent meta-analysis of safety profiles
in Japanese patients, which is closely located to Korea, showed
that SGLT2is were associated with risks of both genital infec-
tion and UTI. Based on these findings, empagliflozin can be
used safely in the Korean population, as long as it is with cau-
tion regarding the risk of both genital infection and UTL

In our study, pollakiuria and weight loss were the most com-
mon side effects. However, these events are closely related to
the mode of action of SGLT2is. SGLT-2 inhibitors are an evi-
dence-based therapeutic option for overweight/obese patients
with T2DM [20]. For safety reporting, which is suggested to
include unexpected efficacy of the drug, weight loss is reported
as a side effect. Severe ADRs were rarely reported (only 0.15%)
in our study, and there were no fatalities or hospitalization-re-
quired events, such as DKA, lower limb amputation, thrombo-
embolism, acute kidney or hepatic injury, and fracture. These
findings are consistent with those of previous meta-analyses
[4,6,21,22]. Based on this evidence, empagliflozin can be used
safely, and concerns about the risk of serious ADRs, especially
in Korean patients with T2DM with good renal function, are
negligible.

Empagliflozin, a potent GLD, has shown good glycemic effi-
cacy in previous RCTs and observational studies. HbA1lc level
reduction at 28 weeks was approximately —0.6% to —0.7% in
the EMPA-REG OUTCOME study, consistent the results of
our study. HbA1c level reduction of —0.62% was confirmed in
a meta-analysis of empagliflozin RCTs [11]. Analysis of 46 sys-
temic reviews, comprising 175 RCTs, confirmed that SGLT2is
significantly lowered HbA1clevels from —0.49% to —0.77% [12].
Interestingly, the glucose-lowering efficacy of SGLT2i was great-
er in Asian patients than in Caucasian patients [13]. Further
studies are required to elucidate the reason why Asian patients
respond better to SGLT2is than Caucasian patients. Mean-
while, we found the clinical factors related to the ‘responders’
to empagliflozin treatment, and shorter disease duration,
higher baseline HbAlc level, and an absence of dyslipidemia
were significantly associated with the glycemic efficacy of em-
pagliflozin in Korean patients. These factors were similar to the
surveillance study results of dapagliflozin in Korea [23]. Han et
al. [23] showed that a recent diagnosis of diabetes and higher
HbAlclevel at baseline are characteristics of a favorable response
in patients who received an add-on therapy of dapagliflozin. In
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addition, the glycemic efficacy of dapagliflozin was greater in sub-
jects with renal hyperfiltration (eGFR =120 mL/min/1.73 m?).
Thus, we suggest that empagliflozin would be more favorable
in Korean patients with poorly controlled T2DM in the early
phase after diagnosis.

We could not provide the exact mechanism and causality for
an accidental result of why the absence of dyslipidemia is relat-
ed to glycemic response, but some possibilities could be postu-
lated. Dyslipidemia is frequently found in patients with T2DM
as a component of metabolic syndrome closely associated with
insulin resistance. When considering most of hypoglycemic
agents are more effective in insulin-sensitive subjects, intuitively
the responders might have less insulin resistant. In addition, it
has been reported that SGLT-2 inhibitors paradoxically increase
hepatic glucose production [24,25]. Hypothetically, SGLT-2 in-
hibitors enhance lipolysis via glucagon production due to glu-
cose-lowering effect irrespective of insulin action [26]. If patient
who doesn't have dyslipidemia is taking empagliflozin, hepatic
glucose production might be limited for source scarcity. Further
evidence will be warranted which clinical factors are responders
to empagliflozin in patients with diabetes.

This study has several limitations. First, this study has limita-
tions by nature as the study was conducted in a routine clinical
setting under market authorization, thus channeling bias due
to preferential prescribing in relation to different risks for the
events of interest, confounding due to outcome of interest, se-
lected research questions, residual unmeasured confounding.
Moreover, the nature of the PMS may tend to overestimate
safety. ADRSs in our study were reported at a significantly lower
rate than in previous studies, which may be because physicians
focused on safety while prescribing, due to selection bias. In
addition, there may be AEs that are not actually reported be-
cause safety records usually depend on the patient’s subjective
symptoms. However, the overall assessment is consistent with
the safety of empagliflozin proven in a number of studies and
confirms that our findings are reliable, despite the relatively
short study period. Second, our study design did not allow
safety or benefit assessment regarding CVD or renal outcomes
in Korean patients with diabetes. Finally, these findings cannot
be generalized to other ethnicities or countries. During the
study period, empagliflozin was not prescribed to patients with
moderate to severe renal impairment, following the guidelines
by the Ministry of Food and Drug Safety policy. Health insur-
ance coverage was also limited to metformin and sulfonylurea
combinations. Despite these limitations, to the best of our
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knowledge, this study is the first PMS report on empagliflozin
for routine use in Korea. The findings from a large-scale, pro-
spective data collection in a real-world setting would provide
clinical evidence and tips regarding the safety and effectiveness
of empagliflozin use in Korean patients with T2DM.

In conclusion, empagliflozin is a safe, potent GLD that is
routinely administered to Korean patients with T2DM. Empa-
gliflozin is expected to show favorable glycemic efficacy in Ko-
rean patients with poorly controlled T2DM in the early stages
of diabetes. Further prospective, well-designed, large studies
are warranted to identify the clinical characteristics of ‘re-
sponders’ to empagliflozin.
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