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Background: We assessed the glucose-lowering efficacy of adding empagliflozin versus dose escalating existing medications in pa-
tients with uncontrolled type 2 diabetes (T2D).

Methods: This was a 6-month retrospective case-control study in subjects with uncontrolled T2D (glycated hemoglobin [HbA1c]
>7%) on conventional treatment. The study group started add-on therapy with empagliflozin (10 mg once a day) while the control
group was up-titrated with existing medication, using either monotherapy or a combination of metformin, sulfonylurea, and a dipep-
tidyl peptidase-4 inhibitor. The primary endpoints included changes in HbA lc, fasting plasma glucose (FPG), and 2-hour postpran-
dial glucose (PP2) levels. Secondary outcomes included changes in body composition, body mass index (BMI), and serum ketone
bodies, and urinary excretion of sodium, potassium, chlorine, calcium, phosphorus, and glucose.

Results: After treatment, the reduction in HbA I¢ was significantly greater in the empagliflozin group than in controls (from 8.6%+
1.6% to 7.6%%1.5% vs. 8.5%=%1.1% to 8.1% £ 1.1%; P<0.01). Similar patterns were found in FPG and PP2 levels. Empagliflozin
decreased systolic and diastolic blood pressure, triglycerides, and alanine and aspartate aminotransferase levels. Body weight, BMI,
waist circumference, fat mass, and abdominal visceral fat area decreased significantly while lean body mass was maintained. Total
ketones, B-hydroxybutyrate, and acetoacetate levels increased significantly after empagliflozin.

Conclusion: In addition to glucose lowering, an empagliflozin add-on regimen decreased blood pressure and body fat, and improved
metabolic profiles significantly. Empagliflozin add-on is superior to dose escalation in patients with T2D who have inadequate gly-
cemic control on standard medications.
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INTRODUCTION acterized by sustained hyperglycemia for which treatment usu-
ally requires combination therapy or dose intensification [1].
Type 2 diabetes (T2D) is a progressive metabolic disorder char- ~ The American Diabetes Association’s standards of medical care
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in patients with T2D recommend metformin as the first-line
treatment. When the glycemic target is not achieved after 12 to
24 weeks treatment with metformin, dose intensification or drug
combination with other agents is usually initiated, depending on
a variety of patient- and disease-specific preferences [2]. Previ-
ously, sulfonylurea was the most widely used second-line drug,
but these days dipeptidyl peptidase-4 (DPP4) inhibitors have
been prescribed substantially as second-line therapies in many
countries. However, the achievement of glycemic target goal
rates has not improved much.

The sodium-glucose cotransporter-2 (SGLT2) inhibitor, em-
pagliflozin, is a recent antihyperglycemic agent that increases
the urinary excretion of glucose, promoting glycemic control
and weight loss without inducing hypoglycemia [3]. The EM-
PA-REG H2H SU trial proved that empagliflozin added to met-
formin therapy provided a sustained reduction in glycated he-
moglobin (HbA Ic) levels, superior to a glimepiride add-on regi-
men as it also reduced weight and blood pressure and risk of
hypoglycemia [4]. Therefore, empagliflozin demonstrated a
better efficacy and safety profile than sulfonylurea for patients
with T2D with inadequate glycemic control on metformin. Em-
pagliflozin is an add-on to the combination of widely used oral
antihyperglycemic agents, including metformin, sulfonylurea,
and DPP4 inhibitors, although this has not been evaluated fully.
Moreover, a head-to-head comparison between SGLT2 inhibi-
tor-adding therapy and dose escalation of standard medications
needs to be verified in terms of efficacy and safety.

Therefore, the purpose of this study was to compare the effi-
cacy, safety, and changes in body composition and metabolic
consequences induced by empagliflozin add-on therapy in pa-
tients with T2D who were treated with monotherapy or a com-
bination of medications, including metformin, sulfonylurea, and
a DPP4 inhibitor, with dose escalation of these medications.

For this purpose, we investigated not only glucose homeosta-
sis parameters but also ketone bodies, urinary excretion of glu-
cose, sodium (Na), potassium (K), chlorine (Cl), calcium (Ca),
and phosphorus (P). We also measured body composition, in-
cluding whole body fat and muscle mass and water content at
baseline and after a 6-month treatment.

METHODS

Study subjects

Study subjects were Korean patients with T2D in Seoul Nation-
al University Bundang Hospital (SNUBH) aged 20 to 79 years
with HbAlc >7.0% despite treatment with unchanged doses of
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metformin, sulfonylurea (glimepiride), and/or a DPP4 inhibitor
for more than 12 weeks prior to enrolment. Patients with body
mass index (BMI) =20 kg/m” were eligible to participate. The
exclusion criteria included patients with type 1 diabetes, using
insulin, with an estimated glomerular filtration rate (eGFR, us-
ing the Epidemiology Collaboration formula) of <45 mL/
min/1.73 m?, or with secondary diabetes caused by Cushing
syndrome or acromegaly.

Study design
This was a 6-month retrospective case-control study in subjects
with uncontrolled T2D on conventional treatment. In this study,
we selected 240 subjects with T2D with HbAlc >7.0% using
antidiabetic medications, either monotherapy or a combination
of metformin, glimepiride, and a DPP4 inhibitor for 6 months,
from 2015 to 2017. Among them, we selected two groups
matched by age (£3 years), BMI (2 kg/m?), family history of
diabetes, duration of diabetes, and current use of antidiabetic
medications. The first group comprised subjects who had addi-
tional empagliflozin (10 mg once a day; hitherto described as
the empagliflozin group) and the second group comprised sub-
jects in whom metformin or glimepiride or both were up-titrated
(control group). The use of DPP4 inhibitors was maintained in
all cases. Up-titration of medications was decided at each clini-
cian’s discretion. Of the 240 patients with T2D screened, 120
were eligible to enroll; each group comprised 60 subjects. The
primary and secondary endpoints were assessed at 6 months.
The protocol was approved by an independent Ethics Com-
mittee/Institutional Review Board (SNUBH: B-2007-622-101).
Written informed consent by the patients was waived due to a
retrospective nature of our study. This study was carried out in
compliance with the protocol and principles of the Declaration
of Helsinki, and in accordance with the International Confer-
ence on Harmonization Harmonized Tripartite Guideline for
Good Clinical Practice.

Measurements

Clinical parameters, including blood pressure, body weight,
BMI, waist circumference (WC), and blood pressure, were
measured using standard methods. Systolic and diastolic blood
pressures (SBP and DBP, respectively) were measured with
subjects in a seated position using an electronic blood pressure
meter (UA-1020 device, A&D Co., Tokyo, Japan). Blood pres-
sure was measured twice 5 minutes apart and the mean value
was used in the analysis. The BMI was calculated by dividing
the subject’s weight (kg) by height squared (m*). WC was mea-
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sured at the midline between the lowest rib margin and the iliac
crest using a measuring tape.

Blood sampling was carried out after a 10-hour overnight fast.
The samples were centrifuged immediately at 3,000 rpm for 10
minutes at 4°C. HbA ¢ was measured using a Bio-Rad Variant
II Turbo HPLC analyzer (Bio-Rad, Hercules, CA, USA) in
SNUBH, the National Glycohemoglobin Standardization Pro-
gram level II certified laboratory. Fasting plasma glucose (FPG)
and 2-hour postprandial glucose (PP2) concentrations were anal-
ysed using the hexokinase method. Plasma concentrations of in-
sulin and C-peptide were measured by radioimmunoassay (Lin-
co, St. Louis, MO, USA). The homeostatic model assessment of
insulin resistance (HOMA-IR) was calculated [5]. Triglyceride
levels were measured by the glycerol-3-phosphate oxidase per-
oxide method, and high-density lipoprotein cholesterol (HDL-C)
and low-density lipoprotein cholesterol (LDL-C) were measured
by homogeneous enzymatic assays. Alanine and aspartate ami-
notransferase (ALT and AST, respectively) levels were measured
using the nicotinamide adenine enzyme-ultraviolet (NADH-UV)
method, and serum creatinine (Cr) was measured by Jaffe’s ki-
netic method using a Hitachi 747 chemistry analyzer (Hitachi,
Tokyo, Japan). Free fatty acids (FFAs) were measured using the
Acyl-CoA synthetase (ACS)-Acyl-CoA oxidase (ACOD) meth-
od (modular P, Hitachi). Plasma glucagon concentrations were
determined using a validated enzyme-linked immunosorbent as-
say (Mercodia AB, Uppsala, Sweden). Serum concentrations of
total ketones, B-hydroxybutyrate, and acetoacetate were mea-
sured using enzymatic immunoassay kits (Nittobo Medical Co.
Ltd., Tokyo, Japan). Using spot urine samples, urinary excre-
tions of Na, K, Cl, Ca, P, and Cr were measured. Urinary levels
of these parameters were adjusted for urinary Cr concentrations
by calculating the respective ratios. Fractional excretion (FE)
rates of glucose, Na, K, CI, Ca, and P were calculated by the fol-
lowing formula: urine metabolite x serum Cr/serum metabolite
x urine Cr. Urinary analysis was also conducted using micros-
copy to identify any pyuria, hematuria, or urinary infections.

Body composition, including total body water, lean body
mass, fat mass, and fat percent, was assessed using bioelectrical
impedance analysis (BIA; InBody770, InBody, Seoul, Korea).
Abdominal visceral fat area (VFA) was also obtained from this
BIA method, which was validated in a previous study in 1,006
subjects [6].

Efficacy and safety assessment
The primary endpoint was the change in the HbAlc concentra-
tion from baseline. Secondary outcomes included changes in
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FPG and PP2, changes in ketone body levels, including total
ketone, B-hydroxybutyrate, and acetoacetate, and changes in
body composition, including whole body fat and muscle and
water content. Liver and renal function markers were also as-
sessed. Safety assessments included adverse events, such as uri-
nary tract infection, genital infection, ketoacidosis, and hypo-
glycemia. Documentation of hypoglycemic episodes was de-
fined based on patient symptoms and a self-monitored plasma
glucose level <70 mg/dL.

Statistical analysis

Clinical and biochemical parameters, body composition, and
ketone body measurements were compared using Student’s ¢
tests for continuous variables and chi-square tests for categori-
cal variables. All of the statistical analyses were performed us-
ing IBM SPSS Statistics for Windows version 20 (IBM Corp.,
Armonk, NY, USA).

RESULTS

Patients

As shown in Table 1, the demographic and metabolic character-
istics of the two groups were well matched as were the propor-
tions of patients on monotherapy, dual or triple therapy. The
baseline metformin dose was 1,322+443 mg/day in the control
group and 1,421+436 mg/day in the empagliflozin group (P=
0.235). Over 6 months, in the dose escalation group the metfor-
min dose was escalated by 6031239 mg/day (6051229 mg/day
in the metformin only subgroup and 596+274 mg/day in the met-
formin plus sulfonylurea subgroup) and the sulfonylurea (glime-
piride) dose was raised by 2.4+0.9 mg/day (2.5+1.0 mg/day in
the sulfonylurea only subgroup and 2.1£0.7 mg/day in the met-
formin plus sulfonylurea subgroup). There were no dose chang-
es for pre-existing antidiabetic medications in the empagliflozin

group.

Effects on HbAlc and glucose homeostasis

HbAlc levels decreased significantly in both groups after 6
months: from 8.5%=1.1% to 8.1%=x1.1% in the control group;
and from 8.6%+1.6% to 7.6%+1.5% in the empagliflozin
group (P=0.003 for the difference in the respective changes
from baseline) (Table 2). Similarly, FPG and PP2 decreased in
both groups but the extent of decrease was greater in the empa-
gliflozin group than in the control group (both P values for
change <0.01) (Fig. 1). Serum insulin and C-peptide levels de-
creased, and serum glucagon level increased in the empa-
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Table 1. Baseline Characteristics of Study Subjects

Dose Empagliflozin
Characteristic escalation add-on P value
(n=60) (n=60)

Male sex 44 (73.3) 39 (65.0) NS
Age, yr 55.2+12.1 54.0+12.2 NS
Height, cm 166.6+7.8 166.1+£9.2 NS
Body weight, kg 73.6£12.0 764+19.8 NS
BMI, kg/m? 26.4+3.1 27.4+52 NS
Waist circumference, cm 91.2+8.1 93.4+14.1 NS
SBP, mm Hg 1355£15.8 134.1+12.6 NS
DBP, mm Hg 823+12.6  78.9+9.7 NS
FPG, mg/dL 184.9+49.7 172.6+46.7 NS
PP2, mg/dL 27224825 280.8+92.2 NS
HbAlc, % 8.5+1.1 8.6+1.5 NS
Total cholesterol, mg/dL 168.6+£39.1 167.4%+40.6 NS
Triglycerides, mg/dL 18251114 167.5+112.7 NS
HDL-C, mg/dL 458£10.0 49.6+25.8 NS
LDL-C, mg/dL 99.5£26.0 9544309 NS
Fasting C-peptide, ng/mL 3.0+1.4 34+1.7 NS
Fasting glucagon, pg/mL 180.0+137.8 166.7+£88.8 NS
AST, IU/L 32.6£223  36.6+25.0 NS
ALT, IU/L 3534+28.7  42.84349 NS
Creatinine, mg/dL 0.81£0.18 0.76+0.17 NS
Duration of T2D, yr 10.5+£6.9 10.6£7.0 NS
Family history of T2D 36 (60.0) 31(51.7) NS
Hypertension 29 (48.3) 26 (43.3) NS
Dyslipidemia 36 (60.0) 41 (68.3) NS
Smoking 16 (26.7) 14 (23.3) NS
Concomitant medication NS

Monotherapy 11(18.3) 13 (21.7)

Dual therapy 45 (75.0) 37(61.7)

Triple therapy 4(6.7) 10 (16.7)

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

NS, not significant; BMI, body mass index; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PP2,
2-hour postprandial glucose; HbAlc, glycated hemoglobin; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; T2D, type 2 diabetes.

gliflozin group while there were no changes in these parameters
in the control group (Table 2).

Among the control group, there were 29 (48%) in the metfor-
min only subgroup, 20 (33%) in the sulfonylurea only subgroup,
and 11 (18%) in the metformin plus sulfonylurea subgroup. In
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further analyses across these up-titrated subgroups, HbAlc lev-
els decreased by 0.15%+0.92% (from 8.1%%1.0% to 8.0%=
0.9%; P>0.05) in the metformin only group, by 0.62%=%1.09%
(from 9.1%=%1.2% to 8.5% = 1.4%; P<0.05) in the sulfonylurea
only group, and by 0.56%=%1.02% (from 8.4%+1.2% to
7.8%%1.2%; P>0.05) in the metformin plus sulfonylurea group
after 6 months. Thus, the HbA 1¢ level decreased the most in the
sulfonylurea only subgroup, followed by the metformin plus
sulfonylurea subgroup, and the least in the metformin only sub-
group (0.62%=%1.09% vs. 0.56%£1.02% vs. 0.15%10.92%,
respectively; P=0.235). With regard to indices of hepatic insu-
lin resistance, HOMA-IR decreased significantly in the empa-
gliflozin group, but not in the control group (Fig. 1).

Next, we compared glucose-lowering efficacy between the
empagliflozin and the sulfonylurea-only groups, which showed
the greatest HbAlc reduction among the three control sub-
groups. Similar patterns were observed, and the empagliflozin
add-on therapy demonstrated superior efficacy compared with
the sulfonylurea dose-increasing strategy with borderline signif-
icance (Supplemental Table S1).

Effects on blood pressure and body composition

After 6 months of treatment, SBP decreased in the empa-
gliflozin group but it increased in the control group. DBP also
decreased in the empagliflozin group but it did not change in the
control group (Table 2, Fig. 2). Body weight decreased by 2.5
kg, BMI decreased by 1 kg/m* and WC decreased by 1.8 cm in
the empagliflozin group (all P<0.05), whereas these measures
did not change in the control group. There were significant re-
ductions in whole body fat mass and abdominal VFA in the em-
pagliflozin group, but no changes were found in the control
group (all P<0.001) (Fig. 2).

Effects on metabolic biomarkers

Total cholesterol and triglycerides decreased significantly in the
empagliflozin group but without differences between the two
groups (Table 2). In contrast, both AST and ALT levels de-
creased significantly more in the empagliflozin than the control
group. While serum Cr levels and eGFR showed a similar pat-
tern, the empagliflozin group experienced significant reductions
in the urine protein/Cr and microalbumin/Cr ratios.

Effects on ketones, glucagon, and FFA

Total ketones, B-hydroxybutyrate, and acetoacetate levels in-
creased significantly after 6 months of treatment in the empa-
gliflozin group, but they did not change in the control group, re-
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Table 2. Changes in Anthropometric and Biochemical Parameters after 6 Months of Treatment with Empagliflozin or Dose Escalation
Dose escalation Empagliflozin add-on
Variable P value®
Baseline 6 months P value Baseline 6 months P value
SBP, mm Hg 135.5+15.8 138.7+15.2 0.286 133.6£12.5 128.1£13.3 0.005" 0.008"
DBP, mm Hg 82.3+12.6 82.0+12.3 0.878 78.71£9.8 74.8+11.0 0.009 0.120
FPG, mg/dL 184.9+49.7 174.5+£39.4 0.069 174.0+£46.7 13294313 <0.001° <0.001°
PP2, mg/dL 272.2182.5 267.2+83.0 0.616 282.94+92.6 222.7+88.5 <0.001° 0.001°
HbAlc, % 8.5+1.1 8.1+1.1 0.005 8.6+1.6 7.6£1.5 <0.001° 0.003°
Insulin, pfU/mL 10.0+4.7 10.3+4.5 0.516 12.1+£8.2 10.0+£7.0 0.016" 0.016"
C-peptide, ng/mL 3.0£1.4 29+1.2 0.592 33+£1.6 27£15 0.001° 0.017°
Glucagon, pg/mL 180.0+137.8 178.4£131.6 0.871 167.9£89.8 258.0+154.3 <0.001° 0.002°
Total cholesterol, mg/dL 168.6+39.1 161.7£35.7 0.179 167.6+41.6 157.0£36.5 0.030° 0.730
Triglycerides, mg/dL 182.5+111.4 181.7£159.7 0.944 169.5+114.9 129.0£59.5 0.001° 0.107
HDL-C, mg/dL 45.8+10.0 46.1+£11.0 0.974 49.6+£26.2 48.6+12.4 0.757 0.761
LDL-C, mg/dL 99.5£26.0 96.7+26.4 0.408 95.9+31.3 92.3+£26.5 0.303 0.951
AST, IU/L 32.6+223 33.8+17.2 0.661 3444173 28.8+10.9 0.002° 0.023°
ALT, IU/L 35.3+£28.7 382+£31.7 0.423 40.7£29.9 33.7£22.1 0.015 0.023°
eGFR, mL/min/1.73 m* 96.3+£18.7 95.6+£16.7 0.997 100.3+18.4 100.9£21.0 0.703 0.772
Creatinine, mg/dL 0.81£0.18 0.81£0.18 0.673 0.76£0.17 0.76£0.19 0.623 0.520
Sodium, mmol/L 139.9+2.1 139.9+£22 0.671 139.7£2.5 140.5£1.9 0.003° 0.019°
Potassium, mmol/L 45104 44+0.3 0414 45104 45104 0.766 0.439
Chlorine, mmol/L 103.2+2.5 102.9+2.3 0.149 102.6+2.5 105.2+12.0 0.109 0.060
FFA, pmol/L 602.1£207.8 619.4+221.6 0.336 659.44233.0 695.61+261.5 0.278 0.892
Total ketone, pmole/L 134.9+121.0 158.0+136.8 0.487 143.0+118.0 294.84+296.4 <0.001° 0.002°
B-Hydroxybutyrate, pmol/L 90.84+93.3 108.0+£100.1 0.473 98.21+84.6 207.94£228.3 <0.001° 0.003"
Acetoacetate, pmol/L 45.1+£29.9 50.0+38.5 0.688 44.8+34.7 84.9+71.8 <0.001° 0.001°
PCr, mg/mmol 137.3£169.3 180.14295.9 0.084 165.5+£163.8 1444+133.1 0.114 0.021°
MCr, mg/mmol 448+122.4 75442232 0.065 73.8+£138.7 50.8+112.7 0.039° 0.006"
FE-glucose, % 2.77+4.47 3.55+7.42 0.476 5.13+9.87 30.47£14.95 <0.001° <0.001°
FE-Na, % 0.50£0.29 0.48+0.34 0.047 0.4610.28 0.55+0.30 0.065 0.007°
FE-K, % 9.31+4.61 8.87£3.29 0.185 9.47+£4.98 9.91+£3.66 0.569 0.188
FE-Cl, % 0.77£0.40 0.79+0.46 0.418 0.73+£0.41 0.85£0.48 0.085 0.066
FE-Ca, % 0.70£0.52 0.60£0.39 0.100 0.62£0.43 0.69£0.38 0.182 0.053
FE-P, % 9.64£3.53 10.41£4.73 0.448 9.35£4.31 10.08+3.71 0.461 0.963
Body composition
Body weight, kg 73.6+12.0 73.0+11.8 0.141 75.5+19.0 73.0£18.0 <0.001° 0.001°
BMLI, kg/m’ 26.4+3.1 263+2.9 0.174 273152 263149 <0.001° 0.001°
Waist circumference, cm 91.2+8.1 91.3+7.4 0.474 92.6+13.8 90.8+12.5 0.053 0.047°
Total body water, L 38.0£6.8 37.8+6.6 0.394 37.5+8.2 37.1£8.1 0.515 0.925
Lean body mass, kg 48.8+8.8 48.5£8.6 0.382 47.5£11.5 47.6+£10.4 0.434 0.999
Whole body fat mass, kg 21.9+6.5 21.7£6.0 0.231 24.7+10.9 22.31+9.8 <0.001° <0.001°
Whole body fat percent (%) 29.7+7.1 29.6+6.4 0.549 31.8£7.9 29.8+7.3 <0.001° <0.001°
Abdominal VFA, cm? 102.1£36.1 100.5£33.6 0.460 115.8£52.9 104.3+48.8 <0.001° <0.001°
Values are expressed as mean = standard deviation.
SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; PP2, 2-hour postprandial glucose; HbA Ic, glycated hemoglobin; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotransferase; eGFR, estimated
glomerular filtration rate; FFA, free fatty acid; PCr, protein/creatinine ratio; MCr, microalbumin/creatinine ratio; FE, fractional excretion; VFA, visceral fat area.
2P for comparison of changes between two groups; *Significant P values.
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Fig. 1. Changes in glucose homeostasis parameters after 6 months of treatment. (A) Glycated hemoglobin (HbA 1¢), (B) fasting plasma glu-
cose (FPG), (C) 2-hour postprandial glucose (PP2), and (D) homeostatic model assessment of insulin resistance (HOMA-IR). *P<0.05 be-

tween the two groups.

sulting in significant differences in the degrees of changes be-
tween groups (all P<0.01) (Table 2, Fig. 3). Serum glucagon
levels increased in the empagliflozin group but there were no
changes in the control group. The FFA level also increased in
the empagliflozin group but there was no significant difference
between the two groups (Fig. 3).

Effects on fractional urinary excretion of glucose and
sodium

Fractional urinary excretion of glucose and Na increased after 6
months treatment in the empagliflozin group, whereas these pa-
rameters did not change in the control group, leading to signifi-
cant difference in changes between the two groups. In a correla-
tion analysis between the changes in HbAlc and FE of glucose
at 6 months, we found that there was significant negative corre-
lation only in the empagliflozin group, but not in the control
group (Supplemental Fig. S1).

Safety
There were no significant safety issues regarding hypoglycemia
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or hyperglycemic crises in either group. Euglycemic ketoacido-
sis did not develop in either group, but there was one case of
genital infection in the empagliflozin group (Table 3).

DISCUSSION

In this study, addition of empagliflozin to the most commonly
used combinations of metformin, sulfonylurea, or a DPP4 in-
hibitor provided a substantial reduction in HbAlc (1%), FPG
(41 mg/dL), and PP2 (62 mg/dL), which was superior to those
found in the dose escalation control group. Of note, 48% of the
empagliflozin group achieved HbAlc levels <7.0% within 6
months. By contrast, only 27% in the control group achieved
HbAlc levels <7.0% with a mean increase of 46% in metfor-
min and 61% in sulfonylurea dosages. These data indicate that
add-on therapy with SGLT2 inhibitor was apparently more ef-
fective on glycemic control in these patients with T2D than dose
increasing in pre-existing metformin or sulfonylurea regimens.
In our study, there were significant decreases in insulin levels
and increases in glucagon levels in the empagliflozin group that

Copyright © 2020 Korean Endocrine Society
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Fig. 2. Changes in blood pressure and body composition after 6 months of treatment. (A) Systolic blood pressure (SBP), (B) diastolic blood
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or 6 months; °P<0.05 for difference between 0 and 6 months.
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Fig. 3. Changes in ketone bodies, glucagon, and free fatty acid (FFA) levels after 6 months of treatment. (A) Total ketone, (B) 3-OH butyric
acid, (C) acetoacetate, (D) glucagon, and (E) FFA. *P<0.05 between the two groups.

paralleled elevated concentrations in ketone bodies and favor-  from adipose tissue. Fatty acids are converted to ketones in the
able change in body composition associated with a reduction in  liver. SGLT?2 inhibitor-induced glycosuria limits the availability
body weight, particularly fat mass. Treatment with SGLT2 in-  of carbohydrates, shifting utilization from glucose to fat oxida-
hibitor promotes urinary glucose excretion, thereby decreasing  tion and promotion of hyperglucagonemia, which stimulates ke-
plasma glucose levels [7]. As a result, insulin secretion decreas-  togenesis [8]. Ketones are known as effective fuels in terms of
es and glucagon secretion increases, which releases FFA mostly  energy expenditure [9]. These results indicate that SGLT2 in-
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Table 3. Safety Profile
Dose Empagliflozin
escalation add-on
Hypoglycemia 0 0
Infection including UTI, genital 0 1
infection

Male 0 0

Female 0 1
DKA 0 0
HHS 0 0
UTI, urinary tract infection; DKA, diabetic ketoacidosis; HHS, hyper-
osmolar hyperglycemic syndrome.

hibitor treatment might accelerate lipolysis from stored body fat.

The antihypertensive effect of empagliflozin in our study is
consistent with previous studies [10-13]. It is explained by vol-
ume contraction via osmotic diuresis, weight loss, and improve-
ment in vascular stiffness and hyperglycemic oxidative stress
[14]. The osmotic diuretic and natriuretic effects contribute to
the plasma volume contraction that underlies the cardiovascular
benefits [14-17].

In this study, empagliflozin add-in treatment reduced serum
total cholesterol and triglyceride levels while it did not change
those of HDL-C or LDL-C. In addition, AST and ALT levels
decreased after empagliflozin treatment in our study. Liver en-
zyme activities were also improved in the Empagliflozin Car-
diovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients—Removing Excess Glucose (EMPA-REG OUTCOME)
trial [18]. Thus, SGLT2 inhibitors are believed to attenuate de-
velopment or progression of non-alcoholic fatty liver disease
[19,20]. Because fat accumulation in the liver combined with
inflammation is associated with increased risk of cardiovascular
diseases [21], improvements in fatty liver disease by SGLT2 in-
hibitors might also make a contribution to the cardiovascular
benefits obtained from those drugs [16].

In the present study, empagliflozin led to a 6-fold increase in
the fractional urinary excretion of glucose. Of note, there was a
significant negative correlation between the changes in HbAlc
and FE of glucose only in the empagliflozin group. This result
suggests that glucosuria induced by SGLT2 inhibition contrib-
utes to the glucose-lowering efficacy observed in SGLT?2 inhibi-
tor treatment.

In this study, empagliflozin induced 20% increase in the frac-
tional Na excretion, coupled with a significant reduction in al-
buminuria, as shown in other studies [22,23]. In the EMPA-
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REG OUTCOME trial, an initial decrease in eGFR with empa-
gliflozin was reversed over continued treatment [23], and renal
outcomes were markedly improved. These beneficial renal ef-
fects have been attributed to a reduction in intraglomerular pres-
sure [15,24,25]. Our study did not show significant changes in
eGFR, possibly because of the small sample size, retrospective
design, short study duration or different ethnic composition (or
combinations thereof).

In a previous study, dapagliflozin treatment for 6 months re-
duced whole body fat mass by 1.48 kg and WC by 1.52 cm in
European patients (baseline BMI, 31.9 kg/m*) with T2D inade-
quately controlled with metformin [26]. In a previous study with
Koreans with T2D, the body weight was decreased significantly
by 2.7£2.0 kg after a 12-month treatment with dapagliflozin
and metformin with sulfonylurea, or DPP4 inhibitors [27]. In
our Korean patients (baseline BMI, 27.4 kg/m?), whole body fat
mass decreased by 2.3 kg and WC decreased by 1.8 cm. More
importantly, abdominal visceral fat amount decreased signifi-
cantly by >10%. These data suggest that SGLT?2 inhibitor might
reduce body fat more effectively in Asian than Western patients.

In this study, empagliflozin was well tolerated when given as
add-on therapy to the most commonly used combinations of
metformin, sulfonylurea, and DPP4 inhibitors. Euglycemic ke-
toacidosis or other significant safety issues did not develop.

This study had several limitations. In the control group, pre-
existing antidiabetic medications were increased at each physi-
cian’s discretion without a fixed protocol; this might have led to
submaximal titration in some patients, thereby curbing the cor-
responding glycemic benefit. However, the mean escalations in
doses of metformin and glimepiride were not trivial (46% and
69%, respectively). Even though this was not a well supervised
randomized trial, we intended to resolve some of the points that
have arisen from real-world clinics. Patients commonly ask how
efficient add-on therapy is compared with many different com-
binations of commonly used oral anti-hyperglycemic agents. As
our study reflected the real-world situation, embracing many
different drug combinations, our finding is likely to be the an-
swer to patients asking about the efficiency of adding an SGLT2
inhibitor to any combination of the aforementioned drugs re-
garding glycemic and metabolic profile.

We found that important side effects, such as hypoglycemia
and infection, were well described in the electronic medical re-
cord (EMR) system. In contrast, given the limitations of the
EMR and the retrospective nature of this study, it was possible
that mild to moderate side effects were not described thorough-
ly, but these caveats applied to both groups. Incidentally, we

Copyright © 2020 Korean Endocrine Society
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show here that SGLT?2 inhibitor-induced natriuresis and glycos-
uria can be measured easily and related to the observed meta-
bolic changes.

There have been several clinical studies that support the bene-
ficial effects of SGLT2 inhibitors on cardiorenal function and
whole-body metabolism [28-30]. However, some clinical trial
study populations do not mirror those patients treated in routine
clinical practice. Real word observational studies may be able to
reflect the advantages of using SGLT2 inhibitors when added to
other glucose-lowering drugs.

In conclusion, with the benefits of glycemic control and fa-
vorable changes in metabolic parameters and body composition,
we suggest that adding empagliflozin could be an optimal thera-
py in patients with T2D who have inadequate glycemic control
on standard medications.
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