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Abstract

We aimed to investigate the clinical factors affecting the therapeutic effectiveness of the
sodium—glucose cotransporter-2 inhibitor empagliflozin in patients with type 2 diabetes mel-
litus (T2DM). We reviewed the medical records of 374 T2DM patients aged between 20 and
75 years who were prescribed empagliflozin 10 mg or 25 mg as add-on therapy for more
than 90 consecutive days. Changes in hemoglobin A1c (HbA1c) from baseline levels and
the reduction in body weights of the study participants were assessed. We found that youn-
ger patients (< 50 years), patients with the highest levels of HbA1c (>9%) at baseline,
patients with an estimated glomerular filtration rate (¢GFR) of >90 mL/min/1.73 m?, and
patients with a shorter duration of T2DM (< 10 years) were more likely to exhibit a better gly-
cemic response. Multivariate linear regression analysis revealed that a shorter duration of
T2DM, higher baseline levels of HbA1c, and higher eGFR were positively associated with
HbA1c reduction. Higher BMI and lower HbA1c levels were predictors of a more significant
reduction in body weight among patients taking empagliflozin. The glucose-lowering effect
of empagliflozin was more evident in T2DM patients with higher baseline HbA1c levels, bet-
ter renal function, and shorter duration of T2DM.

Introduction

The prevalence of type 2 diabetes mellitus (T2DM) has steadily increased in Korea in conjunc-
tion with the increase in obesity, which has been linked to the adoption of a more Westernized
lifestyle [1,2]. Although it is crucial for T2DM patients to exercise adequate glycemic control
to prevent hyperglycemia-related complications, many fail to reach their recommended glyce-
mic targets, with only half of the Korean T2DM patients maintaining HbA1c levels of <7.0%
[1,3].

Sodium-glucose cotransporter-2 (SGLT2) inhibitors represent a novel class of anti-diabetic
medication that aims to improve glucose control by elevating renal glucose excretion by
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suppressing SGLT?2 function in the kidneys [4,5]. SGLT2 inhibitors decrease the fasting plasma
glucose (FPG) and postprandial plasma glucose levels, in addition to reducing body weight via
secondary caloric loss due to urinary glucose excretion [6,7]. Empagliflozin is an orally active
and potent inhibitor of SGLT2. Previous randomized controlled trials reported that empagli-
flozin is effective as a monotherapeutic medication or in combination with other oral antidia-
betic drugs [8-12].

However, only few studies have investigated the factors predictive for an individual’s
response to empagliflozin. Previous randomized controlled trials suggested that poor glycemic
control at baseline was related to good response to SGLT2 inhibitors [11,13], while renal dys-
function was associated with reduced efficacy of SGLT2 inhibitors in improving glycemic con-
trol [14]. Recently, a retrospective study on Korean patients reported that higher baseline
HbAIc level and preserved eGFR were predictive markers of better glycemic responses to an
another class of SGLT?2 inhibitor (dapagliflozin) [15]; specifically, female and obese T2DM
patients tended to lose more weight during dapagliflozin treatment. We thus hypothesized that
the efficacy of empagliflozin would be also dependent on various clinical characteristics of
patients. Although previous studies suggested some parameters that were related to the efficacy
of SGLT?2 inhibitors, data from real-world practice focusing on the predictors for the efficacy
of empagliflozin is still lacking. Therefore, in this retrospective observational study, we aimed
to investigate the clinical predictors for the efficacy of empagliflozin.

Materials and methods
Ethics statement

In accordance with the ethical guidelines of the Declaration of Helsinki and Korea Good Clini-
cal Practice, this study was approved by the institutional review board of the Asan Medical
Center (AMC). The institutional review board waived the requirement to obtain the informed
consent from participants, as anonymous archival data without identifying information was
used.

Study population

The data of all patients treated for T2DM at the outpatient clinic of the Department of Internal
Medicine at Asan Medical Center (AMC) between November 2016 and December 2017 were
reviewed. Those who had been prescribed with empagliflozin (10 mg or 25 mg) for 90 conse-
cutive days or more were included. The median duration of treatment before a follow-up eval-
uation was 102 days [interquartile range: 91-125 days]. Patients who aged 75 years or more or
those who had significant renal impairment [i.e. an estimated glomerular filtration rate
(eGFR) < 45mL/min/1.73m*] were excluded from the study. Finally, 374 T2DM patients were
included as study participants and were assessed for changes in HbAlc level and body weight.

Clinical and laboratory measurements

Patient data, including age, sex, and time since diabetes diagnosis, were collected by reviewing
their electronic medical records. Height and body weight were measured with the participants
wearing light clothing and no shoes. The patients’ body mass index (BMI) was calculated by
obtaining their body weight in kilograms and dividing it by the square of their height in
meters. Blood pressure was measured using an automatic manometer, with the cuff placed on
the right arm of the patient, and was obtained after resting for 5 minutes. Blood samples were
drawn from the antecubital vein into the vacuum tubes and subsequently analyzed at the certi-
fied central laboratory at AMC.
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Laboratory serum measurements included hemoglobin Alc (HbAlc), FPG, postprandial
2-hour plasma glucose (PP2), fasting C-peptide, fasting insulin, blood urea nitrogen, creati-
nine, several lipid parameters, and liver enzymes. Ion-exchange high-performance liquid chro-
matography (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to measure the
patients’ HbAlc levels. FPG and PP2 were measured using the immunoturbidimetric method
and the enzymatic colorimetric method on a Toshiba 200 FR auto-analyzer (Toshiba Medical
Systems Co., Ltd., Tokyo, Japan), respectively. Serum C-peptide and insulin concentrations
were obtained by performing immunoradiometric assays (TFB, Tokyo, Japan). Fasting total
cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglycerides (TGs), aspartate aminotransferase (AST), and alanine aminotransferase
(ALT) were measured by enzymatic colorimetry using a Toshiba 200 FR Neo analyzer
(Toshiba Medical Systems Co., Ltd., Tokyo, Japan). All enzyme activities were measured at
37°C. The eGFR was determined using the CKD-EPI equation.

Statistics

Continuous variables were expressed as the mean + standard deviation (SD). Categorical vari-
ables were expressed as percentages. Student’s t-tests and one-way analysis of variance with
Scheffe’s method were used to assess the continuous variables, while chi-squared tests were
used to assess the categorical variables. Linear regression analysis was performed to assess the
relationship between the clinical parameters and empagliflozin efficacy. Pearson’s correlation
coefficients were used to evaluate the association between changes in HbA1lc and body weight.
All statistical analyses were performed using SPSS software (version 20.0 for Windows; SPSS,
Inc., Chicago, IL). P <0.05 was used to represent statistical significance for all analyses
described above.

Results
Baseline characteristics of the study participants

The characteristics of the patients enrolled in this study are presented in Table 1. Their mean
age was 54.2 + 9.8 years, and 61.7% of the patients were men. The mean baseline HbA1lc level
and BMI were 8.4 + 1.4% and 28.5 + 4.2 kg/m”, respectively.

Clinical parameters affecting the glucose-lowering effect of empagliflozin

To elucidate the clinical factors affecting the glucose-reducing effect of empagliflozin, sub-
group analyses were performed (Fig 1). When the participants were grouped by age, the
decrease in HbA1c levels tended to be more substantial in younger participants than in older
participants. HbAlc levels fell by 1.1% in patients aged <50 years (n = 118), 0.7% in patients
aged 51-60 years (n = 153), and 0.5% in patients aged >60 years (n = 103; Fig 1A), with the dif-
ference between the youngest and oldest groups being statistically significant (P = 0.001). For
the subgroups with BMI <25 kg/m” (n = 71), 25-30 kg/m” (n = 185), and >30 kg/m’

(n =100), HbAlc levels decreased by 0.6%, 0.6%, and 1.0%, respectively (Fig 1B); these changes
were not significantly different (P = 0.089). Finally, patients with higher baseline HbA1lc levels
exhibited a significantly greater reduction in HbAlc during follow-up examinations (Fig 1C).
In patients with baseline HbAlc levels of <7.5% (n = 119), HbAlc fell by only 0.1%. By con-
trast, reductions in HbA1lc of 0.5% and 1.9% were observed in patients with baseline HbAlc
levels of 7.5-9.0% (n = 149) and > 9% (n = 106), respectively. These intergroup differences
were all statistically significant. In a subsequent analysis based on eGFR, HbAlc decreased by
0.5% in patients with an eGFR of <90 mL/min/1.73 m? (n = 135) and by 0.9% in patients with
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Table 1. Baseline characteristics of the study participants.

Variables Total (n = 374)
Age, years 542+9.8
Male 232 (61.7)
T2DM duration, years 94+74
SBP, mmHg 133.7 + 16.8
DBP, mmHg 76.0 +£10.9
Body mass index, kg/m?> 28.5+4.2
HbA,., % 84+ 14
FPG, mg/dL 169.9 + 60.0
PP2, mg/dL* 231.9 + 82.7
Fasting C-peptide, ng/mL* 2.7+2.0
Fasting insulin, pU/mL* 17.3 +30.7
HOMA-IR* 6.8+10.4
HOMA-B* 84.6 + 196.5
Total cholesterol, mg/dL 154.6 £ 40.3
Triglycerides, mg/dL 178.6 + 134.7
HDL cholesterol, mg/dL 46.4 +10.5
LDL cholesterol, mg/dL 97.7 +30.5
BUN, mg/dL 155+5.3
Creatinine, mg/dL 0.83 £ 0.21
eGFR, mL/min/1.73 m’ 93.1+16.6
AST, IU/L 29.6 + 184
ALT, IU/L 33.2+239
Urine ACR, mg/g Cr* 137.0 £ 570.1

Data are presented as mean + standard deviation or as n (%)

“PP2 levels were not available for 140 patients. Fasting C-peptide levels were not available for 74 patients. Fasting
insulin, HOMA-IR and HOMA-B levels were not available for 197 patients. Urine ACR levels were not available for
78 patients.

T2DM: type 2 diabetes mellitus, SBP, systolic blood pressure, DBP, diastolic blood pressure, FPG: fasting plasma
glucose, PP2: postprandial 2-h glucose, HOMA-IR/-B: homoeostasis model assessment for insulin resistance/beta-
cell function, HDL/LDL: high-density/low-density lipoprotein, BUN: blood urea nitrogen, eGFR: estimated

glomerular filtration rate, AST/ALT, aspartate/alanine aminotransferase, ACR: albumin/creatinine ratio

https://doi.org/10.1371/journal.pone.0220667.t001

an eGFR of >90 mL/min/1.73 m* (n = 232; Fig 1D), and the difference was statistically signifi-
cant (P =0.003). When analyzed by time since T2DM diagnosis, patients with a shorter dura-
tion of T2DM (<10 years, n = 213) had a significantly greater fall in HbAlc levels (0.9%) than
those with a longer duration of T2DM (0.6%, >10 years, n = 159, P = 0.028; Fig 1E).

Multivariate regression analyses were also conducted to identify the markers that can pre-
dict the effects of empagliflozin on HbAlc levels (Table 2). Single regression analysis found
that the reduction in HbA1lc levels was associated with younger age, shorter T2DM duration,
higher baseline HbA1c levels, and higher eGFR levels. Shorter T2DM duration, higher baseline
HbAc levels, and higher eGFR levels were also identified as significant independent predic-
tors of greater decrease in HbAlc levels in patients taking empagliflozin after multiple regres-
sion analysis with adjustments for age, T2DM duration, baseline HbA1c levels, and eGFR
levels (Table 2).

We have additionally analyzed the effectiveness of empagliflozin 10 mg (n = 175) or 25 mg
separately (n = 199). Higher baseline HbA1c level was a significant parameter for a better
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Fig 1. Subgroup analyses of the changes in glycated hemoglobin (HbA1c) levels according to (A) age, (B) body mass index, (C) initial HbAlc, (D) estimated
glomerular filtration, and (E) diabetes mellitus duration.

https://doi.org/10.1371/journal.pone.0220667.9001

glycemic response in both of empagliflozin 10 mg and 25 mg group (S1 Fig and S1 Table). A
shorter duration of T2DM and preserved renal function were significantly associated with
more HbAlc reduction in empagliflozin 25 mg group (S1 Fig and S1 Table).

In a subsequent analysis of HbAlc reduction in patients taking empagliflozin, those who
exhibited a reduction in HbA1c levels (>10%) from baseline were classified as “responders.”

Table 2. Multiple regression analysis of the changes in HbA1c levels in patients treated with empagliflozin.

HbAIc change Unadjusted Adjusted*

B (P) B (P)
Age, years 0.029 (0.007) -0.001 (0.827)
Gender, female 0.149 (0.277)
Body mass index, kg/m’ -0.026 (0.110)
T2DM duration, years 0.029 (0.001) 0.023 (0.004)
HbA,, % -0.578 (<0.001) -0.584 (<0.001)
eGFR -0.016 (<0.001) -0.012 (<0.001)

*Adjusted for age, T2DM duration, baseline HbAlc, and eGFR
eGFR: estimated glomerular filtration rate, HbAlc: hemoglobin Alc, T2DM, type 2 diabetes mellitus

https://doi.org/10.1371/journal.pone.0220667.t1002
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When the baseline characteristics of responders and non-responders were compared, respond-
ers demonstrated significantly shorter T2DM histories, poorer glycemic control before empa-
gliflozin treatment, and higher eGFR levels. Homeostatic model assessment for insulin
resistance (HOMA-IR) scores, total cholesterol, and LDL cholesterol levels were also higher
among responders than among non-responders (S2 Table).

Clinical parameters associated with body weight reduction in patients
taking empagliflozin

We assessed the clinical parameters associated with the reduction in body weight in patients
taking empagliflozin. To evaluate the clinical factors affecting changes in body weight, sub-
group analyses were performed (Fig 2). When the participants were grouped by age, no sig-
nificant difference in the loss of body weight was observed (P = 0.204; Fig 2A). When the
participants were grouped by their baseline BMI, patients with a BMI <25 kg/m* (n = 71) lost
1.5 kg, those with a BMI 25-30 kg/m” (n = 185) lost 1.9 kg, and those with a BMI >30 kg/m®
(n = 100; Fig 2B) lost 2.7 kg. Obese participants with a BMI >30 kg/m? had a significant
decrease in body weight compared with those with a BMI <25 kg/m” (P = 0.013). Moreover,
body weight reduction was significantly associated with baseline HbA1c levels (P = 0.004; Fig
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Fig 2. Subgroup analyses of the changes in body weight (kg) according to (A) age, (B) body mass index, (C) initial hemoglobin Alc, (D) estimated glomerular
filtration, and (E) diabetes mellitus duration.

https://doi.org/10.1371/journal.pone.0220667.g002
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2C). Body weight fell by an average of 2.4 kg in patients with baseline HbA1c levels of <7.5%
(n=119) and 2.1 kg in those with baseline HbA1c levels of 7.5%-9.0% (n = 149). In contrast,
body weight decreased by only 1.3 kg in patients with baseline HbA1c levels of >9% (n = 106).
Intergroup differences were significant between the group with HbAlc levels of <7.5% and
that with HbA1c levels of >9% (P = 0.017) and between the group with HbA1c levels of 7.5%-
9.0% and that with HbAlc levels of >9% (P = 0.041; Fig 2C). Finally, no significant differences
were observed among the eGFR level or T2DM duration subgroups (P = 0.845 and P = 0.322;
Fig 2D and 2E, respectively).

Multivariate regression analyses were also conducted to identify predictive markers for the
reduction in body weight in T2DM patients taking empagliflozin (Table 3). The reduction in
body weight was associated with a higher baseline BMI and lower baseline HbA1c levels in the
unadjusted analysis. In the multiple regression analysis adjusted for BMI and baseline HbAlc
levels, both BMI and baseline HbA1c levels remained significant independent predictors of a
better response to empagliflozin (P = 0.010 and P < 0.001, respectively).

In our additional analyses according to the dose of empagliflozin, patients with a higher
BMI at baseline lose more weight than lean patients in both of empagliflozin 10 mg and 25 mg
group (S2 Fig and S3 Table). Lower baseline HbA1c was significantly related to more body
weight reduction by empagliflozin 10 mg (S2 Fig and S3 Table).

In a follow-up analysis, T2DM patients who experienced a reduction in body weight (>3%
of their baseline weight) after taking empagliflozin were classified as responders. A comparison
of the baseline characteristics of the responders and non-responders found that responders
had lower baseline HbA1c levels than non-responders. HOMA-IR scores were also higher in
non-responders than in responders (S4 Table).

Correlation between HbA1c and body weight reduction

A correlation analysis was conducted to assess the relationship between changes in HbAlc lev-
els and body weight among T2DM patients taking empagliflozin. No significant association
was found between the two outcomes (r = -0.018, P = 0.742; S3 Fig).

Safety and tolerability

Adverse events (AEs) included hypoglycaemia, genital infection, urinary tract infection, uri-
nary frequency or nocturia, ketoacidosis, and hypersensitivity reaction. The overall incidence
of treatment-related AEs is shown in S5 Table. In total, 10.4% of participants experienced AEs
after empagliflozin treatment. AEs leading to treatment discontinuation were reported for 7
patients, of which 5 cases were due to genital infection and 2 cases were due to urinary tract

Table 3. Multiple regression analyses of the changes in body weight in patients treated with empagliflozin.

Body weight reduction Unadjusted Adjusted”
B (P) B (P)
Age, years -0.004 (0.014)
Gender, female -0.329 (0.250)
Body mass index, kg/m2 -0.086 (0.009) -0.084 (0.010)
T2DM duration, years -0.019 (0.320)
HbA,., % 0.400 (<0.001) 0.387 (<0.001)
eGFR -0.001 (0.899)

*Adjusted for BMI and baseline HbAlc.
eGFR: estimated glomerular filtration rate, HbAlc: hemoglobin Alc, T2DM, type 2 diabetes mellitus

https://doi.org/10.1371/journal.pone.0220667.t003
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infection. Totally, 15 patients (4.0%) experienced genital infection and 2 patients (0.5%) expe-
rienced urinary tract infection. Sixteen patients (4.3%) reported hypoglycaemia; however,
there was no severe hypoglycemic event requiring assistance or medical intervention. There
were no reports of hypersensitivity reaction, acute pancreatitis, diabetic ketoacidosis, or death.

Discussion

In the present study, we found that higher baseline HbA1c levels, better renal function, and
shorter T2DM duration were predictive markers for more effective lowering of glucose levels
using empagliflozin. In addition, the predictive clinical parameters for body weight reduction
were higher BMI and lower baseline HbA1c levels.

Previous studies have reported the clinical predictors of glycemic response to SGLT2 inhibi-
tors [11,13,16,17]. The amount of glucose excreted by SGLT?2 inhibitors increases as the
plasma glucose concentration increases, which explains why the glucose-lowering effect of an
SGLT?2 inhibitor was more powerful in patients with poor glycemic control [17,18].In a
phase-III trial comparing empagliflozin monotherapy with sitagliptin in T2DM patients,
greater decrease in HbAlc levels were observed in empagliflozin-treated patients with the
highest baseline HbA1c levels [11]. In a randomized controlled trial that evaluated the effects
of a combination of empagliflozin and linagliptin in T2DM patients, higher baseline HbA1lc
levels were predictive of the higher clinical efficacy of empagliflozin [13]. In a recent study in
Korea, T2DM patients with poor glucose control were more likely to benefit from treatment
with the SGLT2 inhibitor dapagliflozin [16]. Another retrospective study in Japan also
reported that high baseline HbA1c levels were an independent predictor of the glucose-lower-
ing effect of SGLT2-inhibitor therapy [17]. Consistent with previous studies, our findings
showed that the reduction in HbA1c levels in patients taking empagliflozin was associated
with high baseline HbAlc levels.

The glucose-lowering effect of SGLT2 inhibitors is due to their glucosuric effect in the kid-
neys, where SGLT?2 is extracellularly inhibited in the lumen of the proximal tubule when the
SGLT?2 inhibitors are filtered by the glomerulus [19]. Compared with placebo, SGLT2 inhibi-
tors did not improve the glycemic control in patients with moderate renal impairment [20].
Therefore, it can be speculated that SGLT2 inhibitors are only effective in individuals with
healthy renal function. In fact, the Korean and Japanese studies mentioned above both found
that good renal function was another independent predictive marker for better glycemic
response to SGLT?2 inhibitors [16,17]. Our findings add further evidence that good renal func-
tion can act as a predictive marker for better responses to empagliflozin therapy.

Moreover, our findings-which indicated that shorter T2DM duration is a predictor of bet-
ter glycemic responses to empagliflozin-is in agreement with those of previous studies. An
ASSIGN-K study found that SGLT?2 inhibitors were more effective in patients with a shorter
duration of diabetes and in those with high baseline HbA1c levels [21]. As explained in
ASSIGN-K study, one possible explanation for this is that the efficacy of SGLT2 inhibitors may
be reduced in patients with a longer disease duration due to the upregulation of SGLT?2 expres-
sion or the elevation of the renal glucose threshold [21]. Further studies are needed to identify
the predictive role and underlying mechanisms of disease duration on the effect of SGLT2
inhibitors in T2DM patients.

The prevalence of diabetes mellitus is increasing worldwide, reaching epidemic proportions
due to the rising levels of obesity [22]. The mean BMI of Korean diabetic patients is gradually
increasing, and recent studies have found that half of the patients in Korea with diabetes are
obese [1,2]. In this vein, SGLT2 inhibitors are a promising therapeutic option as the use of
these inhibitors can result in weight loss in addition to better glycemic control [23]. We found
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that empagliflozin was associated with weight loss in T2DM patients, with an average body
weight reduction of 2.0 + 2.7 kg from baseline levels. We also found that patients with a higher
baseline BMI lost more weight within the observation period (Fig 2B), although baseline BMI
was not associated with better glycemic control (Fig 1B). In addition, there was no significant
correlation between decrease in HbAlc and decrease in body weight among patients taking
empagliflozin (S3 Fig). These findings were in agreement with those of previous studies, which
used the SGLT?2 inhibitor dapagliflozin [16]. Baseline BMI was not significantly associated
with glycemic improvement by dapagliflozin. Additionally, no significant correlation was
observed between dapagliflozin’s glucose-lowering effects and loss of body weight. This study
suggested that compensatory hyperphagia in obese patients could be a possible explanation for
this observation [16]. The overexpression or overactivation of SGLT2 in obese T2DM patients
could be another possible explanation for the variations in the effectiveness of SGLT?2 inhibi-
tors [16].

Another important finding from our study is that higher baseline HbA1c levels were associ-
ated with less weight reduction (Fig 2C). One possible explanation for this is that insulin resis-
tance may affect the patient’s response to empagliflozin therapy. Interestingly, while the
difference was not statistically significant, HOMA-IR levels tended to be higher in the HbAlc
responder group and lower in the body weight responder group (S1 and S2 Tables). Therefore,
it is possible that severe insulin resistance is related to better glycemic control and a reduction
in the rate of weight loss in patients taking empagliflozin. However, as the HOMA-IR data of
several study participants were unavailable, further studies are needed to elucidate the role of
HOMA-IR on the effectiveness of SGLT2 inhibitors.

This study has several limitations. First, this was a retrospective study without a placebo
group. Second, only Korean patients were included in this study. Third, patients’ lifestyles includ-
ing diet and exercise were not monitored. Fourth, the content of the meal to measure postprandial
plasma glucose levels has not been standardized. Lastly, the follow-up period was relatively short;
therefore, we could not assess the long-term effects of empagliflozin treatment. Despite these limi-
tations, we have revealed indicators of glycaemic responses and weight loss with empagliflozin
treatment. Our finding could suggest some guidance on prescribing empagliflozin to T2DM
patients for clinicians. Furthermore, this retrospective observational study used data based on
practice in a real-world clinical setting, which is meaningful in a clinical aspect.

Conclusion

In summary, the present study revealed that the glucose-lowering effect of empagliflozin was
more evident in T2DM patients with higher baseline HbAlc levels, better renal function, and
shorter T2DM duration. In addition, a higher BMI and lower baseline HbA1c levels were pre-
dictive clinical parameters of body weight reduction in patients treated with empagliflozin.

Supporting information

S1 Fig. Subgroup analyses of the changes in glycated hemoglobin (HbA1c) levels according to
age, body mass index, initial HbA Ic, estimated glomerular filtration, and diabetes mellitus
duration in empagliflozin (EMPA) 10mg users (A-E) and EMPA 25mg users (F-J).

(TIF)

S2 Fig. Subgroup analyses for changes in body weight (kg) according to age, body mass index,
initial HbAlc, estimated glomerular filtration, and diabetes mellitus duration in empagliflozin
(EMPA) 10mg users (A-E) and EMPA 25mg users (F-J).

(TTF)
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S3 Fig. Correlation analysis of changes in HbA1lc and body weight.
(TIF)

S1 Table. Multiple regression analysis for changes in HbAlc levels in empagliflozin (EMPA)
10mg users (A) and EMPA 25mg users (B).
(DOCX)

S2 Table. Baseline characteristics of the study participants according to empagliflozin
response. A responder was defined as a patient with an HbA1c reduction > 10% of baseline
HbAIc levels. Data are presented as mean + standard deviation or as n (%).

(DOCX)

$3 Table. Multiple regression analyses for changes in body weight in patients in empagliflozin
(EMPA) 10mg users (A) and EMPA 25mg users (B).
(DOCX)

S4 Table. Baseline characteristics of the study participants according to empagliflozin
response. A responder was defined as those patients exhibiting a body weight reduction
of > 3% their baseline body weight. Data are presented as mean + standard deviation or as n
(%).

(DOCX)

S5 Table. Summary of adverse events during study period.
(DOCX)

Author Contributions
Conceptualization: Yun Kyung Cho, Woo Je Lee.
Data curation: Yun Kyung Cho, Jiwoo Lee.
Formal analysis: Yun Kyung Cho.

Investigation: Yun Kyung Cho, Jiwoo Lee, Chang Hee Jung.
Methodology: Yun Kyung Cho.

Software: Yun Kyung Cho.

Supervision: Joong-Yeol Park, Woo Je Lee.
Validation: Yun Kyung Cho, Chang Hee Jung.
Visualization: Yun Kyung Cho.

Writing - original draft: Yun Kyung Cho.

Writing - review & editing: Yu Mi Kang, Jee Hee Yoo, Joong-Yeol Park, Chang Hee Jung,
Woo Je Lee.

References

1.  Korean Diabetes Association. Diabetes fact sheet in Korea 2018 [cited 16 April 2019]. Available from:
http://www.diabetes.or.kr/bbs/skin/dianews/download.php?code=admin&number=1859.

2. Korean Society for the Study of Obesity. 2017 obesity fact sheet [cited 16 April 2019]. Available from:
http://general.kosso.or.kr/html/user/core/view/reaction/main/kosso/inc/data/2017_Obesity_Fact_
Sheet.pdf.

3. American Diabetes Association. 6. glycemic targets: standards of medical care in diabetes-2018. Dia-
betes Care. 2018; 41: S55-S64. https://doi.org/10.2337/dc18-S006 PMID: 29222377

PLOS ONE | https://doi.org/10.1371/journal.pone.0220667  August 1,2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0220667.s008
http://www.diabetes.or.kr/bbs/skin/dianews/download.php?code=admin&number=1859
http://general.kosso.or.kr/html/user/core/view/reaction/main/kosso/inc/data/2017_Obesity_Fact_Sheet.pdf
http://general.kosso.or.kr/html/user/core/view/reaction/main/kosso/inc/data/2017_Obesity_Fact_Sheet.pdf
https://doi.org/10.2337/dc18-S006
http://www.ncbi.nlm.nih.gov/pubmed/29222377
https://doi.org/10.1371/journal.pone.0220667

@ PLOS|ONE

Predictors for efficacy of empagliflozin

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Chao EC, Henry RR. SGLT2 inhibition: a novel strategy for diabetes treatment. Nat Rev Drug Discov.
2010; 9: 551-559. https://doi.org/10.1038/nrd3180 PMID: 20508640

Ko SH, Hur KY, Rhee SY, Kim NH, Moon MK, Park SO, et al. Antihyperglycemic agent therapy for adult
patients with type 2 diabetes mellitus 2017: a position statement of the Korean diabetes association.
Diabetes Metab J. 2017; 41: 337-348. https://doi.org/10.4093/dm;j.2017.41.5.337 PMID: 29086531

Vasilakou D, Karagiannis T, Athanasiadou E, Mainou M, Liakos A, Bekiari E, et al. Sodium-glucose
cotransporter 2 inhibitors for type 2 diabetes: a systematic review and meta-analysis. Ann Intern Med.
2013; 159: 262—-274. https://doi.org/10.7326/0003-4819-159-4-201308200-00007 PMID: 24026259

LiJd,Gong VY, LiC,LuY, LiuY, Shao Y. Long-term efficacy and safety of sodium-glucose cotransporter-
2 inhibitors as add-on to metformin treatment in the management of type 2 diabetes mellitus: a meta-
analysis. Medicine (Baltimore). 2017; 96: €7201. hitps://doi.org/10.1097/MD.0000000000007201
PMID: 28682870

Grempler R, Thomas L, Eckhardt M, Himmelsbach F, Sauer A, Sharp DE, et al. Empagliflozin, a novel
selective sodium glucose cotransporter-2 (SGLT-2) inhibitor: characterisation and comparison with
other SGLT-2 inhibitors. Diabetes Obes Metab. 2012; 14: 83-90. https://doi.org/10.1111/j.1463-1326.
2011.01517.x PMID: 21985634

Haring HU, Merker L, Seewaldt-Becker E, Weimer M, Meinicke T, Woerle HJ, et al. Empagliflozin as
add-on to metformin plus sulfonylurea in patients with type 2 diabetes: a 24-week, randomized, double-
blind, placebo-controlled trial. Diabetes Care. 2013; 36: 3396—3404. https://doi.org/10.2337/dc12-2673
PMID: 23963895

Kovacs CS, Seshiah V, Swallow R, Jones R, Rattunde H, Woerle HJ, et al. Empagliflozin improves gly-
caemic and weight control as add-on therapy to pioglitazone or pioglitazone plus metformin in patients
with type 2 diabetes: a 24-week, randomized, placebo-controlled trial. Diabetes Obes Metab. 2014; 16:
147-158. https://doi.org/10.1111/dom.12188 PMID: 23906415

Roden M, Weng J, Eilbracht J, Delafont B, Kim G, Woerle HJ, et al. Empagliflozin monotherapy with
sitagliptin as an active comparator in patients with type 2 diabetes: a randomised, double-blind, pla-
cebo-controlled, phase 3 trial. Lancet Diabetes Endocrinol. 2013; 1: 208-219. https://doi.org/10.1016/
S$2213-8587(13)70084-6 PMID: 24622369

Haring HU, Merker L, Seewaldt-Becker E, Weimer M, Meinicke T, Broedl UC, et al. Empagliflozin as
add-on to metformin in patients with type 2 diabetes: a 24-week, randomized, double-blind, placebo-
controlled trial. Diabetes Care. 2014; 37: 1650-1659. https://doi.org/10.2337/dc13-2105 PMID:
24722494

DeFronzo RA, Lewin A, Patel S, Liu D, Kaste R, Woerle HJ, et al. Combination of empagliflozin and lina-
gliptin as second-line therapy in subjects with type 2 diabetes inadequately controlled on metformin.
Diabetes Care. 2015; 38: 384—393. https://doi.org/10.2337/dc14-2364 PMID: 25583754

Zanoli L, Granata A, Lentini P, Rastelli S, Fatuzzo P, Rapisarda F, et al. Sodium-glucose linked trans-
porter-2 inhibitors in chronic kidney disease. ScientificWorldJournal. 2015; 2015: 317507. https://doi.
org/10.1155/2015/317507 PMID: 25785281

Zhang L, Feng Y, List J, Kasichayanula S, Pfister M. Dapagliflozin treatment in patients with different
stages of type 2 diabetes mellitus: effects on glycaemic control and body weight. Diabetes Obes Metab.
2010; 12: 510-516. hitps://doi.org/10.1111/j.1463-1326.2010.01216.x PMID: 20518806

Lee JY, Kim G, Kim SR, Lee YH, Lee BW, Cha BS, et al. Clinical parameters affecting dapagliflozin
response in patients with type 2 diabetes. Diabetes Metab. 2017; 43: 191-194. https://doi.org/10.1016/
j.diabet.2016.11.005 PMID: 28089373

Yagi S, Aihara Kl, Kondo T, Kurahashi K, Yoshida S, Endo |, et al. Predictors for the treatment effect of
sodium glucose co-transporter 2 inhibitors in patients with type 2 diabetes mellitus. Adv Ther. 2018; 35:
124-134. https://doi.org/10.1007/s12325-017-0639-z PMID: 29185199

Abdul-Ghani MA, DeFronzo RA, Norton L. Novel hypothesis to explain why SGLT2 inhibitors inhibit
only 30-50% of filtered glucose load in humans. Diabetes. 2013; 62: 3324-3328. https://doi.org/10.
2337/db13-0604 PMID: 24065789

Kalra S. Sodium Glucose Co-Transporter-2 (SGLT2) Inhibitors: a review of their basic and clinical phar-
macology. Diabetes Ther. 2014; 5: 355-366. https://doi.org/10.1007/s13300-014-0089-4 PMID:
25424969

Kohan DE, Fioretto P, Tang W, List JF. Long-term study of patients with type 2 diabetes and moderate
renal impairment shows that dapagliflozin reduces weight and blood pressure but does not improve gly-
cemic control. Kidney Int. 2014; 85: 962—-971. https://doi.org/10.1038/ki.2013.356 PMID: 24067431

lemitsu K, lizuka T, Takihata M, Takai M, Nakajima S, Minami N, et al. Factors influencing changes in
hemoglobin A1c and body weight during treatment of type 2 diabetes with ipragliflozin: interim analysis
of the ASSIGN-K study. J Clin Med Res. 2016; 8: 373-378. https://doi.org/10.14740/jocmr2492w
PMID: 27081422

PLOS ONE | https://doi.org/10.1371/journal.pone.0220667  August 1,2019 11/12


https://doi.org/10.1038/nrd3180
http://www.ncbi.nlm.nih.gov/pubmed/20508640
https://doi.org/10.4093/dmj.2017.41.5.337
http://www.ncbi.nlm.nih.gov/pubmed/29086531
https://doi.org/10.7326/0003-4819-159-4-201308200-00007
http://www.ncbi.nlm.nih.gov/pubmed/24026259
https://doi.org/10.1097/MD.0000000000007201
http://www.ncbi.nlm.nih.gov/pubmed/28682870
https://doi.org/10.1111/j.1463-1326.2011.01517.x
https://doi.org/10.1111/j.1463-1326.2011.01517.x
http://www.ncbi.nlm.nih.gov/pubmed/21985634
https://doi.org/10.2337/dc12-2673
http://www.ncbi.nlm.nih.gov/pubmed/23963895
https://doi.org/10.1111/dom.12188
http://www.ncbi.nlm.nih.gov/pubmed/23906415
https://doi.org/10.1016/S2213-8587(13)70084-6
https://doi.org/10.1016/S2213-8587(13)70084-6
http://www.ncbi.nlm.nih.gov/pubmed/24622369
https://doi.org/10.2337/dc13-2105
http://www.ncbi.nlm.nih.gov/pubmed/24722494
https://doi.org/10.2337/dc14-2364
http://www.ncbi.nlm.nih.gov/pubmed/25583754
https://doi.org/10.1155/2015/317507
https://doi.org/10.1155/2015/317507
http://www.ncbi.nlm.nih.gov/pubmed/25785281
https://doi.org/10.1111/j.1463-1326.2010.01216.x
http://www.ncbi.nlm.nih.gov/pubmed/20518806
https://doi.org/10.1016/j.diabet.2016.11.005
https://doi.org/10.1016/j.diabet.2016.11.005
http://www.ncbi.nlm.nih.gov/pubmed/28089373
https://doi.org/10.1007/s12325-017-0639-z
http://www.ncbi.nlm.nih.gov/pubmed/29185199
https://doi.org/10.2337/db13-0604
https://doi.org/10.2337/db13-0604
http://www.ncbi.nlm.nih.gov/pubmed/24065789
https://doi.org/10.1007/s13300-014-0089-4
http://www.ncbi.nlm.nih.gov/pubmed/25424969
https://doi.org/10.1038/ki.2013.356
http://www.ncbi.nlm.nih.gov/pubmed/24067431
https://doi.org/10.14740/jocmr2492w
http://www.ncbi.nlm.nih.gov/pubmed/27081422
https://doi.org/10.1371/journal.pone.0220667

@ PLOS | O N E Predictors for efficacy of empagliflozin

22, N.C.D. Risk Factor Collaboration. Trends in adult body-mass index in 200 countries from 1975 to
2014: a pooled analysis of 1698 population-based measurement studies with 19.2 million participants.
Lancet. 2016; 387: 1377-1396. https://doi.org/10.1016/S0140-6736(16)30054-X PMID: 27115820

23. LeePC, Ganguly S, Goh SY. Weight loss associated with sodium-glucose cotransporter-2 inhibition: a
review of evidence and underlying mechanisms. Obes Rev. 2018; 19: 1630-1641. https://doi.org/10.
1111/0br.12755 PMID: 30253050

PLOS ONE | https://doi.org/10.1371/journal.pone.0220667  August 1,2019 12/12


https://doi.org/10.1016/S0140-6736(16)30054-X
http://www.ncbi.nlm.nih.gov/pubmed/27115820
https://doi.org/10.1111/obr.12755
https://doi.org/10.1111/obr.12755
http://www.ncbi.nlm.nih.gov/pubmed/30253050
https://doi.org/10.1371/journal.pone.0220667

