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Background: Thiazolidinediones (TZDs) have been associated with various safety concerns including weight gain, bladder can-
cer, and congestive heart failure (CHF). This study evaluated the efficacy and safety of lobeglitazone, a novel TZD in patients with 
type 2 diabetes mellitus (T2DM) in real practice.
Methods: In this non-interventional, multi-center, retrospective, and observational study conducted at 15 tertiary or secondary 
referral hospitals in Korea, a total of 2,228 patients with T2DM who received lobeglitazone 0.5 mg for more than 1 year were en-
rolled.
Results: Overall adverse events (AEs) occurred in 381 patients (17.10%) including edema in 1.97% (n=44). Cerebrovascular and 
cardiovascular diseases were identified in 0.81% (n=18) and 0.81% (n=18), respectively. One case of CHF was reported as an AE. 
Edema occurred in 1.97% (n=44) of patients. Hypoglycemia occurred in 2.47% (n=55) of patients. Fracture occurred in 1.17% 
(n=26) of all patients. Lobeglitazone significantly decreased HbA1c level, resulting in a mean treatment difference of –1.05%± 
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1.35% (P<0.001), and decreased total cholesterol, triglyceride, and low-density lipoprotein cholesterol. However, it increased 
high-density lipoprotein cholesterol, regardless of statin administration. The patients who received lobeglitazone 0.5 mg showed 
an apparent reduction in glycosylated hemoglobin (HbA1c) from baseline during the first 6 months of treatment. The HbA1c lev-
els remained stable between months 6 and 42.
Conclusion: Lobeglitazone has long-term safety profile, good glycemic-lowering effect and long-term durability of glycemic con-
trol in real-world clinical settings.

Keywords: Diabetes mellitus, type 2; Lobeglitazone; Observational study; Thiazolidinediones

INTRODUCTION

Lobeglitazone (trade name, Duvie, Chong Kun Dang Pharma-
ceutical Corporation, Seoul, Korea) is a novel thiazolidinedi-
one (TZD). TZD-based drugs improve insulin resistance by 
regulating the activity of genes involved in glucose and lipid 
metabolism by stimulating peroxisome proliferator-activated 
receptor-γ (PPARγ) receptors [1]. Lobeglitazone increases cell 
response to insulin without increasing insulin secretion in the 
pancreas. Therefore, the burden on the pancreas is less than 
that in other anti-diabetic treatments that increase insulin se-
cretion. In addition, it is reported to be effective in protecting 
pancreatic β-cells [2,3]. Furthermore, TZD exhibit cardiopro-
tective effects by increasing the secretion of adiponectin [4], 
expanding blood vessels [5], and alleviating inflammation 
[5,6]. It is also involved in lipid metabolism, which is known to 
lower small-dense low-density lipoprotein cholesterol (LDL-
C) [7].

Lobeglitazone clinical trials were conducted in Korean type 
2 diabetes mellitus (T2DM) atients for 6 months to up to 12 
months [8,9], and the efficacy and safety results of lobegli-
tazone are relatively limited. In pre-marketing clinical trials, a 
controlled group of patients was enrolled but elderly or pa-
tients taking concomitant drugs were excluded to minimize 
other possible effects in determining the efficacy and safety of 
the drug. Consequently, in real clinical practice, unforeseen 
events not detected in the pre-marketing stage may occur be-
cause of the extensive and longer duration of treatment involv-
ing a variety of patients with various underlying conditions 
and diseases. Therefore, an ongoing safety assessment under 
real-world settings is needed. TZD use has been associated 
with the risk of congestive heart failure (CHF), fractures, blad-
der cancer (long-term use), edema, and weight gain [1,10-12]. 
Treatment with lobeglitazone has been shown to be safer than 
other TZDs in patients with bladder cancer and bone fractures 

[8]. However, currently, there is a lack of large-scale, long-term 
safety and efficacy data of lobeglitazone in Korea. This is a non-
interventional, multi-centered, retrospective and observational 
study designed to evaluate the efficacy and safety of lobegli-
tazone in patients with T2DM in real world. 

METHODS

Subjects and study design
This non-interventional multi-center observational study 
(Retrospective study to Evaluate the Safety of DuvieR in Korean 
Patients with Type 2 Diabetes Mellitus [DISCOVERY] study) 
was conducted at 15 tertiary or secondary referral hospitals in 
Korea. A total of 2,228 patients with T2DM who received lobe-
glitazone 0.5 mg for more than one year between February 1, 
2014 and December 20, 2018 were enrolled. The subjects’ data 
was collected from anonymized medical records in a clinical 
setting during the study period, and were recorded in the elec-
tronic case report form (eCRF) at the discretion of the re-
searcher. The study protocol was registered at ClinicalTrials.
gov (registration number NCT05043467).

Study assessments
In brief, the survey items covered baseline demographic char-
acteristics such as age, sex, height, body weight, body mass in-
dex (BMI), duration of diabetes, diabetic complications, medi-
cal history, lobeglitazone administration information (total 
treatment period, start and end date of administration, reason 
for discontinuation of lobeglitazone), and concomitant medi-
cation (type and dose). 

Safety assessment items included the incidence of major ad-
verse events (AEs) and any AEs that occurred during the lobe-
glitazone therapy. Major AEs were: edema, weight gain, frac-
tures, bladder cancer, anemia, hypoglycemia, macular edema, 
cardiac death, myocardial infarction, stroke, transient ischemic 
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attack, coronary arterial occlusion, and CHF. AEs including 
blood pressure change, increased liver enzymes (>3×), and 
dizziness were also identified. 

To assess the efficacy of lobeglitazone 0.5 mg, changes in gly-
cosylated hemoglobin (HbA1c) and glucose levels, and lipid 
parameters (total cholesterol, triglyceride, LDL-C, and high-
density lipoprotein cholesterol [HDL-C]) at 3, 6, 12, 18, 24, 36, 
42, and 48 months after administration were identified.

Ethics statement
This study proposal was approved by the Institutional Review 
Boards (IRBs) of each study center listed below: Soonchunhy-
ang University Bucheon Hospital IRB (2020-02-025), Yeouido 
St. Mary's Hospital IRB, Konkuk University Hospital IRB, Inje 
University Ilsan Paik Hospital IRB, Kangbuk Samsung Hospi-
tal IRB, Soonchunhyang University Seoul Hospital IRB, Inje 
University Sanggye Paik Hospital IRB, Hallym University 
Kangnam Sacred Heart Hospital IRB, Wonju Severance Chris-
tian Hospital IRB, Myongji Hospital IRB, Seoul National Uni-
versity Bundang Hospital IRB, Soonchunhyang University 
Cheonan Hospital IRB, Kyung Hee University Hospital IRB, 
Ajou University Hospital IRB, and Bucheon St Mary's Hospital 
IRB. Written informed consent by the patients was waived due 
to a retrospective nature of our study.

Statistical analysis
Statistical methods
Safety analysis involved all patients who received at least one 
dose of lobeglitazone and at least one post-safety follow-up. Ef-
ficacy analysis involved patients who were naïve to lobegli-
tazone or lobeglitazone add-on therapy.

Data management and statistical analyses were performed 
using SAS version 9.4 (SAS Institute, Cary, NC, USA). The pa-
tient characteristics are summarized and tabulated. Data are 
presented as mean±standard deviation (SD) for continuous 
variables, whereas the categorical variables are expressed as 
percentages of patients and number of events. Since the data 
were not normally distributed, a Wilcoxon signed-rank sum 
test was performed to evaluate changes in laboratory variables 
from baseline to follow-up. All tests were two-sided and per-
formed at 5% level of significance.

Sample size
According to the retrospective study of Rajagopalan et al. [10], 
the frequencies of CHF and related hospitalization were 2.0% 

and 0.7%, respectively. Based on the rates of hospitalization 
due to CHF, the sample size needed was at least 2,180 to detect 
a rare serious AE assuming a rate of 0.7% at a fraction of 50% 
and a two-sided significance level of 0.05. 

RESULTS

Patient characteristics
The baseline characteristics of study participants in the safety 
set are presented in Table 1. The safety analysis set included to-
tal patients (n=2,228), and the efficacy analysis set involved 
drug-naïve patients at the baseline and following the addition 
of only lobeglitazone without changing other anti-diabetic 
agents (n=1,651). Among patients in the safety analysis set, 
the mean age was 64.07±11.53 years, and males constituted 
61.18%. The mean duration of diabetes was 13.01±8.07 years. 
The mean BMI was 25.09±3.50 kg/m2. In terms of diabetic 
treatment status, 264 patients (11.85%) in the safety analysis 
set were drug-naïve and 1,964 patients (88.15%) were exposed 
to concomitant anti-diabetic medications, which mainly in-
cluded metformin (n=1,557, 69.88%), dipeptidyl peptidase-4 
inhibitor (n =1,379, 61.89%), sulfonylurea (SU; n =912, 
40.93%), sodium glucose cotransporter-2 inhibitor (n=42, 
1.89%), and insulin (n=228, 10.23%). Mean duration of lobeg-
litazone treatment was 28.59±9.84 months in the safety analy-
sis set.

Safety
The safety analysis set included 2,228 patients. The results of 
weight gain after taking lobeglitazone 0.5 mg are presented in 
Table 2. The mean weight change was 2.11±3.85 kg (3.29%± 
5.85%). The percentage of the study participants with weight 
gain exceeding 5% compared to baseline was 16.83% in the 
safety analysis set. The percentage of patients who gained 
weight did not vary with age. Overall, AEs occurred 381 pa-
tients (17.10%) (Table 3). AEs of special interest are listed in 
Table 3. Of these AEs, edema was detected in 1.97% (n=44). In 
this study, edema was observed more frequently in females 
than in males (n=29 [1.30%] vs. n=15 [0.67%], respectively). 
Cerebrovascular and cardiovascular diseases occurred in 
0.81% (n=18) and 0.81% (n=18), respectively. One case of 
CHF was reported as an AE. Hypoglycemia occurred in 2.47% 
(n=55) patients. Insulin or SU was used to treat hypoglycemia 
in 87.27% of patients. Fractures occurred in 1.17% (n=26) of 
all patients. Of these, 61.54% were female and the number of 
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Table 1. Baseline characteristics

Variable Safety set 
(n=2,228)

Efficacy set 
(n=1,651)

Sex
   Male 1,363 (61.18) 1,025 (62.08)
   Female 865 (38.82) 626 (37.92)
Age, yr 64.07±11.53 63.94±11.34
Age groups, yr
   <20 1 (0.04) 1 (0.06)
   ≥20 to <30 11 (0.49) 7 (0.42)
   ≥30 to <40 33 (1.48) 18 (1.09)
   ≥40 to <50 186 (8.35) 148 (8.96)
   ≥50 to <60 524 (23.52) 392 (23.74)
   ≥60 to <70 738 (33.12) 555 (33.62)
   ≥70 to <80 531 (23.83) 382 (23.14)
   ≥80 to <90 192 (8.62) 140 (8.48)
   ≥90 12 (0.54) 8 (0.48)
Duration of diabetes, yr 13.01±8.07 12.87±7.98
Weight, kg 67.02±11.78a 67.70±11.27b

BMI, kg/m2 25.09±3.50c 25.25±3.38d

BMI groups, kg/m2 
   <18.5 20 (1.47) 11 (1.14)
   ≥18.5 to <22.0 225 (16.56) 137 (14.15)
   ≥22.0 to <25.0 463 (34.07) 331 (34.19)
   ≥25.0 to <30.0 534 (39.29) 406 (41.95)
   ≥30.0 117 (8.61) 83 (8.57)
Prescribed antidiabetic drugs
   No (Naïve) 264 (11.85) 264 (15.99)
   Yes 1,964 (88.15) 1,387 (84.01)
      No. of prescribed antidiabetic drugs
         Single class 384 (17.24) 226 (13.69)
         Double classes 894 (40.12) 733 (44.40)
         Triple classes 642 (28.82) 410 (24.83)
         Quadruple classes 43 (1.93) 18 (1.09)
         Quintuple classes 1 (0.04) -
      Types of prescribed antidiabetic drugs
         DPP-4 inhibitors 1,379 (61.89) 1,053 (63.78)
         GLP-1 receptor agonist 5 (0.22) 2 (0.12)
         Insulin 228 (10.23) 128 (7.75)
         Meglitinides 18 (0.81) 10 (0.61)
         Metformin 1,557 (69.88) 1,130 (68.44)
         Pioglitazone 92 (4.13) 16 (0.97)
         Sulfonylurea 912 (40.93) 622 (37.67)
         SGLT-2 inhibitor 42 (1.89) 16 (0.97)
         α-Glucosidase inhibitor 42 (1.89) 17 (1.03)

Table 1. Continued

Variable Safety set 
(n=2,228)

Efficacy set 
(n=1,651)

History of diabetes complicationsg

   Diabetic foot 4 (0.18) [4] 3 (0.18) [3]
   Diabetic nephropathy 68 (3.05) [68] 44 (2.67) [44]
   Diabetic neuropathy 312 (14.00) [313] 219 (13.26) [220]
   Diabetic retinopathy 212 (9.52) [212] 161 (9.75) [161]
Liver functiong

   Aspartate aminotransferase 24.84±10.00e 24.67±8.69f

   Alanine aminotransferase 24.81±14.31e 26.58±15.19f

History of hepatobiliary 
disordersg,h

157 (7.05) [172] 125 (7.57) [133]

History of renal failure and  
impairmentg

157 (7.05) [160] 118 (7.15) [120]

   Acute kidney injury 5 (0.22) [5] 4 (0.24) [4]
   Chronic kidney disease 146 (6.55) [147] 109 (6.60) [109]
   End stage renal disease 2 (0.09) [2] 2 (0.12) [2]
   Renal failure 4 (0.18) [4] 4 (0.24) [4]
   Renal injury 1 (0.04) [1] 1 (0.06) [1]

Values are presented as mean±standard deviation or number (%) 
[number of events].
BMI, body mass index; DPP-4, dipeptidyl peptidase-4; GLP-1, gluca-
gon-like peptide-1; SGLT-2, sodium glucose cotransporter-2.
an=1,361, bn=970, cn=1,359, dn=968, en=94, fn=64, gBy system or-
gan class (MedDRA version 21.1 preferred term), hDefinition of hepa-
tobiliary disorders: alcoholic liver disease, autoimmune hepatitis, bile 
duct stenosis, bile duct stone, biliary colic, cholangitis, cholecystitis, 
cholecystitis acute, cholecystitis chronic, cholelithiasis, chronic hepa-
titis, cirrhosis alcoholic, fatty liver alcoholic, gallbladder polyp, hepat-
ic cirrhosis, hepatic function abnormal, hepatic steatosis, hepatitis, 
hepatitis alcoholic, hepatorenal syndrome, hepatotoxicity, jaundice, 
liver disorder, non-alcoholic fatty liver, non-alcoholic steatohepatitis, 
primary biliary cholangitis, steatohepatitis.

(Continued to the next)

fractures increased with age. Increases in aspartate amino-
transferase and alanine aminotransferase occurred in 0.22% 
(n=5) and 0.27% (n=6) of patients, respectively. No cases of 
jaundice were reported as an AE.

Efficacy
Effects of lobeglitazone on glucose and lipid parameters
The effects of lobeglitazone were analyzed in the efficacy analy-
sis set (n =1,651) and expressed as mean±SD changes in 
HbA1c, glucose, and lipid parameters from baseline until the 
end of treatment (Table 4). Lobeglitazone 0.5 mg significantly 
decreased HbA1c from the baseline level of 8.17%±1.36% to 
the final level at the end of study, 7.12%±1.13%, resulting in a 
mean treatment difference of –1.05%±1.35% (P<0.001). Glu-
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Table 3. Continued

(Continued to the next)

Table 2. Occurrence of weight change

Variable Safety set 
(n=2,228)

Weight change, kg 2.11±3.85a

Weight change, % 3.29±5.85a

BMI change, kg/m2 0.80±1.45b

BMI change, % 3.28±5.86b

Weight increased by more than 5% compared to baseline
   No 1,853 (83.17)
   Yes 375 (16.83)
      Weight change, kg 6.15±2.81
      Weight change, % 9.61±4.24
      BMI change, kg/m2 2.35±1.04c

      BMI change, % 9.62±4.25c

      Age, yr 64.62±11.41
      Age group, yrd

         <20 0 
         ≥20 to <30 2 (18.18)
         ≥30 to <40 5 (15.15)
         ≥40 to <50 30 (16.13)
         ≥50 to <60 76 (14.50)
         ≥60 to <70 131 (17.75)
         ≥70 to <80 96 (18.08)
         ≥80 to <90 34 (17.71)
         ≥90 1 (8.33)

Values are presented as mean±standard deviation or number (%).
BMI, body mass index.
an=1,141, bn=1,140, cn=374, dNumber of patients per age group cluster.

Table 3. Adverse event of special interest

Variable Safety set 
(n=2,228)

Any adverse event 381 (17.10) [623]
Aspartate aminotransferase increaseda 5 (0.22) [5]
Alanine aminotransferase increaseda 6 (0.27) [6]
Bronchitis 2 (0.09) [2]
Cancer
   Bladder cancer 0 (0.00) [0]
   Gastric cancer 1 (0.04) [1]
   Lung neoplasm malignant 1 (0.04) [1]
   Non-small cell lung cancer 1 (0.04) [1]
Cerebrovascular diseaseb 18 (0.81) [18]
Congestive heart failure 1 (0.04) [1]
Cardiovascular diseasec 18 (0.81) [19]
Constipation 9 (0.40) [9]
Diarrhea 4 (0.18) [4]

Variable Safety set 
(n=2,228)

Edemad 44 (1.97) [48]
   Sexa

      Male 15 (0.67) [16]
      Female 29 (1.30) [32]
Hypoglycemiae 55 (2.47) [63]
   Sex
      Male 30 (1.35)
      Female 25 (1.12)
      Age, yr 64.78±9.94
   Insulin or sulfonylurea administration at occurrence time
      No 7 (0.32)
      Yes 48 (2.15)
Fracturef 26 (1.17) [27]
   Sex
      Male 10 (0.45)
      Female 16 (0.72)
   Age, yr 72.11±11.92
   Age group, yrg

      <20 0 (0.00)
      ≥20 to <30 0 (0.00)
      ≥30 to <40 0 (0.00)
      ≥40 to <50 1 (0.54)
      ≥50 to <60 3 (0.57)
      ≥60 to <70 6 (0.81)
      ≥70 to <80 7 (1.32)
      ≥80 to <90 8 (4.17)
      ≥90 1 (8.33)
Jaundicea 0 (0.00) [0]
Proteinuria 2 (0.09) [2]
Pneumonia 0 (0.00) [0]
Rash 0 (0.00) [0]
Upper respiratory tract infection 5 (0.22) [5]
Urinary tract infection 4 (0.18) [4]
Vomiting 0 (0.00) [0]

Values are presented as number of patients (%) [number of events] or 
mean±standard deviation.
aBy system organ class (MedDRA version 21.1 preferred term), bDefini-
tion of cerebrovascular disease: carotid arteriosclerosis, carotid artery ste-
nosis, cerebral arteriosclerosis, cerebral artery stenosis, cerebral infarc-
tion, intracranial aneurysm, migraine, neurodegenerative disorder, syn-
cope, vascular dementia, cDefinition of cardiovascular disease: acute 
myocardial infarction, angina pectoris, angina unstable, atrial fibrillation, 
coronary artery disease, coronary artery occlusion, microvascular coro-
nary artery disease, myocardial infarction, tachycardia, dDefinition of 
edema: face oedema, generalised oedema, oedema, oedema peripheral, 
lymphoedema, periorbital oedema, eDefinition of hypoglycemia: hypo-
glycaemia, blood glucose decreased, fDefinition of fracture: ankle fracture, 
clavicle fracture, facial bones fracture, femoral neck fracture, femur frac-
ture, foot fracture, fracture, lumbar vertebral fracture, open fracture, pel-
vic fracture, radius fracture, rib fracture, spinal compression fracture, up-
per limb fracture, wrist fracture, osteoporotic fracture, pathological frac-
ture, gNumber of patients per age group cluster.
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cose was also improved at the end of treatment (mean treat-
ment difference –34.05±62.00 mg/dL, P<0.001). Treatment 
with lobeglitazone 0.5 mg significantly decreased the levels of 
total cholesterol, triglyceride, and LDL-C and increased HDL-
C, regardless of statin therapy (not administrated statin, all 
P<0.001) (Table 4).

Durability of glycemic control following lobeglitazone therapy
The durability of glycemic control was analyzed in 1,651 pa-
tients. Changes in HbA1c levels for 42 months in different 
groups are shown in Figs. 1 and 2. Patients who received lobe-
glitazone 0.5 mg (add-on group vs. drug naïve group) showed 
an apparent reduction in HbA1c from baseline during the first 
6 months of treatment (add-on, 8.1%±1.3% and 7.2%±1.2%, 
respectively; drug naïve, 8.5%±1.9% and 6.9%±1.2%, respec-

tively), and the HbA1c levels remained stable in both groups of 
patients between months 6 and 42 (Fig. 1). Fig. 2 showed 
change in HbA1c levels for 42 months in the three groups (the 
efficacy analysis set vs. maintenance of anti-diabetic medica-
tions vs. change of anti-diabetic medications). HbA1c levels at 
baseline, 6 and 42 months in the efficacy analysis set were 
8.2%±1.4%, 7.1%±1.2%, and 7.1%±1.2%, respectively and the 
HbA1c levels remained stable between months 6 and 42 (Fig. 
2). Treatment in anti-diabetic medications starting from the 
initial lobeglitazone remained unchanged until the final 
HbA1c test (maintenance group) in 81.0% (n=1,337) patients. 
In this group, HbA1c levels at baseline, 6 and 42 months in the 
efficacy analysis set were 8.1% ±1.4%, 7.0% ±1.1%, and 
6.8%±0.9%, respectively (Fig. 2). Glycemic control and long-
term durability were higher in the maintenance group follow-

Table 4. Effects on HbA1c, glucose, and lipid parameter variables

Variable
Efficacy set (n=1,651)

P valuea

No. (%) Mean±SD

HbA1c, %

   Baseline 1,386 (83.95) 8.17±1.36

   Follow-up 1,624 (98.36) 7.12±1.13

   Changes 1,368 (82.86) –1.05±1.35 <0.0001

   Changes, % 1,368 (82.86) –11.53±14.04 <0.0001

Glucose, mg/dL

   Baseline 1,243 (75.29) 174.71±58.13

   Follow-up 1,575 (95.40) 139.10±44.88

   Changes 1,211 (73.35) –34.05±62.00 <0.0001

   Changes, % 1,211 (73.35) –14.37±29.89 <0.0001

Changes by statin administered, mg/dL

    Not administeredb

        Total cholesterol 380 (23.02) –12.54±44.05 <0.0001

        Triglyceride 356 (21.56) –31.00±110.98 <0.0001

        LDL-C 324 (19.62) –9.49±33.00 <0.0001

        HDL-C 349 (21.14) 2.06±10.29 <0.0001

    Administeredc

        Total cholesterol 491 (29.74) –4.60±32.72 0.0257

        Triglyceride 491 (29.74) –27.10±83.42 <0.0001

        LDL-C 445 (26.95) –5.16±28.26 0.0008

        HDL-C 487 (29.50) 4.15±9.79 <0.0001

SD, standard deviation; HbA1c, glycosylated hemoglobin; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
terol.
aWilcoxon signed rank sum test, bNot administered statin from baseline to last follow-up lab test, cKept administering statin from baseline to last 
follow-up lab test.



Type 2 diabetes mellitus and lobeglitazone

861Diabetes Metab J 2022;46:855-865 https://e-dmj.org

ing treatment with anti-diabetic medications than in those 
who switched to other anti-diabetic medications (Fig. 2). 

DISCUSSION

In the present study, treatment with lobeglitazone 0.5 mg 
showed a good long-term safety profile. However, lobegli-
tazone treatment increased body weight by 2.11 kg (3.29%) 
and led to edema in 1.97% patients during the treatment. 
Lobeglitazone treatment improved glycemic control in pa-

tients with T2DM, and also significantly improved lipid pa-
rameters. In particular, lobeglitazone was associated with ex-
cellent long-term glycemic control. 

Previous TZDs were associated with various safety concerns 
including weight gain, bladder cancer, CHF, and so on [1,11,13-
18]. Both efficacy and safety are important in determining the 
clinical benefit of anti-diabetic agents. Weight gain and edema 
are well known AEs of TZDs. As previously stated, lobegli-
tazone treatment increased body weight by 2.11 kg (3.29%) 
and resulted in edema in 1.97% patients during the study peri-

Fig. 1. Changes in glycosylated hemoglobin (HbA1c, %) level during 42 months in the add-on and drug-naïve groups are shown. 
Values are presented as HbA1c mean (number of patients). 

Fig. 2. Comparative analysis of varying glycosylated hemoglobin (HbA1c, %) levels during 42 months in different groups (effica-
cy set total vs. antidiabetic drug maintenance vs. antidiabetic drug change). Values are presented as HbA1c mean (number of pa-
tients). 
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od. Lobeglitazone treatment increased body weight by 0.89 
and 1.65 kg at 24 and 52 weeks, respectively, in previous effica-
cy and safety trials of lobeglitazone monotherapy [8,9]. In a 
meta-analysis, pioglitazone therapy led to a weight gain of 1.76 
kg [19]. Compared with previous studies of lobeglitazone and 
pioglitazone, the present real-world study revealed a higher 
body weight gain, plausibly due to the effects of other concom-
itant therapies such as SU and insulin, and also the real-world, 
retrospective design and long-term treatment duration. 

Overall, AEs occurred in 17.10% of patients in this study. 
Cerebrovascular and cardiovascular diseases were found in 
0.81% and 0.81%, respectively. Lobeglitazone is associated with 
a very low risk of cerebrovascular and cardiovascular disease 
in this study. Only a single case of CHF was reported as an AE 
despite long-term observation of a large number of patients. 
The findings suggest that clinicians do not need to desist from 
prescribing lobeglitazone due to the risk of CHF in patients 
with T2DM. Edema was detected in 1.97% of patients. In this 
study, edema was observed more frequently in females than in 
males (1.30% vs. 0.67%, respectively). Edema is already known 
to be related to TZDs, and it may result from a reduction in the 
renal excretion of sodium along with an increase in sodium 
and free water retention [20]. Other possible mechanisms for 
edema include increased sympathetic nervous system activity, 
altered interstitial ion transport, and alterations in endothelial 
permeability [21-23]. In the results of a previous study, more 
female patients and more insulin users developed TZD-related 
fluid retention [20]. Hypoglycemia occurred in 2.47% of all 
patients, but it occurred in 87.27% of those exposed to add-on 
therapy comprising insulin or SU, suggesting the hypoglyce-
mic effects of concomitant anti-diabetic therapies. 

TZD, a PPARγ agonist, promotes adipogenesis, and inhibits 
osteoblastogenesis, and its long-term use is associated with im-
paired bone quality and an increased risk of bone fracture [24-
26]. In this study, fractures were reported in 1.17% patients. 
Although 61.18% of total patients were male, 61.54% of frac-
tures occurred in females and the incidence of fracture in-
creased with age. Compared with clinical studies involving 
other TZDs [12,27], lobeglitazone showed lower risk of bone 
fracture (1.17%) than those of other TZDs. Lobeglitazone 
monotherapy did not significantly alter femur neck and total 
hip bone mineral density (BMD) compared with placebo [8,9]. 
Lim et al. [28] evaluated the effects of a 52-week treatment 
with lobeglitazone 0.5 mg on BMD as a primary end point. 
The study showed that treatment with lobeglitazone 0.5 mg 

over 52 weeks was not detrimental to BMD compared with 
placebo.

Compared with rosiglitazone or pioglitazone, a novel TZD 
such as lobeglitazone requires lower doses for glycemic control 
[29]. Lobeglitazone also affected adipocyte biology in a previ-
ous study [30]. Further, in a previous animal study, lobegli-
tazone had no detrimental effects on osteoblast biology [31]. 
Therefore, the lower dose and the distinct effect of lobegli-
tazone on adipocyte biology may contribute to a reduced risk 
of bone fracture.

A few observational studies have reported that TZD increas-
es the risk of bladder cancer [11,15,18]. No cases of bladder 
cancer have been reported in our study. Based on previous 
preclinical studies [32,33], lobeglitazone does not increase the 
risk of bladder cancer. Because lobeglitazone shows a lower ef-
fective dose—due to its higher affinity to PPARγ—and as it is 
mainly metabolized by the liver with negligible renal excretion, 
lobeglitazone may have a lower risk of bladder cancer than 
other TZDs [34,35]. However, this study cannot confirm the 
safety of lobeglitazone on bladder cancer, underscoring the 
need for a further large prospective study to investigate the 
risk. 

In this study, lobeglitazone showed an apparent reduction in 
HbA1c from baseline during the first 6 months of treatment 
(add-on, 8.1%±1.3% and 7.2%±1.2%, respectively; drug na-
ïve, 8.5%±1.9% and 6.9%±1.2%, respectively). Further, the 
HbA1c levels remained stable in patients in both groups by 
month 42. These results suggest glycemic efficacy and long-
term durability of lobeglitazone. No change in anti-diabetic 
medications was required in 81.0% of all patients who were 
treated with upfront lobeglitazone until the final HbA1c test. 
Glycemic control and long-term durability were better in the 
maintenance group exposed to anti-diabetic medications. 
Maintenance therapy without changing anti-diabetic agents 
implies strong long-term durability in glycemic control. In a 
previous study investigating the role of different anti-diabetic 
agents as add-on treatments to metformin in patients with 
T2DM, the addition of a TZD to metformin yielded the most 
durable glycemic response [36]. Lobeglitazone, a novel PPARγ 
agonist, was based on a modification of the rosiglitazone struc-
ture to introduce a p-methoxyphenoxy group at the 4-position 
of the pyrimidine moiety [34,37]. This contributes to the en-
hanced binding affinity of lobeglitazone for PPARγ; docking 
analysis suggests that the binding affinity of lobeglitazone is 12 
times higher than those of rosiglitazone and pioglitazone 
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[34,38]. TZDs represent peripheral insulin sensitizers [1], but 
lobeglitazone showed beneficial effects on pancreatic β-cell 
survival and function in an animal study [2]. These factors may 
affect the long-term durability of glycemic control with lobegl-
itazone. Treatment with lobeglitazone also improved lipid pa-
rameters in this study consistent with other clinical studies of 
lobeglitazone [8,9,39].

This study has several limitations. First, the mean age of par-
ticipants in this study was 64.07±11.53 years, and the propor-
tion of young patients was extremely low. Further, the mean 
diabetic duration of participants was relatively long. These lim-
itations may affect the study results. In a previous Korean 
study, young adults with diabetes were more likely to manifest 
higher insulin resistance [40]. Second, as this study enrolled 
patients who had received lobeglitazone 0.5 mg for more than 
1 year between February 1, 2014 and December 20, 2018, there 
were no data on patients who were excluded due to AE or lack 
of effectiveness within one year. However, in general, there is 
limited convincing data with a paucity of long-term research 
in this area, so this study is nonetheless expected to represent a 
meaningful contribution. Third, due to its retrospective design, 
the results might have been affected by selection bias. None-
theless, as our study involved multiple centers including 15 
hospitals and various patient groups, the results of the study 
can be generalized.

In conclusion, our results reinforce the long-term safety and 
durability of the glycemic lowering effect of lobeglitazone 0.5 
mg in real-world clinical practice. 
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