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ABSTRACT

Objective To evaluate the effect of lobeglitazone on

renal disease progression in patients with type 2 diabetes
mellitus using longitudinal real-world data.

Design Retrospective cohort study.

Setting Hospital-based Common Data Model database.
Participants A total of 14712 adults with type 2 diabetes
mellitus who visited the Diabetes Center of Ewha Womans
University Mokdong Hospital between 2013 and 2019
were identified. A 1:2 propensity score matching was
performed to compare patients treated with lobeglitazone
plus metformin with those receiving metformin
monotherapy, sulfonylurea plus metformin, or a dipeptidyl
peptidase-4 (DPP4) inhibitor plus metformin.
Interventions Treatment with lobeglitazone plus
metformin compared with metformin monotherapy,
sulfonylurea plus metformin or DPP4 inhibitor plus
metformin.

Primary outcome measures Renal progression, defined
as initiation of renal replacement therapy, a sustained
>30% decline in estimated glomerular filtration rate (€GFR)
from baseline, or doubling of serum creatinine with a
concurrent eGFR <45mL/min/1.73 m2,

Results The HR of renal progression was 0.84 (95%

Cl 0.58 to 1.21) in the lobeglitazone plus metformin
compared with metformin monotherapy, 1.00 (95% CI 0.79
to 1.27) compared with sulfonylurea plus metformin group,
1.10 (95% Cl 0.84 to 1.44) compared with DPP4 inhibitor
plus metformin group after adjusting for multiple variables.
Subgroup analyses demonstrated significant interactions
by sex in the comparison with metformin monotherapy

(P for interaction=0.0179) and by glycaemic control in

the comparisons with sulfonylurea plus metformin (P for
interaction=0.0161) and DPP4 inhibitor plus metformin (P
for interaction=0.0006), suggesting potential heterogeneity
in treatment effects.

Conclusions Lobeglitazone showed renal outcomes
comparable to those of other antidiabetic medications,
with a possible heterogeneity in treatment effects
according to sex and glycaemic control.

INTRODUCTION

Type 2 diabetes mellitus is one of the leading
causes of chronic kidney disease (CKD)
and end-stage renal disease (ESRD)."! CKD

STRENGTHS AND LIMITATIONS OF THIS STUDY

= A longitudinal hospital-based Common Data Model

database cohort of patients with type 2 diabetes

mellitus in Korea with detailed electronic medical

records providing comprehensive data on demo-

graphics, comorbidities, medications and laboratory

results.

Propensity score matching minimised confounding

in comparisons between treatment groups.

Lack of information on diabetes duration and life-

style factors (diet, physical activity) limited adjust-

ment for potential confounders.

= Albuminuria data were missing in approximately
one-third of patients, restricting inclusion in the pri-
mary outcome definition.

develops in approximately 20%-40% of indi-
viduals with diabetes mellitus and progresses
to ESRD, requiring dialysis or kidney trans-
plantation.” Furthermore, the presence of
CKD in patients with diabetes mellitus is asso-
ciated with an increased risk of cardiovascular
disease and mortality compared with those
without CKD.? Therefore, it is important not
only to achieve glycaemic control but also to
consider antidiabetic medications with poten-
tial renoprotective effects to prevent CKD.
Thiazolidinediones (TZDs) are insulin
sensitisers that act as peroxisome proliferator-
activated receptor gamma (PPAR-y) agonists,
a nuclear receptor involved in glucose and
lipid metabolism.” They improve insulin
sensitivity in the adipose tissue, muscle and
liver, and suppress hepatic gluconeogenesis,
leading to reduced blood glucose levels.” *
In addition to their metabolic effects, several
studies have reported that TZDs have reno-
protective effects. They found that the use
of TZD reduced albuminuria and attenu-
ated renal injury.” ® However, these findings
have been inconsistent,7 and most evidence
is limited to rosiglitazone, which has been
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withdrawn from clinical practice due to an increased risk
of cardiovascular disease, or to pioglitazone.

Lobeglitazone is a TZD derivative that incorporates a
pyrimidine substituent into the conventional TZD scaf-
fold, resulting in a higher binding affinity for PPAR-y.”
It is currently prescribed in Korea as the second TZD
following pioglitazone. Although several studies have
demonstrated the renoprotective effects of lobeglitazone,
epidemiological studies evaluating its effect on renal
function remain limited.

Therefore, in this study, we investigated whether lobegl-
itazone is associated with a lower risk of renal progression
in patients with type 2 diabetes mellitus. Using longitu-
dinal real-world data from a tertiary care hospital, we
compared the renal outcomes of patients treated with
lobeglitazone with those receiving other antidiabetic
medications, including metformin, sulfonylurea and
dipeptidyl peptidase-4 (DPP4) inhibitors.

METHODS

Study design and population

This retrospective cohort study was conducted using the
Common Data Model (CDM) database of Ewha Womans
University Mokdong Hospital. The CDM was constructed
from the hospital’s electronic medical records (EMR),
which include patient demographics, clinical measure-
ments, laboratory results, medication records and diag-
noses coded according to the International Classification
of Diseases, 10th Revision (ICD-10). All data were anony-
mised and transformed into the Observational Medical
Outcomes Partnership CDM version 5.0 using stan-
dardised analytical tools.”

We included patients with type 2 diabetes mellitus who
visited the Diabetes Center of Ewha Womans University
Mokdong Hospital between January 2014 and December
2019. Patients were excluded if they had a baseline
estimated glomerular filtration rate (eGFR) <30mL/
min/1.73 m® renal replacement therapy or a history
of kidney transplantation. In addition, patients who
had been prescribed pioglitazone, another TZD, were
excluded. We next identified patients who had been
prescribed metformin monotherapy or combination
treatment with lobeglitazone plus metformin, sulfony-
lurea plus metformin, or a DPP4 inhibitor plus metformin
for at least 3 months. To reduce potential confounding
between the groups, 1:2 propensity score matching
was performed separately for each comparison group.
Matching was based on clinical variables including age,
sex, body mass index (BMI), systolic and diastolic blood
pressure, baseline eGFR, comorbidities and use of ACE
inhibitors (ACEis) or angiotensin II receptor blockers
(ARBs).

Measurements of variables and covariates

We collected patient information, including age, sex,
BMI, systolic and diastolic blood pressure, use of antidi-
abetic medications, and ACEi and/or ARBs. In addition,

we collected data on comorbidities including hyperten-
sion, hyperlipidaemia, cardiovascular disease, cerebrovas-
cular disease and malignancy.

Patients underwent venous blood sampling after fasting
for >8hour. Haemoglobin A1C (HbAIC) levels were
measured using high-performance liquid chromatog-
raphy (HLC-723G7 and G8 instruments; Tosoh, Tokyo,
Japan), and plasma creatinine, total cholesterol, high-
density lipoprotein cholesterol, low-density lipoprotein
cholesterol, and triglyceride levels, and aspartate amino-
transferase and alanine aminotransferase activities were
measured using an enzymatic colourimetric procedure
with an automated analyser (Hitachi 747 Automatic
Chemistry Analyzer; Tokyo, Japan). The eGFR was calcu-
lated using the Chronic Kidney Disease Epidemiology
Collaboration."” The urinary albumin-to-creatinine ratio
(UACR) was assessed using a random spot urine sample
and measured using radioimmunoassay (Immunotech;
Prague, Czech Republic).

Hypertension was defined as having ICD-10 codes
110-114, a prescription of antihypertensive medication
for 30 days or more, or a measured blood pressure
>140/90 mmHg. Hyperlipidaemia was defined as having
ICD-10 code E78, a prescription of lipid-lowering agents
for 30 days or more, or a total cholesterol level 2240 mg/
dL. Cardiovascular disease was defined using ICD-10
codes 120-25, cerebrovascular disease using ICD-10 codes
160-169, and cancer using ICD-10 codes C00-C97.

Outcome

The primary outcome was renal progression. Renal
progression was defined as the first occurrence of any of
the following: ESRD requiring renal replacement therapy,
a sustained decline in eGFR of >30% from baseline, or a
persistent doubling of the serum creatinine level accom-
panied by an eGFR <45mL/min/1.73 m2" 2 Since
UACR data were not available for a substantial proportion
of the cohort, an additional analysis limited to patients
with baseline UACR <30mg/g creatinine was conducted
to evaluate the development of albuminuria. The inci-
dence of albuminuria was defined as the first occurrence
of UACR >30mg/g creatinine during follow-up.

Statistical analysis

The baseline characteristics of the study population are
described using mean=SD for continuous variables and
numbers (%) for categorical variables. Variable compar-
isons between groups were performed using Student’s
t-test for two-group comparisons and the x? test for cate-
gorical variables.

A 1:2 propensity score matching was performed
between the treatment groups using nearest-neighbour
matching without replacement, with a calliper width
set to 0.2 of the SD of the logit of the propensity score.
Covariate balance before and after matching was assessed
using standardised mean differences (SMD), and SMD
<0.1 was considered adequate balance between groups.
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The cumulative incidence of renal progression was
assessed using Kaplan-Meier analysis with the log-rank
test. Cox proportional hazards regression models were
used to estimate the risk of renal progression by calcu-
lating the HRs and 95% ClIs. Adjusted factors included
age, sex, baseline eGFR and comorbidities such as hyper-
tension, hyperlipidaemia, cardiovascular disease, cere-
brovascular disease and cancer.

The proportional hazards assumption was assessed
using Schoenfeld residuals. When the assumption was
violated, a restricted mean survival time (RMST) analysis
was additionally performed. All statistical analyses were
performed using SAS V.9.4 (SAS Institute). Statistical
significance was set at p<0.05.

RESULTS

Baseline characteristics

Of the 14712 patients, 5899 received lobeglitazone
plus metformin for more than 3 months, 2027 received
metformin monotherapy, 2622 received sulfonylurea
plus metformin, and 1632 received DPP4 inhibitors
plus metformin. After a 1:2 propensity score matching,
108 patients in the lobeglitazone plus metformin group
were matched to 216 patients in the metformin mono-
therapy group, 186-372 patients in the sulfonylurea plus
metformin group, and 154-308 patients in the DPP-4
inhibitor plus metformin group (online supplemental
figure 1). All matched cohorts demonstrated a fair
covariate balance, with SMDs of less than 0.1 across all
variables (online supplemental table 1). HbAlc levels in
the lobeglitazone plus metformin group were as follows
when compared with each group: 7.3% vs 7.1% against
metformin, 8.3% vs 8.0% against sulfonylurea plus
metformin, 7.8% vs 7.9% against DPP4 inhibitor plus
metformin.

Risk of renal progression of lobeglitazone compared with
other antidiabetic medications

During a mean follow-up of 2.1+1.8 years, renal progres-
sion was observed in 141 of 324 patients (43.5%) in
the lobeglitazone plus metformin versus metformin
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monotherapy group, 326 of 558 patients (58.4%) in the
lobeglitazone plus metformin versus sulfonylurea plus
metformin group, and 238 of 462 patients (51.5%) in
the lobeglitazone plus metformin versus DPP4 inhibitor
plus metformin group. Kaplan-Meier analysis revealed
no statistically significant differences in renal progres-
sion between the groups (p=0.50, p=0.92 and p=0.30,
respectively) (figure 1). The proportional hazards
assumption was satisfied for the comparisons between
the lobeglitazone plus metformin group and the
metformin monotherapy group, and between the lobeg-
litazone plus metformin group and the DPP4 inhibitor
plus metformin group. However, the assumption was
violated for the comparison with the sulfonylurea plus
metformin group; therefore, an additional RMST anal-
ysis was performed.

Patients with lobeglitazone plus metformin had a lower
HR for renal progression compared with those treated
with metformin monotherapy (HR, 0.89; 95% CI 0.62
to 1.27); however, it was not statistically significant. It
remained unchanged after adjusting for age, sex, BMI,
eGFR, the presence of hypertension and hyperlipi-
daemia, and the use of ACEi or ARBs (adjusted HR, 0.84;
95% CI 0.58 to 1.21). Similarly, no significant difference
was observed in renal progression risk when comparing
lobeglitazone plus metformin with sulfonylurea plus
metformin (adjusted HR, 1.00; 95% CI 0.79 to 1.27) or
with DPP-4 inhibitor plus metformin (adjusted HR, 1.10;
95% CI 0.84 to 1.44) (table 1).

Among patients with available UACR data, the risk of
albuminuria showed similar trends to that observed for
the primary outcome. The risk of incident albuminuria in
the lobeglitazone plus metformin group was lower than
that in the metformin monotherapy group, although the
difference was not statistically significant (adjusted HR,
0.82; 95% CI 0.47 to 1.42), and was comparable to that
in the sulfonylurea plus metformin group (adjusted HR,
1.05; 95% CI 0.76 to 1.47) and the DPP-4 inhibitor plus
metformin group (adjusted HR, 1.08; 95%CI 0.76 to
1.56) (online supplemental table 2).
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Cumulative incidence of renal progression in patients treated with lobeglitazone compared with other antidiabetic

medications. (A) Lobeglitazone+metforminversus metformin. (B) Lobeglitazone+metforminversus sulfonylurea+metformin. (C)
Lobeglitazone+metformin versus DPP4 inhibitor+metformin. DPP4, dipeptidyl peptidase-4.
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Table 1 HRs for renal progression in propensity-score-matched analysis

Lobeglitazone Lobeglitazone Sulfonylurea Lobeglitazone DPP4 inhibitor
No +metformin Metformin +metformin +metformin +metformin +metformin
Number of patients 108 216 186 372 154 308
Mean (SD) follow-up, 2.71 (1.91) 2.73 (2.04) 2.25 (1.86) 2.25 (1.95) 2.39 (1.92) 2.69 (1.90)
years
Events 42 99 108 218 81 157
Incidence rate/1000 143.59 (100.16 to 168.01 (134.91 257.50 (208.94 260.87 (226.24 220.31 (172.33 189.44 (159.81 to
person-years (95%Cl)  187.02) to 201.11) to 306.07) to 295.50) to 268.29) 219.08)

HR (95% Cl)
Unadjusted
Adjusted

0.89 (0.62 to 1.27)
0.84 (0.58 to 1.21)

1.01 (0.80 to 1.27)
1.00 (0.79 to 1.27)

1.15 (0.88 to 1.50)
1.10 (0.84 to 1.44)

Adjusted for age, sex, BMI, eGFR, the presence of hypertension and hyperlipidaemia and the use of ACE inhibitors or ARBs.
ARB, angiotensin Il receptor blocker; BMI, body mass index; DPP4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate.

Subgroup analysis

Subgroup analyses were performed stratified by age, sex,
BMI, HbAlc, eGFR and the presence of hypertension
and hyperlipidaemia. In the comparison between the
lobeglitazone plus metformin group and the metformin
monotherapy group, a significant interaction by sex was
observed, suggesting potential heterogeneity in treat-
ment effects (female subgroup: HR, 0.57; 95% CI 0.32 to
1.04; P for interaction=0.0179).

When compared with sulfonylurea plus metformin,
a significant interaction by HbAlc level was observed
(HbA1C<7%; HR, 0.71; 95% CI 0.44 to 1.16; P for inter-
action=0.0161). Compared with DPP4 inhibitor plus
metformin, significant interactions were observed by
BMI (BMI<25; HR, 0.96; 95% CI 0.67 to 1.37; P for inter-
action=0.0030) and HbA1C level (HbAlc<7%; HR, 0.85;
95% CI 0.51 to 1.40; P for interaction=0.0006), suggesting
potential heterogeneity in treatment effects according to
BMI and glycaemic control (table 2).

DISCUSSION

In this retrospective study, the risk of renal disease progres-
sion with lobeglitazone treatment was comparable to that
observed with other antidiabetic medications in patients
with type 2 diabetes mellitus. Subgroup analyses suggested
possible heterogeneity in treatment effects, with potential
renoprotective effects in female patients and those with
HbA1C<7.0%. Considering the previously reported reno-
protective properties of lobeglitazone in both animal and
clinical studies, our findings suggest that these benefits
may be more evident in specific subpopulations.

TZDs, synthetic agonists of the nuclear hormone
receptor PPAR-y, modulate the transcription of multiple
genes involving glucose and lipid metabolism.” They
improve insulin sensitivity by promoting glucose uptake
and utilisation in adipose tissue and skeletal muscle and
by suppressing hepatic gluconeogenesis.” * Through
these mechanisms, TZDs reduce blood glucose levels and
have been widely used as therapeutic agents for type 2

diabetes mellitus. In addition to their metabolic effects,
recent studies have reported that TZDs exert renopro-
tective effects. In patients with type 2 diabetes mellitus,
treatment with pioglitazone for 6 months significantly
reduced urinary albumin excretion and the number of
podocytes in the urine, which are markers of glomerular
podocyte injury.” A meta-analysis of 15 studies found that
treatment with rosiglitazone and pioglitazone, two TZDs,
significantly reduced urinary albumin excretion and the
albumin—creatinine ratio in patients with type 2 diabetes,
regardless of diabetic nephropathy status.® However,
another study reported that patients receiving insulin-
sensitisation therapy with metformin and TZDs exhibited
a significant increase in the albumin-creatinine ratio
compared with those receiving insulin-provision therapy
with sulfonylurea and insulin.” Given conflicting evidence
regarding the renoprotective effects of TZDs, studies
investigating the renoprotective effects of lobeglitazone,
anovel TZD, are limited.

Lobeglitazone is a member of the TZDs, incorporating
a pyrimidine substituent into the conventional TZD
scaffold, resulting in a high binding affinity for PPAR-
1% It strongly inhibits Cdk5-mediated phosphorylation
at Ser273, thereby providing therapeutic efficacy, even
at low doses."”” Kim et al evaluated the effect of lobegli-
tazone on albuminuria in patients with type 2 diabetes
mellitus and found that, after 24 weeks of treatment, the
incidence of microalbuminuria was lower in the lobegli-
tazone group than in the pioglitazone group.'* Our anal-
ysis did not compare drugs within the TZDs; instead, we
examined lobeglitazone in comparison with other anti-
diabetic agents, including metformin, sulfonylurea and
DPP4 inhibitors. In addition, we applied propensity score
matching to balance baseline characteristics across the
treatment groups. In addition, the mean follow-up dura-
tion in our study exceeded 2 years, making a more robust
assessment of long-term renal outcomes.

As a result, the lobeglitazone plus metformin group
showed a lower risk of renal disease progression than
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Table 2 Subgroup analysis

Lobeglitazone+metforminversus

Lobeglitazone+metforminversus

Lobeglitazone+metforminversus

metformin sulfonylurea+metformin DPP4 inhibitor+metformin
P for
HR (95% Cl) interaction  HR (95% Cl) P value HR (95% Cl) P value

Age

<50 1.27 (0.53 to 3.00) 1.42 (0.87 to 2.33) 1.90 (0.92 to 3.94)

>50 0.79 (0.53 to 1.18) 0.2536 0.91 (0.70 to 1.18) 0.1361 1.07 (0.80 to 1.44) 0.0360
Sex

Male 1.25 (0.78 to 1.99) 1.11 (0.83 to 1.49) 1.24 (0.87 to 1.76)

Female 0.57 (0.32 to 1.04) 0.0179 0.83 (0.56 to 1.22) 0.0771 1.01 (0.67 to 1.54) 0.0627
BMI

<25 0.83 (0.51 to 1.36) 1.02 (0.75 to 1.39) 0.96 (0.67 to 1.37)

>25 0.94 (0.55 to 1.60) 0.0722 1.00 (0.71 to0 1.42) 0.1281 1.56 (1.03 to 2.37) 0.0030
HbA1C

<7.0% 0.93 (0.53 to 1.63) 0.71 (0.44 to 1.16) 0.85 (0.51 to 1.40)

>7.0% 0.89 (0.55 to 1.44) 0.1827 1.12 (0.86 to 1.46) 0.0161 1.34 (0.97 to 1.85) 0.0006
eGFR

<60 0.90 (0.50 to 1.64) 0.95 (0.65 to 1.41) 1.10 (0.70 to 1.72)

>60 0.91 (0.58 to 1.45) 0.9191 1.02 (0.76 to 1.36) 0.5577 1.19 (0.85 to 1.68) 0.7809
Hypertension

No 0.82 (0.45 to 1.50) 1.18 (0.84 to 1.66) 1.16 (0.78 to 1.73)

Yes 0.90 (0.57 to 1.42) 0.5304 0.91 (0.66 to 1.25) 0.1986 1.16 (0.80 to 1.67) 0.4932
Hyperlipidaemia

No 0.93 (0.58 to 1.47) 1.25 (0.92 to 1.69) 1.25(0.89 to 1.75)

Yes 0.86 (0.48 to 1.54) 0.8923 0.81 (0.56 to 1.17) 0.0649 1.06 (0.68 to 1.66) 0.2778

Adjusted for age, sex, BMI, eGFR, the presence of hypertension and hyperlipidemia and the use of ACE inhibitors or ARBs.
ARBs, angiotensin Il receptor blockers; BMI, body mass index; DPP4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate;

HbA1c, haemoglobin Alc.

the metformin monotherapy group, although the differ-
ence was not statistically significant. A similar trend was
observed in the Kaplan-Meier analysis; the lobeglitazone
plus metformin group exhibited a lower incidence of
renal progression after 60 months than the sulfonylurea
or DPP4 inhibitor plus metformin groups, with survival
curves crossing beyond 60 months. These findings suggest
the potential long-term benefit of lobeglitazone and high-
light the need for further studies with larger cohorts to
confirm its durability and renoprotective effects.

In the subgroup analysis, there was a statistically signif-
icant interaction by sex in the comparison between the
lobeglitazone plus metformin group and metformin
monotherapy, suggesting potential heterogeneity in
treatment effects. A similar trend was observed in
comparisons between the sulfonylurea and DPP4 inhib-
itor plus metformin groups, although statistical signifi-
cance was not reached. The British Regional Heart Study
and British Women’s Heart Health Study reported that
women experienced greater changes in visceral adiposity
and insulin resistance than men during the transition to
overt diabetes mellitus.'” '° These metabolic differences
may contribute not only to the development of diabetes

mellitus but also to the progression of renal dysfunc-
tion. Another significant interaction was observed in the
subgroup analysis based on HbAlc levels. The potential
renoprotective effect of lobeglitazone plus metformin was
more pronounced in patients with HbA1C<7.0% than
in those with HbA1C27.0% in comparisons with both
sulfonylurea and DPP4 inhibitor plus metformin groups,
although the statistical significance was not reached.
These findings should be interpreted cautiously, but it
could be hypothesised that the renoprotective effect of
lobeglitazone may be attenuated under chronic hypergly-
caemic conditions by overwhelming its beneficial meta-
bolic effects. Further studies are required to elucidate the
underlying mechanisms.

The exact mechanism underlying the renoprotective
effects of lobeglitazone is not fully understood. PPAR-y
is expressed in both the cortex and medulla of the
kidneys and is known to be related to different meta-
bolic plrocesses.17 ¥ Under hyperglycaemic status, SGLT-
mediated glucose transport is impaired in the proximal
convoluted tubule, leading to epithelial-mesenchymal
transition (EMT) and subsequent renal fibrosis. PPAR-y
agonists have been reported to reverse this EMT process
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by reversing high-glucose-induced expression of phos-
phatidylinositol 3-kinase (PI3K)/Akt, glycogen synthase
kinase- B, Snail 1 and beta-catenin. ~ In a mouse model of
unilateral ureteral obstruction, which induces renal tubu-
lointerstitial fibrosis and tubular atrophy, lobeglitazone
suppressed extracellular matrix production by inhib-
iting the transforming growth factor-§ (TGF-B)/Smad3
signalling pathway and downregulated the expression
of fibrosisrelated target genes, including plasminogen
activator inhibitor-1, o-smooth muscle actin and type I
collagen.”

The strength of this study is that it is the first retro-
spective longitudinal analysis to evaluate the impact of
lobeglitazone on renal progression in patients with type 2
diabetes mellitus using different combinations of propen-
sity score matching that accounted for various combi-
nations of concomitant antidiabetic medications. The
average follow-up duration exceeded 2 years across all
comparison groups, which supports the long-term safety
of lobeglitazone, as well as a significant renoprotective
effect in specific subgroups. This study has certain limita-
tions. First, it was an observational study using real-world
data rather than a randomised controlled trial; there-
fore, potential confounding factors cannot be excluded,
although adjustments for variables were performed.
Second, changes in medication and HbAlc during
follow-up were not assessed. Although patients were
assigned to each treatment group based on receiving the
same medication for at least 3 months at baseline, subse-
quent treatment changes and HbAlc trends were not
reflected in the analysis. Third, SGLT2 inhibitors, which
are well known for their renoprotective effects, were not
included in this analysis. In Korea, SGLT?2 inhibitors were
reimbursed starting in 2014 but were limited to use with
metformin or metformin plus sulfonylurea until 2019
(the study enrolment period). Therefore, their effect
on this study was minimal. Fourth, information on the
duration of diabetes mellitus, which may influence renal
outcomes, was not available in the database and therefore
could not be included in the analysis. Finally, the sample
size was small. Nevertheless, certain subgroups with a
small number of patients showed statistically significant
results. Large-scale studies with more detailed consider-
ation of clinical and metabolic factors are warranted to
validate these findings.

CONCLUSIONS

In conclusion, the use of lobeglitazone in patients with
type 2 diabetes mellitus was not associated with an
increased risk of renal progression compared with other
antidiabetic medications. Subgroup analyses suggest
possible heterogeneity in treatment effects, with poten-
tial renoprotective effects in female patients and in those
with HbA1c<7%. These results may help guide individ-
ualised treatment strategies in clinical practice. Further
prospective studies are warranted to confirm these

observations and to explore the underlying mechanisms
of renoprotection.
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