Pre prints.org

Article Not peer-reviewed version

Renal and Safety Outcomes of SGLT2
Inhibitors in Patients with Type 2
Diabetes: A Nationwide Observational
Cohort Study

Junhyuk Chang, Chungsoo Kim , Heejung Choi, Rae Woong Park " , Sukhyang Lee i

Posted Date: 31 March 2025
doi: 10.20944/preprints202503.2260.v1

Keywords: Type 2 Diabetes Mellitus; Sodium-glucose transporter 2 inhibitor; Dipeptidyl-Peptidase IV
Inhibitor; Kidney disease; Cardiovascular disease

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/4326951
https://sciprofiles.com/profile/1561244
https://sciprofiles.com/profile/1260338
https://sciprofiles.com/profile/948264

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2025 d0i:10.20944/preprints202503.2260.v1

Disclaimer/Publisher’'s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and

contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

Article

Renal and Safety Outcomes of SGLT2 Inhibitors in
Patients with Type 2 Diabetes: A Nationwide
Observational Cohort Study

Junhyuk Chang **, Chungsoo Kim 23t, Heejung Choi ¢, Rae Woong Park '5* and Sukhyang Lee ¢*

! Department of Biomedical Sciences, Ajou University Graduate School of Medicine,
Suwon 16499, Republic of Korea; wkd9504@ajou.ac.kr

2 Section of Cardiovascular Medicine, Department of Internal Medicine, Yale University School of Medicine,
New Haven, CT 06510, USA; chungsoo.kim@yale.edu

3 Center for Outcomes Research and Evaluation, Yale New Haven Hospital, New Haven, CT 06510, USA

* Department of Nephrology, Ajou University School of Medicine, Suwon 16499, Republic of Korea;
heeej.choi@gmail.com

5 Department of Biomedical Informatics, Ajou University School of Medicine,
Suwon 16499, Republic of Korea

¢ Division of Clinical Pharmacy, College of Pharmacy, Ajou University, Suwon 16499, Republic of Korea

* Correspondence: veritas@ajou.ac.kr (R.W.P.); suklee@ajou.ac.kr (S.L.); Tel.: +82-31-219-4471 (R.W.P.);
Tel.: +82-219-3443 (S.L.)

* These authors contributed equally to this work.

Abstract: Background/Objectives: Evidence on the renal benefits and safety of sodium-glucose
cotransporter 2 inhibitors (SGLT2i) in the Asia region is still lacking. This study aimed to evaluate
the renal and safety outcomes of SGLT2i compared with dipeptidyl peptidase 4 inhibitors (DPP4i)
using real-world data. Methods: A retrospective cohort study was conducted using the nationwide
claims data in Republic of Korea. We evaluated kidney outcomes (any new-onset kidney events,
acute kidney injury (AKI), chronic kidney disease (CKD), and kidney failure) as primary outcomes
and safety outcomes (infection, hemodynamic adverse events, and fracture). Propensity score
matching was used to adjust confounders, and the hazard ratios were calculated using the Cox
proportional hazards model. Results: The study included 13,649 patients in the SGLT2i group and
35,043 in the DPP4i group after the matching. The SGLT2i group had a lower risk of kidney diseases,
AKI, and CKD (HR 0.88 [0.61-0.74]) than the DPP4i group. For secondary outcomes, the risk of
genital infection was higher (HR 2.38 [2.12-2.68]), and the risk of hyperkalemia was lower in the
SGLT2i group than in the DPP4i group (HRs 0.49 [0.36-0.67]). Conclusions: The SGLT2 inhibitors
had a lower risk of new-onset kidney outcomes and CKD than the DPP4 inhibitors. A high incidence
of genital infection and a low incidence of hyperkalemia were shown in the SGLT2 inhibitor.

Keywords: Type 2 diabetes mellitus; sodium-glucose transporter 2 inhibitor; dipeptidyl-peptidase
IV inhibitor; kidney disease; cardiovascular disease

1. Introduction

The sodium-glucose cotransporter 2 inhibitor (SGLT2i), inducing glucosuria in patients with
type 2 diabetes, has shown cardiovascular benefits based on the findings of several large RCTs [1,2].
Aside from its benefits for cardiovascular health, SGLT2i also showed clear benefits for renal
outcomes in trials. Recently, clinical trials have been conducted to evaluate the effect of SGLT2i
treatment on patients with chronic kidney disease (CKD). In the CREDENCE study, canagliflozin
lowered the risk of kidney failure in patients with attenuated kidney function [3]. Regardless of the
presence or absence of diabetes, lower incidences of a renal composite outcome, progression of CKD
or cardiovascular death were observed [4].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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It is important to investigate the consistency between the efficacy of clinical trials and the
observational study using real-world data to assess generalizability in routine clinical setting.
Especially, the real-world study on renal and related safety outcomes of SGLT2i are under-
represented than cardiovascular outcomes. Since data from Asian populations represent only a small
portion of the existing evidence, estimated at around 30%, establishing the external validity of SGLT2i
outcomes using real-world data from this population remains essential. Additionally, only a limited
number of studies have demonstrated that initiating SGLT?2i is associated with a slower decline in
kidney function at the early period and improved composite kidney outcomes compared to other
antidiabetic drugs in Asian populations [5].

Therefore, in this study, we aimed to investigate the effectiveness of SGLT2i treatment on renal
outcomes and its safety compared with those of dipeptidyl peptidase 4 inhibitors (DPP4i) and to
generate the real-world evidence using large claims data from South Korea.

2. Materials and Methods

2.1. Study Design and Data Sources

This is a retrospective cohort study adopting new-user active comparator design to test
hypotheses evaluating effectiveness and safety of SGLT2i compared to DPP4i [6]. We used
nationwide claims data from January 1, 2018, to April 30, 2022 (4.3 years) from the Health Insurance
Review and Assessment Services Common Data Model (HIRA-CDM) database in South Korea [7].
HIRA-CDM database has the administrative claims for the 20% sampled population (approximately
10 million) of all Korean citizens. This database includes demographics, diagnoses, medical and
treatment procedures, and prescriptions on a national reimbursement list. This database is converted
into Observational Medical Outcomes Partnership common data model (OMOP-CDM) version 5.3.1.
The codes for diagnosis were mapped to the Systematized Nomenclature of Medicine — Clinical
Terms code (SNOWMED-CT), and the codes for drugs were mapped to the Medical Prescription
Normalized code or the Anatomical Therapeutic Chemical Classification System. This study was
approved by Ajou University Institutional Review Board (IRB No. 202207-HB-EX-001) and the
written informed consent was waived under the regulations of Republic of Korea.

2.2. Study Population

Detailed definition of study population, code lists, and study flowchart was shown in the
supplementary file (Figure S1-S2 and Table S1). We identified adults (aged over 30) who had a
diagnosis of Type 2 diabetes mellitus (T2DM) and a prescription of metformin as first-line therapy at
the time of cohort entry. The patients with T2DM were divided into two study groups: the SGLT2i
and DPP4i groups. The SGLT2i group was defined as patients having at least one prescription of
SGLT2i (dapagliflozin, empagliflozin, ertugliflozin, and ipragliflozin). Canagliflozin, the second
SGLT?2 inhibitor approved in South Korea, was not included since it voluntarily withdrew from the
Korean market in June 2019 due to a lack of competitive insurance coverage The combined products
of SGLT2i and metformin were included in. The index date was defined as the date of the first SGLT2i
prescription and all patients should have at least 1 year of the enrolled period in the database before
the index date. Furthermore, we excluded patients with a medication supply of less than 30 days. To
investigate the effect of the SGLT2i, we also excluded patients who prescribed both SGLT2i and
DPP4i at the index date and who with other antidiabetic drugs, except metformin, SGLT2i, and
insulin, from before the index date to the index date. Patients with insulin were included considering
the use case for a poor symptom or combined therapy in the early stage of type 2 diabetes mellitus.
The DPP4i group were selected as an active comparator and defined under the same strategy as the
SGLT?2i group to minimize the selection bias of the disease stage of T2DM. Table S1 shows the list of
the DPP4is in South Korea.
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2.3. Clinical Outcomes and Follow-Up

We assessed the clinical outcomes in the follow-up period, which were defined based on
structured codes to identify them (Table S1). The date of occurrence was determined as the date of
the first occurrence of any code corresponding to the definition. The eGFR could not be utilized
because lab values were not available in the database.

The primary outcomes were new-onset kidney events, defined as a composite outcome that
includes any types of kidney-related diseases as following: acute kidney injury (AKI), CKD, and
kidney failure. Each individual component was also evaluated separately. Congenital and hereditary
kidney diseases were excluded in the kidney event. AKI and CKD were determined based on
diagnostic codes only. CKD included all cases regardless of stages, however, kidney failure was
defined as any records on CKD stage 5, end-stage renal disease (ESRD), peritoneal dialysis,
hemodialysis, continuous renal replacement therapy (CRRT), and kidney transplantation. Dialysis
was identified based on procedures related to hemodialysis, peritoneal dialysis, and CRRT or device
record (e.g., dialysis catheter) (Table S1). Kidney transplantation was defined based on both diagnosis
and procedure codes.

The secondary outcomes were safety outcomes including infection, hemodynamic adverse
events, and fracture. We investigated the incident cases of genital infection, urinary tract infection,
diabetic ketoacidosis, hyperkalemia, hypokalemia, hypovolemia, hypoglycemia, and bone fracture.
All-cause mortality and cardiovascular outcomes were also evaluated. Cardiovascular outcomes
were defined as 4-point MACE which included at least one of the following events: acute myocardial
infarction (AMI), stroke (ischemic or intracranial hemorrhagic stroke), hospitalization with heart
failure (HHF), and sudden cardiac death. In addition, AMI, stroke, and HHF were analyzed
separately.

Patients were followed until the earliest date of the occurrence of study outcome, death, or last
observation in the database, referred to as intention-to-treat follow-up.

2.4. Statistical Analysis

In the baseline characteristics, continuous variables were denoted as median and interquartile
range (IQR), and the categorical variables as frequency and percentage. To address confounding bias
arising from the retrospective study with nonrandomized treatment allocation, a large-scale
propensity score (PS) model was applied [8]. The PS was calculated from a L1 regularized logistic
regression model using over five thousands of the covariates at the baseline (i.e., age groups in 5 year,
sex, index year, comorbidities within a year before the index date, concomitant drugs within a year
before the index date, Charlson Comorbidity Index, Diabetes Complications Severity Index, and
CHA2DS2-VASc score). The SGLT2i and DPP4i groups were matched by a greedy matching method
without a replacement with the maximum ratio of 1:4 within a caliper range of 0.2 standard deviation
of PS. The standard mean difference (Std. diff) was calculated to assess the balance of observed
covariates between the groups before and after the PS matching. The covariates with an Std. diff of <
0.1 was considered in balance. The incidence rate (IR) per 1,000 person-years (PYs) for each outcome
was calculated. The Cox proportional hazard regression models were used to estimate hazard ratios
(HRs) with 95% confidence intervals (Cls) for clinical outcomes between the groups. P values < 0.05
were considered statistically significant. The cumulative incidence plot is shown for visualizing
incidence over time.

2.5. Sensitivity and Subgroup Analysis

To validate our study’s robustness, extensive sensitivity analyses were conducted in varying
analytic strategies: (1) follow-up and (2) PS adjustment. First, we varied the definition of follow-up
with considering the censoring events, which is also known as the as-treated follow-up. Patients were
censored based on: (1) encountering any clinical outcomes, (2) being prescribed other antidiabetic
drugs as defined in the exclusion criteria, and (3) discontinuing treatment. Continuous treatment was
determined based on prescription records, which were defined as continuous if a new prescription
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was issued within 30 days of the previous prescription's end date. Discontinuation was defined if no
new prescription was prescribed within 30 days of the last prescription. Second, we applied
additional PS matching with 1:1 ratio and PS stratification into five strata were applied to assess
consistency.

The main population was divided into subgroups for analysis: (1) a cardiovascular risk
subgroup and (2) a renal risk subgroup. The cardiovascular risk subgroup included patients with a
history of hypertension, hyperlipidemia, obesity, AMI, or stroke. The renal risk subgroup included
patients with any prior renal disease such as renal impairment, nephritis, AKI, and CKD excluding
congenital or hereditary disorders.

All analyses were performed using R 3.5.1. The study package was developed based on open-
source Health Analytics Data-to-Evidence Suite, maintained by the Observational Health Data
Sciences and Informatics (OHDSI) initiative [9]. The study package including all analytic codes is
publicly available in the online repository (https://github.com/ABMI/AntidiabeticHIRA). This study
was reported in accordance with the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) reporting guidelines and joint ISPOR-ISPE guidelines [10,11].

Data for the results available on reasonable request to the corresponding author. Inquires for
original datasets should be directed to the Big Data Department of Health Insurance Review and
Assessment Service (https://opendata.hira.or.kr).

3. Results

3.1. Cohort Chacateristics

This analysis included 13,649 patients in the SGLT2i group and 35,043 in the DPP4i group. Table
1 presents the baseline characteristics of the main analysis before and after PS matching. After PS
matching, all baseline characteristics were well balanced (all Std. diff < 0.10; Table 1, Figure S3).

Table 1. Comparison of baseline characteristics, comorbidity, and concomitant medications between
the SGLT2 and DPP4 inhibitor groups before and after the propensity score matching.

Before PS Matching After PS Matching
Characteristics SGLT2i DPP4i SGLT2i DPP4i
. Diff . Diff
(n=16,736) (n=67463) > P (1_13649) m=35043 54D
14,087
Female, n (%) 6544.(391) 29279.(434) 009 BATBUOD) 4’00; 0.00
Age group, n (%)
<40 1523 (9.1) 236135  0.19 915 (6.7) 2,348 (6.7)  0.04
25,906 17,802
40- 2. § 12 2 7 ! .01
0-59 8,853 (52.9) (38.4) 0 6,920 (50.7) (50.8) 0.0
28,065 12,370
-74 72 (32.1 ! . 4 . . .01
60 5372(20) 009 4886358 0.0
11,131
>75 9BE) g) 017 928(68) 2523(7.2)  -0.03
Medical history, n (%)
56,265 30,242
H lipi i 14,41 1 § .07 11,7 . ! -0.01
yperlipidemia A10(861) e 0.0 78(860) iy 0.0
Hypertensive disorder 10,996 (65.7) ti’;;? 0.04 8,885 (65.1) 2(2'58;L§3 0.00
1
Cerebrovascular 101 60) 506075 -006  846(62) 2208(63) 000
disease
. 13,763
Heart disease 4,720 (28.2) (20.4) 0.18 3,535 (25.9) 9,251 (26.4) -0.01

Atrial fibrillation ~ 435(2.6) 1,214 (1.8)  0.05 328(24) 841 (24) 0.0
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Heart failure 1,807 (10.8) 4,588 (6.8) 0.14 1,283 (9.4) 3,364 (9.6) -0.01
Ischemic heart disease 3,029 (18.1) 8,096 (12.0) 0.17 2,238 (16.4) 5,852 (16.7)  -0.01
Peripheral vascular 13,155
2,544 (15.2 -0.11 2,211 (16.2 17 (16. -0.01
disease D44 (152) (19.5) 0 / (16.2) 5817 (166) 00
Osteoporosis 1,439 (8.6) 9,512 (14.1) -0.18 1,297 (9.5) 3,434 (9.8) -0.01
Medication use, n (%)
23,477 13,386
ACE inhibi ARB 1 (39. ’ 1 , . ’ .
CE inhibitor / 6,661 (39.8) (34.8) 0.10 5,255 (38.5) (382) 0.00
. . 32,113 16,540
Antithrombotic agents 7,950 (47.5) (47.6) 0.00 6,442 (47.2) 47.2) 0.00
Calcium channel 21,319 11,039
blockers 5,322 (31.8) (31.6) 0.00 4,313 (31.6) (31.5) 0.00
. . 13,358
Diuretics 3,381 (20.2) (19.8) 0.01 2,689 (19.7) 7,044 (20.1) -0.01
Insulins 1,205 (7.2) 5,195 (7.7) -0.02 983(7.2) 2,523(7.2) 0.00
Lipid modifying 32,653 18,292
2. . 7,111 (52.1 .
agents 8,853 (52.9) (48.4) 0.09 ! (52.1) (52.2) 0.00

Abbreviations: PS, propensity score; SGLT2i, sodium glucose cotransporter-2 inhibitor group; DPP4i, dipeptidyl
peptidase-4 inhibitor group; Std.diff, standard mean difference; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker.

The median (IQR) follow-up was 597 (707) days for the SGLT2i group and 620 (698) days for the
DPP4i group. Female comprised 40.1% and 40.2% of each group, respectively, with the most frequent
age group being 40-59 years (50.7% and 50.8%, respectively). Hyperlipidemia (86.0% and 86.3%) and
hypertensive disorder (65.1% and 65.2%) were the most common comorbidities. Lipid-modifying
(52.1% and 52.2%) and antithrombotic agents (47.2% and 47.2%) were the most frequently prescribed
medications.

3.2. Outcome Assessment
Significant differences in renal outcomes were observed between the SGLT2i and DPP4i groups

(Table 2).

Table 2. Incidence rate and hazard ratio of primary and secondary outcomes for the SGLT2 and DPP4
inhibitor groups.

SGLT2i DPP4i
Outcomes (n=13,649) (n = 35,043) HR [95% CI]
Events, n IR Events, n IR
Renal outcomes
Any kidney outcomes 950 54.75 2,722 61.08 0.88 [0.81-0.96]*
Acute kidney injury 72 3.21 320 5.44 0.61 [0.46-0.81]*
Chronic kidney disease 134 6.07 511 8.87 0.74 [0.60-0.917*
Dialysis 25 1.11 105 1.77 0.64 [0.39-1.01]
Kidney failure 17 0.75 78 1.31 0.63 [0.35-1.09]
Kidney transplantation 0 0.00 <5 <0.08 0.20 [NA-2.06]
Safety outcomes

Urinary tract infection 901 4941 2,408 50.70 0.97 [0.89-1.06]
Genital infection 686 837 34.44 15.46 2.38 [2.12-2.68]*
Diabetic ketoacidosis 21 0.93 35 0.59 1.27 [0.68-2.30]
Hyperkalemia 58 2.58 306 5.19 0.49 [0.36-0.67]*
Hypokalemia 73 265 3.25 4.49 0.82[0.61-1.09]

Hypovolemia 214 627 9.83 11.01 0.9210.77-1.09]


https://doi.org/10.20944/preprints202503.2260.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2025

Hypoglycemia
Bone fracture

46 134 2.04 2.26 0.97 [0.65-1.42]
610 1,714 30.54 32.95 0.91 [0.82-1.02]
Abbreviations: SGLT2i, sodium glucose cotransporter-2 inhibitor group; DPP4i, dipeptidyl peptidase-4 inhibitor
group; n, number; IR, incidence rate per 1,000 person-year; HR, hazard ratio; CI, confidence interval.
*Statistically significant.

The SGLT2i group showed a significantly lower risk of the composite kidney outcome (IR: 54.75
per 1,000 PYs for SGLT2i vs. 61.08 pr 1,000 PYs for DPP4i; HR: 0.88 [0.81-0.96]). For individual
components, the SGLT2i group showed a significantly lower risk of AKI and CKD compared to the
DPP4i group (HR 0.61 [0.46-0.81] for AKI and HR 0.74 [0.60-0.91] for CKD). However, there were no
significant differences in the risks of dialysis or kidney failure between the two groups. Kidney
transplantation could not be assessed due to no occurrences in the SGLT2i group. The cumulative
incidence plots were presented in Figure 1.

Any kidney disease

DPP4i —

Acute kidney injury
DPP4i — SGLT2i

SGLT2i

Cumulative incidence (%)
Cumulative incidence (%)

500 750 500 750
Follow-up duration in days Follow-up duration in days

risk
2l 13649
DPP4i 35,043

9,890

, 6,729
25,628

17.353

4,069
10,457

2,289

10,996 7,880 4,968 2
28797 20,667 13,026 6,166

Chronic kidney disease

DPP4i

Cumulative incidence (%)

SGLT2i

Cumulative incidence (%)

Kidney failure

DPP4i — SGLI2i

1000 0 750 1000

550 750 500
Follow-up duration in days Follow-up duration in days
Numb: Number at risk

SGLT2i 13,649

er at risk
SGLT2
i DPPdi 35,043

10,876
DPP4i 35,043

28,434

7,791
20,312

4,894
12,759

2,252
6,031

11,046
28,964

7,930
20.843

2,305

5,004
13175 6253

Figure 1. Kaplan—Meier plot of the outcomes estimated from the main analysis setting that compared
the SGLT2i group versus the DPP4i group. SGLT2i: sodium-glucose cotransporter 2 inhibitor; DPP4i:
dipeptidyl peptidase 4 inhibitor.

For other safety outcomes, the risk of genital infection was significantly higher in the SGLT2i
group (HR 2.38 [2.12-2.68]), while the risk of hyperkalemia was lower (HR 0.49 [0.36-0.67]). The IR
of diabetic ketoacidosis was low (IR 0.93 for the SGLT2i group and 0.59 for the DPP4i group) and did
not show significant differences between the groups. No significant difference was found for other
safety outcomes.

All-cause mortality was significantly lower in the SGLT2i group (HR 0.72 [0.54-0.93]; Table S2).
All IRs for cardiovascular diseases were lower in the SGLT2i group than the DPP4i group. Statistical
significance was shown for MACE (HR 0.79 [0.68-0.91]) and HHF (HR 0.75 [0.62-0.90]).

3.3. Sensitivity Analysis

Figure 54 shows the balances between SGTL2i and DPP4i groups in all sensitivity analyses. All
comparisons in the sensitivity analyses were conducted with balanced pair groups (max Std. diff <

0.10). Figure 2 and Table S3 present the primary renal outcomes sensitivity analysis between the
SGTL2i and DPP4i groups.
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Figure 2. Forest plots of the outcomes estimated from sensitivity analysis setting that compared the
SGLT2i group versus the DPP4i group. SGLT2i: sodium-glucose cotransporter 2 inhibitor; DPP4i:
dipeptidyl peptidase 4 inhibitor.

Composite kidney outcomes and CKD were consistently lower in the SGLT2i group compared
to the DPP4i group across the different follow-up strategy and PS adjustment methods (HRs ranging
from 0.86 to 0.89 for any kidney outcomes; HRs ranging from 0.72 to 0.75 for CKD; all statistically
significant). AKI showed consistently lower risks in the SGLT2i group compared to the DPP4i group
with statistical significance, except in the as-treated follow-up (Table S3). For safety outcomes, the
significance of genital infection (higher risk in the SGLT2i group) and hyperkalemia (lower risk in
the SGLT2i group) were consistent across sensitivity analyses (Table S4). HHF also consistently
showed a lower risk in the SGLT2i group (HR from 0.70 to 0.79; Table S4).

3.4. Subgroup Analysis

In the cardiovascular risk subgroup, all baseline characteristics were balanced (all Std. diff <0.10;
Table 5, Figure S5). The proportions of females were 40.7% and 40.3% in the SGLT2i and DPP4i
groups for patients with cardiovascular risk, respectively. Lipid-modifying agents, antithrombotic
agents, and renin-angiotensin system agents were the most prescribed medications (50.3% and 54.1%,
48.2% and 48.1%, and 40.4% and 40.2%, respectively) (Table S5). In the cardiovascular risk subgroup,
the SGLT2i group had a lower risk of composite kidney outcomes, AKI, and CKD compared to the
DPP4i group (HR 0.90 [0.83-0.98], HR 0.53 [0.39-0.72], HR 0.81 [0.66-0.998], respectively; Table 3).

Table 3. Incidence rate and hazard ratio of primary outcomes in the cardiovascular and renal risk
subgroups of the SGLT2 and DPP4 inhibitor users.

SGLT2i with DPP4i with SGLT2i with DPP4i with
Renal out cv risk cv risk HR renal risk  renal risk HR
enat outcomes  (1=12,980) (n=33362) [95%CI] (n=2,678) (n=7,202) [95% CI]
Event, IR) Event, (IR) Event, IR) Event, (IR)
Any kidney 0.90
4 A4 2,602 (62. - - -
outcomes 904 (35.48) 2,602 (62.36) [0.83-0.98]*
Acute kidney 0.53 0.40
1 b4 1 . 104 (9.67
injury 66 (3.10) 309 (5:54) [0.39-0.72]* 5(383) 04 (9:67) [0.21-0.70]*
Chronic kidney 0.81 0.68
139 (6.65 499 (9.15 37 (10.29 177 (18.2
disease (6.65) (9:15) [0.66-0.998]* ( ) (18.2) [0.45-0.98]*
Dialysis 25 (1.17) 98 (1.74) 0.72 7 (1.72) 44 (3.91) 046

[0.44-1.14] [0.17-1.05]
Kidney failure 17 (0.79) 65 (1.15) 0.75 0(0.00) <5(<0.44) 0.17
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[0.40-1.32] [NA-2.70]
Kidney 0.25 0.17
transplantation 0 (000 <5009y 54 00000 <S04 o)

Abbreviations: SGLT2i, sodium glucose cotransporter-2 inhibitor group; DPP4i, dipeptidyl peptidase-4 inhibitor
group; IR, incidence rate per 1,000 person-year; HR, hazard ratio; CI, confidence interval; cv, cardiovascular;
*Statistically significant.

Other renal outcomes were not different significantly between groups. Genital infection and
hyperkalemia showed significant differences (HR 2.34 [2.08-2.64], HR 0.46 [0.33-0.63]; Table S6) in
line with the main analysis. Bone fracture was less frequent in the SGLT2i group with cardiovascular
risk (HR 0.90 [0.82-0.98]; Table S6). The risks of MACE and HHF were lower in the SGLT2i group. In
particular, the results of AKI, genital infection, hyperkalemia, MACE, and HHF were consistent
across sensitivity analyses (Table S7-8).

For the renal risk subgroup, all characteristics were balanced (all Std. diff <0.10; Table S9, Figure
S5). The proportions of females were 44.1% and 43.3% in the SGLT2i and DPP4i groups, respectively.
Hyperlipidemia and hypertension were the most common comorbidities (92.0% and 92.2% for
hyperlipidemia; 70.2% and 70.6% for hypertension; Table S9). AKI and CKD were significantly lower
in the SGLT2i group (HR 0.40 [0.21-0.70], HR 0.68 [0.45-0.98]; Table S3). Genital infections were more
frequent in the SGLT2i group, consistent with the whole study population (HR 2.41 [1.84-3.15]; Table
510). Hyperkalemia and MACE were lower in the SGLT2i group (HR 0.26 [0.14-0.46], HR 0.75 [0.56—
0.98]; Table S10). However, only genital infection and hyperkalemia were consistent across all
sensitivity analyses (Table 512).

4. Discussion

This nationwide study compared the effectiveness of SGLT2i on renal and safety outcomes to
confirm its real-world benefits by utilizing routinely collected data in clinical practice. Extensive data-
driven analytic methods were adopted in our study, including an active-comparator, new-user cohort
study, large-scale propensity matching. We found that SGLT2i treatment reduced the risk of
composite kidney disease, AKI, and CKD. Consistent results across various analytic approaches,
including sensitivity and subgroup analyses, support the robustness of our findings. Moreover,
regarding safety outcomes, patients prescribed an SGLT2i showed a decreased risk of hyperkalemia
but an increased risk of genital infection. To our knowledge, this is the largest nationwide cohort
study in Asia comparing the risks of kidney and related safety outcomes between patients with
SGLT2i and DPP4i.

Recently, the reno-protective effects of SGLT2i have gained as much attention as its
cardiovascular benefits. The SGLT2i enhances renal protection by increasing the urinary excretion of
glucose and sodium, which reduces the blood sugar levels. This action activates tubuloglomerular
feedback, leading to the afferent glomerular arteriole, which reduces intraglomerular pressure, and
protects the glomeruli [12]. Moreover, the SGLT2i initially decrease the glomerular filtration rate,
thereby reducing the tubular workload and metabolic demand, and improving renal cortical
oxygenation [13]. Collectively, these effects of SGLT2i extend beyond their glucose-lowering
capability, helping to lower the risk of AKI and slow the progression of CKD [14].

Other real-world studies have shown renal benefits of the SGLT2i across AKI, CKD, and ESRD
[15,16]. In our study, however, we did not observe significant results for dialysis, kidney failure, or
kidney transplantation. This may be attributed to our study population representing a less severe
cohort of new-user and the relatively short follow-up period, particularly in terms of the disease
duration of T2DM. Further evaluation is needed in patients with more severe condition, specifically,
those with CKD.

Furthermore, our study confirmed consistent results for infectious and hemodynamic safety
outcomes. It has already been proven in clinical trials and observational studies that SGLT2i increase
the risk of genital infections due to increased urinary sugar levels. Our study also found the risk ratio
of genital infection to be more than twofold. While some studies have reported an increased risk of
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urinary tract infection [17], this was not significant in our study, nor in other large studies [18].
However, this result may highly rely on the detailed definition of urinary tract infection and the code
validity. Therefore, further research is needed to investigate urinary tract infections more thoroughly.

Hyperkalemia is a critical condition that increases the risk of cardiac arrhythmias and death. It
is caused by decreased renal function or the use of renin-angiotensin-aldosterone inhibitors in
patients with CKD and T2DM. Follow-up studies from several clinical trials and meta-analyses have
found that SGLT2i may reduce the incidence of severe hyperkalemia. The mechanisms are considered
to involve potassium co-excretion, increasing aldosterone level, and the indirect effects of preserved
kidney function [19]. Considering that only a few real-world studies on hyperkalemia have been
conducted, our study provides additional evidence that SGLT2i reduce the risk of hyperkalemia
without causing hypokalemia.

In this study, the risk of diabetic ketoacidosis was evaluated. Even though the incidence of
diabetic ketoacidosis was higher in the SGLT2i group than in the DPP4i group, the difference was
not statistically significant. Euglycemic diabetic ketoacidosis is primarily caused by changes
insulin/glucagon ratio, increased ketogenesis, glycosuria, and ketone reabsorption effect of SGLT2i
[20,21]. In our study including patients prescribed insulin, factors during follow-up, such as
discontinuation of insulin, may have influenced the development of diabetic ketoacidosis. In clinical
trials, SGLT2i have been found to increase hypovolemia [22], but this was not statistically significant
in our study. Similarly, several real-world studies have not observed a significant relationship
between SGLT2i and severe hypovolemia [23]. Mechanistically, SGLT2i are considered safe regarding
hypoglycemia when used as monotherapy, and this study showed the same results [24].

It has been hypothesized that SGLT2i may affect bone metabolism and increase the risk of
fractures [25]. However, our study observed no significant increase in the risk of bone fracture. This
might be more pronounced with canagliflozin, which is known to affect bone resorption [26];
however, it was not included in our study as it was voluntarily withdrawn from the market in South
Korea. Notably, a recent meta-analysis also found that SGLT2i are not significantly associated wit an
increased risk of fractures [27], and our results further support these findings.

Our cardiovascular results are consistent with those of previous studies on several
cardiovascular diseases. Similar to our findings, studies based on the US healthcare database and
multi-database cohort study [28] have reported a lower risk if MACE in patients treated with SGLT?2i.
Furthermore, the results of a meta-analysis of retrospective cohort studies consistently showed a
lower risk of HHF [29]. The consistency between our study and these previous findings supports our
cardiovascular disease outcomes.

Our study has the following limitations. Due to the nature of the claims data, laboratory values
were not available, which may affect the reliability of baseline characteristics and renal outcome
assessments. Even though we defined variables using codes from multiple domains and a score
variable, e.g., the diabetes comorbidity severity index to heighten the sensitivity, and applied a large-
scale propensity score model using all available measured covariates, the unmeasured biases cannot
be entirely ruled out [30]. To further strengthen the robustness of our findings, future research should
consider incorporating approaches such as leveraging external datasets with laboratory and clinical
measurements or applying causal inference framework, such as target trial emulation.

Additionally, our study may be subject to misclassification due to the structured nature of code-
based analyses. For example, in the case of bone fractures, our data source did not allow us to
distinguish between traumatic and non-traumatic fractures. As the HIRA-CDM undergoes
continuous refinement with more granular mapping, misclassification is expected to decrease,
strengthening future research.

Despite these limitations, our study provides additional evidence on the renal protective
effectiveness of SGLT2i using a large sample from the Asian region and comprehensive study
outcome measures. While the existing literatures observed only limited outcome variable for renal
disease (mainly ESRD) [5,16], our study assessed with more granularity of renal outcomes, including
AKI, CKD, dialysis, and kidney transplantation. However, further research is needed to validate the
diagnostic codes used for these outcomes and to develop more effective algorithms for accurately
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identifying renal disease progression in real-world data. We believe that our findings offer in-depth
insights into the benefits of SGLT2i and have significant potential to contribute to clinical decision-
making, further research, and patient care.

5. Conclusions

Using the large-scale nationwide data from South Korea, we confirmed that SGLT2i lowers the
risk of new-onset kidney outcomes than DPP4i. Moreover, a consistent high incidence of genital
infection and a lower incidence of hyperkalemia were also observed. Our study reassure previous
findings and supports current clinical guidelines regarding SGL2i in Asian population.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: Flowchart for the SGLT2i and DPP4i groups; Figure S2: Cohort definition
scheme for the SGLT2i and DPP4i groups. The cohort definition scheme is identical for both the SGLT2i and
DPP4i groups, except for the specific drug initiated at cohort entry (SGLT2i or DPP4i, respectively). The scheme
consists of two assessment windows and a follow-up window (Exclusion Assessment Window: Assesses prior
medication use to exclude patients who were previously prescribed any other antidiabetic drugst before cohort
entry. The exclusion assessment period was restricted to the period for the data were available in the HIRA-
CDM database. Covariate Assessment Window: Evaluates baseline characteristics in the 365 days before cohort
entry. Follow-up Window: Begins on Day +1 after cohort entry and continues until the occurrence of one of the
censoring events). tOther antidiabetic drugs: any antidiabetic drugs except metformin, insulin, SGLT2 inhibitors,
and DPP4 inhibitors. SGLT2i: sodium-glucose cotransporter 2 inhibitor; DPP4i: dipeptidyl peptidase 4 inhibitor.
*The patients were censored based on the following events: (1) encountered any of the clinical outcomes, (2)
prescribed other antidiabetic drugs as defined in the exclusion criteria, and (3) discontinued treatment; Figure
S3: Scatter plots between before and after the propensity score adjustment between the SGLT2i and DPP4i groups.
This figure illustrates how well PS matching adjusted for confounding bias by balancing covariates between
cohorts. The x-axis and y-axis represent standardized mean differences of propensity score matching before and
after PS matching, respectively. The data points under 0.1 based on the y-axis of the plot indicate that PS
matching significantly reduced covariate imbalances, demonstrating its effectiveness in minimizing bias; Figure
S4: Scatter plots between before and after the propensity score adjustment between SGLT2i and DPP4i groups.
This figure illustrates how well PS matching adjusted for confounding bias by balancing covariates between
cohorts. The x-axis and y-axis represent standardized mean differences of propensity score matching before and
after PS matching, respectively. The data points under 0.1 based on the y-axis of the plot indicate that PS
matching significantly reduced covariate imbalances, demonstrating its effectiveness in minimizing bias; Figure
S5: Scatter plots between before and after the propensity score adjustment between the SGLT2i and DPP4i groups.
This figure illustrates how well PS matching adjusted for confounding bias by balancing covariates between
cohorts. The x-axis and y-axis represent standardized mean differences of propensity score matching before and
after PS matching, respectively. The data points under 0.1 based on the y-axis of the plot indicate that PS
matching significantly reduced covariate imbalances, demonstrating its effectiveness in minimizing bias; Table
S1: Code list of study variables used in definition; Table S2: Incidence and hazard ratio of cardiovascular
outcomes for the cohort groups; Table S3: Hazard ratios of primary outcomes from sensitivity analyses between
the SGLT2i and DPP4i groups; Table S4: Hazard ratios of secondary outcomes from sensitivity analyses between
the SGLT2 inhibitor and DPP4 inhibitor -only groups; Table S5: Comparison of baseline characteristics,
comorbidity profiles, and concomitant drugs of the SGLT2 and DPP4 groups with cardiovascular risk
before/after the PS matching; Table S6: Incidence and hazard ratio of safety outcomes for the cardiovascular risk
subgroup; Table S7: Hazard ratios of primary outcomes from sensitivity analyses between the SGLT2 inhibitor
and DPP4 inhibitor with cardiovascular risk groups; Table S8: Hazard ratios of secondary outcomes from
sensitivity analyses between the SGLT2 inhibitor and DPP4 inhibitor with cardiovascular risk groups; Table S9:
Comparison of baseline characteristics, comorbidity profiles, and concomitant drugs of the SGLT2 and DPP4
groups with renal risk before/after the PS matching; Table S10: Incidence and hazard ratio of safety outcomes for
the renal risk subgroups; Table S11: Hazard ratios of primary outcomes from sensitivity analyses between the
SGLT?2 inhibitor and DPP4 inhibitor with renal risk groups; Table S12: Hazard ratios of secondary outcomes from
sensitivity analyses between the SGLT2 inhibitor and DPP4 inhibitor renal risk groups.
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Abbreviations

The following abbreviations are used in this manuscript:

SGLT2i  Sodium-glucose co-transporter 2 inhibitors
DPP4i  Dipeptidyl peptidase 4 inhibitors

T2DM  Type 2 diabetes mellitus

AKI Acute kidney injury

CKD Chronic kidney disease

ESRD End-stage renal disease

CRRT Continuous renal replacement therapy

AMI Acute myocardial infarction
HHF Hospitalization with heart failure
PS Propensity score

pPY Person-year

HR Hazard ratio

CI Confidence interval
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