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Abstract

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) have shown potential in slowing chronic kidney disease (CKD)
progression, yet their effectiveness in real-world settings warrants further validation. This retrospective cohort
study utilized the Taipei Medical University Clinical Research Database (2008-2020) to assess renal outcomes
among 4,202 patients with type 2 diabetes mellitus (T2DM) and CKD treated with SGLT2is (n=448), dipeptidyl
peptidase-4 inhibitors (n=3,333), or thiazolidinediones (n=421). Following 1:4 propensity score matching, three
renal endpoints were evaluated: sustained estimated glomerular filtration rate (eGFR) reduction =50%, progression
to eGFR <15 mL/min/1.73m?, and initiation of kidney replacement therapy. Cox proportional hazards models were
applied to estimate risks. SGLT2i use was significantly associated with reduced risks of eGFR decline 250%
(adjusted hazard ratio [aHR] 0.60; 95% CI: 0.40-0.90) and progression to eGFR <15 mL/min/1.73m? (aHR 0.53; 95%
Cl: 0.33-0.85) compared with other glucose-lowering agents. Subgroup analyses indicated greater benefits among
patients younger than 65 years, males, those with stage 3 CKD, and concurrent statin users. SGLT2is effectively
decelerate renal function decline in T2DM with CKD under routine care, underscoring their potential as early
therapeutic interventions for optimal renoprotection across clinically relevant subpopulations.

Introduction

Chronic kidney disease (CKD) in patients with type 2 diabetes mellitus (T2DM) poses a significant global health
challenge, affecting approximately 40% of individuals with diabetes and significantly contributing to morbidity and
mortality worldwide. Recent epidemiological data shows that the prevalence of diabetes-related CKD is on the rise,
with projections indicating an increase from 536.6 million affected individuals in 2021 to 783.2 million by 2045.12
This surge has serious implications for healthcare systems, particularly in regions with limited resources for kidney
replacement therapy.

The pathophysiology of CKD in T2DM involves complex interactions between metabolic, hemodynamic, and
inflammatory pathways. Chronic hyperglycemia initiates a series of events, including oxidative stress, the
formation of advanced glycation end products, and the release of pro-inflammatory cytokines, leading to
progressive damage to both glomeruli and tubules.®* Recent evidence suggests that endothelial dysfunction is a
key factor in this process, characterized by impaired nitric oxide production and increased oxidative stress, which

contribute to both microvascular and macrovascular complications.®

Sodium-glucose cotransporter-2 inhibitors (SGLT2is) have emerged as a promising class of therapies that offer
benefits to the kidney. These medications work by reducing glucose reabsorption in the proximal tubule, which
leads to increased glucose (glucosuria) and sodium (natriuresis) excretion.® While evidence indicates that the
benefits of SGLT2is extend beyond glycemic control through multiple mechanisms, including a reduction in
intraglomerular pressure, oxidative stress, and inflammation,’ the diminishing glucosuric efficacy of SGLT2is with
declining glomerular filtration rate® 0 has raised questions about their effectiveness in CKD.

To address these knowledge gaps, we conducted a real-world cohort study using comprehensive electronic health
records to evaluate the comparative effectiveness of SGLT2is versus other glucose-lowering agents (dipeptidyl
peptidase-4 inhibitors and thiazolidinediones) in patients with T2DM and CKD. Our study specifically aimed to
assess the impact of SGLT2is on clinically meaningful renal outcomes in routine practice and identify patient
characteristics associated with enhanced treatment response. This research addresses a critical need for real-
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world evidence to guide clinical decision-making in the growing population of patients with diabetes and kidney
disease.

Methods

Study design and study population

This retrospective cohort study utilized the Taipei Medical University Clinical Research Data (TMUCRD) database,
which contains over four million patient records from 1998 to 2021 from three affiliated hospitals: Taipei Medical
University Hospital, Wanfang Hospital, and Shuang Ho Hospital.’” The study population comprised T2DM patients
with CKD who had received at least one prescription for an antidiabetic medication between January 2008 and
December 2020.

We excluded patients without precise demographic data (age and sex), those diagnosed with type 2 DM before age
40, those not prescribed SGLT2is, dipeptidyl peptidase-4 inhibitors (DPP4is), or thiazolidinediones (TZDs), those
with less than 90 days of follow-up after diagnosis, those without baseline estimated glomerular filtration rate
(eGFR) assessments, those who has CKD stage 5 or underwent KRT (Kidney Replacement Therapy) prior to their
DM diagnosis, and those diagnosed with polycystic kidney disease or lupus nephritis. The Institutional Review
Board at Taipei Medical University approved this study's ethical conduct (TMU-JIRB No.: N202304052). This study
use of deidentified secondary data from the TMUCRD database, the requirement for informed consent was waived
by the TMU Joint Institutional Review Board in accordance with the Human Subjects Research Act and institutional
guidelines. All methods were performed in accordance with the relevant guidelines and regulations, including the
principles of the Declaration of Helsinki and the ethical standards of the institutional.

Data extraction and cohort identification

An index date was set corresponding to the first prescription of antidiabetic agents (SGLT2is, DPP4is, or TZDs)
following a T2DM diagnosis. We enrolled only patients prescribed antidiabetic agents for over 30 days within a
year. The prevalence of T2DM was determined using the International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) codes 250.0/250.2 and ICD, 10th Revision, CM (ICD-10-CM) code E11 in patients
with at least two outpatient or inpatient visits. Established standards define CKD as a persistent eGFR below 60
mL/min/1.73 m? over three months.'? We used the CKD-EPI creatinine formula to calculate eGFR from creatinine
levels.'® Baseline eGFR was defined as the closest measurement to the index date, between 180 days before and
30 days after the index date.

We collected patient data on age and sex to establish baseline information. Age was recorded at the time of T2DM.
Comorbidities, including dyslipidemia, heart failure (HF), hypertension, liver disease, and anemia along with the
Charlson Comorbidity Index (CCl), were recorded one year before the index date. Additionally, we documented co-
medications prescribed for over 30 days within the year preceding the index date. Furthermore, laboratory tests for
glycated hemoglobin (HbA1c) and total cholesterol were conducted six months before the index date. Operational
definitions of patient characteristics are available in Supplementary Table S1.

Follow-up and study outcomes

We divided all the enrolled patients into two main groups: those who were initially treated with SGLT2is (SGLT2is
group) as the intervention group and those who were not (non-SGLT2is group) as the comparison group. In
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addition, we also further categorized the non-SGLT2is group into DPP4is and TZDs subgroups. Follow-up for
eligible patients continued until the patient's death, loss of follow-up, or December 31, 2021.

The primary endpoints included the decreasing of renal function, marked by a sustained eGFR reduction of 250%
from baseline, a decline in eGFR to <15 mL/min/1.73 mZ, and the initiation of any KRT after the index date
(Supplementary Table S2). As defined in the study, KRT encompasses hemodialysis, peritoneal dialysis, and kidney
transplantation, identified using specific order codes in the National Health Insurance Research Database (NHIRD).

Confounding mitigation and statistical analysis

We conducted a 1:4 propensity score matching (PSM) based on age, sex, and year of antidiabetic agents initiation
(year of index date). This involved comparing the SGLT2is group with the non-SGLT2is group, as well as the SGLT2is
group with the DPP4is and TZDs groups. The nearest neighbor matching algorithm was used to ensure equivalent
pairings with a caliper of 0.1. Descriptive statistics were used to describe baseline patient characteristics.
Continuous variables were reported as mean + standard deviation (SD), while categorical variables were presented
as frequencies and percentages (%). Standardized differences were calculated post-matching to evaluate covariate
balance.

Kaplan-Meier survival curves were conducted to estimate the cumulative survival probabilities representing the
time to the predefined study outcomes for each comparison treatment group over specified time intervals. The
hazard ratio (HR) and the 95% confidence interval (Cl) for the predefined study outcomes were conducted using
Cox proportional hazards regression analysis. Adjusted HR (aHR) was constructed considering age, year of index
date, CCl, eGFR, and HbA1c. Furthermore, we conducted subgroup comparisons between SGLT2is and non-
SGLT2is using adjusted Cox hazards regression and visualized with forest plots. Subgroup analyses were based on
demographics, comorbidities, and comedications. We only included subgroup data with at least a 15%
representation to minimize selection bias.

All statistical tests were considered statistically significant at a P-value <0.05. Kaplan-Meier survival curves were
plotted to visually depict the temporal progression of study outcomes across various treatment groups
(Supplementary Figures S1-S3). All statistical computations and analyses were performed using R software version
4.2.3.

Fig. 1

Results

Participants characteristics

This study included 4,202 patients with T2DM and CKD who were prescribed SGLT2is (n=448), DPP4is (n=3,333), or
TZDs (n=421). After conducting 1:4 PSM, we established three comparative cohorts: SGLT2is vs. DPP4is (448 vs.
1,426 patients), SGLT2is vs. TZDs (142 vs. 238 patients), and SGLT2is vs. combined non-SGLT2is (448 vs. 1,464
patients). The standardized differences for most baseline characteristics were less than 0.2, indicating well-
balanced cohorts. Table 1 presents the baseline characteristics of the study cohorts after PSM.

Thbl. 1
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The mean age was comparable across all comparisons, with SGLT2is users being slightly younger (69.5+10.1
years) compared to DPP4is (71.7+11.5 years), TZDs (71.2+10.0 years), and overall non-SGLT2is (71.4+11.4 years).
The majority of patients were male (51.4-56.9%) across all groups. The year of index date in SGLT2is versus TZDs
comparison demonstrated the most pronounced temporal disparity (SD=0.548). This substantial imbalance was
characterized by inverse prescribing patterns: SGLT2is use was predominantly recent (2017-2020: 52.1%; 2012-
2016: 40.8%; 2008-2011: 7.0%), while TZDs prescriptions were more heavily weighted toward earlier periods (2017-
2020: 28.6%; 2012-2016: 52.1%; 2008-2011: 19.3%).

Regarding comorbidities, hypertension was the most prevalent condition across all groups (50.0-59.7%), followed
by dyslipidemia (35.7-46.5%). Heart failure was present in approximately one-quarter of patients across all cohorts
(21.0-25.0%). The mean CCl was lower in SGLT2is users compared to DPP4is (2.79+1.48 vs. 3.58+1.80, SD=0.480)
and overall non-SGLT2is (2.79+1.48 vs. 3.49+1.82, SD=0.420), but similar to TZDs (2.9141.57 vs. 2.95+1.50,
SD=0.030). Laboratory parameters revealed notably higher baseline eGFR levels in SGLT2is users compared to non-
SGLT2is (44.7+11.2 vs. 38.8412.0 mL/min/1.73m?, DPP4is (45.2+10.7 vs. 39.3+11.9 mL/min/1.73m?), and TZDs
(45.2+10.7) vs. 39.3+11.9). Mean HbA1c levels were higher in SGLT2is users compared to DPP4is (7.96+1.81% vs.
7.46%1.57%, SD=0.298) and overall non-SGLT2is (8.0+1.8% vs. 7.5+1.6%, SD=0.268), although there was substantial
missing data. Regarding concomitant medications, renin-angiotensin therapy was the most commonly prescribed
medication across all groups (26.9-38.0%), followed by statins (20.2-31.2%) and antithrombotic agents (21.4-
28.9%).

Renal deterioration outcomes

During the follow-up period, we analyzed three predefined indices of decreasing renal function progression: eGFR
decline 250%, progression to eGFR <15 mL/min/1.73m?, and initiation of KRT. The SGLT2is groups demonstrated
lower incidence rates across all endpoints compared to other treatment groups. The Kaplan-Meier survival
analyses showed consistent separation patterns across all predefined study outcomes, demonstrating superior
preservation of renal function in SGLT2is groups (log-rank P <.01) (Supplementary Figure S1-S3).

Thl. 2

In the analysis of eGFR decline =50%, the SGLT2is group showed significantly lower risk compared to non-SGLT2is
(aHR 0.63; 95% Cl 0.42-0.94; P =.02), DPP4is (aHR 0.59; 95% CI 0.40-0.89; P =.01). The comparison with TZDs
group showed a similar protective trend, though not reaching statistical significance (aHR 0.47, 95% Cl 0.21-1.06, P
=.06). For progression to CKD stage 5 (eGFR <15 mL/min/1.73m?), the SGLT2is group demonstrated significantly
reduced risk compared to non-SGLT2is (aHR 0.55; 95% CI 0.34-0.88; P=.01) and DPP4is (aHR 0.53; 95% Cl 0.33-
0.86; P =.01). Although a similar trend was observed in comparison with TZDs (aHR 0.47; 95% Cl 0.18-1.24), this
difference did not reach statistical significance (P =.13).

Regarding kidney replacement therapy initiation, while unadjusted analyses showed significant risk reductions with
SGLT2is treatment versus non-SGLT2is (P <.05), these associations were substantially attenuated after adjustment
for confounding factors. The aHRs were 0.99 (95% CI 0.52-1.88; P =.98) versus non-SGLT2is, 0.91 (95% Cl 0.48-
1.73; P =.78) versus DPP4is, and 1.28 (95% CI 0.38-4.30; P =.68) versus TZDs.

Subgroup analysis

The forest plot illustrates the aHRs for eGFR decline 250% and progression to eGFR <15 mL/min/1.73m?, revealing
differential treatment effects of SGLT2is across various patient subgroups. Age-stratified analysis demonstrated
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that younger patients (<65 years) derived more pronounced renoprotective benefits from SGLT2i therapy compared
to older counterparts (=65 years), with significantly lower risks for both eGFR decline 250% (aHR 0.51, 95% CI 0.26-
1.00) and progression to eGFR <15 mL/min/1.73m? (aHR 0.25, 95% Cl 0.10-0.63). Gender-specific analysis revealed
that male participants experienced particularly robust treatment effects from SGLT2is, demonstrating substantially
reduced risks for both eGFR decline =50% (aHR 0.38, 95% Cl 0.20-0.73) and progression to eGFR <15
mL/min/1.73m? (aHR 0.41, 95% CI 0.19-0.89) compared to their female counterparts.

The protective effect of SGLT2is was also evident across various comorbid conditions. Patients with stage 3 CKD
on SGLT2is exhibited lower aHRs of 0.57 (95% Cl 0.34-0.95) for a 250% decline in eGFR and 0.40 (95% CI 0.17-
0.92) for eGFR <15 mL/min/1.73m? compared to stage 4 CKD with aHRs of 0.83 (95% Cl 0.43-1.64) and 0.73 (95%
Cl 0.40-1.32). Notably, concomitant statin therapy appeared to exhibit greater risk reductions of both eGFR decline
>50% (HR 0.45, 95% Cl1 0.23-0.88) and progression to eGFR <15 mL/min/1.73m? (HR 0.31,95% Cl 0.13-0.74)
compared to without statin, suggesting potential synergistic renoprotective effects between these therapeutic
class with SGLT2is.

Fig. 2

Discussion

This study showed the effectiveness of SGLT2is in mitigating renal deterioration, including slowing renal function
decline to reducing the incidence of end-stage kidney disease (ESKD) from real-world practice, especially when
compared to DPP4is and non-SGLT2is. Our findings not only corroborate existing evidence but also extend current
knowledge by identifying important subgroup-specific treatment effects of SGLT2is, notably more pronounced
renoprotective effects observed in younger patients (<65 years), male, and on treatment with statin.

The evolution of evidence supporting SGLT2is use in kidney disease has been remarkable from the unexpected
renal benefits observed in the EMPA-REG OUTCOME trial that focused on the effects of empagliflozin in patients
with T2DM at high risk for cardiovascular events. Notably, the study revealed that the incidence of acute kidney
failure was lower in the empagliflozin group compared to the placebo group.’ This unexpected finding prompted
the CREDENCE research project, which targeted a diabetic population at high risk for kidney failure, and the results
showed that the canagliflozin group experienced significantly lower rates of ESKD, doubling of serum creatinine, or
renal or cardiovascular death compared to the placebo group.’® Subsequently, the DAPA-CKD Clinical Trials further
investigated the renal protective effects of dapagliflozin in both diabetic and non-diabetic populations.
Dapagliflozin was found to significantly reduce the risk of death from renal or cardiovascular causes, as well as a
sustained decline in eGFR of at least 50%."® Recently, the UK Kidney Association updated its guidelines in October
2023, offering comprehensive clinical practices for SGLT2is in type 2 DM patients with kidney disease. These
guidelines detail the application of these inhibitors across different patient groups and provide recommendations
for their implementation. It is noted that an eGFR of 20 mL/min/1.73m? is effective in individuals with albuminuric
CKD across various populations, including those with and without type 2 DM.” While our findings align with
previous meta-analyses,'®20 these findings differ from post-hoc analyses of randomized controlled trials (RCTs),’*
162123 \yhich typically exclude patients with multiple comorbidities and have strict protocols that limit their
applicability in real-world settings. RCTs adhere to a strict protocol to eliminate selection bias and ensure the
treatment administered is the only difference between groups.
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The pronounced efficacy of SGLT2is in younger populations observed in our study likely reflects multiple
mechanisms. Enhanced urinary glucose excretion in younger patients may more effectively reduce hyperglycemia-
related inflammation, providing superior kidney protection,?4?° explaining why they are more effective in stage 3
CKD than stage 4. Conversely, older patients, particularly those aged 65 and above, may reflect the impact of
multiple comorbidities and polypharmacy on treatment effectiveness.?628 The observed sex disparity in treatment
response, favoring males, aligns with emerging evidence from other real-world cohorts that is in line with another
real-world cohort study.?® This finding may be explained by sex-specific differences in endothelial dysfunction and
platelet response, where endothelial dysfunction in T2DM leads to inadequate release of nitric oxide (NO) and
prostacyclin, potent platelet inhibitors.3%3" Recent experimental evidence suggests that the antithrombotic effects
of canagliflozin and dapagliflozin, expressed as a decreased platelet activation index and an increased PECAM-
1/thrombus ratio, more pronounced in male mice,3? potentially contribute to enhanced renoprotection.
Furthermore, the stronger renoprotective effects of SGLT2is in males may also be influenced by differences in
treatment duration and adherence rates, particularly because side effects such as urinary tract infections are more

prevalent in women. 3334

Our most clinically relevant finding is the enhanced efficacy of SGLT2is in patients receiving statin therapy. This
synergistic effect likely reflects complementary mechanisms in reducing major vascular events in a wide range of
individuals, including preventing or delaying progressive loss of kidney function.®>3¢ In addition to the strong
cholesterol-lowering effect, statins also have various effects, including platelet inhibition, vasodilation,

inflammation inhibition, and improvement of endothelial function,®’3°

which contribute to the improvement of
microcirculation function with SGLT2is. According to American College of Cardiology/American Heart Association
(ACC/AHA),*? all patients with T2DM and CKD to statin initiation may be reasonable. Patients with diabetes having
CKD are statin eligible regardless of the estimated 10-year risk.*! Based on these insights, nephrologists should
recognize the importance of early administration of SGLT2is in younger T2DM patients with CKD and add statin as
pleiotropic medication. Further research is needed to identify sex that may compromise the renal protective

properties of SGLT2is.

Conclusion

The strengths of our study include various outcome of renal disease from renal function decline to kidney failure
incidence. We performed head-to-head analysis SGLT2is with DPP4is and TZDs directly in type 2 DM with CKD. We
also analyzed subgroups to identify which factors most significantly impact the efficacy of SGLT2is. However,
several limitations warrant mention. First, we did not monitor blood glucose and blood pressure post-index date,
which can significantly influence study outcomes. Second, our study groups were defined based on administering
antidiabetic agents for at least 30 days within a year, yet we did not assess treatment adherence or dosage, which
could affect the results. Third, our data were sourced from three hospitals affiliated with Taipei Medical University,
potentially limiting the generalizability of our findings to other populations or healthcare systems, particularly those
in different geographical regions or with different healthcare infrastructures.

Abbreviations

ICD-9-CM= International Classification of Diseases, 9th Revision, Clinical Modification; ICD-10-CM= International
Classification of Diseases, 10th Revision, Clinical Modification; T2DM= Type 2 Diabetes Mellitus; NSAIDS=
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nonsteroidal anti-inflammatory drugs; eGFR= estimated glomerular filtration rate; SGLT2is= sodium-glucose
cotransporter-2 inhibitors; DPP4is= dipeptidyl peptidase-4 inhibitors; TZDs= thiazolidinediones.
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Tables

Table 1. Patients’ baseline characteristics after PSM.
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SGLT2is vs. DPP4is SGLT2is vs. TZDs SGLT2is vs. non-SGLT2is

SGLT2i DPP4i SD SGLT2i TZDs SD SGLT2i non- SD
SGLT2is
(n= (n= (n=142) (n=238) (n=
448) 1,426) 448) (n=1,464)
Age, years
Mean (SD) 69.5 71.7 0.197 694 71.2 0.176  69.5 71.4 0.178
(10.7) (11.5) (10.3) (10.0) (10.1) (11.4)
Year of index
date
2008-2011 10 30 0.16 10 46 0.548 10 34(2.3%) 0.142
(2.2%) (2.1%) (7.0%) (19.3%) (2.2%)
2012-2016 90 383 58 124 90 381
(20.1%)  (26.9%) (40.8%)  (52.1%) (20.1%)  (26.0%)
2017-2020 348 1013 74 68 348 1049
(77.7%)  (71.0%) (52.1%)  (28.6%) (77.7%)  (71.7%)
Sex, n (%)
Male 255 786 0.036 73 135 0.107 255 806 0.038
(56.9%) (55.1%) (51.4%)  (56.7%) (56.9%) (55.1%)
Female 193 640 69 103 193 658
(43.1%) (44.9%) (48.6%)  (43.3%) (43.1%) (44.9%)

Comorbidities, n (%)

Dyslipidemia 185 663 0.105 62 85 0.163 185 658 0.074
(41.3%) (46.5%) (43.7%)  (35.7%) (41.3%)  (44.9%)

Hypertension 230 852 0.170 78 119 0.099 230 858 0.146
(51.3%) (59.7%) (54.9%)  (50.0%) (51.3%) (58.6%)

Heart failure 112 335 0.035 35 50 0.087 112 342 0.038
(25.0%) (23.5%) (24.6%)  (21.0%) (25.0%) (23.4%)

Liver disease 21 74 0.023 7 4 0.182 21 72 (4.9%) 0.011
(4.7%) (5.2%) (4.9%) (1.7%) (4.7%)

Anemias 18 65 0.027 5 7 0.033 18 71(4.8%) 0.04
(4.0%) (4.6%) (3.5%) (2.9%) (4.0%)

Charlson Comorbidity

Index

Mean (SD) 2.79 3.58 0.480 2.91 2.95 0.03 2.79 3.49 0.42
(1.48) (1.80) (1.57) (1.50) (1.48) (1.82)

Co-medications, n (%)

Antithrombotic 122 397 0014 M 51 0172 122 385 0.021
(27.2%) (27.8%) (28.9%) (21.4%) (27.2%) (26.3%)

Anti-anemic 23 128 0.150 7 12 0.005 23 122 0.128

agents (5.1%) (9.0%) (4.9%) (5.0%) (5.1%) (8.3%)
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Cardiac 9
stimulants (2.0%)
Diuretics 68
(15.2%)
Beta blocker 99
(22.1%)
Calcium 85
channel (19.0%)
blockers
Renin- 156
angiotensin (34.8%)
therapy
Statin 124
(27.7%)
Lipid modifying 50
agents (11.2%)
NSAIDS 5
(1.1%)
Glucocorticoids 1
(0.2%)
Antigout 49
(10.9%)

Laboratory test, mean
(SD)

eGFR, 44.7
mL/min/1.73m2  (11.2)

HbA1c, % 7.96
(1.81)
Missing, n (%) 233
(52.0%)
Total 174
Cholesterol, (45.9)

mg/dL

Missing, n (%) 291
(65.0%)

16
(1.1%)

240
(16.8%)

339
(23.8%)

306
(21.5%)

517
(36.3%)

444
(31.2%)

158
(11.1%)

20
(1.4%)

21
(1.5%)

178
(12.5%)

38.8
(12.0)

7.46
(1.57)

286
(20.1%)

178
(53.8)

605
(42.4%)

0.071

0.045

0.040

0.062

0.030

0.076

0.003

0.026

0.137

0.048

0.511

0.298

0.078

2
(1.4%)

21
(14.8%)

33
(23.2%)

36
(25.4%)

54
(38.0%)

39
(27.5%)

452
(10.7)

7.68
(1.19)

74
(52.1%)

180
(43.5)

89
(62.7%)

0 (0%)
32
(13.4%)

33
(13.9%)

41
(17.2%)

64
(26.9%)

48
(20.2%)
20
(8.4%)
3
(1.3%)

5
(2.1%)

18
(7.6%)

39.3
(11.9)

7.97
(1.83)

124
(52.1%)

190
(45.6)

145
(60.9%)

0.169

0.039

0.243

0.199

0.24

0.172

0.118

0.056

0.119

0.127

0.527

0.194

0.215

9
(2.0%)

68
(15.2%)

99
(22.1%)

85
(19.0%)

156
(34.8%)

124
(27.7%)
50

(11.2%)

(1.1%)

—~

0.2%)

49
(10.9%)

44.7
(11.2)

8.0
(1.8)

233
(52.0%)

174
(45.9)

291
(65.0%)

19 (1.3%)
249
(17.0%)

338
(23.1%)

310
(21.2%)

523
(35.7%)

438
(29.9%)

161
(11.0%)

19 (1.3%)
22 (1.5%)

173
(11.8%)

38.8
(11.9)

7.5(1.6)
330
(22.5%)
178
(52.5)

640
(43.7%)

0.056

0.05

0.024

0.055

0.019

0.049

0.005

0.017

0.139

0.028

0.512

0.268

0.088

CClI, Charlson Comorbidity Index; HbA1c, Hemoglobin A1c; NSAIDS, nonsteroidal anti-inflammatory drugs; SD,

Standardized Difference.

Table 2. Cox proportional hazards regression analysis for predefined indices of renal function progression.
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Event  Participant-years Incidence rate Crude model Adjusted model *
of follow up
(Events/100 HR(95% P HR(95%  Pvalue
participant-years) Cl) value cl)
eGFR decline 250%
SGLT2is 59 1355.19 13.17
VS. non- 338 3931.66 23.13 0.51 <0.001 0.63 0.023
SGLT2is (0.39, (0.42,
0.67) 0.94)
vs. DPP4is 331 3786.68 23.23 0.50 <0.001 0.59 0.011
(0.38, (0.40,
0.67) 0.89)
SGLT2is 23 579.08 16.20
vs. TZDs 82 904.39 21.64 0.44 <0.001 0.47 0.068
(0.28, (0.21,
0.70) 1.06)
eGFR <15 mL/min/1.73m?
SGLT2is 37 1413.47 8.26
VS. non- 311 3958.02 21.29 0.35 <0.001 0.55 0.014
SGLT2is (0.25, (0.34,
0.49) 0.88)
vs. DPP4is 303 3808.74 21.26 0.35 <0.001 0.53 0.010
(0.25, (0.33,
0.49) 0.86)
SGLT2is 12 628.77 8.45
vs. TZDs 71 944.61 18.73 0.26 <0.001 0.47 0.126
(0.14, (0.18,
0.48) 1.24)
Kidney replacement therapy
SGLT2is 19 1460.34 4.24
VS. non- 120 4388.69 8.21 0.46 0.002 0.99 0.975
SGLT2is (0.28, (0.52,
0.74) 1.88)
vs. DPP4is 118 4223.12 8.28 0.46 0.002 0.91 0.779
(0.28, (0.48,
0.75) 1.73)
SGLT2is 8 632.95 5.63
vs. TZDs 33 1091.53 8.71 0.43 0.033 1.28 0.685
(0.20, (0.38,
0.94) 4.30)

s Adjusted for age, year of index date, CCl, eGFR, and HbA1c.

DPP4is, dipeptidyl peptidase-4 inhibitors; eGFR, estimated glomerular filtration rate; SGLT2is, sodium-glucose
transporter-2 inhibitors; TZDs, thiazolidinediones.
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Figures

Patients with type 2 diabetes diagnosis between
Jan, 2008 and Dec. 2020 in TMUCRD
(N=133,908) Exclusion criteria

+ Age =40 (n=9 846)

« Mot received SGLT2is, DPP4is, and TZDs
{n=82283)

» Follow-up <3 months (n=2,891)

h 4
Patients first received SGLT2is, DPP4is, and TZDs
between Jan 2008 to Dec 2020
(n=38,888) = Missing values of baseline eGFR (n=8,642)
» eGFR baseline 260 mLimin/1.73 m? (n=20,788)
+ eGFR baseline <60 mL/min/1.73 m? less than 3
maonths (n=4 380)
> . elGFR baseline £15mLimin/1.73 m? (n=617)
» Have renal replacement therapy before the
v index date (n=165)
s Have polycystic kidney disease (n=11) and
type 2 diabetes patients with CKD lupus nephritis (n=10)
(n=4275)

.| = Same first prescription date (n=6%)
= The prescription less than 30 days (n=4)

1 " l

SGLT2is DPP4is TZDs
(n=448) {n=3,333) {n=421)

Figure 1

Flowchart of study cohort selection. CKD, chronic kidney disease; DPP4is, dipeptidyl peptidase-4 inhibitors; eGFR,
estimated glomerular filtration rate; SGLT2is, sodium-glucose transporter-2 inhibitors; TZDs, thiazolidinediones
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Subgroup
AgeES
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Female
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With Dyslipidemia

Without Dyslipidemia
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With Heart Failure

Without Heart Failure
Antithrombaotic

With Antithrombotic

Without Antithrembotic
Diuretics

With Diuretics

Without Diuretics
Beta blocker

With Beta blocker

Without Beta blocker
Calcium channel blockers

With Calcium channel blockers
Without Calcium channel blockers

Renin-angiotensin therapy

With Renin-angictensin therapy
Without Renin-angiotensin therapy

Statin therapy
With Statin therapy
Without Statin therapy

Figure 2
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Forest plot of Adjusted Hazard Ratio for Subgroup. aHR, adjusted Hazard Ratio; eGFR, estimated glomerular
filtration rate; KRT, kidney replacement therapy
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