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ABSTRACT

Context: Diabetic kidney disease is a major burden among diabetic patients. Sodium-glucose
co-transporter 2 inhibitors (SGLT2is) were shown to reduce renal outcomes in clinical trials
and real-world studies. However, head-to-head comparisons with individual classes of glucose-

lowering agents warranted further investigation.

Objective: To investigate the associations between SGLT2is use versus dipeptidyl peptidase-
4 inhibitors (DPP4is) use and 4 renal outcomes: end-stage renal disease (ESRD), albuminuria,
acute renal failure (ARF), and the rate of eGFR change using a territory-wide electronic

medical database in Hong Kong.

Design: A retrospective cohort study. The “prevalent new-user” design was adopted to account
for previous exposure to study drugs. Propensity score matching was used to balance baseline

characteristics.

Setting and participants: Electronic health data of type 2 diabetes patients using SGLT2is

and DPP4is between 2015 and 2018 was collected.

Results: The matched cohort consisted of 6,333 SGLT2is users and 25,332 DPP4is users, with
a median follow-up of 3.8 years. Compared to DPP4is, SGLT2is use was associated with lower
risks of ESRD (HR: 0.51, 95% CI: 0.42-0.62; P<0.001) and ARF (HR: 0.59, 95% CI: 0.48-
0.73; P<0.001), and a slower decline in eGFR. The associations remained significant among
patients with or without rapid eGFR decline and patients who added or switched to SGLT2is

from DPP4is. The association with albuminuria was inconsistent across analyses.

Conclusion: Compared to DPP4is, SGLT2is use was associated with reduced risks of ESRD
and ARF, and a slower eGFR decline in a real-world setting. The associations remained

significant in patients with or without pre-index rapid eGFR decline.



INTRODUCTION

Diabetic kidney disease (DKD) is associated with excess risks of all-cause and cardiovascular
mortality and a major burden among patients with type 2 diabetes (T2D) (1). It is also one of

the leading causes of end-stage renal disease (ESRD) in the US (2).

Sodium glucose co-transporter 2 inhibitors (SGLT2is) are one of the newer classes of glucose-
lowering agents for T2D. Since their introduction, multiple large placebo-controlled clinical
trials were conducted to study the pleiotropic properties of SGLT2is (3-8). These trials reported
beneficial effects of SGLT2is against renal outcomes, including progression to albuminuria
and ESRD. Since clinical trials tend to provide evidence on drug efficacy instead of drug
effectiveness, to investigate the real-world effectiveness of the renal-protective effects of
SGLT2is, the multinational CVD-REAL 3 study compared the use of SGLT2is with the use of
other glucose-lowering agents on their effects on renal endpoints (9). The study showed that
SGLT2is use was associated with a slower decline in estimated glomerular filtration rate
(eGFR) and a reduced risk of ESRD. Very recently, a few real-world studies on the related
topics were also published (10-12). However, inconsistent results were observed for composite
renal disease progression, ESRD, and acute kidney injury. Notably, the effect of SGLT2is on
the risk of microalbuminuria remained unstudied. Among these recent studies, only one study
performed head-to-head comparisons (12) with individual classes of glucose-lowering agents.
However, the results were inconsistent between analyses. The study also lacked sufficient size
to examine the individual components of the renal composite outcome. Given that different
associations with renal endpoints have been reported for different classes of glucose-lowering
agents (13), it is important to have head-to-head comparisons, especially for dipeptidyl
peptidase-4 inhibitors (DPP4is) since they are the most widely used second- or third-line

antidiabetic medication in many parts of the world including the US (14) and Europe (15).



The present study aimed to investigate the associations between the use of SGLT2is versus the
use of DPP4is and 4 renal outcomes: ESRD, albuminuria, acute renal failure (ARF), and the
change in eGFR using a territory-wide representative electronic medical database in Hong

Kong.

MATERIALS AND METHODS

Data Source

The Clinical Data Analysis and Reporting System (CDARS) is a territory-wide representative
electronic medical database from the Hospital Authority (HA) of Hong Kong. The HA manages
all 42 public hospitals and 120 public outpatient general and specialist clinics in Hong Kong.
More than 90% of the known diabetes patients in Hong Kong are under the HA’s care (16).
The CDARS is ethnically homogeneous that about 92% of the population is Han Chinese (17).
It stores clinical records from outpatient, emergency, and inpatient visits, including diagnosis,
dispensing, clinical procedures and operations, laboratory tests, and death registry records. The
ethical approval of this study has been granted by the Institutional Review Board of the

University of Hong Kong/Hospital Authority Hong Kong West Cluster (Ref: UW 19-154).

Study Cohort

The study cohort consisted of diabetic patients prescribed with SGLT2is or DPP4is between
2015 (the year SGLT2is was first prescribed by the HA) and 2018. Patients who started
SGLT2is, including canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin, were
classified as “exposed”. Patients who started DPP4is, including sitagliptin, vildagliptin,

saxagliptin, linagliptin, alogliptin, and omarigliptin, but had not been prescribed with SGLT2is



before, were classified as “control”. Exclusion criteria were (Figure 1): 1) patients in the DPP4i
control group with any use of SGLT2is before index date; 2) patients with DPP4i and SGLT2i
initiated on the same date; 3) patients of type 1 diabetes (T1D); 4) patients with prescription
records of index drugs for only 1 day; 5) patients with latest eGFR measurement <15
mL/min/1.73m? before index date; 6) patients who received dialysis or kidney transplant within
1 year before index date; 7) patients with no HbAlc measurement for the adjustment of pre-
index diabetic control within 1 year before index date; and 8) patients with less than 2 eGFR
measurements for the adjustment of the pre-index rate of eGFR change. To avoid short-term
or acute changes, patients with the first and last available eGFR measurements less than 30
days apart were also excluded. For the analysis of albouminuria outcome, patients with urine
albumin-to-creatinine ratio (UACR) >3 mg/mmol or 24-hour urine albumin >30 mg/day (18)
within 1 year before index date were excluded. For the analysis of the rate of change eGFR,
patients with less than 3 eGFR measurements during follow-up were excluded. T1D was
defined according to a previous validation study (19): 1) the number of T1D diagnosis records
to the number of T2D diagnosis records ratio >4 (19); 2) prescribed with insulin and no other
glucose-lowering agents within the first year of diabetes diagnosis (19); or 3) age at diagnosis
<30. eGFR was estimated using the new Asian modified CKD-EPI equation (20). For the 3
hard renal endpoints (ESRD, albuminuria, and ARF), the cohort was followed until the
occurrence of study outcomes, the end of study (December 31, 2020), or death, whichever came
first. For the change in eGFR, the cohort was followed until the end of 2 years follow-up, the
end of study (December 31, 2020), discontinuation of index drug, or death, whichever came
first. Discontinuation of index drug was defined as more than 90 days without a new

prescription after the end date of the last prescription.

Outcomes



There were 4 outcomes of interest: 1) the first incidence of ESRD, 2) the first incidence of
albuminuria, 3) the first incidence of ARF, and 4) the rate of change of eGFR over time. ESRD
was defined as at least two consecutive laboratory measurements of eGFR <15
mL/min/1.73m?, initiation of dialysis, or reception of kidney transplantation. Albuminuria was
defined as urine albumin-to-creatinine ratio (UACR) >3 mg/mmol or 24-hour urine albumin
>30 mg/day, followed by a second measurement within a 3- to 6-month period (18). ARF was
defined as diagnosis coded by ICD-9-CM: 584.x in the accident and emergency (A&E) and the
in-patient settings (21). For the change in eGFR, eGFR measurements were taken every 3
months after the start of follow-up for a maximum of 2 years. A measurement window of £30
days was allowed. For patients with multiple eGFR measurements available within a

measurement window, the measurement closest to the 3-month time point was selected.

“Prevalent New-User” Design

Since DPP4is were an older class of glucose-lowering agents and have been widely used before
SGLT2is became available in Hong Kong, many patients who started SGLT2is were ongoing
or previous DPP4is users. To account for the prior exposure to an active comparator, the present
study adopted the “prevalent new-user” design (22). A detailed explanation of how the design
was applied to the present study cohort has been mentioned elsewhere (23). In brief, the design
matched study participants on the length of previous exposure to DPP4is in a time-dependent
manner. For patients initiating SGLT2is without previous use of DPP4is (i.e., 0 day of previous
exposure to DPP4is), they were matched with patients first initiating DPP4is. Compared to the
traditional new-user design, the “prevalent new-user” design does not exclude patients with

previous exposure to an active comparator. This “prevalent new-user” design allowed an



unbiased comparison between patients who switched to or added SGLT2is from DPP4is and

patients who stayed on DPP4is.

Propensity Score (PS) Matching

The PS matching (24) was adopted to balance the baseline characteristics between the exposed
and control groups. A wide range of 72 covariates, including eGFR and HbAlc measurements,
pre-index rate of eGFR decline, albuminuria status, history of chronic kidney disease and acute
renal failure, concurrent uses of other glucose-lowering agents, and history of other major
comorbidities and related drug uses, were selected for PS calculation. The definition of each
covariate was listed in Supplemental Table 1 (25). To account for the difference between
patients who initiated SGLT2is/DPP4is as their first-ever anti-diabetic medication and those
who did not, the medication history of individual classes of anti-diabetic drugs and the total
number of different anti-diabetic drugs used were also included in the PS model. PS was
calculated using conditional logistic regression stratified by the pairs matched in the “prevalent
new-user” design. To reduce the risk of residual confounding (26), patients in the SGLT2is
exposed group with PS <the 5th percentile and patients in the DPP4is control group with PS
>the 95th percentile were trimmed. PS matching was done within each “prevalent new-user”
matched pair using sequential greedy matching (27) with a calliper of 0.2 standard deviations
(SD). The patients were matched 1:4 (SGLT2is:DPP4is) without replacement within and across
“prevalent new-user” matched pairs. The balance of covariates post-PS matching was assessed
by standardized mean difference (SMD). Covariates with SMD >0.1 were considered

unbalanced and were adjusted in the subsequent regression analyses.

Statistical analyses



Patient characteristics were presented as mean (SD) for continuous variables and as frequency
(%) for categorical variables. Covariates with SMD>0.1 after PS matching were adjusted in all
regression analyses. Hazard ratios (HRs) with 95% Cls were estimated using Cox proportional
hazards regression. Proportional hazard assumption was tested and found no violation.
Cumulative incidence differences (CIDs) at 1 and 2 years since follow-up were estimated using
the method proposed by P.C. Austin (28). Survival probabilities were averaged across patients
and cumulative incidence was estimated by 1-mean(survival probability). The 95% Cls for CID
were estimated by the 2.5th and 97.5th percentiles of the sampling distribution of 500 bootstrap
samples. The change in eGFR was modelled using linear mixed model. Measurement time
(linear), treatment group (SGLT2i or DPP4i), and the interaction between measurement time
and treatment group were included as fixed effects. Patients’ id was included as random effect
while allowing correlation between random intercepts and random slopes for the “measurement

time” term. Statistically significant level was defined as a two-sided p-value <0.05.

Subgroup analyses

Two subgroup analyses were performed. The first one split the study cohort according to the
rate of pre-index eGFR change. Rapid decline in eGFR was defined as >4% decline in eGFR
per year (29), or as >5 mL/min/1.73m? decline in eGFR per year (according to the Kidney
Disease: Improving Global Outcomes (KDIGO) guideline (30)), while non-rapid decline was
defined as <4% decline in eGFR per year, or as <5 mL/min/1.73m? decline in eGFR per year,
respectively. The pre-index percentage rate of eGFR decline was estimated per patient using
linear least squares regression on the log-transformed eGFR measurements (non-log-
transformed eGFR for absolute rate) within 1 year before index date. Interaction between

SGLT2is use and status of rapid decline in eGFR was tested by adding the corresponding



interaction term to the Cox regression of the main analyses. The second subgroup analysis
aimed to examine the effect of switching to or adding SGLT2is from DPP4is compared to
staying on DPP4is without SGLT2is. The analysis included only patients with previous use or

ongoing use of DPP4is at baseline (i.e., >0 day of previous exposure to DPP4is at baseline).

Sensitivity analyses

In addition to event occurrence, study end, and death, patients were censored upon
discontinuation of index drugs. Discontinuation was defined as more than 90 days without a
new prescription after the end date of the last prescription. To account for potential bias due to
discontinuation censoring, HRs with 95% Cls were estimated using competing risk regression

considering discontinuation censoring as competing event.

All statistical analyses were performed using R version 4.1.0.

RESULTS

Between 2015 and 2018, 9,895 patients first started SGLT2is and 93,481 patients first started
or continued with DPP4is in the CDARS database. Each patient in the SGLT2is group was
matched with patients in the DPP4is group according to the duration of previous exposure to
DPP4is (£30 days) and the calendar period (£60 days) in a time-dependent manner. After
screening for exclusion criteria, a “prevalent new-user” matched cohort of 8,597 SGLT2is
patients and 83,010 DPP4is patients remained available for subsequent PS matching (Figure
1). The final 1:4 PS-matched cohort consisted of 6,333 patients in the SGLT2is group and
25,332 patients in the DPP4is group. All covariates showed SMD <0.1 after PS matching

(Table 1 short version; Supplemental Table 2 full version (25)). At baseline, around 56% of



the patients were male. The mean age was 62. Around 90% of the patients had no history of
CKD (defined as eGFR<60 mL/min/1.73m?) and around 77% of the patients had normal
albuminuria (defined as UACR <3 mg/mmol or 24-hour urine albumin <30 mg/day). The mean
eGFR was around 86 mL/min/1.73m?. Around 70% of the patients were in the low KDIGO
risk group (defined as UACR <3 mg/mmol or 24-hour urine albumin <30 mg/day, and
eGFR>60 mL/min/1.73m? (30)). Among the SGLT2is group, 1.2% were canagliflozin, 71.3%

were dapagliflozin, 27.4% were empagliflozin, and none were ertugliflozin.

Associations of SGLT2is with ESRD, ARF, and albuminuria

The cohort was followed for a median of around 3.8 years. No further adjustment in the
statistical analyses was required as all covariates showed SMD <0.1. Compared to the use of
DPP4is, the use of SGLT2is was significantly associated with reduced risks of ESRD (HR:
0.51, 95% CI: 0.42-0.62; P<0.001; Table 2) and ARF (HR: 0.59, 95% CI: 0.48-0.73; P<0.001;
Table 2). The 1-year and 2-year CIDs were 0.36% (95% CI: 0.23-0.46) and 0.74% (95% CI:
0.50-0.95) for ESRD, and 0.25% (95% CI: 0.15-0.36) and 0.47% (95% CI: 0.29-0.65) for ARF,
respectively (Table 2). The associations were stronger and remained significant in sensitivity
analysis which patients were censored upon discontinuation of index drugs (Table 3). On the
other hand, the association with albuminuria was statistically slightly non-significant in the
main analysis (HR: 0.81, 95% CI: 0.64-1.01; P=0.065; Table 2) but became significant in the

sensitivity analysis (HR: 0.50, 95% CI: 0.36-0.68; P<0.001; Table 3).

Association between SGLT2is and the rate of eGFR change

The linear mixed regression was used to model the rate of change of eGFR. The interaction

term between measurement time and treatment group was included as fixed effect to test the
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difference in eGFR rates between the use of SGLT2is and the use of DPP4is. The eGFR
measurements were taken in 3-months windows for 2 years. 5714 PS-matched pairs were
excluded due to less than 3 eGFR measurements for at least one member in a pair. The resulting
cohort consisted of 617 PS-matched pairs. The rate of change of eGFR among patients using
SGLT2is was -0.060 mL/min/1.73m? per year (95% Cl: -0.243 to 0.135), while the rate of
change of eGFR among patients using DPP4is was -0.625 mL/min/1.73m? per year (95% CI:
-0.712 to -0.536). There was a significant difference in the rate change of eGFR between

SGLTZ'S and DPP4|S (Pinteraction<0.001).

Subgroup analyses

Subgroup analyses were performed for patients with or without rapid pre-index eGFR decline
and patients with ongoing or previous use of DPP4is at baseline (Table 4). Between rapid
decliners and non-rapid decliners (defined as >4% decline in eGFR), there was a significant
difference in associations for ESRD (Pinteraction=0.008), but not for ARF and albuminuria (all
Pinteraction>0.05, Table 4). There was no significant interaction between rapid and non-rapid
decliners for ESRD, ARF, and albuminuria when the KDIGO definition was used (all
Pinteraction>0.05, Table 5). Except for albuminuria, the associations with ESRD and ARF

remained significant for both rapid and non-rapid decliners.

For the second subgroup analysis including only patients with ongoing or previous use of
DPP4is at cohort entry, the associations with ESRD (HR: 0.54, 95% CI: 0.43-0.69; P<0.001)
and ARF (HR: 0.51, 95% CI: 0.39-0.69; P<0.001) remained significant with comparable effect
sizes with the main analysis (Table 6). The association with albuminuria on the other hand

remained slightly non-significant (P=0.068) (Table 6).
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DISCUSSION

The present study investigated the associations between SGLT2is use and renal outcomes using
a retrospective cohort with more than 30,000 diabetic patients from routine clinical practice in
Hong Kong. The PS-matched cohort showed that the use of SGLT2is was significantly
associated with reduced risks of ESRD and ARF, as well as a slower decline in eGFR compared
to the use of DPP4is. The associations remained significant when patients were censored upon
discontinuation of index drug, and in patients with rapid pre-index eGFR decline and patients
without. Further subgroup analysis showed that there were also significant renal benefits for

DPP4is users to add or switch to SGLT2is. The association with albuminuria was inconclusive.

SGLT2is has been shown to reduce renal outcomes in large placebo-controlled clinical trials
(31). The multinational CVD-REAL 3 study further showed real-world evidence that SGLT2is
were associated with a reduced risk of ESRD and a slower decline in eGFR compared to other
glucose-lowering drugs (9). Recent population-based studies further investigated composite
renal outcomes, eGFR reduction, ESRD, and acute kidney injury. However, the results were
inconsistent (10-12). Notably, among these recent studies, only one provided head-to-head
comparisons between SGLTZ2is and individual classes of glucose-lowering drugs (12).
However, the results were not consistent between analyses and databases used. The limited
study size also prevented further investigation of the individual components of the composite
renal outcomes. The present study provided a more comprehensive investigation of a range of
renal outcomes using DPP4is as the active comparator. Among the glucose-lowering drugs,
DPP4is have been widely used as second- or third-line glucose-lowering drugs (32). Therefore,
the use of DPP4is as an active comparator in the present study not only allowed a clinically

meaningful comparison with SGLT2is but also prevented time-lagging bias (33).

12



Compared to previous studies, the strength of the present study was the use of the “prevalent
new-user design” (22). Since DPP4is are an older class of glucose-lowering drugs, it was
common for a patient to have previous exposure to DPP4is before the initiation of SGLT2is in
our study cohort. Potential bias could arise from this previous exposure to an active comparator.
To account for this issue, the traditional new-user design would exclude patients with previous
exposure. The “prevalent new-user design” on the other hand addressed this issue by matching
the length of previous exposure to DPP4is. This design did not require the exclusion of patients
with previous exposure to an active comparator. Therefore, it allowed the study of adding or
switching to SGLT2is from DPP4is, which could not be observed in the traditional new-user
design. The present study adds to the knowledge about the use of SGLT2is and renal outcomes

that there are significant renal benefits to adding or switching to SGLT2is for DPP4is users.

While the association between SGLT2is versus DPP4is and reduced risk of ARF has been
reported in several observational studies (31), the association with the risk of albuminuria was
less studied. In the present study, we could not observe a consistent association with
albuminuria across analyses. A stronger and significant association was only observed when
patients were censored upon discontinuation of index drug. This suggested that the association
could be “diluted” in the intention-to-treat analyses since per-protocol approach would capture
better the on-treatment effect of SGLT2is than intention-to-treat approach. In fact, stronger
associations of SGLT2is were also observed for ESRD and ARF in the sensitivity analysis.
Therefore, the slightly non-significant associations in the intention-to-treat analyses could be
due to weaker associations which could not be captured by the smaller sample size after

additional exclusion of patients with history of alouminuria.
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Another strength of the study was the use of pre-index rate of eGFR change. The inclusion of
both pre-index rate of eGFR change and the latest eGFR measurement in PS-matching allowed
proper adjustment of patient’s kidney function. Furthermore, there is a lack of SGLT2is studies
examining subgroups of pre-index rate of eGFR change on renal outcomes. Rapid decliners are
at a higher risk of progression to ESRD (34). It is clinically important to investigate the effect
of SGLT2is against DKD progression among such high-risk group. Here we examined the
associations among subgroups of patients with or without pre-index rapid eGFR decline using
two different definitions for rapid decline. For both definitions, patients with or without rapid
decline in eGFR both showed lower risks of ESRD and ARF for SGLT2is use. Interestingly,
there was some evidence of an interaction between rapid decliner and SGLT2is use for ESRD.
However, the evidence was not consistent. It would be of clinical importance if rapid decliners

would benefit more from the use of SGLT2is. Further investigation is warranted.

Nevertheless, there were limitations. First, the CDARS database does not contain lifestyle data.
However, any clinically relevant effects should be captured via clinical diagnoses and
conditions. Second, the present study used diagnosis records from A&E and in-patient
departments instead of eGFR measurements to define ARF incidences. However, it has been
shown in trials and observational studies that there is an immediate drop in eGFR, which would
return to normal, for patients who first started SGLT2is (9, 35). Therefore, using eGFR
measurements could misclassify this immediate drop as ARF incidence. Instead, using clinical
diagnosis of ARF from A&E and in-patient records could ensure to include only the eGFR
drop that required medical attention. Third, there was a potential by-indication bias. The need

to add or switch to SGLT2is from DPP4is could be due to poor glycemic control or the presence

14



of comorbidities. These were often associated with worse clinical outcomes. Such bias would
result in an increased risk of renal outcomes among SGLT2i users. However, this would not
affect the overall conclusion of the present study. Even if existed, it would only under-estimate
the beneficial effects of SGLT2is, rather than over-estimate them. Forth, the algorithm used to
exclude T1D patients might not be able to distinguish all T1D patients from T2D patients.
However, the bias should be negligible since T1D contributes only to a small proportion of the
diabetes population. The exclusion of patients diagnosed before age 30 should be able to screen
out the majority of T1D patients. Fifth, the cohort was only followed for a median of 3.8 years.

The long-term associations of SGLT2is with renal outcomes would require further study.

In conclusion, among T2D patients, the use of SGLT2is was associated with reduced risks of
ESRD and ARF, as well as a slower decline in eGFR compared to the use of DPP4is. There
are significant renal benefits for DPP4is users to add or switch to SGLT2is. Lastly, patients
with or without rapid eGFR decline would both benefit from the renal protective effects of

SGLT2is against ESRD and ARF.
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Table 1. Baseline characteristics of the study cohort after PS matching (short version).

Covariates Group SMD
DPP4i SGLT2i

n 25332 6333
Male, n (%) 14070 (55.5) 3558 (56.2) 0.013
Age at index date, mean (SD) 61.76 (10.08) 61.52 (9.72) 0.024
Medication History (1 year prior), n (%)
Cardiovascular
Angi_otensi_n-converting-enzyme inhibitors 17782 (70.2) 4444 (10.2) 0,001
/ angiotensin 1l receptor blockers
Antiarrhythmic agents 256 (1.0) 62 (1.0) 0.003
Anticoagulants 1216 (4.8) 319 (5.0) 0.011
Beta blockers 9949 (39.3) 2528 (39.9) 0.013
Calcium channel blockers 12693 (50.1) 3122 (49.3) 0.016
Cardiac glycosides 495 (2.0) 127 (2.0) 0.004
Loop diuretics 2014 (8.0) 539 (8.5) 0.02
Other diuretics 2795 (11.0) 660 (10.4) 0.02
Nitrates 3322 (13.1) 876 (13.8) 0.021
Peripheral vasodilators 118 (0.5) 38 (0.6) 0.018
Platelet inhibitors 8516 (33.6) 2215 (35.0) 0.029
Renal
Phosphate binding agents 0(0.0) 0(0.0) -
Glucose-lowering agents
Metformin 22021 (86.9) 5553 (87.7) 0.023
Sulfonylureas 18305 (72.3) 4514 (71.3) 0.022
Thiazolidinediones 2779 (11.0) 567 (9.0) 0.067
Glucagon-like peptide-1 agonists 14 (0.1) 0(0.0) 0.033
Acarbose 694 (2.7) 208 (3.3) 0.032
Meglitinides 0(0.0) 0(0.0) <0.001
Insulin 3414 (13.5) 876 (13.8) 0.01
Diagnosis History (1 year prior), n (%)
Renal
Chronic kidney disease 2544 (10.0) 656 (10.4) 0.01
Acute renal failure 42 (0.2) 11 (0.2) 0.002
Albuminuria 0.027

Normal- 19715 (77.8) 4875 (77.0)

Micro- 4269 (16.9) 1084 (17.1)

Marco- 1348 (5.3) 374 (5.9)
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Rate of eGFR change (mL/min/1.73m? per
year)
Low KDIGO risk

Biochemical parameters, mean (SD)
HbAlc (mmol/mol)

HbAlc (%)

eGFR (mL/min/1.73m?)

-1.70 (10.69)
17942 (70.83)

69.22 (17.89)
8.48 (1.64)
86.46 (21.30)

-1.96 (8.44)
4391 (69.34)

70.38 (14.86)
8.59 (1.36)
86.45 (19.38)

0.028
0.033

0.07

<0.001

SMD: Standardized mean difference

Table 2. Associations between the use of SGLT2 inhibitors and the risks of ESRD, ARF and

microalbuminuria.

Median .

No. of  No. of Total ] Hazard ratio 1-year CID 2-year CID

Outcomes Group subjects events person-year inf?/g;)rV\EIUQpR) (95% CI) P (95% CI)  (95% CI)

ESRD DPP4i 25332 872 90786 3.7 (1.5) 1 <0.001 ¢ 36% 0.74%
SGLT2i 6333 112 23173 3.8(15)  0.51(0.42-0.62) (0.23-0.46) (0.50-0.95)

ARE DPP4i 25332 642 91057 3.7(15) 1 <0.001 (o505 0.47%
SGLT2i 6333 98 23177 3.8(1.5)  0.59(0.48-0.73) (0.15-0.36) (0.29-0.65)

Albuminria DPP4i 19352 439 69228 3.7 (1.5) 1 0.065 0.12% 0.21%
SGLT2i 4838 90 17568 3.8(1.5) 0.81(0.64-1.01) (-0.04-0.25) (-0.07-0.45)

ESRD: end stage renal disease, ARF: acute renal failure, DPP4i: dipeptidyl peptidase-4 inhibitor, SGLT2i: Sodium glucose
co-transporter 2 inhibitors, IQR: inter quartile range, CI: confidence interval, CID: cumulative incidence differences.

Table 3. Sensitivity analysis for the associations between the use of SGLT2 inhibitors and the
risks of ESRD, ARF and microalbuminuria.

No. of No. of No. O.f Total Median Hazard ratio
Outcomes Group subjects events competing person-year follow-up (95% Cl) P
events @ in year (IQR)
Censored upon discontinuation of index drugs.
ESRD DPP4i 25332 637 9540 70185 28(2.2) 1 <0.001
SGLT2i 6333 30 3791 12446 15(2.4) 0.19(0.13-0.27)
DPP4i 25332 479 9596 70361 28(2.2) 1 <0.001
ARF
SGLT2i 6333 36 3783 12444 15(24) 0.30(0.22-0.42)
DPP4i 19352 356 7057 54124 29(2.2) 1 <0.001
Albuminuria )
SGLT2i 4838 44 2869 9502 15(2.4) 0.50 (0.36-0.68)

ESRD: end stage renal disease, ARF: acute renal failure, DPP4i: dipeptidyl peptidase-4 inhibitor, SGLT2i: Sodium glucose
co-transporter 2 inhibitors, IQR: inter quartile range, CI: confidence interval.

2 Censoring events due to discontinuation of index drugs.
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Table 4. Subgroups by pre-index rate of eGFR change (defined as >4% decline in eGFR per
year) for the association between the use of SGLT2 inhibitors and renal risks.

Median .
No. of No. of Total Hazard ratio ) - l-year CID 2-year CID
Outcome Subgroups  Group subjects events person-year - follow-up (95% Cl) P Pinteraction 95% Cl)  (95% CI)
in year (IQR)
Rapid  DPP4i 8360 530 28815 3.6 (1.6) 1 <0.001 0008 (749 1.62%
ESRD  gei 0.49-0.97) (1.08-2.06
ecline  sgLT2i 2000 62 7406 3.7(15) 0.46 (0.35-0.60) (0.49-0.97)  (1.08-2.06)
Non-rapid DPP4i 16924 284 61532 3.7 (15) 1 0.009 0.09% 0.21%
decline  gGLT2i 4231 47 15583 3.8(15) 0.66 (0.49-0.90) (0.02-0.16)  (0.05-0.36)
ARE Rapid ~ DPP4i 8360 315 29129 3.6 (1.6) 1 0.002 0280 (350 0.67%
decline  gGLT2i 2090 51 7418 3.7(15) 0.63 (0.47-0.85) (0.11-0.58) (0.21-1.07)
Non-rapid DPP4i 16924 293 61459 3.7 (15) 1 0.019 0.11% 0.22%
decline  sgLT2i 4231 51 15563 3.8(15) 0.70 (0.52-0.94) (0.01-0.21) (0.03-0.39)
Albumin  Rapid ~ DPP4i 6036 115 21050 3.6 (L5) 1 0.781 0885  (03% 0.05%
uria  decline  ggLT2i 1509 28 5357 3.7(14) 0.94 (0.62-1.43) (-0.19-0.25) (-0.37-0.47)
Non-rapid DPP4i 12928 298 46585 3.7 (15) 1 0.121 011% 0.22%
decline  sGIT2i 3232 59 11790  3.8(15) 0.80 (0.61-1.06) (-0.05-0.25) (-0.10-0.48)
ESRD: end stage renal disease, ARF: acute renal failure, DPP4i: dipeptidyl peptidase-4 inhibitor, SGLT2i: Sodium glucose
co-transporter 2 inhibitors, IQR: inter quartile range, CI: confidence interval, CID: cumulative incidence differences.
Table 5. Subgroups by pre-index rate of eGFR change (defined as >5 mL/min/1.73m? decline
in eGFR per year) for the association between the use of SGLT2 inhibitors and renal risks.
No. of No. of Total Median Hazard ratio 1-year CID 2-year CID
Outcome Subgroups  Group subjects events person-year - follow-up (95% Cl) P Pinteraction (95% Cl) (95% Cl)
in year (IQR)
corp | Rapid DPP4i 6060 385 20962 3.6 (1.6) 1 <0.001 0078  (ggos 1.64%
decline  ggLT2i 1515 43 5374 3.7(15) 0.42(0.31-0.58) (0.53-1.17) (0.98-2.12)
Non-rapid DPP4i 19100 441 69038 3.7(15) 1 <0.001 0.16% 0.39%
decline  ggLT2i 4775 64 17539 3.8(15) 0.59 (0.45-0.76) (0.08-0.25)  (0.20-0.59)
ARE Rapid ~ DPP4i 6060 232 21180 3.6 (15) 1 0.001 0113 (430 0.91%
decline  ggLT2i 1515 31 5385 3.7(15) 0.53(0.37-0.78) (0.17-0.68) (0.36-1.40)
Non-rapid DPP4i 19100 367 69144  37(15) 1 0.010 0.11% 0.25%
decline  gGLT2i 4775 67 17521 3.8(15) 0.71 (0.54-0.92) (0.03-0.20)  (0.06-0.43)
Albumin  Rapid ~ DPP4i 4256 78 14787 3.6 (1.5) 1 0690 0611 (049 0.08%
uria  decline  sgLT2i 1064 18 3779 3.7(14) 0.90 (0.54-1.51) (-0.15-0.28) (-0.26-0.51)
Non-rapid DPP4i 14676 334 52837 3.7(1.5) 1 0.168 0.09% 0.18%
decline  sGLT2i 3669 69 13366 3.8(1.5) 0.83(0.64-1.08) (-0.04-0.23) (-0.08-0.45)

ESRD: end stage renal disease, ARF: acute renal failure, DPP4i: dipeptidyl peptidase-4 inhibitor, SGLT2i: Sodium glucose
co-transporter 2 inhibitors, IQR: inter quartile range, CI: confidence interval, CID: cumulative incidence differences.
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Table 6. Subgroup analysis including only patients with ongoing or previous use of DPP4is.

Outcomes Group No. of  No. of Total f(')vl"z?,\'fgp Hazard ratio p 1-year CID 2-year CID
i - 0, 0, 0,
subjects events person-year in year (IOR) (95% CI) (95% CI)  (95% ClI)

ESRD DPP4i 15372 563 56140 3.8(15) 1 <0.001 (3706 0.74%
SGLT2i 3843 77 14284 3.8(1.4)  0.54(0.43-0.69) (0.23-0.52) (0.47-1.03)

ARE DPP4i 15372 400 56357 3.8(15) 1 <0.001 300 0.55%
SGLT2i 3843 53 14299 3.8(1.4)  0.51(0.39-0.69) (0.17-0.42) (0.32-0.77)

Albuminutia DPP4i 11904 293 43361 3.8(15) 1 0.068 0.12% 0.21%
SGLT2i 2976 57 10943 3.8(1.4) 0.77 (0.58-1.02) (-0.04-0.25) (-0.07-0.45)

ESRD: end stage renal disease, ARF: acute renal failure, DPP4i: dipeptidyl peptidase-4 inhibitor, SGLT2i: Sodium glucose
co-transporter 2 inhibitors, IQR: inter quartile range, CI: confidence interval, CID: cumulative incidence differences.
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Figure legends:

Figure 1. Flow diagram.
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