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Table S1. Variables included in propensity score matching 

Age, years 

Women, % 

Hemoglobin A1c, % 

eGFR, mL/min/1.73m2 

Rate of eGFR change prior to index, ml/min/1.73m2/year 

Proteinuria, % 

Glucose-lowering medications: 

Metformin, % 

DPP-4 inhibitors, % 

Sulfonylureas, % 

Insulin, % 

GLP-1 receptor agonists, % 

Thiazolidinedione, % 

Others, % 

Blood pressure-lowering medications, % 

ACE inhibitors, % 

ARBs, % 

Calcium channel blockers, % 

Diuretics, % 

β blockers, % 

α blockers, % 

Statins, % 

Length of follow-up, months 

 

 



 

 

Table S2. Clinical characteristics at index date prior to propensity score 

Characteristics SGLT-2 

inhibitor 

group 

(n=1,246) 

Other glucose-

lowering 

drugs group 

(n=2,492) 

Standard-

ized mean 

difference 

(%) 

Age, years, mean ± SD 62.1±12.4 69.8±11.3 65.1 

Women, n (%) 466 (37.4) 892 (35.8) 3.3 

Hemoglobin A1c, %, mean (SD) 8.0±1.3 7.4±1.3 40.8 

Hemoglobin A1c, mmol/mol, mean (SD) 63.5±14.7 57.6±13.9 40.8 

eGFR, mL/min/1.73m2, mean (SD) 70.4±18.0 61.3±19.7 48.1 

eGFR ≥ 60, n (%) 940 (75.4) 1520 (61.0) 31.4 

eGFR < 60, n (%) 306 (24.6) 972 (39.0) 31.4 

Rate of eGFR change prior to index, 

ml/min/1.73m2/year, mean (SD) 

−1.2±5.1 −1.5±8.2 4.0 

Proteinuria, n (%) 371 (29.8) 675 (27.1) 6.0 

Glucose-lowering medications:    

Canagliflozin, n (%) 154 (12.4) 0 − 

Dapagliflozin, n (%) 239 (19.2) 0 − 

Empagliflozin, n (%) 249 (20.0) 0 − 

Ipragliflozin, n (%) 258 (20.7) 0 − 

Luseogliflozin, n (%) 218 (17.5) 0 − 

Tofogliflozin, n (%) 128 (10.3) 0 − 

Metformin, n (%) 706 (56.7) 983 (39.4) 35.0 

DPP-4 inhibitor, n (%) 768 (61.6) 2053 (82.4) 47.5 

Sulfonylurea, n (%) 271 (21.7) 697 (28.0) 14.4 

Insulin, n (%) 226 (18.1) 803 (32.2) 32.9 

GLP-1 receptor agonist, n (%) 19 (1.5) 21 (0.8) 6.3 

Thiazolidinedione, n (%) 190 (15.2) 363 (14.6) 1.9 

Others, n (%) 182 (14.6) 683 (27.4) 31.8 

Blood pressure-lowering medications, n (%) 804 (64.5) 1521 (61.2) 6.9 

ACE inhibitor, n (%) 97 (7.8) 139 (5.6) 8.8 

ARB, n (%) 479 (38.4) 919 (36.9) 3.2 

Calcium channel blocker, n (%) 485 (38.9) 979 (39.3) 0.7 

Diuretics, n (%) 135 (10.8) 218 (8.7) 7.0 

β blocker, n (%) 152 (12.2) 239 (9.6) 8.4 

α blocker, n (%) 85 (6.8) 160 (6.4) 1.6 

Statins, n (%) 594 (47.7) 920 (36.9) 21.9 

Data are expressed as means (standard deviations) or percentages. *Standardized difference >10% 

is considered a non-negligible difference. Other glucose-lowering medications include acarbose 

and epalrestat. Diuretics include thiazide diuretics and aldosterone antagonists. ACE=angiotensin 

converting enzyme; ARB=angiotensin receptor blocker; DPP-4=Dipeptidyl peptidase-4 

inhibitors; GLP-1=Glucagon-like peptide-1. 
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Figure S11 

 

 



 

 

Figure S12 

 

 

 

 

 

 



 

 

Figure S13 

 

 

 

 

 

 

 

 



 

 

Figure S14 

 

 



 

 

Figure S15 

 



 

 

Figure legends 

Figure S1: Flowchart: sample for the analyses, J-CKD-DB Extension 

※Based on the inclusion criteria in the current study, we selected records of T2DM 

patients who had at least two eGFR measurements before the index date, with at least one 

eGFR measurement within 180 days of the index date. We additionally specified that at 

least 180 days between the first and last eGFR measurements before the index date were 

required to reliably estimate eGFR change before the index date. The on-treatment 

follow-up timeframe was defined as the time from the index date to the: 1) end of index 

treatment; 2) initiation of another new glucose-lowering drug or SGLT2 inhibitor; 3) 

patient’s departure from the practice or database; or 4) date of last data collection, 

whichever occurred first. The ITT follow-up time was defined as the time from the index 

date to either the patient’s departure from the practice or database, date of last data 

collection, or death, whichever occurred first. T2DM=Type 2 diabetes mellitus; 

eGFR=estimated glomerular filtration rate; ITT=intention-to-treat.  

 

Figure S2: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs by subgroups (on-treatment analyses) 

Error bars show mean ± standard errors among groups with and without proteinuria. 

Numbers below the graph refer to the number of patients at each timepoint. Analyses for 

eGFR slope were conducted from the index date and thereafter, accounting for the acute 

dip in eGFR in the SGLT2 inhibitor group. P values were calculated using a linear mixed 

regression model. eGFR=estimated glomerular filtration rate; SGLT2=sodium-glucose 

co-transporter-2.  

 

Figure S3: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs by subgroups (on-treatment analyses) 

Error bars show mean ± standard errors among groups with and without rapid decline in 

eGFR before initiating treatments. Numbers below the graph refer to the number of 

patients at each timepoint. Analyses for eGFR slope were conducted from the index date 

and thereafter, accounting for the acute dip in eGFR in the SGLT2 inhibitor group. P 

values were calculated using a linear mixed regression model. eGFR=estimated 

glomerular filtration rate; SGLT2=sodium-glucose co-transporter-2.  

 

Figure S4: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs (ITT analyses) 

Error bars show mean ± standard errors. Numbers below the graph refer to the number of 



 

 

patients at each timepoint. Analyses for eGFR slope were conducted from the index date 

and thereafter, and repeated across multiple timepoints, including pre-index (period 0), 

from the index date to week 4 (period 1), from week 4 to week 24 (period 2), and from 

week 25 and thereafter (period 3). P values were calculated using a linear mixed 

regression model. eGFR=estimated glomerular filtration rate; SGLT2=sodium-glucose 

co-transporter-2; ITT=intention-to-treat.  

 

Figure S5: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs by subgroups (ITT analyses) 

Error bars show mean ± standard errors among groups with and without proteinuria. 

Numbers below the graph refer to the number of patients at each timepoint. Analyses for 

eGFR slope were conducted from the index date and thereafter, accounting for the acute 

dip in eGFR in the SGLT2 inhibitor group. P values were calculated using a linear mixed 

regression model. eGFR=estimated glomerular filtration rate; SGLT2=sodium-glucose 

co-transporter-2; ITT=intention-to-treat. 

 

Figure S6: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs by subgroups (ITT analyses) 

Error bars show mean ± standard errors among groups with and without rapid decline in 

eGFR before initiating treatments. Numbers below the graph refer to the number of 

patients at each timepoint. Analyses for eGFR slope were conducted from the index date 

and thereafter, accounting for the acute dip in eGFR in the SGLT2 inhibitor group. P 

values were calculated using a linear mixed regression model. eGFR=estimated 

glomerular filtration rate; SGLT2=sodium-glucose co-transporter-2; ITT=intention-to-

treat. 

 

Figure S7: Annual rate of eGFR change in various subgroups (ITT analyses) (A) 

With versus without proteinuria at the index date, (B) with versus without rapid decline 

in eGFR before initiating treatments, (C) eGFR < 60 versus ≥ 60 mL/min/1.73 m² at the 

index date, (D) age < 65 versus ≥ 65 years of age at the index date, and (E) with versus 

without use of ACE inhibitors or ARBs at the index date. eGFR change was calculated 

from the post-index eGFR measurements using a linear mixed regression model. 

eGFR=estimated glomerular filtration rate; ACE=angiotensin converting enzyme; 

ARB=angiotensin II receptor blocker; ITT=intention-to-treat. 

 

Figure S8: Change in eGFR over time before and after initiation of SGLT2 inhibitors 



 

 

or other diabetes drugs among participants with a follow-up period greater than a 

year (on-treatment analyses) 

Error bars show mean ± standard errors. Numbers below the graph refer to the number of 

patients at each timepoint. We included only participants with follow-up period greater 

than a year who also met the criteria for on-treatment analyses (n=641 in the SGLT 2 

inhibitor group and n=494 in the other glucose-lowering drugs). Analyses for eGFR slope 

were conducted from the index date and thereafter, accounting for the acute dip in eGFR 

in the SGLT2 inhibitor group. P values were calculated using a linear mixed regression 

model. eGFR=estimated glomerular filtration rate; SGLT2=sodium-glucose co-

transporter-2.  

 

Figure S9: Change in eGFR over time before and after initiation of SGLT2 inhibitors 

or other diabetes drugs by subgroups (on-treatment analyses) 

Error bars show mean ± standard errors. Numbers below the graph refer to the number of 

patients at each timepoint. We included only participants who had a quantitative urinary 

albumin measurement using ACR and met the criteria for the on-treatment analyses 

(n=625 in the SGLT2 inhibitors group and n=468 in the other glucose-lowering group). 

These numbers differ from the text (i.e., 903 participants in the SGLT2 inhibitors group, 

and 811 participants in the other glucose-lowering group) because some participants who 

had ACR did not meet the criteria for the on-treatment analyses. eGFR=estimated 

glomerular filtration rate; SGLT2=sodium-glucose co-transporter-2; ACR=albumin-

creatinine ratio.  

 

Figure S10: Annual rate of eGFR change in subgroups (on-treatment analyses)  

We included only participants who had a quantitative urinary albumin measurement using 

ACR and met the criteria for the on-treatment analyses (n=625 in the SGLT2 inhibitors 

group and n=468 in the other glucose-lowering group). These numbers differ from the 

text (i.e., 903 participants in the SGLT2 inhibitors group and 811 participants in the other 

glucose-lowering group) because some participants who had ACR did not meet the 

criteria for the on-treatment analyses. We assessed whether the effects upon kidney 

function of SGLT2 inhibitors versus other glucose-lowering drugs differed by subgroups 

defined as above or below median levels of ACR (i.e., 76.3 mg/g・Cr) in this population. 

eGFR change was calculated from the post-index eGFR measurements using a linear 

mixed regression model. eGFR=estimated glomerular filtration rate; SGLT2=sodium-

glucose co-transporter-2; ACR=albumin-creatinine ratio.  

 



 

 

Figure S11: Change in eGFR over time before and after initiation of SGLT2 

inhibitors or other diabetes drugs in IPTW analyses using the propensity score (on-

treatment analyses) 

Error bars show mean ± standard errors. Numbers below the graph refer to the number of 

patients at each timepoint. Analyses for eGFR slope were conducted from the index date 

and thereafter, accounting for the acute dip in eGFR in the SGLT2 inhibitor group. P 

values were calculated using a linear mixed regression model. eGFR=estimated 

glomerular filtration rate; SGLT2=sodium-glucose co-transporter-2; IPTW=inverse 

probability of treatment weighting. 

 

Figure S12: Cumulative incidence of composite kidney events among the SGLT2 

inhibitors group and other glucose-lowering drugs group (ITT analyses) 

The cumulative probability of composite kidney events among subgroups with and 

without proteinuria was calculated using the Kaplan-Meier method. Composite kidney 

events included a sustained reduction in eGFR of 50% or more and ESKD (i.e., an eGFR 

of less than 15 mL/min/1.73 m²). The log-rank test was used to calculate the P value, and 

the value was <0.001. ESKD=end-stage kidney disease; SGLT2=sodium-glucose co-

transporter-2; ITT=intention-to-treat.  

 

Figure S13: Cumulative incidence of kidney events among the SGLT2 inhibitors 

group and other glucose-lowering drugs group (ITT analyses) 

The cumulative probability of composite kidney events among subgroups with and 

without rapid eGFR decline was calculated using the Kaplan-Meier method. Composite 

kidney events included a sustained reduction in eGFR of 50% or more and ESKD (i.e., 

an eGFR of less than 15 mL/min/1.73 m²). The log-rank test was used to calculate the P 

value, and the value was <0.001. ESKD=end-stage kidney disease; SGLT2=sodium-

glucose co-transporter-2; ITT=intention-to-treat. ESKD=end-stage kidney disease; 

SGLT2=sodium-glucose co-transporter-2; ITT=intention-to-treat.  

 

Figure S14: The frequency of events, corresponding incidence rates, and hazard 

ratios for a 50% eGFR decline among the SGLT2 inhibitors group and other 

glucose-lowering drugs group (ITT analyses) 

The incidence rate is per 1,000 person-years. Time to first event for SGLT2 inhibitors and 

other glucose-lowering drugs was compared by use of Cox proportional-hazard models 

and presented as the HR and 95% CI for a 50% eGFR decline, separately by the subgroups. 

We tested for heterogeneity in the association between SGLT2 inhibitor use and outcomes 



 

 

by each subgroup at the index date with the inclusion of multiplicative interaction terms, 

and a statistically significant interaction was defined as a p-value <0.05. CKD=chronic 

kidney disease; SGLT2=sodium-glucose co-transporter-2; ITT=intention-to-treat. 

HR=hazard ratio; CI=confidence intervals; eGFR=estimated glomerular filtration rate.  

 

Figure S15: The frequency of events, corresponding incidence rates, and hazard 

ratios for ESKD among the SGLT2 inhibitors group and other glucose-lowering 

drugs group (ITT analyses) 

The incidence rate is per 1,000 person-years. Time to-first event for SGLT2 inhibitors and 

other glucose-lowering drugs was compared by use of Cox proportional-hazard models 

and presented as the HR and 95% CI for an ESKD, separately by the subgroups. We tested 

for heterogeneity in the association between SGLT2 inhibitor use and outcomes by each 

subgroup at the index date with the inclusion of multiplicative interaction terms, and a 

statistically significant interaction was defined as a p-value <0.05. CKD=chronic kidney 

disease; SGLT2=sodium-glucose co-transporter-2; ITT=intention-to-treat. HR=hazard 

ratio; CI=confidence intervals; ESKD=end-stage kidney disease.  

 

 


