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Data comparing kidney outcomes between individual
sodium-glucose cotransporter-2 (SGLT2) inhibitors are
limited. Here, we aimed to compare the subsequent risk of
developing kidney outcomes between individual inhibitors.
This would be the first study to compare kidney outcomes
of patients with diabetes mellitus who were newly treated
with individual SGLT2 inhibitors using a large-scale real-
world dataset. To do this, we analyzed results from 12,100
patients with diabetes mellitus who were taking different
SGLT2 inhibitors (2,573 with empagliflozin; 2,214 with
dapagliflozin; 2,100 with canagliflozin; and 5,213 with other
such inhibitors). The primary outcome was the rate of
estimated glomerular filtration rate (eGFR) decline as
assessed using a linear mixed-effects model with an
unstructured covariance. The median age of the patients
was 53 years, and 84.4% of the patients were men. The
median fasting plasma glucose and HbA1c levels were 147
(interquartile range 126–178) mg/dL and 7.5 (6.9–8.4)%,
respectively. The median eGFR was 78 mL/min/1.73 m2

(interquartile range 68–90). The mean follow-up period was
773 days. The annual eGFR slopes of empagliflozin,
dapagliflozin, canagliflozin, and other SGLT2 inhibitors
were -1.15 (95% confidence interval, -1.33 to -0.96), -1.14
(-1.32 to -0.96), -1.24 (-1.44 to -1.04), and -1.06 (-1.18 to
-0.94) ml/min/1.73 m2, respectively. No significant
interaction was detected between the SGLT2 inhibitors and
time using a linear mixed-effects model. A multitude of
sensitivity analyses confirmed the robustness of our
primary results. Thus, we found that there was no
significant difference in the annual eGFR decline slopes
between patients taking different SGLT2 inhibitors.
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D iabetes mellitus (DM) is the leading cause of renal
failure.1 Sodium-glucose cotransporter-2 (SGLT2) in-
hibitors are oral antihyperglycemic medications that

affect SGLT2 within the proximal tubule, inhibit glucose
reabsorption, and promote urinary glucose excretion. Ran-
domized clinical trials have shown that SGLT2 inhibitors
could improve kidney outcomes in patients with DM.2–5 For
example, in patients with type 2 DM, the relative risk of the
renal-specific composite of end-stage kidney disease, defined
as a doubling of the creatinine level or death from renal
causes, was reduced by 34% in the canagliflozin-treated group
compared with the placebo group.2 Similarly, among patients
with estimated glomerular filtration rate (eGFR) 25–75ml/min
per 1.73 m2, compared with the placebo group, dapagliflozin
reduced the risk of developing a composite of a sustained
decline in the eGFR of at least 50%, end-stage kidney disease,
or death from renal or cardiovascular causes (hazard ratio,
0.61; 95% confidence interval [CI], 0.51�0.72).3 SGLT2 in-
hibitor is currently recognized as a key treatment option for
DM from the perspective of the prevention of renal failure,6,7

and there is a marked increase in the prescription of SGLT2
inhibitors for patients with DM.8,9 Meanwhile, primarily
because of the difference in SGLT2 selectivity, several studies
suggested a potential difference in pharmacologic effects be-
tween individual SGLT2 inhibitors.10–13 Nevertheless, there
have been no data comparing kidney outcomes between in-
dividual SGLT2 inhibitorsusing a real-world dataset, and
therefore, whether the protective effects of SGLT2 inhibitors
could be considered a class effect remains unknown. In this
study, we analyzed a large-scale health checkup and
administrative claims dataset and sought to compare kidney
outcomes among commercially available SGLT2 inhibitors in
Japan.
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Patients with diabetes mellitus
who had started taking sodium-glucose contransporter-2 inhibitor  (n = 13,007)

Aged <20 yr (n = 1)

Prior history of renal replacement therapy  (n = 11)

Missing data on cigarette smoking  (n = 523)

Missing data on alcohol consumption (n = 372)

Analyzed in this study (n = 12,100)

Figure 1 | Flowchart. We extracted 13,007 patients with diabetes mellitus (International Classification of Diseases, Tenth Revision [ICD-10],
codes E10–E14) and available data on estimated glomerular filtration rate and proteinuria who had started taking sodium-glucose
cotransporter-2 inhibitor at least 4 months after enrollment (insurance coverage). Furthermore, because we focused on estimated glomerular
filtration rate decline over time, we included only individuals with repeated measures of estimated glomerular filtration rate. Because the
maximum prescription period for medication is 3 months in Japan, we set a 4-month look-back period. We excluded individuals aged <20
years (n ¼ 1), those with a prior history of renal replacement therapy (n ¼ 11), those with missing data on cigarette smoking (n ¼ 523), and
those with missing data on alcohol consumption (n ¼ 372). Finally, 12,100 patients were analyzed in this study.
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METHODS
Study design and data source
We conducted this retrospective observational cohort study using the
JMDC Claims Database (JMDC Inc.), which is a health checkup and
insurance claims database, between January 2005 and April
2021.14,15 The JMDC Claims Database includes individuals’ health
checkup records (e.g., body mass index [BMI], blood pressure, and
laboratory data) and insurance claims data recorded using the In-
ternational Classification of Diseases, Tenth Revision (ICD-10), coding.
We extracted data of 13,007 patients with DM (ICD-10 codes E10–
E14) and available data on eGFR and proteinuria who had started
taking SGLT2 inhibitors at least 4 months after enrollment (insur-
ance coverage). Furthermore, we included only individuals with
repeated measures of eGFR because we focused on the decline of
eGFR over time. As the maximum prescription period for medica-
tion is 3 months in Japan, we set a 4-month look-back period. We
excluded patients aged <20 years (n ¼ 1), those with a history of
renal replacement therapy (n ¼ 11), those with missing data on
cigarette smoking (n ¼ 523), and those with missing data on alcohol
consumption (n ¼ 372). Finally, 12,100 patients were included in
this study (Figure 1).

Ethical approval
This study was approved by the Ethics Committee of the University
of Tokyo (number 2018-10862). This study was conducted following
the principles of the Declaration of Helsinki. The requirement for
informed consent was waived because all data included in this
dataset were deidentified. Anyone who purchased it from JMDC Inc.
(https://www.jmdc.co.jp/en/index) could use this database.

Measurements and definitions
We reviewed the health checkup data collected within 6 months
before the SGLT2 inhibitors were prescribed. The following data
were collected: BMI, blood pressure, fasting blood glucose, low-
density lipoprotein cholesterol, high-density lipoprotein choles-
terol, and triglycerides. If available, we also obtained data on
hemoglobin A1c levels. We collected information on cigarette
smoking (current or noncurrent) and alcohol consumption (every
day or not) using a self-reported questionnaire during the health
checkup. From the administrative claims records, we retrieved data
on the presence of renal replacement therapy (dialysis and kidney
transplantation) and diabetic complications (nephropathy, retinop-
athy, and neuropathy) on the prescription date of SGLT2 inhibitors.
Information on medications on the date of prescription of SGLT2
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inhibitors was also collected. Overweight/obesity was defined as
BMI $25 kg/m2. Hypertension was defined as systolic blood
pressure$140 mm Hg, diastolic blood pressure$90 mm Hg, or the
use of blood pressure–lowering medications. Dyslipidemia was
defined as low-density lipoprotein cholesterol $140 mg/dl, high-
density lipoprotein cholesterol <40 mg/dl, triglyceride $150 mg/dl,
or the use of lipid-lowering medications.16

Outcomes
Data were obtained from January 2005 to April 2021. The primary
outcome was a rate of eGFR decline estimated using a linear mixed-
effects model with the unstructured covariance structure.

Statistical analysis
Continuous variables were presented as medians (quartile 1–quartile
3), and categorical variables were described as numbers (percent-
ages). Study participants were divided into 4 groups according to
individual SGLT2 inhibitors (empagliflozin, dapagliflozin, canagli-
flozin, and other SGLT2 inhibitors). Considering the prescription
rates, sample size, and global approval status, we combined ipragli-
flozin, tofogliflozin, and luseogliflozin into one group. We calculated
the statistical significance of the differences between groups using the
Kruskal-Wallis test for continuous variables and the c2 test for cat-
egorical variables.

A linear mixed-effects model with random slope and random
intercept using the unstructured covariance structure was used to
compare the slopes of eGFR over time between the individual SGLT2
inhibitors. This model included age (tertile), sex, BMI (<18.5, 18.5–
24.9, 25.0–29.9, and $30 kg/m2), hypertension, fasting plasma
glucose, dyslipidemia, cigarette smoking, alcohol consumption,
diabetic nephropathy, diabetic retinopathy, diabetic neuropathy, in-
sulin use, dipeptidyl peptidase-4 inhibitor use, glucagon-like pep-
tide-1 receptor agonist use, biguanide use, sulfonylurea use,
a-glucosidase inhibitor use, thiazolidine use, glinide use, renin-
angiotensin system inhibitor use, b-blocker use, calcium channel
blocker use, mineral corticoid receptor antagonist use, diuretics use,
statin use, year of prescription, proteinuria (negative, trace, 1þ, 2þ,
and 3þ), time (linear), and individual SGLT2 inhibitors. We selected
these covariates a priori because they would potentially influence the
study results.16–18 The P value for the interaction between time and
individual SGLT2 inhibitors was calculated.

We conducted 10 sensitivity analyses to validate the robustness of
our primary finding. First, we examined the association between
SGLT2 inhibitors and kidney outcomes only in patients who
Kidney International (2022) 102, 1147–1153
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Table 1 | Baseline characteristics

Characteristic
Overall

(n [ 12,100)
Empagliflozin
(n [ 2573)

Dapagliflozin
(n [ 2214)

Canagliflozin
(n [ 2100)

Other SGLT2 inhibitors
(n [ 5213) P value

Age, yr 53 (47–58) 53 (47–58) 52 (47–57) 53 (47–58) 53 (47–58) 0.001
Men, n (%) 10,218 (84.4) 2187 (85.0) 1854 (83.7) 1811 (86.2) 4366 (83.8) 0.037
BMI, kg/m2 27.8 (25.2–31.1) 27.7 (25.1–31.1) 28.1 (25.5–31.3) 27.6 (25–30.9) 27.8 (25.1–31.1) 0.002
SBP, mm Hg 129 (120–140) 129 (120–139) 130 (121–140) 129 (120–139) 129 (120–140) 0.27
DBP, mm Hg 81 (74–89) 81 (74–88) 82 (75–89) 81 (74–89) 81 (74–88) 0.4
Cigarette smoking, n (%) 4012 (33.2) 819 (31.8) 757 (34.2) 700 (33.3) 1736 (33.3) 0.36
Alcohol consumption, n (%) 2463 (20.4) 510 (19.8) 438 (19.8) 451 (21.5) 1064 (20.4) 0.47

Comorbidity, n (%)

Overweight/obesity 9299 (76.9) 1983 (77.1) 1761 (79.5) 1589 (75.7) 3966 (76.1) 0.006
Hypertension 7723 (63.8) 1675 (65.1) 1434 (64.8) 1325 (63.1) 3289 (63.1) 0.22
Dyslipidemia 9922 (82.0) 2149 (83.5) 1807 (81.6) 1710 (81.4) 4256 (81.6) 0.16
Diabetic nephropathy 2020 (16.7) 460 (17.9) 348 (15.7) 321 (15.3) 891 (17.1) 0.053
Diabetic retinopathy 3002 (24.8) 684 (26.6) 515 (23.3) 448 (21.3) 1355 (26.0) <0.001
Diabetic neuropathy 455 (3.8) 102 (4.0) 72 (3.3) 77 (3.7) 204 (3.9) 0.52

Medication, n (%)

Insulins 1063 (8.8) 204 (7.9) 228 (10.3) 138 (6.6) 493 (9.5) <0.001
DPP-4 inhibitor 6975 (57.6) 1448 (56.3) 1175 (53.1) 1255 (59.8) 3097 (59.4) <0.001
GLP-1 receptor agonist 272 (2.2) 74 (2.9) 46 (2.1) 35 (1.7) 117 (2.2) 0.043
Biguanide 5746 (47.5) 1273 (49.5) 1009 (45.6) 929 (44.2) 2535 (48.6) <0.001
Sulfonylurea 2489 (20.6) 464 (18.0) 453 (20.5) 393 (18.7) 1179 (22.6) <0.001
a-GI 1289 (10.7) 267 (10.4) 240 (10.8) 184 (8.8) 598 (11.5) 0.008
Thiazolidine 1310 (10.8) 240 (9.3) 246 (11.1) 213 (10.1) 611 (11.7) 0.009
Glinides 370 (3.1) 92 (3.6) 53 (2.4) 61 (2.9) 164 (3.1) 0.12
Renin-angiotensin system inhibitor 4906 (40.5) 1085 (42.2) 888 (40.1) 833 (39.7) 2100 (40.3) 0.28
b-Blocker 1050 (8.7) 304 (11.8) 168 (7.6) 176 (8.4) 402 (7.7) <0.001
Calcium channel blocker 2990 (24.7) 670 (26.0) 564 (25.5) 508 (24.2) 1248 (23.9) 0.16
Mineral corticoid receptor antagonist 229 (1.9) 66 (2.6) 37 (1.7) 39 (1.9) 87 (1.7) 0.041
Diuretics 980 (8.1) 231 (9.0) 178 (8.0) 164 (7.8) 407 (7.8) 0.32
Statin 4843 (40.0) 1085 (42.2) 860 (38.8) 796 (37.9) 2102 (40.3) 0.016

Laboratory data

Glucose, mg/dl 147 (126–178) 147 (127–178) 148 (125–179) 146 (125–178) 147 (126–178) 0.64
HbA1c, % 7.5 (6.9–8.4) 7.4 (6.9–8.4) 7.5 (6.9–8.5) 7.4 (6.8–8.4) 7.5 (6.9–8.4) 0.35
LDL-C, mg/dl 120 (100–142) 119 (99–142) 122 (100–143) 122 (101–144) 120 (100–141) 0.014
HDL-C, mg/dl 49 (42–57) 48 (42–57) 49 (43–58) 49 (42–56) 49 (42–57) 0.11
Triglycerides, mg/dl 138 (98–204) 137 (98–198) 136 (98–203) 142 (101–206) 138 (96–205) 0.1
eGFR, ml/min per 1.73 m2 78 (68–90) 77 (66–88) 79 (69–91) 78 (67–89) 79 (68–90) <0.001

Proteinuria, n (%)

Negative 8613 (71.2) 1801 (70.0) 1552 (70.1) 1466 (69.8) 3794 (72.8) 0.041
Trace 1615 (13.3) 355 (13.8) 327 (14.8) 291 (13.9) 642 (12.3)
1þ 1136 (9.4) 248 (9.6) 207 (9.3) 196 (9.3) 485 (9.3)
2þ 549 (4.5) 121 (4.7) 103 (4.7) 106 (5.0) 219 (4.2)
3þ 187 (1.5) 48 (1.9) 25 (1.1) 41 (2.0) 73 (1.4)

BMI, body mass index; DBP, diastolic blood pressure; DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; a-GI, a-glucosidase inhibitor; GLP-1, glucagon-
like peptide-1; HbA1c, hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; SGLT2, sodium-
glucose cotransporter-2.
Data are reported as median (interquartile range), unless otherwise indicated.
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continued to use the same SGLT2 inhibitor for >3 months. Second,
we analyzed individuals diagnosed with type 2 DM (ICD-10 code
E11). Third, we conducted subgroup analyses stratified by sex, age,
and baseline hemoglobin A1c level. Fourth, we divided the study
participants into 6 types of SGLT2 inhibitors (empagliflozin, dapa-
gliflozin, canagliflozin, ipragliflozin, tofogliflozin, and luseogli-
flozin). Fifth, we analyzed 8740 individuals with a follow-up
period $365 days. Sixth, we defined the kidney outcome as a
decrease in eGFR ($30%) and conducted a Cox proportional hazard
Kidney International (2022) 102, 1147–1153
regression analysis to examine the association between individual
SGLT2 inhibitors and the subsequent incidence of kidney outcomes.
Empagliflozin was used as a reference. Model 1 included individual
SGLT2 inhibitors (unadjusted model). Model 2 included individual
use of the SGLT2 inhibitor, age (tertile), and sex. Furthermore, as in
model 3, we added BMI (<18.5, 18.5–24.9, 25.0–29.9, and $30 kg/
m2), hypertension, fasting plasma glucose (tertile), dyslipidemia,
cigarette smoking, alcohol consumption, diabetic nephropathy, dia-
betic retinopathy, diabetic neuropathy, insulin use, dipeptidyl
1149
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Figure 2 | Comparison of the change in estimated glomerular filtration rate (eGFR) among sodium-glucose cotransporter-2 (SGLT2)
inhibitors. We performed a random slope and random intercept linear mixed-effects model to compare the annual slopes of eGFR among
SGLT2 inhibitors. Model included age, sex, body mass index, hypertension, fasting plasma glucose, dyslipidemia, cigarette smoking, alcohol
consumption, diabetic nephropathy, diabetic retinopathy, diabetic neuropathy, insulin use, dipeptidyl peptidase-4 inhibitor use, glucagon-
like peptide-1 receptor agonist use, biguanide use, sulfonylurea use, a-glucosidase inhibitor use, thiazolidine use, glinide use, renin-
angiotensin system inhibitor use, b-blocker use, calcium channel blocker use, mineral corticoid receptor antagonist use, diuretics use, statin
use, year of prescription, proteinuria (negative, trace, 1þ, 2þ, and 3þ), time (linear), and individual SGLT2 inhibitors. The P value for the
interaction between time and individual SGLT2 inhibitors was 0.4692.
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peptidase-4 inhibitor use, glucagon-like peptide-1 receptor agonist
use, biguanide use, sulfonylurea use, a-glucosidase inhibitor use,
thiazolidine use, glinide use, renin-angiotensin system inhibitor use,
b-blocker use, calcium channel blocker use, mineral corticoid re-
ceptor antagonist use, diuretics use, statin use, year of prescription,
proteinuria (negative, trace, 1þ, 2þ, and 3þ), and eGFR to model 2.
We conducted the Wald test to compare hazard ratios for kidney
outcomes between individual SGLT2 inhibitors. Seventh, because we
considered death to be a competing risk for kidney outcomes, we
used the Fine-Gray proportional hazards model.15 Eighth, the kidney
outcome was redefined as a decrease in eGFR of $30% or the
initiation of renal replacement therapy. Ninth, the kidney outcome
was redefined as a decrease in eGFR of $40%. Finally, the kidney
outcome was redefined as a decrease in eGFR of $50%.

The significance level was set at P < 0.05. All statistical analyses
were performed with Stata v17 (StataCorp LLC).
RESULTS
Clinical characteristics
The clinical characteristics of the study participants are
summarized in Table 1. The median age was 53 (quartile 1–
quartile 3, 47�58) years, and 10,218 (84.4%) patients were
men. The median of fasting plasma glucose and hemoglobin
A1c levels were 147 (quartile 1–quartile 3, 126�178) mg/dl
and 7.5 (quartile 1–quartile 3, 6.9�8.4) %, respectively. The
prevalence rates of overweight/obesity, hypertension, and
dyslipidemia were 76.9%, 63.8%, and 82.0%, respectively.
Diabetic nephropathy, retinopathy, and neuropathy were
observed in 16.7%, 24.8%, and 3.8% of the patients,
respectively. More than half and 8.8% of the study partici-
pants used dipeptidyl peptidase-4 inhibitors and insulin,
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respectively. Study participants were classified into 4 groups
according to individual SGLT2 inhibitors: empagliflozin (n ¼
2573), dapagliflozin (n ¼ 2214), canagliflozin (n ¼ 2100),
and other SGLT2 inhibitors (n ¼ 5213; 2636 for ipragliflozin,
1467 for tofogliflozin, and 1110 for luseogliflozin).

Annual eGFR slopes among individual SGLT2 inhibitors
The mean follow-up period was 773 � 477 days. The annual
eGFR slopes of empagliflozin, dapagliflozin, canagliflozin,
and other SGLT2 inhibitors were –1.15 (95% CI, –1.33 to
–0.96), –1.14 (95% CI, –1.32 to –0.96), –1.24 (95% CI, –1.44
to –1.04), and –1.06 (95% CI, –1.18 to –0.94) ml/min per
1.73 m2, respectively. No significant interaction was detected
between the SGLT2 inhibitors and time using a linear mixed-
effects model (P ¼ 0.4692; Figure 2).

Sensitivity analysis
First, the continuation rates 3 months after the first pre-
scription were 89.5% for empagliflozin, 87.8% for dapagli-
flozin, 89.0% for canagliflozin, and 88.0% for other SGLT2
inhibitors. We included 10,705 participants who continued to
use the same SGLT2 inhibitor for >3 months and found the
annual eGFR slopes were comparable between individual
SGLT2 inhibitors (Supplementary Figure S1). Second, we
analyzed 8908 patients diagnosed with type 2 DM, and our
primary results were unchanged (Supplementary Figure S2).
Third, subgroup analyses showed the annual change in eGFR
was not statistically different between individual SGLT2 in-
hibitors, irrespective of sex, age, and baseline hemoglobin A1c
(Table 2). Fourth, there were no significant differences in
Kidney International (2022) 102, 1147–1153



Table 2 | Subgroup analysis

Subgroups N Empagliflozin Dapagliflozin Canagliflozin Other SGLT2 inhibitors
P value for
interaction

Sex
Men 10,218 –1.10 (–1.30 to –0.90) –1.21 (–1.40 to –1.02) –1.22 (–1.43 to –1.01) –1.05 (–1.18 to –0.92) 0.4129
Women 1882 –1.43 (–1.95 to –0.90) –0.71 (–1.20 to –0.22) –1.30 (–1.83 to –0.76) –1.08 (–1.41 to –0.76) 0.2145

Age, yr
$50 7801 –0.93 (–1.14 to –0.72) –1.04 (–1.25 to –0.83) –1.17 (–1.40 to –0.94) –0.86 (–1.01 to –0.72) 0.1340
<50 4299 –1.47 (–1.82 to –1.13) –1.28 (–1.60 to –0.97) –1.37 (–1.73 to –1.02) –1.38 (–1.60 to –1.17) 0.8857

HbA1c
HbA1c $ median (7.5%) 5632 –1.81 (–2.11 to –1.51) –1.70 (–1.99 to –1.41) –1.78 (–2.10 to –1.46) –1.72 (–1.91 to –1.52) 0.9502
HbA1c < median (7.5%) 5522 –0.54 (–0.79 to –0.29) –0.61 (–0.86 to –0.37) –0.73 (–0.99 to –0.47) –0.49 (–0.66 to –0.32) 0.4630

eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; SGLT2, sodium-glucose cotransporter-2.
We compared the change in eGFR between individual SGLT2 inhibitors, stratified by sex, age, and baseline HbA1c level. Sex was excluded from the adjusted variables in the
subgroup analysis stratified by sex. We excluded 946 individuals with missing HbA1c data from the subgroup analysis stratified by HbA1c levels.
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annual eGFR slopes among patients treated with dapagli-
flozin, canagliflozin, ipragliflozin, tofogliflozin, and luseogli-
flozin compared with empagliflozin (Supplementary
Figure S3). Fifth, our primary results were unchanged in in-
dividuals with a follow-up period $365 days (Supplementary
Figure S4). Sixth, when we defined the kidney outcome as a
decrease in eGFR ($30%), 253 kidney outcomes were iden-
tified. In the multivariable-adjusted model (model 3),
compared with empagliflozin, hazard ratios of dapagliflozin,
canagliflozin, and other SGLT2 inhibitors for kidney outcome
were 0.70 (95% CI, 0.46–1.07), 1.03 (95% CI, 0.69–1.54), and
0.77 (95% CI, 0.54–1.09), respectively. Wald tests did not
show significant differences in kidney outcomes among in-
dividual SGLT2 inhibitors (P ¼ 0.1682; Figure 3). Seventh,
the results shown in the sixth sensitivity analysis remained
unchanged after a competing risks analysis (Supplementary
Figure S5). Eighth, the outcome was redefined as a decrease
in eGFR of $30% or the initiation of renal replacement
therapy, and the Wald test showed that there was no signifi-
cant difference in the risk of developing kidney outcomes
between individual SGLT2 inhibitors (Supplementary
Figure S6). Ninth, kidney outcome was defined as a
decrease in eGFR of $40%. According to this definition, the
risk of kidney outcomes was comparable among individual
Number Events Incidence  (per 10000 person-years) Model 1 Mode
Composite outcome
Empagliflozin
Dapagliflozin
Canagliflozin

Other SGLT2 inhibitors

2573
2214
2100
5213

53
41
46

113

112.1 (85.7–146.8)
83.3 (61.3–113.1)

114.4 (85.7–152.7)

96.1 (79.9–115.5)

1 [Reference] 1 [Re
0.63 (0.42–0.95) 0.63 (

0.98 (0.66–1.45) 0.98 (0

0.71 (0.51–0.98) 0.71 (0

Figure 3 | Risk of kidney outcome, defined as a decrease in estimat
sodium-glucose cotransporter-2 (SGLT2) inhibitors. We defined the k
proportional hazard regression analysis to examine the association betw
kidney outcomes. Empagliflozin was used as a reference. Model 1 include
individual use of the SGLT2 inhibitor, age (tertile), and sex. Furthermore,
29.9, and $30 kg/m2), hypertension, fasting plasma glucose (tertile), dy
nephropathy, diabetic retinopathy, diabetic neuropathy, insulin use, dip
agonist use, biguanide use, sulfonylurea use, a-glucosidase inhibitor use,
b-blocker use, calcium channel blocker use, mineral corticoid receptor a
proteinuria (negative, trace, 1þ, 2þ, and 3þ), and eGFR to model 2. We
between individual SGLT2 inhibitors, and the P value was 0.1682.
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SGLT2 inhibitors (Supplementary Figure S7). Tenth, we
defined the outcome as a decrease in eGFR of $50%, and the
risk for this kidney outcome did not differ between individual
SGLT2 inhibitors under this definition (Supplementary
Figure S8).

DISCUSSION
In this study, we analyzed 12,100 patients with DM who had
newly taken SGLT2 inhibitors and found that there was no
significant difference in the annual eGFR slopes between
patients taking empagliflozin, dapagliflozin, canagliflozin, and
other SGLT2 inhibitors. We confirmed the robustness of our
results through various sensitivity analyses. To the best of our
knowledge, the present study is the first to compare the
kidney outcomes of patients with DM who were newly treated
with individual SGLT2 inhibitors using a large-scale, real-
world dataset.

A growing body of evidence supports the use of SGLT2
inhibitors in the treatment of DM and chronic kidney disease.
Not only randomized controlled trials,2–5 but analyses of real-
world data also support the clinical benefit of SGLT2 in-
hibitors.16–18 An analysis of Comparative Effectiveness of
Cardiovascular Outcomes in New Users of Sodium-Glucose
Cotransporter-2 Inhibitors (CVD-REAL), an international,
l 2 Model 3 Hazard ration (95% confidence interval) P value

ference] 1 [Reference]
0.42–0.95) 0.70 (0.46–1.07)

1.03 (0.69–1.54)

0.77 (0.54–1.09)

.66–1.46)

.51–0.99)

0.1682

0.40 0.60 0.80 1.00 1.20 1.40 1.60

ed glomerular filtration rate (eGFR; ‡30%) among individual
idney outcome as a decrease in eGFR ($30%) and conducted a Cox
een individual SGLT2 inhibitors and the subsequent incidence of
d individual SGLT2 inhibitors (unadjusted model). Model 2 included
as in model 3, we added body mass index (<18.5, 18.5–24.9, 25.0–
slipidemia, cigarette smoking, alcohol consumption, diabetic
eptidyl peptidase-4 inhibitor use, glucagon-like peptide-1 receptor
thiazolidine use, glinide use, renin-angiotensin system inhibitor use,
ntagonist use, diuretics use, statin use, year of prescription,
performed the Wald test to compare hazards for kidney outcomes
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real-world study of patients with type 2 DM, demonstrated
that the initiation of SGLT2 inhibitors could slow the decline
of kidney function compared with the initiation of other
glucose-lowering medications.16 Similarly, another cohort
study in Sweden, Denmark, and Norway reported that the
risk of developing adverse kidney outcomes was reduced in
patients with DM using SGLT2 inhibitors versus those using
dipeptidyl peptidase-4 inhibitors.17 These results of preceding
studies may suggest a class effect of SGLT2 inhibitors from the
perspective of renal protective effects.

Meanwhile, given the differences between individual
SGLT2 inhibitors (e.g., selectivity of SGLT2 and duration of
action12,19), there could be a difference in clinical outcomes
between individual SGLT2 inhibitors, and several studies have
shown a potential difference between individual SGLT2 in-
hibitors. For example, although SGLT2 inhibitors are also
known to have a cardiovascular benefit,20–22 a recent analysis
of a retrospective cohort in Taiwan showed that dapagliflozin
use had a more favorable effect on heart failure than empa-
gliflozin use.10 An analysis of a cohort that included patients
with type 2 DM and heart failure showed that plasma aldo-
sterone concentration was significantly increased in patients
treated with empagliflozin and canagliflozin compared with
those treated with dapagliflozin, and plasma noradrenaline
was significantly increased in patients treated with empagli-
flozin compared with those treated with canagliflozin and
dapagliflozin, suggesting the potential difference in neuro-
humoral response among individual SGLT2 inhibitors.13

Given these backgrounds, there could be a difference in
kidney outcomes between individual SGLT2 inhibitors.
Furthermore, a network meta-analysis of randomized trials
suggested a potential advantage in renal protection of dapa-
gliflozin and empagliflozin over canagliflozin.23 However,
data on comparisons of kidney outcome risk between indi-
vidual SGLT2 inhibitors are scarce. SGLT2 inhibitors were
first launched in Japan in 2014 and included 6 commercially
available SGLT2 inhibitors (empagliflozin, dapagliflozin,
canagliflozin, ipragliflozin, tofogliflozin, and luseogliflozin).
Considering the widespread use of SGLT2 inhibitors in clin-
ical practice, it is essential to evaluate the comparability of
kidney outcomes between individual SGLT2 inhibitors.

The present study is distinguishable from previous studies
in that we compared kidney outcomes (mainly changes in
eGFR) between commercially available SGLT2 inhibitors in
Japan using a nationwide, real-world dataset and showed that
there were no statistically significant differences in kidney
outcomes between individual SGLT2 inhibitors. Furthermore,
our finding is in line with a recent study presenting compa-
rable cardiovascular outcomes among individual SGLT2 in-
hibitors.24 Although we performed a multitude of sensitivity
analyses and confirmed the robustness of our primary find-
ings, further investigation is needed to validate our results.
The present study showed comparable kidney outcomes be-
tween the individual SGLT2 inhibitors. However, because of
the relatively short follow-up period, the number of patients
requiring renal replacement therapy was small (n ¼ 12). The
1152
mean follow-up period was relatively short, and therefore,
analysis of other independent datasets with longer follow-up
periods is required.

There are several limitations to this study. Although we
performed multivariate Cox regression analyses, the possi-
bility of unmeasured confounders could not be eliminated.
For example, the duration of DM or information on socio-
economic status could have influenced the results of this
study. However, these data were not available in the JMDC
Claims Database. Given that the study participants enrolled in
the JMDC Claims Database are covered by “kempo,” which is
a health insurance system for employees, and most of the
individuals registered in our dataset are employees (or their
family members) who work for relatively large Japanese
companies, the socioeconomic status of the participants in
the JMDC Claims Database would not be so largely different.
However, we must consider that the lack of these data is a
major study limitation. Because the JMDC Claims Database
does not include individuals aged >75 years, it is unknown
whether our primary results could be applicable to elderly
individuals. More than 80% of study participants were men,
which might decrease the generalizability of the findings of
the present study. Finally, the dose of medications (e.g., each
SGLT2 inhibitor) was not considered in this study.

In conclusion, our analysis of a nationwide, real-world
dataset demonstrated that the kidney outcomes of patients
with DM were comparable between individual SGLT2
inhibitors.
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Figure S2. Comparison of the change in estimated glomerular
filtration rate (eGFR) among sodium-glucose cotransporter-2 (SGLT2)
inhibitors for patients diagnosed with type 2 diabetes mellitus (DM).
Figure S3. Comparison of the change in estimated glomerular
filtration rate (eGFR) among 6 sodium-glucose cotransporter-2
(SGLT2) inhibitors.
Figure S4. Comparison of the change in estimated glomerular
filtration rate (eGFR) among sodium-glucose cotransporter-2 (SGLT2)
inhibitors for patients with a follow-up period $365 days.
Figure S5. Risk of kidney outcome, defined as a decrease in
estimated glomerular filtration rate (eGFR; $30%) among individual
sodium-glucose cotransporter-2 (SGLT2) inhibitors (competing risks
model).
Figure S6. Risk of composite kidney outcome, defined as a decrease
in estimated glomerular filtration rate (eGFR; $30%) or the initiation
of renal replacement therapy among individual sodium-glucose
cotransporter-2 (SGLT2) inhibitors.
Figure S7. Risk of kidney outcome, defined as a decrease in
estimated glomerular filtration rate (eGFR; $40%) among individual
sodium-glucose cotransporter-2 (SGLT2) inhibitors.
Figure S8. Risk of kidney outcome, defined as a decrease in
estimated glomerular filtration rate (eGFR; $50%) among individual
sodium-glucose cotransporter-2 (SGLT2) inhibitors.
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