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Objective: The objective of this study was to investigate the effects of sodium-glucose

cotransporter 2 (SGLT2) inhibitors on renal function in different stages of chronic kidney

disease (CKD).

Design and Methods: We conducted a retrospective cohort study using longitudinal

claims data from May 2016–December 2017 from the Chang Gung Research Database.

Patients who used one of the three types of SGLT2 inhibitor available at Chang Gung

Memorial Hospital, namely empagliflozin 10 mg/tab (Empa10), empagliflozin 25 mg/tab

(Empa25), and dapagliflozin 10 mg/tab (Dapa), were included, with the same number

of matched non-users. Analysis of variance was used for continuous variables and the

chi-square test was applied for categorical variables. Differences in data between two

groups were analyzed using an independent t-test, and the basic data before and after

treatment were analyzed using generalized estimating equation (GEE). The association

among renal function changes was analyzed using a Cox proportional hazards model,

with the results presented as unadjusted hazard ratios (HRs) with 95% confidence

intervals (95% CIs).

Results: Among the 7,624 SGLT2 inhibitor users, 1,696 patients used Empa10, 2,654

used Empa25, and 3,274 used Dapa. Compared with non-users, dapagliflozin had the

lowest risk of estimated glomerular filtration rate (eGFR) decrease over 40% from baseline

within 1 year (HR 0.36, 95% CI 0.25–0.51). By using the ICD-10-CM code N179, the

acute kidney injury (AKI)-related hospitalization rate was lower in Empa10 and Dapa users

than in non-users (HR 0.65, 95% CI 0.49–0.86).

Conclusion: Lower risk of eGFR decrease over 40% and AKI-related hospitalization

was found in all SGLT2 inhibitor users across the different CKD stages.

Keywords: sodium–glucose cotransporter 2 inhibitors, renal function, acute kidney injury, Chang Gung Research

Database, glucose control
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INTRODUCTION

The sodium–glucose cotransporter2 (SGLT2) inhibitor belongs
to the newest class of antidiabetic drugs. It inhibits SGLT2
transporter in the kidney, increases urinary glucose excretion,
and reduces the serum glucose level (1). Although the initial
purpose of using this medication was to achieve better glycemic
control, which can decrease glycosylated hemoglobulin (HbA1c)
about 0.5–0.8% (2), several additional benefits were noted in
clinical trials, including decreases in body weight, blood pressure,
and the rate of hospitalization for heart failure and death from
cardiovascular causes (3, 4). Moreover, because this medication’s
mechanism of action depends on the kidneys, patients who
receive SGLT2 inhibitors must have a certain level of renal
filtration function (5). Therefore, whether SGLT-2 inhibitors
have adverse effects on renal function and lead to more renal
injury events must be determined. Large-scale clinical trials
of SGLT2 inhibitors, including the EMPA-REG and CANVAS
studies, have revealed that although the initial eGFR decreases
rapidly, there was better eGFR of SGLT2 inhibitors users after
follow up 192 weeks (4–6). And the DECLARE study also
presented that dapagliflozin had lower cumulative incidence
of ≥40% decrease in eGFR<60 mL/min/1.73 m2 of body-
surface area, new end-stage renal disease, or death from renal
or cardiovascular causes than placebo (7). Furthermore, there
was considerable reduction of urine albumin/creatinine ratio
(UACR) on SGLT2 inhibitor users compared with placebo users
after a certain follow-up period, especially those who had CKD
(8, 9). However, because of limited real-world data, whether
SGLT2 inhibitors lead to changes in renal filtration function
remains debatable. Although some studies have reported that
SGLT2 inhibitors had no adverse effect on renal function (10)
or even protection effects (11, 12), some studies have reported
different findings. According to Perlman et al., SGLT2 inhibitors
might be related to an increase in acute renal failure events
(13), a result which is contradicted by clinical trials. In addition,
limited data indicate that SGLT2 inhibitors cause AKI and related
hospitalization. Furthermore, more clinical data and research
are necessary to elucidate whether the two most widely used
SGLT2 inhibitors, namely empagliflozin (Empa) and dapa, differ
in their effect.

We therefore conducted a retrospective cohort study using
longitudinal claims data from the Chang Gung Research
Database (CGRD), a de-identified database derived from
the medical records of Chang Gung Memorial Hospital
(CGMH), to focus on renal function change, acute renal
deterioration events and glucose-lowering effect. Specifically,
the aims of this study was to determine whether using
SGLT2 inhibitors alone and other drugs had a beneficial
effect in different chronic kidney disease stage patients
with diabetes.

METHODS

Data Source
We conducted a retrospective cohort study using
longitudinal claims data for May 2016–December 2017

from CGRD, a de-identified database derived from medical
records of CGMH. CGMH, founded in 1976, is one
of the largest medical institutions in Taiwan, with 7
hospitals extending from northeast to southern Taiwan.
This study was approved by the CGMH Institutional
Review Board.

Study Population
We identified 70,461 patients with type 2 diabetes mellitus
and 7,624 patients (age ≥ 20 years) who used one of SGLT2
inhibitors available at CGMH, namely empagliflozin 10 mg/tab
(Empa10), empagliflozin 25 mg/tab (Empa25), and dapagliflozin
10 mg/tab (Dapa) defined as SGLT2 inhibitor users, with the
same number of propensity score matched non-users during
January 2016–December 2017. The matched SGLT-2 inhibitor
non-users were chosen in those who have the diagnosis of
diabetes but no SGLT2 inhibitor usage in their medical records
in CGRD database. The index date was defined as the first
date of therapy during the study period. Patients receiving a
SGLT2 inhibitor for <7 days were excluded. Some patients
who were prescribed with Empa10 initially then change to
Empa25 were grouped to Empa25 if the use of Empa25
was over 3-months continuously. The following biochemistry
data were collected before the first medication use and the
closest data before December 2017 at least 28 days after
medication: serum creatinine (Cre), HbA1c, preprandial (AC)
and peak postprandial (PC) blood glucose, urine albumin (Alb),
urine Cre, and UACR. Moreover, we analyzed the effect of
SGLT2 inhibitors as well as other anti-diabetic drugs, including
acarbose (50 and 100mg), dipeptidyl peptidase-4 (DPP-4)
inhibitors (sitagliptin, vildagliptin, saxagliptin, linagliptin, and
alogliptin), insulin (glargin, detemir, aspart, lispro, glulisine,
NovoMix 30/50, and Humalog Mix 25/50), glucose-like peptide-
1 (GLP-1) agonists (exenatide, liraglutide, and dulaglutide),
sulfonylurea (SU) (glimepiride, gliclazide, and glyburide), glinide
(repaglinide), and metformin. An acute renal deterioration
event was identified as eGFR decrease over 40% from
baseline (7, 14) or AKI-related hospitalization within 1
year. The AKI-related hospitalization was identified with
International Classification of Diseases, Tenth Revision, Clinical
Modification (ICD-10-CM), an international medical diagnosis
code, code N179. The eGFR level was calculated by the
CKD-EPI (Epidemiology Collaboration) equation (15). Patients
treated with SGLT2 inhibitors were matched to patients
treated with other antidiabetic drugs through propensity score
matching in a 1:1 ratio on the basis of age, sex, baseline
serum creatinine and A1C levels, use of antidiabetic drugs
(DPP-4, insulin, GLP-1, SU, glinide, and metformin), statins,
antihypertensive drugs [Angiotensin II receptor blocker (ARB),
angiotensin converting enzyme inhibitor (ACEI), loop diuretics,
thiazides, aldosterone antagonist, beta blocker, and calcium
channel blocker (CCB)], and comorbidities [Alzheimer’s disease
(AD), hypertension, hyperlipidemia, cerebrovascular accident
(CVA), ischemia, hemorrhage, coronary artery disease (CAD),
myocardial infarction, ischemic heart disease, and heart failure].
The baseline characteristics of those accounted confounding
factors were matched and present in the Supplementary Table 1.

Frontiers in Endocrinology | www.frontiersin.org 2 November 2019 | Volume 10 | Article 820

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Lin et al. Renal Effects of SGLT2i

Main Outcome Measures
The primary outcome of this study was renal function
changes, including acute renal deterioration (eGFR decrease
over 40% within 1 year) and AKI-related hospitalization
during the follow-up period. The secondary outcome was the
difference of HbA1c changes between SGLT2 inhibitor users
and non-users.

Statistical Analysis
The baseline characteristics of the three treatment groups
(Empa10, Empa25, and Dapa) were compared using analysis
of variance for continuous variables and the chi-square test for
categorical variables. Differences in data between two groups
were analyzed using an independent t-test, and the basic
data before and after treatment were analyzed using GEE.
The association among renal function changes was analyzed
using a Cox proportional hazards model, with the results
presented as unadjusted HRs with 95%CIs. To reduce differences
in baseline characteristics among the groups, we performed
propensity score matching. The baseline characteristics and Cox
proportional hazards model for adjusted HRs and 95% CIs
are also presented for matched pairs. All statistical analyses
were performed using SAS statistical software (version 9.4; SAS
Institute, Inc., Cary, NC, USA). A two-sided p < 0.05 was
considered statistically significant.

RESULTS

Study Population Characteristics
From May 1, 2016 to December 31, 2017, a total of 70,461
individuals with diabetes mellitus were registered in the CGRD.
Among these patients, 7,624 patients were included as SGLT2
inhibitor users, with the same number of patients matched as
non-users. Demographic characteristics such as sex and age as
well as changes in biochemistry data before the first medication
use and the closest data before December 2017 are summarized
in Table 1.

Comparison Between SGLT2 Inhibitor
Users and Non-users
HbA1c decreased after at least 12 weeks in both SGLT2 inhibitor
users and non-users Regarding renal function parameters,
elevated Cre and reduced eGFR were more prominent in
non-users than in SGLT2 inhibitor users. The results are
shown in Table 1 and Supplementary Table 2. The changes
in Cre and HbA1c levels and eGFR are shown in Figure 1,
indicating significant differences in changes between the two
groups (p < 0.001).

Comparisons Among Different SGLT2
Inhibitor User Groups
Considering SGLT2 inhibitor users according to the different
drugs and dosages used, 1,696 patients used Empa10, 2,654
patients used Empa25, and 3,274 patients used Dapa.
Demographic characteristics such as sex and age as well as
changes in biochemistry data before the first medication use

and the closest data before December 2017 are summarized in
Table 2 and Supplementary Table 3.

AC and PC blood glucose and HbA1c levels decreased in all
three groups, with a significant decrease in HbA1c levels in Dapa
users compared with Empa25 users.

Regarding renal function parameters, Cre levels increased in
all three groups, with a significant difference in change between
Empa10 and Dapa users.

Analysis of Renal Function Change in
SGLT2 Inhibitor Users
Cox proportional hazard models were used to analyze changes
in eGFR, and HbA1c and Cre levels among Empa and Dapa
users during follow-up (Figure 2). A lower initial eGFR and
higher Cre levels were found in Empa users than in Dapa
users. Regarding changes in eGFR and Cre levels over time,
significant differences between the two groups were found (p
< 0.001). We then examined changes in eGFR and Cre levels
for the different SGLT2 inhibitor users. The initial Cre level
was highest in Empa25 users, followed by that in Empa10 users
and then in Dapa users (Table 2), that is, the opposite result
to that for eGFR. Analysis of changes in eGFR and Cre levels
over time revealed significant differences among the three groups
(p < 0.001) (Figure 3).

Analysis of eGFR Decrease Over 40% and
AKI-related Hospitalization in SGLT2
Inhibitor Users
Comparing eGFR decrease over 40% in SGLT2 inhibitor users
and non-users, we found a lower incidence of decrease in all
SGLT2 inhibitor users (HR 0.51, 95% CI 0.41–0.65) and the
lowest in Dapa users (HR 0.36, 95% CI 0.25–0.51). A lower
incidence of eGFR decrease over 40% in all SGLT2 inhibitor
users in eGFR ≥ 90 mL/min/1.73 m2 and 60–89 mL/min/1.73
m2 subgroup (HR 0.38, 95% CI 0.26–0.55 and HR 0.64, 95% CI
0.42–0.99, respectively). But in the eGFR 60–89 mL/min/1.73 m2

subgroup, only Dapa users had the decreased risk (HR 0.54, 95%
CI 0.30–0.97) (Table 3 and Figure 4). When followed overtime,
we observed that the incidence of eGFR decrease over 40% was
lower in SGLT2 inhibitor users than non-users in the 18-month
follow-up (HR 0.51, 95% CI 0.41–0.65) (Figure 5). Similarly, the
cumulative incidence initially increased in non-users compared
with SGLT2 inhibitor users after the 18-month follow-up (p <

0.001) (Figure 6).
Regarding the AKI-related hospitalization rate, we observed

decreased hospitalization rates in SGLT2 inhibitor users
compared with non-users (HR 0.66, 95% CI 0.50–0.88)
(Figure 7). Moreover, when comparing different renal function
subgroups with eGFR of ≥90 mL/min/1.73 m2 among the
three SGLT2 inhibitor user groups and non-users, we found
that the lower their eGFR, the higher was their AKI-related
hospitalization rates (Figure 8). In the 18-month follow-up,
there was lower AKI-related hospitalization rate observed in
SGLT2 inhibitor users than non-users (HR 0.65, 95% CI 0.49–
0.86) (Figure 9).
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TABLE 1 | Characteristics of the study population of Sodium glucose co-transporter 2 inhibitor users and non-users.

Basic statistic SGLT2i vs.

non-users

SGLT2i vs.

non-users

SGLT2i Diff (1st-last) Matched

non-users

Diff (1st-last) p-value p-value Diff

(1st-last)

No. 7,624 7,624

Age, year 61.9 ± 11.6 61.5 ± 13. 0.061

Sex (female), % 41.9% 42.2% 0.768

Cre (first before drug)

(mg/dL)

0.895 ± 0.354 −0.035 0.889 ± 0.382 −0.054 0.361 <0.001*

Cre (last) (mg/dL) 0.930 ± 0.432 0.943 ± 0.502 0.096

eGFR (first before drug)

(mL/min/1.73 m2)

92.692 ± 31.425 2.554 96.798 ± 38.059 4.898 <0.001* <0.001*

eGFR (last)

(mL/min/1.73 m2)

90.138 ± 32.636 91.900 ± 35.889 0.002

HbA1c (first before

drug) (%, mmol/mol)

8.890 ± 1.620

(73.839 ± 17.704)

0.706 (7.718) 8.985 ± 2.266

(74.690 ± 24.771)

0.991

(10.829)

0.015

(<0.015*)

<0.001*

HbA1c (last) (%,

mmol/mol)

8.201 ± 1.407

(66.121 ± 15.376)

7.994 ± 1.729

(63.861 ± 18.905)

<0.001*

UACR (first before

drug) (mg/g)

45.445 ± 75.175 −7.778 107.529 ± 542.564 −0.868 0.336 0.391

UACR (last) (mg/g) 53.223 ± 95.205 108.397 ± 542.692 0.399

Age, Cre, eGFR, HbA1c, and UACR presented as mean ± SD.
SGLT-2i, Sodium-glucose co-transporter 2 inhibitor; Diff, difference; Cre, creatinine; eGFR, estimated Glomerular filtration rate; HbA1c, Glycated hemoglobin; UACR, urine albumin to
creatinine ratio. *p < 0.05.

FIGURE 1 | Change in estimated glomerular filtration rate (eGFR), and glycated hemoglobin (HbA1c), and creatinine (Cre) levels in users of sodium–glucose

cotransporter 2 (SGLT2) inhibitors and other drugs.

Analysis of HbA1c Control Effect in SGLT2
Inhibitor Users
With respect to blood glucose control, a higher initial HbA1c
level was found in Dapa users than in Empa users, and the trend
of HbA1c change was significantly different in these two groups
(Figure 2). The HbA1c change was significantly different among
Dapa and Empa10 users (Figure 3). To analyze the blood glucose
control effect, we set HbA1c of <7.0% as the target. We found
that compared with non-users, a higher proportion of SGLT2
inhibitor users had HbA1c ≥ 7%. However, as seen in Table 1,
SGLT2 inhibitor users had a lower average baseline HbA1c level

and less effective HbA1c reduction compared with non-users.
In general, Dapa users had the largest decreased proportion
of HbA1c ≥ 7%, whereas in the eGFR 30–59 mL/min/1.73

m2 subgroup Empa had the better effect. In the eGFR15–29

mL/min/1.73 m2 subgroup, the effect of decline in the proportion

of HbA1c≥ 7% worsened, and blood glucose deteriorated as well

(Supplementary Table 4). Furthermore, we analyzed the effect of

blood glucose control among Empa10, Empa25, and Dapa users
with differing renal function, and found that Dapa users had
the largest HbA1c reduction, and Emap25 had the smallest one
(Supplementary Table 5).

Frontiers in Endocrinology | www.frontiersin.org 4 November 2019 | Volume 10 | Article 820

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


L
in

e
t
a
l.

R
e
n
a
lE

ffe
c
ts

o
f
S
G
LT

2
i

TABLE 2 | Characteristics of the study population of three kinds of Sodium glucose co-transporter 2 inhibitor.

Basic statistic Empagliflozin

(10mg)

Diff (1st-last) Empaglifozin

(25mg)

Diff (1st-last) Dapagliflozin

(10mg)

Diff (1st-last) Empa10 vs.

Empa25 vs.

Dapa

p-value

Empa10 vs.

Empa25 diff

(varl-varf)

p-value

Empa10 vs.

Dapa diff

(varl-varf)

p-value

Empa25 vs.

Dapa diff

(varl-varf)

p-value

N 1,696 2,654 3,274

Age, year 63.2 ± 11.9 62.0 ± 11.7 61.2 ± 11.4 0.019a,b,c

Sex (female), % 42.2% 39.9% 43.5% <0.001b

Cre (first before

drug) (mg/dL)

0.925 ± 0.421 −0.029 0.942 ± 0.402 −0.018 0.841 ± 0.251 −0.011 <0.001b,c 0.165 0.010* 0.163

Cre (last) (mg/dL) 0.954 ± 0.543 0.960 ± 0.492 0.852 ± 0.296 <0.001b,c

eGFR (first before

drug)

(mL/min/1.73 m2 )

91.033 ±

33.474

0.628 89.551 ±

32.985

0.429 96.097 ±

28.581

−0.11 <0.001b,c 0.689 0.145 0.217

eGFR (last)

(mL/min/1.73 m2 )

90.405 ±

34.715

89.122 ±

33.096

96.207 ±

32.902

<0.001b,c

HbA1c (first before

drug) (%,

mmol/mol)

8.731 ± 1.621

(71.913 ±

17.721)

0.706 (7.714) 8.864 ± 1.724

(73.375 ±

18.848)

0.639 (6.991) 8.976 ± 1.553

(74.596 ±

16.980)

0.785 (8.578) <0.001a,b,c 0.122 0.057 <0.001*

HbA1c (last) (%,

mmol/mol)

8.025 ± 1.418

(64.199 ±

15.506)

8.225 ± 1.446

(66.384 ±

15.806)

8.191 ± 1.347

(66.018 ±

14.726)

<0.001a,c

UACR (first before

drug) (mg/dL)

5.675 ± 5.086 0 47.441 ±

70.930

−12.902 25.812 ±

30.930

0.315 0.339 0.352 0.873 0.345

UACR (last)

(mg/dL)

5.675 ± 5.086 60.343 ±

106.208

25.497 ±

30.873

0.358

Age, Cre, eGFR, HbA1c, Alb(U), Creatinine(U) and UACR presented as mean ± SD.
Empa10, Empagliflozine 10 mg/tab; Empa25, Empagliflozine 25 mg/tab; Dapa10, Dapagliflozine 10 mg/tab; Diff, difference; Vari, variate initial; Varif, variate final; Cre, creatinine; eGFR, estimated Glomerular filtration rate; HbA1c, Glycated
hemoglobin; AC, ante cibum (preprandial); PC, post cibum (postprandial); AST, aspartate aminotransferase; ALT, Alanine aminotransferase; Na, sodium; K: potassium; LDL-C, low-density lipoprotein cholesterol; HDL-C, High-density
lipoprotein cholesterol; TG, Triglyceride; Chol, cholesterol; TBI, total bilirubin; DBI, direct bilirubin; UACR, urine albumin to creatinine ratio.
ap < 0.05 between Empa10 and Empa25, bp < 0.05 between Empa25 and Dapa10, cp < 0.05 between Empa10 and Dapa10. *p < 0.05.
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FIGURE 2 | Change in estimated glomerular filtration rate (eGFR), and glycated hemoglobin (HbA1c), and creatinine (Cre) levels in empagliflozin and dapagliflozin

users.

FIGURE 3 | Change in estimated glomerular filtration rate (eGFR), and glycated hemoglobin (HbA1c), and creatinine (Cre) levels in empagliflozin 10 mg/tab,

empagliflozin 25 mg/tab, and dapagliflozin 10 mg/tab users.

TABLE 3 | Incident rate of decrease in eGFR over 40% between SGLT-2 inhibitor users and non-users in different renal function group.

SGLT2i. Incident

rate

Entire Received Empagliflozin and Dapagliflozin Non-users

Event Person-

months

Incident rate per

1,000

Person-

months(95% CI)

Event Person-

months

Incident rate per

1,000

Person-

months(95% CI)

Event Person-

months

Incident rate per

1,000

Person-months

(95% CI)

Entire cohort

subgroup by

eGFR

335 151,916 2.21 (1.97–2.45) 106 72,142 1.47 (1.19–1.75) 229 79,775 2.87 (2.50–3.24)

≧90 151 79,330 1.90 (1.60–2.20) 36 35,731 1.01 (0.68–1.34) 115 43,599 2.64 (2.16–3.12)

60–89 86 51,765 1.66 (1.31–2.01) 36 27,332 1.32 (0.89–1.75) 50 24,433 2.05 (1.48–2.62)

30–59 76 19,471 3.90 (3.02–4.78) 26 8,584 3.03 (1.87–4.19) 50 10,887 4.59 (3.32–5.86)

15–29 20 1,280 15.62 (8.77–22.47) 6 460 13.04 (2.61–23.47) 14 820 17.07 (8.13–26.01)

DISCUSSION

As a new class of antidiabetic drug, the SGLT2 inhibitor lowers

plasma glucose levels through renal excretion (1). Because the

mechanism of action of SGLT2 inhibitors is based on renal

excretion of plasma glucose, whether using SGLT2 inhibitors in

patients with differing renal function would increase the rate
of acute renal function deterioration or hospitalization requires
further discussion. Two doses of Empa, namely 10 and 25mg/tab,
became available for use at CGMH in May and July 2016,
respectively, whereas another SGLT2 inhibitor subtype, dapa10,
became available at CGMH in June 2016. We stratified the Empa
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FIGURE 4 | Cox proportional hazard models for decrease in eGFR over 40% in patients receiving sodium–glucose cotransporter 2 inhibitors and other drugs. The

probability of a decrease in eGFR over 40% is shown for empagliflozin 10 mg/tab, empagliflozin 25 mg/tab, and dapagliflozin 10 mg/tab users vs. non-users in

different renal function subgroups. eGFR, estimated glomerular filtration rate.

FIGURE 5 | Decrease in eGFR over 40%-free survival rates in the patients with

diabetes. The outcome was estimated using Cox regression models stratified

according to history of eGFR decrease over 40% for SGLT2 inhibitor users vs.

non-users. eGFR, estimated glomerular filtration rate; SGLT2i, sodium–glucose

cotransporter 2 inhibitor.

dose to 10 or 25 mg/day according to the design of EMPA-REG
Outcome Trial (3) and the latest EMPRISE study (16). According
to Levine’s review (17), the abilities of HbA1c decreasing between
Empa10 and Empa25 as monotherapy are 1.44% vs. 1.43%,
respectively. Besides, based on the previous reports, the glucose

FIGURE 6 | Cumulative incidence rate of decrease in eGFR over 40% in

patients with diabetes. Outcomes were estimated according to history of eGFR

decrease over 40% for SGLT2 inhibitor users vs. non-users. eGFR, estimated

glomerular filtration rate; SGLT2i, sodium–glucose cotransporter 2 inhibitor.

lowering effect and renal protection are similar for both Empa10
or Empa25 (18). But the real world data in different CKD stage is
not well-studied. The reasons to make physician choose patients
who receive Empa or Dapa are dependent on the renal function
(Empa could use on the patients with eGFR > 45 mL/min/1.73
m2, and Dapa could use on eGFR > 60 mL/min/1.73 m2) and
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FIGURE 7 | Cox proportional hazard models for AKI-related hospitalization rate in patients receiving sodium–glucose cotransporter 2 inhibitors and non-users. The

probability of AKI-related hospitalization is shown for empagliflozin 10 mg/tab, empagliflozin 25 mg/tab, and dapagliflozin 10 mg/tab users vs. non-users in different

renal function subgroups. AKI, acute kidney injury.

FIGURE 8 | Cox proportional hazard models for AKI-related hospitalization in patients with different renal function levels. The probability of AKI-related hospitalization

is shown for eGFR<15, 15–29, 30–59, and 60–89 mL/min/1.73 m2 vs. eGFR ≥ 90 mL/min/1.73 m2 in different SGLT2 inhibitor users and non-users. eGFR,

estimated glomerular filtration rate; SGLT2i, sodium–glucose cotransporter 2 inhibitor.

individual preference.We tried to eliminate this bias bymatching
initial renal function.

We therefore divided SGLT2 inhibitor users into three
subgroups, namely Empa10, Empa25, and Dapa, for
further comparison.

Renal Profile
After 18-month follow-up on the renal function of SGLT2
inhibitor users and non-users, we found that Cre levels increased
and eGFR reduced in both groups, with these changes being
significantly lower in SGLT2 inhibitor users. Moreover, the initial
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FIGURE 9 | AKI-related hospitalization-free survival rates in patients with

diabetes. Outcomes were estimated using Cox regression models stratified

according to history of hospitalization related to AKI for SGLT2 inhibitor users

vs. non-users. eGFR, estimated glomerular filtration rate; SGLT2i,

sodium–glucose cotransporter 2 inhibitor; AKI, acute kidney injury.

pre-treatment renal function data were statistically better in
SGLT2 inhibitor users compared with non-users. In a meta-
analysis,Wang et al. noted that Cre levels statistically significantly
increased in patients who received SGLT2 inhibitor treatment
(19), whereas, Xu et al. noted significant changes in eGFR after
analyzing 47 studies evaluating the effect of SGLT2 inhibitors
on renal function change (9). There are multiple potential
reno-protective mechanisms of SGLT2 inhibitors including
decreased hyperfiltration, reduce glomerular hypertension, lower
intravascular volume, etc. (5, 11, 12). Besides, there are increased
composite renal events with follow-up duration between 26 and
104 weeks, but not in the other follow-up duration noted by a
meta-analysis (20). This may be the reason why there are debates
surrounding the effect of SGLT2 inhibitors on renal function
because the exact mechanism of SGLT2 inhibitor on kidney event
is still unclear and it might be time related.

Having divided SGLT2 inhibitor users into Empa users and
Dapa users, we found that Empa users had lower baseline
eGFR and higher Cre levels. In the 18-month follow-up period,
differences in changes in eGFR and Cre levels between the two
groups were statistically significant, with renal function more
obviously deteriorating after 12-months in Empa users. Sugiyama
et al. noted that dapagliflozin exhibited significant renoprotective
effects through renal morphology, although no large increase
in eGFR or decrease in Cre levels was observed (21). Since the
publication of the EMPA-REG OUTCOME study, numerous
studies have supported the renoprotection of Empa (6, 22).
Although only a few studies have compared empagliflozin with
dapagliflozin, Huilin et al. illustrated that empagliflozin resulted

in fewer renal events than dapagliflozin (20), a result that differs
from our findings. The different foothold of renal function in the
two SGLT2 inhibitor user groups may explain this discrepancy.

Having divided SGLT2 inhibitor users into three subgroups,
we found that Empa25 users had the highest baseline Cre and
lowest eGFR, followed by Empa10 users with midrange values
and then Dapa users, who had the lowest Cre levels and highest
eGFR. After receiving SGLT2 inhibitors, the Cre levels increased
in all three groups, with a statistically significant difference
between Empa10 and Dapa users (0.029 vs. 0.011 mg/dL, p =

0.01). Overtime, the trend of changes in Cre levels and eGFR
among the three groups was statistically significant (Figure 3).
Specifically, Empa25 users showed deteriorating renal function
after 12-months, with a statistically significant difference relative
to Dapa users.

Furthermore, there was no significant difference of UACR
between SGLT2 inhibitor users and non-users. Several studies
have observed that SGLT2 inhibitors have a beneficial effect
of UACR reduction (23), although other results for change
in UACR after SGLT2 inhibitor use are more neutral (19).
Despite the beneficial effect of SGLT2 inhibitors on UACR,
progression to macroalbuminuria was observed in a certain
percentage of patients with type 2 diabetes (6). Moreover,
in our study, baseline UACR was lower in SGLT2 inhibitor
users than in non-users. Among the three subgroups of SGLT2
inhibitor users, the highest UACR was found in Empa25 users,
followed by Dapa and Empa10 users. After 18-month follow
up, UACR increased in Empa25 users but decreased in Dapa
users. Contrast to our finding, Cherney et al. demonstrated
that Empa reduced UACR and that this effect was better
in patients with higher baseline UACR (8). Therefore, a
different foothold may influence the effect of SGLT2 inhibitors
on UACR.

Rate of eGFR Decrease Over 40% From
Baseline and AKI-related Hospitalization
A lower risk of eGFR decrease over 40% was observed in
eGFR ≥ 90 mL/min/1.73 m2 among Empa users and in
eGFR ≥ 60 mL/min/1.73 m2 among Dapa users than non-
users. Perlman et al. evaluated the relationship between SGLT2
inhibitors and acute renal failure using the U.S. Food and Drug
Administration (FDA) adverse event report system database and
revealed that SGLT2 inhibitors were more highly related to
increased acute renal failure than other drugs (13). Nadkarni
et al. found no increased risk of AKI with SGLT2 inhibitor use
(24). Wanner et al. analyzed AKI in differing renal function
levels, with a cut-off eGFR of 60 mL/min/1.73 m2 and found
fewer AKI events in Empa users and patients with better renal
function (6). However, Szalat et al. mentioned several possible
mechanisms whereby SGLT2 inhibitors could cause acute renal
failure (25).

The incidence of eGFR decrease over 40% was lower in SGLT2
inhibitor users than non-users in 18-months follow up. The
benefit of reduced renal deterioration in SGLT2 inhibitor users
would become apparent after a long follow-up period. Some
evidence indicates that patients treated with dapagliflozin had
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a higher rate of recovery from deteriorated renal function and
return to the baseline level than those who were treated with
other drugs or discontinued dapagliflozin (20).

SGLT2 inhibitor users did not have a higher AKI-related
hospitalization rate than other drug users, nor did this rate
increase over time. Among the SGLT2 inhibitor user subgroups,
the trend in each group was that poorer renal function in patients
led to a higher AKI-related hospitalization rate (Figure 8).

Glucose Control
Comparing SGLT2 inhibitor users with non-users, we observed
a less decrease in HbA1c levels after 18-months. This might be
due to the weaker glucose lowering ability and less hypoglycemia
rate of SGLT2 inhibitors compared with sulfonylurea (26, 27).
Besides, in real world practice, physicians may use SGLT2
inhibitors as an add-on regimen in poorly controlled patients
who usually have less response to anti-diabetic drugs.

The HbA1c level decreased in all the three SGLT2 inhibitor
user subgroups (Empa10, Empa25, and Dapa), with Dapa users
showing the statistically significant decrease compared with
Empa25 group. Moreover, a statistically significant difference in
glucose change was observed among the three groups. Johnston
et al. compared several studies using Empa and Dapa and
discovered that Empa25 had the best glucose-lowering effect,
followed by Empa10 and then Dapa (28), a finding that differs
from ours. However, our data shows that the initial HbA1c
level was highest in Dapa users, followed by Empa25, with
Empa10 users having the lowest HbA1c level. This finding
was compatible with that of Yagi et al., who noted a better
glucose-lowering effect in patients with type 2 diabetes receiving
SGLT2 inhibitor treatment who had a high baseline HbA1c
level (29).

This study had several limitations. First, because only
Empa and dapa were currently available at CGMH and were
only introduced after 2016, other SGLT2 inhibitors were not
studied and follow-up time was limited. Second, because
this was a non-randomized, retrospective, observational study,
selection bias was possible, despite comprehensive propensity
score matching and our setting the index date as the start
of therapy. Third, some details of renal function could not
be distinguished in the diagnostic records. However, for the
majority of the participants in this large cohort study, we were
still able to indicate the effects of SGLT2 inhibitors. Forth,
although we tried our best to eliminate the interference of
other drugs between SGLT2 inhibitors users and non-users
by propensity score matching, the further evaluation of the

effects on drugs might be added on during the study period
is limited.

CONCLUSION

In real world practice, both Dapa an Empa had similar glucose-
lowering effect across different CKD stages. SGLT2 inhibitor
users and non-users had reduced renal function at the 18-month
follow up, but SGLT2 inhibitor users exhibited lower changes
compared with baseline. Moreover, SGLT2 inhibitor users had a
lower incidence of eGFR decrease over 40% within 18-months
without increase in the AKI-related hospitalization rate.
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