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Abstract

Background Previous studies have shown conflicting observations regarding the correlation between sodium-glucose-
cotransporter-2 inhibitors (SGLT2i) and acute renal failure. Although wide use has contributed to the accumulation of safety
information on SGLT?2i, the examination of the countries reporting cases of SGLT2i use and influence of concomitant drugs
has been insufficient in studies using spontaneous adverse event reporting databases.

Objective We aimed to re-examine the correlation between SGLT2i and acute renal failure using the latest United States
Food and Drug Administration’s Adverse Event Reporting System (FAERS) records and to conduct a stratified analysis for
the reporting countries (Japan or other countries), as well as the concomitant use of drugs such as angiotensin-converting
enzyme inhibitors (ACEis) and angiotensin II receptor blockers (ARBs) with SGLT2i.

Patients and Methods The reporting odds ratio (ROR) and 95% confidence interval (CI) for cases recorded on FAERS from
January 2013 to March 2020 were calculated. We then limited the cases to patients using SGLT2i and receiving treatment
for diabetes mellitus and then calculated the ROR. A stratified analysis was performed for reporting countries (Japan or
other countries), and the presence or absence of concomitant use of an angiotensin-converting enzyme inhibitor (ACEi) or
angiotensin II receptor blocker (ARB) to examine their influence on the correlation between SGLT2i and acute renal failure.
Results Of the 5,337,069 cases of adverse events recorded on FAERS, 410,569 were cases in which patients had received
treatment for diabetes. The ROR for SGLT2i calculated from the total analysis subjects was 4.16 (95% CI 4.01-4.31), sug-
gesting its correlation with acute renal failure. Similar results were obtained for the cases in which patients had received
treatment for diabetes. However, the stratified analysis of these diabetes-treatment cases for reporting countries showed
no correlation between SGLT2i and acute renal failure in cases reported in Japan with ROR 0.58 (95% CI 0.49-0.69). In
contrast, a correlation was suggested in cases reported in countries other than Japan with ROR 1.91 (95% CI 1.83-1.98).
Moreover, the stratified analysis for the concomitant use of an ACEi or ARB showed that the ROR tended to be low in the
cases with one of these drugs.

Conclusion Examination with the signal detection method using FAERS suggested the correlation between SGLT2i and the
onset of acute renal failure. However, when focusing on the cases reported in Japan, such a correlation was not suggested.
In addition, this study indicated that the signal of acute renal failure tends to be reduced in cases with the concomitant use
of either an ACEi or ARB. Through this study we suggest that patients should be closely monitored when they take SGLT2i
without an ACEi or ARB.

1 Introduction

Sodium-glucose-cotransporter-2 inhibitors (SGLT2i) are
a relatively new class of oral glucose-lowering drugs, and
D4 Yukari Katsuhara their mechanism of action is to facilitate urinary excretion
1953018 @g.iuhw.ac.jp of glucose by inhibiting its SGLT2-mediated reabsorption
. . in the renal proximal tubule. With the worldwide increase in
International University of Health and Welfare Graduate .. . .. .
School Graduate School of Health and Welfare Sciences the clinical use of SGLT?2i, disparities regarding the correla-
4-1-26 Akasaka, Minato-city, Tokyo 107-8402, Japan tion between SGLT2i and acute renal failure have emerged.
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We analyzed the United States Food and Drug Admin-
istration’s Adverse Event Reporting System (FAERS),
and observed a correlation between the sodium-glucose
cotransporter-2 (SGLT2) inhibitors and the onset of
acute renal failure (ARF).

The stratified analysis for reporting countries showed
that such a correlation was not observed when focusing
on the cases reported in Japan.

The stratified analysis for concomitant drugs showed that
the signal for ARF tended to be reduced in cases with the
use of either an angiotensin-converting enzyme inhibitor
or angiotensin II receptor blocker.

The US Food and Drug Administration (FDA), for example,
issued a warning for the onset of acute renal failure owing
to canagliflozin and dapagliflozin on 14 June 2016 [1]. In
addition, the Pharmaceuticals and Medical Devices Agency
(PMDA) of Japan revised the precautions to add the risk of
dehydration to the section on serious side effects of cana-
gliflozin, dapagliflozin, empagliflozin, ipragliflozin, luse-
ogliflozin, and tofogliflozin on 9 January 2015. However, it
did not issue clear alerts with regard to the risk of acute renal
failure, and the Japan Diabetes Society only calls attention to
these as a type of dehydration-related event [2—4].

Furthermore, existing clinical studies have presented
conflicting observations on the correlation between SGLT2i
and acute renal failure. The EMPA-REG study, which was
a placebo-controlled, randomized, double-blind study of
patients with type 2 diabetes with a high risk of a cardio-
vascular event, found that empagliflozin suppressed the pro-
gression of renal failure [5]. In addition, a meta-analysis
that reviewed 109 randomized clinical trials (RCTs) showed
that SGLT2i reduced the risk of acute renal failure (relative
risk 0.59; 95% confidence interval (CI) 0.39-0.89); how-
ever, this was because of the strong influence of the EMPA-
REG study mentioned above. When the EMPA-REG study
was excluded from the analysis, no significant trend was
observed with relative risk = 0.48 (95% CI 0.14-1.64) [6].
Moreover, the latest retrospective cohort study of patients
with type 2 diabetes, which was published in October 2020,
did not report a significant increase in acute renal failure
in patients receiving SGLT2i compared to that in patients
receiving other anti-diabetic drugs [7].

Signal detection using adverse event report databases is
widely used for post-marketing monitoring of drug safety
[8]. The adverse event report databases include the FDA
Adverse Event Reporting System (FAERS) [9] published
by the FDA, the Japanese Adverse Drug Event Report
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(JADER) database [10] published by the PMDA, VigiBase
[11] from the World Health Organization (WHO), and the
Eudra Vigilance [12] from the European Medicine Agency
(EMA). FAERS is the largest adverse event report database,
containing more than 1 million reports recorded from all
over the world every year. In contrast, approximately 50,000
Japanese reports are recorded on JADER every year [13].
The reports recorded on FAERS include events that occurred
in Japan. However, a study examining the overlap between
the two databases by matching the information on the first
suspected drug, adverse event, age group, gender, and date
(event occurrence date, administration start date, or end date
of the first suspected drug) found that out of 53,210 Japa-
nese reports recorded on FAERS, 14,448 reports were also
recorded on JADER. This indicates that a considerable num-
ber of Japanese reports not recorded on JADER are included
in FAERS [14]. The differences in characteristics between
the two databases are thought to result from the different
reporting subjects owing to distinct regulations in Japan and
the USA, lack of detailed information owing to insufficient
pharmacovigilance agreements between Japanese and US
pharmaceutical companies, and accompanying under-report-
ing. Therefore, in order to examine adverse events in Japan,
the use of these databases in a complementary manner is
desired [14, 15].

A previous study suggested a correlation between SGLT2i
and acute renal failure by signal detection using the data
recorded on FAERS from January 2013 to September 2016
[16]. However, our previous study using the data recorded
on JADER from April 2014 to February 2019 did not sug-
gest such a correlation, indicating that there are disparities
in the observations of the correlation between the studies
using spontaneous reporting databases [17]. There are some
studies using the data recorded on VigiBase and the Eudra
Vigilance. For instance, a study shows that VigiBase con-
tained more reports for SGLT2i compared to other databases
[18]. Furthermore, by analyzing VigiBase, one study showed
that canagliflozin and empagliflozin were associated with
lower limb amputation [19]. As with acute kidney injury,
lower limb amputation is partly due to a decrease in fluid
volume, which may affect the onset of acute kidney injury.
The objectives of our study are to re-examine the correla-
tion between SGLT2i and acute renal failure using the latest
FAERS records and to examine the differences in the obser-
vations between FAERS and JADER in existing studies by
conducting a stratified analysis for the reporting countries
(Japan or other countries), as well as the concomitant use
of drugs such as angiotensin-converting enzyme inhibitors
(ACEis) and angiotensin II receptor blockers (ARBs) with
SGLT?2i.
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2 Methods

The data recorded on FAERS from January 2013 to March
2020, published by the FDA, was downloaded for analy-
sis [9]. FAERS consists of Demographic, Drug, Therapy,
Indication, Reaction, Outcome, and Report Sources files.
The Drug and Reaction files were integrated into the Demo-
graphic file using the primary ID. The Preferred Term (PT)
obtained from the Medical Dictionary for Regulatory Activi-
ties (MedDRA) was used for the extraction of the adverse
events. Acute renal failure was defined as 50 types of events
determined by the Standardized MedDRA Query (SMQ)
broad terminology (Online Supplementary Material (OSM)
Table 1). MedDRA is a rich and highly specific standard-
ized medical terminology database that was developed by
the International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use (ICH)
[20]. SGLT2i was defined as one of the product or generic
names of canagliflozin, dapagliflozin, empagliflozin, ertug-
liflozin, ipragliflozin, luseogliflozin, and tofogliflozin (OSM
Table 2). The Drug files were classified into Primary Suspect
Drug, Secondary Suspect Drug, Concomitant, and Interact-
ing. The analysis subjects of this study were Primary Sus-
pect Drug and Secondary Suspect Drug, and the cases in
which patients had received SGLT2i were defined as the
cases in which the Drug files contained the names of the
drugs mentioned above. We first calculated the reporting
odds ratio (ROR) and 95% CI for the presence or absence
of acute renal failure in SGLT2i using a logistic regression
model. A positive signal was determined by the lower limit
of the 95% CI exceeding 1.

Subsequently, the ROR was calculated by limiting
the analysis subjects to the cases in which patients had
received treatment for diabetes. The cases in which patients
had received treatment for diabetes were defined as cases
in which the Drug files contained the product or generic
names (OSM Table 3) of glucose-lowering drugs currently
approved in the USA or Japan. Then, we calculated the ROR
after the diabetes-treatment cases were divided into those
reported in Japan and those reported in countries other than
Japan.

Furthermore, in order to examine the influence of the
concomitant use of an ACEi or ARB, which have renal pro-
tective effects, we conducted a stratified analysis of cases of
diabetes reported in Japan and those reported outside Japan
for the presence or absence of an ACEi or ARB prescription.
The cases with an ACEi or ARB prescription were defined
as cases in which the Drug files contained the product or
generic names (OSM Tables 4, 5) of ACEis or ARBs cur-
rently approved in the USA or Japan. The software programs
IBM SPSS Statistics 26 and 27 (IBM, NYC) were used for
the analysis in this study.

3 Results

There were 5,337,069 cases of adverse events recorded on
FAERS between January 2013 and March 2020. Of these,
410,569 were cases in which patients had received treatment
for diabetes. From among these, 20,588 were cases reported
in Japan and 389,981 were cases reported in countries other
than Japan (Fig. 1). Of the 389,981 cases reported in coun-
tries other than Japan, 257,281 (66%) were cases reported
in the USA. The number of cases in which patients had
received ertugliflozin, which is not approved in Japan was
0, in cases of diabetes reported in Japan. Also, the number
of cases in which patients had received ipragliflozin, luse-
ogliflozin, and tofogliflozin, which are not approved in the
US was 0, in cases of diabetes reported outside Japan (OSM
Table 6). The details of demographic distribution of cases
with treatment for diabetes is shown in Table 1.

The ROR for all SGLT2i calculated from all cases was
4.16 (95% CI14.01-4.31). When focusing on each drug, the
lower limit of 95% CI exceeded 1 for all drugs except for
ertugliflozin with an ROR of 1.72 (95% CI 0.94-3.16), sug-
gesting a correlation with acute renal failure (Table 2). When
limited to the cases in which patients had received treat-
ment for diabetes, ROR was 1.75 (95% CI 1.69-1.82) for all
SGLT?2i, suggesting a correlation with acute renal failure. In
contrast, focusing on each drug, no significant correlation
was observed, with the lower limit of 95% CI ranging below
1 for all drugs except for canagliflozin, with an ROR of 2.57
(95% CI 2.46-2.69) (Table 2).

The stratified analysis for reporting countries showed
that ROR for all SGLT2i was 0.58 (95% CI 0.49-0.69) in
the cases reported in Japan, suggesting no correlation with
acute renal failure. In contrast, ROR for all SGLT2i was 1.91
(95% CI 1.83-1.98) in the cases reported in countries other
than Japan, suggesting a correlation with acute renal failure
(Table 3). Owing to their different approval status in each
country, ROR for some SGLT2i, for which the number of
cases is indicated as 0, was not calculated.

Furthermore, as a result of the stratified analysis
for the concomitant use of ACEis or ARBs, 118 cases
(3.8%) were prescribed ACEis and 1141 cases (37%)
were prescribed ARBs in patients who were undergoing
treatment for diabetes prescribed with SGLT2i in Japan.
On the other hand, 3099 cases (11.9%) were prescribed
ACEis and 2,111 cases (8.1%) were prescribed ARBs
of patients who were undergoing treatment for diabetes
prescribed with SGLT2i in countries other than Japan
(OSM Table 7). In the cases reported in Japan, RORs for
all SGLT2i were 0.48 (95% CI 0.23-1.00) with ACEi,
0.59 (95% CI 0.49-0.70) without ACEi, 0.49 (95% CI
0.38-0.64) with ARB, and 0.61 (95% CI 0.48-0.77)
without ARB (Table 4). In contrast, in the cases reported
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All FAERS
(n = 5,337,069)

Excluded: Cases in which the

patient was not undergoing
treatment for diabetes
(n= 4,926,500)

v

(n = 410,569)

Cases in which patients
were undergoing
treatment for diabetes

Cases in which patients were
undergoing treatment for diabetes
in Japan
(n = 20,588)

undergoing treatment for diabetes

Cases in which patients were

in countries other than Japan
(n = 389,981)

Fig. 1 Data extraction flow chart

in countries other than Japan, RORs for all SGLT2i
were 1.70 (95% CI 1.55-1.87) with ACEi, 2.12 (95%
CI 2.03-2.21) without ACEi, 1.12 (95% CI 0.99-1.27)
with ARB, and 2.20 (95% CI 2.11-2.30) without ARB
(Table 4). Therefore, ROR tended to be low in the cases
with ACEis or ARBs. The analysis using cases with dia-
betes reported outside Japan suggested a correlation with
adverse events. However, when limited to the cases with
ARBs reported outside Japan, the analysis showed no
significant trend between SGLT21 and the onset of acute
renal failure.

4 Discussion

In this study, the correlation between SGLT2i and the
onset of acute renal failure was suggested by signal detec-
tion using FAERS. Consistent with the findings of a previ-
ous study [16], this trend was observed even when focus-
ing on the cases in which patients had received treatment
for diabetes. In addition, the correlation of each SGLT?2i,
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except for ertugliflozin, with acute renal failure was sug-
gested in all adverse events recorded on FAERS. How-
ever, when focusing on the cases in which patients had
received treatment for diabetes, only canagliflozin showed
a correlation with acute renal failure. Because diabetes,
which is the primary disease, poses a risk of renal failure,
examination of the results by focusing on the diabetes-
treatment cases was considered appropriate. The previous
study, which analyzed data recorded from January 2013
to September 2016, suggested that canagliflozin, empagli-
flozin, and dapagliflozin were correlated with acute renal
failure when focusing on the cases in which patients had
received treatment for diabetes [16]. The lack of signal
detected for empagliflozin and dapagliflozin in the pre-
sent study may indicate that a more accurate ROR was
calculated by including approximately 3.5 years of recent
reports for analysis. In addition, as with the previous study,
a correlation of canaglifiozin with acute renal failure was
suggested, and its ROR tended to be higher than that of
other drugs [16]. Moreover, the previous study did not
investigate ertugliflozin, ipragliflozin, luseogliflozin, and
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Table 1 Demographic distribution of reports (cases in which patients
were undergoing treatment for diabetes)

Cases in which patients were With SGLT2i  Without SGLT2i
undergoing treatment for (N =29,204) (N = 381,365)
diabetes N (%) N (%)
Age (year)
Under 10 35(0.12) 1662 (0.44)
10s 80 (0.27) 4165 (1.09)
20s 362 (1.24) 5446 (1.43)
30s 1425 (4.88) 12,389 (3.25)
40s 4470 (15.31) 32,134 (8.43)
50s 8534 (29.22) 76,940 (20.17)
60s 8696 (29.78) 113,900 (29.87)
70s 4691 (16.06) 99,516 (26.09)
80s 808 (2.77) 30,764 (8.07)
90s 99 (0.34) 4068 (1.07)
100s 2 (0.01) 66 (0.02)
Unknown 2 (0.01) 315 (0.08)
Sex
Female 13,663 (46.78) 203,527 (53.4)
Male 15,541 (53.22) 177,838 (46.6)
Outcome?®
DE 889 (2.97) 32,610 (8.71)
LT 2361 (7.90) 18,696 (4.99)
HO 15,075 (50.43) 155,903 (41.62)
DS 1535 (5.14) 9496 (2.53)
CA 11 (0.04) 388 (0.10)
RI 70 (0.23) 891 (0.24)
oT 9951 (33.29) 156,616 (41.81)
Reporter’s occupation
MD 10,025 (34.33) 99,250 (26.0)
PH 1872 (6.41) 25,656 (6.7)
oT 3685 (12.62) 58,631 (15.4)
LW 34 (0.12) 3198 (0.8)
CN 12,083 (41.37) 174,057 (45.6)

Other glucose-lowering drugs”

Sulfonylureas 3679 (12.60) 63,301 (16.6)
Biguanide 11,360 (38.90) 152,804 (40.1)
o-Glucosidase inhibitors 514 (1.76) 5366 (1.4)
Thiazolidinediones 789 (2.70) 35,645 (9.3)
Glinide class 266 (0.91) 6915 (1.8)
DPP4i 4588 (15.71) 50,712 (13.3)
GLP1 receptor agonists 2398 (8.21) 48,280 (12.7)
Insulin 4090 (14.00) 134,352 (35.2)

SGLT2i sodium-glucose-cotransporter-2 inhibitors, DE death, LT life-
Threatening, HO hospitalization—initial or prolonged, DS disability,
CA congenital anomaly, RI required intervention to prevent perma-
nent impairment/damage, OT other serious, MD physician, PH phar-
macist, OT other health-professional, CN consumer, DPP4i dipepti-
dyl peptidase-4 inhibitors, GLPI glucagon-like peptide-1

4Some patients were reported with more than one outcome

Some patients were prescribed more than one glucose-lowering drug

tofogliflozin. Although the correlation of these drugs with
acute renal failure was not observed in the present study,
their calculated ROR may not be accurate owing to the
small amount of data on these drugs, as ipragliflozin, luse-
ogliflozin, and tofogliflozin have not been approved in the
USA and ertuglifiozin was approved in the USA in 2017.

When focusing on each SGLT2i, only canagliflozin was
suggested to be associated with acute renal failure. This was
believed to be because of its strong affinity to SGLT1. While
SGLT?2 is predominantly expressed in the kidneys, SGLT1
is expressed not only in the kidneys but also in the small
intestine and the heart. It is known that inhibiting SGLT1
may cause diarrhea and volume depletion [21]. Canagliflozin
has a relatively strong SGLT1 inhibitory action, followed by
dapagliflozin and empagliflozin [22]. Due to its relatively
strong SGLT1 inhibitory action, canagliflozin is believed to
facilitate acute renal failure induced by volume depletion.
In addition, lower extremity amputation was also consid-
ered to be due to volume depletion. A meta-analysis has
reported that canagliflozin alone significantly increased the
incidence of lower extremity amputation compared to empa-
gliflozin and dapaglifiozin, and that there was no significant
difference in the incidence of lower extremity amputation
between empagliflozin and dapagliflozin [23]. This meta-
analysis suggested that canagliflozin poses the highest risk
of lower extremity amputation, followed by dapagliflozin
and empagliflozin, which corresponds with the strength of
their SGLT1 inhibitory action [23]. Additionally, it cannot
be ruled out that the pharmacodynamic interaction of con-
comitant drugs may have affected the RORs. For instance, a
study reported that the combined use of diuretics increased
the risk of lower extremity amputation [24]. It has also been
reported that pharmacodynamic interaction from concomi-
tant use of dipeptidyl peptidase-4 inhibitors (DPP4i) reduced
the incidence of genitourinary tract infections (GUTIs) [25].
Moreover, it has been found that drugs that induce canagli-
flozin-metabolizing enzymes (UGT1A9 and UGT2B4) such
as rifampin, phenytoin, phenobarbital, and ritonavir reduce
the efficacy of canagliflozin [26].

The stratified analysis for reporting countries suggested
no correlation between SGLT2i and acute renal failure in
the cases reported in Japan. However, the correlation was
suggested in the cases reported in countries other than Japan.
Even when focusing on each SGLT2i drug, each of them was
not correlated with acute renal failure in the cases reported
in Japan. In contrast, only canagliflozin was suggested to
be correlated with acute renal failure in the cases reported
in countries other than Japan. This trend was similar to the
result of analysis that limited the total FAERS to the cases
in which patients had received treatment for diabetes. When
focusing on the cases reported in Japan, no correlation with
acute renal failure was suggested, supporting the result of
our previous study using JADER [17]. One of the reasons
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Table 2 Reporting odds ratio of acute renal failure with SGLT2i by FAERS and patients with diabetes

All FAERS

Cases in which patients were undergoing treatment for

diabetes

Total number of

Acute renal

ROR (95% CI)

Total number of

Acute renal

ROR (95% CI)

cases (n) failure (n) cases (n) failure (n)

All types of SGLT2i 29,229% 3412 4.16 (4.01-4.31) 29,204% 3411 1.75 (1.69-1.82)
Canagliflozin 14,754 2396 6.08 (5.82-6.36) 14,754 2396 2.57 (2.46-2.69)
Dapagliflozin 5590 412 2.47 (2.23-2.73) 5565 411 1.01 (0.91-1.11)
Empagliflozin 8610 594 2.30 (2.12-2.50) 8610 594 0.93 (0.86-1.02)
Ertugliflozin 209 11 1.72 (0.94-3.16) 209 11 0.70 (0.38-1.29)
Ipragliflozin 103 11 3.71 (1.98-6.92) 103 11 1.51 (0.81-2.82)
Luseogliflozin 15 3 7.75 (2.19-27.46) 15 3 3.15(0.89-11.18)
Tofogliflozin 31 4 4.59 (1.61-13.12) 31 4 1.87 (0.65-5.34)

No SGLT2i 5,307,840 163,421 - 381,365 26,747 -

ROR reporting odds ratio, SGLT2i sodium-glucose-cotransporter-2 inhibitors, CI confidence interval, FAERS The US Food and Drug Adminis-

tration adverse event reporting system

# Some patients were prescribed more than one SGLT2i during their course of treatment

Table 3 Reporting odds ratio of acute renal failure with SGLT2i by cases in which patients were undergoing treatment for diabetes in Japan and

countries other than Japan

Cases in which patients were undergoing treatment for

diabetes in Japan

Cases in which patients were undergoing treatment for
diabetes in countries other than Japan

Total number of  Acute renal ROR (95% CI) Total number of  Acute renal ROR (95% CI)
cases (1) failure (n) cases (n) failure (n)

All types of SGLT2i 3083* 153 0.58 (0.49-0.69) 26,121* 3258 1.91 (1.83-1.98)
Canagliflozin 1421 65 0.55 (0.43-0.71) 13,333 2331 2.83 (2.70-2.97)
Dapagliflozin 738 45 0.76 (0.56-1.03) 4827 366 1.04 (0.93-1.16)
Empagliflozin 780 25 0.38 (0.26-0.57) 7830 569 0.99 (0.91-1.08)
Ertugliflozin 0 0 - 209 11 0.70 (0.38-1.29)
Ipragliflozin 103 11 1.42 (0.76-2.65) 0 0 -

Luseogliflozin 15 3 2.96 (0.83-10.50) 0 0 -
Tofogliflozin 31 4 1.75 (0.61-5.02) 0 0 -
No SGLT2i 19,167 1452 - 363,860 25,295 -

ROR reporting odds ratio, SGLT2i sodium-glucose-cotransporter-2 inhibitors, CI confidence interval

2Some patients were prescribed more than one SGLT2i during their course of treatment

why there is a difference in the correlation between SGLT2i
and acute renal failure in the cases reported in Japan and
other countries is due to the difference in the proportion of
prescriptions of ARBs, which have nephroprotective effects.

The stratified analysis for the presence or absence of
ACEi or ARB prescription found that the cases with ACEis
or ARBs tended to have lower RORs than the cases without
the prescription. Focusing on the cases with ARB prescrip-
tion, in particular, no significant trend in correlation with
acute renal failure was observed in cases reported in coun-
tries other than Japan. The ROR of the cases with ACEi
prescription in Japan may not be accurate, owing to the
small amount of data on these drugs. A meta-analysis using
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RCTs suggested that ARBs suppress end-stage renal failure
more effectively than ACEis [27]. This is likely reflected
in the present study, since the ROR of the cases with ARB
prescription in countries other than Japan (ROR 1.12 [95%
CI 0.99-1.27]) was lower than that of the cases with ACEi
prescription (ROR 1.70 [95% CI 1.55-1.87]).

The cases reported in Japan reflect prescription trends in
Japan. As shown in a study on the prescription situation in
Japan, ARBs are commonly prescribed to Japanese patients
with hypertension and diabetes. This prescription situation
is likely reflected in the present study, as the cases of diabe-
tes reported in Japan included more cases with ARBs than
those with ACEis [28]. In contrast, a study on the actual
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Table 4 Reporting odds ratio of the stratified analysis for the concomitant use of ACEis or ARBs

Cases in which patients were undergoing treatment for diabetes Cases in which patients were undergoing treatment for

and prescribed SGLT2i in Japan

diabetes and prescribed SGLT2i in countries other than

Japan

Total number of Acute renal ROR (95%CI) Total number of Acute renal ROR (95% CI)

cases (n) failure (n) cases (n) failure (n)
All 3083 153 0.58 (0.49-0.69) 26,121 3258 1.91 (1.83-1.98)
With ACEi 118 8 0.48 (0.23-1.00) 3099 548 1.70 (1.55-1.87)
Without ACEi 2965 145 0.59 (0.49-0.70) 23,022 2710 2.12 (2.03-2.21)
With ARB 1141 72 0.49 (0.38-0.64) 2111 293 1.12 (0.99-1.27)
Without ARB 1942 81 0.61 (0.48-0.77) 24,010 2965 2.20 (2.11-2.30)

ROR reporting odds ratio, SGLT2i sodium-glucose-cotransporter-2 inhibitors, CI confidence interval, ACEi angiotensin-converting enzyme

inhibitor, ARB angiotensin II receptor blocker

prescription situation in patients with hypertension and dia-
betes in the USA showed that ACEis were prescribed more
frequently than ARBs in the USA [29]. The cases reported in
the USA account for 66% of the cases included in the cases
of diabetes reported outside Japan, and the higher number of
cases with ACEFEis than those with ARBs in the present study
likely reflects the prescription trend in the USA mentioned
above. Furthermore, there are two reasons for the difference
in the prescription trend of ACEis and ARBs between Japan
and the USA. First, because the dose of ACEis approved in
Japan is lower than that in the USA, the antihypertensive
effect of ACEis is smaller than that of ARBs in Japan [30].
Second, dry cough, a characteristic side effect of ACEis, is
known to be more likely to occur in Asians [31]. Based on
this background, ARBs are more likely to be prescribed than
ACEis in Japan. As a result, the relatively strong nephropro-
tective effect of ARBs likely affects the ROR in the analysis
of cases of diabetes reported in Japan, resulting in no cor-
relation with acute renal failure.

On the other hand, it cannot be ruled out that the concom-
itant use of drugs that may reduce renal function may have
affected the RORs. A study by Szelat et al. [32] suggested
that the following three mechanisms are involved when
SGLT?2i leads to acute renal failure. First, excessive diuresis
leads to volume depletion, particularly in hemodynamically
unstable and volume-depleted patients. Second, the concom-
itant action of SGLT2i and RAAS blockers lead to a greater
reduction in trans-glomerular pressure. Finally, administra-
tion of molecules such as non-steroidal anti-inflammatory
drugs (NSAIDs) and radiocontrast agents may lead to renal
medullary hypoxic injury. This study conducted a stratified
analysis focusing on ACEis and ARBs, as they are RAAS
(renin-angiotensin-aldosterone system) blockers considered
to affect trans-glomerular pressure. It should be noted that
the ROR calculated in this study may be greater than in actu-
ality due to the concomitant use of drugs that may reduce
renal function such as NSAIDs, antibiotics, small-molecule

protein kinase inhibitors, aprotinin, sodium phosphate, and
furosemide [33-35].

Another reason for the difference in the relationship
between SGLT2i and acute renal failure between cases
reported in Japan and those reported outside Japan was
because there was an impact of notoriety bias. A study that
reported on the impact of notoriety bias stated that the num-
ber of adverse event reports for a drug increases when a
warning for adverse events associated with the drug is issued
[36]. The study explained that this was because people pay
more attention to the drug and adverse events when they
are aware of the warning. In fact, there is a report that noto-
riety bias was observed regarding the association between
anti-diabetic drugs and pancreatitis [37]. The majority of
FAERS entries have been reported from the USA. In June
2016, the USA issued a warning for SGLT2i-induced acute
renal failure. A comparison of calculations before and after
the issuance of this warning showed that the ROR after the
issuance was increased [16]. It cannot be ruled out that the
RORs for cases reported outside Japan were affected by
notoriety bias. Meanwhile, in Japan, regulatory authorities
do not directly issue warnings for acute renal failure. For
this reason, compared to cases reported outside Japan, those
reported in Japan were less affected by notoriety bias.

Although the the FDA has issued a warning for SGLT2i-
induced acute renal failure, PMDA has not issued such a
warning as an individual item. This difference in corre-
spondence is seen in the difference in trends between RORs
calculated by all cases with diabetes and RORs calculated
when focusing on the cases reported in Japan in this study.
However, when risk management is performed in clini-
cal practice, the effect of the concomitant use of ARBs or
ACEis, as shown in this study, should be considered. The
results of the previous study using JADER [17] as well as the
present study, which focused on Japanese cases in FAERS,
were not able to exclude the possibility that the signal for
developing acute renal failure is underestimated because of
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the concomitant use of ARBs or ACEis. Therefore, we pro-
pose that patients who do not take these drugs concomitantly
be monitored more carefully.

5 Limitations

This study had the following limitations. First, analyses
using adverse event report databases may contain duplicate
reports and incorrect information and may be affected by
the pharmacodynamic interactions of concomitant drugs
and notoriety bias. Second, the detailed analysis could not
be performed because of the lack of data such as clinical
laboratory test values. Third, FAERS mainly consists of
reports from the USA. Thus, the results may be affected by
the small volume of data in the RORs of drugs not approved
in the USA and the RORs calculated from the stratified
analysis for reporting countries. Because of these limita-
tions, the signal detection method used in this study was
not able to determine the causal relationship between drugs
and adverse events. Therefore, further clinical studies are
needed to determine the causal relationship between drugs
and adverse events, and regular assessment using the adverse
event report databases is necessary. Lastly, although this
study conducted an analysis with a focus on the concomitant
use of other drugs, future studies would need to examine the
times when adverse events occurred so as to help monitor
patients at more appropriate times in clinical settings.

6 Conclusion

Our study suggested a correlation of SGLT2i, especially
canagliflozin, with the onset of acute renal failure. However,
no correlation between SGLT2i and the onset of acute renal
failure was observed when focusing on the cases reported
in Japan, and this trend was consistent with the findings of
our previous study using JADER. Furthermore, this study
revealed that the concomitant use of ARBs or ACEis tends
to reduce the signal of acute renal failure in SGLT2i. When
conducting risk management based on the accumulated
assessment of adverse events such as alerts from the authori-
ties in clinical practice, we believe that the risk can be man-
aged more appropriately by closely monitoring patients who
take SGLT2i without ACEis or ARBs.
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