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A B S T R A C T

Sodium-glucose cotransporter type 2 inhibitors (SGLT2is) have proven long-term nephroprotective effects in
large prospective cardiovascular and renal outcome placebo-controlled trials, which follow a initial transient
dip of estimated glomerular filtration rate. Nevertheless, case reports of acute kidney injury (AKI) associated
with SGLT2i therapy were reported, leading the US Food and Drug Administration to publish a warning in
2016. Of note, the incidence of AKI events was not increased and often reduced in outcome trials that com-
pared SGLT2i treatment with placebo. However, patients in real-life might be at higher risk because of a
more frailty profile and a less strict supervision. In a meta-analysis of 9 cohorts from 8 observational studies
worldwide, the relative risk of AKI was significantly reduced (HR 0.61, 95% CI 0.55−0.67, I2 = 70%) in SGLT2i
users (725 AKI events/68,802 patients) compared with non-users (treated with other glucose-lowering
agents, including incretin-based compounds: 977 AKI events/67,458 patients). In conclusion, observational
studies in real-world conditions confirm the results reported in placebo-controlled outcome trials and show
a reduction in AKI episodes in patients with type 2 diabetes treated with SGLT2is compared with those
treated with other glucose-lowering agents. Overall, the renal safety of SGLT2is should be acknowledged by
physicians, even if dehydration should be avoided.
© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Sodium-glucose cotransporter type 2 inhibitors (SGLT2is) have
been associated with both positive and negative effects on renal func-
tion. On the one hand, it is increasingly recognized that SGLT2is can
exert remarkable nephroprotective effects among at risk patients
because of the presence of type 2 diabetes, atherosclerotic cardiovas-
cular disease, heart failure and/or chronic kidney disease (CKD) [1,2].
The primary renal outcome (a composite of sustained loss of esti-
mated glomerular filtration rate or doubling of serum creatinine,
end-stage renal disease or renal death) was significantly reduced by
around 35−45% in almost all large prospective placebo-controlled
randomized trials published so far as summarized in different meta-
analyses [3−6]. However, SGLT2is have been associated with the
occurrence of acute kidney injury (AKI) events described in several
case reports [7−11]. AKI episodes are associated with a higher
cardiovascular risk [12,13] and also with a greater risk of later chronic
deterioration of kidney function [13,14]. The US Food and Drug
Administration (FDA) Adverse Events Reporting System (FAERS) in
2016 has collected over 100 cases of AKI for canagliflozin and dapa-
gliflozin since their approval. The proportion of reports with AKI
among reports with SGLT2is was almost three-fold higher compared
to reports without these drugs (relative odds ratio 2.88, 95% CI 2.71
−3.05, p < 0.001) [15]. In 2016, the FDA warned of the risk of AKI for
canagliflozin and dapagliflozin [16] and required that AKI be listed as
a potential side effect of SGLT2is along with cautious prescription of
these drugs with other medications, such as renin-angiotensin-aldo-
sterone system (RAAS) inhibitors, diuretics, and non-steroidal anti-
inflammatory drugs [17]. Of note, more reassuring data were
recorded in the Japanese Adverse Drug Event Report database
(JADER) (4322 adverse events of interest that involved SGLT2is
between April 2014 and February 2019); indeed, the reporting odds
ratio for SGLT2is versus other glucose-lowering drugs was calculated
as 1.0 (95% CI 0.9−1.2) for acute renal failure [18].

Data collected in cardiovascular and renal outcome studies with
different SGLT2is (canagliflozin, dapagliflozin, empagliflozin) were
reassuring with no increase (on the contrary, a decrease), in the
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incidence rate of AKI in patients treated with a SGLT2i compared with
those treated with a placebo. This has been emphasized in several
meta-analyses that reported statistically significant 25 to 35% reduc-
tions in AKI events in patients treated with SGLT2is compared to pla-
cebo [19−21]. However, some cardiovascular findings suggest that
results from current randomized controlled trials (RCTs) may be less
applicable to real-world patients and that further studies are required
to support the concept of real-world cardiovascular event protection
through SGLT2is [22]. As patients recruited in clinical trials are differ-
ent compared to those treated in real-life and patients in clinical
practice are exposed to a potential higher risk of AKI because of older
age, presence of co-medications, less careful supervision and pres-
ence of other illnesses [23], it is of interest to compare the incidence
of AKI adverse events in real-world conditions, including in a more
frailty population.

The aim of this concise review is to summarize the effects of
SGLT2is on the risk of AKI in large observational retrospective studies
that compared SGLT2i users versus non users treated with other glu-
cose-lowering agents and were carried out in different countries, on
various populations, and with different SGLT2is.

AKI in observational studies

We identified eight retrospective studies (one with two cohorts)
that compared the risk of AKI in patients treated with SGLT2is com-
pared to different active comparators: metformin, dipeptidyl pepti-
dase-4(DPP-4) inhibitors, glucagon-like peptide-1 (GLP-1) receptor
agonists, any other glucose-lowering drug. They were carried out in
different countries, in Europe, North America and Asia. Most of them
used the propensity-score matching to compare the two groups. The
numbers of patients included in each group ranged from less than
1000 to around 20,000 across studies and the follow-up was also
highly variable from 90 days to over 450 days [24−32]. The definition
of AKI differed between studies. Some Authors used usual ICD (“Inter-
national Classification of Diseases”) score to define hospitalization for
AKI (yet, with some differences between scores considered across
studies: ICD-9 and/or ICD-10). Others used the definition recom-
mended by the KDIGO (for “Kidney Disease: Improving Global Out-
comes”) 2012 guidelines based on laboratory data (increase in serum
creatinine by > 0.3 mg/dL within 48 h or increase in serum creatinine
by >1.5 times baseline value) [33]. (Table 1). Results are expressed as
hazard ratio, odds ratio or risk ratio depending on the considered
study. Overall, there was a reduction in the risk of developing AKI
among SGLT2i users versus non-users (all mean values < 1), but with
a large range between 0.4 and 0.94. When considering the 95% CI, the
reduction was statistically significant in 5 studies, non-significant in
3 studies and unknown in 1 study (Table 1).

In a meta-analysis of 9 cohorts from 8 observational studies
worldwide (North America, Europe, Asia), the relative risk of AKI was
significantly reduced (HR 0.61, 95% CI 0.55−0.67, p < 0.0001) in
SGLT2i users (725 AKI events/68,802 patients) compared with non-
users (treated with other glucose-lowering agents, including incre-
tin-based compounds: 977 AKI events/67,458 patients), yet with a
cetain degree of between-study heterogeneity (I2 = 70%) (Fig. 1).

Two large-scale observational studies, the multinational CVD-
REAL 3 [34] and a Scandinavian study [35] reported a significant
reduction in serious adverse events among SGLT2 users versus non-
users, but unfortunately did not specifically reports AKI episodes
[36], and thus their results could not be incorporated in the meta-
analysis.

Discussion

Published results of observational studies show that the inci-
dence of AKI episodes is not increased but rather numerically
decreased (and significantly in over half of the 9 studies). These
2



Fig. 1. Meta-analysis of observational studies (9 cohorts in 8 studies) that compared the risk of AKI in SGLT2i users versus non-users.
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results are reassuring, after the FAERS alarming reports [15] and
the warning published in 2016 by the US FDA [16]. It has been
hypothesized [37] that the early onset of AKI events with SGLT2is
in post marketing reports probably reflected the acute changes in
estimated glomerular filtration rate attributable to the known renal
haemodynamic effects of SGLT2 inhibition, to some extend close to
those well known for RAAS inhibitors [38]. Post marketing surveil-
lance of suspected adverse drug reactions through spontaneous
reporting is challenging and exposed of potential reporting biases
[39]. Of note, a re-examination of US FAERS data, combined with
Japan observations, indicated that the signal of AKI with SGLT2is
tends to be reduced in patients with the concomitant use of a
RAAS inhibitor, yet a conclusion that requires further confirmation
[40].

In a previous meta-analysis of 4 observational studies with 5
cohorts (n = 83,934), 777 AKI events were reported. The odds of suf-
fering AKI were reduced in patients receiving SGLT2is (OR 0.40 [95%
CI 0.33−0.48], p < 0.001). In another recent systematic review [41], a
renal benefit of SGLT2i exposure was noticed in 4 cohorts from 3
observational studies published in 2017−2019 [28,30,31], although
the confidence intervals were wide and all crossed unity, suggesting
that these studies may be underpowered with a too short follow-up.
Limitations of these retrospective observational studies are immortal
time bias, the reliance on non-adjudicated safety endpoints, discrep-
ant inclusion criteria and baseline glucose-lowering therapy between
studies, varying follow-up times in different studies, and a lack of
information on the severity of AKI [42].

The reduction in the risk of AKI among SGLT2i users observed in
observational real-life studies appears to be rather similar as that
previously reported in RCTs. In phase 3 RCTs that were published
before cardiovascular and renal outcome trials, AKI episodes were
reported in 10 trials (7 versus placebo and 3 versus an active compar-
ator). The number of adverse events was very low in these trials and
pooled estimate was non-significant (relative risk 0.48; 95% CI 0.14
−1.64) [43]. The number of AKI episodes was much greater in the
prospective outcome trials because of a larger enrolled population
and a longer follow-up. When considering the safety results with
canagliflozin, dapagliflozin and empagliflozin in cardiovascular/renal
outcome trials, several meta-analyses reported statistically signifi-
cant 25 to 35% reductions in AKI events in patients treated with
SGLT2is compared to placebo: hazard ratio 0.66 (95% confidence
interval [CI] 0.54−0.80) [19], risk ratio 0.75; 95% CI 0.66−0.85) [20],
hazard ratio 0.74; 95% CI 0.64−0.85 [21]. Post-hoc analyses of major
outcome trials confirmed positive results with SGLT2is: in DECLARE-
TIMI 58 when focusing on elderly patients (commonly recognized to
be at higher risk of AKI) [44] and in the two landmark studies carried
out in patients with CKD and albuminuria, CREDENCE with canagli-
flozin 100 mg [45] and DAPA-CKD with dapagliflozin 10 mg [46].
3

In a network meta-analysis of 18 trials with a total of 2051 AKI
events (range: 1−300) among 156,690 patients with type 2 diabetes,
SGLT2is were associated with a lower risk of AKI compared with pla-
cebo (OR 0.76; 95% CI, 0.66- 0.88), whereas both DPP-4 inhibitors and
GLP-1 receptor agonists had neutral effects on risk of AKI. Even more
interesting from a clinical point of view, SGLT2is were significantly
associated with a lower risk in AKI than both DPP-4 inhibitors (OR
0.68; 95% CI 0.54−0.86). and GLP-1 receptor agonists (OR 0.79; 95% CI
0.65−0.97) [47].

In the warning by the FDA in 2016 regarding a possible increased
risk of AKI with SGLT2is, caution was recommended about the combi-
nation with RAAS inhibitors [16]. RAAS inhibitors are recognized to
be potentially associated with AKI, yet the degree of increased risk
varies between patient groups depending on individual characteris-
tics as shown in a population-based cohort study [48]. From a haemo-
dynamic point of view, a combination of pre-glomerular arteriole
constriction through SGLT2is and post-glomerular arteriole dilation
under RAAS inhibition would be expected to cause an increased risk
of AKI [49]. However, a large majority (> 75%) of patients recruited in
the cardiovascular and renal outcome trials received RAAS inhibitors,
yet a reduction rather than an increase in AKI events was reported in
patients treated with an SGLT2i compared to those treated with a pla-
cebo [19−21]. Similarly, in the observational studies considered in
the present meta-analysis, most patients receiving an SGLT2i were
also treated with a RAAS inhibitor (range between 60.7% and 82.3%,
except in two cohorts where the percentages were 25.5% and 43.7%).
A subgroup analysis of data from the EMPA-REG OUTCOME trial by
baseline background medications found a slightly increased risk of
AKI in patients on RAAS inhibitors compared to patients not taking
these drugs, but the risk of AKI with RAAS inhibitor use tended to be
lower in patients also taking empagliflozin [50]. Thus, the combined
therapy with SGLT2is and RAAS inhibitors appears safe from a renal
point of view, at least in the absence of haemodynamic instability
[51,52].

Despite almost 50 quantitative systematic reviews published on
the safety of SGLT2is (a majority of them being of rather low method-
ological quality), clinicians are still left uncertain of the risks of
important adverse effects [53,54]. Nevertheless, it is increasing obvi-
ous that none of the gliflozins were associated with a statistically sig-
nificant increased risk of AKI [55]. This is an important message for
the clinicians considering the diuretic effects of SGLT2is [56] and the
increased risk of AKI reported with other diuretics [57], in particular
when they were associated with RAAS inhibitors in patients poten-
tially exposed to volume depletion [58]. One limitation of the pub-
lished observational studies was the rather short (< 1 year, except 1-
2 years in 3 studies) follow-up. However, in case reports of AKI, the
adverse events occurred within the first few weeks-months after the
initiation of SGLT2i therapy [7−11]. Another limitation is the use of
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different definitions of AKI between studies [36], yet the results
appear consistent what ever the definition used (Table 1).

Thus, as findings of observational studies confirm results of RCTs,
the renal safety of SGLT2is regarding the risk of AKI is reassuring
[59,60]. Furthermore, considering the overall safety of this pharmaco-
logical class, even in patients with mild to moderate CKD [61], com-
bined with a potent nephroprotective effects in at risk patients [1,2],
SGLT2is should be considered as a major breakthrough in the man-
agement of patients with type 2 diabetes, especially in those at risk of
developing diabetic kidney disease [62,63], but also in non-diabetic
individuals with renal disease [64].

Conclusion

Despite the warning published by the US FDA in 2016 about a
potential risk of AKI when prescribing SGLT2is and the report of
some clinical cases of AKI after the initiation of a gliflozin therapy,
large observational real-life retrospective studies confirm the reas-
suring results reported in both phase 3 and cardiovasular/renal out-
comes placebo-controlled trials. Overall, instead of increasing the
risk of AKI, SGLT2is reduce such a risk in most instances. This does no
exclude that AKI may occur among SGLT2i users in some particular
circumstances, especially when dehydration is present, an adverse
event that is also well known by physicians with RAAS inhibitors,
generally being both preventable and treatable.
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