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Sodium-glucose cotransporter 2 inhibitors (SGLT2i) decreased serum uric acid in type 2 dia-
betes. Hyperuricemia is associated with an increased risk of nephrolithiasis. The present
meta-analysis, performed on trials with duration >52 weeks in comparison with placebo
or active comparators, suggests no effects of SGLT-2i on the risk of nephrolithiasis.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

SGLT-2 inhibitors have been recently introduced in the treat-
ment of type 2 diabetes as glucose-lowering agents. In
patients with preserved renal function, they are able to
reduce blood glucose and HbAlc without inducing hypogly-
caemia, unless combined with insulin or sulfonylureas [1].
In addition, the use of SGLT-2 inhibitors is associated with
weight loss and reduction of blood pressure [2]. SGLT-2 inhibi-
tors have been reported to reduce cardiovascular morbidity
and/or mortality in high-risk patients [3-5]. The main side

effect of SGLT-2 inhibitors is an increase in the risk of genital
infections [6]. A modestly increased risk of urinary tract infec-
tions has also been observed in clinical trials [7], together
with relatively rare events of volume depletion [7].

Nephrolithiasis is a common clinical condition, with an
estimated lifetime prevalence in the US of 11 and 7% in
men and women, respectively [8]. Diabetes is associated with
an increased risk of nephrolithiasis [8]. Mechanisms underly-
ing this association include acidification of urines (which
facilitates the precipitation of urates) and increased oxalate
urinary concentrations [9,10].

* Corresponding author at: Diabetology, Azienda Ospedaliero-Universitaria Careggi, Via delle Oblate 4, 50141 Florence, Italy.

E-mail address: matteo.monami@unifi.it (M. Monami).
1 Equally contributed.
https://doi.org/10.1016/j.diabres.2019.107808
0168-8227/© 2019 Elsevier B.V. All rights reserved.


http://crossmark.crossref.org/dialog/?doi=10.1016/j.diabres.2019.107808&domain=pdf
https://doi.org/10.1016/j.diabres.2019.107808
mailto:matteo.monami@unifi.it
https://doi.org/10.1016/j.diabres.2019.107808
https://doi.org/10.1016/j.diabres.2019.107808
http://www.sciencedirect.com/science/journal/01688227
http://www.elsevier.com/locate/diabres

2 DIABETES RESEARCH AND CLINICAL PRACTICE IS5 (2019) 107808

In addition to reducing blood glucose levels, SGLT2 inhibi-
tors decrease serum uric acid levels [6,11] in patients with
type 2 diabetes, including those with baseline hyperuricemia
[12]. The reduction of circulating levels of uric acids could the-
oretically prevent the development of kidney stones [13]. In
addition, the increase of urinary volume, and the consequent
dilution of other solutes different from glucose, could reduce
the risk of precipitation [14].

Davies et al [15], in a post hoc analysis of pooled data from
four placebo-controlled phase III studies, did not observe any
effect of canagliflozin on the incidence of nephrolithiasis;
however, the number of observed events and the duration
of trials (26 weeks) were insufficient to draw reliable
conclusions.

2. Materials and methods

This manuscript reports a post-hoc analysis performed as an
addendum to a previous meta-analysis [16] on SGLT-2 inhibi-
tors (PROSPERO CRD42019119767; http://www.crd.york.ac.uk/
PROSPERO/display_record.php?ID = CRD42019119767).  This
meta-analysis is reported following the criteria of PRISMA
statement [17].

Briefly, a Medline search for canagliflozin OR dapagliflozin
OR empagliflozin OR ertugliflozin OR ipragliflozin OR luseogli-
flozin OR tofogliflozin was performed, collecting all random-
ized clinical trials on humans up to December 1st, 2018,
whereas completed but yet unpublished trials were searched
in the www.clinicaltrials.gov register. All trials with a dura-
tion of at least 52 weeks, enrolling patients with type 2 dia-
betes, comparing approved doses of SGLT-2 inhibitors with
placebo or other active comparators, were included. The iden-
tification of relevant abstracts, the selection of studies, and
extraction were performed independently by the two of the
authors (I.D. and B.N.), and conflicts resolved by the third
investigator (M.M.).

For all published trials, results reported in published
papers were used as the primary source of information,
whereas results of unpublished trials were retrieved, if avail-
able, on www.clinicaltrials.gov. The quality of trials was
assessed using the parameters proposed by the Cochrane
Collaboration.

The principal endpoint was the incidence of nephrolithia-
sis, as reported by investigators as serious adverse event. Sec-
ondary endpoints included renal colic, hydronephrosis, and
urinary retention, reported as serious adverse events, as
defined in Table 1S of Supplementary materials.

Mantel-Haenszel odds ratio with 95% Confidence Interval
(MH-OR) was calculated for all outcomes defined above, on
an intention-to-treat basis. Heterogeneity was assessed by
using I? statistics. Even when low heterogeneity was detected,
a random-effects model was applied as the primary analysis,
because the validity of tests of heterogeneity can be limited
with a small number of component studies. To estimate pos-
sible publication/disclosure bias a funnel plots was examined
for nephrolithiasis. All analyses were performed using Review
Manager 5.3; Copenhagen: The Nordic Cochrane Centre, The
Cochrane Collaboration, 2014.

3. Results

Fig. 1 of Supplementary materials reports the trial flow sum-
mary. A total of 27 trials fulfilling the inclusion criteria was
identified (3-5, and 1S-24S of Supplementary references);
the principal characteristics of the included trials is reported
in Table S2 of Supplementary Materials.

No publication bias was detected at visual analysis of Fun-
nel plot (Fig. S2 Supplementary Materials). The overall quality
of trials was satisfactory for most of the items of the
Cochrane tool (Fig. S3 of Supplementary Material).

All available trials reported a complete list of treatment-
emergent serious adverse events. Sixteen trials reported at
least one case of nephrolithiasis (62 in SGLT-2 inhibitors and
44 in control group). Cases of renal colic, hydronephrosis,
and urinary retention were 7, 12, 24 in SGLT2 inhibitors group
and 5, 4, 8 in control group, respectively.

No association of SGLT-2 inhibitors with nephrolithiasis
was observed (MH-OR 0.85 [0.57-1.26]; Fig. 1). I* statistics
did not suggest any relevant heterogeneity. In subgroup
analyses, risk of nephrolithiasis was 1.04 [0.51-2.13], 0.70
[0.35-1.41], 0.82 [0.43-1.60], and 1.48 [0.06-36.34], all
p>0.50, for canagliflozin, dapagliflozin, empagliflozin, and
ertugliflozin, respectively. When comparing SGLT-2 inhibitors
with different comparators, the risk of nephrolithiasis was
0.69 [0.17-2.79], 0.87 [0.57-1.33], and 1.17 [0.06-24.66] (all
p>0.050) versus insulin secretagogues, placebo, and met-
formin, respectively.

Similarly, non between-group difference was detected in
the risk of renal colic (MH-OR 0.70 [0.24-2.01]), hydronephro-
sis (MH-OR 1.06 [0.41-2.72]), and urinary retention (MH-OR
1.29 [0.63-2.64]; Figs. S4-S6 of Supplementary Material).

4, Discussion

The present meta-analysis does not show any relevant effect
of SGLT-2 inhibitors on nephrolithiasis and related endpoints.
Some pathophysiological mechanisms suggested a possible
protective effect [11-13]; in particular, the reduction of uric
acid excretion determined by the decrease of uricemia, and
the dilution of urines induced by increased urinary volume,
could theoretically lead to a lower risk of nephrolithiasis.
However, such benefit cannot be detected in clinical trials.
On the other hand, SGLT-2 inhibitors do not appear to
increase the risk of urolithiasis.

The main strength of data from randomized controlled tri-
als is the fact that randomization prevents many possible
biases. In addition, large-scale, relatively long-term random-
ized trials are available for SGLT-2 inhibitors. In particular,
cardiovascular safety trials provide a remarkable number of
person-years of observation. For this reason, the number of
recorded cases is remarkable. On the other hand, the out-
comes considered in the present analysis were not among
pre-specified endpoints of included trials; it is possible that
some of the events were not classified as serious adverse
events, raising the possibility of under-reporting. Further-
more, patients enrolled in trials are not fully representative
of subjects receiving a drug prescription in routine clinical
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SGLT-2 inhibitors  Comparators Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Roden 2015 ] 1652 0 1049  19% 7.01[0.39,126.85] +
Bode 2015 5 477 i 237 1.9% 5.53[0.30,100.41]
Yale 2013 1 179 a 90 1.5% 1.52[0.06, 37.71]
Hollander 2018 1 889 a 437 1.58% 1.48 [0.06, 36.34]
Lewin 2015 2 1096 a 267 1.7% 1.22[0.06, 25.53]
DeFronzo 2015 2 1080 a 261 1.7% 1.21[0.06, 25.33]
Araki 2015 2 273 a 63 1.7% 1.17 [0.06, 24.66]
Bailey 2013 1 409 a0 137 1.58% 1.01 [0.04, 24.93]
Neal 2017 14 5795 11 4347 25.0% 0.85([0.43, 2.10] —
Zinman 2015 14 4687 9 2333 222% 0.77[0.33,1.79] —
Wiviott 2018 12 8574 16 8569 27.8% 0.75[0.35,1.58] —
Ridderstrale 2018 2 769 3 780 4.9% 0.68[0.11, 4.05) — T
Leiter 2014 {a) 1 968 1 482 2.0% 0.50[0.03, 7.97]
Leiter 2014 a 480 1 482 1.5% 0.33[0.01,8.22)
MNauck 2014 a 400 1 401 1.5% 0.33[0.01,8.21]
Rosenstock 2015 (a) a 324 2 170 1.7% 0.10[0.00,2.18] 4
Dagogo-Jack 2018 a 309 a 183 Mot estimahle
Bolinder 2014 a 89 a 91 Mot estimahle
Bailey 2015 0 482 0 78 Mot estimable
Barnett 2014 a 418 a 318 Mot estimahle
Jabhour 2018 a 464 a 230 Mot estimahle
Kohan 2014 0 168 I a3 Mot estimahle
Ferrannini 2013 ] a47 a 112 Mot estimable
Schernthaner 2013 a 377 a 378 Mot estimahle
Rosenstock 2014 a0 3rs a0 188 Mot estimahle
Merker 2015 a 1042 a 431 Mot estimahle
Wilding 2014 i 607 a 193 Mot estimahle
Total (95% CI) 32931 22358 100.0% 0.85[0.57, 1.26] <
Total events 62 44
Heterogeneity: Tau?= 0.00; Chi*= 7.04, df=15 (P = 0.96); F= 0% D=D1 051 150 1D=D

Testfor averall effect: Z=0.81 (P=0.42)

Favours [SGLT-2i] Favours [Comparator]

Fig. 1 - Risk of nephrolithiasis for SGLT-2 inhibitors versus different comparators (MH-OR, 95% CI: Mantel-Haenzel Odds Ratio,

with 95% of Confidence Intervals).

settings. In addition, minor differences in risk of nephrolithi-
asis between treatment groups may have been overlooked
because of insufficient sample size. Large-scale retrospective
observational studies could be a valuable source of additional
information in this respect; however, it should be considered
that events of nephrolithiasis, which do not lead to hospital
admission in the majority of cases, can be difficult to capture
in retrospective databases, with the risk of massive
underreporting.

In conclusion, based on the results of available random-
ized controlled trials, treatment with SGLT-2 inhibitors
appears to be neither beneficial nor detrimental with respect
to nephrolithiasis. The possible effects of SGLT-2 inhibitors on
urinary concentrations and solubility of urate and oxalate are
not sufficient to determine relevant differences in clinical
outcomes.
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