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Introduction

Large randomized trials of sodium-glucose transporter 2 
(SGLT2) inhibitors have been conducted on the purpose 
of assessing the cardiorenal or death endpoints. However, 
those individual trials are underpowered to evaluate the 
specific endpoints relevant with safety. Although there 
have been meta-analysis studies1–4 published which have 
assessed the safety of SGLT2 inhibitors in type 2 diabe-
tes (T2D), these studies have produced the inconsistent 
findings. Moreover, there is a lack of relevant meta-anal-
yses that have assessed the safety of the sodium-glucose 
transporter 2 (SGLT2) inhibitors in different chronic dis-
eases. Thus, we included all the large randomized trials 
of SGLT2 inhibitors including three recently published 
trials (i.e. DAPA-CKD,5 EMPEROR-Reduced,6 and 
VERTIS CV7), and carried out this meta-analysis to 
evaluate the safety of four SGLT2 inhibitors in three 
chronic diseases.

Methods

In this study we included the large randomized placebo-
controlled trials of SGLT2 inhibitors that aimed at assessing 
cardiovascular or renal outcomes in patients with T2D, or in 
patients with chronic heart failure (CHF), or in patients with 
chronic kidney disease (CKD). The eight safety outcomes 
of interest were fracture, diabetic ketoacidosis, amputation, 
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urinary tract infection, genital infection, acute kidney injury, 
severe hypoglycemia, and volume depletion. We used a 
random-effects model to perform meta-analysis, to generate 
pooled risk ratios (RRs) and 95% confidence intervals (CIs). 
Heterogeneity was estimated by I2. We performed subgroup 
analysis respectively stratified by different chronic diseases 
and different SGLT2 inhibitors, and tested the subgroup 
effects using Cochran’s Q test. P value <0.05 means statis-
tical significance.

Results

After literature search (search until September 25th, 2020; 
Supplemental Appendix 1, pp 1–2) and study selection 
(Supplemental Figure S1 in Appendix 1), we included 
eight large randomized trials5–12 of SGLT2 inhibitors: 
DAPA-CKD5 assessing dapagliflozin in CKD patients, 
EMPEROR-Reduced6 assessing empagliflozin in CHF 
patients, DAPA-HF8 assessing dapagliflozin in CHF 
patients, VERTIS CV7 assessing ertugliflozin in T2D 
patients, CREDENCE9 assessing canagliflozin in T2D 
patients, DECLARE–TIMI 5810 assessing dapagliflozin in 
T2D patients, CANVAS Program11 assessing canagliflozin 
in T2D patients, and EMPA-REG OUTCOME12 assessing 
empagliflozin in T2D patients. All the included studies had 
the low bias risk (Supplemental Figure S2 in Appendix 1), 
and involved a total of 33,124 participants in the SGLT2 

inhibitor group and 26,568 participants in the placebo 
group. Supplemental Appendix 2 presents the original data 
used for meta-analysis.

Figure 1 summarizes the results of meta-analysis and 
subgroup analysis. Compared with placebo SGLT2 inhibi-
tors significantly reduced the risk of acute kidney injury 
(RR 0.75, 95% CI 0.66–0.85; p for drug effect <0.001), 
while SGLT2 inhibitors showed the reduced trend in the 
risk of severe hypoglycemia (RR 0.86, 95% CI 0.71–1.03; 
p for drug effect = 0.096). On the contrary, SGLT2 inhibi-
tors significantly increased the risks of diabetic ketoacido-
sis (RR 2.57, 95% CI 1.53–4.31; P for drug effect <0.001), 
genital infection (RR 3.75, 95% CI 3.00–4.67; P for drug 
effect <0.001), and volume depletion (RR 1.14, 95% CI 
1.05–1.24; p for drug effect = 0.002); while SGLT2 inhibi-
tors showed the increased trends in the risks of fracture 
(RR 1.07, 95% CI 0.99–1.16; P for drug effect = 0.081), 
amputation (RR 1.21, 95% CI 0.97–1.51; P for drug 
effect = 0.085), and urinary tract infection (RR 1.07, 95% 
CI 0.99–1.15; p for drug effect = 0.074). The above results 
of meta-analysis are detailed in Supplemental Figures S3–
S10 in Appendix 1. The results of subgroup analysis 
according to different diseases (Psubgroup ranged from 0.205 
to 0.773; Supplemental Figures S11–S18 in Appendix 1) 
and different SGLT2 inhibitors (Psubgroup ranged from 0.054 
to 0.757; Supplemental Figures S19–S26 in Appendix 1) 
suggest that the effects of SGLT2 inhibitors on the eight 

Figure 1.  Meta-analysis of SGLT2 inhibitors and eight safety endpoints.
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safety outcomes assessed in the study were consistent 
across three chronic diseases (i.e. T2D, CHF, and CKD) 
and four SGLT2 inhibitors (i.e. dapagliflozin, empagliflo-
zin, ertugliflozin, and canagliflozin).

Discussion

This study is the first one that evaluated the safety of four 
SGLT2 inhibitors (i.e. dapagliflozin, empagliflozin, ertug-
liflozin, and canagliflozin) in three chronic diseases (i.e. 
T2D, CHF, and CKD), and has two key findings. First, 
SGLT2 inhibitors versus placebo significantly reduced the 
risk of acute kidney injury (RR 0.75) and showed the 
reduced trend in the risk of severe hypoglycemia, regard-
less of type of chronic diseases and type of SGLT2 inhibi-
tors. Second, SGLT2 inhibitors versus placebo significantly 
increased the risks of diabetic ketoacidosis (RR 2.57), 
genital infection (RR 3.75), and volume depletion (RR 
1.14), and showed the increased trends in the risks of frac-
ture, amputation, and urinary tract infection, regardless of 
type of chronic diseases and type of SGLT2 inhibitors. 
Compared with prior meta-analysis studies1–4 which 
assessed the safety of SGLT2 inhibitors only in T2D, our 
study included three recently published trials5–7 and there-
fore assessed the safety of different SGLT2 inhibitors in 
three chronic diseases.

One strength of this meta-analysis is that all the original 
studies included were with high quality. On the contrary, 
one weakness is that the studies included in the meta-anal-
ysis were conducted in patient populations with very con-
siderable differences in their baseline characteristics, 
including the comorbidities. Thus, the findings identified 
by this meta-analysis need to be further verified in well-
designed studies minimizing ascertainment bias.

In conclusion, SGLT2 inhibitors significantly reduce 
the risk of acute kidney injury, and show the reduced trend 
in the risk of severe hypoglycemia; whereas this drug class 
significantly increase the risks of diabetic ketoacidosis, 
genital infection, and volume depletion, and show the 
increased trends in the risks of fracture, amputation, and 
urinary tract infection, regardless of type of underlying 
diseases and type of SGLT2 inhibitors. These findings will 
guide that specific adverse events are monitored when 
SGLT2 inhibitors are used in clinical practice.
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