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Comprehensive evaluation of cardiovascular efficacy and
safety outcomes of SGLT2 inhibitors in high risk patients of
cardiovascular disease: systematic review and meta-analysis
Mukul Bhattarai?, Mohsin Salih?, Manjari Regmi®,

Mohammad Al-akchar®, Cameron Koester®, Abdisamad Ibrahim®,

Priyanka Parajuli®, Odalys Lara Garcia®, Bishal Bhandari®,

Anis Rehman® and Momin Siddique®

Objectives To demonstrate a magnitude of the
cardiovascular benefits, concomitantly analyzing the safety
outcomes of sodium-glucose cotransporter 2 inhibitor
(SGLT2-1) comprehensively, as a class effect in a larger
sample size combined from recent randomized control
trials.

Methods We searched electronic databases using
specific terms and evaluated 6 efficacy and 10 safety
outcomes. Odds ratios (ORs) and 95% confidence interval
(CI) were used to compare two interventions.

Results Five studies (n=41267) were included, among
which 23539 received SGLT2-l. The SGLT2-I group favored
reduction in major adverse cardiovascular events (OR,
0.78; 95% CI, 0.62-0.98; P=0.03), cardiovascular death
(CVD) or heart failure hospitalization (OR, 0.60; 95% ClI,
0.46-0.80; P=0.0004), rate of hospitalization for heart
failure (OR, 0.56; 95% Cl, 0.44-0.72; P<0.00001), CVD
(OR, 0.68; 95% Cl, 0.50-0.93; P=0.01), all-cause mortality
(OR, 0.67; 95% ClI, 0.48-0.93; P=0.02) and myocardial
infarction (OR, 0.79; 95% Cl, 0.64-0.99; P=0.04) when
compared to the placebo group. Safety analysis showed
higher diabetic ketoacidosis (DKA) rate in SGLT2-I group

Introduction

Sodium-glucose cotransporter 2 inhibitors (SGLT2-Is)
are approved for the management of type 2 diabetes mel-
litus (‘T2D) and have recently been investigated in sev-
eral randomized control trials (RC'Is) for cardiovascular
safety and efficacy in patients with T2D. The first RCT
to investigate the effects of SGLIT'2-1 on cardiovascular
outcomes in 12D was with empagliflozin [1]. The bene-
fits of SGLUT'2-1 on reducing hospitalization for heart fail-
ure and progression of renal disease regardless of existing
atherosclerotic cardiovascular disease (ASCVD) or a diag-
nosis of heart failure have been discussed in the literature
[2]. Previous meta-analyses have shown moderate bene-
fits of SGLII'2-1 on major adverse cardiovascular events
(MACES) that seem confined to patients with established
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(OR, 2.33; 95% CI, 1.40-3.90; P=0.001); in contrast, major
hypoglycemic events were significantly lower (OR, 0.79;
95% Cl, 0.73-0.87; P<0.00001). AKI was significantly
higher in the placebo group (OR, 0.76; 95% Cl, 0.65-0.88;
P=0.0004). There were no statistically significant effects
on other outcomes.

Conclusion In selected high-risk patients of
cardiovascular disease, the SGLT2-l is a potential effective
class of drugs for improving cardiovascular outcomes and
all-cause mortality without an increased risk of all other
major complications except DKA on this meta-analysis.
Cardiovasc Endocrinol Metab 10: 89-98 Copyright © 2020
Wolters Kluwer Health, Inc. All rights reserved.
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ASCVD [2]. The studies on dapaglifiozin and canagli-
flozin on T2D did not show reduction of cardiovascular
death (CVD) [3,4]. Furthermore, the studies that have
shown reduction in the composite of CVD or heart fail-
ure hospitalization was primarily driven by a reduction in
hospitalization, not mortality [3,5]. A recently published
study on dapagliflozin showed promising cardiovascular
benefits in patients without diabetes in patients with
heart failure [6]. Therefore, it is also possible that the dif-
ferences in pharmacokinetics of SGLII'2-1 play a role in
the differences in the cardiovascular outcomes.

Even though the SGLT'2-1 has been emerging as new ther-
apeutic option, the safety profile of SGLT'2-I has raised
concerns regarding their use [7]. The true significance
of adverse effects such as volume depletion, infections
and rare diabetic ketoacidosis (DKA) are not known [8].
Similarly, Fournier’s gangrene, bladder cancer and bone
fractures are worrisome side effects commonly discussed
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in the literature, and events rates vary in all recent studies
[3,6,9]. Some studies in T2D patients reported contradic-
tory results on the association of SGLT2-I treatment with
amputation risk [10]. The data from CANVAS program
and Udell ez a/. reported an increase in the occurrence of
lower limb amputations with the use of SGLIT2-1 [5,7,9].
In the EMPA-REG OUTCOME study, rates of amputa-
tions were not significantly higher in those randomized to
empagliflozin [11].

This meta-analysis aims to demonstrate the magnitude
of benefit of SGLT2-1, as a class effect, concomitantly
analyzing safety outcomes in a comprehensive way irre-
spective of diabetic history incorporating large numbers
of patients with a high risk of ASCVD from all recent
innovative trials.

Methods

Selection of studies

"Two authors (M.R.R. and M.B.) independently searched
PubMed, Web of Science, Google Scholars and Cochrane from
database inception to 30 January 2020. Conference pro-
ceedings, clinicaltrials.gov, reference lists of published
trials, reviews and meta-analysis were also searched for
studies. Keyword and medical subject heading search
(MSH) terms used included ‘SGLT2-I and cardiovas-
cular outcomes’, ‘dapagliflozin and cardiovascular out-
comes’, ‘canagliflozin and cardiovascular outcomes’,
‘empagliflozin and cardiovascular outcomes’ and ‘ertug-
liflozin and cardiovascular outcomes’. All authors con-
tributed to sort out the disagreement to select final
eligible studies. We followed the PRISMA flow diagram
(Fig. 1) and have provided the search strategy to obtain
all eligible studies. Reasons for exclusion are also pre-
sented in Fig. 1.

After removing the duplicates, a total 635 studies were
screened. A total of 119 studies were selected for abstracts
with or without full study review. The following standard
criteria was set with the consensus of all authors to final-
ize the eligible studies: (1) RC'Ts with a placebo control
group on SGLT2-I with established ASCVD or high risk
of ASCVD and (2) RC'Ts who clearly reports main out-
comes of interest including adverse effects. Nine studies
were included from a full article review, in which four
studies were excluded as they did not meet our inclu-
sion criteria. One RCT did not match our outcomes of
the cardiovascular benefit as its outcome was improve-
ment in left ventricular systolic function [12]. Multiple
observational studies were excluded [13,14]. The study
that compares SGLI-2-1 with dipeptidyl peptidase 4
(DDP4) rather than placebo was also not included in the
meta-analysis [15]. Several trials have not yet released
the final results [16,17]. The five-placebo controlled
RCTs met the inclusion criteria. Any discrepancies in
data extraction or risk-of-bias assessment were resolved
with consensus of all authors.

Quality assessment

The modified Jadad score was used to assess the meth-
odological quality of RCTs. The quality of each trial
was quantified by a score of 0-8. High-quality studies
(23) were included as shown in Supplementary Table
S1, Supplemental digital content 1, Azp://links.lww.com/
CAEN/AZ6.

Outcomes

The primary efficacy outcomes were MACE, cardiovas-
cular death or heart failure hospitalization, hospitalization
for heart failure, cardiovascular death, myocardial infarc-
tion (MI) and all-cause mortality. Primary safety out-
comes were DKA, bone fracture, amputation, Fournier’s
gangrene, volume depletion, acute kidney injury (AKI),
major hypoglycemia, bladder cancer and urinary tract
infection (UTI). MACE was defined as death from
cardiovascular causes, nonfatal myocardial infarction,
or nonfatal stroke. Both safety and efficacy outcomes
were analyzed performing meta-analysis. The exclusion
and inclusion criteria of each study including primary
and secondary outcomes are all presented separately
(Supplementary Table S2, Supplemental digital content
1, http:fllinks.lww.com/CAENIAZ6).

Data analysis

Pairwise analysis was performed using Cochrane
Review Manager (RevMan) 5.3 software (The Nordic
Cochrane Center, Copenhagen, Denmark). The data
from included trials was used to calculate risk ratio and
95% confidence interval (CI). The Mantel-Haenszel
equation with random effects model was used in the
analysis of all outcomes. A two-sided P value of <0.05
was considered statistically significant for all analyses.
I-square (/%) and Chi-square tests were used to test for
heterogeneity.

A Bayesian network meta-analysis was conducted to
compare indirectly between multiple interventions
and was performed using NetMetaXL, 1.6.1 (Canadian
Agency for Drugs and Technologies in Health, Ottawa,
Canada) and WinBUGS 1.4.3 (MRC Biostatistics Unit,
Cambridge, UK). The Bayesian Markov chain Monte-
Carlo model* was used for the analysis of the random
and fixed effects models. The random effects model was
used for final interpretation. Odds ratios (ORs) and 95%
CI used to compare the two interventions. A hierarchical
Bayesian network was used to rank treatments accord-
ing to their comparative effectiveness. Rankograms with
surface under the cumulative ranking curve (SUCRA)
probabilities were reported. A SUCRA of 90% means that
the intervention of interest achieves 90% of effectiveness
or safety relative to other interventions. All-cause mor-
tality informative priors were chosen based on non-phar-
macological interventions with objective outcomes.
Heterogeneity (172) was evaluated, with 1t estimate of 0.04
interpreted as a low, 0.14 as a moderate, and 0.40 as a high
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Fig. 1
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Google Scholar, Web of science,

Total studies identified through PubMed,

Additional Studies identified through non-
database sources including conference paper,

Cochrane database searching meeting presentations
(n=1117) (n=4)
Studies after duplicates removed
(n=635)

Studies screened
(n=635)

Studies excluded due to lack of relevance
(n=516)

Studies screened for Studies excluded after title and abstract
inclusion review
(n=119) R — (n=363)
Full-text articles assessed
for eligibility
(n=9) Studies excluded with reasons
— (n=4)

v

Total studies included in
meta-analysis
(n=5)

¢ Multicenter observational (n=2)
* Non-observational study (n=1)
 Different outcome of interest (n=1)

PRISMA- Preferred Reporting ltems for Systematic reviews and Meta-Analyses, SGLT2-l-sodium-glucose

cotransporter 2 inhibitors.

PRISMA flow diagram demonstrating study search strategy on SGLT2 Inhibitors and cardiovascular outcomes. SGLT2-l, sodium-glucose cotrans-

porter 2 inhibitors.

degree of heterogeneity. We assumed 10000 baselines
values and all outcomes convergence were achieved at
20000 iterations and lack of autocorrelation was checked
and confirm ed.

Results

A total of five RC'Ts were included in the analysis involv-
ing 41267 patients in a high-risk cardiac disease study
group. All the patients who received SGLT2-I were com-
pared with patients taking placebo (Table 1). A total of
23539 patients received SGLI'2-1 and 17728 received
placebo. A total of 65% in the SGLT2-1 group and 61.4%
in the placebo group had established ASCVD or at least
had cardiovascular risk factors. A total of 14 outcomes

were evaluated that included six efficacy and nine
adverse outcomes in Figs 2a and b, respectively.

Four trials reported a 4137 incidence of MACE among
38723 patients [1,3,4,9]. All studies have reported cardi-
ovascular death or heart failure hospitalization [1,3,4,6,9].
Patients taking SGLT2-1 were found to have significant
difference in MACE (9.73% vs 11.8%, OR, 0.78; 95% ClI,
0.62-0.98; P=0.03, °’=91%) and CVD or heart failure
hospitalization (6.5% vs 9.98%; OR, 0.60; 95% CI, 0.46—
0.80; P=0.0004; I =94%) when compared to the placebo
group (Figure 2a).

The SGLT?2-1 decreased the rate of hospitalization
for heart failure (3.18% vs 5.38%; OR, 0.56; 95% CI,
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0.44-0.72; P<0.00001; I=84%) and CVD (4.09% vs
5.66%; OR, 0.68; 95% CI, 0.50-0.93; P=0.01; I'=91%)
when compared to the placebo group. Four studies eval-
uated acute MI and demonstrated the outcome in favor

Fig. 2
(@) 1. MACE
SGLT24 Placebo Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 490 4887 282 2333 246% 0.85[0.73, 099 2015 -
CAMNYAS - 2017 608 5795 712 4347 259% 0.60[0.53 067) 2017 -
DECLARE-TIMI 58 - 2019 756 8582 203 8578 26.3% 0.94[0.84,1.04] 2019 -
CREDEMCE - 2019 217 2202 260 2199 23.2% 0.78[0.65, 0.95) 2019 -
Total (95% CI) 21266 17457 100.0% 0.78 [0.62, 0.98) *
Total events 2071 2066
Heterogeneity: Tau®= 0.05; Chi®= 32.78, df= 3 (P = 0.00001); I*= 91% ID 0 u=1 1%0 WUI
Test for overall effect: Z= 2.16 (P = 0.03) Favours [SGLT2-] Favours [Placebo]
2. Cardiovascular death or heart failure hospitalization
SGLT2- Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 198 4687 265 2333 1945% 0.34[0.28,0.42) 2015 -
CANYAS - 2017 368 5795 470 4347 204% 0.56 [0.49, 0.65) 2017 -
DAPA-HF - 2019 382 2373 495 2371 20.3% 0.73[0.63, 0.84) 2019 -
DECLARE-TIMI 58 - 2019 417 8582 496 8578 20.5% 0.83[0.73, 095 2019 -
CREDENCE- 2018 178 2202 253 2199 19.3% 0.68[0.55, 0.83) 2019 -
Total (95% CI) 23639 19828 100.0% 0.60 [0.46, 0.80] &
Total events 1543 1879
Heterogeneity: Tau®= 0.09; Chi*= 61.71, df= 4 (P < 0.00001); F= 94% ‘D o1 0‘1 1’.3 10.3’
Test for overall effect. Z=3.53 (P =0.0004) Favours [SGLT24] Favours [Placeba]
3. Hospitalization for heart failure
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
EMPA-REG QUTCOME - 2015 95 4687 126 2333 187% 0.361[0.28,0.48) 2015 -
CANYAS - 2017 124 5795 196 4347 200% 0.46[0.37,0.58) 2017 -
DAPA-HF - 2018 231 2373 M8 2371 211.3% 0.70[0.58, 0.83) 2019 -
DECLARE-TIMI 58 - 2019 212 8582 286  B5TE 21.3% 0.73[0.61,0.88) 2019 -
CREDENCE- 2018 89 2202 141 2199 18.7% 0.61[0.47,081] 2019 -
Total (95% CI) 23639 19828 100.0% 0.56 [0.44, 0.72] <4
Total events 751 1067
Heterogeneity: Tau?= 0.07; Chi*= 25.70, df= 4 (P < 0.0001); F= 84% ID 01 n=1 1%0 mu’
Test for overall effect: Z=4.53 (P <= 0.00001) Favours [SGLT2] Favours [Placebo]
4. Cardiovascular death
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 137 4687 172 2333 19.6% 0.381[0.30,0.48) 2015 -
CANYAS - 2017 248 5795 289 4347 206% 0.63[0.53, 075 2017 -
DECLARE-TIMI 58 - 2019 245 8882 249 8578 205% 0.98[0.82,1.18) 2019 +
CREDEMNCE- 2019 10 2202 140 2199 19.0% 0.77[0.60,1.00) 2019 e
DAPA-HF - 2019 227 2373 273 2371 20.4% 0.81[0.67,098) 2019 -
Total (95% CI) 23639 19828 100.0% 0.68 [0.50, 0.93] &
Total events 967 1123
Heterogeneity: Tau?= 0.11; Chi*= 4580, df= 4 (P = 0.00001); I*= 91% :D 01 U:1 150 wu:
Testfor overall effect: Z=2.45 (P =0.01) Favours [SGLT2-] Favours [Placeba]
(Continued)

of SGLT2-I therapy (3.97% vs 4.80%; OR, 0.79; 95% CI
0.64-0.99; P=0.04; F= 73%). All-cause mortality was less
in the SGLT2-I group than in the placebo group (6.59%
vs 9.12%; OR, 0.67;95% CI, 0.48-0.93; P=0.02; Y =95%).
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5. Myocardial infarction
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 223 4687 126 2333 27.7% 0.88 [0.70,1.100 2014 -
CANVAS - 2017 219 5795 262 4347 30.6% 0.61 [0.51,0.74] 2017 L
DAPA-HF - 2019 16 2368 17 2368 8.1% 0.94 [0.47,1.87] 2019 I
DECLARE-TIMI 58 - 2019 393 Bs582 441 8578 33.7% 0.89 [0.77,1.02] 2019 L
Total (95% CI) 21432 17626 100.0% 0.79 [0.64, 0.99] L
Total events 251 846
Heterogeneity: Tau®= 0.03; Chi*=10.97, df= 3 (P=0.01); F=73% IDI:H 051 150 100’
Test for overall effect: Z=2.08 (P=0.04) Favours [SGLT2-] Favours [Placebol
6. All-cause mortality
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 194  4B87 269 2333 19.7% 0.33[0.27,0.40] 2015 -
CANVAS - 2017 391 5795 440 4347 20.3% 0.64 [0.56,0.74] 2017 -
CREDENCE- 2019 168 2202 201 2199 19.4% 0.82 [0.66,1.02) 2019 -
DAPA-HF - 2019 276 2373 329 2371 200% 0.82 [0.69,0.87) 2019 -
DECLARE-TIMI 58 - 20149 520 8482 470 8578 205% 0.92[0.82,1.04] 2019 -
Total (95% CI) 23639 19828 100.0% 0.67 [0.48, 0.93] <&
Total events 1658 1809
Heterageneity: Tau= 0.14; Chi*= 84,57, df= 4 (P < 0.00001); F= 95% ’n 0 0’1 1’0 1DD=
Test for overall effect: 2= 2.37 (P=0.02) Favours [SGLT24] Favours [Placebo]
® o
1- Diabetic ketoacidosis
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 4 4687 1 2333 55% 1.899[0.22,17.83) 2014
CANVAS - 2017 13 5795 B 4347 28.2% 1.63[0.62,4.28) 2017 —T
DAPA-HF - 2019 3 2368 0 2368 3.0% 7.01[0.36,135.76] 2019 >
CREDENCE- 2019 11 2200 1 2197 6.3% 11.041.42,85.55] 2019
DECLARE-TIMI 58 - 2019 27 8582 12 B578 67.0% 2.25[1.14,4.45) 2019 ——
Total (95% CI) 23632 19823 100.0% 2.33[1.40, 3.90] -
Total events 58 20
_I;(etuta;ogenemd‘:lT:u t=ZI3_El03. 2Cah|P=_3|].40261n:lf= 4 (P =0.48), F=0% ot o 1'0 100
estfor overall effect: Z= 3.23 (F = 0.001) Favours [SGLT2-] Favours [Placebo]
2- Bone Fracture
SGLT2 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 179 4687 91 2333 12.3% 0.98 [0.76,1.27] 2015
CANVAS - 2017 348 5795 269 4347 30.3% 0.97 [0.82,1.14] 2017
DECLARE-TIMI 58 - 20149 BY 2200 68 2187  7.0% 0.93[0.70,1.39] 2019
CREDENCE- 2019 49 2368 50 2368 5.2% 0.98 [0.66,1.46) 20149
DAPA-HF - 2019 457 8682 440 8578 45.2% 1.04 [0.81,1.19] 20149
Total (95% CI) 23632 19823 100.0% 1.00[0.92, 1.10]
Total events 1100 918
?etl::ngenemt‘:lT?[u ;zU—DUU' g:?hlp:-uﬁsgzi df= 4 (P =0.97); F=0% o 0 7 10 100
estfor overall effect: Z= 0.07 (P = 0.84) Favours [SGLT2-]] Favours [Placebo]
(Continued)

The safety outcomes are presented in Figure 2b. The
DKA rate was statistically different between the two
groups (OR, 2.33; 95% CI, 1.40-3.90; P=0.001). The
rate of DKA was higher with SGLT2-I when compared
to the placebo group (0.24% vs 0.10%). No significant

Copyright © 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

heterogeneity was noted with regards to the DKA rate
(F=0%). Comparing bone fracture rate between the two
groups, no statistically significant difference was observed
(OR, 1.00; 95% CI, 0.92-1.10; P=0.94). The amputa-
tion rate was evaluated in all five trials. The amputation
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3- Amputation

SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 88 4687 43 2333 16.4% 1.02[0.71,1.47] 2014
CANVAS - 2017 142 57494 76 4347 28.0% 1.41[1.07,1.87] 2017
DECLARE-TIMI 58 - 2019 123 8582 113 B57T8  33.45% 1.08[0.84,1.41] 2019
CREDENCE - 2019 13 2368 12 2368 3.6% 1.08[0.49,2.38] 2019 .
DAPA-HF - 2019 70 2200 63 2197 18.E6% 1.11[0.79,1.57] 2019 ™
Total (95% CI) 23632 19823 100.0% 1.16 [1.00, 1.35] »
Total events 436 307
Heterogeneity: Tau®= 0.00; Chi*= 2.66, df= 4 (P=0.62), F=0% oo o1 10 100

Test for overall effect Z=1.99 (P = 0.05)

4-Fournier's Gangrene

Favou-rs [SGLT2-) Favours [Placebo)

SGLT24 Placebo Odds Ratio QOdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95%Cl Year M-H, Random, 95% CI
DECLARE-TIMI 58 - 2019 1 8582 5 B578 B9.0% 0.20[0.02,1.71] 2019 L]
DAPA-HF - 2019 0 2368 1 2368 31.0% 0.33[0.01,8.18] 2019 =
Total (95% CI) 10950 10946 100.0% 0.23 [0.04, 1.39] -""-
Total events 1 6
Heterogeneity: Tau®=0.00; Chi*=0.07, df=1(FP=0.79), F=0% N0 o e 100

Testfor overall effect: Z=1.60(P=0.11)

5- Volume depletion

Favnﬁrs [SGLT2-] Favours [Placebo]

SGLT24 Placebo Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 239 4687 115 2333 138% 1.04[0.82,1.30] 2015

CANVAS - 2017 587 5795 418 4347 #11% 1.06[093,1.21] 2017

CREDEMNCE - 2019 144 2200 115 2197 11.2% 1.27 [0.98,1.63] 2019

DECLARE-TIMI 58 - 2019 178 2368 162 2368 14.7% 1.11[0.89,1.38] 20149

DAPA-HF - 2014 213 8582 207 BSTE 194% 1.03[0.85,1.25] 2019

Total (95% CI) 23632 19823 100.0% 1.08 [0.99, 1.17]

Total events 1361 1017
Heterogeneity: Tau®=0.00; Chi*=2.04, df=4 (P=0.73); F=0%
Test for overall effect: Z=1.75 (P = 0.08)

6- Acute kidney injury (AKI)

0.01 0.1 i 10 100
Favours [SGLT2-]] Favours [Placeba]

SGLT21 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 246 4687 186 2333 241% 0.78 [0.63,0.96] 2014 -
CANYAS - 2017 67 5795 82 4347 152% 0.54 [0.39,0.74] 2017 -
DECLARE-TIMI 58 - 2019 86 2200 98 2197 16.6% 0.87 [0.65,1.17] 2019 —-r
CREDENCE - 2019 125 8582 176 8578 21.8% 0.71 [0.56,0.89] 2019 -
DAPA-HF - 2019 153 2368 170 2368 22.3% 0.89[0.71,1.13) 2019 &
Total (95% ClI) 23632 19823 100.0% 0.76 [0.65, 0.88] L 2
Total events 677 680
Heterogeneity: Tau®=0.01; Chi*=7.55,df=4 (P=011); F=47% 001 01 0 100

Test for overall effect Z= 353 (P =0.0004)

occurrence was not statistically difference between two
groups but favored placebo (1.84% vs 1.55%; OR, 1.16;
95% CI; 1.00-1.35) with no significant heterogeneity
(I =0%).

Only two large trials included in our study have reported
the incidence of fournier’s gangrene (z=7) in 21896
patients. DECLARETIMI 58 has reported five cases
in placebo group (#=8578) vs 1 in the SGLT2-1 group

Favou'rs [SGLT2-l] Favours [Placebo]

(Continued)

(2=8582). DAPA-heart failure reported only one case in
the placebo group (7=2368) with no occurrence reported
in the SGLT2-1 group (7=2368). Overall, our results did
not show an increased risk of Fournier’s gangrene with
SGLT2-I and trended toward less risk.

All included studies had volume depletion and AKI as
adverse outcomes (Figure 2b). There was no signifi-
cant difference in volume depletion between SGLIT2-1
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7. Major Hypoglycemia
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SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 63 4687 36 2333 4.5% 0.87[0.58,1.31] 2015
CANVAS - 2017 1130 6795 1049 4347 B68.6% 0.76 [0.69,0.84] 2017 |
DECLARE-TIMI 58 - 2019 4 2368 4 2368 0.4% 1.00[0.25,4.00] 2018 —
CREDENCE - 2019 225 2202 240 2199 19.8% 0.93[0.77,1.13] 2019 -
DAPA-HF - 2019 58 @582 B3 8578 6B.7% 0.70[0.50,0.98] 2018 —
Total (95% CI) 23634 19825 100.0% 0.79[0.73,0.87] ]
Total events 1480 1412
Heterogeneity: Tau®= 000, Chi*=4.15 df=4 (F=039), F= 4% IEI.IJ1 U:W 1IEI 1EI|J'
Test for overall effect: Z= 516 (P < 0.00001) Favours [SGLT2-] Favours [Placebo]
8- Bladder Cancer
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
CANVAS - 2017 22 5795 B 4347 27.5% 276112 6.81] 2017 —
DAPA-HF - 2019 1 2368 2 2368  9.3% 0.50[0.05,5.52] 2019
CREDENCE - 2019 10 2200 9 2197 27.5% 1.11[0.45 2.74] 2019 —
DECLARE-TIMI 58 - 2019 26 8482 45 8478 35.7% 0.58[0.36,0.93] 2019 ——
Total (95% CI) 18945 17490 100.0% 1.05 [0.45, 2.41] -
Total events 59 62
_l;_leti;ogenelwl: T?fu :gfg Chlpz—gﬁsg?{ df=3{P=002), F=63% 0 01 10 100
estfor overall efiect Z=0.11 (P = 0.91) Favours [SGLT2-]] Favours [Placebo]
9- Urinary tract infection
SGLT24 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 82 4687 41 2333 151% 1.00 [0.68,1.45] 2015 -
CANYAS - 2017 904 5745 836 4347 31.3% 0.781[0.70,0.86] 2017 =
CREDENMNCE - 2019 245 2202 221 2199 258% 1.1210.92,1.36] 2019 -
DAPA-HF - 2019 11 2368 17 2368 56% 0.65[0.30,1.38] 2019 ~
DECLARE-TIMI 58 - 2019 127 8582 133 8578 223% 0.95[0.75,1.22] 2019 -
Total (95% CI) 23634 19825 100.0% 0.92[0.75,1.12] *
Total events 1369 1248
?elﬂogenamflT:_u’:;,_U%; éﬁ)shl;i‘\uz.:?;. df=4(F=0.01),F=69% o o e o0
estfor overall effect Z=0.85 (F = 0.39) Favours [SGLT2-l] Favours [Placebo]
10- Stroke
SGLT2- Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
EMPA-REG OUTCOME - 2015 314 4687 129 2333 237% 1.23[0.99,1.52] 2014 i
CANVAS - 2017 178 5795 134 4347 M17% 1.00[0.79,1.25) 2017 -+
DAPA-HF - 2019 84 2368 88 2368 145% 0.95([0.70,1.29] 2019 -
DECLARE-TIMI 58 - 2019 235 8582 231 8578 276% 1.02[0.85,1.22] 2019 -
CREDENCE- 2019 62 2202 81 2193 125% 0.76[0.54,1.06] 2019 7
Total (95% CI) 23634 19825 100.0% 1.01 [0.88, 1.16] ¢
Total events 873 663
Heterogeneity: Tau®= 0.01; Chi*=6.17, df=4 (P=0.19), F= 35% 0o o 10 100

Testfor overall effect: Z=0.16 (F = 0.87)

Favours [SGLT2-] Favours [Placebo)

95

Fig. 2 (Continued)(a) Forest plot showing efficacy outcomes on cardiovascular efficacy. (b) Common safety outcomes of SGLT2-I in patients with
high risk of cardiovascular disease. SGLT2-l, sodium-glucose cotransporter 2 inhibitors.

and placebo; (95% CI, 0.99-1.17; P=0.08). However,
AKI was found to be higher in patients taking placebo
(2.86% vs 3.48%; OR 0.76; 95% CI, 0.65-0.88; P=0.0004).
Furthermore, analysis was performed in regard to major
hypoglycemia reported by all studies. There was a statis-
tically significantly lower major hypoglycemic events in
the SGLI'2-1 group when compared to placebo (6.26% vs
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7.12%, OR, 0.79; 95% CI, 0.73—0.87; P<0.00001; I =4%).
Bladder cancer was observed in four trials. No difference
in bladder cancer was observed between the SGLT2-1
and placebo groups (0.31% vs 0.35%; OR 1.05, 95% ClI,
0.45-2.41, P=0.91). There was no difference in UTIs
(5.79% vs 6.29%, OR 0.92; 95% CI, 0.75-1.12; P=0.39)
between the SGLT'2-I and placebo groups.
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Table 1 Baseline characteristics of participants of included studies

EMPA-REG outcome CANVAS DAPA-heart failure DECLARE-TIMI 568 CREDENCE
M Zinman et al. Neal et al. McMurray et al. Wiviott et al. Perkovic et al.
Year 2015 2017 2019 2019 2019
Type of SGLT2-1 Empagliflozin Canagliflozin Dapagliflozin Dapagliflozin Canagliflozin
(dose in mg) 10 and 25 100 and 300 (10) (10) (100)
Study type RCT RCT RCT RCT RCT

(placebo control) (placebo control) (placebo control) (placebo control) (placebo control)
SGLT2-1 (n) /placebo (n) 2333/4687 5795/4347 2373/2371 8582/8578 2202/2199
Follow up (year) 3.1 2.4 1.52 4.2 2.62
Age (mean, SD) 63.1 (8.7) 63.3 (8.3) 66.3 (10.9) 63.9 (6.8) 63.0 (9.2)
Female (%) 28.5 35.8 23.4 374 33.9
Established cardiovascular disease (%) 7020 (100%) 6656 (65.6%) 4744 (100%) 6974 (40.6%) 2223 (50.5%)
History of CHF 706 (10.1) 1461 (14.4) 4744 (100%) 1724 (10.0) 652 (14.8)
eGFR <60 mL/min per 1.73m? 1819 2039 1226 1265 2592
HgbA1c 8.1 (0.8) 8.2 (0.9) NA 8.3(1.2) 8.3 (1.3)
BMI (SD) 30.6(5.3) 32(6) 28.2(6) 32(6) 31.3(6.2)

CHF, congestive heart failure; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; SGLT2-l, sodium-glucose cotransporter 2 inhibitors.

Stroke (ischemic and hemorrhagic stroke, fatal and non-
fatal) was reported in all trials included in this meta-anal-
ysis. No significant difference in incidence of stroke was
noted between SGLT'2-I and placebo groups (3.69% vs
3.34%,95% CI, 0.88-1.16; P=0.87).

Discussion

This meta-analysis analyzed comprehensive data from
five large randomized placebo-controlled studies: EMPA-
REG OUTCOME, CANVAS, CREDENCE, DAPA-
heart failure and DECLARE-TIMI 59. This study
effectively evaluated a wide range of adverse effects
of SGLUT'2-1 while assessing benefits of cardiovascular
outcomes. Cardiovascular benefits and mortality reduc-
tion by SGLT'2-1 have been newly studied topic. Our
meta-analysis showed that SGLI'2-1 is superior than pla-
cebo in reducing all-cause mortality, MACE, cardiovascu-
lar death or heart failure hospitalization, hospitalization
for heart failure, cardiovascular death and MI. This is
aligned with the findings of the individual trials studied.
These trials have provided compelling evidence of car-
diovascular, renal and mortality benefits with SGLT2-1
agents.

Some unique findings in each trial that are worth report-
ing is that the CANVAS PROGRAM found evidence
of superiority compared to placebo at preventing cardi-
ovascular events and reported similar benefits in both
preserved and reduced ejection fractions. The great-
est reduction of hospitalization due to heart failure was
found among those with reduced ejection fraction [9].
DAPA-heart failure found SGLT?Z inhibitor to be supe-
rior to placebo in preventing CVD and heart failure hos-
pitalizations across all groups, including those with and
without diabetes mellitus and chronic kidney discase
[6]. The DECLARE-TIMI 58 found similar benefits in
cardiovascular events and heart failure hospitalization in
patients with established ASCVD and those at high risk
for it, which could suggest a preventive role of SGLIT'2
inhibitors in heart failure [4].

Individually, all five studies showed that SGLT'2-1 were
associated with lower all-cause mortality compared to
placebo. The cardiac benefits have been hypothesized
to be due to several mechanisms. SGLII'2-1 have been
associated with the inhibition of cardiac fibrosis, which
is considered an important pathway of heart failure [18].
It is also believed that the cardioprotective effects of
SGLT2-I are secondary to an improvement in ventricular
load through a reduction in preload by eliciting natriure-
sis and osmotic dieresis, decreasing afterload by lower-
ing blood pressure and improving vascular function. In
addition, SGLT'2-1 has been compared in other studies to
loop diuretics, both were associated with a similar natriu-
retic effect and reduction of interstitial fluid [5,12]. These
natriuretic effects may explain the findings in reducing
heart failure hospitalizations. SGLTI'2-1 is also believed to
improve cardiac metabolism by optimizing utilization of
ketones [19].

We also analyzed adverse outcomes of concern which
have been reported in the studies [7]. Side effects
of SGLT'2-1 are noted to be an increased risk of vol-
ume depletion, DKA, bone fracture, amputation, UTI,
Fournier’s gangrene and major hypoglycemia. Due to the
SGLT2-Is aforementioned diuretic effect, such popula-
tion are prone to develop volume depletion. These side
effects were studied in all studies. Our meta-analysis
did not show any significant association which was sim-
ilar to the individual trial. Therefore, unless the patient
is already volume-depleted or high risk of dehydration,
SGLT2 inhibitors may be safely combined with both thi-
azide and loop diuretics [20].

Our studied showed that AKI was higher in the placebo
group. Renal protective effects are seen across all five
clinical trials. Furthermore, the CREDENCE trial found
patients on canagliflozin had a lower risk for developing
end-stage renal disease, worsening creatinine or death by
renal or cardiovascular events [3]. A mechanism postulated
behind their cardiorenal benefits has been the inhibition of
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sodium-hydrogen exchanger (NHE)1 and NHE3, hence
controlling the reabsorption of sodium [21]. It is also worth
noting that these effects are not waived by the glomeru-
lar filtration rate (GFR) as demonstrated in the CANVAS
program. These mechanisms suggest that benefits can be
seen regardless of heart failure and DM2 status.

Our current data show that SGLII'2-I does not increase the
incidence of major hypoglycemia. These events were var-
iably reported in each trial. This may be due to the result
of the continued renal glucose reabsorption capacity of
SGLT1, and via metabolic counter-regulatory mechanisms
which include decreased insulin release and increased
glucagon release leading to increased hepatic gluconeo-
genesis that are unaffected by SGLIT'2 inhibition [8].

Our study strengthened the correlation of SGLT2-I
with an increased risk of DKA similar to the individ-
ual trials that we studied. SGLT2-1 is associated with
euglycemic DKA. The mechanism behind the cause
of DKA is increased glucagon-to-insulin ratio, which
stimulates lipolysis, fatty acid oxidation and increased
ketogenesis in the liver [22]. While there was a signifi-
cant increased risk of DKA in the SGLT2-I group, the
absolute incidence of this side effect was still quite low,
0.24% in SGLT'Tvs 0.10% in placebo. In this meta-anal-
ysis, there was no significant heterogeneity was noted
(P=0.49, I =0%), and all five trials have reported the
events.

Similarly, other reported adverse effects of SGLT'2-I are
increased risk of bone fractures that were investigated
in all five of the clinical trials. In the individual trials,
canagliflozin was shown to increase all fracture risks
in the CANVAS program but not in the CREDENCE
trial [3,9]. Similarly, dapagliflozin was shown to increase
the fracture risk in the DAPA-heart failure trial but
did not show any increased association in DECLARE-
TIMI [4,6]. Also, empagliflozin was not associated with
increased risk for fractures in the EMPA-REG outcome
[1]. Our meta-analysis did not show an overall increased
risk of bone fractures with SGLT'2-1 compared to pla-
cebo. One of the proposed mechanisms for bone fracture
with SGLT2-1 is decreased sodium reabsorption and
increased phosphate reabsorption which increases par-
athyroid hormone and fibroblast growth factor 23, which
then eventually decreases vitamin D and increases bone
resorption [23]. Furthermore, patients who have T2D
have an increased risk of bone fracture compared to
those who are not.

SGLT?2 inhibitors have been discussed commonly in asso-
ciation with increased risk of amputations. Our study did
not show an increase of risk of amputation with SGLIT'2-1
when compared to placebo. It is likely that uncontrolled
diabetes is one of the risk factors for lower limb amputa-
tions. The incidence of amputations in diabetes is 1.5-5.0
per 1000 patient-years [10]. Incidence of amputations has
been declining with good diabetes control.
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The urogenital mycotic infection is an important, albeit
rarely serious, adverse effect of SGLTZ inhibitors.
Unfortunately, such infections are reported variably in
the studies included in the meta-analysis. Moreover, the
definition varies widely among the trials. But UTT has
been consistently reported. UTT is known to be increased
in diabetic patients due to increase in glucose concentra-
tion [24]. The SGLT2 inhibitors increase glycosuria by
inhibiting sodium glucose co-transporter in the kidney
and this could potentially increase the incidence of UTT.
A previous study had shown that SGLT'2-1 is associated
with the increased risk of UTT [25]. Our study does not
show an overall increased risk of UTT in association with
SGLT2-1 as a class effect.

The risk of stroke has been assessed in several SGLIT'2-1
trails in patients with high risk of cardiac disease. All trials
in our meta-analysis have reported the stroke outcome. Our
study conclusively demonstrated that SGLII'2 inhibitor
therapy was not associated with increase in stroke incidence.

Fournier’s gangrene is a rare but serious side effect dis-
cussed in association with SGLT2-1. Two large trials
included in our study have reported the incidence of
Fournier’s gangrene [4,6]. Our study further support that
it is unlikely the treatment with an SGLT2-1 is responsi-
ble for the development of Fournier’s gangrene because
the result was trended toward less risk.

T'here are several limitations to our study. We did not have
access to patient-level data to perform propensity analysis
or stratified analysis which could better define differences
between treatment groups with respect to patient char-
acteristics, clinical presentation and procedural character-
istics. The definition of primary outcomes was variable
across studies which may affect the outcome assessment.
By excluding nonrandomized and observational studies,
we have limited the selection bias. We analyzed all the
evidence available and independently analyzed rand-
omized data to reduce the bias to a large extent. The rare
side effects of SGLUT-I such as Fournier’s gangrene, ampu-
tation, DKA from the included studies may not represent
definitive incidence because occurrence pattern may vary
in a larger population than that the initial trials.

Our study, which concomitantly evaluated a wide spec-
trum of safety outcomes from several well designed large
clinical trials, confirms that SGLII'2-I1 has emerged as a
potential effective class of drugs for improving cardiovas-
cular morbidity and mortality, including the prevention of
heart failure hospitalization and reducing all-cause mor-
tality in selected patients. We did not see an increased
risk of major side effects except a mild increase in DKA.
The adverse effects due to SGLII'2-1 are minimal in large
numbers of patients from well designed RC'Ts. Due to
the short-term trial durations, future long-term prospec-
tive studies and post-marketing surveillance studies are
warranted to explore the rate of cardiovascular outcomes
and rare side effects.
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