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Abstract

Background Patients with type 2 diabetes are at increased risk for cardiovascular diseases. Sodium-glucose transport
2 inhibitors (SGLT2i) have been shown to enhance cardiovascular health since their debut as a second-line therapy
for diabetes. Acute coronary syndrome (ACS), peripheral arterial occlusive disease (PAOD), and ischemic stroke (IS) are
types of atherosclerotic cardiovascular disease (ASCVD), although the benefits of treating these disorders have not
been shown consistently.

Methods We searched four databases (PubMed, Embase, the Cochrane library, and clinicaltrial.gov) for randomized
clinical trials (RCTs) until November of 2022. Comparisons were made between SGLT2i-treated and control individuals
with type 2 diabetes. Primary outcomes were ACS, PAOD, and IS; secondary outcomes included cardiovascular mortal-
ity and all-cause mortality. Risk ratio (RR) and 95% confidence intervals (Cl) were determined using a fixed effects
model. Cochrane’s risk-of-bias (RoB2) instrument was used to assess the validity of each study that met the inclusion
Criteria.

Results We enrolled 79,504 patients with type 2 diabetes from 43 RCTs. There was no difference in the risk of ACS
(RR=0.97,95% Cl 0.89-1.05), PAOD (RR=0.98, 95% Cl 0.78-1.24), or IS (RR=0.95, 95% CI 0.79-1.14) among patients
who took an SGLT2i compared to those who took a placebo or oral hypoglycemic drugs. Subgroup analysis revealed
that none of the SGLT2i treatments (canagliflozin, dapagliflozin, empagliflozin, and ertugliflozin) significantly altered
outcomes when analyzed separately. Consistent with prior findings, SGLT2i reduced the risk of cardiovascular mortal-
ity (RR=0.85,95% Cl 0.77-0.93) and all-cause mortality (RR=0.88, 95% Cl 0.82-0.94).

Conclusion Our results appear to contradict the mainstream concepts regarding the cardiovascular effects of SGLT2i
since we found no significant therapeutic benefits in SGLT2i to reduce the incidence of ACS, PAOD, or IS when com-
pared to placebo or oral hypoglycemic drugs.
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Introduction

Treatment for type 2 diabetes should begin with met-
formin and other lifestyle adjustments, as recommended
by the American Diabetes Association [1]. Sodium-glu-
cose transport 2 inhibitors (SGLT2i) and other second-
line therapeutic agent combinations may be necessary
if first-line treatment fails to bring blood glucose under
control. SGLT2 is a sodium-glucose transporter that is
found in the S1 segment of the proximal tubule. SGLT2i
aids in maintaining healthy blood glucose levels by block-
ing SGLT2 reabsorption [2]. The four most widely used
SGLT2i, canagliflozin, dapagliflozin, empagliflozin, and
ertugliflozin, all bind to the SGLT2 protein with varying
degrees of affinity [3].

Stable control of blood glucose is just one of the ben-
efits of SGLT?2i. It has been reported that among adults
with diabetic kidney disease, SGLT2i are associated with
reduced risks of major adverse cardiovascular events
(MACE), kidney outcomes, hospitalization for heart
failure, and death [4, 5]. In addition, SGLT2i decreases
systolic blood pressure in patients with heart failure
[6], yielding also benefits in patients with heart fail-
ure with preserved ejection fraction [7]. SGLT2i act as
anti-inflammatory agents by either indirectly improving
metabolism and reducing stress conditions or via direct
modulation of inflammatory signaling pathways [8]; the
direct cardiac effects seem to be mediated by modulation
of intracellular sodium concentration via the sodium-
interactome [9].

Up to two thirds of patients with type 2 diabetes have
atherosclerotic cardiovascular disease (ASCVD) [10],
making them less manageable and leading to worse out-
comes than the general population [11]. Animal mod-
els propose that SGLT2i prevents ASCVD by lowering
serum levels of inflammatory factors linked to athero-
sclerosis, stopping the proliferation and migration of vas-
cular smooth muscle cells (VSMCs), blocking foam cell
formation, preventing platelet activation, and improving
autophagy impairment [12], but human clinical data is
less conclusive. To further understand the relationship
between SGLT2i cardiovascular impact and ASCVD
events, especially ACS, PAOD, IS, and mortality out-
comes in individuals with type 2 diabetes, we conducted
a meta-analysis.

Methods

Database sources and search strategy

This study followed the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-analysis) guide-
lines [13] and the Cochrane Handbook (Version 6.1)
[14] in terms of its methodology, including data sources,
inclusion and exclusion criteria, outcome assessment,
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quality assessment, and use of statistical methods. Four
international databases (PubMed, Embase, Cochrane
Library, and ClinicalTrials.gov) were searched. Terminol-
ogy used to described “type 2 diabetes’, “sodium-glucose
cotransporter-2 inhibitors,” and terms relevant to “acute
coronary syndrome,” “peripheral arterial occlusive dis-
ease, “ischemic stroke,” “cardiovascular mortality” and
“all-cause mortality” were searched in the databases. The
database search algorithm is provided in Additional file 1.
The data collection workflow is shown in Fig. 1. The last
search time was conducted in November 2022. In the
first phase of the literature search, we retrieved a total of
729 records (292 from databases and 437 from registries),
after removing 241 duplicates, we screened 488 records;
then, 426 records were excluded based on the exclusion
criteria for this study; finally, we retrieved 62 records and
aseesed their eligibility, and we ended up including 43
studies.

Inclusion and exclusion criteria

Our inclusion criteria were studies reported in English,
have a comprehensive documentation of their outcomes,
and patients with type 2 diabetes who were 18 or older.
The exclusion criteria were studies involving patients
with type 1 diabetes or malignancies, letters to the editor,
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editorials, case reports, review articles, and literature
based on animal model. As glucagon-like peptide-1
(GLP-1) is an effective treatment for managing blood glu-
cose levels, we also ruled out trials in which GLP-1 drugs
were used as a control. Our control group was defined
as those receiving placebo or active therapy using oral
hypoglycemic drugs. In order to analyze the occurrence
of adverse events in a larger pool of patients with type 2
diabetes, the placebo- and active-controlled trials were
merged.

Two independent reviewers (WJC and RXC) were
involved in the literature search and citation eligibility
review, while a third reviewer (CHC) crossed-checked
all eligible references. Final eligibility of references was
determined by two senior authors (PCT and YYH). YYH
carefully reviewed the definition of results and the use of
SGLT2i in each study.

Outcome measures

The primary outcome was the incidence of ACS (defined
as acute myocardial infarction and/or unstable angina),
PAOD (not including other related events such as periph-
eral artery ischemia or peripheral artery embolism), and
IS. Secondary outcomes were cardiovascular mortality
and all-cause mortality. The incidence of adverse events
was retrieved from the clinicaltrials.gov registry and the
published studies.

Data extraction and quality assessment

Primary and secondary outcomes, study characteristics
(sample size, trial name, ClinicalTrials.gov identifier),
treatment details (dose, follow-up duration, protocol),
patient characteristics (age, sex) were extracted from all
included studies. Different doses of the same drug were
pooled into one treatment group. To avoid duplication
from the same population, only the most recent rand-
omized controlled trials (RCTs) with the largest sam-
ple size were considered. Methodological quality was
assessed using version 2 of the Cochrane risk-of-bias
tool for randomized trials (RoB2) [15]. Selective report-
ing, random sequence generation, other sources of bias,
incomplete outcome data, blinded outcome assessment,
and allocation concealment were all identified as poten-
tial sources of bias. Each risk of bias category was rated
as low, high, and unclear. The RoB 2 was used to evalu-
ate the reliability of the evidence. Study selection, data
extraction, and quality assessment of data extraction
were carried out by three independent reviewers (W]C,
RXC, and CHC). The data gathered from the publica-
tions was analyzed for potential bias by two additional
researchers (PCT and YYH), who discussed their con-
trasting findings until a consensus is reached.
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Statistical analysis

Funnel plots and Egger’s test [16] were used to look for
signs of publication bias. Pooled risk ratio (RR) and 95%
confidence intervals (CI) were used to analyze the inci-
dence of ACS, PAOD, and IS patients receiving conven-
tional therapy with SGLT2i or oral hypoglycemic drugs.
The Higgins and Thompson F statistic and the Cochrane
Q test were used to analyze the degree of study hetero-
geneity. The level of statistical significance for the Q test
was set at a P-value<0.1. In principle, if I was greater
than 50%, a random-effects model was used for meta-
analysis, otherwise, a fixed effects model was used. In
order to better account for any clinical background het-
erogeneity, we also adopted a random effects model for
all analyses in the study. We ran subgroup analyses to
look at the impact of individual types of SGLT2i treat-
ment, because different SGLT2i treatments might pro-
duce different outcomes. In all analyses, P-values<0.05
(two-sided) were considered statistically significant. All
analyses and visualizations were generated with R version
4.1.2 and R packages meta and dmetar. Trial sequential
analysis (TSA) was used to estimate the required sample
size to reach 80% study power based on the incidence
rate in control group and the relative risk reduction rate
obtained from each meta-analysis [17]. The parameters of
the study were calculated to be an alpha level of 0.05 and
a power of 80%. TSA was performed using TSA 0.9.5.10
Beta.

Results

Figure 1 shows the final 43 RCTs with a total of 79,504
patients with type 2 diabetes; 48,568 patients received
SGLT2i in combination with background treatment,
whereas 30,936 patients used placebo or oral hypoglyce-
mic drugs. Four of the 43 studies have not yet been pub-
lished. In terms of the types of SGLT2i treatments, these
were canagliflozin (10 studies), dapagliflozin (15 studies),
empagliflozin (15 studies), and ertugliflozin (6 studies).

Baseline characteristics of included studies

Table 1 shows the baseline characteristics of the
included studies. All eligible RCTs were published
between 2010 and 2020. Median follow-up time was
1.9 years, sample size ranged from 218 to 17,143 par-
ticipants, and 21.4% to 54.5% were female. First-line
medications most often used to treat diabetes were
metformin (58.1%), sulfonylurea (20.9%), and insulin
(18.6%). The risk of bias in the 43 studies is shown in
Additional file 2. Incomplete data on ClinicalTrials.gov
means that there may be minor problems with certain
studies, and around half of the studies had a low risk
of bias (see Additional file 3). Five of the 43 studies
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Table 1 Characteristics of the included randomized clinical trials in this study
Study Number of patients (M/F) Mean age (SD) Interventions Background therapy
Treatment Control Treatment Control
Lavalle-Gonzélez et al., 1101 (705/396) 549 (266/283) 55.4(9.3) 54.7(9.7) Canagliflozin Metformin
2013 [33] (100/300 mg)/Placebo and
Sitagliptin
Cefalu et al, 2013 [34] 968 (493/475) 482 (238/244) 58.9 (9.4) 56.3(9.0) Canagliflozin Metformin
(100/300 mg)/Glimepiride
NCT01106690, 2013 227 (140/87) 115 (76/39) 56.9(103) 583(9.6) Canagliflozin Metformin and pioglitazone
(100/300 mg)/Placebo and
Sitagliptin
Yale et al,, 2014 [35] 179 (106/73) 90 (57/33) 68.7 (8.2) 68.2 (84) Canagliflozin Accordance with local
(100/300 mg)/Placebo guidelines
Neal et al,, 2015 [20] 2886 (1903/983) 1441 (955/486) 62.2 (8.1) 62.3(7.9) Canagliflozin Sulfonylurea
(100/300 mg)/Placebo
Bode et al.,, 2015 [36] 477 (253/224) 237 (143/94) 64.3 (6.3) 63.2 (6.2) Canagliflozin Stable antihyperglycemic
(100/300 mg)/Placebo (AHA) regimen
Rosenstock et al, 2016 [37] 949 (453/496) 237 (116/121) 549(99)  552(9.8) Canagliflozin Metformin
(100/300 mg)/Metformin
NCT01989754, 2017 2904 (1851/1053) 2903 (1792/1111) 63.9 (8.4) 64 (8.3) Canagliflozin (100 mg Accordance with local
13 weeks then 300 mg)/ guidelines
Placebo
Perkovic et al,, 2019 [23] 2200 (1438/762) 2197 (1465/732) 629 (9.2) 63.2(9.2) Canadliflozin (100 mg)/ Accordance with local
Placebo guidelines
Lingvay et al, 2019 [38] 394 (201/193) 392 (221/171) 575(10.7) 557(11.1) Canagliflozin (100 mg Metformin
13 weeks then 300 mg)/
Semaglutide
Nauck et al,, 2011 [39] 406 (227/179) 408 (227/181) 58.1(94) 586(9.8) Dapagliflozin (not men- Metformin
tioned)/Glipizide
Strojek et al, 2011 [40] 450 (217/233) 146 (72/74) 59.7 (94) 60.3 (10.2) Dapagliflozin Glimepiride
(2.5/5/12 mg)/Placebo
Henry etal, 2012 [41] 827 (657/170) 409 (314/95) 515(103) 523(10.1) Dapagliflozin (5/10 mg)/ Metformin
Metformin
Bailey et al., 2013 [42] 409 (216/193) 137 (76/61) 54 (NA) 53.7 (NA)  Dapagliflozin Metformin
(2.5/5/10 mg)/Placebo
Leiter et al,, 2014 [43] 482 (323/159) 483 (324/159) 63.9(7.6) 63.6 (7.0) Dapagliflozin (10 mg)/ Usual care
Placebo
NCTO01137474, 2014 633 (358/275) 311 (171/140) NA (NA) NA (NA)  Dapagliflozin OAD with or without insulin
(2.5/5/10 mg)/Placebo
Wilding et al,, 2014 [44] 610 (290/320) 197 (99/98) 59.8 (8.1) 58.8(8.6) Dapagliflozin Insulin
(2.5/5/10 mg)/Placebo
Cefalu et al, 2015 [21] 460 (314/146) 462 (318/144) 62.8 (7.0) 63 (7.7)  Dapagliflozin (10 mg)/ Stable background treat-
Placebo ment except rosiglitazone
Bailey et al., 2015 [45] 410(198/212) 75 (31/44) NA(NA)  52.7(10.3) Dapagliflozin Metformin
(2.5/5/11 mg)/Placebo
Matthaei et al,, 2015 [46] 109 (47/62) 109 (61/48) 61.1(9.7) 60.9 (9.2)  Dapagliflozin (10 mg)/ Metformin and sulfonylurea
Placebo
Mdller-Wieland et al,, 2018 313 (201/112) 312 (207/105) 574 (94) 586 (84) Dapagliflozin (13 mg)/ Metformin
[471 Glimepiride
Scott et al, 2018 [48] 306 (186/120) 307 (169/138) 66.6 (8.6) 67.7 (8.5 Dapagliflozin (5 mg Metformin with or without
titrated to 10 mg)/ sulfonylurea
Sitagliptin plus Placebo
Dapagliflozin
Fioretto et al,, 2018 [49] 160 (91/69) 161 (91/70) 65.3 (6.2) 66.2 (6.5 Dapagliflozin (12 mg)/ Insulin, metformin, sulfony-
Placebo lurea or TZD
Yang et al, 2018 [50] 139 (66/73) 133 (64/69) 56.5(84) 58.6(8.9) Dapagliflozin (10 mg)/ Insulin
Placebo
Wiviott et al,, 2019 [19] 8574 (5403/3171) 8569 (5319/3250) 63.9 (6.8) 64 (6.8) Dapadliflozin (10 mg)/ Current background therapy

Placebo
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Table 1 (continued)
Study Number of patients (M/F) Mean age (SD) Interventions Background therapy
Treatment Control Treatment Control
Haring et al, 2013 [51] 1042 (568/474) 431 (227/204) 554 (9.9) 56 (9.7)  Empagliflozin (10/25 mg)/  Metformin or sulfonylurea
Placebo
Ferrannini et al,, 2013 [52] 547 (277/270) 112 (57/55) 589 (8.6) 576(9.8) Empagliflozin (10 mg)/Sit-  Metformin
agliptin and Metformin
Barnett et al, 2014 [53] 419 (249/170) 319 (181/138) 63.7 (8.9) 64.1 (8.7) Empagliflozin (10/25 mg)/  Metformin, insulin or sulfo-
Placebo nylurea
Rosenstock et al, 2014 [54] 375 (181/194) 188 (75/113) 574 (9.1) 55.3(10.1) Empagliflozin (10/25 mg)/  Insulin or metformin
Placebo Empadgliflozin
10 mg plus Placebo Empa-
gliflozin 25 mg
Zinman et al, 2015 [18] 4687 (3336/1351) 2333 (1680/653) 63 (8.6) 63.2(8.8) Empagliflozin (10/25 mg)/  Current background therapy
Placebo
Roden et al,, 2015 [55] 1325 (765/560) 877 (486/391) 56(10.3) 557 (10.0) Empagliflozin (10/25 mg)/  Metformin, sulfonylureas
Placebo and Sitagliptin
NCT01649297, 2015 876 (483/393) 107 (55/52) 576(102) 57.9(11.2) Empagliflozin (5/12.5 mg Metformin
BID, 10/25 mg QD)/
Placebo
Rosenstock et al, 2015 [56] 324 (186/138) 170 (90/80) 59.2(10.2) 581(94) Empagliflozin (10/25 mg)/ Insulin
Placebo
Araki et al,, 2015 [57] 273 (195/78) 63 (47/16) 61.6 (9.8) 60 (10.2) Empagliflozin (10/25 mg)/  Sulfonylurea, biguanide,
Metformin and Sulfony- TZD, AGI or DPP-4
lurea
Hadjadj et al,, 2016 [58] 1019 (593/426) 341 (187/154) 526(11.0) 525(109) Empagliflozin (5/12.5 mg Metformin
BID, 10/25 mg QD)/
Metformin
Ridderstrale et al,, 2018 765 (432/333) 780 (421/359) 56.2(103) 55.7(104) Empagliflozin (25 mg)/ Metformin
[59] Glimepiride plus Placebo
Empagliflozin
Rodbard et al., 2019 [60] 410 (209/201) 411 (206/205) 58 (10.0) 57 (10.0) Empagliflozin (25 mg)/ Accordance with local
Semaglutide guidelines
Pratley et al, 2018 [61] 498 (261/237) 247 (154/93) 55.1(9.8) 54.8(10.7) Ertugliflozin (5/15 mg)/ Metformin
Sitagliptin
Rosenstock et al, 2018 [62] 412 (190/222) 209 (98/111) 56.7 (8.8) 56.5(8.7) Ertudliflozin (5/15 mg)/Pla-  Glimepiride or insulin
cebo plus Glimepiride
Grunberger et al, 2018 [63] 313 (159/154) 154 (72/82) 67.1(84)  675(89) Ertugliflozin (5/15 mg)/ Exception of metformin,
Placebo rosiglitazone, and other
SGLT2 inhibitors
Dagogo-Jack et al., 2018 309 (163/146) 153 (100/53) 594 (9.0) 583(9.2) Ertugliflozin (5/15 mg)/ Metformin or sitagliptin
[64] Placebo
Hollander et al,, 2019 [65] 880 (409/471) 435(222/213) 58.4(9.8) 57.8(9.2)  Ertudliflozin (5/15 mg)/ Metformin
Glimepiride
Cannon et al,, 2020 [22] 5493 (3860/1633) 2745(1901/844) 644 (8.1) 64.4(8.0) Ertugliflozin (5/15 mg)/ Insulin, metformin and

Placebo

sulfonylurea

contain evidence of atherosclerotic cardiovascular
disease (ASCVD) at baseline, such as associated high
cardiovascular risk [18-20], cerebrovascular disease
or high blood pressure [21], and atherosclerosis in the
coronary, cerebral, or peripheral vascular systems [22].
Subgroup analyses were used to examine the effect of
ASCVD history or evidence on the overall results. Sub-
group analyses show that the incidence rates of ACS,
PAOD, and IS are similar across the two subgroups

(5 vs. 38 studies), and that the risk ratios are consist-
ent with the overall results of this study (see Additional
file 4).

Effect of SGLT2i on acute coronary syndrome

A forest plot comparing the SGLT2i treatment for ACS
to that of control is shown in Fig. 2a. Thirty-five stud-
ies, including canagliflozin (7 studies), dapagliflozin (12
studies), empagliflozin (10 studies), and ertugliflozin (6
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(a) SGLT2i Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Drug = Canagliflozin
Cefalu et al., 2013 3 968 4 482 — 0.37 [0.08; 1.66] 0.3% 0.3%
Lavalle-Gonzalez et al., 2013 0 735 2 549 ———— 0.15 [0.01; 3.11] 0.1% 0.1%
Yale et al., 2014 2 179 1 90 — 1.01 [0.09; 10.94] 0.1% 0.1%
Neal et al., 2015 70 2886 30 1441 - 1.17 [0.76; 1.78] 3.7% 3.7%
Bode etal., 2015 4 477 3 237 — 0.66 [0.15; 2.94] 0.3% 0.3%
NCT01989754, 2017 74 2904 68 2903 -+ 1.09 [0.79; 1.51] 6.2% 6.2%
Perkovic et al., 2019 55 2200 67 2197 - 0.82 [0.58; 1.17] 5.3% 5.3%
Fixed effects model 208 10349 175 7899 4 0.97 [0.79; 1.19] 16.0% -
Random effects model 4 0.97 [0.79; 1.19] - 16.0%
Heterogeneity: 2= 0%, 12 = 0,p =0.50
Drug = Dapagliflozin
Strojek et al., 2011 1 450 1 146 —_—t 0.32 [0.02; 5.15] 0.1% 0.1%
Nauck et al., 2011 0 406 1 408 —_—t 0.33 [0.01; 8.20] 0.1% 0.1%
Henry etal., 2012 2 827 0 409 —_— 2.47 [0.12;51.42] 0.1% 0.1%
Bailey etal., 2013 1 409 4 137 ———— 0.08 [0.01; 0.74] 0.1% 0.1%
Leiter et al., 2014 3 482 3 483 — 1.00 [0.20; 4.94] 0.3% 0.3%
Cefalu et al., 2015 2 460 4 462 —_— 0.50 [0.09; 2.73] 0.2% 0.2%
Bailey et al., 2015 2 410 0 75 —_—t 0.92 [0.04; 18.97] 0.1% 0.1%
Fioretto et al., 2018 1 160 1 161 —_— 1.01 [0.06; 15.95]  0.1% 0.1%
Scott et al., 2018 0 306 1 307 —_— 0.33 [0.01; 8.18] 0.1% 0.1%
Miiller-Wieland et al., 2018 0 313 0 312 0.0% 0.0%
Yang et al., 2018 0 139 17 188 —m—7F— 0.32 [0.01; 7.76] 0.1% 0.1%
Wiviott et al., 2019 536 8574 502 8569 1.07 [0.95; 1.20] 47.2% 47.2%
Fixed effects model 548 12936 518 11602 1.05 [0.93; 1.18] 48.3% -
Random effects model 1.05 [0.93; 1.18] - 48.3%
Heterogeneity: 2= 0%, 12 = 0,p=0.58
Drug = Empagliflozin
Héring et al., 2013 3 1042 0 431 ey e e— 2.90 [0.15;55.97] 0.1% 0.1%
Barnett et al., 2014 0 419 4 39 ——— 1 0.08 [0.00; 1.57] 0.1% 0.1%
Rosenstock et al., 2014 1 375 0 188 —— 1.561 [0.06; 36.79] 0.1% 0.1%
Zinman et al., 2015 235 4687 129 2333 L 0.91 [0.74; 1.12] 15.0% 15.0%
Araki et al., 2015 1 273 0 63 —_— 0.70 [0.03; 16.90] 0.1% 0.1%
Rosenstock et al., 2015 1 324 1 170 —_— 0.52 [0.03; 8.34] 0.1% 0.1%
Roden et al., 2015 4 1325 3 877 —t 0.88 [0.20; 3.93] 0.3% 0.3%
Hadjadj et al., 2016 3 1072 1 341 — 0.95 [0.10; 9.14] 0.1% 0.1%
Ridderstrale et al., 2018 5 765 11 780 — 0.46 [0.16; 1.33] 0.6% 0.6%
Rodbard et al., 2019 2 409 2 410 — 1.00 [0.14; 7.08] 0.2% 0.2%
Fixed effects model 255 10691 151 5912 4 0.88 [0.72; 1.07] 16.6% -
Random effects model < 0.88 [0.72; 1.07] - 16.6%
Heterogeneity: 12=0%,12=0, p=0.84
Drug = Ertugliflozin
Dagogo-Jack et al., 2018 1 309 1 153 —_— 0.50 [0.03; 7.86] 0.1% 0.1%
Pratley et al., 2018 1 498 1 247 —_— 0.50 [0.03; 7.90] 0.1% 0.1%
Grunberger et al., 2018 6 313 1 154 — 2.95 [0.36;24.31] 0.1% 0.1%
Rosenstock et al., 2018 4 412 1 209 —_—f 2.03 [0.23; 18.04] 0.1% 0.1%
Hollander et al., 2019 4 880 2 435 — 0.99 [0.18; 5.38] 0.2% 0.2%
Cannon et al., 2020 273 5493 162 2745 0.84 [0.70; 1.02] 18.4% 18.4%
Fixed effects model 289 7905 168 3943 - 0.85 [0.71; 1.03] 19.1% -
Random effects model 4 0.85 [0.71; 1.03] - 19.1%
Heterogeneity: 12=0%,12=0, p=0.81
Fixed effects model 1300 41881 1012 29356 0.97 [0.89; 1.05] 100.0% -
Random effects model 0.97 [0.89; 1.05] -~ 100.0%
Heterogeneity: 12= 0%, 2= 0,p=0.82
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Fig. 2 a Forest plot, and b Trial Sequential Analysis of effects of SGLT2i on acute coronary syndrome
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studies) reported ACS as an adverse event, with 41,881
individuals in the SGLT2i group and 29,356 individuals
in the control group, and an incidence of 3.10% in the
SGLT2i group compared to 3.45% in the control group.
There was no significant heterogeneity across the stud-
ies (P=0%, P=0.82 for the Q test) (Fig. 2a), and the
overall risk ratio was not significant (RR=0.97, 95% CI:
0.89-1.05). ACS did not differ significantly between the
four SGLT2i medication groups and the control group:
canagliflozin (RR=0.97, 95% CI 0.79-1.19), dapagliflozin
(RR=1.05, 95% CI 0.93-1.18), empagliflozin (RR=0.88,
95% CI 0.72-1.07), and ertugliflozin (RR=0.85, 95% CI
0.71-1.03). A TSA was conducted using 34 studies with
a total of 70,612 patients, a control group incidence rate
of 3.45% and a relative risk reduction of 9.88% (Fig. 2b).
Sequential analysis of trials indicates a sample size of
86,159 is needed to achieve 80% power, and there are not
enough samples and effects for the cumulative Z-curve to
pass the trial sequential monitoring boundaries.

Effect of SGLT2i on peripheral arterial occlusive disease

A forest plot depicting the SGLT2i treatment for PAOD
to that of control is shown in Fig. 3. Twenty studies,
including canagliflozin (5 studies), dapagliflozin (4 stud-
ies), empagliflozin (9 studies), and ertugliflozin (2 stud-
ies) reported PAOD as an adverse event, with a total of
34,972 individuals in the SGLT2i group and 24,980 indi-
viduals in the control group, and an incidence of 0.55%
in the SGLT2i group compared to 0.51% in the control
group. There was no significant heterogeneity across the
studies (I*=0%, P=0.90 for the Q test) (Fig. 3) and the
risk ratio was not significant (RR=0.98, 95% CI 0.78—
1.24). Subgroup analysis revealed that PAOD did not
differ between the four SGLT2i medication groups: cana-
gliflozin (RR=1.18, 95% CI: 0.70-1.99), dapagliflozin
(RR=0.86, 95% CI 0.58-1.27), empagliflozin (RR=1.16,
95% CI 0.75-1.79), and ertugliflozin (RR=0.83, 95% CI
0.49-1.40). A TSA was conducted using 20 studies with
a total of 59,952 patients, a control group incidence of
0.51%, with a 7.27% decrease in relative risk for those
who took preventative measures. To make any conclu-
sions from the sequential analysis of trials, the sample
size must be far larger than 59,952 in order to detect the
relative risk reduction rate of 7.27% for peripheral arte-
rial occlusive disease in the SGLT2i group compared with
the control group with 80% power. Analysis shows that
there are not enough samples and effects for the cumula-
tive Z-curve to approach the trial sequential monitoring
boundaries if the setting is set at 80% power.

Effect of SGLT2i on ischemic stroke
A forest plot is used to show how often SGLT2i causes
IS compared to the controls (Fig. 4). IS was identified as
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an adverse event in 23 trials, including canagliflozin (6
studies), dapagliflozin (7 studies), empagliflozin (6 stud-
ies), and ertugliflozin (4 studies), with 36,417 individu-
als in the SGLT2i group and 26,123 individuals in the
control group, and an incidence of 0.71% in the SGLT2i
group compared to 0.77% in the control group. There
was no significant heterogeneity across the studies
(?=0%, P=0.96 for the Q test) (Fig. 4a). The overall risk
ratio was not significant (RR=0.95, 95% CI 0.79-1.14).
Subgroup analysis revealed that IS did not differ sig-
nificantly between the four SGLT2i medication groups
and the control group: canagliflozin (RR=1.06, 95% CI
0.67-1.67), dapagliflozin (RR=1.04, 95% CI 0.79-1.37),
empagliflozin (RR=0.86, 95% CI 0.53-1.38), and ertug-
liflozin (RR=0.80, 95% CI 0.55-1.16). A TSA was con-
ducted using 23 studies with a total of 62,540 patients, a
control group incidence rate of 0.77% and a relative risk
reduction of 7.79%. To detect a 7.79% decrease in the
risk of IS in the SGLT2i group compared with the con-
trol group and achieve 80% power, a sample size of more
than 62,540 is needed. Analysis shows that there are not
enough samples and effects for the cumulative Z-curve
to approach the trial sequential monitoring boundaries if
the setting is set at 80% power.

Effect of SGLT2i on cardiovascular mortality and all-cause
mortality
Cardiovascular mortality was reported as an adverse
event in 23 studies, including canagliflozin (5 studies),
dapagliflozin (8 studies), empagliflozin (5 studies), and
ertugliflozin (5 study), with a total of 33,634 individuals
in the SGLT2i group and 23,130 individuals in the control
group, and an incidence of 2.61% in the SGLT2i group
compared to 3.10% in the control group. The included
studies exhibited no heterogeneity (I>=32%, P=0.11 for
the Q test) (Fig. 5a). The overall risk ratio was significant
(RR=0.85, 95% CI 0.77-0.93). In the subgroup analysis,
with the exception of canagliflozin (RR=0.76, 95% CI
0.60-0.97) and empagliflozin that had lower risk ratios
(RR=0.62, 95% CI 0.50-0.78), dapagliflozin (RR=0.98,
95% CI 0.83-1.17) and ertugliflozin (RR=0.92, 95% CI
0.78-1.10) does not show a benefit for cardiovascular
mortality (Fig. 5a). A TSA was conducted using 17 stud-
ies, a control group incidence rate of 3.1% and a relative
risk reduction of 15.81% (Fig. 5b). Sequential analysis of
trials indicates a sample size of 116,947 is required to
reach 80% power. Although the included samples size
was 53,379, the cumulative Z-curve already surpassed
trial sequential monitoring boundaries, providing sta-
tistical power for the considerable protective impact of
SGLT2i on cardiovascular mortality.

There was a total of 38 studies, including cana-
gliflozin (9 studies), dapagliflozin (13 studies),



Tsai et al. Cardiovascular Diabetology (2023) 22:57 Page 8 of 15

SGLT2i Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Drug = Canagliflozin
Neal et al., 2015 23 2886 4 1441 —+— 2.87 [0.99; 829] 4.7% 4.7%
Bode et al., 2015 1 477 0 237 —_—t 1.49 [0.06;36.49] 0.5% 0.5%
Rosenstock et al., 2016 0 949 1 237 —m——— 0.08 [0.00; 2.04] 0.5% 0.5%
NCT01989754, 2017 9 2904 9 2903 —— 1.00 [0.40; 2.51] 6.2% 6.2%
Perkovic et al., 2019 10 2200 11 2197 —&— 0.91 [0.39; 2.13] 7.2% 7.2%
Fixed effects model 43 9416 25 7015 t 1.18 [0.70; 1.99] 19.1% --
Random effects model 1.17 [0.58; 2.35] -- 19.1%
Heterogeneity: /% = 32%, 12=0.1917, p = 0.21
Drug = Dapagliflozin
Leiter et al., 2014 2 482 2 483 —_—t 1.00 [0.14; 7.08] 1.4% 1.4%
Matthaei et al., 2015 0 109 1 109 —_— 1 0.33 [0.01; 8.09] 0.5% 0.5%
Miiller-Wieland et al., 2018 0 313 1 312 —_— 0.33 [0.01; 8.13] 0.5% 0.5%
Wiviott et al., 2019 43 8574 49 8569 - 0.88 [0.58; 1.32] 31.5% 31.5%
Fixed effects model 45 9478 53 9473 i 0.86 [0.58; 1.27] 33.9% --
Random effects model 0.86 [0.58; 1.27] -- 33.9%
Heterogeneity: 12= 0%, 12=0, p =0.87
Drug = Empagliflozin
Héring et al., 2013 2 1042 0 431 e 2.07 [0.10; 43.02] 0.6% 0.6%
Rosenstock et al., 2014 1 375 0 188 R S — 1.51 [0.06; 36.79] 0.5% 0.5%
Zinman et al., 2015 58 4687 23 2333 = 1.26 [0.78; 2.03] 22.7% 22.7%
Araki et al., 2015 1 273 0 63 —_— 0.70 [0.03; 16.90] 0.5% 0.5%
Rosenstock et al., 2015 0 324 1 170 ——m————— 0.18 [0.01; 4.28] 0.5% 0.5%
Roden et al., 2015 2 1325 2 877 —_— 0.66 [0.09; 469] 1.4% 1.4%
Hadjadj et al., 2016 1 1072 0 341 0.96 [0.04;23.39] 0.5% 0.5%
Ridderstrale et al., 2018 0 765 1 780 —_—t 0.34 [0.01; 8.33] 0.5% 0.5%
Rodbard et al., 2019 1 409 0 410 —_—T 3.01 [0.12;73.61] 0.5% 0.5%
Fixed effects model 66 10272 27 5593 I 1.16 [0.75; 1.79] 27.8% -
Random effects model 1.16 [0.75; 1.79] -- 27.8%
Heterogeneity: 12=0%,12=0,p=0.94
Drug = Ertugliflozin
Grunberger et al., 2018 1 313 0 154 e 1.48 [0.06; 36.08] 0.5% 0.5%
Cannon et al., 2020 36 5493 22 2745 5 0.82 [0.48; 1.39] 18.8% 18.8%
Fixed effects model 37 5806 22 2899 0.83 [0.49; 1.40] 19.3% --
Random effects model 0.83 [0.49; 1.40] -- 19.3%
Heterogeneity: 12=0%,12=0, p=0.72
Fixed effects model 191 34972 127 24980 0.98 [0.78; 1.24] 100.0% -
Random effects model 0.98 [0.78; 1.24] - 100.0%
Heterogeneity: 12=0%,t2=0, p =0.90 I ' ! I !
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Fig. 3 Forest plot of effects of SGLT2i on peripheral arterial occlusive disease

empagliflozin (10 studies), and ertugliflozin (6 studies)
that looked at all-cause mortality in adverse events,
with a total of 42,665 individuals in the SGLT2i group
and 29,472 individuals in the control group, and an
incidence of 3.98% in the SGLT2i group compared
to 4.73% in the control group. There was no signifi-
cant heterogeneity across the studies (I>=0%, P =0.61
for the Q test) (Fig. 6a). The overall risk ratio was

significant (RR=0.88; 95% CI 0.82-0.94). Subgroup
analysis also showed that, with the exception empa-
gliflozin (RR=0.69; 95% CI: 0.58-0.83) had lower risk
of all-cause mortality, canagliflozin (RR=0.88; 95%
CI 0.76-1.01), dapagliflozin (RR =0.93; 95% CI 0.83—
1.05), and ertugliflozin (RR=0.94; 95% CI 0.81-1.08)
showed similar effect to control. A TSA was con-
ducted using 30 studies with a total of 63,108 patients,
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SGLT2i Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Drug = Canagliflozin
Lavalle-Gonzalez et al., 2013 1 735 0 549 — 2.24 [0.09; 54.91] 0.3% 0.3%
Neal et al., 2015 5 2886 4 1441 —— 0.62 [0.17; 2.32] 2.0% 2.0%
Rosenstock et al., 2016 1 949 0 237 — 0.75 [0.03; 18.36] 0.3% 0.3%
NCT01989754, 2017 20 2904 12 2903 T+ 1.67 [0.82; 3.40] 6.7% 6.7%
Perkovic et al., 2019 14 2200 17 2197 —H— 0.82 [0.41; 1.66] 6.9% 6.9%
Lingvay et al., 2019 0 394 1 392 @ ——m——7—— 0.33 [0.01; 8.12] 0.3% 0.3%
Fixed effects model 41 10068 34 7719 t 1.06 [0.67; 1.67] 16.5% --
Random effects model 1.06 [0.67; 1.67] - 16.5%
Heterogeneity: 12=0%,1t2=0, p =0.63
Drug = Dapagliflozin
Bailey et al., 2013 0 409 1 137 ———+— 0.11 [0.00; 2.73] 0.3% 0.3%
NCT01137474, 2014 1 633 1 311 —_— 0.49 [0.03; 7.83] 0.4% 0.4%
Leiter et al., 2014 1 482 1 483 I e 1.00 [0.06; 15.97] 0.4% 0.4%
Cefalu et al., 2015 1 460 1 462 I E— 1.00 [0.06; 16.01] 0.4% 0.4%
Fioretto et al., 2018 1 160 1 161 I E— 1.01 [0.06; 15.95] 0.4% 0.4%
Scott et al., 2018 0 306 1 307 —_—t 0.33 [0.01; 8.18] 0.3% 0.3%
Wiviott et al., 2019 97 8574 90 8569 1.08 [0.81; 1.43] 41.9% 41.9%
Fixed effects model 101 11024 96 10430 1.04 [0.79; 1.37] 44.3% --
Random effects model 1.04 [0.79; 1.37] - 44.3%
Heterogeneity: 12=0%,12=0, p =0.85
Drug = Empagliflozin
Ferrannini et al., 2013 1 547 1 112 0.20 [0.01; 3.25] 0.4% 0.4%
Zinman et al., 2015 38 4687 22 2333 - 0.86 [0.51; 1.45] 12.5% 12.5%
NCT01649297, 2015 1 876 0 107 —_— 0.37 [0.02; 8.98] 0.3% 0.3%
Roden et al., 2015 1 1325 0 877 e 1.99 [0.08; 48.70] 0.3% 0.3%
Ridderstrale et al., 2018 2 765 2 780 e 1.02 [0.14; 7.22] 0.9% 0.9%
Rodbard et al., 2019 1 409 0 410 —+—— 3.01[0.12;73.61] 0.3% 0.3%
Fixed effects model 44 8609 25 4619 I 0.86 [0.53; 1.38] 14.8% --
Random effects model 0.86 [0.53; 1.38] - 14.8%
Heterogeneity: 2= 0%, 2= 0,p=0.82
Drug = Ertugliflozin
Pratley et al., 2018 1 498 1 247 —_—t— 0.50 [0.03; 7.90] 0.4% 0.4%
Grunberger et al., 2018 0 313 2 154 ——1— 0.10 [0.00; 2.04] 0.4% 0.4%
Rosenstock et al., 2018 1 412 1 209 —_— 0.51 [0.03; 8.07] 0.4% 0.4%
Cannon et al., 2020 69 5493 41 2745 = 0.84 [0.57; 1.23] 23.1% 23.1%
Fixed effects model 71 6716 45 3355 i 0.80 [0.55; 1.16] 24.4% -
Random effects model 0.80 [0.55; 1.16] - 24.4%
Heterogeneity: 12=0%,12=0, p =0.55
Fixed effects model 257 36417 200 26123 4 0.95 [0.79; 1.14] 100.0% -
Random effects model : 4 : | 0.95 [0.79; 1.14] - 100.0%

Heterogeneity: 12=0%,12=0, p =0.96 '
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Fig. 4 Forest plot of effects of SGLT2i on ischemic stroke

a control group incidence rate of 4.73% and a relative
risk reduction of 15.86% (Fig. 6b). Sequential analysis
of trials indicates a sample size of 23,249 is required
to reach 80% power, which is satisfied by the included
studies, thus the cumulative Z-curve reached the trial
sequential monitoring boundaries, demonstrating the
significant protective effect of SGLT2i on all-cause
mortality.

Favors Control

Publication bias

Egger tests showed no publication bias, and the dis-
tribution of publications on the funnel plots for each
meta-analysis was symmetrical (Additional file 5), sug-
gesting that publication bias in this study is unlikely.
Furthermore, when only papers with low risk of bias
were included in the analysis, the outcomes of this
study remained unaffected.
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(a) SGLT2i Control Weight Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Drug = Canagliflozin
Cefalu et al., 2013 0 968 1 482 0.17 [0.01; 4.07] 0.1% 0.3%
Bode et al., 2015 0 477 0 237 0.0% 0.0%
Rosenstock et al., 2016 0 949 1 237 0.08 [0.00; 2.04] 0.1% 0.3%
NCT01989754, 2017 0 2904 1 2903 0.33 [0.01; 8.18] 0.1% 0.3%
Perkovic et al., 2019 110 2202 140 2199 0.78 [0.62; 1.00] 16.1% 21.1%
Fixed effects model 110 7500 143 6058 < 0.76 [0.60; 0.97] 16.4% -
Random effects model < 0.75 [0.55; 1.02] - 22.0%
Heterogeneity: 1> = 1%, 12 = 0.0103, p = 0.39
Drug = Dapagliflozin
Strojek et al., 2011 0 450 0 146 0.0% 0.0%
Nauck et al., 2011 0 406 2 408 0.20 [0.01; 417] 0.1% 0.3%
Henry et al., 2012 0 827 1 409 0.16 [0.01; 4.04] 0.1% 0.3%
Bailey et al., 2013 1 409 0 137 1.01 [0.04;24.58] 0.1% 0.3%
Wilding et al., 2014 1 610 0 197 0.97 [0.04; 23.73] 0.1% 0.3%
Cefalu et al., 2015 5 460 1 462 5.02 [0.59; 42.82] 0.2% 0.7%
Bailey et al., 2015 0 410 0 75 0.0% 0.0%
Wiviott et al., 2019 245 8582 249 8578 0.98 [0.83; 1.17] 31.4% 26.2%
Fixed effects model 252 12154 253 10412 0.98 [0.83; 1.17] 32.0% -
Random effects model 0.98 [0.83; 1.17] - 28.1%
Heterogeneity: 2= 0%, 2= 0,p =048
Drug = Empagliflozin
Héring et al., 2013 0 542 0 225 0.0% 0.0%
Rosenstock et al., 2014 0 375 0 188 0.0% 0.0%
Zinman et al., 2015 172 4687 137 2333 0.62 [0.50; 0.78] 19.8% 22.8%
Araki et al., 2015 0 273 0 63 0.0% 0.0%
Hadjadj et al., 2016 0 1072 0 341 0.0% 0.0%
Fixed effects model 172 6949 137 3150 < 0.62 [0.50; 0.78] 19.8% -
Random effects model L 0.62 [0.50; 0.78] - 22.8%
Heterogeneity: not applicable
Drug = Ertugliflozin
Dagogo-Jack et al., 2018 0 309 0 153 0.0% 0.0%
Pratley et al., 2018 1 498 0 247 1.49 [0.06; 36.43] 0.1% 0.3%
Grunberger et al., 2018 1 313 0 154 1.48 [0.06; 36.08] 0.1% 0.3%
Rosenstock et al., 2018 0 412 1 209 0.17 [0.01; 4.14] 0.1% 0.3%
Cannon et al., 2020 341 5499 184 2747 0.93 [0.78; 1.10] 31.6% 26.3%
Fixed effects model 343 7031 185 3510 0.92 [0.78; 1.10] 31.8% -
Random effects model 0.92 [0.78; 1.10] - 27.2%
Heterogeneity: /2 = 0%, t2=0, p =0.74
Fixed effects model 877 33634 718 23130 0.85 [0.77; 0.93] 100.0% -
Random effects model 0.82 [0.69; 0.97] -- 100.0%
Heterogeneity: 1=32%, 12 =0.0226, p = 0.11
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Fig. 5 a Forest plot, and b Trial Sequential Analysis of effects of SGLT2i on cardiovascular mortality in 23 studies
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SGLT2i Control Weight  Weight
Study Events Total Events Total Risk Ratio RR 95%-Cl (fixed) (random)
Drug = Canagliflozin
Cefalu et al., 2013 6 968 2 482 —r— 1.49 [0.30; 7.37] 0.2% 0.2%
Lavalle-Gonzélez et al., 2013 1 735 2 549 —_— 0.37 [0.03; 4.11] 0.1% 0.1%
Yale etal., 2014 1179 0 90 —_—— 1.51 [0.06; 36.76] 0.0% 0.0%
Neal et al., 2015 134 2886 74 1441 E 0.90 [0.69; 1.19] 6.3% 6.3%
Bode et al., 2015 0 477 0 237 0.0% 0.0%
Rosenstock et al., 2016 0 949 0 237 0.0% 0.0%
NCT01989754, 2017 68 2904 71 2903 + 0.96 [0.69; 1.33] 4.5% 4.5%
Perkovic et al., 2019 168 2202 201 2199 0.83 [0.69; 1.02] 12.5% 12.5%
Lingvay et al., 2019 0 394 1 392 — T 0.33 [0.01; 8.12] 0.0% 0.0%
Fixed effects model 378 11694 351 8530 0.88 [0.76; 1.01] 23.6% -
Random effects model 0.88 [0.76; 1.01] - 23.6%
Heterogeneity: 12=0%,t%=0, p=0.92
Drug = Dapagliflozin
Strojek et al., 2011 2 450 0 146 —_—— 1.63 [0.08; 33.67] 0.1% 0.1%
Nauck et al., 2011 0 406 3 408 ——m—— 0.14 [0.01; 2.77] 0.1% 0.1%
Henry et al., 2012 1 827 1 409 —_—— 0.49 [0.03; 7.89] 0.1% 0.1%
Bailey et al., 2013 2 409 1 137 —i— 0.67 [0.06; 7.33] 0.1% 0.1%
Wilding et al., 2014 3 610 0 197 —_— 2.26 [0.12;43.65] 0.1% 0.1%
Leiter et al., 2014 2 482 1 483 —— 2.00 [0.18;22.03] 0.1% 0.1%
Cefalu etal., 2015 7 460 2 462 — 3.52 [0.73; 16.83] 0.2% 0.2%
Bailey et al., 2015 1 410 0 75 —_—— 0.55 [0.02; 13.42] 0.0% 0.0%
Matthaei et al., 2015 0 109 0 109 0.0% 0.0%
Fioretto et al., 2018 0 160 0 161 0.0% 0.0%
Scott et al., 2018 0 306 0 307 0.0% 0.0%
Miiller-Wieland etal., 2018 0 313 0 312 0.0% 0.0%
Wiviott et al., 2019 529 8582 570 8578 0.93 [0.83; 1.04] 36.7% 36.7%
Fixed effects model 547 13524 578 11784 0.93 [0.83; 1.05] 37.3% -
Random effects model 0.93 [0.83; 1.05] - 37.3%
Heterogeneity: /2 = 0%, t2=0, p = 0.70
Drug = Empagliflozin
Héring etal., 2013 0 542 0 225 0.0% 0.0%
Ferrannini et al., 2013 0 547 1 102 ————— 0.06 [0.00; 1.52] 0.0% 0.0%
Barnett et al., 2014 1 419 3 319 — 0.25 [0.03; 2.43] 0.1% 0.1%
Rosenstock et al., 2014 1 375 0 188 —_— 1.51 [0.06; 36.79]  0.0% 0.0%
Zinman et al., 2015 269 4687 194 2333 0.69 [0.58; 0.82] 15.2% 15.2%
Araki et al., 2015 0 273 0 63 0.0% 0.0%
Roden et al., 2015 1 447 0 452 e — 3.03 [0.12; 74.27] 0.0% 0.0%
Hadjadj et al., 2016 0 1072 0 341 0.0% 0.0%
Ridderstrale et al., 2018 5 765 5 780 —r— 1.02 [0.30; 3.51] 0.3% 0.3%
Rodbard et al., 2019 1 409 0 410 s 3.01[0.12;73.61] 0.0% 0.0%
Fixed effects model 278 9536 203 5213 L 0.69 [0.58; 0.83] 15.8% -
Random effects model L 0.69 [0.58; 0.83] - 15.8%
Heterogeneity: 12=0%,t%=0, p=0.52
Drug = Ertugliflozin
Dagogo-Jack et al., 2018 0 309 0 153 0.0% 0.0%
Pratley et al., 2018 1 498 0 247 —_— 1.49 [0.06; 36.43]  0.0% 0.0%
Grunberger et al., 2018 7 313 3 154 —i— 1.15 [0.30; 4.38] 0.3% 0.3%
Rosenstock et al., 2018 3 412 3 209 —— 0.51 [0.10; 2.49] 0.2% 0.2%
Hollander et al., 2019 9 880 1 435 A 4.45 [0.57;35.00] 0.1% 0.1%
Cannon et al., 2020 473 5499 254 2747 0.93 [0.80; 1.08] 22.7% 22.7%
Fixed effects model 493 7911 261 3945 0.94 [0.81; 1.08] 23.3% -
Random effects model 0.94 [0.81; 1.08] - 23.3%
Heterogeneity: /2 = 0%, t2=0, p = 0.57
Fixed effects model 1696 42665 1393 29472 0.88 [0.82; 0.94] 100.0% -
Random effects model 0.88 [0.82; 0.94] - 100.0%
Heterogeneity: /2 = 0%, t2=0, p = 0.61
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Fig. 6 a Forest plot, and b Trial Sequential Analysis of effects of SGLT2i on all-cause mortality in 38 studies
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Literature quality assessment

Additional File 3 shows the quality assessment figure for
the 43 studies in this meta-analysis. The potential for bias
was broken down into its constituent parts, beginning
with the risk of bias associated with the randomization
procedure, followed by those associated with deviation
from the intended intervention, missing outcomes, the
way the outcome was measured, selective reporting, and
the overall risk of bias. We found over half of the studies
have a low risk of bias, while just a few having a high risk
of bias.

Discussion

In this meta-analysis of 43 RCTs to compare the effec-
tiveness of SGLT2i treatment in reducing the risk of ACS,
PAOD, and IS in a total of 79,502 patients with type 2
diabetes (48,568 used SGLT2i treatment and 30,936 used
placebo or oral hypoglycemic drugs). For each drug, we
covered large RCTs, such as CANVAS (NCT01032629,
4330 people) [20], CANVAS-R (NCT01989754, 5812
people), CREDENCE (NCT02065791, 4401 people) [23]
for canagliflozin, DECLARE-TIMI58 (NCT01730534,
17,160 people) [19] for dapagliflozin; EMPA-REG
(NCT01131676, 7088 people) [18] for empagliflozin;
and MK-8835-004 (NCT01986881, 8246 people) [22] for
ertugliflozin. There was no significant difference in the
risk of these three diseases between the SGLT2i group
and the control group. We examined cardiovascular
mortality and all-cause mortality and found that they
were lower in the group using SGLT2i, which is consist-
ent with previous studies [24—27], lending support to this
study’s validity and indicating that there was no bias in
the included trials.

Implications for SGLT2i in acute coronary syndrome

Our results showed that the use of SGLT2i did not sig-
nificantly change the incidence of ACS. This is in contrast
to a 2017 network meta-analysis by Lee et al. that found
SGLT2i to significantly decrease the incidence of ACS
compared with the placebo group (N=6606, RR=0.50,
95% CI 0.29-0.86)[28], but no significant differences
when compared to metformin (N=1434, RR=0.66, 95%
CI=0.08-5.64) or sulfonylurea (N=2264, RR=0.58, 95%
CI 0.17-1.97). Nevertheless, our results vary from those
of Lee et al., because four large-scale RCTs conducted
after 2017 (N=35,614) were left out of their analysis.

Implications for SGLT2i on peripheral arterial occlusive
disease

A 2021 meta-analysis by Lin et al. (N=65,131) found
an increased risk of developing peripheral arterial dis-
ease (PAD) in patients using SGLT2i hypoglycemic
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medications (OR=1.21, 95% CI 1.03-1.42), particularly
in patients with canagliflozin (OR=1.53, 95% CI 1.14—
2.05)[29]. Our results showed that the use of SGLT2i did
not significantly change the incidence of PAOD in dia-
betic patients. The key difference between our definition
of PAOD and the Lin et al. study’s definition of PAD is
that the latter includes 17 specific terms to better explain
amputation and diabetic foot-related PAD. In addition,
individuals with type 1 diabetes were included in the Lin
et al. study, while our emphasis was on those with type
2. Consistent with our findings, another meta-analysis
conducted in 2021 by Liao et al. (N=59,692) indicated
that SGLT2i had no effect on PAOD (RR=1.03, 95% CI
0.75-1.25)[30]. However, sample sizes under 1000 people
were not analyzed in Liao et al. study and they included
patients other than type 2 diabetes.

Implications for SGLT2i on ischemic stroke

Zhou et al. conducted a meta-analysis in 2021
(N=38,723) and showed that the usage of SGLT2i did
not substantially change the incidence of IS (RR=1.04,
95% CI 0.92-1.18) [31], which is in line with our results
on IS. Tsai et al’s meta-analysis (N=46,969) from 2021
also reported no significant difference for IS (RR=0.99,
95% CI 0.89-1.12) [32].

There are limitations to this study. Even if heterogeneity
is absent (/2 <50%), baseline variations in clinical settings,
age, follow-up and disease duration may bias the results.
We provide both the fixed and random effects model to
allow for the clinical heterogeneity seen across several
studies. The random effects model produces findings
that are comparable to those obtained using the fixed
effects model. Second, in order to determine the total
occurrences connected to our outcomes, we assumed
that studies would use the same definitions of adverse
events and inclusion and exclusion criteria. Third, there
may be discrepancies in the number of cases reported
for the same disease on ClinicalTrials.gov across funding
organizations. We may have under-estimated the actual
incidence since we applied a strict disease definition to
prevent multiple-counting of the same patient. Advan-
tages of our meta-analysis include the fact that it is one
of the few to include ACS, PAOD, and IS, as well as the
fact that we included both small and unpublished studies
found on ClinicalTrials.gov.

Conclusion

Our meta-analysis of RCTs through November 2022
shows SGLT2i use was associated with a reduction in
cardiovascular mortality and all-cause mortality that are
consistent with previous research. However, contrary to
notions about the cardiovascular effects of SGLT2i, peo-
ple with diabetes who are treated with these drugs do not
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have a significantly decreased chance of developing ACS,
PAOD, or IS compared to the controls. There is currently
not enough data for their meta-analysis to be statistically
significant. This may be because of the low incidence of
disease in the control group and the modest relative risk
reduction for SGLT?2i treatment.

Abbreviations

SGLT2i Sodium-glucose transporter 2 inhibitors
ACS Acute coronary syndrome

PAOD Peripheral arterial occlusive disease

IS Ischemic stroke

ASCVD Atherosclerotic cardiovascular diseases
RR Risk ratio

AE Adverse events

OR Odds ratio

HR Hazard ratio

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512933-023-01789-5.

Additional file 1. Database search algorithm.

Additional file 2. Cochrane risk-of-bias tool (RoB2) used to assess the
quality of a study.

Additional file 3. Summary of overall risk of biases in a study.

Additional file 4. Subgroup analysis of studies separated by the presence
or absence of atherosclerotic cardiovascular disease at baseline.

Additional file 5. Funnel plots of publication bias for (a) acute coronary
syndrome, (b) peripheral arterial occlusive disease, (c) ischemic stroke, (d)
cardiovascular mortality, and (e) all-cause mortality.

Acknowledgements
Not applicable.

Author contributions

PCT and YYH initiated the concept and supervised the study; WHC, RXC, and
CHC performed formal analysis and result visualization; YYH, AMSK, and CHC
reviewed the clinical information of the studies; PCT, YYH, and AMSK prepared
the manuscript. All authors read and approved the final manuscript.

Funding

PCT was funded by Chang Gung Memorial Hospital, grant number CMR-
PD1MO0411, and National Science and Technology Council, Taiwan, grant num-
ber MOST109-2221-E-182-045-MY3 and MOST109-2927-1-182-502; YYH was
funded by Chang Gung Memorial Hospital, grant number CMRPG3K0861-2
and CMRPG3MO0421.

Availability of data and materials

The review has not been registered; The dataset(s) supporting the conclusions
of this article are included within the article.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Page 13 of 15

Author details

'Department and Graduate Institute of Biomedical Sciences, Chang Gung
University, No. 259, Wenhua 1st Rd, Guishan Dist., Taoyuan City 33302, Taiwan.
2Master's Program in Clinical Trials and Assessment, Department of Biomedi-
cal Sciences, Chang Gung University, No. 259, Wenhua 1st Rd, Guishan Dist,,
Taoyuan City 33302, Taiwan. >Molecular Infectious Disease Research Center,
Chang Gung Memorial Hospital, No. 5, Fuxing st., Guishan Dist., Taoyuan

City 333, Taiwan. “Healthy Aging Research Center, Chang Gung University, No.
259, Wenhua 1st Rd, Guishan Dist, Taoyuan City 33302, Taiwan. *Cardiovascular
Department, Chang Gung Memorial Hospital, No. 5, Fuxing st., Guishan Dist,,
Taoyuan City 333, Taiwan. ®Division of Pediatric Infectious Diseases, Depart-
ment of Pediatrics, Chang Gung Memorial Hospital, No. 5, Fuxing st., Guishan
Dist,, Taoyuan City 333, Taiwan. ’School of Medicine, Chang Gung University,
No. 259, Wenhua 1st Rd, Guishan Dist.,, Taoyuan City 33302, Taiwan.

Received: 21 January 2023 Accepted: 3 March 2023
Published online: 13 March 2023

References

1. American Diabetes Association Professional Practice Committee. 9. Phar-
macologic approaches to glycemic treatment standards of medical care
in diabetes-2022. Diabetes Care. 2022;45(Suppl 1):5125-43.

2. DeFronzo RA, Norton L, Abdul-Ghani M. Renal, metabolic and car-
diovascular considerations of SGLT2 inhibition. Nat Rev Nephrol.
2017;13(1):11-26.

3. Tentolouris A, Vlachakis P, Tzeravini E, Eleftheriadou |, Tentolouris N. SGLT2
inhibitors: a review of their antidiabetic and cardioprotective effects. Int J
Environ Res Public Health. 2019;16(16):2965.

4. Kaze AD, Zhuo M, Kim SC, Patorno E, Paik JM. Association of SGLT2 inhibi-
tors with cardiovascular, kidney, and safety outcomes among patients
with diabetic kidney disease: a meta-analysis. Cardiovasc Diabetol.
2022;21(1)47.

5. Chan GC, Ng JK, Chow KM, Szeto CC. SGLT2 inhibitors reduce adverse
kidney and cardiovascular events in patients with advanced diabetic
kidney disease: a population-based propensity score-matched cohort
study. Diabetes Res Clin Pract. 2023;195: 110200.

6. LiM,YiT FanF, QiuL, Wang Z, Weng H, MaW, Zhang Y, Huo Y. Effect of
sodium-glucose cotransporter-2 inhibitors on blood pressure in patients
with heart failure: a systematic review and meta-analysis. Cardiovasc
Diabetol. 2022;21(1):139.

7. Jhund PS. SGLT2 inhibitors and heart failure with preserved ejection frac-
tion. Heart Fail Clin. 2022;18(4):579-86.

8. Elrakaybi A, Laubner K, Zhou Q, Hug MJ, Seufert J. Cardiovascular protec-
tion by SGLT2 inhibitors—Do anti-inflammatory mechanisms play a role?
Mol Metab. 2022;64: 101549.

9. ChenS, Coronel R, Hollmann MW, Weber NC, Zuurbier CJ. Direct cardiac
effects of SGLT2 inhibitors. Cardiovasc Diabetol. 2022;21(1):45.

10. Bancks MP, Ning H, Allen NB, Bertoni AG, Carnethon MR, Correa A,
Echouffo-Tcheugui JB, Lange LA, Lloyd-Jones DM, Wilkins JT. Long-term
absolute risk for cardiovascular disease stratified by fasting glucose level.
Diabetes Care. 2019;42(3):457-65.

11. Nelson AJ, Peterson ED, Pagidipati NJ. Atherosclerotic cardiovascular
disease and heart failure: determinants of risk and outcomes in patients
with diabetes. Prog Cardiovasc Dis. 2019;62(4):306-14.

12. LiuZ MaX, llyas |, Zheng X, Luo S, Little PJ, Kamato D, Sahebkar A, Wu W,
Weng J, et al. Impact of sodium glucose cotransporter 2 (SGLT2) inhibi-
tors on atherosclerosis: from pharmacology to pre-clinical and clinical
therapeutics. Theranostics. 2021;11(9):4502-15.

13. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,
Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020 state-
ment: an updated guideline for reporting systematic reviews. Int J Surg.
2021,;88: 105906.

14. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ. Cochrane
Handbook for Systematic Reviews of Interventions version 6.2; 2021.

15. Sterne JAC, Savovic J, Page MJ, Elbers RG, Blencowe NS, Boutron |, Cates
CJ, Cheng HY, Corbett MS, Eldridge SM, et al. RoB 2: a revised tool for
assessing risk of bias in randomised trials. BMJ. 2019;366: 14898.

16. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BMJ. 1997,315(7109):629-34.


https://doi.org/10.1186/s12933-023-01789-5
https://doi.org/10.1186/s12933-023-01789-5

Tsai et al. Cardiovascular Diabetology

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

(2023) 22:57

Wetterslev J, Jakobsen JC, Gluud C. Trial Sequential Analysis in systematic
reviews with meta-analysis. BMC Med Res Methodol. 2017;17(1):39.
Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S,
Mattheus M, Devins T, Johansen OE, Woerle HJ, et al. Empagliflozin,
cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J Med.
2015;373(22):2117-28.

Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman MG,
Zelniker TA, Kuder JF, Murphy SA, et al. Dapagliflozin and cardiovascular
outcomes in type 2 diabetes. N Engl J Med. 2018;380(4):347-57.

Neal B, Perkovic V, de Zeeuw D, Mahaffey KW, Fulcher G, Ways K, Desai M,
Shaw W, Capuano G, Alba M, et al. Efficacy and safety of canagliflozin, an
inhibitor of sodium-glucose cotransporter 2, when used in conjunction
with insulin therapy in patients with type 2 diabetes. Diabetes Care.
2014,38(3):403-11.

Cefalu WT, Leiter LA, de Bruin TWA, Gause-Nilsson |, Sugg J, Parikh SJ.
Dapagliflozin’s effects on glycemia and cardiovascular risk factors in high-
risk patients with type 2 diabetes: a 24-week, multicenter, randomized,
double-blind, placebo-controlled study with a 28-week extension.
Diabetes Care. 2015;38(7):1218-27.

Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz
U, Charbonnel B, Frederich R, Gallo S, Cosentino F, et al. Cardiovas-

cular outcomes with ertugliflozin in type 2 diabetes. N Engl J Med.
2020;383(15):1425-35.

Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan

DM, Edwards R, Agarwal R, Bakris G, Bull S, et al. Canagliflozin and

renal outcomes in type 2 diabetes and nephropathy. N Engl J Med.
2019;380(24):2295-306.

Palmer SC, Tendal B, Mustafa RA, Vandvik PO, Li S, Hao Q, Tunnicliffe D,
Ruospo M, Natale P, Saglimbene V, et al. Sodium-glucose cotransporter
protein-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) recep-
tor agonists for type 2 diabetes: systematic review and network meta-
analysis of randomised controlled trials. BMJ. 2021;372:m4573-m4573.
Butler J, Usman MS, Khan MS, Greene SJ, Friede T, Vaduganathan M,
Filippatos G, Coats AJS, Anker SD. Efficacy and safety of SGLT2 inhibi-
tors in heart failure: systematic review and meta-analysis. ESC Heart Fail.
2020;7(6):3298-309.

Zannad F, Ferreira JP, Pocock SJ, Anker SD, Butler J, Filippatos G, Brueck-
mann M, Ofstad AP, Pfarr E, Jamal W, et al. SGLT2 inhibitors in patients
with heart failure with reduced ejection fraction: a meta-analysis of the
EMPEROR-reduced and DAPA-HF trials. Lancet. 2020;396(10254):819-29.
Zelniker TA, Wiviott SD, Raz I, Im K, Goodrich EL, Bonaca MP, Mosenzon
O, Kato ET, Cahn A, Furtado RHM, et al. SGLT2 inhibitors for primary and
secondary prevention of cardiovascular and renal outcomes in type 2
diabetes: a systematic review and meta-analysis of cardiovascular out-
come trials. Lancet. 2019;393(10166):31-9.

Lee G, Oh SW, Hwang SS, Yoon JW, Kang S, Joh HK, Kwon H, Kim J, Park
D. Comparative effectiveness of oral antidiabetic drugs in preventing
cardiovascular mortality and morbidity: a network meta-analysis. PLoS
ONE. 2017;12(5): e0177646.

Lin C, Zhu X, Cai X, Yang W, Lv F, Nie L, Ji L. SGLT2 inhibitors and lower
limb complications: an updated meta-analysis. Cardiovasc Diabetol.
2021;20(1):91.

Liao XX, LiWQ, Peng ZK, Yu HB, Tan J. Three new categories of hypogly-
caemic agents and various cardiovascular diseases: a meta-analysis. J Clin
Pharm Ther. 2022;47(5):636-42.

Zhou Z, Jardine MJ, Li Q, Neuen BL, Cannon CP, de Zeeuw D, Edwards

R, Levin A, Mahaffey KW, Perkovic V, et al. Effect of SGLT2 inhibitors on
stroke and atrial fibrillation in diabetic kidney disease: results from the
CREDENCE trial and meta-analysis. Stroke. 2021;52(5):1545-56.

Tsai WH, Chuang SM, Liu SC, Lee CC, Chien MN, Leung CH, Liu SJ, Shih
HM. Effects of SGLT2 inhibitors on stroke and its subtypes in patients
with type 2 diabetes: a systematic review and meta-analysis. Sci Rep.
2021;11(1):15364.

Lavalle-Gonzalez FJ, Januszewicz A, Davidson J, Tong C, Qiu R, Cano-
vatchel W, Meininger G. Efficacy and safety of canagliflozin compared
with placebo and sitagliptin in patients with type 2 diabetes on
background metformin monotherapy: a randomised trial. Diabetologia.
2013;56(12):2582-92.

Cefalu WT, Leiter LA, Yoon KH, Arias P, Niskanen L, Xie J, Balis DA,
Canovatchel W, Meininger G. Efficacy and safety of canagliflozin versus
glimepiride in patients with type 2 diabetes inadequately controlled with

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

Page 14 of 15

metformin (CANTATA-SU): 52 week results from a randomised, double-
blind, phase 3 non-inferiority trial. Lancet. 2013;382(9896):941-50.

Yale JF, Bakris G, Cariou B, Nieto J, David-Neto E, Yue D, Wajs E, Figueroa

K, Jiang J, Law G. Efficacy and safety of canagliflozin over 52 weeks in
patients with type 2 diabetes mellitus and chronic kidney disease. Diabe-
tes Obes Metab. 2014;16(10):1016-27.

Bode B, Stenlof K, Harris S, Sullivan D, Fung A, Usiskin K, Meininger

G. Long-term efficacy and safety of canagliflozin over 104 weeks in
patients aged 55-80 years with type 2 diabetes. Diabetes Obes Metab.
2015;17(3):294-303.

Rosenstock J, Chuck L, Gonzélez-Ortiz M, Merton K, Craig J, Capuano

G, Qiu R. Initial combination therapy with canagliflozin plus metformin
versus each component as monotherapy for drug-naive type 2 diabetes.
Diabetes Care. 2016;39(3):353-62.

Lingvay |, Catarig AM, Frias JP, Kumar H, Lausvig NL, le Roux CW, Thielke D,
Viljoen A, McCrimmon RJ. Efficacy and safety of once-weekly semaglutide
versus daily canagliflozin as add-on to metformin in patients with type 2
diabetes (SUSTAIN 8): a double-blind, phase 3b, randomised controlled
trial. Lancet Diabetes Endocrinol. 2019;7(11):834-44.

Nauck MA, Del Prato S, Meier JJ, Durdn-Garcia S, Rohwedder K, Elze M,
Parikh SJ. Dapagliflozin versus glipizide as add-on therapy in patients
with type 2 diabetes who have inadequate glycemic control with
metformin: a randomized, 52-week, double-blind, active-controlled
noninferiority trial. Diabetes Care. 2011;34(9):2015-22.

Strojek K, Yoon K, Hruba V, Elze M, Langkilde A, Parikh S. Effect of dapagli-
flozin in patients with type 2 diabetes who have inadequate glycaemic
control with glimepiride: a randomized, 24-week, double-blind, placebo-
controlled trial. Diabetes Obes Metab. 2011;13(10):928-38.

Henry R, Murray A, Marmolejo M, Hennicken D, Ptaszynska A, List J.
Dapagliflozin, metformin XR, or both: initial pharmacotherapy for type 2
diabetes, a randomised controlled trial. Int J Clin Pract. 2012,66(5):446-56.
Bailey CJ, Gross JL, Hennicken D, Igbal N, Mansfield TA, List JF. Dapagliflo-
zin add-on to metformin in type 2 diabetes inadequately controlled with
metformin: a randomized, double-blind, placebo-controlled 102-week
trial. BMC Med. 2013;11:43-43.

Leiter LA, Cefalu WT, de Bruin TW, Gause-Nilsson |, Sugg J, Parikh SJ.
Dapagliflozin added to usual care in individuals with type 2 diabetes
mellitus with preexisting cardiovascular disease: a 24-week, multicenter,
randomized, double-blind, placebo-controlled study with a 28-week
extension. J Am Geriatr Soc. 2014,62(7):1252-62.

. Wilding J, Woo V, Rohwedder K, Sugg J, Parikh S, Group DS. Dapagliflozin

in patients with type 2 diabetes receiving high doses of insulin: efficacy
and safety over 2 years. Diabetes Obesity Metab. 2014;16(2):124-36.
Bailey CJ, Morales Villegas EC, Woo V, Tang W, Ptaszynska A, List JF. Efficacy
and safety of dapagliflozin monotherapy in people with type 2 diabetes:
a randomized double-blind placebo-controlled 102-week trial. Diabet
Med. 2015;32(4):531-41.

Matthaei S, Bowering K, Rohwedder K, Grohl A, Parikh S. Group ftS:
dapagliflozin improves glycemic control and reduces body weight as
add-on therapy to metformin plus sulfonylurea: a 24-week randomized
double-blind clinical trial. Diabetes Care. 2015;38(3):365-72.
Muller-Wieland D, Kellerer M, Cypryk K, Skripova D, Rohwedder K, Johns-
son E, Garcia-Sanchez R, Kurlyandskaya R, Sjostrém CD, Jacob S, et al.
Efficacy and safety of dapagliflozin or dapagliflozin plus saxagliptin versus
glimepiride as add-on to metformin in patients with type 2 diabetes.
Diabetes Obes Metab. 2018;20(11):2598-607.

Scott R, Morgan J, Zimmer Z, Lam RLH, O'Neill EA, Kaufman KD, Engel SS,
Raji A. A randomized clinical trial of the efficacy and safety of sitagliptin
compared with dapagliflozin in patients with type 2 diabetes mellitus
and mild renal insufficiency: the CompoSIT-R study. Diabetes Obes
Metab. 2018;20(12):2876-84.

Fioretto P, Del Prato S, Buse JB, Goldenberg R, Giorgino F, Reyner D,
Langkilde AM, Sjéstrom CD, Sartipy P, Investigators DS. Efficacy and safety
of dapagliflozin in patients with type 2 diabetes and moderate renal
impairment (chronic kidney disease stage 3A): the DERIVE study. Diabetes
Obes Metab. 2018;20(11):2532-40.

Yang W, Ma J, LiY, LiY, Zhou Z, Kim JH, Zhao J, Ptaszynska A. Dapagliflozin
as add-on therapy in Asian patients with type 2 diabetes inadequately
controlled on insulin with or without oral antihyperglycemic drugs: a
randomized controlled trial. J Diabetes. 2018;10(7):589-99.



Tsai et al. Cardiovascular Diabetology

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

(2023) 22:57

Haring H-U, Merker L, Seewaldt-Becker E, Weimer M, Meinicke T,

Woerle HJ, Broed! UC. Investigators E-RMT: Empagliflozin as add-on to
metformin plus sulfonylurea in patients with type 2 diabetes: a 24-week,
randomized, double-blind, placebo-controlled trial. Diabetes Care.
2013;36(11):3396-404.

Ferrannini E, Berk A, Hantel S, Pinnetti S, Hach T, Woerle HJ, Broed!

UC. Long-term safety and efficacy of empagliflozin, sitagliptin, and
metformin: an active-controlled, parallel-group, randomized, 78-week
open-label extension study in patients with type 2 diabetes. Diabetes
Care. 2013;36(12):4015-21.

Barnett AH, Mithal A, Manassie J, Jones R, Rattunde H, Woerle HJ, Broed|
UC. investigators E-RRt: efficacy and safety of empagliflozin added to
existing antidiabetes treatment in patients with type 2 diabetes and
chronic kidney disease: a randomised, double-blind, placebo-controlled
trial. Lancet Diabetes Endocrinol. 2014;2(5):369-84.

Rosenstock J, Jelaska A, Frappin G, Salsali A, Kim G, Woerle HJ, Broed| UC.
Investigators obotE-RMT: improved glucose control with weight loss,
lower insulin doses, and no increased hypoglycemia with empagliflozin
added to titrated multiple daily injections of insulin in obese inad-
equately controlled type 2 diabetes. Diabetes Care. 2014;37(7):1815-23.
Roden M, Merker L, Christiansen AV, Roux F, Salsali A, Kim G, Stella P,
Woerle HJ, Broed! UC. investigators E-REGEM: safety, tolerability and
effects on cardiometabolic risk factors of empagliflozin monotherapy

in drug-naive patients with type 2 diabetes: a double-blind exten-

sion of a Phase Ill randomized controlled trial. Cardiovasc Diabetol.
2015;14:154-154.

Rosenstock J, Jelaska A, Zeller C, Kim G, Broed| UC, Woerle HJ. investiga-
tors E-RBt: impact of empagliflozin added on to basal insulin in type 2
diabetes inadequately controlled on basal insulin: a 78-week rand-
omized, double-blind, placebo-controlled trial. Diabetes Obes Metab.
2015;17(10):936-48.

Araki E, Tanizawa Y, Tanaka Y, Taniguchi A, Koiwai K, Kim G, Salsali A,
Woerle HJ, Broed| UC. Long-term treatment with empagliflozin as add-on
to oral antidiabetes therapy in Japanese patients with type 2 diabetes
mellitus. Diabetes Obes Metab. 2015;17(7):665-74.

Hadjadj S, Rosenstock J, Meinicke T, Woerle HJ, Broed| UC. Initial combina-
tion of empadgliflozin and metformin in patients with type 2 diabetes.
Diabetes Care. 2016;39(10):1718-28.

Ridderstrale M, Rosenstock J, Andersen KR, Woerle HJ, Salsali A. investiga-
tors ERHHSt: empagliflozin compared with glimepiride in metformin-
treated patients with type 2 diabetes: 208-week data from a masked
randomized controlled trial. Diabetes Obes Metab. 2018;20(12):2768-77.
Rodbard HW, Rosenstock J, Canani LH, Deerochanawong C, Gumprecht
J, Lindberg S@, Lingvay |, Sendergaard AL, Treppendahl MB, Montanya

E, et al. Oral semaglutide versus empagliflozin in patients with type 2
diabetes uncontrolled on metformin: The PIONEER 2 trial. Diabetes Care.
2019;42(12):2272-81.

Pratley RE, Eldor R, Raji A, Golm G, Huyck SB, QiuY, Sunga S, Johnson J,
Terra SG, Mancuso JP, et al. Ertugliflozin plus sitagliptin versus either indi-
vidual agent over 52 weeks in patients with type 2 diabetes mellitus inad-
equately controlled with metformin: the VERTIS FACTORIAL randomized
trial. Diabetes Obes Metab. 2018;20(5):1111-20.

Rosenstock J, Frias J, Péll D, Charbonnel B, Pascu R, Saur D, Darekar A,
Huyck S, Shi H, Lauring B, et al. Effect of ertugliflozin on glucose control,
body weight, blood pressure and bone density in type 2 diabetes mel-
litus inadequately controlled on metformin monotherapy (VERTIS MET).
Diabetes Obes Metab. 2018;20(3):520-9.

Grunberger G, Camp S, Johnson J, Huyck S, Terra SG, Mancuso JP, Jiang
ZW, Golm G, Engel SS, Lauring B. Ertugliflozin in patients with stage 3
chronic kidney disease and type 2 diabetes mellitus: the VERTIS RENAL
randomized study. Diabetes Ther. 2018;9(1):49-66.

Dagogo-Jack S, Liu J, Eldor R, Amorin G, Johnson J, Hille D, Liao Y, Huyck S,
Golm G, Terra SG, et al. Efficacy and safety of the addition of ertugliflozin
in patients with type 2 diabetes mellitus inadequately controlled with
metformin and sitagliptin: the VERTIS SITA2 placebo-controlled rand-
omized study. Diabetes Obes Metab. 2018;20(3):530-40.

Hollander P, Hill J, Johnson J, Jiang ZW, Golm G, Huyck S, Terra SG,
Mancuso JP, Engel SS, Lauring B. Results of VERTIS SU extension study:
safety and efficacy of ertugliflozin treatment over 104 weeks compared
to glimepiride in patients with type 2 diabetes mellitus inadequately

Page 15 of 15

controlled on metformin. Curr Med Res Opin. 2019. https://doi.org/10.
1080/03007995.2019.1583450.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1080/03007995.2019.1583450
https://doi.org/10.1080/03007995.2019.1583450

	Neutral effects of SGLT2 inhibitors in acute coronary syndromes, peripheral arterial occlusive disease, or ischemic stroke: a meta-analysis of randomized controlled trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Database sources and search strategy
	Inclusion and exclusion criteria
	Outcome measures
	Data extraction and quality assessment
	Statistical analysis

	Results
	Baseline characteristics of included studies
	Effect of SGLT2i on acute coronary syndrome
	Effect of SGLT2i on peripheral arterial occlusive disease
	Effect of SGLT2i on ischemic stroke
	Effect of SGLT2i on cardiovascular mortality and all-cause mortality
	Publication bias
	Literature quality assessment

	Discussion
	Implications for SGLT2i in acute coronary syndrome
	Implications for SGLT2i on peripheral arterial occlusive disease
	Implications for SGLT2i on ischemic stroke

	Conclusion
	Anchor 27
	Acknowledgements
	References


