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Abstract
Background: It is unclear whether demographic characteristics and baseline use of hypoglycemic and cardiovascular drugs
significantly affect the efficacy of sodium-glucose transporter 2 (SGLT2) inhibitors on cardiorenal outcomes in patients with type 2
diabetes mellitus (T2DM).

Methods:Randomized trials assessing the efficacy of SGLT2 inhibitors on cardiorenal outcomes in adult patients with T2DM were
included in analysis. Three endpoints of interest were major adverse cardiovascular events (MACE), hospitalization for heart failure or
cardiovascular death (HHF or CV death), and kidney composite outcome (KCO). We performed random-effects meta-analysis using
the aggregate data of hazard ratios (HRs) and 95% confidence intervals (CIs). Subgroup analyses were done according to 17 factors
of interest, including 7 factors related to demographic characteristics and 10 related to baseline use of antihyperglycemic
and cardiovascular drugs such as renin–angiotensin system (RAS) inhibitor. We conducted meta-regression analyses to calculate
P values for subgroup differences.

Results:Seven trials were included in this meta-analysis. Compared with placebo, SGLT2 inhibitors significantly lowered the risk of
MACE (HR 0.90, 95% CI 0.84–0.97) regardless of demographic characteristics and baseline use of insulin, statin or ezetimibe, RAS
inhibitor, beta-blocker, and diuretic (Psubgroup from 0.088–0.981); that of HHF or CV death (HR 0.78, 95%CI 0.71–0.85) regardless of
demographic characteristics and baseline use of 10 antihyperglycemic and cardiovascular drugs (Psubgroup from 0.147–0.999); and
that of KCO (HR 0.63, 95% CI 0.57–0.69) regardless of demographic characteristics and baseline use of statin or ezetimibe, RAS
inhibitor, and diuretic (Psubgroup from 0.073–0.918).

Conclusions:The cardiorenal benefits of SGLT2 inhibitors were consistent in a broad population of T2DM patients. The findings of
this meta-analysis suggest that SGLT2 inhibitors should be recommended in T2DM patients for the prevention of cardiorenal events,
regardless of various demographic characteristics and baseline use of various hypoglycemic and cardiovascular drugs.

Abbreviations: CI = confidence interval, DPP-4i = dipeptidyl peptidase-4 inhibitor, GLP-1RA = GLP-1 receptor agonist, HHF or
CV death = hospitalization for heart failure or cardiovascular death, HR = hazard ratio, KCO = kidney composite outcome, MACE =
major adverse cardiovascular events, MRA = mineralocorticoid receptor antagonist, PRISMA = preferred reporting items for
systematic reviews and meta-analyses, RAS = renin–angiotensin system, SBP = systolic blood pressure, SGLT2 = sodium-glucose
cotransporter 2, T2DM = type 2 diabetes mellitus.
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1. Introduction

There are several meta-analyses[1–7] which have revealed the
distinct benefits of sodium-glucose cotransporter 2 (SGLT2)
inhibitors on cardiorenal outcomes in patients with type 2
diabetes mellitus (T2DM). Unfortunately, none of these prior
meta-analyses[1–7] completely assessed those clinically important
factors which probably affected the cardiorenal efficacy of
SGLT2 inhibitors in T2DMpatients. However, as for the optimal
application of this new class of hypoglycemic agents, it is very
important to know whether SGLT2 inhibitors are applicable for
T2DM subpopulations with specific demographic characteristics,
or those with/without baseline use of specific antihyperglycemic
drugs or cardiovascular drugs.Moreover, at present there is some
new evidence of cardiorenal outcomes with SGLT2 inhibitors in
T2DM patients from 3 large randomized trials, namely the
VERTIS CV trial[8] evaluating ertugliflozin in T2DM patients
with established cardiovascular disease, the SOLOIST-WHF
trial[9] evaluating sotagliflozin in T2DM patients with worsening
heart failure, and the SCORED trial[10] evaluating sotagliflozin in
T2DM patients with chronic kidney disease. However, all the
previous meta-analyses, aiming to assess the cardiorenal efficacy
of SGLT2 inhibitors in the clinically important subgroups of
T2DMpatients, failed to incorporate 2 or 3 of the new trials.[8–10]

Hence, we aimed to include all the randomized trials that focused
on cardiorenal endpoints with SGLT2 inhibitors in T2DM
patients to perform an updated meta-analysis, in order to explore
whether various factors related to demographic characteristics
and those related to baseline use of hypoglycemic and
cardiovascular drugs affect the efficacy of SGLT2 inhibitors on
cardiorenal endpoints in patients with T2DM.
2. Methods

We report this meta-analysis in accordance to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement.[11] The according PRISMA checklist is
given in (Table S1, Supplemental Content, which provides the
PRISMA checklist, http://links.lww.com/MD/G5110).
2.1. Inclusion criteria and risk of bias assessment

We utilized the separate search strategies for PubMed and
Embase (see Table S2, Supplemental Content, which details the
separate search strategies for the 2 databases, http://links.lww.
com/MD/G511) to search relevant studies from the start date of
databases to January 8th, 2021. We included those randomized
trials which aimed at assessing the effect of SGLT2 inhibitors
compared to placebo on cardiorenal endpoints in adult patients
with T2DM. Three cardiorenal outcomes interesting for us were
major adverse cardiovascular events (MACE), hospitalization for
heart failure or cardiovascular death (HHF or CV death), and
kidney composite outcome (KCO). MACE was a composite of
cardiovascular death, nonfatal myocardial infarction, or nonfatal
stroke; and KCO was a composite of doubling of serum
creatinine or sustained 40% reduction in the estimated
glomerular filtration rate, initiation of renal-replacement therapy
or occurrence of end-stage kidney disease, or renal death.
Seventeen factors of interest consisted of 7 factors relevant with

demographic characteristics, 5 factors relevant with baseline use
of antihyperglycemic drugs, and 5 factors relevant with baseline
use of cardiovascular drugs. Subgroups defined by demographic
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characteristics were subgroups with age (<65 year, or ≥65 year),
sex (male, or female), region (North America, Central/South
America, Europe, or other), ethnicity (Caucasian, or Non-
Caucasian), body mass index (<30kg/m2, or ≥30kg/m2), blood
pressure control (systolic blood pressure ≥140 or diastolic blood
pressure ≥90mm Hg, or systolic blood pressure<140 and
diastolic blood pressure<90mm Hg), and duration of diabetes
(<10 year, or ≥10 year). Subgroups defined by baseline use of
antihyperglycemic drugs were subgroups with sulfonylurea or
thiazolidinedione use (yes, or no), metformin use (yes, or no),
dipeptidyl peptidase-4 inhibitor (DPP-4i) use (yes, or no), GLP-1
receptor agonist (GLP-1RA) use (yes, or no), and insulin use (yes,
or no). Subgroups defined by baseline use of cardiovascular drugs
were subgroups with statin or ezetimibe use (yes, or no),
mineralocorticoid receptor antagonist (MRA) use (yes, or no),
renin–angiotensin system (RAS) inhibitor use (yes, or no), beta-
blocker use (yes, or no), and diuretic use (yes, or no).
Study selection according to the inclusion criteria, risk of bias

assessment for included studies, and data extraction from
included studies, were separately completed by 2 authors.
Discussion between them or the arbitrament by a third author
addressed all the divergences encountered in the above assign-
ments. The quality assessment for included trials was performed
on the basis of the Cochrane risk of bias assessment tool.[12]
2.2. Statistical analysis

Using the aggregate survival data of hazard ratios (HRs) and
95% confidence intervals (CIs) extracted from included studies,
we performed random-effects meta-analysis with the method of
DerSimonian & Laird. Heterogeneity across studies was assessed
by I2 statistic. Subgroup analyses were done for the 3 outcomes of
interest, respectively according to each of the 17 factors of
interest. When there was 1 subgroup including less than 2 studies,
we quitted doing corresponding subgroup analysis. P values for
subgroup differences were calculated by meta-regression anal-
yses, and Psubgroup <0.05 denotes statistical significance. All the
statistical analyses conducted in this meta-analysis were
completed in the Stata/SE software (version 15.1).
2.3. Ethical statement

The data analyzed in this study were extracted from previously
published studies, and thus ethical approval was not necessary.
3. Results

3.1. Characteristics of included trials

After performing study selection according to the inclusion
criteria, we ultimately included the following 7 trials in this meta-
analysis: CREDENCE trial[13] regarding canagliflozin, DE-
CLARE–TIMI 58 trial[14] regarding dapagliflozin, CANVAS
Program trial[15] regarding canagliflozin, EMPA-REG OUT-
COME trial[16] regarding empagliflozin, VERTIS CV trial[8]

regarding ertugliflozin, SCORED trial[10] regarding sotagliflozin,
and SOLOIST-WHF trial[9] regarding sotagliflozin. The process
of study selection is detailed in (Figure S1, Supplemental Content,
which presents the flow diagram of study selection, http://links.
lww.com/MD/G505). The included trials involved a total of
58,783 patients with T2DM, and all of the trials were high-
quality studies with low risk of bias (see Figure S2, Supplemental
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Content, which shows each trial with the low risk of bias, http://
links.lww.com/MD/G506).
3.2. Meta-analyses

As is summarized in Figure 1, compared to placebo, SGLT2
inhibitors significantly lowered the risk ofMACE (HR 0.90, 95%
CI 0.84–0.97), regardless of 7 factors related to demographic
characteristics and regardless of baseline use of insulin, statin or
ezetimibe, RAS inhibitor, beta-blocker, and diuretic (Psubgroup
Figure 1. Efficacy of SGLT2 inhibitors on MACE, stratified by 7 factors related to d
inhibitor, Beta-blocker, and diuretic. MACE = major adverse cardiovascular events
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from 0.088–0.981). These meta-analysis results are detailed in
(Figure S3, Supplemental Content, which illustrates the effects of
SGLT2 inhibitors on MACE according to various factors, http://
links.lww.com/MD/G507). The relevant data was not sufficient
to assess the impact of sulfonylurea or thiazolidinedione,
metformin, DPP-4i, GLP-1RA, and MRA on the efficacy of
SGLT2 inhibitors on MACE.
As is summarized in Figure 2, compared to placebo, SGLT2

inhibitors significantly lowered the risk of HHF or CV death (HR
0.78, 95% CI 0.71–0.85), regardless of 7 factors related to
emographic characteristics and baseline use of insulin, statin or ezetimibe, RAS
, RAS = renin–angiotensin system, SGLT2 = sodium-glucose cotransporter 2.
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Figure 2. Efficacy of SGLT2 inhibitors on the composite of HHF or CV death, stratified by 7 factors related to demographic characteristics and baseline use of 10
antihyperglycemic and cardiovascular drugs. HHF or CV death= hospitalization for heart failure or cardiovascular death, SGLT2= sodium-glucose cotransporter 2.
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demographic characteristics and regardless of baseline use of 10
antihyperglycemic and cardiovascular drugs (Psubgroup from
0.147 to 0.999). These meta-analysis results are detailed in
(Figure S4, Supplemental Content, which illustrates the effects of
4

SGLT2 inhibitors on the composite of HHF or CV death
according to various factors, http://links.lww.com/MD/G508).
As is summarized in Figure 3, compared to placebo, SGLT2

inhibitors significantly lowered the risk of KCO (HR 0.63, 95%

http://links.lww.com/MD/G508


Figure 3. Efficacy of SGLT2 inhibitors on KCO, stratified by 7 factors related to demographic characteristics and baseline use of statin or ezetimibe, RAS inhibitor,
and diuretic. KCO = kidney composite outcome, RAS = renin–angiotensin system, SGLT2 = sodium-glucose cotransporter 2.
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CI 0.57–0.69), regardless of 7 factors related to demographic
characteristics and regardless of baseline use of statin or
ezetimibe, RAS inhibitor, and diuretic (Psubgroup from 0.073–
0.918). These meta-analysis results are detailed in (Figure S5,
Supplemental Content, which illustrates the effects of SGLT2
inhibitors on KCO according to various factors, http://links.lww.
com/MD/G509). The relevant data was not sufficient to assess the
impact of sulfonylurea or thiazolidinedione, metformin, DPP-4i,
GLP-1RA, insulin, MRA, and beta-blocker on the efficacy of
SGLT2 inhibitors on KCO.

4. Discussion

This updated meta-analysis included all the large randomized
trials that focused on the cardiorenal effects of SGLT2 inhibitors
5

in T2DM patients, including the 3 new ones,[8–10] and produced
the following 3 findings.
First, SGLT2 inhibitors could reduce the risk of MACE by

10% (HR 0.90, 95% CI 0.84–0.97) in T2DM patients, and this
benefit was independent of 7 factors related to demographic
characteristics and independent of baseline use of 5 hypoglycemic
and cardiovascular drugs. Second, SGLT2 inhibitors could
reduce the risk of HHF or CV death by 22% (HR 0.78, 95% CI
0.71–0.85) in T2DM patients, and this benefit was independent
of 7 factors related to demographic characteristics and indepen-
dent of baseline use of 10 hypoglycemic and cardiovascular
drugs. Last, SGLT2 inhibitors could reduce the risk of KCO by
37% (HR 0.63, 95% CI 0.57–0.69) in T2DM patients, and this
benefit was independent of 7 factors related to demographic
characteristics and independent of baseline use of 3 cardiovascu-
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lar drugs. These findings of this meta-analysis suggest that SGLT2
inhibitors should be recommended in T2DM patients for the
prevention of cardiorenal events, regardless of various demo-
graphic characteristics and regardless of baseline use of various
hypoglycemic and cardiovascular drugs.
Several previous meta-analyses[3–5,7] identified that the cardi-

orenal benefits of SGLT2 inhibitors were consistent across T2DM
subgroups with or without history of cardiovascular disease and
history of heart failure, and were consistent across T2DM
subgroups with different levels of estimated glomerular filtration
rate, glycosylatedhemoglobinandalbuminuria.Thus, in thismeta-
analysis we did not re-assess the above 5 factors, but assessed 17
other important factors, namely, age, sex, region, ethnicity, body
mass index, blood pressure control, duration of diabetes,
sulfonylurea or thiazolidinedione, metformin, DPP-4i, GLP-
1RA, insulin, statin or ezetimibe, MRA, RAS inhibitor, beta-
blocker, and diuretic. Although a prior meta-analysis[3] evaluated
the impact of demographic characteristics and baseline use of
insulin, statin or ezetimibe, RAS inhibitor, beta-blocker, and
diuretic on the cardiorenal benefits of SGLT2 inhibitors, thatmeta-
analysis[3] failed to include the 3 new trials[8–10] of VERTIS CV,[8]

SOLOIST-WHF[9] and SCORED,[10] and failed to evaluate the
impact of baseline use of sulfonylurea or thiazolidinedione,
metformin, DPP-4i, GLP-1RA, and MRA. Thus, this updated
meta-analysis provides the most comprehensive analysis on
whether various demographic characteristics and various hypo-
glycemic and cardiovascular drugs have significant effects on the
cardiorenal benefits of SGLT2 inhibitors in patients with T2DM.
The original studies included in this meta-analysis all were

high-quality studies with low risk of bias, which is 1 strength of
this study. Oppositely, 1 limitation of this study is that the
relevant data was not sufficient enough to assess the impact of
some factors, such as DPP-4i use and GLP-1RA use, on the
efficacy of SGLT2 inhibitors on MACE and KCO. This needs to
be further investigated.
In conclusion, the cardiorenal benefits of SGLT2 inhibitors

were consistent in a broad population of T2DM patients. The
findings of this meta-analysis suggest that SGLT2 inhibitors
should be recommended in T2DM patients for the prevention of
cardiorenal events, regardless of various demographic character-
istics and baseline use of various hypoglycemic and cardiovascu-
lar drugs.
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