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Abstract
Background

Sodium-glucose co-transporter 2 (SGLT2) inhibitor which is a type of drug used for the treatment of
diabetes mellitus, has been reported by many trials that it could be bene�cial for patients with established
heart failure. A meta-analysis on this subject could obtain more reliable estimates of the e�cacy and
safety outcomes.

Methods

A systematic review and meta-analysis of randomized, placebo-controlled trials of SGLT2 inhibitor in
patients with heart failure was conducted. We searched PubMed, Cochrane Library, and Web of Science
for trials published from inception to March, 2018. PRISMA guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) was used to conduct the review. For quality assessment of
included studies. The methodological quality of the included trials was assessed using the Cochrane tool
for assessing randomized clinical trials (RCT). E�cacy outcomes included hospitalization for heart
failure and all-cause death. Safety outcomes consisted of serious adverse event (SAE) and volume
depletion.

Results

We included data from 5 identi�ed studies and 8775 patients (aged 64.9, female 29.8%). A total of 3930
(44.8%) patients were known to have diabetes mellitus. Compared with placebo, SGLT2 inhibitor decrease
the incidence of hospitalization for heart failure (RR 0.692; 95%CI, 0.611-0.784 P<0.001), and all-cause
death (RR 0.824; 95%CI, 0.736-0.922 P=0.001). The incidence of SAE in patients with a treatment of
SGLT2 inhibitor was low (RR 0.869; 95%CI, 0.779-0.970 P=0.012). SGLT2 inhibitor didn’t increase the
incidence of volume depletion (RR1.165, 95%CI, 0.977-1.390 P=0.089).

Conclusion

Our results con�rm that SGLT2 inhibitor is effective and safe for patients with heart failure regardless of
presence of diabetes mellitus.

Background
Heart failure is a main cause for hospitalization annually [1]. Patients with heart failure have a high
�nancial burden, and are at high risk for rehospitalization and death [2]. Despite advances in medicine
and new therapeutic devices, outcomes for patients with heart failure are still poor[3]. Many medical
interventions were demonstrated to reduce the incidence of mortality, but can’t improve symptoms and
quality of life[4].
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Sodium-glucose co-transporter 2 (SGLT2) inhibitor is a type of drugs used for the treatment of diabetes
mellitus. Many large clinical trials conducted in patients at high cardiovascular risks demonstrated to
reduce the risk of hospitalization for patients with heart failure[5–7]. However, all the patients included in
these trials have diabetes mellitus, and most of them didn’t have heart failure at baseline. Thus, many
trials have been conducted to explore whether SGLT2 inhibitor could be bene�cial for patients with
established heart failure, neglect of patients with or without diabetes mellitus.

The object of the present meta-analysis was to pool data from all the large scale, randomized and
placebo-controlled trials of SGLT2 inhibitor to obtain more reliable estimates of the e�cacy and safety
outcomes in patients with heart failure overall.

Methods
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses

(PRISMA) statement was applied in the current meta-analysis [8].

Data sources and literature search
Four databases (PubMed, Embase, Cochrane Library, and Web of Science) were searched until March
2020. A comprehensive search was performed to identify published articles of studies on the e�cacy and
safety of SGLT2 inhibitor in the patients with heart failure neglect with or without diabetes mellitus
(hospitalization for heart failure, all-cause death, serious adverse event (SAE), and volume depletion). The
search terms were as follows: “SGLT2 inhibitor, heart failure, and SGLT2 inhibitor* ”. No language
limitations were applied.

Study Selection and Inclusion Criteria
Two reviewers (Xiaofei Wang and Peipei Ge) screened all articles independently, according to the
inclusion criteria. Articles like review, abstract or summary presented at the meeting would be excluded.
Controversies about studies would be resolved by discussion.

Inclusion criteria were as follows: (1) Full-text and relevant data can be acquired; (2) randomized,
placebo-controlled clinical trials involved SGLT2 inhibitor; (3) comparing e�cacy and safety of SGLT2
inhibitor in the patients with heart failure. (4) E�cacy outcomes of interest included hospitalization for
heart failure and all-cause death. Safety outcomes of interest included SAE (i.e., volume depletion, renal
events, major hypoglycemic events, bone fractures, diabetic ketoacidosis, and amputations) and volume
depletion.

Quality Assessment and Data Extraction
Data of study characteristics such as sample size, follow-up period, age and sex were independently
extracted by the two reviewers (Xiaofei Wang and Peipei Ge) according to the prede�ned protocol. The
methodological quality of the included trials was assessed using the Cochrane tool for assessing
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randomized clinical trials (RCT). Studies were evaluated according to random sequence generation,
allocation concealment, blind of outcome assessment, incomplete outcome data and other bias.

Statistical Analysis
Stata (Version 14.0. College Station, TX, USA) was used to perform the primary statistical analyses. Data
are presented as a mean difference and pooled using the inverse variance for continuous outcome
measures. For dichotomous outcomes, data are presented as risk ratios (RR) and pooled using Mantel-
Haenszel random effects model. The 95% con�dence interval (CI) is used respectively. Heterogeneity was
quanti�ed using I2.

Fixed or random effect models were applied to assess the study depending on the heterogeneity (I2). I2

values of 25%, 50%, and 75% indicated low,

moderate and high degrees of heterogeneity, respectively. If pooled data of analysis showed I2  50%, the
study was homogeneous, and �xed-effect model was used in the study. A random effect model would be
used for results when the I2 ≥ 50%. The result was considered to be statistically signi�cant when p-value
0.05.

Results

Search results
Selection of studies for the meta-analysis was showed in Fig. 1. Based on the prespeci�ed search
strategy, 1141 potentially relevant articles were searched from the Cocharane library, Embase, PubMed,
Web of Science database. Finally, 5 studies[9–13] (involving 8775 patients) met the eligibility criteria. For
all 5 trials that assessed the e�cacy and safety of SGLT2 inhibitor in patients with heart failure, the
results for all-cause death and hospitalization were reported in all trials, and serious adverse event (SAE)
and volume depletion were reported in 4 trials[9–11, 13].

Characteristics of the studies included and Quality
assessment
Table 1 showed the characteristics of the eligibility studies, and Table 2 showed the baseline
characteristics of the patients included in the trials. The mean age was 64.9 years and 29.8% were
women. A total of 3930 (44.8%) patients were known to have diabetes mellitus. All the trials included are
randomized, placebo controlled clinical trials. Figure 2 showed the result for quality assessment of trials.
1 trial[12] was at an unclear risk of incomplete outcome data, and 1 trial[13] didn’t report the details about
binding of outcome assessment (Supplementary material).
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Table 1
Characteristics of eligibility studies

Study Sample
Size

HFrEF T2DM
(%)

Comparator SGLT2
inhibitor

Follow-
up

Rådholm 2018 1461 +/- 100 Placebo Canagli�ozin 3.6 year

Kosiborod 2017 320 +/- 100 Placebo Dapagli�ozin 1 year

Kato 2019 1987 +/- 100 Placebo Dapagli�ozin 4.2 year

DEFINE-HF
2019

263 + 62 Placebo Dapagli�ozin 3months

DAPA-HF 2019 4744 + 41.8 Placebo Dapagli�ozin 1.6 year

Table 2
Baseline characteristics of included studies.

Study Mean Age,
years

Female,
n(%)

BMI EF, % Mean GFR mL/min per
1·73 m²

Rådholm
2018

63.8 ± 8.3 648(44.4%) 33.2 ± 
5.9

NA 73.0 ± 19.6

Kosiborod
2017

64.2 ± 7.42 119(37.2%) 34.19 ± 
5.65

NA 70.29 ± 19.6

Kato 2019 64.3 ± 6.99 669(33.7%) 32.59 ± 6 49.26 ± 
11.28

85 ± 20.08

DEFINE-HF
2019

61.3 ± 11.53 70(26.6%) 30.65 ± 
6.43

26.45 ± 
8.12

69.06 ± 22.19

DAPA-HF
2019

66.35 ± 10.9 1109(23.4%) 28.2 ± 
5.95

31.05 ± 
6.80

65.75 ± 19.45

Note. Data Values are pooled mean ± SD or n (%). BMI indicates body mass index; eGFR = estimated
glomerular �ltration rate; EF indicates ejection fraction; NA, not available.

E�cacy Outcomes
1. Hospitalization for heart failure

All the �ve trials reported the data of hospitalization for heart failure. The result favored the SGLT2
inhibitor group (RR 0.692; 95%CI, 0.611-0.784 P 0.001). The heterogeneity is moderate (I2=39.3%). This
indicated that patients who received SGLT2 inhibitors therapy could decrease the rate of hospitalization
for heart failure (Figure 2).
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2. All-cause death

The result of death from any cause was systemically reported in �ve studies.  Patients with heart failure
in SGLT2 inhibitor group had a low incidence of death from any cause (RR 0.824; 95%CI, 0.736-0.922
P=0.001). The heterogeneity among these trials was very low (I2=0.0%) (Figure 3).

Safety Outcomes
1. Serious Adverse Events (SAE)

Data of SAE was included in 4 trials. The incidence of SAE in patients with a treatment of SGLT2
inhibitors was low (RR 0.869; 95%CI, 0.779-0.970 P=0.012). The heterogeneity in these trials was
moderate (58.3%) (Figure4). Because of the moderate heterogeneity in these trials results, we conducted
a meta-regression analysis for SAE according to different study characteristics. There was no signi�cant
difference between any of the tested characteristics. A sensitive analysis of SAE was also performed, and
the removal of any study did not affect con�dence interval signi�cantly.

2. Volume Depletion

Four trials reported the data of volume depletion. The incidence of volume depletion between the SGLT2
inhibitors and placebo didn’t have a signi�cant difference (RR1.165, 95%CI, 0.977-1.390 P=0.089). The
heterogeneity was very low (I2=0.0%) (Figure5).

Finally, the potential publication bias was tested. Publication bias was not suggested by the funnel plot,
Egger’s test for all the e�cacy and safety outcomes (Figure6).

Discussion
This study is the �rst systemic review and meta-analysis to systemically evaluate the e�cacy and safety
of SGLT-2 inhibitor in patients with heart failure. In our meta-analysis of randomized clinical studies,
SGLT-2 inhibitor could signi�cantly decrease the incidence of hospitalization for heart failure and all
cause death in patients with heart failure. Compared with placebo, SGLT-2 inhibitors could signi�cantly
decrease risk for SAE, and didn’t increase occurrence of volume depletion.

Most patients with heart failure suffered from a poor quality of life and high incidence of event rates.
Despite advances in the drugs and device for the treatment of heart failure, these population still suffer
from symptomatic progression and poor quality of life. Many large clinical studies had indicated that
SGLT2 inhibitors had signi�cant reduction in the risk of hospitalization for heart failure in patients with
diabetes mellitus[5–7, 14]. All the patients included in these trials were with diabetes mellitus, and most
of them didn’t suffer from heart failure at baseline. Whether the heart failure patients without diabetes
mellitus could also bene�t from the treatment with an SGLT2 inhibitor has not been established. Recently,
many large clinical trials has been designed and performed to evaluate the e�cacy and safety of SGLT2
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inhibitor in heart failure patients with or without diabetes mellitus, and some had been �nished[10, 15–
19]. We performed the meta-analysis �rstly based on the results of these large clinical trials.

For the e�cacy outcomes, we observed that SGLT2 inhibitor decreased incidence of hospitalization and
all cause death for heart failure as compared with placebo in our meta-analysis. Although many
exploratory research has been done, the exact mechanism of the e�cacy of SGLT2 inhibitor remain
unclear[20]. It is con�rmed that patients with heart failure could have a net bene�t from SGLT2 inhibitor
treatment other than glucose lowering. Thus, our results could further demonstrate the �ndings of many
studies on this subject [21–23].

Our study demonstrated an overall safety pro�le of SGT2 inhibitors comparable to that of placebo, and
the incidence of SAE was similar in both groups. For the reason that SGLT2 inhibitor increases the urinary
excretion of glucose and sodium by blocking glucose reclamation in the proximal renal tubules and many
patients with heart failure used diuretics at baseline, many experts had potential concerns with volume
depletion. However, in our meta-analysis of all these trials, no signi�cant increase was observed in SGLT2
inhibitor group, compared with the placebo.

Our study suggests that SGLT2 inhibitor should be considered in patients with heart failure regardless of
presence of diabetes mellitus, given that they safely reduce hospitalization for heart failure and all-cause
death in these patients. In future, SGLT2 might be the �rst choice of hypoglycemic drugs for patients with
diabetes mellitus, which increased risk of heart failure and renal disease [24, 25]. Ongoing trials in
patients with heart failure will clarify the exact mechanism of the salutary effects of SGLT2 in patients
with heart failure in future.

Limitations
We acknowledge that our study has some limitations. The length of follow-up reported in every study was
different from each other, which could be attributable to biases. Besides the type and dose of SGLT2
inhibitor in all trials are not consistent either. We observed a moderate heterogeneity in the results of
hospitalization for heart failure and SAE, but both meta regression analysis and sensitive analysis didn’t
identify the exact bias. However, we think the �nal result wouldn’t be greatly affected. More evidence from
cohort studies and large clinical trials on the e�cacy and safety of SGLT2 inhibitor is thus desirable.

Conclusion
Our results con�rm that SGLT2 inhibitor has salutary effects for patients with heart failure regardless of
presence of diabetes mellitus. It will not increase the incidence of SAE either. Compared with placebo, it
will not increase the risk of volume depletion.

Abbreviations
SGLT2, Sodium-glucose co-transporter 2.
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PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

SAE, Serious adverse event.

i.e., id es.

RCT, randomized clinical trials.

RR, Risk ratios.

CI, Con�dence interval.
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Figure 1

Selection of studies for the meta-analysis
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Figure 2

Result for quality assessment of trials.
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Figure 3

The result of death from any cause was systemically reported in �ve studies.
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Figure 4

Serious Adverse Events (SAE)
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Figure 5

Volume Depletion
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Figure 6

Potential Publication Bias
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