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Objective

Sodium glucose cotransporter type 2 inhibitors (SGLT-2i) are beneficial for cardiorenal outcomes in patients with type 2 diabetes mellitus (T2DM), heart failure (HF) or chronic kidney disease (CKD). However, whether or not the patients with coronary artery disease (CAD) have prognostic benefit from SGLT-2i treatment has not been fully studied. The purpose of this meta−analysis is to determine the prognostic benefit of SGLT-2i administration in CAD patients.



Methods

We searched the PubMed, Embase and Cochrane Library from inception until October 15, 2021. We included randomized controlled trials (RCTs) reporting the effect of SGLT-2i on major adverse cardiovascular event (MACE), hospitalization for heart failure (HHF), cardiovascular (CV) death and cardiorenal parameters in CAD patients. Hazard ratio (HR) with 95% confidence interval (CI) and mean difference (MD) from trials were meta-analyzed using fixed-effects models.



Results

Nine trials enrolling 15,301 patients with CAD were included in the analyses. Overall, SGLT2i were associated with a reduced risk of MACE (HR: 0.84; 95% CI 0.74–0.95; I2 = 0%), HHF (HR: 0.69; 95% CI 0.58–0.83; I2 = 0%) and a composite of CV death or HHF (HR: 0.78; 95% CI 0.71–0.86; I2 = 37%) in CAD patients. Compared with control group, estimated glomerular filtration rate (eGFR) level decreased less in SGLT-2i group (mean difference [MD] = −3.60, 95% CI, −5.90 to −1.30, p = 0.002; I2 = 0%).



Conclusions

SGLT-2i can improve cardiorenal outcomes in CAD patients. Further RCTs and real world studies are need to investigate the effect of SGLT2i on CAD patients.



Systematic Review Registration

PROSPERO, CRD42021258237.
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Introduction

Coronary artery disease (CAD) is one of the most common causes of morbidity and mortality worldwide (1, 2). CAD is usually concurrent with type 2 diabetes mellitus (T2DM), chronic kidney disease (CKD) and heart failure (HF), and the risk of cardiovascular (CV) death increases significantly with increasing comorbidities (3–6).

Sodium glucose cotransporter type 2 inhibitors (SGLT-2i) are new glucose-lowering drugs, and have been approved globally for the treatment of T2DM, either as monotherapy or in combination with other hypoglycemic drugs (7). A number of randomized controlled trials (RCTs) have shown that SGLT-2i have benefits on reducing major adverse cardiovascular event (MACE), hospitalization for heart failure (HHF) and progression of renal insufficiency in patients with T2DM (8–11). Among patients with CKD or HF, regardless of the presence or absence of diabetes, the risk of worsening cardiorenal function or CV death was lower among those who received SGLT2i than placebo treatment (12–14). SGLT-2i also reduced the burden of cardiovascular complications and all-cause admission to hospital in T2DM with atherosclerotic cardiovascular disease (ASCVD) (15). However, the cardiorenal benefit of SGLT2i in patients with high-risk and prevalent CAD is uncertain.

Therefore, we conducted a meta-analysis to determine the cardiorenal benefit of SGLT2i in patients with CAD.



Materials and Methods


Protocol and Guidance

The meta-analysis was registered in PROSPERO (CRD42021258237) and performed based on the preferred reporting items for systematic review and meta-analyses (PRISMA) guidelines (16).



Search Strategy

We searched the PubMed, Embase and Cochrane Library from inception until October 15, 2021, with English language restrictions. Search keywords included “coronary artery disease”, “myocardial infarction”, “heart failure”, “type 2 diabetes”, “+”, “Sodium Glucose Transporter 2 Inhibitors”, “SGLT2”, “+”, “randomized controlled trial”, “clinical trial”, “trial”, “secondary”. The medical subject headings (MeSH) or title/abstract limiting searching were used when the searching databases with option was available. The search strategies are detailed in Table S1. In addition, the search was restricted to human studies with animal studies excluded. Two investigators independently searched for papers, screened titles and abstracts of the retrieved articles, reviewed the full-texts, and selected the articles for inclusion.



Study Selection

Eligible patients included CAD with or without T2DM. Patients in the intervention group were treated with SGLT2i (Canagliflozin, Dapagliflozin, Empagliflozin, Ertugliflozin, Sotagliflozin, Luseogliflozin, Ipragliflozin, Tofogliflozin), while the control group consisted of placebo or other hypoglycemic drugs. The primary outcome was MACE, defined as a composite of CV death, nonfatal myocardial infarction, or nonfatal stroke. Other 5 secondary outcomes included CV death, HHF, a composite of CV death or HHF, and changes of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) and estimated glomerular filtration rate (eGFR) levels.



Data Extraction and Quality Assessment

Key information was extracted from nine RCTs, namely, study name or first author name, publication year, study design, mean follow-up, number of participants and characteristics, subgroup analysis types, drug of intervention and control group, the primary outcomes and secondary outcomes.

The quality of RCT was assessed with the Cochrane risk bias tool (17), which contained five domains: random sequence generation (selection bias), allocation concealment (selection bias), blinding (performance bias and detection bias), incomplete outcome data (attrition bias), and selective reporting (reporting bias).

All the data extraction and quality assessment were done independently by two investigators, and the divergence was settled by discussion and consensus or by third-party arbitration.



Statistical Analysis

Meta-analyses were conducted using RevMan (version 5.3; Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) and R programming language, version 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria). We used the Hazard Ratio (HR) with 95% confidence interval (CI) to evaluate clinical outcomes (MACE, CV death and HHF) in patients with CAD receiving standard treatment with or without SGLT-2i. Similarity, the mean difference (MD) was calculated to evaluate changes of NT-proBNP and eGFR levels in patients with CAD receiving standard treatment with or without SGLT-2i in 6-month treatment. I2 statistic was used to assess heterogeneity. I2 ≤50% was considered to represent low heterogeneity, and higher than 50% was regarded as high. A fixed-effect model was used to pool the results when I2 ≤50%, while a random-effect model was used when I2 >50% (18).




Results


Search Results

Until June 6, 2021, 9,783 articles were retrieved from PubMed, Embase and Cochrane Library. After removing duplicate studies, the remaining 5,913 articles were screened. After reading 325 eligible full-text articles, 317 were excluded, and 8 studies met our inclusion criteria (8, 13, 19–24). After completing the manuscript, we searched the newly published literatures in PubMed, Embase and Cochrane Library. From June 7 to October 15, 1028 articles were retrieved. After removing duplicate studies, screening title and abstract, and reading the eligible full-text articles, the remaining 1 study met our inclusion criteria (25). In total, 9 studies were included in meta-analysis. The systematic search results are presented in Figure 1.




Figure 1 | Eligibility of the studies for inclusion in the meta-analysis.





Study Characteristics

A total of 9 studies of SGLT-2i enrolling 15,301 patients with CAD were included in final analysis (1 main-analysis and 8 sub-analyses of published RCT trials, Table 1). Among them, 5 trials concerned empagliflozin, 3 trials involved dapaglifozin and 1 trial discussed sotagliflozin. In addition, 8 studies reported comparison with placebo, and 1 study reported comparison with dipeptidyl peptidase-4 inhibitor (DPP4i): vildagliptin. The detailed baseline characteristics of each study are presented in Tables 1 and 2.


Table 1 | Summary of the characteristics of the included studies.




Table 2 | Summary of the characteristics of the included studies.





Risk of Bias Within Studies

Egger’s test and funnel plots were not applied for publication bias assessment because less than 10 studies were included. Quality evaluation was conducted using the Cochrane systematic evaluation method. Most studies had a low risk of overall bias, as shown in Supplementary Figure 1.



Difference in Cardiovascular Events

For the primary outcome, two articles contained MACE outcome, with a total of 7,656 patients (4,509 in SGLT-2i group and 3,147 in placebo group). In SGLT-2i group, 531 (11.8%) patients met MACE outcome, while 473 (15.0%) patients in placebo group. Meta-analysis result showed that the risk of MACE was significantly lower in patients using SGLT-2i than in placebo group (HR: 0.84; 95% CI 0.74–0.95; P <0.01; I2 = 0 =%; Figures 2A, 4).




Figure 2 | Forest plot of meta-analysis for the comparison of cardiovascular outcomes between the SGLT-2i and placebo groups. (A) MACE: major adverse cardiovascular event, (B) HHF: hospitalization for heart failure, (C) CV death: cardiovascular death, (D) a composite of CV death or HHF.



Two articles contained heart failure hospitalization (HHF) outcome, with a total of 6,258 patients (3,093 in SGLT-2i group and 3,165 in placebo group). In SGLT-2i group, 199 (6.4%) patients met HHF outcome, while 287 (9.1%) patients in placebo group. Meta-analysis result showed that the risk of HHF was significantly lower in patients using SGLT-2i than in placebo group (HR: 0.69; 95% CI 0.58–0.83; P <0.01; I2 = 0%; Figures 2B, 4).

Cardiovascular death (CV death) outcome were included in three articles involving a total of 10,330 patients (5,825 in SGLT-2i group and 4,505 in placebo group). In SGLT-2i group, 329 (5.6%) patients met CV death outcome, while 329 (7.3%) patients in placebo group. The result showed that no significant difference in the risk of CV death was found between the two groups (HR: 0.86; 95% CI 0.74–1.00; P = 0.06; I2 = 16%; Figures 2C, 4).

Five articles included CV death/HHF outcome for a total of 11,016 patients. Meta-analysis result showed that the risk of CV death/HHF was significantly lower in patients using SGLT-2i than in placebo group (HR: 0.78; 95% CI 0.71–0.86; P <0.01; I2 = 37%; Figure 2D, 4).



Difference in Mean Change in Cardio-Renal Parameters

We used NT-proBNP to represent cardiac function. Two articles included change of NT-proBNP in 6-month treatment, with a total of 108 patients (53 in the SGLT-2i group and 55 in the control group). Meta-analysis results showed the decrease of NT-proBNP in control group was more than that in SGLT2i group but without significant difference between the two groups (MD = 262.21, 95% CI, −13.26 to 537.68, p = 0.06; I2 = 49%; Figure 3A).




Figure 3 | Forest plot of meta-analysis for the comparison of cardio-renal parameters between the SGLT-2i and control groups. (A) decrease of NT-proBNP levels, (B) decrease of eGFR levels.



Renal function was assessed by eGFR. Three articles contained change of eGFR in 6-month treatment, with a total of 213 patients (106 in the SGLT-2i group and 107 in the control group). The pooled effect size showed less decrease of eGFR levels (MD = −3.60, 95% CI, −5.90 to −1.30, p = 0.002; I2 = 0%) in SGLT-2i group compared to control group; Figure 3B).




Discussion

To the best of our knowledge, this is the first study to compare SGLT-2i treatment with placebo or other glucose-lowering treatment in comprehensive outcomes of cardiovascular events and cardiorenal parameters in patients with CAD. The main findings of this meta-analysis demonstrated that in patients with CAD, SGLT-2i significantly reduced cardiovascular events compared with the placebo. Additionally, we found SGLT-2i had a protective effect on renal function decline in these patients.

Recently, several meta-analyses have demonstrated that SGLT-2i could improve cardiorenal outcomes in T2DM patients with cardiovascular diseases (26–30). A meta-analysis about a subpopulation of subjects with CAD showed a 15% risk reduction (relative risk [RR] 0.85) for MACE outcome and a 39% risk reduction (RR 0.61) for HHF outcome. However, no benefit was shown for CV death (31). Consistent with above study, our study showed a 16% risk reduction for MACE outcome and a 32% risk reduction for HHF outcome evaluated by HR with 95% CI. Similarly, no benefit was observed for SGLT-2i in CV outcomes. This should be further explored in future RCTs and real-world research on CAD population. In addition, we also analyzed a composite of CV death or HHF outcome, showing that SGLT-2i significantly reduces a 23% risk of CV death or HHF. The risk reduction was mostly attributed to the decreased risk of HHF. Our results reaffirm the indication of SGLT-2i for subjects with CAD, especially in patients with T2DM or heart failure.

SLGT-2i has been shown to reduce the risk of dialysis, transplantation, or death due to kidney disease in individuals with T2DM (32). A meta-analysis also reported that SGLT-2i reduced the risk of acute kidney injury (AKI) with or without hospitalization in randomized trials and the real-world setting (33). Our study showed that the decrease of eGFR in SGLT-2i group was less than that in control group, and eGFR was greater than 60 ml/min/1.73 m2 in both groups at the end of the study (period: 6 months), which also suggested that SGLT-2i had a protective effect on renal function decline. We also found that after a 6-month treatment, the decrease in NT-proBNP was more in control than SGLT2i for unknown reasons driven by that one study with vildagliptin as the control group. However, there was no significant difference between the two groups. The reasons may also be that the number of studies we included was small and the intervention of the control group was different in the two studies. Therefore, we will explore this issue further in future studies.

Among patients with CAD, those with diabetes comprise a higher-risk subgroup (34). In these patients, the best possible glycemic control obtained with the older glucose-lowering medications (different combinations of metformin, sulfonylureas, thiazolidinediones, glinides, and insulin) is unlikely to improve their cardiovascular outlook (35). The newer glucose-lowering drugs, in particular SGLT-2i, have demonstrated a consistent effect of reducing the risk of cardiovascular events in both controlled trials and real-world research. Possible mechanisms for the cardiovascular benefits of SGLT-2i include diuresis, lowering blood pressure and body weight, improving atherosclerosis, and reducing inflammation and oxidative stress (36). Another proposed mechanism is inhibition of sodium hydrogen exchanger 3 (NHE3) in the kidney and heart. In the kidney, this may increase sensitivity to diuretics and natriuretic peptides, leading to decreased preload in heart failure patients. In cardiac tissue, inhibition of NHE3 could limit cardiac injury, systolic dysfunction and remodeling (27, 37). Recent studies suggest that the increased level of ketone bodies related to SGLT-2i use might mediate part of the beneficial effect (38, 39) (Figure 4).




Figure 4 | Central illustration: Meta-analysis and potential mechanisms of SGLT-2i in CAD patients.



Acute myocardial infarction (AMI) is the most serious manifestation of CAD, leading to significant mortality and disease burden (40). AMI patients who had a history of stroke, combined with hypertension and diabetes mellitus had a relatively higher mortality, considering related to the factors as combined with more disease, relatively complex and worse vascular condition. SGLT2i are a unique class of medications that not only improve cardiorenal outcomes, but also have a demonstrated impact on reducing cardiovascular risk factors such as hyperglycemia, hypertension, dyslipidemia and excessive weight (41). The results of the China Heart Failure Registry Study (China-HF) showed that CAD had become the main causes of HF in China (42). Results of our meta-analysis showed that SGLT-2i could reduce MACE and HHF in patients with CAD, again confirming the indication of SGLT2i in patients with CAD, especially in high risk patients with hypertension, T2DM or HF. Rational use of SGLT2i in CAD patients can reduce the mortality. As for CAD patients without T2DM or HF, further studies are needed to demonstrate the benefits of SGLT-2i. Moreover, there was no clear evidence of additional safety concerns over SGLT-2i use in the treatment of cardiovascular disease. Fear of causing AKI should not stop practitioners prescribing SGLT-2i.


Limitations

Our study had some limitations. First, the number of included trials included was relatively small, which may prevent robust assessment of outcomes. Further validation is needed in future RCT studies. Second, the CAD patients included in our meta-analysis had either diabetes or heart failure, and the cardiorenal benefits of SGLT2i in DM or HF patients were well established. As for CAD patients without DM or HF, further studies are needed to demonstrate the benefits of SGLT-2i. Third, in trials where decrease of NT-proBNP was used as an outcome, control interventions were different, which may influence the assessment of outcomes. Finally, the meta-analysis did not use patient level data.



Conclusion

In conclusion, SGLT-2i treatment can reduce the risk of major cardiovascular events and have a protective effect on renal function decline in CAD patients with T2DM or HF. Prospective studies exploring the effect of SGLT-2i on cardiovascular endpoint improvement in general CAD patients should be carried out in the future.
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