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A B S T R A C T

Background: Sodium-glucose cotransporter 2 inhibitors (SGLT2i) have shown benefits in improving cardiovas
cular (CV) outcomes in patients with heart failure (HF) and may mitigate symptom progression in myocardial 
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Myocardial infarction
Percutaneous coronary intervention

infarction (MI). However, their effectiveness in patients with type 2 diabetes and MI undergoing percutaneous 
coronary intervention (PCI) is unclear.
Methods: To identify eligible studies, a comprehensive search of electronic databases, PubMed, Cochrane Library, 
Scopus and Embase, was conducted from inception until May 2024. Results were presented as risk ratios (RR) 
and their corresponding 95 % confidence intervals (CIs).
Results: Our analysis included 8 observational studies comprising 24,229 patients. The results indicated that 
SGLT2i with PCI was associated with a significantly reduced risk of all-cause death (RR=0.61; 95 % CI=0.54 to 
0.68), CV death (RR=0.46; 95 % CI=0.22 to 0.94), major adverse cardiovascular events (RR=0.80;95 % CI: 0.66 
to 0.96), HF-related hospitalizations (RR=0.63; 95 % CI=0.44 to 0.90), stroke (RR=0.77; 95 % CI: 0.62 to 0.96) 
and acute kidney injury (RR=0.46; 95 % CI: 0.25 to 0.84) compared to PCI without SGLT2i use. However, the 
risk of revascularization remained comparable between the groups.
Conclusion: Our study demonstrates that SGLT2i with PCI in patients with type 2 diabetes and MI are associated 
with improved CV outcomes compared to PCI without SGLT2i use. Randomized controlled trials are required to 
confirm the improvement in outcomes with SGLT2i therapy combined with PCI in patients with MI and diabetes.

1. Introduction

Acute myocardial infarction (AMI) is a major global cause of 
morbidity and mortality [1,2]. Percutaneous coronary intervention 
(PCI) is a commonly used, minimally invasive procedure in the treat
ment of AMI [3]. While effective, patients with AMI undergoing PCI are 
at a considerable risk of developing acute kidney injury (AKI), recurrent 
cardiovascular events, and heart failure [4,5]. Notably, contrast-induced 
acute kidney injury (CI-AKI) occurs in 1.3 to 33.3 % of people under
going PCI and is significantly associated with in-hospital mortality [6].

Sodium-glucose cotransporter 2 inhibitors (SGLT2i) are oral hypo
glycemic agents that reduce blood glucose levels through the inhibition 
of renal tubular reabsorption of glucose [7]. Other than their effects on 
glycemic control, recent research has also shown the benefits of SGLT2i 
in improving cardiovascular (CV) and renal outcomes in patients with 
heart failure [8,9]. These benefits are hypothesized to result from their 
kidney-mediated natriuretic effects, improved blood flow regulation, 
reduced endothelial dysfunction, as well as their role in reducing infarct 
size and improving left ventricular function post-AMI, thus preventing 
progression to HF [10,11]. Recent literature on the cardioprotective 
function of SGLT2i proposes that it may be due to the induction of 
autophagy. Specifically, empagliflozin (EMPA) has been shown to sup
press autosis by inhibiting the Na+/H+ exchanger 1 (NHE1) in car
diomyocytes, optimizing autophagic flux and reducing myocardial 
ischemic injury. This leads to improvements in LV function post-AMI 
[12]. Moreover, SGLT2i have been observed to induce a cardiac meta
bolic shift toward ketone utilization, which increases circulating ketone 
levels. This shift is associated with improved myocardial efficiency and 
reduced oxygen consumption that is crucial for preserving cardiac 
function in ischemic conditions, particularly after PCI [13,14].

However, there remains a lack of evidence specifically addressing 
their effectiveness in patients with type-2 diabetes and MI undergoing 
PCI, warranting a meta-analysis with enhanced statistical power. 
Therefore, we aim to evaluate whether SGLT2i combined with PCI im
proves clinical outcomes in compared to PCI alone.

2. Methods

The current systematic review and meta-analysis is reported ac
cording to Preferred reporting items for systematic review and meta- 
analyses (PRISMA) guidelines [15].

2.1. Data sources and search strategy

To retrieve all relevant articles, a literature search was conducted on 
PubMed, Cochrane Library, Scopus and Embase from the inception until 
May 2024 using the following keywords with their associated MeSH 
terms: “(Sodium-glucose co-transporter inhibitor-2 OR SGLT2 inhibitors 
OR empagliflozin OR dapagliflozin OR canagliflozin OR bexagliflozin) 
AND (myocardial infarction OR MI) AND (percutaneous coronary 

intervention OR PCI). The detailed search strategies are reported in 
Table S1. In addition, we thoroughly searched the reference lists of the 
retrieved articles, past review articles, and meta-analyses, to find any 
relevant studies that may have been missed in the search.

2.2. Study selection and bias assessment

The articles were selected for inclusion if they fulfilled the following 
eligibility requirements: [1] randomized Control Trials (RCTs) or 
observational cohorts, [2] the patients enrolled in the studies were ≥
than 18 years of age, and [3] compared outcomes of SGLT2i in patients 
with type-2 diabetes with MI undergoing PCI to the outcomes when no 
SGLT2i are used post-PCI. All case reports, review articles, observational 
studies, and studies on non-human subjects were excluded from our 
literature review.

The articles retrieved from the systematic search were exported to 
the EndNote Reference Library X7 software where duplicates were 
removed. The remaining articles were carefully assessed by two inde
pendent reviewers (Q.S.U and H.U.H.A), and only those trials that met 
the previously defined criteria were selected. All studies were initially 
short-listed based on title and abstract, after which the full article was 
reviewed to affirm relevance. All discrepancies were resolved by a third 
reviewer (A.S).

The risk of bias assessment of the observational studies was per
formed using the Cochrane Risk of Bias in Nonrandomized Studies - of 
Interventions (ROBINS-I) tool [16]. The ROBINS-I tool uses seven do
mains to determine overall bias in each non-randomized clinical trial. 
Studies were classified as having low, moderate, serious, or critical risk 
of bias. Studies that had information missing in one or more domains 
were classified as NI (no information). Sensitivity analyses were con
ducted using the leave-one-out approach to investigate the impact of 
individual studies on the overall results.

2.3. Data extraction and outcomes

The extracted data included patient demographics as well as 
outcome information. The demographics of the patients included sample 
size, age of patients, body mass index, and history of smoking, dyslipi
demia and hypertension.

The primary outcomes included all-cause death and cardiovascular 
death. The secondary outcomes included major adverse cardiovascular 
events (MACE), hospitalization due to heart failure (HHF), revasculari
zation, acute kidney injury (AKI) and stroke. The criteria used for 
reporting MACE in each study is mentioned in Table S2.

2.4. Statistical analysis

All statistical analysis was performed on Review Manager (Version 
5.4.1, Copenhagen: The Nordic Cochrane Centre, The Cochrane 
Collaboration, 2014). The risk ratios were calculated to present pooled 
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effect sizes along with corresponding 95 % confidence intervals (CIs). 
Forest plots were generated for a graphical representation of results. The 
Higgins (I²) statistic was used to evaluate heterogeneity and a value of 
25 %− 50 % was considered mild, 50 %− 75 % as moderate, and >75 % 
as severe heterogeneity. A p-value of less than 0.05 was considered 
significant.

3. Results

3.1. Search results

An initial search of the databases yielded 644 records. After 
removing duplicates, 427 unique records were subjected to title and 
abstract screening. This process identified 58 potentially eligible reports 
retrieved for full-text assessment based on the eligibility criteria. Eight 
studies met the predefined inclusion criteria and were included in the 
final analysis. The details of screening and the study selection process 

are provided in Fig. 1.

3.2. Study characteristics and risk of bias

A total of 8 studies were included; All of the studies were retro
spective observational studies [17–24] published from 2022 to 2024. A 
total of 24,229 patients were included in our meta-analysis. SGLT2i was 
administered in 10,777 patients while 13,452 patients received placebo. 
The median age of patients ranged from 55 to 72 years. Male patients 
constituted >50 % of the participants in each trial. All studies had a 
follow-up duration ranging from 6 months to 2 years. The details of the 
baseline characteristics are provided in Table 1.

Of 8 observational studies, two [17,20] were judged to have some 
concerns due to confounding or deviations from intended interventions. 
The details are provided in Figure S1.

Fig. 1. PRISMA flowchart showing the screening and study selection process.
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3.3. Clinical outcomes

3.3.1. All-cause death
Seven studies reported data on all-cause mortality. SGLT2i plus PCI 

was associated with a significant decrease in the risk for all-cause death 
in comparison to the group receiving no SGLT2i post-PCI strategy 
(RR=0.61; 95 % CI=0.54, 0.68; p < 0.01; I2 =0 %, Fig. 2A).

3.3.2. Cardiovascular death
Two studies reporting data on death due to cardiovascular causes 

were analyzed. The pooled analysis highlighted a significant risk 
reduction associated with SGLT2i plus PCI procedure compared to no 
SGLT2i use (RR=0.46; 95 % CI=0.22, 0.94; p = 0.03; I2 =0 %) (Fig. 2B).

3.3.3. Major adverse cardiovascular events (MACE)
Five studies reported data on MACE. SGLT2i plus PCI was associated 

with a significant decrease in the risk for MACE compared to no SGLT2i 
use post-PCI (RR=0.80;95 % CI=0.66, 0.96; p = 0.01; I2=40 %, Fig. 3A).

3.3.4. Hospitalization due to heart failure
Three studies reporting on the risk of HHF were analyzed. Pooled 

analysis showed a significant decrease in the risk of HHF associated with 
SGLT2i plus PCI compared to no SGLT2i use post-PCI (RR=0.63; 95 % 
CI=0.44, 0.90; p < 0.01; I2 =67, Fig. 3B). Owing to the high level of 
heterogeneity observed, a leave-one-out analysis was conducted, during 
which the study by Paolisso 2023 et al. was excluded. This exclusion 
substantially reduced the heterogeneity from 67 % to 56 %% and the 
results remained significant (RR= 0.71, 95 % CI: 0.54 to 0.93, p < 0.01, 
I² =56 %) (Figure S2)

3.3.5. Revascularization
Five studies reporting on the risk of revascularization were analyzed. 

Pooled analysis showed a non-significant risk association between the 
two groups (RR=1.26; 95 % CI=0.85, 1.87; p = 0.25; I2 =86 %, Fig. 3C). 
Owing to the high level of heterogeneity observed, a leave-one-out 
analysis was conducted, during which the study by Kultursay 2023 
was excluded. This exclusion reduced the heterogeneity from 86 % to 75 
% and the results remained non-significant (RR = 0.98, 95 % CI: 0.73 to 
1.31, p = 0.89, I² = 75 %) (Figure S3)

3.3.6. Acute kidney injury
Five studies reported data for AKI. The pooled analysis demonstrated 

that the SGLT2i plus PCI was associated with a significant decrease in 
the risk for AKI compared to no SGLT2i use (RR=0.46; 95 % CI = [0.25, 
0.84]; p < 0.01; I2 =79 %, Fig. 4A). Owing to the high level of hetero
geneity observed, a leave-one-out analysis was conducted, during which 
the study by Kim 2024 et al. was excluded. This exclusion substantially 
reduced the heterogeneity from 79 % to 0 % and the results remained 
significant (RR = 0.64, 95 % CI: 0.50 to 0.82, p < 0.01, I² = 0 %) 
(Figure S4).

3.3.7. Stroke
Four studies reporting the risk of the incidence of stroke were eval

uated. The SGLT2i plus PCI was associated with a significant decrease in 
the risk for stroke compared to no SGLT2i use (RR=0.77; 95 % CI=0.62, 
0.96;p < 0.01;I2 =0 %, Fig. 4B).

4. Discussion

This comprehensive meta-analysis of 8 studies, incorporating a total 
of 24,229 type 2 diabetes patients with MI undergoing PCI, aimed to 
evaluate whether SGLT2i plus PCI was associated with improved clinical 
outcomes compared to PCI without SGLT2i use. In our investigation, we 
found that the use of SGLT2i was associated with a significant reduction 
in all-cause death, cardiovascular death, MACE and AKI. SGLT2i was 
also associated with a significantly reduced risk of HHF and stroke, Ta
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compared to PCI without SGLT2i use. However, the risk of revascular
ization remained comparable across the two groups.

Our study complements existing research showing that while 
SGLT2i, primarily used to improve glycemic control in diabetic patients, 
also provides cardioprotective and nephroprotective effects [7,25,26]. 
Although the exact underlying mechanisms remain unclear, these effects 
may be associated with diuresis/natriuresis, enhanced kidney function, 
improved cardiac energy metabolism, induction of vasodilation, 
reduction in arterial blood pressure, reduced inflammation, reduced 
endothelial dysfunction and decreased arterial stiffness [10,27–29]. 
These effects were initially demonstrated in patients with heart failure 
(HF), which showed significant reductions in cardiovascular death, 
hospitalizations and renal events [9]. This prompted increased interest 
in exploring the potential benefits of SGLT2i in patients with AMI, with 
the EMMY trial being the first to investigate the efficacy and safety of an 
SGLT2i, empagliflozin, in patients with AMI undergoing PCI [30]. This 
trial reported a significantly decreased NT-proBNP concentration, a key 
predictor of cardiovascular events following MI, in the empagliflozin 
group, compared to placebo. Since then, various other trials and 
observational studies have investigated the impact of SGLT2i on clinical 
and echocardiographic outcomes, expanding upon these initial findings 
[17–22,31,32].

We observed a significant reduction in AKI associated with the use of 
SGLT2i. Following PCI, approximately 7 % of patients experience AKI, 
largely due to the use of contrast agents, defined as contrast-induced AKI 
(CI-AKI) [4]. CI-AKI is the third leading cause of hospital-acquired AKI, 
which is closely linked to in-hospital mortality [33]. Independent risk 
factors for AKI during PCI include severe baseline chronic kidney disease 
(CKD), cardiogenic shock, and ST-segment elevation myocardial 
infarction (STEMI) presentation [4]. Menne et al. also reported in their 
meta-analysis, that SGLT2i were associated with a reduced risk of AKI 

[34]. The exact mechanisms by which SGLT2i prevent AKI are not fully 
understood, especially given their association with hypovolemia, a key 
factor in acute prerenal failure. However, experimental studies suggest 
they may reduce tubular injury by increasing vascular endothelial 
growth factor (VEGF) and erythropoietin production and decreased 
peritubular inflammation and fibrosis [35]. Additionally, an important 
concept in the reno-protective function of SGLT2i is reduced hyper
filtration by increasing distal sodium delivery which leads to the stim
ulation of tubuloglomerular feedback, thereby reducing intraglomerular 
pressure [36]. Given the significant burden of CI-AKI and the protective 
properties of SGLT2i, investigating their integration into routine clinical 
practice is essential. The reduction in AKI could lead to improved clin
ical outcomes, including reduced hospital stay durations and decreased 
long-term kidney-related complications. In order to optimize their ad
vantages in high-risk populations, future research should concentrate on 
establishing the optimal dosage and patient selection criteria. Results 
may also be improved by combining SGLT2i with other preventive 
measures like adequate hydration and minimizing contrast volume.

Our findings on all-cause and cardiovascular death align with those 
reported by Li et al., assessing the use of SGLT2i in improving cardio
vascular outcomes in patients with diabetes mellitus (DM) who experi
enced AMI [37]. Animal studies have also shown SGLT2i to reduce 
mortality rates following MI by raising antioxidant levels and modifying 
cardiac metabolomes [38]. Moreover, these inhibitors also have been 
observed to reduce the size of infarctions, improve left ventricular 
function, and lessen the frequency of arrhythmias [39]. Such reductions 
in infarct size and improvements in ventricular function likely 
contribute to the reduced mortality and lower incidence of post-MI 
complications observed with these treatments.

A prospective study by Gamaza-Chulián et al. also demonstrated a 
reduction in left ventricular mass and improved global longitudinal 

Fig. 2. Forest plots for (A) All-cause death and (B) Cardiovascular death.
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strain in patients treated with SGLT2i compared to controls, indicating 
favorable structural and functional cardiac changes [40]. This evidence 
of reverse remodeling supports the idea that SGLT2i may not only pre
vent further damage but actively contribute to the repair of the 
myocardium, especially in patients with left ventricular hypertrophy or 
dysfunction. Our findings also indicate a significantly reduced risk of 
HHF. Previous research, including the EMPA-REG OUTCOME trial, re
ported significant reductions in hospitalizations in the SGLT2i, empa
gliflozin group [8]. The EMPACT-MI trial included 31.7 % of patients 
with type-2 diabetes who received empagliflozin treatment after MI 
[41]. PCI was performed in many of these patients. A subgroup analysis 
of this trial will provide additional insights into the efficacy of SGLT2i 
therapy in patients with type-2 diabetes and MI following PCI. Zelniker 

et al. also reported SGLT2i to be associated with a 23 % reduced risk of 
CV death and HHF, further contributing to the growing evidence of the 
cardioprotective role of SGLT2i [25]. SGLT2i also play a role in keto
genesis, which provides an alternative energy source for the myocardial 
cells in ischemic stress [42,43].

Our analysis reported non-significant findings in the risk of revas
cularization between the two groups. These results emphasize the need 
for additional research to clarify the role of SGLT2i in reducing revas
cularization risk, especially given their proven benefits in other car
diovascular outcomes. Revascularization, commonly used as an 
indicator of disease progression in patients with CV disease, may not be 
directly influenced by the mechanisms through which SGLT2i exert their 
benefits. Differences in clinical protocols between the included studies, 

Fig. 3. Forest plots for (A) MACE and (B) HHF 
MACE: major adverse cardiovascular events, HHF: hospitalizations due to heart failure.
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such as the timing of follow-up assessments and variations in sample 
size, may have contributed to the significant heterogeneity observed in 
this outcome. Additionally, patient baseline characteristics such as the 
severity of underlying cardiovascular disease, presence of comorbidities, 
and particularly the use of different medications may also be 
responsible.

This is the largest meta-analysis to date that directly evaluated the 
clinical outcomes with the use of SGLT2i in patients with MI undergoing 
PCI. However, it is important to acknowledge that our study has some 
limitations, including observational study designs and varying patient 
demographics in our pooled studies which may contribute to hetero
geneity in the results. Moreover, most of the included studies had rela
tively short follow-up durations, studies with longer follow-ups are 
required to evaluate the sustained impact of SGLT2i. Another limitation 
is the imbalance in sex representation among the included studies, the 
predominance of males over female participants could introduce a po
tential bias and limit the generalizability of our findings. High hetero
geneity was observed in the occurrence of hospitalization due to HF, 
revascularization, and AKI. This heterogeneity was largely driven by 
Kim et al., who compared the efficacy of SGLT2 inhibitors with an active 
comparator, a dipeptidyl peptidase-4 (DPP-4) inhibitor. Furthermore, 
Paolisso et al., stratified the groups according to the use of SGLT2 in
hibitors and other oral antidiabetics (OAD). Although the outcomes 
remained significant after removing each study, the differences in the 
choice of comparators may explain the high heterogeneity. Further
more, we were unable to categorize the most potent type of SGLT2 

inhibitor across all outcomes due to the lack of studies reporting this 
information. Therefore, future studies are warranted to conduct head-to- 
head comparisons of different types of SGLT2 inhibitors and their effi
cacy compared to other OADs. Some observational studies included 
patients who were already on SGLT2i therapy before PCI and continued 
it afterward, while others included patients who started SGLT2i therapy 
only after undergoing PCI. This could have led to differences in observed 
clinical outcomes. We therefore recommend future randomized control 
studies to assess the long-term benefits of SGLT2i combined with PCI.

5. Conclusion

In conclusion, this meta-analysis demonstrates that SGLT2i plus PCI 
in patients with MI and type 2 diabetes is associated with improved 
cardio-renal outcomes. Future large-scale randomized controlled trials 
are needed to better understand the long-term clinical benefits of SGLT2i 
in this patient population.
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