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Introduction
Type 2 diabetes mellitus (T2DM) is a major risk factor for 
cardiovascular diseases, including acute myocardial infarc-
tion (AMI). Chronic hyperglycemia, insulin resistance, and 
systemic inflammation exacerbate cardiovascular compli-
cations, leading to poorer outcomes following AMI. The 
inflammasome pathway, specifically the NLRP3 (nucle-
otide-binding domain, leukocyte-rich-containing fam-
ily, pyrin domain-containing-3) inflammasome, has been 
implicated in the inflammatory response during AMI. This 
multiprotein complex triggers the release of pro-inflam-
matory cytokines such as IL-1β and IL-18 [1], contribut-
ing to myocardial damage during ischemia–reperfusion 
injury [2, 3]. Sodium–glucose transport protein-2 (SGLT2) 
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Abstract
Sodium–glucose transport protein-2 (SGLT2) inhibitors, initially developed for glycemic control in type 2 diabetes 
mellitus (T2DM), have emerged as potential cardioprotective agents, reducing cardiovascular mortality and 
improving heart failure outcomes. Recent evidence suggests that SGLT2 inhibitors exert anti-inflammatory effects, 
particularly through modulating the inflammasome pathway. This review explores the role of the inflammasome in 
acute myocardial infarction (AMI) in T2DM and discusses the mechanisms by which SGLT2 inhibitors influence this 
pathway. We evaluate current studies on the impact of SGLT2 inhibitors on key inflammatory mediators, particularly 
the NLRP3 inflammasome, and discuss their potential therapeutic implications for reducing inflammation and 
myocardial injury in patients with T2DM experiencing AMI. In summary, the key novelties in this review lie in its 
focused mechanistic approach on the inflammasome pathway, its integration of diabetes and cardiovascular research, 
and its potential to influence future therapeutic strategies for AMI in T2DM patients. It offers a novel angle by tying 
together molecular mechanisms of inflammation with clinical implications in a specific patient population that 
faces high cardiovascular risk.
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inhibitors, widely prescribed for controlling hypergly-
cemia in T2DM, have demonstrated cardioprotective 
effects beyond their glucose-lowering properties, includ-
ing potential modulation of the inflammasome pathway 
[4] (Fig. 1. Central Diagram). In this review, we explore the 
role of the inflammasome in AMI, the impact of SGLT2 
inhibitors on this pathway, and their potential therapeutic 
benefits in reducing inflammation and improving cardio-
vascular outcomes in T2DM patients.

Mechanisms of SGLT2 inhibitors in cardiovascular 
protection
Glycemic control and cardiovascular benefits
SGLT2 inhibitors reduce blood glucose levels by inhibiting 
glucose reabsorption in the renal proximal tubules, lead-
ing to increased urinary glucose excretion [5]. Clinical tri-
als, such as EMPA-REG OUTCOME [6], DECLARE-TIMI 
58 [7], and CANVAS program [8] have demonstrated that 
SGLT2 inhibitors significantly reduce major cardiovas-
cular events, including hospitalization for heart failure 
(HHF) and cardiovascular mortality in T2DM patients. 
These benefits extend beyond glycemic control, suggesting 

additional protective mechanisms explored in subsequent 
sections.

Anti-inflammatory and myocardial protective effects of 
SGLT2 inhibitors
Beyond their metabolic benefits, SGLT2 inhibitors have 
been shown to exhibit anti-inflammatory properties and 
confer myocardial protection particularly in acute myo-
cardial infarction (AMI) (Figs.  1 and 2) [9, 10]. These 
inhibitors have been shown to lower circulating levels of 
pro-inflammatory cytokines, including IL-1β, IL-6, and 
TNF-α [2, 11–17] as demonstrated in preclinical models 
and clinical studies [18–22] with drugs like canagliflozin 
and empagliflozin [2]. This cytokine suppression correlates 
with decreased myocardial inflammation [20], smaller 
infarct sizes [18, 19], and improved cardiac function [19], 
highlighting their cardioprotective potential—especially in 
AMI, where inflammation exacerbates myocardial injury 
[21–23].

The beneficial actions of SGLT2 inhibitors stem from 
their ability to modulate inflammatory signaling path-
ways, notably the NLRP3 inflammasome [2, 21, 22] in 

Fig. 1  Central diagram
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Fig. 2  Summary diagram
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various models of cardiovascular, including myocardial 
ischemia–reperfusion injury (Fig.  3). These inhibitors, 
such as empagliflozin and dapagliflozin, achieve this by 
reducing oxidative stress and improving mitochondrial 
function, key triggers for the activation of the NLRP3 
inflammasome [24–27], which attenuate the release of 
pro-inflammatory cytokines that drive myocardial dam-
age during ischemic events (Fig. 4) [2, 22, 28–35].

By targeting these pathways, SGLT2 inhibitors decrease 
the expression and plasma concentrations of key inflam-
matory markers (e.g., IL-1β [2, 15], IL-6 [13, 16], TNF-α 
[13, 15]) mitigating the inflammatory processes associ-
ated with cardiovascular diseases and diabetes [9].

These mechanisms, detailed further in Sect.  “Impact 
of SGLT2 inhibitors on the inflammasome pathway in 
AMI”, underscore their role in reducing infarct size and 

Fig. 4  Mechanisms of SGLT2 inhibitors in cardiovascular protection

 

Fig. 3  Mechanism of SGLT2 inhibitors in the inhibition of TXNIP and NLRP3
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preserving cardiac function, offering a multifaceted 
approach to cardioprotection in AMI.

Core mechanisms underlying cardioprotection
SGLT2 inhibitors may inhibit NLRP3 inflammasome acti-
vation through multiple mechanisms, including:

 	• Reduction of oxidative stress: SGLT2 inhibitors 
improve mitochondrial function and reduce reactive 
oxygen species (ROS) production, which are key 
triggers of NLRP3 activation [22, 24]. These drugs 
enhance mitochondrial efficiency and limit the 
excessive generation of ROS, thereby preventing 
oxidative stress-induced activation of the NLRP3 
inflammasome pathway, which is implicated in 
various inflammatory and cardiovascular conditions. 
SGLT2 inhibitors have also been shown to lower 
NOX2 (NADPH oxidase 2)-related oxidative 
stress therefore reducing platelet activation and 
thrombus formation [36]. By targeting mitochondrial 
dysfunction and ROS, SGLT2 inhibitors provide 
protective effects against inflammation and ischemic 
injury in the heart.

 	• Promotion of autophagy: Preclinical studies suggest 
that SGLT2 inhibitors can enhance autophagy, a 
crucial cellular process responsible for clearing 
damaged organelles, including mitochondria [29, 
37, 38]. This effect plays a key role in preventing the 
activation of the NLRP3 inflammasome, a major 
driver of inflammatory responses. By promoting 
autophagic activity, SGLT2 inhibitors mitigate 
oxidative stress and the accumulation of damaged 
mitochondria, thereby preventing inflammasome 
activation [39, 40]. This reduction in cellular stress 
and inflammation helps protect against myocardial 
injury, making autophagy a vital mechanism in their 
cardioprotective effects.

Multiple studies have demonstrated that SGLT2 inhibi-
tors, increase autophagy in various tissues [41], including 
the heart and kidneys, by modulating signaling path-
ways like AMP-activated protein kinase (AMPK) [42, 
43] and SIRT1, which regulate cellular energy and stress 
responses [44–46]. These findings are particularly signifi-
cant in conditions like diabetes and cardiovascular dis-
eases, where enhanced autophagy reduces organ damage 
and improves cardiac function.

Regulation of thioredoxin-interacting protein (TXNIP): 
Thioredoxin-interacting protein (TXNIP) is a key regu-
lator of oxidative stress and has been implicated in the 
activation of the NLRP3 inflammasome [47]. Under con-
ditions of elevated ROS, TXNIP dissociates from thiore-
doxin (TRX) and binds directly to NLRP3, triggering its 
activation [48]. This activation pathway is associated with 

various inflammatory [47] and cardiovascular diseases 
[49]. SGLT2 inhibitors, such as empagliflozin, have been 
shown to modulate TXNIP expression, thereby reducing 
oxidative stress and preventing NLRP3 inflammasome 
activation [49, 50]. By doing so, these inhibitors help 
attenuate inflammation and protect against further car-
diovascular damage, such as myocardial injury [49].

It is also important to note that oxidative stress is 
known to impair nitric oxide (NO) bioavailability, lead-
ing to decreased soluble guanylate cyclase (sGC) activity, 
reduced protein kinase G (PKG) activity, hypophosphor-
ylation of titin, and cardiomyocyte stiffness and intersti-
tial fibrosis, thus causing HFpEF [51]. SGLT2 inhibitors 
reduce oxidative stress and improve NO signaling and 
availability [52]. Thus, it is plausible that the clinical 
benefits observed with SGLT2 inhibitors in HFpEF 
(EMPEROR-Preserved trial) may be partly mediated 
through modulation of oxidative stress and inflamma-
some pathways.

In addition to their cardiometabolic effects, SGLT2 
inhibitors also improve anemia by reducing hepcidin 
levels and improving functional iron deficiency [53, 54]. 
This is particularly relevant given the high prevalence of 
anemia among patients with heart failure and acute coro-
nary syndromes (ACS) [55–60], in which anemia is inde-
pendently associated with increased mortality in patients 
with heart failure or MI [61–63].

SGLT2 expression in human cardiomyocytes and its 
association with inflammation, oxidative stress, and 
metabolic pathways
The expression of SGLT1 and SGLT 2 is upregulated in 
the context of T2DM [64] and MI [65]. In human induced 
pluripotent stem cell-derived cardiomyocytes (hiPSC-
CMs), exposure to a high-glucose, insulin-free environ-
ment significantly increased the expression of both SGLT1 
and SGLT2 [66]. Treatment with an SGLT2 inhibitor led 
to a reduction in the expression of both transporters, 
independent of insulin presence. Moreover, elevated gene 
expression has been associated with molecular signatures 
of myocardial fibrosis, inflammation, oxidative stress, and 
altered cardiac metabolism [67].

The role of the inflammasome pathway in acute 
myocardial infarction
Myocardial infarction—autophagy, inflammation, 
apoptosis
Myocardial infarction (MI) initiates a complex inter-
play of cellular responses including autophagy [68, 69], 
inflammation pathways [70], and apoptosis [70, 71], each 
crucial in determining the extent of myocardial damage 
and subsequent cardiac function. Autophagy, a cellular 
process essential for maintaining cardiac homeostasis, 
has been implicated both in promoting cardiomyocyte 
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survival through the removal of damaged organelles and 
in contributing to cell death under pathological con-
ditions like MI [72]. Ischemia and reperfusion injury 
impairs autophagosome clearance contributing to 
increased cardiomyocyte death [73]. Inflammation plays 
a pivotal role post-MI, with the NLRP3 inflammasome 
pathway highlighted as a key mediator of inflamma-
tory responses leading to myocardial injury and adverse 
remodeling [33]. The activation of pro-inflammatory 
cytokines exacerbates tissue damage and promotes fibro-
sis, impacting overall cardiac function. Concurrently, 
apoptosis, a programmed cell death mechanism, contrib-
utes significantly to cardiomyocyte loss post-MI, further 
impairing cardiac contractility and structural integrity 
[74].

NLRP3 inflammasome activation
The NLRP3 inflammasome is a key component of the 
innate immune system that is activated in response 
to cellular stress, including ischemia and reperfusion 
injury, which are hallmarks of AMI [75]. Upon activation, 
NLRP3 forms a complex that activates caspase-1, lead-
ing to the cleavage and maturation of pro-inflammatory 
cytokines, particularly IL-1β [76, 77] and IL-18 [77]. 
These cytokines drive the inflammatory response in the 
myocardium, exacerbating cell death, oxidative stress, 
and tissue damage during AMI.

This inflammasome activation is particularly triggered 
by damage-associated molecular patterns (DAMPs) 
released during cellular injury [78], and the oxidative 
stress commonly associated with reperfusion injury. 
Research has shown that targeting the NLRP3 inflamma-
some can significantly reduce the extent of inflammation 
and subsequent tissue damage in ischemic conditions, 
highlighting its potential as a therapeutic target in reduc-
ing myocardial injury in AMI [33].

TXNIP and NLRP3 inflammasome pathway
Thioredoxin-interacting protein (TXNIP), also known 
as thioredoxin-binding protein 2 (TBP2), is a key protein 
in the cellular stress response pathway [79]. TXNIP con-
tributes to various pathophysiological states such as the 
nervous system inflammation seen in Alzheimer’s disease 
[80] and premature death of insulin-secreting cells in 
patients with diabetes [65].

TXNIP is a major regulator of the NLRP3 inflamma-
some, a multiprotein complex that plays a pivotal role in 
the innate immune response. Under conditions of oxida-
tive stress or cellular damage, TXNIP interacts with the 
NLRP3 inflammasome to promote its activation. This 
leads to the secretion of pro-inflammatory cytokines con-
tributing to chronic inflammation and various inflamma-
tory diseases [47].

Inflammasome activation in T2DM and AMI
Patients with T2DM exhibit heightened inflammasome 
activation due to hyperglycemia, insulin resistance, and 
oxidative stress, which predispose them to exaggerated 
inflammatory responses during AMI [81]. The persistent 
activation of the NLRP3 inflammasome in T2DM leads 
to excessive cytokine production (Fig. 2) and contributes 
to poor cardiovascular outcomes, including larger infarct 
sizes, worse cardiac function, and higher rates of heart 
failure (HF) following AMI [81–83].

The enhanced oxidative stress seen in T2DM, driven 
by mitochondrial dysfunction and excessive ROS pro-
duction, plays a pivotal role in NLRP3 inflammasome 
activation [84]. This chronic inflammation not only wors-
ens the inflammatory environment during AMI but also 
exacerbates overall cardiovascular outcomes in diabetic 
patients, leading to more severe cardiac dysfunction and 
elevated heart failure rates [81–83, 85, 86].

Inflammation in cardiovascular diseases
Among patients with heart failure, elevated levels of 
interleukin-6 (IL-6) and high-sensitivity C-reactive pro-
tein (hs-CRP) have been independently associated with 
an increased risk of heart failure progression, cardiovas-
cular death, and adverse renal outcomes [87, 88]. More-
over, higher concentrations of N-terminal pro-B-type 
natriuretic peptide (NT-proBNP) have been linked to 
an elevated risk of both heart failure and renal outcomes 
[89].

Impact of SGLT2 inhibitors on the inflammasome 
pathway in AMI
Inhibition of NLRP3 inflammasome activation
Preclinical studies have demonstrated that SGLT2 inhibi-
tors can effectively inhibit the activation of the NLRP3 
inflammasome (Fig. 3) in various models of cardiovascular 
injury [2, 22, 90] including myocardial ischemia–reperfu-
sion injury [38] by leveraging the mechanisms outlined 
in Sect.  "Core mechanisms underlying cardioprotection". 
These inhibitors, such as empagliflozin and dapagliflozin, 
reduce mitochondrial dysfunction and suppress the pro-
duction of ROS, which are known to be key triggers for 
the activation of the NLRP3 inflammasome [24–27]. By 
preventing this activation, SGLT2 inhibitors reduce the 
release of pro-inflammatory cytokines, particularly IL-1β 
[2, 32, 38] and IL-18 (Fig. 4). This inhibition of the inflam-
masome-mediated inflammatory response is crucial in 
limiting myocardial damage and preserving cardiac func-
tion during and after AMI [33–35].

SGLT2 inhibitors also contribute to improved mito-
chondrial function and autophagy [29, 91], thereby 
reducing oxidative stress and supporting cardiovascular 
health. These effects play a significant role in minimiz-
ing the extent of ischemic injury and inflammation in the 
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heart, offering potential therapeutic benefits for manag-
ing cardiovascular complications in both diabetic and 
non-diabetic patients.

Although a post-hoc analysis of the EMMY trial found 
no significant changes in certain inflammatory biomark-
ers—including IL-6, neutrophil count, leukocyte count, 
and the neutrophil-to-lymphocyte ratio (NLR) [92]—it is 
important to note that key components of the inflamma-
some pathway were not assessed. Specifically, the study 
did not evaluate levels of nucleotide-binding domain, 
leucine-rich-containing family, pyrin domain-contain-
ing-3 (NLRP)-3 inflammasome, IL-1β or IL-18. As such, 
the impact of empagliflozin on these critical inflamma-
some-related mediators in the EMMY trial population 
remains unclear.

Additional cardiac mechanisms of SGLT2 inhibitors
Molecular docking studies and experiments with isolated 
perfused hearts reveal that empagliflozin binds directly 
to glucose transporters, leading to several key metabolic 
improvements in failing hearts. This binding reduces gly-
colysis and rebalances the relationship between glycolysis 
and oxidative phosphorylation. Empagliflozin also influ-
ences the adenosine monophosphate-activated protein 
kinase (AMPK) and mammalian target of rapamycin 
complex 1 (mTORC1) pathways. AMPK activation inhib-
its the mTOR pathway, thereby reducing protein synthe-
sis and promoting autophagy—a cellular cleanup process 
triggered under stress or nutrient deprivation. Further-
more, AMPK stimulates fatty acid catabolism through 
the activation of adipose triglyceride lipase (ATGL) and 
inhibits fatty acid and cholesterol synthesis by downregu-
lating acetyl-CoA carboxylase (ACC) and HMG-CoA 
reductase. Additionally, AMPK facilitates glucose uptake 
by promoting GLUT4 translocation to the cell mem-
brane and inhibits glycogen synthesis [93]. Overall, these 
actions collectively enhance cardiac function by improv-
ing glucose utilization and fatty acid metabolism.

Clinical evidence: SGLT2 inhibitors in AMI and 
T2DM
Clinical trials demonstrating cardiovascular benefits
Large-scale clinical trials such as EMPA-REG OUT-
COME and CANVAS (Fig.  5) have demonstrated the 
ability of SGLT2 inhibitors to reduce the risk of cardio-
vascular events in T2DM patients [6, 8]. Although these 
trials primarily focus on macrovascular outcomes, second-
ary analyses suggest that the anti-inflammatory effects of 
SGLT2 inhibitors may contribute to their cardioprotective 
benefits, particularly in patients at high risk for AMI. Fur-
thermore, studies have demonstrated the impact of SGLT2 
inhibitors among patients with T2DM, chronic kidney dis-
ease (CKD), MI, and HF (Table 1).

In patients with T2DM and high cardiovascular risk, 
the 2015 EMPA-REG OUTCOME trial and 2017 CAN-
VAS Program integrated study from two trials (CAN-
VAS and CANVAS-R) demonstrated improved primary 
outcome of CV death, nonfatal MI, or nonfatal stroke 
with empagliflozin and canagliflozin [6, 8]. The 2018 
DECLARE-TIMI 58 trial found that while dapagliflozin 
did not change the rates of major adverse cardiovascular 
events (MACE) compared to placebo, it did lower car-
diovascular death (CVD) or HHF among patients with 
Type 2 DM and established atherosclerotic cardiovascu-
lar disease (ASCVD) or multiple risk factors for ASCVD 
[7]. The 2019 CREDENCE trial demonstrated a marked 
reduction in the incidence of CVD, HHF, MI, or cere-
brovascular accident (CVA) among patients with T2DM 
and kidney disease treated with canagliflozin [94]. A 
meta-analysis by Zou et al. in 2019 revealed that SGLT2 
inhibitors are associated with a decreased risk of major 
adverse cardiovascular events (MACE) and mortality in 
type 2 diabetes [95]. In DAPA-CKD trial 2020 among 
patients with CKD, regardless of the presence or absence 
of diabetes, the risk of a composite of a sustained decline 
in the estimated GFR of at least 50% end-stage kidney 
disease, or death from renal or cardiovascular causes 

Fig. 5  Timeline of major studies
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was significantly lower with dapagliflozin than with pla-
cebo [96]. Conversely, the VERTIS CV trial 2020 dem-
onstrated noninferiority of ertugliflozin among patients 
with Type 2 DM and ASCVD in major adverse cardiovas-
cular events compared to placebo, however, did not show 
superiority in composite of death from cardiovascular 

causes or HHF [97]. In 2020 meta-analysis by McGuire 
et al., SGLT2 inhibitors were associated with a reduced 
risk of major CV events and HHF among patients with 
T2DM and ASCVD [98].

The role of SGLT2 inhibitors in patients with AMI has 
been investigated through several key studies. The 2017 

Table 1  Summary of major clinical trials
Year Trial Population Medication Outcome
Heart failure
2019 DAPA-HF Patients with heart failure and a 

reduced ejection fraction, regardless of 
presence or absence of diabetes

Dapagliflozin Risk of worsening HF or death from CV causes was lower

2020 EMPEROR-reduced Patients with heart failure and a 
reduced ejection fraction, regardless of 
presence or absence of diabetes

Empagliflozin Lower risk of CV death or HHF

2020 SOLOIST-WHF Patients with T2DM and recent hospital-
ization for worsening heart failure

Sotagliflozin Lower total number of deaths from CV causes and hos-
pitalizations and urgent visits far heart failure

2021 EMPEROR-preserved Patients with heart failure and a pre-
served ejection fraction, regardless of 
the presence or absence of diabetes

Empagliflozin Reduced the combined risk of CV death or HHF

2022 Pre-specified analysis 
of EMPEROR-pre-
served 2022

Patients with preserved LVEF or mid-
range LVEF (41–49%)

Empagliflozin Reduced the combined risk of CV death or HHF

2022 DELIVER Patients with heart failure with midly 
reduced or preserved EF

Dapagliflozin Reduced the combined risk of worsening heart failure 
or CV death

T2DM
2015 EMPA-REG OUTCOME T2DM and high CV risk Empagliflozin Lower rate of primary composite CV outcome and death 

from any cause
2017 CANVAS program T2DM and high CV risk Canagliflozin Improved primary outcome of CV death, nonfatal Ml, or 

nonfatal stroke
2018 DECLARE-TIMI 58 T2DM and established ASCVD or mul-

tiple risk factors for ASCVD
Dapagliflozin No change in the rates of major adverse CV events 

(MACE), however, lowered CV death or HHF
2020 VERTI5 CV T2DM and ASCVD Ertugliflozin Non-inferiority in major adverse CV events; however, 

did not show superiority in composite of death from CV 
causes or HHF

T2DM and CKD
2020 DAPA-CKD CKD, regardless of the presence or 

absence of diabetes
Dapagliflozin Significant reduction in the risk of a composite of a sus-

tained decline in the estimated GFR of at least 50%, end-
stage kidney disease, or death from renal or CV causes

T2DM and CKD
2019 CREDENCE T2DM + CKD Canagliflozin Marked reduction in the incidence of CV death, HHF, Ml, 

or CVA
Myocardial infarction
2022 EMMY Patients with acute Ml and large cre-

atine kinase elevation; within 72 h of PCI
Empagliflozin Significantly reduced NT-proBNP levels and improved 

both echocardiography functional and structural 
parameters

2023 Kwon et al Patients with T2DM who received PCI 
for acute Ml

SGLT2 inhibitors Early use of SGLT2 inhibitors in patients with diabe-
tes treated with PCI for acute MI was associated with 
reduced rates of CV events, including all-cause mortality 
and fewer hospitalizations for heart failure

2023 DAPA-Ml Patients without prior diabets or chronic 
HF, presenting with acute Ml and 
impaired LV systolic function

Dapagliflozin Improved cardiometabolic outcomes; did not signifi-
cantly affect the composite rates of cardiovascular death 
or HHF

2024 EMPACT-MI Patients who had been hospitalized for 
acute Ml and were at risk for HF

Empagliflozin No significant difference in the rates of first HHF or death 
from any cause

HF, heart failure; CV, cardiovascular; HHF, hospitalization for heart failure; T2DM, type 2 diabetes mellitus; LVEF, Left ventricular ejection fraction; ASCVD, 
atherosclerotic cardiovascular disease; CKD, chronic kidney disease; GFR, glomerular filtration rate; CVA, cerebrovascular accident; PCI, percutaneous coronary 
intervention; SGLT2, sodium–glucose cotransporter 2; Ml, myocardial infarction
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EMMY trial demonstrated that empagliflozin, adminis-
tered within 72 h of percutaneous coronary intervention, 
significantly reduced NT-proBNP levels and improved 
both echocardiographic functional and structural param-
eters in patients with large creatine kinase elevation [99]. 
A 2023 population-based study by Kwon et al. showed 
that early initiation of SGLT2 inhibitors post-MI was 
linked to reduced rates of cardiovascular events, includ-
ing lower all-cause mortality and fewer HHF [100]. A 
nationwide observation registry study from SWEDE-
HEART (2024) also showed that SGLT2 inhibitor use 
was associated with lower rates of the composite out-
come of death and first hospitalization for heart failure 
after one year [101]. In a multicenter international regis-
try with diabetic AMI patients undergoing percutaneous 
coronary intervention (PCI), SGLT2 inhibitor use was 
associated with lower risk of contrast-induced acute kid-
ney injury (AKI) [102], in-hospital CVD and long-term 
cardiovascular mortality and HHF [103]. Additionally, 
SGLT2 inhibitor use in T2DM patients was associated 
with lower risk of arrhythmic events during hospital-
ization for AMI [103, 104]. In meta-analysis of patients 
with recent or previous MI, SGLT2 inhibitor was associ-
ated with lower rates of HHF [105], and early and delayed 
treatment with SGLT2 inhibitors following MI was asso-
ciated with a significant reduction in all-cause mortality 
with greater reduction in T2DM patients [106]. How-
ever, the EMPACT-MI trial (2020) found no significant 
difference in the rates of first HHF or death from any 
cause between empagliflozin and placebo groups, sug-
gesting limited impact on these specific outcomes [107]. 
Similarly, the DAPA-MI trial (2020) indicated that while 
dapagliflozin improved cardiometabolic outcomes, it 
did not significantly affect the composite rates of CVD 
or HHF compared to placebo approximately 1 year after 
treatment [108].

While numerous trials have demonstrated robust 
cardiovascular benefits of SGLT2 inhibitors, particu-
larly in reducing heart failure hospitalizations and car-
diovascular mortality in patients with heart failure or 
T2DM, a more nuanced understanding is necessary 
when evaluating their efficacy across diverse cardio-
vascular contexts. The general enthusiasm for SGLT2 
inhibitors is largely driven by trials such as EMPA-REG 
OUTCOME, CANVAS, DECLARE-TIMI 58, DAPA-
HF, and EMPEROR-Reduced, which have consistently 
shown favorable outcomes in populations with estab-
lished ASCVD or heart failure with reduced ejection 
fraction (HfrEF). However, more recent studies aimed 
at extending the benefits of SGLT2 inhibitors to post-
AMI populations have yielded less conclusive results. 
Notably, the DAPA-MI and EMPACT-MI trials did not 
demonstrate significant reductions in their primary end-
points. These studies raise important questions about 

the timing, patient selection, and mechanistic underpin-
nings of SGLT2 inhibitor efficacy in acute ischemic set-
tings. For instance, DAPA-MI, which enrolled post-AMI 
without prior diabetes or chronic symptomatic HF, failed 
to show a statistically significant benefit in reducing the 
composite of CVD or HHF [108]. Similarly, EMPACT-
MI did not meet its primary endpoint [107]. These find-
ings suggest that the cardioprotective effects observed in 
chronic disease settings may not readily translate to the 
acute post-infarction setting, possibly due to differences 
in myocardial stress, remodeling dynamics, or underlying 
metabolic conditions. These negative or neutral results 
are sometimes underrepresented in reviews that high-
light the broader cardiovascular benefits of SGLT2 inhib-
itors, potentially leading to an overly optimistic portrayal 
of their role in all cardiovascular contexts. A balanced 
interpretation must recognize that while SGLT2 inhibi-
tors represent a transformative advance in cardio-renal 
medicine, their utility may be context-specific and should 
not be presumed uniformly effective across all stages 
of cardiovascular disease. Further research is needed 
to delineate the optimal timing, patient phenotypes, 
and adjunctive therapies that may influence outcomes 
post-AMI.

Improved outcomes with SGLT2 inhibitor were more 
consistent among patients with heart failure (HF). In 
DAPA-HF trial 2019, patients with heart failure and 
a reduced ejection fraction, the risk of worsening HF 
or death from cardiovascular causes was lower among 
those who received dapagliflozin than among those who 
received placebo, regardless of the presence of absence 
of diabetes [109]. In EMPEROR-Reduced trial 2020, 
patients who received empagliflozin had a lower risk 
of CV death or HHF than those in the placebo group, 
regardless of presence or absence of diabetes [110]. In 
SOLOIST-WHF trial 2020, patients with Type 2 DM and 
recent hospitalization for worsening HF treated with 
sotagliflozin therapy had lower total number of deaths 
from cardiovascular causes and hospitalizations and 
urgent visits for heart failure [111]. In EMPEROR-Pre-
served trial 2021, empagliflozin reduced the combined 
risk of CV death or HHF in patients with heart failure and 
a preserved ejection fraction, regardless of the presence 
of absence of diabetes [112]. In a pre-specified analysis of 
EMPEROR-Preserved 2022, empagliflozin reduced the 
risk of CV death or HHF for preserved LVEF patients and 
mid-range LVEF (41–49%) patients [113]. Furthermore, 
in DELIVER trial 2022, dapagliflozin reduced the com-
bined risk of worsening heart failure or CV death among 
patients with HF with mildly reduced or preserved ejec-
tion fraction [114].
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Combinational therapeutics of SGLT2 inhibitors
SGLT2 inhibitors may have either additive benefits or 
adverse effects when used alongside common cardiovas-
cular medications such as statins, angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin receptor blockers 
(ARBs), diuretics, and antiplatelets.

Conflicting findings have been reported regarding the 
interaction between statins and SGLT2 inhibitors [115–
119]. A recent large pharmacovigilance study analyzing 
456 reports of myopathy and 77 reports of rhabdomyoly-
sis found no increased risk of myotoxicity with concomi-
tant use of SGLT2 inhibitors and statins [120], a finding 
supported across studies [121]. Additionally, no clinically 
relevant drug-drug interactions have been observed and 
pharmacokinetic studies suggest dose adjustments were 
not necessary when empagliflozin and simvastatin are 
co-administered [122]. Meta-analyses have demonstrated 
significant increases in both low-density lipoprotein 
cholesterol (LDL-C) and high-density lipoprotein cho-
lesterol (HDL-C) levels with SGLT2 inhibitor use [123, 
124], highlighting the need for lipid profile monitoring 
and underscoring the importance of further investigation 
into these metabolic effects when SGLT2 inhibitors are 
administered concomitantly with statins.

When SGLT2 inhibitors are used in conjunction with 
ACE inhibitors or ARBs, there may be an initial reduc-
tion in estimated glomerular filtration rate (eGFR) and 
increased risk of hypoglycemia [125]. Additionally, com-
bined SGLT2 and ACE inhibition upregulate plasma 
renin activity and angiotensin I levels, which may coun-
teract some of the effects of ACE inhibitors [126]. How-
ever, this combination also demonstrates beneficial 
effects, including decreased albuminuria, lowered hemo-
globin A1c (HbA1c) levels, reduced oxidative stress mak-
ers, and an additive decline in blood pressure and total 
peripheral resistance [127, 128], which have also been 
shown in meta-analyses [125, 129]. Notably, long-term 
eGFR and kidney injury outcomes were similar, despite 
the initial decrease in eGFR observed with SGLT2 inhibi-
tor treatment [130, 131]. In fact, the EMPA-REG OUT-
COME trial demonstrated an improvement in eGFR after 
12  weeks of treatment from initial decrease [6]. Collec-
tively, these findings support drug interactions between 
SGLT2 inhibitors and ACE inhibitors are beneficial for 
cardiorenal risk reduction.

SGLT2 inhibitor in combination with Entresto (Sacubi-
tril/Valsartan) has been shown to provide an additional 
benefit on improving the heart function in rat study 
[132]. This combination was superior to either treatment 
alone in protecting the heart from ischemia–reperfusion 
injury. Additionally, a meta-analysis of seven trials by Mo 
et al. demonstrated this superior cardiovascular protec-
tive effect [133].

The combination of SGLT2 inhibitors and diuret-
ics may lead to volume depletion, increasing the risk 
of hypotension, syncope, and falls particularly in the 
elderly patients [134, 135]. As a result, diuretic dose 
adjustment is often necessary upon initiation of SGLT2 
inhibitors [136, 137]. Notably, while neither agent alone 
significantly increased urinary volume, their combination 
resulted in a marked rise in diuresis [138]. Additionally, 
SGLT2 inhibitor use with a diuretic can have natriuretic 
synergy [139, 140], which may offer therapeutic benefit 
when used together. Furthermore, SGLT2 inhibitors have 
been shown to mitigate bumetanide-induced hyperurice-
mia [139, 140], potentially enhancing the metabolic pro-
file of diuretic therapy. However, co-administration also 
elevates plasma renin and aldosterone levels [138], indi-
cating that concurrent use of renin–angiotensin–aldo-
sterone system (RAAS) blockers may be warranted to 
counteract this compensatory activation.

Canagliflozin has demonstrated its effect on blood 
pressure in the CREDENCE trial, which showed reduc-
tion in systolic blood pressure (SBP) decreasing the 
necessity for additional antihypertensive medications 
[141]. This may indicate the need to adjust commonly 
used blood pressure medications when taken concur-
rently with SGLT2 inhibitor.

In the analysis of DAPA-HF, dapagliflozin demon-
strated comparable efficacy and safety in patients with 
HFrEF, regardless of whether they were also taking a 
mineralocorticoid receptor antagonist, which supports 
the combined use of both medications [142].

In the EDGE trial, dapagliflozin significantly reduced 
platelet reactivity and achieved a greater antiplatelet 
effect in patients with stable coronary artery disease 
(CAD) and T2DM who were receiving dual antiplatelet 
therapy (DAPT) [143].

When combined with metformin in diabetic patients 
with AMI, SGLT2 inhibitor improved left ventricu-
lar ejection fraction (LVEF) compared with dipeptidyl 
peptidase-4 (DPP-4) inhibitor but did not show differ-
ence in the rate of MACEs [144]. However, combina-
tion therapy with metformin and SGLT2 inhibitors have 
shown reduced risk of all-cause mortality and kidney 
disease progression [145]. Additionally, the combination 
of SGLT2 inhibitor and glucagon-like peptide-1 receptor 
agonists (GLP-1RA) had lower incidence of MACE com-
pared to either alone [146].

Potential risks and limitations of using SGLT2 inhibitors in 
AMI patients
While SGLT2 inhibitors have demonstrated benefits in 
heart failure outcomes and glycemic control, their use 
in patients with AMI presents potential risks and limi-
tations. These include hypotension, an increased risk of 
diabetic ketoacidosis (DKA), which can present atypically 
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and may be difficult to detect in the acute setting, and 
AKI, which may be exacerbated by concurrent renal 
hypoperfusion or contrast exposure during PCI [107].

SGLT2 inhibitors can lead to volume depletion, result-
ing in hypotension. This effect is particularly concerning 
with AMI patients, who may already experience hemo-
dynamic instability. However, dapagliflozin had a small 
effect on SBP in patients with HFrEF and was well toler-
ated across the range of SBP included in DAPA-HF [147]. 
Similarly, empagliflozin has been associated with small 
reduction in SBP and diastolic blood pressure (DBP) [6] 
without significant long-term effects on SBP [148]. None-
theless, the impact of SGLT2 inhibitors on hemodynam-
ics in AMI remains inadequately understood, warranting 
further research.

The use of SGTL2 inhibitors in patients with AMI is 
associated with a potential risk of DKA. Notably, SGLT2 
inhibitor-induced DKA can present atypically as eug-
lycemic DKA (EDKA), characterized by normal or only 
mildly elevated blood glucose levels, which can make 
clinical recognition challenging [149]. In light of this, 
heightened clinical vigilance is required when initiating 
SGLT2 inhibitors in AMI patients. Careful assessment of 
patient suitability and close monitoring for early signs of 
DKA are imperative to ensure safe therapeutic use in this 
population.

Concerns have been raised regarding the risk of AKI 
with SGLT2 inhibitor use. However, SGLT2 inhibitor use 
was associated with lower risk of incident AKI after PCI 
therapy in AMI patients [150] and lower risk of contrast-
induced AKI [102].

Clinicians should carefully monitor hemodynamics, for 
DKA, and renal function with SGLT2 use in patients with 
AMI.

Potential pharmacodynamic interactions with 
anticoagulants and dual antiplatelet therapy
Potential pharmacodynamic interactions of SGLT2 inhibi-
tors with anticoagulants and dual antiplatelet therapy 
(DAPT)—both cornerstones of AMI management—
may influence bleeding risk or drug metabolism. SGLT2 
inhibitors have been shown to reduce platelet activation 
and thrombus formation [36, 151, 152], raising concerns 
regarding a possible increase in bleeding risk when used 
concomitantly with DAPT. Dapagliflozin had no clini-
cally meaningful pharmacokinetic interactions with war-
farin, a commonly used anticoagulant, indicating that 
co-administration is generally safe from a pharmacokinetic 
perspective. Additionally, the pharmacodynamics of war-
farin were unaffected by dapagliflozin, suggesting no sig-
nificant impact on anticoagulant efficacy [153]. Currently, 
there is no direct evidence suggesting that SGLT2 inhibi-
tors significantly alter the pharmacodynamics of direct 
oral anticoagulants (DOACs). Considering the complex 

polypharmacy often required in AMI patients, the initia-
tion of SGLT2 inhibitors necessitates careful patient selec-
tion and close monitoring.

Inflammatory marker reduction in clinical studies
While much of the mechanistic insight into inflamma-
some modulation by SGLT2 inhibitors has been derived 
from preclinical research, emerging clinical and transla-
tional data suggest plausible link between SGLT2 inhibi-
tion and suppression of the NLRP3 inflammasome in the 
setting of AMI (Table 2).

For instance, registry-based data from the AMI Protect 
registry demonstrated that diabetic patients treated with 
SGLT2 inhibitors after AMI exhibit significantly lower 
levels of inflammatory markers, including C-reactive pro-
tein (CRP) [21]. Similarly, other clinical studies involving 
patients with T2DM and CVD have reported reductions 
in circulating CRP [157] and IL-6 [158] following treat-
ment with SGLT2 inhibitors (Table  3). Although these 
studies did not directly measure inflammasome-specific 
components such as IL-1β and IL-18, the observed anti-
inflammatory effects are consistent with NLRP3 inflam-
masome inhibition. In the study by Kim et al. (2020), 
SGLT2 inhibitor use was associated with decreased lev-
els of IL-1β, IL-18, TNF-α, and attenuation of NLRP3 
inflammasome activation in isolated macrophages from 
patients with diabetes and high cardiovascular risk [2]. 
Additional clinical studies and meta-analysis involving 
diabetic patients across various cardiovascular condi-
tions have similarly reported reductions in inflammatory 
markers with SGLT2 inhibitor use [13, 154–156].

Despite these findings, the specific pathways by which 
SGLT2 inhibitors modulate inflammasome activity in MI 
remain inadequately explored. This underscores a critical 
gap in the field and highlights the need for future studies 
to validate these mechanistic links.

Potential therapeutic implications
Early intervention in AMI
The ability of SGLT2 inhibitors to reduce inflamma-
some activation and inflammation in the setting of AMI 
[21] suggests that these agents may be beneficial as early 
intervention strategies for patients with T2DM experi-
encing AMI. Early administration of SGLT2 inhibitors 
could limit myocardial damage, reduce infarct size, and 
improve long-term outcomes by targeting key inflam-
matory pathways [19, 21, 22] as inflammasome inhibi-
tion ameliorates myocardial ischemia/reperfusion (I/R) 
injury and reduces MI size [160]. Importantly, pretreat-
ment SGLT2 inhibitor improved myocardial I/R injury 
and reduced MI size [161]. These findings raise possibil-
ity that cardioprotective effects of SGLT2 inhibitor in the 
context of I/R injury may be mediated, at least in part, 
through inhibition of inflammasome.
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SGLT2 inhibitors in non-diabetic patients with AMI
SGLT2 inhibitors have shown significant benefits in 
patients with HF and T2DM, but their role in non-dia-
betic patients with AMI is still being explored. Recent 
studies have provided insights into their potential ben-
efits and limitations in this context.

The EMPACT-MI trial evaluate the effect of empa-
gliflozin in patients with AMI and found no significant 
reduction in the composite primary endpoint of hospi-
talization for heart failure or death from any cause com-
pared to placebo [107]. Similarly, the DAPA-MI trial, 
which focused on dapagliflozin in non-diabetic patients 
post-AMI, did not demonstrate a significant reduction in 
CVD or HHF [108].

A meta-analysis by Zhang et al., included both dia-
betic and non-diabetic patients with AMI and found 
that SGLT2 inhibitors significantly reduced the rate of 

hospitalization for heart failure and all-cause mortality 
[162]. The analysis also reported improvements in LVEF 
and reductions in NT-proBNP levels, supporting the 
potential cardioprotective effects of SGLT2 inhibitors in 
this setting.

The DACAMI trial specifically investigated dapa-
gliflozin in non-diabetic patients with anterior ST-eleva-
tion myocardial infarction (STEMI) and found significant 
improvements in cardiac function, including reductions 
in NT-proBNP levels and left ventricular (LV) mass 
index, further supporting the potential benefits of SGLT2 
inhibitors in improving cardiac outcomes post-AMI 
[163].

Despite these promising findings, the overall evidence 
remains mixed, and large-scale randomized controlled 
trials are needed to confirm the efficacy and safety of 
SGLT2 inhibitors in non-diabetic patients with AMI. 

Table 2  Table summarizing clinical studies on anti-inflammatory effects of SGLT2 inhibitors
Study/Trial 
name

Year SGLT2 inhibitor Population Inflamma-
tion markers 
measured

Main findings Refer-
ences

Sachiko Hattori 2018 Empagliflozin T2DM with high 
CV risk

hsCRP, remnant-
like particle choles-
terol (RLP-C)

Reduced hsCRP and RLP-C levels Hattori et 
al. [154]

Sato et al. 2018 Dapagliflozin Diabetic pa-
tients with CAD

TNF-α, PAI-1 Reduced TNF-α and PAI-1 levels Sato et al. 
[17]

Bray et al. a sys-
tematic review

2020 Unspecified T2DM CRP, IL-6, TNF-α, 
8-iso-PGF2α, 
8-OHdG

Consistent reductions observed for CRP, IL-6, TNF-α, 
8-iso-PGF2α, 8-OHdG

Bray et al. 
[13]

Kim et al. 2020 Empagliflozin T2DM with high 
CV risk

IL-1β, IL-18, TNF-α 
levels, NLRP3 
inflammasome 
activation

Significant reduction in IL-1β, IL-18, TNF-α levels, 
and attenuation of NLRP3 inflammasome activa-
tion (in isolated macrophages with inflammasome 
stimulation by palmitate)

Kim et al. 
[20]

EMPEROR-
reduced 
(NT-proBNP)

2021 Empagliflozin HFrEF with/
without T2DM

NT-proBNP Reduced risk of heart failure or renal outcomes 
regardless of baseline NT-proBNP concentration. 
Empagliflozin treatment significantly reduced NT-
proBNP at all timepoints

Januzzi 
[89]

AMI PROTECT 
registry

2022 Unspecified Diabetic AMI 
patients under-
going PCI

CRP, NLR, PLR, NPR, 
lymphocyte level, 
neutrophil level

CRP, NLR, PLR, NPR, lymphocyte and neutrophil 
levels (at 24 h) were significantly lower with SGLT2 
inhibitors

Paolisso et 
al. [103]

New insights 
from CANVAS

2022 Canagliflozin T2DM with high 
CV risk

IL-6 Canaglifiozin modestly attenuated the IL-6 increase Koshino 
et al. [88]

Post-hoc analy-
sis of the EMMY 
trial

2023 Empagliflozin AMI patients IL-6, hsCRP, neutro-
phils, leukocytes, 
NLR, PLR

No significant difference between Empagliflozin 
and placebo treatment in levels of IL-6, hsCRP, 
neutrophils, leukocytes, NLR, PLR

Benedikt 
et al. [92]

Gotzmann et al. 2023 Empagliflozin HFrEF with 
T2DM

IL-6 Significant reduction in IL-6 levels Gotzmann 
et al. [155]

Dihoum et al. 2024 Dapagliflozin T2DM with LVH CRP, TNF-α, IL-1β, 
IL-6. IL-10, NLR

Significant reduction in CRP levels but no sig-
nificant statistical changes in other inflammatory 
markers

Dihoum 
et al. [156]

DAPA-HF: an 
exploratory 
analysis

2025 Dapagliflozin HFrEF with/
without T2DM

IL-6, hs-CRP Elevated IL-6 and hs-CRP levels associated with risk 
of worsening HF or CVD. Dapgliflozin reduced the 
risk of adverse outcomes regardless of baseline IL-6 
or hsCRP

Docherty 
et al. [87]

T2DM, type 2 diabetes mellitus; CV, cardiovascular; hsCRP, high sensitivity c-reactive protein; TNF-α, tumor necrosis factor alpha; PAI-1, plasminogen activator 
inhibitor-1; CRP, c-reactive protein; IL-6, interleukin-6; 8-iso-PGF2a, 8-iso-prostaglandin F2a; 8-OHdG, 8-hydroxy-2′-deoxyguanosine; IL-1β, interleukin-1 beta; IL-
18, interleukin-18; NLRP3, nucleotide-binding domain, leukocyte-rich-containing family, pyrin domain-containing-3; NT-proBNP, N-terminal pro-B-type natriuretic 
peptide; NLR, neutrophil–lymphocyte ratio; PLR, platelet-lymphocyte ratio; NPR, neutrophil-platelet ratio; IL-10, interleukin-10
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Current data suggest that while SGLT2 inhibitors may 
improve certain cardiac parameters, their impact on clin-
ical outcomes such as mortality and hospitalization for 
HF requires further investigation [164–166].

Combination therapy with anti-inflammatory agents
SGLT2 inhibitors may be used in combination with other 
anti-inflammatory agents, such as IL-1β inhibitors, to 
enhance their cardioprotective effects in AMI. This com-
bination approach could further attenuate the inflam-
matory response and improve myocardial healing in 
high-risk patients.

Future perspectives and emerging indications
Beyond their established role in T2DM and HF, SGLT2 
inhibitors are gaining interest as potential therapeutic 
agents in other cardiovascular conditions. Emerging data 
suggest a broader spectrum of cardioprotective effects 
that may extend to valvular heart diseases such as aortic 
stenosis (AS) and mitral regurgitation (MR).

In the 2024 BIO-AS study, patients with low-flow, low-
gradient (LF-LG) AS exhibited significantly elevated 
expression of SGLT2 gene and protein in cardiomyocytes. 
This upregulation was closely associated with increased 
markers of myocardial fibrosis, oxidative stress, and 
inflammation, indicating a pathophysiologic link between 
SGLT2 signaling and disease progression in AS [67]. Fur-
ther supporting this, a clinical study involving diabetic 
patients with severe AS, reduced LVEF, and evidence of 
extra-valvular cardiac damage undergoing transcath-
eter aortic valve implantation (TAVI) demonstrated that 
SGLT2 inhibitor use was associated with improved car-
diac remodeling and a reduced risk of MACE, all-cause 

death, and HF-hospitalization at 2-year follow-up [167]. 
Additionally, preclinical data from a rat model of MR-
induced HF revealed that SGLT2 inhibition attenuated 
cardiac fibrosis, recued endoplasmic reticulum stress, 
and improved hemodynamic parameters—highlighting a 
novel therapeutic strategy for MR-induced HF [168].

Collectively, these findings suggest a promising expan-
sion of the clinical indications for SGLT2 inhibitors. Their 
mechanistic benefits—targeting inflammation, oxidative 
stress, and myocardial remodeling—may be leveraged in 
various forms of non-ischemic heart disease. However, 
robust validation through larger, prospective clinical tri-
als is essential to confirm these preliminary benefits and 
define their optimal role in these emerging indications.

Conclusion
 SGLT2 inhibitors have emerged as promising agents for 
reducing cardiovascular events in T2DM patients, with 
growing evidence supporting their anti-inflammatory 
effects. By modulating the NLRP3 inflammasome pathway, 
SGLT2 inhibitors reduce the release of pro-inflammatory 
cytokines and mitigate myocardial injury in the context 
of AMI. While preclinical data provide strong support 
for the anti-inflammatory role of SGLT2 inhibitors, fur-
ther clinical studies are needed to confirm their impact on 
the inflammasome in human patients. Understanding the 
molecular mechanisms by which SGLT2 inhibitors modu-
late inflammation will help optimize their therapeutic use 
and improve outcomes for T2DM patients with cardiovas-
cular disease.

Author contributions
TY did literature review, investigation, visualization and writing—original draft; 
IHB: writing—riginal draft, figure preparation; LS and AS: provided critical 
revisions and analysis of the literature, ensuring a comprehensive discussion 
of the topic. LS and AS: provided expert input on therapeutic strategies 
and assisted in finalizing the manuscript; AH: conceptualization, project 
administration and supervision; DD: conceptualization, supervision, validation 
and writing—review and editing. LS, AH, AS: final approval of the manuscript.

Availability of data and materials
No datasets were generated or analysed during the current study.

Declarations

Competing interests
The authors declare no competing interests.

Received: 6 March 2025 / Accepted: 6 May 2025

References
1.	 Yang L, Zhang X, Wang Q. Effects and mechanisms of SGLT2 inhibitors on 

the NLRP3 inflammasome, with a focus on atherosclerosis. Front Endocrinol 
(Lausanne). 2022;13:992937.

2.	 Kim SR, Lee SG, Kim SH, Kim JH, Choi E, Cho W, et al. SGLT2 inhibition modu-
lates NLRP3 inflammasome activity via ketones and insulin in diabetes with 
cardiovascular disease. Nat Commun. 2020;11(1):2127.

Table 3  Anti-inflammatory effects of SGLT2 inhibitors, clinical 
and pre-clinical data
SGLT2 inhibitor Anti-inflammatory effects
Empagliflozin Reduces hsCRP and RLP-C levels [154]

Reduces IL-1β, IL-18, TNF-α levels and 
attenuates NLRP3 inflammasome ac-
tivation (in isolated macrophages) [2]
Reduces IL-6 levels [155]
Conflicting evidence: No significant 
change in IL-6, hsCRP, neutrophil, and 
leukocyte levels, or NLR and PLR [92]
Reduces NT-proBNP levels [89]
Inhibits ROS generation [159]

Dapagliflozin Reduces TNF-α and PAI-1 levels [17]
Reduces CRP levels [156]
Inhibits ROS generation [159]

Canagliflozin Attenuates IL-6 increase [88]
hsCRP, high sensitivity c-reactive protein; RLP-C, remnant-like particle 
cholesterol; IL-1β, interleukin-1 beta; IL-18, interleukin-18; TNF-α, tumor necrosis 
factor alpha; NLRP3, nucleotide-binding domain, leukocyte-rich-containing 
family, pyrin domain-containing-3; IL-6, interleukin-6; NLR, neutrophil–
lymphocyte ratio; PLR, platelet-lymphocyte ratio; NT-proBNP, N-terminal pro-
B-type natriuretic peptide; ROS, reactive oxygen species; PAI-1, plasminogen 
activator inhibitor-1; CRP, c-reactive protein



Page 14 of 17Yoo et al. Cardiovascular Diabetology          (2025) 24:227 

3.	 Hu J, Xu J, Tan X, Li D, Yao D, Xu B, et al. Dapagliflozin protects against dilated 
cardiomyopathy progression by targeting NLRP3 inflammasome activation. 
Naunyn Schmiedebergs Arch Pharmacol. 2023;396(7):1461–70.

4.	 Lee YH, Kim SR, Bae J, Lee B, Kang ES, Ahn CW, et al. SGLT2 inhibitors suppress 
NLRP3 inflammasome activity via changes in ketones and insulin in type 2 
diabetes and cardiovascular diseases. Diabetes. 2018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​3​3​7​​
/​d​​b​1​8​-​1​6​4​-​O​R.

5.	 Vallon V, Thomson SC. Targeting renal glucose reabsorption to treat 
hyperglycaemia: the pleiotropic effects of SGLT2 inhibition. Diabetologia. 
2017;60(2):215–25.

6.	 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, et al. Empa-
gliflozin, cardiovascular outcomes, and mortality in type 2 diabetes. N Engl J 
Med. 2015;373(22):2117–28.

7.	 Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, et al. Dapa-
gliflozin and cardiovascular outcomes in type 2 diabetes. N Engl J Med. 
2019;380(4):347–57.

8.	 Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, et al. 
Canagliflozin and cardiovascular and renal events in type 2 diabetes. N Engl J 
Med. 2017;377(7):644–57.

9.	 Bendotti G, Montefusco L, Pastore I, Lazzaroni E, Lunati ME, Fiorina P. The 
anti-inflammatory and immunological properties of SGLT-2 inhibitors. J 
Endocrinol Invest. 2023;46(12):2445–52.

10.	 Zhang R, Xie Q, Lu X, Fan R, Tong N. Research advances in the anti-inflam-
matory effects of SGLT inhibitors in type 2 diabetes mellitus. Diabetol Metab 
Syndr. 2024;16(1):99.

11.	 Theofilis P, Sagris M, Oikonomou E, Antonopoulos AS, Siasos G, Tsioufis K, et 
al. The impact of SGLT2 inhibitors on inflammation: a systematic review and 
meta-analysis of studies in rodents. Int Immunopharmacol. 2022;111:109080.

12.	 Lee SG, Lee SJ, Lee JJ, Kim JS, Lee OH, Kim CK, et al. Anti-inflammatory effect 
for atherosclerosis progression by sodium–glucose cotransporter 2 (SGLT-2) 
inhibitor in a normoglycemic rabbit model. Korean Circ J. 2020;50(5):443–57.

13.	 Bray JJH, Foster-Davies H, Stephens JW. A systematic review examining 
the effects of sodium–glucose cotransporter-2 inhibitors (SGLT2is) on 
biomarkers of inflammation and oxidative stress. Diabetes Res Clin Pract. 
2020;168:108368.

14.	 Wang DD, Naumova AV, Isquith D, Sapp J, Huynh KA, Tucker I, et al. Dapa-
gliflozin reduces systemic inflammation in patients with type 2 diabetes 
without known heart failure. Cardiovasc Diabetol. 2024;23(1):197.

15.	 Feijoo-Bandin S, Aragon-Herrera A, Otero-Santiago M, Anido-Varela L, 
Morana-Fernandez S, Tarazon E, et al. Role of sodium–glucose co-transporter 
2 inhibitors in the regulation of inflammatory processes in animal models. Int 
J Mol Sci. 2022;23(10):5634.

16.	 Wang D, Liu J, Zhong L, Li S, Zhou L, Zhang Q, et al. The effect of sodium–glu-
cose cotransporter 2 inhibitors on biomarkers of inflammation: a systematic 
review and meta-analysis of randomized controlled trials. Front Pharmacol. 
2022;13:1045235.

17.	 Sato T, Aizawa Y, Yuasa S, Kishi S, Fuse K, Fujita S, et al. The effect of dapa-
gliflozin treatment on epicardial adipose tissue volume. Cardiovasc Diabetol. 
2018;17(1):6.

18.	 Sayour AA, Celeng C, Olah A, Ruppert M, Merkely B, Radovits T. Sodium–glu-
cose cotransporter 2 inhibitors reduce myocardial infarct size in preclinical 
animal models of myocardial ischaemia-reperfusion injury: a meta-analysis. 
Diabetologia. 2021;64(4):737–48.

19.	 Andreadou I, Bell RM, Botker HE, Zuurbier CJ. SGLT2 inhibitors reduce infarct 
size in reperfused ischemic heart and improve cardiac function during 
ischemic episodes in preclinical models. Biochim Biophys Acta Mol Basis Dis. 
2020;1866(7):165770.

20.	 Dunlay SM, Givertz MM, Aguilar D, Allen LA, Chan M, Desai AS, et al. Type 2 
diabetes mellitus and heart failure: a scientific statement from the American 
heart association and the heart failure society of America: this statement 
does not represent an update of the 2017 ACC/AHA/HFSA heart failure 
guideline update. Circulation. 2019;140(7):e294–324.

21.	 Paolisso P, Bergamaschi L, Santulli G, Gallinoro E, Cesaro A, Gragnano F, et al. 
Infarct size, inflammatory burden, and admission hyperglycemia in diabetic 
patients with acute myocardial infarction treated with SGLT2-inhibitors: a 
multicenter international registry. Cardiovasc Diabetol. 2022;21(1):77.

22.	 Braunwald E. Gliflozins in the management of cardiovascular disease. N Engl J 
Med. 2022;386(21):2024–34.

23.	 Tavecchia GA, Gualini E, Sacco A, Oliva F. The role of sodium–glucose co-
transporter 2 inhibitors in myocardial infarction: available evidence and 
future perspectives. Eur Heart J Suppl. 2024;26(Suppl 1):i84–7.

24.	 Jhuo SJ, Lin YH, Liu IH, Lin TH, Wu BN, Lee KT, et al. Sodium glucose 
cotransporter 2 (SGLT2) inhibitor ameliorate metabolic disorder and obesity 
induced cardiomyocyte injury and mitochondrial remodeling. Int J Mol Sci. 
2023;24(7):6842.

25.	 Wang J, Huang X, Liu H, Chen Y, Li P, Liu L, et al. Empagliflozin ameliorates 
diabetic cardiomyopathy via attenuating oxidative stress and improving 
mitochondrial function. Oxid Med Cell Longev. 2022;2022:1122494.

26.	 Zaibi N, Li P, Xu SZ. Protective effects of dapagliflozin against oxidative 
stress-induced cell injury in human proximal tubular cells. PLoS ONE. 
2021;16(2):e0247234.

27.	 Ma HX, Wu K, Dong FH, Cai BK, Wu D, Lu HY. Effects of empagliflozin and 
dapagliflozin in alleviating cardiac fibrosis through SIRT6-mediated oxidative 
stress reduction. Sci Rep. 2024;14(1):30764.

28.	 Chen X, Hocher CF, Shen L, Kramer BK, Hocher B. Reno- and cardioprotective 
molecular mechanisms of SGLT2 inhibitors beyond glycemic control: from 
bedside to bench. Am J Physiol Cell Physiol. 2023;325(3):C661–81.

29.	 Packer M. Critical reanalysis of the mechanisms underlying the cardiorenal 
benefits of SGLT2 inhibitors and reaffirmation of the nutrient deprivation 
signaling/autophagy hypothesis. Circulation. 2022;146(18):1383–405.

30.	 Mashayekhi M, Safa BI, Gonzalez MSC, Kim SF, Echouffo-Tcheugui JB. Systemic 
and organ-specific anti-inflammatory effects of sodium–glucose cotrans-
porter-2 inhibitors. Trends Endocrinol Metab. 2024;35(5):425–38.

31.	 Schonberger E, Mihaljevic V, Steiner K, Saric S, Kurevija T, Majnaric LT, et al. 
Immunomodulatory effects of SGLT2 inhibitors-targeting inflammation and 
oxidative stress in aging. Int J Environ Res Public Health. 2023;20(17):6671.

32.	 Ye Y, Bajaj M, Yang HC, Perez-Polo JR, Birnbaum Y. SGLT-2 inhibition with 
dapagliflozin reduces the activation of the Nlrp3/ASC inflammasome and 
attenuates the development of diabetic cardiomyopathy in mice with type 2 
Diabetes. Further augmentation of the effects with saxagliptin, a DPP4 inhibi-
tor. Cardiovasc Drugs Ther. 2017;31(2):119–32.

33.	 Toldo S, Marchetti C, Mauro AG, Chojnacki J, Mezzaroma E, Carbone S, et 
al. Inhibition of the NLRP3 inflammasome limits the inflammatory injury 
following myocardial ischemia-reperfusion in the mouse. Int J Cardiol. 
2016;209:215–20.

34.	 Marchetti C, Toldo S, Chojnacki J, Mezzaroma E, Liu K, Salloum FN, et al. Phar-
macologic inhibition of the NLRP3 inflammasome preserves cardiac function 
after ischemic and nonischemic injury in the mouse. J Cardiovasc Pharmacol. 
2015;66(1):1–8.

35.	 Gao R, Shi H, Chang S, Gao Y, Li X, Lv C, et al. The selective NLRP3-inflamma-
some inhibitor MCC950 reduces myocardial fibrosis and improves cardiac 
remodeling in a mouse model of myocardial infarction. Int Immunopharma-
col. 2019;74:105575.

36.	 Pignatelli P, Baratta F, Buzzetti R, D’Amico A, Castellani V, Bartimoccia S, et al. 
The sodium–glucose co-transporter-2 (SGLT2) inhibitors reduce platelet acti-
vation and thrombus formation by lowering NOX2-related oxidative stress: a 
pilot study. Antioxidants (Basel). 2022;11(10):1878.

37.	 Fukushima K, Kitamura S, Tsuji K, Sang Y, Wada J. Sodium glucose co-trans-
porter 2 inhibitor ameliorates autophagic flux impairment on renal proximal 
tubular cells in obesity mice. Int J Mol Sci. 2020;21(11):4054.

38.	 Yu YW, Que JQ, Liu S, Huang KY, Qian L, Weng YB, et al. Sodium–glucose 
co-transporter-2 inhibitor of dapagliflozin attenuates myocardial ischemia/
reperfusion injury by limiting NLRP3 inflammasome activation and modulat-
ing autophagy. Front Cardiovasc Med. 2021;8:768214.

39.	 Packer M. Role of deranged energy deprivation signaling in the pathogenesis 
of cardiac and renal disease in states of perceived nutrient overabundance. 
Circulation. 2020;141(25):2095–105.

40.	 Xu J, Kitada M, Ogura Y, Liu H, Koya D. Dapagliflozin restores impaired autoph-
agy and suppresses inflammation in high glucose-treated HK-2 cells. Cells. 
2021;10(6):1457.

41.	 Mizuno M, Kuno A, Yano T, Miki T, Oshima H, Sato T, et al. Empagliflozin 
normalizes the size and number of mitochondria and prevents reduction in 
mitochondrial size after myocardial infarction in diabetic hearts. Physiol Rep. 
2018;6(12):e13741.

42.	 Chang YK, Choi H, Jeong JY, Na KR, Lee KW, Lim BJ, et al. Dapagliflozin, 
SGLT2 inhibitor, attenuates renal ischemia-reperfusion injury. PLoS ONE. 
2016;11(7):e0158810.

43.	 Aragon-Herrera A, Feijoo-Bandin S, Otero Santiago M, Barral L, Campos-Toimil 
M, Gil-Longo J, et al. Empagliflozin reduces the levels of CD36 and cardiotoxic 
lipids while improving autophagy in the hearts of Zucker diabetic fatty rats. 
Biochem Pharmacol. 2019;170:113677.

44.	 Inoue MK, Matsunaga Y, Nakatsu Y, Yamamotoya T, Ueda K, Kushiyama A, 
et al. Possible involvement of normalized Pin1 expression level and AMPK 

https://doi.org/10.2337/db18-164-OR
https://doi.org/10.2337/db18-164-OR


Page 15 of 17Yoo et al. Cardiovascular Diabetology          (2025) 24:227 

activation in the molecular mechanisms underlying renal protective effects 
of SGLT2 inhibitors in mice. Diabetol Metab Syndr. 2019;11:57.

45.	 Umino H, Hasegawa K, Minakuchi H, Muraoka H, Kawaguchi T, Kanda T, et 
al. High basolateral glucose increases sodium–glucose cotransporter 2 and 
reduces sirtuin-1 in renal tubules through glucose transporter-2 detection. 
Sci Rep. 2018;8(1):6791.

46.	 Mohamed HE, Asker ME, Keshawy MM, Hasan RA, Mahmoud YK. Inhibition of 
tumor necrosis factor-alpha enhanced the antifibrotic effect of empa-
gliflozin in an animal model with renal insulin resistance. Mol Cell Biochem. 
2020;466(1–2):45–54.

47.	 Zhou R, Yazdi AS, Menu P, Tschopp J. A role for mitochondria in NLRP3 inflam-
masome activation. Nature. 2011;469(7329):221–5.

48.	 Zhou R, Tardivel A, Thorens B, Choi I, Tschopp J. Thioredoxin-interacting 
protein links oxidative stress to inflammasome activation. Nat Immunol. 
2010;11(2):136–40.

49.	 Campeau MA, Leask RL. Empagliflozin reduces endoplasmic reticulum stress 
associated TXNIP/NLRP3 activation in tunicamycin-stimulated aortic endo-
thelial cells. Naunyn Schmiedebergs Arch Pharmacol. 2024;397(1):267–79.

50.	 Campeau MA, Leask RL. Empagliflozin mitigates endothelial inflammation 
and attenuates endoplasmic reticulum stress signaling caused by sustained 
glycocalyx disruption. Sci Rep. 2022;12(1):12681.

51.	 Paulus WJ, Tschope C. A novel paradigm for heart failure with preserved ejec-
tion fraction: comorbidities drive myocardial dysfunction and remodeling 
through coronary microvascular endothelial inflammation. J Am Coll Cardiol. 
2013;62(4):263–71.

52.	 Santos-Gallego CG, Requena-Ibanez JA, San Antonio R, Garcia-Ropero A, 
Ishikawa K, Watanabe S, et al. Empagliflozin ameliorates diastolic dysfunction 
and left ventricular fibrosis/stiffness in nondiabetic heart failure: a multimo-
dality study. JACC Cardiovasc Imaging. 2021;14(2):393–407.

53.	 Angermann CE, Sehner S, Gerhardt LMS, Santos-Gallego CG, Requena-Ibanez 
JA, Zeller T, et al. Anaemia predicts iron homoeostasis dysregulation and 
modulates the response to empagliflozin in heart failure with reduced ejec-
tion fraction: the EMPATROPISM-FE trial. Eur Heart J. 2025;46(16):1507–23.

54.	 Angermann CE, Santos-Gallego CG, Requena-Ibanez JA, Sehner S, Zeller T, 
Gerhardt LMS, et al. Empagliflozin effects on iron metabolism as a possible 
mechanism for improved clinical outcomes in non-diabetic patients with 
systolic heart failure. Nat Cardiovasc Res. 2023;2(11):1032–43.

55.	 Anand I, Gupta P. How I treat anemia in heart failure. Blood. 
2020;136(7):790–800.

56.	 Grote Beverborg N, van Veldhuisen DJ, van der Meer P. Anemia in heart 
failure: still relevant? JACC Heart Fail. 2018;6(3):201–8.

57.	 Tyminska A, Kaplon-Cieslicka A, Ozieranski K, Peller M, Balsam P, Marchel M, 
et al. Anemia at hospital admission and its relation to outcomes in patients 
with heart failure (from the polish cohort of 2 European society of cardiology 
heart failure registries). Am J Cardiol. 2017;119(12):2021–9.

58.	 Opasich C, Cazzola M, Scelsi L, De Feo S, Bosimini E, Lagioia R, et al. Blunted 
erythropoietin production and defective iron supply for erythropoiesis as 
major causes of anaemia in patients with chronic heart failure. Eur Heart J. 
2005;26(21):2232–7.

59.	 Stucchi M, Cantoni S, Piccinelli E, Savonitto S, Morici N. Anemia and 
acute coronary syndrome: current perspectives. Vasc Health Risk Manag. 
2018;14:109–18.

60.	 Colombo C, Rebora P, Montalto C, Cantoni S, Sacco A, Mauri M, et al. 
Hospital-acquired anemia in patients with acute coronary syndrome: 
epidemiology and potential impact on long-term outcome. Am J Med. 
2023;136(12):1203–10.

61.	 Maddox TM, Januzzi JL Jr, Allen LA, Breathett K, Brouse S, Butler J, et al. 2024 
ACC expert consensus decision pathway for treatment of heart failure with 
reduced ejection fraction: a report of the American college of cardiology 
solution set oversight committee. J Am Coll Cardiol. 2024;83(15):1444–88.

62.	 Jhand AS, Abusnina W, Tak HJ, Ahmed A, Ismayl M, Altin SE, et al. Impact of 
anemia on outcomes and resource utilization in patients with myocardial 
infarction: a national database analysis. Int J Cardiol. 2024;408: 132111.

63.	 Lawler PR, Filion KB, Dourian T, Atallah R, Garfinkle M, Eisenberg MJ. Anemia 
and mortality in acute coronary syndromes: a systematic review and meta-
analysis. Am Heart J. 2013;165(2):143-53e5.

64.	 Marfella R, Scisciola L, D’Onofrio N, Maiello C, Trotta MC, Sardu C, et al. 
Sodium–glucose cotransporter-2 (SGLT2) expression in diabetic and non-
diabetic failing human cardiomyocytes. Pharmacol Res. 2022;184:106448.

65.	 Minn AH, Hafele C, Shalev A. Thioredoxin-interacting protein is stimulated 
by glucose through a carbohydrate response element and induces beta-cell 
apoptosis. Endocrinology. 2005;146(5):2397–405.

66.	 Ng KM, Lau YM, Dhandhania V, Cai ZJ, Lee YK, Lai WH, et al. Empagliflozin 
ammeliorates high glucose induced-cardiac dysfuntion in human iPSC-
derived cardiomyocytes. Sci Rep. 2018;8(1):14872.

67.	 Scisciola L, Paolisso P, Belmonte M, Gallinoro E, Delrue L, Taktaz F, et al. Myo-
cardial sodium–glucose cotransporter 2 expression and cardiac remodelling 
in patients with severe aortic stenosis: the BIO-AS study. Eur J Heart Fail. 
2024;26(2):471–82.

68.	 Zhang H, Yin Y, Liu Y, Zou G, Huang H, Qian P, et al. Necroptosis mediated by 
impaired autophagy flux contributes to adverse ventricular remodeling after 
myocardial infarction. Biochem Pharmacol. 2020;175:113915.

69.	 Wu X, He L, Chen F, He X, Cai Y, Zhang G, et al. Impaired autophagy contrib-
utes to adverse cardiac remodeling in acute myocardial infarction. PLoS ONE. 
2014;9(11):e112891.

70.	 Wang X, Guo Z, Ding Z, Mehta JL. Inflammation, autophagy, and apoptosis 
after myocardial infarction. J Am Heart Assoc. 2018;7(9):e008024.

71.	 Dong Y, Chen H, Gao J, Liu Y, Li J, Wang J. Molecular machinery and interplay 
of apoptosis and autophagy in coronary heart disease. J Mol Cell Cardiol. 
2019;136:27–41.

72.	 Gottlieb RA, Andres AM, Sin J, Taylor DP. Untangling autophagy measure-
ments: all fluxed up. Circ Res. 2015;116(3):504–14.

73.	 Ma X, Liu H, Foyil SR, Godar RJ, Weinheimer CJ, Hill JA, et al. Impaired 
autophagosome clearance contributes to cardiomyocyte death in ischemia/
reperfusion injury. Circulation. 2012;125(25):3170–81.

74.	 Yan L, Vatner DE, Kim SJ, Ge H, Masurekar M, Massover WH, et al. 
Autophagy in chronically ischemic myocardium. Proc Natl Acad Sci U S A. 
2005;102(39):13807–12.

75.	 Heger LA, Schommer N, Van Bruggen S, Sheehy CE, Chan W, Wagner DD. 
Neutrophil NLRP3 promotes cardiac injury following acute myocardial infarc-
tion through IL-1beta production, VWF release and NET deposition in the 
myocardium. Sci Rep. 2024;14(1):14524.

76.	 Takahashi M. Role of NLRP3 inflammasome in cardiac inflammation and 
remodeling after myocardial infarction. Biol Pharm Bull. 2019;42(4):518–23.

77.	 Liu Y, Lian K, Zhang L, Wang R, Yi F, Gao C, et al. TXNIP mediates NLRP3 
inflammasome activation in cardiac microvascular endothelial cells as a novel 
mechanism in myocardial ischemia/reperfusion injury. Basic Res Cardiol. 
2014;109(5):415.

78.	 Bortolotti P, Faure E, Kipnis E. Inflammasomes in tissue damages and immune 
disorders after trauma. Front Immunol. 2018;9:1900.

79.	 Choi EH, Park SJ. TXNIP: a key protein in the cellular stress response pathway 
and a potential therapeutic target. Exp Mol Med. 2023;55(7):1348–56.

80.	 Gao J, He H, Jiang W, Chang X, Zhu L, Luo F, et al. Salidroside ameliorates cog-
nitive impairment in a d-galactose-induced rat model of Alzheimer’s disease. 
Behav Brain Res. 2015;293:27–33.

81.	 Durga Devi T, Babu M, Makinen P, Kaikkonen MU, Heinaniemi M, Laakso H, 
et al. Aggravated postinfarct heart failure in type 2 diabetes is associated 
with impaired mitophagy and exaggerated inflammasome activation. Am J 
Pathol. 2017;187(12):2659–73.

82.	 Luo B, Li B, Wang W, Liu X, Xia Y, Zhang C, et al. NLRP3 gene silencing ame-
liorates diabetic cardiomyopathy in a type 2 diabetes rat model. PLoS ONE. 
2014;9(8):e104771.

83.	 Qiu Z, Lei S, Zhao B, Wu Y, Su W, Liu M, et al. NLRP3 inflammasome activation-
mediated pyroptosis aggravates myocardial ischemia/reperfusion injury in 
diabetic rats. Oxid Med Cell Longev. 2017;2017:9743280.

84.	 Han Y, Xu X, Tang C, Gao P, Chen X, Xiong X, et al. Reactive oxygen species 
promote tubular injury in diabetic nephropathy: the role of the mitochon-
drial ros-txnip-nlrp3 biological axis. Redox Biol. 2018;16:32–46.

85.	 Shah MS, Brownlee M. Molecular and cellular mechanisms of cardiovascular 
disorders in diabetes. Circ Res. 2016;118(11):1808–29.

86.	 Rovira-Llopis S, Apostolova N, Banuls C, Muntane J, Rocha M, Victor VM. 
Mitochondria, the NLRP3 inflammasome, and sirtuins in type 2 diabetes: new 
therapeutic targets. Antioxid Redox Signal. 2018;29(8):749–91.

87.	 Docherty KF, McDowell K, Welsh P, Petrie MC, Anand I, Berg DD, et al. 
Interleukin-6 in heart failure with reduced ejection fraction and the effect of 
dapagliflozin: an exploratory analysis of the dapagliflozin and prevention of 
adverse outcomes in heart failure trial. JACC Heart Fail. 2025. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​1​6​​/​j​​.​j​c​h​f​.​2​0​2​4​.​1​2​.​0​1​2.

88.	 Koshino A, Schechter M, Sen T, Vart P, Neuen BL, Neal B, et al. Interleukin-6 
and cardiovascular and kidney outcomes in patients with type 2 diabetes: 
new insights from CANVAS. Diabetes Care. 2022;45(11):2644–52.

89.	 Januzzi JL Jr, Zannad F, Anker SD, Butler J, Filippatos G, Pocock SJ, et al. Prog-
nostic importance of NT-proBNP and effect of empagliflozin in the EMPEROR-
reduced trial. J Am Coll Cardiol. 2021;78(13):1321–32.

https://doi.org/10.1016/j.jchf.2024.12.012
https://doi.org/10.1016/j.jchf.2024.12.012


Page 16 of 17Yoo et al. Cardiovascular Diabetology          (2025) 24:227 

90.	 Byrne NJ, Matsumura N, Maayah ZH, Ferdaoussi M, Takahara S, Darwesh AM, 
et al. Empagliflozin blunts worsening cardiac dysfunction associated with 
reduced NLRP3 (nucleotide-binding domain-like receptor protein 3) inflam-
masome activation in heart failure. Circ Heart Fail. 2020;13(1):e006277.

91.	 Ala M, Khoshdel MRF, Dehpour AR. Empagliflozin enhances autophagy, 
mitochondrial biogenesis, and antioxidant defense and ameliorates 
renal ischemia/reperfusion in nondiabetic rats. Oxid Med Cell Longev. 
2022;2022:1197061.

92.	 Benedikt M, Mangge H, Aziz F, Curcic P, Pailer S, Herrmann M, et al. Impact of 
the SGLT2-inhibitor empagliflozin on inflammatory biomarkers after acute 
myocardial infarction—a post-hoc analysis of the EMMY trial. Cardiovasc 
Diabetol. 2023;22(1):166.

93.	 Li X, Lu Q, Qiu Y, do Carmo JM, Wang Z, da Silva AA, et al. Direct cardiac 
actions of the sodium glucose co-transporter 2 inhibitor empagliflozin 
improve myocardial oxidative phosphorylation and attenuate pressure-
overload heart failure. J Am Heart Assoc. 2021;10(6):e018298.

94.	 Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, et 
al. Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N 
Engl J Med. 2019;380(24):2295–306.

95.	 Zou CY, Liu XK, Sang YQ, Wang B, Liang J. Effects of SGLT2 inhibitors on 
cardiovascular outcomes and mortality in type 2 diabetes: a meta-analysis. 
Medicine (Baltimore). 2019;98(49):e18245.

96.	 Heerspink HJL, Stefansson BV, Correa-Rotter R, Chertow GM, Greene T, Hou 
FF, et al. Dapagliflozin in patients with chronic kidney disease. N Engl J Med. 
2020;383(15):1436–46.

97.	 Cannon CP, Pratley R, Dagogo-Jack S, Mancuso J, Huyck S, Masiukiewicz U, 
et al. Cardiovascular outcomes with ertugliflozin in type 2 diabetes. N Engl J 
Med. 2020;383(15):1425–35.

98.	 McGuire DK, Shih WJ, Cosentino F, Charbonnel B, Cherney DZI, Dagogo-
Jack S, et al. Association of SGLT2 inhibitors with cardiovascular and kidney 
outcomes in patients with type 2 diabetes: a meta-analysis. JAMA Cardiol. 
2021;6(2):148–58.

99.	 von Lewinski D, Kolesnik E, Tripolt NJ, Pferschy PN, Benedikt M, Wallner M, et 
al. Empagliflozin in acute myocardial infarction: the EMMY trial. Eur Heart J. 
2022;43(41):4421–32.

100.	 Kwon O, Myong JP, Lee Y, Choi YJ, Yi JE, Seo SM, et al. Sodium–glucose 
cotransporter-2 inhibitors after acute myocardial infarction in patients 
with type 2 diabetes: a population-based investigation. J Am Heart Assoc. 
2023;12(14):e027824.

101.	 Rosen HC, Mohammad MA, Jernberg T, James S, Oldgren J, Erlinge D. SGLT2 
inhibitors for patients with type 2 diabetes mellitus after myocardial infarc-
tion: a nationwide observation registry study from SWEDEHEART. Lancet Reg 
Health Eur. 2024;45:101032.

102.	 Paolisso P, Bergamaschi L, Cesaro A, Gallinoro E, Gragnano F, Sardu C, et 
al. Impact of SGLT2-inhibitors on contrast-induced acute kidney injury in 
diabetic patients with acute myocardial infarction with and without chronic 
kidney disease: insight from SGLT2-I AMI PROTECT registry. Diabetes Res Clin 
Pract. 2023;202:110766.

103.	 Paolisso P, Bergamaschi L, Gragnano F, Gallinoro E, Cesaro A, Sardu C, et al. 
Outcomes in diabetic patients treated with SGLT2-Inhibitors with acute 
myocardial infarction undergoing PCI: the SGLT2-I AMI PROTECT Registry. 
Pharmacol Res. 2023;187:106597.

104.	 Cesaro A, Gragnano F, Paolisso P, Bergamaschi L, Gallinoro E, Sardu C, et al. 
In-hospital arrhythmic burden reduction in diabetic patients with acute 
myocardial infarction treated with SGLT2-inhibitors: Insights from the SGLT2-I 
AMI PROTECT study. Front Cardiovasc Med. 2022;9:1012220.

105.	 Scardini PG, Shih Katsuyama E, Armani Prata A, Marques Fernandes J, Ken 
Fukunaga C, Falco Neto W, et al. Impact of sodium–glucose cotransporter-2 
inhibitors in patients with recent versus previous myocardial infarction: a 
systematic review and meta-analysis. Cardiovasc Diabetol. 2025;24(1):73.

106.	 Maremmani M, Ebrahimi R, Centola M, Achilli F, Capone V, Bossone E, et al. 
Association of sodium–glucose cotransporter-2 inhibitors with mortality 
across the spectrum of myocardial infarction: a systematic review and meta-
analysis. Cardiovasc Diabetol. 2025;24(1):29.

107.	 Butler J, Jones WS, Udell JA, Anker SD, Petrie MC, Harrington J, et 
al. Empagliflozin after acute myocardial infarction. N Engl J Med. 
2024;390(16):1455–66.

108.	 James S, Erlinge D, Storey RF, McGuire DK, de Belder M, Eriksson N, et al. 
Dapagliflozin in myocardial infarction without diabetes or heart failure. NEJM 
Evid. 2024;3(2):EVIDoa2300286.

109.	 McMurray JJV, Solomon SD, Inzucchi SE, Kober L, Kosiborod MN, Martinez FA, 
et al. Dapagliflozin in patients with heart failure and reduced ejection frac-
tion. N Engl J Med. 2019;381(21):1995–2008.

110.	 Packer M, Anker SD, Butler J, Filippatos G, Pocock SJ, Carson P, et al. Cardiovas-
cular and renal outcomes with empagliflozin in heart failure. N Engl J Med. 
2020;383(15):1413–24.

111.	 Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire DK, et al. Sota-
gliflozin in patients with diabetes and recent worsening heart failure. N Engl J 
Med. 2021;384(2):117–28.

112.	 Anker SD, Butler J, Filippatos G, Ferreira JP, Bocchi E, Bohm M, et al. Empa-
gliflozin in heart failure with a preserved ejection fraction. N Engl J Med. 
2021;385(16):1451–61.

113.	 Anker SD, Butler J, Usman MS, Filippatos G, Ferreira JP, Bocchi E, et al. 
Efficacy of empagliflozin in heart failure with preserved versus mid-range 
ejection fraction: a pre-specified analysis of EMPEROR-preserved. Nat Med. 
2022;28(12):2512–20.

114.	 Solomon SD, McMurray JJV, Claggett B, de Boer RA, DeMets D, Hernandez AF, 
et al. Dapagliflozin in heart failure with mildly reduced or preserved ejection 
fraction. N Engl J Med. 2022;387(12):1089–98.

115.	 Scheen AJ. Drug-drug interactions with sodium–glucose cotransporters type 
2 (SGLT2) inhibitors, new oral glucose-lowering agents for the management 
of type 2 diabetes mellitus. Clin Pharmacokinet. 2014;53(4):295–304.

116.	 Brailovski E, Kim RB, Juurlink D. Rosuvastatin myotoxicity after starting cana-
gliflozin treatment: a case report. Ann Intern Med. 2020;173(7):585–7.

117.	 Gao F, Hall S, Bach LA. Myopathy secondary to empagliflozin therapy in type 
2 diabetes. Endocrinol Diabetes Metab Case Rep. 2020. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​5​​​3​
0​​/​​E​D​M​​-​2​0​-​0​0​1​7.

118.	 Kabadi UM. Marked weight loss, muscle wasting and fatigue on administra-
tion of empagliflozin in a subject with type 2 diabetes. J Adv Med Med Res. 
2017;21(5):1–7.

119.	 Lalagkas PN, Poulentzas G, Kontogiorgis C, Douros A. Potential drug-drug 
interaction between sodium–glucose co-transporter 2 inhibitors and statins: 
pharmacological and clinical evidence. Expert Opin Drug Metab Toxicol. 
2021;17(6):697–705.

120.	 Gravel CA, Krewski D, Mattison DR, Momoli F, Douros A. Concomitant use 
of statins and sodium–glucose co-transporter 2 inhibitors and the risk of 
myotoxicity reporting: a disproportionality analysis. Br J Clin Pharmacol. 
2023;89(8):2430–45.

121.	 Alkabbani W, Pelletier R, Beazely MA, Labib Y, Quan B, Gamble JM. Drug-drug 
interaction of the sodium glucose co-transporter 2 inhibitors with statins and 
myopathy: a disproportionality analysis using adverse events reporting data. 
Drug Saf. 2022;45(3):287–95.

122.	 Macha S, Lang B, Pinnetti S, Broedl UC. Pharmacokinetics of empagliflozin, 
a sodium glucose cotransporter 2 inhibitor, and simvastatin follow-
ing co-administration in healthy volunteers. Int J Clin Pharmacol Ther. 
2014;52(11):973–80.

123.	 Fan G, Guo DL, Zuo H. The impact of sodium–glucose cotransporter-2 inhibi-
tors on lipid profile: a meta-analysis of 28 randomized controlled trials. Eur J 
Pharmacol. 2023;959:176087.

124.	 Sanchez-Garcia A, Simental-Mendia M, Millan-Alanis JM, Simental-Mendia 
LE. Effect of sodium–glucose co-transporter 2 inhibitors on lipid profile: 
a systematic review and meta-analysis of 48 randomized controlled trials. 
Pharmacol Res. 2020;160:105068.

125.	 Tian B, Deng Y, Cai Y, Han M, Xu G. Efficacy and safety of combination therapy 
with sodium–glucose cotransporter 2 inhibitors and renin-angiotensin 
system blockers in patients with type 2 diabetes: a systematic review and 
meta-analysis. Nephrol Dial Transplant. 2022;37(4):720–9.

126.	 Antlanger M, Domenig O, Kaltenecker CC, Kovarik JJ, Rathkolb V, Muller MM, 
et al. Combined sodium glucose co-transporter-2 inhibitor and angiotensin-
converting enzyme inhibition upregulates the renin-angiotensin system 
in chronic kidney disease with type 2 diabetes: results of a randomized, 
double-blind, placebo-controlled exploratory trial. Diabetes Obes Metab. 
2022;24(5):816–26.

127.	 Lytvyn Y, Kimura K, Peter N, Lai V, Tse J, Cham L, et al. Renal and vascular 
effects of combined SGLT2 and angiotensin-converting enzyme inhibition. 
Circulation. 2022;146(6):450–62.

128.	 Woodhams LM, Chalmers L, Sim TF, Yeap BB, Schlaich MP, Schultz C, et al. 
Efficacy and safety of sodium glucose cotransporter 2 inhibitors plus stan-
dard care in diabetic kidney disease: a systematic review and meta-analysis. J 
Diabetes Complications. 2023;37(6):108456.

129.	 Liu T, Li R, Wang X, Gao X, Zhang X. Benefits of SGLT2 inhibitors combining 
with renin-angiotensin-system blockers on cardiovascular outcomes in 

https://doi.org/10.1530/EDM-20-0017
https://doi.org/10.1530/EDM-20-0017


Page 17 of 17Yoo et al. Cardiovascular Diabetology          (2025) 24:227 

chronic kidney disease patients: a systemic review and meta-analysis. Med 
Clin (Barc). 2022;159(2):65–72.

130.	 Kraus BJ, Weir MR, Bakris GL, Mattheus M, Cherney DZI, Sattar N, et al. Charac-
terization and implications of the initial estimated glomerular filtration rate 
‘dip’ upon sodium–glucose cotransporter-2 inhibition with empagliflozin in 
the EMPA-REG OUTCOME trial. Kidney Int. 2021;99(3):750–62.

131.	 Oshima M, Jardine MJ, Agarwal R, Bakris G, Cannon CP, Charytan DM, et al. 
Insights from CREDENCE trial indicate an acute drop in estimated glomerular 
filtration rate during treatment with canagliflozin with implications for clinical 
practice. Kidney Int. 2021;99(4):999–1009.

132.	 Ko SF, Sung PH, Yang CC, Chiang JY, Yip HK. Combined therapy with dapa-
gliflozin and entresto offers an additional benefit on improving the heart 
function in rat after ischemia-reperfusion injury. Biomed J. 2023;46(3):100546.

133.	 Mo X, Lu P, Yang X. Efficacy of sacubitril-valsartan and SGLT2 inhibitors in 
heart failure with reduced ejection fraction: a systematic review and meta-
analysis. Clin Cardiol. 2023;46(10):1137–45.

134.	 McGill JB, Subramanian S. Safety of sodium–glucose co-transporter 2 inhibi-
tors. Am J Cardiol. 2019;124(Suppl 1):S45–52.

135.	 Lewellyan CM, Spoutz P, Schaefer M, Patterson ME. Risk of volume depletion 
events with concomitant use of sodium glucose co-transporter 2 inhibitors 
and loop diuretics: a self-controlled case series study. Pharmacoepidemiol 
Drug Saf. 2022;31(10):1102–9.

136.	 Custodio JS Jr, Roriz-Filho J, Cavalcanti CAJ, Martins A, Salles JEN. Use of SGLT2 
inhibitors in older adults: scientific evidence and practical aspects. Drugs 
Aging. 2020;37(6):399–409.

137.	 Li J, Fagbote CO, Zhuo M, Hawley CE, Paik JM. Sodium–glucose cotransporter 
2 inhibitors for diabetic kidney disease: a primer for deprescribing. Clin 
Kidney J. 2019;12(5):620–8.

138.	 Heise T, Jordan J, Wanner C, Heer M, Macha S, Mattheus M, et al. Acute 
pharmacodynamic effects of empagliflozin with and without diuretic agents 
in patients with type 2 diabetes mellitus. Clin Ther. 2016;38(10):2248–64.

139.	 Wilcox CS, Shen W, Boulton DW, Leslie BR, Griffen SC. Interaction between 
the sodium–glucose-linked transporter 2 inhibitor dapagliflozin and the 
loop diuretic bumetanide in normal human subjects. J Am Heart Assoc. 
2018;7(4):e007046.

140.	 Griffin M, Rao VS, Ivey-Miranda J, Fleming J, Mahoney D, Maulion C, et al. 
Empagliflozin in heart failure: diuretic and cardiorenal effects. Circulation. 
2020;142(11):1028–39.

141.	 Ye N, Jardine MJ, Oshima M, Hockham C, Heerspink HJL, Agarwal R, et al. 
Blood pressure effects of canagliflozin and clinical outcomes in type 2 diabe-
tes and chronic kidney disease: insights from the CREDENCE trial. Circulation. 
2021;143(18):1735–49.

142.	 Shen L, Kristensen SL, Bengtsson O, Bohm M, de Boer RA, Docherty KF, et 
al. Dapagliflozin in HFrEF patients treated with mineralocorticoid receptor 
antagonists: an analysis of DAPA-HF. JACC Heart Fail. 2021;9(4):254–64.

143.	 Seecheran N, Grimaldos K, Ali K, Grimaldos G, Richard S, Ishmael A, et al. 
The effect of dapagliflozin on platelet function testing profiles in diabetic 
patients: the EDGE pilot study. Cardiol Ther. 2021;10(2):561–8.

144.	 Lyu YS, Oh S, Kim JH, Kim SY, Jeong MH. Comparison of SGLT2 inhibitors with 
DPP-4 inhibitors combined with metformin in patients with acute myocardial 
infarction and diabetes mellitus. Cardiovasc Diabetol. 2023;22(1):185.

145.	 Agur T, Steinmetz T, Goldman S, Zingerman B, Bielopolski D, Nesher E, et al. 
The impact of metformin on kidney disease progression and mortality in dia-
betic patients using SGLT2 inhibitors: a real-world cohort study. Cardiovasc 
Diabetol. 2025;24(1):97.

146.	 Marfella R, Prattichizzo F, Sardu C, Rambaldi PF, Fumagalli C, Marfella LV, et al. 
GLP-1 receptor agonists-SGLT-2 inhibitors combination therapy and cardio-
vascular events after acute myocardial infarction: an observational study in 
patients with type 2 diabetes. Cardiovasc Diabetol. 2024;23(1):10.

147.	 Serenelli M, Bohm M, Inzucchi SE, Kober L, Kosiborod MN, Martinez FA, et al. 
Effect of dapagliflozin according to baseline systolic blood pressure in the 
dapagliflozin and prevention of adverse outcomes in heart failure trial (DAPA-
HF). Eur Heart J. 2020;41(36):3402–18.

148.	 Bohm M, Anker SD, Butler J, Filippatos G, Ferreira JP, Pocock SJ, et al. Empa-
gliflozin improves cardiovascular and renal outcomes in heart failure irrespec-
tive of systolic blood pressure. J Am Coll Cardiol. 2021;78(13):1337–48.

149.	 Baytugan NZ, Celik AI, Bezgin T, Cagdas M. Euglycemic diabetic ketoacidosis 
associated with ST segment elevation myocardial infarction following SGLT-2 
inhibitor therapy. Am J Emerg Med. 2023;71(250):e1–3.

150.	 Cai D, Chen Q, Mao L, Xiao T, Wang Y, Gu Q, et al. Association of SGLT2 inhibi-
tor dapagliflozin with risks of acute kidney injury and all-cause mortality in 
acute myocardial infarction patients. Eur J Clin Pharmacol. 2024;80(4):613–20.

151.	 Spigoni V, Fantuzzi F, Carubbi C, Pozzi G, Masselli E, Gobbi G, et al. Sodium–
glucose cotransporter 2 inhibitors antagonize lipotoxicity in human myeloid 
angiogenic cells and ADP-dependent activation in human platelets: potential 
relevance to prevention of cardiovascular events. Cardiovasc Diabetol. 
2020;19(1):46.

152.	 Lescano CH, Leonardi G, Torres PHP, Amaral TN, de Freitas Filho LH, Antunes E, 
et al. The sodium–glucose cotransporter-2 (SGLT2) inhibitors synergize with 
nitric oxide and prostacyclin to reduce human platelet activation. Biochem 
Pharmacol. 2020;182:114276.

153.	 Kasichayanula S, Chang M, Liu X, Shyu WC, Griffen SC, LaCreta FP, et al. Lack 
of pharmacokinetic interactions between dapagliflozin and simvastatin, 
valsartan, warfarin, or digoxin. Adv Ther. 2012;29(2):163–77.

154.	 Hattori S. Anti-inflammatory effects of empagliflozin in patients with type 2 
diabetes and insulin resistance. Diabetol Metab Syndr. 2018;10:93.

155.	 Gotzmann M, Henk P, Stervbo U, Blazquez-Navarro A, Mugge A, Babel N, et al. 
Empagliflozin reduces interleukin-6 levels in patients with heart failure. J Clin 
Med. 2023;12(13):4458.

156.	 Dihoum A, Brown AJ, McCrimmon RJ, Lang CC, Mordi IR. Dapagliflozin, 
inflammation and left ventricular remodelling in patients with type 2 diabe-
tes and left ventricular hypertrophy. BMC Cardiovasc Disord. 2024;24(1):356.

157.	 Iannantuoni F, de Marañon AM, Diaz-Morales N, Falcon R, Banuls C, Abad-
Jimenez Z, et al. The SGLT2 inhibitor empagliflozin ameliorates the inflamma-
tory profile in type 2 diabetic patients and promotes an antioxidant response 
in leukocytes. J Clin Med. 2019;8(11):1814.

158.	 Garvey WT, Van Gaal L, Leiter LA, Vijapurkar U, List J, Cuddihy R, et al. Effects of 
canagliflozin versus glimepiride on adipokines and inflammatory biomarkers 
in type 2 diabetes. Metabolism. 2018;85:32–7.

159.	 Uthman L, Homayr A, Juni RP, Spin EL, Kerindongo R, Boomsma M, et al. 
Empagliflozin and dapagliflozin reduce ROS generation and restore no bio-
availability in tumor necrosis factor alpha-stimulated human coronary arterial 
endothelial cells. Cell Physiol Biochem. 2019;53(5):865–86.

160.	 Abbate A, Salloum FN, Vecile E, Das A, Hoke NN, Straino S, et al. Anakinra, a 
recombinant human interleukin-1 receptor antagonist, inhibits apoptosis in 
experimental acute myocardial infarction. Circulation. 2008;117(20):2670–83.

161.	 Santos-Gallego CG, Requena-Ibanez JA, Picatoste B, Fardman B, Ishikawa 
K, Mazurek R, et al. Cardioprotective effect of empagliflozin and circulating 
ketone bodies during acute myocardial infarction. Circ Cardiovasc Imaging. 
2023;16(4):e015298.

162.	 Zhang X, Sun G, Li Z, Gao W, Tan W, Liu J, et al. Effectiveness of sodium–glu-
cose cotransporter 2 inhibitors in patients with acute myocardial infarction 
with or without type 2 diabetes: a systematic review and meta-analysis. J 
Cardiovasc Pharmacol. 2024;84(1):18–25.

163.	 Dayem KA, Younis O, Zarif B, Attia S, AbdelSalam A. Impact of dapagliflozin 
on cardiac function following anterior myocardial infarction in non-diabetic 
patients—DACAMI (a randomized controlled clinical trial). Int J Cardiol. 
2023;379:9–14.

164.	 Udell JA, Jones WS, Petrie MC, Harrington J, Anker SD, Bhatt DL, et al. Sodium 
glucose cotransporter-2 inhibition for acute myocardial infarction: JACC 
review topic of the week. J Am Coll Cardiol. 2022;79(20):2058–68.

165.	 Karakasis P, Fragakis N, Kouskouras K, Karamitsos T, Patoulias D, Rizzo M. 
Sodium–glucose cotransporter-2 inhibitors in patients with acute coronary 
syndrome: a modern Cinderella? Clin Ther. 2024;46(11):841–50.

166.	 Coelho Meine M, Santo P, Dolovitsch de Oliveira F, Lenci Marques G, Spadoni 
Barboza J. Sodium–glucose cotransporter-2 inhibitors in acute myocardial 
infarction: a systematic review and meta-analysis of randomized controlled 
trials. Heart Fail Rev. 2025;30(1):219–226.

167.	 Paolisso P, Belmonte M, Gallinoro E, Scarsini R, Bergamaschi L, Portolan L, 
et al. SGLT2-inhibitors in diabetic patients with severe aortic stenosis and 
cardiac damage undergoing transcatheter aortic valve implantation (TAVI). 
Cardiovasc Diabetol. 2024;23(1):420.

168.	 Lin YW, Chen CY, Shih JY, Cheng BC, Chang CP, Lin MT, et al. Dapagliflozin 
improves cardiac hemodynamics and mitigates arrhythmogenesis in 
mitral regurgitation-induced myocardial dysfunction. J Am Heart Assoc. 
2021;10(7):e019274.

Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Impact of sodium–glucose transport protein-2 (SGLT2) inhibitors on the inflammasome pathway in acute myocardial infarction in type 2 diabetes mellitus: a comprehensive review
	﻿Abstract
	﻿Introduction
	﻿Mechanisms of SGLT2 inhibitors in cardiovascular protection
	﻿Glycemic control and cardiovascular benefits
	﻿Anti-inflammatory and myocardial protective effects of SGLT2 inhibitors
	﻿﻿Core mechanisms underlying cardioprotection
	﻿SGLT2 expression in human cardiomyocytes and its association with inflammation, oxidative stress, and metabolic pathways

	﻿The role of the inflammasome pathway in acute myocardial infarction
	﻿Myocardial infarction—autophagy, inflammation, apoptosis
	﻿NLRP3 inflammasome activation
	﻿TXNIP and NLRP3 inflammasome pathway
	﻿Inflammasome activation in T2DM and AMI
	﻿Inflammation in cardiovascular diseases

	﻿﻿Impact of SGLT2 inhibitors on the inflammasome pathway in AMI
	﻿Inhibition of NLRP3 inflammasome activation
	﻿Additional cardiac mechanisms of SGLT2 inhibitors

	﻿Clinical evidence: SGLT2 inhibitors in AMI and T2DM
	﻿Clinical trials demonstrating cardiovascular benefits
	﻿Combinational therapeutics of SGLT2 inhibitors
	﻿Potential risks and limitations of using SGLT2 inhibitors in AMI patients
	﻿Potential pharmacodynamic interactions with anticoagulants and dual antiplatelet therapy
	﻿Inflammatory marker reduction in clinical studies

	﻿Potential therapeutic implications
	﻿Early intervention in AMI
	﻿SGLT2 inhibitors in non-diabetic patients with AMI
	﻿Combination therapy with anti-inflammatory agents
	﻿Future perspectives and emerging indications

	﻿Conclusion
	﻿References


