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Table1. The features of ferroptosis, apoptosis, necroptosis, autophagy and pyroptosis.
	Cell death
	Definition 
	Morphological features
	Activation
	Core regulators

	Ferroptosis[12-14]
	A non-apoptotic cell death characterized by iron-dependent membrane lipid peroxidation
	Reduced mitochondria cristae, ruptured outer mitochondrial membrane, condensed mitochondrial membrane; lack of rupture and blebbing of the plasma membrane; normal nuclear size and lack of chromatin condensation
	GPX4 inhibition, lipid peroxide accumulation, iron overload
	GPX4, ACSL4, SLC7A11, LPCAT3, NCOA4

	Apoptosis[15-17]
	A regulated cell death mediated by specific sets of caspases that act in cascades, at the end of which caspase 3 or 7 is responsible for killing the cells.
	Cell shrinkage, chromatin condensation, nuclear fragmentation, plasma membrane blebbing, apoptotic bodies
	Initiated by microenvironmental perturbations (intrinsic apoptosis) or extracellular microenvironment perturbations, mostly driven by plasma membrane receptors (extrinsic apoptosis).
	BCL-2, P53, Bax, caspase, Fas

	Necroptosis[18, 19]
	Regulated necrosis with passive and active proinflammatory functions.

	Disrupted membrane integrity, leakage of cellular contents, swollen organelles, numerous inflammasomes
	Triggered downstream of death domain receptors (e.g., TNFR and Fas) and Toll-like receptor (TLR)-4 or TLR3.
	RIPK1, RIPK3, MLKL

	Autophagy[20, 21]
	A highly regulated and evolutionarily conserved cellular process that facilitates the degradation and recycling of unnecessary or dysfunctional cellular components.
	Formation of double-membrane autophagosome
	Various conditions of stress, or signals on the surface of damaged organelles
	ATG5, ATG7, Beclin-1

	Pyroptosis[18, 22]
	A type of cell death culminating in the loss of plasma membrane integrity and induced by activation of so-called inflammasome sensors.
	Cells swelling, pore formation, rupture and bubbling of plasma membranes, nucleus intact, chromatin condensation, DNA fragmentation
	Triggered by intracellular sensors such as NLRP3 that detect DAMPs, PAMPs, membrane disturbances, osmotic imbalances, and ion efflux, among other stimuli. 
	caspase1、 caspase4/ 5/11、 caspase3


Abbreviations: GPX4, glutathione peroxidase 4; ACSL4, acyl-coenzyme a synthetase long chain family member 4; SLC7A11, solute carrier family 7A member 11 subunit; LPCAT3, lysophosphatidylcholine acyltransferase 3; NCOA4, nuclear receptor coactivator 4; BCL-2, B cell lymphoma protein-2; P53, tumor suppressor protein; Bax, Bcl-2-associated X protein; RIPK, receptor-interacting protein kinase; MLKL, mixed lineage kinase domain-like protein; ATG, autophagy-related gene; NLRP3, NOD-like receptor protein 3; DAMPs, danger-associated molecular patterns; PAMPs, pathogen-associated molecular patterns


Table 2. Mechanism of ferroptosis in diabetes-related cardiovascular diseases
	Key molecules
/ effector
	Diabetes-related cardiovascular diseases
	Change
	Known mechanism
	References

	HO-1
	Atherosclerosis
	Upregulated
	Leads to iron overload.
	[27]

	GPX4
	Atherosclerosis
	Downregulated
	Promotes lipid peroxidation.
	[27]

	
	Heart failure
	Downregulated
	Promotes lipid peroxidation.
	[112]

	
	Myocardial I/R injury
	Downregulated
	Promotes lipid peroxidation.
	[117, 119]

	
	DCM
	Downregulated
	Promotes lipid peroxidation.
	[132, 189]

	SLC7A11
	Atherosclerosis
	Downregulated
	Suppresses GSH/GPX4.
	[27]

	
	DCM
	Downregulated
	Downregulated by advanced glycation products (AGEs), reduces GSH levels; ubiquitin-specific protease 24 (USP24)/NF-κB/SLC7A11 pathway
	[121, 130]

	NRF2
	Heart failure
	Dichotomous
	Initiates the transcription of antioxidant response element-containing genes, such as FTH1, FPN1, HO-1, SLC7A11 and GPX4; Modulates the peroxisome proliferator-activated receptor gamma coactivator 1α (PGC-1α) signaling.
	[114, 115] 

	
	Myocardial I/R injury
	Downregulated
	Downregulates FPN1 and reduces iron export.
	[119]

	
	DCM
	Dichotomous
	Upregulates genes such as FPN1, FTH1 and GPX4 which inhibit ferroptosis and LACS4 which promotes ferroptosis.
	[129]

	LACS4
	Myocardial I/R injury
	Upregulated
	Promotes lipid peroxidation.
	[26, 119]

	
	DCM
	Upregulated
	USP24/NF-κB/LACS4 pathway
	[130]

	LPCAT3
	Heart failure
	Upregulated
	Facilitates the integration of PUFA into phospholipid membranes, and downregulated acyl-CoA thioesterase-1 (ACOT1).
	[112]

	NCOA4
	Myocardial I/R injury
	Upregulated
	Promotes ferritinophagy via degradation of ferritin.
	[117]

	
	DCM
	Upregulated
	Promotes ferritinophagy via degradation of ferritin. 
(Pro)renin receptor (PRR)/NCOA4 and IL-6/ signal transducer and activator of transcription 3 (STAT3)/ NCOA4 pathways.
	[92, 123]

	SLC40A1
	DCM
	Downregulated
	Regulated by heat shock factor 1 (HSF1). Induces iron overload.
	[189]

	Rev-erbα
	Myocardial I/R injury
	Upregulated
	Regulates ferroptosis with elevated level of LACS4.
	[26]

	DMT1
	Myocardial I/R injury
	Upregulated
	Mediates import of iron to the cytoplasm.
	[69]

	endoplasmic reticulum stress
	Myocardial I/R injury
	Increased
	Interacts with ROS in the process of ferroptosis.
	[118]

	Mitochondrial injury
	DCM
	Increased
	MAP4K4 facilitates S-nitrosylation modification of Drp1 by inhibiting GPX4 and promotes ferroptosis.
	[126]

	FSP1
	DCM
	Downregulated
	Promotes lipid peroxidation via FSP1-coenzyme Q10 (CoQ10) system.
	[56, 132]

	Ubiquitin-specific protease 38 (USP38)
	Atrial fibrillation
	Upregulated
	USP38 binds to and stabilizes iron regulatory protein 2 (IRP2), leading to iron overload and lipid peroxidation.
	[28]


Abbreviations: HO-1, heme oxygenase 1; GPX4, glutathione peroxidase 4; I/R, ischemia/reperfusion; DCM, diabetic cardiomyopathy; SLC7A11, solute carrier family 7A member 11; NRF2, transcription factor nuclear receptor subfamily 2, group F, member 2; GSH, glutathione; LACS4, long-chain fatty acid CoA ligase 4; LPCAT3, lysophosphatidylcholine acyltransferase 3; NCOA4, nuclear receptor coactivator 4; DMT1, divalent metal transporter 1; FSP1, ferroptosis suppressor protein 1

Table 3. Potential therapeutic choices targeting ferroptosis in diabetes-related cardiovascular diseases in preclinical studies
	Intervention
	Diabetes-related cardiovascular diseases
	Ferroptosis-related mechanism
	References

	Ferrostatin-1
	Atherosclerosis
	Inhibits lipid peroxidation.
	[27]

	Hydroxysafflor yellow A (HSYA)
	Atherosclerosis
	Upregulates miR-429/SLC7A11 pathway
	[178]

	Dietary capsaicin
	Myocardial infarction
	Promotes NRF2/HO-1 pathway
	[179]

	Imeglimin
	Heart failure
	Restores the expression of GPX4.
	[180]

	Ferrostatin-1
	Myocardial I/R injury
	Inhibits lipid peroxidation.
	[30, 118]

	Nobiletin
	Myocardial I/R injury
	Inhibits NCOA4 and LACS4.
	[26, 30]

	N acetylcysteine
	Myocardial infarction, Myocardial I/R injury
	Exerts antioxidant capacity, ameliorates iron infiltration and increases GPX4, SLC7A11 and ferritin levels.
	[58]

	Combination of Propofol and salvianolic acid A
	Myocardial I/R injury
	Upregulates the expression of GPX4 and downregulates the expression of CD36 induced by high fatty acids, further increases p-AMPK, and reduces lipid peroxidation.
	[181]

	Sulforaphane
	Myocardial I/R injury
	Activates NRF2 and suppresses ferroptosis. 
	[119]

	liproxstatin-1
	DCM
	Inhibits lipid peroxidation.
	[73]

	Sulforaphane
	DCM
	Promotes the nuclear accumulation of NRF2 via AMPK activation, and upregulates the expression of SLC7A11 and ferritin.
	[73]

	6-gingerol
	DCM
	Inhibits the expression of ferroptosis-related protein LACS4, reduces iron overload, upregulates the expression of GPX4, and suppresses inflammation via enhancing NRF2/HO-1 pathway.
	[127]

	Curcumin
	DCM
	Promotes NRF2/HO-1 pathway and alleviates GPX4 depletion.
	[128]

	Hydrogen sulfide (H2S)
	DCM
	Targets NRF2/GPX4/GSH pathway.
	[182]

	Irisin
	DCM
	Increases expression of SLC7A11/GPX4 via Sirtuin 1-mediated deacetylation of p53.
	[31]

	Astragaloside IV
	DCM
	Downregulates p53 and LACS4, and upregulates GPX4.
	[183]

	Paeoniflorin
	DCM
	Mediates the cardioprotective and anti-ferroptotic effects via epoxyeicosatrienoic acid. 
	[184]

	Baicalin
	DCM
	[bookmark: _GoBack]Promotes de-small ubiquitin-like modifier (deSUMOylation) of Sirtuin 3 by Sentrin/SUMO-specific protease 1 (SENP1) and restores mitochondrial stability.
	[185]

	Piperlongumine
	DCM
	Inhibits IL-6/STAT3/NCOA4-mediated ferritinophagy.
	[92]


Abbreviations: miR, microRNA; SLC7A11, solute carrier family 7A member 11; NRF2, transcription factor nuclear receptor subfamily 2, group F, member 2; HO-1, heme oxygenase 1; NCOA4, nuclear receptor coactivator 4; LACS4, long-chain fatty acid CoA ligase 4; GPX4, glutathione peroxidase 4; AMPK, AMP-activated protein kinase; I/R, ischemia/reperfusion; DCM, diabetic cardiomyopathy; IL-6, interleukin-6; STAT3, signal transducer and activator of transcription 3;

