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LA STORIA:

Homocystinuria—a rare inherited disorder characterized by
extremely elevated homocysteine levels and premature 
vascular complications, including arterial thrombosis in 
children
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Metabolismo dell’omocisteina
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Classificazioni leggermente variabili:  
- fino a 15 μmol/L la concentrazione è normale. 
- 15 e 30 μmol/L è considerato lievemente elevato, 
- 30 e 60 μmol/L è moderatamente elevato e
-  > 60 μmol/L è gravemente elevato (2).
- omocistinuria è una condizione molto rara,  solitamente valori di omocisteina > 100 μmol/L.



L’omocistinuria è una malattia metabolica ereditaria con trasmissione 
autosomica recessiva con incidenza di circa 1/300000 (in Irlanda del nord 
l’incidenza è 1/65000) . 

Il gene responsabile è la cistationina-beta-sintetasi di cui sono state 
identificate più di 150 mutazioni.

• Manifestazioni sistemiche (oculari, scheletriche, vascolari, cutanee)
• Manifestazioni neurologiche (Ritardo psicomotorio ,  Disturbi psichiatrici , 

Epilessia , Infarti cerebrali , Disturbi extrapiramidali )
  
. 



Inquinamento

Possibili fattori associati all’aumento di omocisteinemia: 



Meta-analysis of 27 studies relating homocysteine to arteriosclerotic vascular disease and 11 studies of folic acid effects on tHcy levels

JAMA. 1995;274:1049-1057



JAMA. 1995;274:1049-1057



7 studi
15904 pz
Follow-up 4.1 - 14 anni

Peng et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(1):78-86 

3 studi
9825 pz

MORTALITA’ DA OGNI CAUSA



Peng et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(1):78-86 

MORTALITA’ DA CAUSE CARDIOVASCOLARI

4 studi
6771 pazienti

3 studi
6465 pazienti



Peng et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(1):78-86 

MORTALITA’ DA PATOLOGIA CORONARICA

4 studi
2396 pazienti

3 studi
6208 pazienti



Peng et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2015 16(1):78-86 

Comparing the highest to lowest homocysteine level categories: 
• CHD mortality increased by 66% (RR 1.66; 95% CI 1.12–2.47; P=0.012), 
• cardiovascular mortality increased by 68% (RR 1.68; 95% CI 1.04–2.70; P=0.033), 
• all-cause mortality increased by 93% (RR 1.93; 95% CI 1.54–2.43; P < 0.001

For each 5 μmol/L homocysteine increment,  the pooled RR was
• 1.52 (95% CI 1.26–1.84; P<0.001) for CHD mortality, 
• 1.32 (95% CI 1.08-1.61; P=0.006) for cardiovascular mortality 
• 1.27 (95% CI 1.03-1.55; P=0.023) for all cause mortality.



Homocysteine and cardiovascular disease: evidence on causality from a meta-analysis, BMJ 2002;325:1202

Studi di varianti genetiche di MTHFR (omozigoti 
vs eterozigoti) + concentrazione di omocisteina
Studi  prospettici di concentrazione 
dell’omocisteina

EP:
CAD
TVP
Stroke



Rui Fan, Association between Homocysteine Levels and All-cause Mortality: 
A Dose-Response Meta-Analysis of Prospective Studies Scientific Reports 2017  | 7: 4769

11 studi
27.737 pazienti

Rischio mortalità ogni causa + 33% per ogni 5 umol/L 



Journal of Thoracic Disease, Vol 14, No 3 March 2022 



Journal of Internal Medicine, 2021, 
290; 826–854



Meccanismi patogenetici

• Aumento attività dell’HMG-CoA Reduttasi, aumento colesterolemia, ossidazione delle LDL

• Proliferazione muscolatura liscia vascolare, aumento sintesi collagene

• Danno endoteliale (cellule endoteliali vena ombelicale umana)

• N-Hcy proteins hanno proprietà proamiloidogeniche, proaterogeniche, protrombogene

• Stress ossidativo cellule endoteliali  e ridotta produzione NO

• Infiammazione (mediata da attivazione della via NF-kB nella muscolatura liscia) ed aumento sintesi 

PCR

• Effetto Protrombotico (attivazione dei fattori della coagulazione, Inibizione della fibrinolisi, attivazione 

piastrinica)

• Effetto sulla metilazione del DNA



Studi di intervento

• Supplementazione con folati/B12/B6
• Riduzione dei livelli di omocisteina

• Effetto sugli endpoints?



HOPE 2 trial; N Engl J Med 2006;354:1567-77

5522 pz
55 aa
Malattia vascolare o DM



HOPE 2 trial; N Engl J Med 2006;354:1567-77



NORVIT trial; N Engl J Med 2006;354:1578-88

3749 pz
IMA < 7 giorni



From: Lowering Homocysteine in Patients With Ischemic Stroke to Prevent Recurrent Stroke, Myocardial 

Infarction, and Death: The Vitamin Intervention for Stroke Prevention (VISP) Randomized Controlled Trial

JAMA. 2004;291(5):565-575. doi:10.1001/jama.291.5.565

3680 pz
Infarto cerebrale



From: Lowering Homocysteine in Patients With Ischemic Stroke to Prevent Recurrent Stroke, Myocardial 

Infarction, and Death: The Vitamin Intervention for Stroke Prevention (VISP) Randomized Controlled Trial

JAMA. 2004;291(5):565-575. doi:10.1001/jama.291.5.565



Blood. 2007;109:139-144

The Vitamins and Thrombosis (VITRO) study investigated the effect of homocysteine lowering 
by daily supplementation of B vitamins on the risk reduction of deep vein thrombosis (DVT) and 
pulmonary  embolism (PE). 



‘The homocysteine hypothesis is dead. Homocysteine in not a 
causal risk factor. It is an innocent bystander’.

From the principal investigator of NORVIT, at the press conference at the European
Society for Cardiology in Stockholm in 2005.



USA CANADA

Cancer Epidemiol Biomarkers Prev 2007;16(7):1325–9



Fan et al. Homocysteine and value of the GRACE risk score Anatol J Cardiol 2017; 18: 182-93



Veeranna et al. JACC Vol. 58, No. 10, 2011:1025–33
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LE LINEE GUIDA



European Heart Journal (2025) 46, 4359–4378 



Dec 2023



CONCLUSIONI:

L’omocisteina è associata al rischio cardiovascolare (studi osservazionali)

Molteplici effetti dell’omocisteina sul sistema cardiovascolare (danno endoteliale, effetto 

protrombotico, proliferazione muscolatura liscia,  effetto epigenetico) 

MA studi di intervento mostrano che ridurre i valori di omocisteina NON comporta una 

riduzione del rischio cardiovascolare

Ridurre il marker non significa necessariamente ridurre il rischio.



CONCLUSIONI:

Le linee guida NON includono il dosaggio dell’omocisteina nei test di screnning per 

stratificazione del rischio cardiovascolare.

Quando può essere utile:

• sospetta omocistinuria 

• ictus in età molto giovane senza causa evidente

• infarto miocardico o trombosi in altra sede in età giovane senza fattori di rischio 

• sospetto deficit di vitamina B12  o folati 





CSPPT. From Huo et al. 2015

Riduzione significativa per alcuni sottogruppi: 
- Concentrazioni più basse di PLT
- Colesterolemia > 200



2) Se si riscontra un’iperomocisteinemia occorre trattarla? 

Sebbene l’utilizzo di una supplementazione di acido folico, 

vitamina B6 o B12 riduca efficacemente i livelli circolanti di 

omocisteina, questa riduzione non comporta una riduzione del 

rischio cardiovascolare o di tromboembolismo venoso. Per 

questo motivo la supplementazione vitaminica sia in 

prevenzione primaria che secondaria non è attualmente 

raccomandata (2). 

Rimangono dei dubbi nella popolazione con valori di 

omocisteina superiori a 45 μmol/L per la mancanza di dati solidi 

su cui basare le scelte. 

La supplementazione deve invece essere eseguita in caso di 

deficit vitaminici significativi che principalmente sono da 

imputare a ridotto introito alimentare o ad alterato assorbimento 

intestinale. 



J. Cardiovasc. Dev. Dis. 2025, 12, 383



Homocysteine is a sulfur-containing intermediate product in the normal metabolism of methionine, an essential amino acid. 
Folic acid, vitamin B12, and vitamin B6 deficiencies and reduced enzyme activities inhibit the breakdown of homocysteine, thus 
increasing the intracellular homocysteine concentration. Numerous retrospective and prospective studies have consistently 
found an independent relationship between mild hyperhomocysteinemia and cardiovascular disease or all-cause mortality. 
Starting at a plasma homocysteine concentration of approximately 10 micromol/l, the risk increase follows a linear dose-
response relationship with no specific threshold level. Hyperhomocysteinemia as an independent risk factor for cardiovascular 
disease is thought to be responsible for about 10% of total risk. Elevated plasma homocysteine levels (>12 micromol/l; moderate 
hyperhomocysteinemia) are considered cytotoxic and are found in 5 to 10% of the general population and in up to 40% of 
patients with vascular disease. Additional risk factors (smoking, arterial hypertension, diabetes, and hyperlipidemia) may 
additively or, by interacting with homocysteine, synergistically (and hence over-proportionally) increase overall risk. 
Hyperhomocysteinemia is associated with alterations in vascular morphology, loss of endothelial anti-thrombotic function, and 
induction of a procoagulant environment. Most known forms of damage or injury are due to homocysteine-mediated oxidative 
stress.

An adequate intake of at least 400 microg of folate per day



Meccanismi patogenetici

• HHcy determined the increased activity of HMG-COA reductase, resulting in increased cholesterol levels
• HHcy was positively related to increased systolic and diastolic blood pressure, mainly  in women. Furthermore, 

induced HHcy in rats resulted in increased secretion of catecholamines that produced brain and cardiovascular 
systems damages 

• increased vascular smooth muscle cell proliferation, increased collagen synthesis, and arterial wall elastic 
deterioration.

• Inflammation is mediated by NF-kB pathway activation in smooth muscle cells, resulting in increased CRP synthesis

•  I metaboliti:  N-Hcy-proteins are responsible for pro-immunogenic, pro-amyloidogenic, pro-atherogenic, and pro-
thrombogenic properties. 

• Hcy metabolites are involved in endothelium damage, as studied in human umbilical vein endothelial cells 
(HUVECs). In these cell cultures, a dysregulation of the mTOR pathway (which plays an important role in vascular 
physiology) and autophagy was observed, resulting in endothelial dysfunction

• urinary homocysteine (uHcy)-thiolactone correlated with fibrin clot lysis time (CLT) and elevated CLT was associated 
with worse prognosis. Furthermore, these metabolites cause a dysregulation of proteins involved in the coagulation 
pathway with the formation of N-Hcy-fibrinogen which has prothrombotic properties. Indeed, N-Hcy-fibrin clots, 
derived from N-Hcy-fibrinogen, are lysed slower by plasminogen because of its dysfunctional activation [22]. 
Thrombosis is also favored by higher levels of B-thromboglobulin and factor VIIc

• HHcy also results in arterial stiffness, as a consequence of oxidative endothelial cell stress and reduced nitric oxide 
synthesis, associated with increased blood pressure in vitro and in animal studies 







• Perché si parla di omocisteina
• Metabolismo dell’omocisteina

• Marker di rischio cardiovascolare e trombotico
• Controversie sul ruolo causale

• Evidenze da studi di supplementazione
• Raccomandazioni dalle linee guida sulle indicazioni al dosaggio 

dell’omocisteinemia come metodica di screening: quando e’ indicato?

AGENDA



Pusceddu et al. Eur J Nutr2020; 59:1399-411





J Int Med. 2021; 290: 826-854
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