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Περίληψη 

 

Υπόβαθρο. Τα μείζονα αρτηριακά θρομβωτικά επεισόδια (ΜΑΘΕ), όπως το 

αγγειακό εγκεφαλικό επεισόδιο (ΑΕΕ) και το έμφραγμα του μυοκαρδίου (ΕΜ), 

αποτελούν σημαντικές αιτίες νοσηρότητας και θνησιμότητας στο αντιφωσφολι-

πιδικό σύνδρομο (AΦΣ). Οι παράγοντες καρδιαγγειακού κινδύνου (ΚΑΚ) που 

έχουν επικυρωθεί στα γενικά μοντέλα εκτίμησης κινδύνου (ΜΕΚ) όπως τα Sy-

stematic Coronary Risk Evaluation-2 (SCORE2), Pooled Cohorts Risk Equation 

(PCRE) και Second Manifestations of Arterial disease (SMART) συμβάλλουν 

στην εμφάνιση των ΜΑΘΕ στο ΑΦΣ. Σύμφωνα με τα αναθεωρημένα κριτήρια 

της Αμερικανικής Εταιρείας Ρευματολογίας και της Ευρωπαϊκής Συμμαχίας 

Εταιρειών Ρευματολογίας (ACR/EULAR), οι παράγοντες ΚΑΚ οφείλουν να λαμ-

βάνονται υπόψη στην ταξινόμηση του ΑΦΣ. Τα ΜΕΚ για τα υποτροπιάζοντα 

συμβάντα, όπως τα adjusted Global Antiphospholipid Syndrome Score 

(aGAPSS) και aGAPSS για την καρδιαγγειακή νόσο (aGAPSSCVD), περιλαμ-

βάνουν ανεξάρτητους προβλεπτικούς παράγοντες ΚΑΚ και οι συστάσεις της 

EULAR για τη διαχείριση του ΚΑΚ στο ΑΦΣ υποδεικνύουν ότι αυτοί οι παρά-

γοντες κινδύνου θα πρέπει να λαμβάνονται αυστηρά υπόψη στην κλινική φρο-

ντίδα των ασθενών. 

Σκοπός. Η παρούσα διπλωματική εργασία ανασκόπησε τις ομοιότητες και 

διαφορές μεταξύ των παραγόντων ΚΑΚ που περιλαμβάνονται στα SCORE2, 

PCRE, SMART, aGAPSS, aGAPSSCVD και τα κριτήρια ταξινόμησης APS, και 

της συχνότητας, συσχέτισης και αθροιστικής επίδρασης των γενικών και νοσο-

ειδικών παραγόντων ΚΑΚ στα ΜΑΘΕ του ΑΦΣ. 

Μέθοδοι. Η ηλεκτρονική βάση δεδομένων Pubmed/MEDLINE αναζητήθηκε για 

σχετικά άρθρα από την ίδρυσή της έως τον Μάιο 2024. Χρησιμοποιήθηκαν 

τρεις διαφορετικές αναζητήσεις με τους όρους «αντιφωσφολιπιδικό σύνδρομο», 

«αρτηριακή θρόμβωση», «εγκεφαλικό επεισόδιο» και «έμφραγμα του μυο-

καρδίου». Αποκλείστηκαν εγγραφές που αφορούσαν τη μη αγγλική γλώσσα, 

μελέτες σε ζώα, μη ενήλικους πληθυσμούς, χαμηλό επίπεδο τεκμηρίωσης, 

αδυναμία πρόσβασης σε άρθρα πλήρους ανάγνωσης και μη συνάφεια. Οι πα-

ράγοντες ΚΑΚ που εξετάστηκαν ήταν το ανδρικό φύλο, η μεγαλύτερη ηλικία, το 

κάπνισμα, η αρτηριακή πίεση (ΑΠ), η δυσλιπιδαιμία, η παχυσαρκία, ο σακχα-
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ρώδης διαβήτης (ΣΔ), η νεφρική νόσος, τα αντιφωσφολιπιδικά αντισώματα 

(αΦΛ), η αντιθρομβωτική αγωγή, η ανατομική θέση της θρόμβωσης και το ιστο-

ρικό θρόμβωσης. 

Αποτελέσματα. Από τις αναζητήσεις στο Pubmed/MEDLINE προέκυψαν 1344 

εγγραφές, εκ των οποίων 71 άρθρα συμπεριλήφθηκαν στην ανασκόπηση. Όλοι 

οι παράγοντες ΚΑΚ που εξετάστηκαν σχετίζονταν με την εμφάνιση ή την υπο-

τροπή των ΜΑΘΕ στο ΑΦΣ. Η τεκμηρίωση ήταν εκτενέστερη και σαφέστερη για 

κάπνισμα, ΑΠ, δυσλιπιδαιμία, αΦΛ και αντιθρομβωτική αγωγή (ιδίως την απο-

φυγή των άμεσων από του στόματος αντιπηκτικών). ΑΠ και δυσλιπιδαιμία ενδέ-

χεται να ασκούν διαφορετικές επιδράσεις στο ΑΕΕ και στο ΕΜ, αντίστοιχα. Ο 

ρόλος των μη κριτηρίων αΦΛ είναι πιο ασαφής σε σύγκριση με τα αΦΛ των κρι-

τηρίων ταξινόμησης. Νεφρική νόσος, παχυσαρκία, ΣΔ και ανατομική θέση/ιστο-

ρικό θρόμβωσης ήταν οι λιγότερο μελετημένοι παράγοντες κινδύνου. Οι περισ-

σότερες μελέτες σχετικές με το αντικείμενο της ανασκόπησης δεν διέκριναν με-

ταξύ αθηροθρομβωτικών και μη αθηροθρομβωτικών συμβάντων. Οι περιγρα-

φές των παραγόντων ΚΑΚ ήταν ετερογενείς ή απουσίαζαν σε σημαντικό αριθμό 

μελετών, αποκλείοντας μερικώς τις άμεσες συγκρίσεις με τα ΜΕΚ ή τα κριτήρια 

ταξινόμησης ACR/EULAR. 

Συμπέρασμα. Παρατηρήθηκαν κυρίως ομοιότητες μεταξύ των μεμονωμένων 

παραγόντων ΚΑΚ και εκείνων που περιλαμβάνονται στα ΜΕΚ, παρά με τις 

κατατομές ΚΑΚ των κριτηρίων ταξινόμησης ACR/EULAR. Η βελτιστοποίηση 

της καρδιαγγειακής πρόληψης στο ΑΦΣ απαιτεί τυποποίηση των εκθέσεων 

ΚΑΚ και των αγγειακών εκβάσεων στα ΜΑΘΕ πριν από την περαιτέρω αξιολό-

γηση των ταξινομητών ΚΑΚ με αποδεδειγμένη κλινική σημασία. 

 

Λέξεις-κλειδιά:.  Αντιφωσφολιπιδικό σύνδρομο, αρτηριακή θρόμβωση, 

αγγειακό εγκεφαλικό επεισόδιο, έμφραγμα του μυοκαρδίου, καρδιαγγειακός 

κίνδυνος. 
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Abstract 
 

Background. Major arterial thrombotic events (MATEs) such as stroke and 

myocardial infarction (MI) are important causes of morbidity and mortality in the 

antiphospholipid syndrome (APS). Cardiovascular risk (CVR) factors such as 

those validated in the general risk assessment models (RAMs) including the 

Systematic Coronary Risk Evaluation-2 (SCORE2), the Pooled Cohorts Risk 

Equation (PCRE) and the Second Manifestations of Arterial disease score 

(SMART) contribute to the occurrence of MATEs in APS. According to the re-

vised criteria by the American Society of Rheumatology and the European 

Alliance of Associations for Rheumatology (ACR/EULAR), established CVR 

factors should be accounted for in the classification of APS. RAMs for recurrent 

events, such as the adjusted Global Antiphospholipid Syndrome Score 

(aGAPSS) and the aGAPSS for cardiovascular disease (aGAPSSCVD), include 

CVR factors as independent predictors, and the EULAR recommendations for 

CVR management in APS suggest that these risk factors should be strictly 

considered in the clinical care of patients. 

Objective. The purpose of this thesis was to review the similarities and differ-

ences between CVR factors included in SCORE2, PCRE, SMART, aGAPSS, 

aGAPSSCVD and the APS classification criteria and the frequency, association 

and cumulative effect of general and disease-specific CVR factors on MATEs 

in patients with APS.   

Methods. The Pubmed/MEDLINE electronic database was searched for re-

levant articles from its inception to May 2024. Three different search strings that 

included the terms ‘antiphospholipid syndrome’, ‘arterial thrombosis’, ‘stroke’ 

and ‘myocardial infarction’ were used. Records pertaining to non-English lan-

guage, animal studies, non-adult populations, low level of evidence, inability to 

access full-text articles and non-relevance were excluded. The CVR factors 

examined were male gender, older age, smoking, blood pressure (BP), dys-

lipidaemia, obesity, diabetes mellitus (DM), renal disease, antiphospholipid an-

tibodies (aPL), antithrombotic treatment, anatomical site of thrombosis and his-

tory of thrombosis. 
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Results. The Pubmed/MEDLINE search strings yielded 1344 records, of which 

71 unique full-text articles were included in the review. All CVR factors exam-

ined were found to be related to the occurrence or recurrence of MATEs in APS. 

The evidence was more extensive and appeared clearer for smoking, BP, dys-

lipidaemia, aPL and antithrombotic treatment (particularly avoidance of direct 

oral anticoagulants). BP and dyslipidaemia may exert different effects on stroke 

and MI, respectively. The role of non-criteria aPL is more unclear compared to 

aPL included in the APS classification criteria. Renal disease, obesity, DM, and 

anatomic site/history of thrombosis were the least studied risk factors. Most stu-

dies conducted on the subject of the review did not distinguish between athero-

thrombotic and non-atherothrombotic events. Descriptions of CVR factors were 

heterogeneous or missing in a significant number of studies, partially precluding 

direct comparisons with RAMs or the ACR/EULAR classification criteria.  

Conclusion. Similarities were primarily observed between individual CVR fac-

tors and risk predictors included in RAMs, rather than with the vascular risk 

profiles suggested by the ACR/EULAR classification criteria. To optimise car-

diovascular prevention in APS, standardisation of CVR exposures and vascular 

outcomes in MATEs is required prior to further evaluation of CVR classifiers 

with established clinical importance. 

 

Keywords: Antiphospholipid syndrome; arterial thrombosis; stroke; myocardial 

infarction; cardiovascular risk.  
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1. Antiphospholipid syndrome 
 

1.1 Definition and historical aspects 
 

Antiphospholipid syndrome (APS) is a systemic, non-organ-specific autoim-

mune disease1-5 that clinically manifests itself primarily as a thrombophilic dis-

order characterised by venous, arterial and/or microvascular thrombosis or ma-

ternal–foetal morbidity in the setting of persistently circulating autoantibodies 

against cell membrane phospholipids (ie, antiphospholipid antibodies, aPL).2-4 

Because these antibodies predominantly target proteins associated with phos-

pholipids, the term ‘aPL’ (and consequently that of APS) is considered a mis-

nomer.2 3 The aetiology of APS is unknown and current theories attribute gene-

tic, epigenetic and exposomal effects to the pathogenesis of the syndrome.2 4 6  

The discovery and characterisation of aPL is closely related to the re-

search into syphilis and systemic lupus erythematosus (SLE).2 3 5 In 1941, it 

was discovered that cardiolipin, a phospholipid extracted from bovine myo-

cardial tissue, was the antigenic substrate responsible for a positive syphilis 

screening test using the Wasserman antibody.2 5 Ten years later, it was found 

that patients with SLE also tested positive for this test even though they did not 

have syphilis,2 3 5 an observation that led to the suggestion that antibodies to 

cardiolipin (ie, anti-cardiolipin antibodies, aCL) could also be a feature of auto-

immune disease.2 3 The ‘lupus anticoagulant’ (LA) phenomenon, which is cru-

cial to the pathophysiological and clinical aspects of APS, was also first de-

scribed in lupus patients in the 1950s.2 5 In the last decade of the 20th century, 

a series of studies further clarified that aCL associated with APS actually target 

a protein cofactor bound to membrane phospholipids, namely beta-2-glycopro-

tein I, which acts as an intermediary to the binding of autoantibodies to phos-

pholipids.2-5 These antibodies are now referred to as anti-β2GPI antibodies 

(anti-β2GPI).   

 The systematic description of APS as a distinct clinical entity occurred in 

the 1980s.2 3 5 Originally considered as a disease association to SLE due to the 

frequent combination of aCL positivity, LA positivity, thrombosis and foetal loss 

in lupus patients, it was later characterised as a clinicopathological entity that 
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can occur in the absence of SLE or other autoimmune disorders. Nevertheless, 

retrospective analyses of the medical histories of culturally relevant people, 

such as members of the royal families of Great Britain, suggest that the syn-

drome might have been present as early as the 17th century, with Anne, Queen 

of Great Britain (1665–1714) possibly being one of the first APS cases in the 

history of Medicine.7   

   

1.2 Pathogenicity of aPL 
 

The capacity of aPL to impart clinical effects underlying the vascular and ob-

stetric morbidity in APS is determined by a number of qualitative and quanti-

tative conditions.2-4 8 9 Qualitative determinants of aPL pathogenicity refer to 

their antigenic specificity (type of aPL – eg, aCL, anti-β2GPI), immunoglobulin 

class (isotype of aPL – IgG, IgM or IgA) and induction of the in vitro LA effect. 

Quantitative aspects include their serological concentration (aPL titre), number 

of co-occurring aPL types (single versus multiple aPL positivity) and duration of 

aPL positivity (persistence of positive titres).  

 To date, a vast number of antigenic targets of aPL have been described.2 

10 11 Among them, antibodies against β2GPI (ie, β2GPI-dependent aPL) are 

considered more pathogenic compared to β2GPI-independent aPL.2-4 11 Other 

important antigens associated with clinically relevant aPL include the phospho-

lipids cardiolipin and phosphatidylserine (PS), as well as the proteins annexin, 

prothrombin (PT) and complement components.5 10 11 These antigenic targets 

can induce production of aPL directly (eg, aCL) or as protein–phospholipid com-

plexes (eg, anti-β2GPI, anti- PT/PS). Antibodies of the IgG class appear to have 

a higher pathogenic potential than IgM or IgA aPL.4 9 The LA test is a functional 

assay that assesses the prolongation of phospholipid-dependent coagulation 

reactions in the presence of aPL (particularly anti-β2GPI and/or anti-PT/ PS).2 

3 6 10 A positive LA test is highly specific for APS in the absence of other acquired 

coagulation inhibitors that may produce similar laboratory findings.  

 Higher aPL titres are associated with an increased risk of adverse clinical 

events due to aPL positivity (aPLpos).3 4 8 9 Titre cut-offs are established accord-

ing to the presence of at least a two-fold to four-fold increase in aCL and/or anti-

β2GPI titres above the 99th percentile, which corresponds to the definition of 
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‘moderate-titre’ and ‘high-titre’ aPL, respectively.6 12 Double positivity for any 

two of aCL, anti-β2GPI or LA, as well as triple positivity for all of these aPL, 

have been associated with a high risk of thrombosis and pregnancy compli-

cations in APS.2 4 8 Persistent positivity for any type of aPL also has significant 

implications for the diagnosis, classification and prognosis of APS.8 9 

 The above considerations are of clinical importance because aPL can 

be detected in a large number of clinical conditions, including infectious dis-

ease, malignancies, immune-mediated disorders and even in otherwise healthy 

individuals, without signifying a risk condition or indicating APS as the cause of 

a thrombotic or obstetric event.2-4 9 Indeed, transient, low-titre IgM β2GPI-in-

dependent aCL can accompany many acute infections, but this type of aPL 

profile should not be considered a priori pathogenic in relation to APS.2 4 9 

 

1.3 Descriptors of APS  
 

APS has been described using various disease attributes, including clinical ma-

nifestations and association with an index disease.2-4 Thrombotic APS (TAPS), 

obstetric APS (OAPS), and catastrophic APS (CAPS) are routinely used de-

scriptions and can be considered de facto accepted in the nomenclature applied 

to the syndrome.2 6 9 Primary APS (PAPS) was described as a nosological entity 

in the late 1980s and refers to the presence of clinical and laboratory findings 

indicative of APS that is not associated with other autoimmune diseases (par-

ticularly SLE).2 3 If APS manifests in association with another autoimmune dis-

ease, the currently proposed descriptor would be ‘[disease name]-associated 

APS’ (eg, ‘SLE-associated APS’, or ‘SLE-APS’ for short).2  

 

1.4 Epidemiology of APS 
 

APS is generally a rare disease. Incidence estimates (per 105 persons) range 

from 2.1 to 2.6 in America to 1.1 in Europe to 0.75 in Asia.2-4 13 Prevalence rates 

in European and American countries are between 40 and 50 cases per 105 

persons.13 Adult APS occurs more frequently in the fourth decade of life in 

women and in the sixth decade of life in men.13 The women to men prevalence 

ratio for PAPS and SLE-APS is 3:1 and 7:1, respectively.2 14  
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1.5 Clinical and laboratory findings in APS  
 

 
FIGURE 1  Clinical and laboratory features of APS. Most common manifestations per 

organ system are shown in italics and marked with an asterisk (*). Own work; background 

woman figure from commons.wikimedia.org [Mikael Häggström], public domain. 
 

APS can manifest itself with a variety of clinical manifestations in the circulatory 

system and pregnancy complications affecting both the mother and the foetus.2-

4 9 14 The most common vascular thrombotic event is deep vein thrombosis, fol-

lowed by stroke.2 5 14 15 Obstetric morbidity includes early foetal loss and recur-

rent miscarriage.2 16 These clinical findings are due to the propensity of aPL to 

interfere with normal haemostasis and impair trophoblast functions.2-4 6 9 How-

ever, emerging evidence suggests that aPL may also have other cellular tar-

gets, such as components of brain tissues (eg, glia).2 3 This latter feature may 

underlie the heterogeneity of neurological findings associated with the syn-

drome, some of which may not be due to vascular damage.2 3 
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 Laboratory features of APS include those specific to the syndrome (ie, 

aPLpos) as well as more general findings of abnormal haemostasis and other 

haematological abnormalities. The most commonly found aPL are IgG and/or 

IgM aCL and/or anti-β2GPI and a positive LA.2-4 9 Non-APS-specific haematolo-

gical findings include thrombocytopenia and prolonged activated partial throm-

boplastin time; the latter is an indirect marker of LA positivity.2-4  

 Clinical and laboratory features of APS per anatomical system involve-

ment are shown in Figure 1 on p. 18. 

 

1.6 Classification criteria and ‘non-criteria’ manifestations of APS 
 

Classification criteria are a cluster of features standardised to identify indivi-

duals with a specific disease in order to facilitate enrolment in population stu-

dies.17 A group of experts meeting in Sapporo, Japan, in 1999 developed pre-

liminary criteria for APS.2 3 These set of criteria were updated into the ‘revised 

Sapporo classification criteria’ (Table 1, p. 20) at a 2006 meeting in Sydney, 

Australia.18 The ‘Sydney classification criteria’ were available until 2023, when 

the American College of Rheumatology (ACR) and the European Alliance of 

Associations for Rheumatology (EULAR) jointly published a new set of criteria 

that deemed significant revisions to both clinical and laboratory features ne-

cessary to classify APS for research purposes (Table 2, p. 21).19  

‘Non-criteria’ (or ‘extra-criteria’) manifestations refer to clinical and labo-

ratory features that are epidemiologically associated with APS but were not in-

cluded in the Sydney classification criteria.2-4 20 Some of these manifestations 

were reported in the original description of the syndrome.2 3 According to the 

grade of evidence assigned by the working groups of the International Congres-

ses on Antiphospholipid Antibodies held to date,2 3 20-22 livedo, valvular heart 

disease, aPL-associated nephropathy and thrombocytopenia are among the 

most important ‘non-criteria’ features associated with APS. The evidence is less 

robust for superficial vein thrombosis, movement disorders, and incomplete 

laboratory APS (eg, lack of persistent aPLpos).2 21 22 Many other ‘non-criteria’ 

manifestations have been identified, such as accelerated atherosclerosis, auto-

immune haemolytic anaemia, non-criteria aPL (eg, anti-vimentin/cardiolipin), 

skin ulcers, migraine-like chronic headache, pulmonary hypertension, and a 
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history of three non-consecutive miscarriages.2 3 20 A number of previously ‘non-

criteria’ clinical features are now included in the ACR/EULAR classification cri-

teria for APS (Table 2, p. 21).19  

 

TABLE 1 Summary of the Sydney classification criteria for APS  
Clinical criteria for TAPS Laboratory criteria 

1. Venous thrombosis  

2. Arterial thrombosis 

3. Microvascular thrombosis  

1. Positive LA test  

2. Medium-high titre IgG and/or IgM aCL  

3. Positive (>99th percentile) IgG and/or 

IgM anti-β2GPI  

Clinical criteria for OAPS Classification requirements 

1. First trimester (<10th week of gestation) 

recurrent foetal loss (three or more)  

2. First trimester (≥10th week of gestation) 

foetal loss (one or more)  

3. Third trimester (<34th week of gestation) 

preeclampsia or placental insufficiency 

leading to premature birth (one or more) 

1. At least one clinical criterion plus one 

laboratory criterion 

2. Clinical criterion should not be separated 

from the laboratory criterion for <12 

weeks or >5 years 

Thrombosis requires objective evidence by imaging and/or histopathology. For obstetric 

events before the 10th week of gestation, chromosomal abnormalities and/or maternal ana-

tomical and/or hormonal causes of foetal death must be excluded. Obstetric events after 10 

weeks of gestation require the presence of a morphologically normal foetus. Laboratory cri-

teria require that an initial positive aPL test be confirmed by a second positive test performed 

at least 12 weeks after the initial test. Adapted from Miyakis et al.18  
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TABLE 2 Summary of the ACR/EULAR classification criteria for APS  

Clinical criteria for TAPS 
Macrovascular thrombosis: 

• Venous thrombotic event (VTE) with [1 pt] or without [3 pts] a high-risk vascular profile 

• Arterial thrombotic event (ATE) with [2 pts] or without [4 pts] a high-risk vascular profile 

Microvascular thrombosis (≥1 of the following): 

• Suspected [2 pts] livedo racemosa,* livedoid vasculopathy,* aPL-nephropathy,* or 

pulmonary haemorrhage*  

• Established [5 pts] livedoid vasculopathy, aPL-nephropathy, pulmonary haemorrhage, 

myocardial disease,*† or adrenal haemorrhage*  

Clinical criteria for OAPS 
≥3 consecutive (pre)embryonic (<10th week of gestation) or early foetal deaths (10th–15th 

week of gestation) [1 pt] 

Foetal death (16th–33rd week of gestation) in the absence of severe preeclampsia or 

placental insufficiency [1 pt] 

Severe preeclampsia or placental insufficiency (<34th week of gestation), with or without 

foetal death [3 pts] 

Severe preeclampsia and placental insufficiency (<34th week of gestation), with or without 

foetal death [3 pts] 

Clinical criteria for other manifestations 

Valvular heart disease* with thickening [2 pts] or vegetation [4 pts] 

Thrombocytopenia* (20.000–130.000/μL) [2 pts] 

Laboratory criteria 

Positive LA test – single [1 pt] or persistent [5 pts] 

Moderate or high-titre IgM aCL and/or IgM anti-β2GPI [1 pt] 

Moderate-titre IgG aCL and/or IgG anti-β2GPI [4 pts] 

High-titre IgG aCL or IgG anti-β2GPI [5 pts] 

High-titre IgG aCL and IgG anti-β2GPI [7 pts] 

Classification requirements 

Entry criteria: at least one clinical criterion plus one laboratory criterion 

Classification threshold: ≥3 pts from clinical criteria plus ≥3 pts from laboratory criteria  

*Previously considered ‘non-criteria’ manifestations. †Does not include acute myocardial in-

farction with evidenced coronary artery thrombosis. Suspected microvascular thrombosis is 

based on clinical, laboratory and/or imaging findings. Established microvascular thrombosis 

requires objective evidence by histopathology (all features), cytology (pulmonary haemor-

rhage) or imaging (myocardial disease, adrenal haemorrhage). pt(s), point(s). Adapted from 

Barbhaiya et al.19  
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1.7 Diagnosis and clinical heterogeneity of APS 
 

Most clinical features of APS, both thrombotic and obstetric, can be attributed 

to multiple causes.4 9 Since no diagnostic criteria are available for APS, the 

diagnosis requires clinical assessment along with careful interpretation of the 

laboratory aPL profile.4 In TAPS, younger patients with a thrombotic event have 

a higher probability of APS, especially if predisposing factors for a first or 

recurrent venous and/or arterial thrombosis are not present.3 4 9 aPL testing is 

also necessary if OAPS is suspected after excluding other causes of obstetric 

events similar to those in APS.4 9 The co-occurrence of ‘non-criteria’ clinical 

features may increase clinical suspicion of APS in both TAPS and OAPS.9 aPL 

testing should be performed according to International Society on Thrombosis 

and Haemostasis guidelines.12 The initial testing should be carried out close to 

the clinical events and then repeated at least 12 weeks later.4 6 9 When per-

forming and interpreting the LA test, several preanalytical and analytical var-

iables must be taken into account.6 9 23 Importantly, classification criteria should 

not be used alone for diagnostic purposes.17   

 Patients with SLE may have aPLpos in 25% to 40% of cases. However, 

the development of APS is observed in about half of these cases.2-4 LA is the 

most commonly detected aPL in SLE-APS.4 Patients with PAPS are at low risk 

for subsequent onset of SLE, particularly if they are elderly, men, and do not 

have valvular heart disease, livedo, or clinical and laboratory findings sugge-

stive of SLE (eg, myalgias, leukopenia).2 

Clinically, APS is a highly heterogeneous disease. Cluster analysis in 

some patient cohorts has revealed predominant clinical and laboratory asso-

ciations, including women with PAPS, venous thrombosis and triple aPLpos or 

SLE-APS, venous thrombosis, aPL-associated nephropathy, thrombocytope-

nia and LA positivity, as well as the association between middle age, arterial 

thrombosis, livedo, neurological manifestations and established atherosclerotic 

cardiovascular disease (CVD) risk factors.2 3 Although a number of patients may 

have clinical findings highly suggestive of APS, the laboratory profile for all 

three major aPL may be persistently negative. This clinical phenotype has been 

termed ‘sero-negative APS’ and is currently considered a controversial de-

scriptor of the syndrome.2 20 
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CAPS is a very rare, life-threatening form of APS that is associated with 

the development of microvascular and/or macrovascular manifestations in mul-

tiple organs over the course of days to weeks.2 4 6 Cardiovascular events, renal 

and pulmonary involvement, and microangiopathic haemolytic anaemia are 

common.3 4 9 This form of the disease is associated with a high mortality rate 

despite aggressive treatment.4 

 

1.8 General management of APS 
 

Lifelong antithrombotic therapy as secondary prevention is currently the re-

commended therapy for patients with APS.4 6 8 9 Vitamin K antagonists (VKAs) 

are the frontline of treatment, but their use is not permitted during pregnancy.4 

8 9 Anticoagulation monitoring with VKAs requires special considerations, par-

ticularly when clotting times are falsely prolonged due to the LA phenomenon.6 

9 The target INR is 2 to 3.4 8 Low molecular weight heparin in therapeutic doses 

can be used instead of VKAs in pregnant women and patients with recurrent 

thrombotic events.4 6 8  

Aspirin has been used in the treatment of asymptomatic carriers of a high-

risk aPL profile (eg, LA positivity or triple aPLpos) and is also used in pregnant 

women and in combination with a VKA in patients with arterial thrombotic 

events.4 8 9 Direct oral anticoagulants (DOACs) do not appear to be effective in 

the thromboprophylaxis of patients with APS.4 6  

Screening for and appropriate control of additional risk factors associated 

with the occurrence of APS events is recommended for all patients.4 8 
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2. Thrombotic APS 
 

2.1 Thrombogenic effects of aPL 
 

Acquisition of immunogenic properties by β2GPI is the first step in the pro-

duction of pathogenic aPL.2-4 6 11 The immunogenicity of this target protein 

depends on its conformational change upon binding to membrane phospho-

lipids, thereby exposing its DV domain.2 4 6 This process is thought to be accel-

erated by co-occurring factors such as an oxidative environment and inflam-

mation (including infections).2 3 aPL, likely produced by long-lived plasma cells 

under T lymphocyte signalling and aberrant innate immune cell activity upon 

exposure to the DV domain,3 4 then bind specifically but weakly to the DI domain 

of β2GPI.2 6 

 aPL are able to activate the vascular endothelium, monocytes, neutro-

phils and platelets and appear to modulate the activity of the complement 

system.3 4 6 11 They also exert effects on the coagulation cascade, including 

abnormal activation of coagulation factors (PT and thrombin are considered 

important targets of aPL), impairment of fibrinolysis, and inhibition of protein C.2 

4 11 The net effect of these processes is a procoagulant/proinflammatory state 

at the interface between blood vessel wall, haemostasis and immune system.  

It is possible that different types of aPL play different roles in the various 

cellular and molecular interactions that underlie the prothrombotic environment 

in APS.6 11 aPL displaying the LA phenomenon may be associated with abnor-

malities in platelet physiology, while anti-β2GPI to specific epitopes have been 

found to impair specific coagulation pathways through increased expression of 

tissue factor by various cells and tissues.6  

 

2.2 Pathogenesis of TAPS 
 

Experimental data suggest that the presence of aPL alone may be a necessary 

but not sufficient condition for the occurrence of thrombotic events in APS.4 6 9 

According to the ‘two-hit hypothesis’, dysregulation of vascular function leading 

to thrombosis is triggered by the prothrombotic effects of aPL (ie, first hit), 
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followed by the impact of additional precipitating conditions (ie, second hit), in-

cluding inflammation (eg, SLE, infections) and established vascular risk factors 

for venous and/or arterial thrombosis (eg, obesity, cancer, oestrogen therapy, 

hypertension).3 4 6 9 This hypothesis is corroborated by clinical evidence on pre-

dictors of a first thrombotic event in human asymptomatic aPL carriers.24 25  

Many of these additional risk factors are also associated with recurrence of 

thrombotic events in APS.26-28  

 The physiological mechanism of immunothrombosis is also involved in 

the development of thrombotic events in APS.6 29 This process requires the co-

ordinated activity of neutrophils, monocytes, platelets and the complement sy-

stem.29 Neutrophil extracellular traps (NETs) play an important role in triggering 

in situ thrombosis as a defence against the spread of tissue damage by inflam-

matory stimuli.4 6 27 29 Excess NETs have been observed in APS, possibly due 

to aPL-induced increased production (even in the absence of acute thrombotic 

events) and decreased clearance rate.6 

 

2.3 Macrovascular and microvascular manifestations in TAPS 
 

TAPS can affect any size of vein or artery.2 4 6 15 Venous thrombotic events 

(VTEs) are more common than arterial thrombotic events (ATEs).3 13-15 The 

most common VTE and ATE in APS are deep venous thrombosis of the lower 

extremities (with or without concurrent pulmonary embolism) and stroke, re-

spectively.4 14 15 Nevertheless, macrovascular thrombotic events can occur in 

virtually any vascular bed, including splanchnic blood vessels (eg, Budd-Chiari 

syndrome) or ATEs in the upper extremities,14 15 20 which represent unusual 

anatomical sites of thrombosis in other types of prothrombotic conditions. Re-

currence of macrovascular manifestations in the same vascular territory is quite 

common in APS, although the reasons for this pattern of clinical relapse are not 

fully understood.2 6  

Microvascular thrombosis is not uncommon in APS and can manifest in 

clinical syndromes affecting any organ system.4 6 15 The skin (eg, livedoid le-

sions) and kidneys (eg, thrombotic microangiopathy) are frequently reported 

sites of microvascular manifestations.4 15 Other clinical features suggestive of 

small vessel thrombosis in APS include osteonecrosis, pulmonary haemor-
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rhage, and haemolytic anaemia.4 6 15 19 20 Diagnosis of microvascular APS re-

quires biopsy-proven lesions.15 19 Diffuse microvascular disease is a key feature 

of CAPS.2-4 9 

 

2.4 Risk stratification for macrovascular thrombotic events in APS 
 

The ‘Sydney classification criteria’ highlighted the need to consider vascular 

risk factors associated with venous thromboembolism and cardiovascular 

events in macrovascular thrombosis in APS. In particular, it has been sug-

gested that established predictors of venous thrombosis or stroke and/or myo-

cardial infarction (MI) should be considered as contributing factors for throm-

botic events (Table 3, p. 27).18 Although this approach is pathophysiologically 

plausible, it can be a challenging aspect in the study and clinical management 

of APS, as the syndrome is one of the causes of unprovoked venous and/or 

arterial thrombosis.30 31 Age appears to be a crucial factor in this context,18 as 

older patients are more likely to have a non-aPL cause of a thrombotic event 

(eg, cancer in VTEs, atherosclerosis in ATEs) despite the presence of aPLpos.  

 The ACR/EULAR classification criteria expanded and refined the con-

cept of additive vascular risk in macrovascular thrombosis in APS originally pro-

posed in the ‘Sydney classification criteria’. The newly proposed vascular risk 

profiles, developed separately for VTEs and ATEs, enable graded stratification 

of additional risk factors representing mechanisms involved in thrombotic 

events in the general population (Table 3, p. 27).19 According to this semi-quan-

titative risk classification approach, the more severe the risk factors a patient 

has, the fewer points are assigned to the corresponding vascular risk profile, 

suggesting that a lower vascular risk score indicates an unprovoked cause of 

the thrombotic event under study, such as the case of APS. Importantly, the 

ACR/EULAR vascular risk profiles do not consider age as a determinant of vas-

cular disease.  

 The Global APS Score (GAPSS) is a risk assessment model (RAM) 

originally developed for SLE-aPLpos patients to predict the occurrence of throm-

botic events in APS.32 Later, it was also studied in people with PAPS.33 Ac-

cording to its derivation study, hypertension, hyperlipidaemia, and aPL profile 

(aCL, anti-β2GPI, LA, anti-PS/PT) are the best predictors of VTEs and/or 
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ATEs.32 This RAM was subsequently modified into the adjusted GAPSS 

(aGAPSS) by excluding anti-PS/PT from the equation and tested in the interna-

tional APS ACTION cohort using recurrent events as the outcome.34 Notably, 

both GAPPS and aGAPSS equations classify cases with triple aPLpos as high 

risk, regardless of the weights calculated for the traditional vascular risk pre-

dictors. Similar to the ACR/EULAR classification criteria, this RAM does not 

consider age as a risk factor. Various studies have examined the clinical utility 

of GAPSS/aGAPSS in predicting thrombosis in APS.33 35 However, none of the 

currently available recommendations for APS have officially endorsed this tool 

for use in the classification and/or clinical management of patients.8 19 36  
 

TABLE 3 Vascular risk factors in the classification of APS  

According to the Sydney classification criteria (Adapted from Miyakis et al.18) 

Age (men >55 years old; women >65 years old) 

Venous thromboembolism: immobilisation; inherited thrombophilias; malignancy; nephrotic 

syndrome; oral contraceptives; surgery  

CVD: chronic kidney disease (stage 3 and above); diabetes mellitus; dyslipidaemia; family 

history of premature CVD; hypertension; microalbuminuria; obesity; smoking 

According to the ACR/EULAR classification criteria (Adapted from Barbhayia et al.19) 
Venous thromboembolism (high-risk profile: ≥1 major or ≥2 minor risk factors) 

• Major risk factors – active malignancy; immobilisation during hospitalisation for ≥3 days 

in the past 3 months; major trauma (fractures; spinal cord injury) in the past 1 month; 

surgery with anaesthesia for >30 min in the past 3 months  

• Minor risk factors – active systemic autoimmune disease or inflammatory bowel 

disease; acute severe infection; central venous catheterisation; obesity; oestrogen-

containing hormonal therapy; pregnancy or postpartum period (<6 weeks); 

immobilisation out of hospital for ≥3 days; surgery with anaesthesia for <30 min in the 

past 3 months; travel ≥8 hours 

CVD (high-risk profile: ≥1 major or ≥3 moderate risk factors) 

• Major risk factors – chronic kidney disease (stage 3 and above); high-risk diabetes 

mellitus (target-organ damage; prolonged disease duration); severe (grade 3) 

hypertension; severe hyperlipidaemia (total cholesterol ≥310 mg/dL or low-density 

lipoprotein cholesterol ≥190 mg/dL) 

• Moderate risk factors – moderate hyperlipidaemia (treated or untreated; total 

cholesterol <310 mg/dL or low-density cholesterol <190 mg/dL); moderate-risk 

diabetes mellitus (without target-organ damage; short disease duration); obesity; 

persistent hypertension (treated or untreated; grade 1 or 2); smoking 
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3. Arterial thrombosis in APS 
 

3.1 Epidemiology and disease burden of ATEs in APS 
 
Overall, ATEs account for approximately 44.9% of clinical manifestations at dis-

ease onset in APS.2 14 37 The most common arterial thromboses, in descend-

ing order of frequency, are cerebrovascular accidents (stroke and transient is-

chaemic attack), MI, and arterial thrombosis of the limbs (ie, lower extremity ar-

terial disease).14 37 In patients with ATE as a presenting feature, virtually all sub-

sequent ATEs occur at the same anatomical site.4 6 Recurrence rates for stroke 

and MI are higher than for VTEs.4 14 These two major ATEs (MATEs) are a sig-

nificant cause of morbidity and mortality in APS.14 38 aPL-associated cerebro-

vascular and coronary artery events account for an estimated 17% and 11% of 

cases, respectively, in patients younger than 50 years.5 Furthermore, MI and 

stroke rank second and third, respectively, in ten-year all-cause mortality in 

APS.14  

 
3.2 Mechanisms of MATEs in APS  
 
Disease-related variables associated with ATEs in APS include the aPL profile 

and certain disease features. A high-risk aPL profile including LA or triple posi-

tivity is considered a strong predictor of ATEs.8 37 38 Although robust evidence 

on the association of specific aPL subpopulations with MATEs is currently 

lacking,38 data from observational studies suggest that both LA and anti-β2GPI 

are slightly more prevalent in ATEs than VTEs, while aCL positivity is present 

in up to one-fifth of cases.39 Livedo and valvular heart disease cluster with ATEs 

in APS,2 3 but the reason for this association remains to be fully elucidated, par-

ticularly for features suggestive of microvascular disease.  

Established CVD risk (CVR) factors also appear to be predictive of MATEs 

in APS. Evidence from large cohort studies suggests that hypertension, lipid 

disorders, and smoking are common in patients with TAPS,2 14 while the 

aGAPSS derivation study identified abnormal blood pressure (BP) and hyper-

lipidaemia as independent predictors of thrombosis.34 According to a pilot study 
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examining a revised version of aGAPSS for CVD (aGAPSSCVD),40 the presence 

of diabetes mellitus (DM) is also associated with ATEs, in addition to the above-

mentioned CVR factors. These results are consistent with the ‘two-hit’ hypo-

thesis proposed for the pathogenesis of TAPS.6 9 

Pathophysiologically, MATEs in APS can occur due to in situ thrombosis 

or thromboembolism. Regarding the latter mechanism, valvular heart disease 

is of particular interest in CVD in APS.27 38 Stroke is probably the most hetero-

geneous manifestation in terms of the underlying mechanism, since both arte-

rial thromboembolism and atherosclerotic carotid artery stenosis may be pre-

sent in stroke patients with APS.38 As would be expected with any thrombo-

philia,41 MI with non-obstructive coronary arteries is a relatively common finding 

in TAPS,2 38 42 43 but concomitant significant atherosclerosis of the coronary ar-

teries has also been described in approximately 25% of cases.43 Patients with 

APS are at risk of premature and accelerated atherosclerosis,44 45 but the rela-

tive contribution of this mechanism in incident and recurrent MATEs has not 

been established. Microvascular disease and embolism may also be respon-

sible for MI in APS.38  

 
3.3 Current issues in the management of MATEs in APS  
 

Recurrence of MATEs is an important clinical issue in the care of APS patients.4 

38 In fact, recurrent MATEs are more common than recurrent VTEs in fully anti-

coagulated patients.27 However, discontinuation of antithrombotic treatment 

does not affect the incidence of ATEs compared to VTEs,46 suggesting that op-

timal measures for secondary thromboprophylaxis for stroke and/or MI in APS 

remain to be determined. DOACs should be avoided in patients with a history 

of ATE,4 6 38 and switching to VKAs has been suggested for patients with a his-

tory of VTE and a first ATE. The use of aspirin as adjunctive therapy has been 

introduced in various guidelines for the treatment of ATEs, including the EULAR 

recommendations,8 but the effectiveness of this intervention is not clearly es-

tablished. In addition, pharmacological agents with pleiotropic effects such as 

statins or hydroxychloroquine have been proposed to reduce the incidence of 

recurrent ATEs in APS.4 8 38 However, evidence is limited due to surrogate out- 

comes from in vitro studies or insufficiently powered studies. 
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PART B 
 

LITERATURE  
REVIEW 
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4. Aim and significance of the study 
 

4.1 Study objective 
 

The main objective of the present thesis was to investigate the clinical and 

laboratory determinants of a first and/or recurrent MATE in patients with APS. 

Considering that MATEs in this syndrome are nosological entities that share 

clinical features and outcomes with the major cardiovascular events described 

in the general population,2 3 47 the investigation focused on established CVR 

factors as introduced in the currently available risk stratification tools, some of 

which are also included in the classification criteria of APS.19 Both predictors of 

a first cardiovascular event as introduced in the two commonly used risk pre-

diction models Systematic Coronary Risk Evaluation (SCORE; developed for 

the European population)47 and Pooled Cohorts Risk Equation (PCRE; devel-

oped for the North American population)48 and predictors of a recurrent cardio-

vascular event included in the Second Manifestations of Arterial Disease 

(SMART)49 tool were examined. Most of the CVR variables weighted in these 

models are also included in the aGAPSS34 and aGAPSSCVD40 equations devel-

oped specifically for the APS population and in the vascular risk factor assess-

ment section of the classification criteria of APS.19  

The use of generic CVR prediction models has been proposed by EULAR 

for CVR assessment in APS.36 The same recommendations also suggest the 

use of disease-related CVR factors, such as the aPL profile, while increasing 

evidence highlights a number of APS-specific features as predictors of MATEs 

in the syndrome (reviewed in Topic 3.2, p. 28). Therefore, this thesis also inves-

tigated the impact of disease features as determinants of the occurrence or re-

currence of major cardiovascular events in APS patients. The clinical and labo-

ratory features examined are summarised in Table 4 on p. 32. 

As a secondary objective, the present investigation explored the relative 

weight of each of the identified independent predictors of MATEs compared to 

the weight suggested by the classification criteria of APS.  
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TABLE 4 Summary of CVR factors included in generic and disease-related RAMs and 
the classification criteria of APS 

General CVR 
factors SCORE2 PCRE SMART 

aGAPSS, 
aGAPSSCVD ACR/EULAR* 

Gender Yes Yes Yes No No 

Age Yes Yes Yes No No 

Smoking Yes Yes Yes Yes† Yes 

Blood 
pressure 

Yes Yes Yes Yes Yes 

Blood lipids Yes Yes Yes Yes Yes 

Specific CVR 
factors 

 

Anatomical 
site of 
thrombosis 

No No Yes No No 

History of 
thrombosis 

No No Yes No No 

Kidney 
disease 

Yes‡ Yes Yes No Yes 

Obesity No No No Yes† Yes 

Diabetes 
mellitus 

Yes‡ Yes Yes Yes† Yes 

Antithrombo-
tic 
treatment 

No No Yes No No 

aPL profile No No No Yes No 

* CVR factors assessed as cumulative load. 
† Only included in the aGAPSSCVD equation. 
‡ Not included in the original SCORE2 equation. Considered separately as a CVR modifier. 

 

4.2 Significance of the study 
 

The literature review underlying the present thesis acted as an exploratory stu-

dy aimed at better characterising the major predictors of MATEs in APS and 

addressing potential issues with the assessment of CVR factors and disease-

related features as significant determinants of major cardiovascular events in 

patients with APS. 
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5. Methods 
 

5.1 PICO question 
 

The present literature review aimed at the following scientific inquiry, formulated 

according to the PICO (Population Intervention Comparator Outcome) process 

in clinical research: “In patients with APS, which clinical and laboratory vari-

ables related to established CVR factors and/or disease-specific features in-

dependently predict the occurrence and/or recurrence of MATEs such as stroke 

and myocardial infarction?”  

Based on the results of the above question, an exploratory analysis aimed 

at the similarities and differences of the identified predictors of MATEs with CVR 

factors in SCORE2, PCRE, SMART, aGAPSS, aGAPSSCVD and the classifi-

cation criteria of APS was conducted.  

 

5.2 Search strategy 
 

The PubMed/MEDLINE library was searched for articles related to the PICO 

question from its inception to May 2024. The major terms introduced in the 

search strategy are outlined in Table 5 on p. 34.  

 

5.3 Inclusion and exclusion criteria 
 

Studies included in the literature review included those pertaining to full-text 

English language articles examining cardiovascular outcomes such as arterial 

thrombosis, stroke or MI in adult patients with APS. Study selection was based 

on the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) protocol. Because CVR factors specific to the nosology of APS were 

first introduced in the Sydney classification criteria, articles published before 

2005 were excluded from the review.  
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6. Results 
 

6.1 Study selection 
 

After introducing the main search terms of ‘APS’, ‘arterial thrombosis’, ‘stroke’ 

and ‘myocardial infarction’ and applying exclusion search terms related to the 

English language, animal studies, adult population, and article types with low 

level of evidence (case reports, letters to the Editor, conference abstracts, etc), 

a total of 1344 records (arterial thrombosis: 550; stroke: 581; MI: 213) were 

identified in the PubMed/MEDLINE database (Figure 2, 3 and 4, pp. 39–41). Of 

these, 326 records published before 2005 were excluded. After screening titles 

and abstracts, 172 articles regarding all three search strings were sought for 

retrieval. One hundred and forty-two retrieved records, as well as a number of 

hand-searched articles (four for arterial thrombosis, one for stroke, two for MI), 

underwent full-text reading. After adjusting for duplicates and cross-referenced 

records among the three search results, 71 unique articles were reviewed 

(Appendix, p. 60). 

 

6.2 Association of CVR factors with arterial thrombosis in APS 
 

Male gender and older age were identified as predictors of ATEs in five28 50-53 

and seven51 52 54-58 studies, respectively. Nine,25 28 40 51 52 56 59-61 fourteen25 27 28 

51 52 55 56 59 60 62-66 and nine27 28 51 52 54-56 60 63 64 studies, respectively, found 

smoking, BP and lipid profile to be associated with ATEs. Renal disease and 

obesity were predictors of recurrent ATEs in one study each.40 54 DM was found 

to impact ATEs in two studies.25 40 Another two studies reported data on athero-

sclerosis.56 67  

In 20 studies, aPL positivity was associated with a first or recurrent event. 
59 68 27 40 51 53 55 56 58 60 61 63 69-76 The anatomical site of thrombosis and history of 

ATEs were identified as determinants of events in three51 77 78 and 1127 51-55 72 

77-80 studies, respectively. Fifteen studies72 77-90 found that the use of antithrom-

botic medications may influence cardiovascular outcomes, particularly in the 

event of recurrent ATEs with the use of DOACs (11/15 studies).  
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Eighteen studies included data on the strength of association of CVR fac-

tors with ATEs.25 28 40 52-54 56 59 60 62-64 66 67 70-72 79 In descending order of frequency 

(number of studies in parentheses), these were aPL (seven; criteria aPL in 

three; non-criteria aPL in three; both in one), BP (three), lipids (two), male gen-

der (one), smoking (one), DM (one), atherosclerosis (one), antithrombotics 

(one), and atrial fibrillation (one). Among variables amenable to risk-stratified 

management, BP and lipids were reported as the strongest determinants in 

four52 59 62 66 and three54 56 64 studies, respectively.  

 

6.3 Association of CVR factors with stroke in APS 
 

An association between stroke and male gender, older age, smoking, BP and 

lipids was observed in four,28 91-93 five,57 92-95 six,28 40 60 61 91 93 four60 92 95 96 and 

six60 92 96-98 studies, respectively. BP (two studies)92 95 and smoking (four stu-

dies)28 60 91 93 showed a greater strength of association with cerebrovascular 

events. One study found an association with obesity40 and three studies with 

DM.40 92 94 Two studies found no association between renal disease and 

stroke.69 92 Objectively documented atherosclerosis was reported in four stu-

dies.40 96 99 100 

Four studies60 79 81 91 found no association between the anatomical site of 

thrombosis and cerebrovascular events. Another four studies79 91 92 96 reported 

an association between a history of thrombosis and stroke. Thirteen studies 

have linked aPL to stroke.40 60 61 69 93 95 96 99-104 The use of antithrombotics re-

sulted in a higher risk of cerebrovascular events in seven studies;77 79 81 85 90 100 

102 five studies involved DOACs and two studies pertained to antiplatelets. 

 

6.4 Association of CVR factors with MI in APS 
 

Coronary artery events were associated with male gender and BP in two stu-

dies each.28 50 63 105 Three studies found older age to be associated with MI.93 

98 106 Smoking and lipid disorders predicted events in four studies each.28 40 50 

61 63 105 107 One study reported an association with DM40 and two studies found 

no association with renal disease.67 105 Atherosclerosis of the coronary arteries 
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was observed in three studies.40 67 108 Dyslipidaemia was the strongest modi-

fiable independent variable in two MI studies.28 107  

One study found no association between the anatomical site of throm-

bosis and recurrent MI.79 In two studies,79 107 a history of thrombosis was asso-

ciated with the occurrence of a coronary artery event. Eight studies reported 

that criteria aPL were associated with events.40 50 61 63 93 102 105 109 Antithrom-

botics were a risk factor for MI in three studies (two reported the use of anti-

platelet agents and one reported DOACs).79 102 105 

 

6.5 Sensitivity analysis of reviewed studies 
 

The number of positive or null associations between CVR factors and vascular 

outcomes are summarised in Table 6 on p. 42. In descending order of fre-

quency, among risk factors, renal disease, obesity, anatomic site of thrombosis, 

and history of ATEs were reported least frequently. Eight of 20, six of 13 and 

two of eight studies examining the association between aPL positivity and 

ATEs, stroke and MI, respectively, did not address the effects of other CVR 

factors.  

All five major CVR factors (ie, male gender, older age, smoking, BP, and 

lipids) were examined as follows: ATEs: 11 studies;28 51-56 64 67 79 110 stroke: 

seven studies;28 79 91-93 95 96 MI: four studies.28 79 105 107 Focusing on recurrent 

events, a cumulative load of vascular damage attributable to CVR factors (ie, 

the simultaneous presence of at least two established CVR factors) was ob-

served in eight studies on ATEs,27 28 40 51 54 55 79 111 four studies on stroke28 40 91 

92 and two studies on MI.28 40  

A number of studies have reported definitions of atherosclerotic CVR fac-

tors that conform to either the European Society of Cardiology or American 

College of Cardiology/American Heart Association guidelines. Specifically, the 

frequency of reporting on established descriptors was as follows: smoking: 9/17 

studies on ATEs, 4/6 studies on stroke, and 4/4 studies on MI; BP: 9/19 studies 

on ATEs, 2/4 studies on stroke, and 4/8 studies on MI; lipid disorders: 1/18 stu-

dies on ATEs, 0/4 studies on stroke, and 1/7 studies on MI; obesity: 2/9 studies 

on ATEs, 2/3 studies on stroke, and 2/4 studies on MI; DM: 3/17 studies on 

ATEs, 2/4 studies on stroke, and 1/7 studies on MI.  
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FIGURE 2  Flowchart of study selection for arterial thrombosis in APS. *Studies 

published before 2005. [Own work] 

Institutional Repository - Library & Information Centre - University of Thessaly
05/09/2026 11:46:49 EEST - 216.73.216.250



 

40 
 

 
 
 

 
FIGURE 3  Flowchart of study selection for stroke in APS. *Studies published before 

2005. [Own work] 
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FIGURE 4  Flowchart of study selection for MI in APS. *Studies published before 2005. 

[Own work] 
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7. Discussion 
 

TAPS is a high vascular risk disease characterised by recurrent events and 

challenges in appropriate risk stratification and clinical management, par-

ticularly in the case of MATEs such as stroke or MI. Identifying those variables 

that best predict the risk of developing ATEs would help optimise care by inter-

vening at the population and individual patient levels. In the case of APS, it has 

been suggested to adopt the recommendations available for the general popu-

lation,19 36 38 although this approach is not without limitations. Based on the re-

sults of the present review, a number of CVR factors introduced into general47 

48 and disease-specific RAMs34 40 and risk profiles18 19 may actually influence 

the cardiovascular prognosis of APS patients. However, the mixed evidence 

observed in the reviewed studies requires particular attention to a number of 

issues, including the weighting of each CVR factor, the clustering of risk factors, 

and the potentially differential impact of the various established and disease-

related predictors on each type of CVD.   

Age is a well-established non-modifiable vascular risk factor that has been 

incorporated in most general RAMs available to date.47-49 A positive association 

with MATEs in APS was found in approximately half of the studies on stroke 

and/or MI. However, up to two-thirds of studies did not specifically address age 

as a CVR factor. Gender is also an important non-modifiable CVR factor that 

was not examined as often in the studies reviewed. Remarkably, both these 

risk factors are not included in the aGAPSS equations34 40 and were not intro-

duced in the ACR/EULAR vascular risk profiles.19 Considering that both large 

observational studies28 and cluster analyses2 3 have delineated these two var-

iables as predictors of ATEs in APS, the impact of age and gender on cardio-

vascular outcomes in this syndrome would need to be re-evaluated with a view 

to their inclusion in disease-specific RAMs and risk profiles of classification cri-

teria. 

Smoking is a predisposing factor for cardiovascular events47-49 and has 

also been described as a trigger for the occurrence and recurrence of ATEs in 

APS.3 38 40 In the latter case, most of the studies examined in the present review 

established an association between tobacco use and MI, although a significant 
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number of studies also found that smoking associates with arterial thrombosis 

in general. aPL-positive women who smoke are also at high risk of acute throm-

bosis including stroke and MI.112 Tobacco use has been identified as an addi-

tional factor increasing the risk of thrombosis in APS3 20 and is included in both 

the RAMs specifically developed for the syndrome40 and its classification cri-

teria.19  

Elevated BP levels can have profound effects on vascular function and 

anatomy.47 113 It is also a major risk factor for all types of stroke,113 which re-

presents the most common first and recurrent MATE in APS.2 3 In the studies 

reviewed, hypertension was highlighted as a triggering factor for arterial throm-

bosis in APS, with potentially greater impact on stroke than in MI. BP is also 

one of the most important modifiable CVR factors, and risk-stratified manage-

ment has been proposed to reduce cardiovascular damage in the general popu-

lation.113 The vascular risk profiles introduced by the ACR/EULAR classification 

criteria for APS also include BP grading relevant to patients’ risk of thrombo-

sis.19 However, none of the reviewed studies found that the BP profiles re-

ported in these classification criteria confer a higher or lower risk of occurrence 

or recurrence of ATEs in APS. 

Abnormal lipid metabolism is a hallmark of vascular damage in sympto-

matic atherosclerosis and, in this context, lipid-lowering medications are rou-

tinely prescribed for primary and secondary prevention of CVD.114 aPLpos is 

associated with accelerated atherosclerosis,44 45 but the relative contribution of 

aPL and lipid disorders to its pathophysiology remains unclear. Nevertheless, 

dyslipidaemia was found to be associated with ATEs in a large number of stu-

dies examined in this review. Specific patterns of lipid perturbations have been 

suggested by the ACR/EULAR classification criteria to influence the vascular 

risk profile in APS;19 however, comparisons with the dyslipidaemia descriptors 

used in the reviewed studies were not possible.  

Obesity is considered a risk factor for CVD when it is associated with a 

metabolically unhealthy profile that influences other CVR factors such as BP, 

lipids, and chronic inflammation.47 Renal impairment, particularly chronic kidney 

disease, is also a comorbidity that increases CVR.47 113 Both risk factors were 

identified as independent predictors of ATEs in APS in one study each, al-

though in the case of kidney disease, the reported estimated glomerular filt-
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ration rate did not correspond to the threshold used to define chronic kidney 

disease.54 Interestingly, obesity and renal disease are also risk factors for VTEs 

included in the ACR/EULAR classification criteria.19 An association be-tween 

DM and arterial thrombosis was observed particularly in stroke in APS. DM has 

also been suggested to contribute to cardiovascular harm in TAPS.3 40 

One of the most intriguing aspects of APS is the propensity for thromboses 

to recur as events of the same nature and possibly at the same location, par-

ticularly in the case of ATEs.3 14 Therefore, these features could be employed 

as additional risk classifiers for CVR management in APS. Regrettably, few stu-

dies examined history and anatomical site of thrombosis as predictors of ATEs. 

Nevertheless, these potential risk indicators were present more frequently in 

stroke than in MI. Neither the site of thrombosis nor a history of an event of the 

same type were included in the disease-specific RAMs developed in APS34 40 

or the ACR/EULAR classification criteria.19 SMART, a clinical risk algorithm for 

the general population includes both risk classifiers,49 but there is very limited 

and indirect evidence for its usefulness for CVR prevention in APS.115  

Given the importance of the aPL profile in defining TAPS,2 3 18 19 it is one 

of the most extensively studied thrombotic risk factors in this disease. The ma-

jority of studies identified in this review also suggest that all three criteria aPL 

are predictors of MATEs. A number of studies have also found that ‘non-criteria’ 

aPL may have an impact on cardiovascular outcomes. This was particularly ev-

ident in the case of anti-PS/PT.56 60 75 Given that this type of antibodies appears 

to be involved in the LA phenomenon,2 6 it is not clear whether their measure-

ment and assessment may have implications for ATEs beyond the consider-

ation of LA, which is already included in the aGAPSS equations.    

The type, dosage and duration of antithrombotic treatment are of excep-

tional clinical importance in TAPS.3 8 38 To date, most studies have focused on 

the use of anticoagulants, particularly comparing VKAs with DOACs. System-

atic appraisal of the evidence published in recent years suggests that the use 

of DOACs should be avoided in APS patients with ATEs as it increases the risk 

of recurrent events,77 81 87 89 especially stroke. The use of aspirin to prevent 

recurrence of events has been less investigated. Results from studies included 

in the present review suggest that antiplatelet agents may play a role in the 

management of stroke and/or MI in APS.79 80 100 105 The use of antithrombotics 
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has been incorporated in the SMART tool for the general population.49 Never-

theless, the ability of antithrombotic use as a potential CVR classifier in APS 

has yet to be formally addressed.   

Evidence from the general population suggests that the constellation of 

different CVR factors may increase the risk of events,47-49 and this attribute 

underscores the development of RAMs. In APS, the derivation studies of 

aGAPSS and aGAPSSCVD, both of which examined predictors of thrombotic 

events in multivariate models,34 40 corroborate this fact in APS as well. Another 

multi-centric observational study has also identified more than one CVR factor 

as an independent predictor of events in this syndrome.28 The Sydney and ACR 

/EULAR classification criteria also highlighted that clustering of risk factors may 

impact cardiovascular health in APS.19 However, cumulative risk profiles as in-

troduced in the later set of criteria were not examined in any of the identified 

studies in this review. 

Objectively documented atherosclerosis is considered a validated CVR 

classifier due to its association with established determinants of cardiovascular 

events and their occurrence.47 114 Considering that aPL have an proatherogenic 

effect,2 the use of atherosclerosis markers in CVR assessment in APS could 

be confounded by their association with the patients’ immunological profile. 

However, meta-analyses of observational studies have found that the asso-

ciation between atherosclerosis and APS is not confounded by CVR factors.44 

45 Therefore, the finding of atherosclerotic damage associated with ATEs in a 

number of studies could also help refine the actual risk of arterial events in APS 

independently of aPLpos. Despite these considerations, neither the EULAR re-

commendations for CVR management in APS36 nor the ACR/EULAR classifi-

cation criteria19 have endorsed this modality as a risk predictor.  

Considerable heterogeneity in the definition of risk exposures was ob-

served across the studies reviewed. Furthermore, a large number of studies did 

not provide definitions of risk predictors. These results are inconsistent with the 

granularity with which the vascular risk profiles of the ACR/EULAR classification 

criteria were compiled and may represent a further challenge in the characteri-

sation and further assessment of cardiovascular events in APS. Indeed, the 

ACR/EULAR classification criteria lacked a clear explanation for how the 

moderate and high CVR features were derived from the European Society of 
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Cardiology CVR prevention guidelines.116 Due to the fact that fewer points are 

assigned to a more severe CVR profile compared to a moderate risk profile, it 

is plausible to assume that this type of assessment would be used to better 

differentiate atherothrombotic from non-atherothrombotic events in APS. Des-

pite this hypothesis, it is noteworthy that the vast majority of studies included in 

this review did not separately report event rates for thrombosis due to athero-

sclerosis compared with those due to unprovoked stroke and/or MI. This ob-

servation, together with the inability to pool results due to the variable, incom-

plete, or even lack of formal description of CVR factors, should raise awareness 

to the methodological issues in cardiovascular research in APS. 

 

8. Conclusion 
 

The present exploratory analysis sought to examine the frequency, strength of 

association and overall impact of established, emerging and disease-related 

CVR factors on MATEs such as stroke and MI to highlight similarities and 

differences with risk predictors in validated RAMs and the vascular risk profiles 

available in the APS classification criteria. Based on the results of the reviewed 

studies, a number of well-characterised risk factors such as smoking, BP, dysli-

pidaemia, aPLpos, and type of antithrombotic treatment, which have been incοr-

porated in general and disease-specific RAMs, are valuable in the CVR assess-

ment of patients. However, the observed heterogeneity in exposures and out-

comes, particularly in the definition of CVR factors, argues for better standardi-

sation of risk exposures by type (stroke versus MI) and origin (atherothrombotic 

versus non-atherothrombotic) of vascular outcome to validate the usefulness of 

all available RAMs as well as the vascular risk profiles provided by the classi-

fication criteria of APS.
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