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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Antiphospholipid syndrome (APS) is an 

autoimmune prothrombotic disorder characterized by 
persistent antiphospholipid antibodies and vascular thrombosis. 
Its contribution to clinical phenotypes of atherosclerotic 
cardiovascular disease (ASCVD) remains incompletely defined.

Objective: To evaluate the association between APS and 
clinical, thrombotic, and laboratory characteristics in patients 
with ASCVD.

Methods: A single‑center case–control study (2019–2023) 
included 355 patients with confirmed ASCVD. Ninety‑two 
patients (25.9%) fulfilled revised Sydney APS criteria and 
were included as cases. Ninety‑two age‑ and sex‑matched 
APS‑negative ASCVD patients served as controls. Clinical 
characteristics, vascular involvement, cardiovascular risk factors, 
coagulation parameters, lipid profile, and antiphospholipid 
antibodies (anticardiolipin, anti‑β2‑glycoprotein I, and lupus 
anticoagulant) were analyzed. Correlation and multivariable 
regression analyses were performed.

Results: APS prevalence among ASCVD patients was 25.9%. 
APS‑positive patients demonstrated significantly higher rates 
of venous thrombosis (OR 4.02; p=0.037) and central nervous 
system arterial thrombosis (OR 2.40; p=0.044). Cerebral arterial 
involvement was more frequent in APS patients (OR 3.12; 
p=0.036). Lupus anticoagulant was the most prevalent antibody 
(57.6%). IgG isotype antibodies showed strong correlations with 
activated partial thromboplastin time, particularly anti‑β2GPI 
IgG (r=0.709; p < 0.001). APS patients exhibited prolonged 
prothrombin time, reduced prothrombin index, and significantly 
elevated D‑dimer levels. Multivariable regression models 
(adjusted R² 0.35–0.44) identified thrombotic localization, 
coagulation parameters, and lipid indices as independent 
predictors of antiphospholipid antibody levels.

Conclusion: APS is associated with a distinct thrombotic 
phenotype in ASCVD characterized by increased venous and 
cerebrovascular thrombosis and coagulation dysregulation. 
These findings support the concept that APS acts as an 
immunothrombotic modifier of ASCVD rather than a primary 
cause of atherosclerosis.

Key words. Antiphospholipid syndrome, atherosclerotic 
cardiovascular disease, immunothrombosis, antiphospholipid 
antibodies, risk stratification.
Introduction.

Antiphospholipid syndrome (APS) is a systemic autoimmune 
disorder characterized by persistent antiphospholipid antibodies 
(aPL) and a clinical predisposition to arterial and venous 
thrombosis. The syndrome represents one of the most important 

acquired thrombophilias and is associated with a wide spectrum 
of vascular and obstetric manifestations [1-4]. According 
to international consensus criteria, APS is defined by the 
occurrence of vascular thrombosis or pregnancy morbidity in 
the presence of persistent aPLs, including lupus anticoagulant, 
anticardiolipin antibodies, and anti-β2-glycoprotein I antibodies 
[5].

Although APS has traditionally been considered primarily a 
thrombotic disorder, increasing evidence indicates that immune-
mediated mechanisms play a broader role in vascular pathology. 
aPLs may induce endothelial activation, platelet aggregation, 
complement activation, and tissue factor expression, thereby 
promoting a proinflammatory and prothrombotic vascular 
environment [6-9]. These mechanisms contribute to the concept 
of immunothrombosis, linking immune dysregulation with 
coagulation activation.

ASCVD remains the leading cause of morbidity and mortality 
worldwide. Classical cardiovascular risk factors such as 
hypertension, diabetes mellitus, dyslipidemia, smoking, and 
aging explain a large proportion of cardiovascular events; 
however, they do not fully account for the occurrence and 
heterogeneity of atherosclerotic disease [10]. Consequently, 
increasing attention has been directed toward non-traditional 
cardiovascular risk factors, including chronic inflammation and 
autoimmune disorders.

Several studies suggest that APS may be associated with 
accelerated atherosclerosis and increased cardiovascular 
morbidity. Increased carotid intima-media thickness, endothelial 
dysfunction, and plaque progression have been described in 
APS patients independently of traditional cardiovascular risk 
factors [11-14]. In addition, aPLs have been detected in patients 
with myocardial infarction and ischemic stroke, supporting the 
hypothesis that immune-mediated mechanisms contribute to 
cardiovascular pathology [15,16].

Despite these observations, the precise role of APS in 
the clinical expression of ASCVD remains incompletely 
understood. It is still unclear whether APS directly contributes 
to atherosclerotic plaque formation or whether it primarily 
modifies the thrombotic phenotype of patients with established 
atherosclerotic disease. Clarifying this relationship is clinically 
important because it may influence risk stratification and 
therapeutic strategies.

The present study was therefore designed to investigate the 
association between antiphospholipid syndrome and clinical 
phenotypes of atherosclerotic cardiovascular disease. Specifically, 
the aim of the study was to evaluate whether APS is associated with 
distinct thrombotic patterns, vascular involvement, and laboratory 
characteristics in patients with ASCVD.
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Materials and Methods.
A case–control study was conducted from November 2019 

through December 2023 in a tertiary care clinical center and 
included patients presenting with confirmed ASCVD. Given 
the nature of a tertiary referral setting, the study population 
may have been enriched with patients presenting more severe, 
complex, or refractory cardiovascular disease.

Consecutive adult patients (≥18 years) were enrolled during 
the screening process. Inclusion criteria comprised: (1) male and 
female patients aged ≥18 years; (2) outpatients with a history 
of atherosclerotic cardiovascular disease, including coronary, 
peripheral, and cerebrovascular disease, as well as venous 
thrombosis; and (3) hospitalized patients presenting with acute 
atherothrombotic cardiovascular events. ASCVD was defined 
according to ESC/ACC/AHA guidelines as acute coronary 
syndrome (ACS), ischemic stroke/transient ischemic attack 
(TIA), chronic coronary syndrome, or acute peripheral arterial 
thrombosis/embolism. All patients underwent standardized 
antiphospholipid antibody (aPL) screening.

Cases comprised ASCVD patients satisfying the revised 
Sydney APS classification criteria: clinical (vascular thrombosis) 
and laboratory (≥1 aPL positivity confirmed on two occasions at 
least 12 weeks apart). Patients not fulfilling APS criteria were 
assigned to the control group. Controls were selected via 1:1 
matching for age (±5 years) and sex from the APS-negative 
ASCVD population. Exclusion criteria mitigated confounders: 
active infection/sepsis, active malignancy, alternative systemic 
autoimmune diseases, inherited/acquired thrombophilias, or 
pregnancy. All participants provided written informed consent.

The study was conducted in accordance with the ethical 
principles of Helsinki Declaration, securing local Institutional 
Review Board approval (November 2019). 

Demographic characteristics and detailed medical history were 
collected using a structured medical questionnaire, focusing on 
prior arterial/venous thromboses (deep vein thrombosis [DVT], 
pulmonary embolism [PE], cerebral/systemic arterial sites), 
ASCVD event chronology, familial cardiovascular disease, and 
established ASCVD traditional risk factors. A comprehensive 
physical examination was performed in all cases.

Laboratory profiling spanned complete blood count (CBC), 
coagulation panel biochemistry, high-sensitivity C-reactive 
protein (hsCRP, mg/L), cardiac troponins (ng/L), and full 
lipid panel (total cholesterol, LDL-C, HDL-C, triglycerides 
[all mmol/L]; atherogenic index = log[triglycerides/HDL-C]). 
aPL assays were performed using commercial ELISA (Human 
Diagnostics/Demeditec Diagnostics GmbH, Germany) for aCL 
IgG/IgM (AU/mL; positive >10, >99th percentile) and anti-
β2GPI IgG/IgM (U/mL; positive >8, >99th percentile), per 
EULAR/ISTH recommendations. LA detection followed ISTH 
standardized 3-phase protocol (screen/mix/confirm) using dilute 
Russell's viper venom time (dRVVT) and silica-based APTT 
(HemosIL, Werfen Spain; normalized ratio >1.20 positive).

Diagnostic imaging confirmed ASCVD topography: 12-lead 
ECG, transthoracic echocardiography (valvular regurgitation/
stenosis graded I-IV, ejection fraction [%], regional wall motion 
abnormality), coronary angiography (Gensini score for lesion 
severity), computed tomography (CT), computed tomography 

angiography (CTA), Doppler ultrasonography, or peripheral 
arteriography as clinically indicated. Acute events verified per 
guideline algorithms.

Statistical analyses were conducted using IBM SPSS software 
(version 29.0). Continuous variables were presented as means 
with standard deviations or medians with interquartile ranges, 
depending on data distribution. Normality was assessed using 
the Shapiro–Wilk test. For normally distributed variables, 
Student’s t-test was used, while for non-normally distributed 
variables, the Mann–Whitney U test was applied. Categorical 
variables were expressed as frequencies and percentages and 
compared using the χ²-test. The strength of associations was 
evaluated using odds ratios (OR) with 95% confidence intervals 
(CI). Correlation analyses were conducted using Spearman 
or Pearson coefficients as appropriate. A p-value <0.05 was 
considered statistically significant.

Multiple linear regression analyses were performed using a 
stepwise backward elimination approach. From an initial pool 
of 59 candidate variables, independent predictors of five APS-
related laboratory outcomes (aCL IgM, aCL IgG, anti-β2GPI 
IgM/IgG, and LA; n=92 APS-positive patients) were identified. 
Variables with p>0.10 were iteratively removed, retaining 
predictors with p<0.05 in the final models. Model fit was 
assessed using ANOVA F-tests, R², and adjusted R² statistics. 
Given the exploratory nature of the analysis, significance level 
was set at α=0.05. 

Coronary artery involvement variables (VD_CA, VD_CX, 
VD_RCA) were included as binary indicators (presence vs 
absence of lesions in the corresponding vascular territories).
Results.

Of 355 screened ASCVD patients, 92 (25.9%; 95% CI 21.4-
30.7%) met Sydney APS criteria, forming cases. Age and sex 
distribution was balanced between case and control groups, 
reflecting the predefined matching criteria.
Descriptive analysis.

Age and Sex Distribution:
The mean age of participants in the APS-positive group was 

65.63 ± 10.30 years, compared to 65.54 ± 10.60 years in the 
control group. No statistically significant difference in mean 
age was observed between groups (p > 0.05), confirming 
appropriate matching. Age stratification further demonstrated a 
comparable distribution between groups (see Table 1).

Sex distribution was balanced between groups, reflecting 
the predefined matching criteria, Male participants comprised 
80% in each group (see Table 2). The absence of statistically 
significant differences in age and sex confirms that subsequent 
comparisons of clinical and laboratory parameters were not 
influenced by demographic imbalance.
Clinical characteristics:

Analysis of prior medical history revealed a significantly 
higher burden of thrombotic events among APS-positive 
ASCVD patients compared with matched controls (see Table 3). 
APS-positive patients manifested a profoundly prothrombotic 
profile. Prior venous thrombosis predominated (OR 4.02, 95% 
CI 1.09-14.96, p=0.037), alongside CNS arterial events (OR 
2.40, 95% CI 1.02-5.64, p=0.044).
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Vascular Territory Involvement:
The anatomical distribution of ASCVD showed significant 

divergence between the groups. Cerebral arteries predominance 
characterized APS-positive cases (OR 3.12, 95% CI 1.08-9.07, 
p=0.036), as shown in Table 4. No statistically significant 
differences were observed for LAD, CX, or RCA territories.
Cardiac Functional Parameters:

Heart rate did not differ between groups (81.4 ± 19.6 vs 79.3 
± 15.6; p=0.422). QTc interval was significantly lower in APS-
positive patients (396.5 ± 49.6 vs 420.6 ± 22.0 ms; t=4.26; p 
< 0.001). Left ventricular ejection fraction (EF) did not differ 
(45.8 ± 10.0 vs 45.4 ± 8.4; p=0.769) (Table 5). Regarding 
NYHA functional class, class IV was more frequent in case 
group (14.1% vs 4.3%; OR 3.62, 95% CI 1.13–11.56; p=0.030). 
No significant differences were observed in other NYHA 
classes (Table 6).
Valvular pathology:

Echocardiography unveiled subtle valvulopathy: mild tricuspid 
regurgitation (mild to moderate) prevailed in APS-positive 
group (OR 2.79, 95% CI 1.03-7.56, p=0.043). No significant 
differences were observed in the distribution of other valvular 
pathologies.
aPL values and distribution:

The distribution of aPLs is presented in Table 7. The median 
level of aCL IgM was 3.07 [IQR: 0.96–9.89], with positive 
results observed in 25.0% of patients. The median level of aCL 
IgG was 4.23 [IQR: 1.01–29.81], and 38.0% of patients tested 
positive.

For anti-β2 glycoprotein I IgM, the median value was 1.33 
[IQR: 0.48–4.40]; most pa-tients were negative (77.2%), while 
13.0% showed positive results. The median level of anti-β2 
glycoprotein I IgG was 1.59 [IQR: 0.96–2.95], with negative 
results predominat-ing (88.0%) and 8.7% testing positive.

Lupus anticoagulant (LA) values were normally distributed 
and are presented as mean ± standard deviation (1.2 ± 0.2). 
Positive LA results were detected in 57.6% of patients, while 
42.4% had values within the normal range.
Coagulation parameters:

Prothrombin time (PT) was significantly higher in APS-
positive patients, while the prothrombin index (PI) was lower 
(16.8 ± 2.2 vs 15.5 ± 2.5; p < 0.001 and 72.5 ± 9.5 vs 80.3 ± 11.5; 
p < 0.001, respectively). Activated partial thromboplastin time 
(APTT) was also lower in APS-positive patients (p = 0.010). No 
significant differences were observed for INR or thrombin time 
(TT). Fibrinogen levels were lower, whereas D-dimer levels 
were significantly higher in APS-positive patients (p = 0.004 
and p < 0.001, respectively). (See Table 8).
Lipid profile and inflammatory markers:

Total cholesterol was significantly lower in APS-positive 
patients (120.9 ± 38.9 vs 176.7 ± 35.2; p < 0.001). HDL 
cholesterol was higher in APS-positive patients (44.5 ± 14.8 vs 
35.2 ± 5.9; p < 0.001). LDL cholesterol was slightly higher in 
APS-positive patients (125.4 ± 47.4 vs 112.7 ± 39.5; p=0.049). 
VLDL cholesterol and triglycerides were lower in APS-positive 

patients (p < 0.001 and p=0.002, respectively). The atherogenic 
index was significantly lower in APS-positive patients (2.0 ± 
1.2 vs 4.5 ± 1.5; p < 0.001) (See Table 9.).
Other Laboratory Parameters:

No significant differences were observed for CRP (p=0.176), 
troponin (p=0.579), platelet count (p=0.091), creatinine 
(p=0.532), systolic blood pressure (p=0.693), or diastolic blood 
pressure (p=0.889).
Cardiovascular risk factors:

Cardiovascular risk factors showed a heterogeneous 
distribution between groups. Nota-bly, BMI-derived categories 
revealed a divergent pattern: overweight was significantly more 
prevalent in the Case group (42.4% vs. 6.5%; p<0.001), whereas 
obesity was mark-edly higher in the Control group (76.1% vs. 
38.0%; p<0.001). Consistently, mean BMI was also higher in 
controls (33.2 vs. 29.4; p<0.001).

These findings indicate that excess body weight was distributed 
differently across groups, with overweight predominating in 
cases and obesity in controls.

Additionally, grade II hypertension (21.7% vs. 7.6%; 
p=0.009), alcohol consumption (35.9% vs. 12.0%; p<0.001), 
higher physical activity (27.2% vs. lower; p=0.001), and family 
history (17.4% vs. 6.5%; p=0.028) were more frequent in the 
Case group, whereas sedentary behavior was higher in controls 
(91.3% vs. 72.8%; p=0.001). Diabetes and smoking did not 
differ significantly (Table 10).
Correlations Between aPLs and Clinical, Coagulation, and 
Lipid Parameters:

Within the APS-positive cohort, aPLs demonstrated significant 
correlations with thrombotic events, vascular damage, valvular 
pathology, coagulation parameters, and lipid profile indices. 
The strongest correlations were observed between aPLs and 
activated partial thromboplastin time (APTT), particularly for 
anti-β2GPI IgG. Detailed correlation coefficients between aPLs 
and clinical, coagulation, and lipid parameters are presented in 
Table 11.
Multivariate linear regression analysis:

Multivariable linear regression with backward elimination 
was performed in APS-positive patients (n = 92) to identify 
independent predictors of antiphospholipid antibody titers.

Coronary artery involvement variables (VD_CA, VD_CX, 
VD_RCA) were included as binary indicators (presence vs 
absence of lesions in the respective vascular territories).

For aCL IgM, the final model (R = 0.69; R² = 0.48) identified 
CNS arterial thrombosis, pulmonary artery thrombosis, QTc 
interval, aortic valve regurgitation, and the atherogenic index as 
significant predictors (all p < 0.05).

For aCL IgG, the final model (R = 0.69; R² = 0.47) demonstrated 
significant association with APTT (β = 0.64, p < 0.001).

The anti-β2GPI IgM model (R = 0.62; R² = 0.38) identified 
mostly venous thrombosis and CNS arterial thrombosis as 
independent predictors.

For LA, significant predictors included APTT, coronary artery 
involvement (VD_CX and VD_RCA), lipid parameters (LDL 
and VLDL), systolic blood pressure, and smoking (all p < 0.05).
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Table 1. Age Distribution by Study Group.

Age groups Cases
(n=92) Control N(n=92) chi2-test P value

<40 1(1.1%) 1(1.1%) 0.34 0.987
40-49 3 (3.3%) 4 (4.3%)
50-59 23(25.0%) 23(25.0%)
60-69 30(32.6%) 32(34.8%)
>70 35 (38.0%) 32(34.8%)

Table 2. Sex Distribution by Study Group.
Sex Cases(n=92) Controls (n=92) chi2-test P value
Male 74 (80.4%) 74 (80.4%) 0.00 1.000
Female 18 (19.6%) 18 (19.6%)

Table 3. Medical History Distribution by Study Group.
Medical History Cases (n=92) Controls (n=92) OR 95% CI p
Venous Thrombosis 11(12.0%) 3 (3.3%) 4.02 1.09-14.96 0.037
CNS Thrombosis 19(20.7%) 9(9.8%) 2.40 1.02-5.64 0.044
PAD 27(29.3%) 18(19.6%) 1.71 0.86-3.38 0.125
CAD 79(85.9%) 83(90.2%) 0.66 0.26-1.63 0.366
Abbreviations: CNS, central nervous system; PAD, peripheral arterial disease; CAD, coronary artery disease; OR, odds ratio; CI, confidence 
interval.

Table 4. Vascular Involvement by Study group.
Variable Case Group n (%) Control Group n (%) OR  95% CI p
Vein  7 (7.6%) 3 (3.3%) 3.14 0.61–15.98 0.168
CA 19 (20.7%) 10 (10.9%) 3.12 1.08–9.07 0.036
PA 21 (22.8%)  13 (14.1%) 1.99 0.87–4.59 0.105
LAD 73 (79.3%) 77 (83.7%) 0.71  0.32–1.60 0.413
CX 54 (58.7%) 58 (63.0%) 0.78 0.39–1.56 0.483
RCA 55 (59.8%) 63 (68.5%) 0.58 0.28–1.21 0.148
Abbreviations: CA, cerebral arteries; PA, pulmonary artery; LAD, left anterior descending artery; CX, circumflex artery; RCA, right coronary 
artery; OR, odds ratio; CI, confidence interval.

Table 5. Cardiac Functional Parameters Distribution Between Study Groups.
Variable Case group Control Group p
Heart rate 81.4 ± 19.6 79.3 ± 15.6 0.422
QTc (ms) 396.5 ± 49.6 420.6 ± 22.0 <0.001
EF (%) 45.8 ± 10.0 45.4 ± 8.4 0.769
Abbreviations: QTc, corrected QT interval; EF, ejection fraction.

Table 6. Distribution of NYHA Functional Class Between Study Groups.
Variable Case Group n (%) Control Group n (%) OR   95% CI p
NYHA I 1 (1.1%) 1 (1.1%)  1.00 0.06–16.23 1.000
NYHA II 18 (19.6%) 29 (31.5%)  0.53 0.27–1.04 0.065
NYHA III 17 (18.5%) 16 (17.4%)  1.08 0.51–2.29  0.848
NYHA IV 13 (14.1%) 4 (4.3%) 3.62  1.13–11.56  0.030
Abbreviations: NYHA, New York Heart Association; OR, odds ratio; CI, confidence interval.

Table 7. Distribution and Levels of aPLs.
Antibody Values Negative n (%) Borderline n (%) Positive n (%)
aCL IgM 3.07[0.96–9.89] 63 (68.5%)  6 (6.5%)  23 (25.0%)
aCL IgG 4.23[1.01-29.81]  54 (58.7%) 3 (3.3%) 35 (38.0%)
anti-β2 GPI IgM 1.33 [0.48–4.40] 71 (77.2%) 9 (9.8%) 12 (13.0%)
anti-β2 GPI IgG 1.59 [0.96–2.95]  81 (88.0%)  3 (3.3%) 8 (8.7%)
LA 1.2 ± 0.2 39 (42.4%) - 53 (57.6%)
Abbreviations: aCL, anticardiolipin antibody; anti-β2 GPI, anti-β2 glycoprotein I antibody; IgM, immunoglobulin M; IgG, immunoglobulin G; 
LA, lupus anticoagulant.
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Table 8. Comparison of Coagulation Parameters Between Study Groups.
Variable Case group (Mean ± SD) Control group (Mean ± SD)  p
PT 16.8 ± 2.2 15.5 ± 2.5 <0.001
PI 72.5 ± 9.5 80.3 ± 11.5 <0.001
INR 1.4 ± 0.2 1.5 ± 1.2 0.432
APTT  39.7 ± 7.9 47.9 ± 29.2  0.010
TT 16.8 ± 2.8 19.7 ± 33.2  0.405
Fibrinogen 334.6 ± 130.5 408.1 ± 205.6 0.004
D-dimer  1321.9 ± 854.8 796.2 ± 250.6   <0.001
Abbreviations: PT, prothrombin time; PI, prothrombin index; INR, international normalized ratio; APTT, activated partial thromboplastin time; 
TT, thrombin time; Fibr, fibrinogen; APS, antiphospholipid syndrome.

Table 9. Lipid Profile by Study Groups.

Parameter Case group 
(Mean ± SD)

Control group 
(Mean ± SD) p

Total cholesterol 120.9 ± 38.9 176.7 ± 35.2 <0.001
HDL 44.5 ± 14.8 35.2 ± 5.9 <0.001
LDL 125.4 ± 47.4 112.7 ± 39.5 0.049
VLDL 26.6 ± 8.8 33.2 ± 10.5 <0.001
Triglycerides 134.0 ± 61.2 162.2 ± 57.5 0.002
Atherogenic index 2.0 ± 1.2 4.5 ± 1.5 <0.001
Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very-low-density lipoprotein.

Table 10. Cardiovascular risk factors Distribution between study groups.
Variable Case Group Control Group OR (95% CI) p
Grade 2 HTN 21.7% 7.6% 3.37 (1.35–8.43) 0.009
BMI (mean) 29.4 ± 6.1 33.2 ± 6.8 — <0.001
Overweight 42.4% 6.5% 10.55 (4.18–26.60) <0.001
Obesity 38.0% 76.1% 0.19 (0.10–0.37) <0.001
Diabetes 29.3% 38.0% 0.68 (0.37–1.25) 0.213
Smoking 59.8% 66.3% 0.76 (0.41–1.38) 0.360
Alcohol 35.9% 12.0% 4.12 (1.92–8.81) <0.001
Sedentariness 72.8% 91.3% 0.26 (0.11–0.60) 0.001
Family history 17.4% 6.5% 3.02 (1.12–8.10) 0.028
Abbreviations: APS, antiphospholipid syndrome; HTN, hypertension; BMI, body mass index; OR, odds ratio; CI, confidence interval.

Table 11. Correlations Between aPLs and Clinical, Coagulation, and Lipid Parameters.
Antibody Parameter r p
Anti-β2GPI IgM Venous vascular damage 0.206 0.049
Anti-β2GPI IgM Deep vein thrombosis 0.314 0.002
Anti-β2GPI IgM CNS arterial thrombosis 0.217 0.037
aCL IgM Cerebral artery damage 0.207 0.036
aCL IgM CNS arterial thrombosis 0.460 <0.001
aCL IgM Pulmonary artery thrombosis 0.233 0.026
Anti-β2GPI IgG Cerebral artery damage 0.314 0.002
aCL IgM Aortic valve regurgitation 0.310 0.003
aCL IgG Aortic valve regurgitation 0.311 0.003
Anti-β2GPI IgG Aortic valve regurgitation 0.288 0.005
aCL IgG APTT 0.594 <0.001
Anti-β2GPI IgG APTT 0.709 <0.001
LA APTT 0.442 0.007
Anti-β2GPI IgG Total cholesterol 0.270 0.009
aCL IgM HDL cholesterol -0.210 0.045
aCL IgM Atherogenic index 0.255 0.010
Abbreviations: ACA, anticardiolipin antibody; anti-β2GPI, anti-β2 glycoprotein I antibody; LA, lupus anticoagulant; APTT, activated partial 
thromboplastin time; CNS, central nervous system; HDL, high-density lipoprotein.
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Discussion.
The present study demonstrates that antiphospholipid 

syndrome is associated with a distinct thrombotic and clinical 
phenotype among patients with ASCVD. APS was identified 
in approximately one quarter of ASCVD patients and was 
associated with a higher prevalence of venous thrombosis, 
increased cerebrovascular involvement, and measurable 
alterations in coagulation parameters.

The relatively high prevalence of APS observed in our cohort 
(25.9%) should be inter-preted in light of the study design and 
setting. As the study was conducted in a tertiary care center, 
the population was likely enriched with patients presenting 
more severe, complex, or refractory cardiovascular disease, 
introducing a potential selection bias. This is further supported 
by the consecutive inclusion of both hospitalized patients with 
acute atherothrombotic events and outpatients with established 
ASCVD, reflecting a high-risk clinical spectrum.

Additionally, chronic atherosclerotic cardiovascular disease 
was more prevalent in the APS-positive group compared to 
controls (31.6% vs. 13%, respectively), suggesting a greater 
burden of persistent or advanced disease. This imbalance may 
have contributed to the increased detection of APS in our cohort.

A major finding of the present analysis is the increased 
thrombotic burden observed in APS-positive patients. Venous 
thrombosis occurred approximately four times more frequently 
in the APS group, while central nervous system arterial 
thrombosis was more than twice as common compared with 
controls. These observations are consistent with the systemic 
prothrombotic nature of APS and align with previous studies 
demonstrating that aPLs significantly increase the risk of both 
arterial and venous thrombotic events [3,6,17-19].

The predominance of cerebrovascular involvement observed 
in our cohort is particularly notable. Previous investigations 
have shown that aPLs represent an important risk factor for 
ischemic stroke and other cerebrovascular events, especially in 
patients without pronounced atherosclerotic risk factors [15,20]. 
The underlying mechanisms include endothelial dysfunction, 
complement activation, and platelet activation induced by aPLs, 
which collectively promote thrombosis in susceptible vascular 
territories [6,8].

In the present study, LA was the most prevalent antiphospholipid 
antibody detected among APS-positive patients. This 
observation is consistent with prior research indicating that LA 
is the strongest laboratory predictor of thrombotic complications 
in APS [21,22]. Moreover, strong correlations were observed 
between IgG aPLs and activated partial thromboplastin time, 
particularly for anti-β2-glycoprotein I IgG. These findings reflect 
the known interaction of aPLs with phospholipid-dependent 
coagulation assays and confirm their functional involvement in 
disturbances of the intrinsic coagulation pathway.

Significant differences were also observed in several 
coagulation parameters. APS-positive patients demonstrated 
prolonged prothrombin time, reduced prothrombin index, 
and markedly elevated D-dimer levels, suggesting increased 
thrombin generation and fibrin turnover. These findings are 
consistent with the concept of persistent subclinical coagulation 
activation in APS and have been described in previous studies 

investigating thrombotic mechanisms in the syndrome [23].
Another notable observation was the higher prevalence of mild 

valvular abnormalities among APS-positive patients. Cardiac 
valve involvement is a recognized manifestation of APS and 
has been reported in both primary and secondary forms of the 
disease. Valvular lesions are thought to result from immune-
mediated endothelial injury and microthrombotic processes 
affecting the valvular surface [24].

Interestingly, APS-positive patients in this cohort demonstrated 
lower total cholesterol and triglyceride levels compared with 
controls, suggesting that the increased thrombotic burden 
observed in APS cannot be explained solely by classical 
lipid-mediated atherosclerotic mechanisms. Instead, immune-
mediated vascular injury and coagulation activation may play 
a dominant role in vascular complications in this population. 
Previous studies have suggested that aPLs may interact with 
oxidized lipoproteins and promote inflammatory pathways 
contributing to vascular damage [25].

Traditional cardiovascular risk factors remained prevalent 
in both groups; however, grade II hypertension, overweight 
status, and several lifestyle-related factors were more frequent 
among APS-positive patients. These findings support the 
concept that APS interacts synergistically with conventional 
cardiovascular risk factors rather than replacing them. The 
coexistence of autoimmune thrombophilia and metabolic risk 
factors may therefore contribute to the heterogeneity of clinical 
manifestations observed in ASCVD.

Multivariable regression analysis identified several 
independent predictors of antiphospholipid antibody expression, 
linking thrombotic localization, coagulation parameters, 
and cardiovascular risk factors with aPL profiles. Although 
causality cannot be established due to the case–control design, 
these findings highlight clinically relevant associations that 
may help identify ASCVD patients who could benefit from 
targeted APS screening. In particular, LA was significantly 
associated with coronary vascular involvement, specifically 
circumflex (CX) and right coronary artery (RCA) stenosis, 
together with coagulation and metabolic parameters including 
activated partial thromboplastin time, LDL and VLDL levels, 
systolic blood pressure, and smoking (all p < 0.05). Notably, 
CX and RCA involvement were not statistically significant 
in univariate analysis when assessed as binary anatomical 
variables (presence vs absence of lesions). However, in the 
multivariate model, these variables (VD_CX and VD_RCA) 
emerged as independent predictors of LA. This discrepancy 
may be explained by adjustment for confounding factors and 
inter-variable interactions. Multivariate regression accounts for 
the combined influence of clinical and biochemical parameters, 
allowing detection of independent effects that may remain 
hidden in unadjusted analyses. These findings suggest that lupus 
anticoagulant may play a central role in the immunothrombotic 
phenotype of APS-positive ASCVD patients, linking antibody-
mediated coagulation disturbances with coronary vascular 
involvement [3,8,16].

Taken together, our findings support the emerging concept 
that APS functions as an immunothrombotic modifier of 
cardiovascular disease, influencing thrombotic expression 
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and vascular involvement patterns in patients with underlying 
atherosclerosis [9,26-30].

While the study’s strengths include its age- and sex-matched 
case–control design and 

independent funding, several limitations should be 
acknowledged. The single-center nature and relatively small 
sample size limit generalizability. Furthermore, incomplete 
evaluation of potential seronegative APS cases and the absence 
of long-term follow-up data represent additional constraints.

Future multicenter prospective studies with larger sample 
sizes and longitudinal follow-up are needed to validate these 
findings and to better define the role of APS in the pathogenesis 
and clinical stratification of ASCVD.
Conclusion.

Antiphospholipid syndrome is associated with a distinct 
thrombotic phenotype in patients with atherosclerotic 
cardiovascular disease. APS-positive patients demonstrated 
significantly higher rates of venous thrombosis and 
cerebrovascular events together with measurable abnormalities 
in coagulation parameters and a higher prevalence of valvular 
involvement.

Lupus anticoagulant was the most prevalent antiphospholipid 
antibody, and IgG isotype antibodies showed strong associations 
with coagulation markers, supporting their pathogenic 
relevance. Importantly, the increased thrombotic burden 
observed in APS-positive patients occurred despite relatively 
favorable lipid profiles, suggesting that immune-mediated 
mechanisms contribute substantially to vascular complications 
in this population.

Overall, these findings support the concept that 
antiphospholipid syndrome acts as an immunothrombotic 
modifier of atherosclerotic cardiovascular disease rather than a 
primary cause of atherosclerosis [8,28]. Recognition of APS in 
selected ASCVD patients may therefore improve cardiovascular 
risk stratification and support targeted diagnostic evaluation.

REFERENCES
1. Ames P.R.J. Atherogenesis and atherosclerosis in primary 
antiphospholipid syndrome. Autoimmunity Reviews. 2013.
2. Andreoli L, Chighizola C.B, Banzato A, et al. Estimated 
frequency of antiphospholipid antibodies in patients with 
pregnancy morbidity, stroke, myocardial infarction, and deep 
vein thrombosis: a critical review of the literature. Arthritis 
Care and Research. 2013;65:1869-1873.
3. Garcia D, Erkan D. Diagnosis and management of the 
antiphospholipid syndrome. New England Journal of Medicine. 
2018;378:2010-2021.
4. Sammaritano L.R. Antiphospholipid syndrome. Best Practice 
and Research Clinical Rheumatology. 2020;34:101463.
5. Miyakis S, Lockshin M.D, Atsumi T, et al. International 
consensus statement on an update of the classification criteria 
for definite antiphospholipid syndrome. Journal of Thrombosis 
and Haemostasis. 2006;4:295-306.
6. Chaturvedi S, Brodsky R.A, McCrae K.R. Complement in the 
pathophysiology of the antiphospholipid syndrome. Frontiers in 
Immunology. 2019;10:449.

7. Chighizola C.B, Andreoli L, Gerosa M, et al. The treatment of 
antiphospholipid syndrome: a comprehensive clinical approach. 
Journal of Autoimmunity. 2018;90:1-27.
8. Corban M.T, Duarte-Garcia A, McBane R.D, et al. 
Antiphospholipid syndrome: role of vascular endothelial cells 
and implications for risk stratification. Journal of the American 
College of Cardiology. 2017;69:2317-2330.
9. Tektonidou M.G. Cardiovascular disease risk in 
antiphospholipid syndrome: thrombo-inflammation and 
atherothrombosis. Journal of Autoimmunity. 2022;128:102813.
10. Roman M.J, Shanker B.A, Davis A, et al. Prevalence 
and correlates of accelerated atherosclerosis in systemic 
lupus erythematosus. New England Journal of Medicine. 
2003;349:2399-2406.
11. Di Minno M.N.D, Scalera A, Tufano A, et al. The association 
of adjusted Global AntiphosPholipid Syndrome Score with 
cardiovascular disease. Atherosclerosis. 2018;278:60-65.
12. Duarte-García A, Pham M.M, Crowson C.S, et al. The 
epidemiology of antiphospholipid syndrome: a population-
based study. Arthritis and Rheumatology. 2019;71:1545-1552.
13. Evangelatos G, Tentolouris N, Sfikakis P.P, et al. 
Atherosclerosis progression in antiphospholipid syndrome. 
Rheumatology. 2022;61:3408-3413.
14. Evangelatos G, Tentolouris N, Sfikakis P.P, et al. Seven-
year follow-up of atherosclerotic plaque progression in 
antiphospholipid syndrome. Rheumatology. 2025;64:836-841.
15. Grosso G, Sippl N, Kjellström B, et al. Antiphospholipid 
antibodies in patients with myocardial infarction. Annals of 
Internal Medicine. 2019;170:277-280.
16. Lóczi L, Kappelmayer J, Tarr T, et al. Antiphospholipid 
syndrome and the risk of myocardial infarction. Kardiologia 
Polska. 2020;78:6-14.
17. Arachchillage D.R.J, Laffan M. Pathogenesis and 
management of antiphospholipid syndrome. British Journal of 
Haematology. 2017;178:181-195.
18. Barbhaiya M, Zuily S, Ahmadzadeh Y, et al. Development 
of new international antiphospholipid syndrome classification 
criteria. Arthritis Care and Research. 2021;73:1490-1501.
19. Bilora F, Boccioletti V, Girolami B, et al. Are antiphospholipid 
antibodies an independent risk factor for atherosclerosis? 
Journal of Thrombosis and Thrombolysis. 2016;8:103-113.
20. Svenungsson E, Antovic A. The antiphospholipid syndrome 
– an often overlooked cause of vascular occlusions. Journal of 
Internal Medicine. 2020;287:349-372.
21. Devreese K.M.J, de Groot P.G, de Laat B, et al. Guidance 
from the Scientific and Standardization Committee for 
lupus anticoagulant detection and interpretation. Journal of 
Thrombosis and Haemostasis. 2020;18:2828-2839.
22. Pengo V, Banzato A, Bison E, et al. Laboratory testing for 
antiphospholipid syndrome. International Journal of Laboratory 
Hematology. 2016;38:27-31.
23. Limper M, de Leeuw K, Lely A.T, et al. Diagnosing and 
treating antiphospholipid syndrome: a consensus paper. 
Netherlands Journal of Medicine. 2019;77:98-108.
24. Kolitz T, Shiber S, Sharabi I, et al. Cardiac manifestations 
of antiphospholipid syndrome. Frontiers in Immunology. 
2019;10:941.



219

25. Iseme R.A, McEvoy M, Kelly B, et al. A role for 
autoantibodies in atherogenesis. Cardiovascular Research. 
2017;113:1102-1112.
26. Pignatelli P, Ettorre E, Menichelli D, et al. Seronegative 
antiphospholipid syndrome. Haematologica. 2020;105:562-
572.
27. Sciascia S, Baldovino S, Schreiber K, et al. Thrombotic 
risk assessment in antiphospholipid syndrome. Clinical and 
Molecular Allergy. 2016;14:1.

28. Tektonidou M.G, Andreoli L, Limper M, et al. EULAR 
recommendations for the management of antiphospholipid 
syndrome in adults. Annals of the Rheumatic Diseases. 
2019;78:1296-1304.
29. Undas A, Musiał J, Ząbczyk M. Antiphospholipid antibodies 
and atherosclerotic vascular disease: recent advances. 
Rheumatology International. 2025.
30. Zhu Q.N, Qi X.B, Ren S.W, et al. Novel advances 
in pathophysiological mechanisms and treatment of 
antiphospholipid syndrome. Frontiers in Immunology. 2025.


	Title

