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A B S T R A C T   

Introduction: The role of inherited thrombophilia in arterial disease is uncertain. We performed a systematic- 
review and meta-analysis of inherited thrombophilia in cerebrovascular (CVD), coronary heart (CHD), and pe-
ripheral artery disease (PAD) patients. 
Materials and methods: MEDLINE and EMBASE were searched up to February 2022. Pooled prevalences (PPs) and 
odds ratios (ORs) with 95 % confidence intervals (95%CI) were calculated in a random-effects model. Factor V 
Leiden (G1691A), prothrombin (G20210A), MTHFR C677T/A1298C and PAI-1 4G/5G were evaluated. 
Results: 377 studies for 98,186 patients (32,791 CVD, 62,266 CHD, 3129 PAD) and 108,569 controls were 
included. Overall, 37,249 patients had G1691A, 32,254 G20210A, 42,546 MTHFR C677T, 8889 MTHFR A1298C, 
and 19,861 PAI-1 4G/5G gene polymorphisms. In CVD patients, PPs were 6.5 % for G1691A, 3.9 % for G20210A, 
56.4 % for MTHFR C677T, 51.9 % for MTHFR A1298C, and 77.6 % for PAI-1. In CHD, corresponding PPs were 
7.2 %, 3.8 %, 52.3 %, 53.9 %, and 76.4 %. In PAD, PPs were 6.9 %, 4.7 %, 55.1 %, 52.1 %, and 75.0 %, 
respectively. Strongest ORs in CVD were for homozygous G1691A (2.76; 95 %CI, 1.83–4.18) and for homozygous 
G20210A (3.96; 95 %CI, 2.05–7.64). Strongest ORs in CHD were for homozygous G1691A (OR 1.68; 95%CI, 
1.02–2.77) and G20210A (heterozygous 1.49 95%CI, 1.22–1.82; homozygous 1.54 95%CI, 0.79–2.99). The OR 
for PAI-1 4G/4G in PAD was 5.44 (95%CI, 1.80–16.43). Specific subgroups with higher PPs and ORs were 
identified according to age and region. 
Conclusions: Patients with arterial disease have an increased prevalence and odds of having some inherited 
thrombophilia. Some thrombophilia testing may be considered in specific subgroups of patients.   

1. Introduction 

Cardiovascular disease remains the leading cause of disability and 
mortality worldwide and hardly contributes to health system costs [1]. 
The pathogenesis of arterial disease is multifactorial and includes both 
inherited and environmental variables that promote atherosclerosis and 
thrombosis [2]. Despite aging, arterial hypertension, diabetes mellitus, 
dyslipidemia, and smoking are well-established risk factors accounting 
for a large proportion of arterial thrombotic events, a not negligible 
proportion of them may be not completely explained by the latter and 

remain unprovoked [3]. 
Thrombophilia may be defined as hemostatic abnormalities that 

predispose to thrombosis. While the association between inherited 
thrombophilia and venous thromboembolism is better established, its 
relationship with arterial thrombosis still remains controversial. From a 
clinical point of view, no sound evidence nor guidelines recommenda-
tions were actually available guiding the clinical decision of which type 
of thrombophilia should be searched, which patients should be tested, 
and which therapeutic strategies should be taken in patients with posi-
tive results [3]. Among several recognized inherited thrombophilia, 
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factor V Leiden, prothrombin, methylenetetrahydrofolate reductase, 
and plasminogen activator inhibitor 1 gene polymorphisms have a 
relatively high prevalence in general population and specific gene ab-
normality has been identified [2–6]. 

The aim of our systematic review and meta-analysis is to provide 
comprehensive values of prevalence and odds of having prespecified 
inherited thrombophilia in patients with arterial disease including ce-
rebrovascular disease (i.e., acute and recurrent ischemic stroke or 
transient ischemic attack), coronary heart disease (i.e., acute and 
recurrent myocardial infarction or stable coronary artery disease), and 
peripheral artery disease compared to controls. 

2. Material and methods 

This study-level systematic review and meta-analysis was performed 
following the Preferred Reporting Items for Systematic reviews and 
Meta-analysis (PRISMA) guidelines [7]. The protocol was registered in 
the PROSPERO database (registration number CRD42022308466 -http 
s://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022 
308466). 

2.1. Databases search and study selection 

MEDLINE and EMBASE were searched from inception up to February 
2022 for studies reporting data on prespecified inherited thrombophilia 
in arterial disease including cerebrovascular disease (i.e., acute and 
recurrent ischemic stroke or transient ischemic attack), coronary heart 
disease (i.e., acute and recurrent myocardial infarction or stable coro-
nary artery disease), and peripheral artery disease. The following gene 
polymorphisms are the focus of the present review: (i) the G to A sub-
stitution at position 1691 of the factor V gene (G1691A), resulting in an 
arginine to glutamine exchange in codon 506 (commonly referred to as 
factor V Leiden); (ii) the G to A substitution at position 20210 in the 3′- 
untranslated region of the prothrombin gene (G20210A); (iii) the C to T 
point mutation at the position 677 on methylenetetrahydrofolate 
reductase gene (MTHFR C677T); (iv) the A to C mutation at the position 
1298 on methylenetetrahydrofolate reductase gene (MTHFR A1298C); 
(v) the 4G/5G insertion/deletion in the PAI-1 gene at a position − 675 of 
the promoter region (PAI-1). We decided a-priori to not include other 
specific inherited thrombophilia (i.e., protein C, protein S, and anti-
thrombin deficiency) as they share lower prevalence values, has been 
associated with several different gene abnormalities with different de-
grees of clinical relevance, and their functionality may also depends on 
transient patients’ comorbidities (e.g., sepsis, disseminated intravas-
cular coagulation, liver disease, pregnancy, drugs administration) 
[2,8–10]. No study design restrictions were applied. The complete 
search strategy is given in Supplementary Tables 1 and 2. 

Two authors (EV and AP) independently reviewed titles and ab-
stracts identified by the databases search to select studies which met the 
following inclusion criteria: (i) inclusion of patients with prespecified 
arterial disease; (ii) data available for single allele of each prespecified 
gene polymorphisms; (iii) mean age of included patients ≥18 years; (iv) 
sample size ≥20 patients. Finally, full texts were evaluated by two in-
dependent authors (EV and AP) to confirm inclusion. References of 
included studies were also screened by two independent authors (EV and 
AP) searching additional studies that fit the inclusion criteria. Any 
disagreement was resolved through discussion or involving a third re-
view author (DP). 

2.2. Data extraction and quality assessment 

Two review authors (EV and GA) independently extracted data from 
the included studies onto an electronic database. A consensus between 
the two review authors or a discussion with a third review author (DP) 
resolved any disagreement. 

The following data were extracted: methodological quality, study 

design, total number of included patients, number of cases and number 
of controls, if available, with each allele mutation, patients’ character-
istics (e.g., age, sex category, belonging region), number of cases and 
controls with specific risk factors for arterial disease (i.e., arterial hy-
pertension, diabetes mellitus, dyslipidemia, obesity, smoking history). 
Published supplementary materials were searched for data of interest, if 
needed and available. 

The risk of bias of the included studies were evaluated using the 
Newcastle-Ottawa scale for observational studies (scores of 7–9, 4–6, 
and < 4 classified a study as having a low, moderate, or high risk of bias, 
respectively) and the Cochrane tool for randomized controlled trials 
[11–13]. 

2.3. Study outcomes 

The primary outcomes were the prevalence and the odds of having a 
prespecified gene polymorphism in patients with each type of arterial 
disease compared to control populations. The secondary outcomes were 
the prevalence and the odds of having a prespecified gene poly-
morphism in specific subgroup of patients with arterial disease and 
controls sorted by age, region, and presence of cardiovascular risk 
factors. 

2.4. Statistical analysis 

The logit-transformed prevalence and corresponding sampling vari-
ances were calculated. Pooled prevalence with corresponding 95 % 
confidence intervals (CIs) were calculated in a random-effects model 
through the inverse variance method and DerSimonian-Laird method 
was used for τ2 estimation [14]. Pooled odds ratios (ORs) with corre-
sponding 95 % CIs were calculated in a random-effects model through 
the Mantel-Haenszel method, Sidik-Jonkman method was used for τ2 

estimation, and Hartung-Knapp method for random effects model 
adjustment [14]. A continuity correction of 0.5 was applied to studies 
with zero cells frequencies [14]. Heterogeneity was classified as follow: 
(i) 0 % to 40 % I2 values indicate an heterogeneity that might not be 
important; (ii) 30 % to 60 % I2 values may represent moderate hetero-
geneity, (iii) 50 % to 90 % I2 values may represent substantial hetero-
geneity, (iv) 75 % to 100 % I2 values indicate a considerable 
heterogeneity [14]. However, the importance of the observed I2 values 
depends on the magnitude and direction of effects, and on the strength 
of evidence for heterogeneity [14]. 

While a dominant model was assumed in the primary analysis, a per- 
allele (co-dominant) model was assumed in the secondary analysis 
[15,16]. Furthermore, subgroup analyses were performed sorting pa-
tients by age (i.e., mean age of 18 to 55 years and >55 years), region 
groups (i.e., African, American, Asiatic, European, Oceanic regions), and 
considering those studies in which cases and controls shared a similar 
proportion of patients with at least one cardiovascular risk factor (i.e. 
arterial hypertension, diabetes mellitus, dyslipidemia, obesity, and 
smoking history). 

The presence of publication bias was assessed by funnel plot of logit 
transformed proportion versus standard error. Funnel plot symmetry 
was tested by performing the Egger’s test. 

Statistical analyses were performed using R studio version 1.2.5001, 
“meta” and “forest” packages [17]. 

3. Results 

Fig. 1 shows the PRISMA flow diagram. A total of 2112 records were 
identified from the databases search. After removing 168 duplicates, 
1532 records were excluded by title and abstract screening. Citation 
screening of retrieved studies found 153 additional studies of which 132 
fit the inclusion criteria. Full-text evaluation allowed the exclusion of 
134 studies. Finally, a total of 377 studies were considered in the 
analysis (the full list of included studies is available on Supplementary 
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data). The inter-reviewer agreement was excellent with a kappa statistic of 0.92. 

Fig. 1. PRISMA flow diagram.  

Table 1 
Characteristics of included populations of cases and controls according to single gene polymorphisms.   

G1691A G20210A MTHFR 
C677T 

MTHFR 
A1298C 

PAI-1 
4G/5G 

Cases Controls Cases Controls Cases Controls Cases Controls Cases Controls 

Cerebrovascular diseasea 

Number of patients 15,777 (72) 21,399 (60) 12,736 (58) 21,376 (45) 17,087 (90) 18,742 (79) 2646 (15) 3856 (15) 4151 (27) 5891 (25) 
Median age, years 50 (58) 49 (47) 50 (31) 45 (34) 55 (78) 56 (59) 57 (14) 55 (13) 53 (21) 52 (20) 
Male sex, % 53.5 (53) 45.8 (45) 51.1 (42) 46.3 (32) 56.0 (76) 52.3 (61) 51.6 (12) 50.6 (13) 56.1 (18) 38.3 (17) 
Arterial hypertension, % 41.2 (44) 19.9 (30) 39.1 (34) 23.3 (21) 55.3 (58) 27.5 (46) 50.0 (10) 24.2 (10) 48.3 (17) 27.3 (16) 
Diabetes mellitus, % 15.8 (42) 5.3 (29) 15.0 (32) 8.2 (20) 18.3 (56) 9.0 (45) 18.9 (10) 7.6 (10) 18.6 (14) 7.8 (13) 
Dyslipidemia, % 33.3 (32) 31.5 (20) 33.8 (28) 35.8 (17) 32.4 (33) 25.4 (26) 25.4 (6) 7.8 (6) 40.5 (7) 46.8 (7) 
Obesity, % 22.8 (9) 20.8 (7) 19.0 (7) 13.1 (5) 14.1 (3) 9.4 (3) – – 11.7 (2) 4.8 (2) 
Smoking history, % 43.9 (45) 51.7 (31) 40.7 (34) 29.3 (22) 39.8 (58) 28.6 (46) 32.0 (9) 25.2 (9) 34.6 (15) 15.9 (15)  

Coronary heart diseasea 

Number of patients 19,376 (79) 26,650 (69) 18,193 (63) 25,671 (52) 23,631 (91) 23,746 (79) 5963 (22) 4745 (21) 15,610 (53) 14,319 (45) 
Median age, years 53 (44) 50 (37) 51 (37) 48 (29) 53 (66) 51 (54) 54 (18) 51 (17) 53 (29) 48 (19) 
Male sex, % 70.1 (40) 43.6 (32) 68.1 (36) 44.0 (27) 76.5 (60) 60.2 (49) 76.1 (18) 62.7 (19) 66.8 (26) 62.5 (17) 
Arterial hypertension, % 33.0 (32) 15.0 (23) 34.1 (33) 17.7 (24) 51.0 (49) 26.2 (38) 64.2 (15) 30.0 (14) 49.8 (23) 24.0 (19) 
Diabetes mellitus, % 15.5 (26) 3.8 (19) 17.1 (26) 4.6 (19) 22.6 (45) 9.0 (35) 23.5 (12) 7.7 (11) 18.7 (22) 8.0 (17) 
Dyslipidemia, % 43.0 (21) 22.5 (15) 41.7 (23) 21.7 (17) 54.1 (26) 9.0 (35) 58.5 (8) 22.9 (7) 51.6 (16) 37.2 (11) 
Obesity, % 22.0 (10) 13.3 (8) 22.7 (9) 12.5 (8) 22.4 (8) 30.8 (21) 18.4 (3) 18.6 (3) 21.1 (9) 7.4 (6) 
Smoking history, % 68.9 (34) 54.8 (25) 63.6 (31) 32.6 (25) 56.1 (48) 39.2 (41) 55.5 (13) 42.2 (13) 52.6 (23) 30.0 (19)  

Peripheral artery diseasea 

Number of patients 2096 (8) 1855 (6) 1325 (5) 982 (4) 1828 (14) 2493 (14) 280 (2) 150 (2) 100 (1) 60 (1) 
Median age, years 66 (7) 65 (6) 68 (5) 67 (4) 64 (14) 60 (12) 63 (1) 57 (2) 64 (1) 61 (1) 
Male sex, % 69.2 (7) 52.6 (6) 69.6 (5) 68.8 (4) 70.6 (13) 62.9 (12) 85.0 (1) 62.0 (2) 85.0 (1) 53.3 (1) 
Arterial hypertension, % 55.0 (5) 33.6 (4) 55.0 (5) 33.6 (4) 57.5 (11) 33.7 (10) 54.0 (1) 27.3 (2) 54.0 (1) 55.0 (1) 
Diabetes mellitus, % 25.5 (5) 16.0 (4) 25.9 (5) 16.0 (4) 27.9 (8) 15.7 (8) 50.0 (1) 24.0 (2) 50.0 (1) 50.0 (1) 
Dyslipidemia, % 43.4 (4) 20.4 (3) 43.4 (4) 20.4 (3) 41.9 (5) 20.9 (5) 47.0 (1) 11.3 (2) 47.0 (1) 28.3 (1) 
Obesity, % 2.5 (2) 1.9 (1) 2.5 (2) 1.9 (1) – – – – – – 
Smoking history, % 47.9 (6) 14.8 (4) 48.6 (5) 14.8 (4) 54.0 (10) 27.0 (9) 67.0 (1) 23.3 (2) 67.0 (1) 26.7 (1)  

a Number of studies between brackets. 

E. Valeriani et al.                                                                                                                                                                                                                               



Thrombosis Research 230 (2023) 74–83

77

3.1. Characteristic of included studies and populations 

Supplementary Table 3 reports the characteristics of included 
studies. Overall, 320 were case-control, 16 cross-sectional, and 41 
cohort studies. Included patients were from African, American, Asiatic, 
European, and Oceanic regions in 15, 51, 110, 178, and 9 studies, 
respectively. A mixed population was included in one study while 13 
studies did not report this information. A total of 222 studies (62,266 
cases and 75,953 controls) reported data for coronary heart disease, 157 
studies (32,791 cases and 52,992 controls) for cerebrovascular disease, 
and 17 studies (3129 cases and 3045 controls) for peripheral artery 
disease. Controls were included from healthy population in 141 studies 
(65 matched and 76 unmatched cohorts) or from populations without 
arterial disease but with risk factors for cardiovascular disease in 156 
studies (89 matched and 67 unmatched cohorts). In 25 studies other 
types of control group were used or no information on control group 
characteristics were provided. 

Data for G1691A, G20210A, MTHFR C677T, MTHFR A1298C, PAI-1 
gene polymorphisms were reported, respectively, in 68, 54, 93, 16, and 
27 studies for cerebrovascular disease; 80, 64, 95, 23, and 55 studies for 
coronary heart disease; and 7, 5, 14, 2, and 1 study for peripheral artery 
disease (Supplementary Table 3). Table 1 reports the characteristics of 
included populations of cases and controls sorted by the types of arterial 
event and thrombophilia. Overall, 37,249 patients with G1691A, 32,254 
with G20210A, 42,546 with MTHFR C677T, 8889 with MTHFR A1298C, 
and 19,861 with PAI-1 were included (Table 1). In patients with G1691A 
gene polymorphism, median age ranged from 50 years in patients with 
cerebrovascular disease to 66 years in patients with peripheral artery 
disease. The proportion of male ranged from 53.5 % in cerebrovascular 
disease to 70.1 % in coronary heart disease patients. Arterial hyper-
tension ranged from 33.0 % in coronary heart disease patients to 55.0 % 
of peripheral artery disease patients. Diabetes prevalence ranged from 
15.5 % in coronary heart disease to 25.5 % of peripheral artery disease 
patients (Table 1). 

In patients with G20210A gene polymorphism, median age ranged 
from 50 years in cerebrovascular disease to 68 years in peripheral artery 
disease patients. Proportion of male ranged from 51.1 % in cerebro-
vascular disease to 69.6 % in peripheral artery disease patients. Arterial 
hypertension was lowest in coronary heart disease (34.1 %) and highest 
in peripheral artery disease (55.0 %) patients. Diabetes ranged from 
15.0 % in cerebrovascular disease to 25.9 % in peripheral artery disease. 

In patients with MTHFR C677T gene polymorphism, median age 
ranged from 53 years in coronary artery disease to 64 years in peripheral 
artery disease patients. Nearly 50 % of cerebrovascular disease patients 
with MTHFR C677T were male, while coronary heart disease or pe-
ripheral artery disease patients were men in the majority of cases. Also 
the prevalence of risk factors was higher in studies investigating MTHFR 
C677T gene polymorphism. 

Studies investigating MTHFR A1298C and PAI-1 gene poly-
morphisms were most in the setting of cerebrovascular disease and 
coronary heart disease. Only one study investigated PAI-1 in peripheral 

artery disease patients (Table 1). 

3.2. Risk of bias evaluation and publication bias 

As showed in Supplementary Table 4 and 5, the quality of the 
included studies varied from low to high. Overall, 10.6 %, 65.8 %, and 
23.6 % of studies were considered at low, intermediate, and high risk of 
bias, respectively. 

The results of publication bias were reported in Supplementary 
Figs. 1 to 3. 

3.3. Pooled prevalence of evaluated gene polymorphisms in cases and 
controls 

In patients with cerebrovascular disease, the pooled prevalence of 
heterozygosity for G1691A (6.2 % vs 4.5 %) and G20210A (3.9 % vs 2.9 
%) and homozygosity for MTHFR C677T (14.2 % vs 11.1 %) and MTHFR 
A1298C (12.2 % vs 9.8 %) gene polymorphisms were higher in cases 
than controls (Table 2 and Supplementary Table 6). 

In patients with coronary heart disease, the pooled prevalence of 
heterozygosity for G1691A (6.8 % vs 4.9 %) and G20210A (3.6 % vs 2.6 
%) and homozygosity for MTHFR C677T (11.0 % vs 9.5 %) and MTHFR 
A1298C (12.2 % vs 9.8 %) gene polymorphisms were higher in cases 
than controls (Table 2 and Supplementary Table 7). 

Finally, in patients with peripheral artery disease, the pooled prev-
alence of heterozygosity for G1691A (6.7 % vs 5.4 %) and G20210A (4.5 
% vs 2.7 %) and homozygosity for MTHFR C677T (14.6 % vs 11.0 %), 
MTHFR A1298C (17.2 % vs 7.8 %), and PAI-1 (28.0 % vs 6.7 %) gene 
polymorphisms was higher in cases than controls (Table 2, Supple-
mentary Table 8). 

The pooled prevalence of prespecified thrombophilia in cases and 
controls sorted by age and region groups, and by the presence or absence 
of similar proportion of cases and controls with at least one cardiovas-
cular risk factor were reported in Supplementary Tables 6 to 8. The 
paucity of available data did not allow any subgroup analysis in patients 
with peripheral artery disease and MTHFR A1298C and PAI-1 gene 
polymorphisms. 

3.4. Primary analysis 

Patients with cerebrovascular disease had an increased odds than 
controls of having the mutant allele of G1691A (OR, 1.50; 95 % CI, 
1.30–1.73; I2 19%; 57 studies), G20210A (OR, 1.60; 95 % CI, 1.31–1.95; 
I2 6%; 43 studies), and MTHFR C677T (OR, 2.04; 95 % CI, 1.84–2.27; I2 

75%; 72 studies) and a similar odds of having the mutant allele of 
MTHFR A1298C (OR, 1.21; 95 % CI, 0.83–1.77; I2 90%; 15 studies) and 
PAI-1 (OR, 1.03; 95 % CI, 0.86–1.24; I2 46%; 24 studies) gene poly-
morphisms (Fig. 2). 

Patients with coronary heart disease had an increased odds than 
controls of having the mutant allele of G1691A (OR, 1.39; 95 % CI, 
1.19–1.63; I2 35%; 66 studies), G20210A (OR, 2.31; 95 % CI, 1.34–3.99; 

Table 2 
Pooled prevalence of thrombophilia in cases and controls. 

Arterial disease G1691A G20210A 

Dominant Heterozygosis Homozygosis Dominant Heterozygosis 

Cerebrovascular diseasea Cases 6.5 (69) 6.2 (72) 0.6 (71) 3.9 (56) 3.9 (57) 
Control 4.6 (59) 4.5 (60) 0.3 (59) 2.9 (44) 2.9 (45) 

Coronary artery diseasea Cases 7.2 (77) 6.8 (79) 0.6 (67) 3.8 (61) 3.6 (63) 
Control 5.1 (68) 4.9 (69) 0.4 (67) 2.7 (50) 2.6 (52) 

Peripheral artery diseasea Cases 6.9 (8) 6.7 (8) 0.4 (8) 4.7 (5) 4.5 (5) 
Control 5.4 (6) 5.4 (6) 0.3 (5) 2.7 (4) 2.7 (4)  

aNumber of studies between brackets. 
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I2 74%; 50 studies), MTHFR C677T (OR, 1.07; 95 % CI, 1.00 1.15; I2 

38%; 75 studies), and PAI-1 (OR, 1.17; 95 % CI, 1.05–1.31; I2 49%; 41 
studies) and a similar odds of having the mutant allele of MTHFR 
A1298C (OR, 0.95; 95 % CI, 0.85–1.08; I2 5%; 20 studies) gene poly-
morphisms (Fig. 3). 

Patients with peripheral artery disease did not appear to have an 
increased odds than controls of having the mutant allele of G1691A (OR, 
1.22; 95 % CI, 0.65–2.29; I2 40%; 6 studies), G20210A (OR, 2.00; 95 % 
CI, 0.69–5.80; I2 18%; 4 studies), MTHFR C677T (OR, 1.15; 95 % CI, 
0.89–1.48; I2 38%; 13 studies), and MTHFR A1298C (OR, 1.07; 95 % CI, 
0.18–6.53; I2 0%; 2 studies), but appeared to have a lower odds than 
controls of having PAI-1 (OR, 0.21; 95 % CI, 0.07–0.65; I2 not appli-
cable; 1 study) gene polymorphisms (Fig. 4). 

Pooled odds of having a prespecified thrombophilia sorted by age 
and region groups, and by the presence or absence of similar proportion 
of cases and controls with at least one cardiovascular risk factor were 
reported in Figs. 2 to 4 and Supplementary Figs. 4 to 16. The paucity of 
data did not allow any subgroup analysis in patients with peripheral 
artery disease and MTHFR A1298C and PAI-1 gene polymorphisms. 

3.5. Secondary analysis 

The odds being heterozygous for G1691A (OR, 1.48; 95 % CI, 
1.29–1.71; I2 15%; 58 studies), G20210A (OR, 1.53; 95 % CI, 1.27–1.84; 
I2 0%; 44 studies), MTHFR C677T (OR, 1.08; 95 % CI, 1.00–1.16; I2 75%; 
73 studies) and the odds being homozygous for G1691A (OR, 2.76; 95 % 
CI, 1.83–4.18; I2 0%; 14 studies), G20210A (OR, 3.96; 95 % CI, 
2.05–7.64; I2 0%; 8 studies), MTHFR C677T (OR, 1.40; 95 % CI, 
1.23–1.60; I2 60%; 78 studies) gene polymorphisms were higher in pa-
tients with cerebrovascular disease than controls (Fig. 2). 

The odds being heterozygous for G1691A (OR, 1.39; 95 % CI, 
1.19–1.61; I2 29%; 66 studies) and G20210A (OR, 1.49; 95 % CI, 
1.22–1.82; I2 24%; 46 studies), and the odds being homozygous for 
G1691A (OR, 1.68; 95 % CI, 1.02–2.77; I2 0%; 21 studies), G20210A 
(OR, 1.54; 95 % CI, 0.79–2.99; I2 0%; 11 studies), MTHFR C677T (OR, 
1.21; 95 % CI, 1.08–1.35; I2 44%; 78 studies), and PAI-1 (OR, 1.18; 95 % 
CI, 1.03–1.34; I2 64%; 45 studies) gene polymorphisms were higher in 
patients with coronary heart disease than controls (Fig. 3). 

Finally, the odds being homozygous for MTHFR C677T (OR, 1.45; 95 
% CI, 1.03–2.03; I2 26%; 13 studies) and PAI-1 (OR, 5.44; 95 % CI, 
1.80–16.43; I2 not applicable; 1 study) gene polymorphisms were higher 
in patients with peripheral artery disease than controls (Fig. 4). 

4. Discussion 

Our meta-analysis provides a comprehensive overview of the prev-
alence of single gene polymorphism in patients with arterial disease. In 
particular, we found that the prevalence and odds of having G1691A and 
G20210A gene polymorphisms is higher in cases with arterial disease 
than controls, mainly in cerebrovascular and coronary heart diseases. 
Data for MTHFR C677T and A1298C, and PAI-1 gene polymorphisms are 
weaker than for other types of inherited thrombophilia and no relevant 
differences between cases and controls were identified with the 

exception of MTHFR C677T in cerebrovascular disease and of PAI-1 4G 
in peripheral arterial disease. Furthermore, specific subgroups of pa-
tients with higher prevalence and odds of having a specific thrombo-
philia have been identified according to their age and region groups. 

While the presence of G1691A and PAI-1 gene polymorphisms 
seemed to contribute to an enhanced atherothrombosis, the hyper- 
prothrombinemia due to G20210A gene polymorphism appeared not 
to affect arterial thrombosis development in mice models [18–21]. 
Furthermore, it should be acknowledged that MTHFR gene poly-
morphism is associated with hyper-homocysteinemia and, in cases of 
very high level of homocysteinemia, it may be responsible of an 
increased risk of cardiovascular disease [22]. 

Providing a comprehensive evaluation of several inherited throm-
bophilia in arterial disease, our systematic-review and meta-analysis 
confirms and strengthens the results of previous studies, and allow the 
identification of specific subgroups of patients who may be tested for 
gene polymorphisms [4,23,24]. For example, patients with coronary 
heart disease and cerebrovascular disease aged 18–55 years appeared to 
have higher prevalence and odds of having G1691A and G20210A gene 
polymorphisms than patients aged >55 years. Similarly, patients with 
coronary heart disease from Africa, Asia, and Europe seemed to have 
higher prevalence and odds of having G1691A gene polymorphism, 
while patients from America and Europe seemed to have higher odds of 
having G20210A gene polymorphism. Even if limited by the intrinsic 
characteristics of a study-level meta-analysis our data rise interesting 
hypothesis that must be confirmed in future studies. 

Whether patients with positive results of thrombophilia tests may 
benefit from a more aggressive therapeutic approach have to been yet 
evaluated. Furthermore, a potential therapeutic challenge should be 
acknowledge in the management of patients with arterial events and 
known thrombophilia as an inappropriately lifelong antithrombotic 
therapy may be administered without further clinical investigations [3]. 
Possibly due to the inconsistent available data, major guidelines on 
coronary heart disease and peripheral artery disease do not recommend 
any testing strategy nor therapeutic approach in patients with known 
thrombophilia [25–30]. In cerebrovascular disease, thrombophilia 
screening is suggested only in certain clinical scenarios as in cases of 
paradoxical emboli caused by venous thrombosis or recurrent venous 
thromboembolism and no therapeutic recommendation were provided 
[31]. Interestingly, folate, vitamin B6, and vitamin B12 supplementation 
appeared not to be effective for preventing a recurrent event in patients 
with ischemic stroke or transient ischemic attack and hyper- 
homocysteinemia [31]. Despite a higher risk of recurrent events may 
be hypothesized in patients with thrombophilia due to the increased 
thrombotic burden, data are limited to few and small observational 
studies with contrasting results. Patients with G1691A, G20210A, and 
MTHFR C677T gene polymorphisms seemed to share a trend towards a 
higher risk of recurrent arterial events [32–36]. Conversely, no signifi-
cant differences in the PAI-1 levels appeared to be present between 
patients with recurrent and non-recurrent stroke [37]. This lack of 
knowledge in the field makes daily clinical decision challenging and 
gives high importance to the evaluation of other patients-related vari-
ables (e.g., bleeding risk, site of thrombosis, and patient preference) [3]. 

G20210A MTHFR C677T MTHFR A1298C PAI-1 4G/5G 

Homozygosis Dominant Heterozygosis Homozygosis Dominant Heterozygosis Homozygosis Dominant Heterozygosis Homozygosis 

0.5 (56) 56.4 (84) 41.1 (85) 14.2 (90) 51.9 (15) 37.9 (15) 12.2 (15) 77.6 (26) 45.2 (27) 29.6 (26) 
0.2 (44) 52.4 (72) 40.2 (74) 11.1 (79) 47.1 (15) 37.1 (15) 9.8 (15) 77.9 (24) 47.3 (25) 29.2 (24) 
0.4 (59) 52.3 (86) 40.6 (86) 11.0 (91) 53.9 (21) 42.1 (21) 12.2 (22) 76.4 (53) 45.2 (53) 29.6 (54) 
0.3 (50) 50.3 (75) 40.4 (75) 9.5 (79) 53.9 (20) 43.1 (20) 9.8 (21) 74.0 (45) 47.3(45) 29.2 (45) 
0.3 (5) 55.1 (13) 40.9 (13) 14.6 (14) 52.1 (2) 35.4 (2) 17.2 (2) 75.0 (1) 47.0 (1) 28.0 (1) 
0.3 (4) 50.4 (13) 40.8 (13) 11.0 (14) 44.1 (2) 36.3 (2) 7.8 (2) 76.7 (1) 70.0 (1) 6.7 (1)  
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The major strength of our work is the systematic search with rigorous 
evaluation of study quality according to standard methodological 
assessment tools. Furthermore, this represents the most up to date meta- 
analysis that provide comprehensive values of prevalence and odds of 
having thrombophilia in arterial disease. 

However, there are several limitations that warrant discussion. First, 
the studies included patients who were heterogenous in their underlying 
characteristics resulting in between-studies heterogeneity and possibly 
affecting the external validity of the results. The overall size of the 
included population and the availability of some patients’ characteris-
tics allowed the execution of subgroup analysis that partly explained this 
heterogeneity but leaved the risk for residual confounding. Second, the 
evaluation of all outcomes on a study-level basis represents an intrinsic 
design limitation of a study-level meta-analysis and hampered an in- 
depth analysis of the impact of specific characteristics (e.g., presence 
of concomitant risk factor for arterial events) on the outcomes of 

interest. Subgroup analyses including just those studies in which cases 
and controls shared at least one cardiovascular risk factor (i.e., arterial 
hypertension, diabetes mellitus, dyslipidemia, obesity, and smoking 
history) confirmed the overall results. Furthermore, specific subgroup of 
patients with higher prevalence and odds of having prespecified 
inherited thrombophilia has been identified according to age and region 
groups. We also acknowledge the fact that some studies may have 
included patients without an acute thrombotic-related arterial events, 
mainly in coronary heart and peripheral artery disease, possibly 
affecting the results. However, the heterogeneity of data did not allow 
any other analysis. A further possible bias of our analysis is represented 
by the lack of data on the modalities of screening in cases and controls; 
indeed, a higher prevalence of gene polymorphisms may be the result of 
a more rigorous diagnostic work-up in patients with thrombotic events 
than controls. Furthermore, the low prevalence of some risk factors such 
as hypertension may be due to the relatively low median age of patients 

Fig. 2. Inherited thrombophilia in cerebrovascular disease. 
Under the dominant model both heterozygous and homozygous patients were included. Under the per-allele model wild-type, heterozygous, and homozygous pa-
tients were independently considered. CVD, cerebrovascular disease; OR, odds ratio. 
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included in the studies as well as the higher prevalence and odds of 
specific thrombophilia in patients with peripheral arterial disease may 
be related to the low number of available studies. Third, patients with 
multiple gene polymorphisms may have an even greater risk of arterial 
disease than patients with a single gene polymorphism. Data were 
sparce and mainly regard G1691A, G20210A, and MTHFR poly-
morphisms combinations [38–41]. However, the paucity of data and the 
heterogeneity of included populations and evaluated gene poly-
morphisms did not allow any additional analysis and further studies will 
be needed. Fourth, all included studies were at some risk of bias, which 
potentially limits the external validity of the results and emphasizes the 
urgent need for high-level evidence in this field. Finally, there was ev-
idence of significant publication bias for the role of thrombophilia in 
coronary heart disease and cerebrovascular disease. This finding is 
consistent with the possibility that small studies with large effect size 
were not published. However, it is unlikely that the latter were missed 
by our comprehensive and systematic databases’ search. 

What should be clear is that despite the higher prevalence of some 
gene polymorphisms in cases than controls, our analysis does not 
establish any cause-effect relationship between the prevalence of 
inherited thrombophilia and risk of arterial disease. It should be 
considered that large scale testing for thrombophilia in patients with 
arterial disease is not cost-effective and not likely to provide a real 
clinical benefit. However, these results should be considered as hy-
pothesis generating, and may help increase the awareness among phy-
sicians that thrombophilia may be suspected in patients with arterial 
disease in whom clear risk factors may not be identified. 

For instance, in young patients with myocardial infarction or stroke, 
or in case of positive family history of premature arterial disease, ac-
quired or inherited thrombophilia may be tested. At this regard, a pre-
vious meta-analysis showed a higher risk of acquired thrombophilia (i. 
e., antiphospholipid antibodies) in patients with coronary heart disease, 
especially in those with <50 years [42]. 

Fig. 3. Inherited thrombophilia in coronary heart disease. 
Under the dominant model both heterozygous and homozygous patients were included. Under the per-allele model wild-type, heterozygous, and homozygous pa-
tients were independently considered. CHD, Coronary heart disease; OR odds ratio. 
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5. Conclusions 

In conclusion, the prevalence and odds of having some inherited 
thrombophilia appeared to be higher in patients with arterial disease 
than controls, mainly in specific subgroups of patients according to their 
age and belonging region. Some thrombophilia testing may be consid-
ered in specific subgroups of patients. 
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