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Association between factor V Leiden, prothrombin
G20210A, and methylenetetrahydrofolate
reductase C677T mutations and events of the
arterial circulatory system: A meta-analysis of
published studies
Robert J. Kim, MD,a and Richard C. Becker, MDb Worcester, Mass, and Durham, NC

Background The association between the inherited gene mutations of factor V, prothrombin, and homocysteine
metabolism and venous thromboembolic events is accepted widely; however, their influence on the arterial circulatory system remains controversial.
Methods

We performed a MEDLINE search to identify published case-control and cohort studies correlating the factor V Leiden, prothrombin (PT) G20210A, and methylenetetrahydrofolate reductase (MTHFR) C677T (TT genotype) mutations with myocardial infarction, ischemic stroke, or peripheral vascular disease. Studies were included only when they
adhered to specific diagnostic criteria for ischemic events and met the published methodological criteria. Odds ratios
(ORs) with accompanying 95% CIs were calculated for each mutation and clinical end points with a random-effects model
(DerSimonian and Laird method).

Results The association between inherited gene mutations and arterial ischemic events was modest: factor V Leiden
mutation (OR, 1.21; 95% CI, 0.99 –1.49), PT G20210A mutation (OR, 1.32; 95% CI, 1.03–1.69), and MTHFR TT mutation (OR, 1.20; 95% CI, 1.02–1.41). Subgroup analyses of younger patients (⬍55 years old) and of women revealed
slightly stronger associations overall.
Conclusions

Genetic abnormalities specific to factor V, prothrombin ,and homocysteine metabolism increase the
risk for myocardial infarction and ischemic stroke, particularly among younger patients and women. Because the overall
association is only modest, screening studies should be limited to carefully selected patient populations. The individual
propensity for arterial and venous thrombosis is likely influenced by differing local mechanisms, systemic mechanisms, or
both. (Am Heart J 2003;146:948⫺57.)

In 1994, Bertina et al1 described a common variation
(G1691A) in the factor V gene as a molecular defect
responsible for activated protein C (APC) resistance,2 a
previously unrecognized mechanism of inherited
thrombophilia. Through the years, several additional
mutations within the genes coding for coagulation proteases were subsequently identified. The factor V Leiden and prothrombin G20210A mutations are 2 such
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examples; each has been found to be associated
strongly with spontaneous and recurrent venous
thromboembolism.3,4 Similarly, a thermolabile variant
of methylenetetrahydrofolate reductase, an enzyme
involved in the folate-dependent metabolism of homocysteine, increases the risk for deep vein thrombosis
and pulmonary embolism.5
It remains less well characterized, however, whether
the presence of these relatively common mutations
poses risk for thrombosis localized to the arterial circulatory system, resulting in acute myocardial infarction
(MI), ischemic stroke, or complicated peripheral vascular occlusive disease (PVD). Because most previously
published studies examining such potential relationships investigated either an isolated gene mutation or a
single clinical event, we performed a comprehensive
meta-analysis of the 3 most prevalent genetic mutations predisposing to venous thromboembolism and
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determined their potential association with acute arterial occlusive events.

Materials and methods
Literature search
Using a systematic search of MEDLINE electronic
database between 1990 and 2002, we identified all
studies correlating the factor V Leiden, prothrombin
G20210A, or methylenetetrahydrofolate reductase
(MTHFR) C677T gene mutations with MI, ischemic
stroke, or PVD. Terms used for the search were Medical Subject Heading (MeSH) terms and the text words
“myocardial infarction,” “ischemic stroke,” or “peripheral vascular disease,” combined with “factor V,” “prothrombin,” “methylenetetrahydrofolate reductase,” or
“hyperhomocysteinemia,” combined with “polymorphism,” “mutation,” or “genetics.” We limited our
search to “human” and “English language.”

Literature screening
We considered studies acceptable for inclusion
when they were written as full-length articles, published in peer-reviewed journals, and correlated the
presence of any of the 3 genetic mutations being considered with the risk of MI, ischemic stroke, or PVD.
We examined the abstract, methods, and results sections of all initially identified publications to establish
the pertinence of each article to our study. We then
inspected all relevant articles for compliance with 2
recently published criteria for methodological quality.6,7 Objectivity and reproducibility were not used as
reasons for exclusion; however, we excluded a study
when other remaining criteria were not satisfied (inadequate spectrum or delineation of cases, inadequate
spectrum or delineation of comparison groups).6 Studies in which either a portion of or all the chosen criteria appeared within an appropriately referenced article
were considered for inclusion.47,58,61,75 We contacted
the authors directly to clarify missing information or to
request additional unpublished data that would be relevant to our study.

Subject description
Each study included in our analysis required a group
of unrelated patients and a comparable group of control subjects that was ethnically and geographically
representative of the population from which the patients were selected (Table I). Patients were required
to have experienced an acute MI or ischemic stroke,
or have documented peripheral vascular occlusive disease (see definition). For patients who had experienced ⬎1 arterial event, only the index event (that the
original study was designed to investigate) was included in the analysis. Control subjects were defined
as individuals who had not experienced an arterial
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event during the designated study period. All patients
underwent genetic testing for the prespecified mutation. On the basis of prior observations and published
studies, women, men, and patients ⬍55 years old
were grouped and analyzed separately.

Outcome definitions
The diagnosis of MI required at least 2 of these 3
criteria: clinical symptoms, cardiac biomarker elevation, and a diagnostic electrocardiogram. We also accepted autopsy confirmation. The diagnosis of ischemic stroke required at least 1 of these 2 criteria: 1)
acute onset of focal neurologic deficit lasting at least
24 hours or 2) demonstrated ischemic abnormality on
computed tomography or magnetic resonance imaging.
When a study included a subgroup of patients with a
transient ischemic attack (TIA) rather than a stroke,
this subgroup was excluded from the analysis.57,59,61,67
Patients who sustained hemorrhagic or cavernous venous strokes were also excluded. The prespecified diagnostic criteria for PVD included the presence of any
of these 3 criteria: 1) rest pain or tissue gangrene (Fontaine stage III or IV), 2) a history of infrainguinal arterial bypass graft surgery or angioplasty, or 3) a history
of any non-traumatic extremity amputation caused by
vascular insufficiency.

Data extraction and statistical analysis
Data were extracted and entered into separate databases at 2 different times by a single investigator
(R.J.K.). The results were compared, and any disagreement was resolved by reviewing the data for a third
time. Data were analyzed with the Meta-Analyst software version 0.991 (Lau J, New England Medical Center, Boston, Mass, 1990 –1997).8 Raw prevalence data
from each population were entered separately. Odds
ratios (ORs) and 95% CIs for dichotomous data were
calculated with a random-effects model according to
the DerSimonian and Laird method,9 which incorporates variability both within and between studies. This
method produces a wider confidence interval when
heterogeneity between studies exists.

Results
Excluded studies
We excluded 1 study10 because it used a duplicate
set of patients in separate studies.66 Four studies were
excluded because we could not ascertain the absence
of prior ischemic events in control subjects (inadequate control delineation).11–14 Two studies were excluded because of an inadequate control population.15,16 We eliminated 13 additional studies from
consideration17–29 because adequate definitions or diagnostic criteria for cited ischemic events were not
provided (inadequate case delineation). A total of 56
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Table I. Individual studies and raw data listed by category
Prevalence
Age
group

Mutation

Event

FV Leiden

MI

All

FV Leiden

MI

Under 55

FV Leiden

IS

All

FV Leiden

IS

Under 55

FV Leiden
PT G20210A

PVD
MI

All
All

PT G20210A

MI

Under 55

PT G20210A

IS

All

PT G20210A

IS

Under 55

Study (ref)
Doggen (32)
Ridker (34)
Cushman (39)
Gardemann (40)
Makris (42)
Gowda (44)
Russo (45)
Feng (46)
Kontula (47)
Burzotta (50)
Juul (77)
Psaty (82)
Celik (81)
Rosendaal (33)
Ardissino (37)
Inbal (38)
Ardissino (43)
Kontula (47)
Mansourati (49)
Junker (51)
Ridker (34)
Cushman (39)
Markus (57)
Fisher (58)
Lalouschek (61)
Hankey (63)
Juul (77)
Szolnoki (80)
Lopaciuk (54)
Longstreth (55)
de Stefano (56)
Nabavi (59)
Margaglione (60)
Madonna (64)
Voetsch (69)
Renner (78)
Ridker (30)
Croft (31)
Doggen (32)
Gardemann (40)
Russo (45)
Feng (46)
Burzotta (50)
Smiles (52)
Psaty (82)
Eikelboom (35)
Rosendaal (36)
Inbal (38)
Ardissino (43)
Franco (48)
Ridker (30)
Smiles (52)
Ferraresi (62)
Hankey (63)
Lopaciuk (54)
Longstreth (55)
de Stefano (56)
Margaglione (60)
Madonna (64)
Voetsch (69)

Sex

Patients

Controls

M
M
M/F
M
M/F
M/F
M/F
M/F
M/F
M/F
M/F
F
M/F
F
M/F
M
M/F
M/F
M/F
M
M
M/F
M/F
M/F
M/F
M/F
M/F
M/F
M/F
F
M/F
M/F
M/F
M/F
M/F
M/F
M
M/F
M
M
M/F
M/F
M/F
M/F
F
M/F
F
M
M/F
M/F
M
M/F
M/F
M/F
M/F
F
M/F
M/F
M/F
M/F

38/560
23/374
5/147
40/1038
16/80
9/109
6/244
3/32
6/71
6/190
79/962
9/232
11/135
8/84
1/100
7/112
9/200
1/51
24/351
21/241
9/209
8/149
13/138
0/63
8/62
10/219
40/641
64/664
3/100
0/41
5/72
18/194
30/202
8/132
5/153
7/85
12/404
11/539
10/560
27/1038
11/244
3/32
13/190
19/682
13/232
9/402
4/79
7/112
11/200
7/173
11/259
9/407
1/40
8/219
2/100
1/41
9/72
10/202
14/132
7/153

32/646
42/704
34/482
59/1172
10/124
5/112
15/224
1/25
1/87
7/247
629/7907
39/718
7/95
16/388
2/100
12/187
8/200
3/50
20/400
12/179
42/704
34/482
5/70
0/31
4/81
4/179
629/7907
13/199
10/238
16/388
6/198
12/200
43/1036
19/262
8/225
27/300
69/1774
14/498
8/646
35/1172
7/224
1/25
7/247
24/686
18/721
22/679
6/381
6/187
8/200
4/400
69/1774
24/686
3/70
4/179
5/238
6/382
5/198
43/1036
21/262
5/225
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Table I. continued
Prevalence
Mutation
PT G20210A
MTHFR TT

Event
PVD
MI

Age
group
All
All

MTHFR TT

MI

Under 55

MTHFR TT

IS

All

MTHFR TT

IS

Under 55

Study (ref)

Sex

Patients

Controls

Renner (78)
Anderson (41)
Gardemann (53)
Girelli (70)
Ma (71)
Adams (72)
Schmitz (75)
Brugada (76)
Fernandez (83)
Thogersen (84)
Inbal (38)
Ardissino (43)
Schwartz (73)
van Bockxmeer (74)
Gulec (85)
Lalouschek (61)
Morita (66)
Markus (67)
Harmon (68)
Lopaciuk (54)
de Stefano (56)
Margaglione (60)
Madonna (64)
Pezzini (65)
Voetsch (69)
Kristensen (79)

M/F
M/F
M
M/F
M
M/F
M/F
M/F
M/F
M/F
M
M/F
F
M/F
M
M/F
M/F
M/F
M/F
M/F
M/F
M/F
M/F
M/F
M/F
M/F

1/85
23/200
110/1152
30/183
33/293
32/310
29/190
6/79
61/272
5/69
27/112
35/200
7/69
15/139
15/96
6/62
55/256
30/271
27/174
12/100
17/72
50/202
33/132
4/31
21/153
11/80

13/300
59/554
151/1301
25/137
39/290
29/222
27/188
12/155
90/472
7/129
20/187
38/200
43/338
15/143
5/100
9/81
33/325
22/161
19/183
26/238
35/198
196/1036
50/262
4/36
16/225
3/41

studies and 54,547 persons served as the basis of our
final analysis.

Factor V Leiden mutation
The pooled analysis of studies investigating an association between factor V Leiden mutation and arterial
ischemic events is summarized in Table II. The overall
relationship, on the basis of 33 studies including
25,053 patients, was modest with an OR of 1.21 (95%
CI, 0.99 –1.49; Figure 1). Considering the clinical end
points individually, the relationships with MI, ischemic
stroke, and PVD were 1.10 (95% CI, 0.88 –1.36), 1.27
(95% CI, 0.86 –1.87), and 0.91 (95% CI, 0.38 –2.16),
respectively. Patients ⬍55 years old were at a greater
risk for arterial ischemic event (OR, 1.37; 95% CI,
0.96 –1.97) than older patients with factor V Leiden
mutation.

Prothrombin G20210A mutation
The pooled analysis of studies investigating an association between the prothrombin G20210A mutation
and arterial events appears in Table II. The relationship with MI and ischemic stroke was modest (MI: OR,
1.28; 95% CI, 0.94 –1.73; OR, 1.30; ischemic stroke:
95% CI, 0.91–1.87). Only 1 study investigating the as-

sociation with PVD met our selection criteria; however, no association was present (OR, 0.26, 95% CI,
0.03–2.04). To estimate the strength of association between the prothrombin G20210A mutation and overall
arterial events, we pooled the data from all studies
across the 3 events groups (Figure 2). Despite the
large number of patients (n ⫽ 16,945), the relationship remained modest (OR, 1.32; 95% CI, 1.03–1.69).
When the analysis was limited to patients ⬍55 years
old, the association was slightly more robust (OR,
1.66; 95% CI, 1.13–2.46).

MTHFR C677T mutation
A pooled analysis of studies including an evaluation
of MTHFR (C677T variant) and arterial events failed to
reveal an association with MI (OR, 1.05; 95% CI, 0.86 –
1.27); the relationship with ischemic stroke was more
robust, but still modest (OR, 1.46; 95% CI, 1.19 –1.79).
There were no studies evaluating a potential association with PVD. To estimate the strength of association
between MTHFR TT and overall arterial ischemic
events, we pooled the data from all studies (n ⫽
12,099 patients) in the 2 available event groups (Figure 3). The relationship remained modest. When the
analysis was limited to subjects ⬍55 years old, the as-
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Table II. Quantitative summary of pooled analyses
Category

No.
studies

No.
patients

No.
controls

FVL-MI
FVL-IS
FVL-PVD
FVL (⬍55)
FVL-Total
PT-MI
PT-IS
PT-PVD
PT (⬍55)
PT-Total
M-MI
M-IS
M (⬍55)
M-Total
FVL-male
FVL-female
PT-male
PT-female
M-male
M-female

20
15
1
14
33
14
10
1
11
23
14
11
12
25
6
4
6
5
7
3

5313
3039
85
2033
8437
4887
1625
85
1666
6597
3364
1533
1386
4897
2639
454
2848
618
2184
218

14,047
12,200
300
3663
17,066
7840
5050
300
3806
10,348
4416
2786
3004
7202
3328
1702
4525
1890
2657
1209

sociation increased minimally (OR, 1.41; 95% CI, 1.13–
1.76).

Sex differences
Of the studies that included and reported male and
female subjects, 331,60,83 also provided sex-differentiated data. The OR for arterial events was higher in
women than men with respect to the factor V Leiden
and prothrombin G20210A mutations (Table II).

Discussion
In our meta-analysis of ⬎17,000 patients with coronary, cerebrovascular, or peripheral vascular events,
several observations were made. First, the 3 common
gene anomalies associated with venous thromboembolism (factor V Leiden mutation, prothrombin G20210A
mutation, and MTHFR C677T mutation) increase the
risk of arterial thrombotic events to comparatively
modest degree. Second, the association is more robust
in patients ⬍55 years old and in women (for factor V
Leiden and PT G20210A mutations).
Thrombosis, a fundamental and teleologically lifesustaining response that successfully stems blood loss
after vascular injury, can also be responsible for potentially life-threatening events involving the venous circulatory system, arterial circulatory system, or both. Venous thrombosis, although most often occurring in the
regions of static blood flow, is most strongly influenced by the presence of activated coagulation proteases that lead to thrombin generation.86 Accordingly,
and as evidenced by the predisposition to venous

Total

OR

95% CI

P

19,360
15,239
385
5696
25,503
12,727
6675
385
5472
16,945
7780
4319
4390
12,099
5967
2156
7373
2508
4841
1427

1.10
1.27
0.91
1.37
1.21
1.28
1.30
0.26
1.66
1.32
1.05
1.46
1.41
1.20
1.22
1.79
0.97
1.73
1.24
1.04

0.88–1.36
0.86–1.87
0.38–2.16
0.96–1.97
0.99–1.49
0.94–1.73
0.91–1.87
0.03–2.04
1.13–2.46
1.03–1.69
0.86–1.27
1.19–1.79
1.13–1.76
1.02–1.41
0.82–1.81
0.54–5.88
0.73–1.30
0.99–3.02
0.85–1.82
0.71–1.53

.41
.22
NS
.084
.068
.11
.15
NS
.011
.029
.66
⬍.001
.0021
.029
.33
.34
.85
.052
.26
.84

thromboembolism observed among individuals with
factor V Leiden and prothrombin G20210A mutations,
an intact and fully functional system of intrinsic vascular thromboresistance, such as provided by activated
protein C, antithrombin, and tissue factor pathway inhibitor, is of importance. In contrast, arterial thrombosis, responsible for acute MI, ischemic stroke, and peripheral vascular occlusive disease, occurs at the site
of vessel wall injury on a template of activated endothelial cells, monocytes (tissue factor bearing cells),
and platelet aggregates.87 This environment is minimally influenced by small decreases in either the level
or functionality of the vascular surface anticoagulant
system. The only exception may be among young individuals in whom a primary thrombotic event is more
likely to occur than in an older person in whom
chronic atherosclerotic disease and its risk factors are
primarily operative. For example, arterial thrombosis is
present in 70% of patients ⬍40 years old who experience sudden cardiac death, as compared with an incidence of ⱕ30% among patients ⬎70 years.88 It has
also been shown that patients without flow-limiting
stenosis after MI have increased frequencies of thrombophilic mutations.96
In our meta-analysis, patients ⬍55 years old were at
greater risk for arterial events than older individuals.
The association between the mutations and MI, ischemic stroke, or peripheral vascular events might have
been even stronger had we restricted the analysis to
patients ⬍40 years old, thus excluding potentially confounding variables encountered with advanced age and
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Figure 1

Prevalence of factor V Leiden mutation in patients with ischemic
arterial events compared with control subjects. ORs are shown
with corresponding 95% CIs for individual studies and pooled
data. Two studies33,55 (Rosen/Longst) shared a common set of
control subjects but investigated different ischemic events—the
prevalence data of patients (but not control subjects) from the 2
studies were combined. In each of the 3 studies,34,39,77 2 ischemic
events were investigated with a single set of control subjects—the
prevalence data of the 2 event groups in each study were
combined.

permitting a more accurate risk estimate derived from
the inherited mutations themselves. Whether atherosclerosis, through localized compensatory mechanisms,
reduces the inherent risk imparted by the gene mutations of surface coagulation proteases is unknown. The
importance of age as a risk factor for thrombosis may
also dilute the effect of inherited thrombophilias on
the arterial circulatory system. APC resistance, recognized as the most common inherited cause for venous
thromboembolism, portends a particularly high risk for
patients ⬍70 years old.89 In addition, APC resistance
resulting from factor V Leiden mutation has been associated with stroke in pediatric populations.90
Several investigators have reported an association
between inherited thrombophilias and arterial thrombosis involving the coronary vasculature, cerebral vasculature, or both in women, particularly women who
smoke or take oral contraceptive agents.33,82,91 Similarly, we found a greater risk for arterial events among
women than men with either factor V Leiden or PT
G20210A mutation. These observations support an important genetic-environmental factor interaction and
suggest that tobacco and estrogen92 exert their pro-
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Figure 2

Prevalence of prothrombin G20210A mutation in patients with
ischemic arterial events compared to controls. ORs are shown with
corresponding 95% CIs for individual studies and pooled data.
Two studies36,55 (Rosen/Longst) shared a common set of control
subjects but investigated different ischemic events—the prevalence
data of patients (but not control subjects) from the 2 studies were
combined. In each of the 2 studies,30,52 2 ischemic events were
investigated with a single set of control subjects—the prevalence
data of the 2 event groups in each study were combined.

Figure 3

Prevalence of MTHFR CC3 TT mutation in patients with ischemic
(arterial) events compared with control subjects. ORs are shown
with corresponding 95% CIs for individual studies and pooled
data.
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thrombotic effects on endothelial cells, platelets,
and/or tissue factor-bearing cells.93
The relatively modest association between MTHFR
C677T mutation and arterial events comes as somewhat of a surprise because of the recognized detrimental and prothrombotic effects of homocysteine on endothelial cells (reducing nitric oxide and prostacyclin
synthesis and activity, while concomitantly increasing
tissue factor expression).94 However, our findings are
consistent with prior observations and closely approximate the result of a similar meta-analysis97 when the
geographic origins of subjects are taken into account.
It seems likely that concomitant enzyme defects in homocysteine metabolism, plasma homocysteine levels
(phenotypic expression, nutritional deficiencies, coexisting disease states), and acquired thrombophilic
factors (oral contraceptives, pregnancy, trauma) dominate the overall clinical risk profile.

Study limitations
Several potential limitations of our study are similar
to those often cited for meta-analyses. First, it is important to acknowledge heterogeneity within patient demographics and study designs. Second, the calculated
OR does not reflect the sole risk estimate of a mutation and includes risk contributions from concomitant
(and more traditional) cardiovascular risk factors.
Third, the population with PVD was underrepresented
because of the lack of published studies meeting our
rigorous inclusion criteria. Fourth, significant potential
for publication bias exists because letters, abstracts,
presentations, and other non-full length articles were
not considered.

Conclusions
The association between genetic mutations specific
to factor V, prothrombin, and homocysteine metabolism and acute arterial thrombosis is modest. Routine
screening for factor V Leiden, prothrombin G20210A,
and/or MTHFR C677T mutations among patients with
MI, ischemic stroke, or peripheral vascular occlusion is
probably not warranted. When performed, it should be
restricted to patients ⬍55 years old, particularly in the
absence of traditional atherosclerosis risk factors,
women receiving oral contraceptives or hormone replacement therapy, patients with early saphenous vein
graft occlusion,95 or when paradoxical embolism is
strongly suspected.
Anticoagulant rather than platelet-directed therapy
may be preferable in patients with factor V Leiden,
prothrombin G20210A, or MTHFR C677T mutations
who are experiencing acute arterial events; however,
further investigation is needed.
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