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Abstract
The Factor V Leiden mutation is associated with ischemic stroke in children, but not in adults.
Whether it is associated with ischemic stroke in young adults, however, is uncertain. To address
this issue, we performed a meta-analysis of 18 case-control studies of ischemic stroke in adults ≤
50 years of age published before June 2009. Across all studies, Factor V Leiden was detected in
154 of 2,045 cases (7.5%) and 217 of 5,307 controls (4.1%), yielding a fixed effect odds ratio of
2.00 (95% CI: 1.59–2.51). However, further analyses revealed substantial heterogeneity among
these studies (p=0.005 for Q-test of heterogeneity). Hypothesizing that this heterogeneity could be
related to differences among studies in case selection criteria, we stratified the meta-analysis into
studies for which case samples were enriched or not enriched to include cases having an increased
likelihood of prothrombotic genetic involvement (“selected” ischemic stroke studies, n = 9) and
those that recruited cases from consecutive neurology referrals or hospitalizations (“unselected”
ischemic stroke studies, n = 8). Among the nine “selected” ischemic stroke studies, Factor V
Leiden was more strongly associated with stroke [OR = 2.73 (95% CI: 1.98–3.75)], whereas
among the eight “unselected” ischemic stroke studies, the association between Factor V Leiden
and stroke was substantially weaker [OR=1.40 (95% CI: 0.998–1.95)]. This difference was found
to be statistically significant (p = 0.003 for Woolf’s test for heterogeneity). We conclude that
Factor V Leiden is associated with ischemic stroke in young adults, particularly in patient
populations where there is an increased clinical suspicion of prothrombotic state.
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INTRODUCTION
Because the majority of strokes occur in individuals over the age of 65, genetic association
studies of ischemic stroke have tended to focus on the elderly. Nevertheless, 5–10% of
strokes occur in individuals under the age of 45 [1]. Given the high prevalence of strokes in
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the general population, this translates into a significant number of young adult stroke
patients. Clinical outcomes typically differ between early- and mature-onset strokes, and the
etiologies may also differ by age of onset, including a more prominent role for genetic
factors in early-onset compared to mature-onset disease [2]. A number of candidate genes
have been investigated as potential risk factors for ischemic stroke in young adults. Of these,
one of the most thoroughly studied polymorphisms is Factor V Leiden.

Factor V Leiden is the most common prothrombotic genetic predisposition. It is present in
5.2% of Caucasian Americans and 1.2% of African Americans, though it is more common in
certain European populations and is least common in East Asian, African, and indigenous
Australian populations [3]. Figure 1 illustrates the role that Factor V plays in the coagulation
cascade. The Factor V Leiden mutation is characterized by a substitution of glutamine for
arginine at position 506, which prevents Factor V from being inactivated by activated
protein C, thereby leading to a state of hypercoagulability [4].

Across multiple studies, Factor V Leiden has been associated with venous
thromboembolism in adults and with ischemic stroke in children [5,6], though it is not
associated with ischemic stroke in the general adult population [7]. However, studies of
Factor V Leiden and ischemic stroke in young adults are equivocal; many are based on
relatively small sample sizes, limiting their ability to consistently detect associations of
modest effect. Here, we report a systematic review and meta-analysis of association studies
of Factor V Leiden and ischemic stroke in young adults.

METHODS
Using the keywords Factor V Leiden, ischemic stroke, and young adults, we searched
PubMed and MEDLINE databases for case-control studies of ischemic stroke in adults ≤ 50
years of age published before June 2009. Any identified articles were then hand-searched for
references to additional relevant studies. Studies were included in the meta-analysis if: (1)
neuroimaging was used to confirm clinical diagnoses of ischemic stroke; (2) controls were
derived from the same population as cases; (3) Factor V genotypes were available for all
participants; (4) the numbers of cases and controls with and without the Factor V Leiden
were provided in the article; and (5) the study included only cases with first stroke less than
50 years of age, or the number of cases in this age group with and without Factor V Leiden
could be clearly obtained from the study [8]. Studies that used activated protein C resistance
as a surrogate marker for Factor V Leiden or selected only for patients with patent foramen
ovale were excluded. We did not include unpublished data in this review.

Data-analysis was performed using Comprehensive Meta-Analysis version 2.0 by Biostat
(http://www.meta-analysis.com). For each study, Factor V Leiden carrier frequencies and
sample sizes for both case and control populations were extracted, and crude odds ratios
were calculated. A pooled odds ratio was calculated under both fixed-effects and random-
effects models. The random-effects model generally has less power than the fixed effect
model since it allows for the true effect to differ across studies. It gives more weight to
smaller studies and less weight to larger studies than does a fixed-effects model and
produces a larger confidence interval. The calculation for the fixed-effects model was
repeated with each of the studies individually removed from the analysis to confirm that no
single study was principally responsible for the findings. This option was not available for
the random-effects model. Between-study heterogeneity was assessed using the Q-test,
which is based on comparing the estimated study-specific treatment effects to the estimated
overall treatment effect. We additionally computed the I2 statistic, which describes the
proportion of variation across studies due to heterogeneity rather than due to chance [9].
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In addition, we performed a second meta-analysis that stratified studies into those for which
the case set was enriched with individuals whose stroke was likely to be related to a
prothrombotic genetic condition (‘selected’ ischemic stroke studies) and those for which
cases that recruited cases from consecutive neurology referrals or hospitalizations
(‘unselected’ ischemic stroke studies). Among the 18 studies included in the meta-analysis,
9 were considered “selected” studies [10–18], and 8 were considered ‘unselected’ studies
[20–27]; one study was not included in either category because half of the cases were
referred for thrombophilic work-up and the other half were consecutive hospital admissions
[19]. The ‘selected’ studies included two studies that included only cases explicitly defined
as having cryptogenic ischemic stroke [10,11], two studies that included only cases
suggestive of having cryptogenic stroke (e.g. absence of a cardioembolic source or other
conventional risk factors) [12–13], and five studies that recruited cases from a subset of
patients referred for thrombophilic work-up [14–18]. A Woolf’s test for heterogeneity was
used to compare the odds ratio for the pooled set of “selected” studies to that of the pooled
set of “unselected” studies.

RESULTS
Eighteen studies matched our selection criteria and were included in the meta-analysis Table
1 shows the demographic characteristics of the studies included in the meta-analysis. The
results of our preliminary meta-analysis are shown in Figure 2. One study included two
pediatric stroke cases that could not be separated from the rest of the study sample, though
Factor V Leiden was not significantly associated with stroke in this study [19]. The studies
were conducted in several European countries, the United States, Brazil, and India, and the
majority of participants were of Caucasian ancestry. In thirteen of these studies, the reported
odds ratio for Factor V Leiden and ischemic stroke was greater than one, and in five of these
the odds ratio was significantly greater than one (p<0.05). Across all studies combined,
Factor V Leiden was detected in 154 of 2,045 cases (7.5%) and 217 of 5,307 controls
(4.1%), yielding a pooled odds ratio of 2.00 (95% CI: 1.59–2.51) under a fixed-effects
model and 1.89 (95% CI: 1.31–2.72) under a random-effects model. Repeating the fixed
effects meta-analysis with each of the studies individually removed did not significantly
alter the calculated odds ratio (data not shown). To assess publication bias, we created a
funnel plot of all the studies used in the meta-analysis (Figure 3), which conformed to the
expected shape of the curve and demonstrated overall left-right symmetry [28].

Significant evidence for between-study heterogeneity was detected in our meta-analysis (p =
0.005 for Q-test of heterogeneity, I2 = 52%). Hypothesizing that this heterogeneity was due
to differences in case selection criteria among the studies, we analyzed the nine “selected”
and eight “unselected” studies separately. Among “selected” ischemic stroke studies, Factor
V Leiden demonstrated a stronger association than in the original meta-analysis [OR = 2.73
(95% CI: 1.98–3.75) under a fixed-effects model and OR = 2.54 (95% CI: 1.45–4.46) under
a random-effects model], whereas “unselected” ischemic stroke studies demonstrated a
weaker, non-significant association [OR = 1.40 (95% CI: 0.998–1.95) under a fixed-effects
model and OR = 1.38 (95% CI: 0.95–2.01) under a random-effects model]. The difference
between these odds ratios was statistically significant (p = 0.003 for Woolf’s test for
heterogeneity). Moreover, between-study heterogeneity was reduced in “unselected”
ischemic stroke studies (p = 0.318 for Q-test of heterogeneity, I2 = 14%) and increased in
“selected” ischemic stroke studies (p = 0.014 for Q-test of heterogeneity, I2 = 58%).

DISCUSSION
In this meta-analysis, Factor V Leiden demonstrated a significant association with ischemic
stroke in young adults. Repeat meta-analyses showed that the results were not skewed by
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any single study. Left-right symmetry in the funnel plot indicates that studies with large and
small effect sizes were equally represented in the literature, and concordance with the
expected shape of the curve shows that, as expected, larger studies had odds ratios closer to
the overall odds ratio than smaller studies. These observations argue against the presence of
publication bias. However, there was strong statistical evidence for between-study
heterogeneity, suggesting that the association between Factor V Leiden and ischemic stroke
differed across populations. Stratification of the studies by case selection criteria supported
this conclusion. The magnitude of the association between Factor V Leiden and ischemic
stroke in young adults was elevated in “selected” ischemic stroke studies and was
diminished to a non-significant level in “unselected” ischemic stroke studies. This difference
was found to be statistically significant, and the fact that heterogeneity was also increased in
“selected” ischemic stroke studies and reduced in “unselected” ischemic stroke studies
further supports the hypothesis that differences in study design are likely responsible for the
heterogeneity observed in the initial meta-analysis.

To date, one previous meta-analysis of Factor V Leiden and ischemic stroke in young adults
has been published [7]. In that study, the odds ratio for Factor V Leiden was 1.37 (95% CI:
0.96–1.97). This is consistent with the odds ratio that we calculated for “unselected”
ischemic stroke studies, but it is notably smaller than the odds ratio for all ischemic stroke
studies in our meta-analysis. The previous meta-analysis was based on seven independent
studies, all of which were included in our meta-analysis [13,15,16,17,21,22,27].
Interestingly, of these seven studies, four were defined as “selected” ischemic stroke studies
in our stratified meta-analysis [13,15–17]. Thus, despite being somewhat enriched for
genetic susceptibility, the previous meta-analysis detected less of an effect than ours did.

We conclude that Factor V Leiden is associated with ischemic stroke in young adults, but
that this association is predominantly seen in patients who are referred for thrombophilic
work-up. Unfortunately, none of the ‘selected’ studies included in our meta-analysis
reported their clinical criteria for patient referral. If patients were referred for thrombophilic
evaluation only if they had a personal history of deep venous thrombosis, then the observed
association between Factor V Leiden and ischemic stroke is perhaps explained by the fact
that Factor V Leiden is known to be a significant risk factor for deep venous thrombosis. On
the other hand, if patients were considered to be at risk for a prothrombotic condition solely
by virtue of having had an early-onset ischemic stroke, then the study would effectively be
an “unselected” study. In reality, the different ‘selected’ study populations were likely
“enriched” to varying degrees, as evidenced by the between-study heterogeneity in this
group.

Our findings do not support the conclusion that Factor V Leiden is a risk factor for ischemic
stroke in “unselected” populations of young adults. In fact, the odds ratio for unselected
ischemic stroke studies may have been driven by the cryptogenic stroke patients in those
groups. Had the studies been limited to strokes of known etiology, the association between
Factor V Leiden and ischemic stroke in young adults would probably have been even less.

In addition to systematic differences in patient populations, there are other potential sources
of confounding in this meta-analysis [29,30]. Although the vast majority of studies were
conducted in European populations, racial homogeneity does not always guarantee genetic
homogeneity. This is exemplified by the fact that the prevalence of Factor V Leiden is
known to vary across different European countries. Therefore, admixture cannot be ruled out
as a confounding factor. Furthermore, if a disease-causing allele is more frequent in one
population than in another, it will be easier to detect an association in that population,
especially with a limited sample size. For example, one study of ischemic stroke in young
Chinese adults had to be excluded because Factor V Leiden was not detected in any of the
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cases or controls [31]. Another potential source of confounding is survival bias. If a disease-
causing allele produces significant mortality, especially in the short term, case-control
association studies may underestimate its effect because some cases will have died before
they can be included in a study. Finally, linkage disequilibrium could potentially cause a
spurious association between Factor V Leiden and ischemic stroke in young adults. This is
unlikely, however, given that Factor V is a candidate gene known to be involved in clot
formation, Factor V Leiden has been implicated in other forms of thrombosis, and a positive
association between Factor V Leiden and ischemic stroke in young adults was identified in
multiple populations.

It should be noted that Factor V Leiden has been more strongly associated with venous
thromboembolic events – namely pulmonary emboli (PE) and deep venous thromboses
(DVT) – than with arterial ischemic stroke. For this reason, an important potential
mechanism for the association of Factor V Leiden with ischemic stroke is a paradoxical
venous-to-arterial embolus via a patent foramen ovale (PFO). We specifically excluded
studies that considered only stroke patients with PFO, and among the studies included in our
meta-analyses, the absence or presence of a PFO was not consistently reported.
Nevertheless, paradoxical embolism may have played a significant role in the pathogenesis
of cryptogenic strokes occurring in those studies. A recent meta-analysis of studies
examining the association between Factor V Leiden and PFO-positive stroke found a trend
towards a positive association, though it did not meet the threshold for significance [32].

All of the studies included in this meta-analysis were case-control association studies.
Because stroke in young adults is a rare outcome with a potentially long latency period, the
case-control approach is an efficient design for studying genetic risk factors for early onset
stroke. While case-control studies can be prone to biases related to assessment of exposures,
this is an unlikely source of bias in our study because the exposure is genotype and cases
and controls were plated together for genotyping. However, unlike cohort studies in which
study subjects are enrolled prior to an event, case-control studies may be subject to survival
bias to the extent that cases characterized by high fatality rates following the event are less
likely to be included in the study sample. Thus, while cohort studies have certain advantages
over case-control studies, they are highly cost-prohibitive for the study of the genetics of
early onset stroke. As a result, the literature is largely restricted to case-control studies.

In conclusion, we report that Factor V Leiden is a risk factor for ischemic stroke in young
adults in selected patient populations. Meta-analysis is not a substitute for large studies
conducted in single, homogeneous populations, and further research is needed to confirm
these findings and characterize the nature of the association in greater detail.
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Figure 1.
Regulation of Factor V activity by thrombin and activated protein C. The extrinsic and
intrinsic coagulation pathways converge on the activation of Factor X. During the initial
phase of clot formation, Factor X catalyzes the conversion of prothrombin into thrombin at a
relatively low rate. Thrombin activates Factor V, which forms a complex with Factor X and
increases its prothrombinase activity by five orders of magnitude. Thrombin also activates
protein C, which degrades Factor V and provides balance to the coagulation system. In the
Factor V Leiden mutation, a single point mutation prevents the protein from being
inactivated by activated protein C. This leads to a state of hypercoagulability.
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Figure 2.
Meta-analysis of Factor V Leiden and ischemic stroke in young adults. For each study, the
number of individuals with Factor V Leiden and the total number of individuals are
indicated for both case and control populations. The odds ratio for each study is given by a
square, the size of which is proportional to the sample size, and a horizontal line denotes the
95% confidence interval. The pooled odds ratio for “selected” studies, “unselected” studies,
and all studies under a fixed effects model is represented by a diamond.
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Figure 3.
Funnel plot of studies included in meta-analysis of Factor V Leiden and ischemic stroke in
young adults. Each point on the graph represents an individual study in the meta-analysis.
The number beside each point corresponds to the reference number for that study. The
curved lines represent the expected distribution of studies, and the vertical line indicates the
log of the pooled odds ratio.
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Table 1

Demographic characteristics of studies included in meta-analysis

Study N Males/Females Ethnicity
Mean Age

(case/control)

Aznar et al. 2004 343 105/238 Caucasian <50

Biswas et al. 2009 240 NP Asian <40

de Paula Sabino et al. 2006 308 72/256 Caucasian 31/34

De Stefano et al. 1998 270 113/157 Caucasian 34/49

Grossman et al. 2002 279 138/141 Caucasian 36/33 (median)

Lopaciuk et al. 2001 338 207/131 Caucasian 38/33

Madonna et al. 2002 394 183/211 Caucasian 38/36

Margaglione et al. 1999 1238 545/693 Caucasian 39 (median, cases)

Martinelli et al. 2006 398 0/398 Caucasian 34/34

D'Amico et al. 1998 155 60/95 Caucasian 34/33

Longstreth et al. 1998 429 0/429 Caucasian / African-American 37/38

Nabavi et al. 1998 425 NP Caucasian 35/<45

Pezzini et al. 2005 321 169/152 Caucasian 35/35

Pongracz et al. 2006 451 NP Caucasian <50/<49

Rubattu et al. 2005 295 149/146 Caucasian <45

Slooter et al. 2005 960 0/906 Caucasian 39/40

Voetsch et al. 2000 378 161/217 Caucasian <45

Landi et al. 1996 285 NP Caucasian 33/<45

NP = not provided
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