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Background: The purpose of this study is to evaluate the existence of the genetic mu-

tation in the different types of cerebral and spinal strokes in previously healthy

young adults. Methods: We performed a retrospective study of the medical records

of 35 young adults who presented to our institution with the diagnosis of acute ce-

rebrovascular insult. We defined the localization of their stroke, specified their risk

factors, defined their genetic mutation, and correlated these variables to assess their

significance in the predisposition of stroke in the young. Results: We found that the

MTHFR and Factor V gene mutations are the most likely mutations to be associated

with cerebral strokes in young adults. Spinal strokes are also associated with beta

fibrinogen, factor XIII, and prothrombin II mutations. We did not find that a homo-

zygous genemutation ismore thrombogenic than its heterozygous component.Con-

clusions: We concluded that the major etiologies for stroke in young adults were

multiple gene mutations rather than systemic illnesses. We found out that mutation

of the MTHFR gene in isolation or in combination with other gene mutations is the

most important risk factor for stroke in the young. Key Words: Young—stroke—

hypercoagulable state—MTHFR—Factor V.

� 2014 by National Stroke Association
Introduction

Stroke in young adults is not a rare disease. Multiple

studies associate cerebral stroke with gene mutations.1-11

The cerebrovascular pathology seems to be directly

related to the gene mutation rather than systemic

illnesses or contributory risk factors. The genetic

mutations associated with strokes are multiple and

work in combination rather than as isolated genes.

Studies tend to associate some genes with certain types

of strokes being arterial, venous, single or multiple,

cerebral, or spinal. It is important to recognize the

presence of genetic mutations in strokes in young adults

to initiate early aggressive anticoagulation, to counsel

patients on the risk of strokes, to advise on additional
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contributory risks, to relate the prognosis, and to screen

predisposed relatives of patients.
Material and Methods

We reviewed retrospectively the medical files of 35 pa-

tients who presented with the clinical picture of cerebral

or spinal stroke to our institution over the last 2 years. Pa-

tients’ age ranged between 16 and 50 years. Seventy

percent were more than 30 years of age. Sixty percent

were males and 40% were females. Less than10 % of the

patients had mild hypertension, dyslipidemia, or new

onset diabetes mellitus. These diseases occurred in the

same group of patients, and they were recently diagnosed

and adequately controlled. None of the patients had sys-

temic conditions that predisposed them to stroke such as

polycythemia rubra vera, connective tissue disorder, ma-

lignancy, antiphospholipid syndrome, valvular heart dis-

ease, atrial fibrillation, or carotid stenosis. One patient

was suspected to have Sjogren syndrome, and 1 patient

was on oral contraceptive drugs for a limited period.

All the patients underwent a transthoracic echocardiogra-

phy, and none of them had a patent foramen ovale.

All patients underwent magnetic resonance imaging

(MRI) and magnetic resonance angiography of cerebral
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and carotid arteries.Magnetic resonance venographyof the

brain orMRI of the spine was performed in patients where

the clinical presentation required these studies. The blood

studies requested included routine hematology, chemistry,

and serology studies. Antinuclear antibody (ANA), peri-

nuclear anti-neutrophil cytoplasmic antibody (p-ANCA),

cytoplasmic anti-neutrophil cytoplasmic antibody

(c-ANCA), anticardiolipin antibodies, erythrocyte sedi-

mentation rate (ESR), homocysteine level, and the panel

of hypercoagulable studies were done. The complete bat-

tery of genetic analysis, that is, Methylenetetrahydrofolate

reductase (MTHFR) (C677T), MTHFR (A1298C), Factor V

Leiden (G1691A), Factor V (H1299R), Factor II (G20210A),

Factor XIII, V34L, alpha fibrinogen 455G.A, beta fibrin-

ogen, PAI-1: 4G/5G (plasminogen activator inhibitor),

HPA1 a/b (platelet receptor), ACE I/D (angiotensin con-

verting enzyme), were all analyzed. We compared the

different genetic abnormalities to the different clinical pre-

sentations, pathologicfindings in the blood studies, and the

radiographic studies performed. Statistical analysis was

performed to correlate the genetic mutations, single or in

combination, with the other abnormal studies and with

the location of the stroke (Table 1).

Statistical Analysis

Chi-square tests were used in the analyses to compare

the distribution of gene mutations between the 4 types

of lesions (cerebral arterial, cerebral venous, spinal, and

small vessel disease) and within the whole sample. The

proportion of MTHFR gene mutations (MTHFR A1298C

and MTHFR C677T) and Factor V gene mutations to the

total number of gene mutations were compared across

the 4 lesion types. A 4-sample test for equality of propor-

tions was calculated on the different stroke types. Fisher

test for count data was used because of the small values

in some of the cells (,5).

Results

Clinical, laboratory, and radiographic data from 35 pa-

tients younger than 50 years of age who presented with

acute cerebral or spinal stroke were analyzed. All patients

had normal routine hematology and chemistry studies,

negative ANA, p-ANCA, c-ANCA, anticardiolipin anti-

bodies, ESR, and c-reative protein. One patient had posi-

tive lupus anticoagulation factor, and another patient had

slightly elevated homocysteine level. Electrocardiogram

and echocardiogram were normal in all patients except

septal hypertrophy in 1 hypertensive patient and congen-

ital hypertrophic cardiomyopathy in another patient.

Fifty-two percent of the patients had anterior circula-

tion cerebral arterial strokes, of which 60% were single

large strokes and 40% multiple hemispheric strokes.

Twenty-six percent had cerebral venous sinus throm-

bosis, 11% had posterior circulation arterial strokes, and

11% had spinal artery occlusion.
Most patients expressedmultiple genemutations, only a

minority had an isolated mutation. Ninety-four percent of

patients had an MTHFR mutation, of which 47% had

MTHFR A1298C mutation and 53% had MTHFR C677T

mutation, only 3 patients (9%) had both mutations simul-

taneously. TheMTHFRgenemutation is themost common

pathology in all the patients with strokes occurring in all

cases of spinal strokes, in 81% of patients with cerebral

arterial strokes, and in 77%ofpatientswithvenous strokes.

The difference in MTHFR mutation between the lesion

types was, however, not statistically significant (P 5 .54).

Forty-nine percent of the patients had the Factor Vmuta-

tion, of which 63% had the Factor V Leiden G1691A

mutation and 37% had the Factor V H2199R mutation.

TheproportionofFactorVmutationsoccurred in50%ofpa-

tients with arterial infarcts, 45% in patients with venous ce-

rebral infarcts, and 50% in patients with spinal infarcts. The

difference is, however, not statistically significant (P5 .39).

Thirty-two percent had the ACE mutation, 34% the

PAI-1 mutation, 23% the Factor XIII mutation, 17% the

alpha fibrinogen mutation, 8.6% the prothrombin

G20210A mutation, and 7.5% the beta fibrinogen muta-

tion. All except 1 patient had either the MTHFR or the

Factor V mutation abnormality.

The beta fibrinogen mutations were found only in pa-

tients with spinal cord and not cerebral strokes. Alpha

fibrinogen abnormalities were restricted to cerebral arte-

rial strokes and occurred in 27% of patients. Patients

with venous strokes did not express either the alpha or

the beta fibrinogen mutations.

Factor XIII gene mutations predominated in spinal

strokes (75%), and was found only in 18% of patients

with arterial cerebral strokes and was absent in patients

with venous thrombosis. The PAI-1 gene mutation was

present in 50% of patients with arterial strokes, 22% in

patients with venous strokes, and only in 1 patient with

spinal stroke.

Prothrombin II gene mutation is rare, occurring in only

1 patient with spinal infarction, 3 patients with cerebral

arterial infarcts, but lacking in patients with venous in-

farcts. The ACE mutation predominated in cerebral arte-

rial infarcts (36% of patients), and was rarely expressed in

venous thrombosis or spinal infract.

An analysis was carried out to investigate whether all

gene mutations contribute equally to development of

stroke. A chi-square test comparing all gene mutations

revealed a significant difference in the number of muta-

tions present in the sample (P 5 .001), with the higher

contributor being the MTHFR, which represents 30% of

the total mutations.

There is no significant difference in the number of

patients with at least 1 homozygous gene (n 5 19)

and the number of patients with only heterozygous

genes (n 5 16; P 5 .61). The occurrence of a homogenous

mutation in any gene was 55%, whereas 45% were heter-

ogonous, suggesting that both homogenous and



Table 1. Hypercoagulable profiles and lesion position in study group

Sex Age

MTHFR

A1298C

MTHFR

C677t

Factor V

Leiden

Factor V

H1299R

PAI-1 4G/

5G

Alpha

fib ACE I/D

Factor II

G20210A

Beta

fib

Factor

XIII Lesion

M 18 Ht Ht Ht Ho Sp

M 51 Ho Sp

F 38 Ht Ht Ht Ht Ht Sp

M 43 Ht Ht Ht Ht Ht Sp

F 22 Ht Ho Ht V

M 16 Ht Ht V

M 31 Ht V

F 21 Ho Ht Ht Ho V

M 22 Ht V

F 20 Ho V

M 20 Ho Ht V

M 29 Ht Ht Ht V

M 19 Ht V

M 51 Ht Ht A

F 40 Ho A

M 58 Ho Ht Ht A

F 45 Ho Ht A

M 46 Ho Ht Ht Ht A

F 30 Ho Ht Ht Ht A

M 55 Ht Ho A

F 40 Ho Ht Ht A

F 42 Ho Ht Ht Ht A

F 50 Ht Ht Ht A

M 34 Ht Ht Ht A

M 45 Ht Ht Ht Ht Sv

M 50 Ht Ht Ht Sv

M 27 Ho Ht Sv

F 32 Ho Ht Sv

M 43 Ht Ht Ht Ho Sv

M 42 Ht Ht Ht Ht Ht Sv

M 47 Ht Ho Sv

M 31 Ht Sv

M 33 Ho Ht Ho Ht Sv

F 45 Ht Ht Sv

M 50 Ho Ht Ht Ht Sv

Abbreviations: A, arterial; ACE, angiotensin converting enzyme; alpha fib, alpha fibrinogen; beta fib, beta fibrinogen; F, female; Ho, homog-

enous; Ht, heterogeneous; M, male; PAI, plasminogen activator inhibitor; Sp, spinal; Sv, small vessel; V, venous.

A.A. ARAJI ET AL.2556
heterogeneous mutations are equally important as risk

factors for cerebrovascular disease in young adults.

Eighty percent of the patients had multiple mutations

ranging from 2 to 5 mutations, and 20% had 1 mutation.

The gene mutation in patients with isolated gene pathol-

ogy was either homozygous or heterozygous with no

predominance.
Discussion

The value of this review is that it studied patients

younger than 50 years of age, who presented with an

acute stroke, who had no systemic conditions or risk

factors, and who had abnormal gene mutations. Further-

more, all the patients underwent extensive investigation

of their medical condition, hypercoagulable profile, and
gene mutation panel .The results reveal that the MTHFR

gene mutation has the highest risk value for stroke in

the study population (P 5 .001). The risk of thrombosis

is irrespective of the type of MTHFR mutation (A1298C

or MTHFR C677T). Homogeneity of the gene or the pres-

ence of both mutations does not change the risk of stroke

in comparison with isolated MTHFR mutation alone. The

importance of this mutation in predisposing patients to

stroke has been further emphasized in a large-scale

meta-analysis of genetic studies in ischemic strokes.2,5

The studies in the literature and our review confirmed

that this mutation predisposes to arterial and venous

strokes.2,3,7

The next common genemutation associated with stroke

in the young is the Factor V gene mutation. Around half

of the patients in our study who presented with this



Table 2. Most likely pathologies associated with each gene

mutation

Gene Pathology

MTHFR Cerebral arterial strokes,

cerebral venous thrombosis

Factor V Cerebral arterial strokes,

cerebral venous thrombosis

ACE Cerebral arterial strokes

PAI-1 Cerebral arterial strokes

Factor XIII Spinal cord infarction

Beta fibrinogen Spinal cord infarction

Prothrombin II Spinal cord infarction

Abbreviations: ACE, angiotensin converting enzyme; PAI, plas-

minogen activator inhibitor.
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stroke had a mutation of this gene. The Factor V Leiden

G1691A allele seems to be more thrombogenic than its

counterpart H1299R. Two thirds of our patients had the

former allele mutation. The Factor V gene mutation is

associated with arterial and venous thrombosis in our

study as well as in other reports.2,3,5,6 However, because

most patients with Factor V mutation also had the

MTHFR gene mutation, we cannot assume that the

Factor V gene solely is associated with the stroke, but it

is the combination of MTHFR and Factor V gene

mutations, which are highly associated with cerebral

arterial and venous strokes in the adult population

(P 5 .001).2,4,5,12,13

Cerebral arterial strokes in young previously healthy

individuals seem to be associated with other rare muta-

tions such as the ACE and PAI-1 gene mutation. Around

one third of our patients had a mutation in 1 of these

genes. It is important to stress that these gene mutations

were always associated with other more frequent muta-

tions such as the MTHFR and Factor V mutations. Thus

the ACE and PAI-1 gene mutations cannot be established

as the primary cause of cerebral strokes but can be consid-

ered as contributory genetic risk factor for strokes in

young adults. These genes are associated primarily with

cerebral arterial thrombosis rather than with venous

thrombosis. This observation has been described previ-

ously in association with large artery carotid thrombosis

and intracranial arterial stroke.5,12

We found that Factor XIII gene mutation was highly

associated with spinal cord infarction in our study popu-

lation. Seventy-five percent of patients with spinal cord

infarctions had this mutation in comparison with 18% of

cerebral arterial infarctions. None of the patient with cere-

bral venous thrombosis had an abnormality in the Factor

XIII gene. This factor is rarely reported in the literature

and sometimes associated with cerebral hemorrhage.14,15

Other gene mutations associated with spinal cord

infarction in our study were the beta fibrinogen gene

mutation and the prothrombin II G20210A mutation.
These 2 gene mutations were independently associated

with spinal cord infarctions and rarely associated with

cerebral arterial thrombosis (8%) and were not present

in any of our patients with cerebral venous thrombosis.

The predisposition for these genes to be associated with

spinal strokes has been reported in case reports.1,16 The

absence of this gene mutation in cerebral strokes in the

young is also reported.8,17

Alpha fibrinogen mutation is rare and was found in

27% of cerebral arterial strokes in our population. This

mutation never occurred alone and is most probably an

additional risk for strokes in patients with other gene mu-

tations. It is worth mentioning that alpha and beta fibrin-

ogen were not associated with cerebral venous strokes. In

view of this finding, it seems from our study that cerebral

venous sinus thrombosis is associated primarily with

MTHFR and Factor V gene mutation. This observation

has been previously reported in the literature.3,5,7,11

Eighty percent of our patients expressed multiple gene

abnormalities in association with their strokes. Twenty

percent of the patients who had an isolated genemutation

had the MTHFR gene mutation. This observation con-

firms the concept that multiple gene polymorphism and

number of gene mutations increase the risk for stroke in

the young population .This concept is termed the gene

dose effect and emphasizes the fact that multiple genes

can lead to stroke in otherwise healthy individuals with

no other risk factors for strokes.5,6

All of our patients who had an isolated gene respon-

sible for their stroke had a mutation in the MTHFR

gene. Both MTHFR alleles (A1298C and C677T) were

equally responsible for these strokes irrespective of

whether they were homozygous or heterozygous. This

further raises the observation that the homozygosity of

the mutation does not favor the frequency or pathology

of the strokes. Fifty-five percent of our patients had homo-

zygous gene abnormality in 1 of their gene mutation, and

45% had multiple heterozygous gene mutation with no

homozygous mutations (P 5 .61).

It is without any doubt that genetic mutations are asso-

ciated with stroke in healthy young adults. The literature

describes many gene mutations in different combinations

and different types of strokes, but fails to associate the

type of gene mutation with a specific stroke category.

Studies in the literature are sometimes confusing and con-

tradictory in associating gene mutations with arterial or

venous strokes.2,5,6,11,13,17 Nevertheless, we conclude

from our study and a review of the literature that gene

mutations increase the risk of strokes when present in

multiplicity. Most strokes are arterial and associated

predominantly with the MTHFR and Factor V gene

mutations. These mutations are also the predominant

abnormalities in cerebral venous sinus thrombosis and

spinal artery thrombosis. Spinal strokes, but not venous

thrombosis, are also associated with beta fibrinogen,

Factor XIII, and prothrombin II mutations (Table 2).
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