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Abstract

Background: Stroke is a complex, pathologically heterogeneous disease, with varying rates of incidence and mortality worldwide. The
incidence of stroke in Iran is considerably greater than that in most western countries, which may be due to the genetic background.
Objectives: This is the first case-control study in an Iranian population to assess the association between stroke subtypes and APOE 2/3/4
genotype.
PatientsandMethods: APOE e4 genotypes were analyzed in 153 patients (age: 51.4± 13.7 years) with stroke and 153 healthy controls (age:
50.0 ± 12.2 years) matched for age and sex. Stroke subtypes were diagnosed by computed tomography scans and magnetic resonance
imaging. Moreover, control subjects were matched for some stroke risk factors. The APOE genotype was detected by a multiplex tetra-
primer amplification refractory mutation system (multiplex T-ARMS) polymerase chain reaction of exon 4. Data were coded and entered
in SPSS Windows (version 11.5).
Results: The APOE genotype distribution in stroke patients differed significantly from that in the healthy controls (P: 0.031). Moreover,
a strong association was observed between the hemorrhagic subtype and e2/e3 genotype (P = 0.001), with a moderate association with
male cases and controls (P = 0.04).
Conclusions: We report that e2/e3 genotype of APOE gene may play a role particularly in hemorrhagic stroke and male sex is associated
with this genotype. This difference may be a cause for the incidence of early stroke in patients in east-Iran.
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1. Background

Stroke is accepted as a complex, pathologically hetero-
geneous, multifactorial, and polygenic disease occurring
due to numerous gene-gene and gene-environment inter-
actions (1-5).

Geographically, there are varying rates of incidence
and mortality of stroke worldwide, including western
countries. However, according to the WHO data, the life-
time risk of stroke is one in six people (6, 7). Moreover, most
stroke deaths arise in developing countries such as Iran
(8-11). One of the first population-based studies on stroke
conducted in the middle east region of Iran (Mashhad) re-
ported that the incidence of stroke in Iran is considerably
greater than that in most Western countries; in particu-
lar, ischemic stroke occurs approximately a decade earlier
than that in other countries (11).

The major environmental risk factors of stroke are high
blood pressure (the primary cause), atherosclerosis, dia-

betes, obesity, and hyperlipidemia. However, several stud-
ies show that genetic determinants play an important role
in susceptibility to stroke (12, 13).

The excessive incidence of stroke in Iran may be due
to the genetic background. In addition, family history and
studies of twins propose a genetic component to be a risk
factor for the primary etiologic types of stroke, ischemic
stroke (IS) and hemorrhagic stroke (11, 14-18). Despite nu-
merous studies on the genetic risk factors (including a
candidate gene polymorphism case-control approach and
analysis of candidate genes and functional consequences)
of human stroke, there remains a lack of population-based
studies on gene polymorphisms in the developing coun-
tries, especially in Iran.

Apolipoprotein E gene (apoE for protein, APOE for
gene), including exon 4, is one of the most widely stud-
ied genes in stroke. Its protein product, apoE, is a 34 kDa
plasma glycoprotein primarily synthesized in the liver and
involved in lipid metabolism and transportation. APOE
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gene is also significantly expressed in the brain. This
gene is polymorphic with three common isoforms, E2
(Cys112/Cys158), E3 (Cys112/Arg158), and E4 (Arg112/Arg158),
encoded by the alleles 2, 3, and 4, respectively, giving rise
to six genotypes, with the genotype 3/3 occurring in about
one-half to two-thirds of people in most populations (19-
27). The levels of total cholesterol (TC) and LDL-cholesterol
in individuals who carried apoE 4 and 2 alleles are higher
than the levels in those with the 3 allele 28.

2. Objectives

This is the first study involving a large population sam-
ple in East-Iran to assess the association between all patho-
logical types of stroke with the APOE2/3/4 genotype. In ad-
dition, this study analyzes the cause for the incidence of
stroke in younger individuals in the genetic background
of East-Iran (Mashhad), which has not yet been evaluated.

3. Patients andMethods

3.1. Design of Study Population

The study population consisted of 153 stroke patients
(except cryptogenic strokes). Stroke is defined as rapidly
developing signs of focal or global disturbance of cerebral
function lasting 24 hours (unless interrupted by surgery or
death) with no apparent cause other than a vascular ori-
gin according to the world health organization MONICA
project (9, 11). We also recruited 153 age- and sex-matched
healthy controls from the local population sharing the
same environment. This case-control study was conducted
at the Ghaem hospital (the only neurology center in Mash-
had where a comprehensive neurology emergency care is
provided) (11).

Demographic and other stroke data, including age, sex,
hypertension, diabetes mellitus, and lipid profile, com-
prising low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), TC, and triglyc-
erides (TG), were collected with the help of Ghaem hospital
information system (HIS) software for stroke patients. The
study was approved by the ethics committee of Mashhad
University of Medical Sciences (MUMS).

In addition, every patient with stroke was examined by
an expert stroke neurologist to confirm the diagnosis. Neu-
roimaging was used to classify patients with a definite first-
ever stroke into IS and hemorrhage stroke (ICH and SAH)
groups. Subtyping into ischemic and hemorrhagic strokes
was performed by computed tomography (CT) scans and
magnetic resonance imaging (MRI).

A subject was classified as having arterial hyperten-
sion if diagnosed previously with hypertension or if the

systolic or diastolic blood pressure was 140 mm Hg or 90
mm Hg, respectively. Subjects were classified as having di-
abetes mellitus if they were already diagnosed with dia-
betes mellitus or if their fasting plasma glucose level was
≥ 7.0 mmol/L (126 mg/dL). Ischemic heart disease was es-
tablished on the basis of past medical history, review of
ECGs, and other relevant clinical information. Case ascer-
tainment was also performed on the basis of the study by
Azarpazhooh et.al. (11).

3.2. Genotyping

A total of 5 mL of venous blood was collected in an EDTA
tube, and DNA was extracted using the PrimePrep genomic
DNA isolation kit (catalog No. K-2000; Genet Bio). APOE
genotyping was performed according to the study by Yang
et al. (23). in a single reaction tube with six primers consist-
ing of two common primers and two specific primers for
each of two single nucleotide polymorphism (SNP) sites by
multiplex tetra-primer amplification refractory mutation
system (multiplex T-ARMS) polymerase chain reaction (23);
however, for the exact detection of this polymorphism, we
analyzed e2 and e4 SNPs by three primer ARMS and found
almost 10% possible misassignment of the genotype.

The reaction mixture (25µL/well) was then added, con-
taining 10 mmol/L Tris-HCl (pH 8.3), 2.0 mmol/L MgCl2, 10
mM dNTP mixture, 8% dimethyl sulfoxide (DMSO), 10 pmol
of each primer (APOE primers), 1 U Taq DNA polymerase
(Genetbio), and 0.1% Triton X-100 (Table 1). The cycling con-
ditions were denaturation at 95°C for 10 minutes, followed
by 40 cycles of denaturation at 95°C for 30 seconds, anneal-
ing at 63°C for 40 seconds, and extension at 72°C for 40
seconds, with a final extension step of 7 minutes at 72°C.
The PCR products were separated by 2% agarose gel elec-
trophoresis, stained with ethidium bromide, and viewed
under ultraviolet light (Figures 1, 2, and 3). The banding
patterns and primer sequencing are shown in Table 2, Ta-
ble 3, and Figure 4.

3.3. Statistical analysis

Data on qualitative characteristics are expressed as per-
cent values or absolute numbers as indicated, and quanti-
tative characteristics are expressed as means (SD). In addi-
tion, quantitative data were normalized using one-sample
Kolmogorov-Smirnov test. Comparisons between groups
were made using χ2 test or Fisher’s exact test (nominal
data) and student’s t-test or Mann-Whitney test (interval
data). A value of P = 0.05 was considered as statistically sig-
nificant. Analyses were adjusted for age, sex, and addition-
ally for some stroke risk factors (hypertension, diabetes,
DM, ischemic heart attack, LDL, HDL, triglycerides, and TC).
Hardy-Weinberg equilibrium was tested by theχ2 method.
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Table 1. Demographic Data and Risk Factor Profile in Stroke Patients and Their
Controlsz , a

Cases, n = 153 Controls, n = 154 P Value

Age 51.4 (13.7) 50.0 (12.2) 0.357b

Gender, No. 0.853c

Female 93 92

Male 60 62

Hypertension, No. 0.214c

Yes 72 23

No 81 38

IHD, No. 0.012c

Yes 28 3

No 125 58

Diabetesmellitus, % 39 (25.5) 41 (26.6) 0.821c

LDL 126.8 (34.6) 124.9 (31.8) 0.622b

HDL 40.8 (9.5) 41.6 (8.9) 0.431b

TG 139.6 (93.0) 144.1 (81.2) 0.658b

T-C 185.2 (46.0) 192.6 (39.3) 0.135b

zAbbreviations: SD, standard deviation; T-C, total cholesterol; TG, triglyceride.
aValues are expressed as mean (SD) unless otherwise indicated.
bStudent t-test.
cχ2 test.

Figure 1. (1 - 5) Bands are for a Multiplex Tetra-Primer Amplification Refractory Mu-
tation System (Multiplex T-ARMS) Polymerase Chain Reaction

Ladder 100 bp fermentase, agarose gel 3%, ethidium bromide staining.

Figure 2. Confirmation of 253 bp Band by Bidirectional Amplification Refractory
Mutation System (-ARMS) Polymerase Chain Reaction

Ladder 50 bp fermentase, agarose Gel 2%, ethidium bromide staining

Figure 3. Confirmation of 444 bp Band by Bidirectional Amplification Refractory
Mutation System (-ARMS) Polymerase Chain Reaction

Ladder 100 bp fermentase, agarose Gel 2%, ethidium bromide staining

FO                        FI                                        FII

RI                                            RII                                     RO

Figure 4. Location of Primer Schematically

The expected proportion was measured for each of the six
genotypes, including e2/e2, e2/e3, e2/e4, e3/e3, e3/e4, and
e4/e4, and the proportion for each allele, including e2, e3,
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Table 2. Multiplex T-ARMS PCR Primers (23)

Primers Sequences

Common outer primers (FO) 5-ACTGACCCCGGTGGCGGAGGA-3

Common outer primers (RO) 5-CAGGCGTATCTGCTGGGCCTGCTC-3

Inner primers at codon 112 (FI) 5-GGCGCGGACATGGAGGACGgGC-3

Inner primers at codon 112 (RI) 5-GCGGTACTGCACCAGGCGGCCtCA-3

Inner primers at codon 158 (FII) 5-CGATGCCGATGACCTGCAGAcGC-3

Inner primers at codon 158 (RII) 5-CCCGGCCTGGTACACTGCCAGtCA-3

Table 3. Multiplex T-ARMS PCR Product Size in a Single Reaction Tube

Alleles Pair of Primer Product Size, bp

E2

FO-RI 115

FO-RII 253

E3

FO-RI 115

FII-RO 307

E4

FI-RO 444

FII-RO 307

Control 514

and e4, was also measured, in cases and controls. The risk
of stroke was analyzed in terms of the subgroups and sex.
Data analysis was performed by SPSS software package (ver-
sion 11.5).

4. Results

Tables 4 and 5 show the distribution of apoE genotypes
and alleles according to sex and stroke subtypes, respec-
tively. The 153 stroke patients were grouped as follows:
ischemic 77 (50.3%), hemorrhagic 51 (33.3%), and other 25
(16.3%), including 60 (39.2%) males and 93 (60.8%) females.
The e2/e3/e4 polymorphism was selected due to the ma-
jority of polymorphisms being strongly linked in most of
the population studies. To clarify the influence of genetic
background on the risk of stroke, we also analyzed the
relationship among two primary etiologic subgroups of
stroke, sex, and age. A statistically significant difference
was observed between the case and control group. Based
on the APOE gene e2/e3/e4 polymorphism genotypes, an
association was observed between the genotypes of APOE
gene e2/e3polymorphism and all the stroke types. In ad-
dition, there was a strong association between the geno-

types of APOE gene e2/e3 genotype and hemorrhagic stroke
(P = 0.001). The association of APOE e2/e3 polymorphism
with age of male stroke patients was also analyzed as sep-
arate groups. The difference between genotype distribu-
tions was also statistically significant. In other words, we
found that the e2/e3 genotype was an independent risk fac-
tor for hemorrhagic stroke in males among the Persian
population.

5. Discussion

The present study has demonstrated serendipitous re-
sults. APOE e2/e3 polymorphism may play a role in Ira-
nian patients with stroke (east-Iran), a fact contradicted in
few previous studies, especially studies on western stroke
patients. Such contradictions may be due to undeter-
mined sample sizes, mistaken stroke classification, differ-
ent and no wide age ranges, inaccurate analysis of geno-
type (mistyping), or not matching the cases and controls
in terms of environmental risk factors. We believe that
there are several advantages in our study. First, accord-
ing to the statistical formula, we determined a sample size
that involved all the subtypes of stroke, and our sample
size is also one of the largest in this area. Second, we
diagnosed and classified stroke subjects by serial CT or
MRI findings; in addition, an expert stroke neurologist ex-
amined the patients for confirmation, case ascertainment
was performed according to the Mashhad stroke incidence
study (MSIS), and misclassification was prevented by not
using hospital discharge or death records. Third, we used
wider age ranges so as to assess the age-dependent associ-
ation with stroke. Fourth, we analyzed APOE e2/e3/e4 poly-
morphisms based on several laboratory studies [we used
ARMS for single SNPs to prevent errors arising from mul-
tiplex tetra-primer amplification refractory mutation sys-
tem (multiplex T-ARMS)]. Finally, we matched the cases and
controls in terms of common stroke risk factors such as di-
abetes mellitus, age, sex, and lipid profile.

Stroke, an abrupt onset of a focal neurological deficit
secondary to a vascular event lasting more than 24 hours,
is a heterogeneous complex disease. It is categorized as
either ischemic (caused by embolisms or thrombosis) or
hemorrhagic (caused primarily by spontaneous rupture of
a blood vessel or aneurysm).

Apolipoprotein E (Apo E) is a normal constituent of
plasma chylomicrons, very low-density lipoprotein (VLDL),
and HDL in humans (26). Liver is the major source of apoE;
is synthesized by the adrenal glands, the kidney, and mono-
cytes;and is also present in the cerebrospinal fluid (27-29).

The distribution of APOE e2/e3 genotype varies in male
and female patients and is approximately influenced by
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Table 4. ApoE GENOTYPE and Allele Frequencies in Patients With all Type of Stroke, Sex Group and Controlsa

Cases Controls P Value Male Cases Male Controls P Value Female Cases Female Controls P Value

Genotype distribution 0.031 0.040 0.590

Total 153 154 60 62 93 92

e2/e2 0 (0) 3 (1.9) 0 (0) 3 (4.8) 0 (0) 0 (0)

e3/e3 120 (78.4) 124 (80.5) 44 (73.3) 47 (75.8) 76 (81.7) 7 (83.7)

e4/e4 2 (1.3) 0 (0) 1 (1.7) 0 (0) 1 (1.1) 0 (0)

e2/e3 17 (11.1) 7 (4.5) 9 (15.0)) 2 (3.2) 8 (8.6) 5 (5.4)

e2/e4 0 (0) 1 (0.6) 0 (0) 1 (1.6) 0 (0) 0 (0)

e3/e4 14 (9.2) 19 (12.3) 6 (10) 9 (14.5) 8 (8.6) 10 (10.9)

Allele distribution 0.816 0.916 0.710

Total 306 308 120 124 186 184

e2 17 (5.6) 14 (4.5) 9 (7.5) 9 (7.3) 8 (4.3) 5 (2.7)

e3 271 (88.6) 274 (89.0) 103 (85.8) 105 (84.7) 168 (90.3) 169 (91.8)

e4 18 (5.9) 20 (6.5) 8 (6.7) 10 (8.1) 10 (5.4) 10 (5.4)

a Values are expressed as No. (%).

Table 5. ApoE Genotype and Allele Frequencies in Patients With Subtype of Stroke and in Their Controlsa

Ischemic Stroke Controls P Value Hemorrhagic Stroke Controls P Value Others Stroke Controls P Value

Genotype distribution 0.685 0.001 0.367

Total 77 154 51 154 25 154

e2/e2 0 (0) 3 (1.9) 0 (0) 3 (1.9) 0 (0) 3 (1.9)

e3/e3 62 (80.5) 124 (80.5) 39 (76.5) 124 (80.5) 19 (76.0) 124 (80.5)

e4/e4 0 (0) 0 (0) 1 (2.0) 0 (0) 1 (4.0) 0 (0)

e2/e3 6 (7.8) 7 (4.5) 10. (19.6) 7 (4.5) 1 (4.0) 7 (4.5)

e2/e4 0 (0) 1 (0.6) 0 (0) 1 (0.6) 0 (0) 1 (0.6)

e3/e4 9 (11.7) 19 (12.3) 1 (2.0) 19 (12.3) 4 (16.0) 19 (12.3)

Allele distribution 0.912 0.069 0.348

Total 154 308 102 308 50 308

e2 6 (3.9) 14 (4.5) 10 (9.8) 14 (4.5) 1 (2.0) 14 (4.5)

e3 139 (90.3) 274 (89.0) 89 (87.3) 274 (89.0) 43 (86.0) 274 (89.0)

e4 9 (5.8) 20 (6.5) 3 (2.9) 20 (6.5) 6 (12.0) 20 (6.5)

a Values are expressed as No. (%).

sex. A slightly significant statistical association is also ob-
served between e2/e3 genotypes in the male population
(P = 0.04). Moreover, this association is strong in hemor-
rhagic subtypes (P = 0.001).

In the present study, we confirmed the results of previ-
ously published studies in Japanese subjects, showing that
e2/e3 genotypes of APOE gene contribute to the risk of hem-
orrhagic stroke; however, the role of APOE polymorphism
in stroke is still being debated, particularly in this area.

Compared to another study, we found a lower percent-
age of e2/e3 in stroke patients, particularly hemorrhagic
stroke, although large-scale studies are needed to confirm
this finding in this population. We studied all the subtypes
of stroke in Iranian patients for the first time based on
other larger epidemiological studies such as the MSIS and
the study by Azarpazhooh et al. In fact, we are planning for

further studies with a large sample size, due to the genetic
background in Iran.

In conclusion, this study showed that the e2/e3 geno-
type of APOE gene may play a role in stroke, especially hem-
orrhagic stroke, with an association with male sex. This
is the first population-based, longitudinal study to assess
the association between genotype and stroke in the Ira-
nian population. Hence, this study is a novel pathway to-
ward understanding the pathways underlying this multi-
factorial complex disorder, particularly in the Persian pop-
ulation.

Footnote
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