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ABSTRACT: Stroke is the third cause of death worldwide. The present study aimed at determining serum estrogen
levels in postmenopausal women with ischemic stroke and compare with a control group admitted to Department of
Neurology in Kowsar Hospital of Semnan, Iran in 2017.In this analytic cross-sectional study, serum estrogen levels in
33 women with ischemic stroke (who were eligible to be included in the study) were compared with a control group
through the convenience sampling method. The demographic data were collected, and serum estrogen levels were
measured through the quantitative luminescence Immunoassay technique in both groups and, the degree of disability
was determined using the Modified Rankin Scale (MRS) in case group. In case and control group, the age of patients
was 74.48+13.44 (mean + SD) and 73.35+12.89 years respectively, and estrogen levels were 16.65+2.83 and
22.94+3.11 pg/dl respectively, with a significant difference (p=0.03). Hypertension was the most common risk factor
in case and control group (84.8% and 78.7%). In case group there was a significant relationship between the degree of
disability at discharge from the neurology ward and the degree of disability before undergoing stroke treatment
(p<0.001) and, there was no statistically significant relationship between serum estrogen levels and age, number of
risk factors, and disability at admission and at discharge. The results showed that serum estrogen levels in
postmenopausal women with ischemic stroke were significantly lower than control group and normal estrogen range

in healthy postmenopausal women.

INTRODACTION

Stroke refers to an acute nerve injury caused by impaired rupture of one of its feeding vessels [1]. Stroke is the most

blood supply to a part of brain tissue due to blockage or significant and prevalent chronic neurological disease in
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adults [2]. It is also the most common cause of physical
disability and the third cause of death worldwide, with over
795,000 cases of stroke reported annually in the United
States alone [3, 4]. In addition to high mortality, stroke
causes significant disabilities, in a way that 31% of these
patients need assistance for self-care and 20% for motor
problems. An annual 327 per 100,000 individuals suffer
from stroke in Iran, constituting the most common cause of
disability among Iranian adults[5, 6]. Ischemic stroke,
which occurs due to inadequate blood supply to the brain,
is the most common type of cerebrovascular accident [7-
11]. According to previous studies in Iran, the prevalence
of ischemic stroke varies from 23 to 103 per 100,000
people in different age ranges. This type of stroke occurs
mainly in the 7th decade of life [9]. In a study on 3,243
people over 15 years from 1995 to 2010, researchers found
that stroke was more prevalent in women with an average
75 years of age (menopause age) and that, contrary to men,
the incidence of stroke in women did not decrease during
this period [12]. Other evidence suggests that the risk of
cerebrovascular accidents increases in postmenopausal
women[13]; whereas, the incidence of cerebral stroke in
premenopausal women is lower than men in the same age
range [14]. A limited number of studies show that the
prevalence of cerebral stroke in women increases rapidly
after menopause following decrease in steroid hormone
levels in the bloodstream. To account for this, a theory has
been proposed to the effect that ovarian hormones seem to
protect women against the onset of ischemic stroke before
menopause [14]. The effects of estrogen on stroke have
been discussed for over a decade, but there is still no clear
evidence in this regard. A number of studies show that not
only the oral administration of exogenous estrogen (either
alone or in combination with progesterone) does not have a
preventative effect on this condition, but is a risk factor for
ischemic stroke in women over 50 years of age [15-17].
Meanwhile, a number of other studies have shown that
estrogen has a significant protective effect on various
regions of the brain, including cortex, hippocampus, and
striatum [18] preventing a range of degenerative

neurological  diseases, including ischemic  stroke,

Alzheimer and Parkinson diseases; however, such
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conclusions remain debatable [19-23]. Other studies have
suggested that steroid hormones have a significant
correlation with the risk of ischemic stroke, with little or no
relevance to hemorrhagic stroke[24]. Based on animal
studies and tissue models, diminished steroid hormones
increase the risk of brain damage [25-27]. Considering the
significance of  stroke-induced complications and
disabilities, the lack of adequate studies on sex hormone
levels in stroke, and the contradictory results in previous
studies, the present research aimed to evaluate serum
estrogen levels in postmenopausal women with ischemic

stroke and compare with a control group.
MATERIALS AND METHODS

This analytic cross-sectional study was conducted to
determine serum estrogen levels in postmenopausal women
with ischemic stroke, and compare with other women
admitted to Kowsar Hospital of Semnan's Department of
Neurology in 2017. The study was registered in the Ethics
Committee of the Semnan University of Medical Sciences
with the code IRSEMUS.REC.1395.114 on 09/13/2016 and
research project number is A-10-316-3 in the Semnan
University of Medical Sciences. Prior to initiating the study
and after coordination with the relevant authorities, patients
were informed about the objectives and methods of the
study, the confidentiality of their information, the right to
participate in or leave the study, and the non-imposition of
any costs or harms to them. Informed written consents were
subsequently obtained. The patients were selected through

the convenience sampling method.
Inclusion criteria

Women with ischemic stroke (based on history,
examination, neuroimaging findings, and the opinion of a
neurologist) as a case group, and women without ischemic
stroke as a control group hospitalized in Kowsar Hospital
of Semnan's Department of Neurology in 2017, and
exhibiting symptoms of menopause (i.e., 50-54 year-old
women with no menstruation for at least 12 months, or
women over 54 years of age with no menstruation in the

last 6 months).
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Exclusion criteria

1) Liver problem and cirrhosis; 2) renal failure; 3) hormone
therapy; 4) treatment with antiepileptic and estrogen-
interfering drugs such as rifampin, cimetidine, and
clarithromycin; 5) history of ischemic or hemorrhagic
stroke or any other neurological disease; 6) smoking; 7)
traumatic brain injury; and 8) body temperature of above
37.5°C.

From a total of 58 women with ischemic stroke admitted to
the hospital within one year from the study baseline, 25
were excluded and 33 were included in this research as a
case group according to history, physical examination,
neuroimaging findings, and the neurologist opinion and 33

other patients as a control group without ischemic or

hemorrhagic stroke in the same ward after matching

demographic characteristics. A researcher recorded
patients’ information in a checklist containing questions
about the characteristics of patients including age, history,
clinical examination, and related risk factors (heart disease,
diabetes, hypertension, atrial fibrillation, congestive heart
failure, and hyperlipidemia) by asking them and using their
files. The degree of ischemic stroke-induced disability of
each patient was determined using the MRS (modified
Rankin Scale), once on the first day of admission and then
at the time of discharge, by the same researcher. MRS is a
well-known measure for determining the degree of
disability or dependence of people due to stroke or other
neurological lesions; MRS is scored according to Table 1

[28].

Table 1. Modified Rankin Scale (MRS) Score

Patiant disability

MRS Score

No symptoms at all

No significant disability despite symptoms; able to carry out all usual duties and activities
Slight disability; unable to carry out all previous activities, but able to look after own affairs without assistance
Moderate disability; requiring some help, but able to walk without assistance
Moderately severe disability; unable to walk without assistance and unable to attend to own bodily needs without assistance

Severe disability; bedridden, incontinent and requiring constant nursing care and attention

Dead

o g B~ W N

After confirming the diagnosis of ischemic stroke by a
neurologist (in case group), and in order to measure
estrogen levels, 5 mL of blood was collected from the
cubital vein of patients in both groups in an EDTA
(Ethylene diamine tetra acetic acid)-containing tube by an
experienced nurse using a 20-G syringe during a maximum
of 72 hours after admission [29]. Blood samples were
labeled and immediately sent to the hospital’s central
laboratory, where they were centrifuged and their serum
was isolated by an experienced technician. The sera were
stored at -20 °C until sending to a specialized laboratory for
measuring the serum estrogen levels. The measurement was
performed by a pathologist using a quantitative
luminescence- Immulite2000 based device with a German
Siemens  kit.  After

made consulting  with  two
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endocrinologists and valid references [20], the normal
range of estrogen (estradiol) in healthy postmenopausal
women was assumed between 0 and 40 pg/dl; this range
was used in statistical analysis of the data. To remove any
interfering effect, the patients who had received estrogen-
interfering drugs in the last 48 hours were excluded. Blood
collection did not require certain conditions, such as
fasting. Patients whose blood could not have been taken
within the first 72 hours were excluded from the study. The
obtained data were analyzed through independent T-test
and Spearman correlation coefficient and Wilcoxon Signed
Ranks Test at the significance level of 0.05 using SPSS-16.
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RESULTS

in case group a total of 33 women of 74.48+13.44 years

(mean = SD) with an age range of 50-98 years, and in

control group a total of 33 women of 73.35+£12.89 years

with an age range of 51-95 years, were evaluated in this

study and there was no significant difference between two

groups in age (p > 0.05). The frequency distributions of the
type and number of risk factors are depicted in Tables 2.
The disability rate of patients in case group (MRS) at
admission to the department of neurology and at discharge
is shown in Table 3. Serum estrogen levels and the

difference between two groups is shown in Table 4.

Table 2. Type and number of risk factors in patients.

Types of risk factors

Case No. (%)

Control No. (%)

Number of risk factors ~ Case No. (%)  Control No. (%)

Cardiac Disease

Diabetes Mellitus

Hypertension

Atrial Fibrillation

Congestive Heart
Failure

Hyperlipidemia

8 (24.2)

11(333)

28 (84.8)

4(12.1)

1 (30)

7(21.2)

7(21.2)

12 (36.3)

26 (78.7)

2(6.1)

3(9.0)

10 (30.3)

0 39.1) 5(15.1)
1 10(30.3) 13(39.3)
2 14 (42.4) 12 (36.3)
3 3(9.1) 2(6.0)
4 3(9.1) 1(3.0)
Total 33(100) 33 (100)

Table 3. Frequency of disability (MRS) at admission and discharge of case group

At admission At discharge
MRS Score
No. % No. %
1 1 3 2 6.1
2 1 3 5 15.2
3 7 21.2 8 24.2
4 11 333 9 273
5 13 394 9 27.3
6 0 0 0 0
Total 33 100 33 100
Table 4. Serum estrogen levels in case and control group
Serum estrogen level ( pg/dl)
Group p-value
Min Max Mean + SD
Case 16 29 16.65 +2.83
0.03
Control 18 33 2294 +3.11
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As it is seen, serum estrogen level in case group is
significantly lower than control group (p=0.03). There was
also a significant difference between patients’ serum
estrogen levels and normal level (p=0.04) in case group. In
addition, no statistically significant relationship was found
between serum estrogen levels and age (p=0.38, p=0.21),
number of risk factors (p=0.88, p= 0.34), disability at
admission (p=0.77, p= 0.12), and disability at discharge
from the department of neurology (p=0.99, p= 0.45) in case
and control group respectively.

The results of this study showed a significant relationship
between patients age and disability at admission (R=0.501
and p=0.003) and disability at discharge from the
neurology ward (R=0.554 and p=0.001) in case group,
meaning that the degree of disability at admission and
discharge increased with age. The results of Wilcoxon
Signed Ranks Test also showed a significant relationship
between the degree of disability at admission and that at
discharge (p<0.001) in case group, meaning that patients
with greater disability at admission had greater disability at
discharge. However, there was no significant relationship
between the number of risk factors and the degree of
disability (MRS) at admission (p=0.500) and the degree of
disability (MRS) at discharge (p=0.747) in case group.

DISCUSSION

The present research is one of the few studies that

descriptively investigated serum estrogen levels in
postmenopausal women with ischemic stroke and its
related factors. The results of this study showed that the
mean estrogen level (estradiol) in patients participated in
the study was 16.65 pg/dl, which was significantly different
from the normal estrogen range in healthy postmenopausal
women mentioned in valid sources. The results of this
study also showed that there was no significant relationship
between serum estrogen levels in postmenopausal women
with the degree of stroke-induced disability. In the studies
of, the mean serum estrogen levels in non-menopause
women with ischemic stroke was 35.72 and 51.9,

respectively; both greater than our results and the standard
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mean range [30, 31]. This contradiction can be attributed to
the kit used or the population and the menopause situation
in our study. However, the results of a limited number of
studies showed that after menopause and following a
reduction in steroid hormones in the bloodstream, the
incidence of stroke was significantly higher than normal
population [30-33]. Several other studies showed the
protective effect of estrogen against stroke through
protecting cerebrovascular endothelial cells and reducing
the production of free radicals; it also plays a protective
role in the cortex, hippocampus, and striatum [18, 19, 23,
34 and 35]; however, such conclusions remain debatable
[33]. In a study of year 2012, examined the serum estrogen
metabolite and its association with ischemic vascular
disease in postmenopausal women and found that high
levels of estrogen metabolites can be used to predict
ischemic vascular events [31].

In a study, long-term treatment with exogenous estrogen
increased the risk and complications of stroke [36]. These
inconsistencies can substantiate the destructive effect of
long-term estrogen therapy in a number of studies, as a
2006

administration of estrogen before or up to 4 hours after

systematic  review in revealed that mere
stroke can significantly decrease the extent of the lesion,
with no study demonstrating the effect of estrogen
administration in a longer period after the stroke [14]. The
results of a number of animal studies have also shown that
only endogenous estrogen levels can have a positive effect
on stroke and that injection of exogenous estrogen has no
effect on this complication after menopause [37, 38].

There are a limited number of studies that have directly and
descriptively evaluated endogenous estrogen levels and the
degree of stroke-induced disability, pointing to the
necessity of conducting the present study. The results of
this research, i.e. the lack of a significant relationship
between serum estrogen levels and the degree of stroke-
induced disability, did not correspond to those of a number
of studies, including Lee et al.'s; while they were consistent
with those of Saberi study. [30, 39]. This difference may be

attributable to differences in sample size, long-term follow-
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ups and aging of the patients during long follow-ups, as age
is one of the most irreversible risk factors for stroke [12, 40
and 41].

The results of this study showed that 90.9% of stroke
patients had a risk factor for this condition, the most
common ones were hypertension (84.85%), diabetes
(33.3%), heart disease (24.2%), and dyslipidemia (21.2%).
These results are consistent with the findings of previous

researchers [30].
CONCLUSIONS

The results showed that serum estrogen levels in

postmenopausal women with ischemic stroke were

significantly lower than other women admitted in
Department of Neurology and normal estrogen range in

healthy postmenopausal women.
Limitations

In addition to its strengths, this study had some limitations,
for example, the serum estrogen levels were measured only
at baseline, and serial measurement was not performed, due
to limited financial resources and timespan. For a more
generalizable evaluation, it is necessary to do a multi-

centered study with a larger sample size.
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