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Abstract

Background: Activation of the hypothalamo-pituitary-adrenal axis has been shown in acute ischemic stroke. Some recent studies
suggest that serum cortisol level may have prognostic value in patients with ischemic stroke. The aim of this study was to evaluate
the prognostic value of cortisol in patients with acute ischemic stroke.
Methods: In this prospective observational study, 51 patients with acute ischemic stroke were evaluated. Cardioembolic and lacunar
strokes were excluded. In the first 24 hours of admission, serum cortisol level, national institutes of health stroke scale (NIHSS),
diabetes and hypertension were assessed to determine their value to predict mortality within 90 days. The results were analyzed
using descriptive statistics, t-test, chi-square test and logistic regression.
Results: In this study, 26 patients (51%) were female and the rest were male. Serum cortisol level was normal in 37 patients (72.5%).
14 patients died (27.5%) during the follow-up period. The mean serum cortisol level of dead patients were 33.48± 15.14µg/dL and for
alive patients was 35.10± 19.74. This difference was not statistically significant. After statistical analysis using logistic regression, no
significant correlation between serum cortisol level and mortality was seen.
Conclusions: Although ischemic stroke is associated with change in serum cortisol level but this change has no prognostic value.
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1. Background

Stroke is considered to be the most common neurolog-
ical disease, yet one of the main causes of death and dis-
ability. The disease is divided into two types as ischemic
and hemorrhagic while ischemic type includes about two-
thirds of the cases [1]. Numerous clinical variables have
been identified as potential predictors of stroke outcome.
However, the need to identify better biomarkers as pre-
dictors of outcome in acute ischemic stroke still exists.
Some recent studies have shown that, stroke is associated
with changes in stress markers such as cortisol [2-4]. Corti-
sol, an important hormone in the hypothalamic–pituitary
- adrenal axis, has important effects on the metabolism
of glucose, protein and lipid [5]. Change in serum level
of this hormone have been reported in patients with is-
chemic stroke and some studies suggested high levels of
this hormone is independently associated with increase in
ischemic lesion volume [5]. Also, some studies indicated
that cortisol level in patients with ischemic stroke is as-
sociated with significantly increased mortality rate [4, 6,
7]. Some studies reported a Correlation between cortisol
level and post stroke physical and psychological disability
[8-11]. Some studies have demonstrated that, this associa-
tion was not limited to ischemic stroke and there is a rela-
tion between cortisol level, morbidity and mortality rates

in patients with subarachnoid and intracerebral hemor-
rhage [12-14]. Despite above-mentioned studies, in a num-
ber of researches, no association was found between corti-
sol level and mortality in ischemic stroke patients [3, 15, 16].
According to these controversies and lack of a final conclu-
sion [17], this study aimed to evaluate serum cortisol level
and its prognostic value in patients with acute ischemic
stroke.

2. Methods

This prospective observational study was conducted
on 51 patients with acute ischemic stroke in Kerman. Pa-
tients suffered from ischemic stroke for the first time, and
were hospitalized within first 12 hours of onset of symp-
toms. Diagnosis of ischemic stroke was based on CT-scan
and MRI (DWI, T1, and T2) findings. A cardiologist vis-
ited all patients and the patients underwent transthoracic
echocardiography and ECG monitoring for 24 hours. In
the case of clinical suspicion, trans-esophageal echo was
done and cardioembolic stroke were excluded. Lacunar in-
farctions are also excluded. The patients with any under-
lying diseases other than diabetes and hypertension were
excluded from the study. We excluded patients with other
causes of activation of hypothalamo-pituitary-adrenal axis
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(e.g., those with surgical procedures within the last 3 weeks
or nosocomial infections), intracranial hemorrhage, ma-
lignancy, febrile disorders, acute or chronic inflammatory
disease at study enrollment. Patients receiving immuno-
suppressive agents, all types of steroids, and psychotropic
drugs were also excluded. Also patients with any labo-
ratory abnormalities such as elevated ESR or low glucose
level were excluded from our study [5]. In this study,
those patients undergoing drug therapy or having systolic
blood pressure higher than 140 or diastolic higher than 90
mm/Hg were considered as having hypertension. Patients
were also treated diabetic who were under drug therapy or
had fasting blood glucose greater than 126 mg/mL or ran-
dom blood sugar over 200 mg/dL with the symptoms of di-
abetes. Those who inhaled five cigarettes per day were re-
garded as smokers [18]. Serum cortisol level was measured
at 8 AM on the day after admission by radioimmunoassay
method. Serum cortisol level higher than 25µg/dL was con-
sidered abnormal [5]. For every patient, a questionnaire
containing demographic information and NIHSS, (which
is a criterion with maximum score of 44 for evaluation of
clinical condition of patients with stroke) on admission
was provided [5] and patients were divided into two groups
on the basis of normal and abnormal cortisol levels. Then
they were followed for three months and at the end of the
third month, they were evaluated in terms of mortality and
its relation to cortisol serum levels. Power of study was 80%
and P ≤ 0.05 was considered statistically significant. De-
mographic information and other findings were analyzed
using descriptive statistics, t-test, chi-square test and logis-
tic regression. This study was approved by the ethics com-
mittee of Kerman University of medical sciences.

3. Results

In this study, 51 patients were evaluated. Table 1 shows
baseline characteristics data of the patients. Serum corti-
sol level was normal in 37 patients (72.5%) and abnormal in
the others. 14 patients (27.5%) died during follow-up period.
Also, No significant difference was seen between NIHSS and
cortisol level or mortality. The mean level of cortisol was
33.48 ± 15.14 µg/dL in death and 35.10 ± 19.74 µg/dL in
live patients. This difference was not statistically signifi-
cant. Furthermore, no significant correlation was seen be-
tween the normal and abnormal cortisol levels and mortal-
ity. Also, after statistical analysis using logistic regression,
no significant correlation was seen between cortisol level
and mortality.

Table 1. Baseline Characteristics Data of the Patientsa

Variables Value

Female 26 (51)

male 49 (25)

Diabetes 18 (35.3)

Hypertension 35 (68. 8)

Smoking 3 (7.1)

Alive 37 (72.5)

Mean NIHSS, (SD) 20.18 (4.51)

Mean Serum cortisol level, (SD) 33.92 (16.34)

aValue are expressed as N. (%).

4. Discussion

Prognostic markers available during the acute phase of
stroke aid clinical decision-making. This study aimed to
evaluate the prognostic value of cortisol in patients with
acute ischemic stroke. Our findings showed that no signif-
icant correlation existed between cortisol level of patients
with ischemic stroke on admission and short term mortal-
ity. Logistic regression modeling was used for multivari-
ate analysis and this result persisted even after adjustment
for risk factors. This result was agreement with some pre-
vious studies. For example, Schwartz and his colleagues
studied 22 patients with ischemic stroke and observed no
relation between cortisol serum level and final outcome
[19]. Theodoropulou et al. conducted a study in Greece on
17 patients with cerebral infarction and found no correla-
tion between mortality and serum cortisol level [3]. In an-
other study in Germany, Fassbenderet al. found no associa-
tion between cortisol level and the severity of stroke in pa-
tients with ischemic stroke [15]. Another study in America
also showed no relationship between cortisol and severity
of aphasia [16]. Despite our research and aforementioned
studies, some studies have shown that there were oppo-
site effects. For example Slowik and colleagues in a case-
control study showed that cortisol level is correlated with
volume of infarction, more complications and a poor prog-
nosis [9]. Ziet al., in a cohort study, observed that corti-
sol level is related to 90-day mortality rate [5] Markund et
al., in a study on 88 patients with cerebral infarctions, ob-
served that high level of cortisol is related to delirium and
mortality [7]. Similar studies in Switzerland, America and
Denmark also confirmed above findings [6, 8, 20]. Some
researches show that cortisol level change is seen only in
stroke, but not in TIA [21]. However, some other studies
have not confirmed this finding [22]. In some investiga-
tions, cortisol level has been linked to the lack of anhe-
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Table 2. The Relationship Between Cortisol Level and Mortalitya

Variables Patient’s Condition Sum P Value

Cortisol level Alive Dead

Normal 29 (78.4) 8 (57.1) 37 (72.5) 0.129

Abnormal 8 (21.6) 6 (42.9) 14 (27.5)

aValue are expressed as N. %(%).

Table 3. The Relation Between Mortality and Variables

Variables Crud Adjusted

P Value* CI OR P Value* CI OR

Cortisol level 0.750 0.969 - 1.04 1.006 0.183 0.980 - 1.11 1.044

History of smoking 0.999 8.07 0.99 1.32

History of hypertension 0.791 0.216 - 3.21 0.833 0.412 0.019 - 5.04 0.312

History of diabetes 0.05 0.077 - 1.002 0.278 0.353 0.041 - 3.13 0.358

Age 0.341 0.972 - 1.08 1.02 0.7 0.944 - 1.09 1.04

Gender 0.274 0.133 - 1.68 0.472 0.969 0.211 - 10.24 1.47

donia and depression in patients with cerebral infarction
which express the relation between cortisol level and some
of psychological symptoms [11, 23]. Despite numerous
studies in this field, disagreements on the effect of cortisol
on the prognosis of stroke remain strong so that a system-
atic review which was published in 2014 showed that ele-
vated cortisol after stroke is associated with dependency,
morbidity, and mortality but, there is insufficient evidence
to conclude that these relationships are independent of
stroke severity [17]. Whether the increase in cortisol level
is merely a result of the infarct severity or an independent
factor, is still controversial. Some studies show that, in-
crease in cortisol directly worsen ischemic damaged area,
especially in the hippocampus. Also increase in cortisol
is associated with ischemic heart disease events and re-
duced resistance to infections in patients with stroke so
that these factors increase the mortality rate [5, 24]. Some
other studies indicated a correlation between cortisol and
inflammatory markers such as fibrinogen, white blood
cells, and the possible effects of cortisol on prognosis is
more originated from inflammatory responses than stress-
induced responses [9]. In our study, 27.5% of patients had
increased levels of serum cortisol. Regardless of whether
cortisol level affect prognosis or not, all studies have shown
that acute stroke is associated with change in serum corti-
sol level. Frequency of Increased level of this hormone in
different researches is reported from 24 to 38%. Such dis-
crepancies may be attributed to differences among these
studies such as study sample sizes, population study, eval-

uation method and time of measuring hormone level [5].
It should be noted that this increase was not only observed
in the blood, but also in urine and saliva [5, 25]. The eti-
ology of increase cortisol level in ischemic stroke is not
obvious and some studies claim that ischemic stroke acts
like a stressor and activates pituitary - adrenal axis [5, 26].
This finding is also seen in intracerebral hemorrhage [14,
27]. Our study has several limitations, including a relatively
short follow-up period and small sample size. Obviously, if
the follow-up period becomes longer in future studies, the
results will be more valuable. Our next limitation was sin-
gle measurement of cortisol on the first day. Measuring the
serial of cortisol levels may affect the results and should be
considered in future studies.

In conclusion, our findings showed ischemic stroke
is associated with change in serum cortisol level but this
change has no prognostic value.
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