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Adrenal sex steroids exert diverse metabolic and neurobiological actions. Their levels have
been associated with cardiovascular disease, but data concerning cerebrovascular disease
are lacking. The objective of our study was to investigate the role of adrenal sex steroids in a
female population suffering an acute stroke. We addressed the question of whether their
levels are associated with disease severity and prognosis. A 2-year cohort study was
performed in 2 tertiary hospitals, where we prospectively studied 302 consecutive
postmenopausal female patients hospitalized for an acute stroke. Neurological severity
on admission was assessed by the National Institutes of Health Stroke Scale; and handicap 1
month after stroke, with the modified Rankin Scale. Δ4-androstenedione levels were
positively and dehydroepiandrosterone sulfate was inversely associated with stroke
severity (r = 0.142, P = .014 and r = −0.153, P = .008, respectively), and both parameters
remained as significant determinants even after entering other confounders in the
multivariate model (r = 0.118, P = .039 and r = −0.150, P = .011, respectively). Levels of Δ4-
androstenedione were significantly associated with 1-month mortality in the multivariate
analysis (odds ratio with 95% confidence intervals: 1.540 [1.107-2.138)], P = .010). Δ4-
androstenedione and dehydroepiandrosterone sulfate levels were associated with poor
outcome in the univariate analysis, that is, combined severe handicap (modified Rankin
Scale ≥4) and death, 1 month poststroke, although this was not significant in the
multivariate analysis. Adrenal sex steroids, and especially Δ4-androstenedione, are
significantly associated with stroke severity on admission and short-term prognosis
among female stroke subjects. Well-designed prospective studies will further clarify their
role in cerebrovascular disease.
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1. Introduction

Dehydroepiandrosterone (DHEA) and its sulfated ester
(DHEAS) are the most abundant sex steroid products of the
adrenal gland; they are converted to androgens and estrogens
in the periphery. Regarding the steroidogenic pathway, DHEA
can be converted to Δ4-androstenedione by 3β-hydroxysteroid
dehydrogenase, a microsomal enzyme with Δ5→Δ4–isomerase
activity.Δ4-androstenedione can also be produced through the
hydroxylation of 17OH-progesterone by P450C17, an enzyme
with dual 17α-hydroxylase and a 17,20-lyase activity [1].

The decline of DHEAS levels with aging, as well as the
sexually dimorphic pattern of this decline, has been well
established [2,3]. Possible explanations for the age-associated
decline of DHEAS levels include the diminished 17,20-lyase
activity of the P450C17 enzyme [4] and the reduction in the
relative size and functional capacity of the adrenal zona
reticularis [5]. Dehydroepiandrosterone sulfate concentration
has been associated with indices of cardiovascular disease
(CVD) [6,7], whereas data regarding Δ4-androstenedione are
contradictory. In the study of Bernini et al [8], both Δ4-
androstenedione and DHEAS levels were negatively associated
with carotid artery intima-media thickness (IMT), an early
marker of subclinical atherosclerosis. Similar results for DHEAS
came from the study of Vryonidou et al in young subjects with
polycystic ovary syndrome [9], whereas a possible protective
role in the vasculaturewas suggested by the study of Dagre et al
[10] andother investigators [11]. However, a positive association
was shown between Δ4-androstenedione and IMT in the
aforementioned study of Vryonidou et al [9]; in accordance,
the study of Luque-Ramirez et al [12] identified Δ4-androstene-
dione as an independent determinant of carotid IMT in
polycystic ovary syndrome subjects.

Dehydroepiandrosterone sulfate levels were inversely asso-
ciated with left ventricular mass and septal thickness in
postmenopausal hypertensive patients [13], as well as with
biomarkers of disease severity in patients with chronic heart
failure [14]. These data point to a protective role of DHEAS in the
cardiovascular system.However, in theprospective cohort of the
Rotterdam Study, radiographically detected aortic atherosclero-
sis was not associated with DHEAS concentrations in either sex
[15]. As for Δ4-androstenedione, a definite conclusion cannot be
easilydrawn;Δ4-androstenedione levelsweresignificantly lower
in female patients with severe carotid atherosclerosis and CVD
compared with the control population [16,17]. In addition,
testosterone supplementation in female patients with chronic
heart failure seemed to be safe and beneficial in terms of
improved functional capacity and insulin sensitivity [18].

Clinical data investigating the association of adrenal sex
steroid levels with markers of cerebrovascular disease, a
major cause of mortality and disability, are scant. Female
patients tend to have increased stroke severity as well as
mortality after stroke comparedwithmen, possibly because of
higher incidence of cardioembolic stroke, greater age of first
stroke, and thus more comorbidities compared with men [19].
Therefore, in this study, we aimed to identify potential
associations between adrenal sex steroid levels and the
severity as well as outcome of the disease in a female
population suffering an acute stroke.
2. Materials and methods

We prospectively studied 302 consecutive postmenopausal
female patients suffering an acute stroke derived from a total
cohort of 806 patients (male and female) hospitalized in 2
general hospitals in Athens, Greece, over a period of 2 years
(May 2008-April 2010). All study patients were admittedwithin
24 hours from stroke onset and treated in a total of 6 unitswith
facilities to manage acute stroke: 2 acute stroke units, 2
internal medicine wards, and 2 neurology wards. A detailed
medical history and a thorough physical examination were
performed in all patients by an internist who specialized in
stroke or a neurologist. Patientswith transient ischemic stroke
and subarachnoid hemorrhage, as well as patients on steroid
therapy, were excluded from the study. We failed to recruit 23
patients (13with a fatal strokewithin 24 hours fromadmission
and 11 not wishing to participate in the study). The study has
been approved by the scientific committees of the 2 hospitals,
and informed consent was obtained from all subjects.

Risk factors, including history of arterial hypertension,
atrial fibrillation, previous ischemic attacks, coronary artery
disease (CAD), cigarette smoking, diabetes mellitus, and
hyperlipidemia, were recorded. A history of arterial hypertension
was defined as systolic blood pressure (SBP) greater than
140 mm Hg and/or diastolic blood pressure (DBP) greater than
90 mm Hg diagnosed at least twice before stroke or if
treatment of hypertension had been implemented [20]. Atrial
fibrillation was diagnosed by at least one electrocardiogram
during the last year before the episode. A history of previous
ischemic attacks and history of coronary heart disease
(myocardial infarction, angina pectoris, congestive heart
failure) were assessed by questionnaire and relevant medical
confirmation. Current smoking was considered present when
a subject had smoked daily before the stroke and was
considered absent when the subject had never smoked or
had stopped smoking for at least 1 year preceding the stroke
event. The presence of diabetes mellitus was defined as use of a
blood glucose–lowering drug before the occurrence of stroke
or if the fasting blood glucose level exceeded 126mg/dL before
stroke [21]. Hyperlipidemia was defined by history or if a total
plasma cholesterol concentration of greater than 250 mg/dL
was detected the day after admission [22]. Stroke was defined
according to World Health Organization criteria [23], and
pathological stroke subtype (ischemic vs hemorrhagic) was
established by brain imaging.

All patients underwent an initial brain computed tomog-
raphy scan and a 12-lead electrocardiogram. A second brain
computed tomography or magnetic resonance imaging scan
was performed within the first week to confirm the diagnosis,
and additional investigations were performed as clinically
indicated. Neurological impairment and stroke severity on
admission were assessed using the National Institutes of
Health Stroke Scale (NIHSS) [24]. The NIHSS score ranges from
0 to 34, with higher values reflecting more severe stroke. One
month after stroke onset, patients' outcome and degree of
handicap in daily living were evaluated with the modified
Rankin Scale (mRS) by an internistwho specialized in stroke or
a neurologist [25]. The mRS scale ranges from 0 to 5. A score of
0 or 1 stands for full independence andmeans that the patient



Table 1 – Patients' characteristics and hormonal
parameters

Variables

Age (years) 73.60 (12.92)
BMI (kg/m2) 28.69 (5.66)
Waist to hip ratio 0.95 (0.05)
Risk factors
Arterial hypertension 234 (77.75)
Diabetes mellitus 76 (25.16)
Current smoking 57 (18.87)
Hyperlipidemia 113 (37.42)
Atrial fibrillation 124 (41.06)
Known CAD 37 (12.25)
Previous stroke 79 (26.16)

Type of stroke and severity
Ischemic stroke 261 (86.42)
Hemorrhagic stroke 41 (13.57)
Stroke severitya 10.71 (7.39)

SBP (mm Hg) 142.64 (21.95)
DBP (mm Hg) 82.51 (12.68)
Cholesterol (mg/dL) 189.38 (59.99)
HDL (mg/dL) 46.70 (16.77)
LDL (mg/dL) 116.63 (35.67)
Triglycerides (mg/dL) 117.75 (54.78)
DHEAS (μg/dL) 49.48 (44.11)
Δ4-androstenedione (ng/mL) 1.85 (1.58)
Testosterone (ng/mL) 0.50 (0.38)
SHBG (nmol/L) 52.88 (26.99) b

Variables are presented as mean for continuous or number for
nominal variables. Numbers in parentheses indicate standard
deviation for continuous or percentages for nominal variables.
a Stroke severity on admission as assessed by the NIHSS.
b To convert DHEAS concentration to micromoles per liter,
multiply by 0.02714; to convert Δ4-androstenedione to nanomoles
per liter, multiply by 3.492; and to convert testosterone to
nanomoles per liter, multiply by 3.467.
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has no or minimal symptoms and is able to carry out all usual
duties and activities. A score of 4 or 5 stands for severe
handicap and means that the patient is bedridden, requiring
constant nursing care and attention. Twenty-one patients
were lost to this follow-up. All stroke patients were treated
following the European Stroke Organisation Guidelines [26].

Besides basic biochemical investigation and lipid profile
testing, a hormonal panel, including DHEAS, Δ4-androstene-
dione, testosterone, and sex-hormone binding globulin
(SHBG), was performed in all subjects 2 to 3 days after stroke
onset. Phlebotomy was performed between 8:00 and 9:00 AM

under fasting conditions. A 2-site chemiluminescent immu-
nometric assay was used in all hormonal analyses (Siemens
Healthcare Diagnostics Products, Llanberis, UK). The reference
range was 13 to 200 μg/dL for DHEAS, 0.3 to 3.3 ng/mL for
Δ4-androstenedione, 0.1 to 1.2 ng/mL for testosterone, and 18
to 114 nmol/L for SHBG.

2.1. Statistical analysis

The Statistical Package for Social Sciences (SPSS version 17.0
for Windows; SPSS, Chicago, IL) was used for the statistical
analysis. Categorical variables were comparedwith the χ2 test;
continuous variables were compared with the Student t test
when the distribution was normal and with the Mann-
Whitney test when not. For nonparametric correlations
between continuous variables, the Spearman rank correlation
coefficient was calculated. To identify the variables that can
serve as independent determinants of the parameter NIHSS,
univariate and multivariate stepwise linear regression ana-
lyseswere performed. Parameters significantly correlating (P <
.05) with the dependent variable in the univariate regression
analysis were inserted in the regression models. As the
parameter NIHSS was not normally distributed, the natural
logarithm (logNIHSS) was used in the regression analyses.
Univariate and multivariate binary logistic stepwise regres-
sion models were used to identify independent factors for
mortality and poor outcome, including severe handicap, that
is, mRS of at least 4, and death 1 month after stroke.
Colinearity among variables incorporated as independent
terms in linear and logistic regression models was examined
by the variance inflation factor values, whereas parameters
correlating with a coefficient of variation (r) equal or more
than 0.8 were not inserted in the same model. In all
multivariate models, no significant colinearity was observed
(variance inflation factor <2). Finally, analysis of covariance
was performed to adjust for possible confounders for differ-
ences found in sex hormone levels between specific sub-
groups. Statistical significance in all analyses was reached if
P < .05. Variables with P values < .05 in univariate regression
analyses were inserted in the multivariate models.
3. Results

Our study population had a mean age of 73.60 ± 12.92 years
and body mass index (BMI) of 28.69 ± 5.66 kg/m2. The
prevalence of arterial hypertension was 77.75%, and that of
diabetes mellitus 25.16%. One hundred sixty-one patients
(53.31%) had poor outcome 1 month after stroke, including
severe handicap, that is, mRS of at least 4, and death. Only 5
patients underwent thrombolysis. Our patients' demographic
characteristics and hormonal parameters are cumulatively
depicted in Table 1. The DHEAS levels were inversely
correlatedwith patients' age (r = −0.328, P < .001) and positively
correlated with total cholesterol and high-density lipoprotein
(HDL) concentration (r = 0.139, P = .017 and r = 0.178, P = .020,
respectively). A positive correlation was found between
DHEAS levels and BMI (r = 0.134, P = .022). Smokers had
significantly higher DHEAS levels comparedwith nonsmokers
(63.07 ± 56.03 vs 46.42 ± 40.30 μg/dL, respectively; P = .039), in
accordance with previous reports [27]. Patients with prior
stroke had significantly lower DHEAS levels compared with
first-ever stroke patients (38.89 ± 32.49 vs 53.39 ± 47.06 μg/dL,
respectively; P = .027), and the same trend was documented in
subjects with a history of atrial fibrillation (40.92 ± 37.11 and
55.78 ± 47.66 μg/dL, respectively; P = .008). However, it should
be mentioned that these findings could be biased by the
younger age of smokers and the greater age of patients with
previous stroke and those with atrial fibrillation (P < .05 in all
cases). Indeed, after adjusting for age, the differences in
DHEAS observed between those with and without history of
previous stroke and atrial fibrillation were significantly
attenuated (P = .110 and P = .077, respectively).



Table 2 – Univariate and multivariate linear regression analyses showing the independent determinants of logNIHSS

Univariate Multivariate

Independent Variables β P value univariate
analysis

P value multivariate
analysis

β Model R2 value Model P value

Dependent variable: logNIHSS 0.418 <.001
Δ4-androstenedione 0.142 .014 .039 0.118
SHBG −0.068 .244
Testosterone 0.115 .048
DHEAS −0.153 .008 .011 −0.150
Age 0.071 .220
BMI 0.050 .392
Waist to hip ratio 0.023 .695
Known CAD −0.506 .332
Previous stroke 0.062 .283
Arterial hypertension 0.044 .452
Diabetes mellitus −0.113 .050
Current smoking −0.114 .048
Atrial fibrillation 0.122 .035 .006 0.155
SBP 0.152 .008 .015 0.134
DBP 0.081 .159
Cholesterol −0.130 .025
HDL −0.202 <.001 <.001 −0.201
LDL −0.080 .167
Triglycerides 0.110 .058
Hemorrhagic stroke 0.233 <.001 <.001 0.221

Variables with P values ≤ .05 (in bold) in univariate regression analysis were inserted in the multivariate model. Only significant P values are
shown in multivariate analysis.

Table 3 – Univariate and multivariate binary logistic regression analyses showing the independent determinants of
mortality 1 month after the episode

Univariate Multivariate

Independent Variables OR (95% CI) P value univariate
analysis

P value multivariate
analysis

OR (95% CI) Model χ2 Model P
value

Dependent variable: 1-mo mortality 40.863 <0.001
Δ4-androstenedione 1.240 (1.034-1.488) .021 .010 1.540 (1.107-2.138)
SHBG 0.997 (0.981-1.013) .672
Testosterone 2.774 (1.179-6.525) .019
DHEAS 0.996 (0.985-1.006) .432
Age 1.027 (0.989-1.066) .170
BMI 1.021 (0.954-1.093) .546
Waist to hip ratio 0.012 (0.000-65.188) .312
Known CAD 0.629 (0.142-2.790) .541
Previous stroke 2.601 (1.113-6.074) .027
Arterial hypertension 0.363 (0.153-0.859) .021
Diabetes mellitus 0.569 (0.188-1.722) .319
Hyperlipidemia 0.308 (0.103-0.926) .036
Current smoking 0.845 (0.277-2.576) .768
Atrial fibrillation 1.228 (0.531-2.839) .631
NIHSS 1.180 (1.106-1.259) <.001 <.001 1.174 (1.097-1.256)
SBP 0.999 (0.981-1.018) .954
DBP 0.974 (0.942-1.007) .126
Cholesterol 1.000 (0.994-1.007) .932
HDL 0.973 (0.942-1.005) .093
LDL 0.988 (0.976-1.000) .058
Triglycerides 0.993 (0.983-1.003) .175
Hemorrhagic stroke 2.183 (0.816-5.840) .120

Variables with P values ≤ .05 (in bold) in univariate regression analysis were inserted in the multivariate model. Only significant P values are
shown in multivariate analysis.
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An inverse association was found between DHEAS levels
and stroke severity on admission, as expressed by logNIHSS
(r = −0.153, P = .008), whereas positive associations were
evident between Δ4-androstenedione and testosterone levels
and stroke severity (r = 0.142, P = .014 and r = 0.115, P = .048,
respectively). Using univariate linear regression analysis, as
shown in Table 2, other factors associatedwith logNIHSSwere
the SBP, total cholesterol, and HDL levels. After entering all
possible confounders in a multivariate linear regression
model, Δ4-androstenedione and DHEAS levels remained as
the only hormonal parameters independently associated with
stroke severity along with the history of atrial fibrillation, SBP,
and HDL levels, as well as a hemorrhagic stroke type (Table 2).

When applying the univariate binary logistic regression
analysis to identify the factors associated with mortality 1
month after stroke, Δ4-androstenedione and testosterone
levels attained statistical significance, as shown in Table 3.
We failed to demonstrate a significant difference in DHEAS
levels between survivors and nonsurvivors (50.09 ± 44.79 vs
42.82 ± 35.92 μg/dL, respectively; P = .431). In the multivariate
binary logistic regression model, only Δ4-androstenedione
could be considered an independent determinant of 1-month
mortality along with stroke severity on admission as
expressed by NIHSS (odds ratio [OR] with 95% confidence
intervals [CI] and P value: 1.540 [1.107-2.138], P = .010 and 1.174
[1.097-1.256], P < .001, respectively) (Table 3).

When analyzing patients' outcome 1 month after stroke, it
was shown that patients with poor outcome, including severe
Table 4 – Univariate and multivariate binary logistic regression
outcome, that is, mRS 4 to 5, excluding death, 1 month after th

Univariate

Independent Variables OR (95% CI) P value univariate
analysis

Dependent variable: poor outcome 1 mo after
stroke (mRS 4-5)

Δ4-androstenedione 1.128 (0.959-1.328) .146
SHBG 0.998 (0.989-1.006) .607
Testosterone 1.306 (0.667-2.557) .436
DHEAS 0.994 (0.988-0.999) .029
Age 1.024 (1.004-1.045) .016
BMI 1.030 (0.986-1.076) .178
Waist to hip ratio 1.032 (0.986-1.075) .151
Known CAD 0.856 (0.420-1.743) .669
Previous stroke 1.326 (0.766-2.296) .314
Arterial hypertension 1.561 (0.864-2.821) .140
Diabetes mellitus 0.618 (0.358-1.065) .083
Hyperlipidemia 0.633 (0.389-1.029) .065
Current smoking 0.564 (0.305-1.043) .068
Atrial fibrillation 1.774 (1.093-2.879) .020
NIHSS 1.667 (1.474-1.886) <.001
SBP 1.018 (1.006-1.030) .003
DBP 1.013 (0.993-1.032) .208
Cholesterol 0.997 (0.992-1.003) .331
HDL 0.987 (0.971-1.002) .089
LDL 0.998 (0.992-1.005) .594
Triglycerides 1.002 (0.998-1.006) .408
Hemorrhagic stroke 6.098 (2.443-15.224) <.001

Variables with P values ≤ .05 (in bold) in univariate regression analysis w
shown in multivariate analysis.
handicap, that is,mRSof at least 4, anddeath, had significantly
lower DHEAS levels compared with patients with mild or
moderate handicap, that is, mRS from 0 to 3, (43.77 ± 38.35 vs
55.95 ± 49.19 μg/dL, respectively; P = .019). In the univariate
binary logistic regression analysis, DHEAS and Δ4-androstene-
dione levels were both associated with worse outcome.
However, this was nonsignificant in the multivariate model;
and the only independent determinants of poor outcome that
remained were patients' age, stroke severity on admission
expressed by NIHSS, and hemorrhagic stroke type (OR with
95% CI and P value: 1.053 [1.013-1.095], P = .010; 1.721 [1.504-
1.968], P < .001; and 6.402 [1.632-25.165], P = .008 respectively).
Similar resultswere observedwhenpoor outcomewas defined
as mRS of at least 4 without including death. By multivariate
analysis, the independent determinants of this outcome were
age, stroke severity on admission expressed by NIHSS, and
hemorrhagic stroke type (OR with 95% CI and P value: 1.044
[1.003-1.087], P = .035; 1.781 [1.538-2.062], P < .001; and 8.606
[2.071-35.720], P = .003, respectively) (Table 4).
4. Discussion

The most interesting finding of our study was the positive
association of Δ4-androstenedione levels with neurological
impairment and stroke severity on admission, as well as with
1-monthmortality, a finding that has not been reported before
in a clinical setting. These associations were independent of
analyses showing the independent determinants of poor
e episode

Multivariate

P value multivariate
analysis

OR (95% CI) Model χ2 Model P
value

235.542 <0.001

.035 1.044 (1.003-1.087)

<.001 1.781 (1.538-2.062)

.003 8.606 (2.071-35.720)

ere inserted in the multivariate model. Only significant P values are
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other confounding factors. Although the role of adrenal sex
steroids in cardiovascular disease has been extensively
studied, data on its significance in subjects–let alone female
patients—with cerebrovascular disease are lacking.

Indeed, several studies have examined the association
betweenendogenous androgensand theclustering ofmetabolic
abnormalities and cardiovascular risk profile; a close link
appears to exists between endogenous androgens and indices
of themetabolic syndrome, like leptin and adiponectin concen-
trations, insulin resistance, and visceral adiposity [28-34]. Still,
the existing literature on the role of androgens in CVD shows
conflicting results. The Rancho Bernardo Study did not showan
important role of testosterone on CVDmortality in women [35],
whereas in the study of Sievers et al [36], the contrary was
shown, that is, that low testosterone levelswere associatedwith
higher all-cause mortality and cardiovascular events. Naessen
et al [37] suggest that such associations may mirror the result
rather than indicate a causative factor of atherosclerosis. On the
other hand, a recent study demonstrated a strong association of
biochemical hyperandrogenemia with severity of CAD and
worse CVD-free survival in women [38].

According to animal experimental models, the sensitivity
to cerebral ischemia is sex specific and partly attributed to the
protective action of female sex hormones, whereas few data
exist on the role of androgens [39,40]. However, the net effect
of sex hormones is probably more complicated considering
the local conversion of androgens to estrogen in the brain via
aromatase expressed in the astrocytes, suggesting a pivotal
role of brain aromatization in neuroprotection [41]. This
should be taken into consideration when trying to interpret
sex hormones' actions based on their circulating levels.

Another interesting finding of our study was the indepen-
dent inverse association between DHEAS and neurological
severity on admission, as well as short-term handicap and
outcome of stroke patients 1 month after the event, although
this did not remain significant in the multivariate model.
Several studies, some of them very recent, have provided
evidence of an association between low DHEAS levels and
increased cardiovascular and all-cause mortality, mainly in
the male population [42-46]. The Rancho Bernardo Study
found an association between DHEAS levels and mortality
only in men and not in women [27]. More recently, in the
Women's Health and Aging Study, it was shown that women
with lower DHEAS had greater CVD mortality [47]. Our
findings appear to agree with the latter. In the same direction
were the findings of Shufelt et al [48] who found an association
of low DHEAS and cardiovascular and all-cause mortality in
women undergoing coronary angiography, whereas a cohort
study reported an association of DHEAS levels with longevity
in men but not in women [49].

With respect to the metabolic and neurobiological role of
this hormone, a large body of data has accumulated from
clinical supplementation studies [50-53]. Dehydroepiandros-
terone sulfate has been reported to be a vasoactive hormone
with genomic and nongenomic actions on the vasculature
leading to an increase of nitric oxide production [54].
Dehydroepiandrosterone also appears to act as an antiapop-
totic factor on vascular endothelial cells [55]. Furthermore,
DHEAS is a neurosteroid with a prominent neuroprotective
role [56]. It acts as a positive allosteric modulator of the N-
methyl-D-aspartic acid receptor and as a σ1 receptor agonist
[57]. Its positive neuronal effect has been attributed in part to
an antiglucocorticoid action [58,59]. In rat models, DHEA
supplementation inhibited neuronal injury and could repre-
sent a putative neuroprotective strategy for the treatment of
cerebral ischemia [60]. However, DHEA administration during
ischemia and early reperfusion state exerted a neurotoxic
effect. This observation may indicate that the putative
“therapeutic” time window for DHEA may be narrow [61].

The strengths of our study include the appreciable sample of
female stroke patients, as well as the consideration of a variety
of anthropometric, biochemical, and hormonal parameters.
Furthermore, widely accepted neurological scales were applied
to allowaquantified estimationof theneurological severity and
outcome of the disease. However, our study also has certain
limitations that need to be addressed.We should point out that
our study only included female patients; comparison of data in
female and male subjects might add useful information about
the sexually dimorphic pattern already established in stroke.
However, the initial design of our study focused specifically on
the analysis of the role of endogenous androgens in women,
who represent a growing and not thoroughly studied body of
stroke patients. We cannot exclude the possibility that the
timing of hormone testing (2-3 days poststroke) could have
interferedwith the analysis and resulted in altered sex steroids
measurements. This represents a drawback of our study; and it
is possible that stroke itself results in deranged steroid levels in
proportion to the extent of the neurological damage, this
change being the epiphenomenon of the primary disease or a
reflection of medical manipulations and other confounding
factors. Ideally, this could be resolved by consecutive hormonal
measurements after the onset of stroke. It should bementioned
that Marklund et al [62], in their study focusing on the
importance of cortisol levels in acute ischemic stroke patients,
have reporteda decline of DHEAS levels between days 1 and 4 in
a subgroup of 29 patients. The DHEAS levels had no association
with patients' outcome in that study; however, one has to note
that the sample was very small. A limiting factor in our study
was the short follow-up period, mainly due to difficulties in
keeping track of stroke patients after discharge. Longer follow-
up would provide more accurate data on their functional
performance after rehabilitation. In addition, the current
study sample is inhomogeneous in terms of stroke etiopatho-
genesis and degree of underlying vascular disease, which
should be kept into consideration when trying to interpret
statistical results and emerging associations.

Clearly, our clinical observation does not imply a causative
relation between adrenal sex steroids and neurological
severity of acute stroke. However, the link between Δ4-
androstenedione and mortality 1 month after stroke appears
intriguing; and it is plausible that this hormone might
represent a useful biomarker to identify female stroke
patients with an increased mortality risk. It should be pointed
out that, compared with patients with cardiovascular disease,
stroke subjects are less meticulously studied. Given that they
represent a growing body of population suffering from a
disease with increased handicap and mortality, it would be of
interest to clarify the degree of adrenal hormones effect—if



90 M E T A B O L I S M C L I N I C A L A N D E X P E R I M E N T A L 6 1 ( 2 0 1 2 ) 8 4 – 9 1
any—on the severity and outcome of cerebrovascular in-
cidents. Larger-scale studies including both sexes with a
longer follow-up period could provide more definite answers,
whereas data from basic experimental studies are expected to
assert the exact role of adrenal sex steroids in the complex
pathophysiologic mechanisms of acute stroke.

In conclusion, Δ4-androstenedione levels are an indepen-
dent determinant of 1-month mortality among female stroke
patients. Δ4-androstenedione and DHEAS levels are associat-
ed with the severity of stroke on admission, as well as with
their short-term handicap. The association of Δ4-androstene-
dione and DHEAS levels with stroke severity was independent
of other confounding factors. Our clinical study addresses a
potential role for Δ4-androstenedione as a surrogatemarker of
stroke severity and short-term mortality; clearly, well-
designed prospective clinical studies, as well as experimental
models of cerebral ischemia, will broaden our knowledge on
the role of adrenal sex steroids in cerebrovascular disease and
provide deeper insight in their neurobiological properties.
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