Neuropsychiatric Disease and Treatment downloaded from https://www.dovepress.com/

For personal use only.

Neuropsychiatric Disease and Treatment Dove

3

ORIGINAL RESEARCH

Increased serum dehydroepiandrosterone
sulfate in the first episode but not in subsequent
episodes in male patients with schizophrenia

Murat Beyazyiiz'
Yakup Albayrak?
Elmas Beyazyiiz?
Ciineyt Unsal?
Erol Goka?

'Department of Psychiatry, Gélbasi
Hasvak State Hospital, Ankara,
’Department of Psychiatry, School

of Medicine, Namik Kemal University,
Tekirdag, *Department of Psychiatry,
Ankara Numune Education and
Research Hospital, Ankara, Turkey

Correspondence: Yakup Albayrak
Department of Psychiatry, School
of Medicine, Namik Kemal
University, Tunca Caddesi,
Tekirdag, 59100, Turkey

Tel +90 505 635 5434

Fax +90 282 250 9950

Email dr.fuge@hotmail.com

This article was published in the following Dove Press journal:
Neuropsychiatric Disease and Treatment

29 April 2014

Number of times this article has been viewed

Background: Many studies have investigated the relationship between blood levels of
dehydroepiandrosterone (DHEA) and its sulfate ester (DHEA-S), cortisol, progesterone, and
testosterone and the onset, prognosis, symptom severity, and treatment response of schizo-
phrenia. In the present study, we assessed potential differences in blood levels of neurosteroids
between drug-naive first-episode patients with schizophrenia (FES), and drug-free patients
with schizophrenia who were not in the first episode but were in a phase of acute exacerba-
tion (DFP).

Materials and methods: The present study included 32 male FES, 28 male DFP, and 24 male
healthy controls (HC). Groups were compared in terms of blood levels of adrenocorticotropic
hormone (ACTH), cortisol, testosterone, progesterone, and DHEA-S.

Results: Blood levels of ACTH, cortisol, testosterone, and progesterone were similar among
the groups. The mean value of serum DHEA-S was significantly different among the groups
(P<<0.001). The value of serum DHEA-S was higher in the FES group than in the DFP and HC
groups (both P<<0.001). The mean values of serum DHEA-S in the HC and DFP groups were
found to be similar (P=0.33).

Conclusion: We suggest that higher values of DHEA-S in the FES group compared with
both the DFP and HC groups indicate that this neurosteroid response is unique to first-episode
schizophrenia patients. Further studies are needed to investigate the difference in blood levels
of neurosteroids in different groups in terms of age of diagnosis.
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Introduction

Neuroactive steroids, such as cortisol, dehydroepiandrosterone (DHEA) and its sulfate
ester (DHEA-S), progesterone, and testosterone, are the steroid hormones that have
several notable roles in the central nervous system."? In the last 3 decades, several
authors have posited a link between neuroactive steroids and the pathophysiology or
therapeutics of schizophrenia. The relationship between blood levels of DHEA, DHEA-
S, cortisol, progesterone, and testosterone and the onset, prognosis, symptom severity,
and treatment response of schizophrenia has been investigated in a number of studies.**
The results of these studies have been inconsistent, but discussions about the impact
of neuroactive steroids in the pathophysiology of schizophrenia are intriguing.

The sulfated form of DHEA is the most abundant neuroactive steroid in the blood.*’
DHEA and DHEA-S regulate neuronal activity by means of slow mechanisms, such as
gene expression, and by means of more rapid mechanisms, such as membrane-bound
ligand-gated ion-channel interactions.'* DHEA and DHEA-S have been considered
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to have antistress and neuroprotective properties.> Some
studies have reported that the blood levels of these neuroac-
tive steroids were lower in patients with schizophrenia than
in healthy controls, but other studies have found elevated
levels in patients with schizophrenia.*>? These contradic-
tory results make it difficult to form a hypothesis about the
aforementioned relationships.

There are also inconsistent findings about the relationships
between pathophysiology, prognosis, and symptom severity of
schizophrenia and blood levels of progesterone, testosterone,
and cortisol.!'> Most of the studies in this subfield investigated
these relationships by measuring blood levels of patients with
schizophrenia, regardless of their treatment status, the number
of past episodes, and other confounding factors.>!*"'* Moreover,
patients with schizophrenia were frequently compared with
healthy subjects. These studies did not measure alterations of
blood levels of neuroactive steroids in different phases of the
illness or compare blood levels of first-episode and later-episode
patients. In the present study, we assessed potential differences
in blood levels of DHEA-S, adrenocorticotropic hormone
(ACTH), testosterone, progesterone, and cortisol between
drug-naive first-episode patients with schizophrenia (FES) and
drug-free patients with schizophrenia who were not in the first
episode but were in a phase of acute exacerbation (DFP).

Materials and methods

Participants

This study was conducted in the inpatient clinic at the
Department of Psychiatry, Ankara Numune Research and
Education Hospital. Sixty male patients who were diag-
nosed with schizophrenia according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM)-1V-TR
criteria!’ were included in the study. Among them, 32 patients
were experiencing their first episode of schizophrenia and had
never been exposed to any antipsychotic drug (FES group).
The other 28 patients had been diagnosed with schizophre-
nia at least 2 years prior, and were in an acute exacerbation
stage of schizophrenia due to treatment nonadherence (DFP
group). All of these 28 patients had been drug-free for at
least 4 weeks for oral antipsychotics and at least 6 weeks
for long-acting injectable antipsychotics. The diagnoses
were made by senior psychiatrists. Twenty-four male and
age-matched healthy control subjects (HC) were selected to
provide blood samples.

The study was approved by the local ethics committee at
the Ankara Numune Research and Education Hospital. All
subjects provided written informed consent for participation
in the study after the procedure had been fully explained.

The exclusion criteria were 1) female sex, 2) the presence of
any other psychiatric morbidity, such as alcohol or substance
dependence, 3) the presence of any concurrent medical or
endocrine disorder, and 4) the administration of other medi-
cations that could alter neurosteroid levels.

Procedure

All patients were clinically examined and individually inter-
viewed. To obtain an objective history of the patients, accompa-
nying close relatives were also interviewed. The patients were
rated with the Scale for the Assessment of Negative Symptoms
(SANS)'® and the Scale for the Assessment of Positive
Symptoms (SAPS)."” Before initiating any pharmacological
treatment, 10 mL of venous blood was collected at 8 am and
divided into one tube with 2% heparin and another tube with
ethylenediaminetetraacetic acid; this procedure was necessary
to measure ACTH. Plasma levels of ACTH (normal range
7.2-63.3 pg/mL), cortisol (normal range 6.7-22.6 ug/dL),
testosterone (normal range 8.9—42.5 pg/mL), progesterone
(normal range 0.14-2.06 ng/mL), and DHEA-S (normal
range 85-690 pg/dL) were measured by radioimmunoassay.
Plasma levels of ACTH, cortisol, testosterone, progesterone,
and DHEA-S were also collected from the consenting healthy
subjects and measured using the same assay. To avoid interas-
say variability, the hormone levels in all groups were measured
simultaneously.

Psychopathological assessment

instruments

Structured Clinical Interview for DSM-IV Axis |

The Structured Clinical Interview for DSM-IV Axis | is a
semistuctured interview for making major DSM-IV Axis |
diagnoses. The instrument is designed to be administered by
a clinician or trained mental health professional. It was devel-
oped by First et al,”® and the Turkish version was reported to
be reliable by Corapcioglu et al.?!

Scale for the Assessment of Negative Symptoms

The SANS assesses five symptom complexes to obtain clinical
ratings of negative symptoms in patients with schizophrenia.
These are affective blunting, alogia (impoverished thinking),
avolition/apathy, anhedonia/asociality, and disturbance of
attention. The final symptom complex seems to have less
obvious relevance to negative symptoms than the other four
complexes. Assessments are conducted on a 6-point scale
(0= not at all to 5= severe). The instrument was developed
by Andreasen.'® The Turkish version was reported to be reli-
able by Erkog et al.??
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Scale for the Assessment of Positive Symptoms

The SAPS was designed to assess positive symptoms,
principally those that occur in schizophrenia. The instrument
is intended to complement the SANS. The assessed positive
symptoms include hallucinations, delusions, bizarre behavior,
and positive formal thought disorder. The SAPS was devel-
oped by Andreasen."” The Turkish version was reported to
be reliable by Erkog et al.?

Statistical methods

The data were analyzed using the SPSS version 16.0 (SPSS
Inc., Chicago, IL, USA). When possible, results were presented
with 95% confidence intervals (CIs), and two-tailed P-values
of less than 0.05 were considered to be statistically significant
for all analyses. The variables were tested for homogeneity of
variance using Levene’s test, and for normality of distribution
with the Kolmogorov—Smirnov test. Differences among age,
serum levels of ACTH, cortisol, testosterone, progesterone,
and DHEA-S were tested with a series of one-way analyses of
variance. A Bonferroni test was applied in a post hoc analysis
for multiple comparisons of the three groups. Student’s #-test
was used for comparing SANS and SAPS scores between the
FES and DFP patients. Differences in smoking status were
compared with y? tests. Pearson correlation was performed
to analyze the correlation coefficients among age, SANS and
SAPS scores, duration of treatment, serum levels of ACTH,
cortisol, testosterone, progesterone, and DHEA-S. Linear
regression analysis was used to identify associations between
age and levels of serum neurosteroids.

Results
Sociodemographic and clinical

characteristics of the participants
All participants were male. The mean ages of the FES,
DFP, and HC patients were 25.24+5.65, 28.92+4.81,

Table | Clinical characteristics of participants

and 26.67+5.19 years, respectively. The mean age was
younger in the FES group than in the DFP group (F=3.58,
P=0.033). Smoking status was similar among groups. The
mean score of the SANS was higher in the DFP group than
in the other groups (=—2.25, P=0.02). The difference in the
mean scores of the SAPS between the FES and DFP groups
was not statistically significant (=—1.62, P=0.10) (Table 1).

Serum ACTH, cortisol, testosterone,
progesterone, and DHEA-S levels
in the FES, DFS, and HC groups

The mean values of serum ACTH, cortisol, progesterone, and
testosterone levels in the FES, DFP, and HC groups were
similar. The mean serum DHEA-S levels were significantly
different among the groups (F=29.13, P<<0.001). A post hoc
Bonferroni test revealed that the value of serum DHEA-S
was higher in the FES group (330.68+78.87 pug/dL) than in
the DFP group (132.87444.97 ug/dL, P<<0.001) and the HC
group (179.81+52.82 ng/dL, P<0.001). The mean values of
serum DHEA-S were found to be similar between the DFP
and HC groups (P=0.33) (Table 2). Because the mean age
was significantly different among the groups, regression
was used to assess the association between age and plasma
neurosteroids. There was only a significant association
between level of serum cortisol and age in the HC group
(P=0.02; adjusted R*=0.240, 0.355, and 0.453 in the FES,
DFP, and HC groups respectively).

Correlations between age and SAPS
and SANS scores and levels of plasma

neurosteroids in the FES group

There was a negative correlation between the serum cor-
tisol level and mean age (r=—0.523, P<<0.001). There was
a significant positive correlation between the mean SANS

FES (n=32) DFP (n=28) HC (n=24) Statistic
Age (years) 25.2415.65 28.92+4.81 26.6715.19 F=3.58, P=0.033
FES and DFP: P=0.02
FES and HC: P=0.96
DFP and HC: P=0.37
Smoking
Yes 29 (87.5%) 19 (67.9%) 15 (62.5%) x=12.82, P=0.08
No 3 (12.5%) 9 (32.1%) 9 (37.5%)
SANS 30.96+7.05 35.10£7.14 t=—2.25, P=0.02
SAPS 31.4345.18 33.78+6.01 t=—1.62, P=0.10
Duration of treatment (years) - 5.78%3.12 - -

Abbreviations: DFP, drug-free patients; FES, first-episode schizophrenia; HC, healthy controls; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the

Assessment of Positive Symptoms.
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Table 2 Comparisons of serum ACTH, cortisol, testosterone, progesterone, and DHEA-S levels between groups

FES (n=32) DFP (n=28) HC (n=24) Statistic
Cortisol (ug/dL) 9.73+3.59 10.08+3.31 10.34£3.65 F=0.87, P=0.91
Progesterone (ng/mL) 1.71+0.41 1.62+0.33 1.10+0.66 F=0.78, P=0.46
DHEA-S (ug/dL) 330.68+78.87 132.87+44.97 179.81+£52.82 F=29.13, P<0.001
FES and DFP: P<<0.001
FES and HC : P<<0.001
DFP and HC: P=0.33
ACTH (pg/mL) 15.01£8.49 17.97+7.67 14.65+9.08 F=1.29, P=0.28
Testosterone (pg/mL) 14.57+6.49 11.15£6.93 9.74+4.71 F=2.14, P=0.13

Abbreviations: ACTH, adrenocorticotropic hormone; DFP, drug-free patients; DHEA-S, dehydroepiandrosterone sulfate; FES, first-episode schizophrenia; HC, healthy

controls.

score and the serum ACTH level (r=0.352, P<<0.05), and
a negative correlation between the mean SANS score and
the serum DHEA-S level (7=—0.546, P<<0.001). The mean
SAPS score was negatively correlated with the mean values
of serum testosterone (r=—0.353, P<<0.001) and cortisol
(r=—0.620, P<<0.001) (Table 3).

Correlations between age
and SAPS and SANS scores, duration
of treatment, and levels of plasma

neurosteroids in the DFP group

There was a negative correlation between the serum ACTH
level and mean age (r=—0.426, P<<0.05) and a positive cor-
relation between serum testosterone and mean age (7=0.561,
P<<0.001). There was a significant positive correlation between
the mean SANS score and serum ACTH and cortisol levels
(ACTH: r=0.490, P<<0.001; cortisol: 7=0.428, P<<0.05). The
mean SAPS score was negatively correlated with the values of
serum cortisol (r=—0.415, P<<0.001) and DHEA-S (r=—0.465,
P<0.001). The duration of treatment was negatively correlated
with the mean values of DHEA-S (=—0.390, P<<0.05) and
ACTH (r=—0.560, P<<0.001), and positively correlated with the
mean serum testosterone level (r=0.673, P<<0.001) (Table 4).

Discussion
Schizophrenia is a chronic and debilitating disorder charac-
terized by various symptoms. Elevated emotional distress,

cognitive decline, and deterioration in social functioning are
core symptoms in schizophrenia.?* Regardless of the intensity
of symptoms at the onset, diverse periods with variation in
symptoms and symptom severity may occur during the course
of the illness. As with other chronic medical conditions,
patients who have the same diagnosis seldom experience
the same symptoms over similar time periods. A patient with
schizophrenia may experience a residual or remission period;
the same patient may have been under treatment or drug-free
for months. Moreover, the patient may be in an acute exacer-
bation period that involves acute and severe symptoms. This
exacerbation may occur in spite of an effective treatment or
as a result of giving up a treatment. Therefore, the validity
of data that are obtained by comparing patients in different
phases of a disease is questionable.

In this study, the most salient finding was higher blood
levels of DHEA-S in the FES group compared to the DFP
and HC groups. Notably, patients in the DFP group were
not in remission or a residual period, but were in a state of
acute exacerbation. Previous studies on the blood levels of
DHEA or DHEA-S in patients with schizophrenia or other
psychotic spectrum disorders have shown inconsistent results.
Serum levels of DHEA and DHEA-S have been reported
to be lower,?¢ similar,>?” and elevated'*"'* in patients with
schizophrenia. Several studies found increased blood levels
of DHEA-S in FES compared to healthy controls, but the
authors argued that this could not be seen in chronic patients;

Table 3 Correlation coefficients between scores of SAPS, SANS, and DT, and levels of serum ACTH, cortisol, testosterone,

progesterone, and DHEA-S in the FES group

Cortisol Progesterone DHEA-S ACTH Testosterone
Age —0.523%* 0.103 0.004 -0.013 -0.002
SANS —0.104 —0.166 —0.546%* 0.352% 0.189
SAPS —0.353** 0.048 —0.295 0.135 —0.620°*

Notes: **P<<0.001; *P<<0.05.

Abbreviations: ACTH, adrenocorticotropic hormone; DFP, drug-free patients; DHEA-S, dehydroepiandrosterone sulfate; DT, duration of treatment; FES, first-episode
schizophrenia; HC, healthy controls; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.
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Table 4 Correlation coefficients between scores of SAPS, SANS, and DT, and levels of serum ACTH, cortisol, testosterone,

progesterone, and DHEA-S in the DFP group

Cortisol Progesterone DHEA-S ACTH Testosterone
Age 0.072 —-0.039 —0.145 -0.426* 0.561%*
SANS 0.428%* -0.310 —0.081 0.490%* 0.188
SAPS —0.415%* -0.017 —0.465%* 0.122 —0.036
DT 0.052 -0.011 —0.390%* —0.560** 0.673%*

Notes: **P<0.001; *P<<0.05.

Abbreviations: ACTH, adrenocorticotropic hormone; DFP, drug-free patients; DHEA-S, dehydroepiandrosterone sulfate; DT, duration of treatment; FES, first-episode
schizophrenia; HC, healthy controls; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale for the Assessment of Positive Symptoms.

to our knowledge, no study has compared the blood levels of
neurosteroids in male FES with those in male DFP. Therefore,
previous research provides little evidence for assertions that
higher levels of DHEA-S reflect a neuroprotective response
to psychosis that becomes blunted as the illness becomes
more chronic. However, our results provide evidence for
this conclusion.

The findings of this study are consistent with previous
interpretations (see especially Strous et al)'*!* suggesting that
FES exhibit a neurosteroid response to psychosis. Higher
values of DHEA-S levels in the FES group compared to
both the DFP and HC groups indicate that this neurosteroid
response is peculiar to FES patients. Neuroactive steroids,
especially DHEA and DHEA-S, have long been known to
have neuroprotective effects.?® 3! If elevated levels of these
substances in the blood serve as neuroendocrinological adap-
tive or protective mechanisms, they would provide a one-time
service for patients with schizophrenia. If this is the case, then
treatment decisions for patients with schizophrenia should
differ for single-episode versus chronic patients. An intrinsic
protective mechanism may not occur after the first episode.
There is no evidence that the mechanism is related to drug
use, as this study shows that the blood levels of DHEA-S were
lower in the DFP group than in the FES group; levels of neu-
roactive steroids may be diminished in subsequent episodes
of the illness. In the present study, the decision to measure
DHEA-S without DHEA reflects the fact that DHEA-S is
the most abundant neuroactive steroid in circulation and a
metabolite of DHEA. DHEA is a short-life molecule, and is
metabolized rapidly to DHEA-S.*? Therefore, the levels of
DHEA-S reflect the levels of DHEA, and increased DHEA-S
levels indicate that DHEA levels recently increased.

Distress is known to cause increases in blood levels of
neurosteroids.’>3% In other psychiatric conditions that are
accompanied by serious distress, blood levels of DHEA and
DHEA-S were found to be elevated.**” Therefore, the question
is which neurosteroid response is specific to which psychotic
episode. Stress nonspecifically increases the blood levels of

cortisol. In our study, there were no significant differences
in serum ACTH or cortisol levels among the groups. Several
neuroendocrinological studies emphasize that an uncertain
dysfunction of the hypothalamic—pituitary—adrenal axis
plays a role in the pathophysiology of schizophrenia,®®3
but there is insufficient evidence of this role in patients with
schizophrenia. Given the variation on the schizophrenia
spectrum, the study discrepancies in terms of blood levels of
ACTH and cortisol are far from being severe. However, in our
study, no significant differences in blood cortisol and ACTH
levels were found among the groups; the similarities among
the three groups show that the neurosteroid response is not
a nonspecific response to stress. Nevertheless, in this study,
the FES and DFP groups were similar in terms of symptom
severity. Therefore, the results of this study are consistent with
early suggestions about a diminished neurosteroid response
in the later periods of illness.

In the present study, there were no significant differences
in blood levels of testosterone and progesterone among the
groups. Because various results have been found in previ-
ous studies, this finding should not be overinterpreted. In
some studies, sample groups were taking medication, and
the blood levels of some hormones may have been affected
by the antipsychotics. In other studies, only patients with
negative symptoms were considered. Oades and Schepker!?
investigated serum steroid hormones in young patients with
schizophrenia, and found no differences in blood levels of
testosterone and progesterone in young male patients with
schizophrenia compared to healthy controls and patients
with obsessive compulsive disorder. However, their patients
were not drug-naive or drug-free, and many antipsychotic
drugs are known to interfere with these measurements.
Likewise, in their study, Shirayama et al’’ found that the
progesterone levels of patients with schizophrenia were
similar with those of healthy controls, but they found that
the testosterone levels were lower in the group of patients
with moderate negative symptoms. Similarly, Goyal et al*
found no difference in blood levels of testosterone between
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patients with schizophrenia and healthy controls. Most of
these studies included patient groups that were under medical
treatment. In our study, neither patient groups was receiving
any drug treatment; this criterion was selected so that the
groups would be as homogeneous as possible. For the same
reason, female patients were excluded from this study, as
blood levels of some hormones, including progesterone, are
known to vary during the menstrual period. Blood samples
must be taken from female patients on the same days of the
menstrual cycle to achieve valid results. This requirement is
difficult and demanding for clinicians. Moreover, males are
known to demonstrate higher DHEA-S levels.* Late-onset
schizophrenia and a better prognosis among females are
patterns in need of explanation, so there would have been
many confounding factors if females had been included in
the study.

Researching peripheral blood biomarkers for schizo-
phrenia enhances the potential to discover diagnostic
and prognostic indicators of utility and to understand the
pathophysiology of schizophrenia.*! In addition to neuroen-
docrinological and neuroimaging studies that investigated
potential biomarkers for schizophrenia, there are several
studies that have explored immunological factors and the
association between schizophrenia and antipsychotic therapy.
Himmerich et al reported that there were significant impacts
of antipsychotics on interleukin levels in vivo.*> Another
study by Borovcanin et al, in which the grouping of partici-
pants was similar to our study, reported that type II cytokine
levels were elevated, and there were low interleukin 17 levels
in FES patients and patients with schizophrenia who were in
relapse.®® In a review, Schmidt et al noted the roles of eico-
sanoids and related enzymes in the etiology and treatment
of schizophrenia.* In addition to highlighting the presence
of neuroprotective and stress-response roles of elevated
DHEA-S levels in FES patients, elevated DHEA-S may be
considered to be a biomarker for schizophrenia. However,
further studies are needed to identify the biomarker role of
DHEA-S in schizophrenia.

There are several limitations of the present study. The
major limitation is its design. Comparing neurosteroids
in the same first-episode and later-episode schizophrenia
patients may be the best way to achieve reliable results.
However, comparing biomarkers in patients with schizo-
phrenia in their first episode and in subsequent episodes
may be impossible to achieve while the patients remain
drug-free. We could not investigate blood levels of antipsy-
chotics, so our antipsychotic treatment data were obtained
from patients and their first-degree relatives. Because of

our study design, only male patients were included in the
study, which may be considered to be a limitation. Another
limitation is that patients who were suffering from their
first episode of schizophrenia were younger, which is to be
expected. Finally, patients with obesity were not included
in the study, and we have no data that would determine
whether body mass index has an association with serum
neurosteroid levels.

In conclusion, our study provides valid evidence in sup-
port of previous hypotheses in this field of research. Further
prospective studies should investigate the differences in blood
levels of neurosteroids in patients with schizophrenia.
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