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Objective  Changes in serum neurosteroid levels have been reported in stress-related disorders such as anxiety and depression, but not
in patients with obsessive-compulsive disorder (OCD). We thus investigated such changes in patients with OCD.

Methods We compared the serum levels of progesterone, pregnanolone, dehydroepiandrosterone (DHEA), dehydroepiandrosterone
sulphate (DHEA-S), cortisol and testosterone in 30 patients with OCD and 30 healthy controls.

Results When male and female patients were evaluated together, DHEA and cortisol levels were significantly higher in patients with
OCD than the control group. When the genders were evaluated separately, DHEA and cortisol levels were higher in female patients than
the female controls. The increase in DHEA levels in female patients is likely an effect of the hypothalamic-pituitary-adrenal (HPA) axis. In
contrast, cortisol levels in male patients were higher than the control group, while testosterone levels were lower. The increased cortisol
and decreased testosterone levels in male patients likely involves the hypothalamic-pituitary-gonadal (HPG) axis.

Conclusion These findings suggest that neurosteroid levels in patients with OCD should be investigated together with the HPA and
HPG axes in future studies. Psychiatry Investig 2015;12(4):538-544
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INTRODUCTION

Obsessive-compulsive disorder (OCD), a chronic psychiat-
ric disorder characterised by unwanted repetitive thoughts and
compulsive behaviours, is directly related to stress with the
symptoms increasing under stressful conditions.' The cerebro-
spinal fluid (CSF) corticotropin-releasing hormone (CRH) lev-
els and the hypothalamic-pituitary-adrenal (HPA) axis activi-
ty have been shown to increase in patients with OCD.* The lack
of cortisol suppression on the dexamethasone suppression test
(DST) is an indication of HPA axis abnormality in these pa-
tients,* which may be explained by a possible insensitivity of
the pituitary gland due to high CRH levels.” Additionally, pa-
tients with OCD have been shown to have differing levels of
melatonin,® corticotropin, arginine vasopressin,” glutamate’
and oxytocin.®
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Neurosteroids are a group of steroid hormones that have di-
rect effects on the brain. In addition to being synthesised in the
brain itself, neurosteroids are also secreted by the adrenal cor-
tex and gonads, which are parts of the HPA axis.”'' Of these
neurosteroids, dehydroepiandrosterone sulphate (DHEA-S),
and to a lesser extent dehydroepiandrosterone (DHEA), are
potent noncompetitive antagonists'>"* of the gamma-amino
butyric acid-A (GABA-A) receptors in the brain and have been
shown to regulate compulsive behaviour and anxiogenic ac-
tivity when injected into rodents.”*" Although progesterone,
another neurosteroid, is anxiogenic, its metabolites (pregnano-
lone and allopregnanolone) show anxiolytic and hypnotic pro-
perties due to their GABA-A agonistic effects.'® Testosterone is
both a male sex hormone and a neurosteroid that has been re-
ported to play a causal role in psychiatric diseases."”* Studies
have reported changes in neurosteroid levels in pervasive anxi-
ety disorders, posttraumatic stress disorder (PTSD), phobias,
panic disorder and depression.”* However, no previous stud-
ies have investigated neurosteroid levels in patients with stress-
related OCD and anxiety disorder.

Based on these findings, the aim of this study was to inves-
tigate neurosteroid levels in the anxiety disorder OCD. Taking
into account the increase in levels of neurosteroids, such as
DHEA and DHEA-S in anxiety disorders in previous studies,



in this study, we expected to find increased neurosteroid lev-
els in patients with OCD. Evaluating these data is important
as it can help in understanding the neurobiology of OCD, es-
pecially considering the current lack of adequate data in the
literature.

METHODS

This study evaluated 30 patients with OCD between the
ages of 18 and 49 years who presented at the Inénii University
Faculty of Medicine Psychiatry Outpatients Department, along
with 30 healthy volunteers as the control group. OCD diagno-
sis was made by a psychiatry resident and a psychiatrist fol-
lowing an interview using the Structured Clinical Interview
for DSM-IV-TR/Clinical Version (SCID-1/CV). Major systemic
disease, endocrine pathology, neurological disease, head trau-
ma, alcohol/substance addiction, electroconvulsive therapy
(ECT), additional psychiatric disorders other than OCD in the
past or during the interview, mental retardation, pregnancy or
breast-feeding and using oral contraceptives were exclusion cri-
teria for the patient group. The patients were not receiving psy-
chiatric medical treatment during the study. For females, blood
samples were collected during the midluteal phase of the men-
strual period.

The control group consisted of 30 age- and sex-matched healthy
volunteers who had no previous or current psychiatric, neuro-
logical, systemic, or endocrine disease, drug use, or drug/alco-
hol addiction and who were not pregnant or nursing.

Disease severity was evaluated with the Yale-Brown Obses-
sive Compulsive scale.

Blood samples were taken between 09:00 and 10:00 in the
morning, after 12 h of fasting and a 30-min rest. The samples
were then centrifuged at 4,000 rpm and stored at -70°C.

The study protocol was approved by the Inénii University
Medical Faculty Ethics Committee. The study was conducted
in accordance with the principles of the “Helsinki Human Rights
Agreement-2001 version” and “Good Clinical Practice” Writ-
ten consent was obtained from the participants.

Biochemical method

The blood samples were analysed at the Inénii University
Faculty of Medicine’s Department of Biochemistry laborato-
ries. Progesterone, total testosterone, cortisol and DHEA-S were
studied with a Siemens kit and an Immulite 2000 hormone anal-
yser (Siemens Healthcare Diagnostics Products Ltd., Brighton,
UK). Chemiluminescence was used as the immunoassay meth-
od. For DHEA-S, the conversion factor was pg/dLx0.02714—
pmol/L, calibration range 15-1.000 pg/dL (0.41-27 pmol/L)
and analytical sensitivity 3 ug/dL (0.08 pmol/L); for progester-
one, the conversion factor was ng/mLXx3.18—nmol/L, calibra-
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tion range 0.2-40 ng/mL (0.6-127 nmol/L) and analytical sen-
sitivity 0.1 ng/mL (0.3 nmol/L); for cortisol, the conversion factor
was pg/dLx27.59—umol/L, calibration range 1-50 pg/dL (28—
1.380 umol/L) and analytical sensitivity 0.20 ug/dL (5,5 pmol/
L); for testosterone, the conversion factor was ng/mLx0.03467—
nmol/L, calibration range 20-1.600 ng/mL (0.7-55 nmol/L) and
analytical sensitivity 15 ng/mL (0.5 nmol/L). Pregnanolone and
DHEA were studied with a DRG kit (DRG Instruments GmbH,
Marburg, Germany) and the Elisa method (Siemens Health-
care Diagnostics Products Ltd.).

Statistical method

The Shapiro-Wilk test was used to determine whether the
distribution of the variables was normal. The demographic
characteristics of the patient and control groups were com-
pared with the independent samples t-test. The Yates correct-
ed chi-square test was used to compare the groups by gender.
The independent samples t-test was used to analyse neuros-
teroid levels in the patient and control groups without taking
gender into account. The patients were then evaluated with the
Pearson correlation coefficient to see the effect of disease dura-
tion and age. The independent samples t-test was used to eval-
uate within group neurosteroid levels for females and males.
We compared four groups of subjects: female patients, healthy
females, male patients and healthy males. For between-group
differences, levels of DHEA-S showed a normal distribution and
were evaluated with a one-way analysis of variance; the distri-
butions of the other neurosteroids (DHEA, testosterone, pro-
gesterone, cortisol and pregnanolone) were not normal and were
evaluated with the Kruskal-Wallis H test. When the univariate
analysis was significant, multiple comparisons were performed
with the Tukey test because the variances were homogeneous.
The relationships between OCD severity and levels of DHEA,
pregnanolone, progesterone and testosterone did not show a
normal distribution and were examined with the Spearman cor-
relation analysis. In contrast, the relationships between OCD
severity and levels of DHEA-S and cortisol showed a normal
distribution and were examined with Pearson’s correlation co-
efficient.

RESULTS

The sociodemographic characteristics of the groups

No significant differences were observed between the pa-
tient and control groups for sociodemographic characteristics
(Table 1). The mean age of females in the patient group (34.60+
11.37 years, n=20) and control group (34.0519.87 years, n=20)
did not differ (sig=0.871). For males, the mean age in the pa-
tient group (26.6017.97 years, n=10) and control group (27.20%
6.66 years, n=10) also did not differ (sig=0.622).
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Table 1. Comparison of patient and control groups in terms of sociodemographic characteristics

Demographic data Nzgt(;,erl\l;[eg:;iFS)D Nizgfrl\ddei?;gD Comparison
Age 31.93+10.92 31.7719.40 t:0.16, p: 0.871
Sex (M/F) 10/20 10/20 X2 0.00, p: 0.608
Smoking/non smoking 5/25 10/20 X:2.22,p: 0.233
Disease duration (year) 7.8716.658
N: number of subjects
Table 2. Comparison of groups in terms of neurosteroid levels

Patient grou Control grou
N=30, Megan;s)D N=30, MeganigD Comparison

DHEA 14.75+7.77 9.731+5.28 t:2,925 p: 0.005
DHEA-S 190.541+99.04 170.49199.18 t: 0,784 p: 0.436
Pregnanolone 6.04+2.87 5.451+2.53 t: 0,834 p: 0.408
Progesterone 2.51+3.57 4.03+5.26 t:-1,316 p: 0.194
Cortisol 15.05+5.47 9.541+3.43 t: 4,661 p<0.001
Testosterone 154.56+181.61 175.37+225.96 t:-0.393 p: 0.696

N: number of subjects, DHEA: dehydroepiandrosterone, DHEA-S: dehydroepiandrosterone sulphate

The comparison of neurosteroid values between the
groups

DHEA and cortisol levels were significantly higher in pa-
tients than in controls. No differences were observed for DHEA-
S, pregnanolone, progesterone and testosterone levels (Table 2).
The groups were divided according to gender to account for
the possible influence of gender on neurosteroid levels. In fe-
males, DHEA and cortisol levels were significantly higher in
the patients relative to controls. Levels of DHEA-S, pregnano-
lone, progesterone and testosterone showed no difference be-
tween the female patients and control group. Cortisol levels in
male patients were significantly higher than the male control
group, while testosterone levels were significantly lower. No
differences in DHEA, DHEA-S, pregnanolone and progester-
one levels were observed between the male patient and control
groups (Table 3).

Correlation evaluation in the patient group

A positive correlation was present between DHEA and cor-
tisol levels in the patient group (p=0.007). Severity of the dis-
ease was evaluated with the Yale-Brown obsessive-compulsive
scale (Y-BOCS). The mean compulsion score of the patient group
was 14.1012.46, the mean obsession score was 14.53+2.31 and
the total mean score was 28.30£5.09. In the patient group, no
statistically significant relationship was found between the se-
verity of the disease (Y-BOCS scores) and neurosteroid levels
(DHEA: sig=0.535, DHEA-S: sig=0.136, pregnanolone: sig=
0.406, progesterone: sig=0.996, cortisol: sig=0.862, testoster-
one: sig=0.059).

No relationship was detected between the disease duration
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and age and the neurosteroid levels.

When stratified by gender, a positive significant relationship
was present between DHEA and cortisol levels and compul-
sion (Y-BOCS) scores in male patients (p=0.017, p=0.019, re-
spectively); no significant relationship was found in female pa-
tients, which suggests that the compulsion scores increased in
relation to the DHEA and cortisol levels in male patients.

DISCUSSION

To date, neurosteroid levels in subjects with OCD have been
evaluated in one animal study and one case study."*** In the case
study, DHEA and DHEA-S levels were investigated in a single
patient. Our study is the first to investigate neurosteroid levels
in a sample group of patients with OCD.

One of our main findings was a higher level of DHEA and
cortisol in patients with OCD than the control group. This find-
ing verifies that in a group of 30 patients, the results of the Bi-
gos et al.” study concurred in only one patient with OCD.

In previous studies, serum DHEA and cortisol levels have
been found to be higher in patients with anxiety disorders such
as panic disorder,” PTSD,***"** depression™*
orders.* Data have shown that the plasma concentrations of
progesterone and DHEA were significantly higher in male pa-
tients with PD than in controls.* Spivak et al.* demonstrated
that patients with PTSD had significantly higher levels of plas-
ma DHEA and DHEA-S relative to controls. Although no re-
lationship has been found between the severity of depression
and serum DHEA levels in patients with major depression who
did not use medication, a positive correlation was reported be-

and eating dis-
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Table 3. The comparison of female/male patients and controls in terms of neurosteroid values

Dependent variable Groups (A) Groups (B) Mean difference (A-B) p value
DHEA 1 2 -0.22250 1.00

3 6.75650 0.009

4 1.32250 0.953

2 3 6.97900 0.037

4 1.54500 0.951

3 4 -5.43400 0.147

DHEA-S 1 2 -72.83000 0.179

3 29.33500 0.741

4 -71.33000 0.194

2 3 102.16500 0.027

4 1.50000 1.000

3 4 -100.66500 0.030

Cortizol 1 2 -3.20250 0.268

3 4.75950 0.008

4 3.78650 0.145

2 3 7.96200 <0.001

4 6.98900 0.005

3 4 -0.97300 0.944

Pregnanolone 1 2 0.51550 0.957

3 1.56950 0.243

4 -0.87050 0.827

2 3 1.05400 0.729

4 -1.38600 0.641

3 4 -2.44000 0.089

Progesterone 1 2 2.657650 0.388

3 -1.887000 0.511

4 1.847450 0.685

2 3 -4.544650 0.041

4 -0.810200 0.975

3 4 3.734450 0.124

Testosterone 1 2 -344.75500 <0.001

3 13.38500 0.941

4 -433.95500 <0.001

2 3 358.14000 <0.001

4 -89.20000 0.047

3 4 -447.34000 <0.001

The mean difference is significant at the 0.05 level. 1: female patients, 2: male patients, 3: female controls, 4: male controls. DHEA: dehydro-

epiandrosterone, DHEA-S: dehydroepiandrosterone sulphate

tween the degree of anxiety and serum DHEA levels.” The el-
evated DHEA levels found in the present study also support
the relationship between DHEA and high levels of anxiety in
patients with OCD.*

ACTH regulates cortisol and DHEA secretion from the
adrenal gland. Cortisol, a stress hormone, has previously

been shown to be higher in patients with OCD due to adre-
nal gland function.*”* The elevated DHEA and cortisol lev-
els in the patients with OCD in our study suggest that the in-
creased DHEA originates from the adrenal gland.

Whether the increase in DHEA levels in patients is the
cause or result of anxiety is not fully understood. DHEA is
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£, and levels are

believed to have an antiglucocorticoid effec
thought to increase to reduce the destructive effect of cortisol"'
produced under stressful conditions. The increase in DHEA
can therefore be interpreted as a compensatory mechanism
developed to reduce anxiogenic activity. Therefore, the DHEA
increase can be seen as a result of anxiety rather than a cause.

Additionally, serum DHEA levels are a reflection of the lev-
els in the brain.*>* DHEA in the brain has a two-way effect on
GABA-A receptors.”>"” It causes positive allosteric modulation
at low doses and negative allosteric modulation at high doses.
Rats with low DHEA levels were reported to experience lower
anxiety compared to the control group.* Thus, the increase in
serum concentration of DHEA, which is a GABA receptor an-
tagonist, may be considered to have a causal role in the patho-
physiology of anxiety. GABA receptors as well as NMDA re-
ceptors have been reported to act as mediators for the causal
role of DHEA on anxiety.* DHEA has been shown to block the
anxiolytic effects of the NMDA receptor antagonist dizocil-
pine* and to be a positive modulator of the NMDA receptor.”
The effects of these neurosteroids on the GABA and glutamate
systems may affect the dopamine and serotonin systems and
therefore influence OCD pathophysiology.™*

Neurosteroids are secreted by the brain and adrenal cortex
and are also secreted by sexual organs such as the ovaries and
testes,” which suggests the need to evaluate the neurosteroid
levels separately for males and females. The DHEA and corti-
sol levels were significantly higher in female patients with OCD
than the female control group. In males, however, cortisol lev-
els were significantly higher in patients with OCD, but the lev-
els of DHEA showed no difference. Although the reason for the
increase in DHEA levels in females with OCD is unclear, a pos-
sible explanation may be the different physiological effects of
androgenic neurosteroids between genders.* The sample size
of male patients may also be a cause of this finding.

Progesterone is a primary progestin produced by ovarian
corpus luteum. Although it is anxiogenic itself, its metabolites
(allopregnanolone and pregnanolone) show anxiolytic and
hypnotic properties due to their GABA-A agonistic effects.'® It
is known to play an important role in the development of pre-
menstrual syndrome symptoms,* and low levels of pregnanelone
have been reported in pervasive anxiety disorder and social
phobia.***” The serum levels of pregnanolone and progester-
one are also expected to be different in people with OCD. How-
ever, we found no significant difference regarding pregnano-
lone and progesterone levels between the patient and control
groups in our study.

Another important finding of our study was the nonsignifi-
cant increase in testosterone levels in female patients and a sig-
nificant decrease in male patients. The effects of testosterone,
also a neurosteroid, on human behaviour have been known for
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many years. Studies investigating testosterone levels in psy-
chiatric disorders have reported contradictory results.'®2***
The main source of testosterone is the testicles in males and
the ovaries in females. A small amount of testosterone is secret-
ed by the adrenal gland in both sexes. The increase in DHEA
and cortisol, which are neurosteroids originating in the adre-
nal gland, accompanied by the increase in testosterone found
in female patients with OCD, suggests that the source of the
elevated testosterone is the adrenal gland. HPA axis hyperac-
tivity has been reported to cause a decrease in the activity of
the hypothalamic-pituitary-gonadal axis (HPG) during de-
pression. Since 90% of testosterone in men is produced by the
testicles, a decrease in production may occur in the testicles of
males with OCD despite an increase from the adrenal gland.
This would be similar to the case of depression,” in which tes-
tosterone from the testicles decreases due to the suppression of
the HPG axis.

The lack of correlation between the neurosteroid levels and
the Yale-Brown Obsessive-Compulsive Scale scores in this study
undermines any relationship. However, a positive correlation
between compulsion scores and DHEA and cortisol levels has
been shown in male patients.

Although the results of this initial study indicate a partial role
of neurosteroids in OCD, this relationship has not been fully
elucidated. One of the main reasons for this was the low num-
ber of patients. Two constraints of this study were that multiple
measurements were not performed that would reflect diurnal
variations, and seasonal variations were not taken into account.
Studies evaluating males and females separately and with a
larger subject pool are required to clarify some aspects of the
relationship between neurosteroids and OCD.

In conclusion, this study shows an increase in DHEA levels,
probably from the HPA axis, in parallel with cortisol levels in
people with OCD, especially females. Testosterone levels have
been shown to decrease in males with OCD, possibly due to
the HPG axis. Considering the effects of neurosteroids in the
brain, investigating these findings is important to clarify the
pathophysiology of anxiety disorder and OCD. In future stud-
ies, the investigation of neurosteroid levels in patients having
OCD together with the HPA and HPG axes will shed light on
the subject.
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