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Objective: Baseline serum levels of neuroactive steroids such as dehydroepiandrosterone sulfate (DHEAS), 17-
hydroxyprogesterone (17-OHP), testosterone, and cortisol were measured, and the acute and long-term effects 
of electroconvulsive therapy (ECT) on these hormones and the effect of gender on alterations in steroid hormones 
were investigated in patients with major depressive disorder (MDD).

Methods: The study included 25 inpatients (11 male, 14 female) diagnosed with MDD that responded to ECT, and 
37 healthy controls (17 male, 20 female). Serum levels of cortisol, DHEAS, 17-OHP, and testosterone were measured 
2 days before and 10 min after the first ECT, and 3 days after the last ECT in the patients. These measurements 
were obtained only once in the controls.

Results: Basal DHEAS increased, testosterone and 17-OHP decreased, and cortisol levels remained unchanged in 
MDD patients as compared to the controls. After completion of the therapeutic course of ECT, DHEAS levels in the 
patients were higher than they were before the treatment. After ECT treatment, cortisol and 17-OHP levels in the 
patients were lower than those in the controls; however, testosterone levels did not differ between the groups. In 
the MDD patients, increases in DHEAS and decreases in testosterone were only observed in men, while decreases 
in 17-OHP were only seen in women.

Conclusions: Alterations were observed in some neuroactive steroids in MDD patients and it appears that ECT 
affected these hormones. It is not clear whether the observed alterations in neuroactive steroids are associated 
with the pathophysiology of depression or whether they play a role in the therapeutic effects of ECT.
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INTRODUCTION

Current research is investigating the possible role of 
brain neurotransmitter systems, the hypothalamic-pitu-
itary-adrenal (HPA) axis, cytokines, and neurotrophins 
in the etiology of depression (Stone et al. 2008). In recent 
years, in addition to monoamine-neurotransmitters, the 
role of amino acid neurotransmitters such as glutamate 
and gamma-aminobutyric acid (GABA) in depression 
has also been investigated. GABA activity dysfunction 
is thought to be one of the factors involved in the etio-
pathogenesis of major depression. It has been reported 
that neuroactive steroids are involved in the etiology of 

depression, acting as agonists or antagonists on GABA 
receptors (Dubrovsky 2005). In addition, 3α-reduced 
neuroactive steroids (e.g. allopregnanolone), which are 
the metabolites of progesterone, are potent, positive 
modulators of GABA-A receptors. Classical steroid hor-
mones such as testosterone and progesterone also work 
as neuroactive steroids by altering receptor activity. On 
the other hand, neuroactive steroids like dehydroepi-
androsterone sulfate (DHEAS) act as antagonists on 
GABA-A receptors (Rupprecht 2003). Apart from being 
a neuro-active steroid, DHEAS is also involved in the 
depression process, acting as an anti-glucocorticoid (van 
Broekhoven and Verkes 2003).
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Neuroactive steroid dysregulation in depressed pa-
tients has been previously reported (van Broekhoven and 
Verkes 2003). Although the results of previous studies 
related to DHEAS levels in patients with depression 
are inconsistent, most report elevated DHEAS levels 
(Takebayashi et al. 1998, Maayan et al. 2000, Assies et 
al. 2004). In contrast, other studies demonstrated that 
reduced DHEAS levels might be associated with an in-
crease in the severity of depressive symptoms, especially 
in elderly patients (Barrett-Connor et al. 1999, Morri-
son et al. 2001, Morsink et al. 2007).

Low testosterone levels in male patients with depres-
sion (Schweiger et al. 1999, Shores et al. 2005) and a 
reduction in the severity of depressive symptoms in re-
sponse to testosterone hormone replacement have been 
reported (Perry et al. 2002). In contrast to males, tes-
tosterone levels were reported to be elevated in female 
patients with depression (Baischer et al. 1995, Weber et 
al. 2000); however, some studies report either an inverse 
relationship between depressive symptoms and testoster-
one (Morsink et al. 2007) or no relationship between 
those two phenomena in female depressive patients (Bar-
rett-Connor et al. 1999). Progesterone is also reported 
to have antidepressant (Molina-Hernandez and Telles-
Alcantara 2001) as well as anxiolytic (Bitran et al. 1995) 
effects. Nevertheless, clinical studies demonstrated that 
progesterone levels in depressive patients were not differ-
ent from those of controls (Baischer et al. 1995).

It was reported that antidepressant treatment could 
normalize abnormalities in the level of some neuroac-
tive steroids in patients with depression (Romeo et al. 
1998, Uzunova et al. 2006). Elevated DHEAS levels 
were observed to normalize in response to antidepressant 
treatment (Takebayashi et al. 1998, Fabian et al. 2001), 
whereas progesterone levels were unaffected by antide-
pressant treatment (Romeo et al. 1998).

Electro-convulsive therapy (ECT) remains the most 
efficacious treatment known for major depressive disor-
der (MDD) (UK ECT Review Group 2003). Currently, 
the mechanism of ECT’s antidepressant effect is not en-
tirely known. Neuroactive steroids were suggested to be 
among the factors contributing to the antidepressant ef-
fect of ECT (Maayan et al. 2000). Although some stud-
ies demonstrated that some neuroactive steroids did not 
change in response to ECT (Baghai et al. 2005), another 
study revealed that DHEAS levels increased following 
ECT in patients with psychotic depression and that el-
evated basal DHEAS prior to treatment was associated 
with non-responsiveness to ECT (Maayan et al. 2000). 

It was also shown that ECT did not alter serum levels of 
either testosterone or progesterone (Cooper et al. 1989, 
Motta et al. 2005).

The present study evaluated DHEAS, 17-hydoxy-
progesterone (17-OHP), testosterone, and cortisol levels 
in male and female MDD patients, as well as the acute 
effect of one ECT session and the long-term effect of a 
completed course of ECT on these hormones. The study 
was based on the hypothesis that alterations in the levels 
of neurosteroids with GABA-antagonistic effects, such as 
DHEAS, might differ from those with GABA-agonistic 
effects, such as 17-OHP and testosterone, in MDD pa-
tients, and that ECT may affect this imbalance in neu-
roactive steroids. Moreover, by considering the fact that 
gonadal production of these neuroactive steroids diverg-
es between males and females, it was aimed to investigate 
the effect of gender on variations in steroid hormones. It 
was thought that the results might provide insight into 
the etiopathogenesis of MDD and ECT’s mechanism of 
action.

METHOD

Subjects

The study included 25 patients (11 male, 14 female; 
age range: 18-60 years; mean age: 43.96 ± 12.45 years) 
that were responsive to ECT selected from among 28 
inpatients diagnosed with MDD according to DSM-IV 
who have ECT indication. The control group included 
37 volunteers (17 male, 20 female; age range: 18-60 
years; mean age 38.86 ± 10.39 years) selected from hos-
pital personnel.

Both patients and controls were selected on the ba-
sis of physical and psychiatric examinations, as well as 
routine biochemical investigations. Patients that had not 
received ECT for 6 or more months prior to the study 
and were not receiving medication for at least 1 week 
prior to the study were included. The patients remained 
in the hospital during the study and did not receive any 
treatment other than ECT. The presence of additional 
physical or psychiatric disorders, a history of alcohol/
substance abuse or dependence, and post-menopausal 
state and the use of oral contraceptives (for female pa-
tients) were the exclusion criteria. For the control group, 
in addition to these criteria, the presence of current or 
past psychiatric disorders was exclusionary.

In order to measure the severity of depression, the 
17-item Hamilton Depression Rating Scale (HDRS) was 
administered at the time of hospital admission and after 
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7-12 ECT sessions (Akdemir et al. 1996). A reduction of 
50% or more in HDRS score was considered indicative 
of a clinical response to treatment.

The Erciyes University Medical Faculty Ethics Com-
mittee approved the study protocol. The aims and pro-
cedures of the study were explained to the patients and 
controls, and written informed consent was obtained.

PROCEDURE

Under general anesthesia, total 7-12 ECT sessions 
were administered to each patient as 3 times per week. 
ECT was administered between 0800 and 1000 by giv-
ing propofol (1 mg/kg), succinylcholine (0.5 mg/kg) and 
oxygen, and with bifrontal electrodes after a 1-night fast. 
The current was sinusoidal and the stimulus intensity 
was standardized at 700 mA for 5 s. The seizure was ob-
served by the cuff method.

In the MDD patients, serum cortisol, DHEAS, 17-
OHP, and total testosterone levels were measured 2 days 
before and 10 min after the first ECT session, and 3 days 
following the last ECT session. These measurements 
were obtained only once in the controls. Blood required 
for these measurements was drawn between 0800 and 
0900 after overnight fasting; serum samples were sepa-
rated and stored at –70 °C until analysis.

Serum cortisol, DHEAS, 17-OHP, and total testos-
terone levels were measured by radioimmunoassay kits 
(RIA, DSL UK Ltd., England). Sensitivity for cortisol 
was 0.3 μg/dl; intra-assay and inter-assay coefficients 
of variation were 8.4% for a mean of 5.01 μg/dl and 
9.1% for 4.83 μg/dl, respectively. Sensitivity for DHEAS 
was 17 ng/ml; intra-assay and inter-assay coefficients of 
variation were 9.4% for 203 ng/ml and 9.6% for 206 
ng/ml, respectively. Sensitivity for 17-OHP was 0.01 ng/

ml; intra-assay and inter-assay coefficients of variation 
were 9.3% for 1.18 ng/ml and 9.7% for 1.13 ng/ml, 
respectively. Sensitivity for testosterone measurements 
was 8 ng/dl; intra-assay and inter-assay coefficients of 
variation were 9.6% for 94 ng/dl and 8.6% for 70 ng/dl, 
respectively.

Statistical Analysis

An independent samples t-test was used to compare 
age and body mass index (BMI) in the patient and con-
trol groups. The gender difference between the groups 
was compared by chi-square test. Two-way ANOVA was 
used to compare pre- and post-treatment hormone levels 
of the patients and controls. In this analysis, the presence 
of MDD and gender were used as between-subject fac-
tors, while age and BMI were covariates. Repeated-mea-
sures ANOVA was used to determine the effect of ECT 
on MDD patient hormone levels. In this test, treatment 
phase (3 phases; basal, after the first ECT session, and 
after response to ECT) was taken as the within-subject 
factor, while age and BMI were taken as covariates. For 
hormone levels that ECT was found to affect, repeated-
measures ANOVA was applied again. For hormone lev-
els affected by gender, the comparisons were performed 
separately for males and females. To evaluate the rela-
tionship between demographic and clinical data, and 
hormone levels, Pearson’s correlation test was used.

RESULTS

No significant differences were found between the pa-
tient and control groups in terms of age, BMI, or gender 
distribution (Table I). Basal cortisol levels did not differ 
significantly between the patients and controls; however, 
after the completion of ECT, cortisol levels in the MDD 
patients were significantly lower than in the controls (F = 

Table I. Demographic data i patients and controls.

Patients 
n = 25

(mean ± SD)

Controls 
n = 37

(mean ± SD)
t or χ2 P

Age 43.96 ± 12.45 38.86 ± 10.39 1.74 > 0.05

BMI (kg/m2) 24.77 ± 3.44 26.37 ± 3.17 1.88 > 0.05

Gender (m/f) 11/14 17/20 0.02 > 0.05

BMI: body mass index.
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5.67, P < 0.05) (Table II). Basal DHEAS levels in the pa-
tient group were significantly higher compared to those 
of the controls, both before treatment and after response 
to ECT (F = 4.59, P < 0.05, and F = 11.80, P < 0.001, 
respectively) (Table II). In the patient group 17-OHP 
levels were lower than those of the controls, both before 
and after ECT treatment (F = 8.40, P < 0.05, and F 
= 6.06, P < 0.05, respectively). While patient total tes-
tosterone levels before ECT treatment were significantly 
lower than those of the controls (F = 5.87, P < 0.05), 
no significant difference was observed after response to 
ECT (F = 2.36, P > 0.05) (Table II).

ECT significantly increased basal cortisol and 
DHEAS levels in the short term (F = 4.95, P < 0.05, and 
F = 10.32, P < 0.005, respectively). No acute effects of 
ECT on testosterone or 17-OHP were observed (Table 
II).

When the effects of the completed courses of ECT on 
hormone levels were assessed, only DHEAS significantly 
increased after treatment, as compared to that in the pre-
treatment period (F = 5.28, P < 0.05). No statistically 
significant differences were detected between pre- and 
post-treatment levels of the other hormones (Table II).

Since the effect of gender on DHEAS, 17-OHP 
and testosterone levels was significant (F = 29.57, P < 
0.0001, F = 4.42, P < 0.05, and F = 168.29, P < 0.0001, 
respectively), comparisons of these hormones were per-
formed separately for males and females. DHEAS levels 

in male patients were significantly elevated in compari-
son to those of the controls, both before and after ECT 
treatment (F = 4.95, P < 0.05 and F = 6.36, P < 0.05, 
respectively). As for females, although no significant dif-
ference in DHEAS levels was found between the patients 
and controls prior to treatment (F = 0.004, P > 0.05), the 
levels were higher in the patients after ECT treatment 
than in the controls (F = 9.21, P < 0.005) (Table III 
and Figure I). Additionally, ECT significantly increased 
DHEAS levels in female patients compared to those in 
the pre-treatment period (F = 11.88, P < 0.005). When 
compared to the controls, no differences were observed 
in 17-OHP levels of male patients, either before or after 
the treatment, whereas 17-OHP levels in female patients 
were lower in both instances (F = 5.75, P < 0.05, and 
F = 6.02, P < 0.05, respectively). Testosterone in male 
patients was significantly lower than that in the controls 
both pre- and post-treatment (F = 10.47, P < 0.005, and 
F = 5.48, P < 0.05, respectively). No difference was ob-
served in females (Table III).

In the patient group, change in HDRS score due to 
treatment (ΔHDRS) was positively correlated to basal 
DHEAS levels (r = 0.49, P < 0.05).

DISCUSSION

The major findings of the present study were that 
DHEAS levels in MDD patients were elevated and that 
ECT had an accentuating effect on this elevation, both 

Table II. Hormone levels in the patients and controls. 

Patients 
n = 25 

(mean ± SD)

Controls 
n = 37 

(mean ± SD)

Pre-treatment After 1st ECT Post-treatment

DHEAS (ng/ml) 2677.23 ± 2316.61a 3531.66 ± 3638.02c 3712.85 ± 2795.98a,c 2151.43 ± 1697.92

Cortisol (μg/dl) 13.87 ± 6.13 20.04 ± 7.22c 12.35 ± 4.53b 16.29 ± 5.39

Testosterone (ng/dl) 246.60 ± 256.59b 274.47 ± 291.32 280.76 ± 310.77 414.89 ± 391.34

17-OHP (ng/ml) 1.25 ± 0.61b 2.01 ± 0.83 1.34 ± 0.72b 2.05 ± 1.07

DHEAS: dehydroepiandrosterone sulfate; 17-OHP: 17-hydroxy progesterone.
aHigher than in controls.
bLower than in controls.
cHigher than pre-treatment.
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acutely and chronically. The increased DHEAS levels 
in depression, as observed in the present study, are con-
sistent with previous reports (Takebayashi et al. 1998, 
Maayan et al. 2000, Assies et al. 2004) and might be a 
component of increased HPA axis activity in major de-
pression. On the other hand, cortisol levels of the MDD 
patients in the present study were normal, which may 
indicate that DHEAS is a more sensitive marker than 
cortisol for depression, as reported in previous studies 
(Assies et al. 2004).

The acute elevation in DHEAS levels we observed in 
response to ECT in MDD patients may have been re-
lated to the acute stress response to ECT. Moreover, the 
acute effects of ECT also led to an elevation in cortisol 
levels. Long-term treatment raised DHEAS levels even 
further. This finding is in agreement with that of another 
study that demonstrated DHEAS levels in patients with 
psychotic depression increased following ECT (Maayan 
et al. 2000). While that study reported that DHEAS 
elevation was related to resistance to ECT, in the pres-
ent study a positive relationship was observed between 
elevated DHEAS levels and ECT treatment response. It 
is also possible that DHEAS increases in MDD patients 
as an endogenous antidepressant. This idea was also pro-
posed in previous studies (Wolkowitz et al. 1999, Maay-
an et al. 2000) and is supported by the present study 
because ECT accentuated the DHEAS elevation and the 
observed increase in DHEAS was positively related to 
ECT treatment response. Alternatively, DHEAS might 

play a role in reducing the deleterious effects of a rise 
in cortisol in depression (van Broekhoven and Verkes 
2003). It is known that ECT normalizes increases in 
HPA axis activity (Yuuki et al. 2005). Similarly, we also 
observed that cortisol levels in the MDD patients were 
initially normal and decreased after ECT. As such, the 
corrective effect of ECT on HPA axis activity may have 
been due to its lowering effect on cortisol and elevat-
ing effect on DHEAS (which is known to antagonize 
the effects of cortisol). The fact that ECT resulted in a 
decrease in cortisol and an increase in DHEAS in the 
MDD patients suggests that control of their adrenal se-
cretions is via distinct pathways and that the effects of 
anti-depressant treatment on these hormones might be 
different.

Analysis of the relationship between gender and 
DHEAS levels showed that ECT did not alter DHEAS 
levels in males, whereas it significantly increased them 
in females; however, pre-treatment DHEAS levels in 
the male patients were higher than in the male controls, 
whereas those of the female patients did not differ from 
the female controls. The results of this investigation may 
be misleading due to the fact that the number of sub-
jects analyzed in the 2 groups was inadequate. Never-
theless, previous studies also observed that the relation-
ship between DHEAS and depressive symptoms differed 
between genders. DHEAS levels were mostly associated 
with depression in females (Yaffe et al. 1998, Barrett-
Connor et al. 1999). Some studies reported that depres-

Table III. Hormone levels in female and male subjects. 

Patients
n = 25

(mean ± SD)

Controls
n = 37

(mean ± SD)

Pre-treatment Post-treatment

Male
n = 11

Female
n = 14

Male
n = 11

Female
n = 14

Male
n = 17

Female
n = 20

DHEAS (ng/ml) 4629.81 ± 2621.12a 1428.91 ± 1069.03 5603.22 ± 2941.09a 2295.08 ± 1675.16b 3070.82 ± 2134.57 1369.95 ± 475.72

Testosterone 
(ng/dl)

453.72 ± 255.76c 83.85 ± 80.04 514.11 ± 320.26c 105.75 ± 151.77 802.94 ± 218.44 85.05 ± 27.18

17-OHP (ng/ml) 1.56 ± 0.33 0.94 ± 0.68d 1.85 ± 0.59 0.83 ± 0.43d 2.33 ± 0.78 1.82 ± 1.23

aHigher than in male controls.
bHigher than in female controls and pre-treatment levels in female patients. 
cLower than in male controls.
dLower than in female controls.
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sive symptoms were related to DHEAS levels in male 
patients, while there was no such relationship in females 
(Goldman and Glei 2007). The fact that DHEAS in 
women originates from both gonads and adrenal glands 
might explain this gender difference.

Another important result of the present study is that 
the MDD patients had reduced serum levels of 17-OHP 
and total testosterone, which were not improved by 
treatment. Although testosterone levels did not change 
in response to ECT treatment, they were become simi-
lar to those of the controls after ECT treatment. The 
finding that low testosterone levels in the MDD patients 
were more prevalent in males is in accordance with pre-
vious investigations (Schweiger et al. 1999, Shores et al. 
2005). Decreased 17-OHP levels observed in the pres-
ent study are inconsistent with other reports of normal 
progesterone values (Baischer et al. 1995, Romeo et al. 
1998). The reason for this discrepancy may be the gen-
der differences of the patients included in the studies. 
The decrease in gonadal steroids in patients with depres-
sion might be related to some symptoms of depression, 
such as sexual dysfunction and reduced energy.

When the results of the current study were evaluated 
generally, it was seen that positive GABA-A receptor 
modulator steroids such as testosterone and progester-
one decreased, while GABA-A receptor antagonists such 
as DHEAS increased in patients with depression. It has 
been reported that GABA levels decrease in MDD pa-
tients and increase in response to ECT treatment (Sa-
nacora et al. 2003, Esel et al. 2008). Therefore, in ac-
cordance with previous studies, it can be proposed that 
depression is associated with inadequate GABA activity 

as well as imbalances, such as elevated levels of GABA-an-
tagonistic neurosteroids and reduced levels of GABA-ag-
onistic neurosteroids. Although it was not demonstrated 
in the present study, the mechanism of ECT’s curative 
effect on depression might be modulation of the imbal-
ance of neuroactive steroids. In accordance with the re-
sults of the present study, previous studies have reported 
that the levels of GABA-agonistic neurosteroids in the 
plasma and cerebrospinal fluid declined, and recovered 
after antidepressant treatment (Romeo et al. 1998, Uzu-
nova et al. 1998). On the other hand, it is known that 
GABA-antagonistic neurosteroids such as DHEAS are 
elevated in patients with depression and are affected by 
ECT (Mayan et al. 2000).

One of the main limitations of the present study is 
its small sample. This caused a problem when separate 
analyses were performed according to gender. If the 
study group had been gender homogeneous the results 
would have been more reliable. Nonetheless, because we 
only included patients that had undergone ECT and ex-
cluded those with psychiatric co-morbidity, it was not 
possible to enlarge our sample. Another limitation of the 
study was that ECT was the sole treatment method ad-
ministered. In future studies the effects of different treat-
ment modalities, such as pharmacotherapy, could also 
be investigated and compared to those of ECT. More-
over, due to laboratory deficiencies, the lack of measure-
ment of other neurosteroids such as allopregnanolone 
might have prevented us from thoroughly evaluating the 
neurosteroid imbalances in depression.

In conclusion, the present study demonstrated that in 
the MDD patients DHEAS levels, a GABA-antagonistic 

FIGURE I. Serum 
DHEAS levels in 
female and male 
subjects.
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neuroactive steroid, elevated, and that levels of testos-
terone and progesterone, which are GABA-antagonistic 
neuroactive steroids, declined. Furthermore, ECT acted 
specifically on those hormones, rather than generally. 
Moreover, these changes could be gender specific. Nev-

ertheless, whether alterations in neuroactive steroids are 
related to depression’s pathophysiology or to their po-
tential role in the therapeutic effects of ECT can only be 
elucidated through further research consisting of larger 
samples of both males and females.
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