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BACKGROUND: Previous studies suggested that alterations in serum cortisol and DHEA-S levels
may play a role in the pathophysiology of schizophrenia.
AIM: To compare serum cortisol and DHEA-S levels between patients with schizophrenia and
healthy controls and to evaluate their association with the response to antipsychotic treatment.
MATERIAL AND METHODS: In this clinical prospective study were included 60 patients with
schizophrenia and 40 healthy age and sex matched control subjects. Clinical evaluation of patients
was performed using the Positive and Negative Symptom Scale. A questionnaire for sociodemographic and clinical data collection was used. For the purposes of the study, the examined
group was divided in two subgroups: responders and nonresponders. Serum cortisol and DHEA-S
levels were measured at baseline in all participants and after 3 and 6 weeks of the antipsychotic
treatment in patients with schizophrenia.
RESULTS: Patients with schizophrenia had significantly higher serum cortisol and DHEA-S levels
in comparison to the control group. Responders had significantly higher serum cortisol and DHEA-S
levels compared with nonresponders.
CONCLUSION: Elevated serum cortisol and DHEA-S levels may play a role in the pathophysiology
of schizophrenia and they may be related to positive response to antipsychotic treatment in patients
with schizophrenia.

Introduction
The neuroendocrinologic system, particularly
the HPA axis, has been a focus of interest for
neurobiological studies aiming at elucidating the
cause of schizophrenia [1]. HPA axis abnormalities
may cause an increase in the baseline cortisol level
[2]. It has been demonstrated that serum baseline
cortisol levels are increased in patients with
schizophrenia [1-10]. However there are also other
studies with contrary findings [11-12].
Recently there has been increased interest in
the role of dehydroepiadrosterone (DHEA) which, in

its sulfated form (DHEA-S) is the most abundant in
humans [13]. It is considered both a neurosteroid,
being produced in the brain, as well as a neuroactive
steroid, produced in the adrenals and gonads and
having
its
effect
on
the
brain
[14].
Dehydroepiandrosterone sulfate (DHEA-S) is a
neuroactive steroid interacting with N-methyl Daspartate (NMDA) and gamma-aminobutyric acid
(GABA) receptors [15]. Also DHEA-S may act as
endogenous neuroprotective factor. The decline of its
level during aging and schizophrenia may leave the
brain unprotected against neurotoxic challenges [16].
Previous studies investigating DHEA-S blood levels in
patients with schizophrenia have demonstrated
elevated DHEA-S levels [2, 17-18], no different [11,
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19] and decreased levels [20] in schizophrenia
patients compared to healthy controls. The
inconsistencies in published findings may be due to
wide clinical polymorphism, small sample sizes or
differences in the age and duration of illness of
patients enrolled in the studies [21]. Authors of one
study reported elevated serum DHEA-S levels in first
episode male patients with schizophrenia compared to
male patients with schizophrenia who were not in the
first episode but were in a phase of acute
exacerbation. According to their results they
suggested that this neurosteroid response is unique to
first-episode schizophrenia patients [22].

standardized questionnaire was used for sociodemographic and clinical data collection.

Previous studies have suggested that
alterations in cortisol and DHEA-S levels may play a
role in the pathophysiology of schizophrenia [2, 18,
23-26]. Serum cortisol and DHEA-S levels may be
used as a biological marker for the diagnosis of
schizophrenia; however, further studies with larger
sample sizes are warranted to support this finding [2].

Control group consisted of forty healthy age
and sex matched control subjects. All were physically
healthy and had no personal or family history of
psychiatric illness.

Authors of one study investigated association
between serum cortisol, DHEA-S levels, as well as
their molar ratios with the response to antipsychotic
treatment in patients with schizophrenia during the
exacerbation of the disorder [21]. They suggest that
imbalance in serum cortisol and DHEA-S may be
related
to
pathophysiological
processes
in
schizophrenia, particularly to responsivity to
antipsychotic treatment.
The aim of the study was to compare serum
cortisol and dehydroepiandrosterone-sulfat levels
between patients with schizophrenia and healthy
control subjects and to evaluate association between
these hormones and response to antipsychotic
treatment in schizophrenic patients.

For the purposes of this study, the examined
group was divided in two subgroups:
1. subgroupof
subjects
suffering
from
schizophrenia classified as responders who
had no ratings of >3 on items P1, P2, P3, P5
and P6 of the PANSS;
2. subgroup
of
subjects suffering
from
schizophrenia who did not meet these criteria
were defined as nonresponders.

All participants in the study provided written
informed consent to participate in this prospective
study after having received a detailed explanation of
the study procedures. The study was approved by the
Ethics Committee of Medical University in Skopje and
the Board of the University Clinic of Psychiatry.

Steroid determination
Serum cortisol and DHEA-S levels were
measured in the Institute of clinical biochemistry at the
Medical University in Skopje. Serum samples of
cortisol and DHEA-S were collected between 8 a.m.
and 9 a.m. hours after 20 min of rest. All participants
were instructed to abstain from unusual physical
activity or stress for a period of 24 h prior to blood
sampling. Blood samples were collected at baseline in
all participants and after 3 and 6 weeks of the
antipsychotic treatment in patients with schizophrenia.
Cortisol and DHEA-S levels were measured by the
IMMULITE 2000, competitive chemiluminescent
enzime immunoassay.

Material and Methods
Statistical analysis
In this clinical prospective study by its design
were included 60 patients with schizophrenia and 40
healthy age and sex matched control subjects.
Examined group consisted of sixty patients
with schizophrenia from both genders; age 18-50,
treated as inpatients or outpatients at the University
Clinic of Psychiatry, Skopje, Macedonia. All patients
experienced an acute exacerbation of the illness
(PANSS: P1-Delusions and P3-Hallucinatory behavior
≥ 4). Patients who suffered from major physical
illness, drug or alcohol abuse, epilepsy and other
organic brain syndromes were not included. All
patients underwent physical examination and routine
laboratory tests to rule out physical illness. Clinical
evaluation of patients was performed using the
Positive and Negative Symptom Scale [27]. Non-

Several statistical methods have been used
for the statistical analysis of the data obtained in the
course of the study: non-parametric methods (Chisquare test, Mann-Whitney U test) and parametric
methods (t-test for independent samples). From the
multivariate methods MANOVA was used. Values of p
< 0.05 were considered statistically significant.

Results
Patients with schizophrenia had significantly
higher mean serum cortisol and DHEA-S levels in
comparison to the control group (Table 1).
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The two subgroups of the examined group
classified as responders and nonresponders did not
Table 1: Serum levels of cortisol and DHEA-S in the examined
and control group.
Hormone

Examined group

Control group

t-test

p-value

555.7 ± 159.8

351.7 ± 172.1

6.07

<0.001

DHEA-S (mcg/dL)
3295 ± 125.1
(t-test for independent samples)

167.4 ± 57.5

7.66

<0.001

Cortisol (nmol/L)

weeks in both subgroups. Significant 'group' x 'time'
interaction was found for hormone cortisol (p=0.002)
(Table 3).
Таble 3: Comparison of hormonal concentrations between
responders and nonresponders across three points
(MANOVA).
Serum stress
hormones

t-value

Df

F

p

Responders vs non-responders

significantly differ between themselves in terms of
gender (men/women: 29/8 and 15/8 respectively;
Pearson Chi-square =1.26, df = 1, p = 0.26), age (t =
0.34, p = 0.73), marital status (Pearson Chi-square =
1.41, df = 2, p = 0.49), education (Pearson Chi-square
= 4.21, df = 3, p = 0.24), age of onset of the disorder
(Z = 0.15, p = 0.88), duration of illness (Z = 0.32, p =
0.75), number of relapses (Z = 0.11, p = 0.9), number
of hospital treatments (Z = 0.68, p = 0.49) and the
type of antipsychotic agents - typical/atypical (Pearson
Chi-square = 0.86, df =1, p = 0.35).
Graph 1 shows serum cortisol and DHEA-S
levels in the subgroup of responders compared with
the subgroup of nonresponders at baseline
assessment point.

Hotelling-Lawley test

0.62

3

56

11.46

<0,001

Cortisol

1054548.030

1

58

28.683

<0001

DHEA-S

366603.017
1
58
Across three examination

10.747

0.002

Hotelling-Lawley test

0.862

6

226

16.24

<0.001

Cortisol

576305.421

2

116

44.38

<0.001

DHEA-S

77337.031
2
Interaction

116

10.08

<0.001

Hotelling-Lawley test

0.147

6

226

2.77

0.013

Cortisol

87261.088

2

116

6.72

0.002

DHEA-S

16020.123

2

116

2.09

0.13

Discussion
Recently, studies on schizophrenia have
increasingly focused on potential causative factors,
such as structural and functional brain abnormalities.
The assumption that alterations in cortisol and DHEAS levels may have a role in changes in clinical
presentation of several neuropsychiatric disorders,
including schizophrenia, has been emphasized [2].

Figure 1: Serum cortisol (nmol/L) and DHEA-S (mcg/dL) levels at
baseline in responders and nonresponders.

Table 2 shows mean serum cortisol and
DHEA-S values after 3 and 6 weeks of antipsychotic
therapy in responders and nonresponders.
Тable 2: Serum cortisol and DHEA-S levels after 3 and 6 weeks
of antipsychotic therapy in responders and nonresponders.
Hormone

Cortisol (nmol/L)
DHEA-S (mcg/dL)
Cortisol (nmol/L)
DHEA-S (mcg/dL)

Responders
N=37
After 3 weeks
530.9 ± 133.1
339.2 ± 132.9
After 6 weeks
449.9 ± 147.2
303.9 ± 121.0

Nonresponders
N=23
404.6 ± 119.2
239.9 ± 113.8
325.4 ± 125.1
224.9 ± 108.1

Across all three assessment points (baseline,
after 3 and 6 weeks) the responders had a
significantly higher serum cortisol and DHEA-S levels
compared with nonresponders. Hormonal values
significantly decrease during the study period of 6

Our study showed that plasma cortisol levels
were significantly elevated in the group of patients
with schizophrenia compared with controls, which is in
agreement with the results of most of the studies [110]. However there are studies reporting no significant
differences between the schizophrenic patients and
healthy controls in terms of cortisol levels [11, 28], as
well as lower cortisol levels in patients with
schizophrenia [12].
Examined serum DHEA-S levels in this study
showed statistically significant higher levels in patients
with schizophrenia compared to control subjects,
which coincided with the results of most of the studies
[2, 17-18]. In contrast, some other studies found
decreased serum DHEA-S levels [20] and no different
[11] in schizophrenia patients compared to healthy
controls.
According to our results we can conclude that
elevated serum cortisol and DHEA-S levels in patients
with schizophrenia may play a role in the
pathophysiology of schizophrenia and they may be
used as a biological marker for the diagnosis of
schizophrenia.
The present study also evaluated association
between serum cortisol and DHEA-S levels and
response to antipsychotic treatment in patients with
schizophrenia. At baseline assessment point the
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subgroup of responders showed significantly higher
serum cortisol and DHEA-S levels compared with the
subgroup of nonresponders. Across all three
assessment points the responders had a significantly
higher serum cortisol and DHEA-S levels compared
with nonresponders which is in agreement with the
results of other study [21]. Our results suggest that
elevated serum cortisol and DHEA-S levels may be
related to positive response to antipsychotic treatment
in patients with schizophrenia.
Higher serum cortisol and DHEA-S levels
among responders compared with nonresponders
may be explained by the differences in symptom
severity on PANSS factors across three examination
points. Our study showed that responders scored
significantly higher on positive PANSS scale,
delusions and suspiciousness compared with
nonresponders which coincided with the results of
other study [21]. Responders also showed greater
reduction of the PANSS positive and negative scale
scores across all three assessment points compared
with nonresponders.
Future studies that examine serum cortisol
and DHEA-S levels before and after the
dexamethasone administration are needed to
disentangle the baseline and feedback components of
the HPA axis alteration in patients with schizophrenia.

Conclusions

Serum cortisol and DHEA-S levels were
significantly elevated in the group of patients with
schizophrenia compared with healthy controls.

Elevated serum cortisol and DHEA-S levels
may be used as a biological marker for the diagnosis
of schizophrenia.

The subgroup of responders had a
significantly higher serum cortisol and DHEA-S levels
compared with the subgroup of nonresponders.

Elevated serum cortisol and DHEA-S levels
may be related to positive response to antipsychotic
treatment in patients with schizophrenia.

References
1.

2.

3.

Kaneko
M,
Yokoyama
F,
Hoshino
Y
et
al.
Hypothalamicpituitary-adrenal axis function in chronic
schizophrenia:
association
with
clinical
features.
Neuropsychobiology. 1992; 25: 1–7.
Yıldırım O, Dogan O, Semiz M, Kilicli F. Serum cortisol and
dehydroepiandrosterone-sulfate levels in schizophrenic
patients and their first-degree relatives. Psychiatry Clin
Neurosci. 2011; 65: 584–91.
Ryan MC, Sharifi N, Condren R, Thakore JH. Evidence of
basal pituitary-adrenal overactivity in first episode, drug naive
patients with schizophrenia. Psychoneuroendocrinology 2004;
29: 1065-70.

4.

Walder DJ, Walker EF, Lewine RJ. Cognitive functioning,
cortisol release, and symptom severity in patients with
schizophrenia. Biol Psychiatry. 2000; 48: 1121–32.

5.

Gallagher P, Watson S, Smith MS, Young AH, Ferrier IN.
Plasma cortisol-dehydroepiandrosterone (DHEA) ratios in
schizophrenia and bipolar disorder. Schizophr Res. 2007;
90(1-3): 258-65.

6.

Zhang XY, Zhou DF, Cao LY, Wu GY, Shen YC. Cortisol and
cytokines in chronic and treatment-resistant patients with
schizophrenia: association with psychopathology and
response to antipsychotics. Neuropsychopharmacology. 2005;
30(8): 1532-8.

7.

Yilmaz N, Herken H, Cicek HK et al. Increased levels of nitric
oxide, cortisol and adrenomedullin in patients with chronic
schizophrenia. Med Princ Pract. 2007; 16(2): 137-41.

8.

Hori H, Teraishi T, Sasayama D et al. Elevated cortisol level
and cortisol/DHEAS ratio in schizophrenia as revealed by lowdose dexamethasone suppression test. The Open
Neuropsychopharmacology. 2012; 5: 18-24.

9.

Venkatasubramanian G, Chittiprol S, Neelakantachar N,
Shetty T, Gangadhar BN. Effect of antipsychotic treatment on
Insulin-like Growth Factor-1 and cortisol in schizophrenia: a
longitudinal study. Schizophr Res. 2010; 119(1-3): 131-7.

10. Steen NE, Methlie P, Lorentzen S et al. Increased systemic
cortisol metabolism in patients with schizophrenia and bipolar
disorder: a mechanism for increased stress vulnerability? J
Clin Psychiatry. 2011; 72(11): 1515-21.
11. Ritsner M, Maayan R, Gibel A et al. Elevation of the
cortisol/dehydroepiandrosterone
ratio
in
schizophrenia
patients. Eur Neuropsychopharmacol. 2004; 14: 267–73.
12. Taherianfard M, Shariaty M. Evaluation of serum steroid
hormones in schizophrenic patients. Indian J Med Sci. 2004;
58(1): 3-9.
13. Morfin R. DHEA and the brain. Taylor and Francis: London
and New York, 2002.
14. Baulieu EE, Robel P. Dehydroepiandrosterone and
dehydroepiandrosterone sulfate as neuroactive neurosteroids.
J Endocrinol. 1996; 150: S221–S239.
15. Rupprecht R. Neuroactive steroids: mechanisms of action and
neuropsychopharmacological
properties.
Psychoneuroendocrinology. 2003; 28: 139–68.
16. Ritsner M. Pregnenolone, Dehydroepiandrosterone, and
Schizophrenia: Alterations and Clinical Trials. CNS Neurosci
Ther. 2010; 16:32–44.
17. Oades RD, Schepker R. Serum gonadal steroid hormones in
young
schizophrenic
patients.
Psychoneuroendocrinology. 1994; 19(4): 373-85.
18. Strous RD, Maayan R, Lapidus R et al. Increased circulatory
dehydroepiandrosterone and dehydroepiandrosteronesulphate
in first episode schizophrenia: relationship to gender,
aggression and symptomatology. Schizophr Res. 2004; 71:
427– 34.
19. Shirayama Y, Hashimoto K, Suzuki Y, Higuchi T. Correlation of
plasma neurosteroids to the severity of negative symptoms in
male patients with schizophrenia. Schizophrenia Res. 2002;
58: 69–74.
20. Ritsner M, Gibel A, Ram E et al. Alterations in DHEA
metabolism in schizophrenia: Two-month case-control study.
Eur Neuropsychopharmacol. 2006; 16: 137-46.
21. Ritsner
M,
Gibel
A,
Maayan
R
et
al.
Cortisol/Dehydroepiandrosterone ratio and responses to
antipsychotic
treatment
in
schizophrenia.
Neuropsychopharmacology. 2005; 30: 1913–22.
22. Beyazyüz M, Albayrak Y, Beyazyüz E, Ünsal C, Göka E.
Increased serum dehydroepiandrosterone sulfate in the first

_______________________________________________________________________________________________________________________________
OA Maced J Med Sci. 2015 Mar 15; 3(1):124-128.

127

Clinical Science
_______________________________________________________________________________________________________________________________

episode but not in subsequent episodes in male patients with
schizophrenia. Neuropsychiatr Dis Treat. 2014; 10:687–93.
23. di Michele F, Caltagirone C, Bonaviri G, Romeo E, Spalletta G.
Plasma dehydroepiandrosterone levels are strongly increased
in schizophrenia. J Psychiatr Res. 2005; 39: 267-73.
24. Garner B, Phassuliotis C, Phillips LJ et al. Cortisol and
dehydroepiandrosterone-sulphate
levels
correlate
with
symptom severity in first-episode psychosis. J Psychiatr Res.
2011; 45(2): 249-55.
25. Marx CE, Stevens RD, Shampine LJ et al. Neuroactive
steroids are altered in schizophrenia and bipolar disorder:
relevance
to
pathophysiology
and
therapeutics.
Neuropsychopharmacology. 2006; 31: 1249-63.
26. Shulman Y, Tibbo P. Neuroactive steroids in schizophrenia.
Can J Psychiatry. 2005; 50:695-702.
27. Kay SR, Fiszbein A, Opler LA. The Positive and Negative
Syndrome Scale (PANSS) for schizophrenia. Schizophr Bull.
1987; 13: 261–7.
28. Kaneda Y, Fujii A, Ohmori T. The hypothalamicpituitaryadrenal axis in chronic schizophrenic patients longterm treated with neuroleptics. Prog. Neuropsychopharmacol
Biol Psychiatry. 2002; 26: 935–8.

_______________________________________________________________________________________________________________________________
128

http://www.mjms.mk/
http://www.id-press.eu/mjms/

