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Abstract

Introduction: A large amount of evidence supports the involvement of the hypothalamic-pituitary-adrenal axis
(HPA) in the pathophysiology of mood disorders. These findings seem to reflect hyperactivity of the HPA axis in
depression and are likely related to impaired negative feedback by endogenous glucocorticoids. However, any gen-
der differences related to this involvement are unclear.

Material and methods: We collected serum cortisol samples of 71 unmedicated patients with major depressive
disorder (21 males, 50 females; age = 38.85 *13.66) and 60 healthy controls (19 males, 41 females; age = 33.25
*+11.79). All patients met the DSM-IV-R criteria for major depressive disorder, confirmed through the Structured
Clinical Interview for DSM Disorders (SCID). Comparisons of the mean cortisol levels between groups were car-
ried out using factorial analysis of covariance, with age and body weight as covariates.

Results: There was a statistically significant interaction between diagnosis and gender (F = 6.72, d.f. = 1/109,
p = 0.01). Male patients had significantly higher cortisol levels compared to male controls (patients = 12.33
+3.63 ug/dl, controls = 10.16 £3.44 pg/dl; F = 6.25, d.f. = 1/35, p = 0.01) whereas female patients had non-
significantly lower cortisol levels compared to female controls (patients = 9.88 +3.03 ug/dl, controls = 11.79
+5.70 ug/dl; F = 2.68, d.f. = 1/83, p = 0.10).

Conclusions: Although preliminary, our findings suggest that gender may in part moderate HPA dysfunction
in major depressive disorder. Further studies are necessary in order to replicate these findings and investigate their
true implications.
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This increased activity of the HPA axis
among depressed patients has many potential
consequences. Because of the modulating effects
of cortisol on neurogenesis, hypercortisolism
may be directly involved in the pathogenesis of
several symptoms of depression, such as mood
deregulation and memory impairment (Hinkel-
mann ¢t /. 2009). Moreover, glucocorticoids
play a role in the regulation of several systemic
processes, such as the immune system, and may

Introduction

A large amount of evidence supports the
involvement of the hypothalamic-pituitary-
adrenal (HPA) axis in the pathophysiology of
mood disorders. Many depressed patients show
increased levels of salivary and plasmatic cor-
tisol, and a lack of suppression of HPA axis
activity by oral dexamethasone (negative dex-
amethasone suppression test) is a classical find-

ing among patients with major depressive dis-
order (Pariante and Lightman 2008; Stokes
1995). These findings seem to reflect hyperac-
tivity of the HPA axis in depression and are
likely related to impaired negative feedback by
endogenous glucocorticoids (Pariante and
Lightman 2008).

be partially accountable for some of the meta-
bolic disturbances frequently found in patients
with mood disorders (Vogelzangs ez 2/. 2009).

The present study focused on the cortisol lev-
els of patients with major depressive disorder
(MDD) and healthy controls (HC). In light of
the available literature, which points to gender
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differences between male and female subjects
in regard to steroid metabolism and HPA axis
activation under stress (Deuschle ez #/. 1998;
Shamim ez 2/. 2000), we hypothesized that male
and female patients would exhibit distinct pat-
terns of HPA axis involvement, with conse-
quent gender-related differences in plasmatic
cortisol levels of patients and controls.

Material and methods
Participants

The study was carried out at the Division of
Mood and Anxiety Disorders of the University
of Texas Health Science Center at San Antonio.
The sample consisted of 71 outpatients with
MDD (21 males, 50 females; mean * SD
age = 38.85 *£13.66 years; BMI = 28.08
*7.15) and 60 healthy controls (19 males,
41 females; age = 33.25 *£11.79 years;
BMI = 25.34 *+4.63). Patients and controls
were recruited through local media advertise-
ments and flyers posted in public areas, and were
residents of the San Antonio metropolitan area.

All patients met the DSM-IV-R criteria for
MDD (single or recurrent), and were unmed-
icated for a minimum of two weeks at the time
of blood sampling. The diagnosis of MDD
among patients and the absence of mental dis-
orders among controls were confirmed through
the Structured Clinical Interview for DSM Dis-
orders (SCID), which was administered to all
participants by trained evaluators. Subjects with
any significant medical conditions, such as dia-
betes or hypertension, were excluded, as were
those with neurological disorders or current use
of illegal drugs.

For patients, the Hamilton Depression Scale
(HAM-D) score was 11.66 =9.1 (mean value
=+ SD). Fifty-six patients were acutely depressed
at the time of study participation (mean score
of the HAM-D # SD = 19.76 *4.25), where-
as 15 were euthymic. The presence of any oth-

er axis I disorders was adopted as an exclusion
criterion, except for anxiety disorders or past
substance abuse/dependence, in remission for
at least six months. Since our hypothesis empha-
sized possible gender differences in HPA axis
activity, we compared male and female patients
with regard to age, number of depressive
episodes or other clinical features, and found no
significant differences (Table 1).

Cortisol measurements

Serum cortisol measurements were obtained
from all participants. A single blood sample was
drawn from the cubital vein and the cortisol
levels were estimated through solid phase
radioimmunoassay (Riad-Fahmy ez 2/. 1979).
All subjects were ambulating at the time of the
blood draw, but were allowed to rest for at least
10 minutes before the blood samples were
obtained. Most of the cortisol samples were
obtained in the morning, before breakfast or
any kind of strenuous physical activity.

Statistical analysis

Comparisons of the mean cortisol levels
between groups were carried out using factori-
al analysis of covariance, with age and body
weight as covariates. All statistical analysis was
carried out using the software Statistical Pack-
age for Social Sciences (SPSS) version 14.0. We
performed a complementary analysis including
time of blood collection as a covariate, in order
to account for possible cortisol circadian varia-
tions.

Ethical issues

The study was approved by the University of
Texas Health Science Center at the San Anto-
nio institutional review board. Informed con-
sent was obtained from all subjects prior to
enrollment in the study.

Table 1. Clinical features of male and female patients with major depressive disorder

Feature Males (n = 21) Females (n = 50) p
age in years (mean +SD) 38.26 +14.14 38.96 +13.80 NS*
HAM-D scores (mean +SD) 12.79 £9.61 11.21 +£9.12 NS*
length of illness in months (mean +SD) 200.63 +160.13 207.10 +147.34 NS*
age of onset in years (mean +SD) 21.63 +6.98 20.83 +11.00 NS*
number of depressive episodes (median) 2 3.5 NS**
BMI 27.36 £5.49 28.39 £7.77 NS*

“t test
**Mann-Whitney test
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Results

The main effect test of the age and body
weight adjusted mean difference between
patients and controls with respect to the serum
cortisol levels was not statistically significant
(patients = 10.61 *=3.38 ug/dl, controls =
= 11.27 £5.12 ug/d; F = 0.12, d.f. = 1/122,
p > 0.05). The difference remained non-signif-
icant even after the non-depressed patients
were excluded from the analysis. Moreover,
no statistically significant differences were
found between depressed and non-depressed
patients in terms of cortisol levels (depressed =
10.97 =3.81 ug/dl, non-depressed = 10.14
+2.72 ug/dl; F = 1.04, d.f. = 1/64, p > 0.05).

However, there was a statistically significant
interaction between diagnosis and gender
(F = 6.72, d.f. = 1/109, p = 0.01). Male
patients had significantly higher cortisol levels
compared to male controls (patients = 12.33
*3.63 ug/dl, controls = 10.16 *3.44 ug/dl;
F = 6.25,d.f. = 1/35,p = 0.01). On the oth-
er hand, female patients had nonsignificantly
lower cortisol levels compared to female con-
trols (patients = 9.88 *3.03 ug/dl, controls =
= 11.79 +5.70 ug/dl; F = 2.68, d.f. = 1/83,
» = 0.10) (Fig. 1).

Furthermore, the exclusion of euthymic
patients from the analysis elicited similar results
(males: patients = 12.77 *4.65 ug/dl, controls
= 10.16 *=3.44 pg/dl; F = 5.50, d.f. =
= 1/26, p < 0.05; females: patients = 10.29
+3.28 pg/dl, controls = 11.79 £5.70 ug/dl;
F = 0.69, d.f. = 1/63, p = 0.41). The results
also remained similar after we included time of
collection as a covariate.

Discussion

Although sexual dimorphism in the regula-
tion of HPA axis activity has been previously
described, this is the first scudy, to our knowl-
edge, to describe gender-related differences in
the serum cortisol levels of patients with MDD.
These findings suggest that the role of HPA
dysfunction in MDD is more prominent among
male patients and may have important impli-
cations for a better understanding of that illness
and its pathophysiological mechanisms.

Under physiological conditions, synthesis and
release of cortisol is down-regulated through bind-
ing of endogenous cortisol to specific receptors
located at the pituitary, the hypothalamus, and
the hippocampus. Thus, decreased number and/or
function of glucocorticoid receptors have been
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134 p= 0.01

p =0.10
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Fig. 1. ANCOVA (with age, and body weight as covariates)
demonstrated statistically higher (p = 0.01) serum cortisol
levels among male patients (12.33 +3.63 ug/dl) than male
healthy controls (10.16 +3.44 pg/dl). The difference between
female patients (9.88 +3.03 ug/dl) and female controls
(11.79 £5.70 pg/dl) was not statistically significant (p = 0.10).

hypothesized as a possible cause of HPA axis
hyperactivity in depression. Further, these abnor-
malities most likely result from the interaction of
genetic factors (impaired expression of genes
encoding glucocorticoid receptors) and environ-
mental issues (e.g., early-life trauma), which seem
to modulate the expression of these genes through
epigenetic mechanisms (McGowan ez 2/. 2009).

Animal studies suggest a greater HPA axis
response to stress, with higher levels of adreno-
corticotropic hormone (ACTH) and cortisol in
females than in males (Ogilvie and Rivier 1997).
However, research findings among humans are
conflicting. Some studies with healthy volun-
teers display results similar to those described
for animals, with higher levels of ACTH and
cortisol in males than females under stress. On
the other hand, several studies found no gender
differences in HPA axis activity under stress
exposure (Uhart ez a/. 20006).

The findings are even less consistent among
patients with psychiatric disorders. In one study,
male patients with panic disorder showed high-
er salivary cortisol levels than females following
a 35% CO2 challenge (van Duinen ¢t 2/. 2004).
Previous findings suggest that baseline cortisol
levels may be higher among depressed females
than among their healthy counterparts (Young
and Korszun 2010). In another study, males and
females with MDD displayed a linear correla-
tion between age and baseline cortisol levels,
whereas only female healthy subjects were found
to show a similar correlation (Halbreich ez 4/.
1984). Moreover, smaller hippocampal size in
male than female depressed patients has been
previously suggested (Frodl ez /. 2002). Given
that decreased hippocampal volume seems to be
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a consistent finding in MDD and may be sec-
ondary to hypercortisolism, these gender differ-
ences would be in consonance with the hypoth-
esis of a greater HPA axis activity among
depressed males than among females. Howev-
er, a meta-analysis failed to demonstrate any
gender effects on hippocampal volume among
MDD patients (Videbech and Ravnkilde 2004).

Our results suggest that HPA hyperactivity
may be more prominent among male than
among female MDD patients. Since several clin-
ical factors (such as severity of the illness) seem
to influence HPA response patterns in depressed
patients (Meador-Woodruff ez @/. 1990), a pos-
sible explanation for our findings would be that
male patients had a more severe form of MDD.
However, no statistically significant differences
were found between males and females in regard
to the clinical characteristics of depression. Find-
ings similar to ours were obtained by another
group in regard to the levels of salivary cortisol,
which were higher among depressed males than
among male controls, while no differences were
found between depressed and non-depressed
females (Hinkelmann ez #/. 2012). In regard to
urinary free cortisol, a third group reported high-
er concentrations among male patients with
depression than among females (Grant ef a/.
2007). However, the absence of a control group
limits the interpretation of those findings. Oth-
er studies have not found gender effects regard-
ing higher levels of cortisol among depressed
patients (Weber ez 2/. 2000).

It has been proposed that gender differences,
if present, may result from the involvement of
gonadal steroids (particularly estradiol). In
rodents, the enhanced HPA axis response to
stress seems to be estrogen-mediated, since
oophorectomized female rodents display
a response pattern similar to males (Ogilvie and
Rivier 1997). In a study with healthy volunteers
(Kirschbaum ez @/. 1999), women in the luteal
phase had responses to stress similar to males,
whereas those in the follicular phase had blunt-
ed HPA axis responses. On the other hand,
abnormalities in gonadal function among female
patients with depression have been previously
suggested (O’Toole and Rubin 1995). There-
fore, we can hypothesize that, in female MDD
patients, impairments in the synthesis of
gonadal steroids may be present, resulting in
attenuated activation of the HPA axis.

Our study has some limitations that are worth
discussing. First, we relied solely on baseline cor-
tisol levels as an indicator of HPA activity.
Whereas this can be an acceptable approach,

the lack of additional information (such as
ACTH levels and pattern of response to the
dexamethasone suppression test) restricts the
conclusions of the present work.

Moreover, we obtained random samples of
serum cortisol, with no control regarding stress
exposure. Even though this might represent
a methodological issue in our study, the inclu-
sion of time of collection as a covariate did not
affect our results. Second, our sample comprised
mostly subjects with long-lasting MDD.
Although no differences were found between
female and male patients in regard to duration
of illness, it is not clear if our conclusions could
be extended to subjects with a short history of
depression. Further, we did not collect data on
the use of contraceptives and the phase of the
menstrual cycle our female subjects were in at
the time of study participation.

In addition, we did not perform any system-
atic evaluation regarding early-life adverse expe-
riences. Therefore, it is possible (although
unlikely) that in our sample male patients had
a higher proportion of early trauma than
females, which could somehow account for
HPA hyperactivity among those patients. On
the other hand, no differences were found in
regard to the rate of posttraumatic stress disor-
der among males and females in our sample.

Finally, in our analysis we included not only
acutely depressed subjects but also MDD
patients in remission. Since previous studies sug-
gest that abnormalities in the HPA axis among
depressed patients may be more prominent in
the acute phase and normalize after proper
treatment, the generality of our findings may
be restricted (Holsboer 2000). Nevertheless,
there is growing evidence suggesting that ele-
vated cortisol may be a trait-related feature,
found not only in acutely depressed patients but
also among remitted ones, as well as healthy
subjects at elevated genetic risk for MDD (Lok
et al. 2012). Of note, our results remained sim-
ilar after non-depressed MDD patients were
removed from the analysis.

Conclusions

Overall, our findings, although preliminary,
suggest that gender may in part moderate HPA
dysfunction in MDD. Further studies are nec-
essary in order to replicate these findings and
investigate their true implications. It has been
suggested that HPA axis activity may be impli-
cated in treatment response in MDD (Brouwer
et al. 20006); therefore putative differences in
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HPA axis involvement also may be linked to
gender differences in antidepressant response in
patients with depression. In addition, dysfunc-
tional HPA activity was recently found to be
associated with certain patterns of temperament
and character (Hori ef /. 2013), which hypo-
thetically could impact the course and progno-
sis of depression.
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