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Variation of plasma cortisol levels in patients
with depression after treatment with bilateral
electroconvulsive therapy

Variacdo de cortisol plasmatico em pacientes deprimidos apds tratamento com
eletroconvulsoterapia bilateral
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Abstract

Introduction: More than 60 years after the introduction of
modern psychopharmacology, electroconvulsive therapy (ECT)
continues to be an essential therapeutic modality in the treatment
of mental disorders, but its mechanism of action remains
unclear. Hormones play an essential role in the development
and expression of a series of behavioral changes. One aspect
of the influence of hormones on behavior is their potential
contribution to the pathophysiology of psychiatric disorders and
the mechanism of action of psychotropic drugs and ECT.
Objective: We measured blood levels of the hormone cortisol
in patients with unipolar depression according to the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition (DSM-1V)
and compared results with levels found in healthy adults.
Method: Blood cortisol levels were measured before the
beginning of treatment with ECT, at the seventh session, and at
the last session, at treatment completion. Depression symptoms
were assessed using the Beck Depression Inventory (BDI).
Results: Cortisol levels remained stable in both men and women
between the seventh and the last sessions of ECT; values ranged
from 0.686+9.6330 g/dL for women, and there was a mean
decrease of 5.825+6.0780 g/dL (p = 0.024). Mean number of
ECT sessions was 12. After the seventh and the last ECT sessions,
patients with depression and individuals in the control group had
similar cortisol levels, whereas BDI scores remained different.
Conclusion: Cortisol levels decreased during ECT treatment.
ECT seems to act as a regulator of the hypothalamic-pituitary-
adrenal axis.

Keywords: Depression, cortisol, ECT, endocrine disorders,
hypothalamic-pituitary-adrenal axis.

Resumo

Introdugdo: Mais de 60 anos apds a introdugdo da moderna
psicofarmacologia, a eletroconvulsoterapia (ECT) continua
essencial para o tratamento de distUrbios mentais, mas seu
mecanismo de agdo ainda ndo é totalmente conhecido. Certos
horménios tém um papel fundamental no desenvolvimento e
expressdo de uma série de alteragbes comportamentais. Um
aspecto da influéncia dos hormdnios nos comportamentos é
sua contribuigdo potencial para a patofisiologia dos distUrbios
psiquiatricos e o mecanismo de agdo de psicotropicos e da ECT.
Objetivo: Os niveis do horménio cortisol no sangue foram
medidos em pacientes com depressdo unipolar classificados
de acordo com a 42 edigdo do Manual Estatistico e Diagnostico
de Transtornos Mentais (DSM-IV), e os resultados foram
comparados com os niveis encontrados em adultos saudaveis.
Métodos: Os niveis de cortisol no sangue foram medidos antes
do inicio do tratamento com ECT, na sétima e na ultima sesséo,
apos a conclusdo do tratamento. Os sintomas de depresséo foram
avaliados usando o Inventario de Depressdo de Beck (BDI).
Resultados: Os niveis de cortisol permaneceram estaveis tanto
nos pacientes masculinos quanto femininos entre a sétima e a
Ultima sessdo de ECT; os valores variaram 0,686+9,6330 g/
dL entre as pacientes femininas, e houve uma diminuigdo de
5,825+6,0780 g/dL (p = 0,024). O nimero médio de sessbes de
ECT foi 12. Apds a sétima e a Ultima sessdo de ECT, os niveis de
cortisol nos pacientes com depressdo e nos individuos no grupo
controle foram semelhantes, enquanto os resultados da escala
BDI permaneceram diferentes.

Conclusdo: Os niveis de cortisol diminuiram durante o
tratamento com ECT. A ECT parece atuar como reguladora do
eixo hipotalamico-hipofisario-adrenal.

Descritores: Depressdo, cortisol, ECT, disturbios enddcrinos,
eixo hipotalamico-hipofisario-adrenal.
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Introduction

The World Health Organization estimates that
depression will be the second leading cause of global
illness by 2020. Severe depression may significantly
decrease quality of life and lead to death by suicide, for
which the risk rate is 6% to 15% among patients with
this affective disorder. It may also increase mortality
associated with general medical conditions, most notably
cardiovascular disease.!

More than 60 years after the introduction and use of
modern psychopharmacology, electroconvulsive therapy
(ECT) continues to be an essential therapeutic modality
in the treatment of mental illnesses. The effectiveness
of ECT in treating depression has been demonstrated in
numerous studies conducted over the past decades.?

The use of pharmacologically induced seizures to
treat mental illness was first described by Laszlo Meduna
in 1934, but it was only in 1938 that Ugo Cerletti and
Lucio Bini used an electric current, or electroshock, for
the treatment of patients with depression.> ECT has
been associated with the beginning of modern biological
psychiatry.

Research has improved ECT efficacy and safety and
reduced its side effects. Variations of antidepressant
brain stimulation techniques, such as transcranial
magnetic stimulation, magnetic seizure therapy, direct
current stimulation, vagus nerve stimulation, and deep
brain stimulation, entered the field of modern psychiatry.
None of these techniques proved to be superior to ECT in
terms of action time and response rates. Although ECT
is the oldest surviving biological therapy in psychiatry
and the most effective short-term treatment for major
depression, it still faces constant skepticism.*

The precise mechanism of ECT action remains
unknown, and the greatest difficulty in understanding
ECT function lies in the induction of a generalized seizure
by an electric current that passes through the brain. It
is associated with multiple sequences of biochemical
and neuroendocrine changes, which are very difficult to
isolate. It is also difficult to assign treatment results to a
single specific therapeutic effect.®

Hormones play an essential role in the development
and expression of a series of behavioral changes. Of
all endocrine axes, the hypothalamic-pituitary-adrenal
(HPA) axis has been the most studied in psychiatry.
Corticosteroids, a class of steroid hormones produced in
the adrenal cortex, act in a wide range of systems and are
essential for life because of their multifaceted effect. The
HPA axis is a regulatory system that integrates endocrine
and neurological functions. The neurosecretory cells of
the paraventricular nucleus (PVN) of the hypothalamus
secrete corticotropin releasing factor (CRF) and arginine
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vasopressin (AVP) into the pituitary portal blood. In the
adenohypophysis, or anterior pituitary, they stimulate
the release of the adrenocorticotrophic hormone (ACTH),
which leads to the release of cortisol by the adrenal
cortex. Cortisol is the final product of the HPA axis,
which has central and peripheral functions mediated
by at least two types of specific receptors: type 1, or
high-affinity mineralocorticoid receptor (MR), first
described in the central nervous system by McEwen et
al.%; and type 2, or low-affinity glucocorticoid receptor
(GR).” Glucocorticoids interact with their receptors in
multiple target tissues, including the HPA axis, and are
responsible for the negative feedback of ACTH secretion
by the pituitary.®

Recent theories associate depression  with
physiological changes in the functioning of the HPA axis
and serotonergic neurotransmission. The high cortisol
levels found in plasma, urine and cerebrospinal fluid of
people with depression, a sign of HPA axis hyperfunction,
are some of the most consistent findings in psychiatry.”®

Studies about HPA axis activity in patients with
depression found an increased cortisol response
to ACTH stimulation, decreased cortisol response
to hypoglycemia, decreased ACTH response to
stimulation with CRH and resistance to cortisol
suppression by dexamethasone response.l®!! These
responses promote autonomic and behavioral changes
associated with depression, which suggests that there
is a disruption in the negative feedback of endogenous
cortisol. Furthermore, there is an imbalance between
GR and MR receptors in patients with depression, or
decreased activity of GR receptors and increased
activity of MR!? receptors. According to Stefos'® and
Nelson & Davis,* psychotic depression is more closely
associated with hypercortisolism and nonsuppression
of cortisol. According to Saraiva et al.’” there are
two models of association between depression and
changes in physiological cortisol levels. In one model,
primary factors contribute to the primary event
of hypercortisolism. These factors are trauma and
biological vulnerability, which may trigger depressive
symptoms. Excessive cortisol increases the intensity
of affective symptoms and may promote an even
greater increase in plasma cortisol levels. In the first
model, the affective symptoms of depression generate
harmful effects in the hippocampus, such as inhibition
of neurogenesis and hippocampal volume loss, which
may lead to cognitive symptoms. In the second model,
the triggering element of the cognitive effects may be
hypercortisolism.®

Acute ECT has been consistently associated with
improvement in plasma levels of cortisol.'®*° Studies
have found that the levels of cortisol and ACTH measured



before treatment with ECT do not change after a series
of ECT sessions, whereas other studies have revealed a
fall in the levels of cortisol.16:1820-26

Objective

Changes in the HPA axis are a characteristic
of depression. This study measured plasma levels
of the hormone cortisol in patients with unipolar
depression according to the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition (DSM-IV).?”
Measurements were made in the beginning of the
treatment with ECT, at the seventh session and after
the completion of a therapeutic course of treatment
using ECT. After that, depression symptoms were
assessed using the Beck Depression Inventory (BDI),
and findings were compared with cortisol blood levels
in healthy volunteers.

Method

Individuals that met diagnostic criteria for major
depressive disorder according to the DSM-1V and had no
psychiatric or neuroendocrine comorbidities were invited
to participate in the study. Participants had no other axis
I diagnoses and did not use alcohol or other substances
in the previous year. Exclusion criteria were clinical
psychiatric comorbidities and neuroendocrinologic
changes that might affect HPA axis. All patients,
guardians and volunteers read and signed a Consent
Form for Participation in Clinical Research approved by
the Research Ethics Committee of Instituto de Assisténcia
Médica ao Servidor Publico Estadual (IAMSPE) (protocol
no. 112/10).

All individuals underwent clinical and cardiac
evaluations before treatment with ECT, and all were
physically healthy. Psychotropic medications were
discontinued before the beginning of ECT. The washout
period was calculated for each individual according to the
half-life of their psychotropic medication, and five days
was the shortest time to the beginning of the treatment.
All participants remained hospitalized in psychiatric
wards during the treatment with ECT and did not resume
use of any psychotropic drugs, except bromazepam 3
mg for night sedation, if needed, during all the study
time.

The severity of depressive symptoms was classified
using the BDI. Values below 10 points were scored
as minimum or no depression; 10 to 18 points, mild
to moderate depression; 19 to 29 points, moderate
to severe depression; and 30 to 63 points, severe
depression.
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Individuals in the control group, recruited among
hospital employees, were matched for sex and age.
Peripheral blood was collected from the upper limb
to measure morning cortisol levels, and the BDI was
administered. Individuals were excluded if they scored
more than 10 points in BDI, or had clinical psychiatric
comorbidities or neuroendocrinologic conditions that
might affect the HPA axis.

In the group of patients with depression, cortisol
was measured during the morning after awakening,
and the BDI scale was applied at three time points
during the treatment with ECT: the first at the time
of the first ECT session, before the procedure; the
second, after the seventh ECT session; and the third,
after the last ECT session. Biological material was
collected through the same venous access used for the
administration of anesthetics for ECT by the nursing
and medical teams. Laboratory samples of biological
material were analyzed in the Department of Clinical
Analyses of IAMSPE using an Immulite 2000 XPI-
SIEMENS analyzer.

For ECT, general anesthesia was induced using
thiopental sodium, a muscle relaxant (succinylcholine)
and hyperventilation. All patients received bitemporal
application of ECT using a Somatics-Thymatron IV
system and ECT pulses of 0.5 ms. Seizure threshold was
estimated in the first session based on the age of the
patient and individual adjustments to obtain a seizure
lasting between 25 to 30 s. Sessions were held twice a
week, and the total number of sessions was determined
by the attending physician based on the clinical
assessment of response to treatment.

Results

In the statistical analysis of the results, a chi-square
test was used to evaluate the association between
categorical variables and quantitative variables.
The Kolgomorov-Smirnov test was used to check
normal distribution, and the t test, to analyze the
differences between groups at the same time point. The
nonparametric Mann-Whitney test was used to analyze
the differences between two groups, and the Kruskall-
Wallis test, to analyze the four groups (group and sex;
group and age group) at the same time point. For
longitudinal comparisons, the Wilcoxon test was used
to compare two time points, and the Friedman test, to
compare three time points. For the correlations between
variables, we used the Spearman correlation coefficient,
which evaluated the correlations between variables, and
the Bonferroni correction, used for multiple comparisons.
The level of significance was set at p < 0.05.
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Figure 1 - Cortisol levels and Beck Depression Inventory (BDI) scores in depressed group on the 7th and last electroconvulsive therapy
(ECT) session compared with results for the control group; baseline cortisol, p = 0.008; BDI, p < 0.001. At the time of the last ECT
session, the results for cortisol levels were p = 0.05 between groups. Max = maximum; Min= minimum; SD = standard deviation.

The comparison of the results of the group of patients
with depression and of the control group revealed that
initially only sex and age were the same between groups,
whereas BDI scores and baseline cortisol levels were
significantly different: p = 0.008 for baseline cortisol level
and p < 0.001 for BDI scores. In the seventh and final ECT
session, the groups had similar cortisol levels (p = 0.05),
whereas BDI scores remained different at the three time
points, but decreased progressively towards the values
found for the control group (p = 0.01) (Figure 1).

Mean age in the control group was 54.10+12.324,

mean baseline cortisol level was 11.40+3.098 pg/dL and
mean initial BDI score was 5.40+3.565 points on the
initial BDI scale Sex and age distribution was equal, and
p was < 0.05 for the comparison of cortisol levels and
BDI scores (Table 1).

Eleven participants completed the study and had
baseline and post-ECT results. Seven were women,
there were no differences in sex and age distribution.
Mean age was 59.5+10.93 years, mean baseline cortisol
level was 16.36+5.065 pg/dL, and mean BDI score was
44.82+8.424 (Table 1).

Table 1 - Distribution of age, baseline cortisol levels (pg/dL) and Beck Depression Inventory scores in the control group and in the
depressed group (level of significance: p < 0.05)

Control group Depressed group p
Age
Mean 54.1 59.5
Minimum 42 37
>
Maximum 81 79 P 20.005
Standard deviation 12.324 10.93
Cortisol level (pg/dL)
Mean 11.4 16.36
Minimum 7 11
Maximum 17 26 p =0.008
Standard deviation 3.098 5.07
BDI score
Mean 5.4 44.82
Minimum 0 34
Maximum 9 63 p<0.001
Standard deviation 3.565 8.42
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Figure 2 - Comparison of cortisol levels (ug/dL) in the depressed group in the subgroups older and younger than 60 years at the
time of the 1st and 7th ECT session (p = 0.017), and variation in the intervals between the 7th and the last ECT sessions (p =
0.030); the comparison between sex and age was not statistically significant.

In the depressed group, there were no significant
differences between age and sex distribution. Women had
a cortisol variation of 0.843+6.9916 pg/dL between the
first and the last ECT session, while men had a decrease of
6.725+4.0219 pg/dL) in the same period of analysis, and
this difference between sexes was significant (p = 0.024)
(Figure 2).

Cortisol levels remained stable in both sexes between
the seventh and the last ECT sessions; variation values
were 0.686+9.6330 pg/dL for women, and mean
decrease was 5.825+6.0780 pg/dL (p = 0.05), but
the difference was not statistically significant (Table 2,
Figure 3).

The subgroup of individuals 60 years and older
in the depressed group had a greater variation in
cortisol levels between the first and the last ECT
session (p = 0.017) and the seventh and the final
session (p = 0.030) than patients younger than 60
years (Figure 2). The comparison of the subgroup
of individuals 60 years and older according to sex
revealed no statistical differences. The analysis of
variables that were correlated revealed that the older
the individuals in the depressed group, the greater the
difference in the variation of cortisol levels between
the last and the first ECT sessions. Also, the higher

the cortisol level at the first ECT session, the greater
the difference in BDI scores between the first and the
seventh ECT sessions (Table 2).

BDI scores decreased progressively and were
significantly different at the three time points (p = 0.003).

Some variables were correlated, and findings of the
comparisons between age and cortisol variation from
the beginning to the end of the treatment with ECT
were significant.

The older the patient, the greater the difference
between cortisol levels at the first and the last ECT
session; the higher the BDI scores at the first time
point, the greater the cortisol level. There was also a
correlation between baseline cortisol levels and BDI
score differences at the first and the seventh session.
The comparison of the depressed and control groups
revealed that only sex and age at baseline were the
same between groups, whereas BDI scores and baseline
cortisol levels were significantly different (baseline
cortisol: p = 0.008; BDI: p < 0.001). At the seventh
and at the final ECT sessions, the groups had similar
cortisol levels (p = 0.05), whereas BDI scores remained
different between groups at the three different time
points, but there was a progressive reduction towards
levels in the control group (p = 0.01) (Figure 3).
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Table 2 - Distribution of absolute values of baseline cortisol levels (pg/dL), BDI scores, variation of cortisol level and BDI score
between the first, seventh and last session in the depressed group according to age

Cortisol level

Variation of the cortisol

(ng/dL) BDI score dosage Variation of the BDI score
1st 7th Last 1st 7th Last 7th/1st Last/ Last/1st 7th/1st Last/7th Last/1st
Age ECT ECT ECT ECT ECT ECT ECT 7thECT ECT ECT ECT ECT
General
Mean 59.55 16.36 16.18 14.64 44.82 26.91 18.45 -0.318 -1 -1.909 17.91 8 26.36
Minimum 37 11 7 4 34 17 13 -5.8 -11.9 -9 6 3 15
Maximum 79 26 30 26 63 33 22 6.8 18.8 13.1 32 16 48
SD 10.93 5 6 5 8 5 2.911 4 8 6 7 5 8
Women
Mean 56.71 15.71 16 16.71 45.71 28.71 18.86 0.157 0.686 0.843 17 9.86 26.86
Minimum 37 11 7 12 34 22 15 -5.8 -11.5 -7.4 6 3 15
Maximum 79 26 30 26 63 33 22 6.8 18.8 13.1 32 16 48
SD 12.996 5 7 4 10.291 3 2.673 5.3727 9 6.9916 9 5 11
Men
Mean 64.50 17.5 16.5 11 43.25 23.75 17.75 -1 -5 -6 19.5 25.5
Minimum 63 13 11 4 39 17 13 -4.3 -11.9 -9 15 3 22
Maximum 69 25 24 17 48 33 21 2.9 2.6 -7 23 13 28
SD 3.0 5.26 5 5 4 6 3 3 6 4 3 4 2
Older than 60
years
Mean 66.83 18 18 12.33 455 26.17 17 0.6 -6.5 -5 19 8.5 27.83
Minimum 63 12 11 4 37 17 13 -4.3 -11.9 -9 6 3 17
Maximum 79 26 30 18 63 33 21 4 2.6 -0.1 32 16 48
SD 6 6 6.976 5 9 6 3 3 5.3468 4 8 5 10.647
Younger than 60
years
Mean 50.80 14.4 13.2 17 44 27.8 19 -1.42 4 2.68 16.2 8.4 24.6
Minimum 37 11 7 12 34 22 17 -5.8 -2.8 -7 10 3 15
Maximum 58 18 18 26 56 33 22 6.8 18.8 13.1 25 16 34
SD 8.497 5.05 4 5 7 4 2 5.6936 9 7 5 5 6

BDI = Beck Depression Inventory; ECT = electroconvulsive therapy; SD = standard deviation.
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Figure 3 - Cortisol levels (pg/dL) and Beck Depression Inventory (BDI) scores in absolute values in the depressed group. Cortisol levels
remained stable in general (p = 0.05). BDI scores decreased at the three time points (p = 0.003). ECT = electroconvulsive therapy.
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Discussion

Neuroendocrine studies have found variations
in cortisol levels and changes in the hypothalamic-
hypophysis-adrenal axis of patients with depression.?8-32
Although these biological changes are some of the well-
established theses in psychiatry, their psychopathological
and physiological implications are still unclear.

Abrams & Taylor,** Fink & Nemeroff** and Grover
et al.? suggested that ECT corrects a deregulation of
neuropeptides by means of diencephalic stimulation. They
found an increased production and release of several
neuropeptides, some of which had transient antidepressant
effects, as well as vegetative and neuroendocrine
deregulation, features of depression that are mediated
by core brain structures and that are improved by
treatment with ECT. Their studies found increased levels
of corticotropin, cortisol, prolactin, oxytocin, vasopressin,
beta-endorphin and growth hormone after ECT.

The effects of corticosteroids on serotonergic
receptors (5-HT) may have an important role in
vegetative and affective functions: in experiments with
laboratory animals, chronically stressed animals had high
levels of circulating corticosteroids, decreased levels of
5-HT messenger RNA and predominance of depressive
behaviors, such as less locomotion, which reduces
exploratory attitudes and leads to anorexia. However,
after five to seven days of continuous exposure to stress,
the activity of the 5-HT receptors and behaviors were back
to normal, and adaptive responses were interrupted by
repeated administration of corticosterone, but facilitated
by the administration of antiglucocorticoids.”

According to Wolkowitz & Reus,* hypercortisolism,
frequent in patients with major depression, has been
associated with various behavioral changes, such as
sleep disorders, lassitude, decreased attention and libido,
psychomotor disorders, anxiety and suicide ideation.
However, the interpretation of these data is difficult
because the studies under analysis demonstrated that not
all patients with depression have hypercortisolism, and
not all patients with hypercortisolism have depression.
Keller et al.?® reported that the patients with depression
who attempt suicide violently have higher cortisol levels
than patients with depression and non-violent suicide
attempts, and suggested that deregulation of the HPA
axis may be a factor of violent suicide behavior. Cortisol
levels are higher in brain spinal fluid, but return to
normal after treatment and recovery from depression.3’

Markianos et al.?® studied a group of 13 control
individuals and 11 men with depression undergoing eight
to 13 ECT sessions and their variation of cortisol levels.
Baseline cortisol levels were 30% greater in patients than
in controls, but there were no differences from baseline
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values after ECT. McKay & Zakzanis*® conducted a meta-
analysis of 34 studies and 1049 patients with depression
treated with ECT, transcranial magnetic stimulation and
antidepressants and compared cortisol levels in saliva,
urine and blood. They found that treatment type and
cortisol levels did not have any impact on pre- and
post-treatment levels, but that depression subtype and
disease duration might contribute to changes in cortisol
levels. The melancholy subtype, for example, had larger
variations in cortisol levels before and after treatment.

Zis et al.?® compared cortisol and prolactin levels in
10 patients with depression treated with unilateral ECT
using high and low voltage. They found that seizure
duration did not affect cortisol and prolactin levels, but
cortisol levels were significantly higher in the high voltage
subgroup than in the low voltage group. Ozsoy et al.*®
examined blood samples collected two days before, 10
minutes after the first session and three days after the
end of ECT from patients with depression, and compared
findings with the results of a blood sample collected from
individuals in the control group. They found that baseline
cortisol levels did not differ significantly between patients
and controls, but that cortisol levels were significantly
lower in the group of patients after ECT completion.

Acute treatment with ECT affected ACTH, cortisol, and
prolactin levels, which suggests that the ECT regulates
serum levels of the hormones of the HPA axis by
stimulating the hypothalamus to function normally. 83741

In this study we investigated the changes in plasma
cortisol levels throughout ECT treatments and analyzed
BDI scores. Cortisol levels decreased as ECT treatment
progressed. Cortisol levels were greater than those of
the control group at baseline, but at the 7th ECT session,
cortisol levels were similar to those of the control group.
Values were significantly greater in the group of patients
older than 60 years than among individuals in the control
group. There were no statistically significant differences
between men and women 60 years or older in the
depressed group. Reductions of cortisol levels after ECT
specifically in elderly patients with depression are not a
frequent finding in the literature.

According to Keller et al.,*® high cortisol levels are
found in depression, and levels are higher in psychotic
depression. There is evidence that this is associated with
age, and elderly individuals with depression tend to have
higher cortisol levels. Physiological aging is associated
with a relative increase in the activity of the HPA axis,
associated with a reduction of mineralocorticoid and
glucocorticoid receptors. Sapolsky et al.*>#* found
consistent evidence that the rupture of glucocorticoid
levels resulted in mood and cognition disorders,
neurophysiological changes, alterations in the activity of
neurotransmitters and neuroanatomic variations.
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Pariante & Miller** and Soskin et al.*> found that
physiological stress responses activate the sympathetic
nervous system, which releases catecholamine
adrenaline and norepinephrine into the portal
circulation, followed by HPA-axis activation, which
stimulates the release of ACTH by the hypophysis and
the consequent release of glucocorticoids by the adrenal
glands. Depression is characterized by hyperactivity of
the HPA axis and insensitivity of glucocorticoid brain
receptors. As a result, inhibition is deficient because of
the negative feedback to stress.

Von Cauter et al.*¢ and Harman*’ suggest that
ACTH and cortisol secretions are age-related, as mean
24-hour serum cortisol level is 20% to 50% greater in
men and older women, and that serum cortisol levels
have similar increases in response to fasting in elderly
men and young people. Serum cortisol responses to
stress are prolonged in older individuals, possibly due
to changes in glucocorticoid receptors.

The answer to whether depression is the cause or
consequence of hypercortisolism is hard. Depression
has been associated with chronic high cortisol levels
because of the deregulation of the HPA axis and the
reduction of hippocampal volume in humans after
recurrent episodes of depression.>48

High cortisol levels may impair brain function
because of mechanisms such as changes in the
brain glucose metabolism, which potentiate the toxic
effect of excitatory amino acids, such as glutamate,
and block the action of neurotrophic factors that are
crucial for the recovery of brain damage.* The area
of hippocampal formation is rich in mineralocorticoids
and in glucocorticoids and has receptors that maintain
the baseline HPA axis and the negative feedback
regulation of glucocorticoids during the response to
stress. Therefore, the hippocampus is particularly
vulnerable to the effects of stress and depression.

According to O’Brien et al.,>® high cortisol levels
during depression may be associated with cognitive
changes, and chronic hypercortisolism in depression
may cause damage to the hippocampus, which
explains why these deficiencies persist in individuals
with depression even after the affective symptoms
have disappeared. This hypothesis would justify the
findings in our study, in which patients with depression
had high BDI scores even after ECT and clinical
improvement. Patients with depression are usually
referred to treatment with ECT when refractory to
drug treatments, which would explain the fact that BDI
scores are elevated even after the end of treatment
with ECT and that there are residual symptoms even
when cortisol levels are similar to those found in the
control group. Our findings of a reduction of cortisol
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levels after ECT sessions are consistent with the
findings reported by Aperia et al.,'* Aperia et al.,?°
Weizman et al.?®> and Ozsoy et al.*°

Ozsoy et al.*® suggested that the mechanism of
action of ECT might be explained by the fact that
it changes the instability of levels of neuroactive
steroids that affect gamma-aminobutyric acid (GABA)
antagonists, such as dehydroepiandrosterone (DHEAS),
and GABA agonists, as testosterone and progesterone.
In depression, estrogen and testosterone levels
are physiological unstable, which contributes to the
symptoms of depression, such as sexual dysfunction
and reduced energy. Moreover, ECT might contribute
to clinical improvement by means of regular activation
of neuroactive steroids. In their study, high DHEAS
levels were detected in male patients with depression,
whereas no changes were found in women. After
ECT, DHEAS elevations were less marked in men and
remained stable in women, which indicated an inverse
correlation between DHEAS and cortisol levels after
ECT. These data are consistent with the findings in
our study, in which cortisol levels differed between
male and female patients after treatment with ECT.
We believe that glucocorticoid receptors in elderly
populations with depression are disrupted and that
ECT may reestablish the function of the HPA axis.

Cortisol levels decrease during treatments using
ECT, which suggests that ECT acts as a regulator of
the HPA axis. It remains uncertain, however, whether
hypercortisolism is an epiphenomenon or a direct
contribution to depressive symptoms and biochemical
changes in major depression.

The evaluation of our results should take into
consideration study limitations, and our findings
should be classified as preliminary. The association of
depression severity with hypercortisolism mechanisms
is not warranted for several reasons. First, our sample
size was too small to establish a correlation between
depression severity, cortisol levels and possible
changes of the hippocampal volume. Second, cortisol
levels in elderly populations were not analyzed because
our sample of patients 60 years or older was small.
Studies to evaluate these variables should include a
larger sample of patients with depression for a better
understanding of the physipathology of depression
and the correlations of cortisol levels before and after
treatments with ECT.

Recent studies have contributed to the improvement
of our knowledge about possible mechanisms of
action of ECT and to the development of safe and
well-tolerated treatments, but some fundamental
mechanisms remain unclear. Although the precise
mechanism of action of ECT has not been described,



this highly effective therapeutic option should not
be seen only as a last choice for the treatment of
depression.
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