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It is now broadly accepted that psychological stress may change the internal homeostatic state of an individual.
During acute stress, adaptive physiological responses occur, which include hyperactivity of the HPA axis. When-
ever there is an acute interruption of this balance, illness may result. The social and physical environments have
an enormous impact on our physiology and behavior, and they influence the process of adaptation or ‘allostasis’.
It is correct to state that at the same time that our experiences change our brain and thoughts, namely, changing
our mind, we are changing our neurobiology. Increased adrenocortical secretion of hormones, primarily cortisol
in major depression, is one of the most consistent findings in neuropsychiatry. A significant percentage of pa-
tients with major depression have been shown to exhibit increased concentrations of cortisol, an exaggerated
cortisol response to adrenocorticotropic hormone, and an enlargement of both the pituitary and adrenal glands.
The maintenance of the internal homeostatic state of an individual is proposed to be based on the ability of cir-
culating glucocorticoids to exert negative feedback on the secretion of hypothalamic-pituitary-adrenal (HPA)
hormones through binding to mineralocorticoid (MR) and glucocorticoid (GR) receptors limiting the vulnerabil-
ity to diseases related to psychological stress in genetically predisposed individuals. The HPA axis response to
stress can be thought of as a mirror of the organism's response to stress: acute responses are generally adaptive,
but excessive or prolonged responses can lead to deleterious effects. Evidence indicates that early-life stress can
induce persistent changes in the ability of the HPA axis to respond to stress in adulthood. These abnormalities ap-
pear to be related to changes in the ability of hormones to bind to GR andMR receptors. First episodesmay begin
with an environmental stressor, but if the cycles continue or occur unchecked, the brain becomes kindled or sen-
sitized, and future episodes of depression, hypomania, or mania will occur independently of an outside stimulus,
with greater frequency and intensity. Generally, HPA axis changes appear in chronic depressive andmore severe
episodes. Moreover, HPA axis changes appear to be state-dependent, tending to improve upon resolution of the
depressive syndrome. Interestingly, persistent HPA dysfunction has been associated with higher rates of relapse
and chronicity.

This article is part of a Special Issue entitled NEWroscience 2013.
© 2013 Elsevier Inc. All rights reserved.
1. Introduction

The relationship between stress and affective disorders is a strong
example of a field of study that can be more fully understood from
an integrative perspective. The potential of an integrative approach
to contribute to improvements in human health and well-being is
more important than historical biases that have been associated
with an integrative science approach. Approximately 60% of cases of de-
pressive episodes are preceded by exposure to stressors, especially psy-
chosocial stressors. Among the factors associated with depression in
adulthood are exposure to childhood stressors such as the death of
a parent or substitute, maternal deprivation, paternal abandonment,
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parental separation, and divorce. Psychological stress may change the
internal homeostatic state of an individual. During acute stress, adaptive
physiological responses occur, including increased adrenocortical hor-
mone secretion, primarily cortisol [1,2].Whenever an acute interruption
of this balance occurs, illnessmay result. Particularly interesting are psy-
chological stress (i.e., stress in the mind) and the interactions with the
nervous, endocrine, and immune systems [3]. Childhood maltreatment
is a major social problem. It is a complex global phenomenon that
does not respect boundaries of class, race, religion, age, or educational
level and can occur both publicly and privately, resulting in serious
physical injury or even death.Moreover, its psychological consequences
can acutely affect a child's mental health well into adulthood [2].

2. Physiology of the HPA axis

The hypothalamic–pituitary–adrenal (HPA) axis constitutes one of
the major endocrine systems that maintain homeostasis when the
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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Fig. 1. The paraventricular nuclei of the hypothalamus.
Adapted from [15].

Fig. 2. Schematic diagram of hypothalamic–pituitary–adrenal (HPA) axis. It describes reg-
ulation and negative feedback (−) of cortisol via glucocorticoid receptors (GRs) andmin-
eralocorticoid receptors (MRs).
Adapted from [13].
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organism is challenged or stressed. Activation of the HPA axis is perhaps
the most important endocrine component of the stress response [3,4].

Abnormal activation of the HPA axis, as well as increased circulating
levels of cortisol, is one potential explanation formany of the features of
depression, andmany previous studies have described an impairedHPA
negative feedback, leading to hypercortisolemia, in the more severe
forms of depression [4,5].

Cortisol mediates its action, including feedback regulation of the
HPA axis, through two distinct intracellular corticosteroid receptor
subtypes referred to as mineralocorticoid receptors (MR) and gluco-
corticoid receptors (GR) [5,6]. The type-I receptor (MR) has a limited
distribution, and it is found in relatively high density in the hippo-
campus [7] and in sensory andmotor sites outside the hypothalamus
[8]. The expression of type-II receptors (GR) is more widespread, and
they are found in the hippocampus, the amygdala, the hypothalamus,
and the catecholaminergic cell bodies of the brain stem [9]. There is a
theory that suggests that a GR defect may mediate the impaired nega-
tive feedback thought to cause hypercortisolemia in depression [10].
Under basal levels of cortisol, negative feedback is mediated mainly
through the MR in the hippocampus, whereas under stress and high
cortisol concentrations, feedback is mediated by the less sensitive GR
in the hippocampus, hypothalamus, and pituitary gland [5]. The balance
in these MR- and GR-mediated effects on the stress system is of crucial
importance to the set point of the HPA axis activity [5]. It is proposed
that the maintenance of corticosteroid homeostasis and the balance in
MR-/GR-mediated effects limit vulnerability to stress-related diseases
in genetically predisposed individuals [11].

Stress-induced activation of the HPA axis generally involves stimulat-
ed release of corticotropin-releasing factor (CRF) from theparaventricular
nucleus (PVN) of the hypothalamus into the portal venous circulation,
where CRF stimulates the synthesis of proopiomelancortin, the precursor
of adrenocorticotropic hormone (ACTH) from anterior pituitary cells.
Arginine-vasopressin (AVP) is a potent synergistic factor with CRF in
stimulating ACTH secretion [11,12] (see Fig. 1).

In the hypothalamus, the PVN receives fibers from a number of brain
areas, notably the brain stem and limbic system (e.g., amygdala and the
septal areas). It is thought that these afferents may be important in HPA
responses to behavioral and emotional stimuli and may play a role in
corticosteroid feedback. Several peptides are released alongside and in-
teract with CRF at the level of the anterior pituitary and alter the stimu-
latory action of ACTH secretion [13] (see Fig. 2). Increases in circulating
ACTH stimulate glucocorticoid release from the adrenal cortex: cortisol
is the principal glucocorticoid in humans, and corticosterone is the prin-
cipal glucocorticoid in other species, such as rats [11,13,14].

The division of the adrenal cortex into separate layers is important
since zones produce different steroids [14]. Table 1 summarizes the ad-
renal steroids. Cortisol is produced by the zona fasciculata at the rate of
12–15 mg/m2 of body surface area per day [15]. However, more than
90% of the circulating cortisol is bound to corticosteroid-binding globu-
lin (CBG) in humans and rodents [16]. In addition, it has been observed
that both exogenous glucocorticoid administration and endogenous in-
creases in plasma cortisol (for example, Cushing's syndrome) result in a
30–40%decrease in the plasma CBG concentration [17]. Thus, CBG levels
fluctuate according to glucocorticoid concentration.

Adrenocorticotropic hormone is secreted in irregular bursts through-
out the day, and plasma cortisol tends to rise and fall in response to this
pulsatile secretion. In humans, the bursts are most frequent in the early
morning and least frequent in the evening [18]. The biological clock re-
sponsible for the diurnal ACTH rhythm is thought to be located in the su-
prachiasmatic nuclei of the hypothalamus. Changes in the activity of
these neurons increase the release of CRF and AVP by the PVN during
usual times of peak activity [19]. Consequently, it is thought that the se-
cretion of CRF and AVP also follows a pulsatile pattern. However, CRF
levels in human peripheral plasma are very low anddo not exhibit circa-
dian variation [20], and therefore, these levels cannot be used reliably to
assess hypothalamic CRF release relevant to the HPA axis. An important
Please cite this article as: JuruenaMF, Early-life stress andHPAaxis trigger re
10.1016/j.yebeh.2013.10.020
feature is the intrinsic rhythmicity of the HPA axis with regard not only
to thediurnal variation but also to thepulsatility, which is comparable to
the rhythm found within the reproductive and growth hormone axes
[21].
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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Table 1
Adrenal steroids.
Adapted from [14].

Three sets of steroids produced by the adrenal cortex
Aldosterone (mineralocorticoid) from zona glomerulosa, cortisol (corticosterone in
some rodents; glucocorticoid) from zona fasciculata, and dehydroepiandrosterone
from zona reticularis (primates)

Separate control systems for the three regions. Glomerulosa: angiotensin II (via
renal renin), fasciculata: adrenocorticotropic hormone (pituitary); reticularis:
largely unknown

Mineralocorticoids and glucocorticoids both bind to the mineralocorticoid receptor
(MR) present in target tissues, including the brain. High expression in several areas,
including the hippocampus, anterior hypothalamus. Glucocorticoids also bind to the
glucocorticoid receptor (GR) expressed much more widely in the brain. Both MR
and GR bind as dimmers to a range of palindromic glucocorticoid receptor elements
(GREs) following activation by adrenal steroids

Glucocorticoids at least may also interact with membrane bound receptors in the
brain (e.g., GABAA or NMDA receptors); recent evidence indicates that the classical
steroid receptors themselves may mediate such membrane effects

Binding to GRE activates or suppresses a wide range of downstream genes
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A wide variation in cortisol levels is observed among individuals in
response to a stressor. This variability is somarked that in any one indi-
vidual, it is not always possible to distinguish a stress response from a
spontaneously occurring pulse. Young and Altemus [21] put forward a
totally different hypothesis that acute stressors simply “advance” a
spontaneous cortisol pulse rather than activate cortisol release as an in-
dependent variable, thereby acting as a synchronizer or “zeitgeber” for
the ultradian cortisol rhythm, whose effectiveness will depend on a
number of variables that control the individual's endogenous rhythm.
Finally, pulsatility analysis enables us to examine multiple aspects of
the control of the HPA axis, extending our understanding well beyond
mean cortisol levels [21].

Glucocorticoids control their own synthesis and release by completing
a negative feedback loop at the level of the anterior pituitary [22], hypo-
thalamus [23], and other higher centers, including the mesencephalic re-
ticular formation [24]. The circulating concentration of cortisol is a major
influence at both the hypothalamic and pituitary levels (see Table 2). The
negative feedback mechanisms constitute a rate-sensitive fast feedback
system and a delayed feedback system. Fast feedback is proportional to
the rate of rise of steroid concentrations and perhaps serves to limit the
amplitude of the response [25]. In contrast, delayed feedback is related
to the ambient concentration of corticosteroid and is frequently the con-
sequence of repeated or continuous administration of high doses of glu-
cocorticoids [26]. Delayed feedback may persist for days or weeks after
the steroid treatment is withdrawn [27].
2.1. The glucocorticoid receptors

Steroid hormones are small, lipid-soluble ligands that diffuse across
cell membranes. Unlike the receptors for peptide hormones, which are
located in the cell membrane, the receptors for these ligands are local-
ized in the cytoplasm. In response to ligand binding, steroid hormone
receptors translocate to the nucleus,where they regulate the expression
Table 2
Factors that affect corticosteroid secretion.

Corticosteroids are secreted in distinct pulses. There is a rapid fall in plasma levels after
each pulse

This pulse generator increases its activity in themorning (in humans) or in the evening
(in rats)

The pulse generator is controlled by both genetic and epigenetic factors
Early-life exposure to adversity (either physical or social) has persistent affects on later
hypothalamo-pituitary axis (HPA) axis function

Pulsatile frequency is increased with age
There are sex differences in HPA activity. Some of these are reproduced in rats by
manipulating neonatal testosterone

Gonadal steroids in adulthood also alter HPA activity

Please cite this article as: JuruenaMF, Early-life stress andHPAaxis trigger re
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of certain genes by binding to specific hormone response elements
(HREs) in their regulatory regions.

Type-I receptors are thought to be involved in controlling the basal
expression of CRF and AVP at the nadir of diurnal ACTH secretion [28]
and in controlling peak ACTH secretion [29]. Type-II receptors are con-
sidered to be involved in the control of stress-induced ACTH secretion
[30]. According to the “nucleocytoplasmic traffic” model of GR action
(see Fig. 3), the GR in its “unactivated” form resides primarily in the
cytoplasm in association with a multimeric complex of chaperone
proteins including several heat shock proteins (HSPs) [31]. After being
bound by steroid, the GR undergoes a conformational change, dissoci-
ates from the chaperone protein complex, and translocates from the cy-
toplasm to the nucleus, where it either binds to glucocorticoid response
elements (GREs) on DNA or interacts with other transcription factors
[32]. Glucocorticoid response elements can confer either positive or
negative regulation on the genes towhich they are linked. The activated
GR cannot rebind ligand since association with the chaperone protein
complex is required for maintaining the receptor in a conformational
state receptive to hormone. Glucocorticoid receptors have a low affinity
but high capacity for cortisol and are very responsive to changes in cor-
tisol concentrations [33].

Studies on the subcellular localization of the MR have been contro-
versial [34]. In the lack of corticosteroid hormone, MR is present both
in the cytoplasm and in the nucleus. However, the presence of cortico-
steroid hormone induced a rapid nuclear accumulation of the MR [34].
The MR has a high affinity for endogenous glucocorticoids: the in vitro
dissociation constant/ionization constant (Kd/Ki) is 0.13nM for cortisol
binding to human MR [35] and 0.5 nM for corticosterone binding to
mouseMR [5]. In contrast, the GR has a low affinity for endogenous glu-
cocorticoids: the in vitro Kd/Ki is 15 nM for cortisol binding to human
GR [35] and 5 nM for corticosterone binding to mouse GR [5]. Under
basal levels of cortisol, negative feedback is mediated mainly through
theMR in the hippocampus,whereas under stress and high cortisol con-
centrations, the less sensitive GR in the hippocampus, hypothalamus,
and pituitary gland come into play. The balance in these MR- and GR-
mediated effects on the stress system is of crucial importance to the
set point of the HPA axis activity [5]. Spencer et al. [31] and de Kloet
et al. [5] have clarified that GR activation is necessary for the HPA feed-
back regulation when levels of glucocorticoids are high (response to
stress, circadian peak) but thatMR also plays an important role bymod-
ulating GR-dependent regulation.

2.2. Brain corticosteroid balance in health and disease

Data on corticosteroid receptor diversity led de Kloet et al. [5] to a
working hypothesis that in rodents, “tonic influences of corticosterone
are exerted via hippocampal MRs, while the additional occupancy of
GRs with higher levels of corticosterone mediates feedback actions
aimed to restore disturbances in homeostasis” [36]. This proposal pro-
vides a receptor-based version of Selye's classical pendulum hypothesis
on opposing effects of mineralocorticoids and glucocorticoids in host
defense (see Table 3).

In humans, while MRs are thought to be involved in the tonic inhib-
itory activity within the HPA axis, GRs appear to “switch off” cortisol
production at times of stress [30]. According to Pace and Spencer [37],
MRs may be necessary for glucocorticoid regulation of HPA axis activity
during mild stressors but not during stressors that result in a stronger
corticosterone response. It is proposed that the maintenance in cortico-
steroid homeostasis and the balance in MR-/GR-mediated effects limit
vulnerability to stress-related diseases in genetically predisposed
individuals.

2.3. States associatedwith hyperactivation or hypoactivation of theHPA axis

Hyperactivity of the HPA axis in major depression is one of themost
consistent findings in psychiatry. A significant percentage of patients
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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ligand-regulated transcription factor by binding to glucocorticoid response elements (GREs) and alter gene transcription.
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with major depression have been shown to exhibit increased concen-
trations of cortisol in plasma, urine, and cerebrospinalfluid (CSF); an ex-
aggerated cortisol response to adrenocorticotropic hormone (ACTH);
and an enlargement of both the pituitary and adrenal glands [4,38].

Adrenal hypertrophy in patients with depression has been demon-
strated, and this finding likely explains why the cortisol response to
CRF is similar in subjects with depression and control subjects because
the enlarged adrenal gland is capable of compensating for the blunted
ACTH response to CRF commonly observed in patients with depression
[39]. Increased pituitary volume in these patients has also been de-
scribed, and it has also been considered a marker of HPA axis activation
[40]. In a recent study, the first episode of a psychosis has also been
found to be associated with a larger pituitary volume, and it has been
suggested that this is due to activation of the HPA axis; the smaller pitu-
itary volume in subjects with established psychosis could also be the
consequence of repeated episodes of HPA axis hyperactivity [41].

In general, HPA axis changes appear to be state-dependent, tending
to improve upon resolution of the depressive syndrome [42]. In fact,
previous studies have described an impaired HPA negative feedback,
Table 3
Function of brain corticosteroid receptors.

Corticosterone
condition

Occupied
receptor

Function

Basal MR Stabilization of excitability
Sensitivity stress response system
Proactive feedback
Selection of behavioral response

Stress MR+GR Suppression increased excitability
Recovery from stress-induced activation
Reactive feedback
Facilitation of memory storage
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leading to hypercortisolemia, as in melancholic depression [4,39].
In addition to melancholic depression, a spectrum of other conditions
may be associated with increased and prolonged activation of the HPA
axis, including anorexia nervosa with or without malnutrition, obses-
sive–compulsive disorder, panic anxiety, chronic active alcoholism, al-
cohol and narcotic withdrawal, poorly controlled diabetes mellitus,
and hyperthyroidism [43]. Another group of states is characterized by
hypoactivation of the stress system, rather than sustained activation,
inwhich chronically reduced secretion of CRFmay result in pathological
hypoarousal and an enhanced HPA negative feedback. Patients with
posttraumatic stress disorder, atypical depression, seasonal depression,
and chronic fatigue syndrome fall into this category [44].

Similarly, patients with fibromyalgia have decreased urinary free
cortisol excretion and frequently complain of fatigue [45,46]. Patients
with hypothyroidism also have clear evidence of CRF hyposecretion
[47] (Table 4).

Thus, hyperfunction of the HPA axis, characterized by a CRF hyper-
drive, reduced negative feedback, and hypercortisolism, has been a con-
sistent research finding in major depression [48–50]. Plotsky et al. [48]
and Holsboer [51] have reviewed the main HPA axis features in major
depression; these are summarized in Table 5. The dysregulations situate
themselves at different levels of the HPA axis, and the experimental
findings can be classified under basal hormonal changes, postmortem
findings, and results from imaging studies and functional tests. Theories
as to the causes of abnormal HPA axis function in depression are that it
is related to either (a) increased central drive at the hypothalamic level
or (b) downregulation of GRs. Taking the first theory, it has been sug-
gested that hypercortisolism represents a defect at or above the level
of the hypothalamus, resulting in the hypersecretion of CRF [4] and/or
AVP [52]. Corticotropin-releasing factor itself has behavioral effects in
animals that are similar to those seen in patients with depression in-
cluding alterations in activity, appetite, and sleep [38,53]. Moreover, pa-
tients with depression exhibit increased concentrations of CRF in the
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/

http://dx.doi.org/10.1016/j.yebeh.2013.10.020
http://dx.doi.org/10.1016/j.yebeh.2013.10.020


Table 4
Corticosteroids and stress-related disorders.
Adapted from [11].

HPA dysregulation

Enhanced feedback Feedback resistance
Reduced CRF/VP function Enhanced CRF/VP function
Reduced adrenocortical sensitivity Enhanced adrenocortical sensitivity

Vulnerability to disease

Posttraumatic stress syndrome Depression
Chronic fatigue syndrome
Fibromyalgia
Susceptibility to inflammation Susceptibility to infection
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CSF, increased CRF mRNA and protein in the PVN of the hypothalamus
(postmortem samples), and a blunted ACTH response to a CRF challenge
[4,39]. The findings of blunted ACTH response to human CRF [54] and to
ovine CRF [55], the elevated levels of CRF in the CSF [56], the decreased
number of CRF binding sites in the frontal cortex of patients with de-
pression who have committed suicide [57], the increased number of
CRF-expressing neurons in the hypothalamic PVN of patients with de-
pression [58], and the finding that CRF concentrations in the spinal
fluid decrease during long-term treatmentwith fluoxetine or amitripty-
line [59] support the idea that CRF is the key neuropeptide responsible
for HPA alterations in depression.

The second theory suggests that a defect of GRsmay also explain the
hypercortisolemia seen in depression, via impaired negative feedback
control of the HPA axis by glucocorticoids. Various research groups
have suggested that the overactivity of the HPA axis in depression
may be due to an abnormality of the GR at the limbic–hippocampal
level [60]. This abnormality then results in a defect in or resistance to
glucocorticoid. In fact, several findings in depression are consistent
with an abnormality of the GR. Most notably, patients with depression
fail to showmost of the physical symptoms of corticosteroid excess, de-
spite the frequent presence of hypercortisolism [61], suggesting that pe-
ripheral GRs may be abnormal or insensitive in depression. Consistent
with the fact that GR is more important in the regulation of the HPA
axis when endogenous levels of glucocorticoids are high [5] and with
the fact that patients with major depression exhibit impaired HPA neg-
ative feedback in the context of elevated circulating levels of cortisol
Table 5
HPA axis-related findings in major depression.

Basal hormone secretion

• Elevated CRF in plasma and cerebrospinal fluid
• Increased number of ACTH secretory episodes
• Elevated plasma cortisol levels
• Elevated 24-h urinary free cortisol

Imaging studies

• Reduced hippocampal volume/changes in hippocampal shape
• Pituitary gland enlargement
• Adrenal hypertrophy

Post-mortem findings (patients with depression history)

• Elevated CRFmRNA levels and increased numbers of CRF-expressing neurons in PVN
in hippocampus

• Pituitary CRF receptor downregulation

Functional tests

• Reduced suppression of cortisol secretion after dexamethasone (DEX)
• Enhanced ACTH and cortisol response to the combined DEX–CRF test
• Blunted ACTH response to CRF administration
• Lymphocytes fromDEX nonsuppressorsmore resistant to the inhibitory effect of DEX
(in vitro)

• Reduced vasoconstrictor response to beclomethasone (in vivo)

ACTH, adrenocorticotropin; CRF, corticotropin-releasing factor; DEX, dexamethasone; GR,
glucocorticoid receptor; PVN, paraventricular nucleus.
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[39], a number of studies have described reduced GR function in pa-
tients with depression (GR resistance) and have concluded that antide-
pressants act by reversing these putative GR changes [62].

Because awide variety of stressors reliably activate the HPA axis and
because glucocorticoids are the end-products of HPA axis activation, these
hormones have been most commonly seen as the agents provocateurs, or
even in extreme cases as the physical embodiment, of stress-induced pa-
thology. Indeed, it has been suggested that prolonged overproduction of
glucocorticoids, whether as a result of ongoing stress or a genetic predis-
position to HPA axis hyperactivity, damages brain structures (especially
the hippocampus) essential for HPA axis restraint. Such damage, in turn,
has been hypothesized to lead to a feed-forward circuit in which ongoing
stressors drive glucocorticoid overproduction indefinitely: the “glucocor-
ticoid cascade hypothesis”. Because of the capacity of high concentrations
of glucocorticoids to disrupt cellular functioning inways that can lead to a
host of ills, this glucocorticoid overproduction is believed to contribute di-
rectly tomany of the adverse behavioral and physiological sequelae asso-
ciated with chronic stress [63,64].

2.4. Assessing the impaired HPA negative feedback

Functioning of the HPA axis can be assessed under basal as well as
under challenged conditions. Basal cortisol mainly reflects adrenal func-
tioning, whereas several challenge paradigms target different levels of
theHPA axis [11,13]. Cortisol is secretedwith a pulsatory diurnal rhythm,
with a peak (average increase of 50%) approximately 30min after awak-
ening and a progressive decline during the daywith lowest levels around
midnight. Basal cortisol may be assessed in several bodily fluids such as
saliva, urine, blood (serum or plasma), and cerebrospinal fluid. Whereas
salivary free cortisol and urinary free cortisol consist almost entirely of
the (free) biologically active fraction, in blood, less than 10% of the corti-
sol is free. The major part is bound to cortisol-binding globulin or other
proteins and, therefore, biologically inactive [65]. A distinction can be
made betweenpsychosocial stress challenges and pharmacological stress
challenges. Examples of the psychosocial stress challenges are cognitive
stress challenges, challenges using trauma related acoustic stimuli, or
trauma scripts. The most often used psychosocial stress challenge is the
Trier Social Stress Test (TSST) that combines social-evaluative threat
and uncontrollability. Among the pharmacological stress challenges are
the CRH and ACTH challenge tests, the dexamethasone suppression test
(DST), the dexamethasone/corticotropin-releasing hormone (DEX/CRH)
test, and the metyrapone challenges [66].

The dexamethasone suppression test (DST) was the first and is, to
date, the most studied biological marker in research on depressive dis-
orders. In 1968, Bernard Carroll and colleagues showed that patients
with depression fail to suppress plasma cortisol to the same extent
as controls without depression [67]. This impaired feedback inhibition
by dexamethasone has been demonstrated in patients with depression
by a variety of studies, many occurring in the 1970s and the 1980s
[68,69]. Early studies in the 1980s proposed the use of the DST to diag-
nose the melancholic subtype of depression and pointed to the high
specificity of theDST inmelancholia [70,71]. However, in the 1990s, sev-
eral studies found that the sensitivity of the DST in the diagnosis of the
DSM-III defined melancholic subclass of major depression was only ap-
proximately 35–45%, although the specificity was higher at approxi-
mately 70–89% [72,73]. A meta-analysis to determine the significance
of differences in rates of nonsuppression of cortisol indicated a high
probability that a greater rate of cortisol nonsuppression occurs in psy-
chotic depression (64% versus 41% in patients without psychosis) [74].

The DST/CRH combines the DST and the CRH stimulation test in the
dexamethasone suppression/corticotropin releasing hormone stimula-
tion (DEX/CRH) test [75–77]. Indeed, Heuser et al. [77] concluded from
their studies that the sensitivity of this test is above 80%, depending on
age and gender. Watson et al. [78] compared the use of the DEX/CRH
test and the DST in patients with mood disorders and controls. They
found a close correlation between the cortisol responses on the two
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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tests. The sensitivity of DEX/CRH was 61.9% and the specificity 71.4%,
whereas the sensitivity of the DST was 66.6% and the specificity 47.6%.
This suggests that the two tests measure common pathology but that
the DEX/CRH test is more specific and hence has better diagnostic utility
[78]. Nevertheless, the DEX/CRH test remains limited by the pharmaco-
kinetic profile of dexamethasone and the lack of MR activity.

Prednisolone is a synthetic glucocorticoid that, like dexamethasone,
is widely used as an antiinflammatory and immunosuppressive drug.
Prednisolone mimics cortisol in many ways. Like cortisol, it binds to
CBG, and its half-life is similar to that of cortisol [79,80]. However, the
most important of these similarities is that prednisolone and cortisol
are similar in their abilities to bind and activate the GR and the MR
[79,81]. Thus, in studies examining rat MR, prednisolone and cortisol
have similar affinities for MR (C50 = 20 nM for prednisolone and
16nM for cortisol [82]) and similar abilities to inhibit sodium excretion
in adrenalectomized rats, an index ofMR activity [83], while dexameth-
asone has a 3.5-fold lower affinity (C50=57nM) for the MR [82] and
shows no activity in the sodium excretion assay [84]. In studies examin-
ing human GR, prednisolone has an affinity that is 2-fold higher than
that of cortisol, while dexamethasone has an affinity than is 7-fold
higher than that of cortisol [85,86]. In another study examining mouse
GR, prednisolone has a relative potency to activate GR function that is
the same as cortisol, while dexamethasone has a relative potency that
is 4-fold higher than that of cortisol [85] (see Table 6).

Grossmann et al. [87] contrasted the MR and GR properties of differ-
ent steroids that are regularly used in clinical practice in the equal
in vitro test system complemented by a system to test the steroid bind-
ing affinities (see Fig. 4). They concluded that the potency of a GC is in-
creased by an 11-hydroxy group; both its potency and its selectivity are
increased by the D1-dehydro-configuration and a hydrophobic residue
[87].
2.5. GR/MR probe of HPA axis

The evidence summarized above suggests that prednisolone is simi-
lar to cortisol in its ability to probe both the GR and theMR and provides
a more naturalistic probe than dexamethasone. Indeed, prednisolone is
particularly useful in examining suppression of salivary cortisol [79],
which represents the bioavailable fraction (5–10%) of plasma cortisol
and, therefore, reflects more accurately the hormone that reaches and
binds the corticosteroid receptors [88,89]. In contrast, salivary cortisol
responses to dexamethasone show a large variability [90,91].

Jerjes et al. [92] compared capillary gas chromatography, which dis-
tinguishes urinary cortisol and prednisolone metabolites, and salivary
cortisol immunoassay. Twenty adult volunteers began the study at
2100 and collected sequential 3 hourly urine samples for a 24-h period
(Day 1). Prednisolone (5mg)was taken at 2400 at the endof Day 1. Sub-
jects then began the second 24-h period and continued collecting 3
hourly urine samples until 2100 the following day (Day 2). Both urinary
cortisol metabolites and salivary cortisol were found to have potential
for investigation of changed HPA axis negative feedback and for investi-
gation of mild degrees of both glucocorticoid resistance or supersensi-
tivity, based on a convenient pre- and postdose urinary collection
between 0900 and 1800 and salivary sampling at 0900 [92]. Of note
was that prednisolone was not detectable in saliva at 0900, suggesting
that cross reactivity may have limited importance in any event.
Table 6
Characteristics of dexamethasone/prednisolone suppression tests.
Adapted from [94].

Dexamethasone Prednisolone

Pharmacodynamic GR MR/GR
Pharmacokinetic Long half-life ≅Cortisol
CBG binding Does not bind Binds
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We have provided evidence that the prednisolone suppression test,
differently from the DST and the DEX/CRH test, probes both the MR and
the GR [79,93,94] and, hence, provides a more physiological measure of
suppression. An intriguing finding is that the results of the PST predict
treatment outcome in severe depression, distinguishing “true” from
“pseudo-” resistant depression. In addition to providing potential in-
sights into the mechanism of treatment resistance, this finding, if repli-
cated, could have clinical utility [91,92].
3. Early-life stress

Stress can be defined as an emotional experience in response to a
stressor and manifests itself by biochemical, physiological, cognitive,
and behavioral changes. These changes are directed both at altering the
stressor and accommodating its effects [2,66,95]. A stressor (or stressful
event) is a physical or imagined stimulus that disturbs or threatens to
disturb homeostasis. As stressors are omnipresent, stress is vital for sur-
vival. Sometimes, however, stress induces physical or psychological dys-
function. This is why stress has a negative connotation [2,44,66,95].

The concept of early-life stress is quite broad and includes the differ-
ent traumatic experiences that occur during childhood and adolescence,
which may have repercussions in adulthood. Among these are parental
loss; separation from parents; childhood illness; family violence; and
deprivation of food, clothing, shelter, and love [2,66,95]. In agreement
with Bernstein et al. [96], childhood maltreatment may be subdivided
into the following domains:

1. Physical abuse: physical aggression by someone older, with the risk
of or result of injury.

2. Emotional abuse: verbal aggression that affects thewelfare ormorale
of the child or any conduct that humiliates, embarrasses, or threatens
the child.

3. Sexual abuse: any type of sexual contact or conduct between a child
and someone older.

4. Emotional neglect: failure of caretakers to provide for basic emotion-
al and psychological needs such as love, motivation, and support.

5. Physical neglect: failure of caretakers to provide for basic physical
needs such as feeding, a home, security, supervision, and health [96].
Fig. 4. Selectivity of steroids regardingMRandGR. In thefigure, GRpotency increases from
left to right, and MR potency increases from bottom to top. The diagonal line separates
typical glucocorticoids from mineralocorticoids. Selectivity increases with the perpendic-
ular distance from that line: to the bottom right for glucocorticoids, to the top left formin-
eralocorticoids.
Adapted from [87].
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Childhood maltreatment is a major social problem. It is a complex
global phenomenon that does not respect boundaries of class, race, reli-
gion, age, or educational level and can occur both publicly and privately,
resulting in serious physical injury or even death. Moreover, its psycho-
logical consequences can acutely affect a child's mental health well into
adulthood [2,95].

Early-life stress is associated with a diverse range of psychiatric
consequences. In children and adolescents, it increases the risk of
behavioral problems, including internalizing and externalizing behavior.
Internalizing refers to behavioral symptoms reflected by anxiety, depres-
sion, somatic complaints, and inhibition. Externalizing refers to behav-
ioral symptoms reflected by aggression, delinquency, and increased
activity level. Sexual behavior problems most likely fall into this domain
[97–100].

Considerable evidence from various studies suggests a preeminent
role for early adverse experiences in the development ofmood and anx-
iety disorders. Child abuse and neglect can be perceived as agents for
neurodevelopmental disruption and, depending on when it occurs,
can cause serious neurological “scars in some structures, which could
make some individuals vulnerable to certain types of psychopathology,
especially depression, posttraumatic stress disorder (PTSD), and sub-
stance abuse” [99–101].

Evidence indicate that stress in the early phases of development can
induce persistent changes in the ability of the HPA axis to respond to
stress in adulthood, and that mechanism can lead to a raised susceptibil-
ity to depression. These abnormalities appear to be related to changes in
the ability of circulating glucocorticoids to exert negative feedback on
the secretion of HPA hormones through binding to glucocorticoid (GR)
and mineralocorticoid receptors (MR) [99–101]. Investigations into the
possible link between childhood maltreatment (including child physical
abuse, child sexual abuse, emotional abuse, and neglect) and HPA axis
dysregulation in children have yielded inconsistent results. Recent stud-
ies have shown that patients with depressionwith a history of childhood
abuse are more likely to show hyperactivity of the HPA axis and to pres-
ent symptoms that are resistant to standard antidepressants but instead
benefit from adjuvant treatment with psychotherapy [99–101]. It has
been concluded from these studies that child maltreatment may lead
to disruptions in HPA axis functioning and that factors such as age
of maltreatment, parental responsiveness, subsequent exposure to
stressors, type of maltreatment, and type of psychopathology or be-
havioral disturbance displayed may influence the degree and pattern
of HPA disturbance. Baseline and stress-induced HPA axis activation has
been described to be either increased [100–102] or reduced [103] fol-
lowing child maltreatment. There are also methodological consider-
ations, thus although the possibility of comorbidity has been addressed
in themajority of childmaltreatment studies,many did not clearly delin-
eateMDD fromPTSD,which should clearly be consideredwhen compar-
ing results of investigations of the HPA axis function [101].

4. Depression

Towards the end of the 20th century, the National Institute of
Mental Health study of the psychobiology of depression and the
United States–United Kingdom diagnostic project [104] supported
the definition of depression as a disorder.

According to the Diagnostic and Statistical Manual of Mental
Disorders—Fourth Edition (DSM-IV [105]), a depressive episode
can be diagnosed if a patient has had depressed mood, or has lost inter-
est or pleasure in most activities, for a duration of at least two weeks.
However, depressive episodes often last months, sometimes years,
and they carry a significant impairment in social and occupational func-
tioning. Depressive episodes not only provoke great mental suffering
with symptoms such as depressedmood and loss of interest in activities
but they also influence the basic biological processes that control sleep
and appetite. Metabolic activity, autonomic function, and neuroendo-
crine regulation are also influenced [47].
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Approximately eight out of 10peoplewho experience amajor depres-
sive episode will have one or more further episodes during their lifetime
(i.e., a recurrent major depressive disorder); therefore, early diagnosis
and effective treatment are vital for reducing the effect of depression on
the life of the individual, family, and community [11,13]. Studies estimate
that the currently available antidepressant treatments are ineffective in
30–50% of treatment-resistant depression (TRD), i.e., depression in pa-
tients that does not respond to antidepressant treatment performed
with a sufficient period of time at an adequate dose [91].

Approximately 60% of cases of depressive episodes are preceded by
exposure to stressors, especially psychosocial stressors. Among the fac-
tors associated with depression in adulthood are exposure to childhood
stressors such as the death of a parent or substitute,maternal deprivation,
paternal abandonment, parental separation, and divorce [2,95,100,101].

Maltreated children have a moderately increased risk of depression
in adolescence andadulthood,whichwill partiallymirror the family con-
text in which the maltreatment occurred. Depression is common. Ap-
proximately one-quarter to one-third of maltreated children will meet
the criteria for major depression by their late 20s, thus representing a
substantial public health burden. For many of the affected individuals,
the onset of depression begins in childhood, underscoring the impor-
tance of focusing on early intervention before the symptoms of depres-
sion appear in the abused and neglected children [2,95,100,106].

Hormones play a critical role in the development and expression of a
wide range of behaviors. One aspect of the influence of hormones on be-
havior is their potential contribution to the pathophysiology of psychi-
atric disorders and the mechanism of action of psychotropic drugs,
particularly in depression [11,39,65].

Studies conducted in both animals and humans suggest that
stress experienced during the early phases of development can
induce persistent changes in the ability of the HPA axis to respond
to stress in adulthood, increasing the susceptibility to depression
[100,101,107]. Evidence suggests that neurochemical and molecular
changes induced by stressful situations and depression trigger
changes in the HPA axis. Findings derived from multiple lines of re-
search have provided evidence that during depression, dysfunction
of limbic structures, including the hypothalamus and hippocampus,
results in hypersecretion of corticotropin-releasing factor (CRF), de-
hydroepiandrosterone, and vasopressin, which in turn determines
HPA activation [101]. A flaw in this system caused by factors such
as excessive stress, high glucocorticoid levels, social isolation, and
depressive symptoms results in difficulty adapting to stress and can
predispose the individual to depression by impairing hippocampal
serotonergic neurotransmission [11,13,42].

The key problem in diagnosis is the fact that the elaborate psychiat-
ric classification systems that exist today are solely based on the subjec-
tive descriptions of symptoms. Such detailed phenomenology includes
the description of multiple clinical expressions; however, there is no di-
agnostic biological feature that separates one subtype from another. It is
recognized that different disorders can demonstrate similar clinical
manifestations and that the same disorder can manifest in different
ways in different people. A research approach that describes reliable
neurobiological findings for a given psychopathological syndrome will
be more solidly contrasted with a nonetiologic system of classification.
A future diagnostic criteria system in which etiology and pathophysiol-
ogy are essential in diagnostic decision-making would bring psychiatry
closer to other specialties of medicine [1,70,72,73].

Major depressive disorder (MDD) is themost prevalent of all psychi-
atric disorders and the single most burdensome disease in the world
among people in themiddle years of life. Furthermore, unipolar depres-
sion is currently the leading cause of disability in developed countries:
around 10% of individuals experience depression annually, and 20% be-
come depressed at some point in their life [108].

An essential characteristic ofmooddisorders is their relatively adverse
prognosis. For example, currently available antidepressant treatments are
effective in only 50–70% of patients (respond fully with antidepressant
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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Fig. 5.GR hypothesis for GR resistance and reduced negative feedback inmajor depression
as a main cause of the elevation of CRF. Mechanisms of HPA axis dysregulation: Pathway
(a): the glucocorticoid receptor (GR) hypothesis focuses on the GR resistance and on the
reduced negative feedback inmajor depression as amain cause of the elevation of cortico-
tropin-releasing factor (CRF), adrenocorticotropin (ACTH), and cortisolwhenpatientswith
a depressive disorder are confronted with stressful events. Pathway (b): the CRF hyper-
drive hypothesis proposes a systemofmultiple feedback loops: loop 1: thedownregulation
of GR due to an excess of cortisol fails to restrain the hyperfunction of theHPA axis; loop 2:
CRF might be capable of enhancing its own biosynthesis in the paraventricular nucleus
(PVN) of the hypothalamus; loop 3: persistent activation of the hypothalamic–pituitary–
adrenal (HPA) axis upregulates the amygdaloid CRF system, which stimulates the HPA
axis in turn.
Adapted from [117].

8 M.F. Juruena / Epilepsy & Behavior xxx (2013) xxx–xxx
treatment of adequate dose and duration). A meta-analysis of data from
placebo-controlled, double-blind studies demonstrated that depression
in 29–46% of patients treated with standard-dose antidepressants failed
to respond fully, while 19–34% of patients have TRD, that is, their depres-
siondoes not respond to twoormore standard antidepressant treatments
[109].

Few studies have focused in particular on patients with treatment-
resistant depression especially within inpatient settings. A major drive
of this research line has been to identify vulnerability factors that pre-
dict longer inpatient stay as a result of poorer response to treatment.
However, other research suggests that such factors are problematic be-
cause they tend to be state-dependent and are greatly influenced by
past episodes of depression [110]. In addition, to date, there have been
few studies on TRD that integrate cognitive with biological vulnerability
measures.

Depressive episodes, in addition, tend to be recurrent, and if left un-
treated, most patients will have multiple episodes during their lifetime.
The episodes tend to become more frequent and/or more severe as the
disorder progresses. This has led to the “kindling” or “sensitization” hy-
pothesis of mood disorders [111].

4.1. The “kindling” or “sensitization” hypothesis of mood disorders

The phenomenon of kindling in epilepsy was first discovered by ac-
cident by researcher GrahamGoddard [112]. Goddard was studying the
learning process in rats, and part of his studies included electrical stim-
ulation of the rats' brains at a very low intensity, too low to cause any
type of convulsion. What he found was that after a couple of weeks of
this treatment, the rats did experience convulsions when the stimula-
tion was applied. Their brains had become sensitized to electricity,
and evenmonths later, one of these ratswould convulsewhen stimulat-
ed [112]. Goddard and others later demonstrated that it was possible to
induce kindling chemically as well [111,112].

The name “kindling”was chosen because the process was likened to
a log fire. The log itself, while it might be suitable fuel for a fire, is very
hard to set afire in the first place. But surround it by smaller, easy to
light pieces of wood – kindling – and set these blazing, and soon the
log itself will catchfire. RobertM. Post of theNational Institute ofMental
Health—USA [111] is credited with first applying the kindling model to
bipolar disorder. Described as follows:

“… initial periods of cycling may begin with an environmental
stressor, but if the cycles continue or occur unchecked, the brain be-
comes kindled or sensitized – pathways inside the central nervous
system are reinforced so to speak – and future episodes of depres-
sion, hypomania, or mania will occur by themselves (independently
of an outside stimulus), with greater and greater frequency”.

Thus, to put it simply, brain cells that have been involved in an epi-
sode once are more likely to do so again, and more cells will become
sensitized over time. This theory has been borne out by some research
observations. For example, “there is evidence that the more mood epi-
sodes a person has, the harder it is to treat each subsequent episode…”,
thus taking the kindling analogy one step further: that a fire which has
spread is harder to put out [111].

In severe depression, rather than generalized glucocorticoid resis-
tance, there is an imbalance in the normal physiology of the regulation
of theHPAaxis characterized by glucocorticoid receptor resistance and in-
creased mineralocorticoid receptor sensitivity. This is seen within a gen-
eral resetting of HPA activity with markedly raised basal cortisol levels,
suggesting a new set point for HPA function butwith intact negative feed-
backwhen this ismeasured using amore ‘physiological’ challenge able to
activate both glucocorticoid andmineralocorticoid receptors [91]. The im-
plication of this is that theremay be a subgroup of patients inwhich those
who are severely depressed who have significant neuroendocrine dys-
function, represented by a disturbed HPA axis feedback and an imbalance
Please cite this article as: JuruenaMF, Early-life stress andHPAaxis trigger re
10.1016/j.yebeh.2013.10.020
in the ratio ofmineralocorticoid/glucocorticoid receptor signaling, are less
responsive to the treatments currently available for depression. It may be
that the underlying difference in these patients is an inability to compen-
sate for glucocorticoid receptor resistance by increasedmineralocorticoid
receptor function [91].

Early-life stressmay lead to disruptions in HPA axis functioning, and
factors such as the age when the maltreatment occurred, parental re-
sponsiveness, subsequent exposure to stressors, type of maltreatment,
and type of psychopathology or behavioral disturbance displayed may
influence the degree and pattern of HPA disturbance.

Traditionally, temporal lobe epilepsy (TLE) is considered to present a
relatively specific risk factor, notably for affective disorders, because of
the major involvement of the limbic system both in seizure generation
in TLE and in the regulation of affect and mood. Numerous studies have
reported an increased rate of psychiatric disturbances in patients with
TLE, compared with patients with other types of epilepsy [113,114].
Other studies, however, failed to document such an association between
TLE and psychiatric symptoms [115,116].

Given the increased emphasis on biopsychosocial models, future
studieswill need to examine relationships betweenmultiple factors pu-
tatively contributing to a kindling effect. Based on thefindings reviewed
above, factors of potential importance include genetic predisposition,
distal stressors, age at onset, and current age.
4.2. Molecular mechanisms of GR/MR resistance in depression

The exact pathophysiology of the hyperactivity of the HPA axis in
major depression has not yet been revealed. As described, the two
main mechanisms that have been proposed are the GR hypothesis and
the CRF hyperdrive. The GR hypothesis focuses on the GR resistance
and on the reduced negative feedback in major depression as a main
cause of the elevation of CRF (see Fig. 5). Three different mechanisms
of GR resistance have been considered: (1) downregulation secondary
to persistent hypercortisolism, (2) a primary alternation in the genetic
structure, and (3) a decrease in GR function secondary to alternations
in ligand-independent pathways (see Fig. 5).
current adulthood depression, Epilepsy Behav (2013), http://dx.doi.org/
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A system of multiple feedback loops activating the central hypotha-
lamic and amygdaloid CRF system has been proposed [117] (see Fig. 5,
part 2b). Asmentioned before, stress initially activates the hypothalam-
ic CRF system, resulting in the hypersecretion of cortisol from the adre-
nal gland. In the chronic phase of stress, the downregulation of GR due
to an excess of cortisol fails to restrain the hyperfunction of the HPA axis
(loop 1 in Fig. 5, part 2b).Moreover, CRF can be capable of enhancing its
own biosynthesis in the PVN of the hypothalamus [51,117] (loop 2 in
Fig. 5, part 2b). In contrast, the psychological component of the stressor
activates the HPA axis by stimulating the amygdaloid CRF system. This
leads to an additional feedback loop because the persistent activation
of the HPA axis upregulates the amygdaloid CRF system (loop 3 in
Fig. 5, part 2b).

Research conducted in theNational AffectiveDisorders Unit—UKhas
demonstrated that GR resistance is particularly evident in patients with
TRD [91,94,118,119]. Consistent with this, the function of GR is reduced
in patients with depression (GR resistance), while antidepressants re-
verse these putative GR changes. Glucocorticoid receptor resistance in
patients with depression has been demonstrated in vitro by studies
showing a reduced ability of glucocorticoids to inhibit lymphocyte acti-
vation, proliferation, and cytokine production [62].

A variety of studies in animals have documented the importance of
MR in stress regulation [107,120,121]. In humans, some studies had
demonstrated that because of the low levels of circulating cortisol in
the nadir, MR is supposed to be more important in the regulation of
HPA axis drive in the evening. This was confirmed in patients with de-
pression who are most likely to show increased central drive at night
[29,31,122]. However, studies using an MR antagonist in humans have
established that MR is active throughout the circadian rhythm and
that antagonism results in increased cortisol secretion in both themorn-
ing and evening [123].

5. Synthesis

Studies of the association between early-life stress and psychiatric
disorders should be evaluated carefully. No consensus has been reached
in the literature regarding the concept of early-life stress, and the re-
spondents in these studies likely underestimated or overestimated the
frequency/intensity of events. Much descriptive work has been pub-
lished on the relationship between adult psychopathology and early ad-
versities. Importantly, mood disorders such as depression are mostly
associated with the occurrence of early-life stress subtypes. The results
of existing studies suggest the importance of preventing early-life stress
and its consequences in both the short and long terms. Intervention at
an early stage can reduce the likelihood of developing health problems
in the long term and revictimization in adulthood. Furthermore, early
interventions may reduce the burden of public spending on health
care for abused individuals [2,95,100,101].
Table 7
Articles that evaluated the early-life stress distributed by tests.
Adapted from [101].

Author Tests Type of early-life s

Carpenter et al. [139] DEX/CRH test EA, PA, SA, EN, PN
Carpenter et al. [139] DEX/CRH test EA, PA, SA, EN, PN
Klaassens et al. [140] DEX/CRH test EA, PA, SA, EN, PN
Heim et al. [100] DEX/CRH test EA, PA, SA

TEG
Tyrka et al. [141] DEX/CRH test PL

EA, PA, SA, EN, PN
Vreeburg et al. [142] DST EA, PA, SA, EN
Newport et al. [143] DST PA, SA, EA

TEG
Juruena et al. [94] DST, PST EA, PA, SA, N
Juruena et al. [91] PST EA, PA, SA, N

ELS, early-life stress; DEX/CRH test, dexamethasone/corticotropin-releasing hormone test; DST
cotropic hormone; SA, sexual abuse; EA, emotional abuse; PA, physical abuse; N, neglect; PN, ph
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The more recent studies reviewed in the present paper suggest that
early-life stressors are associatedwith an increased risk for mood disor-
ders in adulthood. This review examined the emerging literature
concerning the relationship between stress, HPA axis function, and de-
pression and early-life stress as an important risk factor for HPA axis
dysregulation and kindling model. The most consistent findings in the
literature show increased activity of the HPA axis in depression associ-
ated with hypercortisolemia and reduced inhibitory feedback. These
findings suggest that this dysregulation of the HPA axis is partially at-
tributable to an imbalance between GRs and MRs. Evidence has consis-
tently demonstrated that GR function is impaired in major depression,
resulting in reduced GR-mediated negative feedback on the HPA axis.
Thus, although a few studies suggested that MR activity remains intact
or is possibly oversensitive to compensate for reduced GR function in
patients with depression, more studies are needed to elucidate this
issue [41,79,81,91,94,101,124] (see details in Table 7).

It is intriguing to speculate that the (hyper) functionalMR could rep-
resent a protectivemechanism that prevents further biological and clin-
ical deterioration in patients with depression. Indeed, a functional MR
could protect the brain from proapoptotic signals [125] and could at-
tempt to maintain resilience by stimulating serotonergic neurotrans-
mission [126–128]. In this regard, it is of note that cortisol and
dexamethasone seem to have different effects on serotonergic function
in humans, thus supporting the notion of a specific role of theMR vs. GR
in the pathophysiology of depression [107,129,130].

Furthermore, based on the evidence discussed above, it is possible
that the dissociation between GR and MR function is present in sub-
groups of patients with psychiatric disorder, such as patients with a his-
tory of childhood trauma [131]. Moreover, postmortem studies in
patients with bipolar disorder or schizophrenia have found a reduction
of both GR andMR levels in the brain [132–135], and therefore, patients
with these diagnoses may not show a dissociation between GR and MR
function [135,136].

Because depression is a heterogeneous illness, different diagnostic
subtypes have been described, for instance, melancholic and atypical
depression [137,138]. Patients with melancholia usually demonstrate
a hyperactive stress response with marked vegetative symptoms in-
cluding insomnia, diurnal mood variation with higher severity in the
morning, and anorexia. Atypical patients with depression seem to be
the opposite of melancholia. They are hyperphagic, hypersonic, worse
in the evening, and fatigued, with hypoactivation of the HPA axis
[47,134,138].

6. Conclusions

Social and physical environments have an enormous impact on our
physiology and behavior, and they influence the process of adaptation
or allostasis. At the same time that our experiences change our brain
tress Results

Trend towards individuals with ELS presenting cortisol ↓
Cortisol ↓ in individuals with EA
Cortisol and ACTH ↓ in women with ELS
Cortisol and ACTH ↑ in men with depression and ELS

Cortisol ↑ in men with parental loss; there was no influence on
the levels of ACTH
There was no influence of the ELS in response to the test
Cortisol and ACTH ↓ in women with depression and ELS

There were no influences of the ELS in response to the test
There was no influence of the ELS in response to the test

, dexamethasone suppression test; PST, prednisolone suppression test; ACTH, adrenocorti-
ysical neglect; EN, emotional neglect; TEG, traumatic experiences general; PL, parental loss.
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and thoughts, we change our neurobiology. Although disturbances in
the HPA axis are an important factor in the etiology of depression and
severe treatment resistance, very little is known about the neurobiology
of these disorders. Therefore, psychometric assessment that quantifies
the level of early-life stress, recent stress, the evolution of affective
symptoms and diagnosis, and neuroendocrine activity is essential.
Stressful childhood events and HPA axis overactivity in adulthood are
not specific to depressive states, but several studies have linked these
conditions. As demonstrated in this review, early-life stress leads to per-
manent changes in the HPA axis and may lead to kindling and develop-
ment of depression in adulthood. Considering the importance of early
detection of violence in childhood and adolescence to prevent the de-
velopment of severe and disabling psychiatric disorders in adulthood,
further research is needed to elucidate the mechanisms involved in
the association between early-life stress and the development of psy-
chopathology in adulthood.
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