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Background:One of the most enduring
and replicated.findings in biological psychiatry is
activation of the hypothalamic-pituitary-adrenal
(HPA) axis in a subset of patients with major de-
pressive disorder. This review will discuss some
of these findings and their’pertinence to the
assessment and treatment of depressed patients.

Method: MEDLINE, PsychINFO, and Current
Contents databases were searched for.pertinent
articles on the HPA axis in patients with.depres-
sion. In addition, hand searches.were conducted of
references from these sources and abstractsfrom
meetings and books on this topic. Articles that
would provide an overview of major or'interesting
studies in the field were selected for inclusion.

Results:The data support that HPA axis
activation is common in depressed patients.
Frequently reported findings include elevated
cortisol and corticotropin-releasing hormone
(CRH), nonsuppression on the dexamethasone
suppression test, a blunted adrenocorticotropic
hormone (ACTH) response to CRH, and hip-
pocampal volume reduction. Evidence of HPA
axis activation appears to have prognostic value
and is associated with increased risk of depression
relapse and even suicide.

Conclusion: Future research in this area will
focus on a better understanding of the etiology
and long-term consequences of HPA axis activa-
tion in depressed patients. In addition, medica-
tions that act on the HPA axis are currently in de-
velopment and may be part of the psychiatrist’s
and primary care physician’s pharmacopoeia in
the near future.

(Primary Care Companion J Clin Psychiatry 2001;3:151-155)

A mong psychiatric illnesses, major depressive dis-
order (MDD) is one of the most common, with a
lifetime prevalence of greater than 17% in the general
population! For many years, psychiatrists and neurosci-
entists have attempted to better understand the biology of
MDD and other mood disorders. An extensive literature
exists involving the role of neurotransmitters such as
norepinephrine and serotonin in MDD. Hormone levels
and the stress response have also been explored in MDD
patients. As will be discussed, numerous investigators
over the past 30 years have noted abnormalities in the
hypothalamic-pituitary-adrenal (HPA) axis in a subset of
people with MDD. These findings led to enthusiasm that
the use of so-called neuroendocrine challenges that en-
hance or attenuate HPA axis functioning might provide a
“window to the brain” and, thus, a better understanding of
the pathophysiology of MDB? Although the focus of the
research and the techniques used to conduct the investiga-
tions-have.changed greatly over the past 4 decades, the
role‘of the*HPA axis in mood disorders remains an area of
active research, In this review, we will discuss research
regarding’the HPA axis in people with depression, with an
emphasis‘on-how these findings are potentially important
to clinical practice. In.addition, the future of this field will

be examined.

METHOD

The MEDLINE (1966—May" 2001), PsychINFO
(1887—March 2001), and Current” Contents (1995-June
2001) databases were searched for pertinent articles on
the HPA axis in patients with depression.'In addition,
hand searches were conducted on references from these
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identified. The first is negative feedback of cortisol to the
pituitary that is dependent on the concentration of corti-
sol. A second process termfsdt feedbacks dependent

not on the absolute concentration of cortisol, but on the
rate of change in concentration and involves interactions

Figure 1. The Hypothalamic-Pituitary-Adrenal Axis*

Hippocampus and Other
Brain Regions

)

with receptors in the hypothalamus and hippocanpts.
> Hypothalamus HPA axis functioning is frequently examined using
(+) CRH, AVP neuroendocrine challenge tests that attenuate or enhance
v *) Combined cortisol, ACTH, or CRH release. The best known such
»  Pititary CRH DEX/CRH test is the dexamethasone suppression test (DST), in
Test . . . . . .
) DST which a dose of the synthetic corticosteroid DEX is given
[ DEX . . . .
(#) ACTH in the evening and cortisol samples are obtained the next
Y day. The normal response is inhibition of cortisol release
Adrenal glands due to negative feedback by the DEX. If cortisol does not
decrease below a certain level, then the patient is said to
() Cortisol have “DST nonsuppression,” a finding that is frequently,
2Abbreviations: ACTH = adrenocorticotropic hormone, but not always, associated with elevated cortisol levels.

AVP = arginine vasopressin, CRH'=Corticotropin-releasing hormone, The DST is easily administered in outpatient settings both
DEX = dexamethasone, DST = dexamethasone suppression test. . . . . . .
in depressed patients and in the diagnosis of Cushing’s
disease. A newer test that is increasingly used in research
is the combined DEX/CRH challenge test in which the
tures, the axis receives important'regulation from the hip- HPA axis is both stimulated by the administration of CRH
pocampus, amygdala, bed nucleus of the stria.terminalisand inhibited with DEX!
(BNST), and paraventricular nuclei (PVN).
During a physical or emotional stressor,the" HPA axis HPA-Axis Findings in Depressed Patients
is activated. The hypothalamus secretes 2 /hormones— Both an excess of cortisol and DST nonsuppression
corticotropin-releasing hormone (CRH) and arginine“va-. have been reported for many years in patients with mood
sopressin (AVP)—that act on the pituitary to inCrease disorders*!3 An analysis of more than 150 studfese-
adrenocorticotropin hormone (ACTH) release. CRH, also ‘ported nonsuppression in 43% of persons with MDD, and
calledcorticotropin-releasing facto(CRF), is a 41-amino -/ _in '67% with MDD with psychotic features (psychotic de-
acid peptide distributed in various parts of the central ner- pression).-Nonsuppression appears to be age dependent,
vous system and is the primary regulator of the mamma-increasing-from only 34% in patients less than 18 years of
lian stress respon$eCRH interacts with receptors on the ageto 64%. in patients more than 60 years of age. Studies
pituitary that secrete ACTH (Figure 1). ACTH is carried have reported.a positive correlation between DST non-
in the blood to the adrenal cortex and interacts with recep-suppression-and_the number of depressive episbtfes.
tors on adrenocortical cells that stimulate the production DST nonsuppression.often returns to normal as the mood
and release of cortisol. Cortisol is the adrenal glucocorti- symptoms resolve.. Howeyver, persistent DST nonsuppres-
coid stress hormone secreted in humans and other prision is associated with ‘a”higher likelihood of MDD re-
mates. Some other animals, such as rats, produce a similalapse than is DST normalizatioh'® Similar findings of
hormone calleccorticosterone Most cortisol that circu-  increased relapse with persistent,HPA axis dysregulation
lates in the body is protein bound to corticosteroid- have recently been reported in“depressed patients using
binding globulin. Only the unbound or “free” cortisol the combined DEX/CRH challenge tést>* The com-

binds to receptors. bined DEX/CRH test shows a sensitivity, up to 90% in
Cortisol binds to at least 2 types of receptors, both of detecting MDD?
which are located intracellularly. The first, called type | In part due to the observation that people with elevated

or mineralocorticoid receptors, has the highest affinity for cortisol caused by Cushing's disease frequently have
cortisol and generally is almost completely bound by cor- mood symptoms, some investigators have suggested that
tisol before the second, type Il or glucocorticoid recep- elevated cortisol may be involved in the etiology of
tors, binds cortisol® These binding properties of cortisol MDD.?*?* Another secretagogue that may be important in
differ from those of some synthetic corticosteroids, such the pathophysiology of mood disorders is CRH. When
as prednisone and dexamethasone (DEX), which bind CRH is administered to animals, it causes several of the
fairly selectively to the type Il receptor. symptoms of depression and anxiety disorders including
The loop is completed with the negative feedback reduced eating, decreased sexual behavior, disrupted sleep,
of cortisol to the pituitary and hypothalamus. At least 2 alterations in locomotor activity, and abnormal response
forms of negative feedback to the HPA axis have beento novel stimul* Additionally, when CRH is admin-
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istered to primates, symptoms of depression, including smaller hippocampal volumes are due to cortisol excess.
decreased environmental exploration and increased hud-Somé&?>*but not aft**° studies also suggest greater cog-
dling and lying down behaviors, are obser¢eNumer- nitive impairment in patients with HPA axis abnormali-
ous studies have reported elevated cerebrospinal fluid conties. As the hippocampus has important functions in
centrations of CRH in MDD patient&*Increased CRH  memory performance, these data support the idea that cor-
appears to be fairly specific to MDD, as normal levels tisol may damage the hippocampus in depressed patients.
are reported in schizophrenia, demefftiand manig® However, an alternative explanation for all of the above
Elevated CRH appears to be a state rather than trait markefindings is that of a small or dysfunctioning hippocampus
for depression, as these levels appear to normalize after therior to the onset of MDD, which may even predispose to
depression.is treatéd. the development of depression, as also discussed in our
Another(classic finding in MDD is a blunted ACTH re- previous review! The idea of hippocampal differences
sponse to CRH“administratidi’*?% This attenuated predating the development of psychiatric illness has also
response may be secondary to a down-regulation of CRHbeen suggested to explain the atrophy seen in patients
receptors in the pituitary due to high levels of CRH during with posttraumatic stress disordér.
a depressive episodedowever, some data suggest that Other organ systems also appear to be affected by cor-
lowering of cortisol levels with metyrapone normalizes tisol elevation. Thakore et #reported similar body mass
the ACTH response to CRH¥Thus, negative feedback by index (BMI) but 2-fold greater intra-abdominal fat in
high circulating levels of cortisol.may also contribute to MDD patients than controf§.In this study, cortisol levels
blunted ACTH secretion. As with many other neuroendo- were significantly higher in the MDD patients than con-
crine findings with MDD, this blunted ACTH response to trols and correlated with the amount of intra-abdominal
CRH appears to return to normal follewing resolution of fat.>® Three studies have reported decreased bone density
depressive symptoni§. in people with MDD*** Thus, MDD may be associated
HPA axis activation may be associated withstructural with some of the long-term consequences on physical
changes in components of the axis. Possibly due to CRHhealth seen in people with Cushing’s disease and after
hypersecretion, enlarged pituitary glands have _been re-chronic corticosteroid therapy.
ported in 1 study of MDD patient$,although-another A second active area of research pertains to the etiol-
study reported no difference in volume from contfbls: - ogy of HPA axis activation in MDD and other stress-
Adrenal enlargement has also been observed in MDD pa-related disorders. In animal models, a variety of environ-
tients**2Once again, this appears to be a state rather tharmental influences early in life are associated with later
trait marker of MDD, as a significant decrease in volume _HPA‘axis changes (for a review see Heim e¥dlaufman

after successful treatment is reportéd. et al®®). Animal data suggest that stressful events, such as
early, maternal separation, are associated with increased

Current Research Involving CRH levels (a finding in people with depression) in adult-

the HPA Axis in Mood Disorders hood***®t is'not’known whether stressful experiences in

Current interest in the field focuses on 3 areas: (1) the youth lead'to-HPA axis changes and increased vulnerabil-
long-term consequences on HPA axis abnormalities onity in humans:
the brain and other organ systems, (2) the role of early life A third area of active research involves the development
experiences in the etiology of the HPA axis findings, and of medications that act on'the HPA axis for the treatment
(3) the use of medications that act on the HPA axis in the of mood and anxiety disorders.. Investigators have used
treatment of depression. medications already U.S. Food and Drug Administration—

The most extensive research on the effects of long- approved for other indications that.inhibit enzymes in-
term elevations in cortisol in people with depression has volved in cortisol production (e.g., ketoconazole, metyr-
focused on the brain. As the hippocampus is a brain re-apone) in several small open-label studies with depressed
gion with a high concentration of glucocorticoid recep- patients with positive results (for a review see Brown et
tors, several studies have looked at hippocampal volumeal.’®). However, 2 double-blind placebo-controlled trials
in people with MDD. Six studies have reported a signifi- of ketoconazole in MDD have been published‘with‘mixed
cant reduction in hippocampal volume in MDD pa- results?®® Medications that act as antagonists at the/.CRH
tients*~*® while 2 studies have n6t® Although these  or glucocorticoid receptor are also in development{ One
findings are intriguing in light of extensive data suggest- such medication is mifepristone, perhaps better known
ing changes in hippocampal structure and functioning as RU 486. This medication induces abortions by antago-
following stress or corticosteroid exposure in animals, as nizing the progesterone. However, mifepristone is also a
we pointed out in a recent reviéwnone of the above  potent glucocorticoid receptor antagonist. Case reports and
studies examined depressed patients with high cortisol1 double-blind placebo-controlled study suggest this medi-
and/or DST nonsuppression versus normal cortisol and/orcation may be useful for MDE:"°One study involving the
DST suppression. Thus, one cannot determine if the use of a CRH antagonist in humans has been published.
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The authors reported that this medication was well toler- 16.

ated and associated with reductions in depression and anx-

iety rating scale scores. Thus, it appears that in the future,17.

medications that act on the HPA axis rather than cat-
echolamines and serotonin may be in widespread use for, g
the treatment of depression.

19.

CONCLUSION

20.

Abnormalities of the HPA axis are clearly common in
patients with'MDD. These findings may predict relapse of

depression and be associated with adverse effects on thes.

brain and other.organs. Data suggesting structural changes
in the brain and other.organs due to elevated cortisol dur-

ing depressive episodées. are intriguing but inconclusive. 22,

Much future research will. focus on interventions that
modulate the HPA axis forthe treatment of depression.

Drug names:dexamethasone (Decadron and others), ketoconazole 24.

(Nizoral and others).

25.
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