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EDITORIAL

Not fade away: the HPA axis and depression

P.]J. Cowen*

University Department of Psychiatry, Warneford Hospital, Oxford, UK

Salivary cortisol sampling has confirmed the presence of increased cortisol secretion in depression and has also
revealed that some aspects of hypothalamo-pituitary-adrenal (HPA) axis disturbance have trait-like characteristics
that may predict the risk of future illness. Persistent hypersecretion of cortisol in individuals vulnerable to depression
also has implications for the medical co-morbidities associated with mood disorder. Pharmacological treatments
targeted at the HPA axis represent a novel approach to the management of depression and its complications;
however, a better understanding of the molecular basis of HPA axis dysfunction in depressed patients will be needed

before this promise can be fulfilled.
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Introduction

The persistence of antediluvian pathophysiological
theories in psychiatry can be attributed to a number of
factors; for example, the absence of anything better to
replace them or the pernicious influence of drug
company marketing strategies (Cowen, 2008). How-
ever, the link between cortisol hypersecretion and de-
pression is based on repeated clinical observations,
which have easily outlived attempts, including my
own, to debunk them (Mullen et al. 1986; Cowen,
2002). The problem is rather to know what the
phenomenon of excessive cortisol secretion in de-
pression represents and whether it can be used for
predictive or therapeutic purposes. Here I summarize
recent relevant findings and outline a few of the many
questions prompted by these observations.

Use of salivary cortisol to assess
hypothalamo-pituitary-adrenal (HPA) axis activity

The field has been transformed by the use of salivary
cortisol measurement, which enables the sampling
of large numbers of participants in ecologically valid
conditions (Pruessner et al. 1997). The stimulus of
waking provides an ‘endogenous’ challenge to the
HPA axis; this enables a dynamic measure of HPA
activity, which is time-locked to the point of waking,
thereby removing an important source of variation
in “baseline” measures of early morning cortisol se-
cretion.
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It seems that the salivary cortisol response to waking
is more sensitive to moderate degrees of depression
than traditional measures such as the dexamethasone
suppression test. For example, failure to suppress to
dexamethasone is associated with more severe de-
pressive states such as melancholia and in-patient
status. Rates of dexamethasone non-suppression in
moderately depressed out-patients are low (Nelson &
Davis, 1997). In such subjects, however, there is a clear
elevation of waking salivary cortisol (Bhagwagar et al.
2005). It will be important to determine whether the
apparent increase in sensitivity of the waking cortisol
measure to detect depression is at the cost of lowered
sensitivity. For example, are waking salivary cortisol
levels increased in people with anxiety or adjustment
disorders?

Trait or state?

Previous studies with the dexamethasone suppression
test suggested that abnormal HPA axis activity was
related to the presence of an acute depressive state, in
that clinical recovery was associated with a return to
normal suppressor status, and in patients where this
did not occur, the risk of relapse was high (Ribeiro
et al. 1993). However, the increase in waking salivary
cortisol found in acutely depressed patients seems to
have trait-like characteristics. For example, secretion is
elevated in patients recovered from depression and is
also abnormally high in people with no personal his-
tory of the disorder but who are at increased risk be-
cause of high neuroticism scores or a parental history
of depression (Bhagwagar et al. 2003; Portella et al.
2005; Mannie et al. 2007).
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These findings suggest that, although some aspects
of HPA axis abnormality resolve with improvement
in depressive symptoms, others are more persistent
and in fact may be present before the onset of clinical
illness, thereby representing a vulnerability marker
(Bhagwagar & Cowen, 2008). Indeed, there is evidence
to suggest that elevated salivary cortisol secretion is
predictive of future depressive episodes in both young
people and adults (Goodyer et al. 2000; Harris et al.
2000). From this viewpoint elevated salivary cortisol
secretion has some of the characteristics of an en-
dophenotype of depression and could be a suitable
marker for genetic analysis. Twin studies have re-
vealed that waking salivary cortisol secretion does
show a substantial heritability (Wust et al. 2000) but
the contribution of genetic polymorphisms in specific
genes such as those encoding the corticosteroid re-
ceptors is not well established. It is possible that car-
riers of the short allele of the serotonin transporter
have elevated waking cortisol levels but the data are
not consistent (Mannie et al. 2008).

Although abnormalities in the HPA axis may be
partly genetic, it is also possible that they stem from
early adverse experiences. For example, early separ-
ation of non-human primates from their mothers can
lead to abnormalities in the regulation of cortisol
secretion that persist into adult life (Pariante &
Lightman, 2008). The children of mothers with post-
natal depression show cortisol hypersecretion and al-
though genetic factors could play a role, it is equally
possible that disturbances in early attachment as-
sociated with the presence of maternal depressive
symptoms could lead to abnormal HPA axis develop-
ment (Halligan ef al. 2004).

Cortisol and the brain

If cortisol hypersecretion predisposes to depression,
what might be the mechanism? Corticosteroids may
have a direct effect on mood. For example, treatment
with pharmacological doses of steroids can cause
clinically significant mood changes and the cortisol
hypersecretion of Cushing’s disease is often associated
with depression, which resolves when plasma cortisol
levels are lowered. Such observations have led to
the development of cortisol synthesis inhibitors and
glucocorticoid antagonist strategies for the treatment
of acute depression.

In most patients, however, it seems unlikely that
depressed mood is a direct consequence of increased
cortisol secretion. For example, as noted earlier, wak-
ing cortisol secretion is elevated in people with a his-
tory of depression, independent of current mood state.
However, there is increasing knowledge of the neuro-
biological consequences of excessive cortisol secretion
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and there are several ways in which these conse-
quences could be linked to increased risk of de-
pression and associated morbidities.

A particularly interesting recent discovery is that
the brain retains the ability to manufacture new neur-
ons in regions such as the hippocampus throughout
life. This neurogenesis is inhibited by excessive cor-
tisol secretion. In animal experimental studies there
is also evidence that excess cortisol secretion can
facilitate neurotoxicity, again particularly in the hip-
pocampus. Structural imaging has revealed that pa-
tients with recurrent depression exhibit evidence of
hippocampal atrophy, which could be a long-term con-
sequence of excess cortisol secretion (see Herbert et al.
2006).

These effects of cortisol can be linked to cognitive
impairment, particularly in declarative memory. Such
deficits are commonly recognized in acute depression
but they can also persist between episodes, and a
similar deficit has been identified in non-depressed
young people who hypersecrete cortisol (Mannie et al.
2008). The abnormalities in the latter group are subtle
and certainly not clinically detectable; however, it is
conceivable that they may in some way contribute
to difficulties, for example in problem solving, and
could thereby increase the risk of affected individuals
encountering adverse environments. Although it is
known that cortisol facilitates emotional memory,
there have been few studies of its effects on other as-
pects of emotional processing; this is likely to be a
fruitful area for future research.

Cortisol and general medical conditions

Recurrent or chronic depression is associated with
increased risk of several general medical conditions
including obesity, diabetes, hypertension, ischaemic
heart disease and osteoporosis. There are likely to be
several mechanisms involved, such as the effects
of depression to decrease self-care, and also the liab-
ility of some antidepressant medications to promote
weight gain. However, it is also possible that increased
cortisol secretion could underpin some of these ad-
verse medical outcomes. For example, patients with
Cushing’s disease frequently experience obesity, hy-
pertension and diabetes (see Brown ef al. 2004; Farmer
et al. 2008).

The fact that patients who have recovered from de-
pression continue to hypersecrete cortisol means that
the risk of adverse health consequences may continue
to develop even in individuals in symptomatic re-
mission. The same could conceivably apply to people
who hypersecrete cortisol through a family history of
depression but who have not themselves experienced
depressive illness. If this is the case it has important
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implications for the identification of people at high
risk of a range of highly morbid general medical con-
ditions and perhaps eventually for their prevention
through pharmacological or behavioural strategies de-
signed to lower cortisol secretion.

Advances in treatment

There have been great hopes that pharmacological
manipulation of the HPA axis might provide a novel
means of treating depression. Thus far, these hopes
have not been realized, although there are hints that
antagonists at the corticotrophin-releasing hormone
(CRH) receptor may have therapeutic potential. There
are as yet no convincing data that glucocorticoid re-
ceptor (GR) antagonists have generally useful anti-
depressant activity although there are data suggesting
positive effects on cognitive function in bipolar dis-
order (Pariante & Lightman, 2008).

One problem in the design of pharmacological
strategies aimed at the HPA axis is an incoherence in
the theories linking cortisol hypersecretion and de-
pression. For example, GR receptor antagonists might
block the cellular effects of excessive cortisol in de-
pressed patients, which is why these agents were de-
veloped as antidepressants. However, treatment of
depressed patients with such drugs leads to greatly
elevated plasma cortisol levels that might, for ex-
ample, increase activity at mineralocorticoid receptors.
At the same time some have argued that cortisol hy-
persecretion in depression is in fact due to impaired
GR receptor function, which leads to diminished effi-
cacy of cortisol feedback control. If this is the case, GR
receptor antagonism might not be a helpful strategy.
The development of new drug treatments probably
needs a more detailed understanding of the specific
molecular mechanisms that underlie cortisol hyperse-
cretion in depressed patients (Pariante, 2006).

Conclusions

Discussions of the role of the HPA axis in depression
inevitably throw up clinically relevant questions that
attest to the vibrancy of this research area. Develop-
ments in neuroscience have increased the tractability
of many of the questions that face us. Indeed, one of
the fascinations of the field is the many levels on
which the role of cortisol in depression may be played
out and investigated, from effects on neurogenesis
through changes in learning, memory and emotional
processing to clinical trials of novel agents. The de-
velopment of pharmacological tools to modify HPA
axis activity should eventually lead to new avenues of
therapy probably with indications rather wider than
the acute treatment of major depression. A long road
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probably remains, but even psychiatrists can be en-
couraged by Einstein’s comment, ‘It’s not that I'm so
smart, it’s just that I stay with problems longer.’
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