
From stress to psychosis: whom, how, when and why?
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The role of stress in precipitating the onset and relapse of psychosis has been now widely recognised. Over the past
decade, the major challenge of research in this field has been to elucidate the biological mechanisms involved in the
interaction between stress and psychosis onset. Obvious focus of this research has been the study of biological systems
involved in the stress response. I will here briefly discuss the current evidence of abnormalities in stress biomarkers,
such as cortisol and inflammatory markers, in patients with psychosis and their possible clinical implications. Stress
biomarkers appear to hold strong potential as predictors of psychosis as well as of clinical outcome, and may represent
optimal targets for the development of novel therapeutic agents for psychosis.
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The first clinical observations on the association
between stress and mental disorders date back to the
18th century, when the idea that social stress was
one of the causes of mental illness was formulated in
France by Philippe Pinel, and by his student Jean
Esquirol. However, it was only later on that the first
studies were conducted to specifically investigate the
role of psychosocial stressful events in the onset of
psychosis. The first major study investigating the
potential relationship between the experience of stress-
ful events and schizophrenia was conducted about 40
years ago (Brown & Birley, 1968). This study reported
that patients with schizophrenia experienced more
stressful events in the 3 months preceding relapse of
the illness than the control subjects. During the 3
weeks preceding the onset of the relapse, 46% of
patients experienced at least one stressful event com-
pared to 12% in an earlier 3 months period, suggesting
a possible relationship between the life events and the
onset of schizophrenia (Brown & Birley, 1968).
Some years later, Bebbington et al. (1993) replicated
these findings, reporting an excess of stressful life
events over the 6 months before the relapse of psych-
osis, both in patients with schizophrenia and in
patients with affective psychoses when compared
with a psychiatrically healthy sample from the local
general population.

These observations provided a basis for the diathesis–
stress model of schizophrenia, developed in the
1960–1970s. David Rosenthal played a central role in
promulgating the view that the behavioural expression
of the biological vulnerability for schizophrenia was
influenced by exposure to stress. This view generated
further research questions, mainly trying to clarify
how exposure to stress could trigger the expression of
constitutional vulnerability. Indeed, in the past decade,
one of the major challenges in this research field has
been to elucidate the biological mechanisms involved
in the interaction between stress and onset of psychosis.
Obvious focus of this research has been the study of bio-
logical systems involved in the stress response. I will dis-
cuss here some of the main findings on stress
biomarkers in psychosis and their possible implications
and translation in clinical settings.

Hypothalamic–pituitary–adrenal (HPA) axis and
psychosis

The study of the HPA axis, the main biological system
involved in the stress response, is central to reach a bet-
ter understanding of the biological mechanisms
behind the association between stress and psychosis
and leading to the onset of psychosis. The HPA axis
is activated by the release of corticotropin releasing
hormone (CRH) and vasopressin (AVP), synthesised
in the hypothalamus, which activate the secretion of
adrenocorticotropic hormone (ACTH) from the pituit-
ary, which finally stimulates the secretion of cortisol
from the adrenal gland. Cortisol then interacts with
its receptors in multiple target tissues also including
the HPA axis, where it is responsible for the feedback
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inhibition of the secretion of ACTH from the pituitary
and CRH from the hypothalamus (Pariante &
Lightman, 2008).

Studies conducted in the past decade have shown
that patients with first-episode psychosis have increased
activation in the HPA axis (elevated cortisol and ACTH
levels, enlarged pituitary volume) (Walker et al. 2008;
Mondelli et al. 2010a), together with a blunted cortisol
awakening response (Mondelli et al. 2010a). The cortisol
awakening response is a measure of acute reactivity of
the HPA axis, so a blunted awakening response sug-
gests reduced HPA axis reactivity to stress. This is con-
sistent with the evidence that psychotic patients also
have a blunted cortisol response to psychological and
psychosocial stressors (Breier et al. 1988; Jansen et al.
1998). Within samples of patients with psychosis,
reduced HPA axis reactivity to stress has been asso-
ciated with more severe symptoms and worse cognitive
function (Breier et al. 1988; Aas et al. 2011).

Interestingly, a hyperactivity of the HPA axis
appears to be part of the biological vulnerability to
psychosis, which is present prior to the onset of psych-
osis (Aiello et al. 2012). In particular, subjects who
experience attenuated psychotic symptoms show
increased cortisol levels as well as larger pituitary
and smaller hippocampal volumes. Moreover, this
HPA axis hyperactivity seems to be even greater
among those individuals who subsequently develop
frank psychosis. Similarly, relatives of patients with
psychotic disorders present an increased sensitivity
to stress, as shown by increased emotional reactivity
to daily life stress, increased ACTH in response to
stress, larger pituitary volume and smaller hippocam-
pal volume (Aiello et al. 2012).

These abnormalities could play a relevant role in the
development of psychosis through their effect on the
neurotransmitter systems as well as on neurogenesis.
In particular, administration of glucocorticoids has
been shown to increase dopaminergic activity in the
mesolimbic system in animals, suggesting a possible
link between increased cortisol levels and the onset
of psychotic symptoms (Schatzberg et al. 1985).
Moreover, cortisol has been reported to blunt sympa-
thetic nervous system responses activated by stress in
humans (Raison & Miller, 2003). Interestingly,
although cortisol response to psychological stress is
found to be blunted in first-episode psychosis, the
sympathetic nervous system response to stress has
been shown to be preserved in the same subjects
(Van Venrooij et al. 2012). Therefore, it is possible to
suggest that, in the presence of a stressful condition,
the lack of cortisol response cannot restrain the activa-
tion of the sympathetic nervous system, resulting in a
persistent increased arousal and a consequent exacer-
bation of psychotic symptoms (Borges et al. 2013).

The effect of HPA axis activation on neurogenesis
and neuroplasticity is one of the other mechanisms
suggested explaining the association between abnor-
malities in HPA axis and onset of psychosis. Indeed,
glucocorticoids can also influence neuroplasticity
(decreasing neurogenesis and remodelling neuronal
dendrites), affecting neurotrophins levels, such as
brain-derived neurotrophic factor, and through their
interaction with pro-inflammatory cytokines, excita-
tory amino acid neurotransmitters and N-methyl-D-
aspartate (NMDA) receptors (McEwen, 2000). This is
particularly important since a number of studies
have shown brain volume changes at the onset of
psychosis, or during the transition to psychosis, sug-
gesting a critical role for neuroplasticity, especially in
specific brain areas, in the development of psychosis
(Cahn et al. 2009; Takahashi et al. 2009). Indeed, we
have shown that high cortisol levels are associated
with smaller hippocampal volume in first-episode
psychosis, further supporting this biological pathway
to explain the link between HPA axis hyperactivity
and the onset of psychosis (Mondelli et al. 2010b, 2011).

Interestingly, antipsychotic medications can affect
cortisol levels, but have been reported to be able to
only partly re-establish a ‘normal’ HPA axis activity;
in particular antipsychotic treatment seem to reduce/
normalise the high levels of cortisol during the day
but does not seem to affect the abnormalities in the
cortisol awakening response (Mondelli et al. 2010a).
Furthermore, persistent non-suppression of cortisol
levels following the dexamethasone test after 4 weeks
of antipsychotic treatment is associated with a poor
clinical outcome (Tandon et al. 1991). Conversely, a
reduction in cortisol levels after 12 weeks of anti-
psychotic treatment is associated with an improvement
in psychotic symptoms (Zhang et al. 2005; Garner et al.
2011). Further studies would need to investigate if the
regulation of the HPA axis is important for response to
treatment, and if we can use the HPA axis as a possible
biological target system for the development of novel
drugs for treatment-resistant patients.

Inflammation and psychosis

The immune system has also been demonstrated to be
one of the biological systems activated by psychosocial
stress; and indeed recent studies suggest inflammation
as one of the possible mediators between stress and the
onset of psychiatric disorders. More specifically, when
we mention inflammation in this context we refer to a
phenomenon called systemic or chronic, low-grade
inflammation which is different from responses to
acute infectious stimuli because (1) it is systemic and
not limited to a local site of injury or infection; (2) it
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is of lower magnitude than other types of inflamma-
tion; (3) it is typically a longer term phenomenon, as
opposed to the transient nature of inflammatory
responses to infection; and (4) does not have a clear
origin or does not follow an apparent stimulus, such
as infection or injury (Rohleder, 2014).

Over the past few decades of research, there has been
an incredibly increasing body of enquiry supporting the
role of chronic, low-grade inflammation in the pathogen-
esis of different psychiatric disorders from both preclin-
ical and clinical studies (Dantzer, 2001; Dantzer et al.
2008). The most consistent and established findings
come from studies in depression. However, over the
past few years, it has become more and more evident
that an increased inflammatory status is present both
at the onset of psychosis and in the later stages of the dis-
order. This has been suggested by findings of increased
cytokine levels in peripheral blood and cerebrospinal
fluid in patients with psychosis (Miller et al. 2011;
Zajkowska & Mondelli, 2014). In particular, increased
levels of the pro-inflammatory cytokines interleukin
(IL)-6, tumour necrosis factor-α and IL-1β are the most
consistent findings from the studies conducted in first-
episode psychosis patients (Zajkowska & Mondelli,
2014). The mechanisms through which inflammatory
cytokines have been suggested to mediate the onset of
psychosis include interaction with multiple pathways
such as monoamine metabolism, neuroendocrine func-
tion and synaptic plasticity. Interestingly, increased
inflammation appears to contribute to the brain abnor-
malities evident at the onset of psychosis, as shown by
our previous findings of an association between
increased levels IL-6 and reduced hippocampal volume
in first-episode psychosis patients (Mondelli et al. 2011).

Studies on the effect of antipsychotic medication on
inflammatorymarkers have given so far mixed findings,
showing both anti-inflammatory and pro-inflammatory
effects. Indeed, someof thesediscrepancies couldbepart-
ly explained by what reported by a recent longitudinal
study showing an initial anti-inflammatory effect of anti-
psychotic medication followed by a gradual rise again of
cytokines levels along an increase in body weight (Song
et al. 2014). These data suggest that the presence of both
a direct anti-inflammatory activity of the antipsychotic
treatment andan indirectpro-inflammatoryactivity, pos-
sibly mediated by their effect on weight-gain and
increased adiposity. It remains, however, unclear
whether the possible anti-inflammatory effect of these
medications contributes to improve the clinical outcome
of these patients. Interestingly, only three studies have
investigated so far whether the increased inflammation
is linked to clinical outcomes in psychosis, and all
found that higher inflammation was associated with a
poorer clinical outcome (McAllister et al. 1995; Lin et al.
1998; Zhang et al. 2005).

Clinical implications and conclusions

Our understanding of the biological mechanisms link-
ing stress to psychosis onset has greatly increased over
the past few years. Indeed, we have now a clearer pic-
ture ofwhat are the biological abnormalities in the stress
response present in patients with psychosis. But how
canweuse this newknowledge about stress biomarkers
to improve clinical care of patients with psychosis? Can
we use stress biomarkers to predict who is going to
develop psychosis following exposure to high levels of
stress? Can we use stress biomarkers to predict who is
going to be resistant to antipsychotic treatment? Are
biological systems involved in the stress response a
new therapeutic target for patients with psychosis?
The findings so far suggest that stress biomarkers hold
strong potential as predictors of psychosis as well as
of clinical outcome, and may represent optimal targets
for the development of novel therapeutic agents.
Future studies will be fundamental to reveal the clinical
benefit of all the research work conducted in the last 40
years on the link between stress and psychosis.
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