
The stress–diathesis model suggests that a biologically driven
(genetic) predisposition interacting with environmental factors
produces an individual’s phenotype.1 There is a need, however,
for a detailed integrated biopsychosocial/psychobiological model
that explains how such factors interact to lead on to psychosis.
It is well established that childhood maltreatment increases the
risk of developing psychosis and in particular hallucinations and
delusions,2 but also other psychiatric disorders including affective
and anxiety disorders. It is unclear what determines an
individual’s vulnerability to different psychiatric disorders given
similar environmental exposures but one likely influence is genetic
vulnerability. Here we describe one likely mechanism by which
childhood maltreatment may lead on to the development of
psychosis years or even decades later.

Childhood maltreatment,
the hypothalamic–pituitary–adrenal

axis and psychosis

Hypothalamic–pituitary–adrenal (HPA) axis activation occurs in
response to environmental stress and has been implicated in the
pathway from chronic stress, such as childhood maltreatment,
to a variety of psychiatric disorders. Read et al were among the
first to propose a traumagenic neurodevelopmental model of
schizophrenia mediated by the HPA axis.3 Adults who have
experienced childhood maltreatment show hyper-reactivity and
persistent sensitisation of the HPA stress response.4 The
hippocampus is involved in terminating the stress response
through glucocorticoid-mediated negative feedback on the HPA
axis. Acute and chronic stressors impair activation of this negative
feedback system and lead to an increased response to subsequent
normal stresses throughout life (for review see Maras & Baram5).
Numerous studies have reported hippocampal volume alterations
in adults who were subject to childhood maltreatment. It has been
proposed that N-methyl-D-aspartate (NMDA) glutamate receptor
antagonism and hypofunction can damage brain areas, including

the hippocampus, and also lead to HPA hyperactivation6 and
increased mesolimbic dopamine.

Individuals with schizophrenia have an altered HPA stress
response and HPA axis hyperactivity may mediate the relationship
between stress and psychosis.7 Stress increases dopamine release,
which is in turn associated with greater cortisol response to
further challenges (for a relevant review see Howes & Murray8).
Healthy adults who report low maternal care as children, those
who have experienced childhood maltreatment and those with
schizophrenia show increased dopamine release to social stressors,
mediated by cortisol. Thus, acute and chronic stress leads to HPA
axis hyper-reactivity, which may result in reduced hippocampal
volume, increased dopamine release and psychosis.

The role of BDNF

Brain-derived neurotrophic factor (BDNF) is involved in the
regulation of the stress response and hippocampal plasticity.
Acute and chronic stress reduce BDNF mRNA expression in the
hippocampus and impair neuronal branching and neurogenesis.
BDNF expression is regulated by NMDA receptor activation
and increases with glutamate release. Chronic activation of
glucocorticoid receptors in response to stress induces receptor
downregulation and suppresses BDNF expression. High maternal
care is associated with increased expression of NMDA receptors in
the hippocampus resulting in elevated BDNF expression.9 There is
evidence that BDNF levels are disrupted in schizophrenia.10 In
patients with first-episode psychosis, childhood maltreatment
and number of recent stressful life events have been shown to be
negatively correlated with BDNF mRNA levels11 and BDNF gene
expression and higher cortisol levels were independently associated
with smaller left hippocampal volume. Thus, the reduced
hippocampal volume in response to childhood maltreatment
and HPA axis hyper-reactivity appears to be mediated by reduced
BDNF and NMDA expression, all of which are suggested as being
involved in the development of psychosis.

The role of oxytocin

One neuropeptide that has been linked to childhood maltreatment
and the HPA axis and has also been implicated in the development
of psychosis is oxytocin (for a review see Macdonald & Feifel12).
Animal studies have shown a direct effect of oxytocin on dopamine
release within the mesocorticolimbic system and the strength of
this connection is associated with levels of maternal care.13 Plasma
oxytocin in patients with schizophrenia is positively correlated with
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hippocampal-mediated HPA feedback.14 Oxytocin is well known
to interact with the HPA axis and under normal circumstances
attenuates the HPA axis stress response. Chronic stressor exposure
mediated through glucocorticoid receptor activation can down-
regulate the oxytocin system.15 Those who have experienced
childhood maltreatment have decreased concentrations of
oxytocin in their cerebrospinal fluid.16 BDNF upregulates
oxytocin secretion in primary neuronal culture suggesting that
these molecules may both be involved in mediating the response
to childhood maltreatment17 and a reduction in BDNF is
associated with reduced oxytocin.

Epigenetics, the interface between environmental
and genetic risk factors for psychosis

Epigenetic changes enable external environmental factors to
influence long-lasting phenotypic change. Thus, epigenetic
processes may represent the interface between environmental
and genetic risk factors for psychosis and they have been
implicated as mediating the effects of childhood maltreatment
in the development of psychosis.18 In rat pups, low maternal care
leads to increased DNA methylation of the promoter region of the
glucocorticoid receptor gene in the hippocampus, which in turn
results in reduced numbers of glucocorticoid receptors and HPA
hyper-reactivity throughout life.19 This can be reversed by cross-
fostering to a different maternal carer as well as pharmacological
manipulation, which raises the prospect that such developmental
changes may be amenable to various therapeutic approaches. This
same epigenetic process has been found in response to exposure to
childhood maltreatment in humans.20 Epigenetic variations in the

oxytocin system have been suggested as being involved in the
mechanisms mediating the long-term influence of early adverse
experiences.21 DNA methylation also plays a role in BDNF gene
regulation and this has been implicated in modulating the effects
of childhood maltreatment22 and in the development of schizo-
phrenia. The hippocampus and prefrontal cortex of individuals
with schizophrenia have been found to have decreased BDNF
protein and mRNA levels post-mortem and DNA methylation
could be responsible for this. There is therefore evidence to
suggest a pathway from childhood maltreatment to psychosis via
HPA axis hyperactivation, reduced hippocampal BDNF and
oxytocin levels and NMDA hypoactivation by glutamate leading
to decreased hippocampal volume and increased mesolimbic
dopamine. There is also evidence that elements of this pathway
are mediated by epigenetic processes including methylation of
the glucocorticoid receptor, BDNF and oxytocin receptor genes
(Fig. 1). It is important to acknowledge that much of the work
done in elucidating the mechanisms involved in this pathway
was done using animal models rather than in humans and it will
be imperative that future studies be undertaken examining
whether HPA activity, glucocorticoid receptor, BDNF and oxytocin
receptor gene methylation status are modified by the experience
of childhood maltreatment and ascertaining whether this is
associated with structural and functional changes, in particular
in the hippocampus.

Towards new treatments

Once we understand how childhood maltreatment is involved
in the development of psychosis we can look at new targeted
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Fig. 1 A pathway from childhood maltreatment to psychosis.

HPA, hypothamic–pituitary–adrenal axis; GR, glucocorticoid receptor; BDNF, brain-derived neurotrophic factor; NMDA, N-methyl-D-aspartate.
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interventions and examine their impact on this pathway.
Attachment theory provides a psychological framework for
conceptualising the role of social cognition, interpersonal
experience and regulation of affect in the development of both
interpersonal functioning and psychological distress.23 The
greatest threats to the integrity of the attachment system are events
and processes that threaten the security of the attachment bond –
such as extended separation, loss, trauma and neglect.24 It is well
established that maltreated children are more likely to be
insecurely attached and to show a disorganised pattern of
attachment. Disorganised attachment stems from a conflict
between the attachment system and the flght–flight system. These
systems normally operate in union (i.e. flight from the source of
fear to find refuge near the attachment figure). In infant–caregiver
interactions where the caregiver is at the same time the source
of, and the solution to, the infant’s fear such as in childhood
maltreatment these systems are at odds and disorganised attachment
develops (for a review see Cicchetti & Toth25). Oxytocin is well
established as being associated with attachment and enhances
the experience of attachment security.26 Disorganised attachment
may evolve into an adult dismissing attachment style. Individuals
with psychosis more commonly have insecure-avoidant/dismissing
attachment styles (for a review see Berry et al27). This attachment
style has been found to relate to higher levels of positive symptoms
and to a poorer therapeutic relationship in people with chronic
schizophrenia or schizoaffective disorder and to poorer symptomatic
recovery prospectively in individuals with first-episode psychosis.28

Attachment can be seen as indicative of early care and it is possible
that the development of insecure attachment is associated with
the biological factors in Fig. 1. This may serve to increase the
liability to psychosis, perhaps precipitated by additional stressors
or developmental changes.

There is evidence to suggest that attachment security can
change as a result of significant interpersonal experiences including
psychological therapy.23 So, interventions that seek to establish a
new model of secure attachment or a new experience of care could
have an impact on the biological pathway described above and
reduce psychotic symptoms. Indeed, a recent study found a
positive association between childhood maltreatment and BDNF
methylation status in individuals with borderline personality
disorder, with a decrease in BDNF methylation status in those that
responded to intensive dialectical behaviour therapy.29

One potential therapy for patients with psychosis and a history
of childhood maltreatment is mentalisation-based treatment.
Mentalisation concerns the ability of the individual to understand
and infer the mental states of both self, and others, and the impact
of mental states on one’s cognitions, affective state, sense of agency
and behaviour. The capacity to mentalise develops within the
context of secure attachment. Negative interpersonal experiences
during childhood disrupt an individual’s development of
mentalisation skills. It has been shown that in those with a
dismissing attachment style and individuals with psychosis there
is impaired mentalisation capacity.30 Mentalisation-based
treatment aims to re-establish an attachment relationship with
the patient and thus ameliorate deficits in mentalisation. It was
first developed to treat patients with borderline personality
disorder, a group of patients who have been shown to have
attachment difficulties, who have commonly experienced childhood
maltreatment and a proportion of whom experience psychotic
symptoms. It now has an established evidence base for its efficacy
in this group (for Cochrane review see Stoffers et al31).

An understanding of the biological processes involved in
mediating the influence of childhood maltreatment on the
development of psychosis and other psychiatric disorders allows
us to develop interventions based on a strong theoretical

foundation. It is even possible that as these epigenetic changes
in response to childhood maltreatment have been proposed to
be involved in the pathogenesis of several different psychiatric
disorders including depression, bipolar disorder and schizophrenia,
there may be a role for a single therapeutic intervention targeted
at reversing the biological effects of childhood maltreatment in
patients with a wide range of psychiatric disorders.
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You’re not welcome in here

Hinesh Topiwala

I wipe away the tears and dust you down,
after you’ve had a bad day.

I wake you up in the morning,
with the promise that things will get better.

So carefully and tenderly,
I give you the handle of the mug of hot milk.

Then I tie your shoe laces into giant bows,
together we cheer.

Here we are,
ready to face the day.

What a team we make,
an old head and a young body.

Just me and me.
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