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Personalized medicine is rapidly becoming a reality in today’s physical medicine. However, as yet this is largely an aspirational goal in psy-
chiatry, despite significant advances in our understanding of the biochemical, genetic and neurobiological processes underlying major mental
disorders. Preventive medicine relies on the availability of predictive tools; in psychiatry we still largely lack these. Furthermore, our current
diagnostic systems, with their focus on well-established, largely chronic illness, do not support a pre-emptive, let alone a preventive,
approach, since it is during the early stages of a disorder that interventions have the potential to offer the greatest benefit. Here, we present a
clinical staging model for severe mental disorders and discuss examples of biological markers that have already undergone some systematic
evaluation and that could be integrated into such a framework. The advantage of this model is that it explicitly considers the evolution of
psychopathology during the development of a mental illness and emphasizes that progression of illness is by no means inevitable, but can be
altered by providing appropriate interventions that target individual modifiable risk and protective factors. The specific goals of therapeutic
intervention are therefore broadened to include the prevention of illness onset or progression, and to minimize the risk of harm associated
with more complex treatment regimens. The staging model also facilitates the integration of new data on the biological, social and environ-
mental factors that influence mental illness into our clinical and diagnostic infrastructure, which will provide a major step forward in the
development of a truly pre-emptive psychiatry.
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As many areas of clinical medicine move towards the
introduction of more personalized or stratified treatment
selection (1), linked to the stage of illness at which one
presents for care, we are still early in the process of evalua-
tion of the relevance of clinical staging for major psychiatric
disorders (2-4).

Clinical staging in psychiatry builds on strong epidemio-
logical evidence indicating that what we regard as major
mental illnesses evolve over time in terms of clarity and
severity. The staging model aims to differentiate earlier and
milder clinical phenomena from those that mark illness pro-
gression and extension, moving outside the traditional diag-
nostic boundaries to place strong emphasis on where a per-
son sits within the evolution or resolution of his/her illness.

Advances in research, particularly in the area of early psy-
chosis, have shown that treatment in the very early stages of
illness can produce significantly better clinical and functional
outcomes for patients (3,5-7). This research has opened the
way for a paradigm shift in psychiatry: the movement towards
a pre-emptive, rather than largely palliative, psychiatry (8).

Preventive medicine, including pre-emptive psychiatry,
requires predictive tools. Predicting who is at risk of devel-
oping an illness allows for the possibility of preventive inter-
ventions, while predicting an individual’s response to the
different treatment options available allows for a more per-
sonalized therapeutic approach.

While this has become a reality in key areas of physical
medicine today, in psychiatry we still largely lack the ideo-
graphic tools that would support a profiling strategy to com-

plement the nomothetic staging approach described below
(9). At the most basic level, the clinical and trait/state risk
factors that form the basis of our current predictive criteria
are relatively crude and non-specific.

Despite the lack of detailed knowledge of the risk factors
for the onset of mental illness, authors such as Eaton et al (10)
have proposed that sub-threshold syndromes may be regarded
as risk factors for full-threshold disorders such as schizophre-
nia and major depression, and could become the relevant tar-
gets for preventive interventions.

So far no biomarkers (measurable biological characteris-
tics that index pathogenic processes or treatment responses
(11)) or other risk markers are available to create profiles to
enhance prediction and therapeutic selection in psychiatry.
Stratified or personalized interventions remain aspirational,
yet potentially within reach.

The concept of clinical staging is based on the notion of
underlying pathophysiology that has, at some point along its
course, the capacity to result in persistent or progressive ill-
ness. To test the concept, there is a clear need to develop ill-
ness markers that are directly linked to pathophysiology
and, further, have the capacity to track the extent of the dis-
ease process. By examining the relationship between vari-
ous biomarkers and both syndrome and stage, it may be pos-
sible to distinguish between those biomarkers that possess a
degree of syndromal specificity from those that do not, and
furthermore, to distinguish disease markers, vulnerability
markers and risk factors across stages, markers of disease
progression, and epiphenomena.
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Despite our current lack of detailed knowledge linking
clinical phenotypes to specific pathophysiologies, it is possi-
ble to outline the framework of a useful staging model based
on presenting clinical features (Figure 1). We propose that
major mental illnesses develop from an “at-risk” but asymp-
tomatic state (stage 0), through an initial stage of undifferen-
tiated general symptoms such as mild anxiety, depressive
and somatic symptoms, followed by a worsening of these
existing symptoms and the acquisition of new ones, associ-
ated clinically with hints of greater syndromal specificity,
and with behavioural and functional decline (stage 1). Per-
sonality development and functioning are typically affected
in young people, and this dimension should be incorporated
in staging definitions rather than split off in another axis.
Further progression of illness may then take place, resulting
in the occurrence of a first episode of a full-threshold syn-
drome(s) (stage 2), which may be followed by the develop-
ment of persistent symptoms, frequent relapses and ongoing
impairment (stage 3), or even severe, unremitting illness
(stage 4) (2-4). Remission and amelioration is possible
at every stage, though it is less likely with advancing stage
(Figure 1).

Within this model, there is an implied “step function”,
rather than a simple severity gradient, between the
“attenuated syndromes” (of psychosis or severe mood disor-
der) in stage 1 and the onset and persistence of full-blown
syndromes in stage 2 and beyond. The risk of progression
and of persistence and recurrence are proposed to increase
with each stage. However, this is only part of the justifica-
tion for what is primarily a heuristic strategy of imposing a
categorical framework upon what otherwise is likely dimen-
sional in nature. Hence the notion of a “step” or discontinu-
ity remains a hypothesis, since each stage may merely repre-
sent an arbitrary boundary rather than carving nature at a
biologically or therapeutically relevant “joint”.

Underlying this framework (at least when applied to
youth-onset disorders) is the assumption that the emergence

and persistence of mental illness is driven by risk factors,
some of which are earlier vulnerability factors or trait
markers (e.g., genotype, intrauterine infection, adverse child-
hood experiences, childhood-onset learning, developmental
or behavioural disorders), while others operate later, notably
in the peri- or post-pubertal periods (e.g., developmental and
life stress, illicit drug use, etc.). Presumably, at least some of
these later factors, which may not only affect onset but also
the risk of persistence and progression, are potentially modi-
fiable (e.g., alcohol, cannabis or other substance misuse,
adverse social environments, social isolation).

Within the model, the actual persistence and progression
of illness over time is presumed to be determined by a gene-
environment interaction between the underlying patho-
physiology, influenced by genetic, epigenetic and other fac-
tors, and the balance of other risk or protective factors.
Within this framework, these modifiable factors, as well as
the underling pathophysiology, become major targets for
preventive intervention.

This model has an explicitly preventive stance, emphasiz-
ing that progression of illness or “transition” from one stage
to the next is by no means inevitable. The specific goals
of therapeutic interventions are therefore broadened to
include the prevention of illness onset or progression, and
to minimize the risk of harm associated with more complex
treatment regimens that are typically provided to those with
more severe, persistent or recurrent disorders. Ensuring that
early stage treatment is demonstrably safer is a key principle
underpinning preventive medicine and early intervention. A
further advantage of this model is that it facilitates the inte-
gration of new data on the biological, social, and environ-
mental factors that influence mental illness into our clinical
and diagnostic infrastructure. Ultimately, we seek to replace
our prototypical clinical staging model with the develop-
ment of a more robust clinico-pathological framework.

Clearly, the identification of cross-sectional and longitu-
dinal biomarkers that provide accurate assessments of risk

Figure 1 Clinical staging model for mental disorders and putative biomarkers. HPA – hypothalamic-pituitary-adrenal
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and illness progression is of crucial importance. Ideally,
these markers should link to relevant pathophysiology and
enhance our understanding of the biological mechanisms
that underlie the onset and progression of illness. Here, we
discuss examples of how certain biological markers that
have already undergone some systematic evaluation could
be integrated into a clinical staging framework. We review
some of the well-replicated risk factors for the early stages
of psychiatric disorders within the neurobiological and oth-
er biomarker domains. These biomarkers may reflect causal
mechanisms (such as genetic and oxidative stress markers)
or consequences of the pathophysiology (such as cognitive,
structural and physiological alterations). Some may reflect
both (e.g., inflammation). Some biomarkers (e.g., imaging
findings) may have potential predictive and/or diagnostic
value (12), while others may suggest novel therapeutic inter-
ventions (e.g., N-acetylcysteine and omega-3 fatty acids for
oxidative stress and anti-inflammatory agents for inflamma-
tion (13,14)).

COGNITIVE MARKERS

Examination of cognitive factors in major psychiatric dis-
orders has primarily focused on neurocognition – mental
operations underlying goal-directed behaviour such as
attention, working memory, processing speed, learning and
memory, executive functions, and global intellectual func-
tions, including IQ. However, social cognition, a related but
independent construct involving the perception, interpreta-
tion and processing of social information, has also received
increasing investigation. It includes the domains of emotion
recognition, theory of mind, social perception/knowledge
and attributional style.

Neurocognition and social cognition are potentially high-
ly valuable markers within the staging model. They may
provide clues regarding underlying pathophysiology and/or
genetic etiology (i.e., endophenotypes). They are also strongly
related to functioning and disability across a range of psychi-
atric disorders (which form a key element of defining the
stage of illness) independently of symptoms (15,16), can be
relatively easily assessed within the clinical setting, and are
amenable to intervention (17).

There is extensive evidence of neurocognitive, and in-
creasingly, social cognitive deficits across all putative clinical
stages of psychosis relative to healthy controls. Mild signifi-
cant premorbid neurocognitive deficits are found in asymp-
tomatic at-risk and ultra-high risk individuals. Deficits
around 0.5 standard deviations below healthy controls are
seen in global indices such as IQ (18-20), as well as specific
accentuated deficits, particularly in verbal and visual mem-
ory, working memory, olfactory identification and social
cognition (18,21,22). A recent meta-analysis found that
deficits are greater in high-risk individuals who later devel-
op full-threshold schizophrenia-spectrum disorders rela-
tive to those who do not (21).

In patients with first-episode psychosis, significant medi-
um to large impairments (0.64-1.20 SDs below healthy con-
trols) are present across all neurocognitive domains, includ-
ing IQ and social cognition, with the most severe deficits
observed in immediate verbal memory and information
processing speed (23). The pattern and magnitude of these
deficits are remarkably similar to those reported in meta-
analyses of older, more chronic patients (0.46-1.57 SDs
below healthy controls) (24). Furthermore, longitudinal
studies indicate that the profile and severity of neurocogni-
tive impairments tend to be stable for up to the first 10 years
of illness (25) and over periods of up to 6 years in older peo-
ple with chronic schizophrenia (24-26). Preliminary find-
ings also point to relative stability in social cognition from
early through to later stages of psychosis (27).

A cautionary note regarding the heterogeneity of psy-
chotic disorders is important, as there is evidence that spe-
cific subgroups (i.e., those with unremitting symptoms and
poorer functioning) may experience a more deteriorating
cognitive course (24). Collectively, however, findings indi-
cate that both cognitive lag (failure to develop normally)
and progressive decline occurring primarily somewhere
between premorbid and first-episode psychosis phases may
be present, and followed by relative stability of deficits.

Medium to large neurocognitive impairments are also well
documented in stable euthymic bipolar I disorder (28,29).
Verbal learning and memory, executive functioning, attention
and processing speed are most consistently impaired, with rel-
ative preservation of verbal abilities and intelligence (28).
Similar milder impairments are also observed in bipolar II
disorder (30). These neurocognitive deficits are evident early
in the course of bipolar disorder (stage 2), but are less severe
than in later illness stages (31-33). Specifically, cross-sectional
studies have demonstrated a relationship between the degree
of neurocognitive dysfunction and number of mood episodes,
as well as illness duration (31,32). In general, neurocognitive
deficits in bipolar disorder are not as severe as those observed
in psychotic disorders (29,34).

Contrary to psychotic disorders, the presence of neuro-
cognitive deficits prior to the onset of first-episode mania
(stages 0-1) remains less clear, mostly because few studies
have been conducted. Relatively intact or even higher global
intellectual function (e.g., IQ) was found in children and
adolescents who later developed bipolar disorder (19,35).
However, there is preliminary evidence for specific neuro-
cognitive deficits compared to healthy controls in at-risk
young people who later developed a bipolar spectrum disor-
der (36,37). Milder neurocognitive deficits are found in
healthy first-degree relatives, although the specific domains
implicated have been inconsistent (28,29,38). Together
these findings suggest that neurocognitive deficits are pre-
sent after the onset of full-threshold bipolar illness and may
progressively worsen with illness chronicity, but their role
as a specific early risk marker remains undetermined, since
few studies have focused on the premorbid and sub-
threshold stages.
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While neurocognitive deficits are also common in unipo-
lar depression, the evidence for staging is less clear, largely
due to limited pre-diagnosis and longitudinal studies.
In adolescents, young adults and older adults with depres-
sion, evidence exists for deficits in several neurocognitive
domains, with executive functioning abilities (particularly
in set-shifting), psychomotor speed and verbal and visual
explicit memory most consistently impaired (39-45). Defi-
cits are observed in mild, moderate and severe depression,
with an apparent relationship between depression severity
and neurocognitive impairment (39,43,45,46). Moreover,
endogenous (melancholic) relative to non-endogenous
depression seems to be associated with greater neurocogni-
tive decrement (39,43,46).

Together, these findings tend to suggest that neurocogni-
tive impairment is state-dependent. Nevertheless, it remains
undetermined whether the neurocognitive deficits in depres-
sion may also reflect trait-based phenomena (41,47). Two
studies of offspring at genetic risk for depression found no
significant impairment in neurocognitive function relative to
healthy controls (48,49). Mild premorbid deficits in psycho-
motor speed and attention were reported in one population
study of children who later developed unipolar depression
(50). Furthermore, mild residual deficits have been reported
in older remitted patients, particularly in executive functions
(41,42), but studies of remitted patients are sparse and the
relationship of neurocognitive dysfunction with factors such
as age, age of onset, duration of illness and number of epi-
sodes is equivocal (43,46,51). One study reported a relation-
ship between neurocognitive dysfunction and recurrent
episodes (52), suggesting a possible progressive course, while
others have found no relationship (43). Much more work is
needed to characterize cognitive dysfunction in terms of
trait, state and progressive manifestations of depressive
illness.

In summary, there has been a paucity of longitudinal stud-
ies examining cognition from premorbid to first-episode and
more chronic illness phases, particularly in unipolar and bipo-
lar illness. Nevertheless, the pattern of cognition according to
stages of illness suggests that neurocognitive impairment may
reflect both neurodevelopmental trait vulnerabilities and pro-
gressive illness-related deficits in major psychiatric illness.
The evidence for social cognition is less advanced, but is
beginning to parallel the neurocognitive findings, at least in
psychotic disorders.

Points of difference between psychotic and bipolar disor-
der appear to be in severity and pattern of progression. Cog-
nitive deficits are more broad and severe across all stages of
illness in psychotic relative to bipolar disorder. In psychosis
the greatest progression of cognitive dysfunction occurs
between the sub-threshold and full-threshold stages, where-
as cognitive decline is more evident after the onset of bipolar
disorder and with increasing episodes. Although state-
related neurocognitive deficits are clearly evident in depres-
sion, research is much less advanced, precluding any firm
assertions regards to vulnerability and progression.

To exactly determine the timing and pattern of cognitive
deterioration, more longitudinal studies are required to
serially compare cognitive functioning of the same at-risk
samples before and after development of full-threshold
psychiatric disorders.

BRAIN STRUCTURAL MARKERS

Neuroimaging evidence for clinical staging in psychotic
disorders has been reviewed recently (53), and space per-
mits merely a summary here. A substantive body of litera-
ture has accumulated showing subtle structural brain
changes in non-symptomatic relatives at risk for schizo-
phrenia. A meta-analysis by Boos et al (54) showed modest
reductions in gray matter volume, notably in the hippocam-
pus, but also more widely spread. Such changes may tend
towards normalization in relatives that do not show emer-
gent psychopathology (55), but seem to be more prominent
in those who already manifest schizotypal (56), cognitive
(57) or early prodromal symptoms (58).

The brain region most commonly shown to be abnormal
in chronic schizophrenia, the lateral ventricles, is less affect-
ed in first-episode patients (59), and unaffected in ultra-high
risk individuals (60). A recent study has shown that gray
matter decreases, predominantly in the frontal cortex, are
far more pronounced in chronic schizophrenia than in first-
episode psychosis patients (61), while other work has
extended this evidence to ultra-high risk subjects (62). We
have found similar patterns in the superior temporal gyri
(63) and insular cortex (64,65), with clear evidence for
increasing abnormality across the stages of illness (66). Sim-
ilarly, marked reductions in hippocampal volume have been
noted in chronic schizophrenia patients, while this is less
clear in first-episode patients (67), and non-significant in
ultra-high risk subjects (68-70). Meta-analyses confirm pro-
gression of ventricular enlargement and gray and white mat-
ter reductions (71), and these changes have been associated
with poor outcome (72).

A key issue that has arisen recently is the role of antipsy-
chotic medication in these progressive brain changes, given
that illness duration and treatment intensity have been
shown to be predictive of brain tissue loss, with illness sever-
ity having a smaller effect (73,74). Relapse duration and
antipsychotic treatment intensity have both been shown to
contribute to this tissue loss, although their effects are rela-
tively small (74). These findings have important implica-
tions and indicate that, while relapse prevention is a key
therapeutic strategy, the lowest possible doses of antipsy-
chotic medications should be used.

Structural brain abnormalities have also been widely
investigated in patients with both unipolar and bipolar
affective disorders (75-77). Typically, the degree of gray
matter loss reported appears to be correlated with the dura-
tion of illness and lack of exposure to antidepressant thera-
pies. White matter changes have also been documented,
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particularly among those who develop depression for the
first time in later life, which appear to be secondary to
micro-vascular pathology (78). For depressive disorders,
therefore, it is particularly important to differentiate early-
onset disorders (typically post-puberty) from those that
develop in mid- or later life.

For depressive disorders, it has been assumed that the
observed structural abnormalities – even in young people –
are a consequence rather than a risk factor for illness. This
assumption is now being challenged by studies focusing on
young people, particularly those who go on to develop more
severe bipolar or psychotic disorders. An accelerated loss in
ventral and rostral prefrontal cortex volume in adolescents/
young adults with bipolar disorder has been found in a lon-
gitudinal study (79). To date, there has been a major lack of
longitudinal studies comparing findings prior to onset, early
or later in the course of illness, or the effects of exposure to
the range of treatments employed in those with early-onset
disorders.

Affective symptoms, in particular depression, are com-
mon in the early phases of schizophrenia, and the emer-
gence of psychosis is often the harbinger of what might later
evolve as a non-affective psychosis. Of relevance in this con-
text are imaging studies across the psychotic spectrum
which can inform whether patients with psychotic versus
non-psychotic affective disorders might have qualitative
and quantitative differences in brain structure. There is
evidence that, compared to psychotic depression, non-
psychotic depression may be associated with preserved ven-
tricular and white matter volumes (80). Brain structural dif-
ferences are also seen between psychotic and non-psychotic
bipolar disorder, supporting the categorical distinction
between these entities (81). Strasser et al (82) have also
observed smaller ventricular volumes in non-psychotic ver-
sus psychotic bipolar subjects. Recent meta-analyses have
shown that gray matter reductions and ventricular enlarge-
ment may be more common in schizophrenia, while white
matter volume reductions (83) and amygdala volume in-
creases (75) may be more likely in bipolar disorder. In
general, structural changes appear to be more confined to
regions involving affect regulation in bipolar disorder, while
the alterations are more pervasive in schizophrenia (84).
Thus, it is likely that differential structural brain changes
might become more prominent as syndromal specificity
increases, such as may be seen with the emergence of
psychotic or affective symptoms.

Taken together, these observations support the view that
progressive brain structural changes in schizophrenia clear-
ly involve a linear gradient of change, though a non-linear
step function is also possible. Thus, it is likely that hippo-
campal alterations are subtle or absent in the early stages of
psychotic disorders, but may appear and progress during
the prodromal phase before reaching a plateau. Gray and
white matter losses might, however, progress over time, and
prominent ventriculomegaly might characterize chronic,
poor outcome cases of schizophrenia, while more focal

alterations in brain regions involved in affect regulation
might signify affective psychoses. Such progressive evolu-
tion and differentiation of neuroanatomical changes may be
paralleled by changes in function, connectivity and neuro-
chemical integrity in these circuits, and will need systematic
research.

A key issue is to clarify the role of antipsychotic medica-
tion in progressive brain changes. There is an association
that could prove to be causal or turn out to be merely an epi-
phenomenon, but this requires urgent investigation (73).
For now, structural magnetic resonance imaging (MRI)
measures are a valuable first step towards the neurobiologi-
cal characterization of staging across clinical phenotypes
and syndromes.

MISMATCH NEGATIVITY AS A MARKER OF BRAIN
FUNCTION

Several electroencephalographic properties have been
studied in psychotic and mood disorders. Mismatch nega-
tivity (MMN) is a change in the activity of the brain induced
by the occurrence of novel stimuli, leading to a switch of
attention in the subject. MMN amplitude is thought to
reflect the functioning of N-methyl-D-aspartate (NMDA)
receptors, and impaired MMN generation has been associ-
ated with poor social and global functioning. Classically,
this event-related potential is induced by the occurrence of a
deviant sound in an otherwise contiguous stream of events,
and it can be measured with electroencephalography.

A meta-analysis of 32 studies reports that a decrease in
the amplitude of the MMN has been consistently replicated
in schizophrenia (85). Very few data on the amplitude of
MMN in people suffering from major depressive disorder
are available, and the studies on this topic have all been con-
ducted in stages 3 or 4 of the illness. One study showed no
difference in the MMN amplitude between patients with
major depression and controls (86), while others showed
either an increase (87,88) or a decrease (89,90). Of the two
studies that showed a decrease, one used a visual paradigm
and the other measured MMN with magnetoencephalogra-
phy, making it difficult to compare the results to those
obtained with schizophrenia patients. Research into the
MMN deficit in individuals with bipolar disorder has also
been conducted during the later stages of the illness. Only
two of six studies have shown impairment in MMN genera-
tion, with an MMN amplitude lying between that of controls
and schizophrenia patients (see 91). Thus, the impairment
in the generation of MMN appears to have some specificity
for schizophrenia.

Umbricht and Krljes’ meta-analysis (85) also revealed
that the effect sizes of MMN induced by pitch-deviant
sounds were significantly correlated with duration of illness,
indicating that the pitch-deviant MMN amplitude attenua-
tion could reflect disease progression. Results of MMN stud-
ies in people at ultra-high risk for psychosis are in line with
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this proposition. Indeed, the generation of pitch-deviant
MMN was shown to be intact in first-degree relatives
(92,93) and in individuals with sub-threshold psychotic
symptoms (94). Furthermore, the amplitude of the pitch-
deviant MMN was intact in patients with first-episode psy-
chosis (93,95-100), with a subsequent significant decrease
in the same patients in the post-acute phase (95), or one
year after their first psychotic experience (97). In the later
follow-up study, deterioration in MMN generation was cor-
related with gray matter volume reduction in the primary
auditory cortex, a correlation that was also observed in
chronic schizophrenia (101). Two studies showed contra-
dictory results on pitch-deviant MMN in first-episode psy-
chosis, but both groups recruited individuals presenting
with a first episode of schizophrenia specifically, rather than
a first episode of psychosis more broadly (94,102).

On the other hand, MMN induced by a duration-deviant
sound seems to behave like a trait marker of psychosis.
Indeed, in all four studies conducted in ultra-high risk indi-
viduals, i.e., those with sub-threshold psychotic symptoms
and/or genetic vulnerability, a decrease in duration-deviant
MMN amplitude was observed compared to controls
(91,94,103,104). Most interestingly, this decrease in ampli-
tude was significant only in ultra-high risk participants who
later transitioned to psychosis, suggesting that this impair-
ment in duration-deviant MMN could be used as a predictor
of illness (94,103). The amplitude of the MMN for a change
in the duration of the sound was equally attenuated in
schizophrenia and first-episode psychosis (94,102,105), but
this was not reported in all studies (93,99).

In summary, while the attenuation of frequency-deviant
MMN seems to follow the staging model, the duration-
deviant MMN deficit appears to be more closely related to
the genetic disposition of the patient.

SLEEP AND CHRONOBIOLOGICAL MARKERS

A ubiquitous characteristic of the onset period of most
major psychiatric disorders is disruption of sleep, which is
often accompanied by specific shifts in the sleep-wake cycle.
While there is a normal tendency in adolescence for later
onset of sleep, prolonged sleep and later daytime rising com-
pared with younger children, those experiencing their first
major onset of depression are particularly prone to further
changes in this key homeostatic and developmental func-
tion. Shortened sleep duration appears to be a risk factor to
the onset of common forms of psychological distress, and
their persistence over 12 months, in late adolescence (106).

Among those with first-onset depressive syndromes, a sig-
nificant sub-population develop “atypical” syndromes char-
acterized by over-sleeping (and over-eating) and reduced
daytime activity. In more severe cases, this phenotype may
be characterized by distinct phase-delay in circadian timing,
with shifting to later times of sleep onset and sleep offset, as
well as increased total sleep time (107). In the most extreme

forms, there may be a loss of normal circadian synchronization
of mood, energy, cognitive performance and neurohormonal
parameters, as well as the development of more somatically-
focused “prolonged” or “chronic fatigue” syndromes. Those
with more severe somatic syndromes, accompanied by persis-
tent mood disturbance, appear to be at increased risk of later
development of bipolar spectrum disorders (108).

A large body of data have accumulated since the 1980s
on alterations in sleep architecture. Polysomnographic stud-
ies have received relatively little attention in recent years,
perhaps because of lack of diagnostic specificity (109).
However, there appear to be distinct sleep “signatures”,
with consistent reductions in slow wave sleep (SWS) in
schizophrenia, and shortened rapid eye movement (REM)
latency and increases in REM density in depression. These
alterations may precede the emergence of full-blown disor-
der; for example, shortened REM latency can predict emer-
gence of depression in at-risk adolescents (110). On the oth-
er hand, SWS reductions are seen in asymptomatic relatives
of schizophrenia patients (111,112). Sleep disturbances are
also predictive of psychosis in prodromal cases at clinical
high risk for schizophrenia (113). Sleep alterations may pos-
sibly be stage-specific and vary with the course of illness,
with acute symptoms being associated with REM density
and latency (114), while chronicity, poor outcome and
cognitive deficits are associated with SWS alterations
(115,116).

Sleep disturbances are treatable, though it is not known
whether such interventions can potentially prevent the
emergence of psychopathology in individuals at high risk.
Clearly, sleep studies may offer an early marker that is treat-
able, with likely preventive value.

NEUROENDOCRINE MARKERS

An impaired ability to cope with stress, both at the psy-
chological and biological level, is thought to play a key role
in the development and maintenance of psychiatric disor-
ders (117). The hypothalamic-pituitary-adrenal (HPA) axis
is the main biological mediator of the stress response, and its
function is often altered in psychiatric disorders, with early
life stress or trauma being an important moderating factor in
determining the level of stress reactivity later in life (118).

Hyperactivity of the HPA axis, characterized by elevated
cortisol secretion, an enlarged pituitary gland volume
and impaired negative feedback of the HPA system, has
been observed in affective (119) and psychotic disorders
(120,121). Patients with psychosis also exhibit increased
reactivity to daily minor stressors and this in turn correlates
with greater negative affect and psychotic symptoms (122).

It is hypothesized that HPA axis abnormalities are
involved in the genesis of psychopathology and cognitive
deficits via the neurotoxic effects of elevated cortisol in
brain regions such as the hippocampus and prefrontal cor-
tex (117), and via interactions with the dopaminergic and
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other neurotransmitter systems (117). Elevated cortisol
secretion is linked with greater severity of positive and nega-
tive symptoms in patients with schizophrenia (123) and
first-episode psychosis (124). Furthermore, decreases in
cortisol and the cortisol/dehydroepiandrosterone sulfate
(DHEAS) ratio during the initial three months of treatment
in first-episode psychosis were directly related to an improve-
ment in depression, negative and psychotic symptoms (124).
Cortisol hypersecretion has also been associated with smaller
left hippocampal volume in patients with first-episode psy-
chosis (125), and an abnormal cortisol awakening response
has been associated with greater cognitive deficits (126).

Atypical antipsychotics have been shown to dampen
HPA axis activity (127) and reduce pituitary volume in a
dose-dependent manner (128), providing further support
for the stress-vulnerability model. These medication effects
may also partly explain the discrepancies in HPA axis find-
ings in patients with differing length of illness. Further longi-
tudinal studies are urgently needed to better understand the
role of the HPA axis in progressive brain change and cogni-
tive decline associated with illness progression.

A recent body of literature has demonstrated that HPA
axis abnormalities are evident prior to illness onset and in
unaffected relatives of patients. An enlarged pituitary (a
marker of HPA activation) was found to predict the subse-
quent transition to psychosis in ultra-high risk individuals
(129). Consistent with this, a later study conducted in young
at-risk individuals found that increased cortisol secretion
was predictive of later transition to psychosis (130). Circu-
lating cortisol was also positively associated with depressive
and anxiety symptoms in ultra-high risk individuals (131).
Healthy first-degree relatives of patients with a psychotic
disorder have been shown to have increased stress reactivity,
elevated cortisol levels (132) and an enlarged pituitary (133).
The study by Collip et al (132) also reported an association
between cortisol secretion and intensity of psychotic-like
experiences and negative emotions, similar to that observed
in patients with psychosis.

Taken together, these findings suggest that stress/HPA
axis activity may be an important biological marker for vul-
nerability to develop psychopathology. It is important to
note that distinct patterns of HPA axis dysfunction may
occur within and across psychiatric diagnoses, and HPA
activity may also change as a function of illness duration.

INFLAMMATORY AND OXIDATIVE STRESS MARKERS

There is increasing evidence to implicate inflammatory
processes in the pathophysiology of major psychiatric disor-
ders. Elevated levels of cytokines are a well-replicated finding
in most major mental illnesses. Infusion of pro-inflammatory
cytokines and interferon is perhaps the best experimental
human model of depression (134), and elevated levels of cyto-
kines are known to be associated with psychosis, depression
and mania (135-137).

In parallel, there is a consistent body of evidence for an
increase in oxidative stress in mood and psychotic disorders,
including reduction in brain glutathione levels, changes in
antioxidant enzymes, lipid peroxidation, protein carbonyla-
tion and DNA damage, as well as progressive structural
changes consistent with oxidative damage (13,14,138).

Elevated levels of pro-inflammatory cytokines appear to
precede the development of de novo disorder, suggesting
that they play a role in its genesis (139). Inflammatory medi-
ators have been thought to be related to processes underpin-
ning stage-related structural and cognitive decline (140)
and may be relevant to acute relapse and associated brain
structural changes. The first data to support this hypothesis
is the finding that the pro-inflammatory cytokines IL-6 and
TNF-a were elevated in both early and late stage disorder,
whereas the anti-inflammatory cytokine IL-10 was increased
only in the early stage of the disorder (141). Additionally,
TNF-a, while elevated throughout the course, was higher in
later stages, suggesting that the inflammatory state is more
perturbed later in the course of the disorder.

There are similar stage-dependent changes in oxidative
parameters. In late stage patients, the activity of key enzymes
in the glutathione pathway, glutathione peroxidase and
glutathione-S-transferase, are increased compared to early
stage patients and controls (142). Akin to the pattern seen
with inflammatory markers, this stage-related change in oxi-
dative biology may form part of the progressive failure of com-
pensatory mechanisms over time, and may in part underlie
the phenomenology of disease progression (143,144).

Consistent with a role for these pathways, there is evi-
dence that most established psychotropic agents, including
mood stabilizers and atypical antipsychotics, have sub-
stantive impacts on oxidative and inflammatory pathways
(145,146). The selective COX-2 blocker celecoxib displays
potential efficacy in the treatment of bipolar disorder (147)
and schizophrenia (148). The use of statins, which have
intrinsic anti-inflammatory and antioxidant properties,
appears to be associated with lowered risks of mood disor-
ders in community studies and in cohorts of individuals
with cardiac disorders (139,149). N-acetylcysteine, which
has core antioxidant and anti-inflammatory properties,
shows preclinical and clinical efficacy in bipolar disorder
and schizophrenia (13), and is a potential neuroprotective
candidate (150). Aspirin appeared to reduce the symptoms
of schizophrenia in a placebo-controlled trial (151), and
was linked to less progression of disease in bipolar disorder
in a pharmaco-epidemiological study (152). Minocycline,
which has antioxidant and anti-inflammatory properties,
has potential in diverse illness models (153).

FATTY ACID MARKERS

Phospholipids are the main structural elements of all cell
membranes, and make up around 60% of the dry weight of
the brain. The polyunsaturated fatty acids (PUFAs) play
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central roles in a broad range of physiological functions. For
example, two particularly important PUFAs are eicosapen-
taenoic acid (EPA) and arachidonic acid (AA), which are
key players in signal transduction, ion transport and recep-
tor sensitivity (e.g., for serotonin, dopamine, endocannabi-
noids), as well as precursors in the biosynthesis of the
eicosanoids (prostaglandins, leukotrienes, thromboxanes),
which mediate the inflammatory response. Another key
PUFA, docosahexaenoic acid (DHA), serves as a precursor
for the docosanoids (resolvins, neuroprotectins), which
have a neuroprotective effect.

PUFAs are essential fatty acids, and since humans are
unable to synthesize them de novo, they must be sourced in
the diet. The typical Western diet contains relatively low lev-
els of anti-inflammatory omega-3 fatty acids (e.g., EPA) and
high levels of pro-inflammatory omega-6 fatty acids (e.g.,
AA) and saturated fatty acids, leading to increased produc-
tion of pro-inflammatory eicosanoids. This imbalance has
numerous pathological consequences, and is a potent pro-
moter of chronic disease (154).

In relation to mental health, the omega-3 PUFAs may play
a role in the pathogenesis of major affective (155,156) and
psychotic disorders (157). Alterations in fatty acids in
major depression include a decrease in omega-3 PUFAs
and increased omega-6/omega-3 PUFA ratios in plasma,
erythrocytes, adipose tissue and post-mortem brain tissue
(156,158,159). The patterns of these fatty acid alterations are
not specific to depression, but are also found in other condi-
tions accompanied by increased oxidative stress, such as Alz-
heimer’s disease, bipolar disorder and schizophrenia, and
during normal ageing (160). A recent meta-analysis of 18
studies in schizophrenia examining the four most frequently
explored PUFAs (DHA, AA, docosapentaenoic acid, linoleic
acid) concluded that decreased levels of DHA and AA were
present in antipsychotic-na€ıve patients. Furthermore, anti-
psychotic medication may (partially) normalize PUFA meas-
ures (161). The reasons for these membrane PUFA deficits
are not completely known, but the available data suggests
that increased oxidative stress may be one of the mechanisms
underlying the reduced levels of omega-3 PUFAs in people
with major depressive or psychotic disorder (162,163).

Alterations in membrane PUFAs may be present before
the manifestation of stage 2 disorders. A study in a cohort of
33,000 women from the general population found a rela-
tionship between the dietary intake of fish (the richest die-
tary source of PUFAs) and vitamin D and psychotic-like
symptoms (164). There is also preliminary evidence that fat-
ty acid deficits may be present during the early stages (stage
1b) of psychotic disorders. For instance, we have shown
that supplementation with long-chain omega-3 fatty acids
can reduce the risk of progression to psychotic disorder in
individuals at ultra-high risk of psychosis (165). In addition,
we have found that lower levels of omega-3 PUFAs correlat-
ed with more severe negative symptoms in ultra-high risk
subjects (166). Together, these findings imply that omega-3
PUFA deficits may be present before the onset of schizo-

phrenia. In fact, omega-3 fatty acids are the only treatment
superior to placebo in preventing conversion from stage 1b
to stage 2 psychosis (167). On the other hand, PUFA supple-
mentation may have relatively less benefit in patients with
established schizophrenia (168). As omega-3 PUFAs are
potent anti-inflammatory agents, this suggests that neuroin-
flammation could be a stage-specific phenomenon that may
precede the dopamine overactivity associated with a first
psychotic episode (stage 2).

There is also evidence that nervonic acid (NA), a mono-
unsaturated omega-9 fatty acid that has been reported to be
decreased in people with schizophrenia (169), may serve as
a biomarker to differentiate truly prodromal people who are
at immediate risk of transition to psychosis from those who
do not progress to stage 2 (166). As NA is the major constit-
uent of the sphingolipids in myelin membranes, decreased
levels of NA could reflect the suboptimal myelination status
seen in ultra-high risk individuals who progress to a psy-
chotic disorder. This view is supported by a recent diffusion
tensor imaging study in people with recent-onset psychotic
disorders, showing that a lower total PUFA concentration
was associated with lower fractional anisotropy in the cor-
pus callosum and bilateral parietal, occipital, temporal and
frontal white matter (170).

Finally, increased activity of phospholipase A2, a family
of enzymes that catalyze the cleavage of PUFAs from the sn-
2 position of phospholipids, is a robust biological finding in
schizophrenia (171). Consistent with the staging model,
phospholipase A2 activity appears to be higher in first-
episode psychosis (stage 2), but not in multi-episode chronic
schizophrenia (stages 3-5) (172). Our own research on the
role of intracellular phospholipase A2 (inPLA2) in ultra-
high risk subjects has shown that levels of membrane
omega-3 and omega-6 PUFAs and inPLA2 activity were
strongly correlated. However, some of the significant associ-
ations were in opposite directions in individuals who did (a
positive correlation) and who did not (a negative correla-
tion) transition to psychosis (173). These findings are sug-
gestive of ongoing changes in the interactions of membrane
metabolic markers during the course of the ultra-high risk
phase of illness (stage 1b).

Thus, there is accumulating evidence that cell membrane
PUFAs are involved in the pathophysiology of major mood
and psychotic disorders. Lipid metabolism could provide a
stage-specific phenomenon that is particularly relevant in
the early stages of illness, and should be further investigated
and considered for preventive interventions.

CONCLUSIONS

In summary, a large body of data already exists that may
offer predictive and early diagnostic markers, as well as indi-
cators of pathophysiological processes that may vary across
the stages of the evolution of major psychiatric disorders.
We have attempted to bring together evidence from several

218 World Psychiatry 13:3 - October 2014



lines of neurobiological work to address problems of the
complex overlaps and heterogeneity of course and outcome
across psychiatric disorders. A neurobiologically-informed
staging approach that crosses current diagnostic silos may
bring clarity to such complexity. What we have proposed is
a framework for the next steps in research, and we suggest
that some caveats are worth considering as this field moves
forward.

First, it is important for staging approaches to be agnostic
to traditional symptom-based nosological boundaries.
These may not respect the true biological boundaries of dis-
ease entities, and therefore may have low utility for predict-
ing outcome or selecting specific interventions. It is perhaps
more useful to examine specific neurobiological domains
that cut across diagnoses, e.g., working memory, negative
salience etc., an approach central to the recent concept of
Research Domain Criteria (174). Such an approach is likely
to help characterize differential predictors of outcome based
on cross-cutting dimensions rather than categorical distinc-
tions.

Second, research needs to address ways to anchor the
staging scheme to optimum stage-specific interventions.
Available data already suggest certain common pathophysi-
ological mechanisms that could be targeted with benign
interventions: e.g., oxidative/inflammatory changes may
respond to N-acetylcysteine or fish oil; disturbances in the
HPA axis to stress management or cognitive-behavioral ther-
apy; and chronobiological changes to sleep hygiene, simple
lifestyle interventions or melatonin. Evidently, for the very
early stages, the “do no harm” imperative is critical.

Other biomarkers implicate a developmental component
– particularly the structural/functional changes in the brain
and neurocognitive impairments – and may respond to more
specific treatments such as antidepressants, mood stabilizers,
second generation antipsychotics or cognitive remediation.

Third, a staging approach would do well to distinguish
pathophysiology from etiological factors. As in the rest of
medicine, disease staging based on clinical/biomarker meas-
ures may not necessarily map onto etiologically-based classi-
fications. Genetic risk should also be interpreted agnostically,
as it is unlikely to provide diagnostic specificity, but may be
useful as a guide to disturbances in neurodevelopmental tra-
jectories or aspects of neurobiological functioning.

Fourth, a useful point of departure in staging across diag-
noses might be a shift from the broad, non-specific presenta-
tion to the evolution of more specific syndromal pictures.
Such an evolution may not only involve the emergence of
new symptoms or the evolving syndromal coherence of
symptom clusters, but also the development (or lack there-
of) of disability and functional and social impacts.

Overall, there is a critical need for longitudinal studies of
biology and clinical manifestations, agnostic to the tradition-
al diagnoses, to chart the evolution of distinct trajectories.
This will inform not only our treatment choices, but also our
understanding of the pathophysiology of these complex ill-
nesses. Elaborating the complex linkages between the distur-

bances in basic neurobiology and the symptomatology that
we see in clinical psychiatry will be a major step forward in
the development of a truly pre-emptive psychiatry.
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