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The “at risk mental state” for psychosis approach has been a catalytic, highly productive research paradigm over the last 25 years. In this
paper we review that paradigm and summarize its key lessons, which include the valence of this phenotype for future psychosis outcomes, but
also for comorbid, persistent or incident non-psychotic disorders; and the evidence that onset of psychotic disorder can at least be delayed in
ultra high risk (UHR) patients, and that some full-threshold psychotic disorder may emerge from risk states not captured by UHR criteria. The
paradigm has also illuminated risk factors and mechanisms involved in psychosis onset. However, findings from this and related paradigms
indicate the need to develop new identification and diagnostic strategies. These findings include the high prevalence and impact of mental dis-
orders in young people, the limitations of current diagnostic systems and risk identification approaches, the diffuse and unstable symptom
patterns in early stages, and their pluripotent, transdiagnostic trajectories. The approach we have recently adopted has been guided by the
clinical staging model and adapts the original “at risk mental state” approach to encompass a broader range of inputs and output target syn-
dromes. This approach is supported by a number of novel modelling and prediction strategies that acknowledge and reflect the dynamic
nature of psychopathology, such as dynamical systems theory, network theory, and joint modelling. Importantly, a broader transdiagnostic
approach and enhancing specific prediction (profiling or increasing precision) can be achieved concurrently. A holistic strategy can be devel-
oped that applies these new prediction approaches, as well as machine learning and iterative probabilistic multimodal models, to a blend of
subjective psychological data, physical disturbances (e.g., EEG measures) and biomarkers (e.g., neuroinflammation, neural network abnormal-
ities) acquired through fine-grained sequential or longitudinal assessments. This strategy could ultimately enhance our understanding and
ability to predict the onset, early course and evolution of mental ill health, further opening pathways for preventive interventions.
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lens of 19th century nosology, the term “prodrome”, with its
sense of inevitable progression, seemed to capture the concept
well.

However, if a preventive approach to treatment of poten-
tially serious mental disorders was going to be developed, this
deterministic and fatalistic mindset had to change. The deadly
nexus between diagnosis and prognosis within the concept
of schizophrenia had to be severed or dramatically loosened.
Prognosis had to be regarded as something that was malleable,
and recovery as something possible. This objective was behind
the decision to widen the focus to early psychosis and include
the full spectrum of psychotic disorders, remaining agnostic
about the future evolution of disorder"?.

This approach made further sense because so many clinical
pictures were admixtures of mood and psychotic disorder and
could only be arbitrarily assigned according to a binary schizo-
phrenia/psychotic mood disorder system. Only around 60% of
first episode psychosis patients met operational criteria for
schizophrenia or schizophreniform disorder®. First episode
psychosis was viewed as an early stage of psychotic illness

Traditional approaches to psychiatric diagnosis have strug-
gled to guide the care of patients and to illuminate the causes
and mechanisms underlying mental ill health. Consequently
and appropriately they are under constant critique. There has
been very little innovation in over a century in how we con-
ceptualize and classify mental illness, and what has passed for
advances really only represent efforts to buttress a flawed par-
adigm.

How can we transcend a century of stagnation to pave the
way for more effective mental health care which makes sense to
clinicians, researchers and the public? A quarter of a century
after the formulation of the concept of the “at risk mental state”,
we could be on the cusp of transforming how we approach the
challenge of defining and treating mental illnesses. In this paper
we discuss how this transformational concept can point the way
to a radical rethink with greater clarity, utility and validity.

“AT RISK MENTAL STATES”: ORIGINS AND BALANCED

REVIEW

How did the at risk/clinical high risk/ultra high risk (UHR)
concept originate, and what was the strategic intent behind it?

It had been well known for over a century that severe forms
of mental disorder, notably schizophrenia, are typically pre-
ceded by a relatively non-specific period of symptoms, which
are subthreshold in nature and of insufficient severity and
clarity to justify a diagnosis. Seen through the deterministic
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which could have heterogeneous outcomes, from full remission
to evolution in either direction along a spectrum from psychotic
mood disorder to schizophrenia, with variable levels of associ-
ated functional impairment. The fact that overlapping and
fluctuating outcomes did frequently occur supported the deci-
sion to select a wide boundary for entry.

This thinking extended to the re-conceptualization of the
prodromal period as an “at risk mental state” rather than as a
fixed entity, one that might resolve fully, persist, or progress in
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several possible directions. This has been borne out by empiri-
cal data showing that approximately 36% of “at risk mental
state” patients transition to psychosis within three years, ap-
proximately a third have persistent attenuated psychotic symp-
toms, and a third remit from symptoms*®. Transition was felt
to be a crucial concept to operationally define the progression
from subthreshold or inconsistent positive psychotic symptoms
to sustained full threshold symptoms.

While our goal in treatment is optimizing functional out-
comes, transition is a significant event connoting a likely more
serious illness and certainly mandating a change in treatment,
namely the use of antipsychotic medications. This was transi-
tion to psychosis, not schizophrenia, and it was felt to be
important to define it in this particular way, to link it to a criti-
cal treatment decision. It is a potentially different question
whether there might be a qualitative change in underlying
neurobiology at that same specific point or any other®. Once
again, only 60% of those transitioning would attract a diagno-
sis of schizophrenia or schizophreniform disorder.

As it later developed, however, the early psychosis field
remained somewhat split as to whether to broaden the focus
to the full spectrum of psychosis, with many, especially in
North America and parts of Europe, still adhering to faith in
the validity of the schizophrenia concept. Hence, many first
episode psychosis programs were essentially aiming to be first
episode schizophrenia programs, which had a flow on effect
when they later embraced the UHR paradigm.

The target of the UHR strategy is not schizophrenia, but
psychosis. The tenacity of the schizophrenia focus has fuelled
in part some recent critiques, including that by van Os and
Guloksuz’ in a previous issue of this journal. We support the
main thrust of that critique, and most of its conclusions. How-
ever, in their intent to accelerate the demise of the increasingly
fragile schizophrenia concept, those authors seem to have
misinterpreted some aspects of the evidence in relation to the
UHR field. A more balanced critique and synthesis is needed
to highlight the real value of what has emerged from two dec-
ades of heuristic research and pave the way for genuine and
exciting progress in pre-emptive care. We do not wish to
mount a line by line defence of the UHR field here, but do
need to clarify some issues.

First, transition has been robustly and operationally defined,
based on the generally agreed (though arbitrary) timing of a key
treatment change. This definition has received significant vali-
dation through studies showing that a range of neurobiologi-
cal markers differ at baseline in those who make a transition
vs. those who do not, and sometimes longitudinally change in
those who make the transition compared to those who do
not®® 1! These studies, however, do not allow us to define the
optimal transition point from a neurobiological point of view.
While functional outcome is worse in those who make the
transition, this is not the only predictor or correlate of this
point in the evolution of disorder'*'3.

If the sample is enriched to at least the level of 20% “true pos-
itives” for subsequent first episode psychosis, it is statistically
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possible to predict who is at especially high risk for transition'*
and even assign individuals to different “risk classes”'®. Indeed,
the UHR research paradigm has been a very productive ap-
proach, illuminating risk factors, predictive markers and point-
ing towards aetiological mechanisms involved in onset of psy-
chotic disorders, albeit with some limitations that might now be
effectively addressed and a translation into clinical care that
might be more effectively implemented (see below)*'%'7,

Interventions during the UHR stage of disorder are effective
in not only reducing the risk of transition for at least 1-2 years,
but also in improving functional outcomes'®?°. There is in-
creasing recognition in the field that transition to psychosis
should in fact not be the sole focus of intervention, and that
the variety of unfavourable trajectories, including poor func-
tional outcome, should be critical targets*'®. Recent work
identified as many as seventeen clinical trajectories in a UHR
sample, with 43% of patients having favourable (recovery or
remission from UHR state) and 57% unfavourable (recurrence,
relapse, no-remission, transition) outcomes over one year**.

In addition, it has been increasingly recognized that the “at
risk mental state” should be regarded as a syndrome in its own
right, in addition to being seen as connoting risk for disorder
progression. It is a symptomatic state (albeit with psychotic
symptoms below threshold for traditional diagnostic catego-
ries) associated with distress, functional impairment and di-
minished quality of life, closer in level to other coded psy-
chiatric disorders and first episode psychosis than to the state
of healthy controls?®. Indeed, this was one of the reasons that
its formulation in DSM-5 was as “attenuated psychosis syn-
drome” rather than as a risk category?®.

Another key learning which has opened a pathway for wider
utility and progress is that, in addition to transition to psycho-
sis and longer term psychotic disorder or persistent subthresh-
old psychotic symptoms, progression to persistent mood,
anxiety, personality and/or substance use disorders is also a
very common outcome®”?®, Hence, at this subthreshold or
early stage of illness, extending the boundary beyond psycho-
sis (both at the case identification point and as a preventive
target) is likely to be essential. Cuijpers®® anticipated this in
proposing a widening of the target syndromes based largely on
power considerations and efficiency of prediction.

Complementary to this notion is the recognition that it is not
uncommon for onset of mental disorders to follow a heterotypic
course (i.e., symptoms of one type/category evolving into
another type/category). This is illustrated by the fact that onset
of first episode psychosis can emerge out of non-psychotic pre-
cursor states. A review by Lee et al*° demonstrated that people
at risk of non-psychotic disorders (identified through the pres-
ence of subthreshold non-psychotic symptoms) were at ele-
vated risk of psychotic disorder (3.87% three-year incidence
rate) — not as high as people meeting UHR criteria (24.63%
three-year incidence rate), but substantially higher (77.4-fold)
than the general population.

On the one hand, the UHR criteria do have greater valence
for psychosis outcomes®?, but also have some valence for per-
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sistent or incident non-psychotic disorders*”*??3. On the

other, full-threshold psychosis may emerge out of risk states
not characterized by attenuated psychotic symptoms>®3*,

HOW DO MENTAL DISORDERS EMERGE AND EVOLVE?

When people are floridly psychotic, manic or deeply de-
pressed, it is obvious that they are ill and in need of care. But
how did they get there? How did the pathway to obvious and
severe illness start? Some authors’ choice of where to define
the illness border has been driven by concerns of overdiagno-
sis, overtreatment and labelling. While these problems do exist
in some pockets and jurisdictions, the serious treatment gap
that exists in every single country in the world, with only a
minority of those in need of quality care being able to access it,
indicates that the problem of underdiagnosis and failure to
deliver treatment is a dramatically more urgent issue.

Defining a boundary is nevertheless important, because it is
linked to a categorical decision of whether treatment or at
least some kind of help is indicated and should be offered. We
argue that this should be a fuzzy boundary in which the pa-
tient has a major say, not only health professionals, funders
and polemicists*>%, There should be a soft entry policy but
safeguards linked to proportional treatment, balancing bene-
fits vs. risks, guided by the maxim primum non nocere.

Defining a boundary or border zone must be complemented
by an understanding of the dynamics of how people move from
being “well” to “ill”*”. Eaton et al*® have described how this
occurs in very clear terms. People develop symptoms either by
intensification of existing traits or features within the normal
range of experience, such as anxiety or sadness, or the acquisi-
tion of novel subjective experiences such as hallucinations or
obsessional thoughts, or a combination of the two. Syndromes
or constellations of symptoms develop through the concurrent
or sequential accumulation of such experiences and behav-
iours, and when they manifest some coherence and stability.

The key characteristics for determining whether there is a
disorder are severity and persistence®®, though some argue
that distress and/or functional impairment must also be pre-
sent. In real life, these phenomena emerge in sporadic or grad-
ual ways, often ebbing and flowing, sometimes following
familiar trajectories and sequences, other times in a more fluid
and reversible manner. How they stabilize or fade, how they
attract other features and comorbid patterns and behaviours
has not been systematically studied as yet.

In the early stages of mental ill health, diffuse and unstable
subthreshold states of anxiety and depression are common, but
often commingle with other features, including psychotic-like
disturbances of salience and perception, and emotional dysregu-
lation, to produce a kaleidoscopic series of microphenotypes®*°,
We have not yet defined which set of variables to include in sys-
tematic studies of this stage of illness development, but they
could include traditional symptom concepts, momentary emo-
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tional and perceptual states, self or corporeal disturbances, and
sleep and motor activity changes. In this sea of emerging psycho-
pathology, we already know that early psychotic symptoms, par-
ticularly if persistent in nature*!, indicate enhanced risk, not
only for traditional psychotic disorders, for which they do have a
greater valence, but also for other syndromal and functional out-
comes”?™*4,

In addition to the emergence and evolution of symptoms
and syndromes, patienthood, help-seeking and need for care
are influenced and defined by sociological factors®’, notably
prejudice, stigma and illness behaviour*>*’. Financial con-
straints can have a strong influence on where the bar is set by
governments, social welfare agencies and health insurers for
access to financial coverage for care. Ideological forces also
seek to deny the reality of need for care, by asserting against
all available evidence that mental ill health is actually part of
the human condition (the “worried well”) and naturally heals
through “resilience”. The same could be said about limb frac-
tures, which are common, subject to a natural health process,
and yet require professional intervention for optimal healing.
These factors are arguably more potent in the mental health
field in distorting the definition of need for care and the
boundary between health and illness. More subtle variants of
this invalidation involve the unhelpful distinction between
high and low prevalence disorders.

THE NEW DIAGNOSIS: WHY CATEGORIES STILL
MATTER AND HOW TO DEFINE THEM TO GUIDE
TREATMENT AND RESEARCH

Psychiatric diagnosis is once again experiencing a crisis of
confidence, which has been created by a range of forces. Some
derive from fundamental issues, including our failure to bridge
the mind/body dichotomy of Descartes and the complications
of what philosophers call the “explanatory gap” or the “hard
problem of consciousness”*®. Others involve the notion that psy-
chiatry can be shoehorned into mainstream medical practice
without thoughtful and serious redesign, and the related over-
reach of biological psychiatry*®; the invalidity of reifying syndrom-
al descriptions as disease entities, and the naive and diluted
phenomenological and psychological constructs partly associated
with the “operational revolution” of DSM-III onwards®’; the
polemics of antipsychiatry; and, most tellingly, the fact that diag-
nosis has rather low utility for treatment decisions. These forces
have combined to fuel this crisis, which reached a peak during
the launch period for DSM-5. The question has been quite rea-
sonably raised: why do we need diagnosis anyway?

The fact that in large transdiagnostic samples there is a gen-
eral psychopathology factor (the “p” factor) which has good
predictive validity®®, and that most domains of psychopathol-
ogy appear to conform to dimensional rather than categorical
models, seem to favour a unitary or at least a non-categorical
approach. This thinking has helped to inspire the creation of
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the Research Domain Criteria (RDoC) project, which has
embraced a transdiagnostic approach in research, attempting
to base psychiatric nosology on neuroscience and behavioural
science rather than DSM-defined diagnostic categories®.

In our view, this approach overly downplays the role of clini-
cal phenotype-based classification and overamplifies the role of
neuroscience and behavioural constructs, which, although no
doubt contribute to the understanding of the aetiology of psy-
chiatric disorder, should be regarded as complementary rather
than central to the “object” of psychiatric research and clinical
practice. As we have argued elsewhere®, part of the frustration
with phenotype-based classification, and the perceived road-
block that it has introduced to research progress, may be attrib-
utable not to that classification per se but rather to the over-
simplified and broad nature of contemporary psychopatholog-
ical descriptions present in DSM-III onwards and in many of
the instruments used to measure psychopathology in research
studies*®. To borrow geological terminology, focusing on plate
tectonics (underlying neurobiology) should not replace or com-
pensate for poor characterization of topography (phenomenol-
ogy). In addition, the RDoC approach as yet confers no diag-
nostic benefit to clinical care, and its feasibility in many clinical
settings is questionable.

Another related approach has been the Hierarchical Taxon-
omy of Psychopathology (HiTOP), which attempts to provide a
hierarchical dimensional approach to psychiatric classifica-
tion®. Although these approaches may contribute to mapping
and describing nature (although, as noted above and else-
where*®°°, there are reservations on this front and the jury is
still out), they are of no help when it comes to making key
decisions in patient care, which will always depend on binary
or categorical 0/1 approaches.

It is all too easy to look at such issues and data sets from a
population health or epidemiological perspective and critique
concepts like “transition””, but clinicians and patients who
have to make decisions about treatment approaches and life
goals need to be more pragmatic. How do we harness the real-
ity of dimensional ebbs and flows of symptoms across a wide
range to make decisions about which treatments and in which
sequence and combination to offer to which patients®*? This is
where clinical staging provides a solution.

We have described clinical staging in several previous pa-
pers®>*%_ TIts key goal is to provide a more accurate guide to
treatment selection (and also to prognosis). It also serves to
organize research into psychosocial risk factors, neurocogni-
tive variables, and biomarkers (both of current stage and risk
for stage development). The model attempts to determine the
position of an individual along a continuum of illness, defined
according to stages: Stage 0=no current symptoms, Stage
la = help-seeking with distress, Stage 1b = attenuated (i.e.,
subthreshold) syndrome, Stages 2-4 = full threshold disorder
with varying degrees of recurrence and severity.

The best known application of clinical staging has been in
oncology. There one could argue that the progression or reso-
lution of cancer is also a dimensional issue, but we have im-
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posed categories or stages in a successful effort to intervene
proportionally and preventively to reduce the risk of extension
of the disease and ultimately death. The risk/benefit ratio is a
guide to how aggressively to intervene, with the balance in
favour of slight overtreatment at each stage, rather than wait-
ing for treatment failure and then stepping up the intensity, as
with “stepped care” in mental health, which responds often
very belatedly to treatment resistance.

It might still be an open question whether discrete tradi-
tional syndromes such as bipolar disorder, schizophrenia and
severe depression have utility at any stage, given the ubiqui-
tous comorbidity that manifests across all stages. Other key
influences on the complexion of intervention strategies are
developmental and personal goals, such as vocational path-
ways and individuation and identity formation, that people
identify and struggle with, and which are equally transdiag-
nostic. These might also correlate more with stage of illness
than with individual syndrome or classical diagnosis.

SOLVING THE PREVENTION PARADOX: UNLOCKING
THE SECRET TO PRE-EMPTIVE CLINICAL CARE

The prevention paradox

The prevention paradox refers to the fact that, with low inci-
dence events such as suicide, transition to psychosis, or onset of
anorexia nervosa, numerically more of the ultimately true posi-
tive cases will develop from lower risk than higher risk groups.
van Os and Guloksuz’ applied this logic to transition to psycho-
sis in quoting a recent study®® which found that only a very small
proportion (4.1%) of patients who developed a first episode psy-
chotic disorder attending local mental health services had been
in previous contact with the local UHR service.

Our own data suggest that this may be a particularly low-end
case example reflecting local clinic service pathways. In the
case of Orygen Youth Health Clinical Program in Melbourne, a
public mental health specialist early intervention service, 12.5%
of first episode psychosis patients over a three-year period were
referred from our UHR service (the PACE clinic) and 7% from
other Orygen clinics.

According to van Os and Guloksuz’, the above low percentage
indicates that “the impact of prodromal services in public health
terms may be negligible in relation to their costs”. While the
authors fail to note that the UHR service may well have prevented
onset for a number of first episode psychosis cases (i.e., the “false
false positive” cases®’), there are likely to be better clinical out-
comes for first episode psychosis cases who have previously been
seen at a UHR clinic compared to those who have not®®, and
these services have been shown to be cost-effective®®. The fact
remains, however, that UHR services see only a minority propor-
tion of those who develop first episode psychosis.

If we aim to address the falling transition rate in UHR sam-
ple557, we should seek to increase efficiency of risk detection
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by enhancing methods of predicting psychosis within the
UHR group. There are a number of ways in which this might
be achieved. One approach is to improve screening and
enrichment strategies. Screening tools such as the Prodromal
Questionnaire®" have been found to identify UHR cases who
transition with high sensitivity (87%) and specificity (87%) and
have also been found to detect a more enriched sample for
psychosis risk®. Another approach is to apply new analytic
strategies to data collected at study entry. There are currently
several consortia-based efforts underway (e.g., PSYSCAN®?
and PRONIA®Y) applying machine learning approaches to
develop clinical translation tools for enhanced prediction of
psychosis onset in the UHR population.

Another important advance has been to use iterative proba-
bilistic multimodal models to combine assessment domains,
such as patient history, clinical assessments and biomarkers.
This approach incorporates data from different modalities to
increase predictive strength. For example, a probabilistic mul-
timodal model in a UHR cohort using a combination of patient
history, clinical assessment and fatty-acid biomarkers was able
to identify over 70% of UHR cases who transitioned within one
year®®. However, it is unlikely that this approach will widen the
entry channel, such that a higher percentage of first episode
psychosis cases will pass through the UHR service portal.

Another response is to accept that a UHR service with a
focus on psychosis risk and early warning signs of psychosis
may be too narrow a channel to attract many of the young
people experiencing and manifesting this phenotype. Such
clinics struggle to detect and engage more than a small per-
centage of those expected within a given population in this
stage of illness. On the other hand, with broad spectrum youth
mental health care primary care platforms, such as head-
space®®®?, we now know that a much higher number of such
young people can be engaged. In a recent study, we found that
38% of young people accessing these services reported attenu-
ated psychotic symptoms likely to be in the UHR range®.

Also, a recent retrospective study by Shah et al®* reported
that 32% of their first episode psychosis sample did not
undergo a period of subthreshold psychotic experiences prior
to the onset of frank psychosis, and that the most prevalent
early symptomatology was depression, anxiety and low func-
tioning. Together, these findings suggest that a broader identi-
fication approach could overcome the prevention paradox by
also identifying lower risk cases with possibly different pheno-
typic pathways to first episode psychosis®*®°, and also at risk
of other full threshold or Stage 2 disorders. This would pave
the way to a truly transdiagnostic approach.

Transdiagnostic risk: the Clinical High At Risk Mental
State (CHARMS) approach

The high prevalence and impact of mental disorders in young

people, the limitations of current diagnostic systems and risk
identification approaches, the diffuse symptom patterns in early
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stages, and their pluripotent, transdiagnostic trajectories all
indicate the need to develop a new diagnostic and predictive
strategy. The approach we have recently adopted, guided by the
clinical staging model and consistent with broad spectrum
youth clinical service structures such as headspace, is an adap-
tation of the original “at risk mental state” approach to encom-
pass a broader range of inputs and output target syndromes.

This Clinical High At Risk Mental State (CHARMS), as it has
been named, is a broad composite definition of a syndrome
warranting treatment in its own right due to help-seeking and
distress associated with presenting symptoms, albeit below
DSM/ICD-defined threshold for diagnosis. Figures 1 and 2
show the shift in approach from the traditional UHR to the
CHARMS paradigm in the context of clinical staging.

The subthreshold (Stage 1b) states covered in the criteria at
present include attenuated psychotic symptoms, subthreshold
bipolar states, mild-moderate depression, and borderline per-
sonality features of reduced range and shorter duration than
full diagnostic threshold”. The trait vulnerability of the UHR
criteria is expanded to include history of serious mental disor-
der in a first degree relative, in addition to functional decline
or chronic low functioning in the young person. Early data
indicate a ~30% transition rate to Stage 2 disorder over a 6-12
month period in young people meeting these criteria and
receiving treatment in our headspace clinical services, as
opposed to <5% transition rate in help-seeking young people
below this threshold (Stage 1a).

The data also indicate that evolution of symptoms may not
necessarily follow a homotypic course (e.g., subthreshold psy-
chosis evolving into threshold psychosis), but may be hetero-
typic in nature (e.g., moderate depression without attenuated
psychotic symptoms at entry evolving into first episode psy-
chosis), consistent with the pluripotent model. While this het-
erotypic course has been regarded as a shortcoming in the
UHR approach (i.e., indicating lack of specificity of the crite-
ria), it is welcomed within the CHARMS approach, because
the target is any Stage 2 “exit syndrome” rather than a specific
disorder outcome.

Importantly, this broad input-output approach can still sup-
port research into “narrowing” down on predictors and mech-
anisms at play in specific disorders or symptom clusters: the
UHR subgroup, for example, can be identified within the broad
Stage 1b cohort, and specific predictors of outcome within this
subgroup or specific Stage 2 outcomes, such as psychosis, can
be studied, and predictors of this specific outcome within the
broad Stage 1b at risk group can be researched.

This pluripotent risk paradigm tackles many of the short-
comings associated with the UHR approach. It addresses the
low transition to psychosis rates observed in recent years,
allowing for capturing a broad range of outcomes and there-
fore a higher “transition rate” to serious mental disorder gen-
erally. It also places attenuated psychotic symptoms within the
context of a range of multidimensional psychopathology,
deemphasising these symptoms as a form of “schizophrenia
light”"*.
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It also provides a clinical identification approach for trans-
diagnostic preventive intervention trials. Such trials, which
may consist of psychosocial or biological interventions or
combinations and/or sequences of the two, would target the
range of presenting symptomatology, rather than focus on a
particular set of symptoms. In reality, this is what has occurred
in UHR intervention trials anyway, particularly cognitive-
behavioural therapy trials, where it is counterproductive to
separate attenuated psychotic symptoms from the rest of the
clinical picture (which is often more clinically distressing’?)
and focus treatment exclusively on those symptoms.

Stage 0

Asymptomatic

= Stage 1a

E 2 Distress disorder

U =

3 =

g0 Stage 1b

£ n Distress disorder

ST + subthreshold

il

2 _E specificity

Ewm

> o Stage 2

o 7

e JS First treated

= episode

’% g M

oo Stage 3

[¥] Recurrence or

S persistence

Depressive

Stage 4 disorder
Treatment Bipolar
resistance disorder

A suitable trial design for such studies are Sequential Multi-
ple Assignment Randomized Trials (“SMART”), used in several
recent large-scale studies in psychiatry to develop an evidence
base to support adaptive clinical care”. This trial design meth-
odology is a good fit with the clinical staging model, as it
involves multiple intervention stages that correspond to the
critical decisions involved in adaptive interventions. These are
interventions in which the type or dosage is individualized on
the basis of patient characteristics, such as psychological fea-
tures, clinical presentation or mechanism linked biomarkers,
and then is repeatedly adjusted over time in response to pa-
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tient progress”®. Interventions can also be tailored at critical
decision points according to response or other patient charac-
teristics, such as specific biomarker changes or comorbidity,
and also patient preference.

Our group is currently conducting a SMART trial in a UHR
sample®®, and plans to follow this with a further trial involving
a combination of psychosocial and biological approaches tar-
geting disorder progression, in the broader pluripotent at risk
group (Stage 1b, identified using CHARMS criteria). Timing,
personalization through biological and psychological markers,
sequencing and admixture, and proportionality to stage are
the key guiding principles.

New approaches to model and predict evolution of
mental disorder

The model of the onset of mental disorder involving symp-
toms that ebb and flow, and consolidate or recede across stages,
as described above, suggests the utility of approaching psycho-
pathology as an evolving, complex system implying a combina-
tion of intra-individual and contextual factors interacting over
time”*. While it is useful to impose categories on this system for
clinical decision-making, modelling change in psychopathology
and predicting its evolution might more effectively be achieved
using dynamic, time-dependent approaches.

Although searching for particular static factors that signal
risk for future disorder (as with the Huntingtin gene mutation
in Huntington’s disease) may play a role, modelling risk for
mental disorder may also require capturing factors (and their
possible interaction) over time, i.e., must be dynamic in nature
and able to incorporate fluctuations in key variables'®*%°,

The traditional approach in psychiatric prediction studies,
notably psychosis prediction, is to assess a range of variables
(clinical, neurocognitive, neurobiological, genetic, etc.) upon
entry to a mental health service and to determine whether
these variables predict disorder onset (in the case of UHR
research, first episode psychosis) or an increase/remission in
symptom severity. This methodology rests on the notion that a
single sampling of cross-sectional data can accurately predict
the outcome of interest. The highly dynamic and changeable
nature of psychopathology and the heterogeneous nature of
early symptoms and symptom trajectories (see above) indi-
cates the need for more dynamic models of prediction®*"*.
Such models of dynamic change have predominantly emerged
from disciplines outside of psychiatry and therefore cross-
disciplinary fertilization is important for progress in the field.

An example is dynamical systems theory, with origins in
mathematics and physics, which seeks to describe the behav-
iour of complex dynamical systems such as the climate, eco-
systems and financial markets’. Increasingly, mental health
has been conceptualized in these terms, i.e., as a system with
many elements which interact with each other over time (as in
network theory’®, see below). The architecture of such a sys-
tem reflects how it will change over time’”: in a system with
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loosely connected, heterogeneous elements, change occurs
gradually in response to changing conditions, whereas a sys-
tem with highly interconnected, homogenous elements may
initially resist change but then reach a critical threshold or
“tipping point” towards another state.

In the context of psychopathology, these two “system states”
may correspond to “healthy” and “disordered”/“ill” states’®".
Tipping points tend to be preceded by early warning signs, such
as the phenomenon of “critical slowing down”, which refers to
the system taking increasingly longer to return to its previous
state after a perturbation/stressor®”®', There is emerging evi-
dence, using simulation data and fine-grained longitudinal
time series data collected using ecological momentary assess-
ment, that transitions in mental health (at this stage, depression
and bipolar disorder) are preceded by critical slowing down’®7?,

A conceptually related approach is the “network perspec-
tive” of psychopathology, which has gained traction in recent
years. This approach conceptualizes mental disorder not as
the consequence of an underlying latent variable (a “common
cause”), but as a result of a dynamic interplay of symptoms®*#*,
with symptoms actively influencing/causing each other, rather
than being the passive expression of an underlying disease pro-
cess. Within the context of pluripotency during early psychopa-
thology, it has been proposed that the way in which networked
symptoms influence each other during early stages of mental
ill health may be less concentrated and stable than in later
stages’®.

Preliminary empirical work is consistent with this proposal,
positioning network dynamics theory within the clinical stag-
ing framework and suggesting that, with increased clinical
stage severity, symptomatology becomes more specialized and
differentiated, giving rise to diagnostic specificity associated
with greater inter- and intra-mental state connection strength,
and greater inter- and intra-mental state connection variabil-
ity®®. Empirical investigations into the predictive potential of
dynamic symptom networks for the onset and progression of
psychosis are currently underway®®.

Another dynamic prediction approach, more agnostic with
regard to theoretical principles, is joint modelling. This is a
statistical method that combines multilevel modelling (using
repeated clinical assessments) with survival analysis (allowing
for the time-to-event nature of determining outcome in pre-
diction studies)®”°. The approach can be used to identify
symptom trajectories (e.g., persistence of negative symptoms,
intensification of general psychopathology) that predict out-
come, taking into account censored data and time to follow-
up (as in survival analysis).

Importantly, it allows for the generation of a risk calculator
that can be updated over time based on repeated assessments
(using clinical or other information), a more refined method of
predicting outcome than the existing risk calculators®®®. Initial
work using this approach with data from our recent UHR inter-
vention trial'® shows that dynamic prediction using joint model-
ling produces much stronger predictive models, particularly
positive predictive values, than using baseline data alone®®. This
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approach could equally be applied to transdiagnostic outcomes
within a broader risk group, such as a CHARMS cohort.

We have recently argued that such concepts and analytic
approaches may be useful for predicting onset of more severe
stages of disorder transdiagnostically, as they take the evolving
clinical picture into account”. They offer a means of model-
ling and predicting how mental disorder may evolve across
clinical stages, capturing how and why microphenotypes dis-
perse, cohere, sustain, expand or entrench. They may also
guide the identification of “dynamic signatures” for risk of
particular disorders™ (e.g., critical slowing down may prove to
be a more reliable indicator of imminent onset of depression
than of psychotic disorder). As indicated above, “broadening”
and “narrowing” the approach to risk identification and pre-
dictive factors are not mutually exclusive.

Importantly, these new prediction approaches link well with
the process that occurs in real-world clinical decision mak-
ing®®. Clinical decision making regarding possible treatment
changes and prognostic judgements is generally “adaptive” in
nature — it reacts to and is updated based on gathering further
clinical information and the unfolding symptomatology of the
patient, rather than relying solely on the profile of the patient’s
first clinical presentation®®. Using the conceptual and analytic
approaches outlined here may provide an empirically-based
and rigorous guide for making decisions regarding treatment
modification in response to the evolution of a patient’s clinical
profile over time. In this way, they may help refine treatment
decision making and possibly be incorporated into adaptive
clinical trial designs, described above, which are currently gen-
erally based purely on a category of response/non-response at
the end of a pre-specified time period®.

CONCLUSIONS

The “at risk mental state” for psychosis approach has been a
highly productive research paradigm over the last 25 years. How-
ever, the limitations of current risk identification approaches, the
diffuse and unstable symptom patterns in early stages, and their
pluripotent, transdiagnostic trajectories all indicate the need to
develop a new strategy. The approach we have recently adopted
has been guided by the clinical staging model and adapts the
original “at risk mental state” model to encompass a broader
range of inputs and output target syndromes. This approach is
supported by a number of novel modelling and prediction strate-
gies, such as dynamical systems theory, network theory, and joint
modelling.

A holistic strategy can be developed that applies these new
prediction approaches, as well as machine learning and iterative
probabilistic multimodal models, to a blend of subjective psy-
chological data, physical disturbances and biomarkers acquired
through fine-grained sequential or longitudinal assessments.
This strategy will ultimately enhance our understanding and abil-
ity to predict the onset, early course and evolution of mental ill
health, further opening pathways for preventive interventions.
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