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Abstract

The psychosis prodrome, or period of clinical and functional decline leading up to acute
psychosis, offers a unique opportunity for identifying mechanisms of psychosis onset and testing
early intervention strategies. We summarize major findings and emerging directions in prodromal
research and provide recommendations for clinicians working with individuals suspected to be at
high risk for psychosis. The past two decades of research have led to three major advances. First,
tools and criteria have been developed that can reliably identify imminent risk for a psychotic
disorder. Second, longitudinal clinical and psychobiological data from large multisite studies are
strengthening individual risk assessment and offering insights into potential mechanisms of illness
onset. Third, psychosocial and pharmacological interventions are demonstrating promise for
delaying or preventing the onset of psychosis in help-seeking, high-risk individuals. The dynamic
psychobiological processes implicated in both risk and onset of psychosis, including altered gene
expression, cognitive dysfunction, inflammation, gray and white matter brain changes, and
vulnerability-stress interactions suggest a wide range of potential treatment targets and strategies.
The expansion of resources devoted to early intervention and prodromal research worldwide raises
hope for investigating them. Future directions include identifying psychosis-specific risk and
resilience factors in children, adolescents, and non-help-seeking community samples, improving
study designs to test hypothesized mechanisms of change, and intervening with strategies that
better engage youth, their environmental contexts, and neurodevelopmental targets to improve
functional outcomes. Prospective research on putatively prodromal samples has the potential to
substantially reshape our understanding of mental illness and our efforts to combat it.
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The past two decades have ushered in a new era of research on early intervention and
possible prevention of acute psychosis and its associated morbidity. Informed by
retrospective research on the precursors to psychosis and prospective longitudinal research
on population cohorts and individuals at familial (“genetic™) high-risk (FHR), a “close in”
strategy to study individuals likely to develop psychosis within a year or two has been
adopted world-wide.12 These individuals are identified on the basis of age (typically ages
12-35) and clinical characteristics (primarily new or worsening attenuated psychotic
symptoms) suggestive of a psychosis prodrome. As the majority (~65%) will not transition
to a diagnosable psychotic disorder, these prospectively identified individuals are typically
referred to as at “clinical high risk” (CHR), “ultra high risk” (UHR) or having “at risk
mental states” (ARMS). An “Attenuated Psychosis Syndrome” is included in section 3 of
DSM-5 to encourage further study and diagnostic consideration.3 Another approach has
focused on “Basic Symptoms” (BS) or subtle alterations in mental experiences that are
thought to emerge earlier than CHR syndromes.? ® We use “psychosis risk” (PR) to refer to
the full spectrum of individuals identified as having CHR or BS. The primary goals of PR
research are to understand the mechanisms of transition from risk to diagnosable illness and
to identify intervention strategies for preventing or mitigating the onset or full expression of
psychosis.

DYNAMIC NATURE OF RISK

The PR approach requires accurate identification of individuals at significantly high risk or
progressing toward identifiable illness. Perhaps not surprisingly, the early warning signs that
are often obvious in hindsight are not as obvious as they emerge. Troubling private
experiences may not be disclosed or may be disclosed to people who do not recognize them
as symptoms of emerging psychosis. Indeed, many of the earliest signs, such as anhedonia,
attention dysfunctions or social difficulties are not specific to emerging psychotic disorders.
They may reflect any of a number of causal mechanisms or contributing factors
(equifinality), and at the same time, be predictive of outcomes other than psychosis
(multifinality).

In the absence of definitive markers of impending illness, prevention and early intervention
of psychosis are based on assessment of probabilities. These probabilities are typically based
on risk factors and risk /ndicators. Risk factors such as a family history of psychosis, convey
a quantifiably higher likelihood of subsequent illness. They may reflect a dlirect causal
pathway: e.g., brain dysfunction. More often, they reflect an /indirect relationship with
potential causal mechanisms. For instance, paternal age over 50 does not itself cause
psychosis. Rather, it is associated with an increased likelihood of altered genetics believed to
play a causal role in psychosis. Similarly, risk /ndicators, such as increased suspiciousness,
do not directly cause psychosis. They signal that psychosis may be emerging.

Individuals at PR are typically identified on the basis of risk /ndicators, clinical signs and
symptoms that signal some increased likelihood of developing a psychotic disorder.
Subsequent transition to psychosis confirms an individual’s (prior) PR status. A lack of
transition is more ambiguous. Many assume that individuals who do not transition are “false
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positives,” their prior PR identification being incorrect. However, other possibilities exist.
Some individuals might transition if followed longer (e.g., Figure 1, white dot). Treatment
may prevent the full expression of an otherwise present illness (e.g., Figure 1, black dot). Or
PR may have been reduced by a number of individual or environmental factors (e.g., Figure
1, gray dot). PR samples likely contain some of all of these. The majority of PR individuals
will not develop a psychotic disorder and a substantial proportion will improve with no
treatment at all.®

Risk is thus a complex latent construct. Figure 1 provides a model for the dynamic nature of
PR, its’ reflection of and responsivity to a multitude of risk and protective factors. The
hypothetical trajectories of the three case examples illustrate how risk and protective factors
might push someone closer or farther from the psychaosis threshold. This dynamic interaction
raises complex questions for identification and intervention, particularly at the individual
level. Yet, it is this dynamic aspect that raises hope for altering the trajectory of illness.

METHODS

This is not intended as an exhaustive review. We review, within the context of a dynamic
diathesis-stress model, selected aspects of science that highlight progress in understanding
and intervening in the emergence of psychosis. These include phenomenology,
characteristics and correlates of risk, risk assessment, the nature and efficacy of current
interventions targeting PR youth, and implications for the benefit/risk ratio of prevention and
early intervention. Finally, we offer recommendations to improve this ratio and address
ongoing challenges.

PHENOMENOLOGY AND IDENTIFICATION OF EMERGING PSYCHOSIS

Retrospective research on individuals with established illness provided the foundation for
the prospective study of emerging psychosis.”- Yet prospective studies with repeated
symptom assessment over the course of years do not typically capture symptom progression
asit occurs.10 Given significant variability in what and how symptoms emerge over time, we
offer a description of known trends and symptom examples.

In a majority of cases, psychosis is preceded by a period of subtle changes in experience or
functioning, a prodromal period, lasting months to years.% 11 Often earliest to emerge are
heterogeneous symptoms: attention problems, depression, anxiety, avolition, social
difficulties, disorganization, and sleep disturbances, so-called “non-specific

symptoms”.2: 10. 12, 13 \ore specific psychotic-like symptoms may emerge closer to the
onset of acute psychosis.

To identify prodromal individuals prospectively, two major efforts were initiated. The first
capitalized on the prototypical emergence of psychotic-like symptoms and a marked decline
in functioning. Syndromes initially posited by Yung and McGorry and later adapted by
Miller, McGlashan and colleagues became the standard for identifying PR samples for
prospective research.213 These syndromes, summarized in Table 1, include the Attenuated
Positive Symptoms Syndrome (APSS) of progressive subthreshold positive symptoms; the
Brief Intermittent Psychosis Syndrome (BIPS) of brief and spontaneously remitting
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psychotic-level symptoms; and the Genetic Risk & Deterioration Syndrome (GRDS)
reflecting presumed genetic risk (having a first degree family history of psychosis or
meeting criteria for schizotypal personality disorder [SPD]) combined with a recent 30%
functional deterioration.

The second approach focused on “basic symptoms” (BS), or subjectively experienced
changes in self-perception, stress tolerance, thinking, communication, and social function,
believed to emerge earlier than the CHR syndromes of the first approach.14 This BS
paradigm identified combinations of Cognitive Disturbances (COGDIS) or Cognitive-
Perceptive (COPER) disturbances highly predictive of subsequent psychosis in initial
prospective research.% 1> On average, about one third of those identified as at CHR (termed
the “late prodrome™) develop a psychotic disorder within three years; comparable but highly
variable rates have been found with the less frequently studied BS approach (“early
prodrome”). 16-18

Attenuated psychotic symptoms typical of the “late prodrome” include unusually valued or
odd ideas, thoughts of reference, magical thinking, a sense that things are odd, or belief that
others can read, control, or implant thoughts (sub-threshold delusions). Individuals may be
confused about whether experiences are real or imaginary. The sense that others are
watching, singling out, or intending harm (sub-threshold paranoia) may begin as a vague
uneasiness. Individuals may appear wary or become increasingly withdrawn. Some express a
sense of superiority or giftedness or appear expansive (sub-threshold grandiosity).
Hallucinations may begin as poorly formed visual or auditory aberrations (though smells,
tastes, or physical sensations also occur), “out of the corner of the eye” or as muffled sounds
or voices. Speech may become newly vague, metaphorical, stereotyped, concrete, or
disorganized. Individuals may increasingly ramble, go off track, or have difficulty
maintaining conversations. Experiences of basic symptoms include the subjective disruption
of thought process, such as the intrusion of irrelevant, unimportant thoughts, or sense that
thoughts are disappearing, blocked, or coming in very rapid succession.

As these symptoms emerge, individuals may find them confusing, frightening, or unusual,
but question their veracity (i.e., some insight is present). Behavior may change or become
increasingly bizarre. Individuals identified with a PR syndrome tend to be help-seeking,
though typically for non-specific or comorbid concerns.?!: 22 They have high rates of
cognitive complaints (e.g., concentration or memory problems) and negative symptoms (e.g.,
low motivation or social anhedonia).11: 23 Longstanding or worsening functional difficulties
are also common.24 25 The vast majority has had previous treatment with psychotherapy or
psychotropic medications.2 In the second phase of the North American Prodrome
Longitudinal Studies (NAPLS 2) sample, treatment had been initiated, on average, three
years prior to the onset of a PR syndrome.2” Prior school accommodations and intensive
interventions, including hospitalizations, are also common. Even those who do not develop a
psychotic disorder have high rates of diagnosable psychopathology and functional
difficulties.?8: 29
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Risk Identification Methods

Despite their phenomenological similarity to psychosis, subthreshold positive symptoms do
not portend later psychosis in most individuals.1” In fact, psychotic-like experiences are
common, particularly in children and young adolescents, occurring in 5-20 % of the general
population.30-32 Thus, screening in the general population with self-report or phone
interviews may yield high rates of psychotic-like symptoms, only a very small subset of
which correspond to PR criteria on interview.33: 34 The significance of symptom
endorsement is dependent on both the screening method and the population screened.
Thorough interview assessment of risk by those specially trained is thus important.3®

The most commonly used instruments for assessing PR syndromes are semi-structured
interviews including the Structured Interview for Psychosis-Risk Syndromes (SIPS), the
Comprehensive Assessment of At-Risk Mental States (CAARMS), and the Schizophrenia
Prediction Instrument for Adults (SPI1-A).2: 1920 A elicit time-course, frequency,
worsening, and insight and include guidelines for identifying clinical PR syndromes.
Symptoms better explained by non-psychotic pathology such as obsessive-compulsive
disorder, substance use, or neurological disorder are typically excluded, although this is
often difficult to determine. Parent or family interview is helpful to obtain relevant
developmental and family history. Finally, assessment of current and past functioning is
crucial 36

Risk assessment is complicated by a number of factors. The first of these is age. Although
psychotic-like symptoms may first present in childhood, assessment of PR in children
remains challenging.11- 18. 37-39 pytatively prodromal symptoms are more common and less
predictive of later psychosis.38 39 PR is typically assessed in adolescence to early adulthood.
Yet typical functioning at 13 and 30 differs and normative variability in maturation is broad.
Some magical thinking is typical in young teens; embracing of sub-cultural or anti-
mainstream trends is not unusual in adolescence. Second, mutually-shared beliefs vary
across cultures (e.g., spirits, psychosomaticism). Only symptoms deviating from the
person’s cultural norms are considered toward PR. Third, awareness of contextual factors is
important for determining the likely veracity of someone’s experience. Sometimes, others
are targeting the person for harm. Indeed, many PR have experienced bullying. Finally, since
current assessment of PR is based primarily on self-disclosure, the ability of a person to
reliably communicate his or her internal experience is critical. This relies, in part, on the
assessor’s ability to balance engagement and issues of confidentiality in interactions with
youth and family or other informants. Observations and reports of informants vary
significantly in quality and accuracy.38: 40

CHARACTERISTICS AND CORRELATES OF PSYCHOSIS RISK

Arich set of data has characterized the PR state using neurocognitive, social function,
neuroimaging, hormonal and inflammatory markers, and others not covered here such as
electrophysiology. These data are proving useful for: 1. predicting subsequent psychosis
transition or function/disability; 2. unravelling possible mechanisms of transition from a PR
state to psychosis. The factors discussed here are correlates of risk rather than known causal
mechanisms, even those that statistically “predict” later psychosis. Their direct or indirect
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causal roles are largely unknown. Furthermore, the different domains vary in how often they
have been studied (e.g., neurocognition quite a bit, inflammatory measures, infrequently)
and the robustness of findings.

Genetic Factors

Evidence for the role of genetic factors in psychotic disorders comes from high concordance
rates in the biological relatives of affected individuals, including in those reared apart.41: 42
For example, having a first degree relative with schizophrenia raises one’s risk tenfold,
making family history of psychosis one of the strongest risk factors.*3 Current evidence
from genome-wide association studies suggest that schizophrenia (as other psychotic
disorders) does not result from a single gene or genetic abnormality, but rather the complex
interaction of hundreds of specific genes.#4 Though still in nascent stages, the implication of
this work is that individuals could be given a risk score, based on their specific genes. Until
this work is complete, family history is still the best proxy for genetic risk.

Neurocognition

Neurocognitive impairments in schizophrenia have been described since the late 19t
century.#5: 46 The attention, memory, language, motor and executive dysfunctions evident in
chronic and first episode schizophrenia, are typically evident well before illness, including in
many PR cases.1”- 47-54 Genetic and cohort studies evaluating children who later develop
schizophrenia, have found impairments in children as young as four years old.50: 51.55-58 |
those who develop schizophrenia, there is an increasing developmental lag in fluid
intelligence from ages 7 to 13 and in verbal abilities during the teen years.5%- 61

Meta-analyses have demonstrated impairments in PR individuals intermediate in severity
between healthy controls and first episode psychosis, with significantly greater impairment
in those who convert.17- 54 Verbal memory and processing speed deficits are two of the most
sensitive measures predicting transition to psychosis.>* 62 \ierbal memory has been
associated with shorter transition to psychosis.®2 Both cognitive functions contribute
modestly but independently to the predictive algorithm for transition to psychosis developed
in NAPLS 2, with areas under the curve approximately 0.60.53 (Cannon TD, Yu C,
Addington J, et al. An individualized risk calculator for psychosis. Submitted manuscript
under review.) There is a relatively modest overlap between neurocognition and social
functioning, and somewhat stronger relationships between neurocognition and negative
symptoms, typically with no more than 10% of the variance shared. 646

Surprisingly, the literature, while sparse so far, does not support the idea that neurocognitive
impairment progresses from the prodromal phase to the first episode.56: 67 Future work
should address heterogeneity of neurocognitive profiles, longitudinal trajectories, and the
combined impact of neurocognition and social cognition, the latter a factor of growing
importance.%8

Social Functioning

Social functioning is a well-known impairment in those at-risk for schizophrenia.5
Difficulties often begin in early childhood and decline further in the period leading up to the
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first episode. In fact, features like difficulty inferring the intentions of others (theory of
mind) have been part of the associated criteria for schizophrenia diagnosis for some time.3

In PR samples, social difficulties have incremental validity in predicting transition to
psychosis, even accounting for attenuated positive symptoms, and are a central aspect of
persistent functional difficulties, regardless of transition.1%: 28. 35, 36, 70-72 The modest
overlap among neurocognition, negative symptoms, and social functioning suggest that these
domains make substantially separate contributions to the course and outcome of CHR
individuals.64.65

Neuroimaging

There is substantial evidence of gray matter (GM) abnormalities prior to the onset of
psychosis in individuals at FHR and at PR.73:74 FHR youth ages 8 to 30 have substantial
GM volume abnormalities compared to controls, with an accelerated volume reduction over
time in association with psychotic-like symptoms and cognitive deficits. Prefrontal cortex
(PFC) alterations are the most consistently reported, followed by smaller hippocampal
volume.”#

Brain structural alterations in PR samples are generally neuroanatomically similar to, but
less severe than reported in established schizophrenia.” Compared with controls, PR groups
show both smaller GM volume and cortical thinning in PFC, lateral temporal cortex
(particularly superior temporal gyrus [STG]), and, to a lesser extent, parietal cortex. Less
PFC GM has been associated with impaired executive function and greater severity of
symptoms in CHR whereas smaller STG GM has been linked with deficits involving
semantic fluency.’>"7

Evidence of progressive loss of gray matter in PR subjects who convert to psychosis
implicates disturbances in developmental neuromaturational processes in the onset of
psychosis. 78-84 This was observed most definitively in the NAPLS-2 multisite study.8°
Thirty-five PR subjects who transitioned to psychosis showed a steeper rate of gray matter
loss in the right superior frontal, middle frontal, and medial orbitofrontal cortical regions as
well as a greater rate of expansion of the third ventricle than 135 healthy controls or 239 PR
subjects who did not. These findings were associated with baseline levels of an aggregate
measure of proinflammatory cytokines in plasma (see below) and were comparably observed
in those on or not on antipsychotic medications.

Inflammation

In recent years, there has been increased recognition of the role of inflammatory processes in
neuropsychiatric disorders, including psychosis.86-90 Patients with schizophrenia have
altered levels of inflammation, oxidative stress and metabolism.%! In the absence of direct in
vivo measures of neuroinflammation, diffusion tensor imaging (DTI) provides indirect
evidence, at least in first episode schizophrenia, of excess “free water”.92 The absence of this
finding in preliminary studies of people with chronic schizophrenia has led to the hypothesis
that an acute inflammatory process may occur during the onset of psychaosis, that wanes over
time in response to antipsychotic medications (known to be partially anti-inflammatory) or
as a result of the natural evolution of the illness. During the PR phase, an index of plasma
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analytes reflecting inflammation, oxidative stress, hormones and metabolism, has
differentiated PR individuals who developed psychasis from controls and PR individuals
who did not develop psychosis.?3 Inflammation, oxidative stress, and dysregulation of the
hypothalamic-pituitary axis (HPA) are promising markers, but replication and further
research are needed.

Stress, Stress Sensitivity and Cortisol

The generally accepted “diathesis/vulnerability-stress” model suggests that individuals at
risk for or suffering from a psychotic disorder may be more vulnerable to stress and that
stressors precipitate psychotic episodes. Reviews of the literature have generally revealed
inconsistent evidence for higher rates of stressful life events in samples at PR or with
established psychotic disorders than in comparison groups.?* While there is increasing
evidence that childhood adversity, including physical and sexual abuse, or bullying, are
associated with PR, these stressors often occur years before the onset of psychotic symptoms
and may or may not play a direct causal role.%>-%8 However, PR individuals tend to
experience events as more subjectively stressful than non-PR individuals, suggesting that the
prodromal period may be a phase of heightened subjective stress and stress

sensitivity,94 9. 100

Cortisol, a hormone produced in response to stress via activity of the HPA axis, has been
implicated in both the vulnerability to and maintenance of psychosis. As cortisol is both
elevated and dysregulated in psychotic disorders such as schizophrenia, there is interest in
understanding whether the HPA axis plays a role in triggering psychotic symptoms and
disorders. Indeed, PR subjects tend to manifest higher baseline cortisol that correlates with
psychotic symptom severity.101-103 |n the NAPLS-2 study, significantly higher baseline
cortisol was found in PR subjects who later transitioned to psychosis than in controls or
those whose clinical PR symptoms remitted over a two year follow-up.103

Environmental Risk Factors

Environmental risk factors have long been implicated in the development of psychosis.
Perhaps the strongest evidence comes from twin studies that find a roughly 50%
schizophrenia concordance rate among monozygotic twins, meaning that factors other than
genes contribute to illness. 104 In fact a number of environmental factors are associated with
higher than normal psychosis incidence. Broadly, these fall into three categories: those
thought to affect neural and other physical system development, those that contribute to
early or chronic adversity, and factors that exert effects later in life.

Among those likely to affect neuromaturation, increased incidence of schizophrenia has
been associated with: complications of pregnancy like maternal bleeding, diabetes,
preeclampsia, or rH incompatability; abnormal fetal development (including malnutrition or
exposure to virus); and delivery complications like asphyxia, hypoxia, emergency C-section,
and forceps delivery.51 Maternal exposure to a number of viruses and stressors and advanced
paternal age also increase risk for psychosis, the latter believed to be related to increased risk
of genetic aberrations.105-107
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Other risk factors likely exert their effect by increasing the adversity of the environment
(presumably increasing individual stress and/or decreasing access to resources or protective
mechanisms for normative development). Higher incidence of psychosis has been found in
developing countries, cohorts raised in urban areas, and minority groups that either migrated
or live amongst majority groups.108-112 Family factors such as communication deviance,
hostility, and criticism have also been linked to increased risk for later psychosis.113: 114
Specific mechanisms reflected by these environmental PR factors continue to be debated,
though they likely interact with biological factors.105.115, 116

Finally, a few environmental factors contribute to risk more proximally to the onset of
psychosis, as noted in the discussion of stressful life events. In addition, substance abuse,
particularly stimulants and cannabis, may be precipitants of first or subsequent psychotic
episodes.117: 118 However, their causal role is debated.11°In fact, a positive link between
substance use and later conversion to psychosis is infrequently found.120 In the first phase of
NAPLS (N =370), PR subjects with cannabis abuse or dependence had higher rates of
conversion and converted sooner than non-disordered users and non-users.121 However, this
finding did not hold when comorbid alcohol use was considered.121 Outcome and transition
to psychosis may be more strongly associated with early-onset use, frequent use and
continued use rather than overall lifetime use.122 More data from targeted intervention trials
and usage over the time to transition or remission will be valuable in determining whether
cannabis use is a potentially modifiable risk factor.123

Protective Factors

Whereas the opposites of factors that increase risk might be considered protective (e.g.,
normal pregnancy and delivery, low communication deviance), demonstration of buffering
against risk requires a reduction of incidence in the context of risk. 124 A few factors with
some evidence for such a protective effect include family environment, estrogen, and
psychosocial and psychopharmacological treatments. For instance, Tienari and colleagues’
longitudinal study of familial high and low risk adoptees found that particularly benign
adoptive family environments normalized the rates of schizophrenia spectrum outcomes in
familial high-risk adoptees.113 Preliminary support for this in PR samples comes from the
association of caregiver warmth and moderate parent involvement with symptom and
functional improvements over time.125.126

Estrogen is widely believed to have neuroprotective effects in schizophrenia, including
protection against oxidative stress and inflammation.127 Evidence comes from its interaction
with the major neurotransmitter systems implicated in schizophrenia, animal research
suggesting it may enhance cognition and reverse deficits reflective of the symptom and
cognitive deficits of schizophrenia, and from clinical trials demonstrating additive effects
when combined with antipsychotics. Its potential in PR samples is unknown. However, other
treatments, including psychosocial therapies and psychopharmacological agents, to the
degree that they reduce known risk, serve a protective role in PR individuals. Many of them
explicitly target individual, environmental, and neuroprotective factors. These are discussed
in more detail later on.

Harv Rev Psychiatry. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woodberry et al. Page 10

IMPROVING RISK DETECTION AND ASSESSMENT

As outlined above, but in contrast to the common dialogue, PR is not dichotomous. Rather,
individuals vary along a somewhat fluid continuum in which individual and environmental
risk factors interact over time (see Figure 1).128.129 A challenge for the field is to draw on
group data to estimate risk in individuals. The goal is to maximize sensitivity, the accurate
identification of PR when present, and specificity, the avoidance of PR identification when it
is not present. In assessing the value of an assessment tool or risk algorithm, Positive
Predictive Value (PPV) is often used, here defined as the percentage of individuals identified
as PR who subsequently develop psychosis. A PPV of 75% indicates that three-fourths of
those identified as PR develop psychosis within the given follow-up. Percentages depend on
the prevalence of PR and psychosis in the population sampled. Thus, the PPV of a given
interview in help-seekers of a specialized PR center will differ from the PPV of that same
interview in a public school.

PR is a probabilistic designation given to people along varied developmental trajectories.
Identifying individuals as at PR or treating them within a specialized psychosis clinic may,
in itself, negatively impact those trajectories.139 Given this and some evidence that PR
syndromes have become less predictive of transition over time, there is increased interest in
targeting prevention strategies to those most at-risk.131 As evidence accumulates, risk
stratification algorithms are being developed to estimate risk based on individual
combinations of predictive biomarkers and clinical factors.12° Treatment could then be
staged, with more sensitive, broader risk indicators (like PR status) identifying larger groups
for clinical attention and more specific and higher risk indicators prompting interventions of
increasing intensity or risk.132 Thus, in the future, identification of a PR syndrome might be
followed by neuropsychological testing, EEG, biosampling, and MRI assessment, with
indicators from each contributing to an actuarially derived estimation of risk.85 133

A small number of studies have investigated clinical factors that add to prediction of
psychosis over and above CHR or COGDIS criteria (which improve prediction when
combined).36:134 These multi-step algorithms yield PPVs around 80%, but have rarely been
replicated.36: 135,136 For example, in NAPLS 1, three to five risk indicators (GRDS, see
Table 1, unusual thought content, suspiciousness/paranoia, social impairment, substance
abuse history) increased the PPV from 35% (PR status alone) to 68-80%.3¢ Similarly, in the
Orygen Youth Health program in Australia, the presence of at least one of the following in
addition to PR increased PPV to 80.8%: 1) being in both the vulnerability and attenuated
psychosis groups (see Table 1) 2) symptoms present over 5 years, 3) GAF score less than 40,
or 4) significant inattention.237 In the European Prediction of Psychosis Study, a PPV of
83.3% was reached when overall subthreshold positive symptoms, bizarre thinking, sleep
disturbance, schizotypal personality disorder, lower level of recent functioning, and/or lower
education were added.13% Other studies have presented comparable results.138 Thus, specific
positive symptoms and poor and/or decreasing social and role function may be indicators of
greater risk in those manifesting PR syndromes.

A smaller number of studies have investigated how biomarkers might improve risk
algorithms. The FePsy study, for example, found that neuroanatomical patterns generated

Harv Rev Psychiatry. Author manuscript; available in PMC 2017 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Woodberry et al.

Page 11

from a PR sample improved prediction of psychosis in two novel samples, again correctly
identifying roughly 80% of converters.13% Neurocognition also appears to add to risk
algorithms, with verbal learning/memory and executive functioning most consistently adding
incremental predictive power to CHR indicators—again with PPVs hovering around
809%.138.140 Njeman and colleagues found that adding parietal P300 amplitude, an event
related potential measure, and premorbid adjustment to PR status increased PPV to 70%.141
Markers of neuroinflammation, oxidative stress, and dysregulation of the biological stress
response system also appear to be promising biological markers of increased risk.103 142

The future of this work is in the development of “risk calculators” that generate a
probabilistic estimation of risk for individuals.143: 144 A few attempts to use retrospectively
generated algorithms to generate prospective prognostic classification systems have
generally been encouraging, but systems of mathematical risk stratification are intimately
tied to the statistical parameters and individual characteristics of the samples on which they
were generated.12141 In the NAPLS study, information learned from NAPLS 1 and the
literature at large has been applied a priorito NAPLS 2 with promising results.143 This next
step will require replication of results, more work combining biological and clinical risk
indicators, and a better understanding of the role that protective factors and treatment play in
reducing risk.136.140 Gjven what we already know about equifinality and multifinality in
development and psychopathology, the future of PR detection will likely be painted in
dynamic and pluralistic strokes, weighing clusters of clinical, biological, and environmental
factors, rather than the dichotomous presence or absence of syndromes.

INTERVENING IN PSYCHOSIS RISK

The argument for intervention prior to diagnosable psychotic disorder is based not only on
the potential for preventing or minimizing incipient psychotic illness, but also on the
distress, impairment, and often treatable comorbid conditions that accompany PR.21
Intervention efforts have included a range of targets and strategies, pharmacological and
psychosocial, commensurate with the diversity of risk factors and presentations. Given the
implications of successful early interventions, there has been a drive to secure evidence for
clinical efficacy and cost effectiveness.145-148 This eagerness, however well intentioned, has
been countered by calls for caution and careful consideration of potential risks.149 150 |n this
section, we review the overall evidence for intervention with PR samples, the core
treatments and strategies tested to date, innovations currently under investigation, and
recommendations for ethical practice and future research.

There have been 13 randomized controlled trials (RCT) testing experimental interventions
with PR samples (see Table 2). Two tested pharmacological agents alone.51: 152 Nine tested
psychosocial interventions alone.123-161 Two tested antipsychotic medications in conjunction
with psychosocial treatments.155. 162

The most recent meta-analyses have found a significant pooled impact on reducing the risk
for transition to psychosis.146-148 This effect is strongest in the short-term but remains
significant over 2 years and longer. The mean relative reduction in risk (RR) was 64% at 6
months, 54-56% at one year, and 35-42% at 2-4 year follow-ups (only 5 studies).146-148
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These equate to the prevention or delay of one transition to psychosis for every 9-15
individuals treated (number needed to treat, NNT).

At this point, no individual treatment stands out as more efficacious than another, meaning
there is no gold standard treatment for PR.145-148 Similarly, pooled effects of both
psychopharmacological and psychosocial treatments show a reduction of risk for both, with
the NNT = 7, 13 respectively, which is very promising.148 Results have been less robust for
samples with a mean age under 18.148 Unfortunately, results for functional outcomes have
been not as strong. Although all groups improved functionally over time, there were no
significant differences between experimental and control or between psychosocial and
pharmacological treatment effects at the meta-analytic level 146 148

The Nature of Current Interventions

Pharmacological (see Table 2)—In the United States, a substantial minority of PR
youth is prescribed antipsychotic medications; more receive a wide range of other
psychotropic agents.163 This is true in specialized clinics as well as the community. Four
published RCTs examined pharmacological agents, including a nutritional supplement, in
the treatment of PR youth (Risperidone, 0.5-2mg; Olanzapine, 5-15mg; Omega 3 Fatty
Acids, 1.2 g). Active treatment ranged from 2 to 12 months with a mean follow-up of 15
months. Drop-out rates ranged between 13 and 55% and adjunctive psychosocial treatments
were only partially controlled.148

Psychosocial (summarized in Tables 2 and 3)—Across trials, individuals received,
on average, seven months of psychosocial therapy (range: 2-12 months), and were followed
up for another 17 months (range 2-48 months).148 Drop-out rates were modest (15 to
45%).148 Some limitations are noted. First, studies varied widely in the degree of quality
controls such as fidelity assessments and blinding of assessors, critical to interpreting their
findings (see Table 2 and meta-analyses for details). Second, in many cases, individuals were
allowed to receive supplemental therapies (including evidence-based care for comorbid
disorders). Thus, there has been very limited control for a number of potentially therapeutic
factors other than the experimental treatments.

CoGNITIVE AND COGNITIVE BEHAVIORAL STRATEGIES (COllectively referred to as CBT) have been
studied more than any other psychosocial intervention. Although there are meaningful
differences between models, all involve some common elements (see Table 3). They differ in
the degree to which they focus specifically on positive symptoms versus mood, stress, or
functioning and the degree to which positive symptoms are normalized. CBT has established
efficacy for common comorbidities such as anxiety and depression, whose symptoms are
reported to be most distressing. 21: 164 CBT, therefore, has potential benefits for addressing
symptoms and functioning both specific and non-specific to PR.

Common adjunctive treatments include CASE MANAGEMENT, ASSERTIVE COMMUNITY TREATMENT
(ACT), and CRrisis MANAGEMENT OR INTERVENTION. These include intensive multidisciplinary
team-based approaches and assertive efforts to enhance engagement, provide in vivo
treatment, and maximize independent living skills, treatment compliance, and client
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satisfaction (e.g., Early Psychosis Prevention and Intervention Centre [EPPIC], Modified
ACT and Family-Aided Community Treatment [FACT]).159.165

FamiLy THERAPIES are another logical treatment choice for PR youth due to their robust
efficacy with established psychotic disorders, high rates of help-seeking by families of PR
youth, the legal and financial dependence of many PR youth on their families, and the
potential for families to buffer the impact of environmental stressors.113: 114 With PR, both
single and multiple family group formats have been employed. Family focused therapy
(FFT) is a six-month treatment and the only family treatment specifically tested in a
published RCT. It focuses on psychoeducation, communication skill-building, and problem-
solving.1%6 Integrated treatment models have included multifamily psychoeducational
groups, either 3 sessions in conjunction with other treatments, or more comprehensive
models, including intensive psychoeducation and bi-weekly group meetings for 1-2 years.165

Coacnitive remepiaTionenHANCEMENT (CR) has been investigated in a few pilot studies with
PR youth, given the relationship of cognitive difficulties to functional

outcomes. 154 160, 166-169 Byjjlding on demonstrated efficacy with established illness, CR
with PR has used established computerized cognitive remediation programs like COGFACK,
Lumosity, or PositScience 170171 These programs provide training in cognitive domains
such as attention, speed of processing, executive function, learning and memory, and social
perception. Individuals typically complete repeated training sessions multiple times/week.
The Brain Fitness Program (BFP), and trials of Lumosity and SocialVille are examples.
sociAL skiLLS TRAINING, either individual or via groups, also targets cognition and functioning,
including social perception, social skills, and skills for living and well-being (e.g., Integrated
Psychological Intervention).139. 154, 167 Syppoprep Emprovment ano Epucarion directly
assist individuals in finding and maintaining appropriate work or school participation. Both
are included in FACT.165

SuppORTIVE THERAPY, although typically provided to those in the comparison groups of
randomized trials, has been widely offered to PR youth, with sometimes strikingly similar
outcomes as the experimental treatments.172 It is usually distinguished by the absence of
cognitive behavioral techniques and sometimes by a lower frequency of sessions (e.g.
monthly or as needed rather than weekly). Similarly, neeps-sasep inTervenTion (NBI)
specifically focuses on presenting symptoms and pertinent social, family, and vocational
issues. In several trials, these therapies provide support and education to families in addition
to crisis and case management.1°1

Not surprisingly, given the range of ages, functional difficulties, and contextual factors
relevant to treating PR youth, there have been a number of efforts to provide wrecraTED
TreaTMENT. The earliest model was developed by EPPIC in Australia. This model integrated
CBT, low-dose risperidone, needs-based case management, and pharmacological treatment
of comorbid disorders.162 Other examples include the OPUS program in Denmark (assertive
community treatment, social skills treatment, and multi-family group psychoeducation), and
an integrated intervention for the “early initial prodromal state” in Germany (individual and
group CBT, cognitive remediation, and family psychoeducation).133 A widely disseminated
American model of integrated treatment tested in a quasi-experimental trial is FACT
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(multifamily group psychoeducation, modified assertive community treatment, supported
employment and education, and pharmacological treatment by protocol).165 Important
questions remain. Is more psychosocial treatment better than less? And does personalizing
treatment components to specific needs enhance outcomes?

Innovations Under Investigation

A number of countries have initiated substantial reform of youth mental health services to
enhance early intervention or have redirected funding to new interventions,173-175
Preliminary trials have examined pharmacological agents including amisulpride and
aripiprazole, more traditional medications (antidepressants, lithium) as well as more benign
agents (glycine, aspirin, D-serine).176-182 |nnovative psychosocial interventions being
developed and tested include mobile technologies, social networking, exercise-based
cognitive remediation, and multiuser biofeedback videogames.183-185 Additional targets of
these new interventions include inflammation, healthy brain development, engagement and
motivation, generalization and durability of effects, and enhanced effects for younger
cohorts. Given their strong evidence-base for addressing functional difficulties associated
with established psychosis, adaptations of supported employment and education, social skill-
building, and cognitive remediation are also of particular interest. 186

Implications for Benefit-Risk Estimation

The arguments for prevention and early intervention in psychosis are compelling. But,
consideration must be given to risks for harm, particularly to individuals identified and
treated who would not transition to psychosis, even without intervention. The most serious
risks identified have been for antipsychotic medications. Weight gain, sexual dysfunction,
and extra-pyramidal side effects can be substantial, pose serious risk to health and well-
being, and may be particularly intolerable for adolescents and young adults.18” More
challenging to measure is the impact of receiving treatment or being identified and “labeled”
as at PR, including the potential for altered self-perception, behavioral choices, and life
trajectories, internalized stigma, and anxiety.130 These may vary widely by individual and
contextual factors but clinicians and community members may have significant potential to
shape their impact.164. 188

Recommendations for PR Assessment and Intervention

A number of international organizations offer guidelines based on current evidence and
expert opinion.148. 189-193 Based on these and our review of the literature, we offer the
following recommendations to clinicians:

1) Do not ignore early signs and symptoms of PR. They warrant proper assessment and
monitoring over time as early detection can make a meaningful difference in a person’s
clinical trajectory.146. 148 |t js increasingly accepted that psychosocial, in particular CBT,
and pharmacological interventions can at least delay the onset of acute psychosis in PR.

2) PR status should be assessed by trained clinicians according to recommended guidelines
prior to intervention with a specific psychosis-prevention focus.18: 194
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3) Particularly in cases of children and younger adolescents, rapidly progressing, impairing,
or distressing symptoms, atypical presentations, developmental disorders, and individuals
with significant substance use or possible medical/neurological complexity, we recommend
a comprehensive multidisciplinary and multidimensional assessment that carefully considers
not only current risk and protective factors, but their trajectories over time.

4) Comorbid conditions such as anxiety, depression, and substance abuse should be treated
first, based on available evidence and guidelines for those conditions. Comorbidities may
cause or contribute to attenuated psychotic symptoms and PR. Appropriate caution should
be followed in providing any treatments with potential to increase PR such as stimulants.

5) Psychosocial and low risk pharmacological agents (CBT, family therapy, omega 3 fatty
acids, case management and crisis intervention) should be offered prior to riskier and more
intensive treatments (in particular antipsychotic medication).

6) Antipsychotics are recommended only when initial treatments have proved ineffective, in
the case of severe and rapid worsening of positive symptoms, when these symptoms are
associated with significant deterioration of functioning or risk to self or others, or when
symptomatic stabilization is needed for psychosocial treatments to be effective,148: 194

7) Clinicians should be thoughtful and use good judgment in providing feedback and
education and in negotiating a treatment plan appropriate for each individual and family’s
cultural context, values, and unique set of risk and protective factors.

8) Cognitive, social, and occupational functioning should be primary treatment targets, not
just symptoms. Until evidence is available to support specific strategies, clinicians are
encouraged to draw upon evidence-based strategies for functional difficulties in the context
of established disorders such as supported employment or education, social skills training,
CBT, and cognitive remediation.

9) Diet and lifestyle are also important treatment targets, particularly when there is substance
misuse, including nicotine, and when individuals are on medications with risks for metabolic
side effects. Diet, sleep, exercise, regular schedule, and general good health habits can
directly impact, not only symptoms, but overall wellbeing.19°

10) As with all good clinical care, clinicians should monitor symptoms, functioning, and
safety regularly and seek consultation when treatments are ineffective.

CONCLUSIONS AND IMPLICATIONS

Although the vision of preventing psychosis is not new, the potential to realize this vision
has taken form in recent decades.19 Progress can be marked in three major advances. The
first is development of tools and criteria for identifying young people at imminent risk for a
major psychotic disorder. The second is the longitudinal examination of symptomatic,
psychobiological, and functional changes over time, particularly in individuals who
transition to diagnosable illness, offering insights into possible causal pathways and
mechanisms. The third is the piloting of interventions to prevent or delay this transition,
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reduce distress and suffering, and improve long term social and occupational functioning for
those at PR.

Currently, specialized structured interviews identify individuals with roughly a 30-35% risk
of transitioning to a psychotic disorder over 3 years or more (Table 1).17 Consideration of
additional factors, such as social functioning and family history of psychosis can aid in
identifying those with the highest risk. Risk calculators incorporating psychobiological
markers are being developed to improve assessment of PR at the individual level. We expect
that, within the next decade, these tools will be able to incorporate measures of change over
time (e.g. gray matter volume loss) to further improve accuracy and detect more
heterogeneous pathways to illness.

Improved risk assessment could also benefit from further research in three areas: 1) PR in
individuals under age 18, particularly in the context of comorbid developmental disorders, 2)
resilience and protective factors and 3) improved PR screening in community

settings. 18 34,195 Although a significant proportion of individuals with schizophrenia
experience the onset of this disease before age 18, current assessment tools have unknown or
reduced predictive value in this age group.3”- 197 Expansion of population-based research in
this age group is needed to better distinguish PR indicators from normative experience at
different ages.3* Careful prospective and longitudinal assessment of resilience and protective
factors, such as is being conducted in the Philadelphia Neurodevelopmental Cohort, are also
needed to understand how these moderate PR and different outcomes.38 Finally, our capacity
to detect PR in non-help-seeking individuals will rely on improved screening tools for use in
general population or less-specialized treatment settings. Longitudinal population-based
screening studies will be essential to developing and refining these tools.10: 34. 38,39

One of the most important advances possible with PR identification has been in the capacity
to measure psychobiological, clinical, and environmental changes leading up to the full
expression of a psychotic disorder. The first step has been the identification of clinical and
biological indicators associated with later transition to psychosis. Currently, the most
promising of these are social deficits and a decline in social functioning, deficits in verbal
memory and processing speed, excessive cortical thinning in the right superior frontal,
middle frontal and medial orbitofrontal regions, elevated cortisol, and plasma
proinflammatory cytokines.26: 103, 134, 136-142 Additional steps are now being taken to
understand the impact of both individual and environmental risk factors on neuromaturation
and symptoms. For instance, both animal studies and longitudinal studies of child
development are beginning to converge on potential mechanisms by which adversity may
have its impact.198: 199 Although much of this work may relate to risk for broad
psychopathology, insights into psychosis-specific mechanisms are emerging.

One of the most exciting prospects of intervention trials is that they may both alter outcomes
and reveal modifiable risk factors and mechanisms of illness progression. For instance, if
CBT can significantly reduce rates of transition to psychosis, conceptualizations of
psychotic disorders need to better integrate the impact of cognitive and behavioral factors on
biology. Of course, mechanisms that reduce symptoms may not be the same as those that
produce them. But part of the impact of environmental factors may be in their shaping of a
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person’s subjective response to both internal and external events. The diversity of clinical
presentations, trajectories, and risk factors implicates a complex cascade of causal
mechanisms, a puzzle whose pieces will come together only with the large collaborative
work now being established.

Can we prevent psychosis?

Current evidence suggests that we can reduce risk for transition to psychosis in the short-
term.146-148 |_onger follow-ups of large samples are needed to truly test prevention. Risk
reduction with psychosocial treatment compares quite favorably to that of pharmacological
treatment (e.g., 57% vs. 55% at one year, 48% vs. 34% at two years).148 Given concerns
about side effects and intolerability of antipsychotics, particularly in young people whose
brains and identities are still developing, this is quite encouraging. It reminds us of the very
real potential of developing and enhancing interventions with families, schools, and
communities.193

With increased attention to the development and testing of early interventions world-wide,
there is opportunity to advance intervention capacity in several ways. First, we need to test
specific theories of change. Intervention studies should be designed to assess hypothesized
mechanisms of change, including three or more assessment time points and assessment of
temporal and dose-response relationships to outcomes. Second, we need to better understand
moderators of treatment engagement and outcomes to move toward personalized medicine.
These should include demographic, psychological, biological, and psychosocial factors.
Third, we need to better address age and stage. Needs, meaning, resources, and treatment
seeking vary significantly from childhood to early adulthood. New developments are testing
youth-friendly messages, settings, technology, and social networking. Staging and
personalized care may be particularly important for the heterogeneity found in PR groups.
Low stigma, wellness-oriented, and need-based care may be sufficient for those with fewer
and milder symptoms, with more intensive, psychosis-specific treatments reserved for those
with more severe, impairing, and distressing symptoms. Fourth, evidence for the role of the
environment in the onset and recurrence of psychotic symptoms suggests that this may be an
underutilized intervention target. The predominant focus continues to be on the individual.
Discrepancies in risk identification and help-seeking by race, income, education, and culture
support broad reform efforts to combat stigma, raise public mental health literacy, and create
more protective educational, occupational, community, and living situations across entire
populations. 26. 193,200

Prevention of acute psychosis and psychotic disorder, although worthy goals, may be less
important than the prevention of disability. Many PR individuals have significant disability
even in the absence of a transition to psychosis.2® With the increase in attention to functional
outcomes and the often harder to treat factors, such as cognition, that predict them, it will be
important to work toward smarter treatment, not just more treatment. This will mean
providing the right treatment to the right person at the right time. We have a lot to learn to
approach this goal, but there is more hope for an individual at PR today than ever before.
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Dynamic & Interactional Model of
Psychosis Risk and Protection

Risk =

Do
Psychosis Risk
Syndromes

Environmental Factors

€ Protective

€ Protective Risk =

Individual Factors

Figure 1.
This figure illustrates two potential dimensions contributing to risk for psychosis: individual

and environmental factors. The dots represent three hypothetical cases assessed to be at
different levels of risk based on unique combinations of risk and protective factors. The
dotted lines reflect the dynamic nature of the PR concept, its hypothetical change over time
in response to changing risk and protective factors. Of note, changes might occur
naturalistically or through implementation of effective treatment.
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Table 3

Psychosocial Treatment Strategies for Individuals at High Psychosis Risk

including cognitive
therapy, CT)

Treatment Common Strategies Described in Manuals and Manuscripts
Cognitive . Psychoeducation about CBT model and PR symptoms
Behavioral o . .

Therapy (CBT, . Monitoring of cognitions, behaviors, and symptoms

Testing beliefs or schema/behavioral experiments
Behavioral activation
Coping skill training and practice

Stress reduction

Family Focused
Therapy (FFT)

Psychoeducation about PR symptoms, diathesis-stress model
Stress reduction/Prevention planning

Communication skills training

Training and practice in problem-solving

Case management re: school accommodations, crisis intervention, additional service needs

Case Management

Direct help navigating complex systems of care to address needs in housing, food, employment, medical
care, social and family relationships, leisure activities, and spiritual life

Frequent contact to enhance engagement and treatment compliance, provide in vivo interventions or support
for skill practice, and maximize independent living skills

Assertive
Community
Treatment (ACT,
typically modified
from standard
model for chronic
mental illness)

Multidisciplinary team-based care offered in the home or community setting to address complex needs,
including substance abuse and dependence

Typically incorporates evidence-based strategies from other treatments but provided in a flexible manner
Family-Aided Community Treatment (FACT) focuses largely on the family context

Often engages other systems of care and care providers, e.g. school, church, health systems, youth
employment, etc.

Multifamily Group
Psychoeducation

Intensive group-based psychoeducation about psychosis, psychotic disorders, common comorbid disorders,
PR symptoms, stress, the role and power of the family, etc.

Remediation/
Enhancement (CR)

(MFGPE) TR .
. Joining with individuals and families
. Structured problem-solving within group context
. Socialization/social network building
Cognitive . “Bottom-up” Approach: Computerized cognitive training on increasingly difficult tasks engaging attention,

memory, executive functioning, social cognition, and processing speed. Tasks can be auditory or visual

“Top-down” Approach: Social support and social skills practice in models (e.g. Cognition for Learning & for
Understanding Everyday Social Situations, CLUES) that incorporate work in pairs (computer training) and
groups (CBT, mindfulness training, & social skills training)

Cognitive adaptation: developing strategies to support functioning in the context of cognitive challenges

Social Skills
Training (SST)

Individual & group-based training in social perception, social skills, and problem-solving

Group-based training in scheduling and monitoring of mastery and pleasure activities and wellness strategies

Supported
Employment/
Education

Support with competitive job placement and training
Individualized coaching by employment specialist
Support with educational assessment and placement

Assistance with securing accommodations and skill-building for educational success

Harv Rev Psychiatry. Author manuscript; available in PMC 2017 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Woodberry et al. Page 34
Treatment Common Strategies Described in Manuals and Manuscripts
Supportive . Emotional and social support for day-to-day stress
Therapy (ST)

Informal problem-solving
Stress management

Psychoeducation about psychosis and PR

Needs Based
Intervention (NBI)

Interventions specifically focused on presenting symptoms and social, family, and vocational issues
Case management and crisis intervention

Family support and education

Crisis Intervention

Urgent, unscheduled clinician intervention to facilitate safe management of acute suicidal risk, aggression,
exacerbation of symptoms or functional impairment, medical events, and exposure to highly stressful events

Note: Neither treatments nor strategies are generally exclusive. There is both overlap in the strategies across different treatments and inclusion of
some treatments within other treatments. Exceptions occur in the case of specific comparisons, e.g., of CBT and supportive therapy in which
fidelity to supportive therapy prohibits use of specific CBT strategies. PR = Psychosis Risk
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