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Abstract
This article reviews recent findings on predictors of conversion to
psychosis among youth deemed at ultra high risk (UHR) based on the
presence of subpsychotic-intensity symptoms or genetic risk for psychosis
and a recent decline in functioning. Although transition rates differ
between studies, the most well powered studies have observed rates
of conversion to full psychosis in the 30-40% range over 2-3 years of
follow-up. Across studies, severity of subthreshold positive symptoms,
poorer social functioning, and genetic risk for schizophrenia appear to
be consistent predictors of conversion to psychosis, with algorithms
combining these indicators achieving positive predictive power ≥ 80%.
Nevertheless, a substantial fraction of UHR cases do not convert to
psychosis. Recent work indicates that UHR cases who present with lower
levels of negative symptoms and higher levels of social functioning are
more likely to recover symptomatically and no longer meet criteria for an
at-risk mental state. In general, it appears that about 1/3 of UHR cases
convert to psychosis, about 1/3 do not convert but remain symptomatic
and functionally impaired, and about 1/3 recover symptomatically and
functionally. Continued efforts to detect early risk for psychosis are
critical for informing early intervention and provide increasing promise
of delaying or even preventing the onset of psychosis.

Resumo
O presente artigo revisa os achados recentes sobre os preditores de conversão
para psicose entre jovens considerados de ultra alto risco (UAR) com base na
presença de sintomas de intensidade sub-psicótica e risco genético para psicose
e declínio recente no funcionamento mental. Apesar das taxas de transição
serem diferentes entre os estudos, os estudos de mais peso encontraram taxas
de conversão para psicose entre 30% e 40% em pacientes acompanhados por
dois a três anos. Entre os estudos, gravidade de sintomas positivos sub-clínicos,
pior relacionamento social e risco genético para esquizofrenia parecem ser
preditores consistentes de conversão para psicose, com algoritmos combinando
esses indicadores alcançando poder preditivo positivo ≥ 80%. Ainda assim,
uma fração substancial de casos em UAR não converte para psicose. Trabalhos
recentes indicam que casos em UAR que apresentam níveis mais baixos de
sintomas negativos e níveis mais altos de bom relacionamento social apresentam
maior probabilidade de recuperação dos sintomas e de não mais preencher os
critérios para estado mental de risco. Em geral, parece que 1/3 dos casos de
UAR convertem para psicose, cerca de 1/3 não convertem, mas se mantém
sintomáticos e com comprometimento funcional, e cerca de 1/3 apresentam
recuperação sintomática e funcional. Esforços contínuos para detectar risco
precoce para psicose são críticos para a intervenção precoce e para fornecer
uma promessa cada vez maior de retardar ou até prevenir o início da psicose.
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Introduction
In the past two decades there has been increasing interest in
the early detection of those at risk for psychosis, with the aims
of improving understanding of mechanisms underlying risk
progression and disease onset and allowing for early intervention.
Consistent with this approach, indicated prevention that is
targeted toward individuals expressing subthreshold symptoms
represents a promising strategy for delaying or preventing
psychosis and thus thwarting the debilitating effects of psychosis.
Central to this effort is the development of systematic, empirically
validated criteria for identifying individuals at elevated risk for
psychosis. Through ongoing testing and refinement, research
has led to the ultra high risk (UHR) approach, which has been
shown to identify individuals at imminent risk for psychosis, thus
allowing for enhanced prediction of outcomes and an empirical
basis on which to inform early intervention strategies. However,
substantial variability between studies and heterogeneity among
UHR individuals have limited efforts to date. In addition, the
majority of individuals identified as UHR do not convert to
psychosis within the study periods, suggesting that the UHR
criteria warrant continued refinement. These findings also lead to
questions about the outcomes of non-converting individuals and
whether these individuals require monitoring or early intervention.
Here we review findings concerning prediction of psychoses in
UHR samples and describe recent findings on the outcomes of
non-converting individuals.
Description of ultra high risk criteria and summary
of conversion rates
The UHR approach aims to prospectively identify individuals
at imminent risk for the onset of psychosis by focusing on three
primary categories of risk1. First, attenuated positive symptoms
(APS) emphasize the onset or worsening of subthreshold positive
symptoms within the past 12 months. Such symptoms are
categorized into unusual thought content, suspicion/paranoia,
perceptual abnormalities, grandiosity, and disorganized
communication. The severity of each symptom type is rated based
on its frequency, duration, impact on functioning, and extent of
loss of insight. Brief intermittent psychotic symptoms (BIPS)
constitute a second category of UHR criteria, which refers to
the onset of transient suprathreshold psychotic symptoms within
the past three months. That is, individuals meeting BIPS criteria
experience positive symptoms that are of a psychotic intensity
level but do not meet criteria for a DSM-IV Axis I psychotic
disorder diagnosis. Genetic risk and deterioration (GRD) forms
a third category of UHR syndrome, which is identified by
genetic risk for psychosis and recent functional decline. GRD
criteria have previously been operationalized as having a firstdegree relative with a psychotic disorder, or as having a diagnosis
of schizotypal personality disorder, in addition to a decline
in functioning within the past 12 months as measured by the
Global Assessment of Functioning (GAF) score2. Two primary
measures, the Comprehensive Assessment of At-Risk Mental

States (CAARMS3) and the Structured Interview for Prodromal
Syndromes (SIPS4) have been validated to assess for UHR criteria,
with slight differences in definitions.
Another approach to the early detection of risk for psychosis
has been the use of basic symptoms, as measured by scales such as
the Bonn Scale for the Assessment of Basic Symptoms (BSABS5)
or Schizophrenia Prediction Instrument – Adult version (SPI-A6).
Basic symptoms are defined as subjective, subtle disturbances that
are experienced across various domains of mental functioning
such as cognition, initiative, perception, and energy level7,8. These
symptoms are not encompassed by positive symptom assessments.
It has been hypothesized that basic symptoms might represent an
early indication of a prodromal stage, whereas UHR criteria might
signify a later prodromal stage8.
Studies employing criteria for an at-risk state have observed varying
rates of transition to psychosis, ranging between 9-76% depending
on various factors. Table 1 provides a summary of transition rates
observed among some of the best-powered studies to date. Extant
research on transition to psychosis varies on a number of factors
including study methodology, risk ascertainment criteria, sample
characteristics, and frequency and duration of follow-up. For
example, sample sizes have ranged from 13 to 291, and follow-up
periods have lasted between 1 to 9 years (as reviewed by Olsen &
Rosenbaum9). Some studies have noted a decreasing transition rate
over the years8,10,11; however, the reasons for a possible decrease remain
unclear. It may be that, in some locations, increased community
outreach and educational efforts have led to ascertainment of
individuals at an earlier stage of risk. Moreover, early intervention
or case management provided at many clinical research centers may
be facilitating symptom reduction. It is also important to note that,
in relatively young cohorts, many participants have not yet reached
the average age of psychosis onset11,12.
Several additional issues arise among efforts to identify
individuals at increased risk for psychosis. In reviewing the extant
literature on prediction of psychosis, the extent to which differing
transition rates result from differences in selection criteria between
studies remains unclear. For example, some studies differ on
the consideration of negative symptoms, exclusion of the BIPS
category of risk, and criteria for recency of onset or duration of
positive symptoms. In addition, heterogeneity among at-risk
individuals may hinder efforts to accurately predict the onset of
psychosis. Variability in age at study entry also raises questions
about development. For example, it is unknown whether
attenuated symptoms represent similar risk in young adolescents
versus adults. For example, it has been suggested that some
symptoms may be more transient in early adolescence, whereas
they may represent more stable risk markers when observed in
adults9. Despite challenges associated with substantial variability
among findings to date, extant studies converge in highlighting
the utility of UHR criteria for detecting individuals at significantly
heightened risk of developing a psychotic disorder, relative to the
general population. For example, in the largest UHR studies to
date, relative risk was found to be as high as 4052 and 16308.
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Enhancing prediction: multivariate prediction
models
The early detection and accurate identification of individuals
at increased risk represents a critical step for early intervention
and the potential to delay or even prevent psychosis. As evidenced
by reported transition rates, current criteria for at-risk mental
states have strong predictive validity; however, high rates of
non-conversion, representing potential “false positive” cases,
underline the need for improved prediction algorithms. Enhancing
prediction allows for improved accuracy of identification and
can better inform the timing and need for interventions. In
addition, increasing diagnostic accuracy serves to reduce stigma
and exposure to potential adverse events among individuals who
do not transition to psychosis. As such, research has increasingly
shifted toward efforts to improve upon extant prediction models,
particularly using multivariate algorithms that seek to optimize
prediction. These studies have also modeled the survival curve
associated with transition to psychosis, allowing for increased
understanding of changes in the rate of transition across time and
periods of relatively higher risk.
As part of the Personal Assessment and Crisis Evaluation (PACE)
study, Yung and colleagues examined the predictive power of
clinical variables assessed at baseline and their combination to
improve prediction beyond UHR criteria1. Over a follow-up period
of 12 months, 20 of 49 individuals developed psychosis, yielding a
transition rate of 40.8%. A long duration of prodromal symptoms,
poor functioning at intake, low-grade psychotic symptoms, and

depression and disorganization were identified as highly significant
predictors of transition. Following the identification of significant
predictors in univariate analyses, Yung et al. examined the risk of
conversion given two or more, three or more, four or more, and
five or more of the potential predictors1. Having four or more of
the potential predictors yielded the strongest prediction, leading
to a “four-or-more” strategy of risk identification. When each
participant was classified as positive or negative according to this
strategy, results demonstrated that the majority of participants with
four or more of the predictors at baseline transitioned to psychosis
within six months. This prediction algorithm was associated
with a positive predictive value of 80% and a hazard ratio of
approximately 30. It also had good specificity (91%), sensitivity
(86%), and negative predictive value (94%). In addition, Yung
and colleagues examined the survival curve, revealing that the
greatest risk of transition to psychosis occurred within 4.5 months
of ascertainment1. Specifically, 70% of all transitions happened
within 4.5 months in this study sample. As such, these findings
improved prediction over and above UHR criteria alone and
elucidated changes in the transition rate over time.
In the largest UHR study to date, the North American Prodrome
Longitudinal Study (NAPLS) consortium empirically derived
multivariate algorithms to enhance prediction and examined the
survival curve associated with transition to psychosis among 291
individuals meeting UHR criteria2. Participants met APS, BIPS,
or GRD criteria at study entry and were re-assessed using the SIPS
every six months for a follow-up duration of 2.5 years. Participants
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were recruited from eight clinical research centers, with the
large sample size allowing for enhanced statistical reliability.
Examination of the survival curve revealed a decelerating trend,
such that increasingly fewer individuals transitioned to psychosis
as time passed. The incidence rates of transition were 13%, 9%,
5%, and 2.7% for periods of the first 6 months, 7-12 months,
each 6-month epoch from 3-24 months, and 25-30 months,
respectively. The cumulative prevalence rates of transition were
12.7%, 21.7%, 26.8%, 32.6%, and 35.3% at 6, 12, 18, 24, and 30
months, respectively. Thus, the UHR criteria alone were associated
with positive predictive power of 35% over the 2.5-year follow-up
duration. Of note, no participants in a control group (n=134)
transitioned during that period. Consistent with the survival
function observed in the PACE study, these results suggested that
the UHR criteria are sensitive to individuals at imminent risk for
the onset of psychosis. In addition, they provided information that
is critical to informing the timing of interventions.
With regard to multivariate prediction of psychosis, results from
the NAPLS study demonstrated substantial increases in positive
predictive power using empirically derived combinations of
predictor variables. Over 70 potential predictor variables measured
at baseline assessment were screened across a variety of domains
and tested to eliminate redundancy, resulting in five predictors
that related uniquely and significantly to transition to psychosis.
These significant predictors were genetic risk for psychosis with
recent functional deterioration, higher levels of unusual thought
content, higher levels of suspicion/paranoia, more severe social
impairment, and a history of drug abuse. At the univariate level,
each of the significant predictors had superior positive predictive
power (43-52%) to the UHR criteria alone, and the majority had
good sensitivity. Combining these risk factors into multivariate
algorithms led to additional increases in positive predictive
power. Among two-predictor models, the combination of GRD
and unusual thought content, or GRD and impaired social
functioning, had the highest positive predictive power (69% and
61%, respectively), though sensitivity was reduced (38% and 55%,
respectively). Certain three-factor models provided additional
improvement in positive predictive power, though with a tradeoff in reduced sensitivity. Specifically, the combination of GRD,
unusual thought content, and either suspicion/paranoia or social
impairment was associated with positive predictive powers of 74%
and 81%, respectively, with only slightly lower sensitivity (34%
and 30%, respectively). Four- and five-factor models were not
associated with incremental increases in positive predictive power.
Of note, treatment with antipsychotic medication during
the follow-up period was related to transition to psychosis at
the univariate level; however, the association was no longer
significant in the multivariate analysis. In addition, controlling
for antipsychotic use did not significantly affect the results of the
univariate or multivariate prediction algorithms. These findings
are likely due to the tendency for prescription of antipsychotic
medication among individuals with greater symptom severity. In
this study, multivariate prediction algorithms provided enhanced

positive predictive power but at the expense of sensitivity, which
may result from the lower base rate of co-occurring risk factors.
Allowing for non-co-occurring combinations of risk factors
yielded increased sensitivity but reduced positive predictive
power, highlighting the trade-offs inherent to these prediction
algorithms. Overall, the NAPLS study demonstrated impressive
positive predictive power using empirical derivation of multivariate
algorithms, and it is likely that sensitivity may be increased
through the incorporation of measures such as brain-based or
neurocognitive indices in the future.
Building on previous research aimed at improving the prediction
of psychosis, the European Prediction of Psychosis Study (EPOS)
sought to further develop high-risk criteria to be applied at the
level of individual risk assessment8. The EPOS study consisted
of a prospective multisite naturalistic study with a sample of 245
participants and follow-up assessments conducted at 9 and 18
months. A strength of this study was its concurrent examination
of UHR and basic symptom criteria, such that participants met
UHR criteria and/or basic symptom-based criteria, as defined
by cognitive disturbances (COGDIS) on the BSABS. The
instantaneous incidence rates of transition were 7%, 11%, 14%,
and 19% after 6, 9, 12, and 18 months, respectively. Rates did
not significantly differ for participants who were positive for UHR
only, versus COGDIS only, versus positive for both UHR and
COGDIS. However, the co-occurrence of UHR and COGDIS
symptoms yielded a higher sensitivity. In order to calculate a
prognostic index (PI) for each individual participant, Ruhrmann
and colleagues first empirically derived six variables that were
highly predictive of transition to psychosis8. The six predictor
variables were SIPS positive subscale score > 16, SIPS bizarre
thinking score > 2, SIPS sleep disturbances score > 2, schizotypal
personality disorder according to the SIPS, GAF score (highest
in past year), and years of education (including university). The
final Cox regression model was then applied to each participant,
with the mean and positive and negative standard deviations used
to stratify the sample into four classifications of risk.
Ruhrmann and colleagues proposed a two-step procedure, in
which help-seeking individuals are first screened using UHR and
COGDIS criteria and are then classified using the PI prediction
model8. An advantage to this model is increased sensitivity to
individuals who might benefit from early intervention, as it
continues to consider a participant who has met inclusion criteria
to be at-risk, regardless of his PI score. In addition, such a risk
staging model allows for interventions that are targeted and
adjusted based on PI classification. For example, it might be that
psychotherapy and monitoring are appropriate for a lower risk
class, whereas low-dose antipsychotic treatment may be warranted
for a higher class of risk.
Several predictors of conversion to psychosis replicated across
the PACE, NAPLS, and EPOS studies1,2,8. As would be expected,
higher levels of subthreshold positive symptoms (i.e., APS) were
consistently observed to predict psychosis. Specifically, overall lowgrade psychotic symptoms were predictive in the PACE and EPOS
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studies, and more specific symptoms were identified in the NAPLS
(unusual thought content, suspiciousness/paranoia) and EPOS
(bizarre thinking) studies. Poor functioning, especially a decrease
from typical functioning, was also associated with conversion in
all three studies. Social functioning may be particularly predictive
of conversion. For example, it contributed to overall GAF scores as
measured in the PACE and EPOS studies, and it was specifically
found to be predictive of conversion in the NAPLS study.
Finally, though specific findings varied, some form of genetic
risk (sometimes in combination with functional deterioration)
was predictive of conversion across these studies. For example,
GRD in combination with APS was associated with increased
predictive power and sensitivity in the PACE study13. GRD also
predicted conversion in the NAPLS study, to a greater extent
than family history or schizotypal personality disorder alone. In
the EPOS study, schizotypal personality disorder was predictive
of conversion, though family history (even in combination
with functional deterioration) was not. Based on these findings,
severity of subthreshold positive symptoms, poorer functioning,
and genetic risk appear to be consistent predictors of conversion
to psychosis. Taken together, these predictors suggest that the
transition to psychosis is marked by inherited vulnerability in the
context of changes in thinking and functioning.
Outcomes of non-converters
Despite improvements in the prediction of transition to
psychosis, studies have consistently observed that the majority
of individuals ascertained according to UHR criteria do not
develop psychosis. Given potential stigma, exposure to adverse
events, and limited resources for early intervention, it is critical
to understand whether these individuals truly represent “false
positive” cases and whether they would benefit from monitoring
or early intervention. Recently, research has increasingly focused
on characterizing non-converting individuals and examining the
trajectories of their symptoms and functioning.
In the Bruderholz Study, Simon and Umbricht reported
outcomes after one year of follow-up for participants who initially
met UHR criteria11. In the sample of 52 participants, 13.5%
transitioned to psychosis, 26.5% had sustained UHR features,
and 59.2% fully remitted after one year. As such, the likelihood
of remission was over four times greater than the likelihood of
transition. Non-cases (i.e., non-converters) did not differ from
cases (i.e., converters and participants with sustained UHR
features) on socio-demographic or clinical variables at baseline.
In addition, medication and treatment status were not related
to outcome after one year. Similarly, Ziermans and colleagues
found that 49.1% of individuals at UHR for psychosis (n=57)
had remitted from UHR status after a two-year follow-up period,
whereas 15.6% had transitioned to psychosis and 35.3% continued
to meet UHR criteria12. No differences on socio-demographic or
clinical variables at baseline were observed between the groups
with differing outcomes. These results highlight the heterogeneity
among at-risk samples and the need for continued refinement of

UHR criteria; however, future research with longer follow-up
periods will be critical to understanding what happens over time
among individuals who do not transition to psychosis.
In order to better characterize non-converting individuals,
Addington and colleagues (in press) examined clinical and
functional outcomes among non-converters in the NAPLS study
who had follow-up data for at least 1-2 years (n=111) and also
compared them with a matched sample of non-psychiatric control
participants (n=111)14. Results demonstrated that the UHR
participants who did not transition to psychosis within the study
period demonstrated improved symptoms and functioning over
time. Specifically, their positive and negative symptoms both
improved between baseline and one-year follow-up. Social and
role functioning improved from baseline to one-year follow-up,
and global functioning improved from baseline to one-year and
from one-year to two-year follow-up. Nevertheless, despite these
improvements, social and role functioning remained poorer among
non-converters than among control participants. In addition,
only 42.9% of non-converters had at least one attenuated positive
symptom at one-year follow-up (40.8% at two-year follow-up).
Because APS criteria require the onset or worsening of symptoms
within the past 12 months, only 5.4% of non-converters met APS
criteria again after one or two years, even though all non-converters
met APS criteria at baseline. Comparisons of participants with
sustained versus remitted attenuated positive symptoms did
not reveal differences in age, gender, or functioning at baseline.
Finally, though a substantial number of non-converters had a
diagnosis of a mood or anxiety disorder at follow-up, the number
of diagnoses decreased over time. Despite improvement in a
subgroup of non-converters, findings from this study suggest that
UHR criteria are associated with lasting disability. In addition,
they demonstrate that initial APS criteria do not relate to the
persistence of severe symptoms in all cases. Thus, future research
may improve prediction by expanding beyond clinical predictors
of psychosis and by further considering how to best address the
issue of non-converters (e.g., improved symptoms but persistent
functional disability).
Recently, Schlosser and colleagues (in press) examined
factors that predict recovery and trajectories of symptoms and
functioning among non-converters in a UHR sample from the
Center for the Assessment and Prevention of Prodromal States
at UCLA15. Across the two-year longitudinal study, 32% of the
sample transitioned to psychosis. Competing risk survival analyses
were used to estimate a 30% rate of conversion, 36% rate of
symptomatic remission, and 30% rate of functional recovery by
two years. Interestingly, of 57 participants who did not transition
to psychosis, 17 experienced both symptomatic remission and
functional recovery, 15 experienced symptomatic remission but
not functional recovery, and 15 experienced functional recovery
but not symptomatic remission. Using proportional causespecific hazards models, Schlosser et al. (in press) tested whether
time-varying symptoms and functioning affected conversion,
symptom remission, and functional recovery 15. Negative
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symptoms strongly predicted conversion, with a 10% increase
in hazard of conversion associated with each one-point increase
in negative symptoms. Greater social functioning was associated
with a reduced risk of conversion. In addition, greater symptom
severity related to lower remission rates, and higher functioning
related to higher remission rates. Specifically, negative symptoms,
dysphoric mood/anxiety symptoms, social functioning, and role
functioning all significantly predicted remission rates. However,
in a combined model, only mood/anxiety symptoms remained
significant, suggesting redundancy between the variables. Finally,
negative symptoms were also associated with functional recovery.
In addition to examining time-varying models, Schlosser et al.
(in press) examined whether baseline measures of symptoms
and functioning predicted outcomes15. Negative symptoms at
baseline significantly predicted conversion when symptomatic
remission, but not functional recovery, was the competing
event. Baseline negative symptoms were also associated with
subsequent functional recovery. Finally, baseline social functioning
significantly predicted conversion when symptomatic remission
was the competing event. These findings highlight the importance
and predictive power of negative symptoms and reveal predictors
of more favorable outcomes.
In order to examine the course of change, trajectory plots
demonstrated how positive symptoms, negative symptoms, mood/
anxiety symptoms, and social and role functioning changed over
time depending on outcome. Results demonstrated that these
trajectories clustered by outcome group, such that individuals
who remitted with the highest functioning resembled levels of
healthy controls, whereas trajectories of individuals who neither
converted nor remitted fell between the levels of converters and
participants who remitted. Interestingly, the plots also revealed
that psychosocial functioning was more temporally stable than
symptoms for the majority of UHR participants. Overall, nonconverters whose symptoms remitted exhibited normative courses
of both symptoms and functioning, and they initially presented
with lower severity of symptoms. Thus, future efforts to refine
CHR criteria may benefit from eliminating cases who present
with low-grade APS or who show early improvements in order
to decrease the identification of false positives.

prediction of psychosis onset, the majority of individuals identified
as UHR do not convert to psychosis. Recent studies suggest that
these individuals show more favorable outcomes in terms of
symptoms and functioning, but that many still remain impaired
relative to healthy controls. In general it appears that about 1/3
of UHR cases convert to psychosis, about 1/3 do not convert but
remain symptomatic and functionally impaired, and about 1/3
recover symptomatically and functionally. Thus, an important
aspect of future research will be addressing the issue of potential
false positive cases and improving understanding of their needs
(e.g., appropriate period of monitoring, how to best direct limited
resources). Continued efforts to detect early risk for psychosis are
critical for informing early intervention and provide increasing
promise of delaying or even preventing the onset of psychosis.

Conclusions and future directions
Research on the prediction of psychosis onset has provided
substantial evidence of the ability to prospectively identify
individuals at increased imminent risk for psychosis relative to the
general population. In particular, novel methods for improving
prediction, such as multivariate algorithms and risk classification
models, have enhanced accuracy and predictive power. Achieving
higher sensitivity and the cross-validation of these algorithms on
independent samples remain tasks for future research. Moreover,
the continued refinement of criteria for predicting psychosis
will likely benefit from the integration of more quantitative,
objective markers such as brain-based measures and neurocognitive
performance. However, despite significant improvements in the
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