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Abstract Early identification of individuals at clinical risk for
psychotic illness is critical for early intervention. Current
studies apply special assessment measures combined with
neurocognitive, neuroimaging, and electrophysiology meth-
odologies that have been discovered largely in schizophrenia
research. While still limited in sample size, harmonized mea-
sures, and longitudinal data, these studies indicate the pres-
ence of abnormalities in the clinical-risk state. Such findings
suggest that the onset of the psychotic process precedes late
adolescence and clinical detection. Efforts at early identifica-
tion, therefore, could benefit from large-scale studies.
Computerized clinical assessment and neurocognitive testing
are available and can move from academic sites to the com-
munity. Neuroimaging methods are increasingly available and
can add to the prediction of transition. As a field, we need to
move vigorously and responsibly toward early interventions
that may prevent and ameliorate the developmental trajectory
that leads to the emergence of a full psychotic disorder with
devastating impact on individuals, families and communities.
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Introduction

The principle re-crafted by Benjamin Franklin that “an ounce
of prevention is worth a pound of cure” has been the holy grail
of medicine since its inception and is about to become a reality
for multiple medical disorders. Progress in medicine has em-
phasized the importance of early identification of disorders
with the goal of prevention and intervention that may reduce

the risk of disease onset and palliate the course and conse-
quences of illness. Examining the disease process has shifted
attention to early phases of a pathological course rather than
the point at which diagnosis is made. For example, increased
understanding of genetic and environmental risk factors has
advanced treatment of cardiovascular disorders, where myo-
cardial infarction is considered the culmination of multiple
modifiable risk factors. Similarly, discoveries of biomarkers in
cancer have advanced targeted therapeutic choices.

Psychiatry has long recognized the chronic course of
schizophrenia and the enormity of its impact on affected
individuals, families, and communities. However, the shift to
early identification of psychosis, before the individual meets
diagnostic criteria as defined by standard classifications, has
been long in coming and is still controversial [1–3, 4••]. Two
complicating factors in the case of psychosis hinder the mo-
tivation for early detection both among care providers and
help seekers. The first is stigma associated with psychosis.
The pediatrician will have little hesitation in referring for
further evaluation a child who presents with signs of diabetes
or asthma but may hesitate about the implications of referring
a child for evaluation of psychotic-like manifestations; chil-
dren and caregivers are correspondingly reluctant to disclose
such symptoms. Secondly, there are no early treatments with
demonstrated effectiveness in delaying or ameliorating dis-
ease course. Therefore, the search for populations at risk needs
to be population-based in addition to relying on convenience
samples of help-seeking individuals. Such a goal may seem
difficult to attain given the costs of screening and is question-
able at this stage, given the small proportion of at-risk indi-
viduals who eventually reach diagnostic criteria for the illness.
However, advances in neuroscience and technology make it
increasingly feasible to screen large populations and identify
those at risk at an increasingly early age. This review high-
lights progress in the study of early phases of psychosis
including clinical manifestations and investigation of behav-
ioral domains related to brain function. Special emphasis on
the challenges and clinical implications will follow.
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The Continuum of Psychosis

Current diagnostic formulations require meeting specific
criteria for schizophrenia spectrum disorders [5, 6]. This di-
chotomous categorization (Fig. 1) does not fully reflect the
process where the presentation of psychotic symptoms is
likely the final outcome that can be assessed more reliably
and upon which therapeutic interventions are based.
Historically, positive symptoms of hallucinations and delu-
sions have been the focus of characterization and treatment
and only more recently have the negative symptoms associat-
ed with schizophrenia received increasing attention as an
important component of the disorder.

Examination of the biological process of psychosis raises
questions of how early we should start and what gradation
should be applied to determine the level of risk for psychosis.
Furthermore, as only a portion of individuals who present with
sub-threshold psychotic symptoms transition to psychotic ill-
ness, what are the predictors of those who move in the con-
tinuum, depicted in Fig. 2, tomore severe symptoms and those
whose symptoms subside? Having this information will be
important and help care providers, affected individuals, and
families. To answer these fundamental questions requires
systematic research, and a growing literature has contributed
to the accumulating body of knowledge relevant to the ques-
tions raised.

Clinical Risk

The impetus for research on early identification stems from
the devastating effects of schizophrenia on multiple domains
including cognitive, social, and vocational functioning.
Notably, considerable decline occurs early in the disease
course [7, 8] and early identification and intervention is es-
sential for amelioration and possible prevention of the full
impact of psychosis. Criteria for psychosis risk have been
defined and applied globally in multiple studies that included

help-seeking individuals [9–11]. The clinical presentation is
characterized by a recent onset of sub-threshold psychotic
symptoms that are associated with distress and functional
impairment. There is increased risk for progression along the
psychosis continuum and transition to a psychotic disorder in
the 2–3 years after meeting criteria for clinical risk [12, 13].

The established procedures and criteria provided by the
Structured Interview for Prodromal Syndromes (SIPS) and
similar instruments have enabled a common approach in
research on sub-threshold psychotic symptoms [9, 14, 15].
The SIPS is a well validated instrument and inter-rater reli-
ability is excellent. The criteria for the clinical high-risk state
predict about 20 % conversion to psychosis at 1 year and
about 35 % at 3 years [14, 15]. The SIPS provides 19 sub-
scales comprising the Scale of Prodromal Symptoms (SOPS)
that are theoretically grouped into positive, negative, disorga-
nized, and general domains, with gradation of severity opti-
mally centered on sub-threshold levels [14]. Within a single
academic center and across collaborating centers, training in
administration, probing, and scoring are critical for establish-
ing reliability among assessors. These procedures will require
special training of mental-health experts and should become
part of the clinical training of mental-health professionals.

As progression to psychotic illness occurs in only a portion
of individuals who meet at-risk state criteria, the potential
contribution of other measures has been considered. This
approach is consistent with other complex medical disorders,
where multiple risk factors contribute to emergence of disease.
For example, in cardiac disorders, family history, hyperten-
sion, increased cholesterol, diabetes, obesity, sedentary life-
style, and stressors are all factors evaluated.

Considering the accumulating literature [4••, 12] and the
burden of psychotic disorders, the Diagnostic and Statistical
Manual of Mental Disorders (DSM)-5 Psychotic Disorders
Work Group reviewed the body of evidence, obtained input

AffectedNot Affected AffectedLow liability Threshold

Diagnostic approach Liability approach

Discrete Continuous

Fig. 1 Illustration of the difference between the traditional diagnostic
approach (left) and the current dimensional liability approach to psychosis
(right). The diagnostic approach requires ‘cases’ to meet specific criteria
and the analyses are done on discrete categorization of the sample into
those not affected and those who are ill. The liability approach considers
continuous quantitative measures that reflect the risk of developing disease

Psychosis 

Healthy Typically Developing 

Fig. 2 Developmental trajectories: multiple indices of brain function
show age-related maturation and should provide early markers of vulner-
ability to psychosis. (Adapted from T. Satterthwaite and R.E. Gur, Uni-
versity of Pennsylvania)

118 Curr Behav Neurosci Rep (2014) 1:117–124



from leading authorities and the public, and, following exten-
sive discussions, recommend the inclusion of ‘attenuated psy-
chosis syndrome’ as a clinical category with specific criteria in
the appendix of DSM-5 as a condition that merits further study
[16•], as outlined below.

The Clinical Criteria for Attenuated Psychosis Syndrome
(APS)
A. Presence of symptoms

& At least one of the symptoms below is present in
attenuated form with sufficient severity and/or fre-
quency to warrant clinical attention.

1. Delusions/delusional ideas
2. Hallucinations/perceptional abnormalities
3. Disorganized speech/communication

B. Frequency and duration of symptoms

& The symptoms must be present at least once per week
for the past month.

C. Symptoms onset and course

& The symptoms must have begun or worsened in the
past year.

D. Symptoms impact

& The symptoms are sufficiently distressing and dis-
abling leading to help seeking.

E. Consideration of other potential diagnosis

& The symptoms are not better explained by any other
DSM-5 diagnosis, such as substance-related disor-
ders, and clinical criteria for a psychotic disorder have
never been met [17].

The debate on whether the clinical-risk state should be
included as a major diagnostic category in the DSM-5 was
affected by several factors including evidence that about a
third of individuals at the prodromal phase of illness convert to
psychotic illness in the upcoming 2–3 years; the comorbidity
of mood, anxiety, and substance use disorders that is common
in young people and is likely to impact the clinical presenta-
tion; and the need for further work and training when trans-
lating the efforts from academic sites to clinical settings.
Furthermore, early diagnosis with uncertainty regarding future
course can have a negative impact and be associated with
increased anxiety and stigma.

Advanced neuroscience methods applied to elucidate the
neurobiology of schizophrenia have been extended to the
study of high-risk samples to evaluate whether the patterns
of brain dysfunction manifested in schizophrenia are already
evident in at-risk individuals. Such studies also assessed the
extent to which neurocognitive and neuroimaging measures
add to predicting future clinical course, specifically transition
to psychosis.

Neurocognition

A core feature of schizophrenia is impaired cognition that is
associated with poorer functioning and outcome [18, 19]. As
cognitive deficits are present already at the first episode of
psychosis [20, 21, 22••], neurocognitive assessment with
measures established in investigations of schizophrenia has
been applied to individuals at risk for psychosis [22••, 23•, 24,
25]. Studies vary in ascertainment approach, clinical assess-
ment instruments applied, existence of comorbid conditions,
and neuropsychological tests used. Nonetheless, meta-
analyses indicate impairment in several cognitive domains
that are present in at-risk individuals. For example, one
meta-analysis [24] reported small to medium effect sizes of
neurocognitive impairment in the psychosis risk group, with
effects in general cognitive abilities, language functions, epi-
sodic memory, attention, visuo-spatial abilities, and working
memory. Notably, follow-up studies where the clinical status
was re-evaluated showed that individuals in the psychosis risk
group who later transitioned to psychosis had greater
neurocognitive deficits at baseline compared with healthy
participants, with medium to large effect sizes.

Similarly, another meta analysis also reported
neurocognitive deficits in the clinical-risk group, compared
with healthy controls, in several domains including general
intelligence, executive functions, attention, working memory,
verbal fluency, verbal and spatial memory and social cogni-
tion [25]. In a portion of the studies with longitudinal data,
transition to psychosis was examined and, again, impaired
baseline performance in several neurocognitive domains was
associated with transition to psychosis.

While the samples are still relatively small and the period
of follow-up is limited and variable with respect to participant
retention and treatment, the data indicate the utility of cogni-
tive evaluation at first presentation of individuals at clinical
risk. Indeed, lower intellectual functioning is associated with
risk for schizophrenia spectrum disorders and is evident be-
fore the onset of psychosis [21, 26–28]. Thus, the disabling
impact of the at-risk state may be attributed to impaired
cognition that affects school performance and vocation at a
critical time of adolescence and young adulthood when tran-
sition to independence unfolds.
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Negative symptoms have major impact on social function-
ing and outcome in schizophrenia [29, 30]. The extension of
research effort to clinical risk along the psychosis continuum
has focused on cognitive measures. Few studies have exam-
ined the domain of social cognition and those did report
significant impairment in at-risk samples [31, 32]. These early
studies encourage further research that can link to negative
symptoms and appropriate interventions aimed at their
amelioration.

The literature on clinical-risk studies is based on help-
seeking individuals and indicates that neurocognitive im-
pairment is evident at time of conferring the clinical-risk
state. A complementary line of research on population-
based studies confirms the association between the pres-
ence of sub-threshold psychotic symptoms and cognitive
deficits [13, 27, 33, 34•, 35–38]. Epidemiologic studies
report the presence of psychotic symptoms in 17 % of
children, ages 9–12 years [37], and 7.5 % of adolescents,

ages 13–18 years. Most studies have not evaluated con-
comitant cognitive performance.

We established a developmental cohort with concurrent
evaluation of psychotic symptoms and neurocognitive perfor-
mance [39]. This cross-sectional study identified that youths
who reported symptoms associated with psychosis showed
neurocognitive delay already at age 8 (Fig. 3). Of note, the
delay is especially pronounced for complex cognition and
social cognition and minimal for episodic memory and sen-
sorimotor speed, suggesting areas for targeted interventions
that can capitalize on relatively preserved functional domains.
Longitudinal studies are necessary to determine whether the
combination of clinical and neurocognitive measures can help
narrow the population identified as at risk and improve pre-
diction to the point where intervention can be economically
feasible. Notably, this study used a 1-hour web-based battery
that can be administered in multiple settings and is publicly
available.
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Fig. 3 Growth chart of neurocognitive development. Chronological age
is compared with predicted neurocognitive age in years for typically
developing (TD; blue line), and psychosis spectrum (PS; red line) youths.

Growth charts are provided for (a) Predicted age based on all scores (all
domains), (b-f) predicted age based on tests grouped by each of the five
domains assessed

120 Curr Behav Neurosci Rep (2014) 1:117–124



Neuroimaging

Structural and Functional MRI

Multi-modal examination of brain structure and function has
provided important details on brain nodes and systems impli-
cated in schizophrenia. Diffuse abnormalities are already pres-
ent in first-episode psychosis [40], so extending such studies
along the psychosis continuum to include individuals at clin-
ical risk can provide important information on brain aberra-
tions associated with the emerging psychotic process.

The structural MRI literature on clinical risk for psychosis
[41] includes relatively small and heterogeneous samples and
limited longitudinal studies. A meta-analysis of voxel-based
morphometry studies compared psychosis risk (n=198) with
healthy controls (n=254) and first-episode patients with
schizophrenia (n=206) with healthy controls (n=202) [40].
Gray matter volume was lower in several regions including
the right temporal, limbic, and prefrontal cortex in the clinical-
risk group, and in the temporal insular cortex and cerebellum
in the first-episode group. Psychosis onset was associatedwith
decreased gray matter volume in temporal, anterior cingulate,
cerebellar, and insular regions. These regions have been im-
plicated in schizophrenia and their integrity is required for
cognition and emotion processing. The results suggest that
brain regions that show volume reduction in schizophrenia
also show abnormalities in those at risk for psychosis [41].
Effect sizes are modest, reflecting the heterogeneity of the
limited samples and measures applied. Larger samples in a
longitudinal design will be important to advance the under-
standing of underlying neuroanatomical differences between
groups. White matter changes have also been reported in
schizophrenia, early in the course of illness, as well as in
individuals at risk for psychosis [42, 43].

Even more limited is the literature on diffusion tensor
imaging (DTI) in psychosis risk. Several cross-sectional stud-
ies reported reduced fractional anisotropy in the frontal lobe
[44] and in the superior longitudinal fasciculus [45]. A longi-
tudinal study [43] compared individuals at risk for psychosis
(n=32), healthy controls (n=32), and first-episode patients
with schizophrenia (n=15). The psychosis risk group was
intermediate, with decreased fractional anisotropy and in-
creased diffusivity.

Functional MRI (fMRI) has been applied to individuals at
risk for psychosis, commonly in small samples with tasks that
have shown differences between patients with schizophrenia
and healthy participants. For example, applying a working
memory paradigm showed that individuals at risk for psycho-
sis had decreased activation in the blood oxygenation level-
dependent (BOLD) response in dorsolateral and medial pre-
frontal regions [40]. The aberrant activity was less pro-
nounced than the patterns observed in schizophrenia. We
found a similar effect in our study of youths with psychosis

sub-threshold symptoms (Fig. 4). Few longitudinal studies
examined the effects of disease progression on fMRI
abnormalities [46]. This small literature suggests that
individuals who transition to psychosis differ from those
who do not, with the latter group showing normalization.
Thus, the application of fMRI holds promise as a tool that may
facilitate elucidation of the underlying pathophysiology of the
psychotic process.

The resting BOLD signal in fMRI paradigms can provide a
measure of neural network connectivity, reflecting ‘cross-talk’
integration among brain regions. It examines the time-series
correlations among brain regions, indicating which regions
show synchronized activation. Aberrations in schizo-
phrenia in fronto-temporal connectivity have been re-
ported and have also been seen in those at clinical risk
[47]. At present, this literature is too limited to derive any
reasonable conclusions.

Neurotransmitters

Several neurotransmitters that have been related to the patho-
physiology of schizophrenia have been examined in people at
risk for psychosis. Dopamine dysregulation has been linked to
psychosis, and positron emission tomography (PET) studies
have shown increased dopamine striatal activity in schizo-
phrenia [48–50]. Striatal 6-fluoro-L-dopa F18-dopa was also
elevated in psychosis-risk individuals and related to symptom
severity [51].

Glutamate has also been implicated in the pathophysiology
of schizophrenia and studies have examined individuals at
genetic risk for psychosis using magnetic resonance

Fig. 4 Functional MRI (fMRI) blood oxygenation level-depen-
dent (BOLD) activation in response to a working memory task.
A normal pattern of activation (left) and reduced activity in
clinical risk for psychosis (right) illustrates the pattern observed
in studies applying the n-back paradigm. DLPFC dorsolateral
prefrontal cortex
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spectroscopy (MRS). Increased glutamine/glutamate ratio in
medial frontal cortex was reported in adolescents at genetic
risk [51]. In a study integrating fMRI andMRS, 24 psychosis-
risk individuals were compared with 17 healthy controls [52].
BOLD response to a verbal fluency task showed that the
psychosis risk group had greater bilateral activation than
controls in the mid-frontal gyrus. Glutamate levels in the
thalamus were lower in psychosis-risk individuals.
Furthermore, the pattern of correlations with activation sug-
gests that prefrontal, hippocampal, and temporal functioning
are related to thalamic glutamate levels and differentiate those
at risk from controls.

Electrophysiology

Initial efforts applying electrophysiological paradigms to the
study of clinical risk examined P300 amplitude alone or in
combination with structural MRI. Thus, a study of a clinical-
risk sample [53] reported reduced amplitude in the left-
hemisphere temporo-parietal region as well as in sagittal
midline electrodes. In an integrative P300 and MRI,
gray matter volume reported concomitant amplitude
and volume decrease in multiple, primarily frontal, brain
regions. A small sample was followed longitudinally
and the emergence of psychosis was associated with
further decrease in gray matter volume but no further
changes in P300 amplitude [54].

Event-related potential (ERP) paradigms have been
well established in schizophrenia research. Mismatch
negativity (MMN) amplitude is reduced in schizophrenia
as well as in clinical-risk samples [55, 56], suggesting
that aberrations are evident before the onset of psychosis.
Furthermore, transition to psychosis was associated with
greater deficits in baseline measures of MMN in the clinical
risk group [56, 57]. These early efforts are promising and
more data are needed.

Conclusions

Early identification is essential because of the devastating
effects of schizophrenia on multiple domains including cog-
nitive, social, and vocational functioning. The considerable
decline that occurs early in the disease course makes early
identification and intervention vital for amelioration and pos-
sible prevention of the full impact of psychosis.

Based on the available literature, family history and clinical
features associated with psychosis and impaired social func-
tioning are important as predictors of transition to a psychotic
disorder. Neurocognitive measures add potential predictors
but their value needs to be further established in large-scale
longitudinal studies. Neuroimaging and electrophysiology

measures are potential second-tier tools that require additional
research. Integration across these domains in sufficiently
powered genotyped samples followed prospectively will give
clinical neuroscience the necessary rungs to climb the ladder
leading to improved early identification and intervention.
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