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Identifying predictors and elucidating the fundamental 
mechanisms underlying onset of psychosis are critical 
for the development of targeted preemptive interven-
tions. This article presents a selective review of findings 
on risk prediction algorithms and potential mechanisms 
of onset in youth at clinical high-risk for psychosis, focus-
ing principally on recent findings of the North American 
Prodrome Longitudinal Study (NAPLS). Multivariate 
models incorporating risk factors from clinical, demo-
graphic, neurocognitive, and psychosocial assessments 
achieve high levels of predictive accuracy when applied to 
individuals who meet criteria for a prodromal risk syn-
drome. An individualized risk calculator is available to 
scale the risk for newly ascertained cases, which could aid 
in clinical decision making. At risk individuals who con-
vert to psychosis show elevated levels of proinflammatory 
cytokines, as well as disrupted resting state thalamo-cor-
tical functional connectivity at baseline, compared with 
those who do not. Further, converters show a steeper rate 
of gray matter reduction, most prominent in prefrontal 
cortex, that in turn is predicted by higher levels of inflam-
matory markers at baseline. Microglia, resident immune 
cells in the brain, have recently been discovered to influ-
ence synaptic plasticity in health and impair plasticity 
in disease. Processes that modulate microglial activa-
tion may represent convergent mechanisms that influence 
brain dysconnectivity and risk for onset of psychosis and 
thus may be targetable in developing and testing preven-
tive interventions.
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Introduction

Given that currently available pharmacological treat-
ments for schizophrenia are limited and poorly tolerated,1 
with most patients continuing to show substantial defi-
cits in social and occupational functioning throughout 
life, there is considerable interest in exploring preventive 

approaches to the disorder.2–4 The 3 primary challenges 
for realizing such a prevention strategy are: (1) develop-
ing reliable and efficient means to predict psychosis, so 
that we can identify populations at greatest risk; (2) elu-
cidating changes at the neural and molecular levels that 
participate mechanistically in functional decline and 
onset of full symptoms; and (3) developing and testing 
interventions targeting the contributing molecular sig-
naling pathways. This article selectively reviews evidence 
concerning these 3 interrelated aims, focusing primar-
ily on recent findings of the North American Prodrome 
Longitudinal Study (NAPLS).

Prediction of Psychosis

For the majority of patients with schizophrenia and related 
disorders, onset of fully psychotic symptoms is preceded 
by the emergence of subtler changes in belief, thought, 
and perception that appear to represent attenuated forms 
of delusions, formal thought disorder, and hallucinations, 
respectively.5 A young person with an onset or worsening 
of these features within the past 12 months and who is dis-
tressed and treatment seeking is said to have a clinical high-
risk (CHR) or prodromal risk syndrome.6 According to a 
meta-analysis incorporating data from 27 studies compris-
ing a total of 2502 patients, 22% of such cases transitioned 
to a fully psychotic form of illness by 1 year and 36% by 
3 years from initial ascertainment.7 Because most studies 
employ follow-up periods of 3  years or less, the rate of 
conversions after this point remains unclear. Nevertheless, 
most of the conversions occur during the first year follow-
ing ascertainment, and the conversion rate significantly 
decelerates thereafter, suggesting that the CHR criteria are 
sensitive to an imminent risk for onset of full psychosis.8 
Among those who convert, about 80% of the diagnos-
tic outcomes are in the schizophrenia spectrum and the 
remaining 20% are in relation to mood-related and atypical 
forms of psychosis. Importantly, among the ~64% who do 
not convert, roughly half have been observed to remit the 
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symptoms that indexed their initial risk status and improve 
functionally, while the remainder show continuing levels of 
attenuated psychotic-like symptoms and functional impair-
ment.9,10 It remains unclear whether some of those who 
remit subsequently revert to a CHR state and if so, whether 
such reversions are preceded by particular risk factors (eg, 
major life stressors).

A number of  studies have examined combinations 
of  clinical and demographic variables ascertained at 
baseline assessment to determine whether prediction of 
psychosis can be enhanced beyond the 20%–35% risk 
associated with a CHR syndromal status.11 In general, 
multivariate algorithms requiring particular combina-
tions of  symptoms and demographic factors achieve 
high positive predictive power and specificity (eg, in the 
70%–80% range), but low sensitivity (eg, in the 10%–30% 
range).8 There is consistency among studies in showing 
(unsurprisingly) that higher levels of  the prodromal 
symptoms at baseline are the best predictors of  con-
version; nevertheless, the most predictive multivariate 
profiles vary widely across studies.11 Although it should 
be noted that few studies have attempted direct replica-
tion of  each other’s risk algorithms, this pattern hints at 
the likelihood of  substantial heterogeneity among pro-
files of  clinical and demographic risk indicators among 
those who convert.

The NAPLS consortium has pursued the develop-
ment of  an individualized risk prediction tool in col-
laboration with Prof. Michael Kattan at the Cleveland 
Clinic, who has pioneered these techniques for disease 
prognosis in various areas of  somatic medicine.12–15 
Limiting the scope to a pool of  potential clinical, demo-
graphic, and cognitive predictors that could be easily 
implemented in community settings, data from the sec-
ond phase of  NAPLS were used to build a risk calcu-
lator, which was then instantiated in a web-based tool 
that can generate a conversion risk estimate for new 
cases.16 The variables that carried the greatest weight 
in the prediction algorithm were: greater severity of 
unusual thought content and suspiciousness, slower 
processing speed, poorer verbal list learning perfor-
mance, and a decline in social functioning in the year 
prior to baseline assessment (the NAPLS2 on-line risk 
calculator will be made public in a future publication). 
This risk calculator could help to facilitate a stepped 
care approach, whereby less invasive interventions may 
be applied at lower risk levels.

Biological assays in CHR cases are less confounded 
with exposure to antipsychotic treatments and other sec-
ondary factors than in patients with established schizo-
phrenia. Some promising leads on the use of biological 
assays to improve prediction among CHR cases have 
emerged using empirically based discovery approaches, 
including machine learning algorithms for gray matter 
variations in structural brain images17,18 and so-called 
“greedy” regression algorithms for proteomic/metabolic 

plasma parameters.19 For example, in a pilot study 
of plasma samples on a subsample from the NAPLS 
study, an aggregate index (z-transformed) of 15 analytes 
(selected from 117) was able to distinguish subsequent 
converters from nonconverters and HC subjects, with 
high predictive ability (area under receiver operating 
curve of 0.9 [on a scale of 0.5 to 1.0]).19 The most strongly 
predictive analytes are involved in immunomodulation, 
hypothalamic-pituitary-adrenal axis (HPA) function, 
and oxidative stress, supporting the hypothesis that dys-
regulation of these systems is prominent in CHR cases 
at greatest risk for psychosis. The ultimate value of such 
algorithms awaits crucial validation tests in independent 
datasets.

Mechanisms of Onset of Psychosis

Current models of  psychosis emphasize disruptions in 
integrated synaptic activity and neuronal connectiv-
ity.20,21 If  these factors (generally or within particular 
brain networks) contribute to psychotic symptoms, 
they should worsen as symptoms worsen in the ramp-
up to full psychosis. Most studies of  dysconnectivity in 
schizophrenia are based on diagnosed patients,22–24 and 
do not address the timing of  onset or course of  dyscon-
nectivity in relation to the onset of  symptoms. Given 
that the causes and consequences of  psychosis are gen-
erally confounded in studies of  diagnosed patients25 
and that some of  the contributing factors are likely to 
change in the transition to psychosis,26 studies tracking 
potential biomarkers using a prospective, longitudinal 
design can be very informative.

Several such prospective longitudinal neuroimaging 
studies have now been published, encompassing multiple 
independent samples of CHR cases.27–32 All of these studies 
found that CHR cases who converted to psychosis showed 
a steeper rate of cortical gray matter loss compared with 
nonconverters. Among the studies that also included a 
healthy comparison group, the rate of gray matter decline 
was also greater in converters compared with age- and 
gender-matched controls. The regions showing signifi-
cantly greater rates of gray matter decline differ somewhat 
across the studies using whole-brain approaches, with 1 
finding differential change only in prefrontal cortex,29 
and the others finding differential change in prefrontal 
as well as temporal cortical regions.27,28,32 This variation is 
not surprising given that most studies included relatively 
small sample sizes (Ns of 8 to 12 converters), employed 
varying interscan intervals (1–2 y), and did not correct for 
multiple comparisons voxel-wise throughout the brain. 
However, a recent study by the NAPLS consortium, 
with the largest CHR group reported to date (N = 274, 
including 35 converters), showed that converters experi-
enced a steeper rate of gray matter loss in right superior 
frontal, middle frontal, and medial orbitofrontal cortex, 
even when a stringent multiple correction method was 

Fig. 1.  Cortical surface maps from the NAPLS2 study showing 
regions in which converters to psychosis had significantly greater 
progressive loss of gray matter thickness compared with controls 
and nonconverters after correction for multiple comparisions 
using the false discovery rate.33
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applied at the whole-brain level (figure 1).33 If  the statis-
tical threshold was relaxed, accelerated cortical thinning 
was also observed in superior temporal cortex, parietal 
cortex, and parahippocampal gyrus. Taken together, these 
findings are remarkably consistent in demonstrating a 
steeper rate of cortical gray matter decline among CHR 
cases who convert to psychosis compared with those who 
do not and with healthy comparison subjects.

Given that antipsychotic drugs are associated with 
gray matter decline in animal models34 and in patients 
with schizophrenia,35,36 including first-episode patients,37 
antipsychotic drug use represents the most plausible 
competing explanation for differential gray matter loss 
among CHR cases who convert to psychosis. Keeping in 
mind that these factors cannot be controlled in patients 
for ethical and practical reasons, several lines of  evidence 
argue against this perspective. First, in the NAPLS longi-
tudinal neuroimaging study, CHR converters to psycho-
sis who had not been exposed to antipsychotics during 
the interscan interview showed significantly greater thin-
ning of  prefrontal cortex than CHR nonconverters 
(regardless of  medication status) and healthy controls.33 
Second, a recent meta-analysis demonstrated that anti-
psychotic naïve first-episode schizophrenia patients 
have less cortical gray matter than healthy comparison 
subjects,38 indicating that at least some amount of  gray 
matter reduction in schizophrenia is independent of 
antipsychotic drug exposure. Third, longitudinal imag-
ing studies of  twins discordant for schizophrenia and 
other genetically informative samples have observed that 
a steeper rate of  gray matter decline is associated with a 
genetic diathesis to schizophrenia.39,40

If  the accelerated gray matter loss associated with psychosis 
onset is not a secondary phenomenon, then it could be related to 
factors that participate in the pathophysiology of schizophrenia 
and related disorders, such as neuroinflammation.41 Notably, in 
the NAPLS longitudinal MRI study, prefrontal gray mat-
ter decline was predicted by baseline levels of proinflam-
matory cytokines in plasma.33 Inflammatory markers are 
elevated in postmortem neural tissue from patients with 
schizophrenia,42–45 and these same markers are associated 
with microglial-mediated synaptic pruning and dendritic 
retraction in animal models,46,47 thus providing a potential 
mechanism for the reduced neuropil seen in patients.20,48,49 
Although prenatal neuroinflammatory processes could 
“program” for vulnerability,50 subsequent exposure to 
stress, infection, autoimmune processes, and/or synaptic 
pruning during adolescent brain development represent 
influences more proximal to psychosis onset.20,41,50,51 Also 
supporting this interpretation, microglia are activated by 
peripheral blood cytokines,52 and in vivo PET studies find 
greater activated microglia in schizophrenia.53,54

Though accelerated decline in cortical gray matter 
among UHR cases who convert to psychosis may be one of 
the leading indicators of processes underlying the develop-
ment of psychosis, theoretically it seems likely that changes 
in synaptic signaling and functional connectivity are the 
more proximal mechanisms underlying symptom expres-
sion. Key systems involve thalamo-cortical loops55 through 
which most neural computations flow. Complementing 
structural diffusion tractography studies56,57 and nonhu-
man primate anatomical studies,58 resting state (rs) fMRI 
has revealed the functional architecture of thalamo-cortical 
systems in humans,59 showing that the thalamus is organized 
into parallel pathways that form segregated information 
routes with the neocortex. This property makes thalamus 
a possible “lens” onto distributed large-scale disruptions 
in the brain that may underlie the development of schizo-
phrenia.60,61 A recent rs-fMRI study of CHR cases in the 
NAPLS consortium observed a pattern highly consistent 
with effects reported in chronic psychosis.61,62 Specifically, 
CHR converters to psychosis showed increased thalamic 
connectivity with sensorimotor cortices, but reduced tha-
lamic connectivity with PFC, anterior cingulate cortex, and 
cerebellum.63 However, a critical gap in knowledge remains; 
namely, whether disrupted functional connectivity pro-
gresses prior to onset of psychosis and in association with 
accelerated gray matter decline. Answering this question 
requires multiple assessments prior to onset, enabling appli-
cation of time-lagged and growth-curve analytic methods 
capable of establishing temporal precedence and mediation 
among multiple cascading influences.64–67

Prevention of Psychosis

A small number of controlled prevention trials in CHR 
cases have appeared. Collectively, the results support the 
view that any targeted intervention, whether biological or 

Fig. 1.  Cortical surface maps from the NAPLS2 study showing 
regions in which converters to psychosis had significantly greater 
progressive loss of gray matter thickness compared with controls 
and nonconverters after correction for multiple comparisions 
using the false discovery rate.33
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psychological in approach, is associated with better out-
comes than less targeted control conditions.68 Results of 2 
small trials with antipsychotic drugs do not support a pro-
phylactic effect on conversion risk beyond the period of 
active treatment.69,70 In general, the use of such medicines 
in individuals who are below the threshold of full psy-
chosis is not recommended. Intriguing results have been 
obtained in an initial trial of omega-3 fatty acid supple-
mentation71; this finding awaits confirmation by indepen-
dent studies. Psychosocial interventions such as cognitive 
behavior therapy and family-focused psychoeducation 
may be beneficial in deflecting the course of illness sever-
ity and chronicity72,73; however, it remains unclear whether 
such approaches can prevent onset of illness.

Progress on elucidating mechanisms of onset of psycho-
sis could yield novel or repurposed compounds with more 
than palliative efficacy; ie, capable of preventing or miti-
gating the changes in brain structure and function under-
lying functional decline and onset of full symptoms.4 Such 
compounds, combined with psychosocial interventions, 
could also help to redirect a young person otherwise pre-
disposed to schizophrenia towards a trajectory of social 
engagement, educational completion, and independent liv-
ing. Linking this line of argument to the material reviewed 
above, a question of major importance is whether increas-
ing neuroinflammation precedes and predicts changes in 
cortical gray matter and functional connectivity prior to 
onset. The answer is critical; if yes, a prevention trial with 
anti-inflammatory agents would be strongly indicated, but 
if no, clearly not. In another possible cascade, dysregulated 
NMDA-dependent synaptic plasticity may be a proximal 
cause of the accelerated gray matter decline and disrupted 
functional connectivity seen in those who convert to psy-
chosis (via pruning of overabundant weak synapses).21,51,74–79 
Other risk factors (eg, elevated HPA activity20,41,50) would 
then influence psychosis risk via disrupted plasticity, with 
neuroinflammation (microglial activation) representing a 
secondary signal (ie, as in a clean-up operation). In this case, 
targeting NMDA-dependent plasticity mechanisms would 
be indicated over other potential strategies. Alternatively, we 
may find evidence of feed-forward mediation of psychosis 
risk primarily through microglia/inflammatory processes 
in some patients and plasticity-related processes in oth-
ers, in which case, biomarkers may be useful for selecting 
interventions targeted to particular mechanisms for differ-
ent individual patients. In either case, cognitive training has 
potential as a component of a prevention strategy, as har-
nessing learning-induced neuroplasticity to strengthen weak 
neural networks might reduce neuroinflammatory processes 
and help to correct this unbalanced cascade.80

Summary and Conclusion

In summary, the CHR paradigm appears to be useful for 
elucidating predictors and mechanisms of onset of psy-
chosis and for the development and testing of preventive 

interventions. Challenges to be addressed in the next phase 
of research using this paradigm include deciphering het-
erogeneity of risk profiles and outcomes, clarifying tempo-
ral precedence and mediation among multiple cascading 
pathophysiological influences, and developing interven-
tions that target the molecular and cellular mechanisms 
underlying reduced brain connectivity and psychosis.
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