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Background and Hypothesis: Youth at clinical high-risk
(CHR) for psychosis present with neuropsychological im-
pairments relative to healthy controls (HC), but whether
these impairments are distinguishable from those seen
among putatively lower risk peers with other psychopa-
thology remains unknown. We hypothesized that any ex-
cess impairment among CHR cohorts beyond that seen in
other clinical groups is minimal and accounted for by the
proportion who transition to psychosis (CHR-T). Study
Design: We performed a systematic review and meta-
analysis of studies comparing cognitive performance
among CHR youth to clinical comparators (CC) who ei-
ther sought mental health services but did not meet CHR
criteria or presented with verified nonpsychotic psychopa-
thology. Study Results: Twenty-one studies were included
representing nearly 4000 participants. Individuals at CHR
showed substantial cognitive impairments relative to HC
(eg, global cognition: g = —0.48 [—0.60, —0.34]), but min-
imal impairments relative to CC (eg, global cognition:
g =-0.13 [-0.20, —0.06]). Any excess impairment among
CHR was almost entirely attributable to CHR-T; impair-
ment among youth at CHR without transition (CHR-NT)
was typically indistinguishable from CC (eg, global cog-
nition, CHR-T: g = —-0.42 [-0.64, —0.19], CHR-NT:
g = —0.09 [-0.18, 0.00]; processing speed, CHR-T:
g = -0.59 [-0.82, —0.37], CHR-NT: g = —0.12 [-0.25,
0.07]; working memory, CHR-T: g = -0.42 [-0.62,
—0.22], CHR-NT: g = —0.03 [-0.14, 0.08]). Conclusions:
Neurocognitive impairment in CHR cohorts should be in-
terpreted cautiously when psychosis or even CHR status
is the specific clinical syndrome of interest as these

impairments most likely represent a transdiagnostic vs
psychosis-specific vulnerability.
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Introduction

The clinical high-risk (CHR) framework offers a valu-
able opportunity to understand the early stages of psy-
chosis and to intervene before a psychotic syndrome has
fully crystalized. The CHR designation carries a strong
valence for later psychosis outcome among help-seeking
adolescents and young adults,! but is also associated with
mood, anxiety, and other disorders at the point of iden-
tification and longitudinally.>* Given that approximately
75% of youth at CHR do not develop psychosis but do
experience persistent or emergent nonpsychotic disorders,
questions have been raised about the extent to which pu-
tatively core neurobehavioral abnormalities observed in
this population — especially without prospective knowl-
edge of transition status — represent vulnerability to a
psychotic disorder per se or a broader, transdiagnostic li-
ability.*® These are critical and timely questions given the
characteristic heterogeneity in CHR samples,® the impor-
tance of predicting trajectories among high-risk youth,’
and the rapidly growing consensus that many psychiatric
disorders share common risk factors and biopsychosocial
features.®?
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Neuropsychological impairment represents an impor-
tant area of inquiry in this context. It is well established
that individuals at CHR show broad impairments in
neurocognition and that these impairments are greatest
among those later transitioning to psychosis.!” Although
these findings may suggest that neurocognitive perfor-
mance could serve as a biomarker for psychosis risk and
provide clues about the neurodevelopmental aspects of
illness, the extent to which such impairments carry spec-
ificity to psychosis vulnerability remains an open ques-
tion."" Evidence from the mood, anxiety, and general
psychiatric disorder literatures demonstrates that these
syndromes are commonly associated with a range of neu-
ropsychological abnormalities.'*!> Thus, to contextualize
cognitive impairment in CHR within the broader field of
youth psychopathology, comparative studies are needed
that examine performance in this group relative to help-
seeking peers with nonpsychotic disorders.

To date, several studies have addressed the question of
differential cognitive impairment in CHR youth vs non-
psychotic clinical comparators (CC), but no quantitative
summary of these findings is available. The results of
independent studies seem to suggest that distinguishing
CHR from CC is more difficult than distinguishing CHR
from healthy controls (HC), but that those who transi-
tion to psychosis appear substantially more cognitively
impaired at baseline, even relative to clinically diverse,
help-seeking peers.'®!7 Notably, among these studies, the
characteristics of CC vary in terms of ascertainment and
clinical presentation.'®!” Therefore, in addition to deter-
mining whether neuropsychological performance differs
between CHR and CC in general, a similarly important
research direction is to characterize cognitive similarities
and differences across CHR and more specific clinical
populations. Findings from this work would likely inform
transdiagnostic and clinical staging models of develop-
mental psychopathology.®

This study aimed to determine whether youth at CHR
demonstrate more severe cognitive difficulties than seen
in CC and whether any differential impairment depends
on the transition status of those at CHR. Accordingly,
we present what is to our knowledge the first systematic
review and meta-analysis of neuropsychological perfor-
mance in youth at CHR vs CC. We hypothesized that the
CHR population broadly includes two groups of people:
those with marked baseline cognitive deficits indicative
of neurodevelopmental compromise and a trajectory to-
ward psychosis, and those with milder cognitive deficits
indicative of transdiagnostic psychopathology. Thus,
we expected that any excess neurocognitive impairment
in CHR beyond that observed in CC would be largely
accounted for by CHR youth who later transitioned to
psychosis, whereas the remainder of the cognitive def-
icit would be indistinguishable from the degree of im-
pairment seen in CC. Given the possibility that cognitive
deficits track a continuum of psychosis risk across clinical
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groups, we also planned to explore differential impair-
ment across CC subgroups.

Methods

This protocol adhered to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (Supplementary
Table S1) and Meta-analyses of Observational Studies
in Epidemiology (Supplementary Table S2) reporting
guidelines. The protocol was registered on the interna-
tional prospective register of systematic reviews (ID
CRD42021267259).

Search Strategy

We searched PubMed, Web of Science, and PsycINFO
databases from inception to July 15, 2021, using the fol-
lowing terms: (psychosis OR ultra high risk OR clin-
ical high risk OR ultra high risk OR clinical high-risk
OR attenuated psycho* OR prodrom* OR psychotic
OR schizo*) AND (control OR help-seeking OR clin-
ical control OR psychiatric control) AND (cognit* OR
neurocognit* OR neuropsych*). After excluding dupli-
cates and articles with clearly unrelated titles and ab-
stracts, two independent reviewers (ZBM, CR) inspected
full texts of assembled studies and coded their eligibility
(agreement was 95.1%). We also manually searched bibli-
ographies of previous meta-analyses of neurocognition
in CHR; bibliographies of studies included in our final
sample; and for eligible publications by groups whose
studies were only excluded for lacking neurocognitive
data (ie, groups whose CHR work was identified as in-
cluding CC and may therefore have published results
of cognitive performance). Any eligibility discrepancies
were resolved by group consensus through discussion.

Study Selection

Article inclusion criteria were (1) published in a peer-
reviewed journal; (2) written in English; (3) included
participants meeting internationally established CHR
criteria (ultra-high risk or basic symptom criteria as
determined by a gold-standard interview such as the
Structured Interview for Psychosis-risk Syndromes or the
Schizophrenia Proneness Instrument, respectively; more
detail regarding CHR syndromes and assessment meas-
ures is provided in Supplementary Methods S1); (4) in-
cluded a psychiatric CC group, the participants of which
were assessed with a validated structured interview and
either (a) sought mental health services but failed to meet
CHR criteria (ie, were referred for CHR assessment due
to suspected risk, or sought care at another mental health
clinic; Supplementary Methods S1) or (b) presented with
nonpsychotic psychopathology; and (3) reported neuro-
psychological data separately for groups of interest using
formal, validated tests. Neurocognitive data from healthy
controls (HC) were desired but not necessary and were
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included to contextualize cognitive performance in the
clinical groups. Exclusion criteria included (1) reviews,
editorials, abstracts, and dissertations; (2) studies lacking
a CC group as defined above; (3) studies sampling CHR
and CC participants exclusively from nonhelp-seeking
environments; and (4) studies with overlapping samples
from the same task. When overlapping samples included
the same test data, the study with the largest sample size
was used.

Data Extraction and Test Classification

Two independent reviewers (ZBM, CR) extracted data
from original articles into a database (Supplementary
Methods S2). Entries were cross-checked and discrepan-
cies were reviewed in detail. Given the relatively limited
literature on the present topic, rather than focusing on test-
level data we classified tests into domains based on expert
assessment (JMGQG). These included (1) global cognition,
(2) executive functions (EF), (3) processing speed (PS),
(4) working memory (WM), (5) episodic memory (EM),
(6) fluency, (7) vigilance, (8) perceptual organization, and
(9) premorbid intelligence. Where possible, we exam-
ined domain components, including EM (ie, verbal and
visual memory) and fluency (ie, semantic and phonemic
fluency). When a study reported multiple scores per test,
multiple tests within the same domain, or data on >3 do-
mains but no measure of global cognition, we pooled the
data following prior meta-analyses and methodological
guidelines (Supplementary Methods S3-S5).1%20 Global
cognition included measures of IQ, composite scores
from test batteries, and composite scores we created. This
approach allowed meaningful group comparisons of sev-
eral relevant cognitive domains richly populated with test
data. The specific tests contributing to each domain are
presented in Supplementary Table S3, and more detailed
information regarding the methods used for pooling data
is presented in Supplementary Table S4. When necessary,
we requested data from corresponding authors.

To characterize the studies, we extracted additional
demographic (age, gender), and clinical information (eg,
cooccurring mood/anxiety disorder, antipsychotic med-
ication use). Based on our prior review of the broader
CHR-CC literature,* we expected that the CC groups
would generally comprise individuals with affective dis-
orders or those seeking care at general psychiatric clinics
(referred to collectively as youth with affective disorders
and general psychopathology; ADGP), and individuals
referred for CHR assessment but not meeting the diag-
nostic criteria (referred to as youth who were psychosis-
risk referred, testing negative; PRTN). These groups both
represent stringent comparators for determining the spec-
ificity of neuropsychological impairment within the CHR
population given that they are drawn from similar (or
identical) populations as those at CHR and, like CHR,
present with broad psychopathology, yet do not carry the
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same degree of risk for later psychosis outcome as indi-
viduals meeting CHR criteria (Supplementary Methods
S1).2! Of the 14 authors who were contacted, 11 provided
additional data or protocol information (Supplementary
Methods S2).

Bias and Quality Assessment

An investigator (ZBM) evaluated the risk of bias and
quality of included studies using the Newcastle-Ottowa
Scale for case-control and cohort studies.?? The scale in-
cludes 8 items assessed across three areas: selection, com-
parability, and exposure/outcome. The maximum score is
9. Because the comparison of interest in our study is CC,
items concerning comparisons and control groups were
scored with reference to this group.

Statistical Analysis

The primary effect size was Hedge’s g calculated with
random effects. This model is well-suited for meta-
analyses with small sample sizes and nontrivial heteroge-
neity.? We examined the influence of individual studies
on summary effects and variances by inspecting forest
plots, performing one-study-removed analyses, and cal-
culating standardized residuals. Studies were considered
outliers when standardized residuals were larger than 3 in
absolute value and/or when pooled effect size estimates
were clearly altered in one-study-removed analyses.?

Our primary meta-analyses consisted of three sets of
comparisons. First, to establish the presence of neuropsy-
chological impairment in the CHR and CC groups within
our sample, we calculated Hedge’s g for these groups rel-
ative to HC where HC data were available. Second, we
calculated Hedge’s g for differences in neurocognitive
performance between the CHR and CC groups, without
considering CHR transition. Third, we calculated
Hedge’s g separately for CHR participants with (CHR-
T) vs without (CHR-NT) transition to psychosis relative
to CC. In supplementary analyses, we inspected patterns
of cognitive performance (vs HC) across ADGP, PRTN,
CHR-T, CHR-NT to evaluate in more detail the extent to
which cognitive impairment in youth follows a gradient
of putative psychosis risk (Supplementary Methods S6).
We also examined the influence of antipsychotic medi-
cation use (given that these agents may impair cognitive
performance) and publication year (given evidence of de-
clining rates of transition to psychosis in CHR cohorts
in more recent years) on CHR-CC differences in cogni-
tive functioning by performing meta-regressions with
random effects (Supplementary Methods S6). We calcu-
lated effect sizes and regression coefficients when there
were >3 studies with data for that analysis.

In two cases,?? researchers reported baseline and fol-
low-up data from the same protocol in separate publica-
tions with different sample sizes. In these instances, we
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matched baseline neurocognitive data for CHR-T and
CHR-NT with baseline data for CCs from the larger
sample from that protocol.

Publication bias was assessed by inspecting funnel
plot symmetry and using Egger’s test. Where there was
evidence of publication bias, we adjusted effect size es-
timates using Duval and Tweedie’s trim and fill method.
Heterogeneity was assessed using the Q statistic and I
index. The P index was developed in part to be sensitive
to heterogeneity in meta-analyses including relatively
small sample sizes, and is proposed to broadly reflect low,
medium, and high heterogeneity at values of 25%, 50%,
and 75%, respectively.”® Analyses were conducted using
Comprehensive Meta-Analysis, Version 3.

Results

Of the 12 617 articles screened, 21 were included (figure 1),
representing 1556 CHR, 1398 CC, and 973 HC. Seven
studies reported cognitive data separately by transition
status, representing 110 CHR-T and 553 CHR-NT. All
studies enrolled individuals meeting ultra-high risk cri-
teria and six also included participants meeting basic
symptom criteria. The CC included PRTN (k = 8), in-
dividuals with affective syndromes (k = 5), and mixed
clinical samples (k = 6). The average per-study age of par-
ticipants was 20.4 for CHR, 20.9 for CC, and 22.2 for HC.
Fifty six percent of the CHR groups, 54.3% of the CC
groups, and 57.7% of the HC groups were female. These
distributions are reflective of the general CHR literature
and are similar to prior reviews of neuropsychological
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Fig. 1. PRISMA flow diagram depicting study selection procedure.
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functioning in CHR."'* Racial or ethnic data by group
were available in only 5 studies. Using published data and
additional data acquired from study authors, we were able
to determine the proportion of patients with mood and/or
anxiety disorders in 16 studies. Two of the remaining five
were from the same protocol and another two reported
outcome (ie, transition) data corresponding to studies
for which these data were available. As shown in table 1,
mood and anxiety disorder diagnoses were common and
fairly evenly distributed across both groups. An average
of 54.9% of CHR (median = 61.1%) and 51.5% of CC
(median = 46.7%) presented with a cooccurring mood
disorder, and an average of 39.6% (median = 37.1%)
and 39.0% (median = 31.2%) respectively presented
with a cooccurring anxiety disorder. Thus, CHR and
CC samples were well matched on the presence of af-
fective illness but differed with respect to their putative
level of psychosis risk. Table 1, Supplementary Results
S1, and Supplementary Table S5 further present study
characteristics.

Neuropsychological Performance in CHR and CC
Relative to HC

As expected, both CHR and CC showed substantial im-
pairments in neuropsychological functioning relative
to HC (figure 2a, Supplementary Table S6). Effect sizes
ranged from —0.15 to —0.37 for CC and from —0.29 to
—0.66 for CHR, suggesting small and small-to-medium
sized impairments in CC and CHR, respectively. The
index of global cognition, which likely represents the
most reliable estimate of ability, was —0.27 for CC and
—0.48 for CHR. These CHR estimates are similar to prior
reviews,!? although estimates for CC appear somewhat
smaller than has been reported in prior studies of other
early-stage psychopathology, suggesting cognitive im-
pairment among CC here could underestimate that seen
in the broader youth psychiatric population,!24>#

Neuropsychological Performance in CHR Relative
to CC

In contrast to the comparisons between CHR/CC and
HC, differential impairment in CHR vs CC was minimal
(figure 2b, Supplementary Table S7). The CHR group
performed worse than the CC group on about half of
the domains, but the magnitude of these effects was typi-
cally below —0.15 and never exceeded —0.18, consistently
below the size conventionally indicating a small effect.
The effect size estimate for global cognition was —0.13.

Neuropsychological Performance in CHR-T and
CHR-NT Relative to CC

Importantly, we observed clear distinctions in effect
sizes of neurocognitive functioning between CHR-T and
CHR-NT when these groups were contrasted with CC.

Neurocognitive Performance in Clinical High-Risk

As shown in figure 3 and Supplementary Table S9, cog-
nitive functioning in CHR-NT was typically comparable
to CC whereas functioning in CHR-T was substantially
more impaired: Effect sizes for CHR-T generally ex-
ceeded —0.40, whereas effect sizes for CHR-NT typically
fell below —0.15. The general pattern and degree of im-
pairment between CHR and CC was quite similar across
domains, although WM, verbal memory, and fluency
appeared to show the greatest CHR-T/CHR-NT diver-
gence in terms of similarity to CC. Youth with CHR-NT
showed somewhat greater EF impairment than CC, but
the effect size estimate was only —0.15. The effect size rep-
resenting global cognitive impairment relative to CC was
—0.42 for CHR-T and —0.09 for CHR-NT.

Supplementary Analyses

Plotting effect sizes with HC as the reference group and
ADGP, PRTN, CHR-T, and CHR-NT as the groups of
interest suggested a severity gradient of performance
such that HC > ADGP > PRTN > CHR-NT > CHR-T
(Supplementary Results S3, Supplementary Figure S1,
Supplementary Tables S10-S11). This was the case for
global cognition, EF, PS, EM, and verbal memory. Too
few studies were available to calculate effect sizes for
visual memory, fluency or its subdomains, and vigilance.
No effect of antipsychotic use or publication year on pri-
mary effect sizes was observed (Supplementary Results
S4, Supplementary Tables S12-S14).

Study Quality, Heterogeneity, and Publication Bias

NOS scores ranged from 4-8 (median = 7; table 1).
Heterogeneity was high when comparing CHR and CC
participants to HC (Supplementary Table S6), but low
or modest when comparing clinical groups to one an-
other (Supplementary Results S4, Supplementary Table
S7, Supplementary Table S9). There was no evidence
of publication bias in comparisons of clinical groups
with HC or in CHR-CC comparisons, although funnel
plots and Egger’s test suggested an unexpected absence
of studies reporting better performance in CHR-NT vs
CC for verbal memory and phonemic fluency. Trim and
fill adjustment suggested the true difference between
these groups is likely even smaller than what was ob-
served in published studies (Supplementary Table S9,
Supplementary Figures S2-S36).

Discussion

This was to our knowledge the first systematic review and
meta-analysis of neuropsychological performance among
individuals with psychosis-risk syndromes vs putatively
lower-risk peers with other psychopathology. There were
two main findings: First, despite both groups showing
neurocognitive deficits relative to healthy participants,
differential impairment in CHR vs CC was minimal
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A. Clinical High-Risk for Psychosis and Clinical Comparators Versus Healthy Controls

Global Cognition (k = 10; 948 CHR, 659 CC, 883 HC)
Executive Function (k = 9; 762 CHR, 612 CC, 549 HC)
Processing Speed (k = 7; 851 CHR, 541 CC, 722 HC)
Working Memory (k = 8; 899 CHR, 572 CC, 798 HC)

Verbal Memory (k = 7; 715 CHR, 419 CC, 473 HC)
Visual Memory (k = 6; 872 CHR, 502 CC, 672 HC)
Episodic Memory (k = 8; 872 CHR, 582 CC, 795 HC)
Semantic Fluency (k = 5; 566 CHR, 429 CC, 590 HC)
Combined Fluency (k = 5; 566 CHR, 429 CC, 590 HC)

S
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—_—y
CcC i
CHR
e
I |
-1 -0.8 -0.6 -0.4 -0.2 0

Vigilance (k = 4; 482 CHR, 238 CC, 323 HC)

0.2 Hedge's g (95% CI)

B. Clinical High-Risk for Psychosis Versus Clinical Comparators

— Global Cognition (k = 16; 1,375 CHR, 1,211 CC)
—— Executive Function (k = 11; 906 CHR, 727 CC)
e Processing Speed (k = 11; 1,101 CHR, 956 CC)

P Working Memory (k = 11; 1,118 CHR, 872 CC)
—— Verbal Memory (k = 9; 837 CHR, 486 CC)
— Visual Memory (k = 6; 734 CHR, 502 CC)
e Episodic Memory (k = 10; 994 CHR, 649 CC)
—— Semantic Fluency (k = 7; 688 CHR, 496 CC)
e B Phonemic Fluency (k = 4; 490 CHR, 355 CC)
—_— Combined Fluency (k = 7; 688 CHR, 496 CC)
——y Vigilance (k = 5; 575 CHR, 287 C)
—_———— Perceptual Organization (k = 5; 255 CHR, 482 CC)
—_— Premorbid Intelligence (k = 6; 436 CHR, 354 CC)
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 Hedge's g (95% CI)

Fig. 2. Panel A: Neurocognitive performance among individuals at CHR for psychosis and CCs, with HCs as the reference. Panel B:
Neurocognitive performance among individuals at CHR for psychosis with CCs as the reference. Bars represent Hedge’s g effect size with
95% confidence intervals; more negative values indicate poorer performance relative to the reference group. CHR, clinical high-risk, CC,

clinical comparator, HC, healthy control, CI, confidence interval.

when the later transition status of CHR participants was
not considered. Second, and related, any additional def-
icit seen in CHR was almost entirely attributable to the
proportion of individuals who later developed psychosis.
In this subgroup, impairment was markedly and consist-
ently greater than all other clinical groups. These findings
have conceptual implications for our understanding of
neurocognitive performance in the CHR population as
well as field-level implications for research design in early
psychosis.

An important goal of high-risk psychiatric research
is to improve our ability to identify young people with
the greatest probability of experiencing adverse mental
health outcomes later in life. Despite considerable ad-
vances, a major, current challenge is to characterize risk
profiles that carry unique valence for a specific “exit syn-
drome” such as psychosis.” Some evidence suggests that
clinical trajectories of youth at CHR are characterized

by greater rates of psychosis but similar or lower rates
of nonpsychotic disorder when compared to CC.#4
However, several independent studies have shown
that individuals at CHR are more likely to experience
nonpsychotic disorder over time than they are formal
or attenuated psychosis, highlighting that psychosis-
spectrum psychopathology represents only a fraction of
the global psychiatric profile seen in CHR cohorts longi-
tudinally.>**#7 Importantly, in this study CHR and CC
presented with very similar rates of mood (55% CHR,
52% CC) and anxiety diagnoses (39% CHR, 39% CC),
meaning the nonpsychotic disorder likely contributing to
the overall cognitive burden in CHR was well controlled
relative to studies relying on HC alone.*® Our finding of
highly comparable neurocognitive profiles among these
groups therefore strongly suggests that neuropsycholog-
ical impairment in CHR cohorts should not necessarily
be assumed to reflect a psychosis-specific process — or
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Global Cognition (k = 7; 107 CHR-T, 557 CHR-NT, 552 CC)

Executive Function (k = 6, 86 CHR-T, 553 CHR-NT, 547 CC)

Processing Speed (k = 6; 85 CHR-T, 530 CHR-NT, 518 CC)

Working Memory (k = 7; 107 CHR-T, 557 CHR-NT, 549 CC)

Verbal Memory (k = 5; 64 CHR-T, 393 CHR-NT, 354 CC)

Visual Memory (k = 5; 71 CHR-T, 433 CHR-NT, 479 CC)

Episodic Memory (k = 6; 84 CHR-T, 530 CHR-NT, 517 CC)

Semantic Fluency (k = 5; 73 CHR-T, 367 CHR-NT, 439 CC)

Phonemic Fluency (k = 3; 42 CHR-T, 235 CHR-NT, 306 CC)

Combined Fluency (k = 5; 73 CHR-T, 367 CHR-NT, 429 CC)

Vigilance (k = 4; 64 CHR-T, 283 CHR-NT, 238 CC)

Hedge’s g (95% CI) CHR-NT = CHR-T

Fig. 3. Baseline neurocognitive functioning among individuals at clinical high-risk for psychosis plotted by whether they later developed
a psychotic disorder, with baseline cognitive functioning of clinical comparators as the reference. Bars represent Hedge’s g effect size with
95% confidence intervals; more negative values indicate poorer performance. CHR-T, clinical high-risk with later transition to psychosis,
CHR-NT, clinical high-risk without later transition to psychosis, CC, clinical comparator, CI, confidence interval.

even CHR status — particularly when future transition
status is unknown. A more likely explanation is that these
impairments reflect a transdiagnostic vulnerability to
psychopathology that may or may not include a partially
expressed liability for psychosis. If true, this represents a
departure from conventional thinking about the meaning
of neurocognitive deficits in the CHR population, which
typically emphasizes their implications for psychosis, and
suggests new ways of conceptualizing these early-stage
phenomena are warranted.

The present findings have implications for our under-
standing of the neural substrates of cognitive deficits in
emerging psychosis. Meta-analyses demonstrate that the
neural networks underlying cognitive control are simi-
larly affected across psychotic, affective, and other dis-
orders.*" Notably, relative to those with nonpsychotic
disorder, individuals with psychosis in these studies pre-
sented with greater but qualitatively similar impairment
in the prefrontal cortex and anterior insula, structures
frequently studied in the CHR population given their
association with negative symptoms, cognition, and
other important clinical phenomena.’* Considered
alongside these findings, our observation of graded
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neuropsychological impairment across groups (including
CC subgroups, with CHR-T always at the extreme end)
potentially suggests that cognitive difficulties reflect
neurodevelopmental risk for a range of disorders when
moderate, but psychosis in particular when severe.!>%
Although the present study was not designed to examine
brain structure or function directly, the findings add to
a neurodevelopmental conceptualization of psychosis
as a unique condition while situating CHR-associated
cognitive impairments within the broader psychiatric
literature.

Our findings also raise questions about environmental
factors that may nonspecifically impact cognitive devel-
opment in ways that increase risk for psychopathology.
Recent work has highlighted that early deprivation of ex-
pected environmental input (eg, food security, academic
stimulation) is associated with reduced EF capacity in
youth,’® which may in turn increase risk for affective,
psychotic, and developmental disorders.’” Attention to
the role these risk factors play in cognitive development
across high-risk groups may shed light on common en-
vironmental contributors to psychopathology, particu-
larly among groups disproportionately exposed to such



factors, including many racial-ethnic minority, lower in-
come, and immigrant populations.>

A major methodological implication of this study is
that identifying areas of neuropsychological overlap and
divergence among the emerging psychopathologies re-
quires a shift from reliance on HC as sole comparators
in CHR research to protocols inclusive of both HC and
CC. Clinical comparators offer a needed point of refer-
ence when seeking to understand processes that might be
specifically associated with a diathesis for psychosis (or
another syndrome) vs one that may represent a broader
liability. Numerous studies have capitalized on this ap-
proach in adult psychopathology,” ¢! but transdiagnostic
work has yet to be widely adopted in the CHR field.®
Results generated from such research are more likely to
clarify common and unique risk mechanisms and promote
disseminable detection and treatment strategies than are
those generated from studies relying on HC alone.* More
discussion is needed, however, regarding the optimal char-
acteristics of CC across research contexts. In this study,
PRTN appeared more cognitively alike CHR than did
ADGP, suggesting PRTN may carry additional psychosis
vulnerability that could inform our understanding of the
disorder. This is consistent with epidemiological evidence
suggesting that the presence of subtle psychotic experi-
ences within nonpsychotic disorder represents a severity
marker of multifactorial risk for psychopathology.®
Sample sizes for these analyses, however, were small, and
the results should be interpreted cautiously. Nonetheless,
our findings highlight that CC groups in CHR research
support identification of both transdiagnostic and risk-
specific aspects of psychopathology.

The distributions of age, gender, and cognitive func-
tioning seen within the present CHR sample were com-
parable to prior reviews,!® suggesting our findings are
representative of the broader CHR literature and are not
merely a result of sampling bias. No effect of publica-
tion year or antipsychotic use was detected. Consistent
with prior research,! males tended to be overrepresented
among CHR-T; although this could plausibly have in-
fluenced the results, available meta-analyses suggest no
modifying effect of gender on relations between neu-
ropsychological impairment and CHR status or transi-
tion.! The demographic distributions were comparable
among CC relative to the combined CHR group, but cog-
nitive impairment within CC appeared somewhat smaller
than is found in other reviews of adolescent and young
adult psychopathology.*** Although there was little ev-
idence of publication bias in the present meta-analysis,
when bias was detected, it tended to suggest a lack of
studies reporting greater cognitive impairment in CC vs
CHR-NT. Together, these findings may suggest that the
cognitive deficits seen among CC could underestimate
that seen in the broader youth psychiatric literature,
implying that neuropsychological differences between
CHR and CC are even smaller than was observed here.

Neurocognitive Performance in Clinical High-Risk

This further underscores the transdiagnostic nature of
cognitive difficulties and the need to consider the impli-
cations of this pattern for our understanding of impair-
ment in CHR.

Limitations and Future Directions

Several study limitations warrant mention. First, al-
though our review included 21 studies representing
nearly 4000 participants, sample sizes varied across ana-
lyses, thus some domains (eg, perceptual organization)
were insufficiently populated to be meta-analyzed across
subgroups, and statistical power for moderator analyses
in particular was low. Conclusions therefore should be
limited to those domains for which adequate data were
available, and the influence of possible modifiers of these
effects (including those explored here as well as other
relevant factors such as demographics and cooccurring
disorders) deserves future attention. Second, we were
unable to meta-analyze performance on specific cogni-
tive tasks. Although our results are likely broadly appli-
cable to cognitive functioning in the CHR population,
it is plausible that some individual neuropsychological
tests are capable of meaningfully differentiating CHR
from CC. Third, although the main purpose of this
study was to compare neuropsychological performance
in CHR relative to a broad group of CC, sample size
limitations temper firm conclusions about performance
in CHR vs specific CC subgroups. Given that ADGP
and PRTN (or other subgroups) may show meaning-
fully distinct clinical presentations and trajectories,’!
further work in this area is needed.

The results of this study suggest a number of addi-
tional future directions. One important direction is to
determine the pluripotentiality of neurocognition as it
pertains to multiple diagnostic outcomes in CHR and
other high-risk groups. Research has begun to show that
risk factors for psychosis among those at CHR, notably
maltreatment exposure, predict diagnostic changes be-
yond just psychotic disorder, including the onset of de-
pressive and anxiety syndromes.®* The extent to which
neuropsychological functioning follows a similar pattern
has critical implications for neurodevelopmental models
of psychosis as well as for early detection and prediction
of clinical outcome. Given that some CC may be earlier
in their course of illness than CHR and could later fulfill
criteria for attenuated or threshold psychosis syndromes,
a crucial component of this work will be tracking diag-
nostic changes in these groups longitudinally. Another
important direction is to identify shared and distinct
changes in cognitively relevant neural networks across
CHR and other putatively high-risk populations.®
Additional future directions include research and discus-
sion around the effects of ascertainment strategy (and
associated risk of sampling bias) on transdiagnostic
high-risk research,’® the experimental and analytic
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methods most appropriate for detecting shared and
unique neurocognitive difficulties across groups (eg,
tasks from experimental cognitive neuroscience,®” data-
driven stratification approaches'?), and how to interpret
transdiagnostic patterns of results.®

Conclusions

Our basic conclusion from this study is that neuropsy-
chological impairment in CHR cohorts should be inter-
preted cautiously when psychosis or even CHR status
is the specific clinical syndrome of interest. Whereas
marked baseline cognitive deficits in prospectively deter-
mined CHR-T may reflect a psychosis-specific vulner-
ability, impairments in CHR-NT — the majority of the
CHR population — most likely reflect a transdiagnostic
vulnerability, or more parsimoniously, one that is indis-
tinguishable from that seen in other clinical groups. CHR
research incorporating CC is essential for making this
determination.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin.
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