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Abstract

Background. While comorbidity of clinical high-risk for psychosis (CHR-P) status and social
anxiety is well-established, it remains unclear how social anxiety and positive symptoms cov-
ary over time in this population. The present study aimed to determine whether there are
more than one covariant trajectory of social anxiety and positive symptoms in the North
American Prodrome Longitudinal Study cohort (NAPLS 2) and, if so, to test whether the dif-
ferent trajectory subgroups differ in terms of genetic and environmental risk factors for psych-
otic disorders and general functional outcome.

Methods. In total, 764 CHR individuals were evaluated at baseline for social anxiety and
psychosis risk symptom severity and followed up every 6 months for 2 years. Application
of group-based multi-trajectory modeling discerned three subgroups based on the covariant
trajectories of social anxiety and positive symptoms over 2 years.

Results. One of the subgroups showed sustained social anxiety over time despite moderate
recovery in positive symptoms, while the other two showed recovery of social anxiety
below clinically significant thresholds, along with modest to moderate recovery in positive
symptom severity. The trajectory group with sustained social anxiety had poorer long-term
global functional outcomes than the other trajectory groups. In addition, compared with
the other two trajectory groups, membership in the group with sustained social anxiety was
predicted by higher levels of polygenic risk for schizophrenia and environmental stress
exposures.

Conclusions. Together, these analyses indicate differential relevance of sustained v. remitting
social anxiety symptoms in the CHR-P population, which in turn may carry implications for
differential intervention strategies.

Although comorbidity of clinical high-risk for psychosis (CHR-P) status and anxiety symp-
toms is well established (McAusland et al., 2017), the reasons for this comorbidity are not
yet clear. In cross-sectional studies, social anxiety symptoms have been found to be correlated
with more severe attenuated psychotic symptoms (McAusland et al., 2017) as well as with
poorer social functioning (Fulford et al., 2013; Kuhney et al., 2021). The fact that psychotic
symptoms tend to be episodic while social functional deficits tend to be more stable raises
the possibility that social anxiety may have different longitudinal trajectories in different sub-
sets of the CHR-P population. Such a pattern, if confirmed, could in turn have differential
implications for prediction and treatment/prevention in the subsets.

As a situational symptom, comorbid social anxiety may follow a similar course to the tra-
jectory of positive symptoms (Michail & Birchwood, 2009). Both anxiety and psychosis, espe-
cially persecutory beliefs, share similar underlying mechanisms such as an elevated threat
anticipation and perception (Michail & Birchwood, 2009). The two symptom dimensions
may feed into each other and develop (and subside) concurrently. Situational anxiety may
increase the attentional bias to threat, setting the stage for positive symptoms (Freeman &
Fowler, 2009), whereas the worsening of positive symptoms may be accompanied by distress
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in social situations, in turn exacerbating social anxiety (Chang
et al,, 2021). On the other hand, as a hallmark symptom of schizo-
typal personality disorder, social anxiety has also been conceptua-
lized as a stable trait indicative of an enduring vulnerability to
psychosis (Fonseca-Pedrero et al., 2018; Salokangas et al., 2013).
Because stable vulnerability indicators, in turn, tend to be asso-
ciated with poorer functional outcomes among those with and
at risk for psychotic disorders (Rosell, Futterman, McMaster, &
Siever, 2014), the presence of a sustained social anxiety symptoms
over time may be indicative of a distinctive subgroup of CHR-P
cases with respect to risk factors for schizophrenia spectrum dis-
orders and long-term outcomes.

Whether there are distinctive subgroups of CHR individuals
with sustained v. situational social anxiety symptoms is an open
question which cannot be answered using cross-sectional research
designs or statistical approaches. Rather, longitudinal data collec-
tion and statistical analysis methods are needed to address these
questions. The present study employed group-based multi-
trajectory modeling to discern whether different subsets of
CHR-P cases from the North American Prodrome Longitudinal
Study (NAPLS 2) (Addington et al., 2015) cohort show different
patterns of social anxiety and positive symptoms over time.
Group-based multi-trajectory modeling is a descriptive data ana-
lysis technique for ascertaining covariant patterns of change over
time on two or more phenotypic indicators simultaneously.
Although this method is sensitive to detecting subgroups with dif-
ferent symptom trajectories, determining whether such trajectory
differences are themselves meaningful from an etiological and/or
prognostic standpoint is generally considered an important add-
itional step in validation. Here we assessed two major classes of
etiologic influence (polygenic risk for schizophrenia and exposure
to environmental stressors), as well as general functioning at
2-year follow-up, to determine whether the ascertained trajectory
subgroups were distinctive from each other in these respects.

Methods
Participants

The participants were recruited as part of the NAPLS 2 study
(Addington et al., 2015) which was an eight-site consortium
study aiming to investigate predictors and mechanisms of conver-
sion to psychosis. The overall sample consisted of 764 clinical high
risk (CHR) participants (436 males, 328 females; ages 12-35) who
met the Criteria of Psychosis-Risk Syndromes (COPS) as determined
by the Structured Interview for Psychosis-Risk Syndromes (SIPS)
(McGlashan, Walsh, & Woods, 2010). Exclusion criteria included
any current or lifetime Axis I psychotic disorder (including affective
psychoses), any clinically significant developmental or neurological
disorder, and current drug or alcohol dependence.

Measures

Symptom measures

Structured Interview for Prodromal Risk Syndromes (SIPS): The
SIPS (McGlashan et al.,, 2010) was used to determine whether
an individual met criteria for a CHR-P syndrome. The Scale of
Psychosis-Risk Symptoms (SOPS), used to rate the severity of
symptoms, consists of 19 items in four symptom domains: posi-
tive, negative, general, and disorganized. The five positive items
are unusual thought content, suspiciousness, grandiosity, percep-
tual abnormalities, and disorganized communication, each rated
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on a score of 0 (none to minimal) to 6 (present and psychotic
in intensity), with ratings of 3-5 representing attenuated
(i.e. below diagnostic threshold) psychosis. The five symptom ratings
were summed to form a measure of overall positive symptom
severity, with a possible range of 0-25, and at least one item scor-
ing higher than or equal to 3 at baseline. The positive symptom
domain has a high median reliability of 0.88 across several existing
studies (Woods, Walsh, Powers, & McGlashan, 2019).

Social interaction anxiety questionnaire (SIAS): The SIAS is a
self-report questionnaire widely used to measure fears of general
social interaction. The SIAS consists of 20 items rated on a five-
point Likert scale (0-4), with total scores ranging from 0 (least
anxiety) to 80 (most anxiety) (Kupper & Denollet, 2012).
A total score of 36 has been used as an empirical threshold for
clinical significance (Peters, 2000). The SIAS has a good internal
consistency (a=0.89) and test-retest reliability (rs of 0.92)
(Fergus, Valentiner, Kim, & McGrath, 2014). The SIAS items cap-
ture the general experience of anxiety (in forms of distress and
worry) in social situations. The measure does not include a tem-
poral anchor, nor does it evaluate behavioral avoidance prompted
by the anxiety. As such, the SIAS reflects a generalized, but not
necessarily performance-related, social anxiety.

Outcome measure

Global Assessment of Functioning (GAF): As an overall measure of
an individual’s state of wellbeing, the GAF captures the psycho-
logical, social, and occupational aspects of functioning. The
GAF score ranges from 100, positive mental health to 0, severe
psychopathology and functional disability. The GAF is widely
used as a transdiagnostic and multidimensional measure for glo-
bal functional outcomes (Startup, Jackson, & Bendix, 2002). Our
use of the GAF is consistent with its original purpose as a general
measure of functioning encompassing both symptom-related dis-
tress and social/role functioning dimensions (Pedersen &
Karterud, 2012). The GAF has previously been shown to be reli-
able and valid in studies of patients with psychotic disorders, with
interrater reliability (intraclass correlations) ranging from 0.89 to
0.95 (Startup et al., 2002) and with GAF ratings correlating highly
with external measures of work and school-related problems and
symptom-related distress (Schwartz, 2007; Startup et al., 2002).
The GAF provides a reliable and valid global outcome metric
that is quantitative rather than qualitative (diagnostic) in nature,
encompassing a full range of outcomes related to psychiatric
illnesses.

Predictor measures

To generate a holistic representation of CHR individuals’ experi-
ence of environmental stress, three variables of interest were
selected reflecting stressors at different time periods in an indivi-
dual’s life (i.e. early life trauma, history of stressful life events, and
recent stressors), and a composite baseline environmental stress
score was created by taking a sum of the three standardized scores
from these three measures, as detailed below.

Childhood Trauma and Abuse Scale: Childhood trauma cap-
tures an individual’s experience of stressors during early develop-
mental stages (Stowkowy et al., 2016). Participants completed the
Childhood Trauma and Abuse Scale (Janssen et al., 2004), a semi-
structured interview examining experiences of physical, sexual,
and psychological abuse, and emotional neglect, occurring prior
to age 16 (Addington et al., 2013). Each form of trauma was
scored with a binary variable as absent/present, and a total
score generated from the sum.
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Psychiatric Epidemiology Research Interview Life Events Scale
(LES): Representing the general exposure to environmental stress
through later life stages, life events were assessed by modifying the
LES to exclude events that were less relevant to youth (e.g. divorce
and financial losses) (Dohrenwend, Krasnoff, Askenasy, &
Dohrenwend, 1978; Trotman et al., 2014). The modified version
of the LES included 59 items pertaining to significant events or
life changes that could conceivably be experienced at any of the
ages included in the study sample. Interviewers recorded how
often each of the 59 events had occurred in the participant’s life-
time and the associated level of distress (scored on a seven-point
scale: 1 ‘occurred but was not stressful’ to 7 ‘caused me to panic’).
Sum of distress was calculated by taking a sum of the amount of
distress reported across various life events.

Daily Stress Inventory (DSI): Daily stressor score provides a
momentary assessment of the ongoing distress experienced by
an individual. The DSI is a 58-item measure of common daily
hassles occurring within the past 24h (Brantley, Waggoner,
Jones, & Rappaport, 1987). Examples of such items include
being ‘interrupted during task/activity’ and ‘criticized or verbally
attacked’. Participants indicated if the event occurred and rated
the amount of distress associated with each endorsed daily hassle
on the same seven-point Likert scale, with the total score repre-
senting the sum of the stress ratings, as described above.

Polygenic Risk Score (PRS): Rutgers University’'s RUCDR
Repository and the University of North Carolina’s Genomics
Core sent DNA extracted from blood to the Broad Institute for
analysis with the Illumina PsychArray, version 2, following stand-
ard protocols (Perkins et al., 2020). Analysis of raw data followed
the RICOPILI (Rapid Imputation and Computational Pipeline for
Genome-Wide Association Studies) pipeline (Lam et al., 2020).
Imputation used IMPUTE2 and the 1000 Genomes Project
phase 1 reference panel. The Broad Institute provided both hard-
call data and raw dosage data for further analyses. Further quality
control included determination of cryptic relatedness with the
KING software package (Manichaikul et al., 2010). We calculated
the PRS from the schizophrenia GWAS results from the
Psychiatric Genomics Consortium (PGC) (Schizophrenia
Working Group of the Psychiatric Genomics, 2014). Based on
the raw summary statistics, the PGC provides a list of linkage-
disequilibrium pruned SNP association statistics (https:/www.
med.unc.edu/pgc/). The PRS is a sum of the number of reference
alleles weighted by the natural logarithm of the published odds
ratio. We included imputed SNPs with INFO score >0.8 and a
reported p value <0.05 (Schizophrenia Working Group of the
Psychiatric Genomics, 2014). The PRS was the residual from
the linear regression model of the first 10 principal components
projected to the 1000 Genomes Project cohort for
non-Europeans and the residual from the linear regression
model of the within-European first 10 principal components for
Europeans. Further details about the PRS extraction procedure
and scoring methods can be found in Perkins et al. (2020).

Procedures

The NAPLS-2 study was approved by the Institutional Review
Boards of all eight participating sites. Informed consent was
obtained from those who met the criteria and voluntarily enrolled.
Parental consent was obtained from parents/guardians of minors.
Participants were assigned to an experienced research clinician
as the rater for the SIPS. All raters demonstrated competency
on the gold standard post-training agreement that determines a
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psychosis-risk diagnosis (x> 0.90) (Addington et al, 2017).
Following the initial assessment phase, follow-up assessments
were done every 6 months for clinical interviews and symptom
measures for up to 2 years (see online Supplementary
Table S1). With an attrition rate comparable to other studies of
CHR-P samples (Osborne & Mittal, 2019), this study observed
that those who were evaluated at 6-, 12-, and 18-month follow-up
had significantly less severe positive symptoms at baseline than
those who were lost to follow-up (Table 1). While the differential
attrition limits the external validity for evaluating symptoms at
these timepoints, there were no statistically significant differences
in demographic variables and baseline symptom scores between
those who were evaluated at 24-month v. those lost to follow-up.
Thus, differential attrition does not appear likely to explain or
limit the generalizability of our findings related to global func-
tional outcomes at 24-month follow-up, at which point the demo-
graphic variables and baseline scores of study variables matched
between those who were followed v. lost to follow-up. In addition,
while the differential attrition may have biasing effects on the ana-
lyses, it is important to note that a primary reason of the dropouts,
especially at these early follow-up timepoints, is conversion to
psychosis, an outcome preordained by the CHR-P sample.

Statistical analysis

Discovery of social anxiety and positive symptoms
multi-trajectory groups

Analyses were conducted in STATA, version 17, using the TRAJ
procedure (Jones & Nagin, 2013). We used group-based multi-
trajectory modeling, a form of latent growth class analysis, to
identify common trajectories of positive symptoms and social
anxiety in the NAPLS-2 cohort. This method is used to approxi-
mate the true distribution of trajectories by discovering subgroups
of individuals who follow similar patterns of change across time
on multiple variables (Allswede et al., 2019). Specifically, models
simultaneously considered scores for positive symptom severity
and social anxiety at each visit when constructing models and
assigning group membership. Model comparison began with
the estimation of one class and increased in the number of classes
until model fit indices did not meet recommended thresholds or
identify theoretically meaningful trajectories. Following standard
guidelines for this approach, we examined the following fit indi-
ces: lower absolute value Bayesian information criteria and log
likelihood relative to the previous model, posterior probability
of assignment to groups >0.7, group size >5%, and odds of correct
classification >5.

Outcomes and predictors for group memberships
Our hypotheses focused principally on whether continuity v.
recovery in co-morbid social anxiety symptoms among CHR-P
individuals represents a meaningful distinction with respect to
long-term global outcome and risk factors for schizophrenia spec-
trum disorders. Global functioning ability was used for validating
differences in outcome across the derived trajectory groups. GAF
score at 24 months following the baseline assessment was com-
pared across groups with different symptom trajectories over
five assessment points (i.e. baseline, 6, 12, 18, and 24 months).
Logistic regression analysis was used to investigate potential
differences in etiologic predictors according to ascertained trajec-
tory group, treating environmental stress composite score, PRS,
and the interaction of the two as predictors. A binary outcome
variable was used as the dependent variable, coded as either
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Table 1. Baseline characteristics for respondents and drop-outs at 6-, 12-, 18-, and 24-month follow-up

6-month 12-month
Respondents Lost to follow-up Respondents Lost to follow-up
n=511 n=253 Test statistic n=413 n=351 Test statistic
Frequency (%) r Frequency (%) 1
Sex (female) 215 (42.1) 113 (44.7) 0.46 172 (41.6) 156 (44.4) 0.61
Mean (s.0.) t Mean (s.0.) t
Age (years) 18.45 (4.32) 18.61 (4.05) —-0.52 18.66 (4.34) 18.32 (4.10) 1.13
Baseline positive symptoms 11.64 (3.85) 12.47 (3.69) —-2.85* 11.61 (3.90) 12.25 (3.70) —2.35*
Baseline anxiety symptoms 30.85 (17.45) 30.68 (17.35) 0.11 31.47 (17.44) 29.90 (17.34) 1.17
18-month 24-month
Respondents Lost to follow-up Respondents Lost to follow-up
n=275 n=489 Test statistic n=279 n =485 Test statistic
Frequency (%) x> Frequency (%) x>
Sex (female) 122 (44.4) 206 (42.1) 0.36 124 (44.4) 204 (42.1) 0.41
Mean (s.0.) t Mean (s.0.) t
Age (years) 18.43 (4.39) 18.54 (4.15) -0.37 18.77 (4.36) 18.35 (4.15) 1.34
Baseline positive symptoms 11.54 (3.90) 12.12 (3.76) -2.01* 11.69 (4.11) 12.04 (3.64) -1.20
Baseline anxiety symptoms 31.68 (17.51) 30.25 (17.34) 1.05 32.00 (17.35) 30.05 (17.42) 1.44

being allocated in the trajectory group with consistently high
levels of social anxiety or not. These analyses were performed
using SPSS software version 26.0.

Results

We selected the three-group trajectory model because the groups
appeared theoretically meaningful and the criteria for parameters
assessing model fitness were met, indicating that the groups were
stable and distinct from one another. Figure 1 displays the trajec-
tories in positive symptoms and social anxiety of each group
across time, with cut-off lines indicating moderate to high severity
thresholds. The three groups corresponded to individuals who
exhibited consistently low levels of social anxiety and moderate
(group 1, 38.8%) to large improvements in positive symptoms
(group 2, 33.3%); and individuals who exhibited high levels of
social anxiety severity despite moderate recovery in positive symp-
toms (group 3, 27.8%). In addition, while all three groups
observed a moderate to large reduction of positive symptoms
(see online Supplementary Table S2), only group 3 showed con-
tinuity of social anxiety, with levels remaining above the cut-off
for high severity at the final follow-up (SIAS score = 36; see online
Supplementary Table S3).

The three derived trajectory groups (see online Supplementary
Table S4) did not differ significantly by race or mean parental
education levels (see Table 2). The groups differed significantly
on age, with group 3 exhibiting the highest mean age (19.2), followed
by group 2 (18.6) and group 1 (17.9) (F=5.55, df =2, p=0.004).
Group 3 also had the highest representation of females (54.0%),
followed by group 2 (42.0%) and group 1 (36.2%) (x*=15.42,
df=2, p<0.001).

In terms of global functional outcomes, individuals in group 3
exhibited significantly lower levels of global functioning ability at
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24-months (F=6.16, df =2, p = 0.002; see Table 2). In examining
the baseline predictors of group 3 membership (i.e. individuals
with consistently high levels of social anxiety despite moderate
improvement in positive symptoms; see online Supplementary
Table S5) v. the other two groups (1 and 2) collapsed together,
logistic regression models showed significant main effects of
both genetic risk and environmental stress on predicting member-
ship in the trajectory group showing a consistently high level of
social anxiety over time (see Table 3a). However, no significant
interaction was found between the PRS and environmental stress.
The main effects remained significant after controlling for sex
(see Table 3b) and age (see Table 3c) respectively.

The percentage of participants who converted to psychosis
during the study period (i.e. 24 months following the baseline
assessment) did not differ significantly between group 3 (13.6%)
and the other two groups (13.5%) (Xz <0.01, df=1, p=0.967).
In other words, while the converters were included in the trajec-
tory analysis, the status of conversion to psychosis did not influ-
ence the forming of trajectory subgroups. Indeed, among those
who converted to psychosis, the majority converted (and were
dropped out of the analysis) before the 6-month (56.3%) or
12-month (82.5%) follow-up timepoint. Given that most of the
data were not captured at follow-up assessments, the converters
primarily influenced the analysis as an intercept at baseline, but
did not contribute as much to the calculation of slopes.

Discussion

This study identified a distinctive subgroup of CHR-P cases who
maintained high levels of social anxiety over 2 years, despite mod-
erate recovery in positive symptom severity. The presence of this
group was determined using a discovery-oriented technique sen-
sitive to detecting covariant patterns of change over time on
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Fig. 1. Group-based trajectory modeling for positive symptoms and social anxiety changes. Notes. BL=baseline, 6/12/18/24m =6/12/18/24-month follow-up.
Ng1 =290 (38.8%), N, =276 (33.3%), Nes =198 (27.8%). Cut-off lines indicate moderate-to-severe symptom thresholds.

Table 2. Baseline characteristics and outcome at 24 months across three trajectory groups

Group 1 Group 2 Group 3
n=290 n=276 n=198 Test statistic x>
Frequency (%)
Sex (%female) 105 (36.2) 116 (42.0) 107 (54.0) 15.417***
Race (%Caucasian) 174 (60.2) 150 (54.3) 113 (57.1) 1.985
Mean (s.n.) F

Age (years) 17.94 (3.97) 18.58 (4.33) 19.22 (4.37) 5.55%*
Parental education level 6.38 (1.44) 6.26 (1.42) 6.24 (1.45) 0.66
24-month global functioning 61.11 (13.19) 60.24 (15.42) 54.82 (12.87) 6.16™*

**p <0.01; ***p <0.001.

multiple indicators (in this case, positive symptoms and social
anxiety) simultaneously. Further evidence of the meaningful dis-
tinction between this trajectory and the others observed came
from analyses comparing the trajectory groups on long-term out-
comes and risk factors for schizophrenia spectrum disorders.
Membership in the group in whom social anxiety symptoms
remained in the severe range over time was predicted by higher
levels of polygenic risk for schizophrenia and environmental
stress and was associated with poorer global long-term outcome
(i.e. GAF). Taken together, the validation analyses showing differ-
ences in etiological influences and functional outcomes confirm
the importance of identifying a CHR-P subgroup with stable pat-
terns of social anxiety symptoms over time.

Environmental risk in this study was characterized by stressors
an individual may be exposed to during different time periods of
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their life. Prior work has shown that both early life trauma and
subsequent adverse life events are associated with the develop-
ment of psychotic illnesses (Mayo et al., 2017). Prior work further
suggested that stressors at different life stages may synergize with
one another, leading to poor prognosis and functional outcomes.
According to the stress-sensitization model (Harkness, Hayden, &
Lopez-Duran, 2015), biological vulnerability may increase the
likelihood of an individual experiencing psychiatric symptoms
following early life stressors such as childhood trauma. At the
early stage of psychopathology, vulnerability further increases,
rendering an individual more susceptible to subsequent major
stressors such adverse life events (Pruessner, Cullen, Aas, &
Walker, 2017). Eventually, stress exposure may lead to greater dif-
ficulty coping with daily life stressors in the CHR-P population
(Trotman et al., 2014). The composite score created in this
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Table 3. Binary logistic regression analysis for variables predicting group
3 membership (consistently high levels of social anxiety over 2 years)

(a) Regression model predicting group 3 (high social anxiety) membership
without covariates

Predictors B S.E. p value OR
Environmental stress (E) 0.23 0.06 <0.001 1.26
Genetic risk (G) 0.06 0.03 0.038 1.06
G x E interaction 0.01 0.01 0.366 1.01

(b) Regression model predicting group 3 (high social anxiety) membership
controlling for sex

Predictors B S.E. p value OR
Environmental stress (E) 0.20 0.06 <0.001 1.23
Genetic risk (G) 0.06 0.03 0.027 1.06
G x E interaction 0.01 0.01 0.377 1.01
Sex 0.49 0.23 0.028 1.64

(c) Regression model predicting group 3 (high social anxiety) membership
controlling for age

Predictors B S.E. p value OR
Environmental stress (E) 0.21 0.06 <0.001 1.23
Genetic risk (G) 0.06 0.03 0.037 1.06
G x E interaction 0.01 0.01 0.298 1.01
Age 0.03 0.03 0.175 1.04

Model Statistics: %2 =25.68***, ¥ =30.51***, y2=27.50***. ***p <0.001.

study encapsulates a broad range of life stressors that are relevant
to the symptom development and functional outcomes, providing
a novel and succinct way of characterizing environmental risk fac-
tors for the CHR-P individuals.

Membership in the trajectory group that displayed continuing
high levels of social anxiety was also predicted by higher PRSs for
schizophrenia. This pattern is consistent with prior work showing
social anxiety as a behavioral feature elevated among individuals
at genetic risk for schizophrenia [such as adoptees with parents
with schizophrenia (Kety, 1988)] and with the inclusion of social
anxiety in the diagnostic criteria for schizotypal personality dis-
order, which is part of the inherited spectrum of disorders asso-
ciated with schizophrenia (Ettinger, Meyhofer, Steffens, Wagner,
& Koutsouleris, 2014). In CHR-P individuals, variation in poly-
genic risk, although predictive of psychosis conversion on its
own, does not contribute uniquely to conversion risk over and
above other clinical, cognitive, and demographic predictors
(Perkins et al., 2020).

While both genetic risk and environmental stress were found
to independently predict stable patterns of co-occurring social
anxiety over time, no significant interactions were observed
between these two factors of etiological influence. This pattern
is in line with existing literature that has found no interaction
between familial risk (i.e. parental psychotic psychopathology)
and trauma in contributing the development and persistence of
subclinical psychosis (Wigman et al., 2012). This is further sup-
ported by recent work suggesting that trauma history may con-
tribute to psychosis in adulthood independent of genetic
vulnerability (Bernardo et al., 2017; Fusar-Poli et al, 2017;
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Husted, Ahmed, Chow, Brzustowicz, & Bassett, 2010). Taken
together, our findings recapitulate the importance of teaching
adaptive coping strategies as a treatment option in reducing envir-
onmental stress and alleviating adverse outcomes (Armando et al.,
2018).

While cross-sectional research has linked elevated social anx-
iety with poor functional outcomes in the CHR-P individuals
(Kuhney et al., 2021), this study is the first in detecting a unique
subgroup with sustained social anxiety over time that implicates
impaired global functioning regardless of the positive symptom
recovery. Group-based multi-trajectory modeling allows for a hol-
istic representation of the concurrent clinical course between posi-
tive symptoms and social anxiety. Our research adds to the
cross-sectional findings that are limited to CHR individuals
with persistent or progressive symptoms (Kuhney et al., 2021).
The unique signature of sustained social anxiety agrees with
prior research on the association between depressive symptom
recovery and global functioning improvement in the CHR indivi-
duals (Deng et al., 2021), highlighting the importance of consid-
ering co-occurring affective symptoms in managing functioning
deficits. In particular, social anxiety, even with remitting positive
symptoms, remains a crucial intervention target essential to func-
tional improvement. In addition, the differentiation between situ-
ational anxiety and persistent or sustained social anxiety that
resembles schizotypal personality traits provides important treat-
ment implications. While psychosocial interventions (e.g. cogni-
tive behavioral therapy) may be sufficient in treating social
anxiety of an episodic nature, more extensive treatments (such
as metacognitive therapy designed to increase an individual’s
level of insight) are potentially beneficial to better address sus-
tained anxiety in the CHR-P population.

The group-based multi-trajectory analysis not only yielded a
distinct subgroup of CHR-P individuals characterized by sus-
tained social anxiety, but also captured two groups with trajector-
ies implying remission of anxiety (below the clinical threshold).
While these two groups did not differ on social anxiety trajectory,
they showed differential rates of positive symptom recovery (with
group 1 showing a gradual decline and group 2 seeing a sharp
decrease in positive symptoms). However, these two groups did
not differ on global functional outcomes at 24 months, and
showed no differential relations to either genetic or environmental
risk factors. That the two groups did not differ from each other in
outcome or etiologic variables could imply that they do not mean-
ingfully separate into different clusters (i.e. the trajectory differ-
ences in degree of positive symptom recovery could be
incidental). While it has been theorized that situational anxiety
is likely to covary with positive symptoms, as the two symptom
dimensions share underlying mechanisms such as an elevated
attention to threat, this hypothesis was only partially supported
by the findings. Between the two groups with remitting anxiety
trajectories, positive symptoms decreased by varying degrees des-
pite the similar amount of decline in social anxiety. This high-
lights that positive symptom severity can still remain at a
moderate level without anxiety being present. Further work is
required to better understand the covarying symptoms in the
CHR-P population, especially if positive symptoms are driving
the social anxiety, or vice versa.

There are a few notable limitations. While the PRS provides an
approximate representation of the degree of genetic risk for
schizophrenia among the CHR-P population, the interaction
between genetic and environmental risks may be better captured
by examining specific genetic polymorphisms instead of the
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combined PRS. Therefore, the ability to rule out the joint effects
of genetic and environmental risk factors is limited in the current
study. Further, given that the conversion to psychosis occurred
most frequently in the first 8 months after baseline, contributing
to the sharp decline in symptoms from baseline to 6-month
follow-up, the current study design (with follow-up assessments
every 6 months) may be too coarse to capture the differential
non-decline of positive symptoms manifested among the conver-
ters. Future research may benefit from a more fine-grained meas-
urement of symptom trajectories by adding more frequent
follow-up assessments and considering experience sampling
methods, especially at the early stage of risk syndrome develop-
ment. In addition, while the GAF provides a holistic representa-
tion of global functional outcomes encompassing both
symptom distress and functioning levels, it is influenced by symp-
tom severity (such as social anxiety), therefore limiting its utility
solely as a functional outcome measure. Future research may con-
tinue to expand this line of work by considering social function-
ing and symptom distress as separate outcome variables.

To conclude, the present study identified a distinctive CHR-P
subgroup with stable patterns of social anxiety symptoms over
time. This subgroup with sustained social anxiety was associated
with genetic and environmental risk factors for schizophrenia as
well as poorer global long-term outcome, regardless of the posi-
tive symptom recovery. These findings highlight the importance
of considering co-occurred social anxiety in early interventions
for psychosis.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/S0033291722000277.
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