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Abstract

The present study extends previous cross-sectional findings by examining the predictive
validity of positive and negative schizotypy in a young adult sample at a three-year follow-
up. Schizotypy and schizophrenia share a comparable multidimensional structure with posi-
tive and negative dimensions being the most strongly supported factors. Previous cross-
sectional and longitudinal studies employing the psychometric high-risk strategy indicated
that schizotypy is a useful method for identifying risk and resilience factors for the develop-
ment of schizophrenia-spectrum psychopathology. In the present study, 103 participants
(77% of 134 candidate participants) were reassessed at a three-year follow-up. As hypothe-
sized, positive schizotypy predicted psychotic-like symptoms, depression, low self-esteem,
and general psychopathology. Negative schizotypy predicted emotional disturbances,
schizoid personality traits, and mental health treatment during the past year. As expected,
both schizotypy dimensions predicted schizotypal, paranoid, and avoidant personality traits,
and impaired functioning. These longitudinal findings provide additional evidence supporting
the multidimensional model of schizotypy as a valid framework for studying etiological
mechanisms and trajectories of psychosis.

Introduction

Schizotypy is operationalized as a continuum of subclinical and clinical symptoms, and
impairment that in the extreme is manifested as schizophrenia-spectrum disorders [1, 2]. This
construct emerged from two different traditions: clinical psychopathology and individual
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differences [1, 3]. The former observed that there were mild forms of schizophrenia-like fea-
tures in relatives of affected persons and ambulatory patients, which led to the conceptualiza-
tion of schizotypy as a soft version of schizophrenia psychopathology. From this viewpoint,
schizotypy is represented as personality pathology positioned at the beginning of the disease
process, and dimensionality is thought to exist as a degree of clinical severity. From the person-
ality tradition, schizotypy is conceived as both variation in healthy personality and as a risk fac-
tor for psychosis.

Schizotypy offers a unifying framework that encompasses subclinical expressions, the psy-
chosis prodrome, schizophrenia-spectrum personality disorders, and psychotic disorders.
Recent conceptualizations consider schizotypy as a distal risk marker for the identification of
individuals at risk for schizophrenia, as well as a developmental mediator along the risk trajec-
tory of schizophrenia-spectrum disorders [4]. From this perspective, schizotypy allows us to
advance our understanding of etiological factors (including risk and protective factors) for
schizophrenia and spectrum disorders without the confounds related to such illnesses [5, 6].

Schizotypy, like schizophrenia, is heterogeneous in terms of etiology and expression, and
this heterogeneity can be captured by a multidimensional structure, with positive and negative
schizotypy being the most widely replicated factors [2, 7-9]. Positive schizotypy is character-
ized by odd beliefs, unusual perceptual experiences, and suspiciousness, whereas negative schi-
zotypy involves diminished functioning such as anhedonia, affective flattening, and social
disinterest. Overall, positive and negative schizotypy dimensions demonstrate solid construct,
concurrent, and predictive validity in psychometric high-risk studies [10-12], cross-sectional
interview and questionnaire studies (e.g., [13-17]), and in daily life studies using experience
sampling methodology (ESM) [18-20]. These studies indicate that positive and negative schi-
zotypy present certain commonalities and that are also differentially associated with psychopa-
thology, personality, and impairment. Cross-sectional interview studies [13, 15, 17] have
commonly reported that positive schizotypy is associated with positive (psychotic-like) symp-
toms, mood disorders, and substance abuse, whereas negative schizotypy is associated with
negative and schizoid symptoms. Furthermore, both positive and negative schizotypy are asso-
ciated with schizotypal and paranoid symptoms, and with impairment in general and social
functioning. Additionally, studies conducted in the domain of daily-life with ESM expand and
add ecological validity to the above mentioned findings. This work has demonstrated that pos-
itive schizotypy is associated with increased stress reactivity and negative affect in the moment,
as well as with psychotic-like experiences and suspiciousness, whereas negative schizotypy is
associated with diminished social contact in daily-life and emotional reactivity, as well as with
negative symptoms and decreased positive affect in the moment [18-20]. Specifically, Kwapil
et al. [18] reported that both schizotypy dimensions were associated with the desire for solitude
when with others. However, in individuals high on positive schizotypy the preference for soli-
tude was moderated by anxiety symptoms, whereas in individuals high on negative schizotypy
the association was moderated by decreased positive affect. Barrantes-Vidal et al. [19] showed
that stress in the moment was associated with experiencing psychotic-like and paranoid symp-
toms and also predicted psychotic-like symptoms at the subsequent moment, but only for indi-
viduals with high positive, but not negative, schizotypy.

Debbané and colleagues [21] identified only six longitudinal studies investigating schizo-
typy in general population samples (and three of those studies drew from the same sample).
These studies indicated that schizotypy dimensions are differently associated with the develop-
ment of schizophrenia-spectrum symptoms and disorders, and reinforce the validity of schizo-
typy as a useful multidimensional construct for identifying individuals at-risk. The classic
study of Chapman et al. [22] examined 534 college students identified by the Wisconsin Schi-
zotypy Scales (WSS), including the Perceptual Aberration (PerAb) [23], Magical Ideation
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(Magicld) [24], and the Physical Anhedonia (PhyAnh) [25] scales. They successfully reinter-
viewed 508 subjects at a ten-year reassessment, reporting that participants identified by the
PerAb and MagicId Scales (measures of positive schizotypy) had elevated rates of psychotic
disorders and schizophrenia-spectrum symptoms at the follow-up. Using the Chapmans’ lon-
gitudinal data, Kwapil [26] reported that high scores on the Revised Social Anhedonia Scale
(SocAnh) [27] had elevated rates of schizophrenia-spectrum disorders and symptoms at the
ten-year follow-up. In a further reanalysis of the Chapman et al. [22] data, Kwapil et al. [11]
computed dimensional positive and negative schizotypy scores based on the WSS. Positive
schizotypy predicted the development of psychotic disorders, whereas both positive and nega-
tive schizotypy predicted schizophrenia-spectrum disorders. Gooding et al. [28] conducted an
independent psychometric high-risk study with a five-year follow-up period of participants
identified by the PerAb, Magicld, and SocAnh Scales. They reported that the SocAnh group
had elevated rates of schizophrenia-spectrum disorder diagnoses compared to both the PerAb/
Magicld and control groups. However, in contrast to Chapman et al. [22] findings, none of the
participants met diagnostic criteria for a psychotic disorder at follow-up. Gooding and col-
leagues [28] argued that this discrepancy probably reflect the differences of the proportion of
lifetime risk for psychosis covered by their 5-year follow-up compared to the Chapman’s
10-year follow-up. However, consistent with Kwapil [26], they indicated that SocAnh identi-
fied individuals at specific high risk for the development of schizophrenia-spectrum disorders.

In 2011, Barrantes-Vidal and colleagues (e.g., [15]) began a new longitudinal study of col-
lege students assessed for positive and negative schizotypy. Consistent with previous studies,
their initial interview assessment (completed 1.7 years after the schizotypy screenings) sup-
ported the construct validity of both schizotypy dimensions. Positive and negative schizotypy
dimensions were associated with schizotypal and avoidant personality traits, suspiciousness,
and impaired functioning. Negative schizotypy was associated with negative symptoms and
schizoid personality. Positive schizotypy was associated with psychotic-like experiences, nega-
tive affect, and borderline and paranoid personality traits. In addition, both dimensions dem-
onstrated differential associations with cognitive schemas. Positive schizotypy was associated
with elevated negative interpersonal schemas, whereas negative schizotypy was associated with
diminished positive views of self and others.

The extant cross-sectional and longitudinal findings are striking in that nonclinically ascer-
tained participants demonstrate comparable patterns of symptoms and impairment (albeit at a
milder level) as patients with schizophrenia-spectrum disorders. Furthermore, nonclinically
ascertained young adults who endorse schizotypic traits are at elevated risk for the develop-
ment of schizophrenia-spectrum symptoms and disorders. However, such longitudinal studies
are rare, and only one [11] examined the predictive validity of psychometrically identified pos-
itive and negative schizotypy dimensions. The present work employs a prospective framework
to study the expression of positive and negative schizotypy in a young, general population sam-
ple and assesses the construct validity of multidimensional schizotypy as an indicator of
schizophrenia-spectrum psychopathology.

Goals and hypotheses

The present study further examined the validity of psychometrically assessed positive and neg-
ative schizotypy in a nonclinically ascertained sample of young adults at a three-year follow-up
assessment (Time 3; T3) of the sample initially reported by Barrantes-Vidal et al. [15]. The first
goal of this study was to extend our previous findings by examining, in a longitudinal frame-
work, whether baseline (Time 1; T1) positive and negative schizotypy ratings differentially pre-
dicted symptoms and functioning at the three-year reassessment. It was hypothesized that
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both positive and negative schizotypy dimensions would be associated with schizotypal, para-
noid, and avoidant personality traits, and impaired functioning, but that positive schizotypy
would be specifically associated with positive (psychotic-like) symptoms, depression, and low
self-esteem, whereas negative schizotypy would specifically predict negative symptoms, schiz-
oid personality traits, and emotional blunting. Secondly, we examined whether reports at the
Time 2 (T2) interview assessment (1.7 years after T1 and 1.4 years before the current T3 assess-
ment) of symptoms and impairment predicted the same constructs assessed at T3. It was
expected that in general T2 measurements would be predictive of the T3 scores, with symptom
measures showing lower stability than trait measures. Finally, we examined whether positive
and negative schizotypy assessed at T1 predicted the associations of these constructs (i.e., tem-
poral stability or maintenance of symptoms from T2 to T3). We expected that high levels of
baseline schizotypy would predict maintenance of symptoms from T2 to T3, whereas low levels
of baseline schizotypy would predict low stability.

Method

The method employed to select participants is available as supporting information; see Proto-
col of the Psychometric High-Risk Strategy Project for Examining Risk and Resilience Trajec-
tories across the Psychosis Continuum dx.doi.org/10.17504/protocols.io.ubieske

Participants and procedure

The present assessment is part of an ongoing longitudinal study examining risk for schizo-
phrenia-spectrum psychopathology. Participants were initially screened and recruited from
psychology courses at Universitat Autonoma de Barcelona. As described in Barrantes-Vidal
etal. [15], a total of 589 unselected students completed self-report questionnaires at T1, with
usable screening data obtained from 547 participants (mean age = 20.6; SD = 4.1; 86% female).
In order to have continuous distributions of scores on the schizotypy dimensions with an ade-
quate representation of high scorers, we invited all 189 participants who had standard scores
based upon sample norms of at least 1.0 on the positive or negative schizotypy factors from the
WSS, the suspiciousness subscale of the Schizotypal Personality Questionnaire (SPQ) [29], or
the positive symptom subscale of the Community Assessment of Psychic Experiences (CAPE)
[30], and 150 randomly selected participants who had standard scores < 1.0 on each of these
measures to participate at T2. Participants were assigned positive and negative schizotypy fac-
tor scores based upon norms from 6137 American young adults [17]. Note that Kwapil et al.
[31] demonstrated that the positive and negative schizotypy factor structure underlying the
scales was invariant in Spanish and American samples. The Spanish adaptation of the WSS
used [32] has shown good reliability in college samples as well as external validity (e.g., [33]).
Furthermore, the norm-based factor scores correlated .99 with factor scores generated from a
principal components analysis with the Spanish sample of 547 participants.

At T2, 214 participants (mean age = 21.4 years; SD = 2.4; 78% female), completed the
assessment (described in Barrantes-Vidal et al. [15]). The sample included 123 participants
with at least one schizotypy screening score above 1.0 and 91 with standard scores below 1.0.
The mean interval between T1 and T2 assessments was 1.7 years (SD = 0.2 years, range 1.4 to
2.2 years).

Due to funding limitations, we selected a sub-sample of the T2 participants that retained a
similar distribution of schizotypy scores for assessment at T3. We recruited 134 participants
(93 with high schizotypy and 41 with standard scores below 1.0). Of these, 103 (77%) partici-
pants (mean age = 23.06; SD = 2.6; 37.9% male) were reassessed, 75 of 93 (82%) participants
with elevated schizotypy scores and 28 of 43 (65%) with standard scores below 1.0. There were
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no significant differences on positive or negative schizotypy scores between the participants
assessed at T3 and the non-followed participants. The mean interval between T2 and T3 assess-
ments was 1.4 years (SD = 0.3 years, range 0.9 to 2.1 years) and between T1 and T3 assessments
was 3.1 years (SD = 0.3 years, range 2.6 to 3.6 years). At each assessment, participants provided
informed consent and ethical approval was granted by the Ethics Committee of the Universitat
Autonoma de Barcelona (Comissié d’Etica en I'Experimentacio Animal i Humana (CEEAH);
number 701H-JS; http://www.recerca.uab.es/ceeah/).

Materials

Time 1 self-report measures. All 547 participants at T1 were administered the WSS inter-
mixed with an infrequency scale [34] and the CAPE and SPQ-suspiciousness scale. The Wis-
consin Schizotypy Scales were used to assess positive and negative schizotypy traits. The
Perceptual Aberration Scale [23] assesses psychotic-like bodily distortions and perceptual
experiences; the Magical Ideation Scale [24] taps belief in invalid causation; the Revised Social
Anhedonia Scale [27] measures schizoid asociality; and the Physical Anhedonia Scale [25]
assesses deficits in sensory and esthetic pleasure. The CAPE [30] assesses positive, negative,
and depressive dimensions of the psychosis spectrum. The positive dimension scale contains
20 items and was used in this study to assess psychotic-like experiences. The SPQ [29] is a mea-
sure of schizotypal personality traits as defined in the Diagnostic and Statistical Manual of
Mental Disorders [35]. The 8-item Suspiciousness subscale was used to assess suspiciousness/
paranoid ideation.

Time 2 and Time 3 self-report and interview measures and procedures. Participants at
the T2 and T3 assessments were administered questionnaires and diagnostic interviews (along
with measures not reported in this study). The interviews were conducted by psychologists
and advanced graduate students in clinical psychology. All interviewers were extensively
trained and were unaware of participants’ scores on the T1 and T2 measures.

Participants completed the Rosenberg Self-Esteem Scale [36]. The Comprehensive Assess-
ment of At-Risk Mental States (CAARMS) [37] is a structured interview that assesses the psy-
chosis prodrome and is used to assess psychotic-like symptoms in nonpatients. Severity scores
for seven CAARMS subscales were used. Interview information collected in the CAARMS was
used to rate the Structured Interview for Prodromal Symptoms (SIPS) and the Scale of Prodro-
mal Symptoms (SOPS) [38] positive, negative, disorganized, general and total symptom
dimensions. The Structured Clinical Interview for DSM-IV Axis II Disorders [39] was used to
assess schizophrenia-spectrum personality disorders and obtain dimensional ratings for para-
noid, schizoid, schizotypal and avoidant personality disorders. Functioning was rated using
the Social and Occupational Functioning Assessment Scale [40] and the Global Assessment of
Functioning [41]. Depressive symptoms were assessed with the Calgary Depression Scale [42]
and the Beck Depression Inventory-II [43].

Results

Descriptive statistics

The mean for positive schizotypy assessed at T1 was —.05 (SD = 1.07, range = —1.45 to 3.23),
and for negative schizotypy was .20 (SD = 1.17, range = —1.57 to 4.27). Both dimensions were
unimodal and positively skewed. The schizotypy dimensions were not correlated (r = .03). In
addition, the mean for CAPE positive symptoms dimension assessed at T1 was 9.46

(SD = 5.31, range = 0 to 23), and for SPQ suspiciousness subscale was 3.48 (SD = 2.29,

range = 0 to 8). Table 1 provides descriptive data for the measures used in the study.
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Table 1. Descriptive statistics for quantitative dependent measures of symptoms, impairment, and personality.

Measure

CAARMS positive symptoms
CAARMS negative symptoms
CAARMS cognitive symptoms
CAARMS emotional disturbance
CAARMS behavioral symptoms
CAARMS motor/physical symptoms
CAARMS general psychopathology
Schizotypal personality ratings
Schizoid personality ratings
Paranoid personality ratings
Avoidant personality ratings

Social and occupational functioning
Global assessment of functioning
Rosenberg total

Beck depression inventory

Calgary depression scale

Time 2 Time 3
Mean SD Range Alpha* Mean SD Range Alpha *
1.55 2.77 0-16 - 1.21 2.16 0-12 -
1.90 2.72 0-11 - 1.63 2.34 0-9 -
1.11 1.80 0-8 - 1.02 1.51 0-7 -
1.23 2.11 0-8 - 0.91 1.46 0-6 -
1.64 2.19 0-8 - 1.71 2.24 0-9 -
1.18 2.15 0-14 - 1.14 1.87 0-10 -
3.85 4.15 0-21 - 4.63 4.33 0-22 -
1.46 2.35 0-13 - 1.33 1.98 0-10 -
1.15 1.76 0-8 - 1.01 1.80 0-8 -
2.06 2.58 0-12 - 1.65 2.11 0-10 -
2.56 3.10 0-12 - 1.83 2.47 0-11 -
86.0 8.7 55-100 - 85.1 8.26 60-100 -
84.8 11.0 51-100 - 81.1 11.3 50-100 -
22.2 5.21 3-30 .90 229 5.28 7-30 .90
5.94 5.46 0-25 .85 6.17 6.80 0-28 .90
1.24 1.87 0-11 - 1.55 2.41 0-11 -

* Coefficient alpha reported for questionnaire measures only.

https://doi.org/10.1371/journal.pone.0207150.t001

Validity of the schizotypy dimensions

Hierarchical linear regressions were computed to examine the variance accounted for by T1
assessments of positive and negative schizotypy in measures of T3 psychopathology, personal-
ity, and functioning (Table 2). Positive and negative schizotypy dimension scores were entered
simultaneously in the regression models at the first step. In the second step, the T2 measure of
the current T3 criterion was entered as a predictor to examine the stability of these measures
across measurements. Finally, at the third step, the interaction of both schizotypy dimension
with the step 2 measure was entered in order to examine whether positive and negative schizo-
typy were associated with trait stability or maintenance of symptoms across the assessments.
The standardized regression coefficient (B), change in R, and effect size f* were reported for
each predictor in the regressions. Following Cohen [44], f* values above .15 are medium and
above .35 are large effect sizes. Given that many of the dependent variables were skewed (espe-
cially measures of psychopathology), maximum likelihood estimation and bootstrap proce-
dures (with 2 000 samples) were used.

As hypothesized, the T1 positive schizotypy dimensional score predicted positive (psy-
chotic-like) symptoms, depression, low self-esteem, and general psychopathology at T3. In
contrast, T'1 negative schizotypy predicted emotional disturbances and schizoid personality
ratings at T3. As expected, both positive and negative schizotypy predicted schizotypal, para-
noid, and avoidant personality ratings, and global functioning ratings as well as motor/physical
symptoms.

At the second step, T2 measures of symptoms and functioning generally predicted their
analogous constructs at T3 over-and-above positive and negative schizotypy. Furthermore,
psychosis-spectrum symptom measures generally exhibited lower stability across time in the
prediction of T3 analogous constructs than schizophrenia-spectrum personality measures. The
interaction of T1 positive and negative schizotypy dimensions with T2 symptom ratings were
generally unassociated with measures at T3. However, the interaction of positive schizotypy
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Table 2. Linear regressions of measures of psychosis spectrum, affective dysregulation, self-esteem and functioning.

Step 1 (df = 1,100) Step 2 (df = 1,99) Step 3 (df = 1,97)
T1 Positive schizotypy T1 Negative schizotypy Criterion T2 Interaction Pos SZ x Interaction Neg SZ x
Criterion T2 Criterion T2

Criterion T3 B AR? | f? B AR? | f? ] AR? | f? B AR ? f? B AR? f?
Psychosis Spectrum
CAARMS Positive symptoms .234* .055 .06 .149 .022 .02 .498* 227 .33 -.024 .000 .00 .096 .007 .01
CAARMS Negative symptoms .140 .020 .02 119 .014 .01 3777 121 .14 -.066 .004 .00 101 .009 .01
CAARMS Cognitive symptoms 072 .005 .01 137 .019 .02 488"~ 232 31 .016 .000 .00 .025 .001 .00
CAARMS Emotional disturbance 104 011 .01 3027 .091 .10 .210 .038 .04 -.142 .019 .02 .068 .004 .00
CAARMS Behavioral symptoms .200 .040 .04 .034 .001 .00 .218* .043 .05 -.139 .017 .02 -.067 .004 .00
CAARMS Motor/physical symptoms 277* .076 .09 2497 .062 .07 3137 .094 12 .149 .019 .03 237 .026 .04
CAARMS General psychopathology .285%" .081 .09 .067 .004 .00 538" 242 .36 -.120 .013 .02 .050 .002 .00
Schizotypal personality .240" .058 .07 273" .074 .09 624"+ 331 .62 .057 .002 .00 .092 .008 .02
Schizoid personality .086 .007 .01 .553"** .306 45 299 .067 11 -.129 .014 .02 .083 .005 .01
Paranoid personality .330"* .109 13 2197 .048 .06 594"+ 295 .54 211% .033 .06 -.109 .010 .02
Avoidant personality .294* .086 .10 2127 .045 .05 720" 418 94 .060 .003 .01 .006 .000 .00
Affective dysregulation and self-esteem
Rosenberg total -.4467** 198 .26 -.144 .021 .03 707> .360 .86 -.058 .002 .00 .031 .001 .00
Calgary depression scale .360"* 129 15 -.034 .001 .00 440"~ .180 .26 .198 .022 .03 .079 .004 .01
Beck depression inventory 238" .057 .06 .141 .020 .02 4917 192 .26 -.046 .002 .00 .103 .009 | .01
Functioning
Social and occupational functioning -.136 .018 .02 -.373** 139 17 542"+ .249 43 -.099 .009 .02 .290%* | .059 12
Global assessment of functioning 331" .110 14 -.287* .082 .10 554" .249 45 -.027 .001 -.02 133 .015 .03
“p<0.05
*p<0.01
***p<0.001.

Note 1: A series of linear regressions were computed to examine the variance accounted for by positive and negative schizotypy (T1) in predicting psychopathology,
personality and functioning at T3; maximum likelihood estimation and bootstrap procedures (with 2 000 samples) were employed.
Note 2: According to Cohen [44], f* values above .15 are medium and above .35 are large effect sizes.

https://doi.org/10.1371/journal.pone.0207150.t002

and T2 paranoid personality ratings predicted T3 paranoid personality traits, whereas negative
schizotypy and T2 social and occupational functioning interaction predicted T3 functioning.
Simple slope analyses were computed to decompose these interactions. The relationship
between T2 and T3 paranoid personality symptoms was significant at all levels of positive schi-
zotypy (Fig 1). However, the relationship strengthened as positive schizotypy increased from
low (B =0.30, p < 0.04), to moderate (B = 0.44, p < 0.001), to high levels (3 = 0.58, p < 0.001).
T2 social and occupational functioning ratings and the same construct assessed 1.4 years later
were significantly related at moderate (8 = 0.39, p < 0.001) and high (B = 0.65, p < 0.001) levels
of negative schizotypy, but not low levels (B = 0.12, p = 0.5) (Fig 2).

We also examined whether the positive x negative schizotypy interaction terms predicted
symptoms and impairment over-and-above the main effects of positive and negative schizo-
typy. The schizotypy interaction only predicted CAARMS motor/physical symptoms ( = .331,
AR® =106, f* = .14, p < .01) at T3. Simple slope analysis indicated that positive schizotypy
and CAARMS motor/physical symptoms were significantly related at moderate ( = 0.49;

p < 0.05) and high (B = 1.11; p < 0.01) levels of negative schizotypy (T1), but not at low levels
(B=-0.14; p = 0.5) (Fig 3). The lack of significant positive x negative schizotypy interactions is
consistent with Kwapil et al. [17] and Barrantes-Vidal et al. [15] who reported additive, but not
interactive, effects for positive and negative schizotypy.
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Fig 1. Relationship between T2 and T3 paranoid personality symptoms across levels of T1 positive schizotypy. Relationship between levels of T2 paranoid
personality symptoms and T3 paranoid personality symptoms at three levels of T1 positive schizotypy (low, medium, high) as indicated by simple slope analysis.

https://doi.org/10.1371/journal.pone.0207150.g001

We examined the extent to which the schizotypy dimensions predicted prodromal symp-
tom dimensions using SIPS/SOPS ratings at T3 (Table 3). As expected, positive and general
prodromal symptoms were predicted by positive schizotypy, whereas negative schizotypy pre-
dicted negative prodromal symptoms. Both dimensions predicted total prodromal symptoms.

Binary logistic regressions were computed to assess the prediction of diagnostic criteria by
the schizotypy dimensions. Seven participants assessed at T3 qualified for personality disorder

PLOS ONE | https://doi.org/10.1371/journal.pone.0207150 November 8,2018 8/18


https://doi.org/10.1371/journal.pone.0207150.g001
https://doi.org/10.1371/journal.pone.0207150

o @
@ : PLOS | ONE Longitudinal trajectories of schizotypy dimensions in a nonclinical sample

Time 1
Negative
Schizotypy
90,004 —Low
— Average

—High
=)
=
[
2
1]
e
-
('

s 85,00
o
®
-1
=]
@
@
o
-
c
®
=
'S
=)
n
o~
) 80,00-‘
E
—
75,00 T T

T
Low Average High
Time 2 Social and Occupational Functioning

Fig 2. Relationship between T2 and T3 social and occupational functioning across levels of T1 negative schizotypy. Relationship between levels of T2 social and
occupational functioning and T3 social occupational functioning at three levels of T1 negative schizotypy (low, medium, high) as indicated by simple slope analysis.

https://doi.org/10.1371/journal.pone.0207150.9002

diagnoses at T2: three with Avoidant, two with Schizotypal, and four with Paranoid Personality
Disorders (three had more than one disorder). At T3, three of these participants retained
schizophrenia-spectrum personality disorders: two with Paranoid and two with Avoidant Per-
sonality Disorders (one with two disorders). There were no new cases of personality disorders
at T3. Positive schizotypy (OR = 1.97, 95%CI = 0.71-5.51), negative schizotypy (OR = 1.23,
95%CI = 0.39-3.84), and the interaction term (OR = 1.14, 95%CI = 0.40-3.28) failed to predict
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Fig 3. Relationship between T1 positive schizotypy and T3 CAARMS motor/physical symptoms across T1 negative schizotypy levels. Relationship between levels
of T1 positive schizotypy and T3 CAARMS motor/physical symptoms at three levels of T1 negative schizotypy (low, medium, high) as indicated by simple slope analysis.

https://doi.org/10.1371/journal.pone.0207150.9003

schizophrenia-spectrum personality disorders at T3. Of the four participants who did not
retain their personality disorder diagnosis, three met multiple criteria for personality disor-
ders, but fell short of diagnostic thresholds.

Given that most participants reported sub-diagnostic threshold traits for Cluster A person-
ality disorders, we created an overall Cluster A dimensional score for participants at T2 and
T3. This was computed by standardizing and summing the dimensional ratings for schizoid,
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Table 3. Linear regressions of measures of prodromal psychotic SIPS/SOPS symptoms.

Criterion T3 B
SIPS/SOPS

Positive .251%
Negative 195
Disorganized .167
General .262*
Total 273*

“p<0.05
“p<0.01
#*p<0.001.

T1 Positive schizotypy

Step 1 (df = 1,100)
T1 Negative schizotypy

Step 2 (df = 1,99)
T1 Pos X Neg Schizotypy

AR 2 f? B AR 2 f? B AR 2 f?
.063 .07 173 .030 .03 233 .052 .06
.038 .04 287 .082 .09 .076 .006 .01
.028 .03 128 .016 .02 133 .017 .02
.068 .07 .105 .011 .01 171 .028 .03
.074 .09 232 .054 .06 .186 .033 .04

Note 1: A series of linear regressions were computed to examine the variance accounted for by positive and negative schizotypy (T1) in predicting SIPS/SOPS prodromal

symptoms and states at T3; maximum likelihood estimation and bootstrap procedures (with 2 000 samples) were employed.

Note 2: According to Cohen [44], f> values above .15 are medium and above .35 are large effect sizes.

https://doi.org/10.1371/journal.pone.0207150.t003

schizotypal, and paranoid personality disorder at each assessment. We then computed regres-
sion analyses predicting the Cluster A rating at T3. Both positive (B = .270, p < .01) and nega-
tive schizotypy (B = .431, p < .001) predicted the ratings, although their interaction term did
not (B =.142, ns). The Cluster A rating at T2 predicted the rating at T3 (f = .535, p < .001);
however, neither the interaction of the T2 rating with positive schizotypy ( = .070, ns) nor
with negative schizotypy (B = .056, ns) were significant.

Seven participants who met the CAARMS attenuated psychosis criteria at T2 were reas-
sessed at T3. Of these, three participants continued to meet the attenuated psychosis criteria at
T3. There were no new cases meeting CAARMS high-risk criteria at T3. Positive schizotypy
(OR =1.29, 95%CI = 0.44-3.73), negative schizotypy (OR = 1.28, 95%CI = 0.48-3.38), and the
schizotypy interaction (OR = 1.23, 95%CI = 0.42-3.62) did not predict CAARMS attenuated
psychosis criteria.

Binary logistic regressions were computed in order to examine the prediction of any mental
health treatment during the past year at the T3 assessment by schizotypy dimensions assessed
at T1. Ten participants reported receiving treatment within the past year. Negative schizotypy
(OR =1.62, p < .05), but not positive schizotypy (OR = .91) or the interaction term
(OR = 1.10), uniquely predicted mental health treatment at T3.

Discussion

Multidimensional models of schizotypy provide a useful conceptualization for understanding
the underlying developmental vulnerability for schizophrenia-spectrum psychopathology [1,
2]. The psychometric assessment of schizotypy allows us to examine the etiology of schizophre-
nia-spectrum disorders by identifying individuals with a putative vulnerability for developing
such disorders, which should enhance our understanding of etiological factors, inform us
about developmental trajectories and risk and protective factors, and potentially provide
insights for developing prophylactic interventions. The present study extended our previous
findings [15] examining the schizotypy dimensions in a 3-year follow-up of nonclinically
ascertained young adults and supported the validity of the two factor structure as distinct
dimensions of schizotypy.
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Consistent with previous research examining the associations of positive and negative schi-
zotypy with symptoms and impairment [15, 17], both schizotypy dimensions predicted differ-
ential associations with psychopathology, personality, and functioning in the present study.
Note that the dimensions did not identify additional individuals who had transitioned into
schizophrenia-spectrum disorders since the T2 assessment. However, less than 1-1/2 years had
passed since that assessment. Furthermore, this is a relatively high functioning sample that has
only recently entered into the time of greatest risk for developing schizophrenia-spectrum dis-
orders. Note that the mean age of the sample is only 23 years old, which is younger than Good-
ing et al.’s [28] and Chapman et al.’s [22] samples at their follow-up.

Negative schizotypy predicted impaired functioning, schizoid and schizotypal personality
symptoms and emotional disturbances. The finding that the negative schizotypy dimension
did not predict subclinical negative symptoms assessed by the CAARMS is consistent with our
previous cross-sectional study [15] and likely reflects the fact that the CAARMS negative
symptom rating appears heavily saturated with depression. For example, it correlated moder-
ately with depression (r = .45), but only minimally with schizoid symptoms (r = .22) and pre-
sented a high correlation with CAARMS positive symptoms ratings (r = .54). In order to assess
negative symptoms in a young adult sample, Kwapil et al. [17] used the Negative Symptom
Manual (NSM) [45] to quantify negative symptoms. Findings showed that negative, but not
positive, schizotypy had a strong and unique association with NSM ratings. Furthermore,
NSM scores were strongly associated with schizoid personality traits, but minimally associated
with depression and positive symptoms.

As hypothesized, positive schizotypy predicted psychotic-like symptoms, depression, and
low self-esteem, and was related with all schizophrenia-spectrum measures except for schizoid
personality. The present study also investigated the association of schizotypy dimensions with
depressive symptoms and self-esteem. Our finding that positive, but not negative, schizotypy
predicted depression and low self-esteem 3-years later is consistent with our prior cross-sec-
tional study [15] with the present sample. The stronger association of affective symptoms with
positive rather than negative schizotypy has been previously reported by cross-sectional (e.g.,
[46]) and longitudinal studies of non-clinical samples. In the longitudinal study of Chapman
et al. [22], participants with elevated scores on the PerAb and Magicld scales reported higher
rates of major depressive disorders both at baseline and at 10-year follow-up. In contrast,
PhyAnh and SocAnh were not associated with mood disorders at follow-up [22, 26]. These
findings suggest that individuals high on positive schizotypy are at greater risk to develop both
affective disorders and non-affective psychotic disorders, whereas individuals high on negative
schizotypy appear to be at risk especially for schizophrenia-spectrum disorders. Furthermore,
evidence indicating that affective experiences are differentially related to positive and negative
schizotypy comes from research using ESM. Kwapil et al. [18] reported that negative schizo-
typy was associated with decreased positive affect in the moment, whereas positive schizotypy
was associated with increased negative affect in the moment. Consistent with the latter finding,
psychotic-like experiences were related with affective dysregulation in a 10-year longitudinal
study in a community sample [47]. It was found that psychotic-like experiences were more
likely to have clinical relevance and persist over time with increasing levels of affective dysre-
gulation. Authors suggested that affective dysregulation may causally contribute to the persis-
tence and increasing clinical severity of these experiences through the facilitation of
attributions of aberrant salience to abnormal perceptual and cognitive experiences.

The present findings showed that both schizotypy dimensions predicted avoidant personal-
ity disorder symptoms, which is consistent with our previous cross-sectional findings [15] as
well as with other research conducted with genetic and psychometric high-risk participants
showing a link between avoidant personality and liability for schizophrenia. In terms of genetic
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risk, the UCLA family study [48] demonstrated that avoidant personality disorder occurred
more often in individuals with genetic risk for schizophrenia than in control participants, even
after controlling for paranoid and schizotypal personality disorders. These authors concluded
that such compelling findings suggest that avoidant personality enhances the detection of indi-
viduals with vulnerability for schizophrenia and supports the inclusion of avoidant personality
as a schizophrenia-spectrum disorder. In fact, Fogelson and colleagues [49] had already indi-
cated that avoidant personality should be included as an additional dimension of schizotypy
along with the more traditionally regarded dimensions. In a factor analysis including all schi-
zotypal, schizoid, paranoid, avoidant, and borderline personality disorder traits, avoidant
symptoms emerged as a dimension along with positive, negative, disorganized, paranoid, and
borderline dimensions. In light of these findings, Gooding et al. [50] reanalyzed data from
their 5-year longitudinal study [28] and found that individuals from both SocAnh and PerAb/
Magicld groups (especially the former), but not control participants, met criteria for avoidant
and Cluster A personality disorders. At the same time, some high-risk participants meeting
criteria for avoidant personality disorder did not meet criteria for Cluster A personality disor-
ders. Similarly, Bolinskey et al. [51] found that individuals with elevated schizotypy traits met
more criteria for avoidant and Cluster A personality symptoms as compared to control partici-
pants, and suggested that avoidant personality disorder may reflect a less severe form of vul-
nerability for schizophrenia than schizoid personality in which social withdrawal is also
associated with conflicting interpersonal feelings. Finally, avoidant symptoms have also been
found in schizophrenia patients [52, 53] and in ultra high-risk individuals [54, 55]. Fresan and
colleagues [55] reported that avoidant behavior symptoms were more prevalent in ultra high-
risk and schizophrenia groups than in control participants and suggested that avoidant per-
sonality features may lead to the dysfunctional social interaction observed in both ultra high-
risk individuals and schizophrenia patients. Additionally the present results seems to suggest
that, on the one hand, avoidant personality is driven by an anxiety component and its associa-
tion with positive schizotypy and, on the other hand, by the social withdrawal and social disin-
terest characteristic of negative schizotypy. Social anhedonia (withdrawal/disinterest) and
social anxiety have been found to show different patterns of association with affective symp-
toms, real-life social environment, and schizotypy. Brown et al. [56] reported that social anhe-
donia was associated with negative schizotypy, whereas social anxiety was associated with
positive schizotypy. In a study examining these associations in daily-life by means of ESM,
Brown et al. [57] indicated that social anhedonia was associated with decreased positive affect
in the moment, reduced desire for social contact, and with preference of solitude. In contrast,
social anxiety was found to be associated with increased negative affect in the moment and
with the preference to be alone especially when being with people with whom one feels less
close to—a situation in which individuals with social anxiety have been found to report the
highest level of negative affect. These findings suggested that individuals with high social anxi-
ety desire social contact but feel anxious with non-close others, whereas individuals with social
anhedonia are actually not so influenced by the context and present a deficit in affect and dis-
interest for social interactions.

The present study examined whether baseline measures of schizotypic symptoms and func-
tioning assessed at T2 were associated with the same measures 1.4 years later. As hypothesized,
measures generally predicted their analogous ratings at T3, with generally stronger effect sizes
for trait than symptoms measures. Unexpectedly, emotional disturbances and schizoid person-
ality ratings at T2 did not significantly predict their equivalent measures at T3. In general, rat-
ings of schizoid personality traits were low and none of the participants qualified for schizoid
personality disorders. Nevertheless, negative schizotypy was robustly associated with schizoid
traits at T3 (as it had been at T2). The finding that schizoid personality ratings at T2
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demonstrated lower stability over time is contrary to our hypothesis and in contrast with the
stability of the schizoid psychopathology reported by Lenzenweger [58] in a 4-year longitudi-
nal study. However, consistent with Roberts and Del Vecchio’s [59] meta-analysis, longitudi-
nal research on personality disorders suggested changes in individual personality pathology
across time and a degree of flexibility and plasticity rather than fixed stability [60-63].

The findings that schizophrenia-spectrum symptoms predicted their equivalent measure
across time with large effect sizes provides further evidence for the stability and the persistence
of schizophrenia-spectrum characteristics for those participants who reported high levels of
symptoms 1.4 years before the T3 assessment. Hanssen et al. [64] reported that subclinical psy-
chotic experiences in the general population are 100 times greater than the incidence of psy-
chotic diagnoses. In the same line, the epidemiological study of Werbeloff et al. [65] showed
that 20-22% of the population reported negative symptoms and of these only a few reported
psychiatric clinical diagnoses. This is consistent with previous studies in the general population
that reported the presence of subclinical psychotic symptoms is greater than the incidence of
psychotic diagnosis [64, 65]. Moreover, De Loore et al. [66] reported that 5% of 1912 adoles-
cents reported auditory hallucinations and these symptoms were persistent in one-third of
them. Thus, psychometric study of schizotypy provides a valid method to identify and study
developmental trajectories of schizophrenia-spectrum psychopathology in a longitudinal
framework.

In general, the association of symptom, trait, and impairment ratings from T2 to T3 did not
vary as a function of baseline levels of positive or negative schizotypy at T1. Based upon the
main effects for positive and negative schizotypy, this suggests that people high in positive and
negative schizotypy tended to report higher levels of symptom, traits, and impairment at T2,
which were maintained at T3, whereas people lower in schizotypy tended to have lower scores
on interview measures that maintained across the two assessments. Nevertheless, there were
two significant interactions. High levels of positive schizotypy at baseline predicted a stronger
association of paranoid personality ratings across assessments. Similarly, high levels of negative
schizotypy at baseline predicted a stronger association of social impairment.

The present findings provide further evidence of the predictive validity of positive and neg-
ative schizotypy dimensions and are consistent with our previous cross-sectional findings [15].
The present study is not without limitations. The fact that at T3 we did not attempt to reassess
the entire sample of T2 is a limitation; however, we achieved a high reassessment rate (77%) of
the identified pool of participants. Note that the lack of an interview assessment at T1 (when
psychometric positive and negative schizotypy were assessed) means that we cannot rule out
that some participants were already experiencing symptoms and impairment at baseline. This
limits our ability to make specific inferences about the developmental timecourse of the symp-
toms and impairment from T1 to T3, but does not limit our ability to evaluate differential pat-
terns of associations of T1 positive and negative schizotypy with T3 symptoms and
impairment. Furthermore, the interpretations of the associations of T2 and T3 symptoms and
impairment were not impacted by the presence or absence of symptoms and impairment at
T1, nor were the interactions of positive and negative schizotypy with the T2 -T3 relationships.
An advantage of the present longitudinal study is that it recruited participants from a nonclini-
cally ascertained sample, which allows us to examine etiological factors without the confound-
ers associated with the disease and to examine the course of participants who do and do not
transition into schizophrenia-spectrum disorders [6]. Although at the three-year follow-up
none of the participants transitioned into psychotic disorders, this approach should allow us to
identify participants who do so at subsequent assessments. This method may ultimately allow
us to identify individuals at risk and to develop intervention strategies aimed at decreasing
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possible risk factors and increasing protective factors (i.e., quality of life, improve affect, social
support, etc.) for the development of schizophrenia-spectrum disorders.
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