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Prevailing models of psychosis risk incorporate positive subthreshold symptoms as defining features of risk or
transition to psychotic disorders. Despite this, relatively few studies have focused on characterizing longitudinal
symptom features, such as prevalence, concordance and structure, which may aid in refining methods and en-
hancing classification and prediction efforts. The present study aimed to fill these gaps using longitudinal 24-
month follow-up data from the well-characterized NAPLS-2 multi-site investigation of youth at clinical high
risk (CHR)whohad (n=86) andhad not (n=268) transitioned to a thresholdpsychotic disorder since baseline.
At baseline, among sub-delusional ideas, unusual thought content and suspicious/persecutory thinking were
very common in CHR youth, and were highly concordant. Perceptual abnormalities (P4) were also common
across youth regardless of symptom course and eventual transition to psychosis. Grandiose ideas were rare. Ex-
ploratory factor analysis extracted two constituent factors at multiple follow-up intervals, but there wasmarked
instability in the structure over 24 months, and clear indicators for a single positive symptom factor. Together
thesefindings support suggestions to combine sub-delusional symptoms into a single symptom category for clas-
sification purposes, in efforts to reduce clinical heterogeneity and ease measurement burden.
1. Introduction

Recent years have seen increased research attention and interest in
characterizing unique symptom, function, and biobehavioral features
that are associated with varying trajectories and outcomes among
youth at clinical high risk for psychosis (Addington et al., 2019a).
While predictive models including several salient symptom domains
have been investigated (e.g., Ruhrmann et al., 2010), in many risk
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models, positive subthreshold symptoms are considered to be defining
features of psychosis risk and transition to psychosis (Fusar-Poli et al.,
2013; Miller et al., 2003; Woods et al., 2009; Yung and Nelson, 2011).
Positive symptom categories include several types of sub-delusional
ideations or preoccupations (unusual thought content, suspiciousness
or persecutory thinking, and grandiose ideas), as well as unusual per-
ceptual experiences and disorganized communication. Such symptom
subtypes have been included with other risk features in developing
and validating individualized risk calculators (Cannon et al., 2016;
Fusar-Poli et al., 2017; Fusar-Poli et al., 2019; Osborne and Mittal,
2019; Zhang et al., 2018; Zhang et al., 2019) aiming to enhance capacity
to predict individuals most at risk of transitioning to psychotic
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disorders, aswell as to informgroup selection for investigations of path-
ophysiological processes underlying the development of psychotic dis-
orders (Addington et al., 2019a).

At the same time, there has been growing interest in minimizing
heterogeneity of methods to assess various risk factors (Fusar-Poli
et al., 2015) while still reflecting heterogeneous outcomes. Despite the
prominence of positive symptoms as defining features of risk and tran-
sition to psychotic disorders, relatively few studies have focused on
characterizing longitudinal symptom features, such as prevalence, con-
cordance and structure, thatmay aid in refiningmethods and enhancing
classification and prediction efforts. Prior evidence from the North
American Prodrome Longitudinal Study (NAPLS-2) of clinical high risk
(CHR) youth suggested that unusual thought content, suspiciousness
and perceptual abnormalities were more common at baseline than
grandiosity and disorganized communication (Addington et al., 2015).
A similar pattern was also observed in the NAPLS-1 sample (Woods
et al., 2009). While there is some meta-analytic evidence that differing
criteria for determining clinical or ultra-high risk states do not impact
transition rate estimates (Schultze-Lutter et al., 2015), it is unknown
whether differences in base rates of individual positive symptoms are
relevant to longitudinal symptom course or clinical outcome. Recent ef-
forts (National Institute of Mental Health, 2020) have focused on har-
monizing common diagnostic instruments for CHR, noting that while
positive symptom contentwas very similar, the instruments sometimes
differed in how content was organized into the items. For example, ni-
hilism was rated on P1 on one instrument and on P2 on the other, and
grandiosity was rated on P3 on one instrument and on P2 on the
other. These observations led to the suggestion of combining subthresh-
old positive symptom items such as the sub-delusional rating scales
(unusual thought content, suspiciousness, and grandiosity) (National
Institute of Mental Health, 2020). Such approaches could potentially re-
duce perceived positive symptomheterogeneity and easemeasurement
burden, greatly facilitating simplified and efficient large-scale interna-
tional collaboratives.

To address such questions, we need improved understanding of the
temporal stability of inter-relationships among subthreshold positive
symptoms. Several factor analytic evaluations conducted on the Scale
of Psychosis-risk Symptoms have included positive, negative, disorga-
nized and/or general symptom scales (Comparelli et al., 2011;
Fluckiger et al., 2019; Hawkins et al., 2004; Klaassen et al., 2011;
Lemos et al., 2006; Tang et al., 2014; Tso et al., 2017).While these inves-
tigations varied in overall findings and methods (e.g., sample sizes), all
reported an identifiable positive symptom factor including unusual
thought content and suspiciousness/persecutory thinking, with less
consistent loadings for perceptual abnormalities, grandiosity and disor-
ganized communication. Michel et al. (2019) reported low one-year
temporal stability of SIPS assessed aggregated positive symptoms in a
small sample of CHR youth. No study to our knowledge has focused
solely on the factor structure of positive symptoms and its stability
over time.

The present study aimed to fill these gaps using longitudinal 24-
month follow-up data from the large and well-characterized NAPLS-2
multi-site investigation to evaluate positive symptom prevalence, con-
cordance, and structure.

2. Material and methods

2.1. Participants

All participants are part of the second North American Prodrome
Longitudinal Study (NAPLS-2). Participants are help-seeking and were
recruited through various sources: family physicians, mental health
clinics, social services, and school and college counsellors. Many were
self-referred in response to community educational efforts. Recruitment
efforts have been described in detail elsewhere (Addington et al., 2012).
The NAPLS-2 sample consisted of 764 youth at CHR (436 males, 328
females) recruited across the eight NAPLS-2 sites. All participants
were assessed with the Structured Interview for Psychosis-risk Syn-
dromes (SIPS) (McGlashan et al., 2010) to determine if theymet Criteria
for Psychosis-risk Syndromes (COPS) [i.e., one or more of the following
high risk syndromes: attenuated psychotic symptoms syndrome
(APSS); brief intermittent psychotic symptoms syndrome (BIPS); or ge-
netic risk and deterioration syndrome (GRD)]. Of the total 764 NAPLS-2
participants, 86 made the transition to psychosis, 390 did not complete
the 2-year study (Stowkowy et al., 2018), 21 were retained for 2 years
but were excluded because they had significant missing data at
24 months (n = 10) or they met GRD criteria only (n = 11). Thus, the
sample described in this paper includes 268 participants who had not
made the transition to psychosis and had completed 2 years of follow-
up and 86 participants who transitioned to psychosis. Participants
were between 12 and 35 years of age. Exclusion criteria included meet-
ing criteria for any current or past axis I psychotic disorder, IQ less than
70, or past or current history of a clinically significant central nervous
system disorder.

2.2. Measures

The Structured Interview for Psychosis-risk Syndromes (SIPS)
(McGlashan et al., 2010; Woods et al., 2019) was used to determine
whether an individual met COPS criteria. The Scale of Psychosis-risk
Symptoms (SOPS) was used to rate the severity of attenuated psychotic
symptoms. The SOPS consists of 19 items in 4 symptom domains
(i.e., positive, negative, general, and disorganized symptoms).

The Structured Clinical interview for DSM-IV (SCID) (First et al.,
1995)was used to determine the presence of current and past psychiat-
ric disorders, including transition to a psychotic disorder. Transition to
psychosis was determined bymeeting the Presence of Psychotic Symp-
toms (POPS) criteria (McGlashan et al., 2010). POPS requires that at
least one of the five SOPS attenuated psychotic symptoms had reached
a psychotic level of intensity (rated 6) for a frequency of less than or
equal to 1 h per day for 4 days per week, or that psychotic symptoms
were seriously impacting functioning (e.g., disorganizing or dangerous
to self or others).

For thosewhohad notmade the transition to psychosis, three differ-
ent clinical outcomes were determined at the 2-year follow-up assess-
ments. These were: (1) remission defined as remission from all CHR
syndromes, (i.e. participants had ratings <2 on all five SOPS positive
symptoms scales); (2) symptomatic but not currently meeting criteria
for a prodromal risk syndrome, i.e., rating 3–5 on any oneof thefive pos-
itive symptoms on the SOPS which had neither worsened nor begun in
the previous 12 months; and (3) progression, i.e., participant currently
met criteria for an attenuated psychotic symptom syndrome (APSS; at
least one of the five positive symptoms began or had increased in the
previous 12 months (McGlashan et al., 2010; Woods et al., 2014)). As
previously reported, these groups did not differ in medication use
(Addington et al., 2019b).

2.3. Procedures

This study was approved by the Institutional Review Boards of all
eight NAPLS-2 sites. Written informed consent, including parental con-
sent, was obtained from all adult participants and parents/guardians of
minors. After the initial screening assessment with SCID and SIPS, vi-
gnettes were developed for each CHR participant to obtain a consensus
determination of COPS criteria. SOPS attenuated psychotic symptoms
were described at length and included both recent and longstanding
symptoms. The vignettes were written so raters from all eight sites
could review the information under each symptom category and pro-
vide a reliable rating. Once approved at the site level, the vignette was
presented on a conference call for a consensus decision on both symp-
tom ratings and diagnosis. The NAPLS-2 consensus call, chaired by JA,
was held once a week and attended by clinical raters from each of the



Table 1
Demographic characteristics.

Variable Total sample
n = 354

Non-transition
n = 268

Transition
n = 86

Test
statistic

Mean (SD) t

Age (years) 18.5 (4.19) 18.7 (4.36) 17.9 (3.57) −1.51
Education (years) 11.2 (2.69) 11.3 (2.73) 10.9 (2.53) −1.1

Number (%) χ2

Sex
Female 200 (56.5) 146 (54.48) 54 (62.79) 1.83
Male 154 (43.5) 122 (45.52) 32 (37.21)

Race
First
Nations/Indigenous
American

6 (1.69) 5 (1.87) 1 (1.16) 2.65

Asian 26 (7.34) 18 (6.72) 8 (9.30)
Black 63 (17.8) 52 (19.4) 11 (12.79)
Caucasian 207 (58.47) 155 (57.84) 52 (60.47)
Mixed race 52 (14.69) 38 (14.18) 14 (16.28)

Marital status
Single, never married 341 (96.33) 258 (96.27) 83 (96.51) 0.01
Other 13 (3.67) 10 (3.73) 3 (3.49)

Current working
Yes 86 (24.29) 71 (26.49) 15 (17.44) 2.89
No 268 (75.71) 197 (73.51) 71 (82.56)

Current enrolled as a
student
Yes 293 (82.77) 223 (83.21) 70 (81.40) 0.15
No 61 (17.23) 45 (16.79) 16 (18.60)

Table 2
Symptomoccurrence at admission and at transition among thosewho experienced a tran-
sition to psychosis.

Group Timepoint P1 P2 P3 P4 P5

Total sample Baseline 82.2 66.9 17.5 79.4 32.2
Individuals who
did not transition

Baseline 81.3 64.4 17.6 79.8 28.1

Individuals who
transitioned

Baseline 84.7 74.4 16.3 79.1 45.3
Transition - symptom
reaching psychotic intensity

77.9 43.0 11.6 44.2 16.3

Transition - symptom
present at baseline

70.9 40.7 2.3 43.0 12.8

Transition - symptom new at
transition

11.6 30.2 10.5 27.9 30.2

Values are %. Total sample n = 354. Individuals who did not transition to psychosis, n =
267. Individuals who transitioned, n = 86. Symptoms are dichotomized based on ≥ 3 rat-
ing. P1= unusual thought content; P2= suspiciousness/persecutory ideas; P3= grandi-
osity; P4 = unusual perceptual abnormalities; P5 = disorganized communication.
eight sites. Submitted vignettes were individually reviewed and a con-
sensus was reached on each symptom rating, diagnosis, and ultimate
admission into the study. Clinical raters were experienced research cli-
nicians. Gold standard post-training agreement on determining the pro-
dromal diagnoses was excellent (kappa = 0.90) (Addington et al.,
2012). Diagnostic interviews at all sites were conducted by trained
raters. SOPS data were collected at five time points: baseline, 6-, 12-,
18- and 24-month follow-up.

2.4. Statistical analyses

In order to calculate symptom frequency and concordance, SOPS
symptom ratingswere each dichotomized to “present and clinically sig-
nificant” (rating ≥ 3) or “absent/not significant” (rating 0–2). While di-
chotomization entails loss of information regarding symptom severity,
we elected this approach to parallel the use of the symptoms in the
SIPS classification approach (McGlashan et al., 2010; Woods et al.,
2019). Comparisons of symptom occurrence at baseline in those who
transitioned v. those who did not were analyzed using chi-square. Om-
nibus Cochrane's Q tests were used for the full sample, individuals who
transitioned, and individuals who did not transition (remission, symp-
tomatic, progression), respectively, to examine overall differences in
the proportions of the 5 symptoms, followed by pairwiseMcNemar sta-
tistic with Bonferroni correction (0.05/50 = 0.001) conducted for each
symptom pair.

We performed exploratory factor analyses on the five positive SOPS
items (scored 0–6, not dichotomized) using least-squares extraction
and oblique (oblimin) rotation. These analyses were performed across
five time points (Baseline, 6-, 12-, 18- and 24- month), as well as col-
lapsed across timepoints, to assess temporal stability of the factor struc-
ture. Based on prior evidence for a unitary positive symptom factor, we
anticipated these analyses would result in over-extractions, but per-
formed them nonetheless to investigate whether >1 factor would pro-
duce meaningful results that were stable over time.

We also wished to compare the predictive accuracy of a collapsed
P1-P3 score (i.e., using the maximum rating obtained on any of P1, P2
or P3) with that of the alternative approach preserving the information
across the items (i.e., P1, P2, and P3). To do this, we compared the area
under the receiver operating characteristic (ROC) curve (AUC) of the
collapsed P1-P3 with the AUC's of the individual continuous items P1-
P3 (possible values = 0, 0.33, 0.67, 1) in predicting later transition to
psychosis. To test whether the above AUCs were significantly different
from each other, we performed bootstrapped difference testing. Specif-
ically, we randomly selected N participants with replacement, per-
formed the above analyses to get AUCs for the two score types,
recorded the difference between those two AUCs, and repeated this
10,000 times. This resulted in a distribution of 10,000 differences, and
if zero lies within two standard deviations of the mean of this distribu-
tion, the difference is not significant.

3. Results

Demographic characteristics of the total sample, individuals who
transitioned to psychosis, and individuals who did not transition are
presented in Table 1. Among thosewho did not transition by 24months,
38.4% (n = 103) were in remission, 34.3% (n= 92) were symptomatic
and 27.2% (n = 72) were prodromal progression (Addington et al.,
2011).

Symptom frequencies at baseline (for all participants) and at transi-
tion (for those who transitioned) are presented in Table 2. The most
common symptom reported at baseline was PI (unusual thought con-
tent), followed by P4 (perceptual abnormalities), P2 (suspiciousness),
P5 (disorganized communication), and finally P3 (grandiosity). Dichot-
omized symptom frequencies for those who transitioned were similar
(χ2 P1 = 0.52, P2 = 2.94, P3 = 0.80, P4 = 0.20; df = 1, 352; all p's n.
s.), except for P5 (χ2 = 8.86; df = 1, 353; p < 0.01) which was
disproportionatelymore frequent in thosewho transitioned. The symp-
toms that reached a psychotic level for individuals who experienced a
transition showed a similar pattern with P1 being the most frequent,
and P3 and P5 being the least common.

At baseline, for 11.0% (n= 39) of participants, a single symptom de-
termined CHR criteria (P1, n = 12; P2 n= 9; P3 n= 0; P4 n= 15; and
P5, n = 3). Among the remaining participants with multiple significant
symptoms, 26.6% (n = 94) had 2 symptoms, 41.0% (n = 145) had 3
symptoms, 16.1% (n = 57) had 4 symptoms, and 5.4% (n = 19) rated
on all 5 symptoms. The most common combination for two symptoms
was P1 and P4, three symptoms was P1, P2 and P4, and for four symp-
toms, it was P1, P2, P4 and P5. At baseline, 94.1% of participants had at
least one type of subthreshold delusional symptom (PI, P2 or P3), and
86% had at least one of these symptoms plus P4.

Omnibus Cochran's Q tests of dichotomous P1-P5 symptom ratings
for the total sample (Cochran's Q = 465.47, df = 4, 353), for those
who transitioned (Cochran's Q = 111.04, df = 4, 85), and for those
who did not transition (progression Cochran's Q = 115.86, df = 4, 72;
symptomatic Cochran's Q = 135.17, df = 4, 92; remission Cochran's
Q = 135.18, df = 4, 92) were highly significant (p < 0.001), indicating



that within group proportions of at least two of the positive symptom
types were different from each other. Post-hocMcNemar results, show-
ing pairwise comparisons of symptom types, are presented in Table 3. In
all groups except the total sample, the within-subject proportions of P1
and P2 were not significantly different, reflecting a high concordance of
these two items at baseline. Similarly, P1 and P4 were both present in
approximately two-thirds of each group. P3 had low concordance
with all other symptoms across groups, likely due to its overall lower
prevalence.

Results of the factor analyses revealed marked instability across
timepoints, as shown by the clearly different factor configurations in
Fig. 1. However, parallel analysis with Glorfeld correction (Glorfeld,
1995; Horn, 1965) suggested only one (positive symptom) factor in all
six data sub-sets shown in Fig. 1, and over-extraction of factors such
as we do here, where the factors in Fig. 1 have only onemajor indicator,
can result in unusual and unstable solutions (Fava and Velicer, 1992).
Thus, instability of EFA factor patterns here should be interpreted with
caution, because of the expected over-extraction. Repeating the analy-
ses using list-wise deletion to omit individuals missing data at any
timepoint did not alter this pattern of results.

Results of the bootstrapped significance tests revealed that there
was no difference between the predictive power for transition (as mea-
sured by AUC) of the collapsed P1-P3 score (AUC = 0.640) and P1
(AUC = 0.638). P2 (AUC = 0.593) and P3 (AUC= 0.484) were lower.

Finally, we examined whether individuals who did not transition to
psychosis reported comparable significant symptoms at baseline and
24months. Among the symptomatic group, 71.7% reported fewer symp-
tom types, 22.8% reported the same number, and 5.4% reported more
symptom types than at baseline. Among those classified as prodromal
progressive, 45.2% had fewer symptom types, 45.2% remained the
same, and 9.6% reported more symptom types. Repeating this analysis
Table 3
Concordance between baseline symptom pairs in the total sample, individuals who
transitioned, and individuals who did not transition (progression, symptomatic,
remission).

P1 P2 P3 P4

Total sample (n = 354)
P2 55.6⁎ (197) – – –
P3 16.4⁎ (58) 11.0⁎ (39) – –
P4 66.4 (235) 52.8⁎ (187) 14.1⁎ (50) –
P5 26.6⁎ (94) 24.0⁎ (85) 7.6⁎ (27) 55.6⁎ (87)

Transition (n = 86)
P2 64.0 (55) – – –
P3 16.3⁎ (14) 12.8⁎ (11) – –
P4 66.3 (57) 59.3 (51) 14.0⁎ (12) –
P5 38.4⁎ (33) 33.7⁎ (29) 9.3⁎ (8) 33.7⁎ (29)

Progression (n = 72)
P2 59.7 (43) – – –
P3 18.1⁎ (13) 9.7⁎ (7) – –
P4 72.2 (52) 52.8 (38) 13.9⁎ (10) –
P5 20.8⁎ (15) 20.8⁎ (15) 2.8 (2) 16.7⁎ (12)

Symptomatic (n = 92)
P2 62.0 (57) – – –
P3 15.2⁎ (14) 12.0⁎ (11) – –
P4 67.4 (62) 62.0 (57) 14.1⁎ (13) –
P5 26.1⁎ (24) 23.9⁎ (22) 6.5 (6) 23.9⁎ (22)

Remission (n = 103)
P2 39.8 (41) – – –
P3 15.5⁎ (16) 8.7⁎ (9) – –
P4 62.1 (64) 39.8⁎ (41) 14.6⁎ (15) –
P5 21.4⁎ (22) 18.4⁎ (19) 10.7 (11) 23.3⁎ (24)

Note: Values are % (n) present on both symptoms in the pair. Symptoms are dichotomized
based on ≥ 3 rating. P1 = unusual thought content; P2 = suspiciousness/persecutory
ideas; P3 = grandiosity; P4 = unusual perceptual abnormalities; P5 = disorganized
communication.
⁎ p < 0.001.
in those who had any of P1/P2/P3 significant items, in the symptomatic
group, 60.9% reported fewer symptoms, 37% reported the same symp-
toms, and only 2.2% reported more symptom types. For those classified
as prodromal progressive, 27.4% reported fewer symptoms, 57.5% re-
ported the same number, and 5.4% reported more symptoms.

4. Discussion

We examined several features of prospective positive symptoms in
youth at clinical high risk for psychosis. Among sub-delusional ideas,
unusual thought content (P1) and suspicious/persecutory thinking
(P2) were very common in clinical high-risk youth, while grandiose
ideas (P3) were rare. Perceptual abnormalities (P4) were also common
across youth regardless of symptom course and eventual transition to
psychosis. While less frequent overall, disorganized communication
was disproportionately more frequent in youth who subsequently
transitioned to psychosis. Youth who subsequently transitioned to psy-
chosis also most frequently experienced an intensification of specific
symptoms already present at baseline, although nearly a third experi-
enced emergence of either suspiciousness (P2) or perceptual abnormal-
ities (P4).

At baseline, the vast majority of youth experienced more than one
type of positive symptom, and in particular, baseline unusual thought
content (P1) and suspiciousness (P2) were highly concordant across
all groups. Nearly all at-risk youth reported at least one type of sub-
delusional symptom at baseline. Although exploratory factor analysis
extracted two constituent factors at each time point, there was marked
instability in the structure over 24months, and clear indicators for a sin-
gle positive symptom factor. Future studies with larger samples will
benefit from formal testing of longitudinal structural changes through
traditional measurement invariance testing (Meredith, 1993). More-
over, prediction of transition to psychosis was not affected by collapsing
sub-delusional symptom categories compared to individual item pre-
dictions. Together these findings support the suggestion to combine
sub-delusional symptoms into a single symptom category (National
Institute of Mental Health, 2020) for classification purposes. These find-
ingsmaymotivate simplification of current rating scales and inform de-
velopment and interpretation of future risk calculators. To solidify these
findings, future research should: 1) compare our current factor configu-
ration findings to other unsupervised machine learning (clustering) al-
gorithms, such as non-parametric Mokken scale analysis (Molenaar,
1991) or numerous available k-means approaches (Milligan and
Cooper, 1987), and; 2) compare predictive utility of the factors pro-
posed here to alternative non-clustering methods of prediction, such
as regularized regression (Zou and Hastie, 2005) and ensembling
(Dietterich, 2000).

The focus of our investigation was limited to subthreshold positive
symptoms as operationally defined by the SOPS positive symptom
scales, each of which broadly covers a wide range of phenomenologi-
cally heterogeneous positive symptoms. Thus, findings could differ
from those obtained with instruments possessing a higher resolution
to ascertain specific subcomponents of positive symptoms. In addition,
more granular rating scales, includingwith continuous ratings reflecting
positive symptom severity (e.g., Carrion et al., 2016), may be useful for
particular research contexts which seek to investigate associations of
particular variables and specific symptom categories. Furthermore,
given some evidence that subthreshold positive psychosis symptoms
may reflect clinical state factors, while schizotypal symptom domains
reflect potentially independent trait vulnerability factors (Michel et al.,
2019), psychosis predictionmay ultimately be enhanced by considering
both symptom domains (Fluckiger et al., 2019). Along these lines, there
is ample evidence that non-positive symptom domains, including nega-
tive and basic symptoms, are conceptually and practically meaningful
for determination and/or prediction of at-risk states (e.g., Ruhrmann
et al., 2010). Availability of alternative strategies for positive symptom
measurement, as suggested here, can facilitate large scale, multi-site



Fig. 1. Factor analyses of SOPS ratings across all timepoints, and at baseline, 6-, 12-, 18-, 24-month follow-up assessments. P1=unusual thought content; P2= suspiciousness/persecutory
ideas; P3 = grandiosity; P4 = unusual perceptual abnormalities; P5 = disorganized communication.
prospective investigations incorporating other psychosis spectrum
symptom domains and biobehavioral risk factors.
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