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Background
The clinical high-risk (CHR) state for psychosis demonstrates
considerable clinical heterogeneity, presenting challenges for
clinicians and researchers alike. Basic symptoms, to date, have
largely been ignored in explorations of clinical profiles.

Aims
We examined clinical profiles by using a broader spectrum of
CHR symptoms, including not only (attenuated) psychotic, but
also basic symptoms.

Method
Patients (N = 875) of specialised early intervention centres for
psychosis in Germany and Switzerland were assessed with the
Schizophrenia Proneness Instruments and the Structured
Interview for Psychosis-Risk Syndromes. Latent class analysis was
applied to CHR symptoms to identify clinical profiles. Additionally,
demographics, other symptoms, current non-psychotic DSM-IV
axis I disorders and neurocognitive variables were assessed to
further describe and compare the profiles.

Results
A three-class model was best fitting the data, whereby basic
symptoms best differentiated between the profiles
(η2 = 0.08–0.52). Class 1 had a low probability of CHR symptoms,
the highest functioning and lowest other psychopathology,

neurocognitive deficits and transition-to-psychosis rate. Class 2
had the highest probability of basic and (attenuated) positive
symptoms (excluding hallucinations), lowest functioning, highest
symptom load, most neurocognitive deficits and highest transi-
tion rate (55.1%). Class 3 wasmostly characterised by attenuated
hallucination, and was otherwise intermediate between the
other two classes. Comorbidity rates were comparable across
classes, with some class differences in diagnostic categories.

Conclusions
Our profiles based on basic and (attenuated) psychotic symp-
toms provide clinically useful entities by parsing out heterogen-
eity in clinical presentation. In future, they could guide class-
specific intervention.
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The importance of early detection and intervention in psychosis, in
terms of an indicated prevention in clinical high risk for psychosis
(CHR) states, has been widely recognised and established inter-
nationally.1 For the purpose of defining a CHR state, two sets of
CHR criteria are used: the ultra-high risk (UHR) and the basic
symptoms criteria.2,3 For their spontaneous, immediate recognition
by patients as disturbances of their own mental processes, basic
symptoms are distinct from the symptoms that define the UHR cri-
teria (i.e. attenuated psychotic symptoms (APS) or brief intermit-
tent psychotic symptoms (BIPS)) and from more persistent and
obvious psychotic symptoms, in which reality testing is disturbed,
at least to some degree. However, (attenuated) psychotic symptoms
are considered to arise from basic symptoms, when there is an
unfavourable environment or the symptom load is too high.4

Although early studies reported high transition rates of 25−35%
for UHR criteria and up to 60% for basic symptom criteria to mani-
fest psychosis at 4 years and beyond,3,5 more recent research, mainly
with follow-ups of only 2–3 years, has yielded lower transition
rates.6 Yet, in the majority of CHR patients, psychological distress
continues to be significant, and many patients who do not transition
to psychosis experience persistent APS, cognitive basic symptoms
and low psychosocial functioning.7 Moreover, longitudinal findings
indicate that experiencing APS (regardless of transition) increases
the chances of developing or maintaining other mental disorders.8

Thus, independent of psychosis transition, CHR symptoms
represent clinically relevant phenomena in need of treatment.9,10

Phenomenological heterogeneity as a challenge
Next to CHR symptoms, the CHR state is accompanied by a range
of comorbid psychopathological symptoms, neurocognitive deficits
and impairments in psychosocial functioning,2,3 and similar to the
heterogeneity of medium-term outcomes of CHR states and other
psychiatric disorders,11 the clinical presentation of the CHR state
itself demonstrates considerable phenomenological heterogeneity
that presents challenges for clinicians and researchers alike.12

Thus, the identification of clinically meaningful homogenous sub-
groups is critical for clinical applicability and the definition of spe-
cific intervention targets.13 One common statistical approach to
parsing out heterogeneity in psychiatric samples is latent class ana-
lysis (LCA).14,15 LCA is used to identify qualitatively different sub-
groups with independent symptom constellations and different
associations with other clinically relevant impairments within
populations who share certain outward characteristics, such as
CHR samples.16,17 Across CHR studies, three to five subclasses
have been found, and different classes of symptoms were associated
with significant differences in the risk for conversion.14,16,17

However, few LCA studies included neurocognitive measures and
none of them included basic symptoms across clinical profiles.
And this despite the fact that neurocognitive deficits in CHR
patients have been found to be especially pronounced in the
domains of processing speed (which may be a relevant domain
for interventions to enhance neurocognition in CHR samples)
and memory-related tasks.18,19 Therefore, neurocognitive deficits
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may be a useful feature in differentiating subgroups, and will be
assessed in the current study to help characterise clinical profiles.
Furthermore, despite basic symptoms being part of the recommended
CHR criteria of the European Psychiatric Association (EPA) guidance
project,3 and considered the earliest subtle and subjectively experi-
enced symptoms of psychosis,20 to date, they have been largely
ignored in efforts at exploring clinical profiles. Incorporating the
measurement of basic symptoms might provide novel and useful
ways to meaningfully identify and differentiate between clinical pro-
files, and thus, is a worthy inclusion.

Aims of the study

The aims of the current study were to identify clinical profiles by
using a broader spectrum of CHR symptoms, including both basic
symptoms and (attenuated) psychotic symptoms, and to describe
the profiles in a clinically comprehensive manner, characterising
them in terms of psychiatric comorbidities, other symptom
ratings (i.e. negative symptoms), functioning and neurocognitive
measures, to present clinically useful profiles by parsing out hetero-
geneity in clinical presentation, enhancing both early detection and
intervention in patient populations (aged 8–40 years) of early detec-
tion services.

Method

Participants and procedures

For the current study, data from 875 patients were used. This sample
comprised three subsamples: (a) patients between 8 and 40 years
of age from the Early Recognition and Intervention Centre for
Mental Crisis (FETZ) Bern (n = 257, 29.4%);21 (b) patients
between 16 and 40 years of age from the FETZ Cologne (n = 157,
17.9%)22 and (c) patients between 8 and 17 years of age who were
participating in the naturalistic study ‘Bi-national Evaluation of
At-Risk Symptoms in Children and Adolescents’ (BEARS-Kid),
which was conducted at the Universities of Bern, Zurich and
Cologne (n = 461, 52.7%).23,24 The BEARS-Kid sample composed
of patients meeting CHR criteria and clinical controls (i.e. in-
patients with a primary diagnosis of attention-deficit hyperactivity
disorder, eating disorders, anxiety (including obsessive–compul-
sive) disorders or autism spectrum disorder, not clinically suspected
of developing psychosis).25 Written consent for the use of the data
was obtained from all participants, and from legal guardians of par-
ticipants under 18 years of age. Exclusion criteria included a past
clinical diagnosis of any psychotic disorder according to DSM-IV
and ICD-10 criteria, and insufficient German, French or English
language skills. In the FETZ Bern and Cologne, assessments
formed part of the routine diagnostic assessment procedure at
entry. Within the BEARS-Kid study, psychologists received 3
months training in conducting the interviews before the commence-
ment of the study, as well as weekly supervision by two of the
authors (C.M. and F.S.-L.), to ensure excellent data quality.23

Patients at FETZ Cologne were supervised by F.S.-L., and those at
FETZ Bern were supervised by either C.M. or F.S.-L.

All procedures comply with ethical standards of the relevant
national and institutional committees on human experimentation
and with the Helsinki Declaration of 1975, as revised in 2008. The
human research ethics committee of the Canton Bern approved
the coded clinical data to be used in scientific analyses of the
FETZ Bern (identifier: PB_2016-01991) and approved the main
ethics application for the BEARS-Kid study for all three centres
(Bern: ID_PB_2016-02192; Zurich: 2010-0415/3; Cologne: ID 11-
071). The FETZ Cologne was approved by the ethics committee
of Cologne (ID 19-1618_1).

Measures
Assessment of CHR symptoms

For UHR symptoms/criteria, the Structured Interview for Psychosis-
Risk Syndromes (SIPS),26 a semi-structured interview that rates along
four major symptom dimensions, was used: five positive, six negative,
four disorganisation and four general items, each syndromally scored
0–6 according to severity and according to impact on behaviour and/
or conviction level. APS andBIPS were defined as a score of 3–5 and 6,
respectively, on the five positive items.

Basic symptoms were assessed with the Schizophrenia Proneness
Instruments (SPI-A/SPI-CY)27,28 and rated on a scale from 0 to 6,
according to their frequency of occurrence. Altogether, 14 cognitive
and perceptual basic symptoms are included in the two basic symp-
toms criteria, Cognitive Disturbances (COGDIS) and Cognitive-
Perceptive Basic Symptoms (COPER).29

For the present analyses, CHR symptoms were defined by the
presence of any APS/BIPS and/or basic symptoms, irrespective of
the onset/worsening and/or frequency requirements of related
CHR criteria. For the purpose of this study, basic symptoms and
SIPS positive symptom scores were dummy-coded before analysis.
A basic symptoms score of 0 (absent) remained a 0 (basic symptoms
absent), whereas scores from 1 to 6 were assigned a 1 (basic symp-
toms present). A SIPS positive symptom score from 0 to 2 was
assigned a 0 (APS/BIPS absent), and scores from 3 to 6 were assigned
a 1 (APS/BIPS present). Symptoms were only rated if the phenom-
enon in question was not fully and better explained by another non-
psychotic disorder, a somatic cause or psychotropic drug use.26

Assessment of comorbidities, other symptom ratings and functioning

For the purpose of characterising distinct clinical profiles, data
regarding axis 1 disorders according to the DSM-IV (measured
with the Mini-International Neuropsychiatric Interview (MINI/
MINI-Kid), where available),30 negative, disorganised and general
symptoms of the SIPS26 as well as current and highest past-year psy-
chosocial functioning (measured with the Social and Occupational
Functioning Assessment Scale (SOFAS))31 were used. The SOFAS
is a rating scale based on the DSM-IV fourth axis and the clinician’s
judgement of overall level of functioning. Ranging from 0 to 100,
with lower scores indicating lower functioning, it is a global rating
of current functioning independent of the overall severity of the
individual’s psychological symptoms.32 Psychometric properties
including the interrater reliability and construct validity are
good.33,34 Scores between 31 and 70 refers to manifest disabilities
of different degrees and scores below 30 reflect poor functioning
with the need for intensive support or supervision.35

Assessment of neurocognition

The test battery for each neurocognitive domain (verbal memory,
processing speed, (verbal) executive functions and spatial
memory) assessed can be found in Supplementary Table 1 available
at https://doi.org/10.1192/bjo.2024.815. Neurocognitive deficits
were defined based on previous studies,36 relative to the normative
data provided for each test. More than 1 s.d. below mean, a T-score
below 40 or a percentile below 16 were rated as 1 (deficient). Scores
higher than these norms were coded as 0 (not deficient). According
to the DSM-5 severity dimension, a neurocognitive deficit using
these criteria corresponds to at least a ‘moderate cognitive deficit’,
i.e. ‘a clear reduction in cognitive function below expected for age
and socioeconomic status’.31

Statistical analyses

R (version 4.2 for Windows; see https://posit.co/downloads/) and
RStudio (version 2022.07.0 for Windows; see https://cran.r-
project.org/bin/windows/base/) were used to conduct the analyses.
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Number of classes was not estimated a priori. To identify the best-
fitting LCA model, a one-class model was initially fitted, and subse-
quent classes were added in accordance with the standard procedure
for conducting an LCA, using the R package poLCA.37 For each
model, the Akaike information criterion (AIC), the Bayesian infor-
mation criterion (BIC) and the relative entropy was calculated. For
the AIC and the BIC, lower values indicate better fit, whereas higher
relative entropy values indicate good class separation, with the sug-
gested cut-off value of 0.8.15,38 Typically, the performance of a
model enhances as more classes are added, up to a point where
the optimal statistical solution is achieved, after which the quality
starts to decline. Researchers typically keep extending the model
by adding one class at a time until the point of deterioration is
reached.15 For instance, if a model with three classes performs
better than one with two, then the model with four classes should
be estimated next and compared with the three-class model.
Accordingly, after each added class, the AIC and BIC as well as
the entropy were examined and compared, as separate values as
well as in relation to each other, while also considering the
number of classes found in previous research to decide whether
another class should be added.

Since the BIC is generally considered the most reliable fit statis-
tic in LCA,15,39 it was chosen as the primary measure for model
selection. Also considered in the model selection, albeit more col-
lectively, were the AIC, the relative entropy, the number of
sample members in each class and conceptual considerations and
interpretability.

After identifying the best LCA model, primarily by BIC, each
individual was assigned a specific class based on the posterior
class membership probabilities. Differences between classes regard-
ing continuous variables were tested using analyses of variance, chi-
squared tests were used for categorical variables and Kruskal–Wallis
tests were used for ordinal scaled variables. Effect sizes were calcu-
lated with eta-squared and Cramer’s V. All significant tests were
additionally tested with pairwise Bonferroni corrected comparisons.

Results

Participants

Participants (N = 875) were on average 17.72 years old, and 50.4%
were female. The majority had Swiss or German nationality, and a
variety of different educational qualifications (Table 1). The major-
ity (80.4%; n = 569) had an axis 1 disorder, with affective (n = 232,
32.9%) and anxiety disorders (n = 191, 27.0%) being most prevalent
(Table 2). There were 72 transitions to psychosis in the total sample,
with a mean time to transition of 14.75 (s.d. = 12.55, median 9.56,
minimum 0.36, maximum 50.30) months. In the BEARS-Kid sub-
sample, there were 13 transitions, with a mean time to transition
of 13.18 (s.d. = 12.42, median 7.36, minimum 2.30, maximum
38.11) months; and in the FETZ Cologne subsample there were
59 transitions, with a mean time to transition of 15.05 (s.d. =
12.65, median 9.63, minimum 0.36, maximum 50.30) months.
There were no transitions in the FETZ Bern subsample
(Supplementary Table 7).

Result of the LCA

An overview of the various LCA models tested can be found in
Supplementary Table 2. Although the six-class solution showed
the lowest AIC (11125.93) and highest entropy (0.974), but only
the fourth-lowest BIC (11694.06), the three-class solution had the
lowest BIC across the tested models (BIC = 11517.68, AIC = 11236.01
(fourth-lowest), entropy of 0.871 (fourth-highest)). The six-class
solution consisted of one class with <5% of the total sample and

fewer than 50 individuals, respectively. For this reason, as well as
the fact that the highest entropy may not necessarily represent the
best-fitting model, but possibly an overfit model,39 and for better
interpretability, the three-class solution was chosen (Fig. 1).

Description and comparison of the classes

When the three classes were compared for the severity of the indi-
cator variables (SIPS positive items and basic symptoms) (Fig. 1,
Supplementary Tables 3 and 5) and the other clinical and neurocog-
nitive characteristics (Table 2, Supplementary Table 5), the largest
class 1, with 532 participants, had low probability of APS/BIPS
and basic symptoms, and the lowest median scores on the SIPS
positive items (0.00–1.00) and basic symptoms (0.00) (Fig. 1,
Supplementary Table 3). In addition, it showed some of the
lowest median severity of SIPS negative, disorganised and general
symptoms (Table 2). Although there were similar high overall
rates of comorbidities across all classes, class 1 included the
highest amount of eating disorders, but least amount of affective,
anxiety, post-traumatic stress and substance dependence dis-
orders, as well as the lowest amount of participants who transi-
tioned to psychosis. It also had the highest mean SOFAS score
that still indicated some difficulties in functioning. Moreover,
class 1 had the lowest rates of deficits in verbal memory, processing
speed and executive functions, but similar rates of deficits in
spatial memory across classes (Table 2). It was termed ‘low
symptom load’.

The smallest class 2, with 97 participants, had the highest prob-
ability of all APS/BIPS and basic symptoms with the exception of
‘P4: Perceptual abnormalities/hallucinations’, and the highest
median scores in all of the CHR symptoms (basic symptoms
median: 0.00–4.00, P median: 0.00–4.00) except for P4 (Fig. 1,
Supplementary Table 3). Similarly, this class had the highest
median scores in all negative, disorganised and general items of
the SIPS; the lowest mean SOFAS score indicating serious impair-
ments in functioning; slightly increased rates of anxiety, post-
traumatic stress and substance misuse disorders, the highest
amount of people who transitioned to psychosis and the highest
rates of deficits in verbal memory, processing speed and executive
functions (Table 2). It was termed ‘high symptom load’.

Relative to the other two groups, the medium-sized class 3
(n = 255) had a medium probability for, and mediummedian sever-
ity of, all APS/BIPS and criteria-relevant basic symptoms except for
P4 (basic symptoms median: 0.00–2.00, P median: 0.00–4.00),
which had the highest probability of being in APS/BIPS severity
and the highest median score of P4 (Fig. 1, Supplementary
Table 3). Thus, it was termed ‘predominant hallucinatory experi-
ences’. Similarly, mean scores of the SOFAS, indicating moderate
difficulties in functioning, and other SIPS items, were in-between
that of the two other classes. However, not all groupwise compari-
sons were significant, and particularly not when item severity was
generally low (Table 2). The same was true for the proportions of
those with a neurocognitive deficit that were also intermediate
between the two other classes, in particular with respect to a pro-
cessing speed deficit (Table 2). Moreover, affective, anxiety and
post-traumatic stress disorders were increased to a similar degree
as in class 2, whereas eating disorders were less prevalent than in
class 1; substance misuse and transition to psychosis rates were
intermediate to the two other classes (Table 2).

Overall, the symptoms that best differentiated classes were the
basic symptoms (η2 = 0.08–0.52), whereas neurocognitive deficits
did not significantly differentiate classes. Figure 2 gives a
summary of the characteristics of the three classes.

With regard to demographic data (Table 1), the mean age of
class 1 participants, at 16 years, was significantly lower compared
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with the other classes, whereas the mean age in class 2, at 23 years,
was significantly higher compared with the other two classes.
Gender did not distinguish between classes. Furthermore, class 2
was significantly dominated by Germans and included few Swiss;
in class 1, this was the other way round (Table 1). Education slightly
differed between classes, with slightly lower levels of achievements in
the youngest class 1. Occupation, however, was similar across classes
that included mostly persons with full-time employment (Table 1).

Discussion

To our knowledge, this study is the first to explore clinical profiles in
patients of specialised early intervention centres for psychosis, based
on symptomatic CHR approaches (i.e. basic symptoms and APS),
and to comprehensively characterise them using comorbid symp-
toms, neurocognitive deficits and psychosocial functioning. The
best-fitting model comprised three classes characterised by low
symptom load (class 1), high symptom load (class 2) and predom-
inant hallucinatory experiences (class 3). These classes showed clin-
ically meaningful differences and, given replication in other
samples, may represent more homogenous subgroups for clinical
identification and utility.

CHR classes in the context of existing research

Our study found significant differences in the expression of CHR
symptoms across the three classes, with some exceptions of rarely
occurring and less pronounced symptoms (i.e. ‘P3: Grandiose
ideas’), where the general low variance made finding a significant
difference difficult. Measured by the effect sizes, the three classes
in the present study were best differentiated by basic symptoms,
with the symptom ‘BS7: Disturbances of receptive speech’
showing the largest effect (η2 = 0.52), reflecting the relevance of
basic symptoms, aligning with previous research.3 As shown in a
longitudinal study, the number of basic symptoms in UHR indivi-
duals significantly increased the risk of transition to psychosis,
and this is likely to be mediated mainly by the significantly higher
frequency of disturbances of receptive speech.40 Accordingly, and
at least partially in accordance with the EPA guidance, emphasising
the psychosis-predictive value of BIPS criteria,3 we found the most
fulfilled BIPS criteria (Supplementary Table 4) in class 2 (Fig. 1,
Supplementary Table 3). Additionally, we found the most frequent
and strongest disturbances of receptive speech in class 2 (Fig. 1,
Supplementary Table 3). Both of these aspects could explain the
high transition rate in class 2. Further, the high transition rate in
class 2 can also be explained by previous research, which showed a
higher probability of transition to psychosis with lower level of

Table 1 Sociodemographic description of the three latent classes

Sociodemographic description
Total

(N = 875) Class 1 (n = 523) Class 2 (n = 97) Class 3 (n = 255) Statistics, effect size
Significant post hoc tests,
Bonferroni corrected

Age, mean (s.d.) 17.72 (5.38) 16.23 (4.60) 23.59 (5.67) 18.54 (5.04) F(2, 872) = 99.02,
P < 0.001, η2 = 0.19

1 v. 2; 1 v. 3; 2 v. 3

Gender, n (%) [standardised
residual]

χ2(2) = 2.61, P = 0.271,
V = 0.05

Female 441 (50.4) 261 (49.9) 43 (44.3) 137 (53.7)
Nationality, n (%) [standardised

residual]
χ2(8) = 124.57,

P < 0.001, V = 0.27
1 v. 2; 2 v. 3

Switzerland 480 (54.9) 332 (63.5) [6.25] 5 (8.2) [−10.43] 143 (56.1)
Germany 305 (34.9) 142 (27.2) [−5.83] 79 (81.4) [10.21] 84 (32.9)
Other 90 (10.2) 49 (9.4) 13 (13.4) 28 (11.0)

Education (ISCED), n (%)
[standardised residual]

χ2(14) = 46.60,
P < 0.001, V = 0.18

Early childhood education
(ISCED 0)

5 (0.7) 4 (0.8) 0 (0) 1 (0.5)

Primary education (ISCED 1) 103 (14.4) 95 (19.3) [5.48] 0 (0) 8 (3.8) [−5.25]
Lower secondary education
(ISCED 2)

286 (40.1) 192 (38.9) 5 (55.6) 89 (42.2)

Apprenticeship (ISCED 3.4) 7 (0.8) 4 (0.8) 0 (0) 3 (1.4)
High school graduation
(ISCED 3.5)

152 (21.3) 100 (20.3) 1 (11.1) 51 (24.2)

Post-secondary non-tertiary
education (ISCED 4)

6 (0.8) 2 (0.4) 1 (11.1) 3 (1.4)

Short-cycle tertiary education
(ISCED 5)

119 (16.7) 73 (14.8) [−2.02] 2 (22.2) [3.39] 44 (20.9)

Master’s or equivalent (ISCED 7) 35 (4.9) 23 (4.7) 0 (0) 12 (5.7)
Occupation, n (%) [standardised

residual]
χ2(10) = 8.24,

P = 0.606, V = 0.08
Unemployed 36 (5.0) 24 (4.8) 0 (0) 12 (5.6)
Protected employment 25 (3.5) 17 (3.4) 0 (0) 8 (3.8)
Part-time 4 (0.6) 1 (0.2) 0 (0) 3 (1.4)
Employed 631 (87.9) 441 (88.9) 8 (88.9) 182 (85.4)
Other 20 (0.3) 12 (2.4) 1 (11.1) 7 (3.3)

Centre, n (%) [standardised
residual]

χ2(4) = 428.33,
P < 0.001, V = 0.49

1 v. 2; 1 v. 3; 2 v. 3

FETZ Bern 257 (29.4) 151 (28.9) 4 (4.1) [−5.79] 102 (40.0) [4.43]
BEARS-Kid 461 (52.7) 345 (66.0) [9.59] 5 (5.2) [−9.94] 111 (43.5) [−3.48]
FETZ Cologne 157 (17.9) 27 (5.2) [−12.01] 88 (90.7) [19.81] 42 (16.5)

Cramer’s V interpretation: 0.1 = weak effect, 0.3 =moderate effect, 0.5 = strong effect. Partial η2: 0.01 =weak effect, 0.06 =moderate effect, 0.14 = strong effect. The standardised residual is
only presented for cells with a value of ≥|1.96|, which equals significant deviation from the expected cell frequency, with positive values indicating higher than expected cell frequency and
negative values indicating lower than expected cell frequency. ISCED, International Standard Classification of Education; FETZ, Early Recognition and Intervention Centre for Mental Crisis;
BEARS-Kid, Bi-national Evaluation of At-Risk Symptoms in Children and Adolescents.
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Table 2 Clinical characteristics of the three latent classes

Clinical characteristic
Total

(N = 875) Class 1 (n = 523) Class 2 (n = 97) Class 3 (n = 255) Statistics, effect size
Significant post hoc tests,
Bonferroni corrected

SOFAS, mean (s.d.) 58.01 (13.08) 61.33 (12.15) 44.64 (12.66) 56.26 (11.43) F(2, 867) = 82.20,
P < 0.001, η2 = 0.16

1 v. 2; 1 v. 3; 2 v. 3

Negative symptoms, median (s.d.)
N1: Social anhedonia 2.00 (1.68) 1.00 (1.49) 4.00 (1.62) 2.00 (1.64) H(2) = 128.47,

P < 0.001, η2 = 0.15
1 v. 2; 1 v. 3; 2 v. 3

N2: Avolition 2.00 (1.59) 2.00 (1.46) 4.00 (1.49) 3.00 (1.34) H(2) = 171.81,
P < 0.001, η2 = 0.20

1 v. 2; 1 v. 3; 2 v. 3

N3: Expression of emotion 0.00 (1.49) 0.00 (1.15) 3.00 (2.04) 1.00 (1.51) H(2) = 94.13,
P < 0.001, η2 = 0.11

1 v. 2; 1 v. 3; 2 v. 3

N4: Experience of emotion and
self

1.00 (1.89) 0.00 (1.60) 3.00 (2.02) 3.00 (1.83) H(2) = 146.24,
P < 0.001, η2 = 0.17

1 v. 2; 1 v. 3

N5: Ideational richness 0.00 (1.15) 0.00 (0.64) 2.00 (1.98) 0.00 (0.94) H(2) = 171.04,
P < 0.001, η2 = 0.19

1 v. 2; 1 v. 3; 2 v. 3

N6: Occupational functioning 2.00 (1.89) 2.00 (1.81) 4.00 (1.59) 3.00 (1.83) H(2) = 92.18,
P < 0.001, η2 = 0.10

1 v. 2; 1 v. 3; 2 v. 3

Disorganised symptoms, median (s.d.)
D1: Odd behaviour of
appearance

0.00 (0.79) 0.00 (0.41) 0.00 (1.63) 0.00 (0.68) H(2) = 127.89,
P < 0.001, η2 = 0.14

1 v. 2; 1 v. 3; 2 v. 3

D2: Bizarre thinking 0.00 (1.56) 0.00 (1.17) 0.00 (1.56) 0.50 (1.87) H(2) = 126.94,
P < 0.001, η2 = 0.14

1 v. 2; 1 v. 3

D3: Trouble with focus and
attention

2.00 (1.38) 2.00 (1.27) 3.00 (1.60) 3.00 (1.21) H(2) = 112.11,
P < 0.001, η2 = 0.13

1 v. 2; 1 v. 3; 2 v. 3

D4: Impairment in personal
hygiene

0.00 (0.98) 0.00 (0.70) 1.00 (1.63) 0.00 (0.92) H(2) = 83.23,
P < 0.001, η2 = 0.09

1 v. 2; 2 v. 3

General symptoms, median (s.d.)
G1: Sleep disturbance 2.00 (1.54) 2.00 (1.43) 3.00 (1.87) 3.00 (1.28) H(2) = 98.24, P < 0.001,

η2 = 0.11
1 v. 2; 1 v. 3; 2 v. 3

G2: Dysphoric mood 3.00 (1.72) 2.00 (1.62) 4.00 (1.39) 4.00 (1.47) H(2) = 171.18,
P < 0.001, η2 = 0.19

1 v. 2; 1 v. 3; 2 v. 3

G3: Motor disturbances 0.00 (1.24) 0.00 (1.01) 0.00 (1.64) 0.00 (1.35) F(2, 869) = 59.38,
P < 0.001, η2 = 0.06

1 v. 2; 1 v. 3; 2 v. 3

G4: Impaired tolerance to
normal stress

2.00 (1.85) 1.00 (1.61) 5.00 (1.76) 2.00 (1.73) H(2) = 160.35,
P < 0.001, η2 = 0.18

1 v. 2; 1 v. 3; 2 v. 3

Neurocognitive deficits, n (%) [standardised residual]
Verbal memory 230 (26.6) 113 (21.9) [−3.84] 39 (40.2) [3.22] 78 (31.1) χ2(2) = 17.73,

P < 0.001, V = 0.14
1 v. 2

Processing speed 288 (33.3) 144 (27.8) [−4.16] 50 (52.6) [4.25] 94 (37.2) χ2(2) = 24.75,
P < 0.001, V = 0.17

1 v. 2

(Verbal) executive functions 499 (57.2) 278 (53.5) [−2.93] 73 (76.0) [3.90] 148 (58.7) χ2(2) = 17.13,
P < 0.001, V = 0.14

1 v. 2; 2 v. 3

Spatial memory 133 (15.4) 84 (16.2) 13 (13.5) 36 (14.3) χ2(2) = 0.78,
P = 0.677, V = 0.03

Axis-1 disordera, n (%)
[standardised residual]

569 (80.4) 402 (82.4) 8 (88.9) 159 (75.4) χ2(2) = 5.02,
P = 0.081, V = 0.08

Affective disorders, n (%)
[standardised residual]

232 (32.9) 110 (22.7) [−8.58] 7 (77.8) [2.88] 115 (54.5) [7.98] χ2(2) = 75.75,
P < 0.001, V = 0.32

1 v. 2; 1 v. 3

Anxiety disorders, n (%)
[standardised residual]

191 (27.0) 113 (23.2) [−3.40] 5 (55.6) 73 (24.6) [2.96] χ2(2) = 13.46,
P = 0.001, V = 0.14

1 v. 3

Obsessive–compulsive disorder,
n (%) [standardised residual]

60 (8.5) 47 (9.7) 1 (11.1) 12 (5.7) χ2(2) = 3.00,
P = 0.224, V = 0.06

Post-traumatic stress disorderb,
n (%) [standardised residual]

10 (1.4) 2 (0.4) [−3.37] 1 (11.1) [2.47] 7 (3.3) [2.80] χ2(2) = 15.10,
P < 0.001, V = 0.14

1 v. 3

Somatoform disordersb, n (%)
[standardised residual]

7 (1.0) 5 (1.0) 0 (0) 2 (1.0) χ2(2) = 0.11,
P = 0.948, V = 0.01

Eating disordersb, n (%)
[standardised residual]

108 (15.3) 96 (19.7) [4.86] 0 (0) 12 (5.7) [−4.60] χ2(2) = 23.84,
P < 0.001, V = 0.18

1 v. 3

Substance addictionb, n (%)
[standardised residual]

16 (2.3) 7 (1.4) [−2.20] 1 (11.1) 8 (3.8) χ2(2) = 6.92,
P = 0.032, V = 0.10

Substance misuseb, n (%)
[standardised residual]

37 (5.2) 19 (3.9) [−2.37] 2 (25.0) [2.52] 16 (7.6) χ2(2) = 10.34,
P = 0.006, V = 0.12

Transition to psychosis, n (%)
[standardised residual]

72 (12.2) 5 (1.3) [−10.55] 38 (55.1) [11.56] 29 (19.6) [3.16] χ2(2) = 166.60,
P < 0.001, V = 0.53

1 v. 2; 1 v. 3; 2 v. 3

Cramer’s V interpretation: 0.1 = weak effect, 0.3 =moderate effect, 0.5 = strong effect; η2: 0.01 =weak effect, 0.06 =moderate effect, 0.14 = strong effect. Standardised residual is only
presented for cells with a value of ≥|1.96|, which equals significant deviation from the expected cell frequency, with positive values indicating higher than expected cell frequency and
negative values indicating lower than expected cell frequency. SOFAS, Social and Occupational Functioning Assessment Scale; MINI/MINI-Kid, Mini-International Neuropsychiatric Interview.
a. Percentages not calculated for total sample, but for the subsample with completed MINI/MINI-Kid (n = 718).
b. χ2 approximation may be incorrect owing to small number of cases; Bonferroni-corrected critical P = 0.016.
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functioning (i.e. SOFAS scores),41 potentially indicating the presence
of underlying neurodevelopmental issues. Although there has been
an increased focus on transition rates in research, our study
showed (in line with others7) that most individuals do not transition
to psychosis. Especially in younger samples, one of the factors that
could contribute to this is that, depending on age, certain symptoms
such as P4 might have a lower disease value.42,43 Consistently, the
respective symptom in our study is clearly dominant within the
youngest class and most common in the second youngest. This
aligns with reported higher prevalence and lower clinical significance
of perceptual abnormalities/hallucinations in younger samples,24,44

and with a lower relation to other positive symptoms.43 The latter
is also supported by the significantly different transition rates
across classes. Moreover, the reported association with lower age
and lower transition rates is supported.3

Already described in previous research, and evident in our
study, is that comorbid disorders in CHR individuals are the norm
rather than the exception. Compared with a recent meta-analysis
of comorbidities in CHR individuals,45 especially class 2 and 3,
which contain primarily CHR patients (Supplementary Table 4),
have similar prevalence and distributions, especially low numbers
of somatoform and eating disorders (Table 2). Additionally, par-
ticularly high rates of anxiety disorders and substance misuse in
class 2 fit the increased prevalence of anxiety disorders and

alcohol misuse in CHR populations compared with clinical con-
trols.44 However, the negative correlation of affective disorders as
well as of two anxiety disorders with a transition found in the
meta-analysis44 does not fit with the high prevalence in class 2
with the highest transition rate. Yet, since depressive and anxiety
disorders are the most frequently occurring comorbid disorders
(as in first-episode psychosis),46 and also exhibits symptoms that
most frequently lead to help-seeking,47 this contradiction probably
indicates that both disorders may have no direct specific connection
with a transition risk, but that the correlations may be mediated in
each case by other variables (such as level of functioning). Similarly,
the distribution of functional levels fits well with similar comorbid-
ity rates, which again underlines the relevance of CHR symptoms.48

General implications and neurocognitive deficits in the
scope of clinical care

The identification of homogenous subgroups in our study allows for
enhanced clinical utility, particularly regarding targeted intervention.
Given the high rates of psychiatric comorbidity in all classes, addres-
sing anxiety and affective symptoms, in particular, is indicated.
Additionally, although class 1 had a lack of CHR symptoms, negative
symptoms in this group may be ‘secondary’ (i.e. not necessarily
related to CHR symptoms themselves, but rather, part of psychiatric
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Fig. 1 Latent profile plot of clinical high-risk symptoms across the three classes. On the x-axis are the basic symptoms and the attenuated
positive symptoms. The y-axis shows the average probability for the symptom to occur separated for each subgroup.
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or medical comorbidities, adverse effects of treatment or environ-
mental factors), andmay be best reduced by treating other symptoms,
including anxiety. However, if negative symptoms do not respond to
treatment, persist over time and interfere with normal role function-
ing, they should be carefully managed and monitored by clinicians,
given that they have been consistently linked to poor outcomes.49

Because class 2 included the highest general psychopathology,
both a broad approach attending to general symptom severity and
prioritising targeted modular interventions for basic symptoms and
attenuated positive symptoms (owing to their distressing nature)
may be indicated.50 Intervention for broader (psychosocial) function-
ing should also include attending to negative symptoms, including
psychoeducation, behavioural activation, coping, etc. Moreover,
close collaboration with workplaces and schools of patients may
prevent negative cascading effects (i.e. job loss) by, for example,
ensuring increased time allowances for work completion. Further,
although negative symptoms are clinically relevant particularly
because of their severity and number in the context of class 2, cur-
rently, limited effective and evidence-based interventions are avail-
able for the treatment of negative symptoms, indicating the critical
need for further research.51

Interventions specifically tailored to delusional ideas, perceptual
symptoms and derealisation would be most relevant for class
3. These likely include modified cognitive–behavioural therapy
(CBT) interventions (i.e. CBT for voices),52 as well as specialised
treatment for derealisation (i.e. group therapy specific to this
symptom).53 Other emerging self-guided CBT interventions for
auditory hallucinations have shown promising results in reducing
the effects of voices, as well as other relevant clinical outcomes
such as well-being, anxiety and self-esteem.52

All classes in our study exhibited some neurocognitive deficits
(i.e. in processing speed and (verbal) executive functions) even in

the low-risk class, partly aligning with previous research.18

However, neurocognitive deficits did not significantly differentiate
between classes. To date, few effective pharmacological or psy-
chological interventions are available to ameliorate neurocognitive
deficits in CHR individuals, despite neurocognitive deficits having
been consistently reported in CHR and psychosis populations.54

For groups where neurocognitive disturbances might be related to
other comorbid disorders (i.e. anxiety in class 1), treating comorbid
symptoms might lead to some improvement in the neurocognitive
domains, since anxiety symptoms (among other factors) have
been shown to mediate cognitive test performance.55 However, in
the meantime, the achievement of developmental tasks of young
people might be threatened by the potential negative effects of neu-
rocognitive deficits in relation to school education. Therefore, close
collaboration between therapists and teachers may be required to
adapt to the young people’s needs and provide support, where
necessary, to enable them to participate successfully in class.

Alternatively, results from emerging interventions including
cognitive enhancement therapy in individuals with schizophrenia
(e.g. overall improvement in cognition, and beneficial effects on
attention/vigilance),56 if appropriately adapted, might translate as
a promising option for CHR individuals with some neurocognitive
deficits – this likely being particularly relevant for class 2 in our
study. New opportunities might also be offered by using virtual
reality technology for the development of innovative neuropsycho-
logical intervention tools.57 In CHR individuals, virtual reality
environments might offer the opportunity to improve not only
the specific neurocognitive deficits with which they present (i.e. pro-
cessing speed, verbal memory), but also for the treatment of
psychotic symptoms,58 or by combining virtual reality with cogni-
tive remediation programmes,59 depending on the respective finan-
cial resources.

Class 1:
Low symptom load

n = 523 (59.4%)
Mean age: 16.23

years

CHR symptoms
• Mostly absent (positive and basic 
   symptoms)
• Mild negative, disorganised and
   general symptoms

Psychiatric comorbidities (82.4%)
High percentage, mostly anxiety
disorders followed by affective disorders

SOFAS
Some mild functioning difficulties
(highest functioning across classes)

Neurocognitive deficits
• 22% had abnormalities in verbal
   memory
• 28% had deficits in processing speed
• 54% had deficits in verbal executive
   functioning

Transition rate: 1.3%

Class 2:
High symptom load

n = 97 (11.2%)
Mean age: 23.59

years

CHR symptoms
• Highest rate of positive and basic  
   symptoms 
 • Highest rates of negative, disorganised 
   and general symptoms

Psychiatric comorbidities (88.9%)
Highest rate of comorbidities, mostly
affective followed by anxiety disorders

SOFAS
Lowest scores across classes, with
serious impairments

Neurocognitive deficits
• 40% had impairments in verbal memory
• 53% had deficits in processing speed
   (highest rates)
• 76% had impaired (verbal) executive
   functions (highest rates)

Transition rate: 55.1%

Class 3:
Predominant
hallucinatory
experiences

n = 255 (29.4%)
Mean age: 18.54

years

CHR symptoms
• Highest rate of attenuated hallucinations
• Moderate negative and general and
   mild disorganised symptoms

Psychiatric comorbidities (75.4%)
High percentage, mostly afffective
followed by anxiety disorders

SOFAS
Moderate difficulties in functioning

Neurocognitive deficits
• 31% had deficits in their verbal memory
• 37% had deficits in processing speed
• 59% had impaired (verbal) executive
   functions

Transition rate: 19.6%

Fig. 2 Clinical overview of the three latent classes.
CHR, clinical high risk; SOFAS, Social and Occupational Functioning Assessment Scale.
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Strengths and limitations

A clear strength of this study is the large sample size, comprising a
wide age range of patients, the comprehensive assessment of CHR
symptoms, including basic symptoms, and their associations with
neurocognitive measures. Further, assessments were clinical inter-
views conducted by trained psychologists, adding to the validity of
the data. However, some limitations should also be acknowledged.
First, we did not control for ongoing psychotherapeutic or pharma-
cological treatment, which might affect several target variables.
Further, the use of mainly cross-sectional data aside from informa-
tion regarding transition to psychosis prevents drawing any conclu-
sions about course of the subgroups regarding other outcomes.
Additionally, data is from three different centres, and the possibility
of centre effects cannot entirely be excluded (see Supplementary
Table 6 for a description of the sample across centres). Finally,
lack of a validation in an external sample is another limitation.

Implications for the future

The utility of basic symptoms alongside with APS to distinguish
between classes in our study highlights not only the need for assess-
ment of these symptoms but also their potential to help further
understand the complexity of CHR presentation, supporting its
place in CHR diagnosis according to the EPA guidance.3 Despite
some challenges associated with the assessment of basic symptoms
(given its subjectivity) and its distal relationship to fully manifesting
psychosis (being the very earliest subjectively experienced symp-
toms of psychotic development), it co-occurs with functional diffi-
culties and, ultimately, psychological distress. Therefore, basic
symptoms may gain new relevance for broader conceptualisation
of CHR symptoms not limited to transition, but rather individual
clinical presentation associated with psychological distress.
Moreover, given the rarity of specific treatments available for
basic symptoms (aside from derealisation), our findings call for
increased attention to the development of effective interventions
for these distressing symptoms.

Our study is among the first to explore clinical profiles in CHR
samples beyond the explicit notion of predicting transition to
psychosis, focusing on broader clinical presentation (including
functioning) targetable by modular intervention. This adds to the
broader research and clinical aim of parsing out heterogeneity in
this clinical group and, consequently, aiding in the assessment, iden-
tification and intervention of help-seeking individuals.
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