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Negative psychotic symptoms and impaired role
functioning predict transition outcomes in the at-risk
mental state: a latent class cluster analysis study

L. R. Valmaggia1,2*, D. Stahl1, A. R. Yung3,4, B. Nelson3, P. Fusar-Poli1,2, P. D. McGorry3

and P. K. McGuire1,2

1King’s College London, Institute of Psychiatry, London, UK
2Outreach and Support in South London Service (OASIS), South London and Maudsley NHS Trust, London, UK
3Orygen Youth Health, Department of Psychiatry, University of Melbourne, Australia
4 Institute of Brain, Behaviour & Mental Health, University of Manchester, UK

Background. Many research groups have attempted to predict which individuals with an at-risk mental state (ARMS)
for psychosis will later develop a psychotic disorder. However, it is difficult to predict the course and outcome based on
individual symptoms scores.

Method. Data from 318 ARMS individuals from two specialized services for ARMS subjects were analysed using latent
class cluster analysis (LCCA). The score on the Comprehensive Assessment of At-Risk Mental States (CAARMS) was
used to explore the number, size and symptom profiles of latent classes.

Results. LCCA produced four high-risk classes, censored after 2 years of follow-up: class 1 (mild) had the lowest
transition risk (4.9%). Subjects in this group had the lowest scores on all the CAARMS items, they were younger,
more likely to be students and had the highest Global Assessment of Functioning (GAF) score. Subjects in class 2
(moderate) had a transition risk of 10.9%, scored moderately on all CAARMS items and were more likely to be in
employment. Those in class 3 (moderate–severe) had a transition risk of 11.4% and scored moderately severe on the
CAARMS. Subjects in class 4 (severe) had the highest transition risk (41.2%), they scored highest on the CAARMS,
had the lowest GAF score and were more likely to be unemployed. Overall, class 4 was best distinguished from the
other classes on the alogia, avolition/apathy, anhedonia, social isolation and impaired role functioning.

Conclusions. The different classes of symptoms were associated with significant differences in the risk of transition at
2 years of follow-up. Symptomatic clustering predicts prognosis better than individual symptoms.

Received 7 March 2012; Revised 24 January 2013; Accepted 24 January 2013; First published online 27 February 2013
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Introduction

The definition of an at-risk mental state (ARMS) for
psychosis is based on the observation that a full-blown
psychotic episode is usually preceded by a prodromal
period characterized by the presence of attenuated
psychotic symptoms accompanied by a cognitive
(Fusar-Poli et al. 2012d) and functional decline
(McGlashan & Johannessen, 1996; Yung & McGorry,
1996a). Although the emphasis of most clinical assess-
ment instruments has been on the presence of attenu-
ated psychotic symptoms to define the ARMS, recent
research has shown that ARMS criteria lack specificity
and the majority of individuals who meet ARMS

criteria will not go on to develop psychosis (Simon
et al. 2011). A recent meta-analysis of more than 2500
high-risk subjects indicated that the transition risk
to psychosis is only 18% after 6 months, 22% after
1 year, 29% after 2 years and 36% after 3 years
(Fusar-Poli et al. 2012a). Such a high proportion of
‘false positives’ undermines the power of positive
symptoms to predict the transition to psychosis from
an ARMS. In fact, previous latent class analysis studies
of first-episode schizophrenia patients found three sub-
types of these patients (neurodevelopmental, paranoid
and schizo-affective), with distinctive pre-morbid, phe-
nomenological and outcome characteristics (Sham et al.
1996). Positive symptoms in the ARMS can be transient
and often remit spontaneously within 1 year from
presentation to prodromal services (Cornblatt et al.
2003; van Os et al. 2009; Simon & Umbricht, 2010;
Yung et al. 2010; Velthorst et al. 2011). Positive symp-
toms per se are not good predictors of longitudinal
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outcomes: ARMS subjects who do not convert to overt
psychosis can still experience significant levels of gen-
eral symptomatology and impaired functioning, and
have a clear need for care at presentation (Morrison
et al. 2007; Phillips et al. 2007; Riecher-Rossler et al.
2007; Yung et al. 2007). Negative and cognitive symp-
toms may be more predictive of developing schizo-
phrenia than positive symptoms and recent finding
suggest that negative symptoms, cognitive impair-
ments and a decline in functioning at baseline
(Cannon et al. 2008; Fusar-Poli et al. 2009, 2010;
Riecher-Rossler et al. 2009; Ruhrmann et al. 2010;
Velthorst et al. 2010; Demjaha et al. 2010) are strongly
associated with higher risk of transition to psychosis
at follow-up. To date, studies addressing the clinical
predictors of transition to psychosis have used simple
or complex regression models (Riecher-Rossler et al.
2009; Ruhrmann et al. 2010; Seidman et al. 2010;
Klosterkotter et al. 2011), assuming that the risk of
developing psychosis is homogeneously distributed
in the ARMS group considered as a whole. However,
such an assumption may not be correct. Indeed, recent
neuroimaging evidence indicates different levels of risk
within the ARMS group, directly related to specific
neurobiological alterations and to different prob-
abilities of developing a psychotic episode over time
(Smieskova et al. 2011).

In the present investigation we tested the hypothesis
that the ARMS group is composed of different classes
of risk, each characterized by different clustering of
symptoms. We adopted, for the first time, a latent
class cluster analysis (LCCA) statistical approach in a
large sample of ARMS individuals. LCCA assumes
that data are generated by a mixture of probability dis-
tributions and can identify distinct risk classes given
the presence/absence of several symptoms, thereby
enabling us to clarify which constellation of symptoms
is most associated with transition to psychosis. We
specifically aimed to identify the number, size and
symptom profiles of these risk classes.

Method

Definition of ARMS

According to the Personal Assessment and Crisis
Evaluation (PACE) criteria, an individual can meet
ARMS criteria in at least one of three ways: (1) a recent
decline in function coupled with either schizotypal
personality disorder or a first-degree relative with psy-
chosis; (2) ‘attenuated’ positive psychotic symptoms;
and (3) a brief psychotic episode of duration less
than 1 week that resolves without antipsychotic medi-
cation (Yung et al. 1998).

Samples

In total, 318 ARMS subjects were collected at baseline
from consecutive referrals to two community pro-
dromal teams over a period of 5 years: 101 participants
who were seen by the Outreach and Support in South
London Service (OASIS) in London, UK and 217 who
were assessed and treated by the PACE team in
Melbourne, Australia. All referrals to the services
were included in the current analysis.

OASIS

OASIS is a clinical service located in Lambeth, South
London (Fusar-Poli et al. 2012c) that offers treatment
to individuals between 14 and 35 years of age who
meet the ARMS criteria for psychosis assessed by the
Comprehensive Assessment of the At-Risk Mental
States (CAARMS; Yung et al. 2005). OASIS accepts self-
referrals, and also referrals made by relatives or health
professionals. All referrals are contacted by telephone
for an initial screening focused around the inclusion
criteria of the service (age, address of client, prior psy-
chiatric history). Within 10 days from referral, individ-
uals are seen for an assessment with one of the clinical
psychologists or psychiatrists of OASIS. Clients who
meet ARMS criteria are provided with a comprehen-
sive 2-year intervention package. Those who do not
meet ARMS criteria are referred to a mental health
service appropriate for their needs or are referred
back to the referrer with advice.

PACE

The PACE team is a specialist youth mental health
service covering the western metropolitan region of
Melbourne, Australia. PACE provides a clinical service
to people aged between 15 and 25 years who are at
high risk of psychotic disorder, as assessed by the
ARMS criteria (using the CAARMS). Referrals to the
PACE Clinic come from general practitioners, teachers
and university health services, drug and alcohol
services, youth support organizations such as home-
less services, and other mental health services. All
referrals are screened at a triage service and those
who meet ARMS criteria are allocated a case manager
(a clinical psychologist) and a doctor (either a psychia-
trist or a trainee psychiatrist) generally within 2 weeks.

Measures

Inter-rater reliability was not formally assessed;
however, assessors in PACE and OASIS were trained
in administering the CAARMS using the CAARMS
Training DVD and Manual. This complete training
package consists of an instructional DVD and support-
ing workbook. Trainees learn how to use the CAARMS
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through case scenario interviews and self-assessment
practice vignettes.

The CAARMS (Phillips et al. 2000; Yung et al. 2005) is
a semi-structured interview designed to assess attenu-
ated psychotic symptoms in people at high risk for
psychosis. The scale has a total of 27 items that are
clustered in seven subscales: Positive Symptoms (dis-
orders of thought content, perceptual abnormalities,
disorganized speech); Cognitive Change, Attention
and Concentration (subjective experience and observed
cognitive change); Emotional Disturbance (subjective
emotional disturbance, observed blunted affect,
observed inappropriate affect); Negative Symptoms
(alogia, avolition/apathy, anhedonia), Behavioural
Change (social isolation, impaired role functioning,
disorganizing/odd/stigmatizing behaviour, aggression/
dangerous behaviour), Motor/Physical Changes (com-
plaints of impaired motor functioning, complaints of
impaired bodily sensation, complaints of impaired
autonomic functioning); and General Psychopathology
[mania, depression, suicidality and self-harm, mood
swings/liability, anxiety, obsessive–compulsive dis-
order (OCD) symptoms, dissociative symptoms, im-
paired tolerance to normal stress]. Scores on each
item range from 0=absent to 6=extreme. For example,
Perceptual Abnormalities can be rated from 0= ‘No
abnormal perceptual experiences’ to 6= ‘Psychotic
and severe. True hallucinations which the subject
believes are true at the time of, and after, experiencing
them. May be very distressing’. Social Isolation can be
scored from 0= ‘No change in level of social activity’
to 6= ‘Isolated from others from extended periods
(i.e. days)’.

The general level of functioning and the reduction
in functioning were assessed using the Global
Assessment of Functioning (GAF) scale (APA, 1994).
The GAF scale enables the rater to score current
functioning and the highest level of functioning in
the past year. Scores range from 1 to 100. The decline
in functioning is calculated by subtracting the
current GAF score from the highest GAF score in the
past year.

Transition to psychosis was defined as the onset of
frank psychotic symptoms (hallucinations, delusions
or formal thought disorder) that did not resolve within
1 week (Yung et al. 1998). The CAARMS criteria for a
full-blown psychotic episode require the occurrence
of at least one fully positive psychotic symptom
(variably assessed on the hallucination scale, unusual
thought content/suspiciousness scale, suspiciousness,
conceptual disorganization scale) several times a
week for more than 1 week.

Age, gender and employment status at presentation
were also recorded. Employment was coded as
‘unemployed’ for people who were out of work;

‘student’ for individuals attending school, college
courses or university; and ‘partially? employed’ for
people with part-time or full-time employment.
Students who had occasional employment were
coded as ‘students’.

Statistical analysis

LCCA is a model-based cluster analysis method used
to identify subtypes of related cases (latent classes)
from categorical, ordinal and continuous multivariate
data (Lazarsfeld Henry, 1968; Muthén & Muthén,
2000; Vermunt & Parkinson, 2002). It comprises both
latent class and latent profile analysis (Vermunt &
Parkinson, 2002). LCCA assumes k latent groups or
latent classes underlying the data set and that each
case is thought to belong to one group. The number
of classes and their sizes are not known a priori.
Unlike classical cluster analysis, such as k-means clus-
tering, latent class clustering is a model-based tech-
nique that assumes that the data are generated by
a mixture of probability distributions (Vermunt &
Parkinson, 2002). Associations among observed (mani-
fest) variables are explained through hypothesized
latent categorical variables. Manifest variables are
therefore assumed to be independent within each
latent class (local independence). LCCA can be seen
as a categorical analogue of factor analysis. However,
factor analysis is concerned with the structure of
items (manifest variables) whereas LCCA is more
concerned with the structure of cases. LCCA acknowl-
edges classification uncertainty and provides estimates
of the posterior probabilities of a case’s membership in
each latent class. A case can then be assigned to the
class with the highest posterior probability of associ-
ation (modal assignment). LCCA has several advan-
tages over other statistical clustering methods: (a) it
can separate groups even if there is some overlap;
because LCCA is based on a statistical model, statistics
such as likelihood ratio tests (LRTs) or information cri-
teria are available to determine the number of classes
objectively; (b) LCCA is scale independent and data
do not need to be standardized, it allows full case
analysis by including data that are missing and it can
be used to analyse continuous, ordinal and categorical
data; and (c) LCCA is a type of latent variable model-
ling methodology (Skrondal & Rabe-Hesketh, 2004),
and therefore allows flexible modelling such as includ-
ing covariates in the model.

Multinominal regression analysis was performed to
confirmed class membership. Kaplan–Meier survival
analysis was used to examine transition rates to
psychosis at 2 years from referral. ANOVA, t tests
and χ2 tests were used for comparison of two or
more independent groups.
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Model selection

To determine the number of classes underlying the
sample we compared the fit of models with an increas-
ing number of classes. Akaike’s Information Criteria
(AIC) and the Bayesian Information Criteria (BIC)
were used to choose the optimal number of classes
(Lin & Dayton, 1997). Lower AIC and BIC values
suggest better-fitting models. Differences between
information criteria values leads to an evaluation of
the strength of evidence of the best model compared
to other candidate models. We applied the parametric
bootstrapped LRT to compare n with n – 1 classes
(McLachan & Peel, 2000). A significant test suggests
that an n-class solution is better than an (n – 1)-class
solution. We also compared the entropy, a measure
of how well a model predicts class membership. The
entropy measure ranges from 0 (no predictive power)
to 1 (perfect prediction). We present the mean (pos-
terior) probabilities of cases to belong to each class. A
good-fitting model would have a high individual prob-
abilities to one class only. We used Mplus version 4.1
to run the latent class analysis (Muthén &Muthén, 2006).

Results

Sample characteristics of the study population

The baseline characteristics for the total sample,
stratified by clinic (OASIS and PACE), are shown in
Table 1. Comparison of the two groups reveals that
subjects in the OASIS clinic were, on average, about
4.5 years older, had a higher proportion of males and
a smaller proportion of students compared to PACE.
Subjects from OASIS also had slightly higher GAF
scores. There were no significant differences with
regard to the transition rate or the type of ARMS [i.e.
attenuated psychotic symptoms, trait group, the brief,
limited intermittent psychotic symptoms (BLIPS)
group] at presentation. Table 1 shows that the two
clinic groups differed significantly on nine of the 27
clinical ARMS variables: higher scores were reported
in the OASIS sample for unusual thought content, sub-
jective cognitive changes, subjective emotional disturb-
ances, social isolation, disorganized, odd, stigmatizing
behaviour, observed motor functioning, subjective
bodily sensation, and subjective autonomic function-
ing. PACE subjects had higher scores for suicidality
and self-harm.

LCCA

Latent class model selection

Table 2 reports the fit indices from the latent class
analysis. A four-class model was considered the best
model. This model has the lowest AIC and BIC values

and a significant bootstrap LRT, which suggests that
the four-class solution is better than a lower-class
solution. LCCA with five or more classes had lower
AIC and BIC values but did not result in convergence
to any meaningful underlying model, even after
increasing the number of iterations and using different
starting values. In the four-class solution most cases
could easily be assigned to just one class, with high
mean posterior probabilities of class membership ran-
ging from 94.9% to 100%, indicating that the quality
of classification was high. In addition, the entropy of
the five-class model was 0.90, a good overall certainty
in classification of patients into classes.

Characteristics of the four-class solution

Table 3 summarizes the latent class membership, based
on the estimated posterior probability. Class 1 (mild) is
the largest class with 123 patients, followed by class 3
(moderate–severe) with 105, class 2 (moderate) with 46
and class 4 (severe) with only 17 patients.

Table 4 presents the results of the LCCA and Fig. 1
shows the latent class profile for the four classes. To
assess the importance of the variables in the clustering
process, we estimated for each variable the explained
variance using univariate ANOVAs (Table 4). Based
on this assessment, the variables motor and physical
changes, behavioural changes and negative symptoms
were considered to be the most influential for the latent
class clustering process.

Overall, a clear pattern emerged: subjects in class 4
(severe) were distinguished from those in the other
classes by showing the highest scores on all variables,
subjects in class 1 (mild) exhibited the lowest scores on
almost all items, and subjects in class 2 (moderate) and
class 3 (moderate–severe) scored in between classes
1 and 4. All four classes were clearly separated
by differences on the negative symptoms (alogia,
avolition/apathy and anhedonia) and on two of the
four behavioural change variables (social isolation
and impaired role functioning). On all five of these
symptom variables, class 4 (severe) scored highest, fol-
lowed by class 3 (moderate–severe), class 2 (moderate)
and then class 1 (mild).

Closer examination revealed that subjects in class 1
(mild) and class 3 (moderate–severe) scored showed
very low scores on subjective motor functioning,
which separated these two classes from the other
two, class 2 (moderate) and class 4 (severe). Members
of class 2 (moderate) scored lower on subjective
motor functioning than subjects in class 4 (severe). In
addition, classes 2 (moderate) and 4 (severe) were sep-
arated by differences on subjective bodily sensations.
Subjects in class 2 (moderate) scored lower than
subjects in class 4 (severe) on this variable.
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Table 1. Baseline and sample characteristics of total study population and stratified by site/clinic (OASIS and PACE)

Variable Level

Total population
(n=318) OASIS (n=101) PACE (n=217)

p
valueaValid n Valid n Valid n

Age (years) 20.3±4.28 316 23.5±4.84 101 18.8±2.96 215 < 0.001
Gender 318 101 217 0.02
Male 149 (46.9) 57 (56.4) 92 (42.4)
Female 169 (53.1) 44 (43.6) 125 (57.6)

Occupation 317 101 216 <0.001
Student 163 (51.4) 30 (29.7) 133 (61.6)
Employed 67 (21.1) 36 (35.6) 31 (14.4)
Unemployed 87 (27.4) 35 (34.7) 52 (24.1)

Transition to psychosis 318 101 217 0.11
Yes 37 (11.6) 16 (15.8) 21 (9.7)
No 281 (88.4) 85 (84.2) 196 (90.3)

GAF score 57±9.68 317 59.0±11.39 100 56.2±8.67 217 0.016
ARMS recoded 318 101 217 0.31
Attenuated symptoms 231 (72.6) 74 (73.3) 157 (72.4)
BLIPS 20 (6.3) 9 (8.9) 11 (5.1)
Trait 67 (21.1) 18 (17.8) 49 (22.6)

Unusual thought content PS 3.4±1.45 318 3.7±1.31 101 3.2±1.49 217 0.012
Perceptual abnormalities PS 3±1.63 318 2.8±1.65 101 3.1±1.62 217 0.1
Disorganized speech PS 1.6±1.32 318 1.5±1.35 101 1.6±1.31 217 0.47
Subjective cognitive changes CC 2.5±1.01 316 2.7±1.03 99 2.4±0.99 217 0.006
Objective cognitive changes CC 1.1±1.17 316 1.1±1.21 100 1.2±1.16 216 0.93
Subjective emotional disturbances ED 1.8±1.37 317 2±1.47 100 1.7±1.31 217 0.032
Observed blunted affect ED 1.2±1.29 317 1.3±1.4 100 1.2±1.24 217 0.65
Observed inappropriate affect ED 0.5±0.92 317 0.4±0.95 100 0.6±0.9 217 0.17
Alogia NS 1.3±1.21 318 1.3±1.28 101 1.3±1.18 217 0.93
Avolition/apathy NS 2.8±1.47 318 2.8±1.68 101 2.8±1.36 217 0.97
Anhedonia NS 2.5±1.54 317 2.6±1.71 100 2.5±1.46 217 0.87
Social isolation BC 2.5±1.57 318 3.1±1.55 101 2.2±1.51 217 < 0.001
Impaired role function BC 2.8±1.83 318 2.9±1.9 101 2.8±1.8 217 0.75
Disorganized, odd, stigmatizing
behaviour

BC 1±1.33 318 1.2±1.4 101 0.9±1.29 217 0.044

Aggression BC 2.5±1.44 318 2.4±1.42 101 2.6±1.45 217 0.42
Observed motor functioning MPC 0.7±1.12 317 1.2±1.32 100 0.4±0.92 217 < 0.001
Subjective motor functioning MPC 0.1±0.56 314 0.2±0.58 97 0.1±0.55 217 0.37
Subjective bodily sensations MPC 1.1±1.44 318 1.4±1.56 101 0.9±1.35 217 0.002
Subjective autonomic functioning MPC 1.8±1.43 316 2±1.35 99 1.6±1.45 217 0.046
Mania GP 1±1.25 317 0.8±1.16 100 1.1±1.28 217 0.056
Depression GP 3.1±1.28 318 3±1.51 101 3.2±1.16 217 0.36
Suicidality and self-harm GP 2.2±1.54 318 1.8±1.57 101 2.4±1.5 217 0.004
Mood swings GP 1.7±1.43 317 1.6±1.47 100 1.7±1.42 217 0.65
Anxiety GP 3.1±1.43 316 3.2±1.55 99 3.1±1.37 217 0.44
OCD GP 1.4±1.44 315 1.4±1.41 98 1.3±1.46 217 0.68
Dissociative symptoms GP 1.2±1.35 316 1.1±1.44 99 1.2±1.31 217 0.75
Tolerance to normal stress GP 2.4±1.58 317 2.5±1.76 100 2.4±1.49 217 0.42

OASIS, Outreach and Support in South London Service; PACE, Personal Assessment and Crisis Evaluation; GAF, Global
Assessment of Functioning; ARMS, at-risk mental state; BLIPS, brief, limited intermittent psychotic symptoms; OCD, obses-
sive–compulsive disorder; PS, positive symptoms; CC, cognitive change, attention/concentration; ED, emotional disturbance;
NS, negative symptoms; BC, behavioural change; MPC, motor/physical changes; GP, general psychopathology.
Bold values indicate significant difference p<0.05.
Data are given as mean±standard deviation or n (%).
a Results of χ2 tests for categorical variables or t tests for continuous variables to assess differences between the two study sites.
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Moderators analysis

Type of prodromal clinic

Type of clinic was included as a covariate in the LCCA.
Table 5 shows (a) the results of the categorical latent
variable regression of class on clinic type, and (b) the
estimated latent class membership based on the esti-
mated posterior probability. OASIS subjects were
more likely to be classified in classes 2 (moderate)
and 4 (severe) and less likely to be classified in classes
1 (mild) and 3 (moderate–severe) than subjects from
PACE.

Demographic factors

Table 6 shows the results of univariate analyses of
the association between the four latent classes and
demographic and clinical factors, which were not

used for the LCCA. There were significant differences
in age and occupation between the four classes.
Patients in class 1 (mild) were younger and more likely
than expected by chance to be students, and less
likely than expected to be unemployed. There were
more employed people and fewer students in class 2
(moderate) than expected by chance. Patients of
class 4 (severe) were more likely to be unemployed
and less often than expected students.

GAF scores

GAF scores were significantly associated with classes,
with subjects in class 1 (mild) having significantly
higher GAF scores than subjects in the other three
classes. GAF scores between classes 2 (moderate), 3
(moderate–severe) and 4 (severe) were not significantly
different.

Table 3. Latent class membership based on the estimated posterior probability

Class
Based on estimated posterior
probability n (%)

Based on most likely class
membership n (%)

Class 1
Mild

Class 2
Moderate

Class 3
Moderate–Severe

Class 4
Severe

1 122.9 (42.2) 123 (42.3) 0.962 0 0 0.037
2 46.7 (16.0) 46 (15.8) 0 0.997 0.003 0
3 104.2 (35.8) 105 (36.1) 0.043 0.008 0.949 0
4 17.1 (5.9) 17 (5.8) 0 0.001 0 0.999

The first column shows the membership based on the mean posterior probability for each class. The second column shows the
number of subjects (%) classified in a given class based on their most likely average latent class membership (row) by latent class
(column). For example: the estimated average posterior probability of belonging to class 1 is 42.2%, corresponding to an estimated
sample size of 122.9 subjects in this class. A total of 42.3% of the subjects were classified into class 1 based on their highest pos-
terior probability (most likely class membership). Their average posterior probability for membership of class 1 was 96.2%
whereas their probability of belonging to class 2, 3 or 4 was 0, 0 and 0.037% respectively.

Table 2. Fit indices and class sizes for the latent class analysis of CAARMS symptom scores

Number of classes

1 2 3 4 5

Log likelihood –13125.2 –12549.9 –12408.8 –12333 –12291.5
No. of parameters 54 80 108 136 164
AIC 26358.4 25259.8 25033.5 24938.1 24910.9
ssa BIC 26385.5 25300 25087.7 25006.4 24993.2
Entropy 1 0.862 0.923 0.906 0.867
Bootstrap LRT p<0.0001 p<0.0001 p<0.0001 Did not converge
Class size 291 147/144 123/105/63 123/105/46/17 48/89/81/44/29

CAARMS, Comprehensive Assessment of At-Risk Mental States; AIC, Akaike’s Information Criteria; ssa BIC, sample
size-adjusted Bayesian Information Criteria (smaller information criteria suggest a better model); Entropy, an overall measure
of how well a model predicts class membership, ranging from 0 (no predictive power) to 1 (perfect prediction); LRT, parametric
bootstrapped likelihood ratio test to compare nwith n – 1 classes. A significant test suggests that the n-class solution is better than
an (n – 1)-class solution; Class size, estimated class size based on most likely class membership. Model 5 did not result in any
meaningful solution.
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Risk of transition to psychosis

As shown in Table 1, the overall transition rate at 2
years was 11.6%; there was no significant difference
in the transition rate between the two sites (PACE
15.8%, OASIS 9.7%, p=0.11). Transition risk to psycho-
sis at 2 years from referral was significantly associated
with all four classes (Table 6). Pairwise comparisons
revealed that transition to psychosis was more likely
in subjects in class 4 (severe) than in any other class.
Class 4 (severe) had a transition risk of 41.2%. There
were no significant differences between class 1 (mild;

transition risk 4.9%), class 2 (moderate; transition risk
10.9%) and class 3 (moderate–severe; transition risk
11.4%) (χ23=21.6, p<0.0001). Figure 2 illustrates the
results of the Kaplan–Meier survival analysis.

Confirmation of class membership

To determine the set of variables that best predicted
class membership, we performed a multinomial reg-
ression analysis with class membership as the depen-
dent variable and entering the potentially moderator
factors identified as independent variables: occupation,

Table 4. Latent class analysis: estimated parameters for the four-class solution

Variable

Class 1
Mild
(n=123)

Class 2
Moderate
(n=46)

Class 3
Moderate–
Severe
(n=105)

Class 4
Severe
(n=17)

ANOVA
p

Effect
size
(r2)

Unusual thought content PS 2.9 (0.16) 3.9 (0.18) 3.6 (0.15) 4 (0.23) < 0.0001 0.10
Perceptual abnormalities PS 2.9 (0.17) 3 (0.23) 3 (0.17) 3.3 (0.34) 0.85 0.00
Disorganized speech PS 1.1 (0.12) 1.9 (0.2) 1.9 (0.15) 2.2 (0.33) < 0.0001 0.12
Subjective cognitive changes CC 1.9 (0.1) 2.7 (0.12) 2.8 (0.09) 3.5 (0.18) < 0.0001 0.28
Objective cognitive changes CC 0.8 (0.11) 1.2 (0.17) 1.3 (0.13) 1.6 (0.27) 0.004 0.05
Subjective emotional disturbances ED 1.2 (0.12) 2 (0.2) 2.1 (0.16) 2.5 (0.34) < 0.0001 0.12
Observed blunted affect ED 0.7 (0.1) 1 (0.18) 1.6 (0.16) 1.4 (0.32) < 0.0001 0.11
Observed inappropriate affect ED 0.4 (0.08) 0.5 (0.14) 0.4 (0.08) 1.2 (0.39) 0.016198 0.04
Alogia NS 0.7 (0.11) 1.4 (0.17) 1.8 (0.16) 2.3 (0.28) < 0.0001 0.24
Avolition/apathy NS 1.8 (0.14) 2.9 (0.19) 3.5 (0.14) 4.1 (0.25) < 0.0001 0.33
Anhedonia NS 1.5 (0.14) 2.6 (0.21) 3.4 (0.15) 3.7 (0.34) < 0.0001 0.32
Social isolation BC 1.5 (0.15) 2.6 (0.2) 3.1 (0.15) 4.5 (0.22) < 0.0001 0.32
Impaired role function BC 1.8 (0.19) 2.7 (0.27) 3.6 (0.18) 4.4 (0.45) < 0.0001 0.23
Disorganized, odd, stigmatizing behaviour BC 0.6 (0.11) 1.2 (0.2) 1 (0.14) 1.3 (0.3) 0.003 0.05
Aggression BC 2 (0.15) 2.7 (0.22) 2.9 (0.13) 3.2 (0.41) < 0.0001 0.10
Subjective motor functioning MPC 0 (0.02) 2 (0.06) 0.1 (0.03) 3.3 (0.12) < 0.0001 0.94
Subjective bodily sensations MPC 0.6 (0.11) 1.2 (0.21) 1.2 (0.15) 2.2 (0.41) < 0.0001 0.10
Subjective autonomic functioning MPC 0.9 (0.14) 2.2 (0.19) 2.3 (0.14) 2.7 (0.35) < 0.0001 0.27
Mania GP 0.8 (0.1) 1.2 (0.22) 1 (0.14) 1.5 (0.41) 0.03 0.03
Depression GP 2.5 (0.13) 3.1 (0.18) 3.6 (0.12) 3.8 (0.34) < 0.0001 0.16
Suicidality and self-harm GP 1.9 (0.16) 2.3 (0.23) 2.5 (0.16) 2.3 (0.34) 0.06 0.03
Mood swings GP 1.4 (0.13) 1.9 (0.22) 1.8 (0.15) 2.3 (0.32) 0.015 0.04
Anxiety GP 2.5 (0.14) 3.5 (0.18) 3.6 (0.13) 3.5 (0.32) < 0.0001 0.15
OCD GP 0.9 (0.13) 1.6 (0.23) 1.8 (0.16) 1.5 (0.37) < 0.0001 0.08
Dissociative symptoms GP 0.9 (0.12) 1.6 (0.21) 1.2 (0.14) 2 (0.35) 0.0005 0.06
Tolerance to normal stress GP 1.6 (0.15) 2.6 (0.23) 2.9 (0.16) 3.4 (0.37) < 0.0001 0.16

Clinic (estimated probability for latent class
as function of clinic type)

OASIS 28.2 (32.9) 23.3 (27.1) 23.3 (27.1) 11.1 (12.9)

PACE 94.7 (46.2) 23.3 (11.4) 81 (39.5) 6 (2.9)

OCD, Obsessive–compulsive disorder; OASIS, Outreach and Support in South London Service; PACE, Personal Assessment
and Crisis Evaluation; PS, positive symptoms; CC, cognitive change, attention/concentration; ED, emotional disturbance; NS,
negative symptoms; BC, behavioural change; MPC, motor/physical changes; GP, general psychopathology.
Estimated parameter estimates and standard errors for each latent class (controlled for clinic type) are provided for

Comprehensive Assessment of At-Risk Mental States (CAARMS) variables and estimated number of cases (%) for each latent
class as a function of clinic type.
The results of the univariate ANOVA and explained variance estimates based on cases classified in most likely class are pre-

sented to indicate the importance of the variable in the clustering process.
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gender, age, type of ARMS, GAF score and transition
risk to psychosis (Table 7). The best model based
on stepwise model selection included occupation,

transition to psychosis and GAF score (overall
model: χ2LRT(12) =69.34, p<0.0001, occupation χ2=19.95,
p=0.003, risk of transition to psychosis χ23=14.84,

5.0

4.5

4.0

3.5

3.0

2.5

2.0

1.5

1.0

0.5

0

Unusu
al 

th
ought c

onte
nt

Per
ce

ptu
al 

ab
norm

ali
tie

s

Diso
rg

an
ise

d sp
ee

ch

Subjec
tiv

e c
ongniti

ve
 ch

an
ges

Objec
tiv

e c
ongniti

ve
 ch

an
ges

Subjec
tiv

e e
m

otio
nal 

dist
urb

an
ce

s 

Obse
ve

rd
 b

lu
nte

d af
fe

ct

Obse
ve

rd
 in

ap
pro

pria
te

 af
fe

ct

Alo
gia

Avo
lit

io
n/ap

at
hy

Anhed
onia

Socia
l is

olat
io

n

Im
pair

ed
 ro

le 
fu

ncti
on

Diso
rg

an
ise

d/

Aggre
ss

io
n

Subjec
tiv

e m
oto

r f
uncti

onin
g

Subjec
tiv

e b
odily

 se
nsa

tio
ns

Subjec
tiv

e a
uto

nom
ic 

fu
ncti

onin
g

M
an

ia

Dep
re

ss
io

n

Suici
dali

ty
 an

d se
lf-

har
m

M
ood sw

in
gs

Anxie
ty

OCD

Diss
ocia

tiv
e s

ym
pto

m
s

To
ler

an
ce

 to
 n

orm
al 

str
es

s

Class 1 - Mild Class 2 - Moderate Class 3 - Moderate severe Class 4 -Severe

Fig. 1. Four-class item profiles for Comprehensive Assessment of At-Risk Mental States (CAARMS) symptoms. Estimated
sample means of each item for the four-class model of CAARMS symptoms.

Table 5.
(a) Results of the categorical latent variable regression of class on clinic type

Class
Clinic type: 1=OASIS, 0=PACE

t p Intercept (S.E.)b (S.E.)

2 1.208 (0.383) 3.149 0.002 –1.4 (0.248)
3 –0.037 (0.368) –0.1 0.92 –0.156 (0.223)
4 1.825 (0.575) 3.172 0.002 –2.758 (0.429)
Reference: 1 0

(b) Latent class membership based on the estimated posterior probability based on latent variable regression analysis

Class

Based on estimated posterior probabilities Based onmost likely class membership

OASIS PACE OASIS PACE

1 28.2 (32.9) 94.7 (46.2) 28 (32.5) 95 (46.3)
2 11.1 (12.9) 23.3 (11.4) 23 (26.7) 23 (11.2)
3 23.3 (27.1) 81.0 (39.5) 24 (27.9) 81 (39.5)
4 23.3 (27.1) 6.0 (2.9) 11 (12.7) 6 (2.9)

Parameterization using class 1 (mild) as the reference class.
The independent variable of the categorical latent variable ‘class’ is clinic type with 1=OASIS and 0=PACE.
Values given as n (%).
OASIS, Outreach and Support in South London Service; PACE, Personal Assessment and Crisis Evaluation; S.E., standard error.
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p=0.002, GAF score χ23=24.22, p<0.0001, n=288). The
results were similar to the univariate analyses: people
with a transition to psychosis were more likely to
belong to class 4 (severe) in comparison to the other
classes. People with higher GAF scores were more
likely to belong to class 1 (mild). Occupation had a
similar influence as in the univariate analysis.

Discussion

The core aim of the present investigation was to deter-
mine whether the ARMS group is composed of differ-
ent classes of psychosis risk. We used LCCA to
examine a large ARMS sample and clarify the number
of these classes and their psychopathological profiles.
We then sought to clarify which constellation of symp-
toms was most likely to precede a transition to psycho-
sis, controlling for potential moderators. We found
four risk classes: class 1 (mild) was characterized by
relatively low scores on all CAARMS items. Subjects
in this group were younger, more likely to be students,
had a higher score on the GAF and the lowest

transition risk (4.9%). Subjects in class 2 (moderate)
scored moderately on all CAARMS items and were
more likely to be in employment (transition risk
10.9%) Those in class 3 (moderate–severe) scored mode-
rately severe on negative symptoms, social isolation
and impaired role functioning (transition risk 11.4%).
Class 4 (severe) was the smallest group and was associ-
ated with the most impairment: subjects in this class
scored highest on all items of the CAARMS, had the
lowest GAF score and were more likely to be un-
employed than employed. This group was also charac-
terized by the highest transition risk (41.2%).

Baseline differences

Despite the similarities between the PACE and OASIS
clinics and the fact that both centres use the same
inclusion criteria, screening and assessment instru-
ments, several differences distinguished the two
centres at baseline. OASIS patients were older and
scored higher at baseline on several items and were
more likely to belong to class 2 (moderate) and

Table 6. The association between demographic and clinical factors and classes

Class 1
Mild
(n=123)

Class 2
Moderate
(n=46)

Class 3
Moderate–
Severe
(n=105)

Class 4
Severe
(n=17) Test Pairwise

Clinic
OASIS 28 (32.5) 23 (26.7) 24 (27.9) 11 (12.7)
PACE 95 (46.3) 23 (11.2) 81 (39.5) 6 (2.9)

Age (years) 19.6±4.46 21.4±4.68 20.2±3.73 21.8±3.99 F3,285=2.8, p=0.04 1<2, 1<4

Gender
Male 57 (46.3) 21 (45.7) 50 (47.6) 6 (35.3) χ23=0.90, p=0.83
Female 66 (53.7) 25 (54.3) 55 (52.4) 11 (64.7)

Occupation
Student 82 (66.7) 4.2 18 (39.1) –2 49 (47.1) –1.4 3 (17.6) –3 χ26=27.97, p<0.0001
Paid employment 22 (17.9) –1.4 15 (32.6) 2 22 (21.2) –0.2 4 (23.5) 0.2
Unemployed 19 (15.4) –3.5 13 (28.3) 0.4 33 (31.7) 1.7 10 (58.8) 3.2

Transition to psychosis
No 117 (95.1) 41 (89.1) 93 (88.6) 10 (58.8) χ23=21.6, p<0.0001 4>1,2,3
Yes 6 (4.9) 5 (10.9) 12 (11.4) 7 (41.2)

GAF score 61.3±9.13 57.2±10.11 54.3±8.12 52.1±9.34 F3,285=13.9, p<0.0001 1>2,3,4

ARMS type
Attenuated symptoms 88 (71.5) 34 (73.9) 75 (71.4) 13 (76.5) χ26=2.49, p=0.88
BLIPS 10 (8.1) 2 (4.3) 6 (5.7) 2 (11.8)
Trait 25 (20.3) 10 (21.7) 24 (22.9) 2 (11.8)

OASIS, Outreach and Support in South London Service; PACE, Personal Assessment and Crisis Evaluation; GAF, Global
Assessment of Functioning; ARMS, at-risk mental state; BLIPS, brief, limited intermittent psychotic symptoms.
Data are given as mean±standard deviation or n (%).
Figures in bold are the adjusted standardized residuals. The larger the absolute value of the residual, the larger the difference

between the observed and expected frequencies. Absolute values>2 are significant at an α level of 5%.
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class 4 (severe), whereas PACE had younger service
users who were more likely to be female, scored higher
on suicidality and self-harm and were more likely to
belong to either class 1 (mild) or class 3 (moderate–
severe).

Our analysis of the potential confounding effect of
centre on transition risk showed no significant differ-
ences in transition risks between the centers at 2
years; nevertheless, the differences at baseline between
the two centres are likely to affect psychosis con-
version. Of course, class membership is not rigid and
an individual’s symptomatology can change over
time (French & Morrison, 2004; Yung et al. 2004;
McGlashan et al. 2007). Research has shown that, in
younger individuals, less severe symptoms can resolve
and disappear over time (Meng et al. 2009; van Os et al.
2009), and it is therefore possible that some of the
individuals in class 1 (mild) will improve with time.

It is also important to consider the gender difference
between centres as they could be important for symp-
tom presentation and conversion risk. Negative symp-
toms have been strongly associated with male sex in
patients with schizophrenia (McGlashan & Fenton,
1992; Castle et al. 1994; Schultz et al. 1997; Roy et al.
2001; Cornblatt et al. 2003), with schizotypy (Raine,
1992), and in the general population (Maric et al.
2003), whereas an affective pathway to psychosis has
been suggested for women (Myin-Germeys & van
Os, 2007). The difference in gender between the two
centres could result is different pathways to psychosis.

Differences between risk classes

The four risk classes were best separated from one
another by differences in negative symptoms (alogia,
avolition/apathy and anhedonia) and on two of the
four behavioural change variables (social isolation
and impaired role functioning). The finding that nega-
tive rather than positive symptoms can significantly
impact the transition from an ARMS to frank psychosis
and its long-term outcome has been reported in pre-
vious studies (Yung & McGorry, 1996a,b; Miller et al.
2003; Larsen et al. 2004; Lencz et al. 2004; Yung et al.
2010; Velthorst et al. 2011; Demjaha et al. 2012). It has
also long been demonstrated that negative symptoms
are strongly related to social isolation and impaired
role functioning and are strong predictors of long-term
poor outcome (McGlashan & Fenton, 1992; Cornblatt
et al. 2003).

Marked differences were found with regard to sub-
jective motor functioning and subjective bodily sen-
sations. In particular, the latter are subtle subjective
changes reported by an individual that are not usually
detectable by clinical observation. Previous studies
have highlighted the importance of subjective phe-
nomenological changes during the putative prodromal
phases of psychosis and the need for more precise
identification of subjective psychopathological domains
(such as time and self-perception) in the ARMS (Parnas
& Handest, 2003; Davidsen, 2009; Nelson et al. 2009a,b;
Parnas, 2011; Raballo & Laroi, 2011; Masillo et al. 2012).
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Finally, it is important to note that the entire ARMS
sample reported high scores on depression, anxiety
and tolerance to normal stress, not only suggesting a
need for assessment and treatment of these symptom
but also reflecting the help-seeking nature of individ-
uals seen by the prodromal services. This is particu-
larly striking in the light of recent epidemiological
findings suggesting that anxiety and depressive symp-
toms and intolerance to stress are enriching the trans-
ition risk associated with isolated attenuated psychotic
symptoms (Fusar-Poli et al. 2012e; Lataster et al. 2012;
van Os & Linscott, 2012).

Transition

Most predictive of transition were GAF scores,
occupational status and class membership. Overall

transition risk was 11.6%, but in class 4 (severe) it
was 41.2%. These findings should be interpreted with
some reservations as cluster 4 was relatively small
(n=17).

Unsurprisingly, transition was the highest in class 4
(severe), which scored higher on all CAARMS items
and had the lowest GAF score and highest number
of unemployed individuals. No significant differences
in transition risk were found in the remaining three
classes despite the differences in symptoms and level
of functioning.

Social and role functioning impairments were pre-
sent in all four classes and have previously been associ-
ated with a higher risk of transition to psychosis
(Phillips et al. 2002; Amminger et al. 2006; Cornblatt
et al. 2007; Cannon et al. 2008; Fusar-Poli et al. 2010).

Table 7. Class membership: results of the multivariate regression analysis

B (S.E.) Exp(B) or OR (95% CI) Wald χ2 p

Class 2
Intercept 1.87 (1.2)
GAF score –0.04 (0.02) 0.96 (0.92–1) 3.96 0.047
Occupation
Student –0.96 (0.47) 0.38 (0.15–0.95) 4.28 0.039
Employed 0.22 (0.51) 1.24 (0.46–3.38) 0.18 0.67
Unemployed 0

Transition risk
Yes 0.94 (0.66) 2.56 (0.7–9.37) 2.03 0.154

Class 3
Intercept 4.9 (1.02)
GAF score –0.08 (0.02) 0.92 (0.89–0.95) 20.62 < 0.0001
Occupation
Student –0.6 (0.37) 0.55 (0.27–1.14) 2.59 0.108
Employed –0.09 (0.45) 0.91 (0.38–2.2) 0.04 0.836
Unemployed 0

Transition risk
Yes 0.71 (0.56) 2.03 (0.68–6.09) 1.6 0.206

Class 4
Intercept 2.52 (1.82)
GAF score –0.07 (0.03) 0.94 (0.88–1) 3.89 0.048
Occupation
Student –2.64 (0.79) 0.07 (0.02–0.34) 11.03 0.001
Employed –0.86 (0.73) 0.42 (0.1–1.77) 1.39 0.238
Unemployed 0

Transition risk
Yes 2.83 (0.74) 16.93 (3.94–72.71) 14.47 0.0001

GAF, Global Assessment of Functioning; OR, odds ratio; CI, confidence interval; S.E., standard error.
Class 1 (mild) is the reference group. The standard interpretation of a multinomial logit model is that, for one unit change or

change from one category to another of the independent variable, the logit of the outcome relative to the reference group (class 1
mild) is expected to change by the respective parameter estimate B. A positive regression coefficient B implies that the probability
of belonging to the reference group (class 1 mild) decreases. The interpretation of the OR is analogous to logistic regression.
The overall model likelihood ratio test (LRT) χ2 was 69.34, p<0.0001, occupation: χ2=19.95, p=0.003, transition to psychosis

χ23=14.84, p=0.002, GAF score χ23=24.22, p<0.0001 (n=288).
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Although our findings seem to confirm that transition
to psychosis can be preceded by presentation of a
variety of symptoms and it is much more likely to
occur in people with impaired social functioning, all
classes had low GAF scores (GAF total score 4 61).
Recent papers have discussed the concept of a
pluripotent risk syndrome, suggesting that ARMS
status indicates a heightened risk not only for
developing psychosis but also for other mental
health problems (Fusar-Poli et al. 2012b; Yung et al.
2012). The core role played by social functioning
in determining the longitudinal course of the ARMS
points to the importance of addressing outcomes
other than psychosis transition. This would also
allow a better understanding of the proportion of
ARMS subjects who will not convert to overt psychosis
but will still present psychosocial impairment and
need of support.

Limitations

As mentioned earlier, there were differences between
the groups at baseline, and our results are limited to
help-seeking individuals, which could explain the
high levels of anxiety, depression and impaired stress
tolerance. A further limitation is that, despite the num-
ber of participants included in the study, class 4
(severe) was relatively small (n=17). It should also be
noted that the overall reliability of the LCCA results
may be affected by the low prevalence of some of the
symptoms; however, the use of multivariate regression
analysis to confirm class membership was an advan-
tage. The study did not investigate the differences in
treatment received in the 2 years from referral. We can-
not exclude the possibility that there may be differ-
ences between the two sites that could affect
transition rates and changes in symptomatology.
Finally, the total sample size did not allow cross-
validation to assess the predictive power on a different
data set.

Conclusions

Overall, our results support a dimensional approach
to studying, assessing and treating the ARMS
group. For example, despite the predictive value of
negative symptoms and role impairments, they rarely
form the target of treatment interventions in the
ARMS. We join other authors who have advocated
the potential benefits of a more symptom-focused
approach (Bentall et al. 1988; Andreasen & Carpenter,
1993; Buchanan & Carpenter, 1997; Garety et al.
2001; Herbener & Harrow, 2004; Fusar-Poli et al.
2007; Turkington & Morrison, 2012), targeting these
domains in particular.
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