
The clinical state of high risk of psychosis defines a condition
characterised by attenuated psychotic symptoms, brief limited
intermittent psychotic episode, genetic vulnerability or the
presence of basic symptoms.1 As the name suggests, these
diagnostic criteria were originally developed to identify people
at high risk of developing a psychotic disorder over time. Under
this conceptualisation the condition would allow detection and
treatment of a group at very high risk of developing a severe
and full disorder longitudinally. This paradigm would fit the aims
of indicated prevention in this group,2 who have up to 30% risk of
developing psychosis, mostly schizophrenia spectrum disorders,3

within the following 2 years. Accordingly, preventive treatments
primarily aim at reducing the risk associated with the condition
and thus preventing the outcome.4,5 The ‘high risk’ paradigm does
not explicitly require functional impairments as inclusion
criteria,6 with the exception of the genetic risk and deterioration
subgroup, which however is traditionally small. On the other
hand, over the past few years a competing paradigm has emerged.
The ‘attenuated psychosis’ syndrome (APS) has been published in
DSM-5.7,8 The APS construct specifically requires patient distress
or disability, which has not explicitly been part of the high-risk
concept, although distress and disability are implicit in the
symptom severity ratings that are required for the research
diagnosis of high risk,8 defined as ultra-high risk (so not basic
symptoms). In this sense the APS better resembles the clinical
condition of angina pectoris, which is per se associated with signs
and symptoms impairing the quality of life (QoL) and level of
functioning of the individual. The APS diagnosis has been
relegated to the research appendix of the DSM-5 because of lack
of consensus among researchers on the validity of this category

as a syndrome and for the inconclusiveness of data supporting
its diagnostic reliability.9

One way to partially circumvent this controversial issue is to
clarify the functional status of people at high risk at the time of
their presentation to prodromal services and independently from
their longitudinal outcomes. In fact, according to the DSM
criteria,7 an impairment of functioning along with significant
distress are basic criteria for the conceptual validity of all
psychiatric disorders,10 differentiating a physiological trait or
asymptomatic risk factor from a disorder and determining the
patient’s need for treatment: ‘mental disorders are usually
associated with significant distress in social, occupational, or other
important activities’.7 A number of studies investigating
functioning or QoL in people at high risk have been published
in recent years. Surprisingly, to date no quantitative synthesis
has been published regarding the functioning and QoL of such
people when they are seeking help from prodromal clinics. The
results are particularly controversial when people at high risk are
compared with patients with established psychosis.11–14

Our first aim was to investigate validity of the high-risk state
by addressing consistency and magnitude of baseline functioning
and QoL in high-risk individuals compared with a healthy
control group and people with a frank diagnosis of psychosis.
We additionally investigated the impact of baseline difference in
high-risk functioning on the longitudinal development of psychotic
disorders.

Method

The main research hypothesis and the study protocol were decided
a priori. We used a systematic search strategy to identify relevant
articles. Two investigators (A.S. and A.A.) conducted a two-step
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Background
The nosology of the psychosis high-risk state is controversial.
Traditionally conceived as an ‘at risk’ state for the
development of psychotic disorders, it is also conceptualised
as a clinical syndrome associated with functional impairment.

Aims
To investigate meta-analytically the functional status of
patients at high clinical risk for psychosis and its association
with longitudinal outcomes.

Method
Three meta-analyses compared level of functioning (n= 3012)
and quality of life (QoL) (n= 945) between a high-risk group, a
healthy control group and group with psychosis, and baseline
functioning in people in the high-risk group who did or did
not have a transition to psychosis at follow-up (n= 654).

Results
People at high risk had a large impairment in functioning

(P<0.001) and worse QoL (P= 0.001) than the healthy control
group, but only small to moderately better functioning
(P= 0.012) and similar QoL (P= 0.958) compared with the
psychosis group. Among the high-risk group, those who did
not develop psychosis reported better functioning (P= 0.001)
than those who did.

Conclusions
Our results indicate that the high-risk state is characterised
by consistent and large impairments of functioning and
reduction in QoL similar to those in other coded psychiatric
disorders.
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literature search. As a first step the Web of Knowledge database
(Thomson Reuters) was searched, incorporating both the Web
of Science and Medline. The search was extended until December
2013, including abstracts in English language only. The electronic
research adopted several combinations of the following keywords:
‘‘at risk mental state’’, ‘‘psychosis risk’’, ‘‘prodrome’’, ‘‘prodromal
psychosis’’, ‘‘ultra high risk’’, ‘‘functioning’’, ‘‘quality of life’’ and
name of the possible assessment instruments (see online
supplement DS1 for details). The second step involved the
implementation of an additional electronic search based on a
manual search of the reference lists of the retrieved articles.
Abstracts of articles identified through these two steps were then
screened for the selection criteria, and articles surviving this
screening were assessed for eligibility on the basis of a full-text
reading. Discrepancies were resolved through consensus with
a third author (M.R.). To achieve a high standard of reporting
we adopted the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) checklist.15

Selection criteria

Inclusion criteria for the first two meta-analyses, focusing on the
difference between the groups in functioning (meta-analysis 1)
and QoL (meta-analysis 2), were as follows:

(a) original article, written in English;

(b) inclusion of a sample at high risk (i.e. presence of attenuated
psychosis symptoms, genetic risk and deterioration, brief
limited and intermittent psychotic episode, basic symptoms)
according to international standard definition;1

(c) inclusion of a comparison group of healthy participants or
patients with psychosis;

(d) cross-sectional study, cohort study or descriptive study
reporting sufficient meta-analytical data on functioning.

Meta-analysis 3 focused on the difference in functioning
between high-risk participants who made (HR-T) or did not make
(HR-NT) a transition to psychosis at follow-up in descriptive
longitudinal studies. Inclusion criteria (a) and (b) were the same
as above, with an additional criterion that the article reported
baseline data on functioning together with the longitudinal
transition outcome at follow-up. Exclusion criteria were common
to all analyses: articles were excluded if they were abstracts, pilot
data-sets or reviews, failed to report enough data for meta-analysis
or had overlapping data-sets. Specifically, in case of multiple
publications deriving from the same study population, we selected
the article reporting the largest and most recent data-set.

Recorded variables

Data extraction and quality assessment were independently
performed by two investigators (A.S. and A.A.). Inconsistency and
disagreements on quality rating were double-checked and resolved
with a third author (M.R.). The following variables were recorded
from each article: author, year of publication, quality criterion (see
below), comparison group type (healthy participants or patients
with established psychosis), epidemiological data of high-risk
and control samples (baseline sample sizes, mean age, proportion
of females), the high-risk diagnostic instrument adopted, the
instrument employed to assess functioning and the level of
functioning. The last variable was the primary outcome measure
for the first meta-analysis. The following data on functioning were
extracted: mean value and standard deviation of the mean in both
the high-risk and comparison groups, direction of the difference
and level of significance of the difference.16 We additionally
extracted data on QoL as defined by the mean of different psycho-
metric instruments and used it as secondary outcome measure. If

the data were reported for subgroups we merged the values
(online Table DS1). For meta-analysis 3 we extracted baseline
functioning in the HR-T and HR-NT groups as the primary
outcome. Demographic data, publication year and duration of
follow-up (months) were extracted finally to assess their putative
moderator effect.

Quality assessment

Although quality assessments can be reliably conducted in meta-
analyses of experimental studies their use in observational research
is controversial, with no clear consensus on rating methods or their
appropriate use in the analysis.17 We adapted the Newcastle–
Ottawa Scale for the evaluation of non-randomised studies (www.
ohri.ca/programs/clinical_epidemiology/oxford.asp). The scale
evaluates the quality of observational studies, allocating a maximum
of nine stars for the highest quality. This tool has been adopted in
recent meta-analyses.18

Statistical analysis

We performed three meta-analyses using Comprehensive Meta-
Analysis Software version 2.19 When the same outcome was
evaluated within the same study with more than one scale we
retained just one measure according to a predefined order (see
Method in online supplement DS1). As a measure of effect size
in meta-analyses 1 and 2 Hedges’ g was adopted, i.e. the difference
between the functioning (or QoL) means of the comparison and
high-risk groups, divided by the standard deviation and weighted
for sample size, to correct for bias from small sample sizes. In
meta-analysis 3 Hedges’ g was employed to test differences in
functioning between the HR-T and HR-NT groups. The influence
of putative continuous moderators (year of publication, demographic
variables, length of follow-up) was tested using meta-regression
analyses, dividing the significance level (P= 0.05, two-tailed) by
number of moderators tested to adjust for multiple comparisons.
The slope of meta-regression line – b coefficient: direct (+) or
inverse (7) – indicates the strength of the relationship between
moderator and outcome. Meta-regressions were performed when
at least ten studies were available for the preselected outcome of
interest. We additionally performed a supplementary analysis
using the cross-sectional studies employing the Global Assessment
of Functioning (GAF). Furthermore, since the most recent studies
adopting the Comprehensive Assessment of At-Risk Mental States
(CAARMS) for high-risk state included functioning as a
diagnostic criterion,9 a subgroup analysis was performed to
control for this possible confounder. Further methodological
details are available in online supplement DS1.

Heterogeneity, publication bias and sensitivity

Heterogeneity among study point estimates was assessed using Q
statistics,20 with the proportion of the total variability in the effect
size estimates being evaluated with the I2 index.21 As meta-analysis
of observational studies is supposed to be characterised by
significant heterogeneity, random effect models were used. In
general, random effect models are more conservative than fixed
effect models, and appear to better address heterogeneity between
studies and study populations, allowing for greater flexibility in
parsing effect size variability. Moreover, they are less influenced
by extreme variations in sample size.22 The possibility of a
publication bias in our study was tested with the Duval & Tweedie
trim and fill method.23 This method imputes values estimated
to be missing from the analysis (e.g. for publication bias) and
re-estimates the effect size. If the conclusion of the meta-analysis
remains unchanged following the trim and fill adjustment the
results can be considered as robust. To further assess the robustness
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of the results, we performed sensitivity analyses by sequentially
removing each study and rerunning all three meta-analyses. We
also conducted a second sensitivity analysis for meta-analysis 2
excluding studies with quality ratings in the lowest quartile, to
determine whether potential methodological weaknesses influenced
meta-analytic estimates.

Results

For meta-analyses 1 and 2 electronic and manual search
uncovered 1168 potential abstracts. After the first screening
through abstract reading 226 full-text articles were downloaded
for selection, of which 30 met the inclusion criteria as they were
comparing functioning or QoL between high-risk participants
and comparisons, accounting for a total of 3608 participants
(meta-analysis 1: n= 3012, mean age 20.7 years, 38.8% female;
meta-analysis 2: n= 945, mean age 23.7 years, 41.4% female;
online Fig. DS1 (a) and (b)). There were no studies employing
basic symptom criteria in the final database. For meta-analysis
3, electronic and manual search uncovered 1181 potential
abstracts. After the first screening through abstract reading 244
full-text articles were downloaded for selection; of these, 10
longitudinal studies reporting baseline functioning in the transition
and non-transition groups were eventually included (mean length
of follow-up 28.3 months, n= 654; mean age at baseline 19.1 years,
43.5% female; online Fig. DS1 (c)). The details of the final
database are reported in online Table DS2.

Functioning in high-risk individuals

Comparison with healthy control group

There was a large and significant impairment in functioning
across the high-risk group compared with the healthy control
group, with small 95% confidence intervals indicating the
precision of the estimate (Hedges’ g=73.01, 95% CI 73.68 to
72.34, P50.001, n= 18; Fig. 1(a)). The Duval & Tweedie trim
and fill procedures found no missing study (random model
applied), suggesting absence of publication bias. There was
considerable heterogeneity across the included studies
(Q= 497.4, I 2 = 96.6%, d.f. = 17, P50.001) but the direction of
the effect was consistent and significant for each study. No study
accounted for more than 5.9% of the overall effect size. Meta-
regression analysis adjusted for multiple comparison found that
a proportion of females in the healthy control group was
correlated with the magnitude of the effect size (b=72.61, 95%
CI 73.75 to 71.48, P50.001, Q= 20.5, n= 15). Conversely, there
was no association between level of functioning and high-risk
gender, high-risk or healthy control group age or publication year.
The sensitivity analysis computing after removing each study and
the studies in the lower quartile of quality rating confirmed our
findings with no significant change.

Comparison with the psychosis group

People in the high-risk group were less impaired on functional
status than patients with frank psychosis. The magnitude of this
effect was small to moderate (Hedges’ g= 0.34, 95% CI 0.07 to
0.60, P= 0.012, n= 14; Fig. 1(b)), with large confidence intervals
indicating imprecision. There was no publication bias. There was
significant heterogeneity across studies (Q= 63.3, I 2 = 79.5%,
d.f. = 13, P50.001). Meta-regression analyses adjusted for
multiple comparisons revealed better functioning in women in
both high-risk (b=71.76, 95% CI 73.03 to 70.49, P= 0.007,
Q= 7.4, n= 14) and psychosis group (b=72.43, 95% CI 73.61
to 71.25, P50.001, Q= 16.3, n= 14) comparisons (online Fig.

DS2). Conversely, there was no association in either group with
age or with publication year. These results were confirmed by
sensitivity analyses. Results of the supplementary analyses
investigating the mean GAF scores of the three comparison
groups, and the possible effect of the high-risk diagnostic tool
(i.e. CAARMS v. Structured Interview for Prodromal Symptoms,
SIPS), are reported online (Figs DS3 and DS4).

Quality of life

Meta-analysis 2 showed that the high-risk group had poorer QoL
than the healthy control group (Hedges’ g=71.75, 95% CI 72.83
to 70.67, P= 0.001, n= 4; Fig. 2(a)). Furthermore, we found no
difference in QoL between the high-risk and psychosis groups
(Hedges’ g= 0.02, 95% CI 70.64 to 0.67, P= 0.958, n= 3; Fig.
2(b)). The heterogeneity in the subgroup analysis was considerable
(high-risk v. healthy control group: Q= 91.8, I 2 = 96.7%, d.f. = 3,
P50.001; high-risk v. psychosis group: Q= 16.1, I 2 = 87.6%,
d.f. = 2, P50.001); however, given the small number of studies,
we did not perform meta-regression analyses. The sensitivity
analysis computing after removing each study confirmed our
findings, with no significant change.

Functioning and psychosis transition

There was meta-analytical difference in baseline level of
functioning between the HR-T and HR-NT groups (mean
follow-up 28.9 months, s.d. = 16.0). The magnitude of the effect
was moderate, with those in the HR-T group showing poorer
baseline functioning than the HR-NT group (Hedges’ g= 0.43,
95% CI 0.17 to 0.68, P= 0.001, n= 10; Fig. 3). The trim and fill
procedure showed that the result was robust against publication
bias. The heterogeneity between studies was moderate (Q= 20.0,
I2 = 54.9%, d.f. = 9, P= 0.018). Meta-regressions adjusted for multiple
comparisons revealed a significant correlation with publication
year (b=70.10, 95% CI 70.17 to 70.03, P= 0.005, Q= 7.8,
n= 10), but no association with length of follow-up (P= 0.121),
gender of participants (P= 0.651) or age (P= 0.254). The sensitivity
analysis computing after removing each study confirmed our
findings with no significant change.

Discussion

People at high risk of psychosis (defined on the basis of ultra-high
risk criteria) had a statistically significant impairment in global
functioning that was very large compared with a healthy control
group, but only small to moderate when compared with patients
with psychosis. Within the high-risk group, lower baseline level of
global functioning predicted the later onset of psychosis. Impair-
ments of QoL in the high-risk group were similar to those
observed in the psychosis group. The results were robust and not
affected by publication bias.

The results of our meta-analysis are important for research
and clinicians working in the field of psychosis prevention because
there is no consensus with respect to the functional status of
people at high risk of psychosis. For example, some authors argue
that such people are not at all dysfunctional, as their signs and
symptoms represent ‘normal developmental processes’ or
expressions of psychosis vulnerability that are common in the
general population.24 These authors also suggested that help-
seeking is only a behaviour not suggestive of functional
impairments and questioned whether these individuals actually
need treatment,24 concluding that ‘it is not appropriate to treat
high-risk people before the psychosis onset’.25 To our knowledge
this is the first ever meta-analysis clearly addressing these
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speculations and investigating the functional status of high-risk
participants compared with healthy control and psychosis groups.

Functional impairment
We clearly found that functioning of people at high risk was
strongly impaired compared with the healthy control group but
only modestly impaired compared with people with psychosis.
These impairments may have been present for a long period prior
to referral to high-risk services.26 Our supplementary analysis
focusing only on studies employing the GAF indicated a mean
score of about 79 for the healthy control group, 50 for the high-

risk group and 45 for the psychosis group. This pattern suggests
that the functional level in people at high risk is closer to that
observed in people with psychosis as opposed to that observed
in healthy individuals. This pattern is further supported by the
meta-analysis of the QoL, which found no significant difference
between the high-risk and psychosis groups and again a significant
reduction in QoL compared with the healthy control group. It is
relevant that functional impairment as well as QoL reported for
the high-risk group was observed at the initial assessment in early
detection centres before any focused intervention was initiated.
Impairments in functioning and QoL are therefore a key feature
of the high-risk state, at least as defined with the ultra-high risk
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Fig. 1 Functional impairment: forest plots of meta-analysis 1. The large effect size of the subgroup analysis indicated (a) lower
functioning of the high-risk group v. the healthy control group and (b) a moderate standardised difference in functioning between the
high-risk group and the psychosis group.

GAF, Global Assessment of Functioning; GF-social, Global Functioning – social scale; HR, high risk; SOFAS, Social and Occupational Functioning Assessment Scale; SFS, Social
Functioning Scale.
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criteria (we found no basic symptom studies eligible for the
current meta-analysis). Since QoL in the high-risk group was
similar to that observed in patients with psychosis, it is possible
to argue that severe functional impairment may lead to self-
stigmatising by high-risk patients independently of any diagnostic
label.27 To better understand the magnitude of the functional
impairment of the high-risk state, it can be qualitatively compared
with that of other psychiatric disorders (Fig. 4).

Although such a comparison should be interpreted cautiously
as it is not based on original data, on a qualitative basis the graph
indicates that the point estimate of the global functioning in the
high-risk group is lower than those observed in bipolar disorder,
and similar to that of major depressive disorders and social phobia.
This is the first meta-analytical evidence that high-risk individuals
are ‘probably at risk but certainly ill’, as previously advocated.28

The findings of large functional impairments in the high-risk
group clearly contradict the speculative assumption that they
represent normal developmental phenotypes and are not in need
of care. Conversely, in synopsis of the results of the meta-analyses
and the qualitative placement of the observed GAF scores shown
in Fig. 4, it seems strongly justifiable to conclude that the
functional state observed in those meeting high-risk criteria calls
not only for prevention of a future transition to psychosis, but also
for treatment of the current mental state and problems.

Comorbidity

It may be argued that functional impairment in those at high risk
of psychosis is secondary to comorbid disorders diagnosed in this
group. There is evidence that affective comorbidities are highly
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Fig. 3 Baseline functional impairment and transition to psychosis: forest plot of meta-analysis 3. Participants at high risk who developed
psychosis during the follow-up period had poorer baseline functioning than participants who did not.

GAF, Global Assessment of Functioning; HR-NT, high risk, no transition to psychosis; HR-T, high risk, transition to psychosis; SOFAS, Social and Occupational Functioning Assessment
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prevalent in these individuals,29 affecting psychopathology,
neurobiology and baseline functioning.30,31 However, in an earlier
meta-analysis we found comorbid affective disorders to be present
in less than half of the high-risk group (comorbid depressive
disorder 41%, anxiety disorder 15%).30 Consequently, the
functional and QoL impairment observed in the high-risk group
could not entirely be secondary to the presence of affective
comorbidities. The European Prediction of Psychosis (EPOS)
study estimated the impact of both high-risk and depressive
psychopathology on baseline GAF scores, using the Beck
Depression Inventory and the SIPS as independent variables; step-
wise linear regression retained SIPS-positive and SIPS-negative
scores only, explaining 14.9% of variance and thus indicating
that GAF scores were predominantly determined by deterioration
of role functioning.32 On the other hand, even if comorbid
symptoms fulfilling the thresholds for certain DSM or ICD
disorders had an impact on the GAF ratings, these scores could
be interpreted as a true expression of the high-risk state: such
comorbid symptoms could well be considered as part of the
high-risk state, in line with retrospective findings indicating
that prevalence of depressive mood at the time of psychosis
onset is 83%,33 and with phenomenological evidence of affective
dysregulation at the core of psychosis liability.34 Affective
symptoms may thus be part of the high-risk state and might be
expression of an early, mild stage of the same neurobiological
process that causes psychosis.33

Specificity and sensitivity

We also supported the notion that functional impairment may
help in enriching the risk (specificity) of high-risk samples.35 In
fact, as compared with ultra-high-risk individuals,36 short-term
transition risk in individuals with psychotic-like symptoms but
good functioning is extremely low (about 1.2% within 2 years).37

However, it is possible that rigorous functioning criteria might
enrich the high-risk sample but at the cost of sensitivity. Another
study investigating the prevalence of high-risk symptoms in a

community sample aged 11–13 years found the proportion of
participants meeting CAARMS high-risk criteria declined from
7.7% to 0.9% when a 30% decrease of functioning was considered
a criterion.38 Thus, at least at the population level, adding this
functioning criterion may lead to an immense loss of sensitivity.
A corresponding finding was reported from the Personal Assess-
ment and Crisis Evaluation (PACE) 400 study.39 It has still to be
elucidated in longitudinal follow-up studies whether there is a
criterion leading to a better balance of sensitivity and specificity;
however, risk stratification might overcome this problem.32

Furthermore, even without transition to psychosis, functional
decline may constitute an outcome of the high-risk state with a
comparable clinical significance. Thus, besides a loss of sensitivity,
defining impaired functioning as an obligatory entry criterion for
high-risk status may result in missing the main goal of prevention,
i.e. lowering the huge personal and socioeconomic burden of the
disease related to impaired functioning.40 Future studies may
therefore have to find a balance between sufficient risk enrichment
in terms of transition to psychosis and sufficient sensitivity in
terms of functional outcome.

The need for care

Besides these speculations, our meta-analysis provides conclusive
and consistent evidence that people at high risk are truly in need
of care. Our analysis found no evidence of publication bias, and all
the sensitivity analyses performed confirmed our findings. We
investigated factors modulating functional level in high-risk
participants. A small proportion of the observed heterogeneity
was explained by gender, suggesting better functional level in
women with psychosis. Such a result is in line with available
studies in the psychosis spectrum disorders reporting higher
functional levels in women than in men.41

Our longitudinal meta-analysis revealed that high-risk
individuals who later developed psychosis had poorer functioning
at baseline. This finding is not new,42 and is in line with the
significant predictive value of high-risk functional impairment
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towards transition that has been reported in large independent
samples.32,43–45 Some authors support the idea of high risk as a
continuum towards psychosis, marked by a change in functioning
and course of thinking.43 These results may have both clinical and
research implications. High-risk samples could be stratified at
baseline on the basis of their functional level and focused inter-
ventions or experimental trials could be individualised
accordingly. Additionally, since most high-risk participants
received at least in part some active treatment, our longitudinal
results are in line with reports of low efficacy of preventive
interventions on social functioning in these people.5 In this
analysis we found a significant modulating effect for year of
publication, suggesting that in the most recent studies the
difference in functioning between the two transition groups
decreased. This can be interpreted as the consequence of changes
in recruitment strategies of prodromal clinics, with inclusion of
less functionally impaired patients in the most recent years.1

Overall, when interpreting the impact of baseline functioning on
transition outcomes, it is important to note that psychosis is just
one possible outcome of the high-risk state; remission, transition
to a non-psychotic disorder and persistence of the high-risk state
account for the majority of outcomes at follow-up.1 Our analysis
was unable to test the impact of baseline level of functioning on
these outcomes. Functional status, on the other hand, could be
considered as a good indicator of broader clinical outcome also
in patients who will subsequently develop psychosis.1,35

Study limitations

Some limitations need to be acknowledged. First, the concept of
functional impairment had some intrinsic conceptual caveats.
Most of the scales adopted, especially the GAF, do not provide a
clear distinction between functioning and symptoms.46 However,
the vast majority of studies of the high-risk state published to date
have used the GAF as a standard measure of functioning. The
Social and Occupational Functioning Assessment Scale (SOFAS)
has been developed to overcome this issue. Unlike the GAF, which
includes not only social and occupational performance but also
symptoms as a dimension of functioning, the SOFAS aims to
assess functioning without the influence of the patient’s
symptoms.47 However, both scales have strong negative
correlations with the Clinical Global Impression and the Positive
and Negative Syndrome Scale.47 Further development in the field
may imply the use of psychometric instruments powered to
disentangle these two overlapping domains. Another limitation
is that we did not attempt to acquire unpublished data. Yet
another is that in both subgroup analyses a large part of the
heterogeneity remained unexplained. Differences in sampling
procedures and assessment measures could be some of the
putative moderators that further studies need to take into account
to increase the generalisability of findings. Also, the quality of the
studies included may have affected interpretation of the results:
only half of the studies used a matched (i.e. at least by age)
comparison group (see online Table DS3). Another potential
limitation is that the researchers assessing functioning and QoL
were masked to case–comparison allocation in only a minority
of studies. However, our sensitivity analysis showed no effect of
quality of studies on the meta-analytical estimates. Furthermore,
given conceptual and pragmatic differences between the high-risk
and DSM-5 paradigms,6 and given the lack of generalisability of
high-risk research to the general population,48 our findings cannot
be directly used to support the validity of the APS diagnosis. Our
results support conceptual validity of the high-risk state, i.e.
correctly distinguishing between disorder and normality,49 rather
than its construct validity. Conversely, DSM-5 criteria for a mental

disorder focus on construct validity, requiring that the disorder in
question is distinct from other disorders, has familial aggregation,
presence in diverse populations and environmental risk factors,
has concurrent validators such as cognitive and temperament
correlates, biological markers and a certain comorbidity profile,
and has predictive validity with respect to diagnostic stability,
predictability of the course of illness, and response to treatment.50

Conceptual and construct validity are independent.49 Although
the high-risk state may encompass different comorbid
disorders,30,31 and thus lack full construct validity, it can be
conceptually valid since it encompasses only disorders. However,
the same arguments can be used to question construct validity
of affective disorders, given their high co-occurrence during first
episodes of psychosis.33 Indeed, satisfying construct validity has
as yet not been achieved even for many other hitherto encoded
mental disorders. A full discussion of these issues is beyond the
scope of the current investigations and has been critically
presented in other recent papers.6,51

Clinical implications

The high-risk state (defined with ultra-high risk criteria) is
characterised by consistent and serious impairments of functioning
and reduction of QoL that seem to be similar to those in other
coded psychiatric disorders. These impairments call not only
for prevention of a future transition to psychosis and functional
deterioration, but also for treatment of the current disorder.
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Method 

Research code 

We adopted the following code for our multiple database electronic search: 

(("at risk mental state" OR "at-risk mental state" OR "psychosis risk" OR (prodrom* AND psycho*) OR ultra-high 
risk OR UHR OR CAARMS OR SIPS OR SOPS OR SPIA) AND ("functioning" OR GAF OR "Global Assessment 
of Functioning" OR quality of life OR *QOL* OR QLS))  

The keywords were searched in titles, abstracts, author keywords and with the Thomas Reuters tool Keywords 
Plus®. The electronic search retrieved 1156 studies. 

Data extraction 

For the data extraction we adopted the following a priori rules: 

- We classified “non-psychiatric controls” and “non HR subjects” and “subjects without psychiatric 
disorders” as “healthy controls”. 

- When more than one scale was adopted for the primary outcomes, we selected the first measure available in 
the following order: 

o Functioning: 
 GAF 1 
 SOFAS 1 
 GF social 2 
 Others 

o Quality of Life: 
 QLS 3 
 MSQoL 4 
 Others  

- Null hypothesis significance tests were considered two tailed if not otherwise specified. 
In Hui et al. 2013 5 the GAF scale 1 was divided into subscales. We excluded the symptoms subscale measure and 
included the disability subscale, accordingly with the topic of the study. 

Supplementary meta-analyses 

We performed a supplementary subgroup analysis to investigate the mean GAF scores in HR, healthy comparisons 
and patients diagnosed with psychosis. We decided to investigate this particular scale as it was recommended for 
global assessment of functioning in DSM IV TR 1. Such an analysis allows the qualitative comparison of functional 
level between HR samples and other psychiatric samples assessed with the GAF. Point estimates and dispersion 
measures have been computed applying random effect models given the high heterogeneity (HR: Q=362.23, 
I2=95.58%, df=16, p<0.001; healthy comparisons: Q=1364.33, I2=99.33%, df=9, p<0.001; psychosis comparisons: 
Q=145.48, I2=93.81%, df=9, p<0.001). 

A second supplementary analysis investigated the possible confounding effect of the HR diagnostic tool on cross 
sectional data. No difference emerged between studies adopting functioning as diagnostic criteria (e.g. using the 
latest version of Comprehensive Assessment for At Risk Mental State 6) in both HR vs healthy (between subgroup 
heterogeneity: Q=0.127, p=0.722, mixed effect model applied) and HR vs psychosis (between subgroup 
heterogeneity: Q=0.307, p=0.580, mixed effect model applied).  
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Table DS1. Merging of continuous variables 7 

 Subgroup 
1 

Subgroup 
2 

Combined group 

Sample 
size N1 N2 N1+ N2 

Mean M1 M2 
𝑁1𝑀1 + 𝑁2𝑀2

𝑁1 + 𝑁2
 

SD 
SD1 SD2 �(𝑁1 − 1)𝑆𝐷12 + (𝑁2 − 1)𝑆𝐷22 + 𝑁1𝑁2

𝑁1 + 𝑁2 (𝑀12 + 𝑀22 − 2𝑀1𝑀2)
𝑁1 + 𝑁2 − 1

2

 

M, mean; N, sample size; SD, standard deviation. 
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Table DS2a. Studies included in the meta-analyses 

Cross-sectional data 
    

HR 
 

Comparison 

Study name Functioning/QoL 
assessment 

HR diagnostic 
tool 

Quality 
(NOS)  

Sample 
size 

Female 
(%) 

Age 
(years)  Group Sample 

size 
Female 

(%) 
Age 

(years) 

Addington et al. 2008 8 SFS, QLS-role SIPS 5  86 43 19.4  Healthy 55 40 21.7 

         First-episode psychosis 50 40 25.1 

         Chronic psychosis 53 28 35.5 

Bechdolf et al. 2005 9 MSQoL ERIraos 7  45 31.1 25.7  First-episode psychosis 40 40 27.8 

Carrion et al. 2011 10 GF-social SIPS 7  127 33.1 16.9  Healthy 80 55 16 

Chudleigh et al. 2011 11 SOFAS CAARMS 6  20 45 22.75  Healthy 20 50 22 

         First-episode psychosis 20 35 22.05 

Chung et al. 2008 12 GAF CAARMS 7  33 42.4 20.8  Healthy 36 44.4 21.97 

Eastvold et al. 2007 13 GAF SIPS 7  40 49 20.8  First-episode psychosis 15 45 21.5 

Francey et al. 2005 14 QLS SIPS 6  70 47.1 20.1  Healthy 32 25 23.34 

Fulford et al. 2013 15 GAF SIPS 6  98 40.8 17.7  First-episode psychosis 88 28.4 21.28 

Hui et al. 2013 5 GAF-disability, 
MANSA CAARMS 7  60 48.3 20.2  Healthy 45 46.7 21.4 

Kim et al. 2013 16 QLS SIPS 7  60 41.6 19.7  Healthy 47 48.9 20.3 
Koren et al. 2013 17 GF-social SIPS 6  14 - -  Healthy 43 - - 
Lindgren et al. 2010 18 GAF SIPS 8  62 36.6 16.6  Healthy 112 - - 
Niendam et al. 2009 19 GAF SIPS 6  64 39.1 16.4  Healthy 26 58 17.67 
Niendam et al. 2013 20 GAF SOPS 7  25 44 16.9  First-episode psychosis 35 26 18.27 
Pruessner et al. 2011 21 GAF CAARMS 6  30 46.7 20.3  First-episode psychosis 32 43.8 22.72 
Quednow et al. 2008 22 GAF ERIraos 6  54 35 26.7  First-episode psychosis 31 45 34.7 
Rausch et al. 2013 23 GAF CAARMS 6  63 20.6 24.6  First-episode psychosis 22 27.27 28.5 
Ruhrmann et al. 2008 24 MSQoL ERIraos 7  215 37.7 25.8  Healthy 87 54 24.6 
Schlosser et al. 2012 25 GF-social SOPS 6  84 38.8 16.9  Healthy 58 52 17.9 
Serrani 2011 26 GAF CAARMS 7  27 19 17.4  Healthy 38 19 18.2 
Shin et al. 2013 27 GAF CAARMS 6  27 40.7 20.9  Healthy 38 39.47 22.4 

         First-episode psychosis 37 59.4 22.6 
Simon et al. 2012 28 GAF SOPS 6  99 38.4 20.7  Healthy 49 20 21.6 

         First-episode psychosis 48 33.3 22.4 

Smieskova et al. 2012 29 GAF BSIP 6  31 29 24.9  Healthy 19 47 26.58 

         First-episode psychosis 16 25 25.13 

Song et al. 2013 30 GF-social SIPS 6  50 40 20  First-episode psychosis 33 57.57 21.4 
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Cross-sectional data 
    

HR 
 

Comparison 

Study name Functioning/QoL 
assessment 

HR diagnostic 
tool 

Quality 
(NOS)  

Sample 
size 

Female 
(%) 

Age 
(years)  Group Sample 

size 
Female 

(%) 
Age 

(years) 

Stanford et al. 2011 31 GAF SIPS 5  63 20.6 19.6  Healthy 24 37.5 21 

Thompson et al. 2012 32 SOFAS CAARMS 8  30 53.3 19.1  Healthy 30 58.1 19.3 

         First-episode psychosis 40 37.5 20.5 

van Rijn et al. 2011 33 GAF SIPS 8  36 30.5 15.2  Healthy 23 43.47 15.9 

van Tricht et al. 2010 34 GAF SIPS 6  61 31.1 19.6  Healthy 26 53.5 20 

Washida et al. 2013 35 GAF CAARMS 6  17 70.6 23.7  First-episode psychosis 23 39.13 23.3 

         Chronic psychosis 21 47.62 26.3 

Woods et al. 2009 36 GAF SIPS 7  368 - -  Healthy 57 - - 

Legend: BSIP, Basel Screening Instrument for Psychosis; CAARMS, Comprehensive Assessment of At Risk Mental States; ERIraos, Early Recognition Inventory and Interview for the 
Retrospective Assessment of the Onset of Schizophrenia; GAF, Global Assessment of Functioning; GF-social, Global Functioning: social scale; HR, High Risk; MANSA, Manchester 
Short Assessment of Quality of Life; MSQoL, Modular System for Quality of Life; NOS, Newcastel-Ottawa Scale; QLS, Quality of Life Scale; QoL, Quality of Life; SFS, Social 
Functioning Scale; SIPS, Structured Interview for Prodromal Syndromes; SOFAS, Social and Occupational Functioning Assessment Scale; SOPS, Scale of Prodromal Symptoms
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Table DS2b. Studies included in the meta-analyses 

Longitudinal data 
   

 HR 

Study name Functioning/QoL 
assessment 

HR diagnostic 
tool 

Follow-up length 
(months) 

 

Sample size Female (%) Age 
(years) 

Bearden et al. 2011 37 GAF SIPS 14.8  54 29.63 17.4 

Bechdolf et al. 2010 38 SOFAS CAARMS 20.21  92 65.2 18 

Becker et al. 2010 39 GAF SIPS 18  41 30 19.7 

Brewer et al. 2005 40 GAF CAARMS 36  98 47.3 19.8 

Kim et al. 2011 41 GAF CAARMS 62.4  49 38.7 21.1 

Koutsouleris et al. 2012 42 GAF CAARMS 48  35 33.3 24.7 

Lam et al. 2006 43 GAF CAARMS 6  62 41.9 16.2 

Lemos-Giraldez et al. 2009 44 GAF SIPS 36  61 34.4 21.7 

Thompson et al. 2011 45 GAF CAARMS 28  104 51 19.4 

Ziermans et al. 2011 46 GAF SIPS 24  58 33.3 15.4 

Legend: BSIP, Basel Screening Instrument for Psychosis; CAARMS, Comprehensive Assessment of At Risk Mental States; ERIraos, Early Recognition Inventory and Interview for the 
Retrospective Assessment of the Onset of Schizophrenia; GAF, Global Assessment of Functioning; GF-social, Global Functioning: social scale; HR, High Risk; MANSA, Manchester 
Short Assessment of Quality of Life; MSQoL, Modular System for Quality of Life; NOS, Newcastel-Ottawa Scale; QLS, Quality of Life Scale; QoL, Quality of Life; SFS, Social 
Functioning Scale; SIPS, Structured Interview for Prodromal Syndromes; SOFAS, Social and Occupational Functioning Assessment Scale; SOPS, Scale of Prodromal Symptoms



 

Table DS3. Quality criteria for the studies included in the meta-analyses 

Study name Selection Comparability Exposure NOS stars 

Addington et al. 2008 8    5 

Bechdolf et al. 2005 9    7 

Carrion et al. 2011 10    7 

Chudleigh et al. 2011 11    6 

Chung et al. 2008 12    7 

Eastvold et al. 2007 13    7 

Francey et al. 2005 14    6 

Fulford et al. 2013 15    6 

Hui et al. 2013 5    7 

Kim et al. 2013 16    7 

Koren et al. 2013 17    6 

Lindgren et al. 2010 18    8 

Niendam et al. 2009 19    6 

Niendam et al. 2013 20    7 

Pruessner et al. 2011 21    6 

Quednow et al. 2008 22    6 

Rausch et al. 2013 23    6 

Ruhrmann et al. 2008 24    7 

Schlosser et al. 2012 25    6 

Serrani 2011 26    7 

Shin et al. 2013 27    6 

Simon et al. 2012 28    6 

Smieskova et al. 2012 29    6 

Song et al. 2013 30    6 

Stanford et al. 2011 31    5 

Thompson et al. 2012 32    8 

van Rijn et al. 2011 33    8 

van Tricht et al. 2010 34    6 

Washida et al. 2013 35    6 

Woods et al. 2009 36    7 

Legend: NOS, Newcastle-Ottawa Scale 

Subsections: Selection (case definition, representativeness of the cases, selection of controls, definition of controls - max 4 stars); 
Comparability (on the basis of design: study controls for age, study controls for any additional factor - max 2 stars); Exposure 
(ascertainment of functioning or quality of life, same method of ascertainment for cases and controls, Non-Response rate - max 3 
stars). 
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Table DS4. Studies excluded from the meta-analyses 

Study name Year Exclusion criteria 
McGorry, et al. 47

 1996 L-b 

Klosterkotter, et al. 48
 2001 L-e 

McGorry, et al. 49
 2002 CS-c, L-e 

Miller, et al. 50
 2003 L-e 

Ruhrmann, et al. 51
 2003 CS-a, L-a 

Yung, et al. 52
 2003 CS-c, L-e 

Addington, et al. 53
 2004 CS-a, L-a 

Francey, et al. 54
 2004 CS-a, L-a 

Hawkins, et al. 55
 2004 CS-d, L-c 

Mason, et al. 56
 2004 CS-c, L-e 

Morrison, et al. 57
 2004 L-d 

Phillips, et al. 58
 2004 CS-a, L-a 

Yung, et al. 59
 2004 CS-c, L-f 

Barnett, et al. 60
 2005 CS-c, L-c 

Bechdolf, et al. 9 2005 L-c 

Brewer, et al. 40
 2005 CS-d 

Cannon 61
 2005 CS-a, L-a 

Francey, et al. 14
 2005 L-f 

Hunt, et al. 62
 2005 CS-a, L-a 

Amminger, et al. 63
 2006 CS-c, L-e 

Becker, et al. 64
 2006 CS-a, L-a 

Becker, et al. 65
 2006 CS-a 

Becker, et al. 66
 2006 CS-a 

Brewer, et al. 67
 2006 CS-a, L-a 

Klaassen, et al. 68
 2006 CS-a, L-a 

Lam, et al. 43
 2006 CS-c 

Lencz, et al. 69
 2006 CS-d, L-e 

Macedo, et al. 70
 2006 CS-a, L-a 

McGlashan, et al. 71
 2006 L-d 

Niendam, et al. 72
 2006 CS-c, L-c 

Nordentoft, et al. 73
 2006 L-d 

Silverstein, et al. 74
 2006 CS-d, L-c 

Simon, et al. 75
 2006 CS-d, L-c 

Trotman, et al. 76
 2006 CS-b, L-b 

Wood, et al. 77
 2006 CS-b, L-b 

Yung, et al. 78
 2006 CS-d, L-e 

Yung, et al. 79
 2006 CS-b, L-b 

Addington, et al. 80
 2007 CS-a, L-a 

Ballon, et al. 81
 2007 CS-e, L-c 

Berger, et al. 82
 2007 CS-a, L-a 

Cannon, et al. 83
 2007 CS-a, L-a 

Cornblatt, et al. 84
 2007 L-e 
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Study name Year Exclusion criteria 
Cornblatt, et al. 2 2007 CS-c, L-e 

Czernikiewicz, et al. 85
 2007 CS-a, L-a 

Eastvold, et al. 13
 2007 L-e 

Jabben, et al. 86
 2007 CS-b, L-b 

Killackey, et al. 87
 2007 CS-a, L-a 

Kok, et al. 88
 2007 CS-b, L-b 

Morrison, et al. 89
 2007 L-e 

Myles-Worsley, et al. 90
 2007 CS-d, L-c 

Nieman, et al. 91
 2007 CS-d, L-c 

Niendam, et al. 92
 2007 CS-c, L-c 

Niendam, et al. 93
 2007 CS-c, L-f 

Niendam, et al. 94
 2007 CS-a, L-a 

Patel, et al. 95
 2007 CS-a, L-a 

Phillips, et al. 96
 2007 CS-c, L-d 

Pinkham, et al. 97
 2007 CS-d, L-c 

Sanderson, et al. 98
 2007 CS-a, L-a 

Schultze-Lutter, et al. 99
 2007 L-e 

Simon, et al. 100
 2007 CS-d, L-c 

Svirskis, et al. 101
 2007 CS-b 

Thompson, et al. 102
 2007 CS-c, L-f 

Thompson, et al. 103
 2007 CS-c, L-e 

Yung, et al. 104
 2007 CS-c, L-e 

Addington, et al. 8 2008 L-c 

Cannon, et al. 105
 2008 CS-c, L-e 

Chung, et al. 12
 2008 L-c 

Corcoran, et al. 106
 2008 CS-c, L-e 

De Masi, et al. 107
 2008 CS-a, L-a 

Hurlemann, et al. 108
 2008 CS-d, L-c 

Karlsgodt, et al. 109
 2008 CS-a, L-a 

O'Brien, et al. 110
 2008 CS-c, L-e 

Oezguerdal, et al. 111
 2008 CS-d, L-c 

Quednow, et al. 22
 2008 L-c 

Ruhrmann, et al. 24
 2008 L-c 

Shim, et al. 112
 2008 CS-c, L-f 

Shim, et al. 113
 2008 CS-e, L-c 

Tarbox, et al. 114
 2008 CS-a, L-a 

Willhite, et al. 115
 2008 CS-c, L-e 

Yung, et al. 116
 2008 L-e 

Fusar-Poli, et al. 117
 2009 CS-c, L-e 

Grano, et al. 118
 2009 CS-c, L-e 

Hauser, et al. 119
 2009 CS-c, L-c 

Karlsgodt, et al. 120
 2009 CS-d, L-e 

Keri, et al. 121
 2009 CS-a, L-a 
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Study name Year Exclusion criteria 
Koutsouleris, et al. 122

 2009 L-e 

Lemos-Giraldez, et al. 44
 2009 CS-c 

Niendam, et al. 123
 2009 CS-a, L-a 

Niendam, et al. 19
 2009 L-c 

O'Brien, et al. 124
 2009 CS-c, L-c 

Oezguerdal, et al. 125
 2009 CS-d, L-c 

Phillips, et al. 126
 2009 CS-c, L-e 

Riecher-Roessler, et al. 127
 2009 L-e 

Simon, et al. 128
 2009 CS-c, L-e 

Velthorst, et al. 129
 2009 CS-c, L-f 

Woods, et al. 36
 2009 L-e 

Yung, et al. 130
 2009 CS-b, L-b 

Amminger, et al. 131
 2010 CS-c, L-d 

Armando, et al. 132
 2010 CS-b, L-b 

Becker, et al. 39
 2010 CS-e 

Chung, et al. 133
 2010 CS-c, L-c 

Compton, et al. 134
 2010 CS-b, L-b 

Fusar-Poli, et al. 135
 2010 CS-d, L-f 

Fusar-Poli, et al. 136
 2010 CS-d, L-e 

Ilonen, et al. 137
 2010 CS-d, L-c 

Jang, et al. 138
 2010 CS-a, L-a 

Korver, et al. 139
 2010 CS-d, L-c 

Koutsouleris, et al. 140
 2010 CS-d, L-f 

Lindgren, et al. 18
 2010 L-c 

Linszen, et al. 141
 2010 CS-a, L-a 

Luebbe, et al. 142
 2010 CS-b, L-b 

Machielsen, et al. 143
 2010 CS-d, L-c 

Mittal, et al. 144
 2010 L-e 

Nelson, et al. 145
 2010 L-e 

Romano, et al. 146
 2010 CS-b, L-b 

Ruhrmann, et al. 147
 2010 CS-a, L-a 

Ruhrmann, et al. 148
 2010 CS-c, L-e 

Sabb, et al. 149
 2010 CS-e, L-f 

Schlosser, et al. 150
 2010 CS-c, L-e 

Seidman, et al. 151
 2010 CS-d, L-e 

Shim, et al. 152
 2010 CS-e, L-c 

Simon, et al. 153
 2010 L-f 

van Tricht, et al. 34
 2010 L-f 

Velthorst, et al. 154
 2010 CS-c, L-f 

Woodberry, et al. 155
 2010 CS-d, L-c 

Addington, et al. 156
 2011 CS-d, L-e 

Addington, et al. 157
 2011 CS-c, L-e 

Bearden, et al. 37
 2011 CS-e 
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Study name Year Exclusion criteria 
Bechdolf, et al. 158

 2011 CS-a, L-a 

Bruene, et al. 159
 2011 CS-d, L-e 

Carrion, et al. 10
 2011 L-c 

Chudleigh, et al. 11
 2011 L-c 

Collip, et al. 160
 2011 CS-b, L-b 

Corcoran, et al. 161
 2011 CS-e, L-c 

Fontenelle, et al. 162
 2011 CS-c, L-e 

Frommann, et al. 163
 2011 CS-d, L-c 

Fusar-Poli, et al. 164
 2011 CS-d, L-f 

Fusar-Poli, et al. 165
 2011 CS-d, L-f 

Gee, et al. 166
 2011 CS-a, L-a 

Grano, et al. 167
 2011 CS-c, L-e 

Grano, et al. 168
 2011 CS-d, L-c 

Jang, et al. 169
 2011 CS-d, L-f 

Keshavan, et al. 170
 2011 CS-a, L-a 

Kim, et al. 41
 2011 CS-d 

Lin, et al. 171
 2011 CS-c, L-e 

Mees, et al. 172
 2011 L-a 

Mittal, et al. 173
 2011 CS-c, L-e 

Mukkala, et al. 174
 2011 CS-d, L-c 

Niendam, et al. 175
 2011 CS-a, L-a 

Pruessner, et al. 21
 2011 L-c 

Raballo, et al. 176
 2011 CS-c, L-e 

Rauchensteiner, et al. 177
 2011 CS-d, L-c 

Rietdijk, et al. 178
 2011 CS-c, L-c 

Serrani 26
 2011 L-c 

Simeonova, et al. 179
 2011 CS-c, L-e 

Song, et al. 180
 2011 CS-b, L-b 

Stanford, et al. 31
 2011 L-c 

Thompson, et al. 45
 2011 CS-c 

van Rijn, et al. 181
 2011 CS-e, L-c 

van Rijn, et al. 33
 2011 L-c 

Velthorst, et al. 182
 2011 CS-c, L-f 

Yung, et al. 183
 2011 CS-c, L-e 

Addington, et al. 184
 2012 CS-a, L-a 

Amminger, et al. 185
 2012 CS-d, L-c 

Armando, et al. 186
 2012 CS-c, L-c 

Armando, et al. 187
 2012 CS-c, L-c 

Bechdolf, et al. 188
 2012 CS-c, L-d 

Bowie, et al. 189
 2012 CS-d, L-e 

Cornblatt, et al. 190
 2012 CS-c, L-d 

Demjaha, et al. 191
 2012 L-f 

Fusar-Poli, et al. 192
 2012 CS-a, L-a 
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Study name Year Exclusion criteria 
Fusar-Poli, et al. 193

 2012 CS-a, L-a 

Hur, et al. 194
 2012 CS-e, L-c 

Jaracz, et al. 195
 2012 CS-a, L-a 

Kelleher, et al. 196
 2012 CS-d, L-c 

Koutsouleris, et al. 42
 2012 CS-d 

Lavoie, et al. 197
 2012 CS-c, L-e 

Lee, et al. 198
 2012 CS-b, L-b 

Lin, et al. 199
 2012 L-a 

Marques, et al. 200
 2012 CS-d, L-c 

Marshall, et al. 201
 2012 CS-c, L-e 

Masillo, et al. 202
 2012 CS-d, L-c 

Morrison, et al. 203
 2012 CS-c, L-e 

Quijada, et al. 204
 2012 CS-c, L-e 

Rao, et al. 205
 2012 CS-a, L-a 

Remberk, et al. 206
 2012 CS-b, L-b 

Rietdijk, et al. 207
 2012 CS-c, L-e 

Schlosser, et al. 25
 2012 L-f 

Schultze-Lutter, et al. 208
 2012 CS-d, L-e 

Simon, et al. 28
 2012 L-e 

Smieskova, et al. 29
 2012 L-e 

Song, et al. 209
 2012 CS-a, L-a 

Stain, et al. 210
 2012 CS-a, L-a 

Strobl, et al. 211
 2012 CS-a, L-a 

Thompson, et al. 32
 2012 L-c 

Tomassini, et al. 212
 2012 CS-a, L-a 

Valli, et al. 213
 2012 CS-a, L-a 

214
 2012 L-d 

Verma, et al. 215
 2012 CS-c, L-e 

Addington, et al. 216
 2013 CS-d, L-c 

Amminger, et al. 217
 2013 CS-c, L-e 

Bugra, et al. 218
 2013 CS-d, L-c 

Comparelli, et al. 219
 2013 CS-c, L-c 

De Herdt, et al. 220
 2013 CS-a, L-a 

Debbane, et al. 221
 2013 CS-b, L-b 

Fulford, et al. 15
 2013 L-c 

Fusar-Poli, et al. 222
 2013 CS-a, L-a 

Gerlinger, et al. 223
 2013 CS-a, L-a 

Grano, et al. 224
 2013 CS-c, L-c 

Hui, et al. 5 2013 L-e 

Hur, et al. 225
 2013 CS-d, L-c 

Jalbrzikowski, et al. 226
 2013 CS-e, L-e 

Kelleher, et al. 227
 2013 CS-d, L-c 

Kim, et al. 16
 2013 L-e 
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Study name Year Exclusion criteria 
Kline, et al. 228

 2013 CS-d, L-c 

Koren, et al. 17
 2013 L-c 

Lecardeur 229
 2013 CS-a, L-a 

Lee, et al. 230
 2013 L-e 

Lin, et al. 231
 2013 CS-a, L-a 

Lin, et al. 232
 2013 CS-c, L-e 

McGorry, et al. 233
 2013 CS-c, L-e 

Mossaheb, et al. 234
 2013 CS-c, L-e 

Mueller, et al. 235
 2013 CS-a, L-a 

Nelson, et al. 236
 2013 CS-c, L-e 

Nieman, et al. 237
 2013 CS-c, L-e 

Niendam, et al. 238
 2013 CS-a, L-a 

Rapp, et al. 239
 2013 CS-d, L-c 

Ratheesh, et al. 240
 2013 CS-d, L-f 

Rausch, et al. 23
 2013 L-c 

Riecher-Roessler, et al. 241
 2013 CS-a, L-a 

Shin, et al. 27
 2013 L-c 

Song, et al. 30
 2013 L-e 

Stafford, et al. 242
 2013 CS-a, L-a 

Stowkowy, et al. 243
 2013 CS-e 

Sullivan, et al. 244
 2013 CS-b, L-b 

Taylor, et al. 245
 2013 CS-c, L-c 

Teyssier 246
 2013 CS-a, L-a 

Thompson, et al. 247
 2013 CS-e, L-c 

Tiffin, et al. 248
 2013 CS-a, L-a 

Tikka, et al. 249
 2013 CS-d, L-c 

Valmaggia, et al. 250
 2013 CS-c, L-e 

Velthorst, et al. 251
 2013 CS-c, L-e 

Walder, et al. 252
 2013 CS-c, L-e 

Washida, et al. 35
 2013 L-e 

Zaytseva, et al. 253
 2013 CS-a, L-a 

Niendam, et al. 20
 2014 L-c 

Legend: HR, High Risk 

Exclusion criteria for meta-analysis 1 and 2: 

CS-a: Review, not original article written in English published on peer reviewed journal; CS-b: Missing HR 
diagnosis; CS-c: No comparison group; CS-d: No data for meta-analysis; CS-e: Overlapping dataset. 

Exclusion criteria for meta-analysis 3: 

L-a: Review, not original article written in English pubblished on peer reviewed journal; L-b: Missing HR 
diagnosis; L-c: No follow-up; L-d: No observational design; L-e: No data for meta-analysis; L-f: Overlapping 
dataset;
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Fig. DS1. PRISMA flow charts. Selection of articles comparing cross-sectional functioning (a, meta-analysis 1) and quality of 
life (b, meta-analysis 2) in HR subject vs. healthy comparisons and comparisons with psychosis; selection of longitudinal studies 
comparing baseline functioning in HR subjects who did and did not develop psychosis at follow-up (c, meta-analysis 3). 
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Fig. DS2. Meta-regressions of standardised difference in functioning between HR and psychosis 
(PS) and proportion of females, in the HR (a) or PS group (b). 
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Fig. DS3. Supplementary meta-analysis of mean GAF score in HR, healthy (HC) and psychotic 
subjects (PS). HR mean GAF=50.38 (95% CI from 47.03 to 53.73, sample size=830); HC mean 
GAF=79.46 (95% CI from 73.40 to 85.52, sample size=391); PS mean GAF=44.72 (95% CI 
from 40.21 to 49.23, sample size=368). 

 

Study nameSubgroup Statistics for each study

Lower Upper 
Mean limit limit p-Value

Van Rijn et al. 2011HC 91.300 88.398 94.202 <0.001

Shin et al. 2013HC 88.600 87.996 89.204 <0.001

Smieskova et al.2012HC 88.600 86.577 90.623 <0.001

Van Tricht et al. 2010HC 87.600 85.102 90.098 <0.001

Serrani et al. 2011HC 87.400 85.947 88.853 <0.001

Chung et al. 2008HC 83.860 82.981 84.739 <0.001

Niendam et al. 2009HC 81.540 77.577 85.503 <0.001

Stanford et al. 2011HC 80.600 77.119 84.081 <0.001

Lindgren et al. 2010HC 52.400 50.029 54.771 <0.001

Simon et al. 2012HC 52.300 49.192 55.408 <0.001

79.462 73.404 85.521 <0.001

Smieskova et al.2012HR 66.600 61.235 71.965 <0.001

Pruessner et al. 2011HR 61.270 56.754 65.786 <0.001

Van Rijn et al. 2011HR 59.300 54.890 63.710 <0.001

Chung et al. 2008HR 59.180 56.188 62.172 <0.001

Quednow et al. 2008HR 58.000 55.061 60.939 <0.001

Niendam et al. 2013HR 54.880 51.058 58.702 <0.001

Eastvold et al. 2007HR 53.500 50.339 56.661 <0.001

Raush et al. 2013HR 51.900 49.085 54.715 <0.001

Van Tricht et al. 2010HR 50.060 47.052 53.068 <0.001

Shin et al. 2013HR 49.500 46.973 52.027 <0.001

Fulford et al. 2013HR 47.950 45.814 50.086 <0.001

Niendam et al. 2009HR 45.140 41.982 48.298 <0.001

Serrani et al. 2011HR 44.230 41.065 47.395 <0.001

Simon et al. 2012HR 43.720 41.971 45.469 <0.001

Stanford et al. 2011HR 43.600 41.797 45.403 <0.001

Lindgren et al. 2010HR 38.100 35.113 41.087 <0.001

Washida et al. 2013HR 29.700 23.283 36.117 <0.001

50.379 47.025 53.733 <0.001

Pruessner et al. 2011PS 52.590 46.191 58.989 <0.001

Quednow et al. 2008PS 52.060 45.266 58.854 <0.001

Shin et al. 2013PS 49.900 46.581 53.219 <0.001

Smieskova et al.2012PS 49.600 40.878 58.322 <0.001

Eastvold et al. 2007PS 47.600 43.855 51.345 <0.001

Niendam et al. 2013PS 46.030 42.359 49.701 <0.001

Fulford et al. 2013PS 44.350 42.148 46.552 <0.001

Raush et al. 2013PS 42.950 38.838 47.062 <0.001

Simon et al. 2012PS 35.500 33.803 37.197 <0.001

Washida et al. 2013PS 29.741 25.211 34.271 <0.001

44.715 40.216 49.213 <0.001
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Fig. DS4. Supplementary meta-analysis comparing the Comprehensive Assessment of At Risk 
Mental State (CAARMS) and other HR assessment tools. In each analysis (HR vs healthy or 
psychotic comparison) no significant between subgroup heterogeneity emerged (HR vs healthy: 
Q=0.127, p=0.722; HR vs psychosis: Q=0.307, p=0.580) thus, the findings are not modulated by 
the HR diagnostic tool. 

 

CAARMS Chudleigh et al. 2011 SOFAS -0.543 -1.162 0.076 0.086
CAARMS Shin et al. 2013 GAF -0.044 -0.534 0.446 0.860

CAARMS Smieskova et al.2012 GAF 1.036 0.407 1.665 0.001

CAARMS Thompson et al. 2012 SOFAS 0.375 -0.098 0.847 0.120

Overall CAARMS Random 0.203 -0.383 0.789 0.498

Other Addington et al. 2008 SFS -0.318 -0.605 -0.031 0.030

Other Eastvold et al. 2007 GAF 0.610 0.014 1.206 0.045

Other Fulford et al. 2013 GAF 0.336 0.047 0.625 0.023

Other Niendam et al. 2013 GAF 0.828 0.300 1.356 0.002

Other Pruessner et al. 2011 GAF 0.539 0.038 1.039 0.035

Other Quednow et al. 2008 GAF 0.404 -0.038 0.846 0.073

Other Raush et al. 2013 GAF 0.804 0.308 1.300 0.001

Other Simon et al. 2012 GAF 1.015 0.653 1.377 <0.001

Other Song et al. 2013 GF-social -0.198 -0.635 0.238 0.374

Other Washida et al. 2013 GAF -0.003 -0.555 0.550 0.992

Overall Other Random 0.390 0.079 0.702 0.014
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Study name Outcome Statistics for each study Hedges's g and 95% CI

Hedges's Lower Upper 
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HR vs. healthy comparisons

Subgroup

CAARMS Chudleigh et al. 2011 SOFAS -5.680 -7.065 -4.295 <0.001
CAARMS Hui et al. 2013 GAF-disability-5.047 -5.830 -4.264 <0.001

CAARMS Koren et al. 2013 GF-social -0.986 -1.608 -0.365 0.002
CAARMS Schlosser et al. 2012 GF-social -1.948 -2.351 -1.546 <0.001
CAARMS Simon et al. 2012 GAF -0.883 -1.238 -0.528 <0.001

Overall CAARMS Random -2.809 -4.238 -1.379 <0.001
Other Addington et al. 2008 SFS -1.657 -2.046 -1.269 <0.001
Other Carrion et al. 2011 GF-social -1.997 -2.336 -1.658 <0.001
Other Chung et al. 2008 GAF -3.834 -4.626 -3.042 <0.001
Other Lindgren et al. 2010 GAF -1.137 -1.468 -0.806 <0.001
Other Niendam et al. 2009 GAF -2.955 -3.580 -2.330 <0.001
Other Serrani et al. 2011 GAF -6.636 -7.876 -5.395 <0.001
Other Shin et al. 2013 GAF -8.502 -10.043 -6.962 <0.001
Other Smieskova et al.2012 GAF -1.752 -2.411 -1.093 <0.001

Other Stanford et al. 2011 GAF -4.760 -5.607 -3.913 <0.001
Other Thompson et al. 2012 SOFAS -2.357 -3.010 -1.703 <0.001
Other Van Rijn et al. 2011 GAF -2.755 -3.472 -2.038 <0.001
Other Van Tricht et al. 2010 GAF -3.487 -4.177 -2.798 <0.001
Other Woods et al. 2009 GAF -0.356 -0.636 -0.077 0.012

Overall Other Random -3.107 -3.915 -2.299 <0.001
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