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Context: Indicated prevention is currently regarded as
the most promising strategy to attenuate, delay, or even
avert psychosis. Existing criteria need improvement in
terms of specificity and individual risk assessment to al-
low for better targeted and earlier interventions.

Objective: To develop a differential predictive clinical
model of transition to first-episode psychosis.

Design: Prospective multicenter, naturalistic field study
with a total follow-up time of 18 months.

Setting: Six early-detection outpatient centers in Ger-
many, Finland, the Netherlands, and England.

Participants: Two hundred forty-five help-seeking pa-
tients in a putatively prodromal state of psychosis ac-
cording to either ultra-high-risk (UHR) criteria or the ba-
sic symptom-based criterion cognitive disturbances
(COGDIS).

Main Outcome Measvure: Incidence of transition to
psychosis.

Results: At 18-month follow-up, the incidence rate for

transition to psychosis was 19%. Combining UHR and
COGDIS yielded the best sensitivity. A prediction model
was developed and included positive symptoms, bizarre
thinking, sleep disturbances, a schizotypal disorder, level
of functioning in the past year, and years of education. With
apositive likelihood ratio 0f 19.9, an area under the curve
of 80.8%, and a positive predictive value of 83.3%, diag-
nostic accuracy was excellent. A 4-level prognostic index
further classifying the general risk of the whole sample pre-
dicted instantaneous incidence rates of up to 85% and al-
lowed for an estimation of time to transition.

Conclusions: The prediction model identified an in-
creased risk of psychosis with appropriate prognostic ac-
curacy in our sample. A 2-step risk assessment is pro-
posed, with UHR and cognitive disturbance criteria serving
as first-step criteria for general risk and the prognostic in-
dex as a second-step tool for further risk classification of
each patient. This strategy will allow clinicians to target
preventive measures and will support efforts to unveil the
biological and environmental mechanisms underlying pro-
gression to psychosis.
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REVENTION IS MOST IMPOR-
tant in psychiatry today."* An
indicated approach—target-
ing intervention—when mini-
mal though detectable signs or

chosis are the focus of current research:
the ultra-high-risk (UHR) criteria and the
basic symptom approach.®® While retro-
spective studies have confirmed an aver-
age prodromal period of 5 to 6 years,'*!?
the introduction of the UHR criteria has

Author Affiliations are listed at
the end of this article.

symptoms are already present but diagnos-
tic criteria are not met is currently consid-
ered the most promising strategy to attenu-
ate, delay, or prevent psychosis.>* The
European Prediction of Psychosis Study
(EPOS), a unique prospective, multi-
center, naturalistic field study, was de-
signed to develop a prediction model of psy-
chosis within a period of 18 months based
on a sufficiently large cohort of potentially
prodromal subjects.’

Two concepts of early detection of help-
seeking patients at short-term risk of psy-

significantly advanced the possibility of in-
dicated prevention of psychosis.”®' Ultra-
high-risk criteria include 3 different syn-
dromes: attenuated positive symptoms,
brief limited intermittent psychotic
symptoms (BLIPS), or a combination of
genetic risk indicators and recent func-
tional deterioration. Supporting their con-
ceptualization as criteria of an imminent
risk of psychosis, initial studies reported
transition rates to psychosis of 35% to 54%
within 12 months.®!'*!> However, recent
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studies indicate that the UHR criteria may actually cap-
ture a wider variance of individual risk in terms of mag-
nitude and time.'*?!

Basic symptoms are subtle, subjective, subclinical dis-
turbances in several mental domains not recognized in
measurements of positive symptoms.®** In the prospec-
tive Cologne Early Recognition Study, 78% of patients
with at least 1 cognitive-perceptive basic symptom at base-
line developed schizophrenia within a mean follow-up
0f 9.6 years.® Further analyses resulted in a second basic
symptom criterion based on 9 cognitive disturbances
(COGDIS) that was associated with a transition rate to
psychosis of 23.9% at 12 months and 46.3% at 24
months.” Therefore, we predicted that the COGDIS cri-
terion when combined with the UHR criteria would im-
prove the prediction of transition to psychosis. Against
this background, EPOS aims to develop a clinical model
that will maximize the prediction of psychosis with suf-
ficient sensitivity and specificity and enable a differen-
tiation of individual risk in terms of magnitude and time,
thus providing risk-adapted inclusion criteria for future
randomized trials of early detection and intervention.**

- EEETTEES

RECRUITMENT

Local ethics committees of the participating universities or health
care agencies approved the study; patients were recruited from
consecutive referrals to early-detection services at the 6 par-
ticipating centers.” Written informed consent was obtained from
all participants and their parents if they were minors.

Referral sources included psychiatrists, psychologists, gen-
eral practitioners, outreach clinics, counseling services, and
teachers; patients also initiated contact. Knowledge about early
warning signs (eg, concentration and attention disturbances,
unexplained functional decline) and inclusion criteria was dis-
seminated (through local workshops, articles in professional
journals and newsletters, informational flyers, and Web sites)
to mental health professionals as well as institutions and per-
sons who might be contacted by at-risk persons seeking help.

Inclusion criteria were composed of COGDIS, assessed by
the Bonn Scale for the Assessment of Basic Symptoms—
Prediction List (BSABS-P),*” and UHR criteria, assessed by the
Structured Interview for Prodromal Syndromes, version 3.0
(SIPS).?® The COGDIS criterion requires the presence of at least
2 of 9 cognitive basic symptoms of at least moderate severity
(minimum score of =3) during the last 3 months and, inde-
pendent of severity, a first occurrence at least 1 year before in-
take. The basic symptoms include inability to divide atten-
tion; thought interference, pressure, and blockage; and
disturbances of receptive and expressive speech, disturbance
of abstract thinking, unstable ideas of reference, and captiva-
tion of attention by details of the visual field.

The UHR approach consists of 3 alternative criteria. Attenu-
ated positive symptoms were defined by at least 1 of the fol-
lowing symptoms with a moderate to severe but not psychotic
(3-5) SIPS score appearing several times per week for at least 1
week within the last 3 months: unusual thought content/
delusional ideas, suspiciousness/persecutory ideas, grandios-
ity, perceptual abnormalities/hallucinations, disorganized com-
munication, and odd behavior/appearance. Brief limited
intermittent psychotic symptoms were defined by hallucina-
tions, delusions, or formal thought disorders that occurred within
the last 3 months, resolved spontaneously within 1 week, scored

as severe and psychotic (score of 6) on the SIPS, and scored as
at least moderate on the Positive and Negative Syndrome Scale
for Schizophrenia.”” Genetic risk and functional deterioration
were defined by (1) a 30% or greater reduction in score on the
modified version of the Global Assessment of Functioning Scale
(GAF-M)?%:2 for at least 1 month within the previous year
compared with the highest level of previous functioning and
(2) having a first- or second-degree relative with a history of
any DSM-IV?® psychotic disorder or having a DSM-IV schizo-
typal personality disorder. The age range was 16 to 35 years.

Exclusion criteria were having had a psychotic episode for
more than 1 week, ie, fulfilling DSM-IV criteria of a brief psy-
chotic episode not only for more than 1 day but for more than
7 days, assessed with the Structured Clinical Interview for DSM-
IV; having symptoms relevant for inclusion arising from a known
general medical disorder or drugs or alcohol dependency®; and
having a low verbal 1Q (<85).

Between August 2002 and April 2000, 661 persons were
screened. eTable 1 (available at http://www.archgenpsychiatry
.com) shows the reasons for nonparticipation. Of 513 patients
who fulfilled inclusion criteria, 245 consented to participate
(Table 1 and Table 2).

ASSESSMENTS

Present analyses use data assessed by SIPS, including GAF-M,
BSABS-P, the Beck Depression Inventory,” the Composite Inter-
national Diagnostic Interview—Sections on Alcohol and Drugs,*
and for sociodemographic data, the EPOS Basic Data Form.” At
follow-ups, any new medication prescription was assessed.

The 4 SIPS subscales (Positive, Negative, Disorganization,
and General Symptoms) include 4 to 6 items (in total 19) rated
on a 7-point severity scale (score, 0-6). The EPOS investiga-
tors received extensive training by one of the scale’s authors
(Tandy]J. Miller, PhD). Pairwise interrater concordance for SIPS
was 77%, which was determined acceptable by the training team.
The BSABS-P, an abbreviated item list of the Schizophrenia
Proneness Instrument,* includes 3 subscales, totaling 33 cog-
nitive, perceptual, and motor disturbances assessed on a 7-point
severity scale (score, 0-6), with maximum frequency of occur-
rence during the preceding 3 months as the guiding criterion.
Every item corresponds to a single symptom; the BSABS-P dif-
fers in structure from the SIPS, in which items are mostly de-
fined by multiple symptoms. The EPOS investigators received
repeated training by one of the scale’s authors (Frauke Schultze-
Lutter, PhD). The concordance rate with expert rating (F. S-L.)
was 87.9%. Past or current psychosis as part of the exclusion
criteria as well as psychotic diagnosis was assessed by the Struc-
tured Clinical Interview for DSM-IV.>

FOLLOW-UP

Follow-up assessments took place 9 and 18 months from base-
line. Transition to psychosis was operationalized as a continu-
ation of BLIPS, ie, any single item on the Positive subscale of
SIPS (SIPS-Positive) with a score of 6 for more than 7 days.®'82!
Following identification of full-blown psychotic symptoms in
SIPS, the diagnostic category of transition was determined by
applying DSM-IV criteria for psychotic disorders and affective
disorders with psychotic features. The different time thresh-
old of criterion B of a brief psychotic disorder was adapted to
the definition of BLIPS.

STATISTICAL ANALYSIS

To determine the risk of transition, we used Kaplan-Meier sur-
vival analysis for calculating the cumulative hazard rate. This
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Table 1. Demographic Sample Characteristics

No. (%)
I Censored I
Known Before End of
Total Sample Outcome? Follow-up"®
Characteristic (N = 245) (n =183) (n = 62) Ulx?® (df) P Value
Age, mean (SD), y 23.0(5.2) 23.6 (5.4) 22.7(5.2) 5082.5 22
Female sex 108 (44.1) 84 (45.9) 24 (38.7) 1.0 (1) .32
Education, including university, mean (SD), y 13.5 (2.8) 13.4 (2.9) 13.5 (2.8)
Current work situation
Able to work, including full-time education 199 (81.2) 145 (79.2) 54 (87.1) 1.5 (1) 22
Not able to work, long-term sickness/disability 44 (18.0) 36 (19.7) 8 (12.9)
Unknown 2(0.8) 2(1.1) 0
Current marital status
Married/cohabiting 44 (18.0) 29 (15.9) 15 (24.2) 2.2 (1) 14
Single/separated/divorced 201 (82.0) 154 (84.2) 7 (75.8)
Current living situation
Lives with others 183 (74.7) 138 (75.4) 2.6) 0.1 (1) .75
Lives alone 60 (24.5) 44 (24.0) .8)
In an institution 2(0.8) 1(0.6) 6)
Living place population, No. of inhabitants
>500000 132 (53.9) 96 (52.5) 36 (58.1) 0.8 (3) .84
>100000-500 000 52 (21.2) 41 (22.4) 11 (17.7)
10000-100 000 39 (15.9) 29 (15.8) 10 (16.1)
<10000 22 (9.0 17 (9.3) 5(8.1)
Ethnicity
White 205 (83.7) 149 (81.4) 56 (90.3) 2.5(1) 12
Asian/African/African Caribbean/multiracial/other 40 (19.5) 34 (18.5) 6(9.7)

aA|l persons transitioning to psychosis during the 18-month follow-up or completing it.

bPersons with observation times shorter than 18 months and unknown outcomes.

CContinuous variables were compared using the Mann-Whitney U test; categorical variables were compared using the x? or Fisher exact test.

rate measures the incidence rate at exactly time t and is thus
called the instantaneous incidence rate (ilR).*® Subjects with
survival times exceeding the 18-month follow-up were con-
sidered censored at the end of month 18. Survival curves were
compared using the log-rank test.

The effect of covariates on survival time, ie, time to transi-
tion, was estimated with the Cox proportional hazard model.
Continuous data were entered into analyses as raw as well as
categorized data (eTable 2). Item scores were dichotomized ac-
cording to the cutoff values of the inclusion criteria of the re-
spective scale, generally at a score of more than 2. Summary
scores were dichotomized at their respective cutoffs, which were
determined by explorative receiver operating characteristic curve
analyses to combine a high specificity with a sensitivity of 0.25
or greater.

Predictors were selected in several steps.’” First, covariates
were computed individually and chosen for further analyses
when changes of the -2 log-likelihood of the model and the
Wald statistic became significant (P<<.10).*” Next, backward
multivariate Cox regression analyses were performed within
each domain (eTable 2) at a liberal level of significance (P <.15).
We entered retained covariates into a multivariate backward
regression (P <.05) across domains, introducing domains block-
wise. For the resulting covariates, interactions were calcu-
lated and kept in the model if they were significant (P <.05).
Finally, the remaining covariates were analyzed together for-
ward and backward to exclude effects of blocking. The center
that participants attended was entered as a strata variable in
all Cox regressions.*®

Applying the final Cox model to each case, we generated
individual prognostic scores, allowing a 4-level prognostic in-
dex (PI) to be developed.* Continuous variables had to be cen-
tered around the mean for this calculation.*

In addition to Cox regression—derived PIs and hazard ra-
tios (HRs) serving as comparative measures of survival during
the 18-month period, more common, end point-related pre-
dictive accuracy measures—sensitivity, specificity, positive and
negative likelihood ratios, and positive and negative predic-
tive values—were calculated for the Cox model by entering the
individual prognostic scores into a binary logistic regression.
Areas under the receiver operating characteristic curve were
estimated for the predicted logistic probabilities as cutoff-
independent measures of the ability to discriminate between
transition and nontransition.* For group comparisons not in-
cluding survival times, we used Mann-Whitney, x?, and Fisher
exact tests. The impact of psychopathology on GAF-M scores
was explored through linear regression analysis. Normal dis-
tribution was ascertained by the Kolmogorov-Smirnov test. Un-
less indicated otherwise, a 2-sided « less than .05 was consid-
ered significant. Bonferroni correction was applied to adjust
for multiple testing. We used SPSS, version 15.0.1.1, and
OpenEpi, version 2.2.%

B xesuits [

TRANSITION TO PSYCHOSIS

The mean observation period was 431.3 days (SD, 10.9
days; median, 548.0 days). At month 18, 37 subjects had
developed psychosis. The iIR of transition to psychosis
after 6,9, 12, and 18 months was 7%, 11%, 14%, and 19%,
respectively (Figure 1).The mean time to transition from
baseline examination was 496.8 days (SE, 8.5 days; 95%
confidence interval [CI], 480.2-513.6). Psychosis diag-
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Table 2. Clinical Sample Characteristics
Total Known Censored Before End of
Sample Outcome? Follow-up®

Characteristic (N = 245) (n =183) (n = 62) Ui® P Value!
SIPS score, mean (SD)

Total 34.4(142) 351 (14.4) 32.3 (13.6) 5096.0 .26

Positive 9.6 (4.4) 9.7 (4.4) 9.4 (4.5) 5419.0 .60

Negative 11.7 (6.6) 12.1 (6.6) 10.5 (6.6) 4924.0 A3

Disorganization 4.6 (3.1) 4.7 (3.2) 4.3(2.8) 5356.0 .55

General 8.5 (4.1) 8.6 (4.2) 8.1 (4.0) 5206.5 .36
BSABS-P score, mean (SD)

Total 22.8 (15.5) 224 (15.6) 24.1 (15.3) 5240.5 .37

Cognitive thought disturbances 13.9(8.9) 13.8 (9.0) 13.9(8.9) 5604.0 .89

Cognitive perception disturbances 8.0 (7.8) 7.6 (7.9) 9.4 (7.5) 4560.5 .02

Cognitive motor disturbances 1.0 (2.0) 1.0 (2.1) 0.8 (1.9) 5377.0 42
GAF-M score, mean (SD)

At inclusion 511 (11.7) 503 (11.4) 53.4 (12.4) 4764.0 .06

Highest score in the year before inclusion 65.4 (14.0) 64.0 (14.2) 69.3 (12.1) 4394.0 .01
% of reduction in GAF-M score,® mean (SD) 20.4 (15.7)  19.9 (15.0) 21.9 (17.6) 7765.5 .54
Persons with a GAF-M score reduction =30%, No. (%) 70 (28.6) 52 (28.4) 18 (29.0) 5368.0 .57
BDI score, mean (SD) 20.3(10.9) 20.2 (10.4) 20.6 (12.3) 5187.0 .94
First- or second-degree relative with psychotic disorder, No. (%) 57 (23.3) 47 (25.7) 10 (16.1) 2.4 12
First-degree relative with psychotic disorder, No. (%) 40 (16.3) 32 (17.5) 8 (12.9) 0.7 .39
Only second-degree relative with psychotic disorder, No. (%) 16 (6.5) 14 (7.7) 2(3.2) 1.5 .22
Schizotypal personality disorder,9 No. (%) 33 (13.5) 28 (15.3) 5(8.1) 21 15
Obstetric complications, No. (%)" 39 (16.3) 28 (15.7) 11 (17.7) 0.1 71
Any drug abuse,’ No. (%) 53 (23.0) 35 (20.1) 18 (32.1) 3.6 .06
Alcohol abuse, No. (%) 69 (30.0) 51 (29.7) 18 (31.0) 0.04 .84
Distribution of inclusion criteria, No. (%)}

UHR and COGDIS positive 146 (59.6) 106 (57.9) 40 (64.5) 0.8 .36

UHR positive and COGDIS negative 74 (30.2) 59 (32.2) 15 (24.2) 1.4 .23

COGDIS positive and UHR negative 25 (10.2) 18 (9.8) 7(11.3) 0.1 .74

Abbreviations: BDI, Beck Depression Inventory; BSABS-P, Bonn Scale for the Assessment of Basic Symptoms—Prediction List; COGDIS, basic symptom

criterion cognitive disturbances; GAF-M, Global Assessment of Functioning Scale, modified version; SIPS, Structured Interview for Prodromal Syndromes;

UHR, ultra-high-risk criteria.

Al persons transitioning to psychosis during 18-month follow-up or completing it.

bpersons with observation times shorter than 18 months and unknown outcomes.

CContinuous variables were compared using the Mann-Whitney U test; categorical variables were compared using x> or Fisher exact test.

dSignificant at a Bonferroni-adjusted « level <.0016.

€Calculated as [(highest score in the year before inclusion - score at inclusion)/highest score in the year before inclusion] < 100.

fOnly 2 patients had first- and second-degree relatives with psychosis.

9According to the SIPS definition: DSM-1V criteria for schizotypal personality disorder fulfilled for more than 1 year.

"No information in 5 cases (known outcome sample).

'According to the Composite International Diagnostic Interview. Data about drug abuse were only available in 174 subjects with known outcomes and
56 subjects censored before the end of follow-up; data about alcohol abuse were available in 172 and 58 subjects, respectively.

IAt least 1 UHR criterion had to be fulfilled to be considered positive.
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Figure 1. Kaplan-Meier survival analysis for 18-month follow-up (n=245).

noses according to DSM-IV were brief psychotic disor-
der (n=2 [5.4%], time criterion adapted to BLIPS defi-
nition); schizophreniform disorder (n=3 [8.1%]),
schizophrenia (n=23 [62.2%]), schizoaffective disor-
der (n=3 [8.1%]), and mood disorder with psychotic fea-
tures (n=6 [16.2%]).

EFFECTS OF INCLUSION CRITERIA

Distribution of UHR and COGDIS is displayed in Table 2.
The mean survival time for participants at risk of psy-
chosis according to COGDIS criteria and negative ac-
cording to UHR criteria was 528.6 days (SE, 19.0 days;
95% CI, 491.4-565.8; iIR, 4.5%); for participants posi-
tive according to UHR and negative according to COGDIS,
500.7 days (SE, 15.0 days; 95% CI, 471.3-530.2; iIR,
18.0%); and for participants positive according to both
UHR and COGDIS, 489.1 days (SE, 11.6 days; 95% CI,
466.7-512.1; iIR, 21.9%). Differences were nonsignifi-
cant (log-rank test; x3=2.82, P=.24). No single UHR cri-
terion had a significant effect on time to transition. When
both UHR and COGDIS criteria were considered irre-
spective of each other (as done in all earlier studies), sub-
jects reporting UHR criteria had a 20.6% transition rate;
those reporting COGDIS had a rate of 19.1%.
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Table 3. Cox Proportional Hazard Model

Predictor Variable B SE Wald, HR (95% CI) P Value
SIPS Positive subscale score >16 1.571 0.428 13.46 4.81 (2.078-11.134) <.001
Bizarre thinking score >2 on SIPS 0.865 0.387 4.99 2.38 (1.112-5.074) .03
Sleep disturbances score >2 on SIPS 0.793 0.387 419 2.21 (1.034-4.717) .04
Schizotypal personality disorder according to SIPS 1.037 0.423 6.01 2.82 (1.231-6.464) .01
GAF-M score, highest in the past year? 0.033 0.015 5.02 1.03 (1.004-1.064) .03
Years of education, including university? 0.250 0.086 8.35 1.28 (1.084-1.521) .004

Abbreviations: Cl, confidence interval; GAF-M, Global Assessment of Functioning Scale, modified version; HR, hazard ratio; SIPS, Structured Interview for

Prodromal Syndromes.

aTo keep all B coefficients positive, GAF-M scores have been inverted by subtracting 100 (higher score means lower level, eg, an original score of 30 equals 70)
and years of education have been inverted by rank transformation in a scale from 1 to 17 (higher number means fewer years of education, eg, 17 = 8 years of
education, 16 = 9 years of education). Only algebraic signs were changed owing to this procedure.

EFFECTS OF COVARIATES ON SURVIVAL TIME

Six variables were included in the final Cox regression
model (Table 3). The resulting equation was
[1.571 X SIPS—Positive score >16] + [0.865 X SIPS bi-
zarre thinking score] + [0.793 X SIPS sleep disturbance
score] + [1.037 X SIPS schizotypal personality disorder
score] + [0.033 X (highest GAF-M score in the past
year-34.64)] + [0.250 X (years of education-12.52)].

The 4.81 HR emerging for the variable SIPS—Positive
score greater than 16 was the highest, indicating that pa-
tients with a total subscale score above 16 transitioned
to psychosis at arate 4.81 times higher than subjects with
a lower score. In the univariate analyses, GAF-M score
and years of education showed the best predictive per-
formance as continuous variables. For consistency with
the scaling of the other predictors, they had to be in-
verted (Table 3). An inversion of the highest GAF-M score
in the past year of, eg, 70 resulted in an HR of 3.21. Com-
pared with the mean of 34.64 (HR, 1.03; 34.64 equals a
noninverted GAF of 65.36), the risk was increased by
212% (el0033>(70-34691) " Comparing a rank of 16, equal-
ing 9 years of education, with the mean rank of 12.52
(HR, 1.28), an HR of 2.39 emerged.

The impact of psychopathology on GAF-M score at
inclusion was estimated, with Beck Depression Inven-
tory total score and SIPS and BSABS-P subscale scores
as independent variables. Stepwise linear regression re-
tained SIPS—Positive and SIPS-Negative scores, explain-
ing 14.9% of variance and thus indicating that GAF-M
scores were predominantly determined by deterioration
of role functioning.

PROGNOSTIC INDEX

The final equation resulting from Cox regression proce-
dures was applied to each patient to calculate individual
prognostic scores. As these scores followed a normal dis-
tribution, mean and first positive and negative SD served
to stratify the scores into 4 classes, thus establishing a
prognostic index (PI) for risk classification (Table 4 and
Figure 2). Figure 3 displays the corresponding ilR
curves. The log-rank test is calculated across all classes
and became significant because of class IV (x*=58.68,
P<.001); in post hoc tests, class IV differed signifi-
cantly from the other classes.

EFFECTS OF ANTIPSYCHOTIC
OR ANTIDEPRESSANT MEDICATION

Pharmacological treatment was added to the prediction
model to estimate its additional effect during follow-
up.” Antidepressants were prescribed to 46 patients
(18.8%), antipsychotics to 32 (13.1%), and both were pre-
scribed to 22 (9.0%); no reliable information was avail-
able for 31 (12.7%) patients.

Adding treatment to the model, only antipsychotics
were kept in the equation (f=1.261; SE, 0.456; P=.006).
All 6 variables of the initial predictor set (Table 3) con-
tinued to contribute significantly to the equation, and
changes in HRs were minor and unsystematically oc-
curred in either direction at decimal places only.

To further evaluate this result, GAF-M, Beck Depres-
sion Inventory, SIPS, and BSABS-P baseline total and sub-
scale scores were analyzed with regard to antipsychotic
prescription. Patients prescribed antipsychotic drugs dis-
played significantly poorer GAF scores at inclusion
(U=1916.5, P=.01) and SIPS-Positive scores (U=1948.5,
P=.02). Significant results did not survive Bonferroni
adjustment for multiple testing (11 analyses; P<<.0045,
adjusted).

PROGNOSTIC ACCURACY MEASURES

As prognostic accuracy measures cannot be analyzed with
censored data, calculations had to rely on the sub-
sample with a known state of transition (n=183 [74.7%]).
After adjustment for multiple testing, this subsample dis-
played no significant difference from the subsample cen-
sored earlier, ie, the dropouts, with regard to demo-
graphic or clinical variables (Table 1 and Table 2) or even
prognostic scores (U=5054.5, P=.62).

The prognostic accuracy measures for the prediction
model and, for comparison, for inclusion criteria are given
in Table 5. Neither patients who were positive accord-
ing to UHR and negative according to COGDIS criteria
for an at-risk state of psychosis nor patients who were
positive according to COGDIS and negative according to
UHR criteria produced an area under the receiver oper-
ating characteristic curve above the threshold for an ac-
ceptable’” discrimination or an adequate (ie, very posi-
tive*) positive likelihood ratio; the positive predictive
value was low. Only patients positive for both UHR and
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Table 4. Classification of Predefined Risk

Risk Class of the Prognostic Index

] ]l \'}

Characteristic |
Prognostic score? <-0.50
No. of patients (%)P 32 (13.5)

Estimated time to transition, mean (SEM), d 537.1 (10.7)¢

iIR of transition to psychosis, %

At month 9 &85

At month 12 815

At month 189 3.5
Distribution of inclusion criteria, %

COGDIS 18.8

UHR 25.0

Both 56.3

-0.50 t0 0.81 0.82 10 2.12 >2.12
99 (41.6) 72 (30.3) 35 (14.7)
5211 (10.3) 514.6 (11.4) 356.4 (35.3)f
43 7.8 48.0
8.0 9.6 59.5
8.0 18.4 85.1
144 5.6 2.9
31.3 375 14.3
54,5 56.9 82.9

Abbreviations: COGDIS, basic symptom criterion cognitive disturbances; GAF-M, Global Assessment of Functioning Scale, modified version; ilR, instantaneous
incidence rate; SIPS, Structured Interview for Prodromal Syndromes; SPD, schizotypal personality disorder; UHR, ultra-high-risk criteria.

aThe prognostic score is calculated as [1.571 X SIPS-Positive score >16] + [0.865 X bizarre thinking score] + [0.793 X sleep disturbances score] +
[1.037 x SPD score] + [0.033 x (highest GAF-M score in the past year — 34.64)] + [0.250 X (years of education — 12.52)].3* Highest GAF-M score in the past
year and years of education are continuous variables (see footnote “a” in Table 3 for details); all others are dichotomous variables.

bOf 238 subjects.

CNinety-five percent confidence interval: 516.1-558.1.
dNinety-five percent confidence interval: 501.0-541.2.
€ Ninety-five percent confidence interval: 492.3-536.9.
fNinety-five percent confidence interval: 287.3-425.5.

9The relative risk at 18 months, referring illustratively to a 0.0348% 12-month incidence of psychosis in the general population,® is 67 for class I, 153 for

class 1, 352 for class 11, and 1630 for class IV.
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Figure 2. Distribution of prognostic scores and stratification for the
prognostic index by mean and first positive and negative SD.

COGDIS criteria displayed a higher sensitivity than the
prediction model.

In this uniquely large European sample of help-seeking
individuals putatively at risk of psychosis, we observed
ilRs of transitions to psychosis of 14% after 12 months
and 19% after 18 months. Relating this incidence for il-
lustrative reasons to the recently reported 12-month in-
cidence rate in a UK general population sample of 0.0348%
for any psychosis,* we found that the 18-month rela-
tive risk in EPOS was 364. With regard to other early de-
tection studies using the UHR paradigm'®*' or similar ap-
proaches,® the extentand course of EPOS transition rates
are consistent with recent reports of lower 12-month tran-
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Figure 3. Kaplan-Meier survival analysis for risk classes of prognostic index
(n=245).

sition rates'"*! and of a further progression of rates be-

yond 12 months 081718214 Predicted rates, however, are
not yet satisfactory, thus calling for further improve-
ment of risk assessment.

In somatic medicine such as oncology or pneumol-
ogy,”* a well-established and widespread risk-
modeling procedure is the use of Pls for a multivariate
clinical staging. In EPOS, this approach was adopted for
the first time in early-detection research. The EPOS pre-
diction model, ie, the Cox regression equation, in-
cluded 6 variables. Based on the resulting prognostic
scores, a multivariate PI (EPOS-PI) for further classify-
ing the risk of psychosis in selected risk populations into
4 classes was suggested. Thereby, the EPOS-PI is not in-
tended to replace the inclusion criteria, but to facilitate
better, more individualized risk estimation and PI-
related future targeting of interventions in predefined clini-
cal at-risk samples.
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Table 5. Prognostic Accuracy in the Group With Known Outcomes at Month 18 (n=183)

Variable No. of Subjects  Sensitivity ~ Specificity AUC (SE), 95% ClI PValue? PPV NPV LR*b |LR-bP
EPOS prediction model® 179¢ 1.7 97.9 80.8 (4.6), 71.7-89.9 <.001 833 870 199 0.6
UHR positive and COGDIS negative® 183 29.7 67.1 51.6 (5.3), 41.2-61.9 .62 186 79.0 0.9 1.1
COGDIS positive and UHR negative 183 2.7 88.4 54.4 (5.1), 44.6-64.4 40 56 782 0.2 1.0
UHR and COGDIS positive® 183 67.6 45.6 56.4 (5.2), 46.2-66.6 .23 23.8 848 1.2 0.7

Abbreviations: AUC, area under the curve; Cl, confidence interval; COGDIS, basic symptom criterion cognitive disturbances; EPOS, European Prediction of
Psychosis Study; LR*, positive likelihood ratio; LR-, negative likelihood ratio; NPV, negative predictive value; PPV, positive predictive value; UHR, ultra-high-risk.
aNull hypothesis: AUC = 50.0; AUC and its P values are derived from receiver operating characteristic curve analysis. Predictive discrimination is considered

acceptable if 0.7 = AUC < 0.8 and excellent if 0.8 = AUC < 0.9.%

bAn LR of 3 or more is considered moderately positive, and 10 or more, very positive; an LR~ of 0.3 or less is considered moderately negative; 0.1 or less,

extremely negative.*?

CIn the subsample of only medication-naive patients, the regression analysis produced the following prognostic accuracy values: sensitivity = 40.0;
specificity = 98.6; PPV = 80.0; NPV = 92.2; LR* = 28.8; LR~ = 0.61; AUC (SE) = 84.4 (7.4); 95% Cl, 69.9 t0 99.0; P> .001.

dLower population number owing to missing values in single variables.
€At least 1 UHR criterion had to be fulfilled to be considered positive.

Previous approaches using regression models and
single cutoffs to improve prediction by UHR criteria
resulted in an unfavorable loss of sensitivity and, con-
sequently, in an undesirable exclusion of patients
below the cutoff who might benefit from early interven-
tion.®!* In this respect, the multilevel Pl approach that
also relies on a regression model but results from apply-
ing the regression equation to each subject and enables
arisk classification of the whole sample has a major ad-
vantage: no matter his or her prognostic score, a patient
continues to be generally considered at risk once screened
positive for inclusion criteria. Thus, no loss of sensitiv-
ity occurs with this approach. Instead of a general yet,
with regard to a help-seeking individual, rather undif-
ferentiated risk estimate (as given by inclusion criteria),
however, a patient’s PI provides further classification or
staging of the current risk. Once such a PI has been vali-
dated in an independent sample, shown to be sensitive
to dynamic change in risk over time, and related to dif-
ferent treatment strategies varying, eg, from monitoring
and psychotherapy to low-dose antipsychotic medica-
tion, it could be re-assessed in short intervals to enable
adaptation of intervention to the patient’s actual needs.

Such a strategy, however, is clinically sensible only if
the risk differs meaningfully between classes. This was
true for the 4 EPOS-PI classes, in which the iIR and the
related relative risk* increased by more than 100% with
each higher level, though distributions of transition rates
over time differed statistically only between class IV and
any other class but not between the first 3 classes. The
iR of class IV in particular was much higher than any
iR of classes I through III and, with a completely dis-
tinct 95% CI, was associated with a significantly shorter
time to transition. Compared with the overall 18-month
iIR of 19% based on the inclusion criteria alone, the iIR
was differentiated from 3.5% to 85% after introduction
of the EPOS-PI classes.

The advantage of additionally introducing the PI as
the second step in a 2-step procedure is supported by the
diagnostic accuracy measures. The logistic model based
on the prognostic scores underlying the 4 PI classes had
excellent general threshold-independent discriminative
accuracy and good to excellent classic diagnostic accu-
racy measures in addition to a high positive likelihood

ratio. Thus, this is the first predictive model of psycho-
sis possessing a positive likelihood ratio of sufficient size,
ie, above 10,” which indicates a clear change from pre-
test to posttest probability of nearly 20 times, raising the
odds for psychosis. Despite a high negative predictive
value, a prevalence-dependent measure,* the model’s
negative likelihood ratio indicated that it could not ef-
fectively rule out an increased risk of psychosis in pa-
tients with a negative test result. The dropout rate, a com-
mon limitation of follow-up studies, was 25.6% at 18
months. Because the group lost to follow-up did not dif-
fer from the one with known outcomes with regard to
the prognostic score nor demographical or clinical vari-
ables, dropouts seem to have occurred at random,; thus
an additional bias was probably not introduced into our
data.

With regard to the inclusion criteria, ie, the first step
preceding the model’s application, 10.2% of the sample
was included by COGDIS alone, 30.2% by UHR criteria
alone (Table 3). Because EPOS allowed separating
COGDIS and UHR criteria, it revealed that both criteria
produced transition rates below the expected level when
analyzed with adjustment for one another. Yet, even the
observed rate of 4.5% in the COGDIS group still corre-
sponds to a relative risk of 84.9.** As shown recently in
astudy that reported equally UHR-adjusted COGDIS tran-
sition rates, higher transition rates for this criterion alone
can be expected with longer follow-up: a 21.1% transi-
tion rate was observed in up to 37 months.* In both stud-
ies, however, the cooccurrence of UHR criteria and
COGDIS at baseline was responsible for the decidedly
highest proportion of inclusions and exhibited the high-
est transition rate.

A stepwise procedure, using UHR and COGDIS cri-
teria for risk screening first and the EPOS prediction model
for further risk classification second, will be a superior
strategy. In line with current indicated approaches to risk
detection and prevention,>'"'*2!# the suggested proce-
dure will apply only to those already seeking help; in the
general population, prognostic accuracy would substan-
tially drop for epidemiological reasons.”® A decrease in
accuracy would also result, if the first step (screening by
the inclusion criteria) were skipped. In an unselected
sample of subjects seeking help, exclusive use of the PI
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could result in labeling persons who are characterized
only by sleep disturbances, a decrease in psychosocial
functioning, and a lower educational level as at risk. Yet,
in terms of psychosis prediction, these rather unspecific
characteristics become meaningful only in the presence
of any of the inclusion criteria (eg, class I in Table 4).

As to the predictors themselves, all 6 variables in-
cluded in the EPOS prediction model (SIPS-Positive
score, bizarre thinking, sleep disturbances, schizotypal
personality disorder [according to SIPS], highest
GAF-M score in the past year, and years of education),
have already been linked to psychosis and thus are
clinically plausible.

The association between a higher SIPS-Positive score,
ie, a higher degree of psychosis-like experiences, and an
increased risk of psychosis is in line with most recent stud-
ies 81719 Our finding also partially corresponds to the
results of the North American Prodrome Longitudinal
Study (NAPLS),'®°! as 2 positive SIPS items, unusual
thought content and suspiciousness/paranoia, were among
our 5 predictors.

The SIPS item bizarre thinking is characterized by
strange, fantastic, or bizarre ideas that are distorted, il-
logical, or patently absurd.” In a first-episode sample,
53.3% of the patients with schizophrenia exhibited odd
and bizarre ideations.’* This symptom has been concep-
tualized as a formal thought disorder that is associated
with cognitive disturbances in schizophrenia, especially
verbal memory, which in turn has been reported to pre-
dict psychosis.”>*

Sleep disturbances—common in psychiatric disor-
ders—were associated with more severe psychotic states,
electrophysiological disturbances, and dopaminergic as
well as GABAergic dysregulations in psychosis.”® In ret-
rospective studies on first-episode schizophrenia, sleep
disturbances were a most common prodromal symp-
tom" and preceded first-episode psychosis in 77% to 100%
of patients.”””® Thus, albeit nonspecific, their inclusion
in the EPOS model is well supported.

The inclusion of SIPS schizotypal personality disor-
der (minimum symptom duration of 1 year) as a predic-
tor is in line with studies on schizotypal disorder ac-
cording to International Statistical Classification of
Diseases, 10th Revision (minimum symptom duration of
2 years) or with studies on schizotypy reporting an in-
creased risk of psychosis.”®! Furthermore, SIPS schizo-
typal personality disorder is part of NAPLS predictor
genetic risk/recent deterioration in functioning,'® and a
combination of attenuated positive symptoms and the
UHR trait criterion that includes schizotypal personal-
ity disorder was among the 5 predictors in a study from
the Australian Personal Assessment and Crisis Evalua-
tion clinic.® However, this particular combination was
insignificant in our univariate testing and excluded
from further analysis.

Loss of functioning was also predictive in the Austra-
lian study.® Some overlap with the NAPLS predictors is
apparent, as highest GAF-M score in the past year is part
of genetic risk/recent deterioration in functioning; an-
other NAPLS predictor, social functioning, is part of the
determinants of highest GAF-M score in the past year.
In line with our finding, deterioration of role function-

ing is a well-known characteristic of the prepsychotic
phase®1058626* and develops well before the first psy-
chotic symptom.>"?863636 In gur sample, the selection
of highest GAF-M score in the past year suggests a func-
tional deterioration starting well before the 12 months
prior to baseline. At 65, it is only just above the maxi-
mum score of 60 used as a threshold in defining serious
impairment®” and within the 0 to 70 range found to be
predictive of psychiatric caseness.® Removal of current
functioning at baseline and relative 12-month func-
tional decline from the model indicates that a long-
standing deterioration is more strongly associated with
the risk of transition to psychosis than a recent signifi-
cant decline.

In first-episode psychosis, years of education corre-
lated significantly with working memory and verbal learn-
ing.® In schizophrenia, years of education were associ-
ated inversely with symptom severity and positively with
neuropsychological performance.”®™ The years of edu-
cation—associated measure decline in school function-
ing frequently occurred in the prodromal phase in ret-
rospective first-episode studies’® as well as in a clinical
high-risk sample.”

Contrary to the NAPLS finding on genetic risk/
recent deterioration in functioning, family history of psy-
chosis was not retained in the EPOS model, neither alone
nor combined with a reduction in GAF score. This may
be related to the comparably lower proportion of pa-
tients with a positive family history in the EPOS sample,
which, nevertheless, was in the range expected for a clini-
cally defined high-risk sample.”"* The proportion of ge-
netic high-risk subjects may, in fact, be the most strik-
ing difference between the NAPLS and EPOS samples.

The EPOS was not primarily designed to study the ben-
efits of pharmacological intervention. This requires ran-
domized controlled trials, while the focus of EPOS was
broad and medication only one of several dimensions.’
Thus, drug treatment was recorded retrospectively at fol-
low-up, and detailed information on medication could
not always be obtained. With this limitation presumed,
only antipsychotics had a significant but marginal im-
pact on the model’s predictors and the prognostic accu-
racy in only the medication-naive subsample remained
well comparable with that of the sample. Accordingly,
treatment did not limit the validity of the EPOS find-
ings. This and the similar result from NAPLS'® appear
counterintuitive to findings of controlled studies, indi-
cating a beneficial effect of these substances in the
prodromal phase.”” " Most likely, the NAPLS and our find-
ings reflect the clinicians’ decision to prescribe antipsy-
chotics to patients presenting with more severe, psychosis-
like symptoms who are already on the edge of transition.
This argument is further supported by higher SIPS-
Positive and lower GAF-M scores in the antipsychotic-
treated group at baseline.

Although the incidence rates of psychosis in early de-
tection studies, including EPOS, are several hundred times
higher than in the general population,* the high pro-
portion of seemingly false-positives—at least within
shorter follow-up periods—has fostered ethical con-
cerns.””” However, the progression of transition rates over
longer follow-up periods®®17184# supports the assump-
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tion that increasing numbers of patients are being re-
ferred earlier to early-detection centers and, conse-
quently, a change in the average time to transition but
not necessarily in the risk has occurred in these grow-
ing cohorts. The flattening of the incidence curve over
time is a frequently observed phenomenon.!847.7 Thig
may be connected to a bias toward an artificial early in-
cidence peak resulting from the proportion of patients
who are only referred late, when symptoms have be-
come more extreme and psychotic-like experiences have
already occurred.® In line with this view, the EPOS-PI class
IV displayed the shortest mean survival time.

Two methodological limitations of EPOS have to be
addressed: overfit and the naturalistic study design. As
titted models always perform in an “optimistic man-
ner”* on the model-development data, cross-validation
in an independent sample is needed to control for tailor-
made modeling. Yet, despite the overall large sample size,
the limited number of transitions did not allow for data
splitting for statistical reasons. Existing or future samples
of comparable size and risk definition are required to fi-
nally validate the EPOS prediction model.

The naturalistic design has also been a criticism of
NAPLS.** With regard to treatment effects, randomized
controlled trials may be better, and the lack of concur-
rent recording of applied treatments is an unfortunate
caveat of the current study. However, even if treatment
had been sufficiently recorded, the number of patients
who received medication would still have remained too
small to enable clear conclusions when compared with
randomized controlled trials. Yet, randomized con-
trolled trials suffer from potential recruitment bias in-
troduced by narrow criteria and requiring agreement with
randomization, which, compared with the population of
individuals at risk, may result in nonrepresentative
samples.®® This is illustrated by a randomized con-
trolled trial” in which subjects positive under UHR cri-
teria who agreed to randomization and entered the con-
trol condition showed a 12-month transition rate of 35.7%,
whereas those refusing randomization showed a rate of
only 18.2%.

In conclusion, our findings signal a methodological
advancement in the early detection of psychosis: UHR
and COGDIS criteria together serve as a first-step detec-
tion tool for a generally increased risk of psychosis, and
the prognostic scores serve as a multivariate second-
step tool for further risk classification in terms of mag-
nitude and time. This procedure might enable not only
a differentiated, possibly change-sensitive estimation of
current individual risk, but also risk-adapted treatment
approaches and a risk-enrichment strategy necessary for
clinical trials.?*®#! Next, it will have to be investigated
whether a multilevel model including additional neuro-
cognitive, neurobiological, sociobiographical, and envi-
ronmental variables will increase the predictive accu-
racy even further. In addition, future analyses will have
to test whether this model also applies to the prediction
of psychosis within longer time frames.
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