
BackgroundBackground Cognitive disturbancesCognitive disturbances

have been demonstrated in individualshave been demonstrated in individuals

with potentiallyprodromal symptomsinwith potentiallyprodromal symptomsin

objective^neuropsychological aswell asobjective^neuropsychological aswell as

subjective^symptomatic studies.Yet, thesubjective^symptomatic studies.Yet, the

relation between subjective and objectiverelationbetween subjective and objective

deficits andto differentprodromalstatesisdeficits andtodifferentprodromalstatesis

unclear.unclear.

AimsAims To explore interactions betweenTo explore interactionsbetween

subjective and objective cognitivesubjective and objective cognitive

measures in differentprodromal states.measures in different prodromal states.

MethodMethod In participantswith an earlyInparticipantswith an early

((nn¼33) or late (33) or late (nn¼69) initialprodromal69) initialprodromal

state, cognitive subjective and objectivestate, cognitive subjective and objective

deficitswere assessedwiththedeficitswere assessedwiththe

Schizophrenia Proneness Instrument andSchizophrenia Proneness Instrument and

a comprehensive neuropsychological testa comprehensive neuropsychological test

battery.battery.

ResultsResults Participantswith anearlyinitialParticipantswith anearlyinitial

prodromal statewere less impaired thanprodromal statewere less impaired than

thosewith a late initial state.Subjectivethosewith a late initial state.Subjective

and objective cognitive deficitswereand objective cognitive deficitswere

unrelated, excepttime-limitedunrelated, excepttime-limited

neurocognitive speedmeasures andneurocognitive speedmeasures and

subjectivelyreduced stress tolerance,subjectivelyreduced stress tolerance,

especially inparticipantswith an earlyespecially in participantswith an early

initialprodromal state.initialprodromal state.

ConclusionsConclusions Subjective and objectiveSubjective and objective

cognitivedeficits aregenerallyunrelatedincognitivedeficits aregenerallyunrelatedin

the psychosis prodrome and as suchtheythe psychosis prodrome and as suchthey

can add complementaryinformationcan add complementaryinformation

valuable for prediction.However, possiblevaluable for prediction.However, possible

associations betweenthe two levelsmightassociations betweenthe two levelsmight

be betterdetectable inthe less impairedbe betterdetectable inthe less impaired

early initialprodromal state.early initialprodromal state.
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Deviant neuropsychological performanceDeviant neuropsychological performance

of subjects symptomatically at risk ofof subjects symptomatically at risk of

first-episode psychosis has been shown infirst-episode psychosis has been shown in

several domains including verbal memoryseveral domains including verbal memory

and executive functions, sustained atten-and executive functions, sustained atten-

tion, processing speed and possibly spatialtion, processing speed and possibly spatial

working memory (Carrworking memory (Carr et alet al, 2000; Wood, 2000; Wood

et alet al, 2003; Hawkins, 2003; Hawkins et alet al, 2004; Brewer, 2004; Brewer

et alet al, 2005; Francey, 2005; Francey et alet al, 2005; Niendam, 2005; Niendam

et alet al, 2006; Pukrop, 2006; Pukrop et alet al, 2006; Simon, 2006; Simon et alet al,,

2006). Furthermore, subtle, self-experienced2006). Furthermore, subtle, self-experienced

cognitive–perceptive disturbances havecognitive–perceptive disturbances have

been shown to be predictive of later schizo-been shown to be predictive of later schizo-

phrenia, and to be common within the psy-phrenia, and to be common within the psy-

chotic spectrum (Klosterkotterchotic spectrum (Klosterkötter et alet al, 1996,, 1996,

2001). These subjective disturbances were2001). These subjective disturbances were

suggested to characterise an even earliersuggested to characterise an even earlier

state of the initial psychosis prodromestate of the initial psychosis prodrome

(Ruhrmann(Ruhrmann et alet al, 2003) when compared, 2003) when compared

to the symptomatic ‘ultra-high risk’ criteriato the symptomatic ‘ultra-high risk’ criteria

(Phillips(Phillips et alet al, 2000) especially developed to, 2000) especially developed to

depict an imminent risk of psychosis. Yet,depict an imminent risk of psychosis. Yet,

little is known about the possible associa-little is known about the possible associa-

tion between subjective and objective cog-tion between subjective and objective cog-

nitive disturbances and their relation tonitive disturbances and their relation to

different prodromal states.different prodromal states.

METHODMETHOD

Inclusion and exclusion criteriaInclusion and exclusion criteria

A two-stage conceptualisation of the pro-A two-stage conceptualisation of the pro-

dromal state was employed (Ruhrmanndromal state was employed (Ruhrmann etet

alal, 2003) distinguishing an early initial pro-, 2003) distinguishing an early initial pro-

dromal state with a clearly increased, butdromal state with a clearly increased, but

not yet imminent, risk of psychosis from anot yet imminent, risk of psychosis from a

late initial prodromal state with a some-late initial prodromal state with a some-

what imminent risk of psychosis.what imminent risk of psychosis.

An early initial prodromal state wasAn early initial prodromal state was

defined by the presence of at least any onedefined by the presence of at least any one

of the cognitive–perceptive basic symptomsof the cognitive–perceptive basic symptoms

found predictive for the development offound predictive for the development of

schizophrenia in the Cologne Early Recog-schizophrenia in the Cologne Early Recog-

nition study (Klosterkotternition study (Klosterkötter et alet al, 2001) as, 2001) as

assessed with the Bonn Scale for the Assess-assessed with the Bonn Scale for the Assess-

ment of Basic Symptoms (BSABS, Grossment of Basic Symptoms (BSABS, Gross etet

alal, 1987) and, since June 2000, with the, 1987) and, since June 2000, with the

Schizophrenia Proneness Instrument, AdultSchizophrenia Proneness Instrument, Adult

version (SPI–A; Schultze-Lutterversion (SPI–A; Schultze-Lutter et alet al, 2007),, 2007),

respectively: thought interferences, perse-respectively: thought interferences, perse-

veration, pressure or blockages; distur-veration, pressure or blockages; distur-

bances of receptive language, decreasedbances of receptive language, decreased

ability to discriminate between ideas andability to discriminate between ideas and

perception or fantasy and true memories,perception or fantasy and true memories,

unstable ideas of reference, derealisation;unstable ideas of reference, derealisation;

visual or acoustic perception disturbances.visual or acoustic perception disturbances.

For inclusion, these symptoms had to occurFor inclusion, these symptoms had to occur

first at least 12 months earlier and at sev-first at least 12 months earlier and at sev-

eral times within one of the past 3 months.eral times within one of the past 3 months.

The presence of late initial prodromalThe presence of late initial prodromal

#state-relevant symptoms served as an ad-#state-relevant symptoms served as an ad-

ditional exclusion criterion.ditional exclusion criterion.

In line with the ultra-high risk criteriaIn line with the ultra-high risk criteria

(Phillips(Phillips et alet al, 2000), a late initial prodro-, 2000), a late initial prodro-

mal state was defined by the presence ofmal state was defined by the presence of

at least any one attenuated psychotic symp-at least any one attenuated psychotic symp-

tom (i.e. ideas of reference; odd beliefs ortom (i.e. ideas of reference; odd beliefs or

magical thinking; unusual perceptual ex-magical thinking; unusual perceptual ex-

periences; odd thinking and speech; suspi-periences; odd thinking and speech; suspi-

ciousness or paranoid ideation) with aciousness or paranoid ideation) with a

score of 3–5 on the Structured Interviewscore of 3–5 on the Structured Interview

of Prodromal Syndromes (SIPS; Millerof Prodromal Syndromes (SIPS; Miller etet

alal, 2002) within the past three months, ap-, 2002) within the past three months, ap-

pearing several times per week for a periodpearing several times per week for a period

of at least 1 week, or the presence of at leastof at least 1 week, or the presence of at least

one transient, spontaneously resolving psy-one transient, spontaneously resolving psy-

chotic symptom (brief limited intermittentchotic symptom (brief limited intermittent

psychotic symptoms, i.e. hallucinations; de-psychotic symptoms, i.e. hallucinations; de-

lusions; formal thought disorder; gross dis-lusions; formal thought disorder; gross dis-

organised or catatonic behaviour) with aorganised or catatonic behaviour) with a

score of at least 4 for less than 1 week (in-score of at least 4 for less than 1 week (in-

terval between episodes at least 1 week) asterval between episodes at least 1 week) as

assessed with the Positive and Negativeassessed with the Positive and Negative

Syndrome Scale (PANSS; KaySyndrome Scale (PANSS; Kay et alet al, 1987)., 1987).

The presence of early initial prodromalThe presence of early initial prodromal

state-relevant basic symptoms did not servestate-relevant basic symptoms did not serve

as an exclusion criterion in this group.as an exclusion criterion in this group.

Exclusion criteria for both groups were:Exclusion criteria for both groups were:

.. current or past diagnosis of any psy-current or past diagnosis of any psy-

chotic disorder according to DSM–IVchotic disorder according to DSM–IV

criteria (American Psychiatric Associa-criteria (American Psychiatric Associa-

tion, 1994)tion, 1994)

.. diagnosis of delirium, dementia,diagnosis of delirium, dementia,

amnestic or other cognitive disorder,amnestic or other cognitive disorder,

mental retardation, psychiatric disor-mental retardation, psychiatric disor-

ders due to a somatic factor or relatedders due to a somatic factor or related

to psychotropic substances accordingto psychotropic substances according

to DSM–IVto DSM–IV

.. alcohol or drug abuse within the past 3alcohol or drug abuse within the past 3

months according to DSM–IVmonths according to DSM–IV

.. diseases of the central nervous systemdiseases of the central nervous system

(inflammatory, traumatic, epileptic).(inflammatory, traumatic, epileptic).

ParticipantsParticipants

One hundred and two subjects seekingOne hundred and two subjects seeking

help for mental problems at the Earlyhelp for mental problems at the Early
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Recognition and Intervention Centre forRecognition and Intervention Centre for

mental crises (FETZ) between Septembermental crises (FETZ) between September

1998 and August 2004 and who fulfilled1998 and August 2004 and who fulfilled

criteria of either an early (criteria of either an early (nn¼33) or late in-33) or late in-

itial prodromal state (itial prodromal state (nn¼69), gave written69), gave written

informed consent to participate in the studyinformed consent to participate in the study

and completed the neuropsychological testand completed the neuropsychological test

battery (see below). The two samples didbattery (see below). The two samples did

not differ in terms of their socio-demo-not differ in terms of their socio-demo-

graphic characteristics including premorbidgraphic characteristics including premorbid

IQ and presence of current non-psychoticIQ and presence of current non-psychotic

DSM–IV axis I disorder (Table 1). At base-DSM–IV axis I disorder (Table 1). At base-

line, all participants had never been treatedline, all participants had never been treated

with a neuroleptic medication.with a neuroleptic medication.

InstrumentsInstruments

Subjective psychopathologySubjective psychopathology

Subtle, self-experienced, self-reported dis-Subtle, self-experienced, self-reported dis-

turbances in attention, memory functions,turbances in attention, memory functions,

thought processes, speech, auditory andthought processes, speech, auditory and

visual perception as well as stress tolerancevisual perception as well as stress tolerance

and basic mood that often remain solely inand basic mood that often remain solely in

the self-perception of the patient and notthe self-perception of the patient and not

evidenced in behaviour, i.e. basic symp-evidenced in behaviour, i.e. basic symp-

toms, were assessed with the ‘Schizophreniatoms, were assessed with the ‘Schizophrenia

Proneness Instrument, Adult version’ (SPI–A;Proneness Instrument, Adult version’ (SPI–A;

Schultze-LutterSchultze-Lutter et alet al, 2007), which consists, 2007), which consists

of six sub-scales. Five of them, i.e. affective–of six sub-scales. Five of them, i.e. affective–

dynamic disturbances, cognitive–attentionaldynamic disturbances, cognitive–attentional

impediments, cognitive disturbances, dis-impediments, cognitive disturbances, dis-

turbances in experiencing self and sur-turbances in experiencing self and sur-

roundings, and perception disturbances,roundings, and perception disturbances,

were used for the correlational analyses;were used for the correlational analyses;

the sixth, body perception disturbances,the sixth, body perception disturbances,

was not included in the analyses as nowas not included in the analyses as no

association between these coenestheticassociation between these coenesthetic

disturbances and psychological perform-disturbances and psychological perform-

ances was expected. The SPI–A is a semi-ances was expected. The SPI–A is a semi-

structured interview and was conductedstructured interview and was conducted

by medical or psychological staff membersby medical or psychological staff members

of the FETZ who are well trained andof the FETZ who are well trained and

experienced in the assessment of basicexperienced in the assessment of basic

symptoms.symptoms.

Objective neuropsychological measuresObjective neuropsychological measures

The neurocognitive test battery was con-The neurocognitive test battery was con-

ducted by fully qualified neuropsych-ducted by fully qualified neuropsych-

ologists and took approximately 2.5 h toologists and took approximately 2.5 h to

complete. Patients were usually tested on 2complete. Patients were usually tested on 2

successive days in the morning to minimisesuccessive days in the morning to minimise

fatigue.fatigue.

PatternrecognitionPatternrecognition. A computerised version. A computerised version

of a visual backward masking task withof a visual backward masking task with

letters F, H, or T as target stimuli and oneletters F, H, or T as target stimuli and one

of four masking conditions, i.e. randomof four masking conditions, i.e. random

dot pattern or letter pattern masking stimu-dot pattern or letter pattern masking stimu-

lus after short (42.75 ms) or long (104 ms)lus after short (42.75 ms) or long (104 ms)

inter-stimulus intervals, provided a measureinter-stimulus intervals, provided a measure

of visual information-processing in terms ofof visual information-processing in terms of

the number of hits. The session consisted ofthe number of hits. The session consisted of

3 blocks of 30 trials each, including 6 trials3 blocks of 30 trials each, including 6 trials

of each masking condition and 6 no-maskof each masking condition and 6 no-mask

control trials presented in random order.control trials presented in random order.

AttentionAttention. The Continuous Performance. The Continuous Performance

Test (identical pairs version, CPT–IP;Test (identical pairs version, CPT–IP;

Cornblatt, 1996) provided a measure ofCornblatt, 1996) provided a measure of

sustained attention. The signal detectionsustained attention. The signal detection

parameter dparameter d’’ was calculated across 300was calculated across 300

trials.trials.

A dual tasking paradigm requiring theA dual tasking paradigm requiring the

simultaneous solution of a visual andsimultaneous solution of a visual and

auditory task provided a measure of di-auditory task provided a measure of di-

vided attention. In the first session, partici-vided attention. In the first session, partici-

pants were instructed to pay 80% of theirpants were instructed to pay 80% of their

attention to the visual task, and duringattention to the visual task, and during

the second session to pay 80% of their at-the second session to pay 80% of their at-

tention to the auditory task. In both ses-tention to the auditory task. In both ses-

sions the number of correct responses tosions the number of correct responses to

the auditory task was recorded; correctthe auditory task was recorded; correct

responses in theresponses in the second session were chosensecond session were chosen

for the analyses.for the analyses.

WorkingmemoryWorkingmemory. The Letter Number Span. The Letter Number Span

(Gold(Gold et alet al, 1997) requires participants to, 1997) requires participants to

sort letters from numbers within a sequencesort letters from numbers within a sequence

s 4 4s 4 4
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Table1Table1 Characteristics of sampleCharacteristics of sample

Early initial pro-Early initial pro-

dromal statedromal state

groupgroup

((nn¼33)33)

Late initial pro-Late initial pro-

dromal statedromal state

groupgroup

((nn¼69)69)

PP11

Age (years),Age (years),

mean (mean (++s.d.)s.d.)

median (range)median (range)

23.7 (23.7 (++5.0)5.0)

23 (16^37)23 (16^37)

24.1 (24.1 (++5.4)5.4)

24 (17^36)24 (17^36)

0.6970.697

Gender, % maleGender, %male 72.772.7 63.863.8 0.3690.369

Partnership, %Partnership, %

SingleSingle

Married/steadypartnerMarried/steadypartner

SeparatedSeparated

75.875.8

21.221.2

3.03.0

66.766.7

33.333.3

^̂

0.1760.176

Premorbid IQ byMWTPremorbid IQ by MWT22

mean (mean (++s.d.)s.d.)

median (range)median (range)

28.8 (28.8 (++4.3)4.3)

29 (20^34)29 (20^34)

28.9 (28.9 (++4.2)4.2)

29.5 (15^36)29.5 (15^36)

0.9300.930

GraduationGraduation33, %, %

NoneNone

Certificate of Secondary Education (10 years)Certificate of Secondary Education (10 years)

O-level (10 years)O-level (10 years)

Vocational baccalaureate diploma (12 years)Vocational baccalaureate diploma (12 years)

A-level (13 years)A-level (13 years)

Still in schoolStill in school

3.03.0

3.03.0

18.218.2

12.112.1

51.551.5

12.112.1

4.44.4

7.47.4

14.714.7

8.88.8

47.147.1

17.617.6

0.8710.871

Vocational education, %Vocational education, %

NoneNone

Apprenticeship or similarApprenticeship or similar

Master craftsman or similarMaster craftsman or similar

College of higher educationCollege of higher education

UniversityUniversity

Still in school/ trainingStill in school/ training

21.221.2

12.112.1

3.03.0

^̂

9.19.1

54.554.5

13.013.0

20.320.3

^̂

1.41.4

5.85.8

59.459.4

0.3830.383

Current occupation, %Current occupation, %

Nowork/educationNowork/education

Regular occupation including educationRegular occupation including education

22.622.6

77.477.4

17.417.4

82.682.6

0.5410.541

Any current, non-psychotic DSM^IVaxis I disorderAny current, non-psychotic DSM^IV axis I disorder44, %, % 51.551.5 66.266.2 0.1560.156

MWT,Mehrfach-Wortschatz-Test.MWT,Mehrfach-Wortschatz-Test.
1.1. tt-test and 2-test and 266k-k-ww test respectively.test respectively.
2. MWT (Germanversion of theMultipleChoiceVocabularyTest; Lehrl,1995), ameasure of verbal IQ highly correlated2. MWT (Germanversion of theMultiple ChoiceVocabularyTest; Lehrl,1995), ameasure of verbal IQhighly correlated
with total IQ;MWTvalues of 6^20 correspond to IQ values of 73^90, of 21^30 to 91^109, of 31^33 to110^127 and of 34^with total IQ;MWTvalues of 6^20 correspond to IQ values of 73^90, of 21^30 to 91^109, of 31^33 to110^127 and of 34^
37 to37 to55128.128.
3. Translated into British graduations (minimumyears of school education required to receive the respective3. Translated into British graduations (minimum years of school education required to receive the respective
graduation).graduation).
4. As assessed with the German version of the Structured Interview for DSM^IVaxis I disorders (Wittchen4. As assessed with the German version of the Structured Interview for DSM^IVaxis I disorders (Wittchen et alet al,,
1997).1997).
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of alternating letters and numbers read toof alternating letters and numbers read to

them, and to separately recall the lettersthem, and to separately recall the letters

and numbers in ascending orders. As a mea-and numbers in ascending orders. As a mea-

sure of working memory, during each trialsure of working memory, during each trial

of a computerised version of the Subjectof a computerised version of the Subject

Ordered Pointing Task (SOPT, Petrides,Ordered Pointing Task (SOPT, Petrides,

1995) participants had to point to 1 of 121995) participants had to point to 1 of 12

objects, and the relative positions of the ob-objects, and the relative positions of the ob-

jects varied randomly across trials. Across 3jects varied randomly across trials. Across 3

sessions of 12 trials the number of errors,sessions of 12 trials the number of errors,

i.e. pointing to an object already choseni.e. pointing to an object already chosen

on a previous trial, was calculated. Withinon a previous trial, was calculated. Within

each trial of the Delayed Response Taskeach trial of the Delayed Response Task

(Pukrop(Pukrop et alet al, 2003) for spatial working, 2003) for spatial working

memory, a black dot was presented formemory, a black dot was presented for

200 ms at 1 of 16 possible positions of a200 ms at 1 of 16 possible positions of a

circle followed by two delay conditionscircle followed by two delay conditions

(5 s, 15 s). During the delay period, parti-(5 s, 15 s). During the delay period, parti-

cipants had to solve arithmetic distractorcipants had to solve arithmetic distractor

tasks, and after the delay they were re-tasks, and after the delay they were re-

quired to indicate on a touch-sensitivequired to indicate on a touch-sensitive

monitor the position of the dot previouslymonitor the position of the dot previously

presented in order to determine thepresented in order to determine the

Eucledian distance to the target.Eucledian distance to the target.

Memory and learningMemory and learning. The Auditory Verbal. The Auditory Verbal

Learning Test (AVLT; Lezak, 1995)Learning Test (AVLT; Lezak, 1995)

provided a verbal memory measure forprovided a verbal memory measure for

immediate recall after one to five learningimmediate recall after one to five learning

trials of word lists. The mean number oftrials of word lists. The mean number of

correct recalls across all five trials enteredcorrect recalls across all five trials entered

the analyses. A measure of visual memorythe analyses. A measure of visual memory

was provided by the Rey–Osterrieth Com-was provided by the Rey–Osterrieth Com-

plex Figure Test (ROFT; Rey, 1941), calcu-plex Figure Test (ROFT; Rey, 1941), calcu-

lating the delayed recall performance by alating the delayed recall performance by a

standardised scoring procedure.standardised scoring procedure.

Processing speedProcessing speed. The Digit Symbol Test. The Digit Symbol Test

(Kaplan(Kaplan et alet al, 1991) and Trail-Making Test, 1991) and Trail-Making Test

A and B (Reitan & Wolfson, 1985) pro-A and B (Reitan & Wolfson, 1985) pro-

vided measures for the speed of visualvided measures for the speed of visual

information-processing and visuomotorinformation-processing and visuomotor

coordination.coordination.

Executive functionsExecutive functions. The mean percentage. The mean percentage

of perseverative and non-perseverative er-of perseverative and non-perseverative er-

rors made in the Wisconsin Card Sortingrors made in the Wisconsin Card Sorting

Test (WCST; HeatonTest (WCST; Heaton et alet al, 1993) provided, 1993) provided

a measure of executive functions in terms ofa measure of executive functions in terms of

set shifting and problem-solving. Verbal ex-set shifting and problem-solving. Verbal ex-

ecutive functions were measured by a ver-ecutive functions were measured by a ver-

bal fluency task, i.e. the mean sum of fivebal fluency task, i.e. the mean sum of five

lexical and semantic category tasks.lexical and semantic category tasks.

Data analysisData analysis

For reasons of statistical power, the numberFor reasons of statistical power, the number

of comparisons and correlations was limitedof comparisons and correlations was limited

by using only the five SPI–A sub-syndromesby using only the five SPI–A sub-syndromes

and on one score for each neuropsychologi-and on one score for each neuropsychologi-

cal test, i.e. 13 neurocognitive test para-cal test, i.e. 13 neurocognitive test para-

meters (see Table 2). To detect differencesmeters (see Table 2). To detect differences

in subjective and objective cognitive deficitsin subjective and objective cognitive deficits

between different stages of the prodrome,between different stages of the prodrome,

group comparison between participantsgroup comparison between participants

with early and late initial prodromal stateswith early and late initial prodromal states

were carried out. As SPI–A sub-syndromeswere carried out. As SPI–A sub-syndromes

are totals of ordinal data and a substantialare totals of ordinal data and a substantial

proportion of neurocognitive data lackedproportion of neurocognitive data lacked

normal distribution, this was generallynormal distribution, this was generally

done by Mann–Whitney tests. Adjustmentdone by Mann–Whitney tests. Adjustment

for multiple testing according to Holm’s se-for multiple testing according to Holm’s se-

quential method (Holm, 1979) was carriedquential method (Holm, 1979) was carried

out separately across the 13 neurocognitiveout separately across the 13 neurocognitive

and 5 psychopathologic comparisons.and 5 psychopathologic comparisons.

Spearman correlation analyses of sub-Spearman correlation analyses of sub-

jective and objective data were employedjective and objective data were employed

to detect associations between self-reportedto detect associations between self-reported

cognitive disturbances and performance incognitive disturbances and performance in

neurocognitive tests across all participantsneurocognitive tests across all participants

at risk as well as separately for participantsat risk as well as separately for participants

with an early and a late initial prodrome towith an early and a late initial prodrome to

determine if there were associations specificdetermine if there were associations specific
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Table 2Table 2 Correlation of subjective and objectivemeasures in participants at-riskCorrelation of subjective and objectivemeasures in participants at-risk

Affective^dynamicAffective^dynamic

disturbances,disturbances, rr

((nn¼102)102)

Cognitive^atten-Cognitive^atten-

tional impediments,tional impediments, rr

((nn¼102)102)

CognitiveCognitive

disturbances,disturbances, rr

((nn¼102)102)

Disturbances inDisturbances in

experiencing self andexperiencing self and

surroundings,surroundings, rr

((nn¼102)102)

PerceptionPerception

disturbances,disturbances, rr

((nn¼102)102)

Visual backwardmasking (pattern recognition)Visual backwardmasking (pattern recognition)

Noise masking ^ 42.75 ms ISI (% hits)Noise masking ^ 42.75 ms ISI (% hits) 770.090.09 0.120.12 0.110.11 0.120.12 0.140.14

Noise masking ^ 114 ms ISI (% hits)Noise masking ^ 114 ms ISI (% hits) 770.060.06 0.160.16 0.140.14 0.130.13 0.120.12

AttentionAttention

Continuous PerformanceTest (dContinuous PerformanceTest (d’’)) 770.120.12 770.110.11 770.070.07 770.040.04 770.050.05

Dual tasking (no. correct, auditory attended)Dual tasking (no. correct, auditory attended) 770.28**0.28** 770.180.18 770.080.08 0.000.00 770.170.17

WorkingmemoryWorkingmemory

Subject Ordered PointingTask (no. errors)Subject Ordered PointingTask (no. errors) 0.070.07 770.050.05 770.090.09 770.060.06 770.150.15

Letter Number Span (no. correct)Letter Number Span (no. correct) 770.090.09 770.100.10 770.060.06 770.030.03 0.040.04

Delayed ResponseTask ^ 15 s (distance to target)Delayed ResponseTask ^ 15 s (distance to target) 0.130.13 0.050.05 0.020.02 770.010.01 770.000.00

Memory/learningMemory/learning

AVLT^ trials 1^5 (sum no. correct)AVLT ^ trials 1^5 (sum no. correct) 770.050.05 0.030.03 0.040.04 770.040.04 0.070.07

ROFT^ delayed recallROFT ^ delayed recall 770.130.13 770.070.07 770.090.09 770.100.10 770.010.01

Processing speedProcessing speed

Digit Symbol Test (no. correct)Digit Symbol Test (no. correct) 770.28 **0.28 ** 770.130.13 770.090.09 770.070.07 770.050.05

Trail-MakingTest B (time in sec.)Trail-MakingTest B (time in sec.) 0.22*0.22* 0.100.10 0.050.05 0.080.08 0.020.02

Executive functionsExecutive functions

Verbal fluency (no. correct)Verbal fluency (no. correct) 0.020.02 770.070.07 770.070.07 770.100.10 0.160.16

WCST (% errors)WCST (% errors) 0.120.12 770.070.07 770.110.11 770.100.10 770.170.17

AVLT, Auditory Verbal LearningTest; ISI, inter-stimulus interval, ROFT, Rey^Osterrieth Complex FigureTest;WCST,Wisconsin CardsortingTest.AVLT, Auditory Verbal LearningTest; ISI, inter-stimulus interval, ROFT, Rey^Osterrieth Complex FigureTest;WCST,Wisconsin CardsortingTest.
**PP550.05; **0.05; **PP550.005.0.005.
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Table 3Table 3 Correlation of subjective and objectivemeasures in the early (Correlation of subjective and objectivemeasures in the early (nn¼33) and late (33) and late (nn¼69) initial prodromal states69) initial prodromal states

Affective^dynamicAffective^dynamic

disturbances,disturbances,

rr ((PP))

Cognitive^attentionalCognitive^attentional

impediments,impediments,

rr ((PP))

CognitiveCognitive

disturbances,disturbances,

rr ((PP))

Disturbances inDisturbances in

experiencing self andexperiencing self and

surroundings,surroundings,

rr ((PP))

PerceptionPerception

disturbances,disturbances,

rr ((PP))

Visual backwardmasking (pattern recognition)Visual backwardmasking (pattern recognition)

Noise masking 42.75 ms ISINoise masking 42.75 ms ISI

EIPSEIPS

LIPSLIPS

770.00 (0.995)0.00 (0.995)

770.03 (0.786)0.03 (0.786)

0.22 (0.223)0.22 (0.223)

0.16 (0.203)0.16 (0.203)

0.13 (0.477)0.13 (0.477)

0.19 (0.121)0.19 (0.121)

0.20 (0.258)0.20 (0.258)

0.22 (0.077)0.22 (0.077)

770.22 (0.228)0.22 (0.228)

0.360.36 (0.002)(0.002)

Noise masking 114 ms ISINoise masking 114 ms ISI

EIPSEIPS

LIPSLIPS

0.03 (0.891)0.03 (0.891)

770.06 (0.619)0.06 (0.619)

0.510.51 (0.003)(0.003)

0.04 (0.717)0.04 (0.717)

0.380.38 (0.027)(0.027)

0.09 (0.443)0.09 (0.443)

0.10 (0.570)0.10 (0.570)

0.21 (0.078)0.21 (0.078)

770.09 (0.613)0.09 (0.613)

0.21 (0.078)0.21 (0.078)

AttentionAttention

Continuous PerformanceTestContinuous PerformanceTest

EIPSEIPS

LIPSLIPS

770.320.32 (0.073)(0.073)

0.02 (0.893)0.02 (0.893)

770.10 (0.572)0.10 (0.572)

770.07 (0.558)0.07 (0.558)

770.08 (0.671)0.08 (0.671)

0.02 (0.863)0.02 (0.863)

770.21 (0.253)0.21 (0.253)

0.10 (0.437)0.10 (0.437)

770.12 (0.499)0.12 (0.499)

0.02 (0.866)0.02 (0.866)

Dual taskingDual tasking

EIPSEIPS

LIPSLIPS

770.370.37 (0.040)(0.040)

770.300.30 (0.014)(0.014)

770.390.39 (0.028)(0.028)

770.12 (0.328)0.12 (0.328)

770.330.33 (0.068)(0.068)

0.01 (0.945)0.01 (0.945)

770.08 (0.675)0.08 (0.675)

0.03 (0.844)0.03 (0.844)

770.22 (0.233)0.22 (0.233)

770.15 (0.213)0.15 (0.213)

WorkingmemoryWorkingmemory

Subject Ordered PointingTaskSubject Ordered PointingTask

EIPSEIPS

LIPSLIPS

0.07 (0.711)0.07 (0.711)

770.01 (0.956)0.01 (0.956)

770.20 (0.262)0.20 (0.262)

770.09 (0.444)0.09 (0.444)

770.17 (0.356)0.17 (0.356)

770.17 (0.155)0.17 (0.155)

770.09 (0.627)0.09 (0.627)

770.17 (0.155)0.17 (0.155)

770.06 (0.728)0.06 (0.728)

770.21 (0.088)0.21 (0.088)

Letter Number SpanLetter Number Span

EIPSEIPS

LIPSLIPS

770.24 (0.182)0.24 (0.182)

0.04 (0.730)0.04 (0.730)

770.15 (0.420)0.15 (0.420)

770.04 (0.763)0.04 (0.763)

770.12 (0.519)0.12 (0.519)

0.00.01 (0.956)1 (0.956)

770.13 (0.470)0.13 (0.470)

0.05 (0.704)0.05 (0.704)

770.13 (0.490)0.13 (0.490)

0.12 (0.342)0.12 (0.342)

Delayed ResponseTaskDelayed ResponseTask

EIPSEIPS

LIPSLIPS

0.340.34 (0.051)(0.051)

0.08 (0.541)0.08 (0.541)

0.10 (0.577)0.10 (0.577)

0.08 (0.524)0.08 (0.524)

0.19 (0.292)0.19 (0.292)

770.03 (0.811)0.03 (0.811)

0.04 (0.834)0.04 (0.834)

770.01 (0.943)0.01 (0.943)

0.18 (0.309)0.18 (0.309)

770.06 (0.632)0.06 (0.632)

Memory/LearningMemory/Learning

AVLTAVLT

EIPSEIPS

LIPSLIPS

0.02 (0.923)0.02 (0.923)

770.08 (0.510)0.08 (0.510)

0.06 (0.744)0.06 (0.744)

770.02 (0.900)0.02 (0.900)

770.03 (0.867)0.03 (0.867)

0.06 (0.644)0.06 (0.644)

770.17 (0.345)0.17 (0.345)

0.03 (0.809)0.03 (0.809)

770.15 (0.326)0.15 (0.326)

0.15 (0.245)0.15 (0.245)

ROFTROFT

EIPSEIPS

LIPSLIPS

0.17 (0.353)0.17 (0.353)

0.12 (0.352)0.12 (0.352)

0.08 (0.647)0.08 (0.647)

0.09 (0.496)0.09 (0.496)

0.08 (0.660)0.08 (0.660)

0.05 (0.701)0.05 (0.701)

0.05 (0.809)0.05 (0.809)

0.06 (0.641)0.06 (0.641)

0.13 (0.492)0.13 (0.492)

770.06 (0.651)0.06 (0.651)

Processing speedProcessing speed

Digit Symbol TestDigit Symbol Test

EIPSEIPS

LIPSLIPS

770.330.33 (0.064)(0.064)

770.240.24 (0.046)(0.046)

770.12 (0.503)0.12 (0.503)

770.14 (0.257)0.14 (0.257)

770.02 (0.911)0.02 (0.911)

770.09 (0.443)0.09 (0.443)

770.04 (0.845)0.04 (0.845)

770.03 (0.836)0.03 (0.836)

770.17 (0.349)0.17 (0.349)

0.02 (0.849)0.02 (0.849)

Trail-MakingTest BTrail-MakingTest B

EIPSEIPS

LIPSLIPS

0.410.41 (0.019)(0.019)

0.13 (0.271)0.13 (0.271)

0.25 (0.157)0.25 (0.157)

0.04 (0.739)0.04 (0.739)

0.22 (0.227)0.22 (0.227)

770.03 (0.826)0.03 (0.826)

0.23 (0.190)0.23 (0.190)

0.00 (0.997)0.00 (0.997)

0.22 (0.217)0.22 (0.217)

770.10 (0.406)0.10 (0.406)

Executive functionsExecutive functions

Verbal fluencyVerbal fluency

EIPSEIPS

LIPSLIPS

770.00 (0.995)0.00 (0.995)

0.09 (0.477)0.09 (0.477)

770.04 (0.823)0.04 (0.823)

770.06 (0.672)0.06 (0.672)

770.04 (0.840)0.04 (0.840)

770.03 (0.802)0.03 (0.802)

770.09 (0.618)0.09 (0.618)

770.05 (0.690)0.05 (0.690)

0.20 (0.286)0.20 (0.286)

0.160.16 (0.221)(0.221)

WCSTWCST

EIPSEIPS

LIPSLIPS

770.01 (0.980)0.01 (0.980)

0.08 (0.510)0.08 (0.510)

770.26 (0.171)0.26 (0.171)

770.06 (0.639)0.06 (0.639)

770.16 (0.410)0.16 (0.410)

770.19 (0.141)0.19 (0.141)

770.350.35 (0.062)(0.062)

770.18 (0.166)0.18 (0.166)

770.01 (0.943)0.01 (0.943)

770.270.27 (0.033)(0.033)

AVLT, Auditory Verbal LearningTest; EIPS, early initial prodromal state; LIPS, late initial prodromal state; ROFT, Rey-Osterrieth Complex FigureTest;WCST,Wisconsin CardsortingAVLT, Auditory Verbal LearningTest; EIPS, early initial prodromal state; LIPS, late initial prodromal state; ROFT, Rey-Osterrieth Complex FigureTest;WCST,Wisconsin Cardsorting
Test.Test.
Correlation of at leastmoderate effect (Correlation of at least moderate effect (rr440.3) given in bold type.0.3) given in bold type.
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to one or other of the two groups. Further-to one or other of the two groups. Further-

more, to detect potential common factorsmore, to detect potential common factors

of subjective and objective cognitive deficits,of subjective and objective cognitive deficits,

a factora factor analysis (principal component ana-analysis (principal component ana-

lysis with varimax rotation) was per-lysis with varimax rotation) was per-

formed.formed.

RESULTSRESULTS

Group comparisonsGroup comparisons

Participants with an early initial prodromeParticipants with an early initial prodrome

reported less severe disturbances, thereforereported less severe disturbances, therefore

participants with an early and those withparticipants with an early and those with

a late initial prodromal state differed signif-a late initial prodromal state differed signif-

icantly on all SPI–A sub-scales with the ex-icantly on all SPI–A sub-scales with the ex-

ception of perception disturbances, whichception of perception disturbances, which

were the least endorsed of all sub-scaleswere the least endorsed of all sub-scales

in both groups (Fig. 1). This finding re-in both groups (Fig. 1). This finding re-

mained even after adjustment for multiplemained even after adjustment for multiple

testing with disturbances in experiencing selftesting with disturbances in experiencing self

and surroundings differing most significantlyand surroundings differing most significantly

((PP(adjusted)(adjusted)¼0.00035), followed by cog-0.00035), followed by cog-

nitive disturbances (nitive disturbances (PP(adjusted)(adjusted)¼0.004),0.004),

affective–dynamic disturbances (affective–dynamic disturbances (PP(adjusted)(adjusted)

¼0.006) and, finally, by cognitive–0.006) and, finally, by cognitive–

attentionalattentional impediments (impediments (PP(adjusted)(adjusted)¼
0.010).0.010).

Despite participants with an early initi-Despite participants with an early initi-

al prodrome performing slightly better thanal prodrome performing slightly better than

those with a late initial prodrome in everythose with a late initial prodrome in every

task, the two groups did not differ signifi-task, the two groups did not differ signifi-

cantly in performance on the neurocogni-cantly in performance on the neurocogni-

tive tests except in executive function astive tests except in executive function as

assessed by the percentage of perseverativeassessed by the percentage of perseverative

and non-perseverative errors in the WCST.and non-perseverative errors in the WCST.

The early initial prodrome group (Fig. 2)The early initial prodrome group (Fig. 2)

had significantly fewer errors. However thishad significantly fewer errors. However this

difference was no longer significant afterdifference was no longer significant after

adjusting for multiple testing (adjusting for multiple testing (PP(adjusted)(adjusted)

¼0.286).0.286).

Associations between subjectiveAssociations between subjective
and objective measuresand objective measures

Within the whole at-risk sample, there wereWithin the whole at-risk sample, there were

a few small but significant correlations of aa few small but significant correlations of a

less than moderate effect size (less than moderate effect size (rr550.3;0.3;

Bortz, 1999) between affective–dynamicBortz, 1999) between affective–dynamic

disturbances and neuropsychologicaldisturbances and neuropsychological

parameters, i.e. divided attention as mea-parameters, i.e. divided attention as mea-

sured by the dual tasking test and proces-sured by the dual tasking test and proces-

singsing speed as measured by both thespeed as measured by both the

Digit Symbol Test and Trail-Making TestDigit Symbol Test and Trail-Making Test

B (Table 2). Additional analyses at anB (Table 2). Additional analyses at an

item level revealed that these correlationsitem level revealed that these correlations

were due to self-reported reduced stresswere due to self-reported reduced stress

tolerance, especially with regard to noveltolerance, especially with regard to novel

demands (demands (rr¼770.314 to0.314 to 770.256,0.256,

PP¼0.001 to 0.011) as well as to working0.001 to 0.011) as well as to working

under pressure of time or rapidly chan-under pressure of time or rapidly chan-

ging different demands (ging different demands (rr¼770.266 to0.266 to

770.241,0.241, PP¼0.008 to 0.015). There were0.008 to 0.015). There were

correlations between the Digit-Symbol Testcorrelations between the Digit-Symbol Test

and reduced tolerance to social everydayand reduced tolerance to social everyday

situations (situations (rr¼770.272,0.272, PP¼0.006) and be-0.006) and be-

tween the dual tasking parameter andtween the dual tasking parameter and

change in mood (change in mood (rr¼770.227,0.227, PP¼0.008)0.008)

and decrease in positive emotionaland decrease in positive emotional respon-respon-

siveness (siveness (rr¼770.240,0.240, PP¼0.017). All corre-0.017). All corre-

lations reflected lower neuropsychologicallations reflected lower neuropsychological

test performance being related to moretest performance being related to more

s 4 7s 4 7
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Table 4Table 4 Affective^dynamic disturbances: correlations of at leastmoderate effect with objectivemeasures in participants with an early or a late initial prodromal stateAffective^dynamic disturbances: correlations of at leastmoderate effectwith objectivemeasures in participantswith an early or a late initial prodromal state11

Reduced tolerance to:Reduced tolerance to:

Novel demands,Novel demands,

rr

Certain socialCertain social

everyday situations,everyday situations,

rr

Working underWorking under

pressure of time/pressure of time/

rapidly changingrapidly changing

different demands,different demands, rr

Change in moodChange in mood

and emotionaland emotional

responsiveness,responsiveness, rr

Decrease in positiveDecrease in positive

emotional responsive-emotional responsive-

ness towards others,ness towards others, rr

AttentionAttention

Continuous PerformanceTestContinuous PerformanceTest

EIPSEIPS

LIPSLIPS

770.39 (0.025)0.39 (0.025)

^̂

^̂

^̂

^̂

^̂

^̂

^̂

^̂

^̂

Dual taskingDual tasking

EIPSEIPS

LIPSLIPS

770.43 (0.015)0.43 (0.015)

^̂

770.34 (0.059)0.34 (0.059)

^̂

^̂

770.33 (0.006)0.33 (0.006)

^̂

770.33 (0.007)0.33 (0.007)

^̂

770.32 0.008)0.32 0.008)

WorkingmemoryWorkingmemory

Letter Number SpanLetter Number Span

EIPSEIPS

LIPSLIPS

^̂

^̂

770.35 (0.045)0.35 (0.045)

^̂

^̂

^̂

^̂

^̂

^̂

^̂

Delayed ResponseDelayed Response

EIPSEIPS

LIPSLIPS

0.36 (0.038)0.36 (0.038)

^̂

0.38 (0.030)0.38 (0.030)

^̂

0.42 (0.015)0.42 (0.015)

^̂

^̂

^̂

^̂

^̂

Processing speedProcessing speed

Digit Symbol TestDigit Symbol Test

EIPSEIPS

LIPSLIPS

770.47 (0.006)0.47 (0.006)

^̂

770.49 (0.004)0.49 (0.004)

^̂

^̂

^̂

^̂

^̂

^̂

^̂

Trail-makingTest BTrail-makingTest B

EIPSEIPS

LIPSLIPS

0.53 (0.002)0.53 (0.002)

^̂

0.53 (0.002)0.53 (0.002)

^̂

0.40 (0.020)0.40 (0.020)

^̂

^̂

^̂

^̂

^̂

EIPS, early initial prodromal state; LIPS, late initial prodromal state.EIPS, early initial prodromal state; LIPS, late initial prodromal state.
1. Correlations of less thanmoderate effect (1. Correlations of less thanmoderate effect (r4r40.3) are not listed.0.3) are not listed.
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severe self-reported disturbances. No cor-severe self-reported disturbances. No cor-

relations between neurocognitive mea-relations between neurocognitive mea-

sures and subjective cognitive orsures and subjective cognitive or

perceptive disturbances were observedperceptive disturbances were observed

(Table 2).(Table 2).

The general independence of subjectiveThe general independence of subjective

and objective deficits was also supportedand objective deficits was also supported

by the result of the factor analysis of theby the result of the factor analysis of the

whole sample that converged after six iter-whole sample that converged after six iter-

ations and generated a five-factor solutionations and generated a five-factor solution

with 63.75% explained variance. Herein,with 63.75% explained variance. Herein,

the SPI–A sub-scales formed a factor ofthe SPI–A sub-scales formed a factor of

their own explaining 18.63% of the var-their own explaining 18.63% of the var-

iance, and the 13 neurocognitive para-iance, and the 13 neurocognitive para-

meters framed altogether 4 factors of 5 tometers framed altogether 4 factors of 5 to

2 included tests explaining between 15.262 included tests explaining between 15.26

and 5.84% of variance.and 5.84% of variance.

Examining correlations between subjec-Examining correlations between subjec-

tive and objective measures separately fortive and objective measures separately for

participants with an early and a late initialparticipants with an early and a late initial

prodrome revealed that the association ofprodrome revealed that the association of

the SPI–A affective–dynamic sub-syndromethe SPI–A affective–dynamic sub-syndrome

and neurocognitive performance wasand neurocognitive performance was

stronger in participants with an early pro-stronger in participants with an early pro-

drome in which correlations of at leastdrome in which correlations of at least

moderate effect were demonstrated notmoderate effect were demonstrated not

only for the three tasks but also for theonly for the three tasks but also for the

CPT and the delayed response task, bothCPT and the delayed response task, both

of which involve a speed element (Tableof which involve a speed element (Table

3). Only two of the three correlations found3). Only two of the three correlations found

for the whole sample reoccurred in the latefor the whole sample reoccurred in the late

initial prodromal state, with no significantinitial prodromal state, with no significant

correlation between affective–dynamiccorrelation between affective–dynamic

disturbances and Trail-Making Test Bdisturbances and Trail-Making Test B

(Table 3).(Table 3).

Similar to the whole sample, correl-Similar to the whole sample, correl-

ations of the affective–dynamic sub-scaleations of the affective–dynamic sub-scale

and test performance at an item level wereand test performance at an item level were

mainly due to self-reported reduced stressmainly due to self-reported reduced stress

tolerance in the early initial prodromaltolerance in the early initial prodromal

state group, where they showed moderatestate group, where they showed moderate

to strong effects (Table 4). Within the lateto strong effects (Table 4). Within the late

initial prodrome group, however, signifi-initial prodrome group, however, signifi-

cant correlations at an item level becamecant correlations at an item level became

less frequent and more influenced by affectless frequent and more influenced by affect

in that there are moderate correlationsin that there are moderate correlations

between dual tasking and mainly affectivebetween dual tasking and mainly affective

items of this sub-scale (Table 4). Again, asitems of this sub-scale (Table 4). Again, as

in the whole sample, correlations with thisin the whole sample, correlations with this

affective–dynamic sub-scale were in theaffective–dynamic sub-scale were in the

expected direction.expected direction.

In addition, there were few and incon-In addition, there were few and incon-

sistent significant correlations between cog-sistent significant correlations between cog-

nitive disturbances and pattern recognitionnitive disturbances and pattern recognition

(114 ms ISI, noise masking) and divided at-(114 ms ISI, noise masking) and divided at-

tention (dual tasking), respectively, in thetention (dual tasking), respectively, in the

early initial prodrome group and betweenearly initial prodrome group and between

perception disturbances and pattern recog-perception disturbances and pattern recog-

nition (42.75 ms ISI, noise masking) andnition (42.75 ms ISI, noise masking) and

executive function as measured by WCST-executive function as measured by WCST-

percentage of errors in the late initial pro-percentage of errors in the late initial pro-

drome group (Table 3). Except for dualdrome group (Table 3). Except for dual

tasking in an early initial prodromal state,tasking in an early initial prodromal state,

where a lower test performance was asso-where a lower test performance was asso-

ciated with more severe subjective cognitiveciated with more severe subjective cognitive

disturbances, contrary to expectations bet-disturbances, contrary to expectations bet-

ter test performance on neurocognitiveter test performance on neurocognitive

measures was associated with more severemeasures was associated with more severe

cognitive–perceptive basic symptoms. Atcognitive–perceptive basic symptoms. At

the single item level of these four sub-scales,the single item level of these four sub-scales,

correlations with neurocognitive para-correlations with neurocognitive para-

meters were rare and so scattered that, withmeters were rare and so scattered that, with

regard to the large number of 22regard to the large number of 226613 corre-13 corre-

lations, they have to be considered random.lations, they have to be considered random.

DISCUSSIONDISCUSSION

Based on findings on time until conversionBased on findings on time until conversion

to psychosis in prodromal samples as de-to psychosis in prodromal samples as de-

fined by basic symptoms (Klosterkotterfined by basic symptoms (Klosterkötter etet

alal, 2001) and the ultra-high risk criteria, 2001) and the ultra-high risk criteria

(e.g. Phillips(e.g. Phillips et alet al, 2000; Miller, 2000; Miller et alet al,,

2002), a two-stage definition of the psy-2002), a two-stage definition of the psy-

chosis prodrome was developed proposingchosis prodrome was developed proposing

an early and a late initial prodromal state;an early and a late initial prodromal state;

RuhrmannRuhrmann et alet al, 2003). As would be ex-, 2003). As would be ex-

pected from this definition, the present datapected from this definition, the present data

showed that the early initial prodromalshowed that the early initial prodromal

state group was generally less impairedstate group was generally less impaired

s 4 8s 4 8
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Fig. 1Fig. 1 Comparison of groupmeans of the SPI^A subscale totals between participants with an earlyComparison of groupmeans of the SPI^A subscale totals between participants with an early and aand a

latelate initial prodromal state. *initial prodromal state. *PP¼0.005, **0.005, **PP¼0.002, ***0.002, ***PP¼0.001, ****0.001, ****PP¼0.00007.0.00007.

Fig. 2Fig. 2 Comparison of groupmeans of neurocognitivemeasures between participants with an earlyComparison of groupmeans of neurocognitivemeasures between participants with an early and aand a

latelate initial prodromal state. AVLT, Auditory Verbal LearningTest; CPT,Continuous PerformanceTest; ROFT,initial prodromal state. AVLT, Auditory Verbal LearningTest; CPT,Continuous PerformanceTest; ROFT,

Rey^Osterrieth Complex FigureTest; SOPT, Subject Ordered PointingTask;WCST,Wisconsin CardsortingRey^Osterrieth Complex FigureTest; SOPT, Subject Ordered PointingTask;WCST,Wisconsin Cardsorting

Test. *Test. *PP¼0.022, **0.022, **PP550.010.0.010.
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than the late initial prodromal group, withthan the late initial prodromal group, with

the exception of perception disturbances.the exception of perception disturbances.

These group differences were especiallyThese group differences were especially

pronounced in the SPI–A sub-scales cogni-pronounced in the SPI–A sub-scales cogni-

tive disturbances and disturbances intive disturbances and disturbances in

experiencing self and surroundings,experiencing self and surroundings,

although about half of ‘cognitive distur-although about half of ‘cognitive distur-

bances’ (3 of 6 items) and of ‘disturbancesbances’ (3 of 6 items) and of ‘disturbances

in experiencing self and surroundings’ (3in experiencing self and surroundings’ (3

of 5 items) were – at a severity of at leastof 5 items) were – at a severity of at least

‘3’ – part of the inclusion criteria of the‘3’ – part of the inclusion criteria of the

early but not the late initial prodromalearly but not the late initial prodromal

group. Thus with inclusion criteria of thegroup. Thus with inclusion criteria of the

late initial prodromal state group beinglate initial prodromal state group being

completely devoid of any precondition withcompletely devoid of any precondition with

regard to basic symptoms, these group dif-regard to basic symptoms, these group dif-

ferences cannot be related to the definitionferences cannot be related to the definition

of prodromal groups that would have beenof prodromal groups that would have been

in favour for higher values in the early pro-in favour for higher values in the early pro-

drome group.drome group.

Studies on neurocognitive performanceStudies on neurocognitive performance

of participants with potentially prodromalof participants with potentially prodromal

symptoms differ in the definition of thesymptoms differ in the definition of the

prodrome and the way to evaluate theirprodrome and the way to evaluate their

performances. Whereas most studies hadperformances. Whereas most studies had

employed ultra-high risk criteria that areemployed ultra-high risk criteria that are

broadly comparable to the late initial pro-broadly comparable to the late initial pro-

dromal state criteria (Carrdromal state criteria (Carr et alet al, 2000;, 2000;

WoodWood et alet al, 2003; Hawkins, 2003; Hawkins et alet al, 2004;, 2004;

BrewerBrewer et alet al, 2005; Francey, 2005; Francey et alet al, 2005;, 2005;

NiendamNiendam et alet al, 2006; Silverstein, 2006; Silverstein et alet al,,

2006), only two had considered both early2006), only two had considered both early

and late initial prodromal state criteriaand late initial prodromal state criteria

(Pukrop(Pukrop et alet al, 2006; Simon, 2006; Simon et alet al, 2006),, 2006),

and one study had focused on participantsand one study had focused on participants

with schizotypy in whom ‘incipientwith schizotypy in whom ‘incipient

(prodromal) schizophrenia was strongly(prodromal) schizophrenia was strongly

suspected, due to past or current micro-suspected, due to past or current micro-

psychotic episodes’ (Parnaspsychotic episodes’ (Parnas et alet al, 2001:, 2001:

p. 173). Furthermore, some studies usedp. 173). Furthermore, some studies used

healthy control participants for directhealthy control participants for direct

statistical comparison (Carrstatistical comparison (Carr et alet al, 2000;, 2000;

ParnasParnas et alet al, 2001; Wood, 2001; Wood et alet al, 2003;, 2003;

BrewerBrewer et alet al, 2005; Francey, 2005; Francey et alet al, 2005; Puk-, 2005; Puk-

roprop et alet al, 2006; Silverstein, 2006; Silverstein et alet al, 2006),, 2006),

whereas others based their comparison onwhereas others based their comparison on

normative data (Hawkinsnormative data (Hawkins et alet al, 2004;, 2004;

NiendamNiendam et alet al, 2006; Simon, 2006; Simon et alet al, 2006)., 2006).

Yet, despite these differences, results wereYet, despite these differences, results were

generally consistent in that no deficits in per-generally consistent in that no deficits in per-

formance of participants who are potentiallyformance of participants who are potentially

prodromal was demonstrated forprodromal was demonstrated for

.. working memory (delayed response;working memory (delayed response;

PukropPukrop et alet al, 2006), 2006)

.. executive function (WCST; Carrexecutive function (WCST; Carr et alet al,,

2000; Pukrop2000; Pukrop et alet al, 2006) and, 2006) and

.. visual learning and memory (Niendamvisual learning and memory (Niendam

et alet al, 2006; Pukrop, 2006; Pukrop et alet al, 2006), 2006)

and that poorer performance was evidencedand that poorer performance was evidenced

inin

.. processing speed (Trail-Making Test,processing speed (Trail-Making Test,

Digit Symbol Test) in both early andDigit Symbol Test) in both early and

late initial prodromal state (Simonlate initial prodromal state (Simon etet

alal, 2006) and participants with an, 2006) and participants with an

ultra-high risk (Hawkinsultra-high risk (Hawkins et alet al, 2004;, 2004;

NiendamNiendam et alet al, 2006),, 2006),

.. sustained attention (CPT) in partcipantssustained attention (CPT) in partcipants

with a late initial prodromal state andwith a late initial prodromal state and

an ultra-high risk (Hawkinsan ultra-high risk (Hawkins et alet al,,

2004; Francey2004; Francey et alet al, 2005; Pukrop, 2005; Pukrop etet

alal, 2006; Simon, 2006; Simon et alet al, 2006), but not, 2006), but not

those with an early initial prodromalthose with an early initial prodromal

(Pukrop(Pukrop et alet al, 2006; Simon, 2006; Simon et alet al, 2006),, 2006),

.. verbal memory (e.g. AVLT) and verbalverbal memory (e.g. AVLT) and verbal

fluency in participants both with earlyfluency in participants both with early

and late initial prodromal states andand late initial prodromal states and

those with an ultra-high risk (Carrthose with an ultra-high risk (Carr etet

alal, 2000; Hawkins, 2000; Hawkins et alet al, 2004; Brewer, 2004; Brewer

et alet al, 2005; Niendam, 2005; Niendam et alet al, 2006;, 2006;

PukropPukrop et alet al, 2006; Simon, 2006; Simon et alet al, 2006), 2006)

as well as partly in participants whoas well as partly in participants who

are at genetically high risk (Coswayare at genetically high risk (Cosway etet

alal, 2000; Whyte, 2000; Whyte et alet al, 2006)., 2006).

However, results on pattern recognitionHowever, results on pattern recognition

and especially on spatial working memoryand especially on spatial working memory

remain inconsistent. In one of our own stu-remain inconsistent. In one of our own stu-

dies (Pukropdies (Pukrop et alet al, 2006), neither partici-, 2006), neither partici-

pants with an early initial prodromal statepants with an early initial prodromal state

((nn¼38) nor those with a late initial prodro-38) nor those with a late initial prodro-

mal state (mal state (nn¼90) had shown significant90) had shown significant

underperformance in pattern recognition.underperformance in pattern recognition.

Broadly in line with this, participants withBroadly in line with this, participants with

ultra-high risk were reported to not differultra-high risk were reported to not differ

from controls in a pre-attentive perceptualfrom controls in a pre-attentive perceptual

organisation task similar to the pattern re-organisation task similar to the pattern re-

cognition task (Silversteincognition task (Silverstein et alet al, 2006)., 2006).

Yet, 10 at-risk participants with schizotypyYet, 10 at-risk participants with schizotypy

performed significantly better than controlsperformed significantly better than controls

in a visual binding test (Parnasin a visual binding test (Parnas et alet al, 2001), 2001)

that is also considered to test pre-attentivethat is also considered to test pre-attentive

perceptual organisation (Silversteinperceptual organisation (Silverstein et alet al,,

2006). The most inconsistencies occurred2006). The most inconsistencies occurred

in studies assessing spatial working mem-in studies assessing spatial working mem-

ory performance. In some studies (Parnasory performance. In some studies (Parnas

et alet al, 2001; Pukrop, 2001; Pukrop et alet al, 2006) there were, 2006) there were

no differences between subjects and con-no differences between subjects and con-

trols; in one ultra-high risk sample (Woodtrols; in one ultra-high risk sample (Wood

et alet al, 2003) subjects performed more, 2003) subjects performed more

poorly, and in another, participants withpoorly, and in another, participants with

ultra-high risk performed at a higher levelultra-high risk performed at a higher level

than norms (Hawkinsthan norms (Hawkins et alet al, 2004)., 2004).

With the observed neurocognitive pro-With the observed neurocognitive pro-

file of at-risk subjects being only marginallyfile of at-risk subjects being only marginally

affected by socio-demographic and clinicalaffected by socio-demographic and clinical

characteristics (Niendamcharacteristics (Niendam et alet al, 2006;, 2006;

PukropPukrop et alet al, 2006; Silverstein, 2006; Silverstein et alet al,,

2006), the findings so far were thought to2006), the findings so far were thought to

be consistent with a primary involvementbe consistent with a primary involvement

of left fronto-temporal networks in theof left fronto-temporal networks in the

prodromal phase (Niendamprodromal phase (Niendam et alet al, 2006;, 2006;

PukropPukrop et alet al, 2006)., 2006).

The focus of this current study is on theThe focus of this current study is on the

association between cognitive performanceassociation between cognitive performance

and self-perceived cognitive disturbances.and self-perceived cognitive disturbances.

The result in the late initial prodromal stateThe result in the late initial prodromal state

group is in line with earlier findingsgroup is in line with earlier findings

showing no correlation between attenuatedshowing no correlation between attenuated

negative symptoms as measured with thenegative symptoms as measured with the

SIPS and motor speed, verbal learning andSIPS and motor speed, verbal learning and

memory, verbal working memory, visualmemory, verbal working memory, visual

learning and memory, reasoning and pro-learning and memory, reasoning and pro-

blem solving and processing speed in parti-blem solving and processing speed in parti-

cipants with ultra-high risk (Niendamcipants with ultra-high risk (Niendam et alet al,,

2006). As attenuated and brief limited in-2006). As attenuated and brief limited in-

termittent psychotic symptoms were defin-termittent psychotic symptoms were defin-

ing 97% of these 45 participants withing 97% of these 45 participants with

ultra-high risk and 4 of the 6 SIPS negativeultra-high risk and 4 of the 6 SIPS negative

items involve aspects of reduced stress tol-items involve aspects of reduced stress tol-

eranceerance and constricted affect, results in thisand constricted affect, results in this

study of the participants with a late initialstudy of the participants with a late initial

prodromal state and affective–dynamicprodromal state and affective–dynamic

disturbances are comparable. Previously,disturbances are comparable. Previously,

WoodWood et alet al (2003) also failed to show a signif-(2003) also failed to show a signif-

icant correlation between negative symptomsicant correlation between negative symptoms

as assessed by the Schedule for Assessmentas assessed by the Schedule for Assessment

of Negative Symptoms total score andof Negative Symptoms total score and

spatial working memory in 38 participantsspatial working memory in 38 participants

with ultra-high risk (73.7% with atten-with ultra-high risk (73.7% with atten-

uated and brief limited intermittent psy-uated and brief limited intermittent psy-

chotic symptoms). However, in this studychotic symptoms). However, in this study

examining only the 9 participants that hadexamining only the 9 participants that had

made a transition to psychosis, there wasmade a transition to psychosis, there was

in fact a significant positive correlationin fact a significant positive correlation

between the two measures.between the two measures.

Although the association with subjec-Although the association with subjec-

tively reported affective–dynamic disturb-tively reported affective–dynamic disturb-

ances should be examined bothances should be examined both

longitudinally and in larger early initiallongitudinally and in larger early initial

prodromal state samples, our current studyprodromal state samples, our current study

demonstrates that particularly in an as-demonstrates that particularly in an as-

sumed early stage of an evolving psychosis,sumed early stage of an evolving psychosis,

subjectively reduced stress tolerancesubjectively reduced stress tolerance

appears related to neurocognitive perform-appears related to neurocognitive perform-

ance in tests including a speed element orance in tests including a speed element or

time restriction. Furthermore, it may betime restriction. Furthermore, it may be

that this clinically plausible finding mightthat this clinically plausible finding might

prove on an empirical level to occur onlyprove on an empirical level to occur only

within an early state of the prodrome.within an early state of the prodrome.

The second important observation isThe second important observation is

the fact that no correlation between subjec-the fact that no correlation between subjec-

tive cognitive–perceptive disturbances andtive cognitive–perceptive disturbances and

performance in neurocognitive tests wasperformance in neurocognitive tests was

evidenced in the at-risk sample. Althoughevidenced in the at-risk sample. Although

correlations between both, cognitive–correlations between both, cognitive–

attentional impediments and cognitiveattentional impediments and cognitive

disturbances, and divided attention (dualdisturbances, and divided attention (dual

tasking) and pattern recognition (noisetasking) and pattern recognition (noise

s 4 9s 4 9
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masking, 114 ms ISI), respectively, existedmasking, 114 ms ISI), respectively, existed

in participants with an early initial pro-in participants with an early initial pro-

dromal state, it was in opposite directionsdromal state, it was in opposite directions

and thus non-conclusive, especially as bothand thus non-conclusive, especially as both

involved neurocognitive domains on whichinvolved neurocognitive domains on which

at-risk subjects performed in the normalat-risk subjects performed in the normal

range. No further associations, which couldrange. No further associations, which could

be considered not random, were detected inbe considered not random, were detected in

the late initial prodrome group.the late initial prodrome group.

Finally, within the transition sequenceFinally, within the transition sequence

study on basic symptoms (Klosterkotter,study on basic symptoms (Klosterkötter,

1992), cognitive basic symptoms were1992), cognitive basic symptoms were

shown to convert to psychotic symptomsshown to convert to psychotic symptoms

such as thought insertion, withdrawal andsuch as thought insertion, withdrawal and

broadcast as well as verbal hallucinations,broadcast as well as verbal hallucinations,

and perceptual basic symptoms rather toand perceptual basic symptoms rather to

delusional perceptions. Thus, our findingdelusional perceptions. Thus, our finding

that cognitive–perceptive basic symptoms,that cognitive–perceptive basic symptoms,

which seem more related to positive thanwhich seem more related to positive than

to negative symptoms of psychosis, wereto negative symptoms of psychosis, were

unrelated to neuropsychological measuresunrelated to neuropsychological measures

makes sense and is in line with the lack ofmakes sense and is in line with the lack of

relationship between attenuated psychoticrelationship between attenuated psychotic

symptoms on the SIPS and neurocognitivesymptoms on the SIPS and neurocognitive

measures in participants with ultra-highmeasures in participants with ultra-high

risk (Niendamrisk (Niendam et alet al, 2006)., 2006).

Thus, mean performance levels in ob-Thus, mean performance levels in ob-

jective tests did not appear to carry substan-jective tests did not appear to carry substan-

tial information on subjectively experiencedtial information on subjectively experienced

cognitive and perceptive performance. Thecognitive and perceptive performance. The

impact of this on outcome and whether thisimpact of this on outcome and whether this

will be supported in larger samples needs towill be supported in larger samples needs to

be seen in future studies. Furthermore, thebe seen in future studies. Furthermore, the

neurocognitive test battery was comprisedneurocognitive test battery was comprised

of tests that detected deficits in patientsof tests that detected deficits in patients

with manifest psychosis. It may be thatwith manifest psychosis. It may be that

other neuropsychological tests may be moreother neuropsychological tests may be more

appropriate to examine cognitive deficits inappropriate to examine cognitive deficits in

this group. Finally, future studies shouldthis group. Finally, future studies should

consider the early initial prodromal stateconsider the early initial prodromal state

group, who are generally less impairedgroup, who are generally less impaired

and who have psychopathological disturb-and who have psychopathological disturb-

ances that remain on a structural level ofances that remain on a structural level of

information processing without influencinginformation processing without influencing

thought content and observed speech (forthought content and observed speech (for

example in terms of a paranoid ideation,example in terms of a paranoid ideation,

ideas of reference or odd speech), to be aideas of reference or odd speech), to be a

better starting point to study associations ofbetter starting point to study associations of

objective and subjective cognitive deficits.objective and subjective cognitive deficits.

However, the apparent lack of associa-However, the apparent lack of associa-

tion between symptoms currently used totion between symptoms currently used to

define potentially prodromal states anddefine potentially prodromal states and

neuropsychological measures offers anneuropsychological measures offers an

opportunity to refine the predictive poweropportunity to refine the predictive power

of current prodromal criteria. Only whenof current prodromal criteria. Only when

information is non-redundant (i.e. wheninformation is non-redundant (i.e. when

measures are not highly correlated) mightmeasures are not highly correlated) might

adding a measure help to explain moreadding a measure help to explain more

variance in an outcome such as conversionvariance in an outcome such as conversion

to psychosis. For such a refinement ofto psychosis. For such a refinement of

prediction of psychosis, processing speedprediction of psychosis, processing speed

as well as verbal memory and fluency seemas well as verbal memory and fluency seem

to be the most promising candidates as yetto be the most promising candidates as yet

since they have been consistently reportedsince they have been consistently reported

to be deficient in potentially prodromalto be deficient in potentially prodromal

states (Carrstates (Carr et alet al, 2000, Hawkins, 2000, Hawkins et alet al,,

2004; Brewer2004; Brewer et alet al, 2005; Niendam, 2005; Niendam et alet al,,

2006; Pukrop2006; Pukrop et alet al, 2006; Simon, 2006; Simon et alet al,,

2006).2006).

In conclusion, our findings generallyIn conclusion, our findings generally

support earlier results showing lack of asso-support earlier results showing lack of asso-

ciation between neurocognitive deficits andciation between neurocognitive deficits and

psychopathologic features in psychosis aspsychopathologic features in psychosis as

well as a potential association betweenwell as a potential association between

these two areas that might be more detect-these two areas that might be more detect-

able in the very early state of the beginningable in the very early state of the beginning

illness. The results generally imply thatillness. The results generally imply that

there could be a benefit in adding neuro-there could be a benefit in adding neuro-

cognitive measures to the currently mainlycognitive measures to the currently mainly

symptomatic definitions of the psychosissymptomatic definitions of the psychosis

prodrome in order to improve prediction.prodrome in order to improve prediction.
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