
SummarySummary Atendency to extractAtendency to extract

spurious, message-likemeaning fromspurious, message-likemeaning from

meaningless noisewas assessed as a riskmeaningless noisewas assessed as a risk

factor leading to shizophrenia-spectrumfactor leading to shizophrenia-spectrum

disordersby assessingword length ofdisorders by assessingword length of

speech illusions elicited bymultispeakerspeech illusions elicited bymultispeaker

babble in 43 peoplewith prodromalbabble in 43 peoplewith prodromal

symptoms.These individualsweresymptoms.These individualswere

randomised to olanzapinerandomised to olanzapine v.v. placeboplacebo

groups during year1followedbynogroups during year1followedbyno

pharmacological treatment for thosewithpharmacological treatment for thosewith

no disorder conversion during year 2.Ano disorderconversion during year 2.A

time-dependent Coxregression analysistime-dependent Coxregression analysis

of conversionto schizophrenia-spectrumof conversionto schizophrenia-spectrum

disorder revealed a significant interactiondisorder revealed a significant interaction

between condition (olanzapinebetween condition (olanzapine v.v. no drug)no drug)

and length of speech illusion, withtheand length of speech illusion, withthe

latter stronglypredicting subsequentlatter stronglypredicting subsequent

conversion duringmedication-freeconversion duringmedication-free

intervals but notduring olanzapineintervals butnotduringolanzapine

treatment.treatment.
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Assessments of prodromal symptoms thatAssessments of prodromal symptoms that

identify individuals at high risk of conver-identify individuals at high risk of conver-

sion to psychosis – namely 25–35% withinsion to psychosis – namely 25–35% within

1 year – have been reported (McGorry1 year – have been reported (McGorry et alet al,,

2002; McGlashan2002; McGlashan et al,et al, 2006). Factors2006). Factors

prompting conversion to schizophrenia-prompting conversion to schizophrenia-

spectrum disorders within this group re-spectrum disorders within this group re-

main poorly understood, however.main poorly understood, however.

A speech perception study comparingA speech perception study comparing

patients with schizophrenia-spectrum dis-patients with schizophrenia-spectrum dis-

order with and without auditory hallucina-order with and without auditory hallucina-

tions and normal controls (Hoffmantions and normal controls (Hoffman et alet al,,

1999) included a task requesting parti-1999) included a task requesting parti-

cipants to report any words or phrasescipants to report any words or phrases

‘heard’ in response to multispeaker babble.‘heard’ in response to multispeaker babble.

This task did not produce differences be-This task did not produce differences be-

tween those who experienced hallucina-tween those who experienced hallucina-

tionstions v.v. those who did not, as predicted.those who did not, as predicted.

However, more extended, multiwordHowever, more extended, multiword

speech illusions emerged in patients withspeech illusions emerged in patients with

early-phase, schizophreniform psychosisearly-phase, schizophreniform psychosis

compared with both normal controls andcompared with both normal controls and

patients with established schizophreniapatients with established schizophrenia

(further details available from the authors).(further details available from the authors).

We consequently developed the hypothesisWe consequently developed the hypothesis

that extended speech illusions detected inthat extended speech illusions detected in

response to multispeaker babble reflect aresponse to multispeaker babble reflect a

general tendency to extract spurious, mes-general tendency to extract spurious, mes-

sage-like meaning in response to objectivelysage-like meaning in response to objectively

meaningless sensory information, which,meaningless sensory information, which,

over time, can produce a ‘matrix of unreal-over time, can produce a ‘matrix of unreal-

ity’, prompting the initial psychotic phaseity’, prompting the initial psychotic phase

of schizophrenia-spectrum disorders.of schizophrenia-spectrum disorders.

METHODMETHOD

Our hypothesis was tested prospectivelyOur hypothesis was tested prospectively

using data collected for the multisite Northusing data collected for the multisite North

America Prevention Through Risk Identifi-America Prevention Through Risk Identifi-

cation, Management and Educationcation, Management and Education

(PRIME) clinical trial (McGlashan(PRIME) clinical trial (McGlashan et alet al,,

2006). This trial enrolled people with oper-2006). This trial enrolled people with oper-

ationally defined syndromes prodromal forationally defined syndromes prodromal for

psychosis consisting of attenuated positivepsychosis consisting of attenuated positive

symptoms, or genetic risk plus deteriora-symptoms, or genetic risk plus deteriora-

tion (schizotypal personality disorder and/tion (schizotypal personality disorder and/

or first-degree relative with psychosis, plusor first-degree relative with psychosis, plus

recent loss of social and/or work capacityrecent loss of social and/or work capacity

with a drop of 30 percentage points onwith a drop of 30 percentage points on

the Global Assessment of Functioning sus-the Global Assessment of Functioning sus-

tained for at least 1 month). Participants,tained for at least 1 month). Participants,

who had no prior lifetime history of awho had no prior lifetime history of a

psychosis or schizophrenia diagnosis, werepsychosis or schizophrenia diagnosis, were

randomly allocated to receive either olanza-randomly allocated to receive either olanza-

pine (5–15 mg per day) or placebo for 1pine (5–15 mg per day) or placebo for 1

year during the double-blind phase of theyear during the double-blind phase of the

study. Those whose disorder did not con-study. Those whose disorder did not con-

vert to psychosis were invited to remain invert to psychosis were invited to remain in

the study for a second year with nothe study for a second year with no

pharmacological treatment. Those whosepharmacological treatment. Those whose

disorder converted to sustained psychosisdisorder converted to sustained psychosis

were switched to a 6-month ‘rescue’ armwere switched to a 6-month ‘rescue’ arm

using open-label olanzapine. All partici-using open-label olanzapine. All partici-

pants provided written informed consent.pants provided written informed consent.

We focused on conversion to schizo-We focused on conversion to schizo-

phrenia-spectrum disorder (schizophreniaphrenia-spectrum disorder (schizophrenia

or schizophreniform disorder) rather thanor schizophreniform disorder) rather than

on psychosis broadly defined, given our ex-on psychosis broadly defined, given our ex-

pectation that specific risk factors would bepectation that specific risk factors would be

more likely to cluster within this more uni-more likely to cluster within this more uni-

formly defined and stable diagnostic groupformly defined and stable diagnostic group

(Correll(Correll et alet al, 2005). Diagnosis was deter-, 2005). Diagnosis was deter-

mined using the Comprehensive Assess-mined using the Comprehensive Assess-

ment of Symptoms and History (CASH;ment of Symptoms and History (CASH;

Andreasen, 1987). Out of 60 patients withAndreasen, 1987). Out of 60 patients with

prodromal symptoms enrolled in the trial,prodromal symptoms enrolled in the trial,

44 were assessed using the ‘babble’ task,44 were assessed using the ‘babble’ task,

because some study sites did not administerbecause some study sites did not administer

the task. This subgroup included one pa-the task. This subgroup included one pa-

tient exhibiting a psychotic decompensa-tient exhibiting a psychotic decompensa-

tion who was not assessed diagnosticallytion who was not assessed diagnostically

and whose data were consequently droppedand whose data were consequently dropped

from this conversion analysis. Among thefrom this conversion analysis. Among the

remaining 43 patients, 10 experiencedremaining 43 patients, 10 experienced

conversion to a schizophrenia-spectrumconversion to a schizophrenia-spectrum

disorder during year 1, and 2 patients’ con-disorder during year 1, and 2 patients’ con-

dition converted during year 2 to a schizo-dition converted during year 2 to a schizo-

phrenia-spectrum disorder following drugphrenia-spectrum disorder following drug

or placebo discontinuation.or placebo discontinuation.

The babble stimulus derived from over-The babble stimulus derived from over-

lapping recordings of six speakers (threelapping recordings of six speakers (three

women, three men) reading neutral texts.women, three men) reading neutral texts.

Two different speech segments from eachTwo different speech segments from each

speaker were mixed, yielding 12 simul-speaker were mixed, yielding 12 simul-

taneous streams of speech heard binaurallytaneous streams of speech heard binaurally

using headphones. This verbal stimulus wasusing headphones. This verbal stimulus was

designed to produce a high density of pho-designed to produce a high density of pho-

netic information rendering correspondingnetic information rendering corresponding

words virtually undetectable. Stimuluswords virtually undetectable. Stimulus

duration was 2 min 33 s. Participants wereduration was 2 min 33 s. Participants were

instructed to repeat any words or phrasesinstructed to repeat any words or phrases

that they ‘heard’ while listening to the bab-that they ‘heard’ while listening to the bab-

ble. Only four words (‘increase’, ‘children’,ble. Only four words (‘increase’, ‘children’,

‘A–OK’, and ‘Republican’) were consis-‘A–OK’, and ‘Republican’) were consis-

tently reproduced across participants in thistently reproduced across participants in this

task. Tape-recordings of responses weretask. Tape-recordings of responses were

transcribed for analysis. The longest phrasetranscribed for analysis. The longest phrase

generated (counted as the number ofgenerated (counted as the number of

words) constituted the length of speech illu-words) constituted the length of speech illu-

sion (LSI) score. Interrater reliability forsion (LSI) score. Interrater reliability for

this measure was high (this measure was high (RRII¼0.98). Examples0.98). Examples

of responses are given below:of responses are given below:

‘another. . . the children’ (LSI‘another. . . the children’ (LSI¼2; placebo group2; placebo group
member, no conversion);member, no conversion);

‘bombing. . . the administration. . . seem to be‘bombing. . . the administration. . . seem to be
having trouble . . . the ball. . . the republicanshaving trouble . . . the ball . . . the republicans
. . . it’s important to . . . the ball. . . practice. . . it’s important to. . . the ball. . . practice
dancing. . .’ (LSIdancing. . .’ (LSI¼5; placebo group member,5; placebo group member,
conversion).conversion).

The babble task was administered as part ofThe babble task was administered as part of

a neuropsychological battery administereda neuropsychological battery administered
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at baseline, 6 months and 1 year. Analysesat baseline, 6 months and 1 year. Analyses

of other neuropsychological test data wereof other neuropsychological test data were

exploratory and hypothesis-generating.exploratory and hypothesis-generating.

Patients also received serial clinical assess-Patients also received serial clinical assess-

ments using the Positive and Negativements using the Positive and Negative

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

RESULTSRESULTS

In order to undertake a time-dependentIn order to undertake a time-dependent

assessment of conversion risk, data for theassessment of conversion risk, data for the

year 1 placebo and year 2 drug discontinua-year 1 placebo and year 2 drug discontinua-

tion phases of the study were analysed to-tion phases of the study were analysed to-

gether as a single ‘no drug’ condition thatgether as a single ‘no drug’ condition that

was compared with the olanzapine condi-was compared with the olanzapine condi-

tion using a Cox regression analysis. Over-tion using a Cox regression analysis. Over-

all, the association between LSI andall, the association between LSI and

subsequent conversion risk was non-subsequent conversion risk was non-

significant (hazard ratio (HR) 1.28, 95%significant (hazard ratio (HR) 1.28, 95%

CI 0.93–1.75,CI 0.93–1.75, PP¼0.13). However, the inter-0.13). However, the inter-

action between LSI and condition was sta-action between LSI and condition was sta-

tistically significant (HRtistically significant (HR¼0.51, 95% CI0.51, 95% CI

0.27–0.95,0.27–0.95, PP¼0.035). For the no-drug con-0.035). For the no-drug con-

dition alone, LSI was robustly associateddition alone, LSI was robustly associated

with subsequent conversion (HRwith subsequent conversion (HR¼1.78,1.78,

95% CI 1.26–2.53,95% CI 1.26–2.53, PP¼0.0011), whereas0.0011), whereas

for the olanzapine condition this associationfor the olanzapine condition this association

was absent (HRwas absent (HR¼0.92, 95% CI 0.55–1.55,0.92, 95% CI 0.55–1.55,

PP¼0.75). An identical time-dependence ana-0.75). An identical time-dependence ana-

lysis of concurrent composite PANSS posi-lysis of concurrent composite PANSS posi-

tive, negative and general psychopathologytive, negative and general psychopathology

symptoms revealed no significant associationsymptoms revealed no significant association

with subsequent conversion (HR rangewith subsequent conversion (HR range

1.05–1.12,1.05–1.12, PP range 0.09–0.38), includingrange 0.09–0.38), including

when analysing data for the no-drug con-when analysing data for the no-drug con-

dition alone (HR range 1.03–1.07,dition alone (HR range 1.03–1.07, PP rangerange

0.30–0.51).0.30–0.51).

The capacity of LSI scores to predictThe capacity of LSI scores to predict

subsequent conversion to schizophrenia-subsequent conversion to schizophrenia-

spectrum disorder during the no-drugspectrum disorder during the no-drug

condition was considered. Optimal classifi-condition was considered. Optimal classifi-

cation accuracy was obtained using a cut-cation accuracy was obtained using a cut-

off of 4 or above for the maximum LSIoff of 4 or above for the maximum LSI

score observed at the onset of and duringscore observed at the onset of and during

no-drug periods to predict subsequentno-drug periods to predict subsequent

conversion. Overall classification accuracyconversion. Overall classification accuracy

was high (Fig. 1; Fisher’s exact test,was high (Fig. 1; Fisher’s exact test,

PP¼0.0001; positive predictive value 0.80,0.0001; positive predictive value 0.80,

negative predictive value 0.94).negative predictive value 0.94).

DISCUSSIONDISCUSSION

Elevated LSI scores signalled subsequent in-Elevated LSI scores signalled subsequent in-

creased risk of schizophrenia-spectrum dis-creased risk of schizophrenia-spectrum dis-

orders when participants were not receivingorders when participants were not receiving

olanzapine. In this condition, each unitolanzapine. In this condition, each unit

increase in LSI score predicted an amplifi-increase in LSI score predicted an amplifi-

cation of conversion risk of 78%. In con-cation of conversion risk of 78%. In con-

trast, concurrent composite symptomstrast, concurrent composite symptoms

measures did not signal subsequent risk ofmeasures did not signal subsequent risk of

conversion when examined using the sameconversion when examined using the same

analysis. These data suggest that elevatedanalysis. These data suggest that elevated

LSI scores during the prodrome signalledLSI scores during the prodrome signalled

a covert conversion risk unexpressed bya covert conversion risk unexpressed by

concurrent symptoms. Elevated LSI scoresconcurrent symptoms. Elevated LSI scores

observed in this study might have beenobserved in this study might have been

caused by excessive top-down processingcaused by excessive top-down processing

of phonetic inputs, distorted perceptualof phonetic inputs, distorted perceptual

processing or misinterpretation of percepts.processing or misinterpretation of percepts.

Extracting spurious messages from mean-Extracting spurious messages from mean-

ingless input by patients at risk may extendingless input by patients at risk may extend

beyond speech processingbeyond speech processing per seper se, as sug-, as sug-

gested by the Nobel prizewinner Johngested by the Nobel prizewinner John

Nash, whose schizophrenic illness emergedNash, whose schizophrenic illness emerged

subsequent to his detecting ‘encryptedsubsequent to his detecting ‘encrypted

messages’ embedded in letter patternsmessages’ embedded in letter patterns

appearing in theappearing in the New York TimesNew York Times, which, which

he attributed to space aliens or foreignhe attributed to space aliens or foreign

governments (Nasar, 1998).governments (Nasar, 1998).

The significant interaction between con-The significant interaction between con-

dition and LSI scores reflected in the Coxdition and LSI scores reflected in the Cox

regression analysis of conversion suggestsregression analysis of conversion suggests

that early administration of olanzapinethat early administration of olanzapine

reduced risk associated with elevated LSIreduced risk associated with elevated LSI

scores.scores.

The relatively small pool of prodromalThe relatively small pool of prodromal

patients reported here underscores the needpatients reported here underscores the need

for further studies of spurious message-likefor further studies of spurious message-like

meaning induced by babble as a predictormeaning induced by babble as a predictor

of conversion to schizophrenia-spectrumof conversion to schizophrenia-spectrum

disorders. Confirmation that LSI predictsdisorders. Confirmation that LSI predicts

risk of conversion – and that antipsychoticrisk of conversion – and that antipsychotic

drugs reduce this risk – would be andrugs reduce this risk – would be an

important advance insofar as serial LSIimportant advance insofar as serial LSI

assessments might then be used to identifyassessments might then be used to identify

the patients with prodromal symptomsthe patients with prodromal symptoms

most likely to benefit from preventive drugmost likely to benefit from preventive drug

therapy.therapy.

REFERENCESREFERENCES

Andreasen,N. C.Andreasen,N. C. (1987)(1987) Comprehensive Assessment ofComprehensive Assessment of
Symptoms and History (CASH).Symptoms and History (CASH).University of Iowa.University of Iowa.

Correll,C.U., Lencz,T., Smith,C.W.,Correll,C.U., Lencz,T., Smith,C.W., et alet al (2005)(2005)
Prospective study of adolescents with subsyndromalProspective study of adolescents with subsyndromal
psychosis: characteristics and outcome.psychosis: characteristics and outcome. Journal of ChildJournal of Child
and Adolescent Psychopharmacologyand Adolescent Psychopharmacology,, 1515, 418^433., 418^433.

Hoffman, R. E., Rapaport, J., Mazure,C. M.,Hoffman, R. E., Rapaport, J., Mazure,C. M., et alet al
(1999)(1999) Schizophrenic patients reporting hallucinatedSchizophrenic patients reporting hallucinated
‘voices’demonstrate selective speech perception‘voices’demonstrate selective speech perception
alterations.alterations. American Journal of PsychiatryAmerican Journal of Psychiatry,, 156156, 393^399., 393^399.

Kay, S. R., Fiszbein, A. & Opler, L. A.Kay, S. R., Fiszbein, A. & Opler, L. A. (1987)(1987) TheThe
Positive and Negative Syndrome Scale (PANSS) forPositive and Negative Syndrome Scale (PANSS) for
schizophrenia.schizophrenia. Schizophrenia BulletinSchizophrenia Bulletin,, 1313, 261^276., 261^276.

McGlashan,T.H., Zipursky, R. B., Perkins, D.,McGlashan,T.H., Zipursky, R. B., Perkins, D., et alet al
(2006)(2006) The PRIME North America randomized double-The PRIME North America randomized double-
blind clinical trial of olanzapine versus placebo in patientsblind clinical trial of olanzapine versus placebo in patients
at risk of being prodromally symptomatic for psychosis:at risk of being prodromally symptomatic for psychosis:
efficacy and safety results of one year of treatment andefficacy and safety results of one year of treatment and
one year of no-treatment follow-up.one year of no-treatment follow-up. American Journal ofAmerican Journal of
PsychiatryPsychiatry,, 163163, 790^799., 790^799.

McGorry, P. D.,Yung, A. R., Phillips, L. J.,McGorry, P. D.,Yung, A. R., Phillips, L. J., et alet al (2002)(2002)
Randomized controlled trial of interventions designed toRandomized controlled trial of interventions designed to
reduce the risk of progression to first-episode psychosisreduce the risk of progression to first-episode psychosis
in a clinical sample with subthreshold symptoms.in a clinical sample with subthreshold symptoms. ArchivesArchives
of General Psychiatryof General Psychiatry,, 5959, 921^928., 921^928.

Nasar, S.Nasar, S. (1998)(1998) A Beautiful MindA Beautiful Mind, p. 241. Simon &, p. 241. Simon &
Schuster.Schuster.

3 5 63 5 6

AUTHOR’S PROOFAUTHOR’S PROOF

RALPH E.HOFFMAN,MD, SCOTT W.WOODS,MD,KEITH A.HAWKINS, PsyD,BRIAN PITTMAN,MS,RALPH E.HOFFMAN,MD, SCOTT W.WOODS,MD,KEITH A.HAWKINS, PsyD,BRIAN PITTMAN,MS,
Department of Psychiatry,Yale University School of Medicine,New Haven,Connecticut; MAURICIOTOHEN,Department of Psychiatry,Yale University School of Medicine,New Haven,Connecticut; MAURICIOTOHEN,
MD, Lilly Research Laboratories, Indianapolis, Indiana; ADRIAN PREDA,MD,Department of Psychiatry,MD, Lilly Research Laboratories, Indianapolis, Indiana; ADRIAN PREDA,MD,Department of Psychiatry,
University of California at Irvine,California; ALANBREIER,MD, Lilly Research Laboratories, Indianapolis,University of California at Irvine,California; ALANBREIER,MD, Lilly Research Laboratories, Indianapolis,
Indiana; JILLGLIST,MS,Department of Psychiatry,Yale University School of Medicine,New Haven,Connecticut,Indiana; JILLGLIST,MS,Department of Psychiatry,Yale University School of Medicine,New Haven,Connecticut,
USA; JEANADDINGTON, PhD,Department of Psychiatry,University of Calgary, Alberta,Canada;USA; JEANADDINGTON, PhD,Department of Psychiatry,University of Calgary, Alberta,Canada;
DIANAO.PERKINS,MD,Department of Psychiatry,University of North Carolina,Chapel Hill,North Carolina;DIANAO.PERKINS,MD,Department of Psychiatry,University of North Carolina,Chapel Hill,North Carolina;
THOMAS H.McGLASHAN,MD,Department of Psychiatry,Yale University School of Medicine,New Haven,THOMAS H.McGLASHAN,MD,Department of Psychiatry,Yale University School of Medicine,New Haven,
Connecticut,USAConnecticut,USA

Correspondence: Correspondence:Dr Ralph Hoffman,Yale ^New Haven Psychiatric Hospital,Correspondence: Correspondence:Dr Ralph Hoffman,Yale ^New Haven Psychiatric Hospital,
184 Liberty Street LV108,New Haven,CT 06519,USA.Tel: +1 (203) 688 9734; fax: +1 (203) 688-9709;184 Liberty Street LV108,New Haven,CT 06519,USA.Tel: +1 (203) 688 9734; fax: +1 (203) 688-9709;
email: ralph.hoffmanemail: ralph.hoffman@@yale.eduyale.edu

(First received 21September 2006, final revision 11April 2007, accepted 24 May 2007)(First received 21September 2006, final revision 11April 2007, accepted 24 May 2007)

Fig. 1Fig. 1 Maximum length of speech illusion (LSI)Maximum length of speech illusion (LSI)

during ‘no drug’ intervals (placebo in year1or noduring ‘no drug’ intervals (placebo in year1or no

pharmacological treatment in year 2) groupedpharmacological treatment in year 2) grouped

according to thosewhose condition converted to aaccording to those whose condition converted to a

schizophrenia-spectrum disorder during these inter-schizophrenia-spectrum disorder during these inter-

vals and thosewho did not.The dashed line showsvals and thosewho did not.The dashed line shows

the optimum cut-off point for predicting conversion.the optimum cut-off point for predicting conversion.
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