
BackgroundBackground Adisorderof self-Adisorderof self-

monitoringmayunderlie the positivemonitoringmayunderlie the positive

symptoms of psychosis.The cognitivesymptoms of psychosis.The cognitive

mechanisms associatedwiththesemechanisms associatedwiththese

symptomsmayalso be detectable insymptomsmayalso be detectable in

individuals at riskof psychosis.individuals at riskof psychosis.

AimsAims To investigate (a) whetherTo investigate (a) whether

patientswithpsychosis showimpairedself-patientswithpsychosis showimpairedself-

monitoring, (b) towhatdegree this ismonitoring, (b) towhatdegree this is

associatedwithpositive symptoms, and (c)associatedwithpositive symptoms, and (c)

whether this is associatedwith liability towhether this is associatedwith liability to

psychotic symptoms.psychotic symptoms.

MethodMethod The sample included:The sample included:

individualswith a lifetimehistoryofindividualswith a lifetimehistoryof

non-affective psychosis (non-affective psychosis (nn¼37), a37), a

geneticallydefinedriskgroup (geneticallydefinedriskgroup (nn¼41), a41), a

psychometricallydefinedriskgrouppsychometricallydefinedriskgroup

((nn¼40), and controlgroup (40), and controlgroup (nn¼49).All49).All

participants carried out an action^participants carried out an action^

recognitiontask.recognitiontask.

ResultsResults Numberof action^Numberof action^

recognition errorswas associatedwithrecognition errorswas associatedwith

psychosis risk (ORlinear trend over 3psychosis risk (ORlinear trend over 3

levels:1.12,95% CI1.04^1.20) andlevels:1.12,95% CI1.04^1.20) and

differential error ratewas associatedwithdifferential error ratewas associatedwith

the degree of delusional ideation in athe degree of delusional ideation in a

dose^response fashion (OR linear trenddose^response fashion (ORlinear trend

over 3 levels:1.13,95% CI1.00^1.26).over 3 levels:1.13,95% CI1.00^1.26).

ConclusionsConclusions Alterations in self-Alterations in self-

monitoringare associatedwith psychosismonitoringare associatedwith psychosis

with evidence of specificity fordelusionalwith evidence of specificity fordelusional

ideation.In the risk state, this is expressedideation.In the risk state, this is expressed

more as failuretorecognise self-generatedmore as failuretorecognise self-generated

actions, whereas in illness failure toactions, whereas in illness failure to

recognise alien sources come to the fore.recognise alien sources cometo the fore.

Declaration of interestDeclaration of interest None.None.

Source-monitoring refers to different pro-Source-monitoring refers to different pro-

cesses involved in ascribing memories,cesses involved in ascribing memories,

knowledge and beliefs to a certainknowledge and beliefs to a certain sourcesource

of information (Johnsonof information (Johnson et alet al, 1993;, 1993;

HenquetHenquet et alet al, 2005). Self-monitoring is a, 2005). Self-monitoring is a

specific type of source-monitoring, namelyspecific type of source-monitoring, namely

the capacity to distinguish the consequencesthe capacity to distinguish the consequences

of self-generated items from those that areof self-generated items from those that are

externally generated. The hypothesis thatexternally generated. The hypothesis that

alterations in self-monitoring underlie thealterations in self-monitoring underlie the

positive symptoms of psychosis has beenpositive symptoms of psychosis has been

put forward by different authors (Bentall,put forward by different authors (Bentall,

1990; Johns1990; Johns et alet al, 2001). For example, the, 2001). For example, the

phenomenon that people attribute self-phenomenon that people attribute self-

generated actions to an external cause,generated actions to an external cause,

one of the first-rank symptoms of psychosisone of the first-rank symptoms of psychosis

according to Schneider (1959), is possiblyaccording to Schneider (1959), is possibly

due to impaired self-monitoring. Defectivedue to impaired self-monitoring. Defective

monitoring may be the outcome of amonitoring may be the outcome of a

bottom-up deficit, specifically, a lack ofbottom-up deficit, specifically, a lack of

awarenessawareness of the predicted consequencesof the predicted consequences

of self-of self-generated actions (Frithgenerated actions (Frith et alet al,,

2000), in combination with a top-down2000), in combination with a top-down

externalising bias, which makes someoneexternalising bias, which makes someone

prone to ascribing erroneously actions toprone to ascribing erroneously actions to

an external agent (Allenan external agent (Allen et alet al, 2004)., 2004).

The current study aimed to examineThe current study aimed to examine

potential deficits in the bottom-up process.potential deficits in the bottom-up process.

When monitoring a self-generated action,When monitoring a self-generated action,

the individual has to match the conse-the individual has to match the conse-

quences of the executed movement to thequences of the executed movement to the

internal representation. In order to test theinternal representation. In order to test the

hypothesis that this process is flawed inhypothesis that this process is flawed in

psychosis, Franck and colleagues developedpsychosis, Franck and colleagues developed

a procedure allowing the experimenter toa procedure allowing the experimenter to

distort performed actions with respect todistort performed actions with respect to

the participant’s own movement (Franckthe participant’s own movement (Franck

et alet al, 2001). It was shown that patients, 2001). It was shown that patients

with psychosis had difficulties recognisingwith psychosis had difficulties recognising

their own actions compared with thetheir own actions compared with the

control group (Franckcontrol group (Franck et alet al, 2001)., 2001).

An essential issue is whether theAn essential issue is whether the

psychological mechanisms of psychosispsychological mechanisms of psychosis

can also be shown to operate in individualscan also be shown to operate in individuals

at risk but without current clinical needat risk but without current clinical need

(Bentall, 1990; Janssen(Bentall, 1990; Janssen et alet al, 2003). First-, 2003). First-

degree relatives of individuals with psycho-degree relatives of individuals with psycho-

sis (higher than average genetic risk) andsis (higher than average genetic risk) and

individuals with subclinical psychotic ex-individuals with subclinical psychotic ex-

periences in the general population (higherperiences in the general population (higher

than average psychometric risk) are exam-than average psychometric risk) are exam-

ples of such risk groups (Claridge, 1994).ples of such risk groups (Claridge, 1994).

Evidence for a deficit in self-monitoring inEvidence for a deficit in self-monitoring in

individuals at risk would imply that suchindividuals at risk would imply that such

a deficit is associated not only with the ex-a deficit is associated not only with the ex-

pression of the phenotype, but also withpression of the phenotype, but also with

transmission of risk.transmission of risk.

The current study, therefore, includedThe current study, therefore, included

four groups with different levels offour groups with different levels of

vulnerability to psychosis: (a) patients withvulnerability to psychosis: (a) patients with

a lifetime history of non-affective psychosis,a lifetime history of non-affective psychosis,

(b) a genetic risk group of non-psychotic(b) a genetic risk group of non-psychotic

first-degree relatives of individuals with afirst-degree relatives of individuals with a

lifetime history of non-affective psychosis,lifetime history of non-affective psychosis,

(c) a psychometric risk group of healthy(c) a psychometric risk group of healthy

subjects from the general population withsubjects from the general population with

a higher than average level of positivea higher than average level of positive

psychotic experiences and (d) well controlspsychotic experiences and (d) well controls

from the general population, with the aimfrom the general population, with the aim

of extending the findings by Franck andof extending the findings by Franck and

colleagues (2001). The hypothesis wascolleagues (2001). The hypothesis was

tested that (a) patients with non-affectivetested that (a) patients with non-affective

psychosis show impaired monitoring ofpsychosis show impaired monitoring of

their actions, (b) this alteration is alsotheir actions, (b) this alteration is also

present in individuals at risk, albeit to apresent in individuals at risk, albeit to a

lesser degree, and (c) this alteration islesser degree, and (c) this alteration is

conditional on the presence of positiveconditional on the presence of positive

psychotic symptoms or experiences.psychotic symptoms or experiences.

METHODMETHOD

ParticipantsParticipants

Four groups differing in the degree of vul-Four groups differing in the degree of vul-

nerability to psychosis were sampled innerability to psychosis were sampled in

the Cognitive functioning in Psychosisthe Cognitive functioning in Psychosis

(CoP) study: (a) individuals with lifetime(CoP) study: (a) individuals with lifetime

history of non-affective psychosis, (b)history of non-affective psychosis, (b)

first-degree relatives of individuals withfirst-degree relatives of individuals with

non-affective psychosis, (c) healthy subjectsnon-affective psychosis, (c) healthy subjects

scoring high (scoring high (4475th percentile) on the75th percentile) on the

positive dimension of psychosis-pronenesspositive dimension of psychosis-proneness

measured by the Community Assessmentmeasured by the Community Assessment

of Psychic Experiences (CAPE; Hanssenof Psychic Experiences (CAPE; Hanssen

et alet al, 2003) and (d) healthy controls, i.e., 2003) and (d) healthy controls, i.e.

participants scoring in the average rangeparticipants scoring in the average range

(40–60th percentile) on the CAPE. All(40–60th percentile) on the CAPE. All

participants were between the ages of 18participants were between the ages of 18

and 55 years, sufficiently fluent in Dutchand 55 years, sufficiently fluent in Dutch

and without a history of central neuro-and without a history of central neuro-

logical disorders. Written informed consentlogical disorders. Written informed consent

in accordance with the local ethicalin accordance with the local ethical

committee guidelines was obtained fromcommittee guidelines was obtained from

all participants.all participants.

Participants were recruited from theParticipants were recruited from the

catchment area community mental healthcatchment area community mental health

centre (source population of 350 000) andcentre (source population of 350 000) and

the catchment area psychiatric hospital.the catchment area psychiatric hospital.

Initial inclusion criteria for participantsInitial inclusion criteria for participants
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with psychosis were lifetime prevalence of awith psychosis were lifetime prevalence of a

period of psychosis in clear consciousness,period of psychosis in clear consciousness,

according to the Research Diagnosisaccording to the Research Diagnosis

Criteria. Relatives were sampled throughCriteria. Relatives were sampled through

participants with psychosis or throughparticipants with psychosis or through

associations for relatives of individuals withassociations for relatives of individuals with

psychotic symptoms. Participants withpsychotic symptoms. Participants with

average and high levels of psychotic experi-average and high levels of psychotic experi-

ences were recruited from a general popu-ences were recruited from a general popu-

lation sampling frame in the city of Sittardlation sampling frame in the city of Sittard

(Hanssen(Hanssen et alet al, 2003). Participants, 2287, 2003). Participants, 2287

females and 2302 males, had been ran-females and 2302 males, had been ran-

domly selected and sent a letter in whichdomly selected and sent a letter in which

they were asked to participate. In additionthey were asked to participate. In addition

to the participants themselves, family mem-to the participants themselves, family mem-

bers were also invited to participate using abers were also invited to participate using a

snowball-sampling procedure. A total ofsnowball-sampling procedure. A total of

765 subjects aged 17–77 years, pertaining765 subjects aged 17–77 years, pertaining

to 374 families filled in the CAPE. Theto 374 families filled in the CAPE. The

subjects with a mean (i.e. between 40thsubjects with a mean (i.e. between 40th

and 60th percentile) and a high (i.e. aboveand 60th percentile) and a high (i.e. above

75th percentile) score on the CAPE positive75th percentile) score on the CAPE positive

psychosis dimension were invited to par-psychosis dimension were invited to par-

ticipate in the CoP study. The CAPEticipate in the CoP study. The CAPE

(http://www.cape42.homestead.com) is a(http://www.cape42.homestead.com) is a

self-report questionnaire designed to assessself-report questionnaire designed to assess

dimensions of the subclinical psychosisdimensions of the subclinical psychosis

phenotype. It includes dimensions ofphenotype. It includes dimensions of

positive (positive (nn¼20) and negative (20) and negative (nn¼14) psy-14) psy-

chotic experiences as well as depressivechotic experiences as well as depressive

experiences (experiences (nn¼8).8).

The study sample included 45 individ-The study sample included 45 individ-

uals with psychosis (44% in-patients), 47uals with psychosis (44% in-patients), 47

first-degree relatives with no psychosis,first-degree relatives with no psychosis,

41 healthy participants with a high level41 healthy participants with a high level

of psychotic experiences and 54 healthyof psychotic experiences and 54 healthy

controls with an average level of psychoticcontrols with an average level of psychotic

experiences. Of the 47 healthy relativesexperiences. Of the 47 healthy relatives

there were 13 mothers, 8 fathers, 15 sisters,there were 13 mothers, 8 fathers, 15 sisters,

8 brothers, 2 daughters and 1 son. Twenty-8 brothers, 2 daughters and 1 son. Twenty-

seven families contributed at least 1 patientseven families contributed at least 1 patient

and 1 relative. Four relatives participatedand 1 relative. Four relatives participated

without their family member with psychosis.without their family member with psychosis.

For all participating patients, theFor all participating patients, the

Operational Criteria Checklist for Psy-Operational Criteria Checklist for Psy-

chotic Disorder (OCCPI) was completedchotic Disorder (OCCPI) was completed

based on case note material and Positivebased on case note material and Positive

and Negative Syndrome Scale (PANSS)and Negative Syndrome Scale (PANSS)

interview. Where necessary, additional in-interview. Where necessary, additional in-

formation was derived from ward staff orformation was derived from ward staff or

case-managers. Using the information incase-managers. Using the information in

the OCCPI, the computerised programthe OCCPI, the computerised program

OPCRIT yielded Research DiagnosisOPCRIT yielded Research Diagnosis

Criteria diagnoses.Criteria diagnoses.

InstrumentsInstruments

Action^RecognitionTaskAction^RecognitionTask

An action–recognition task designed byAn action–recognition task designed by

FranckFranck et alet al (2001) was carried out by all(2001) was carried out by all

subjects. A stillage held a computer screensubjects. A stillage held a computer screen

that was placed face down. Images on thisthat was placed face down. Images on this

computer screen were reflected in a hori-computer screen were reflected in a hori-

zontal mirror, placed 18 cm below thezontal mirror, placed 18 cm below the

screen and 31 cm above a table at whichscreen and 31 cm above a table at which

the participant was seated. A joystick wasthe participant was seated. A joystick was

placed on the table. The image of a virtualplaced on the table. The image of a virtual

hand was presented in the mirror, super-hand was presented in the mirror, super-

imposed on the participant’s own hand.imposed on the participant’s own hand.

This setting enables participants to actuallyThis setting enables participants to actually

move the joystick, while being exclusivelymove the joystick, while being exclusively

exposed to the image of the virtual hand,exposed to the image of the virtual hand,

moving analogously to their own. Partici-moving analogously to their own. Partici-

pants sat on a chair in front of the setting,pants sat on a chair in front of the setting,

their forehead resting on a foam cushiontheir forehead resting on a foam cushion

which enveloped the metallic stillage. Thewhich enveloped the metallic stillage. The

joystick had to be held with the hand ofjoystick had to be held with the hand of

preference, which was in all cases the rightpreference, which was in all cases the right

hand, while the elbow rested on the table.hand, while the elbow rested on the table.

Participants executed a series of discreteParticipants executed a series of discrete

movements with the joystick. A green spotmovements with the joystick. A green spot

was displayed for a brief moment (1 s) onwas displayed for a brief moment (1 s) on

the left, the right or the top of the screen.the left, the right or the top of the screen.

In the following 2 s the virtual hand wasIn the following 2 s the virtual hand was

brought into vision. During these 2 s, par-brought into vision. During these 2 s, par-

ticipants had to move the joystick in theticipants had to move the joystick in the

direction indicated before by the greendirection indicated before by the green

spot. Simultaneously, a movement of thespot. Simultaneously, a movement of the

virtual hand was shown. Participants hadvirtual hand was shown. Participants had

to decide whether the movement they sawto decide whether the movement they saw

on the screen was an exact copy of the move-on the screen was an exact copy of the move-

ment they had made. This decision had to bement they had made. This decision had to be

made immediately after each trial and couldmade immediately after each trial and could

be revealed verbally by a simple ‘yes’ or ‘no’.be revealed verbally by a simple ‘yes’ or ‘no’.

The task consisted of 120 trials thatThe task consisted of 120 trials that

were divided into three categories: (a) 24were divided into three categories: (a) 24

neutral trials in which the virtual handneutral trials in which the virtual hand

made an exact copy of the actual movementmade an exact copy of the actual movement

made by the participant, (b) 48 trials withmade by the participant, (b) 48 trials with

temporal biases, and (c) 48 trials withtemporal biases, and (c) 48 trials with

angular biases. The temporal biases, inangular biases. The temporal biases, in

which the movement of the virtual handwhich the movement of the virtual hand

was delayed by a fixed time (100, 200,was delayed by a fixed time (100, 200,

300 or 400 ms) compared to the actual300 or 400 ms) compared to the actual

movement, and angular biases, in whichmovement, and angular biases, in which

the movements of the virtual hand deviatedthe movements of the virtual hand deviated

by a specific angular value (10by a specific angular value (1088, 20, 2088, 30, 3088,,
404088) with regard to the point of com-) with regard to the point of com-

parison, were randomly introduced.parison, were randomly introduced.

Before the actual task started, par-Before the actual task started, par-

ticipants had the opportunity to familiariseticipants had the opportunity to familiarise

themselves with the techniques to handle athemselves with the techniques to handle a

joystick. During this training session anjoystick. During this training session an

angular bias, temporal bias and neutral trialangular bias, temporal bias and neutral trial

were presented.were presented.

Present State ExaminationPresent State Examination

The purpose of the Present StateThe purpose of the Present State

Examination (PSE; WingExamination (PSE; Wing et alet al, 1974) is to, 1974) is to

assess the presence and severity of symp-assess the presence and severity of symp-

toms associated with a broad range oftoms associated with a broad range of

major psychiatric disorders over a desig-major psychiatric disorders over a desig-

nated period, i.e. the past week, by meansnated period, i.e. the past week, by means

of a structured clinical cross-examinationof a structured clinical cross-examination

of the individual. In this study, only the sec-of the individual. In this study, only the sec-

tions that cover signs and symptoms of psy-tions that cover signs and symptoms of psy-

chotic disorders were used (43 items: PSEchotic disorders were used (43 items: PSE

55–92, plus their sub-scale scores).55–92, plus their sub-scale scores).

General intelligenceGeneral intelligence

General intelligence was measured by aGeneral intelligence was measured by a

combined score on one performance subtestcombined score on one performance subtest

and one verbal sub-test from the Groningerand one verbal sub-test from the Groninger

Intelligence Test (GIT; Luteijn & van derIntelligence Test (GIT; Luteijn & van der

Ploeg), a widely used Dutch intelligencePloeg), a widely used Dutch intelligence

test. This test yields results that are com-test. This test yields results that are com-

parable to those of the Wechsler Adultparable to those of the Wechsler Adult

Intelligence Scale – Revised.Intelligence Scale – Revised.

AnalysesAnalyses

Statistical analyses were carried out usingStatistical analyses were carried out using

STATA version 9.1. A four-level groupSTATA version 9.1. A four-level group

variable was constructed reflecting the riskvariable was constructed reflecting the risk

for psychosis in order offor psychosis in order of a prioria priori hypothe-hypothe-

sised strength with value 3 for participantssised strength with value 3 for participants

with psychosis, 2 for genetic risk, 1 forwith psychosis, 2 for genetic risk, 1 for

psychometric risk and 0 for controls. Twopsychometric risk and 0 for controls. Two

types of errors could potentially be madetypes of errors could potentially be made

(a) participants misidentifying a neutral(a) participants misidentifying a neutral

trial as different from their own actiontrial as different from their own action

and (b) participants misidentifying trialsand (b) participants misidentifying trials

with temporal or angular biases as similarwith temporal or angular biases as similar

to their own movement. Errors of this latterto their own movement. Errors of this latter

type could be subdivided into angulartype could be subdivided into angular

biases and temporal biases. Results of sub-biases and temporal biases. Results of sub-

jects who gave the same answer in 90%jects who gave the same answer in 90%

or more of the total number of trials wereor more of the total number of trials were

excluded from the analyses.excluded from the analyses.

Utilizing the XTGEE module inUtilizing the XTGEE module in

STATA, a multilevel approach to logisticSTATA, a multilevel approach to logistic

regression was used to assess the associ-regression was used to assess the associ-

ation between making an error on theation between making an error on the

action-monitoring task and the four-levelaction-monitoring task and the four-level

group variable for psychosis risk. Thegroup variable for psychosis risk. The

association between committing an errorassociation between committing an error

on the action-monitoring task and symp-on the action-monitoring task and symp-

tomatology was similarly established withtomatology was similarly established with

additional adjustment for group. Multileveladditional adjustment for group. Multilevel

random effects modelling techniques are arandom effects modelling techniques are a

variant of the more often used unilevel re-variant of the more often used unilevel re-

gression analyses and are ideally suited forgression analyses and are ideally suited for

the analysis of data in which repeated ob-the analysis of data in which repeated ob-

servations (120 action-monitoring trials)servations (120 action-monitoring trials)

are nested within participants. All analysesare nested within participants. All analyses

werewere a prioria priori adjusted for age and gender.adjusted for age and gender.

In order to examine dose–response relation-In order to examine dose–response relation-

ships between symptomatology and errorsships between symptomatology and errors

on the action-monitoring task, the groupon the action-monitoring task, the group
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was divided into three groups according towas divided into three groups according to

their tertile level of symptom score. Oddstheir tertile level of symptom score. Odds

ratios (OR) with their 95% confidence in-ratios (OR) with their 95% confidence in-

tervals (95% CI) were used to express effecttervals (95% CI) were used to express effect

sizes, with the control group as the refer-sizes, with the control group as the refer-

ence category.ence category.

RESULTSRESULTS

Sample characteristicsSample characteristics
The action–recognition task was carriedThe action–recognition task was carried

out by 36 participants with non-affectiveout by 36 participants with non-affective

psychosis, 40 non-psychotic first-degreepsychosis, 40 non-psychotic first-degree

relatives of participants with non-affectiverelatives of participants with non-affective

psychosis, 39 healthy participants frompsychosis, 39 healthy participants from

the general population scoring highthe general population scoring high

((4475th percentile) on the positive dimen-75th percentile) on the positive dimen-

sion of psychosis-proneness measured bysion of psychosis-proneness measured by

the CAPE and 49 healthy control partici-the CAPE and 49 healthy control partici-

pants with an average score on the positivepants with an average score on the positive

dimension of the CAPE. Missing data weredimension of the CAPE. Missing data were

due to technical problems (due to technical problems (nn¼23). Two23). Two

participants, 1 participant with psychosisparticipants, 1 participant with psychosis

and 1 participant with subclinical psychoticand 1 participant with subclinical psychotic

experiences, were excluded from theexperiences, were excluded from the

analyses since they gave directionallyanalyses since they gave directionally

persistently similar answers in at leastpersistently similar answers in at least

90% of all trials. The participants with90% of all trials. The participants with

psychosis group, in which men were over-psychosis group, in which men were over-

represented (78%), was younger than therepresented (78%), was younger than the

other groups (Table 1). According to theother groups (Table 1). According to the

OPCRIT, there were 27 participants withOPCRIT, there were 27 participants with

psychosis (75%) with a Research Diagnos-psychosis (75%) with a Research Diagnos-

tic Criteria diagnosis of schizophrenia, 3tic Criteria diagnosis of schizophrenia, 3

patients (8%) with a diagnosis of schizo-patients (8%) with a diagnosis of schizo-

affective disorder, 5 patients (14%) with aaffective disorder, 5 patients (14%) with a

diagnosis of unspecified functional psycho-diagnosis of unspecified functional psycho-

sis and 1 (3%) for whom OPCRIT datasis and 1 (3%) for whom OPCRIT data

were missing but who had a clinical diag-were missing but who had a clinical diag-

nosis of non-affective psychotic disorder.nosis of non-affective psychotic disorder.

Action-monitoring and psychosisAction-monitoring and psychosis
riskrisk

The number of errors in all trials combinedThe number of errors in all trials combined

increased progressively with risk group,increased progressively with risk group,

although differences between the riskalthough differences between the risk

groups and controls were small (controls:groups and controls were small (controls:

29.7%; psychometric-risk group: 31.1%;29.7%; psychometric-risk group: 31.1%;

genetic-risk group: 31.8%; participantsgenetic-risk group: 31.8%; participants

with psychosis: 37.4%; OR linear tren-with psychosis: 37.4%; OR linear tren-

dd¼1.12, 95% CI 1.04–1.20). The separate1.12, 95% CI 1.04–1.20). The separate

ORs relative to the controls were: 1.06ORs relative to the controls were: 1.06

(95% CI 0.85–1.32) for the psychometric-(95% CI 0.85–1.32) for the psychometric-

risk group, 1.17 (95% CI 0.94–1.45) forrisk group, 1.17 (95% CI 0.94–1.45) for

the genetic-risk group and 1.41 (95% CIthe genetic-risk group and 1.41 (95% CI

1.14–1.76) for the patient group.1.14–1.76) for the patient group.

The proportion of errors made, for eachThe proportion of errors made, for each

group, in the different bias-conditions aregroup, in the different bias-conditions are

shown in Fig. 1. In trials with a temporalshown in Fig. 1. In trials with a temporal

bias, the error rate of the participants withbias, the error rate of the participants with

psychosis group was on average 15.4%psychosis group was on average 15.4%

higher than the error rate of the controlhigher than the error rate of the control

group.group.

The proportion of errors made for eachThe proportion of errors made for each

of the four groups in the neutral conditionof the four groups in the neutral condition

is shown in Fig. 2.is shown in Fig. 2.

After subdividing errors in trials withAfter subdividing errors in trials with

temporal delays, trials with an angular biastemporal delays, trials with an angular bias

and neutral trials respectively, a significantand neutral trials respectively, a significant

difference between the participants withdifference between the participants with

psychosis and the control group was seenpsychosis and the control group was seen

in the trials with temporal delaysin the trials with temporal delays

(OR(OR¼2.40, 95% CI 1.44–3.97), but not2.40, 95% CI 1.44–3.97), but not

in neutral trials, nor in trials with angularin neutral trials, nor in trials with angular

biases (see Table 2). Differences betweenbiases (see Table 2). Differences between

the genetic-risk group and controls werethe genetic-risk group and controls were

highest for errors in the neutral conditionhighest for errors in the neutral condition

(OR(OR¼2.09, 95% CI 1.02–4.27). In the par-2.09, 95% CI 1.02–4.27). In the par-

ticipants with psychosis group, the numberticipants with psychosis group, the number

of errors in the neutral condition was alsoof errors in the neutral condition was also

higher than in controls, but this differencehigher than in controls, but this difference

failed to reach statistical significancefailed to reach statistical significance

(Table 2).(Table 2).

Action-monitoring and psychoticAction-monitoring and psychotic
symptomssymptoms

In all trials combined, there was an associa-In all trials combined, there was an associa-

tion between errors and delusional ideationtion between errors and delusional ideation

measured by the PSE (ORmeasured by the PSE (OR¼1.13, 95% CI1.13, 95% CI

1.00–1.26). The strength of this association1.00–1.26). The strength of this association

between errors and delusional ideation, ad-between errors and delusional ideation, ad-

justed for group, was highest for the highestjusted for group, was highest for the highest

level of delusional ideation (moderate level:level of delusional ideation (moderate level:

OROR¼0.93, 95% CI0.93, 95% CI¼0.72–1.20 and severe0.72–1.20 and severe

level: ORlevel: OR¼1.36, 95% CI1.36, 95% CI¼1.06–1.73) com-1.06–1.73) com-

pared with the level of no delusional idea-pared with the level of no delusional idea-

tion. No associations were found betweention. No associations were found between

errors and the continuous hallucination-errors and the continuous hallucination-

sub-scale on the PSE (ORsub-scale on the PSE (OR¼1.00, 95% CI1.00, 95% CI

0.97–1.02), nor with the continuous total0.97–1.02), nor with the continuous total

PSE psychosis score (ORPSE psychosis score (OR¼1.00, 95% CI1.00, 95% CI

0.99–1.01) overall groups.0.99–1.01) overall groups.
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Table1Table1 Sample characteristics and Present State Examination Scores for all groupsSample characteristics and Present State Examination Scores for all groups

ControlsControls

((nn¼49)49)

Psychometric-riskPsychometric-risk

group (group (nn¼40)40)

Genetic-risk groupGenetic-risk group

((nn¼41)41)

PatientsPatients

((nn¼37)37)

MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d. MeanMean s.d.s.d.

AgeAge 46.746.7 7.97.9 44.144.1 9.89.8 40.440.4 11.111.1 31.931.9 10.310.3

EducationEducation11 5.65.6 0.80.8 4.94.9 1.41.4 5.45.4 1.21.2 4.54.5 1.21.2

IntelligenceIntelligence22 7.467.46 1.371.37 6.846.84 1.431.43 7.187.18 1.651.65 6.146.14 1.821.82

PSE delusionsPSE delusions33 0.000.00 0.000.00 0.600.60 1.851.85 0.360.36 1.671.67 11.9011.90 10.5810.58

PSE hallucina-PSE hallucina-

tionstions44
0.020.02 0.140.14 1.01.011 3.033.03 0.360.36 1.181.18 5.485.48 6.796.79

PSEPSE55 0.020.02 0.140.14 1.611.61 4.264.26 0.720.72 2.762.76 17.3717.37 15.4415.44

PSE, Present State Examination.PSE, Present State Examination.
1. Educationwasmeasured on an eight-point scale from primary school to university degree.1. Educationwasmeasured on an eight-point scale from primary school to university degree.
2. Intelligencewasmeasured on a10-point scale, derived from 2 sub-tests from the Groninger IntelligenceTest.2. Intelligence wasmeasured on a10-point scale, derived from 2 sub-tests from the Groninger IntelligenceTest.
3. PSE delusions summary score (range 0^81).3. PSE delusions summary score (range 0^81).
4. PSE hallucinations summary score (range 0^33).4. PSE hallucinations summary score (range 0^33).
5. PSE psychosis summary score (range 0^114).5. PSE psychosis summary score (range 0^114).

Fig. 1Fig. 1 Proportion of errors in the action-Proportion of errors in the action-

monitoring task in matching themovement on themonitoring task in matching themovement on the

computer screen to ownmovement with conditionscomputer screen to ownmovement with conditions

of (a) temporal and (b) angular bias. - -of (a) temporal and (b) angular bias. - -**- -, controls;- -, controls;

��^̂�, psychometric-risk group; ��, psychometric-risk group; �~~� , genetic-� , genetic-

risk group; �risk group; �&&�, patients.�, patients.
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DISCUSSIONDISCUSSION

The results of our study are in agreementThe results of our study are in agreement

with the findings of Franck and colleagueswith the findings of Franck and colleagues

(2001) and suggest that alterations in self-(2001) and suggest that alterations in self-

monitoring may be part of the endopheno-monitoring may be part of the endopheno-

typic risk to psychosis. Furthermore, thetypic risk to psychosis. Furthermore, the

findings support the hypothesis that a self-findings support the hypothesis that a self-

monitoring deficit is associated with amonitoring deficit is associated with a

phenotype characterised by delusionalphenotype characterised by delusional

ideation, which is in accordance with con-ideation, which is in accordance with con-

clusions from previous studies that allclusions from previous studies that all

found an association between alterationsfound an association between alterations

in self-monitoring and positive psychoticin self-monitoring and positive psychotic

symptomatology (Bentall, 1990; Johnssymptomatology (Bentall, 1990; Johns etet

alal, 2001)., 2001).

Temporal versus angular biasTemporal versus angular bias

As shown in Fig. 1 there are few or noAs shown in Fig. 1 there are few or no

differences between the participant groupsdifferences between the participant groups

in trials with an angular bias. Thesein trials with an angular bias. These

findings are partially in agreement withfindings are partially in agreement with

the conclusions of Franckthe conclusions of Franck et alet al (2001)(2001)

who similarly found no significant differ-who similarly found no significant differ-

ences between the general participants withences between the general participants with

schizophrenia and the control group. Onlyschizophrenia and the control group. Only

dissimilarities between the participantsdissimilarities between the participants

with psychosis group with delusions of in-with psychosis group with delusions of in-

fluence and the control group were ob-fluence and the control group were ob-

served. However, differences between theserved. However, differences between the

groups were more apparent in the temporalgroups were more apparent in the temporal

trials. This difference may point to thetrials. This difference may point to the

underlying mechanism, given the fact thatunderlying mechanism, given the fact that

cerebral processing of temporal andcerebral processing of temporal and

geometric self-monitoring information isgeometric self-monitoring information is

likely to involve, at least in part, differentlikely to involve, at least in part, different

areas. Previous works have demonstratedareas. Previous works have demonstrated

general alterations in temporal orientationgeneral alterations in temporal orientation

(Crow & Stevens, 1978; Franck(Crow & Stevens, 1978; Franck et alet al,,

2005) in individuals with schizophrenia.2005) in individuals with schizophrenia.

These disturbances could underlie the highThese disturbances could underlie the high

number of errors by participants withnumber of errors by participants with

psychosis in trials with temporal bias.psychosis in trials with temporal bias.

At-risk groupsAt-risk groups

The use of an ordinal risk group variable isThe use of an ordinal risk group variable is

common (Millercommon (Miller et alet al, 2001; Janssen, 2001; Janssen et alet al,,

2006), and has face validity, given the fact2006), and has face validity, given the fact

that both genetic and psychometric at-riskthat both genetic and psychometric at-risk

groups have been shown to share pheno-groups have been shown to share pheno-

typic and endophenotypic characteristicstypic and endophenotypic characteristics

as well as common risk factors with theas well as common risk factors with the

clinical phenotype (Claridge, 1994;clinical phenotype (Claridge, 1994;

FaraoneFaraone et alet al, 2000; Spauwen, 2000; Spauwen et alet al, 2004), 2004)

and that over time transitions from psycho-and that over time transitions from psycho-

metric risk state to clinical phenotype aremetric risk state to clinical phenotype are

frequent (Chapmanfrequent (Chapman et alet al, 1994; Poulton, 1994; Poulton

et alet al, 2000). There was evidence for an, 2000). There was evidence for an

overall action–recognition bias in the ana-overall action–recognition bias in the ana-

lyses using the ordinal risk variable, andlyses using the ordinal risk variable, and

analyses with the risk groups separately in-analyses with the risk groups separately in-

dicated intermediate positions for the latter,dicated intermediate positions for the latter,

suggesting the presence of dose–responsesuggesting the presence of dose–response

inherent to the ordinal risk hypothesis.inherent to the ordinal risk hypothesis.

Between the genetic-risk group on theBetween the genetic-risk group on the

one hand and both the psychometric-riskone hand and both the psychometric-risk

group and the participants with psychosisgroup and the participants with psychosis

group on the other, a dissimilarity withgroup on the other, a dissimilarity with

regard to errors made in different condi-regard to errors made in different condi-

tions could be observed. There is no directtions could be observed. There is no direct

explanation for the significant effect sizeexplanation for the significant effect size

of misidentifying one’s own actions in theof misidentifying one’s own actions in the

genetic-risk group, compared to the biasgenetic-risk group, compared to the bias

in recognising movements dissimilar toin recognising movements dissimilar to

their own in the participants with psychosistheir own in the participants with psychosis

group. As the difference between thegroup. As the difference between the

genetic-risk group on the one hand andgenetic-risk group on the one hand and

the participants with psychosis group onthe participants with psychosis group on

the other is the expression of psychosis,the other is the expression of psychosis,

one hypothesis is that misidentifying one’sone hypothesis is that misidentifying one’s

own actions, similar movements, reflects aown actions, similar movements, reflects a

vulnerability effect, whereas bias in recog-vulnerability effect, whereas bias in recog-

nising movements dissimilar to their ownnising movements dissimilar to their own

is more reflective of an illness effect.is more reflective of an illness effect.

Comparable observations concerningComparable observations concerning

dissimilarities between vulnerability and ill-dissimilarities between vulnerability and ill-

ness effects were described in previousness effects were described in previous

work on neuropsychological alterations.work on neuropsychological alterations.

Verbal memory, abstraction, languageVerbal memory, abstraction, language

functions and attention were more affectedfunctions and attention were more affected

in people with the psychosis phenotype.in people with the psychosis phenotype.

Spatial memory, spatial abilities andSpatial memory, spatial abilities and

sensory-motor functions, on the othersensory-motor functions, on the other

hand, were more strongly affected in thehand, were more strongly affected in the

genetic-risk group (Cannongenetic-risk group (Cannon et alet al, 1994)., 1994).

Conceivably, the bottom-up processConceivably, the bottom-up process

that was investigated can be controlledthat was investigated can be controlled

and dominated by a top-down mechanism,and dominated by a top-down mechanism,

such as attribution style. It has been shownsuch as attribution style. It has been shown

that individuals in the psychosis spectrumthat individuals in the psychosis spectrum

use an external attribution style for nega-use an external attribution style for nega-

tive events (Feartive events (Fear et alet al, 1996; Bentall, 1996; Bentall et alet al,,

2001). Even though an externalising bias2001). Even though an externalising bias

could not be observed in first-degreecould not be observed in first-degree

relatives using the Internal, Personal andrelatives using the Internal, Personal and

Situational Attribution QuestionnaireSituational Attribution Questionnaire

(Janssen(Janssen et alet al, 2006), the possibility, 2006), the possibility

remains that deviant attribution styles areremains that deviant attribution styles are

only observable in at-risk groups whenonly observable in at-risk groups when

measured in a less explicit way. In allmeasured in a less explicit way. In all

likelihood, first-degree relatives, beinglikelihood, first-degree relatives, being

aware of the concept of vulnerability andaware of the concept of vulnerability and

heightened risk for which they are examined,heightened risk for which they are examined,

experience participating in a study aboutexperience participating in a study about

psychotic illness as an unpleasant, negativepsychotic illness as an unpleasant, negative

event and therefore develop the tendency toevent and therefore develop the tendency to

use external attributions resulting in a higheruse external attributions resulting in a higher
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Table 2Table 2 Results for each action-monitoring condition in threegroupswith differentrisk for psychosis (relativeResults for each action-monitoring condition in threegroupswith differentrisk for psychosis (relative

to healthy control group)to healthy control group)

Psychometric-risk groupPsychometric-risk group

((nn¼40)40)

Genetic-risk groupGenetic-risk group

((nn¼41)41)

PatientsPatients

((nn¼37)37)

Action-monitoringAction-monitoring

conditioncondition

OROR11 95% CI95% CI OROR 95%CI95% CI OROR 95% CI95%CI

NeutralNeutral

adjusted 1adjusted 122

adjusted 2adjusted 233

0.890.89

0.850.85

0.38^2.060.38^2.06

0.36^2.030.36^2.03

2.092.09

2.062.06

1.02^4.271.02^4.27

1.00^4.271.00^4.27

1.261.26

1.191.19

0.57^2.790.57^2.79

0.98^1.00.98^1.011

AngularAngular

adjusted 1adjusted 122

adjusted 2adjusted 233

1.141.14

1.121.12

0.80^1.630.80^1.63

0.77^1.610.77^1.61

1.221.22

1.211.21

0.84^1.780.84^1.78

0.83^1.770.83^1.77

1.191.19

1.131.13

0.82^1.720.82^1.72

0.76^1.690.76^1.69

TemporalTemporal

adjusted 1adjusted 122

adjusted 2adjusted 233

1.251.25

1.101.10

0.74^2.110.74^2.11

0.65^1.880.65^1.88

0.700.70

0.680.68

0.38^1.310.38^1.31

0.37^1.260.37^1.26

2.402.40

1.761.76

1.44^3.971.44^3.97

1.02^3.041.02^3.04

1. OR relative to healthy control group.1. OR relative to healthy control group.
2. Adjusted1, adjusted for age and sex.2. Adjusted1, adjusted for age and sex.
3. Adjusted 2, additionally adjusted for general intelligence.3. Adjusted 2, additionally adjusted for general intelligence.

Fig. 2Fig. 2 Proportion of errors in action-monitoringProportion of errors in action-monitoring

task with neutral conditions for all groups.task with neutral conditions for all groups.
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observed number of misidentifications ofobserved number of misidentifications of

their own actions.their own actions.

ConclusionsConclusions

Alterations in self-monitoring are asso-Alterations in self-monitoring are asso-

ciated with psychosis with evidence ofciated with psychosis with evidence of

specificity for delusional ideation. In thespecificity for delusional ideation. In the

risk state, this is expressed more as failurerisk state, this is expressed more as failure

to recognise self-generated actions, whereasto recognise self-generated actions, whereas

in the illness state failure to recognise alienin the illness state failure to recognise alien

sources comes to the fore. To the extentsources comes to the fore. To the extent

that certain delusions are the result of a fail-that certain delusions are the result of a fail-

ure in the identification of the source of anure in the identification of the source of an

action in combination with an externalisingaction in combination with an externalising

attribution bias, they may be amenable toattribution bias, they may be amenable to

change by psychological therapies, such aschange by psychological therapies, such as

cognitive–behavioral therapy (CBT). Thecognitive–behavioral therapy (CBT). The

effectiveness of CBT with respect to theeffectiveness of CBT with respect to the

treatment of delusions has been proved intreatment of delusions has been proved in

previous research (Gouldprevious research (Gould et alet al, 2001)., 2001).
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