
BackgroundBackground Despite thehighDespite thehigh

prevalence of cannabis use inprevalence of cannabis use in

schizophrenia, few studies have examinedschizophrenia, few studies have examined

the potentialrelationship betweenthe potentialrelationship between

cannabis exposure and brain structuralcannabis exposure andbrain structural

abnormalities in schizophrenia.abnormalities in schizophrenia.

AimsAims To investigate prefrontalgrey andTo investigate prefrontalgrey and

whitematter regions inpatientswhitematter regions inpatients

experiencinga firstepisode ofexperiencinga firstepisode of

schizophreniawith an additional diagnosisschizophreniawith an additional diagnosis

of cannabis use ordependence (of cannabis use ordependence (nn¼20)20)

comparedwith similar patientswithcomparedwith similar patientswith

no cannabis use (no cannabis use (nn¼31) andhealthy31) andhealthy

volunteers (volunteers (nn¼56).56).

MethodMethod Volumes ofthe superiorVolumes ofthe superior

frontalgyrus, anteriorcingulate gyrus andfrontalgyrus, anterior cingulate gyrus and

orbital frontallobewereoutlinedmanuallyorbital frontallobewereoutlinedmanually

fromcontiguousmagnetic resonancefromcontiguousmagnetic resonance

images and automatically segmented intoimages and automatically segmented into

grey andwhitematter.grey andwhitematter.

ResultsResults Patientswho used cannabisPatientswho used cannabis

had less anteriorcingulate greymatterhad less anterior cingulate greymatter

comparedwith bothpatientswho didnotcomparedwith bothpatientswho didnot

use cannabis andhealthy volunteers.use cannabis andhealthy volunteers.

ConclusionsConclusions Adefect inthe anteriorAdefect in the anterior

cingulate is associatedwith a historyofcingulate is associatedwith a historyof

cannabis use amongpatients experiencingcannabis use amongpatients experiencing

a firstepisode of schizophrenia and coulda firstepisode of schizophrenia and could

have a role inpoordecision-makingand inhave a role inpoordecision-makingand in

choosingmore riskyoutcomes.choosingmore riskyoutcomes.
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The prevalence of cannabis use in schizo-The prevalence of cannabis use in schizo-

phrenia can range up to 43% (Bersaniphrenia can range up to 43% (Bersani etet

alal, 2002) and poses unique treatment chal-, 2002) and poses unique treatment chal-

lenges (Greenlenges (Green et alet al, 2004). The use of can-, 2004). The use of can-

nabis in schizophrenia tends to benabis in schizophrenia tends to be

associated with earlier age at first psychoticassociated with earlier age at first psychotic

episode, especially among male patientsepisode, especially among male patients

(Van Mastrigt(Van Mastrigt et alet al, 2004), and is asso-, 2004), and is asso-

ciated with an unfavourable outcome (Hen-ciated with an unfavourable outcome (Hen-

quetquet et alet al, 2005). Although numerous, 2005). Although numerous

studies have identified frontal brain struc-studies have identified frontal brain struc-

tural abnormalities in schizophrenia (Gold-tural abnormalities in schizophrenia (Gold-

steinstein et alet al, 1999; Gur, 1999; Gur et alet al, 2000), little, 2000), little

research has been directed at understandingresearch has been directed at understanding

the potential association between thesethe potential association between these

abnormalities and cannabis use. Animalabnormalities and cannabis use. Animal

studies suggest that usingstudies suggest that using DD99-tetrahydrocan--tetrahydrocan-

nabinol, the main psychoactive componentnabinol, the main psychoactive component

of cannabis, may be neurotoxic to the fron-of cannabis, may be neurotoxic to the fron-

tal lobes (Verricotal lobes (Verrico et alet al, 2003), which are, 2003), which are

believed to have a key role in thebelieved to have a key role in the

neurobiology of schizophrenia (Goldman-neurobiology of schizophrenia (Goldman-

Rakic & Selemon, 1997). In this study weRakic & Selemon, 1997). In this study we

investigated three prefrontal cortical re-investigated three prefrontal cortical re-

gions (the superior frontal gyrus, anteriorgions (the superior frontal gyrus, anterior

cingulate gyrus and orbital frontal lobe)cingulate gyrus and orbital frontal lobe)

implicated in drug addiction (Goldstein &implicated in drug addiction (Goldstein &

Volkow, 2002; TuckerVolkow, 2002; Tucker et alet al, 2004), in a, 2004), in a

sample of patients with a first episode ofsample of patients with a first episode of

schizophrenia with or without a history ofschizophrenia with or without a history of

cannabis use compared with healthy volun-cannabis use compared with healthy volun-

teers. We tested the hypothesis that patientsteers. We tested the hypothesis that patients

with the dual diagnosis would have greaterwith the dual diagnosis would have greater

prefrontal structural abnormalities com-prefrontal structural abnormalities com-

pared with patients who did not use canna-pared with patients who did not use canna-

bis and with healthy volunteers.bis and with healthy volunteers.

METHODMETHOD

The 51 patients included in this study wereThe 51 patients included in this study were

recruited from admissions to the in-patientrecruited from admissions to the in-patient

service at the Zucker Hillside Hospital inservice at the Zucker Hillside Hospital in

Glen Oaks, New York, and were particiGlen Oaks, New York, and were participat-pat-

ing in clinical trials comparing the efficacying in clinical trials comparing the efficacy

of atypical antipsychotic drugs. All patientsof atypical antipsychotic drugs. All patients

were interviewed using the Structured Clin-were interviewed using the Structured Clin-

ical Interview for Axis I DSM–IV Disordersical Interview for Axis I DSM–IV Disorders

(SCID; First(SCID; First et alet al, 1994) and met DSM–IV, 1994) and met DSM–IV

criteria (American Psychiatric Association,criteria (American Psychiatric Association,

1994) for schizophrenia (1994) for schizophrenia (nn¼36), schizo-36), schizo-

affective disorder (affective disorder (nn¼8) or schizophreni-8) or schizophreni-

form disorder (form disorder (nn¼7). Of the 51 patients7). Of the 51 patients

with schizophrenia included in this study,with schizophrenia included in this study,

8 had a diagnosis of cannabis abuse and8 had a diagnosis of cannabis abuse and

12 had a diagnosis of cannabis dependence.12 had a diagnosis of cannabis dependence.

Of the 20 patients with a diagnosis of eitherOf the 20 patients with a diagnosis of either

cannabis abuse or dependence, 6 had acannabis abuse or dependence, 6 had a

diagnosis of alcohol abuse (diagnosis of alcohol abuse (nn¼5) or depen-5) or depen-

dence (dence (nn¼1). Among the 6 patients who1). Among the 6 patients who

had a diagnosis of alcohol abuse or depen-had a diagnosis of alcohol abuse or depen-

dence, other substance use diagnoses in-dence, other substance use diagnoses in-

cluded cocaine abuse (cluded cocaine abuse (nn¼1), hallucinogen1), hallucinogen

abuse (abuse (nn¼1) and opioid dependence1) and opioid dependence

((nn¼1). None of the 14 patients with a diag-1). None of the 14 patients with a diag-

nosis of cannabis abuse or dependence hadnosis of cannabis abuse or dependence had

any other substance use diagnosis. Only 2any other substance use diagnosis. Only 2

of the 31 patients without a diagnosis ofof the 31 patients without a diagnosis of

cannabis abuse or dependence had anycannabis abuse or dependence had any

other substance use diagnosis (1 with alco-other substance use diagnosis (1 with alco-

hol abuse and 1 with alcohol dependence).hol abuse and 1 with alcohol dependence).

Twenty-five patients were antipsychoticTwenty-five patients were antipsychotic

drug-naıve at the time of the scan, includingdrug-naı̈ve at the time of the scan, including

6 patients from the group with cannabis use6 patients from the group with cannabis use

and 19 patients from the group withoutand 19 patients from the group without

cannabis use. The median duration of anti-cannabis use. The median duration of anti-

psychotic drug exposure from entry into thepsychotic drug exposure from entry into the

clinical trial and the magnetic resonanceclinical trial and the magnetic resonance

imaging examination was 0 weeks (rangeimaging examination was 0 weeks (range

0–34 weeks).0–34 weeks).

Fifty-six healthy volunteers were re-Fifty-six healthy volunteers were re-

cruited from local newspaper advertise-cruited from local newspaper advertise-

ments and through word of mouth in thements and through word of mouth in the

community and denied any history of psy-community and denied any history of psy-

chiatric or medical illness as determinedchiatric or medical illness as determined

by clinical interview and the non-patientby clinical interview and the non-patient

version of the SCID (SCID–NP; Spitzer &version of the SCID (SCID–NP; Spitzer &

Williams, 1988). Thus, no one in theWilliams, 1988). Thus, no one in the

healthy comparison group had a substancehealthy comparison group had a substance

use diagnosis. Exclusion criteria for alluse diagnosis. Exclusion criteria for all

study participants included serious neuro-study participants included serious neuro-

logical or endocrine disorder, any medicallogical or endocrine disorder, any medical

condition or treatment known to affectcondition or treatment known to affect

the brain, and meeting DSM–IV criteriathe brain, and meeting DSM–IV criteria

for mental retardation. All procedures werefor mental retardation. All procedures were

approved by the local institutional reviewapproved by the local institutional review

board and written informed consent wasboard and written informed consent was

obtained from all participants.obtained from all participants.

Classification of handedness was basedClassification of handedness was based

on a modified version of the Edinburgh In-on a modified version of the Edinburgh In-

ventory consisting of 20 items (Oldfield,ventory consisting of 20 items (Oldfield,

1971). Participants with a laterality quoti-1971). Participants with a laterality quoti-

ent greater than 0.70 were classified as dex-ent greater than 0.70 were classified as dex-

tral and the rest as non-dextral (Schachtertral and the rest as non-dextral (Schachter

et alet al, 1987). Handedness for 3 patients, 1987). Handedness for 3 patients

without cannabis use and 9 healthy volun-without cannabis use and 9 healthy volun-

teers was assessed solely on the basis ofteers was assessed solely on the basis of

handwriting preference.handwriting preference.
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Imaging proceduresImaging procedures

Magnetic resonance imaging (MRI) scansMagnetic resonance imaging (MRI) scans

were conducted at Long Island Jewishwere conducted at Long Island Jewish

Medical Center and were acquired in theMedical Center and were acquired in the

coronal plane using three-dimensional fastcoronal plane using three-dimensional fast

spoiled gradient recalled acquisition witihspoiled gradient recalled acquisition witih

inversion recovery (time to repetition)inversion recovery (time to repetition)

12.7 ms or 14.7 ms, echotime 4.5 ms or12.7 ms or 14.7 ms, echotime 4.5 ms or

5.5 ms, field of view 22 cm) on a 1.5 T5.5 ms, field of view 22 cm) on a 1.5 T

whole-body superconducting imaging sys-whole-body superconducting imaging sys-

tem (General Electric, Milwaukee, Wiscon-tem (General Electric, Milwaukee, Wiscon-

sin, USA). This sequence produced 124sin, USA). This sequence produced 124

contiguous images (slice thickness 1.5 mm)contiguous images (slice thickness 1.5 mm)

through the whole head with in-planethrough the whole head with in-plane

resolution of 0.86 mmresolution of 0.86 mm660.86 mm in a0.86 mm in a

25625666256 matrix.256 matrix.

Measurement proceduresMeasurement procedures

All measurements were completed inAll measurements were completed in

MEDx (Sensor Systems, Sterling, Virginia,MEDx (Sensor Systems, Sterling, Virginia,

USA). The images were aligned along theUSA). The images were aligned along the

anterior and posterior commissures foranterior and posterior commissures for

standardisation across individuals andstandardisation across individuals and

flipped randomly in the right–left axis.flipped randomly in the right–left axis.

Scans were mixed together randomly andScans were mixed together randomly and

no identifying information was availableno identifying information was available

to the operator from the scan. All measure-to the operator from the scan. All measure-

ments were thus completed by an operatorments were thus completed by an operator

who was masked to group membershipwho was masked to group membership

and hemisphere.and hemisphere.

Total intracranial contentsTotal intracranial contents

Measurement of total intracranial contentsMeasurement of total intracranial contents

was completed in MEDx by computingwas completed in MEDx by computing

the volume of the total cerebrum,the volume of the total cerebrum,

cerebrospinal fluid, cerebellum and brain-cerebrospinal fluid, cerebellum and brain-

stem. Interrater reliability between twostem. Interrater reliability between two

raters as assessed by intraclass correlationsraters as assessed by intraclass correlations

in nine cases was 0.99.in nine cases was 0.99.

Frontal lobe subregionsFrontal lobe subregions

Measurement of the frontal lobe subregionsMeasurement of the frontal lobe subregions

was completed using methods describedwas completed using methods described

previously (Szeszkopreviously (Szeszko et alet al, 1999), which, 1999), which

were adapted from Rademacherwere adapted from Rademacher et alet al

(1992) for use in our magnetic resonance(1992) for use in our magnetic resonance

images. This method has been used in ourimages. This method has been used in our

previous work (Szeszkoprevious work (Szeszko et alet al, 2000, 2004), 2000, 2004)

and utilises the cerebral sulci in combina-and utilises the cerebral sulci in combina-

tion with a set of coronal planes that closetion with a set of coronal planes that close

the selected regions of interest. The bound-the selected regions of interest. The bound-

aries of the superior frontal gyrus were thearies of the superior frontal gyrus were the

tip of the cingulate sulcus (anterior), thetip of the cingulate sulcus (anterior), the

connection of the superior and precentralconnection of the superior and precentral

sulci (posterior), the superior frontal sulcussulci (posterior), the superior frontal sulcus

(lateral) and the cingulate sulcus (medial).(lateral) and the cingulate sulcus (medial).

The boundaries of the anterior cingulateThe boundaries of the anterior cingulate

gyrus were the tip of the cingulate sulcusgyrus were the tip of the cingulate sulcus

(anterior), the connection of the superior(anterior), the connection of the superior

and precentral sulci (posterior), the callosaland precentral sulci (posterior), the callosal

sulcus (ventral) and the cingulate sulcussulcus (ventral) and the cingulate sulcus

(dorsal). The boundaries of the orbital fron-(dorsal). The boundaries of the orbital fron-

tal region were the last appearance of thetal region were the last appearance of the

anterior horizontal ramus (anterior), theanterior horizontal ramus (anterior), the

last appearance of the olfactory sulcuslast appearance of the olfactory sulcus

(posterior), the anterior horizontal ramus/(posterior), the anterior horizontal ramus/

circular sulcus of insula (lateral) and thecircular sulcus of insula (lateral) and the

olfactory sulcus (medial) (Fig. 1). Becauseolfactory sulcus (medial) (Fig. 1). Because

one of the limiting sulci required for mea-one of the limiting sulci required for mea-

surement of the orbital frontal region (thesurement of the orbital frontal region (the

anterior horizontal ramus) was not presentanterior horizontal ramus) was not present

in every hemisphere (Onoin every hemisphere (Ono et alet al, 1990;, 1990;

SzeszkoSzeszko et alet al, 1999), orbital frontal vo-, 1999), orbital frontal vo-

lumes could not be computed for some indi-lumes could not be computed for some indi-

viduals (see Table 2).viduals (see Table 2).

All regions were outlined manually inAll regions were outlined manually in

the coronal plane on a slice-by-slice basisthe coronal plane on a slice-by-slice basis

and included both grey and white matterand included both grey and white matter

(Fig. 2(Fig. 2). After outlining the frontal region). After outlining the frontal region

of interest, the operator automatically seg-of interest, the operator automatically seg-

mented it into grey and white matter usingmented it into grey and white matter using

a thresholding method generated from his-a thresholding method generated from his-

tograms (Otsu, 1979), as described pre-tograms (Otsu, 1979), as described pre-

viously (Limviously (Lim et alet al, 1992; Szeszko, 1992; Szeszko et alet al,,

2004). Intraclass correlations between two2004). Intraclass correlations between two

or three operators for these brain structuresor three operators for these brain structures

(number of cases 8–10) were as follows:(number of cases 8–10) were as follows:

anterior cingulate gyrus grey matter, rightanterior cingulate gyrus grey matter, right

hemisphere, ICChemisphere, ICC¼0.90, left hemisphere,0.90, left hemisphere,

ICCICC¼0.94; anterior cingulate gyrus white0.94; anterior cingulate gyrus white

matter, right, ICCmatter, right, ICC¼0.94, left, ICC0.94, left, ICC¼0.94;0.94;

superior frontal gyrus grey matter, right,superior frontal gyrus grey matter, right,

ICCICC¼0.92, left, ICC0.92, left, ICC¼0.97; superior frontal0.97; superior frontal

gyrus white matter, right, ICCgyrus white matter, right, ICC¼0.95, left,0.95, left,

ICCICC¼0.95; orbital frontal lobe grey matter,0.95; orbital frontal lobe grey matter,

right, ICCright, ICC¼0.92, left, ICC0.92, left, ICC¼0.99; orbital0.99; orbital

frontal lobe white matter, right, ICCfrontal lobe white matter, right, ICC¼0.94,0.94,

0.94, left, ICC0.94, left, ICC¼0.90.0.90.

Statistical proceduresStatistical procedures

The mixed-models approach (SAS versionThe mixed-models approach (SAS version

8.2 for Windows) for repeated-measures8.2 for Windows) for repeated-measures

analysis of variance was used to compareanalysis of variance was used to compare

brain structure volumes between patientsbrain structure volumes between patients

and healthy volunteers. Analyses wereand healthy volunteers. Analyses were

conducted separately for the anterior cingu-conducted separately for the anterior cingu-

late, superior frontal gyrus and orbital fron-late, superior frontal gyrus and orbital fron-

tal lobe because of their neuroanatomicaltal lobe because of their neuroanatomical

heterogeneity. For each of the three frontalheterogeneity. For each of the three frontal

regions the statistical model included groupregions the statistical model included group

(healthy volunteers(healthy volunteers v.v. patients with canna-patients with canna-

bis usebis use v.v. patients without cannabis use)patients without cannabis use)

and gender as between-subject factors.and gender as between-subject factors.

Tissue type (greyTissue type (grey v.v. white) and hemispherewhite) and hemisphere
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Fig.1Fig.1 Sulcal anatomy and coronal planes used formeasuremenet of the frontal subregions. A, cingulate sulcusSulcal anatomy and coronal planes used formeasuremenet of the frontal subregions. A, cingulate sulcus

(grey), callosal sulcus (white) and tip of the cingulate sulcus (black, dashed); B, superior frontal sulcus (white),(grey), callosal sulcus (white) and tip of the cingulate sulcus (black, dashed); B, superior frontal sulcus (white),

precentral sulcus (grey) and the connection between the two (black, dashed); C, anterior horizontal ramusprecentral sulcus (grey) and the connection between the two (black, dashed); C, anterior horizontal ramus

(white) and its anterior tip (black, dashed); D, olfactory sulcus (white) and its posterior tip (black, dashed).(white) and its anterior tip (black, dashed); D, olfactory sulcus (white) and its posterior tip (black, dashed).
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were repeated measures. Age was includedwere repeated measures. Age was included

as a covariate because the groups differedas a covariate because the groups differed

in age and because age correlated with thein age and because age correlated with the

brain structure volumes. Intracranial vol-brain structure volumes. Intracranial vol-

ume was included as a covariate to controlume was included as a covariate to control

for non-specific differences in brain sizefor non-specific differences in brain size

among individuals. Subsequent analyses ex-among individuals. Subsequent analyses ex-

cluded any patient with a substance usecluded any patient with a substance use

diagnosis other than cannabis abuse ordiagnosis other than cannabis abuse or

dependence. Group differences in demo-dependence. Group differences in demo-

graphic variables were examined usinggraphic variables were examined using

independent groupindependent group tt-tests. Chi-square tests-tests. Chi-square tests

were used to examine differences in catego-were used to examine differences in catego-

rical variables. Analyses of frontal brainrical variables. Analyses of frontal brain

structure volumes were conducted usingstructure volumes were conducted using

two-tailed tests withtwo-tailed tests with aa¼0.017 (0.05 divided0.017 (0.05 divided

by number of brain regions). Results ofby number of brain regions). Results of

analyses for individual brain structureanalyses for individual brain structure

volumes are presented for descriptivevolumes are presented for descriptive

purposes only (see Table 2).purposes only (see Table 2).

RESULTSRESULTS

Sample characteristics for the two patientSample characteristics for the two patient

groups and the healthy comparison groupgroups and the healthy comparison group

are given in Table 1. The three groups didare given in Table 1. The three groups did

not differ significantly from each other innot differ significantly from each other in

distributions of age, gender, handednessdistributions of age, gender, handedness

or the absence of the right or left anterioror the absence of the right or left anterior

horizontal ramus (horizontal ramus (PP440.05). Also, as0.05). Also, as

expected, the groups differed in educationexpected, the groups differed in education

((FF¼6.64, d.f.6.64, d.f.¼2,97,2,97, PP¼0.002), with healthy0.002), with healthy

volunteers having more education thanvolunteers having more education than

either patient group. Patients with cannabiseither patient group. Patients with cannabis

use did not differ significantly from patientsuse did not differ significantly from patients

without cannabis use in distributions of agewithout cannabis use in distributions of age

at first psychotic symptoms, years of edu-at first psychotic symptoms, years of edu-

cation, duration of antipsychotic treatment,cation, duration of antipsychotic treatment,

duration of untreated psychosis or globalduration of untreated psychosis or global

assessment of functioning (allassessment of functioning (all PP440.05;0.05;

Table 1). There were, however, significantlyTable 1). There were, however, significantly

more patients who were antipsychotic drug-more patients who were antipsychotic drug-

naıve among the cannabis user group com-naı̈ve among the cannabis user group com-

pared with the non-cannabis user grouppared with the non-cannabis user group

((ww22¼4.76, d.f.4.76, d.f.¼1,1, PP¼0.029).0.029).

Mean brain structure volumes for theMean brain structure volumes for the

three study groups are given in Table 2,three study groups are given in Table 2,

along with the adjusted 95% confidence in-along with the adjusted 95% confidence in-

tervals for the difference between grouptervals for the difference between group

means. The main finding that distinguishedmeans. The main finding that distinguished

the groups was a significant group-by-tissuethe groups was a significant group-by-tissue

type interaction for the anterior cingulatetype interaction for the anterior cingulate

((FF2,1082,108¼6.39,6.39, PP¼0.002). Follow-up tests0.002). Follow-up tests

revealed that patients who used cannabisrevealed that patients who used cannabis

had significantly less anterior cingulate greyhad significantly less anterior cingulate grey

matter compared with patients who did notmatter compared with patients who did not

((tt1,1081,108¼772.41,2.41, PP¼0.018) and with healthy0.018) and with healthy

volunteers (volunteers (tt1,1081,108¼772.19,2.19, PP¼0.031). Re-0.031). Re-

peating the analysis with antipsychoticpeating the analysis with antipsychotic

drug-naıve status as a covariate revealeddrug-naı̈ve status as a covariate revealed

that patients who used cannabis had signif-that patients who used cannabis had signif-

icantly less anterior cingulate grey mattericantly less anterior cingulate grey matter

compared with patients who did notcompared with patients who did not

((tt1,481,48¼772.40,2.40, PP¼0.020). Individual data0.020). Individual data

points illustrating total anterior cingulatepoints illustrating total anterior cingulate

grey-matter volumes for the three groupsgrey-matter volumes for the three groups

are provided in Fig. 3. None of the inter-are provided in Fig. 3. None of the inter-

actions involving gender was statisticallyactions involving gender was statistically

significant for the anterior cingulate.significant for the anterior cingulate.

Neither the main effect of group norNeither the main effect of group nor

group-by-tissue type interaction wasgroup-by-tissue type interaction was

statistically significant for the orbital fron-statistically significant for the orbital fron-

tal lobe (alltal lobe (all PP440.05). In addition, the main0.05). In addition, the main

effect of group was not statistically signifi-effect of group was not statistically signifi-

cant for the superior frontal gyrus.cant for the superior frontal gyrus.

There also was a significant main effectThere also was a significant main effect

of hemisphere for the anterior cingulateof hemisphere for the anterior cingulate

((FF1,1101,110¼19.3,19.3, PP550.001) and orbital frontal0.001) and orbital frontal

lobe (lobe (FF1,941,94¼16.1,16.1, PP550.001). Overall,0.001). Overall,

participants had more grey matterparticipants had more grey matter

((tt1,1101,110¼774.78,4.78, PP550.001) and white matter0.001) and white matter

((tt1,1101,110¼773.33,3.33, PP¼0.001) in the right ante-0.001) in the right ante-

rior cingulate compared with the left ante-rior cingulate compared with the left ante-

rior cingulate. In addition, participantsrior cingulate. In addition, participants

had more grey matter (had more grey matter (tt1,941,94¼3.80,3.80,

PP550.001) and white matter (0.001) and white matter (tt1,941,94¼4.07,4.07,

PP550.001) in the left compared with the0.001) in the left compared with the

right orbital frontal lobe. No significantright orbital frontal lobe. No significant

hemispheric asymmetry was evident in thehemispheric asymmetry was evident in the

sample for either superior frontal gyrussample for either superior frontal gyrus

grey-matter or white-matter volumesgrey-matter or white-matter volumes

((PP440.05).0.05).

Subsequent analyses investigated whetherSubsequent analyses investigated whether

having other substance use diagnoses influ-having other substance use diagnoses influ-

enced the observed findings. The group-by-enced the observed findings. The group-by-

tissue type interaction remained statisticallytissue type interaction remained statistically

significant (significant (FF2,1002,100¼6.07,6.07, PP¼0.003) for the0.003) for the

anterior cingulate when we excluded pa-anterior cingulate when we excluded pa-

tients from analysis who had any substancetients from analysis who had any substance

use diagnosis other than cannabis abuse oruse diagnosis other than cannabis abuse or

dependence. Specifically, patients withdependence. Specifically, patients with

either cannabis abuse or dependence aseither cannabis abuse or dependence as

their sole substance use diagnosis had sig-their sole substance use diagnosis had sig-

nificantly less anterior cingulate grey matternificantly less anterior cingulate grey matter

than patients without any substance use diag-than patients without any substance use diag-

nosis (nosis (tt1,1001,100¼772.45,2.45, PP550.016) and healthy0.016) and healthy

volunteers (volunteers (tt1,1001,100¼772.34,2.34, PP¼0.021).0.021).
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Table1Table1 Sample characteristicsSample characteristics

HealthyHealthy

comparisoncomparison

Schizophrenia groupSchizophrenia group

group (group (nn¼56)56)
No cannabisNo cannabis

use (use (nn¼31)31)

Cannabis useCannabis use

((nn¼20)20)

Gender,Gender, nn

MaleMale

FemaleFemale

3636

2020

2525

66

1717

33

Age, years: mean (s.d.)Age, years: mean (s.d.) 25.7 (6.7)25.7 (6.7) 24.8 (4.9)24.8 (4.9) 22.4 (3.6)22.4 (3.6)

Handedness,Handedness, nn11

DextralDextral

Non-dextralNon-dextral

4242

1212

2323

88

1515

55

Education, years: mean (s.d.)Education, years: mean (s.d.)22 14.6 (2.6)14.6 (2.6) 13.2 (1.8)13.2 (1.8) 12.6 (1.9)12.6 (1.9)

Age at first psychotic symptoms, years: mean (s.d.)Age at first psychotic symptoms, years: mean (s.d.) ^̂ 21.4 (4.6)21.4 (4.6) 20.3 (4.2)20.3 (4.2)

Antipsychotic treatment, weeks: mean (range)Antipsychotic treatment, weeks: mean (range) ^̂ 3.1 (0^26.7)3.1 (0^26.7) 5.2 (0^34.4)5.2 (0^34.4)

Antipsychotic drug-na|ve,Antipsychotic drug-na|« ve, nn ^̂ 1919 66

Duration of untreated psychosis, weeks: mean (range)Duration of untreated psychosis, weeks: mean (range) ^̂ 169 (1^828)169 (1^828) 87 (4^380)87 (4^380)

Global Assessment of Functioning score: mean (s.d.)Global Assessment of Functioning score: mean (s.d.) ^̂ 33.1 (13.4)33.1 (13.4) 31.0 (16.6)31.0 (16.6)

1. Missing data from healthy group (1. Missing data from healthy group (nn¼2).2).
2. Missing data from healthy group (2. Missing data from healthy group (nn¼7).7).

Fig. 2Fig. 2 Frontal lobe subregions (superior frontalFrontal lobe subregions (superior frontal

gyrus, white; anterior cingulate gyrus, black, dashed;gyrus, white; anterior cingulate gyrus, black, dashed;

orbital frontal lobe, grey).Outlined regions wereorbital frontal lobe, grey).Outlined regions were

automatically segmented into grey and whitematterautomatically segmented into grey andwhitematter

using a thresholdingmethod generated from grey-using a thresholdingmethod generated from grey-

level histograms (see text and Otsu, 1979 forlevel histograms (see text and Otsu, 1979 for

details).details).
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DISCUSSIONDISCUSSION

Understanding the relationship betweenUnderstanding the relationship between

prefrontal grey matter and cannabis use inprefrontal grey matter and cannabis use in

schizophrenia may have important implica-schizophrenia may have important implica-

tions for improving our understanding oftions for improving our understanding of

the potentially deleterious effects of thesethe potentially deleterious effects of these

substances on brain structure in this dis-substances on brain structure in this dis-

order. Using methods for cortical parcella-order. Using methods for cortical parcella-

tion of the prefrontal cortex based on thetion of the prefrontal cortex based on the

sulcal anatomy, we report that patients ex-sulcal anatomy, we report that patients ex-

periencing a first episode of schizophreniaperiencing a first episode of schizophrenia

who have a history of cannabis use havewho have a history of cannabis use have

less anterior cingulate grey matter com-less anterior cingulate grey matter com-

pared with similar patients who do notpared with similar patients who do not

use cannabis and with healthy volunteers.use cannabis and with healthy volunteers.

We obtained similar findings when weWe obtained similar findings when we

excluded patients with substance use diag-excluded patients with substance use diag-

noses other than cannabis abuse ornoses other than cannabis abuse or

dependence from analysis.dependence from analysis.

Other studiesOther studies

Little research has been directed atLittle research has been directed at

understanding the relationship betweenunderstanding the relationship between

cannabis use and brain structure, especiallycannabis use and brain structure, especially

in schizophrenia, and thus it is difficult toin schizophrenia, and thus it is difficult to

compare our findings with prior work. Incompare our findings with prior work. In

a structural neuroimaging study Cahna structural neuroimaging study Cahn etet

alal (2004) did not identify differences in(2004) did not identify differences in

total grey- and white-matter volumes be-total grey- and white-matter volumes be-

tween patients with recent-onset schizo-tween patients with recent-onset schizo-

phrenia comorbid with cannabis abuse orphrenia comorbid with cannabis abuse or

dependence and patients with no cannabisdependence and patients with no cannabis

use, but did not examine discrete frontaluse, but did not examine discrete frontal

cortical regions. Several studies reportedcortical regions. Several studies reported

grey-matter structural alterations in canna-grey-matter structural alterations in canna-

bis users, however, and this may have rele-bis users, however, and this may have rele-

vance for the findings reported here. Forvance for the findings reported here. For

example, Matochikexample, Matochik et alet al (2005) reported(2005) reported

that individuals who used cannabis hadthat individuals who used cannabis had

lower grey-matter density in the right para-lower grey-matter density in the right para-

hippocampal gyrus and greater densityhippocampal gyrus and greater density

bilaterally near the precentral gyrus andbilaterally near the precentral gyrus and

right thalamus compared with those whoright thalamus compared with those who

did not. In addition, Wilsondid not. In addition, Wilson et alet al (2000) re-(2000) re-

ported lower whole-brain grey-matter vol-ported lower whole-brain grey-matter vol-

ume among individuals who started usingume among individuals who started using

cannabis before age 17 years comparedcannabis before age 17 years compared

with individuals who started using cannabiswith individuals who started using cannabis

later. Moreover, the use of other illicit sub-later. Moreover, the use of other illicit sub-

stances such as cocaine has been linked tostances such as cocaine has been linked to

anterior cingulate grey-matter structuralanterior cingulate grey-matter structural

alterations (Franklinalterations (Franklin et alet al, 2002; Matochik, 2002; Matochik

et alet al, 2003)., 2003).

The anterior cingulate is believed toThe anterior cingulate is believed to

play an important part in mediating execu-play an important part in mediating execu-

tive functions, including set-shifting andtive functions, including set-shifting and

response inhibition, which have been re-response inhibition, which have been re-

ported to be abnormal among individualsported to be abnormal among individuals

who use cannabis (Gruber & Yurgelun-who use cannabis (Gruber & Yurgelun-

Todd, 2005). Several studies reportedTodd, 2005). Several studies reported

aberrant anterior cingulate activity amongaberrant anterior cingulate activity among

cannabis users while performing the Stroopcannabis users while performing the Stroop

task, which requires the ability to inhibittask, which requires the ability to inhibit

prepotent tendencies to respond (Eldrethprepotent tendencies to respond (Eldreth

et alet al, 2004; Gruber & Yurgelun-Todd,, 2004; Gruber & Yurgelun-Todd,

2005). It is also noteworthy that abnormal2005). It is also noteworthy that abnormal

anterior cingulate activity was also reportedanterior cingulate activity was also reported

in cannabis users while performing a mo-in cannabis users while performing a mo-

tor sequencing task (Pillaytor sequencing task (Pillay et alet al, 2004), 2004)

and in individuals exposed to marijuanaand in individuals exposed to marijuana

prenatally (Smithprenatally (Smith et alet al, 2004). People, 2004). People

who are substance users also find it diffi-who are substance users also find it diffi-

cult to inhibit their own actions as work-cult to inhibit their own actions as work-

ing memory demands increase (Hester &ing memory demands increase (Hester &

Garavan, 2004), and individuals who useGaravan, 2004), and individuals who use

cannabis may need the anterior cingulatecannabis may need the anterior cingulate

to ‘work harder’ to complete task de-to ‘work harder’ to complete task de-

mands (Kanayamamands (Kanayama et alet al, 2004). Drug, 2004). Drug

craving has also been linked with anteriorcraving has also been linked with anterior

cingulate activity (Kiltscingulate activity (Kilts et alet al, 2001) and, 2001) and

more specifically with attentional biasesmore specifically with attentional biases

for cannabis-related stimuli (Fieldfor cannabis-related stimuli (Field et alet al,,

2004).2004).

ImplicationsImplications

Risky decision-making is considered inte-Risky decision-making is considered inte-

gral to the phenomenology of drug usegral to the phenomenology of drug use

(Fishbein(Fishbein et alet al, 2005) and such decisions, 2005) and such decisions

are intimately linked with reward andare intimately linked with reward and

punishment, which is mediated by neuralpunishment, which is mediated by neural

systems involving the anterior cingulatesystems involving the anterior cingulate

(Shidara & Richmond, 2002). Patients with(Shidara & Richmond, 2002). Patients with

schizophrenia who use cannabis may haveschizophrenia who use cannabis may have

deficits in the ability to balance rewardsdeficits in the ability to balance rewards

and punishments, which could contributeand punishments, which could contribute

to drug-taking behaviour. Specifically, peo-to drug-taking behaviour. Specifically, peo-

ple who use cannabis tend to make deci-ple who use cannabis tend to make deci-

sions based on large immediate gains insions based on large immediate gains in

spite of more costly losses (Whitlowspite of more costly losses (Whitlow et alet al,,

2004). Among drug users, risky choices2004). Among drug users, risky choices

during a decision-making test were asso-during a decision-making test were asso-

ciated with abnormal metabolic activity inciated with abnormal metabolic activity in

the anterior cingulate (Tuckerthe anterior cingulate (Tucker et alet al, 2004),, 2004),

which may partly form the neuroanatomi-which may partly form the neuroanatomi-

cal, substrate of choosing risky outcomes.cal, substrate of choosing risky outcomes.

Our results are compatible with the hypoth-Our results are compatible with the hypoth-

esis that grey-matter structural alterationsesis that grey-matter structural alterations

involving the anterior cingulate in patientsinvolving the anterior cingulate in patients

with schizophrenia using cannabis couldwith schizophrenia using cannabis could

be associated with poor decision-makingbe associated with poor decision-making

and partly mediate the compulsive driveand partly mediate the compulsive drive

towards drug use (Adinoff, 2004).towards drug use (Adinoff, 2004).

We did not observe significant differ-We did not observe significant differ-

ences between the group with first-episodeences between the group with first-episode

schizophrenia with no history of cannabisschizophrenia with no history of cannabis

use and the healthy volunteer group inuse and the healthy volunteer group in

any of the prefrontal grey-matter orany of the prefrontal grey-matter or

white-matter volumes. One potentially im-white-matter volumes. One potentially im-

portant consideration in the assessment ofportant consideration in the assessment of

brain structure in schizophrenia, however,brain structure in schizophrenia, however,

is illness duration, especially given someis illness duration, especially given some

evidence that grey-matter deficits in schizo-evidence that grey-matter deficits in schizo-

phrenia are progressive (Mathalonphrenia are progressive (Mathalon et alet al,,

2001; Cahn2001; Cahn et alet al, 2002; Pantelis, 2002; Pantelis et alet al,,

2003) and that such deficits occur only2003) and that such deficits occur only

after the first few years following illnessafter the first few years following illness

onset (Molinaonset (Molina et alet al, 2004). It is therefore, 2004). It is therefore

conceivable that prefrontal grey-matterconceivable that prefrontal grey-matter

structural alterations might become appar-structural alterations might become appar-

ent later in the course of schizophrenia, atent later in the course of schizophrenia, at

least in our cohort of patients withoutleast in our cohort of patients without

cannabis use. In addition, it would becannabis use. In addition, it would be

helpful to elucidate the potential effects ofhelpful to elucidate the potential effects of

cannabis on the anterior cingulate incannabis on the anterior cingulate in

longitudinal studies, especially given thatlongitudinal studies, especially given that

this region has been implicated in thethis region has been implicated in the

transition to psychosis (Pantelistransition to psychosis (Pantelis et alet al, 2003)., 2003).
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Fig. 3Fig. 3 Scatterplot of total anterior cingulate gyrus grey-matter volumes (horizontal lines representmeanScatterplot of total anterior cingulate gyrus grey-matter volumes (horizontal lines representmean

values).values).
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LimitationsLimitations

There were several limitations to our studyThere were several limitations to our study

that should be acknowledged. One poten-that should be acknowledged. One poten-

tial limitation is the extensive amounttial limitation is the extensive amount ofof

time required to outline the frontal lobetime required to outline the frontal lobe

regions of interest. An alternative ap-regions of interest. An alternative ap-

proach might be the use of voxel-basedproach might be the use of voxel-based

morphometry, although this method re-morphometry, although this method re-

quires brain normalisation and smoothing,quires brain normalisation and smoothing,

which could result in the loss of infor-which could result in the loss of infor-

mation if abnormalities are subtle and loca-mation if abnormalities are subtle and loca-

lised to small regions. Also, there arelised to small regions. Also, there are

inherent challenges in using sulcal anatomi-inherent challenges in using sulcal anatomi-

cal features as the boundaries of regions ofcal features as the boundaries of regions of

interest, given their heterogeneous presen-interest, given their heterogeneous presen-

tation; however, we believe that this ap-tation; however, we believe that this ap-

proach provides greater cytoarchitectonicproach provides greater cytoarchitectonic

validity compared with methods based onvalidity compared with methods based on

invariant landmarks not appearing on theinvariant landmarks not appearing on the

cortical surface. In addition, qualitativecortical surface. In addition, qualitative

methods for mapping cingulate and para-methods for mapping cingulate and para-

cingulate morphology (Yucelcingulate morphology (Yucel et alet al, 2002), 2002)

may be useful in complementing the volu-may be useful in complementing the volu-

metric approach described here. Anothermetric approach described here. Another

potential limitation is the lack of a studypotential limitation is the lack of a study

group who used cannabis but did not havegroup who used cannabis but did not have

schizophrenia, to test whether our findingsschizophrenia, to test whether our findings

were more generally associated with canna-were more generally associated with canna-

bis use. Moreover, given the cross-sectionalbis use. Moreover, given the cross-sectional

nature of this study, we could not deter-nature of this study, we could not deter-

mine whether anterior cingulate grey-mine whether anterior cingulate grey-

matter volume deficits predispose patientsmatter volume deficits predispose patients

to use cannabis or whether these deficitsto use cannabis or whether these deficits

are a consequence of cannabis use.are a consequence of cannabis use.
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