
SummarySummary Intellectual asymmetryIntellectual asymmetry

with superiorityof verbal skills to spatialwith superiorityof verbal skills to spatial

skills frequentlycharacterises patientsskills frequentlycharacterises patients

with schizophrenia, but it is unclearwith schizophrenia, but it is unclear

whether this pattern also reflectsgeneticwhether this pattern also reflectsgenetic

susceptibility tothedisorder.susceptibility tothedisorder.WeexaminedWeexamined

the association of a continuousmeasure ofthe association of a continuousmeasure of

genetic liability to schizophreniawithgenetic liability to schizophreniawith

Verbal^Spatial Contrast IQ (anindexofVerbal^Spatial Contrast IQ (an indexof

intellectual asymmetry) in108 first-intellectual asymmetry) in108 first-

degree relativeswithoutpsychosis ofdegree relativeswithoutpsychosis of

probandswith schizophrenia.Higherprobandswith schizophrenia.Higher

genetic liabilitywas significantlyassociatedgenetic liabilitywas significantlyassociated

with greater intellectual asymmetryinwith greater intellectual asymmetryin

favourof verbal skills.Intellectualfavourof verbal skills.Intellectual

asymmetrywith a relative superiorityofasymmetry with a relative superiorityof

verbal skills to spatial skills represents averbal skills to spatial skills represents a

putative endophenotype of schizophrenia.putative endophenotype of schizophrenia.
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A profile consisting of superior verbal IQ toA profile consisting of superior verbal IQ to

performance IQ, usually regarded as indica-performance IQ, usually regarded as indica-

tive of lateralised brain dysfunction, hastive of lateralised brain dysfunction, has

frequently been reported in people withfrequently been reported in people with

schizophrenia (Heinrichs & Zakzanis,schizophrenia (Heinrichs & Zakzanis,

1998; Purcell1998; Purcell et alet al, 1998) and has also, 1998) and has also

differentiated between young people withdifferentiated between young people with

schizophrenia outcomes and those withschizophrenia outcomes and those with

affective disorder or normal outcomesaffective disorder or normal outcomes

(Amminger(Amminger et alet al, 2000). To investigate in, 2000). To investigate in

more detail whether this profile charac-more detail whether this profile charac-

terises the schizophrenia diathesis, we ex-terises the schizophrenia diathesis, we ex-

amined the association of a continuousamined the association of a continuous

measure of genetic liability to schizo-measure of genetic liability to schizo-

phrenia with a measure of intellectualphrenia with a measure of intellectual

asymmetry in first-degree relatives of pro-asymmetry in first-degree relatives of pro-

bands with schizophrenia, drawn from thebands with schizophrenia, drawn from the

Maudsley Family Study of PsychosisMaudsley Family Study of Psychosis

(McDonald(McDonald et alet al, 2004)., 2004).

METHODMETHOD

The study sample consisted of 108 first-The study sample consisted of 108 first-

degree relatives of probands with schizo-degree relatives of probands with schizo-

phrenia (39 men and 69 women), drawnphrenia (39 men and 69 women), drawn

from 64 families with one or more affectedfrom 64 families with one or more affected

members. All participants were White, agedmembers. All participants were White, aged

16–69 years (mean16–69 years (mean¼47.8, s.d.47.8, s.d.¼13.9),13.9),

spoke English as their first language andspoke English as their first language and

had no history of organic brain disease, sig-had no history of organic brain disease, sig-

nificant head trauma or substance/alcoholnificant head trauma or substance/alcohol

dependence. The study was approved bydependence. The study was approved by

the local ethics committee, and all of thethe local ethics committee, and all of the

participants provided written informedparticipants provided written informed

consent.consent.

Parental socio-economic status at birthParental socio-economic status at birth

was assessed using the Standard Occupa-was assessed using the Standard Occupa-

tional Classification (Office of Populationtional Classification (Office of Population

Censuses and Surveys, 1990) and handed-Censuses and Surveys, 1990) and handed-

ness was determined using the Annett Scaleness was determined using the Annett Scale

(Annett, 1970) right-handed,(Annett, 1970) right-handed, nn¼97; left-97; left-

handed,handed, nn¼11. Participants were assessed11. Participants were assessed

using the Schedule for Affective Disordersusing the Schedule for Affective Disorders

and Schizophrenia – Lifetime Versionand Schizophrenia – Lifetime Version

(Spitzer & Endicott, 1978), supplemented(Spitzer & Endicott, 1978), supplemented

with additional clinical information towith additional clinical information to

enable DSM–IV (American Psychiatricenable DSM–IV (American Psychiatric

Association, 1994) diagnoses to be made.Association, 1994) diagnoses to be made.

All of the relatives were well at the timeAll of the relatives were well at the time

of assessment, but 19 relatives had fulfilledof assessment, but 19 relatives had fulfilled

the criteria for major depressive, dysthymic,the criteria for major depressive, dysthymic,

panic, anxiety or phobic disorder at somepanic, anxiety or phobic disorder at some

time in their life. To reach diagnoses fortime in their life. To reach diagnoses for

those individuals who were not directlythose individuals who were not directly

assessed, a structured family history wasassessed, a structured family history was

taken from the most reliable informants intaken from the most reliable informants in

each family, using the Family Historyeach family, using the Family History

Research Diagnostic Criteria (EndicottResearch Diagnostic Criteria (Endicott etet

alal, 1975) or, more recently, the Family, 1975) or, more recently, the Family

Interview for Genetic Studies (NurnbergerInterview for Genetic Studies (Nurnberger

et alet al, 1994), supplemented by clinical notes., 1994), supplemented by clinical notes.

Genetic liability to schizophrenia wasGenetic liability to schizophrenia was

represented by a continuous quantitativerepresented by a continuous quantitative

measure which has been described in detailmeasure which has been described in detail

by McDonaldby McDonald et alet al (2004). Briefly, the(2004). Briefly, the

calculation of this scale is based uponcalculation of this scale is based upon

normal distribution theory and assumes anormal distribution theory and assumes a

polygenic multifactorial liability thresholdpolygenic multifactorial liability threshold

model of schizophrenia. Patients, relativesmodel of schizophrenia. Patients, relatives

with schizophrenia-spectrum disorders,with schizophrenia-spectrum disorders,

and unaffected relatives were initially as-and unaffected relatives were initially as-

signed imputed liabilities within the normalsigned imputed liabilities within the normal

distribution (2.78, 2.08 anddistribution (2.78, 2.08 and 770.08 respec-0.08 respec-

tively), based upon the population preva-tively), based upon the population preva-

lence of these disorders. For each family,lence of these disorders. For each family,

imputed liabilities for all adult membersimputed liabilities for all adult members

were then adjusted to account for familywere then adjusted to account for family

size, age, affected/unaffected status andsize, age, affected/unaffected status and

genetic relatedness as far as second degreegenetic relatedness as far as second degree

from the index patient. Higher scores onfrom the index patient. Higher scores on

this scale reflect higher presumed geneticthis scale reflect higher presumed genetic

liability to schizophrenia.liability to schizophrenia.

Verbal^Spatial Contrast IQVerbal^Spatial Contrast IQ

A short form of the Wechsler Adult Intelli-A short form of the Wechsler Adult Intelli-

gence Scale – Revised (WAIS–R; Wechsler,gence Scale – Revised (WAIS–R; Wechsler,

1981), consisting of vocabulary, compre-1981), consisting of vocabulary, compre-

hension, similarities, block design andhension, similarities, block design and

object assembly sub-test, was administeredobject assembly sub-test, was administered

to all participants. Employing the formulasto all participants. Employing the formulas

provided by Canavan and Beckmannprovided by Canavan and Beckmann

(1993), we estimated scores (with(1993), we estimated scores (with

population meanpopulation mean¼100, s.d.100, s.d.¼15) on two15) on two

orthogonal factors derived from aorthogonal factors derived from a

principal-component analysis of theprincipal-component analysis of the

WAIS–R, namely General Ability IQWAIS–R, namely General Ability IQ

(equivalent to Wechsler’s Full-Scale IQ;(equivalent to Wechsler’s Full-Scale IQ;

meanmean¼100.1, s.d.100.1, s.d.¼14.6) and Verbal–14.6) and Verbal–

Spatial Contrast IQ (meanSpatial Contrast IQ (mean¼95.6; s.d.95.6; s.d.¼
13.8). The latter is an index of asymmetry13.8). The latter is an index of asymmetry

of brain function and can produce mark-of brain function and can produce mark-

edly different characterisations of abilityedly different characterisations of ability

compared with Verbal IQ (VIQ) andcompared with Verbal IQ (VIQ) and

Performance IQ (PIQ) (CanavanPerformance IQ (PIQ) (Canavan et alet al,,

1986). Scores below 100 indicate asymmetry1986). Scores below 100 indicate asymmetry

in favour of verbal skills, whereas scoresin favour of verbal skills, whereas scores

above 100 indicate asymmetry in favour ofabove 100 indicate asymmetry in favour of

spatial skills (Canavan & Beckmann, 1993).spatial skills (Canavan & Beckmann, 1993).

Data analysisData analysis

The data were analysed using Stata versionThe data were analysed using Stata version

7.0 for Windows. The association of gen-7.0 for Windows. The association of gen-

etic liability with Verbal–Spatial Contrastetic liability with Verbal–Spatial Contrast

IQ was examined using multiple regressionIQ was examined using multiple regression

analysis, adjusting for characteristics thatanalysis, adjusting for characteristics that

showed significant associations withshowed significant associations with

Verbal–Spatial Contrast IQ in preliminaryVerbal–Spatial Contrast IQ in preliminary

simple regression analyses (age, gender,simple regression analyses (age, gender,

number of years of education and parentalnumber of years of education and parental

socio-economic status, but not handed-socio-economic status, but not handed-

ness), and also adjusting for General Abilityness), and also adjusting for General Ability

IQ (larger differences between verbal andIQ (larger differences between verbal and

performance skills are more common atperformance skills are more common at

the higher IQ levels (Iversonthe higher IQ levels (Iverson et alet al, 2001),, 2001),

although in our sample General Ability IQalthough in our sample General Ability IQ

and Verbal–Spatial Contrast IQ wereand Verbal–Spatial Contrast IQ were non-non-

significantly, albeit positively correlatedsignificantly, albeit positively correlated

((PP440.1)). To take into account the lack0.1)). To take into account the lack
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of independence of observations among re-of independence of observations among re-

lated participants, we used multilevel mod-lated participants, we used multilevel mod-

elling, incorporating a robust estimator forelling, incorporating a robust estimator for

the variances of the regression coefficientthe variances of the regression coefficient

estimates. The analysis was repeated afterestimates. The analysis was repeated after

excluding participants with any lifetimeexcluding participants with any lifetime

psychiatric diagnosis, and those at the ex-psychiatric diagnosis, and those at the ex-

tremes (tremes (5520 or20 or 4460,60, nn¼19) of the age dis-19) of the age dis-

tribution (in whom the interpretation of thetribution (in whom the interpretation of the

component scores requires some caution;component scores requires some caution;

CanavanCanavan et alet al, 1986). The analysis was also, 1986). The analysis was also

repeated separately for male and femalerepeated separately for male and female

participants (because of the skewed genderparticipants (because of the skewed gender

distribution).distribution).

RESULTSRESULTS

Verbal–Spatial Contrast IQs were normallyVerbal–Spatial Contrast IQs were normally

distributed (Kolmogorov–Smirnov test ofdistributed (Kolmogorov–Smirnov test of

normality statisticnormality statistic¼0.05,0.05, PP¼0.2). About0.2). About

65% of the participants had Verbal–Spatial65% of the participants had Verbal–Spatial

Contrast IQs ofContrast IQs of 55100 (i.e. their verbal skills100 (i.e. their verbal skills

were superior to their spatial skills), and thewere superior to their spatial skills), and the

negative distance from the population meannegative distance from the population mean

reached or exceeded 1 s.d. in 23% of thereached or exceeded 1 s.d. in 23% of the

sample. Genetic liability was significantlysample. Genetic liability was significantly

negatively associated with Verbal–Spatialnegatively associated with Verbal–Spatial

Contrast IQ (coefficientContrast IQ (coefficient¼7717.95, 95% CI17.95, 95% CI

7727.84 to27.84 to 778.06,8.06, PP¼0.001), indicating that0.001), indicating that

increases in genetic liability co-increases in genetic liability co-occurred withoccurred with

increases in asymmetry of brain function,increases in asymmetry of brain function,

with a relative superiority of verbal to spatialwith a relative superiority of verbal to spatial

skills. This pattern was consistent, and it re-skills. This pattern was consistent, and it re-

mained significant or near significant aftermained significant or near significant after

participants with psychiatric diagnoses orparticipants with psychiatric diagnoses or

age extremes had been excluded (age extremes had been excluded (PP550.05),0.05),

and after performing the analyses separatelyand after performing the analyses separately

for female (for female (PP550.05) and male (0.05) and male (PP¼0.06) par-0.06) par-

ticipants. A scatter plot of Verbal–Spatialticipants. A scatter plot of Verbal–Spatial

Contrast IQ and genetic liability in the totalContrast IQ and genetic liability in the total

sample is shown in Fig. 1.sample is shown in Fig. 1.

DISCUSSIONDISCUSSION

To our knowledge, this is the first study toTo our knowledge, this is the first study to

examine the association of a continuousexamine the association of a continuous

measure of presumed genetic liability tomeasure of presumed genetic liability to

schizophrenia with intellectual asymmetryschizophrenia with intellectual asymmetry

in first-degree relatives of probands within first-degree relatives of probands with

schizophrenia. The study included a large,schizophrenia. The study included a large,

well-characterised sample, and used awell-characterised sample, and used a

quantitative genetic liability scale, whichquantitative genetic liability scale, which

is likely to reflect more closely than a di-is likely to reflect more closely than a di-

chotomous scale (e.g. familial/non-familialchotomous scale (e.g. familial/non-familial

schizophrenia) the presumed polygenicschizophrenia) the presumed polygenic

nature of schizophrenia. Our analyses con-nature of schizophrenia. Our analyses con-

trolled for the confounding effects of socio-trolled for the confounding effects of socio-

demographic characteristics, and thedemographic characteristics, and the

proposed association between higher IQproposed association between higher IQ

levels and greater differences in verbal andlevels and greater differences in verbal and

performance skills (Iversonperformance skills (Iverson et alet al, 2001), 2001)

was both non-significant and correctedwas both non-significant and corrected

for. Our results suggest that intellectualfor. Our results suggest that intellectual

asymmetry with a relative superiority ofasymmetry with a relative superiority of

verbal to spatial skills is not onlyverbal to spatial skills is not only

manifested in individuals with schizo-manifested in individuals with schizo-

phrenia and those who go on to developphrenia and those who go on to develop

the disorder (Heinrichs & Zakzanis, 1998;the disorder (Heinrichs & Zakzanis, 1998;

AmmingerAmminger et alet al, 2000), but also in their, 2000), but also in their

non-affected relatives to a degree that isnon-affected relatives to a degree that is

proportional to the individual’s geneticproportional to the individual’s genetic

susceptibility to schizophrenia. Thesesusceptibility to schizophrenia. These

characteristics have been proposed to formcharacteristics have been proposed to form

useful criteria for the identification of endo-useful criteria for the identification of endo-

phenotypes (Gottesman & Gould, 2003).phenotypes (Gottesman & Gould, 2003).

However, a substantial minority of the par-However, a substantial minority of the par-

ticipants showed more highly developedticipants showed more highly developed

spatial than verbal skills. Lower Verbal–spatial than verbal skills. Lower Verbal–

Spatial Contrast IQ may therefore reflectSpatial Contrast IQ may therefore reflect

the impact ofthe impact of somesome susceptibility genes,susceptibility genes,

and may help to dissect the genetic hetero-and may help to dissect the genetic hetero-

geneity of schizophrenia, rather than modelgeneity of schizophrenia, rather than model

the totality of genetic risk for the latter.the totality of genetic risk for the latter.
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Fig. 1Fig. 1 Scatter plot of genetic liability scores andScatter plot of genetic liability scores and

Verbal^Spatial Contrast IQ (unadjusted values).Verbal^Spatial Contrast IQ (unadjusted values).
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