
BackgroundBackground Impaired intellectualImpaired intellectual

performance is associatedwith anperformance is associatedwith an

increasedriskof schizophrenia.increasedriskof schizophrenia.

AimsAims To investigatewhether thisTo investigatewhether this

association is due to the influence ofassociation is due to the influence of

prenatalandearlychildhoodexposuresonprenatalandearlychildhoodexposureson

both intellectual development and theriskboth intellectual development and the risk

of schizophrenia.of schizophrenia.

MethodMethod Cohortof197613 SwedishCohortof197613 Swedish

male conscriptswith linkedbirth, censusmale conscriptswith linkedbirth, census

andhospital admission data together withandhospital admission data together with

fivemeasures of verbal andnon-verbalfivemeasures of verbal andnon-verbal

intellectualperformance recorded atintellectualperformancerecorded at

conscription.conscription.

ResultsResults 109 643 subjects had complete109 643 subjects had complete

data; over amean 5-year follow-up, 60data; over amean 5-year follow-up,60

developed schizophrenia and 92developed schizophrenia and 92

developed othernon-affective psychoses.developed othernon-affective psychoses.

Poor scores for each ofthe five testswerePoor scores for each ofthe five testswere

associatedwith 3- to14-fold increasedriskassociatedwith 3- to14-fold increasedrisk

of psychosis, particularly schizophrenia.of psychosis, particularly schizophrenia.

Controlling for birth-related exposures,Controlling for birth-related exposures,

including birthweight, andparentalincludingbirthweight, andparental

education didnot attenuate theseeducation didnot attenuate these

associations.associations.

ConclusionsConclusions Poor intellectualPoor intellectual

performance at18 years of age isperformance at18 years of age is

associatedwith early-onset psychoticassociatedwith early-onsetpsychotic

disorder.Associationsdonot appear tobedisorder.Associations donot appear tobe

confoundedbyprenatal adversityorconfoundedbyprenatal adversityor

childhood circumstances, as indexedbychildhood circumstances, as indexedby

parental education.parental education.

Declaration of interestDeclaration of interest None.None.

Recent prospective investigations haveRecent prospective investigations have

reported that measures of both impairedreported that measures of both impaired

neurodevelopment in childhood (delayedneurodevelopment in childhood (delayed

speech and motor milestones) (Jonesspeech and motor milestones) (Jones et alet al,,

1994) and poor intellectual functioning in1994) and poor intellectual functioning in

adulthood (Davidadulthood (David et alet al, 1997) are associ-, 1997) are associ-

ated with the risk of adult-onset psychosis.ated with the risk of adult-onset psychosis.

Causal pathways underlying these associ-Causal pathways underlying these associ-

ations are unclear. Three explanations haveations are unclear. Three explanations have

been suggested for the associations withbeen suggested for the associations with

low IQ at 18 years of age (Davidlow IQ at 18 years of age (David et alet al,,

1997). First, they could reflect the direct ef-1997). First, they could reflect the direct ef-

fect of impaired intellectual functioning onfect of impaired intellectual functioning on

social interaction and social understanding,social interaction and social understanding,

leading to misunderstandings, paranoia andleading to misunderstandings, paranoia and

social withdrawal (Malmbergsocial withdrawal (Malmberg et alet al, 1998)., 1998).

Second,Second, in uteroin utero exposures, birth complica-exposures, birth complica-

tions or genes may influence aspects oftions or genes may influence aspects of

neurodevelopment concerned both withneurodevelopment concerned both with

intellectual performance and with risk ofintellectual performance and with risk of

schizophrenia. Significantly, low birthschizophrenia. Significantly, low birth

weight is associated with poorer cognitiveweight is associated with poorer cognitive

function in childhood (Seidmanfunction in childhood (Seidman et alet al,,

2000) and adulthood (Richards2000) and adulthood (Richards et alet al,,

2001), and with an increased risk of schizo-2001), and with an increased risk of schizo-

phrenia (Geddesphrenia (Geddes et alet al, 1999; Kunugi, 1999; Kunugi et alet al,,

2001). Lastly, it is possible that these2001). Lastly, it is possible that these

associations are partly explained by reverseassociations are partly explained by reverse

causality: early disease processes maycausality: early disease processes may

impact adversely on cognitive function, asimpact adversely on cognitive function, as

indicated by the decline in intellectualindicated by the decline in intellectual

performance with age in those who wentperformance with age in those who went

on to develop schizophrenia in the Britishon to develop schizophrenia in the British

1946 birth cohort (Jones1946 birth cohort (Jones et alet al, 1994). To, 1994). To

investigate these associations further weinvestigate these associations further we

have used linked birth, military conscrip-have used linked birth, military conscrip-

tion, socio-economic and psychiatric ad-tion, socio-economic and psychiatric ad-

missions data on a cohort of Swedishmissions data on a cohort of Swedish

males undergoing conscription medicalmales undergoing conscription medical

examinations, including psychologicalexaminations, including psychological

assessment, between 1990 and 1994.assessment, between 1990 and 1994.

METHODMETHOD

Data-set examinedData-set examined

The original study sample was based onThe original study sample was based on

334 577 males born in Sweden between334 577 males born in Sweden between

1973 and 1980 and resident in Sweden at1973 and 1980 and resident in Sweden at

the time they were conscripted into thethe time they were conscripted into the

military between 1990 and 1997. Studymilitary between 1990 and 1997. Study

members underwent medical examinationsmembers underwent medical examinations

at conscription. Revised and modified psy-at conscription. Revised and modified psy-

chological test procedures were introducedchological test procedures were introduced

from August 1994 and completed in allfrom August 1994 and completed in all

six conscription centres by the end of thatsix conscription centres by the end of that

year (J. Lothigius, personal communica-year (J. Lothigius, personal communica-

tion, 2002). The results of the original teststion, 2002). The results of the original tests

of intellectual performance are conse-of intellectual performance are conse-

quently available for only a small propor-quently available for only a small propor-

tion (tion (551%) of subjects conscripted after1%) of subjects conscripted after

October 1994, compared with 84% beforeOctober 1994, compared with 84% before

this date. Therefore, we have restricted thethis date. Therefore, we have restricted the

analyses to subjects conscripted up to andanalyses to subjects conscripted up to and

including October 1994. All individuals inincluding October 1994. All individuals in

this study were thus examined by the samethis study were thus examined by the same

tests of intellectual performance. We ex-tests of intellectual performance. We ex-

cluded from our analysis subjects withcluded from our analysis subjects with

schizophrenia or other non-affective psy-schizophrenia or other non-affective psy-

chosis diagnosed at the time of their mili-chosis diagnosed at the time of their mili-

tary medical examination or who hadtary medical examination or who had

been admitted to hospital with either ofbeen admitted to hospital with either of

these diagnoses before conscription. Thus,these diagnoses before conscription. Thus,

our initial data-set was based on 197 613our initial data-set was based on 197 613

males who were conscripted beforemales who were conscripted before

October 1994 and who had no pre-armyOctober 1994 and who had no pre-army

or conscription diagnosis of psychosis.or conscription diagnosis of psychosis.

The cases of disease examined in ourThe cases of disease examined in our

analyses were therefore incident cases inanalyses were therefore incident cases in

the period following military medicalthe period following military medical

examination.examination.

Record linkageRecord linkage

Information on the study sample wasInformation on the study sample was

obtained from a linkage between theobtained from a linkage between the

Swedish medical birth registry, the militarySwedish medical birth registry, the military

service conscription registry, the populationservice conscription registry, the population

and housing censuses of 1970 and 1990and housing censuses of 1970 and 1990

and the Swedish in-patient discharge regis-and the Swedish in-patient discharge regis-

ter (up to 31 December 1997). Hospitalter (up to 31 December 1997). Hospital

admissions were coded using ICD–9 and,admissions were coded using ICD–9 and,

for more recent years, ICD–10.for more recent years, ICD–10.

Disease outcomesDisease outcomes

We examined associations with all non-We examined associations with all non-

affective, non-drug-related psychosesaffective, non-drug-related psychoses

(ICD–9 295, 297–299; ICD–10 F20–F29).(ICD–9 295, 297–299; ICD–10 F20–F29).

We categorised the participants into twoWe categorised the participants into two

groups: those admitted with a diagnosis ofgroups: those admitted with a diagnosis of

schizophrenia (ICD–9 295; ICD–10 F20);schizophrenia (ICD–9 295; ICD–10 F20);

and those admitted with aand those admitted with a diagnosis ofdiagnosis of

non-affective, non-schizophrenic psychosisnon-affective, non-schizophrenic psychosis

(ICD–9 297–9; ICD–10 F21–F29). Although(ICD–9 297–9; ICD–10 F21–F29). Although

the latter category included those diagnosedthe latter category included those diagnosed

using ICD–9 as having ‘psychoses with ori-using ICD–9 as having ‘psychoses with ori-

gin specific to childhood’ (ICD–9gin specific to childhood’ (ICD–9 codecode

299), only one subject fell into this cate-299), only one subject fell into this cate-

gory. As this person was found to be wellgory. As this person was found to be well
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at the conscription medical and had noat the conscription medical and had no

record of previous psychiatric admissions,record of previous psychiatric admissions,

we included this subject among our adult-we included this subject among our adult-

onset psychoses.onset psychoses.

To minimise misclassification of diag-To minimise misclassification of diag-

nosis, if subjects were admitted on morenosis, if subjects were admitted on more

than one occasion, we used the latest diag-than one occasion, we used the latest diag-

nosis, assuming this to be the most accu-nosis, assuming this to be the most accu-

rate. The non-schizophrenic, non-affectiverate. The non-schizophrenic, non-affective

group comprised patients with non-group comprised patients with non-

schizophrenic psychotic disorders notschizophrenic psychotic disorders not

thought to be due to substance misuse orthought to be due to substance misuse or

to be affective in origin. This group of diag-to be affective in origin. This group of diag-

noses therefore included people whonoses therefore included people who

received a diagnosis of paranoid states orreceived a diagnosis of paranoid states or

other non-organic psychoses; we excludedother non-organic psychoses; we excluded

affective psychoses seeing that in ICD–9affective psychoses seeing that in ICD–9

this grouping also includes subjects withthis grouping also includes subjects with

‘endogenous depression’ whose aetiology‘endogenous depression’ whose aetiology

may be different. Although schizoaffectivemay be different. Although schizoaffective

disorders are coded differently in ICD–10disorders are coded differently in ICD–10

(as F25) rather than within the schizo-(as F25) rather than within the schizo-

phrenia (ICD–9 295) grouping in ICD–9,phrenia (ICD–9 295) grouping in ICD–9,

there were no cases of this disorder, codedthere were no cases of this disorder, coded

using ICD–10, in our data-set.using ICD–10, in our data-set.

Ethical approval for the study wasEthical approval for the study was

obtained from the Karolinska Instituteobtained from the Karolinska Institute

research ethics committee.research ethics committee.

Risk factors investigatedRisk factors investigated

As part of the conscription process eachAs part of the conscription process each

young man undergoes a standard examin-young man undergoes a standard examin-

ation of physical health, intellectual capa-ation of physical health, intellectual capa-

city and psychological function. Thecity and psychological function. The

physical examination includes measures ofphysical examination includes measures of

height and weight. The tests of intellectualheight and weight. The tests of intellectual

function have been described in detail else-function have been described in detail else-

where (Davidwhere (David et alet al, 1997; Jiang, 1997; Jiang et alet al,,

1999; Otto, 1976; Nilsson1999; Otto, 1976; Nilsson et alet al, 2001) but, 2001) but

complete information is unavailable as theycomplete information is unavailable as they

are considered classified military material.are considered classified military material.

The fullest description is given by DavidThe fullest description is given by David etet

alal (1997). In brief, there are four basic tests:(1997). In brief, there are four basic tests:

technical/mechanical skills with mathe-technical/mechanical skills with mathe-

matical/physics problems; logic/generalmatical/physics problems; logic/general

intelligence test; a verbal test detectingintelligence test; a verbal test detecting

synonyms; and a test of visuo-spatial/synonyms; and a test of visuo-spatial/

geometric perception. We included onegeometric perception. We included one

further test in this analysis: a test for thefurther test in this analysis: a test for the

potential suitability of the conscript to bepotential suitability of the conscript to be

an officer, the score for which was basedan officer, the score for which was based

on a loosely structured interview with aon a loosely structured interview with a

psychologist.psychologist.

Testing is carried out in six regionalTesting is carried out in six regional

conscription centres. Central training andconscription centres. Central training and

instruction of the psychologists who carryinstruction of the psychologists who carry

out the tests, and the use of a standardout the tests, and the use of a standard

manual, help to ensure consistency (Nilssonmanual, help to ensure consistency (Nilsson

et alet al, 2001). Results from the five tests are, 2001). Results from the five tests are

standardised against data from previousstandardised against data from previous

years to give each subject a score from 1years to give each subject a score from 1

to 9 for each scale (Davidto 9 for each scale (David et alet al, 1997)., 1997).

Low scores indicate poor intellectualLow scores indicate poor intellectual

functioning.functioning.

We investigated the association of eachWe investigated the association of each

of these measures of intellectual perfor-of these measures of intellectual perfor-

mance with subsequent hospital admissionmance with subsequent hospital admission

with a diagnosis of psychosis. Thesewith a diagnosis of psychosis. These

associations were examined in age-adjustedassociations were examined in age-adjusted

statistical models, in models with addi-statistical models, in models with addi-

tional adjustment for growthtional adjustment for growth in uteroin utero andand

in models with further adjustment for mar-in models with further adjustment for mar-

kers of adverse events at or after birth (seekers of adverse events at or after birth (see

below).below).

We hypothesised that intellectuallyWe hypothesised that intellectually

impaired subjects with well-educatedimpaired subjects with well-educated

parents would be at higher risk of develop-parents would be at higher risk of develop-

ing psychosis, because such discordanceing psychosis, because such discordance

might act as a marker of either impairedmight act as a marker of either impaired

neurodevelopment, resulting from com-neurodevelopment, resulting from com-

plicationsplications in uteroin utero and early childhood, orand early childhood, or

of stress arising from conflict betweenof stress arising from conflict between

parental aspirations and offspring’s intel-parental aspirations and offspring’s intel-

lectual potential (Eaton & Harrison,lectual potential (Eaton & Harrison,

2001). We therefore tested for interactions2001). We therefore tested for interactions

between cognitive function and parentalbetween cognitive function and parental

education with regard to the risk ofeducation with regard to the risk of

developing psychosis.developing psychosis.

Statistical methodsStatistical methods

All analyses were carried out in StataAll analyses were carried out in Stata

version 6 for PC (StataCorp, 1996). Weversion 6 for PC (StataCorp, 1996). We

used Cox’s proportional hazards modelsused Cox’s proportional hazards models

to assess the influence of the factors listedto assess the influence of the factors listed

above on the incidence of schizophrenicabove on the incidence of schizophrenic

and non-affective non-schizophrenic psy-and non-affective non-schizophrenic psy-

chosis. Because of the low number of inci-chosis. Because of the low number of inci-

dent cases of psychosis and our desire todent cases of psychosis and our desire to

assess whether associations with intellec-assess whether associations with intellec-

tual function were linear, we groupedtual function were linear, we grouped

scores on the nine-point scale for eachscores on the nine-point scale for each

measure into three categories (1–3, 4–6measure into three categories (1–3, 4–6

and 7–9) and used those scoring 7–9 (high-and 7–9) and used those scoring 7–9 (high-

est ranking on each scale) as the referenceest ranking on each scale) as the reference

category in our models. Tests for linearcategory in our models. Tests for linear

and non-linear trends in the associationand non-linear trends in the association

between the test scores and psychosis were,between the test scores and psychosis were,

however, based on the nine-point scale.however, based on the nine-point scale.

In our initial models we examinedIn our initial models we examined

associations with each intellectual functionassociations with each intellectual function

scale adjusting only for age. In our sub-scale adjusting only for age. In our sub-

sequent models we controlled for markerssequent models we controlled for markers

ofof in-uteroin-utero and birth exposures. We firstand birth exposures. We first

controlled for markers of foetal growth,controlled for markers of foetal growth,

birth weight (birth weight (552500 g, 2501–3000 g,2500 g, 2501–3000 g,

3001–3500 g, 3501–4000 g and3001–3500 g, 3501–4000 g and 444000 g);4000 g);

birth length (as a continuous term); andbirth length (as a continuous term); and

gestational age (gestational age (4436, 37–41 and36, 37–41 and 554141

weeks). In our fully adjusted models weweeks). In our fully adjusted models we

assessed the effect of controlling addition-assessed the effect of controlling addition-

ally for: season of birth (spring, summer,ally for: season of birth (spring, summer,

autumn, winter); Apgar score (Apgar,autumn, winter); Apgar score (Apgar,

1953) at 1 min (1953) at 1 min (446 or 7+); maternal parity6 or 7+); maternal parity

(1, 2 or 3+); Caesarean section birth;(1, 2 or 3+); Caesarean section birth;

maternal age (maternal age (4420, 20–24, 25–29, 30–34,20, 20–24, 25–29, 30–34,

35+ years); head circumference (20–31 cm,35+ years); head circumference (20–31 cm,

32–34 cm, 35–36 cm, 37–55 cm); uterine32–34 cm, 35–36 cm, 37–55 cm); uterine

atony/prolonged labour; congenital mal-atony/prolonged labour; congenital mal-

formation; and parental education (bothformation; and parental education (both

parents educated for more than 10 years/parents educated for more than 10 years/

only one parent educated for more thanonly one parent educated for more than

10 years/neither parent educated for more10 years/neither parent educated for more

than 10 years).than 10 years).

To test for non-linearity in the observedTo test for non-linearity in the observed

associations we added a term for the expla-associations we added a term for the expla-

natory variable squared (quadratic term) tonatory variable squared (quadratic term) to

models including a linear term for this vari-models including a linear term for this vari-

able. Tests for interaction or non-linearityable. Tests for interaction or non-linearity

are based on likelihood ratio tests compar-are based on likelihood ratio tests compar-

ing models with and without the relevanting models with and without the relevant

explanatory variables. Subjects are cen-explanatory variables. Subjects are cen-

sored at the time of first admission, deathsored at the time of first admission, death

or emigration. To investigate whether theor emigration. To investigate whether the

associations with intellectual functioningassociations with intellectual functioning

diminished with increasing duration ofdiminished with increasing duration of

follow-up we divided the follow-up time intofollow-up we divided the follow-up time into

two periods (two periods (442.9 years and2.9 years and 442.9 years),2.9 years),

each containing half the incident cases.each containing half the incident cases.

Follow-up ended on 31 December 1997.Follow-up ended on 31 December 1997.

RESULTSRESULTS

Subjects included in main analysesSubjects included in main analyses

Of the 197 613 males in our original data-Of the 197 613 males in our original data-

set, we excluded 87 970 because of missingset, we excluded 87 970 because of missing

information relating to their birth, con-information relating to their birth, con-

scription examination or parental edu-scription examination or parental edu-

cation. Our main analyses were thereforecation. Our main analyses were therefore

based on 109 643 subjects with completebased on 109 643 subjects with complete

data for all these factors. As many subjectsdata for all these factors. As many subjects

had missing data for one or more of thehad missing data for one or more of the

tests of intellectual performance, we as-tests of intellectual performance, we as-

sessed possible selection bias by comparingsessed possible selection bias by comparing

the characteristics of those with and with-the characteristics of those with and with-

out full data on each of the scales. Subjectsout full data on each of the scales. Subjects

with missing data when compared withwith missing data when compared with

those with full data tended to be of smallerthose with full data tended to be of smaller

size at birth (4.0%size at birth (4.0% v.v. 2.5% weighed2.5% weighed

552.5 kg); to have lower Apgar scores2.5 kg); to have lower Apgar scores

(4.9%(4.9% v.v. 4.0% scored4.0% scored 446); and a greater6); and a greater

proportion had congenital malformationsproportion had congenital malformations

(5.9%(5.9% v.v. 5.0%). Their adult height and5.0%). Their adult height and

body mass index were similar to those withbody mass index were similar to those with

full data but their parents were more highlyfull data but their parents were more highly

educated. These differences, althougheducated. These differences, although

slight, were statistically significantslight, were statistically significant

((PP550.01) because of the large sample size.0.01) because of the large sample size.
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The mean age at the time of conscrip-The mean age at the time of conscrip-

tion was 18.2 (range 16.6–21.7) years. Sub-tion was 18.2 (range 16.6–21.7) years. Sub-

jects were followed-up for a mean 5.04jects were followed-up for a mean 5.04

(range 0.03–7.83) years after their conscrip-(range 0.03–7.83) years after their conscrip-

tion medical examination. Over this time 60tion medical examination. Over this time 60

(0.06%) subjects developed schizophrenia(0.06%) subjects developed schizophrenia

and 92 (0.08%) developed non-affective,and 92 (0.08%) developed non-affective,

non-schizophrenic psychosis. The annualnon-schizophrenic psychosis. The annual

incidence rate of non-affective psychosisincidence rate of non-affective psychosis

was estimated as 0.27 per 1000 person-was estimated as 0.27 per 1000 person-

years and of schizophrenia as 0.11 peryears and of schizophrenia as 0.11 per

1000 person-years. The mean length of time1000 person-years. The mean length of time

between conscription examination andbetween conscription examination and

hospital admission was 2.78 (range 0.33–hospital admission was 2.78 (range 0.33–

6.00) years for schizophrenia and 2.966.00) years for schizophrenia and 2.96

(range 0.22–5.92) years for other non-(range 0.22–5.92) years for other non-

affective psychoses. For all five intellectualaffective psychoses. For all five intellectual

function tests, a greater proportion of thosefunction tests, a greater proportion of those

who developed psychosis had low scoreswho developed psychosis had low scores

(1–3) than those who did not (Table 1).(1–3) than those who did not (Table 1).

Age-adjusted and multivariableAge-adjusted and multivariable
modelsmodels

Table 2 presents the age-adjusted; birthTable 2 presents the age-adjusted; birth

weight-, birth length- and gestationalweight-, birth length- and gestational

age-adjusted; and fully adjusted analysesage-adjusted; and fully adjusted analyses

of disease risk in relation to test scores.of disease risk in relation to test scores.

For schizophrenia and non-affective non-For schizophrenia and non-affective non-

schizophrenic psychosis, disease risk wasschizophrenic psychosis, disease risk was

greatly (2- to 14-fold) increased in thosegreatly (2- to 14-fold) increased in those

scoring 1–3 in each of the tests comparedscoring 1–3 in each of the tests compared

with those scoring 7–9. Risks were onlywith those scoring 7–9. Risks were only

marginally raised, or in some cases lower,marginally raised, or in some cases lower,

among those scoring 4–6 compared withamong those scoring 4–6 compared with

those scoring 7–9. Tests for non-those scoring 7–9. Tests for non-

linearity, using the continuous test scores,linearity, using the continuous test scores,

showed that for most intellectual test scoresshowed that for most intellectual test scores

the trends were consistent with supralinearthe trends were consistent with supralinear

increases in risk with decreasing test results.increases in risk with decreasing test results.

There were two exceptions to this generalThere were two exceptions to this general

pattern: the association between the schizo-pattern: the association between the schizo-

phrenia and (a) the logic test, and (b) the testphrenia and (a) the logic test, and (b) the test

for the suitability for being an officer. Herefor the suitability for being an officer. Here

the trends were consistent with a linearthe trends were consistent with a linear

increase in risk with decreasing test scores.increase in risk with decreasing test scores.

For all measures of intellectual func-For all measures of intellectual func-

tioning, associations were stronger intioning, associations were stronger in

relation to schizophrenia. The strongestrelation to schizophrenia. The strongest

predictor of risk was the assessment of thepredictor of risk was the assessment of the

subject’s suitability for officer status, withsubject’s suitability for officer status, with

a hazard ratio of 12.55 (95% CI 3.85–a hazard ratio of 12.55 (95% CI 3.85–

40.93) among those scoring 1–3 in age-40.93) among those scoring 1–3 in age-

adjusted models. Controlling for birthadjusted models. Controlling for birth

weight, birth length and gestational ageweight, birth length and gestational age

had little effect on these associations.had little effect on these associations.

In a separate analysis, we found a linearIn a separate analysis, we found a linear

association between gestational age-association between gestational age-

adjusted birth weight and all five measuresadjusted birth weight and all five measures

of intellectual functioning. For every 1000 gof intellectual functioning. For every 1000 g

increase in birth weight, technical testincrease in birth weight, technical test

scores increased by 0.21 (95% CI 0.19–scores increased by 0.21 (95% CI 0.19–

0.23) units, logic scores by 0.22 (95% CI0.23) units, logic scores by 0.22 (95% CI

0.20–0.25), synonym tests by 0.12 (95%0.20–0.25), synonym tests by 0.12 (95%

CI 0.10–0.15), spatial scores by 0.24CI 0.10–0.15), spatial scores by 0.24

(95% CI 0.22–0.27) and officer status(95% CI 0.22–0.27) and officer status

scores by 0.14 (95% CI 0.12–0.16).scores by 0.14 (95% CI 0.12–0.16).

In the fully adjusted models, where weIn the fully adjusted models, where we

controlled for a range of markers forcontrolled for a range of markers for

obstetric complications and parentalobstetric complications and parental

education, disease risk was higher than ineducation, disease risk was higher than in

the simple age-adjusted models. Additionthe simple age-adjusted models. Addition

of the measure of parental education toof the measure of parental education to

these multivariable models led to thisthese multivariable models led to this

increased risk, whereas the other factorsincreased risk, whereas the other factors

examined had little effect on the estimatesexamined had little effect on the estimates

of risk.of risk.

Effects of early disease on cognitiveEffects of early disease on cognitive
functionfunction

To assess whether intellectual function mayTo assess whether intellectual function may

have been affected by early, pre-diagnostichave been affected by early, pre-diagnostic

disease processes (reverse causality) we in-disease processes (reverse causality) we in-

vestigated whether the strength of the asso-vestigated whether the strength of the asso-

ciation with intellectual function varied inciation with intellectual function varied in

cases diagnosed soon after conscription,cases diagnosed soon after conscription,

compared with those admitted to hospitalcompared with those admitted to hospital

several years later (Table 3). For most ofseveral years later (Table 3). For most of

the tests examined, associations were some-the tests examined, associations were some-

what weaker in later-onset than early-onsetwhat weaker in later-onset than early-onset

cases, although confidence intervals werecases, although confidence intervals were

wide.wide.

Interactions with parentalInteractions with parental
educationeducation

For only one of the test results (spatialFor only one of the test results (spatial

perception) was there evidence that theperception) was there evidence that the

association with schizophrenia differedassociation with schizophrenia differed

depending on parental education (depending on parental education (PP forfor

interactioninteraction¼0.03) (Table 4). Risk was0.03) (Table 4). Risk was

greatest among poorly functioning con-greatest among poorly functioning con-

scripts who had well-educated parents.scripts who had well-educated parents.

The hazard ratio for schizophrenia, basedThe hazard ratio for schizophrenia, based

on only 16 cases, was 6.48 (2.53–16.53)on only 16 cases, was 6.48 (2.53–16.53)

in the low-scoring (1–3) group with thein the low-scoring (1–3) group with the

best-educated parents, compared withbest-educated parents, compared with

those with high intellectual test scores andthose with high intellectual test scores and

well-educated parents. Although there waswell-educated parents. Although there was

a significant interaction for only one ofa significant interaction for only one of

the test results, inspection of Table 4 showsthe test results, inspection of Table 4 shows

3 0 03 0 0

Table1Table1 Distribution of intellectual function scores in subjects admitted to hospital with a diagnosis ofDistribution of intellectual function scores in subjects admitted to hospital with a diagnosis of

schizophrenia or other non-affective psychosis and in subjects without such diagnosesschizophrenia or other non-affective psychosis and in subjects without such diagnoses

Intellectual function testIntellectual function test11 DiagnosisDiagnosis

No diagnosis of any non-No diagnosis of any non-

affective psychosis oraffective psychosis or

schizophreniaschizophrenia

((nn¼109 491)109 491)

SchizophreniaSchizophrenia

((nn¼60)60)

Non-schizophrenic, non-Non-schizophrenic, non-

affective psychosesaffective psychoses

((nn¼92)92)

Technical test scoreTechnical test score

1^31^3 19294 (17.62%)19294 (17.62%) 32 (53.34%)32 (53.34%) 34 (36.96%)34 (36.96%)

4^64^6 62446 (57.03%)62446 (57.03%) 20 (33.33%)20 (33.33%) 40 (43.48%)40 (43.48%)

7^97^9 27 751 (25.35%)27 751 (25.35%) 8 (13.33%)8 (13.33%) 18 (19.56%)18 (19.56%)

Logic test scoreLogic test score

1^31^3 18 207 (16.63%)18 207 (16.63%) 22 (36.67%)22 (36.67%) 34 (36.96%)34 (36.96%)

4^64^6 59285 (54.14%)59285 (54.14%) 29 (48.33%)29 (48.33%) 40 (43.48%)40 (43.48%)

7^97^9 31999 (29.23%)31999 (29.23%) 9 (15.00%)9 (15.00%) 18 (19.56%)18 (19.56%)

Synonym test scoreSynonym test score

1^31^3 21232 (19.39%)21232 (19.39%) 19 (31.67%)19 (31.67%) 32 (34.78%)32 (34.78%)

4^64^6 64 577 (58.98%)64 577 (58.98%) 32 (53.33%)32 (53.33%) 42 (45.65%)42 (45.65%)

7^97^9 23 682 (21.63%)23 682 (21.63%) 9 (15.00%)9 (15.00%) 18 (19.57%)18 (19.57%)

Spatial test scoreSpatial test score

1^31^3 21752 (19.87%)21752 (19.87%) 24 (40.00%)24 (40.00%) 31 (33.70%)31 (33.70%)

4^64^6 60 257 (55.03%)60 257 (55.03%) 25 (41.67%)25 (41.67%) 42 (45.65%)42 (45.65%)

7^97^9 27482 (25.10%)27482 (25.10%) 11 (18.33%)11 (18.33%) 19 (20.65%)19 (20.65%)

Suitability for being anSuitability for being an

officer, test scoreofficer, test score

1^31^3 19 970 (18.24%)19 970 (18.24%) 33 (55.00%)33 (55.00%) 41 (44.56%)41 (44.56%)

4^64^6 67512 (61.66%)67512 (61.66%) 24 (40.00%)24 (40.00%) 40 (43.48%)40 (43.48%)

7^97^9 22 009 (20.10%)22 009 (20.10%) 3 (5.00%)3 (5.00%) 11 (11.96%)11 (11.96%)

1. Low scores indicate poor intellectual functioning.1. Low scores indicate poor intellectual functioning.
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that for all five tests of intellectual function-that for all five tests of intellectual function-

ing risk of schizophrenia was consistentlying risk of schizophrenia was consistently

greater in the group of poorly functioninggreater in the group of poorly functioning

conscripts with well-educated parents.conscripts with well-educated parents.

There were no significant interactionsThere were no significant interactions

between intellectual function and parentalbetween intellectual function and parental

education with respect to other psychoses.education with respect to other psychoses.

Furthermore, inspection of the hazardFurthermore, inspection of the hazard

ratios in relation to test results and parentalratios in relation to test results and parental

education did not show any evidence thateducation did not show any evidence that

low-scoring offspring of well-educatedlow-scoring offspring of well-educated

parents were at greater risk than those ofparents were at greater risk than those of

less-educated parents (data not shown).less-educated parents (data not shown).

DISCUSSIONDISCUSSION

Main findingsMain findings

Our results suggest that cerebral damageOur results suggest that cerebral damage

arising as a result of prenatal and obstetricarising as a result of prenatal and obstetric

adversity, as indicated by the measuresadversity, as indicated by the measures

available to us, does not underlie the associ-available to us, does not underlie the associ-

ation between poor intellectual perfor-ation between poor intellectual perfor-

mance and psychosis. In keeping withmance and psychosis. In keeping with

other studies (Davidother studies (David et alet al, 1997; Davidson, 1997; Davidson

et alet al, 1999) we found that low scores on a, 1999) we found that low scores on a

range of tests of intellectual functioningrange of tests of intellectual functioning

performed around the age of 18 years wereperformed around the age of 18 years were

strongly associated with an increased riskstrongly associated with an increased risk

of developing non-affective psychosis.of developing non-affective psychosis.

There is some evidence that this associationThere is some evidence that this association

is strongest for cases arising in the yearsis strongest for cases arising in the years

soon after measurement. The test mostsoon after measurement. The test most

strongly associated with increased riskstrongly associated with increased risk

was the general assessment of suitabilitywas the general assessment of suitability

for officer status, but risk was increasedfor officer status, but risk was increased

across a range of test scores indicatingacross a range of test scores indicating

global underperformance. Risks wereglobal underperformance. Risks were

somewhat stronger in relation to schizo-somewhat stronger in relation to schizo-

phrenia than other non-affective psychosesphrenia than other non-affective psychoses

and were largely confined to the subjectsand were largely confined to the subjects

with lowest scores on these tests. Control-with lowest scores on these tests. Control-

ling for parental educational status didling for parental educational status did

not attenuate the observed associations.not attenuate the observed associations.

Study strengthsStudy strengths

We used routinely recorded data on birth-We used routinely recorded data on birth-

related, parental and adult exposures,related, parental and adult exposures,

collected before disease onset from a largecollected before disease onset from a large

group of young men from Sweden. Thegroup of young men from Sweden. The

availability of birth as well as adultavailability of birth as well as adult

measures allowed us to investigate furthermeasures allowed us to investigate further

the possible causal pathways suggested bythe possible causal pathways suggested by

DavidDavid et alet al in their analysis of an earlier-in their analysis of an earlier-

born conscript cohort (Davidborn conscript cohort (David et alet al, 1997)., 1997).

The range of test results available for analy-The range of test results available for analy-

sis enabled us to determine whether poorsis enabled us to determine whether poor

performance is restricted to a particularperformance is restricted to a particular

domain of cognitive function. As casedomain of cognitive function. As case

3 013 01

Table 2Table 2 Age-adjusted, birth anthropometry-adjusted and fully adjusted hazard ratios of schizophrenia and other non-affective psychoses in relation to intellectualAge-adjusted, birth anthropometry-adjusted and fully adjusted hazard ratios of schizophrenia and other non-affective psychoses in relation to intellectual

function test resultsfunction test results

Test resultsTest results11 Hazard ratios (95% CI)Hazard ratios (95% CI)

SchizophreniaSchizophrenia

nn¼6060

Non-affective, non-schizophrenic psychosesNon-affective, non-schizophrenic psychoses

nn¼9292

Age-adjustedAge-adjusted Age-, gestationalAge-, gestational

age-, birth weight- andage-, birth weight- and

birth length-adjustedbirth length-adjusted

Fully adjustedFully adjusted11 Age-adjustedAge-adjusted Age-, gestationalAge-, gestational

age-, birth weight- andage-, birth weight- and

birth length-adjustedbirth length-adjusted

Fully adjustedFully adjusted22

Technical test scoreTechnical test score

1^31^3 5.73 (2.64^12.43)5.73 (2.64^12.43) 5.61 (2.58^12.19)5.61 (2.58^12.19) 7.37 (3.28^16.59)7.37 (3.28^16.59) 2.70 (1.53^4.78)2.70 (1.53^4.78) 2.74 (1.55^4.87)2.74 (1.55^4.87) 3.17 (1.74^5.79)3.17 (1.74^5.79)

4^64^6 1.10 (0.48^2.50)1.10 (0.48^2.50) 1.08 (0.48^2.46)1.08 (0.48^2.46) 1.27 (0.55^2.92)1.27 (0.55^2.92) 0.98 (0.56^1.71)0.98 (0.56^1.71) 0.98 (0.56^1.72)0.98 (0.56^1.72) 1.08 (0.61^1.90)1.08 (0.61^1.90)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00

Logic test scoreLogic test score

1^31^3 4.31 (1.99^9.37)4.31 (1.99^9.37) 4.26 (1.96^9.28)4.26 (1.96^9.28) 5.92 (2.58^13.58)5.92 (2.58^13.58) 3.30 (1.86^5.85)3.30 (1.86^5.85) 3.37 (1.90^5.98)3.37 (1.90^5.98) 4.31 (2.33^8.00)4.31 (2.33^8.00)

4^64^6 1.75 (0.83^3.69)1.75 (0.83^3.69) 1.73 (0.82^3.66)1.73 (0.82^3.66) 2.13 (0.99^4.56)2.13 (0.99^4.56) 1.20 (0.68^2.08)1.20 (0.68^2.08) 1.20 (0.69^2.10)1.20 (0.69^2.10) 1.39 (0.79^2.46)1.39 (0.79^2.46)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00

Synonym test scoreSynonym test score

1^31^3 2.50 (1.13^5.53)2.50 (1.13^5.53) 2.45 (1.11^5.43)2.45 (1.11^5.43) 3.44 (1.45^8.15)3.44 (1.45^8.15) 2.01 (1.13^3.59)2.01 (1.13^3.59) 2.03 (1.14^3.63)2.03 (1.14^3.63) 2.53 (1.34^4.80)2.53 (1.34^4.80)

4^64^6 1.35 (0.64^2.83)1.35 (0.64^2.83) 1.34 (0.64^2.81)1.34 (0.64^2.81) 1.64 (0.77^3.51)1.64 (0.77^3.51) 0.86 (0.50^1.50)0.86 (0.50^1.50) 0.86 (0.50^1.50)0.86 (0.50^1.50) 0.99 (0.56^1.76)0.99 (0.56^1.76)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00

Spatial test scoreSpatial test score

1^31^3 2.81 (1.38^5.74)2.81 (1.38^5.74) 2.76 (1.35^5.65)2.76 (1.35^5.65) 3.34 (1.58^7.04)3.34 (1.58^7.04) 2.06 (1.16^3.65)2.06 (1.16^3.65) 2.10 (1.19^3.73)2.10 (1.19^3.73) 2.37 (1.30^4.30)2.37 (1.30^4.30)

4^64^6 1.05 (0.52^2.13)1.05 (0.52^2.13) 1.04 (0.51^2.12)1.04 (0.51^2.12) 1.15 (0.56^2.35)1.15 (0.56^2.35) 1.01 (0.59^1.73)1.01 (0.59^1.73) 1.02 (0.59^1.75)1.02 (0.59^1.75) 1.10 (0.63^1.90)1.10 (0.63^1.90)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00

Suitability for beingSuitability for being

an officer, test scorean officer, test score

1^31^3 12.55 (3.85^40.93)12.55 (3.85^40.93) 12.29 (3.77^40.10)12.29 (3.77^40.10) 14.83 (4.47^49.26)14.83 (4.47^49.26) 4.16 (2.14^8.10)4.16 (2.14^8.10) 4.21 (2.16^8.20)4.21 (2.16^8.20) 4.48 (2.26^8.90)4.48 (2.26^8.90)

4^64^6 2.64 (0.80^8.78)2.64 (0.80^8.78) 2.64 (0.79^8.77)2.64 (0.79^8.77) 2.99 (0.89^10.01)2.99 (0.89^10.01) 1.19 (0.61^2.32)1.19 (0.61^2.32) 1.20 (0.61^2.34)1.20 (0.61^2.34) 1.27 (0.65^2.50)1.27 (0.65^2.50)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00 1.001.00

1. Low scores indicate poor intellectual functioning.1. Low scores indicate poor intellectual functioning.
2. Controlling for age, birth weight, birth length, gestational age, head circumference, season of birth, urbanicity of residence at birth, age of mother, Apgar score at1minute,2. Controlling for age, birthweight, birth length, gestational age, head circumference, season of birth, urbanicity of residence at birth, age of mother, Apgar score at1minute,
maternal parity,Caesarean section, congenitalmalformation, uterine atony/prolonged labour and parental education.maternal parity,Caesarean section, congenital malformation, uterine atony/prolonged labour and parental education.
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ascertainment was from a national in-ascertainment was from a national in-

patient register, the possibility of selectionpatient register, the possibility of selection

bias was reduced, although it is feasiblebias was reduced, although it is feasible

that intellectual performance may influencethat intellectual performance may influence

the likelihood of admission.the likelihood of admission.

Study limitationsStudy limitations

Our case ascertainment was based onOur case ascertainment was based on

hospital-admitted cases only and usedhospital-admitted cases only and used

diagnoses recorded on an administrativediagnoses recorded on an administrative

database. Studies in the UK, however,database. Studies in the UK, however,

indicate that even in areas with relativelyindicate that even in areas with relatively

community-oriented services, over 80% ofcommunity-oriented services, over 80% of

cases are admitted within 3 years of presen-cases are admitted within 3 years of presen-

tation (Sipostation (Sipos et alet al, 2001). Furthermore,, 2001). Furthermore,

analyses of diagnoses recorded on theanalyses of diagnoses recorded on the

Swedish in-patient discharge register indi-Swedish in-patient discharge register indi-

cate that schizophrenia is diagnosed withcate that schizophrenia is diagnosed with

reasonable accuracy (Davidreasonable accuracy (David et alet al, 1997)., 1997).

Second, our analysis was based on menSecond, our analysis was based on men

with illness onset in early adulthood. It iswith illness onset in early adulthood. It is

possible that associations seen in malespossible that associations seen in males

with early-onset schizophrenia may differwith early-onset schizophrenia may differ

from those seen in females and in peoplefrom those seen in females and in people

with late-onset schizophrenia.with late-onset schizophrenia.

Third, as family history of psychoticThird, as family history of psychotic

disorder was not available we were unabledisorder was not available we were unable

to control for its potential confoundingto control for its potential confounding

effects in this analysis. It is possible, foreffects in this analysis. It is possible, for

example, that the intellectual developmentexample, that the intellectual development

of children brought up in a household whereof children brought up in a household where

one or both parents suffer from psychosisone or both parents suffer from psychosis

may be impaired. However, only 5–10%may be impaired. However, only 5–10%

of cases are likely to have had an affectedof cases are likely to have had an affected

parent (Dalmanparent (Dalman et alet al, 1999; Mortensen, 1999; Mortensen etet

alal, 1999), whereas 30–50% of cases had, 1999), whereas 30–50% of cases had

low scores on the tests of intellectual func-low scores on the tests of intellectual func-

tioning, making this possible effect unlikelytioning, making this possible effect unlikely

to fully explain the observed associations.to fully explain the observed associations.

Comparison with other studiesComparison with other studies

In an earlier analysis of Swedish conscriptsIn an earlier analysis of Swedish conscripts

examined in 1969–70, linear associationsexamined in 1969–70, linear associations

with IQ were reported which were equallywith IQ were reported which were equally

strong in cases of psychosis occurring soonstrong in cases of psychosis occurring soon

after conscription and in those occurring 10after conscription and in those occurring 10

or more years later (Davidor more years later (David et alet al, 1997). In, 1997). In

our analysis, the associations were gener-our analysis, the associations were gener-

ally weaker in later-onset cases. Similarly,ally weaker in later-onset cases. Similarly,

in a cohort of Israeli conscripts followed-in a cohort of Israeli conscripts followed-

up for 8 years there was some evidence thatup for 8 years there was some evidence that

the strength of association of measures ofthe strength of association of measures of

cognitive function and behaviour withcognitive function and behaviour with

schizophrenia diminished over follow-upschizophrenia diminished over follow-up

(Rabinowitz(Rabinowitz et alet al, 2000). However, in this, 2000). However, in this

Israeli cohort declines were seen for onlyIsraeli cohort declines were seen for only

one of four measures of cognitive functionone of four measures of cognitive function

(Raven’s Progressive Matrices) and one of(Raven’s Progressive Matrices) and one of

four measures of behaviour (socialfour measures of behaviour (social

functioning) (Rabinowitzfunctioning) (Rabinowitz et alet al, 2000)., 2000).

In keeping with the possibility thatIn keeping with the possibility that

declines in cognitive function before diseasedeclines in cognitive function before disease

onset explain the associations seen in theonset explain the associations seen in the

conscript cohorts described above, theconscript cohorts described above, the

British 1946 birth cohort and the NationalBritish 1946 birth cohort and the National

Collaborative Perinatal Project reportedCollaborative Perinatal Project reported

3 0 23 0 2

Table 3Table 3 Age-adjusted hazard ratios of earlyAge-adjusted hazard ratios of early11- and late- and late22-onset schizophrenia and other non-affective psychoses in relation to intellectual function tests-onset schizophrenia and other non-affective psychoses in relation to intellectual function tests

Test resultsTest results33 Hazard ratios (95% CI)Hazard ratios (95% CI)

SchizophreniaSchizophrenia

nn¼6060

Non-schizophrenic, non-affective psychosesNon-schizophrenic, non-affective psychoses

nn¼9292

Early onsetEarly onset

nn¼3030

Late onsetLate onset

nn¼3030

Early onsetEarly onset

nn¼4646

Late onsetLate onset

nn¼4646

Technical test scoreTechnical test score

1^31^3 6.11 (2.05^18.14)6.11 (2.05^18.14) 5.35 (1.78^16.13)5.35 (1.78^16.13) 3.76 (1.67^8.50)3.76 (1.67^8.50) 1.85 (0.81^4.23)1.85 (0.81^4.23)

4^64^6 1.00 (0.31^3.24)1.00 (0.31^3.24) 1.20 (0.38^3.76)1.20 (0.38^3.76) 0.94 (0.41^2.19)0.94 (0.41^2.19) 1.00 (0.48^2.11)1.00 (0.48^2.11)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00

Logic test scoreLogic test score

1^31^3 9.67 (2.14^43.63)9.67 (2.14^43.63) 2.79 (1.08^7.20)2.79 (1.08^7.20) 5.54 (2.21^13.87)5.54 (2.21^13.87) 2.18 (1.02^4.67)2.18 (1.02^4.67)

4^64^6 4.59 (1.06^19.89)4.59 (1.06^19.89) 0.93 (0.37^2.38)0.93 (0.37^2.38) 1.88 (0.76^4.67)1.88 (0.76^4.67) 0.85 (0.41^1.76)0.85 (0.41^1.76)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00

Synonym test scoreSynonym test score

1^31^3 2.93 (1.04^8.25)2.93 (1.04^8.25) 1.86 (0.52^6.61)1.86 (0.52^6.61) 2.46 (1.07^5.66)2.46 (1.07^5.66) 1.64 (0.73^3.70)1.64 (0.73^3.70)

4^64^6 0.89 (0.31^2.52)0.89 (0.31^2.52) 1.95 (0.67^5.71)1.95 (0.67^5.71) 0.91 (0.40^2.06)0.91 (0.40^2.06) 0.83 (0.39^1.75)0.83 (0.39^1.75)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00

Spatial test scoreSpatial test score

1^31^3 3.55 (1.28^9.85)3.55 (1.28^9.85) 2.19 (0.79^6.02)2.19 (0.79^6.02) 3.04 (1.26^7.34)3.04 (1.26^7.34) 1.49 (0.69^3.22)1.49 (0.69^3.22)

4^64^6 1.01 (0.35^2.90)1.01 (0.35^2.90) 1.09 (0.42^2.83)1.09 (0.42^2.83) 1.43 (0.61^3.34)1.43 (0.61^3.34) 0.76 (0.37^1.57)0.76 (0.37^1.57)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00

Suitability for being anSuitability for being an

officer, test scoreofficer, test score

1^31^3 8.86 (2.03^38.53)8.86 (2.03^38.53) 19.99 (2.66^150.23)19.99 (2.66^150.23) 7.08 (2.47^20.30)7.08 (2.47^20.30) 2.45 (1.00^6.02)2.45 (1.00^6.02)

4^64^6 1.96 (0.44^8.77)1.96 (0.44^8.77) 3.99 (0.52^30.68)3.99 (0.52^30.68) 1.30 (0.43^3.88)1.30 (0.43^3.88) 1.13 (0.49^2.63)1.13 (0.49^2.63)

7^97^9 1.001.00 1.001.00 1.001.00 1.001.00

1. Up to 2.9 years after conscription examination.1. Up to 2.9 years after conscription examination.
2. Over 2.9 years following conscription examination.2. Over 2.9 years following conscription examination.
3. Low scores indicate poor intellectual functioning.3. Low scores indicate poor intellectual functioning.
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that associations with schizophrenia (Jonesthat associations with schizophrenia (Jones

et alet al, 1994) and psychotic symptoms, 1994) and psychotic symptoms

(Kremen(Kremen et alet al, 1998) were stronger for cog-, 1998) were stronger for cog-

nitive function measures recorded nearernitive function measures recorded nearer

the time of diagnosis.the time of diagnosis. Other studies, how-Other studies, how-

ever, have reported no deterioration inever, have reported no deterioration in

intellectual function in subjects beforeintellectual function in subjects before

development ofdevelopment of schizophrenia (Cannonschizophrenia (Cannon etet

alal, 2000) and have found that non-affected, 2000) and have found that non-affected

siblings of children who go on to developsiblings of children who go on to develop

schizophrenia have similar deficits in cogni-schizophrenia have similar deficits in cogni-

tive function (Cannontive function (Cannon et alet al, 2000), indicat-, 2000), indicat-

ing a genetic or shared environmentaling a genetic or shared environmental

influence on risk. Davidinfluence on risk. David et alet al (1997) re-(1997) re-

ported that the single test result mostported that the single test result most

strongly related to risk of schizophreniastrongly related to risk of schizophrenia

was mechanical knowledge (equivalent towas mechanical knowledge (equivalent to

the technical test in our analysis). Likewise,the technical test in our analysis). Likewise,

of the four specific tests we examined, theof the four specific tests we examined, the

strongest associations were seen in relationstrongest associations were seen in relation

to the technical test.to the technical test.

Parental educationParental education

Our results showed that the risk of schizo-Our results showed that the risk of schizo-

phrenia was greatest among poorly func-phrenia was greatest among poorly func-

tioning conscripts who had well-educatedtioning conscripts who had well-educated

parents. Eaton & Harrison (2001) haveparents. Eaton & Harrison (2001) have

proposed that the early adult task of formu-proposed that the early adult task of formu-

lating a life plan is one of the most complexlating a life plan is one of the most complex

cognitive activities a person will ever engagecognitive activities a person will ever engage

in (Eaton & Harrison, 2001). Formulating ain (Eaton & Harrison, 2001). Formulating a

life plan involves psychological processes oflife plan involves psychological processes of

aspiration, interest and estimation of prob-aspiration, interest and estimation of prob-

ability of success, in addition to selecting,ability of success, in addition to selecting,

prioritising and balancing complex and sub-prioritising and balancing complex and sub-

tly different future actions. The complexitytly different future actions. The complexity

of these cognitive tasks, and the associatedof these cognitive tasks, and the associated

psychological strain, are likely to be accen-psychological strain, are likely to be accen-

tuated in low-performing children andtuated in low-performing children and

low-performing young adults whose parentslow-performing young adults whose parents

have higher educational backgrounds andhave higher educational backgrounds and

expectations. Our findings were consistentexpectations. Our findings were consistent

with this speculation, and merit replicationwith this speculation, and merit replication

in other studies.in other studies.

There are three other possible explana-There are three other possible explana-

tions, however. First, the difference maytions, however. First, the difference may

reflect environmentally induced neuro-reflect environmentally induced neuro-

developmental insults, with the parents’developmental insults, with the parents’

educational levels indicating the indivi-educational levels indicating the indivi-

dual’s potential rather than actual perfor-dual’s potential rather than actual perfor-

mance. Second, highly educated parentsmance. Second, highly educated parents

may be more vigilant and more reactive tomay be more vigilant and more reactive to

the early manifestations of disorder, leadingthe early manifestations of disorder, leading

to biased early-case detection. If this is so,to biased early-case detection. If this is so,

the strength of our finding should diminishthe strength of our finding should diminish

with longer follow-up of the cohort. Lastly,with longer follow-up of the cohort. Lastly,

it is possible that children of more highlyit is possible that children of more highly

educated parents are likely to have highereducated parents are likely to have higher

cognitive function scores and so, in thecognitive function scores and so, in the

prodromal stages of schizophrenia, moreprodromal stages of schizophrenia, more

may move further down the scale of intel-may move further down the scale of intel-

lectual functioning. In contrast, childrenlectual functioning. In contrast, children

of less well-educated parents are moreof less well-educated parents are more

3 0 33 0 3

Table 4Table 4 Risk of developing schizophrenia in relation to intellectual function tests at18 years of age and parents’ educationRisk of developing schizophrenia in relation to intellectual function tests at18 years of age and parents’ education11

Test results stratifiedTest results stratified

byparental educationbyparental education

Schizophrenia hazard ratios (95% CI)Schizophrenia hazard ratios (95% CI)

Low score (1^3)Low score (1^3)22 Medium score (4^6)Medium score (4^6) High score (7^9)High score (7^9)

Technical testTechnical test

BothBoth4410 years10 years 3.07 (1.03^9.13) (3.07 (1.03^9.13) (nn¼7)7) 0.59 (0.15^2.36) (0.59 (0.15^2.36) (nn¼3)3) 0.78 (0.09^6.49) (0.78 (0.09^6.49) (nn¼1)1)
EitherEither4410 years10 years 2.57 (0.86^7.64) (2.57 (0.86^7.64) (nn¼7)7) 0.85 (0.28^2.52) (0.85 (0.28^2.52) (nn¼7)7) 0.34 (0.04^2.85) (0.34 (0.04^2.85) (nn¼1)1)
BothBoth4410 years10 years 8.53 (3.39^21.50) (8.53 (3.39^21.50) (nn¼18)18) 1.02 (0.37^2.80) (1.02 (0.37^2.80) (nn¼10)10) 1.00 (1.00 (nn¼6)6)

Likelihood test for interaction: LRLikelihood test for interaction: LR ww22 (d.f. 4)(d.f. 4)¼2.73,2.73, PP¼0.600.60

Logic testLogic test

BothBoth4410 years10 years 3.57 (1.09^11.70) (3.57 (1.09^11.70) (nn¼6)6) 0.87 (0.21^3.65) (0.87 (0.21^3.65) (nn¼3)3) 1.95 (0.38^10.04) (1.95 (0.38^10.04) (nn¼2)2)

EitherEither4410 years10 years 2.68 (0.78^9.27) (2.68 (0.78^9.27) (nn¼5)5) 1.43 (0.47^4.37) (1.43 (0.47^4.37) (nn¼8)8) 0.83 (0.16^4.28) (0.83 (0.16^4.28) (nn¼2)2)

BothBoth4410 years10 years 8.91 (3.10^25.65) (8.91 (3.10^25.65) (nn¼11)11) 2.77 (1.03^7.45) (2.77 (1.03^7.45) (nn¼18)18) 1.00 (1.00 (nn¼5)5)

Likelihood test for interaction: LRLikelihood test for interaction: LR ww22 (d.f. 4)(d.f. 4)¼3.73,3.73, PP¼0.440.44

Synonym testSynonym test

BothBoth4410 years10 years 2.47 (0.83^7.34) (2.47 (0.83^7.34) (nn¼7)7) 0.57 (0.14^2.30) (0.57 (0.14^2.30) (nn¼3)3) 0.96 (0.12^8.01) (0.96 (0.12^8.01) (nn¼1)1)
EitherEither4410 years10 years 0.95 (0.24^3.81) (0.95 (0.24^3.81) (nn¼3)3) 1.11 (0.40^3.07) (1.11 (0.40^3.07) (nn¼10)10) 0.81 (0.16^4.02) (0.81 (0.16^4.02) (nn¼2)2)

BothBoth4410 years10 years 4.44 (1.58^12.49) (4.44 (1.58^12.49) (nn¼9)9) 1.76 (0.70^4.41) (1.76 (0.70^4.41) (nn¼19)19) 1.00 (1.00 (nn¼6)6)

Likelihood test for interaction: LRLikelihood test for interaction: LR ww22 (d.f. 4)(d.f. 4)¼4.14,4.14, PP¼0.390.39

Spatial testSpatial test

BothBoth4410 years10 years 0.78 (0.16^3.86) (0.78 (0.16^3.86) (nn¼2)2) 1.23 (0.40^3.81) (1.23 (0.40^3.81) (nn¼6)6) 2.10 (0.52^8.40) (2.10 (0.52^8.40) (nn¼3)3)

EitherEither4410 years10 years 1.91 (0.62^5.92) (1.91 (0.62^5.92) (nn¼6)6) 0.87 (0.29^2.60) (0.87 (0.29^2.60) (nn¼7)7) 0.64 (0.13^3.18) (0.64 (0.13^3.18) (nn¼2)2)

BothBoth4410 years10 years 6.48 (2.53^16.56) (6.48 (2.53^16.56) (nn¼16)16) 1.21 (0.45^3.22) (1.21 (0.45^3.22) (nn¼12)12) 1.00 (1.00 (nn¼6)6)

Likelihood test for interaction: LRLikelihood test for interaction: LR ww22 (d.f. 4)(d.f. 4)¼10.69,10.69, PP¼0.0300.030

Suitability for being an officer testSuitability for being an officer test

BothBoth4410 years10 years 8.09 (1.68^38.94) (8.09 (1.68^38.94) (nn¼7)7) 1.78 (0.33^9.73) (1.78 (0.33^9.73) (nn¼4)4) ((nn¼0)0)

EitherEither4410 years10 years 6.43 (1.33^30.94) (6.43 (1.33^30.94) (nn¼7)7) 1.93 (0.40^9.28) (1.93 (0.40^9.28) (nn¼7)7) 1.06 (0.10^11.64) (1.06 (0.10^11.64) (nn¼1)1)
BothBoth4410 years10 years 19.09 (4.45^82.00) (19.09 (4.45^82.00) (nn¼19)19) 3.01 (0.68^13.35) (3.01 (0.68^13.35) (nn¼13)13) 1.00 (1.00 (nn¼2)2)

Likelihood test for interaction: LRLikelihood test for interaction: LR ww22 (d.f. 4)(d.f. 4)¼1.93,1.93, PP¼0.590.59

1. Models control for age only.1. Models control for age only.
2. Low scores indicate poor intellectual functioning.2. Low scores indicate poor intellectual functioning.
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likely to have lower intellectual test scores,likely to have lower intellectual test scores,

and to be in the lowest category for theseand to be in the lowest category for these

tests already, and so may not changetests already, and so may not change

category to the same degree.category to the same degree.

Possible mechanisms underlyingPossible mechanisms underlying
observed associationsobserved associations

Our study suggests that pre- and perinatalOur study suggests that pre- and perinatal

exposures do not underlie the associationexposures do not underlie the association

between poor intellectual performancebetween poor intellectual performance

and psychosis. This provides someand psychosis. This provides some

evidence against Weinberger’s model ofevidence against Weinberger’s model of

fixed lesions acquired in early life inter-fixed lesions acquired in early life inter-

acting with later brain maturationalacting with later brain maturational

processes to cause disease (Weinberger,processes to cause disease (Weinberger,

1987). Other factors, such as genetic1987). Other factors, such as genetic

predisposition or later environmentalpredisposition or later environmental

exposures, may therefore be independentlyexposures, may therefore be independently

important. Such factors form part ofimportant. Such factors form part of

recently proposed two- and three-hitrecently proposed two- and three-hit

models of schizophrenia pathogenesismodels of schizophrenia pathogenesis

(Pearlson, 2000; Velakoulis(Pearlson, 2000; Velakoulis et alet al, 2000), 2000)

which suggest the importance of additivewhich suggest the importance of additive

and interactive effects of environmentaland interactive effects of environmental

risk factors against a background of gen-risk factors against a background of gen-

etic predisposition. It has been suggested,etic predisposition. It has been suggested,

for example, that insufficient synapticfor example, that insufficient synaptic

elimination, synaptic expansion and axo-elimination, synaptic expansion and axo-

nal sprouting in adolescence may benal sprouting in adolescence may be

important in schizophrenia aetiologyimportant in schizophrenia aetiology

(Feinberg 1997); these processes may be(Feinberg 1997); these processes may be

influenced by environmental as well asinfluenced by environmental as well as

genetic factors.genetic factors.

The associations we found with intel-The associations we found with intel-

lectual function were not specific to anylectual function were not specific to any

single test domain, indicating that theysingle test domain, indicating that they

reflect global impairment. The strongestreflect global impairment. The strongest

impairments previously seen in relation toimpairments previously seen in relation to

schizophrenia are for interpersonal skills,schizophrenia are for interpersonal skills,

speed of thought and executive planningspeed of thought and executive planning

skills (Jonesskills (Jones et alet al, 1994; Diforio, 1994; Diforio et alet al,,

2000; Rabinowitz2000; Rabinowitz et alet al, 2000); these are, 2000); these are

likely to have been aggregated under thelikely to have been aggregated under the

global assessment of suitability to be anglobal assessment of suitability to be an

officer.officer.

The lack of consistent evidence of aThe lack of consistent evidence of a

dose–response effect, together with thedose–response effect, together with the

observation that associations were gener-observation that associations were gener-

ally stronger among cases arising soon afterally stronger among cases arising soon after

examination, provide some evidence thatexamination, provide some evidence that

pre-diagnostic pathophysiological processespre-diagnostic pathophysiological processes

may have led to the observed associations.may have led to the observed associations.

This is consistent with the possibility thatThis is consistent with the possibility that

rather than being a risk factor for psychosisrather than being a risk factor for psychosis

in its own right, poor test performance mayin its own right, poor test performance may

arise as a result of early disease processesarise as a result of early disease processes

(reverse causality). Alternatively, more(reverse causality). Alternatively, more

impaired individuals may succumb soonerimpaired individuals may succumb sooner

to the challenges of independent adult life,to the challenges of independent adult life,

so that the risk associated withso that the risk associated with impairmentimpairment

appears greatest for early-onset cases.appears greatest for early-onset cases.

Against such an argument is the consistentAgainst such an argument is the consistent

observation in the literature that the meanobservation in the literature that the mean

age of disease onset is later in females thanage of disease onset is later in females than

in males, whereas females reach sexual ma-in males, whereas females reach sexual ma-

turity and independence at an earlier ageturity and independence at an earlier age

than males (Eaton, 1988).than males (Eaton, 1988).

Long-term follow-up of this cohort willLong-term follow-up of this cohort will

enable us to investigate some of the issuesenable us to investigate some of the issues

raised here. In particular, we will be ableraised here. In particular, we will be able

to determine the extent to which theto determine the extent to which the

observed associations with respect to sub-observed associations with respect to sub-

groups are maintained in analyses withgroups are maintained in analyses with

larger numbers of cases and later-onsetlarger numbers of cases and later-onset

cases. In this study poor intellectualcases. In this study poor intellectual

functioning strongly predicted future riskfunctioning strongly predicted future risk

of schizophrenia. For some tests over 50%of schizophrenia. For some tests over 50%

of affected individuals but less than 20%of affected individuals but less than 20%

of unaffected individuals scored 1–3,of unaffected individuals scored 1–3,

indicating the importance of gaining aindicating the importance of gaining a

greater understanding of the processes lyinggreater understanding of the processes lying

behind these associations.behind these associations.
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