
BackgroundBackground Neurological soft signsNeurological soft signs

precedingadult-onset schizophreniaprecedingadult-onset schizophrenia

suggest a neurodevelopmental origin andsuggest a neurodevelopmental origin and

couldreflectphysical illness in childhood.couldreflect physical illness in childhood.

AimsAims To investigate possibleTo investigate possible

associations of adult-onset psychosiswithassociations of adult-onset psychosiswith

neurological soft signs and commonneurological soft signs and common

infectious illnesses in childhood.infectious illnesses in childhood.

MethodMethod Usingdata fromthe UKUsingdata fromthe UK

NationalNational Child Development Study, aChild Development Study, a

longitudinalgeneralpopulation sample,longitudinalgeneralpopulation sample,

odds ratioswere calculated forclinicalodds ratioswere calculated forclinical

diagnoses of common childhoodviraldiagnoses of commonchildhoodviral

illnesses and later adult psychotic illness,illnesses and later adult psychotic illness,

childhood epilepsy and a range ofchildhood epilepsy and a range of

neurological soft signs.neurological soft signs.

ResultsResults Thenumberof illnesses perThenumberof illnesses per

individual didnot relate either to theindividual didnot relate either to the

numberof soft signs, or to anyparticularnumberof soft signs, or to anyparticular

adultoutcome.Schizophrenia, affectiveadultoutcome.Schizophrenia, affective

psychosis and epilepsywerenot associ-psychosis and epilepsy were not associ-

atedwith commonchildhood illness butatedwith common childhood illness but

wereassociatedwithneurologicalsoftsignswereassociatedwithneurologicalsoftsigns

and anincreased, but small, frequencyofand anincreased, but small, frequencyof

previousmeningitis and tuberculosis.previousmeningitis and tuberculosis.

ConclusionsConclusions Overall the data supportOverall the data support

the notion of neurological soft signs asthenotion of neurological soft signs as

markers ofdisorderedneurodevelopmentmarkers ofdisorderedneurodevelopment

in schizophrenia (butthe earlyneuro-in schizophrenia (butthe earlyneuro-

logical abnormalities are notcaused byin-logical abnormalities are notcaused byin-

fectiousillness) andanassociationbetweenfectiousillness) andanassociationbetween

meningitisor tuberculosisinchildhoodandmeningitisor tuberculosisinchildhoodand

a smallproportion of cases of epilepsy,a smallproportion of cases of epilepsy,

affective psychosis and schizophrenia.affective psychosis and schizophrenia.
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Neurological ‘soft signs’ are commonlyNeurological ‘soft signs’ are commonly

found in individuals with schizophreniafound in individuals with schizophrenia

(e.g. Gupta(e.g. Gupta et alet al, 1995) and appear to have, 1995) and appear to have

a developmental origin, having beena developmental origin, having been

identified in studies of high-risk childrenidentified in studies of high-risk children

(Erlenmeyer-Kimling & Cornblatt, 1987),(Erlenmeyer-Kimling & Cornblatt, 1987),

birth cohorts (Jonesbirth cohorts (Jones et alet al, 1994), prodromal, 1994), prodromal

illness (McGorryillness (McGorry et alet al, 1995), patients with, 1995), patients with

negative symptoms (Mallanegative symptoms (Malla et alet al, 1997),, 1997),

and drug-naıve patients (Schroderand drug-naı̈ve patients (Schroder et alet al,,

1991).1991). One putative aetiological factor isOne putative aetiological factor is

early childhood infectious illness. Viralearly childhood infectious illness. Viral

exposureexposure in uteroin utero has been suggestedhas been suggested

(Mednick(Mednick et alet al, 1988; Rantakallio, 1988; Rantakallio et alet al,,

1997), although findings are inconsistent1997), although findings are inconsistent

with respect to the presence or identity ofwith respect to the presence or identity of

viral infection across studies (Doneviral infection across studies (Done et alet al,,

1991; Westergaard1991; Westergaard et alet al, 1999). We, 1999). We

explored associations between commonexplored associations between common

childhood infections and adult schizo-childhood infections and adult schizo-

phrenia, affective psychosis, epilepsyphrenia, affective psychosis, epilepsy

and a range of neurological soft signsand a range of neurological soft signs

in the 1958 UK National Child Develop-in the 1958 UK National Child Develop-

ment Study (NCDS) cohort. We askedment Study (NCDS) cohort. We asked

the following: are neurological soft signsthe following: are neurological soft signs

in childhood increased in relation toin childhood increased in relation to

adult psychosis; are infectious illnessesadult psychosis; are infectious illnesses

during childhood associated with adultduring childhood associated with adult

psychosis; and, are there consistentpsychosis; and, are there consistent

associations between early infection, in-associations between early infection, in-

creased neurological soft signs and adultcreased neurological soft signs and adult

psychosis?psychosis?

METHODMETHOD

The present study was based on dataThe present study was based on data

contained in the 1958 Perinatal Mortalitycontained in the 1958 Perinatal Mortality

Study, later the NCDS, which includedStudy, later the NCDS, which included

98% of births in mainland Britain during98% of births in mainland Britain during

the week 3–9 March 1958. Five subsequentthe week 3–9 March 1958. Five subsequent

sweeps traced and gathered data on cohortsweeps traced and gathered data on cohort

members at age 7, 11, 16, 23 and 33 yearsmembers at age 7, 11, 16, 23 and 33 years

(NCDS 1–5). Data were initially obtained(NCDS 1–5). Data were initially obtained

following consent by parents. Consentfollowing consent by parents. Consent

was sought from individual cohortwas sought from individual cohort

members in later sweeps and ethicalmembers in later sweeps and ethical

approval was obtained from allapproval was obtained from all

responsible regional ethical committeesresponsible regional ethical committees

involved in the case-finding exercises.involved in the case-finding exercises.

Neurological ‘soft signs’Neurological ‘soft signs’

Systematic medical examinations wereSystematic medical examinations were

carried out on over 12 000 members ofcarried out on over 12 000 members of

the cohort at the ages of 7 and 11 years,the cohort at the ages of 7 and 11 years,

and ‘neurological’ measures were recordedand ‘neurological’ measures were recorded

by school medical officers during theseby school medical officers during these

examinations, from parents, teachers andexaminations, from parents, teachers and

a standardised medical examination (Tablea standardised medical examination (Table

1). Some of these measures were coded as1). Some of these measures were coded as

ordered categoricals, e.g. question: ‘‘Childordered categoricals, e.g. question: ‘‘Child

has poor hand control’’; answer ‘‘Certainlyhas poor hand control’’; answer ‘‘Certainly

applies’’, ‘‘somewhat applies’’, and ‘‘not atapplies’’, ‘‘somewhat applies’’, and ‘‘not at

all’’. Where possible this information wasall’’. Where possible this information was

retained in the analysis.retained in the analysis.

Childhood illnessesChildhood illnesses

Childhood and adolescent health statusChildhood and adolescent health status

were based on medical examinationswere based on medical examinations

carried out by the school medical officer,carried out by the school medical officer,

and a home interview with the child’s mainand a home interview with the child’s main

carer (usually the mother) conducted by acarer (usually the mother) conducted by a

health visitor. Data were collected on ahealth visitor. Data were collected on a

wide range of conditions. The reports ofwide range of conditions. The reports of

well-known relationships between certainwell-known relationships between certain

childhood health measures and other out-childhood health measures and other out-

comes, e.g. adolescent health (Power &comes, e.g. adolescent health (Power &

Peckham, 1990) and adult lung functionPeckham, 1990) and adult lung function

(Johnston(Johnston et alet al, 1998), confer a degree of, 1998), confer a degree of

internal validity to these records. Further-internal validity to these records. Further-

more, findings based on these data have ap-more, findings based on these data have ap-

peared in papers on the epidemiology ofpeared in papers on the epidemiology of

child ill health (e.g. Power & Peckham,child ill health (e.g. Power & Peckham,

1990; Pollock & Golding, 1993), although1990; Pollock & Golding, 1993), although

only a small number have specifically usedonly a small number have specifically used

the childhood viral illness records (Pollockthe childhood viral illness records (Pollock

& Golding, 1993; Johnston& Golding, 1993; Johnston et alet al, 1998)., 1998).

No information was recorded on age atNo information was recorded on age at

onset, duration or severity of the illnesses.onset, duration or severity of the illnesses.

EpilepsyEpilepsy

The NCDS is one of the few epidemio-The NCDS is one of the few epidemio-

logical studies that has used systematiclogical studies that has used systematic

research criteria for diagnosing epilepsyresearch criteria for diagnosing epilepsy

(Kurtz(Kurtz et alet al, 1998). Details about, 1998). Details about

diagnostic criteria are provided by Kurtzdiagnostic criteria are provided by Kurtz

et alet al (1998).(1998).

Psychotic illnessPsychotic illness

Cohort members discharged from psychi-Cohort members discharged from psychi-

atric hospitals between 1974 and 1986atric hospitals between 1974 and 1986

were identified using information from thewere identified using information from the

now defunct national database, the Mentalnow defunct national database, the Mental

Health Enquiry. Their case notes wereHealth Enquiry. Their case notes were

obtained and a Present State Examinationobtained and a Present State Examination

(PSE) schedule completed. These were then(PSE) schedule completed. These were then
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analysed using the CATEGO computerisedanalysed using the CATEGO computerised

diagnostic program from which diagnosticdiagnostic program from which diagnostic

classes were obtained (Wingclasses were obtained (Wing et alet al, 1974)., 1974).

Cases were identified achieving a diagnosisCases were identified achieving a diagnosis

of ‘narrow schizophrenia’ (PSE S+) andof ‘narrow schizophrenia’ (PSE S+) and

affective psychosis (unipolar or bipolaraffective psychosis (unipolar or bipolar

mood disorder with psychotic features;mood disorder with psychotic features;

DoneDone et alet al, 1991)., 1991).

Data analysisData analysis

Logistic regression was performed toLogistic regression was performed to

explore associations between childhoodexplore associations between childhood

illnesses, neurological soft signs andillnesses, neurological soft signs and

adultadult outcomes in terms of odds ratios.outcomes in terms of odds ratios.

All analyses were performed using theAll analyses were performed using the

Computer package SPSS for Windows v8.0.Computer package SPSS for Windows v8.0.

‘Follow-back’ designs such as this use a‘Follow-back’ designs such as this use a

case-finding model unlikely to be biased bycase-finding model unlikely to be biased by

direct effects of the exposures. Likelihooddirect effects of the exposures. Likelihood

of psychiatric admission as an adult willof psychiatric admission as an adult will

not be directly affected by illnesses or softnot be directly affected by illnesses or soft

signs recorded in childhood, and thesigns recorded in childhood, and the

majority of cases of severe mental illness,majority of cases of severe mental illness,

such as psychosis, will be admitted tosuch as psychosis, will be admitted to

hospital. Thus power is limited by thehospital. Thus power is limited by the

number of cases, but not obviously bias.number of cases, but not obviously bias.

The calculated power varies with rates inThe calculated power varies with rates in

cases and the population. Thus, it was feltcases and the population. Thus, it was felt

that odds ratios with 95% confidencethat odds ratios with 95% confidence

intervals would adequately demonstrateintervals would adequately demonstrate

both effect size and uncertainty, as well asboth effect size and uncertainty, as well as

inform future power calculations in thisinform future power calculations in this

field.field.

Wald statistic-derived odds ratiosWald statistic-derived odds ratios

(with 95% confidence intervals) were felt(with 95% confidence intervals) were felt

to be valid in the context of a large sampleto be valid in the context of a large sample

size (Tabachnik & Fidell, 1996). Given thesize (Tabachnik & Fidell, 1996). Given the

exploratory nature of this analysis, overallexploratory nature of this analysis, overall

trends were judged to be more informativetrends were judged to be more informative

than any individual test, and any oddsthan any individual test, and any odds

ratios the 95% confidence intervals ofratios the 95% confidence intervals of

which excluded unity (95% CIwhich excluded unity (95% CI6¼1) were1) were

examined in terms of the consistency ofexamined in terms of the consistency of

the size and sign of the effect for thatthe size and sign of the effect for that

factor. That is, did a given exposure resultfactor. That is, did a given exposure result

in similar effects, overall, across outcomes?in similar effects, overall, across outcomes?

For the analysis of neurological softFor the analysis of neurological soft

signs we used factor analysis, as thesigns we used factor analysis, as the

numerous soft signs were deemed to benumerous soft signs were deemed to be

manifest measures of a smaller number ofmanifest measures of a smaller number of
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Table1Table1 Childhood illnesses and neurological soft signs recorded by age11according to adult outcomesChildhood illnesses and neurological soft signs recorded by age11according to adult outcomes

Illness/signIllness/sign11 ControlsControls Pre-schizophreniaPre-schizophrenia Pre-affective psychosisPre-affective psychosis EpilepsyEpilepsy

MeaslesMeasles 11 085 (93%)11 085 (93%) 23/24 (96%)23/24 (96%) 26/29 (90%)26/29 (90%) 51/57 (89%)51/57 (89%)

Chicken poxChicken pox 9212 (76%)9212 (76%) 18/24 (75%)18/24 (75%) 15/29 (52%)15/29 (52%) 50/57 (88%)50/57 (88%)

MumpsMumps 6313 (53%)6313 (53%) 10/24 (42%)10/24 (42%) 15/29 (52%)15/29 (52%) 34/57 (60%)34/57 (60%)

GermanmeaslesGermanmeasles 6064 (51%)6064 (51%) 13/24 (54%)13/24 (54%) 13/29 (45%)13/29 (45%) 29/57 (51%)29/57 (51%)

Whooping coughWhooping cough 2198 (19%)2198 (19%) 7/24 (29%)7/24 (29%) 3/29 (10%)3/29 (10%) 14/57 (25%)14/57 (25%)

Scarlet feverScarlet fever 763 (6.3%)763 (6.3%) 1/24 (4%)1/24 (4%) 3/29 (10%)3/29 (10%) 4/57 (7%)4/57 (7%)

Infectious hepatitisInfectious hepatitis 338 (3%)338 (3%) 0/23 (0%)0/23 (0%) 0/29 (0%)0/29 (0%) 2/55 (4%)2/55 (4%)

MeningitisMeningitis 63 (0.6%)63 (0.6%) 1/23 (4%)1/23 (4%) 1/29 (3%)1/29 (3%) 6/55 (11%)6/55 (11%)

Rheumatic feverRheumatic fever 40 (0.4%)40 (0.4%) 0/23 (0%)0/23 (0%) 0/29 (0%)0/29 (0%) 0/55 (0%)0/55 (0%)

TuberculosisTuberculosis 29 (0.3%)29 (0.3%) 1/23 (4%)1/23 (4%) 1/29 (3%)1/29 (3%) 1/55 (2%)1/55 (2%)

Hand controlHand control 158 (1%)158 (1%) 3/30 (10%)3/30 (10%) 0/29 (0%)0/29 (0%) 10/49 (20%)10/49 (20%)

CoordinationCoordination 351 (3%)351 (3%) 4/29 (14%)4/29 (14%) 1/28 (4%)1/28 (4%) 9/42 (21%)9/42 (21%)

Speech difficultiesSpeech difficulties 158 (1%)158 (1%) 1/30 (3%)1/30 (3%) 0/29 (0%)0/29 (0%) 4/49 (8%)4/49 (8%)

Bowel controlBowel control 332 (2%)332 (2%) 1/24 (4%)1/24 (4%) 0/29 (0%)0/29 (0%) 3/57 (5%)3/57 (5%)

TicsTics 923 (7%)923 (7%) 2/24 (8%)2/24 (8%) 5/29 (17%)5/29 (17%) 7/54 (13%)7/54 (13%)

TwitchesTwitches 280 (2%)280 (2%) 2/24 (8%)2/24 (8%) 1/29 (3%)1/29 (3%) 4/54 (7%)4/54 (7%)

EnuresisEnuresis 52 (0.4%)52 (0.4%) 1/22 (5%)1/22 (5%) 0/29 (0%)0/29 (0%) 1/55 (2%)1/55 (2%)

IncontinenceIncontinence 43 (0.3%)43 (0.3%) 0/22 (0%)0/22 (0%) 0/25 (0%)0/25 (0%) 3/53 (6%)3/53 (6%)

Coordination/balanceCoordination/balance 193 (2%)193 (2%) 2/21 (10%)2/21 (10%) 1/25 (4%)1/25 (4%) 13/55 (24%)13/55 (24%)

Neurological problemNeurological problem 60 (0.5%)60 (0.5%) 2/22 (9%)2/22 (9%) 1/25 (4%)1/25 (4%) 7/51 (14%)7/51 (14%)

Speech defectSpeech defect 651 (5%)651 (5%) 4/24 (17%)4/24 (17%) 1/29 (3%)1/29 (3%) 12/53 (23%)12/53 (23%)

DysarthriaDysarthria 83 (0.7%)83 (0.7%) 0/22 (0%)0/22 (0%) 0/25 (0%)0/25 (0%) 11/51 (22%)11/51 (22%)

Left handedLeft handed 1414 (10%)1414 (10%) 5/24 (21%)5/24 (21%) 3/28 (11%)3/28 (11%) 5/57 (9%)5/57 (9%)

Left throwerLeft thrower 1218 (10%)1218 (10%) 5/22 (23%)5/22 (23%) 3/25 (12%)3/25 (12%) 5/52 (10%)5/52 (10%)

Left kickerLeft kicker 1444 (11%)1444 (11%) 4/22 (18%)4/22 (18%) 2/24 (8%)2/24 (8%) 4/50 (8%)4/50 (8%)

Left eyedLeft eyed 4068 (32%)4068 (32%) 7/22 (32%)7/22 (32%) 9/25 (36%)9/25 (36%) 21/49 (43%)21/49 (43%)

ClumsyClumsy 605 (12%)605 (12%) 0/8 (0%)0/8 (0%) 0/6 (0%)0/6 (0%) 0/15 (0%)0/15 (0%)

UnsteadyUnsteady 319 (3%)319 (3%) 0/21 (0%)0/21 (0%) 2/25 (8%)2/25 (8%) 5/47 (11%)5/47 (11%)

on right footon right foot 426 (3%)426 (3%) 3/22 (14%)3/22 (14%) 2/24 (8%)2/24 (8%) 5/47 (11%)5/47 (11%)

on left footon left foot 443 (4%)443 (4%) 3/22 (14%)3/22 (14%) 4/24 (16%)4/24 (16%) 7/48 (15%)7/48 (15%)

heel^toeheel^toe 1090 (9%)1090 (9%) 4/22 (18%)4/22 (18%) 2/24 (8%)2/24 (8%) 16/48 (33%)16/48 (33%)

ConvulsionsConvulsions 265 (2%)265 (2%) 1/40 (3%)1/40 (3%) 0/35 (0%)0/35 (0%)

Number of caseswith exposure (percentage of populationunder study).Note that number of caseswith data available for each outcome in the cohortdata-setvaries, also odds ratiosNumber of caseswith exposure (percentage of population under study).Note that number of caseswith data available for each outcome in the cohortdata-set varies, also odds ratios
inTable 2 might not correspond with these raw figures as a consequence of rounding errors.inTable 2 might not correspond with these raw figures as a consequence of rounding errors.
1. Information on theparent and teacher questionnaires and the standardisedmedical examination used to elicit data on the differentcategories of soft signs (categories abbreviated in1. Information on the parent and teacher questionnaires and the standardisedmedical examinationused to elicit data on the different categories of soft signs (categories abbreviated in
column1of this table) available from the author upon request.column1of this table) available from the author upon request.
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latent neurological abnormalities. Data onlatent neurological abnormalities. Data on

similar measures of neurological dysfunc-similar measures of neurological dysfunc-

tion gathered at the age of 7 years weretion gathered at the age of 7 years were

used to explore the stability of the factorused to explore the stability of the factor

structure over time. Gender and social classstructure over time. Gender and social class

were treated as covariates.were treated as covariates.

Given the lack of information on dura-Given the lack of information on dura-

tion or onset of the childhood illnesses, notion or onset of the childhood illnesses, no

attempt was made to analyse with respectattempt was made to analyse with respect

to degree of exposure or development ofto degree of exposure or development of

neurological effects over time. Similarly, aneurological effects over time. Similarly, a

path analysis was not appropriate givenpath analysis was not appropriate given

that soft signs and ‘illnesses up to thisthat soft signs and ‘illnesses up to this

point’ were effectively measured simul-point’ were effectively measured simul-

taneously. It seemed appropriate to simplytaneously. It seemed appropriate to simply

explore associations and consistencyexplore associations and consistency

between the three strata: childhood illness;between the three strata: childhood illness;

neurological soft sign; and adult outcome.neurological soft sign; and adult outcome.

Associations consistent between theseAssociations consistent between these

might suggest a causal pathway, or amight suggest a causal pathway, or a

common underlying deficit with bothcommon underlying deficit with both

neurological (soft signs) and immunologicalneurological (soft signs) and immunological

(illnesses) markers.(illnesses) markers.

RESULTSRESULTS

Of the total number of births between 3Of the total number of births between 3

and 9 March 1958 in mainland Britainand 9 March 1958 in mainland Britain

(17 733), data were collected for 98%(17 733), data were collected for 98%

(17 414). Information on childhood ill-(17 414). Information on childhood ill-

nesses was gathered at age 11 on 14 501nesses was gathered at age 11 on 14 501

cases (83%). Using the method describedcases (83%). Using the method described

above, 40 cases were identified as achievingabove, 40 cases were identified as achieving

a diagnosis of ‘narrow schizophrenia’ (PSEa diagnosis of ‘narrow schizophrenia’ (PSE

S+); similarly, 35 cases of affective psycho-S+); similarly, 35 cases of affective psycho-

sis were identified. Of the 1043 childrensis were identified. Of the 1043 children

who at age 7 or 11 reported episodes of losswho at age 7 or 11 reported episodes of loss

of consciousness, fits, faints or convulsions,of consciousness, fits, faints or convulsions,

64 were eventually determined to have64 were eventually determined to have

epilepsy (Kurtzepilepsy (Kurtz et alet al, 1998)., 1998).

Distribution of illnesses and soft signsDistribution of illnesses and soft signs

for the population and outcomes are shownfor the population and outcomes are shown

in Table 1. Note that, for all measures, thein Table 1. Note that, for all measures, the

numbers of cases that had data in child-numbers of cases that had data in child-

hood varies. However, this attrition washood varies. However, this attrition was

felt to be independent of measure and out-felt to be independent of measure and out-

come, and not to bias the findings.come, and not to bias the findings.

Associations between total number ofAssociations between total number of

soft signs and illnesses were investigatedsoft signs and illnesses were investigated

using linear regression and were not signif-using linear regression and were not signif-

icant (standardisedicant (standardised bb¼770.004,0.004, PP¼0.65).0.65).

Associations between gender and socialAssociations between gender and social

class and the total numbers of illnessesclass and the total numbers of illnesses

and soft signs were small but significantand soft signs were small but significant

(number of illnesses(number of illnesses v.v. gendergender ZZ¼772.4,2.4,

PP¼0.016;0.016; v.v. classclass ww22¼46.3,46.3, PP550.001; and0.001; and

number of soft signsnumber of soft signs v.v. gendergender ZZ¼7713.8,13.8,

PP550.001;0.001; v.v. classclass ww22¼46.3,46.3, PP550.001).0.001).

Higher social class was associated with aHigher social class was associated with a

greater number of illnesses. Significantlygreater number of illnesses. Significantly

increased numbers of soft signs were seenincreased numbers of soft signs were seen

for schizophrenia (for schizophrenia (ZZ¼772.04,2.04, PP¼0.042)0.042)

and epilepsy (and epilepsy (ZZ¼776.1,6.1, PP550.001), but0.001), but

not for affective psychosis (not for affective psychosis (ZZ¼0.89,0.89,

PP¼0.37). None of the adult outcomes was0.37). None of the adult outcomes was

associated significantly with the aggregateassociated significantly with the aggregate

measure of total number of illnessesmeasure of total number of illnesses

recorded.recorded.

Given continuing interest in individualGiven continuing interest in individual

illnesses and soft signs, an attempt wasillnesses and soft signs, an attempt was

made to simplify the data while retainingmade to simplify the data while retaining

the real measures.the real measures.

(a) Adjustment for social class resulted(a) Adjustment for social class resulted

in small changes in odds ratios, which inin small changes in odds ratios, which in

some cases reversed the sign of the effect.some cases reversed the sign of the effect.

Adjusting for gender resulted in onlyAdjusting for gender resulted in only

small changes in odds ratios in both direc-small changes in odds ratios in both direc-

tions in the second decimal place, nevertions in the second decimal place, never

reversing the sign of the main effect.reversing the sign of the main effect.

Adjustment for both gender and social classAdjustment for both gender and social class

was little different from the adjustment forwas little different from the adjustment for

social class. Results are reported adjusted,social class. Results are reported adjusted,

except where the logistic regression modelexcept where the logistic regression model

broke down because of small numbersbroke down because of small numbers

in cells, where unadjusted figures arein cells, where unadjusted figures are

quoted.quoted.

(b) Where soft signs were coded as(b) Where soft signs were coded as

ordered categoricals (i.e. not present, poss-ordered categoricals (i.e. not present, poss-

ibly present, or definitely present) thisibly present, or definitely present) this

information was retained in the model,information was retained in the model,

although odds ratios are reported only foralthough odds ratios are reported only for

the definite presence of the soft sign. Thethe definite presence of the soft sign. The

exceptions are where insufficient ‘definite’exceptions are where insufficient ‘definite’

cases existed to support the model and herecases existed to support the model and here

the odds ratio for ‘possibly present’ isthe odds ratio for ‘possibly present’ is

reported.reported.

(c) In tests where no cases had a soft(c) In tests where no cases had a soft

sign by either definite or probable measure,sign by either definite or probable measure,

results are given in italics (see Table 2).results are given in italics (see Table 2).

None of the common childhood ill-None of the common childhood ill-

nesses was associated with adult schizo-nesses was associated with adult schizo-

phrenia, although the rare illnessesphrenia, although the rare illnesses

meningitis and tuberculosis were both asso-meningitis and tuberculosis were both asso-

ciated significantly with odds ratios of 7.8ciated significantly with odds ratios of 7.8

(95% CI(95% CI¼1.0–59) and 15 (95% CI1.0–59) and 15 (95% CI¼2.0–2.0–

120), respectively. In general, common120), respectively. In general, common

childhood illness was not associated withchildhood illness was not associated with

affective psychosis, although a reduced riskaffective psychosis, although a reduced risk

of chicken pox (ORof chicken pox (OR¼0.33, 95% CI0.33, 95% CI¼0.2–0.2–

0.7) is noteworthy. As with schizophrenia,0.7) is noteworthy. As with schizophrenia,

affective psychosis is associated withaffective psychosis is associated with

meningitis and tuberculosis.meningitis and tuberculosis.

For common childhood illnesses, onlyFor common childhood illnesses, only

whooping cough was associated withwhooping cough was associated with

increased risk of neurological soft signsincreased risk of neurological soft signs

(small positive effects for seven of the eight(small positive effects for seven of the eight

significant associations between whoopingsignificant associations between whooping

cough and adult outcomes/neurologicalcough and adult outcomes/neurological

soft signs; see Table 2) although even thissoft signs; see Table 2) although even this

association disappears as soon as a moreassociation disappears as soon as a more

conservative criterion for statistical signifi-conservative criterion for statistical signifi-

cance (e.g.cance (e.g. aa440.01) is adopted. As ex-0.01) is adopted. As ex-

pected, meningitis (large positive effectspected, meningitis (large positive effects

for all 12 significant associations; see Tablefor all 12 significant associations; see Table

2) and tuberculosis (large positive effects for2) and tuberculosis (large positive effects for

all six significant associations; see Table 2)all six significant associations; see Table 2)

do show robust associations with neuro-do show robust associations with neuro-

logical soft signs.logical soft signs.

Factor analysis of the soft signs yieldedFactor analysis of the soft signs yielded

seven factors consisting of more than oneseven factors consisting of more than one

measure (percentage variance explained inmeasure (percentage variance explained in

parentheses): (1) ‘left preference’ (12.4%);parentheses): (1) ‘left preference’ (12.4%);

(2) ‘clumsy and unsteady’ (11.1%); (3)(2) ‘clumsy and unsteady’ (11.1%); (3)

‘hand control and speech problems’‘hand control and speech problems’

(8.4%); (4) general coordination and(8.4%); (4) general coordination and

‘neurological’ (7.5%); (5) ‘tics/twitches’‘neurological’ (7.5%); (5) ‘tics/twitches’

(7.2%); (6) ‘speech problems’ (6.0%); and(7.2%); (6) ‘speech problems’ (6.0%); and

(7) ‘incontinence’ (5.8%). These factors(7) ‘incontinence’ (5.8%). These factors

do in general represent meaningful clustersdo in general represent meaningful clusters

of related soft signs, suggestive of commonof related soft signs, suggestive of common

neurological origin (see Table 2).neurological origin (see Table 2).

Associations between these soft signAssociations between these soft sign

factors and adult outcomes were investi-factors and adult outcomes were investi-

gated using analysis of variance. Childrengated using analysis of variance. Children

who later developed schizophrenia hadwho later developed schizophrenia had

increased loading on all soft signs factors,increased loading on all soft signs factors,

significant for factors 3 and 4. Table 2 alsosignificant for factors 3 and 4. Table 2 also

shows a consistent pattern of raised levelsshows a consistent pattern of raised levels

of neurological soft signs (i.e. ORof neurological soft signs (i.e. OR441) in1) in

this group. Children who later developedthis group. Children who later developed

affective psychosis showed a statisticallyaffective psychosis showed a statistically

significant increase of soft signs in factorsignificant increase of soft signs in factor

4 only. Cases of childhood epilepsy, as4 only. Cases of childhood epilepsy, as

expected, had increased loadings on allexpected, had increased loadings on all

seven soft signs factors, significant forseven soft signs factors, significant for

factors 2–5. Logistic regression confirmedfactors 2–5. Logistic regression confirmed

that the fit of the outcomes of both schizo-that the fit of the outcomes of both schizo-

phrenia and epilepsy on soft signs remainedphrenia and epilepsy on soft signs remained

little altered after the effects of tuberculosislittle altered after the effects of tuberculosis

and meningitis had been removed.and meningitis had been removed.

DISCUSSIONDISCUSSION

The advantages of studies in a nationalThe advantages of studies in a national

birth cohort, with prospectively gatheredbirth cohort, with prospectively gathered

data in unselected populations, whendata in unselected populations, when

investigating early influences on later illnessinvestigating early influences on later illness

are clear. Recall bias can confound anyare clear. Recall bias can confound any

attempt to discern effects on serious, rareattempt to discern effects on serious, rare

outcomes. Large sample size allowsoutcomes. Large sample size allows

examination of relatively rare outcomes.examination of relatively rare outcomes.

LimitationsLimitations

Validity and reliability of diagnosis ofValidity and reliability of diagnosis of

childhood illness is uncertain. Informationchildhood illness is uncertain. Information

regarding the more common viral illnessesregarding the more common viral illnesses

was obtained from the parents, diagnoseswas obtained from the parents, diagnoses

which even today can confuse healthwhich even today can confuse health
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professionals in the absence of serology.professionals in the absence of serology.

For example, more illnesses were found inFor example, more illnesses were found in

higher social classes. One possible explana-higher social classes. One possible explana-

tion is that better parental educationtion is that better parental education

improves ability to remember or differ-improves ability to remember or differ-

entiate between common illnesses. Theentiate between common illnesses. The

finding contrasts these data – total numberfinding contrasts these data – total number

of different illnesses noted – with aof different illnesses noted – with a

measure of total exposure to disease, whichmeasure of total exposure to disease, which

one would expect to decrease with increas-one would expect to decrease with increas-

ing social class (cf. the number of softing social class (cf. the number of soft

signs). Similarly, ‘meningitis’ cannot besigns). Similarly, ‘meningitis’ cannot be

subdivided further, for example into viralsubdivided further, for example into viral

or bacterial.or bacterial.

Information on duration, severity andInformation on duration, severity and

timing of illness is lacking. The lack of datatiming of illness is lacking. The lack of data

on timing of illnesses could obscure anyon timing of illnesses could obscure any

effects on neurodevelopment that onlyeffects on neurodevelopment that only

occur during a critical ‘window’ of develop-occur during a critical ‘window’ of develop-

ment, and the development of any soft signsment, and the development of any soft signs

could precede or follow an illness.could precede or follow an illness.

The diagnosis of ‘epilepsy’ was made byThe diagnosis of ‘epilepsy’ was made by

age 11, and thus might not include cases ofage 11, and thus might not include cases of

partial epilepsy that commonly might notpartial epilepsy that commonly might not

manifest until young adulthood.manifest until young adulthood.

Neurological soft signs measures comeNeurological soft signs measures come

from medical, school and parental reports.from medical, school and parental reports.

The measures, while signs of ‘non-localisedThe measures, while signs of ‘non-localised

neurological deficits’, have to be seen in theneurological deficits’, have to be seen in the

context of the developmental literature ofcontext of the developmental literature of

the time and will only indirectly reflectthe time and will only indirectly reflect

current concepts (Schrodercurrent concepts (Schroder et alet al, 1991)., 1991).

However, given the variety of sources ofHowever, given the variety of sources of

information, exploratory factor analysisinformation, exploratory factor analysis

of the measures at 7 and 11 years wasof the measures at 7 and 11 years was

performed and showed consistency in theperformed and showed consistency in the

factor structure over time, suggesting relia-factor structure over time, suggesting relia-

bility of the measures as well as validity ofbility of the measures as well as validity of

the constructs.the constructs.

Neurological soft signs and adultNeurological soft signs and adult
outcomesoutcomes

Our findings confirm earlier reports ofOur findings confirm earlier reports of

raised levels of neurological soft signs dur-raised levels of neurological soft signs dur-

ing childhood in individuals who latering childhood in individuals who later

develop schizophrenia (Table 1). There isdevelop schizophrenia (Table 1). There is

also a significant, but more modest,also a significant, but more modest,

increased risk in those individuals who laterincreased risk in those individuals who later

develop affective psychosis. This suggestsdevelop affective psychosis. This suggests

that some soft signs reflect a more general,that some soft signs reflect a more general,

‘latent’ neurological dysfunction. For‘latent’ neurological dysfunction. For

example, the first and third factors of theexample, the first and third factors of the

factor analysis reinforce the notion of softfactor analysis reinforce the notion of soft

signs as markers of disordered neuro-signs as markers of disordered neuro-

development. It is noteworthy that of thedevelopment. It is noteworthy that of the

‘significant’ odds ratios (95% confidence‘significant’ odds ratios (95% confidence

intervals that do not include unity) allintervals that do not include unity) all

represent increased frequency of soft signsrepresent increased frequency of soft signs

associated with adult outcomes.associated with adult outcomes.

The number of cases of schizophreniaThe number of cases of schizophrenia

identified lies within confidence limits thatidentified lies within confidence limits that

could be expected were the case-findingcould be expected were the case-finding

complete (Donecomplete (Done et alet al, 1991). However,, 1991). However,

the percentage of cases of affective psycho-the percentage of cases of affective psycho-

sis that are admitted to hospital is going tosis that are admitted to hospital is going to

be a function of accepted practice, socialbe a function of accepted practice, social

acceptance of psychosis and illness severity,acceptance of psychosis and illness severity,

and milder cases are probably not repre-and milder cases are probably not repre-

sented. Differential attrition occurringsented. Differential attrition occurring

because of measures in the study couldbecause of measures in the study could

include the removal of severe or compli-include the removal of severe or compli-

cated cases of childhood illness or soft signcated cases of childhood illness or soft sign

(by death), leading to an extreme exposure(by death), leading to an extreme exposure

but no outcome, with a resultant loss ofbut no outcome, with a resultant loss of

study power.study power.

Attrition at the level of case-findingAttrition at the level of case-finding

reflects medical record keeping rather thanreflects medical record keeping rather than

characteristics of the patientcharacteristics of the patient per seper se. The. The

clear exceptions to this are the tendencyclear exceptions to this are the tendency

of those with chronic psychosis to socialof those with chronic psychosis to social

and geographical drift, as well as greaterand geographical drift, as well as greater

inconsistencies in recording personal detailsinconsistencies in recording personal details

(e.g. names). This could lead to under-(e.g. names). This could lead to under-

representation of more severe cases. Over-representation of more severe cases. Over-

all, the mixing of cases in the controlall, the mixing of cases in the control

population would decrease the power ofpopulation would decrease the power of

the study. Any individual without data atthe study. Any individual without data at

11 years was excluded from analysis.11 years was excluded from analysis.

‘Narrow schizophrenia’, conforming‘Narrow schizophrenia’, conforming

mainly to the presence of first-rank symp-mainly to the presence of first-rank symp-

toms, was used as it was felt to reflect thetoms, was used as it was felt to reflect the

more ‘neurodevelopmental’ features ofmore ‘neurodevelopmental’ features of

schizophrenia, and therefore was moreschizophrenia, and therefore was more

likely to be associated with other markerslikely to be associated with other markers

of disordered neurodevelopment. If this isof disordered neurodevelopment. If this is

seen as a more ‘genetic’ form of psychosis,seen as a more ‘genetic’ form of psychosis,

a lack of association with infectious ill-a lack of association with infectious ill-

nesses might be expected, unless thenesses might be expected, unless the

diathesis is associated with immunologicaldiathesis is associated with immunological

differences.differences.

Illnesses and soft signsIllnesses and soft signs

Viral meningoencephalitis and bacterialViral meningoencephalitis and bacterial

meningitis, tuberculosis and more rarelymeningitis, tuberculosis and more rarely

mumps can lead to central nervous systemmumps can lead to central nervous system

(CNS) involvement. For common viral(CNS) involvement. For common viral

infections, autoimmune responses to theinfections, autoimmune responses to the

CNS (e.g. autoimmune encephalitis) canCNS (e.g. autoimmune encephalitis) can

be triggered by chicken pox, measles, scar-be triggered by chicken pox, measles, scar-

let fever and rheumatic fever. Whoopinglet fever and rheumatic fever. Whooping

cough can lead to punctate haemorrhagescough can lead to punctate haemorrhages

in the brain following explosive coughing,in the brain following explosive coughing,

and is sometimes followed by a relatedand is sometimes followed by a related

‘post-tussis encephalitis’. However, in this‘post-tussis encephalitis’. However, in this

whole population sample it appears thatwhole population sample it appears that

CNS involvement for the more commonCNS involvement for the more common

viral illnesses as reflected in neurologicalviral illnesses as reflected in neurological

soft signs is negligible, except for a possiblesoft signs is negligible, except for a possible

small association with whooping cough.small association with whooping cough.

For meningitis and tuberculosis, there isFor meningitis and tuberculosis, there is

evidence of a similar increase in soft signsevidence of a similar increase in soft signs

in the population as a whole.in the population as a whole.

Overall, then, infections that canOverall, then, infections that can

directly cause CNS insults are associateddirectly cause CNS insults are associated

with increased soft signs, whereas thosewith increased soft signs, whereas those

mediated through autoimmune mechan-mediated through autoimmune mechan-

isms are not. Whether the infection is viralisms are not. Whether the infection is viral

or bacterial appears secondary to thisor bacterial appears secondary to this

consideration. Infectious hepatitis servesconsideration. Infectious hepatitis serves

as a nominal ‘control’ for general effectsas a nominal ‘control’ for general effects

of illness in these data (infection but noof illness in these data (infection but no

CNS involvement). However, this obser-CNS involvement). However, this obser-

vation does not extend either in specificvation does not extend either in specific

illnesses or in total number of illnesses toillnesses or in total number of illnesses to

the adult outcomes, with the exception ofthe adult outcomes, with the exception of

epilepsy (see below).epilepsy (see below).

Illnesses and adult outcomesIllnesses and adult outcomes

An association between death rates fromAn association between death rates from

bronchopneumonia and dates of birthbronchopneumonia and dates of birth

of individuals with adult schizophreniaof individuals with adult schizophrenia

inin two data-sets has been claimedtwo data-sets has been claimed

(O’Callaghan(O’Callaghan et alet al, 1994), as well as an, 1994), as well as an

association between schizophrenia andassociation between schizophrenia and

childhood CNS infection (including menin-childhood CNS infection (including menin-

gitis) in prospectively gathered data in agitis) in prospectively gathered data in a

Finnish cohort (RantakallioFinnish cohort (Rantakallio et alet al, 1997)., 1997).

Here the risk for schizophrenia wasHere the risk for schizophrenia was

associated with viral CNS infection andassociated with viral CNS infection and

the risk for ‘other psychoses’ associatedthe risk for ‘other psychoses’ associated

with bacterial meningitis. Our data do notwith bacterial meningitis. Our data do not

distinguish viral from bacterial meningitis,distinguish viral from bacterial meningitis,

but the associations between meningitisbut the associations between meningitis

and both schizophrenia (OR 7.8, 95% CIand both schizophrenia (OR 7.8, 95% CI

1.0–59) and affective psychosis (adjusted1.0–59) and affective psychosis (adjusted

OR 7.7, 95% CI 1.0–58) are clearly com-OR 7.7, 95% CI 1.0–58) are clearly com-

patible with this work but each associationpatible with this work but each association

is based upon a single case.is based upon a single case.

The trends of association betweenThe trends of association between

tuberculosis, and psychosis and epilepsytuberculosis, and psychosis and epilepsy

are confounded by the association betweenare confounded by the association between

tuberculosis and meningitis: 5 out of 40tuberculosis and meningitis: 5 out of 40

cases of tuberculosis were also recorded ascases of tuberculosis were also recorded as

cases of meningitis. At the time of thecases of meningitis. At the time of the

measures (1969), cases of tuberculosismeasures (1969), cases of tuberculosis

might have included cases of tuberculousmight have included cases of tuberculous

meningitis which were not distinguished inmeningitis which were not distinguished in

the records.the records.

Although there is a lack of effect ofAlthough there is a lack of effect of

common illnesses on adult outcomes, thecommon illnesses on adult outcomes, the

‘protective’ effect (OR‘protective’ effect (OR¼0.33, 95%0.33, 95%

CICI¼0.2–07,0.2–07, PP¼0.004) of chicken pox on0.004) of chicken pox on

adult affective psychosis is unexpected.adult affective psychosis is unexpected.

Although this could be an artefact ofAlthough this could be an artefact of

multiple comparisons, this finding survivesmultiple comparisons, this finding survives

Bonferroni correction.Bonferroni correction.
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Is the excess of soft signsIs the excess of soft signs
in schizophrenia causedin schizophrenia caused
by childhood illness?by childhood illness?

Although some childhood illnesses are asso-Although some childhood illnesses are asso-

ciated with increased rates of neurologicalciated with increased rates of neurological

soft signs, there are few consistent associa-soft signs, there are few consistent associa-

tions between the childhood illnesses andtions between the childhood illnesses and

adult psychiatric disorder.adult psychiatric disorder.

Our findings show the typical patternOur findings show the typical pattern

of a highly significant statistical associationof a highly significant statistical association

between neurological soft signs and schizo-between neurological soft signs and schizo-

phrenia but no statistically significant asso-phrenia but no statistically significant asso-

ciation between early infectious illness andciation between early infectious illness and

schizophrenia. Despite the associationschizophrenia. Despite the association

between infectious illness and neurologicalbetween infectious illness and neurological

soft signs in the population as a whole, itsoft signs in the population as a whole, it

has to be concluded that neurological softhas to be concluded that neurological soft

signs in schizophrenia arise from somesigns in schizophrenia arise from some

cause other than childhood illness.cause other than childhood illness.

The link between meningitis and epi-The link between meningitis and epi-

lepsy is clear but accounts for few cases.lepsy is clear but accounts for few cases.

This effect (and the similar trend with tu-This effect (and the similar trend with tu-

berculosis) is unrelated to social class. Theberculosis) is unrelated to social class. The

weaker relationships of meningitis withweaker relationships of meningitis with

schizophrenia and affective psychosis (eachschizophrenia and affective psychosis (each

dependent upon a single case) are clearly nodependent upon a single case) are clearly no

explanation for the increase in soft signs inexplanation for the increase in soft signs in

these groups. Thus, the increase in softthese groups. Thus, the increase in soft

signs in psychosis is independent of thesigns in psychosis is independent of the

effects of these rare illnesses in childhood.effects of these rare illnesses in childhood.

Within the limitations of the present data,Within the limitations of the present data,

exposure to common childhood illnesses atexposure to common childhood illnesses at

any age up to 11 years joins prenatal viral in-any age up to 11 years joins prenatal viral in-

fection and complications of pregnancy andfection and complications of pregnancy and

birth as candidate environmental factors inbirth as candidate environmental factors in

psychosis aetiology of small effect andpsychosis aetiology of small effect and

doubtful significance. The excess of soft signsdoubtful significance. The excess of soft signs

associated with psychosis must be assumedassociated with psychosis must be assumed

to reflect on the nature of the deviation into reflect on the nature of the deviation in

the trajectory of brain development inthe trajectory of brain development in

psychosis and its presumably genetic origin.psychosis and its presumably genetic origin.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Common childhood illnesses are not implicated in the aetiology of adult psychoticCommon childhood illnesses are not implicated in the aetiology of adult psychotic
illness.illness.

&& Even illnesses such asmeningitis rarely occur in the childhoods of individuals whoEven illnesses such asmeningitis rarely occur in the childhoods of individuals who
develop psychotic illness.develop psychotic illness.

&& Findings from case^control studies remain vulnerable to selection and recallFindings from case^control studies remain vulnerable to selection and recall
bias.bias.

LIMITATIONSLIMITATIONS

&& The diagnoses of childhood illnesseswere as reportedbyparents andmightnotbeThe diagnoses of childhood illnesseswere as reportedbyparents andmightnotbe
reliable.reliable.

&& No informationwas recorded on duration, severity or timing of the illnesses.No informationwas recorded on duration, severity or timing of the illnesses.

&& Epilepsy was identified at age11, whereasmany cases (especially partial fits) willEpilepsy was identified at age11, whereasmany cases (especially partial fits) will
manifest after this age.manifest after this age.
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