
BackgroundBackground Disturbances intheDisturbances in the

centralnervous systemoriginatingduringcentralnervous systemoriginatingduring

foetallifemayincrease the riskoffoetallifemayincrease the riskof

schizophrenia.schizophrenia.

AimsAims To illuminate thehypothesis thatTo illuminate the hypothesis that

prenatal exposure to analgesicsmay affectprenatal exposure to analgesicsmay affect

foetalneurodevelopment, leading tofoetalneurodevelopment, leading to

increasedriskof schizophrenia inincreasedriskof schizophrenia in

adulthood.adulthood.

MethodMethod Usingdata fromtheUsingdata fromthe

Copenhagen Perinatal Cohort and fromCopenhagen Perinatal Cohort and from

the Danish Psychiatric Central Register,the Danish Psychiatric Central Register,

we studied the relationship betweenwe studied the relationship between

prenatal exposure to analgesics and theprenatal exposure to analgesics and the

riskof schizophrenia.The effectofprenatalriskof schizophrenia.The effectofprenatal

exposurewas adjusted for parentalexposurewas adjusted for parental

historyof schizophrenia, second-trimesterhistoryof schizophrenia, second-trimester

viral infections, concomitantdrugviral infections, concomitantdrug

treatmentduringpregnancy, an indexoftreatmentduringpregnancy, an indexof

pregnancycomplications, parental socialpregnancycomplications, parental social

status andparental age.status andparental age.

ResultsResults In a risk setof 7999 individuals,In a risk setof 7999 individuals,

116 cases of schizophreniawere found116 cases of schizophreniawere found

(1.5%).Prenatal exposure to analgesics in(1.5%).Prenatal exposure to analgesics in

the second trimester was associatedwiththe second trimester was associatedwith

an elevatedrisk (adjusted oddsratio 4.75,an elevatedrisk (adjusted oddsratio 4.75,

95% CI1.9^12.0).Independentofthe95% CI1.9^12.0).Independentofthe

covariates, the effectremainedstatisticallycovariates, the effectremainedstatistically

significant.significant.

ConclusionsConclusions Independentof awideIndependentof awide

range of possible confounders, arange of possible confounders, a

significant associationbetween second-significant associationbetween second-

trimester exposure to analgesics andtrimester exposure to analgesics and

increasedriskof schizophreniawasincreasedriskof schizophreniawas

observed.observed.
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Studies strongly suggest that genetic trans-Studies strongly suggest that genetic trans-

mission accounts for most of the familialmission accounts for most of the familial

aggregation of schizophrenia (Gottesman,aggregation of schizophrenia (Gottesman,

1991; Kendler & Diehl, 1993). Environ-1991; Kendler & Diehl, 1993). Environ-

mental risk factors have also been impli-mental risk factors have also been impli-

cated: these include pregnancy andcated: these include pregnancy and

delivery complications (Parnasdelivery complications (Parnas et alet al, 1982;, 1982;

Geddes & Lawrie, 1995) and influenzaGeddes & Lawrie, 1995) and influenza

during the mother’s pregnancy (Mednickduring the mother’s pregnancy (Mednick

et alet al, 1988; O’Callaghan, 1988; O’Callaghan et alet al, 1991; Kunugi, 1991; Kunugi

et alet al, 1992; McGrath, 1992; McGrath et alet al, 1994). Some, 1994). Some

studies have been unable to confirm anstudies have been unable to confirm an

association between prenatal exposure toassociation between prenatal exposure to

influenza and later schizophrenia (Crowinfluenza and later schizophrenia (Crow etet

alal, 1991; Selten & Slaets, 1994; Susser, 1991; Selten & Slaets, 1994; Susser etet

alal, 1994), and it is conceivable that mater-, 1994), and it is conceivable that mater-

nal intake of medication during pregnancynal intake of medication during pregnancy

to alleviate symptoms associated with influ-to alleviate symptoms associated with influ-

enza and similar diseases might influenceenza and similar diseases might influence

the risk of schizophrenia in the offspring.the risk of schizophrenia in the offspring.

Thus, maternal intake of analgesics mightThus, maternal intake of analgesics might

be related to the offspring’s risk of schizo-be related to the offspring’s risk of schizo-

phrenia. To our knowledge, no study link-phrenia. To our knowledge, no study link-

ing psychiatric morbidity in the offspringing psychiatric morbidity in the offspring

with maternal intake of analgesics duringwith maternal intake of analgesics during

pregnancy has been reported; we thereforepregnancy has been reported; we therefore

analysed data from the Copenhagen Peri-analysed data from the Copenhagen Peri-

natal Cohort to examine the associationsnatal Cohort to examine the associations

between schizophrenia in adult life and pre-between schizophrenia in adult life and pre-

natal exposure to analgesics.natal exposure to analgesics.

METHODMETHOD

The Copenhagen Perinatal CohortThe Copenhagen Perinatal Cohort

The Copenhagen Perinatal Cohort consistsThe Copenhagen Perinatal Cohort consists

of 9125 individuals delivered by 8949 preg-of 9125 individuals delivered by 8949 preg-

nant women between October 1959 andnant women between October 1959 and

December 1961 at the maternity depart-December 1961 at the maternity depart-

ment of the Copenhagen University Hos-ment of the Copenhagen University Hos-

pital, Rigshospitalet. A total of 8400pital, Rigshospitalet. A total of 8400

infants survived the first month afterinfants survived the first month after

birth. Information on exposure to anal-birth. Information on exposure to anal-

gesics and psychiatric hospitalisation wasgesics and psychiatric hospitalisation was

available for 7999 individuals (4098 malesavailable for 7999 individuals (4098 males

and 3941 females) from the Perinataland 3941 females) from the Perinatal

Cohort.Cohort.

Consumption of medication duringConsumption of medication during
pregnancypregnancy

The mothers’ reported use of medicationThe mothers’ reported use of medication

during pregnancy (information obtained induring pregnancy (information obtained in

prenatal and postnatal interviews on anyprenatal and postnatal interviews on any

medication taken for at least 5 days) wasmedication taken for at least 5 days) was

computerised, using binary indicator vari-computerised, using binary indicator vari-

ables without dosage information. The fol-ables without dosage information. The fol-

lowing types of drugs were included in thislowing types of drugs were included in this

self-report: antihistamines, barbiturates,self-report: antihistamines, barbiturates,

psychoactive medications (this categorypsychoactive medications (this category

included meprobamate, chlordiazepoxide,included meprobamate, chlordiazepoxide,

glutethimide, chlorpromazine or perphena-glutethimide, chlorpromazine or perphena-

zine, imipramine and reserpine), analgesics,zine, imipramine and reserpine), analgesics,

chemotherapeutics (sulphonamides, nitro-chemotherapeutics (sulphonamides, nitro-

furantoin or phenyl salicylate preparationsfurantoin or phenyl salicylate preparations

for disinfection of the urinary tract),for disinfection of the urinary tract),

hormones (this category included oestro-hormones (this category included oestro-

gens, progestogens and corticosteroids)gens, progestogens and corticosteroids)

and diuretics.and diuretics.

The category of analgesics wasThe category of analgesics was

pharmacologically heterogeneous. It in-pharmacologically heterogeneous. It in-

cluded both prescribed analgesics andcluded both prescribed analgesics and

analgesics bought over the counter, and itanalgesics bought over the counter, and it

was not possible to separate analgesics usedwas not possible to separate analgesics used

for treating fever from those used for treat-for treating fever from those used for treat-

ing pain. Aspirin and other antipyreticsing pain. Aspirin and other antipyretics

were commonly used; other analgesics in-were commonly used; other analgesics in-

cluded phenacetin, aspirin in combinationcluded phenacetin, aspirin in combination

with codeine and, more rarely, strongerwith codeine and, more rarely, stronger

analgesics such as morphine or syntheticanalgesics such as morphine or synthetic

forms of morphine. The category of analge-forms of morphine. The category of analge-

sics also included mixed-formula drugssics also included mixed-formula drugs

containing aspirin-like analgesics in combi-containing aspirin-like analgesics in combi-

nation with a smaller amount of opioidnation with a smaller amount of opioid

analgesic. Other combinations includedanalgesic. Other combinations included

two types of anti-inflammatory drugs (fortwo types of anti-inflammatory drugs (for

instance antipyrine plus phenacetin) andinstance antipyrine plus phenacetin) and

analgesics in combination with caffeine.analgesics in combination with caffeine.

The mothers were asked about theirThe mothers were asked about their

intake of analgesics in the first, secondintake of analgesics in the first, second

and third months and in the second andand third months and in the second and

third trimesters of pregnancy. For the studythird trimesters of pregnancy. For the study

population of 7999 cohort members, thepopulation of 7999 cohort members, the

missing data rate was less than 1% for themissing data rate was less than 1% for the

first and the third months of pregnancy,first and the third months of pregnancy,

and 4.4% for the second month. Infor-and 4.4% for the second month. Infor-

mation on use of analgesics was completemation on use of analgesics was complete

for the second trimester, while the missingfor the second trimester, while the missing

data rate was 1.7% for the third trimester.data rate was 1.7% for the third trimester.

The prevalence of exposure to analgesics atThe prevalence of exposure to analgesics at

any time during the first trimester wasany time during the first trimester was

0.9% (71/7997), during the second0.9% (71/7997), during the second

trimester 1.8% (144/7999) and during thetrimester 1.8% (144/7999) and during the

third trimester 2.0% (154/7867)third trimester 2.0% (154/7867). Nineteen. Nineteen

individuals were exposed exclusively duringindividuals were exposed exclusively during

the first trimester, 58 were exposed exclu-the first trimester, 58 were exposed exclu-

sively during the second trimester and 82sively during the second trimester and 82

were exposed exclusively during the thirdwere exposed exclusively during the third
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trimester, while 41 were exposed in alltrimester, while 41 were exposed in all

three trimesters.three trimesters.

Demographic factorsDemographic factors

Maternal age (in years) at the time of deliv-Maternal age (in years) at the time of deliv-

ery was obtained from the records atery was obtained from the records at

Rigshospitalet. Information on social statusRigshospitalet. Information on social status

was obtained from an interview with thewas obtained from an interview with the

mother when the child was 1 year old.mother when the child was 1 year old.

The socio-economic classification wasThe socio-economic classification was

based on information about breadwinner’sbased on information about breadwinner’s

occupation, breadwinner’s education, typeoccupation, breadwinner’s education, type

of income (wage or salary) and quality ofof income (wage or salary) and quality of

housing. Sufficient data for classificationhousing. Sufficient data for classification

of social status were available for 6333of social status were available for 6333

individuals (79.2% of the study popu-individuals (79.2% of the study popu-

lation). The overall social status meanlation). The overall social status mean

was substituted for missing data, and awas substituted for missing data, and a

dummy variable was included to indicatedummy variable was included to indicate

missing data on social status in the logisticmissing data on social status in the logistic

regression analyses.regression analyses.

Psychiatric hospitalisationPsychiatric hospitalisation

Written approval to conduct a registry-Written approval to conduct a registry-

based psychiatric follow-up was obtainedbased psychiatric follow-up was obtained

from the regional scientific ethics commit-from the regional scientific ethics commit-

tee. The Danish Psychiatric Central Regis-tee. The Danish Psychiatric Central Regis-

ter has been computerised since 1 Aprilter has been computerised since 1 April

1969 (Munk-Jørgensen & Mortensen,1969 (Munk-Jørgensen & Mortensen,

1997). It contains data on all admissions1997). It contains data on all admissions

to Danish psychiatric in-patient facilities.to Danish psychiatric in-patient facilities.

The diagnostic system in use when theThe diagnostic system in use when the

Danish Psychiatric Central Register wasDanish Psychiatric Central Register was

computerised was the ICD–8 (Worldcomputerised was the ICD–8 (World

Health Organization, 1967). The cohortHealth Organization, 1967). The cohort

members and their parents were followedmembers and their parents were followed

in the Danish Psychiatric Central Registerin the Danish Psychiatric Central Register

to identify all hospital admissions with ato identify all hospital admissions with a

diagnosis of schizophrenia (ICD–8 codediagnosis of schizophrenia (ICD–8 code

295 or ICD–10 code F20) until December295 or ICD–10 code F20) until December

1999. In ICD–8, schizophrenia is defined1999. In ICD–8, schizophrenia is defined

by prototypic descriptions of symptoms,by prototypic descriptions of symptoms,

such as bizarre delusions, delusions of con-such as bizarre delusions, delusions of con-

trol, abnormal affect, autism, hallucina-trol, abnormal affect, autism, hallucina-

tions and disorganised thinking. In 1994,tions and disorganised thinking. In 1994,

the more operational ICD–10 criteria werethe more operational ICD–10 criteria were

implemented (World Health Organization,implemented (World Health Organization,

1992). The cohort and their parents were1992). The cohort and their parents were

categorised as having a history of schizo-categorised as having a history of schizo-

phrenia (ICD–8 code 295 or ICD–10 codephrenia (ICD–8 code 295 or ICD–10 code

F20) if they had been admitted with oneF20) if they had been admitted with one

of these diagnoses.of these diagnoses.

Other variablesOther variables

Weighted pregnancy and delivery complica-Weighted pregnancy and delivery complica-

tions scales were constructed for use withtions scales were constructed for use with

the Copenhagen Perinatal Cohort by a teamthe Copenhagen Perinatal Cohort by a team

of American and Danish obstetricians andof American and Danish obstetricians and

paediatric neurologists (Zachau-Christiansenpaediatric neurologists (Zachau-Christiansen

& Ross, 1975). To control for pregnancy& Ross, 1975). To control for pregnancy

complications, we used the pregnancy com-complications, we used the pregnancy com-

plications scale, which included items suchplications scale, which included items such

as bleeding or illness during pregnancy,as bleeding or illness during pregnancy,

use of radiation during pregnancy anduse of radiation during pregnancy and

pre-eclampsia. Data on viral infections inpre-eclampsia. Data on viral infections in

the second trimester were available forthe second trimester were available for

7970 pregnancies (99.6% of the study7970 pregnancies (99.6% of the study

population). A few days after delivery, thepopulation). A few days after delivery, the

mothers were asked about infections duringmothers were asked about infections during

the different periods of pregnancy, and thethe different periods of pregnancy, and the

vast majority of viral infections recordedvast majority of viral infections recorded

were minor respiratory illnesses or influenzawere minor respiratory illnesses or influenza

(Villumsen, 1970).(Villumsen, 1970).

We have recently reported that theWe have recently reported that the

combination of maternal hypertension andcombination of maternal hypertension and

third-trimester (but not second-trimester)third-trimester (but not second-trimester)

intake of diuretics during pregnancy wasintake of diuretics during pregnancy was

associated with an elevated risk in the off-associated with an elevated risk in the off-

spring of schizophrenia according to thespring of schizophrenia according to the

ICD–8 classification (SørensenICD–8 classification (Sørensen et alet al,,

2003). Both second-trimester and third-2003). Both second-trimester and third-

trimester exposures to diuretics weretrimester exposures to diuretics were

included as potential confounders.included as potential confounders.

Statistical analysisStatistical analysis

For each recorded period of gestation (first,For each recorded period of gestation (first,

second and third months and second andsecond and third months and second and

third trimesters), we estimated the risk ofthird trimesters), we estimated the risk of

developing schizophrenia in cohortdeveloping schizophrenia in cohort

members exposed to analgesics (exposuremembers exposed to analgesics (exposure

group) and in those who were not exposedgroup) and in those who were not exposed

to these drugs (non-exposure group). Sub-to these drugs (non-exposure group). Sub-

periods showing an odds ratio significantperiods showing an odds ratio significant

at the 5% level were included in theat the 5% level were included in the

subsequent multivariate analyses.subsequent multivariate analyses.

The distributions of potential confoun-The distributions of potential confoun-

ders, including parental demographic andders, including parental demographic and

psychiatric characteristics, were comparedpsychiatric characteristics, were compared

between the two groups. One-way analysisbetween the two groups. One-way analysis

of variance was used to compare the dis-of variance was used to compare the dis-

tributions of the continuous variables:tributions of the continuous variables:

parental age, parental social status andparental age, parental social status and

Pregnancy Complications score. Chi-Pregnancy Complications score. Chi-

squared tests were used to compare the pro-squared tests were used to compare the pro-

portions of exposures to viral infectionsportions of exposures to viral infections

(second trimester), classes of medication in(second trimester), classes of medication in

the second trimester, and the proportionsthe second trimester, and the proportions

of maternal and paternal schizophrenia inof maternal and paternal schizophrenia in

the exposure and non-exposure groups.the exposure and non-exposure groups.

The risk of developing schizophreniaThe risk of developing schizophrenia

associated with prenatal exposure toassociated with prenatal exposure to

analgesics was estimated in multivariateanalgesics was estimated in multivariate

logistic regression models. The multivariatelogistic regression models. The multivariate

analyses included exposure to analgesics inanalyses included exposure to analgesics in

the first and second trimesters and the fol-the first and second trimesters and the fol-

lowing binary variables: second-trimesterlowing binary variables: second-trimester

exposure to viral infections, otherexposure to viral infections, other

medication in the second trimester (anti-medication in the second trimester (anti-

histamines, psychoactive medications,histamines, psychoactive medications,

barbiturates, chemotherapeutics, hormonesbarbiturates, chemotherapeutics, hormones

and diuretics) and third-trimester exposureand diuretics) and third-trimester exposure

to diuretics. In addition, maternal andto diuretics. In addition, maternal and

paternal schizophrenia were included aspaternal schizophrenia were included as

covariates, and the following parameterscovariates, and the following parameters

were included as continuous covariates:were included as continuous covariates:

maternal and paternal age, parental socialmaternal and paternal age, parental social

class and Pregnancy Complications score.class and Pregnancy Complications score.

The first model adjusted for parental age,The first model adjusted for parental age,

social status and Pregnancy Complicationssocial status and Pregnancy Complications

score, whereas the second model (fullscore, whereas the second model (full

model) studied the joint effects of all themodel) studied the joint effects of all the

variables listed.variables listed.

RESULTSRESULTS

A total of 116 cases of schizophreniaA total of 116 cases of schizophrenia

(cumulative incidence 1.5%) were identi-(cumulative incidence 1.5%) were identi-

fied. Among 4058 male cohort members,fied. Among 4058 male cohort members,

76 (1.9%) had developed schizophrenia,76 (1.9%) had developed schizophrenia,

and among 3941 female cohort members,and among 3941 female cohort members,

40 (1.0%) had developed schizophrenia.40 (1.0%) had developed schizophrenia.

Table 1 shows that exposure to analge-Table 1 shows that exposure to analge-

sics in the registered sub-periods of gesta-sics in the registered sub-periods of gesta-

tion was associated with an elevated risktion was associated with an elevated risk

of schizophrenia. For the first trimesterof schizophrenia. For the first trimester

the odds ratio was only significant for thethe odds ratio was only significant for the

third month. The odds ratio was also notthird month. The odds ratio was also not

significant for the third trimester, whereassignificant for the third trimester, whereas

the cumulative incidence of schizophreniathe cumulative incidence of schizophrenia

in the exposure group in the second tri-in the exposure group in the second tri-

mester was significantly higher than in themester was significantly higher than in the

non-exposure group in that period (5.6%non-exposure group in that period (5.6%

v.v. 1.4%;1.4%; PP550.001). Thus, the odds ratio0.001). Thus, the odds ratio

for the second trimester was 4.22 (95%for the second trimester was 4.22 (95%

CI 2.0–8.8).CI 2.0–8.8).

Some cohort members were exposed toSome cohort members were exposed to

analgesics in more than one period of gesta-analgesics in more than one period of gesta-

tion. The total number of cohort memberstion. The total number of cohort members

who had been exposed at any time duringwho had been exposed at any time during

gestation was 245 (ever exposed), whereasgestation was 245 (ever exposed), whereas

7754 had never been exposed. The unad-7754 had never been exposed. The unad-

justed odds ratio associated with exposurejusted odds ratio associated with exposure

to analgesics at any time during gestationto analgesics at any time during gestation

was 2.39 (95% CI 1.2–5.0), whereas itwas 2.39 (95% CI 1.2–5.0), whereas it

was 2.71 (95% CI 1.3–5.4) when adjustedwas 2.71 (95% CI 1.3–5.4) when adjusted

for social status, mother’s and father’sfor social status, mother’s and father’s

age, and Pregnancy Complications score.age, and Pregnancy Complications score.

Table 2 shows the distribution of demo-Table 2 shows the distribution of demo-

graphic and other characteristics of individ-graphic and other characteristics of individ-

uals who had ever been exposed touals who had ever been exposed to

analgesics during gestationanalgesics during gestation v.v. the non-the non-

exposed comparison group. Exposureexposed comparison group. Exposure

correlated with viral infections, antihista-correlated with viral infections, antihista-

mine intake, barbiturate intake and use ofmine intake, barbiturate intake and use of

psychoactive medication. Moreover, thepsychoactive medication. Moreover, the

mean parental age and the mean Pregnancymean parental age and the mean Pregnancy
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Complications score were higher. The twoComplications score were higher. The two

groups did not differ with respect to paren-groups did not differ with respect to paren-

tal social status or proportions of motherstal social status or proportions of mothers

and fathers with schizophrenia.and fathers with schizophrenia.

The relative risks (odds ratios) asso-The relative risks (odds ratios) asso-

ciated with exposure to analgesics areciated with exposure to analgesics are

shown in Table 3. This table also showsshown in Table 3. This table also shows

the relative risk associated with exposurethe relative risk associated with exposure

to viral infection or other medication into viral infection or other medication in

the second trimester and the risk associatedthe second trimester and the risk associated

with maternal or paternal hospitalisationwith maternal or paternal hospitalisation

with schizophrenia (Table 3, first column).with schizophrenia (Table 3, first column).

Maternal schizophrenia emerged as theMaternal schizophrenia emerged as the

strongest risk factor (adjusted ORstrongest risk factor (adjusted OR¼9.27,9.27,

95% CI 4.7–18.2). The second strongest95% CI 4.7–18.2). The second strongest

effect was noted for second-trimester expo-effect was noted for second-trimester expo-

sure to analgesics (adjusted ORsure to analgesics (adjusted OR¼4.75, 95%4.75, 95%

CI 1.9–12.0). The risk of schizophreniaCI 1.9–12.0). The risk of schizophrenia

associated with paternal schizophreniaassociated with paternal schizophrenia

was lower than expected (adjusted ORwas lower than expected (adjusted OR¼
3.22, 95% CI 0.7–14.1). Similarly, the risk3.22, 95% CI 0.7–14.1). Similarly, the risk

of schizophrenia associated with second-of schizophrenia associated with second-

trimester viral infection was lower thantrimester viral infection was lower than

expected (adjusted ORexpected (adjusted OR¼0.94, 95% CI0.94, 95% CI

0.4–2.2).0.4–2.2).

Assuming a causal connection betweenAssuming a causal connection between

prenatal exposure to analgesics and in-prenatal exposure to analgesics and in-

creased risk of schizophrenia, the attributa-creased risk of schizophrenia, the attributa-

ble risk – i.e. the proportion of individualsble risk – i.e. the proportion of individuals

in the total population with the diseasein the total population with the disease

attributed to exposure to analgesics in theattributed to exposure to analgesics in the

second trimester – was calculated (Altmansecond trimester – was calculated (Altman

et alet al, 2000) and found to be 5.2% (95%, 2000) and found to be 5.2% (95%

CI 1.8–11.4).CI 1.8–11.4).

The effect of analgesics exposure in theThe effect of analgesics exposure in the

second trimester was statistically significantsecond trimester was statistically significant

in both genders. The unadjusted odds ratioin both genders. The unadjusted odds ratio

was 3.77 (95% CI 1.5–9.6) in males andwas 3.77 (95% CI 1.5–9.6) in males and

4.94 (95% CI 1.6–16.4) in females.4.94 (95% CI 1.6–16.4) in females.

Second-trimester analgesicsSecond-trimester analgesics
exposure and other putativeexposure and other putative
risk factorsrisk factors

Out of 7970 cohort members, 464 (5.8%)Out of 7970 cohort members, 464 (5.8%)

had been exposed to a viral infection duringhad been exposed to a viral infection during

the second trimester. Six cases of schizo-the second trimester. Six cases of schizo-

phrenia (1.3%) emerged among thosephrenia (1.3%) emerged among those

exposed. There was no interaction betweenexposed. There was no interaction between

second-trimester exposure to analgesics andsecond-trimester exposure to analgesics and

second-trimester viral exposure in relationsecond-trimester viral exposure in relation

to outcome. Only 15 cohort members hadto outcome. Only 15 cohort members had

both these exposures during the secondboth these exposures during the second

3 6 83 6 8

Table1Table1 Risks of developing schizophrenia in members of the Copenhagen Perinatal Cohort associatedwith exposure to analgesics during gestationRisks of developing schizophrenia in members of the Copenhagen Perinatal Cohort associatedwith exposure to analgesics during gestation

Period of pregnancyPeriod of pregnancy Exposed to analgesicsExposed to analgesics Not exposed to analgesicsNot exposed to analgesics

Cohort membersCohortmembers

nn

Cumulative incidenceCumulative incidence

of schizophreniaof schizophrenia

nn//NN (%)(%)

CohortmembersCohortmembers

nn

Cumulative incidenceCumulative incidence

of schizophreniaof schizophrenia

nn//NN (%)(%)

Odds ratioOdds ratio

(95% CI)(95% CI)

First monthFirst month 4545 2/45 (4.4)2/45 (4.4) 79517951 114/7949 (1.4)114/7949 (1.4)11 3.20 (0.8^13.4)3.20 (0.8^13.4)

SecondmonthSecondmonth 5555 2/55 (3.6)2/55 (3.6) 76447644 111/7641 (1.5)111/7641 (1.5)11 2.56 (0.6^10.6)2.56 (0.6^10.6)

ThirdmonthThirdmonth 6363 3/63 (4.8)3/63 (4.8) 79337933 113/7931 (1.4)113/7931 (1.4)11 3.46 (1.1^11.2)*3.46 (1.1^11.2)*

Second trimesterSecond trimester 144144 8/144 (5.6)8/144 (5.6) 78557855 108/7855 (1.4)108/7855 (1.4) 4.22 (2.0^8.8)**4.22 (2.0^8.8)**

Third trimesterThird trimester 156156 5/156 (3.2)5/156 (3.2) 77117711 111/7711 (1.4)111/7711 (1.4) 2.27 (0.9^5.6)2.27 (0.9^5.6)

1. A fewmembers of the cohort could not be checked in the Psychiatric Register.1. A fewmembers of the cohort could not be checked in the Psychiatric Register.
**PP550.05, **0.05, **PP550.01.0.01.

Table 2Table 2 Characteristics of the exposure and non-exposure groups of the Copenhagen Perinatal CohortCharacteristics of the exposure and non-exposure groups of the Copenhagen Perinatal Cohort

Ever exposed toEver exposed to

analgesics duringanalgesics during

gestation (gestation (nn¼245)245)

Not exposed toNot exposed to

analgesics duringanalgesics during

gestation (gestation (nn¼7754)7754)

Test statisticTest statistic

(d.f.(d.f.¼1)1)

Other exposure variables,Other exposure variables, nn//NN (%)(%)

Exposed to antihistaminesExposed to antihistamines

in second trimesterin second trimester

25/245 (10.2)25/245 (10.2) 478/7754 (6.2)478/7754 (6.2) ww22¼6.57*6.57*

Exposed to barbituratesExposed to barbiturates

in second trimesterin second trimester

14/245 (5.7)14/245 (5.7) 246/7754 (3.2)246/7754 (3.2) ww22¼4.87*4.87*

Exposed to psychoactiveExposed to psychoactive

medication in second trimestermedication in second trimester

25/245 (10.2)25/245 (10.2) 282/7754 (3.6)282/7754 (3.6) ww22¼27.75**27.75**

Exposed to chemotherapeuticExposed to chemotherapeutic

drugs in second trimesterdrugs in second trimester

12/245 (4.9)12/245 (4.9) 287/7754 (3.7)287/7754 (3.7) ww22¼0.950.95

Exposed to hormonesExposed to hormones

in second trimesterin second trimester

13/245 (5.3)13/245 (5.3) 250/7754 (3.2)250/7754 (3.2) ww22¼3.233.23

Exposed to diuretics in secondExposed to diuretics in second

trimestertrimester

2/245 (0.8)2/245 (0.8) 64/7754 (0.8)64/7754 (0.8) ww22¼0.0010.001

Exposed to diuretics in thirdExposed to diuretics in third

trimestertrimester11
8/242 (3.3)8/242 (3.3) 399/7621 (5.2)399/7621 (5.2) ww22¼1.781.78

Exposed to viral infectionExposed to viral infection

in second trimesterin second trimester22
20/242 (8.2)20/242 (8.2) 444/7728 (5.8)444/7728 (5.8) ww22¼2.722.72

Mother registeredwithMother registered with

schizophrenia,schizophrenia, nn//NN (%)(%)

4/245 (1.6)4/245 (1.6) 93/7754 (1.2)93/7754 (1.2) ww22¼0.370.37

Father registered withFather registered with

schizophrenia,schizophrenia, nn//NN (%)(%)

1/245 (0.4)1/245 (0.4) 40/7754 (0.5)40/7754 (0.5) ww22¼0.0540.054

Parental age, yearsParental age, years

Maternal age, mean (s.d.)Maternal age, mean (s.d.) 27.4 (6.1)27.4 (6.1) 25.8 (6.5)25.8 (6.5) FF¼14.13**14.13**

Paternal age, mean (s.d.)Paternal age, mean (s.d.) 31.2 (8.2)31.2 (8.2) 29.6 (7.4)29.6 (7.4) FF¼11.17*11.17*

PC score, mean (s.d.)PC score, mean (s.d.) 6539 (3078)6539 (3078) 5760 (2159)5760 (2159) FF¼30.26**30.26**

Parental social status, mean (s.d.)Parental social status, mean (s.d.) 4.0 (1.7)4.0 (1.7) 4.0 (1.6)4.0 (1.6) FF¼0.910.91

PC, Pregnancy Complications scale.PC, Pregnancy Complications scale.
1. Total1. Total nn¼7863, owing to missing data.7863, owing to missing data.
2. Total2. Total nn¼7970, owing to missing data.7970, owing to missing data.
**PP550.05, **0.05, **PP550.01.0.01.
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trimester of gestation, none of whom had atrimester of gestation, none of whom had a

subsequent diagnosis of schizophrenia.subsequent diagnosis of schizophrenia.

Second-trimester exposure to medi-Second-trimester exposure to medi-

cation other than analgesics did not confercation other than analgesics did not confer

an elevated risk of schizophrenia, butan elevated risk of schizophrenia, but

third-trimester exposure to diuretics wasthird-trimester exposure to diuretics was

significantly associated with risk of thesignificantly associated with risk of the

disease in the multivariate analysisdisease in the multivariate analysis

(adjusted OR(adjusted OR¼2.09, 95% CI 1.1–4.2).2.09, 95% CI 1.1–4.2).

The association between exposure toThe association between exposure to

psychoactive medication in the second tri-psychoactive medication in the second tri-

mester and outcome was in the expected di-mester and outcome was in the expected di-

rection but was not statistically significant.rection but was not statistically significant.

Mothers who took many analgesics mightMothers who took many analgesics might

be at higher risk of developing an affectivebe at higher risk of developing an affective

disorder or a substance dependence disor-disorder or a substance dependence disor-

der later in life. Assuming that many withder later in life. Assuming that many with

such diagnoses would have been in contactsuch diagnoses would have been in contact

with a psychiatric in-patient facility inwith a psychiatric in-patient facility in

Denmark after 1969, we decided to carryDenmark after 1969, we decided to carry

out additional analyses in a subsample ofout additional analyses in a subsample of

6109 cohort members whose mother and6109 cohort members whose mother and

father did not appear in the Danishfather did not appear in the Danish

Psychiatric Central Register. Those ex-Psychiatric Central Register. Those ex-

cluded were all offspring of mothers orcluded were all offspring of mothers or

fathers with a diagnosis of schizophreniafathers with a diagnosis of schizophrenia

or any other psychiatric disorder. In theor any other psychiatric disorder. In the

subsample the unadjusted odds ratio of de-subsample the unadjusted odds ratio of de-

veloping schizophrenia associated with pre-veloping schizophrenia associated with pre-

natal exposure to analgesics in the secondnatal exposure to analgesics in the second

trimester was 4.51 (95% CI 1.6–12.7).trimester was 4.51 (95% CI 1.6–12.7).

Out of 144 members of the subsampleOut of 144 members of the subsample

who had been exposed to analgesics atwho had been exposed to analgesics at

any time during gestation, 18 people hadany time during gestation, 18 people had

been exposed to opium or morphine, andbeen exposed to opium or morphine, and

2 cases of schizophrenia (11.1%) arose in2 cases of schizophrenia (11.1%) arose in

the latter subgroup. A preliminary reviewthe latter subgroup. A preliminary review

(data not shown) of some of the original data(data not shown) of some of the original data

forms indicated that some of the opioid-forms indicated that some of the opioid-

treated mothers had undergone abdominaltreated mothers had undergone abdominal

surgery a short time before. The Pregnancysurgery a short time before. The Pregnancy

Complications score for these women wasComplications score for these women was

higher than the scores for the cohort as ahigher than the scores for the cohort as a

whole (data not shown). We found no indi-whole (data not shown). We found no indi-

cation in the data forms that any of thesecation in the data forms that any of these

women had ever misused opioids.women had ever misused opioids.

A subgroup of the cohort (A subgroup of the cohort (nn¼45) had45) had

been exposed to mixed-formula analgesicbeen exposed to mixed-formula analgesic

drugs that contained, among other things,drugs that contained, among other things,

older pyrazolone derivatives (antipyrine,older pyrazolone derivatives (antipyrine,

isopropylantipyrine, salipyrine, phena-isopropylantipyrine, salipyrine, phena-

zone, propyphenazone). Four cases ofzone, propyphenazone). Four cases of

schizophreniaschizophrenia (8.9%) arose in that sub-(8.9%) arose in that sub-

group. The unadjusted odds of developinggroup. The unadjusted odds of developing

schizophrenia was 6.74 (95% CI 2.4–schizophrenia was 6.74 (95% CI 2.4–

19.1) in those who had been exposed to19.1) in those who had been exposed to

mixed-formula analgesics of this sort andmixed-formula analgesics of this sort and

the estimate remained significant when wethe estimate remained significant when we

adjusted for maternal and paternal age,adjusted for maternal and paternal age,

social status and Pregnancy Complicationssocial status and Pregnancy Complications

score.score.

DISCUSSIONDISCUSSION

Independent of a wide range of potentialIndependent of a wide range of potential

confounders, an association between pre-confounders, an association between pre-

natal exposure to analgesics and risk ofnatal exposure to analgesics and risk of

schizophrenia was observed. The estimateschizophrenia was observed. The estimate

of the risk of schizophrenia was more thanof the risk of schizophrenia was more than

four times greater in individuals who werefour times greater in individuals who were

exposed to analgesics in the second trime-exposed to analgesics in the second trime-

ster (the association was slightly strongerster (the association was slightly stronger

in females than in males). The associationin females than in males). The association

was independent of maternal schizo-was independent of maternal schizo-

phrenia, which was the strongest risk factorphrenia, which was the strongest risk factor

for schizophrenia in this study.for schizophrenia in this study.

From a methodological viewpoint, ourFrom a methodological viewpoint, our

prospective study is well suited to examineprospective study is well suited to examine

putative associations between prenatal ex-putative associations between prenatal ex-

posure to medication and adverse outcomesposure to medication and adverse outcomes

many years later. Exposure to drug treat-many years later. Exposure to drug treat-

ment was recorded shortly after delivery,ment was recorded shortly after delivery,

thus minimising the risk of recall bias.thus minimising the risk of recall bias.

The fact that only hospitalised cases ofThe fact that only hospitalised cases of

schizophrenia were identified should notschizophrenia were identified should not

be important, as most individuals meetingbe important, as most individuals meeting

ICD–8 or ICD–10 criteria for schizophreniaICD–8 or ICD–10 criteria for schizophrenia

are admitted to hospital before the age ofare admitted to hospital before the age of

40 years. Up to 1994, the (ICD–8) concept40 years. Up to 1994, the (ICD–8) concept

of schizophrenia in Denmark reflectedof schizophrenia in Denmark reflected

diagnostic caution rather than over-diagnostic caution rather than over-

inclusiveness. By extending the period ofinclusiveness. By extending the period of

follow-up beyond 1994, some new casesfollow-up beyond 1994, some new cases

of schizophrenia were identified using theof schizophrenia were identified using the

more operational ICD–10 criteria.more operational ICD–10 criteria.

We are not aware of any previous studyWe are not aware of any previous study

suggesting a link between prenatal expo-suggesting a link between prenatal expo-

sure to analgesic drugs and increased risksure to analgesic drugs and increased risk

of severe mental illness. Tentatively, threeof severe mental illness. Tentatively, three

types of explanations may be considered:types of explanations may be considered:

(a)(a) chemical substances might have causedchemical substances might have caused

a subtle disruption of foetal neuro-a subtle disruption of foetal neuro-

development (or interacted with yetdevelopment (or interacted with yet

unknown genetic liability factors forunknown genetic liability factors for

3 6 93 6 9

Table 3Table 3 Multiple logistic regression analysis of exposures during pregnancy and of parental psychiatricMultiple logistic regression analysis of exposures during pregnancy and of parental psychiatric

diagnoses predicting schizophreniadiagnoses predicting schizophrenia

Prenatal variablePrenatal variable Unadjusted oddsUnadjusted odds

ratio (95% CI)ratio (95% CI)

Model 1 odds ratioModel 1 odds ratio

(95% CI)(95% CI)11
Model 2 odds ratioModel 2 odds ratio

(95% CI)(95% CI)22

MedicationMedication

AnalgesicsAnalgesics

First trimesterFirst trimester 3.05 (1.0^9.8)3.05 (1.0^9.8) 3.06 (0.9^9.9)3.06 (0.9^9.9) 0.98 (0.2^4.1)0.98 (0.2^4.1)

Second trimesterSecond trimester 4.22 (2.0^8.8)4.22 (2.0^8.8) 4.32 (2.1^9.1)4.32 (2.1^9.1) 4.75 (1.9^12.0)4.75 (1.9^12.0)

AntihistaminesAntihistamines

Second trimesterSecond trimester 0.88 (0.4^2.0)0.88 (0.4^2.0) 1.00 (0.5^2.2)1.00 (0.5^2.2) 0.95 (0.4^2.2)0.95 (0.4^2.2)

BarbituratesBarbiturates

Second trimesterSecond trimester 0.79 (0.3^2.4)0.79 (0.3^2.4) 0.80 (0.3^2.6)0.80 (0.3^2.6) 0.77 (0.2^2.5)0.77 (0.2^2.5)

Psychoactive medicationPsychoactive medication

Second trimesterSecond trimester 1.37 (0.6^3.2)1.37 (0.6^3.2) 1.42 (0.6^3.3)1.42 (0.6^3.3) 1.10 (0.5^2.7)1.10 (0.5^2.7)

Chemotherapeutic drugsChemotherapeutic drugs

Second trimesterSecond trimester 0.46 (0.1^1.8)0.46 (0.1^1.8) 0.44 (0.1^1.8)0.44 (0.1^1.8) 0.44 (0.1^1.8)0.44 (0.1^1.8)

HormonesHormones

Second trimesterSecond trimester 1.05 (0.4^2.9)1.05 (0.4^2.9) 1.16 (0.4^3.2)1.16 (0.4^3.2) 1.24 (0.5^3.5)1.24 (0.5^3.5)

DiureticsDiuretics

Second trimesterSecond trimester 1.05 (0.2^7.6)1.05 (0.2^7.6) 1.10 (0.2^8.1)1.10 (0.2^8.1) 0.64 (0.1^5.1)0.64 (0.1^5.1)

Third trimesterThird trimester 1.76 (0.9^3.4)1.76 (0.9^3.4) 1.87 (1.0^3.6)1.87 (1.0^3.6) 2.09 (1.1^4.2)2.09 (1.1^4.2)

Other variablesOther variables

Viral infectionViral infection

Second trimesterSecond trimester 0.88 (0.4^2.0)0.88 (0.4^2.0) 0.91 (0.4^2.1)0.91 (0.4^2.1) 0.94 (0.4^2.2)0.94 (0.4^2.2)

Parental schizophreniaParental schizophrenia33

Mother affectedMother affected 9.50 (4.9^18.3)9.50 (4.9^18.3) 9.14 (4.7^17.7)9.14 (4.7^17.7) 9.27 (4.7^18.2)9.27 (4.7^18.2)

Father affectedFather affected 3.53 (0.8^14.8)3.53 (0.8^14.8) 3.29 (0.8^13.9)3.29 (0.8^13.9) 3.22 (0.7^14.1)3.22 (0.7^14.1)

1. Model1adjusted for mother’s and father’s age, parental social status and Pregnancy Complications scale score.1. Model1adjusted for mother’s and father’s age, parental social status and Pregnancy Complications scale score.
2. Model 2 adjusted formother’s and father’s age, parental social status,PregnancyComplications scale score and for all2. Model 2 adjusted formother’s and father’s age, parental social status,PregnancyComplications scale score and for all
of the variables listed.Model outputs were calculated on the basis ofof the variables listed.Model outputs were calculated on the basis of nn¼7835, owing to missing data for the variables7835, owing to missing data for the variables
analgesics (first trimester), diuretics (third trimester) and viral infection (second trimester).analgesics (first trimester), diuretics (third trimester) and viral infection (second trimester).
3. Parent admitted to hospital with schizophrenia.3. Parent admitted to hospital with schizophrenia.
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the disorder) to increase the risk forthe disorder) to increase the risk for

later development of schizophrenia;later development of schizophrenia;

(b)(b) maternal somatic conditions for whichmaternal somatic conditions for which

the mothers took analgesics duringthe mothers took analgesics during

pregnancy might underlie the observedpregnancy might underlie the observed

association;association;

(c)(c) the association could be explained bythe association could be explained by

unidentified factors (which could notunidentified factors (which could not

be fully controlled in the analysis) thatbe fully controlled in the analysis) that

correlate with both maternal intake ofcorrelate with both maternal intake of

analgesics during pregnancy andanalgesics during pregnancy and

outcome (residual confounding).outcome (residual confounding).

The unusually high risks of schizophreniaThe unusually high risks of schizophrenia

(11.1% and 8.9%, respectively) in the(11.1% and 8.9%, respectively) in the

small subgroup of offspring of motherssmall subgroup of offspring of mothers

who were treated with morphine or opioidwho were treated with morphine or opioid

analgesics and the subgroup with prenatalanalgesics and the subgroup with prenatal

exposure to mixed-formula analgesicsexposure to mixed-formula analgesics

could be interpreted as a possible indicationcould be interpreted as a possible indication

of a drug-related effect. Some of the mixed-of a drug-related effect. Some of the mixed-

formula analgesics contained antipyrineformula analgesics contained antipyrine

and related substances. The derivatives ofand related substances. The derivatives of

these substances undergo extensive metabo-these substances undergo extensive metabo-

lisation in humans. Little toxicologicallisation in humans. Little toxicological

information on their embryotoxic andinformation on their embryotoxic and

teratogenic properties exists for these sub-teratogenic properties exists for these sub-

stances (Burdan,stances (Burdan, 2002). However, to2002). However, to

establish a drug-establish a drug-associated risk of a speci-associated risk of a speci-

fic adult outcome in a non-experimentalfic adult outcome in a non-experimental

setting requires comparability of the expo-setting requires comparability of the expo-

sed and non-exposed groups. The above-sed and non-exposed groups. The above-

mentioned small subgroups may not bementioned small subgroups may not be

comparable with the pool of non-exposedcomparable with the pool of non-exposed

cohort controls on all the characteristicscohort controls on all the characteristics

thought relevant to the development ofthought relevant to the development of

schizophrenia.schizophrenia.

It is attractive to speculate thatIt is attractive to speculate that in uteroin utero

exposure to one or several types of analge-exposure to one or several types of analge-

sics could be implicated in disruption ofsics could be implicated in disruption of

foetal neurodevelopment. During thefoetal neurodevelopment. During the

second trimester of pregnancy, the corticalsecond trimester of pregnancy, the cortical

subplate reaches its peak of developmentsubplate reaches its peak of development

(Akbarian(Akbarian et alet al, 1995). This may be a peri-, 1995). This may be a peri-

od when the immature brain is particularlyod when the immature brain is particularly

sensitive to a range of intrauterinesensitive to a range of intrauterine

environmental influences.environmental influences.

Based on data from the CopenhagenBased on data from the Copenhagen

Perinatal Cohort, Villumsen noted that thePerinatal Cohort, Villumsen noted that the

incidence of malformed offspring ofincidence of malformed offspring of

mothers who did not take medication dur-mothers who did not take medication dur-

ing pregnancy was 3.6%, whereas the inci-ing pregnancy was 3.6%, whereas the inci-

dence of malformed children in offspring ofdence of malformed children in offspring of

mothers who had taken analgesics wasmothers who had taken analgesics was

7.4% (Villumsen, 1970). This is of poten-7.4% (Villumsen, 1970). This is of poten-

tial relevance to theories on aetiologicaltial relevance to theories on aetiological

factors in schizophrenia as well. A largefactors in schizophrenia as well. A large

number of minor physical anomaliesnumber of minor physical anomalies

(high-steepled palate, large or small dis-(high-steepled palate, large or small dis-

tance between tear ducts, adherent earlobes)tance between tear ducts, adherent earlobes)

have been linked to schizophrenia-have been linked to schizophrenia-spectrumspectrum

disorders in a subsample of the Copenha-disorders in a subsample of the Copenha-

gen Perinatal Cohort (Schiffmangen Perinatal Cohort (Schiffman et alet al,,

2002). It has even been suggested that com-2002). It has even been suggested that com-

mon genetic or environmental factors mightmon genetic or environmental factors might

be associated with schizophrenia and con-be associated with schizophrenia and con-

genital malformations (Goodman, 1996;genital malformations (Goodman, 1996;

IsmailIsmail et alet al, 1998)., 1998).

We observed no difference in the pro-We observed no difference in the pro-

portions of maternal and paternal schizo-portions of maternal and paternal schizo-

phrenia in analgesic-exposed and non-phrenia in analgesic-exposed and non-

exposed cohort members. The mothers ofexposed cohort members. The mothers of

the two groups did, however, differ in otherthe two groups did, however, differ in other

important aspects. Maternal intake of psy-important aspects. Maternal intake of psy-

chotropic drugs during the second trimesterchotropic drugs during the second trimester

correlated with intake of analgesics in thecorrelated with intake of analgesics in the

same period. Intake of these medicationssame period. Intake of these medications

might be associated with higher psychiatricmight be associated with higher psychiatric

morbidity and/or a tendency to consult amorbidity and/or a tendency to consult a

physician more often. When the cohortphysician more often. When the cohort

was established, few Danish women con-was established, few Danish women con-

sumed alcohol and the use of illicit drugssumed alcohol and the use of illicit drugs

was extremely rare. Consequently, datawas extremely rare. Consequently, data

were not collected on maternal alcohol orwere not collected on maternal alcohol or

illicit drug use during pregnancy.illicit drug use during pregnancy.

Maternal viral infection in the secondMaternal viral infection in the second

trimester was not significantly associatedtrimester was not significantly associated

with schizophrenia, but in this study statis-with schizophrenia, but in this study statis-

tical power might not have been sufficienttical power might not have been sufficient

to detect such a relationship. As mentionedto detect such a relationship. As mentioned

previously, only 15 cohort members hadpreviously, only 15 cohort members had

been exposed to both viral infection andbeen exposed to both viral infection and

maternal analgesics, and consequentlymaternal analgesics, and consequently

statistical power is also a concern whenstatistical power is also a concern when

interpreting the non-significance of theinterpreting the non-significance of the

interaction between these two factors.interaction between these two factors.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Children born tomothers who took analgesics for periods that extended into theChildren born tomothers who took analgesics for periods that extended into the
second trimester of their pregnancymay have an increased risk of developingsecond trimester of their pregnancymay have an increased risk of developing
schizophrenia.schizophrenia.

&& The association between prenatal exposure to analgesics and increased risk ofThe association between prenatal exposure to analgesics and increased risk of
schizophreniawas independent of other known risk factors for the disorder.schizophreniawas independent of other known risk factors for the disorder.

&& It would have required a larger cohort study and the collection of additionalIt would have required a larger cohort study and the collection of additional
prenatal and perinatal data to disentangle effects of prenatal exposure to analgesicprenatal and perinatal data to disentangle effects of prenatal exposure to analgesic
drugs from the effects of the somatic and psychosomatic conditions prompting theirdrugs from the effects of the somatic and psychosomatic conditions prompting their
use.use.

LIMITATIONSLIMITATIONS

&& The study lacked adequate statistical power to test whether differential effects ofThe study lacked adequate statistical power to test whether differential effects of
particular analgesic substances were present.particular analgesic substances were present.

&& The data on prenatal exposure to medication dates back to the early1960s andThe data on prenatal exposure to medication dates back to the early1960s and
some of the drugs used at that time are now obsolete inmost countries.some of the drugs used at that time are now obsolete inmost countries.

&& No information on the dosage of the drugs taken during the pregnancy wasNo information on the dosage of the drugs taken during the pregnancy was
available.available.

HOLGER J. S�RENSEN,MD, PhD,Danish Epidemiology Science Centre, Institute of Preventive Medicine,HOLGER J. S�RENSEN,MD, PhD,Danish Epidemiology Science Centre, Institute of Preventive Medicine,
Copenhagen University Hospital; ERIKL.MORTENSEN,CandPsych,Department of Health Psychology,Copenhagen University Hospital; ERIKL.MORTENSEN,CandPsych,Department of Health Psychology,
Institute of Public Health,University of Copenhagen,Denmark; JUNE M.REINISCH, PhD,Kinsey Institute forInstitute of Public Health,University of Copenhagen,Denmark; JUNE M.REINISCH, PhD,Kinsey Institute for
Research in Sex,Gender and Reproduction, Indiana University,Bloomington, Indiana; SARNOFFA.MEDNICK,Research in Sex,Gender and Reproduction, Indiana University,Bloomington, Indiana; SARNOFFA.MEDNICK,
PhD,DrMedSci, Social Science Research Institute,University of Southern California, Los Angeles,California,PhD,DrMedSci, Social Science Research Institute,University of Southern California, Los Angeles,California,
USAUSA

Correspondence: Erik Lykke Mortensen,Department of Health Psychology,Copenhagen University,Correspondence: Erik Lykke Mortensen,Department of Health Psychology,Copenhagen University,
Blegdamsvej 3,DK-2200 Copenhagen N,Denmark.Tel: +45 3532 7839; fax: +45 3532 7748; e-mail:Blegdamsvej 3,DK-2200 Copenhagen N,Denmark.Tel: +45 3532 7839; fax: +45 3532 7748; e-mail:
e.l.mortensene.l.mortensen@@pubhealth.ku.dkpubhealth.ku.dk

(First received 15 October 2003, final revision 2 July 2004, accepted 9 July 2004)(First received 15 October 2003, final revision 2 July 2004, accepted 9 July 2004)

https://doi.org/10.1192/bjp.185.5.366 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.185.5.366


PRENATAL EXPOSURE TO ANALGES ICS IN SCHIZOPHRENIAPRENATAL EXPOSURE TO ANALGES ICS IN SCHIZOPHRENIA

In conclusion, prenatal exposure to an-In conclusion, prenatal exposure to an-

algesics in the second trimester of preg-algesics in the second trimester of preg-

nancy conferred a more than four-foldnancy conferred a more than four-fold

greater risk of schizophrenia. However,greater risk of schizophrenia. However,

only 6.9% of all the cohort members withonly 6.9% of all the cohort members with

schizophrenia had been exposed to analge-schizophrenia had been exposed to analge-

sics in the second trimester. Replication ofsics in the second trimester. Replication of

this research by other investigators isthis research by other investigators is

clearly needed before prenatal exposureclearly needed before prenatal exposure

to analgesics can be added to the listto analgesics can be added to the list

of demonstrated risk factors forof demonstrated risk factors for

schizophrenia.schizophrenia.
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