
Prenatal Nicotine Exposure and Risk of Schizophrenia
Among Offspring in a National Birth Cohort
Solja Niemelä, M.D., Ph.D., Andre Sourander, M.D., Ph.D., Heljä-Marja Surcel, Ph.D., Susanna Hinkka-Yli-Salomäki, Ph.Lic.,
Ian W. McKeague, Ph.D., Keely Cheslack-Postava, Ph.D., Alan S. Brown, M.D., M.P.H.

Objective: Cigarette smoking during pregnancy is a major
public health problem leading to adverse health outcomes
and neurodevelopmental abnormalities among offspring. Its
prevalence in the United States and Europe is 12%–25%. This
study examined the relationship between prenatal nicotine
exposure (cotinine level) in archived maternal sera and
schizophrenia in offspring from a national birth cohort.

Method: The authors conducted a population-based nested
case-control study of all live births in Finland from 1983 to 1998.
Cases of schizophrenia in offspring (N=977) were identified from
a national registry and matched 1:1 to controls on date of birth,
sex, and residence. Maternal serum cotinine levels were pro-
spectivelymeasured, usingquantitative immunoassay, fromearly-
tomid-gestation serum specimens archived in a national biobank.

Results: A higher maternal cotinine level, measured as a
continuous variable, was associated with an increased odds

of schizophrenia (odds ratio=3.41, 95% confidence interval,
1.86–6.24). Categorically defined heavy maternal nicotine
exposure was related to a 38% increased odds of schizo-
phrenia. These findings were not accounted for by maternal
age, maternal or parental psychiatric disorders, socioeco-
nomic status, and other covariates. There was no clear evi-
dence that weight for gestational age mediated the
associations.

Conclusions:To the authors’ knowledge, this is thefirst study
of the relationship between a maternal smoking biomarker
and schizophrenia. It provides the most definitive evidence
to date that smoking during pregnancy is associated with
schizophrenia. If replicated, these findings suggest that
preventing smoking during pregnancy may decrease the
incidence of schizophrenia.
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Cigarette smoking during pregnancy is one of the most
common adverse exposures during the fetal period: ap-
proximately 12%225% of pregnant women in Western so-
cieties smokewhile pregnant (1). Nicotine readily crosses the
placenta into the fetal bloodstream, with higher concentra-
tions than in the pregnant woman (2). Nicotine specifically
targets fetal brain development, causing short- and long-term
changes in cognition (2), neuromorphology (3, 4), and neu-
rotransmitter function and altered regulation of neuronal
apoptosis (5). These effects occur in part throughmodulation
of brain nicotinic acetylcholine receptors, which have a vital
role in brain maturation (6). Moreover, prenatal nicotine
exposure is related to epigenetic events (7), dysregulation of
gene transcription in placental and fetal cells (8), and oxi-
dative stress (9), which adversely influence brain develop-
ment. Each of these effects potentially contributes to
neurodevelopmental abnormalities (6).

Increasing evidence supports a role for pre- and postnatal
environmental insults, which affect neurodevelopment in
schizophrenia (10). Studies of maternal smoking as a risk
factor for schizophrenia in offspring have revealed
contradictory findings, and most have had significant limi-
tations. In a Finnish birth cohort study, limited by a small
sample size, no association with schizophrenia was observed
(11). In two other studies, which examined schizophrenia as
an outcome, results were conflicting (12, 13). In those studies,
data on maternal smoking during pregnancy were acquired
retrospectively, by maternal interview, which can be limited
by recall bias. Moreover, clinical, rather than population-
based, samples were used (12, 13). A Finnish register-based
study found an association between maternal self-reported
smoking and psychotic disorders in general (14). The
remaining studies, which reported associations between
maternal smoking and psychotic symptoms in adolescents,
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did not examine schizophrenia per se (15, 16).We knowof no
previous study to date on maternal smoking and schizo-
phrenia that used biomarker data to define the exposure.

We examined whether maternal smoking was related to
schizophrenia in the Finnish Prenatal Study of Schizo-
phrenia.Unlike all previous studies, our investigationutilized
maternal cotinine levels measured in prospectively drawn,
biobanked maternal serum specimens during early to
mid-gestation. Moreover, we employed a national registry-
based study with nearly 1,000 cases of schizophrenia, which
addressed the limitations of small sample sizes and use of
clinical samples in prior studies. We hypothesized that in-
creasing maternal cotinine levels during pregnancy are as-
sociatedwithan increasedoddsof schizophrenia inoffspring.

METHOD

The Finnish Prenatal Study of Schizophrenia is based on a
nested case-control design. The sampling frame was defined
such that all birth cohortmemberswerewithin the age of risk
for schizophrenia. Hence, the sample consisted of all off-
spring born in Finland from 1983 to 1998, and the subjects
were followed up until 2009 (see “Case and Control Iden-
tification” below).

Description of Cohort and Biobank
All offspring in the Finnish Prenatal Study of Schizophrenia
were derived from the Finnish Maternity Cohort, which
consists of virtually all pregnancies in Finland with archived
prenatal serum specimens drawn beginning in 1983 (total
number of samples is over 1 million). Sera were drawn during
the first and early second trimesters (5th to 95th percentile:
months 2–4 of pregnancy) from over 98% of pregnant women
in Finland, following informed consent, for screening for
HIV, syphilis, and hepatitis. One maternal serum sample was
obtained for each pregnancy. Serum samples were stored as
one aliquot at 225°C in a single, centralized biorepository
at the National Institutes of Health and Welfare. All serum
samples in the Finnish Maternity Cohort can be linked with
offspring by a unique personal identification number (PIN),
whichhasbeenassigned toeach resident ofFinland since 1971.

Finnish Population Registry
The computerized nationwide registry includes compre-
hensive data on place of birth, date of emigration, date of
death, place of residence, and biological parents, including
their birth dates.

Case and Control Identification
The FinnishHospital and Outpatient Discharge Registry was
used to identify all recorded diagnoses for psychiatric hos-
pital admissions and outpatient treatment visits among co-
hort members. The registry contains the personal and
hospital identification codes and psychiatric diagnoses.
Computerized data are available from 1987 to the present.

To identify the cases, we conducted a record linkage
between the Finnish Maternity Cohort and the discharge
registry, using the PINs. Cases with schizophrenia (ICD-10
F20) or schizoaffective disorder (ICD-10 F25) were followed
upuntil 2009 (these cases are referred to as “schizophrenia”).
The age at first treatment was recorded by the first contact
with a psychiatric facility with a schizophrenia diagnosis.
The validity of schizophrenia diagnoses according to the
discharge registry was excellent; 93% of subjects with a
diagnosis of schizophrenia in the discharge registry were
assigned a consensus diagnosis of schizophrenia (17). There
were 977 cases with sufficient serum volume for the cotinine
assays; these were included in all analyses.

The case subjects were matched 1:1 to control subjects
drawn from the birth cohort who were without schizo-
phrenia, other nonaffective psychotic disorders, and bipolar
disorder. They were matched on date of birth (within 1
month), sex, and residence in Finland at the time of case
diagnosis. Aflowchart of subject selection is shown in Figure
S1 in the data supplement accompanying the online version
of this article.

The study was approved by the ethical committees of the
Hospital District of Southwest Finland, the National Insti-
tutes of Health and Welfare, and the Institutional Review
Board of the New York State Psychiatric Institute. Informed
consent was obtained prior to acquisition of maternal serum
specimens.

Cotinine Assay
Cotininemeasurementswereconductedbyresearchersblind
to case/control status. Serum cotinine levels were measured
using a commercially available quantitative immunoassay kit
(OraSureTechnologies, Bethlehem, Pa.) (sensitivity=96%297%,
specificity=99%2100%). Intra- and interassay variation
are 3.5%26.2% and 6.0%29.6%, respectively. The limit of
detection was 0.08 ng/ml.

Covariates
The covariates included sex, maternal age, paternal age,
socioeconomic status (maternal education), province of
birth, municipality of birth (urban, semiurban, rural), pa-
rental history of schizophrenia and other psychiatric disor-
ders, previous births, weight for gestational age, maternal
C-reactive protein (CRP) level, and gestational week of the
maternal blood draw. All covariates except gestational age
and gestational week of the blood draw were obtained from
theFinnishPopulationRegistry.Gestational agewasobtained
from the FinnishMedical Birth Register and obstetric record
review, gestationalweekof the blooddrawwasobtained from
the Finnish Maternity Cohort, and maternal CRP level was
obtained from assays of the archived maternal serum spec-
imens. In accord with the extant epidemiologic literature,
covariates were included in the statistical models based on
associations with both maternal cotinine exposure (p#0.1)
and schizophrenia (p#0.1).
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Statistical Analysis
The analysis was based on a nested case-
control design, in which the control subject
for eachcasewasdrawn fromthepopulationat
risk (the Finnish Prenatal Study of Schizo-
phrenia birth cohort) andmatched on selected
factors (see “Case andControl Identification”).
In the primary analysis, we examined cotinine
as a continuous measure. Given the skewed
distribution of cotinine levels, the variable was
log-transformed before analysis. To account
for missing cotinine levels below the limit
of detection (0.08 ng/ml), we constructed a
conditional logistic regression model with the
following predictors: 1) an indicator of a coti-
nine level below the level of detection and 2)
the indicator of the complementary event
multipliedby log(c+cotinine level),where c is a
small positive constant. In the results of the
analyses presented below, c was set to 0.
Sensitivity analyses were used to assess
how the results changed as c varied between
the limit of detection (LOD) and 3*LOD; the
choice of cwithin this rangehad little effect on
the results (results presented on request).

To further facilitate interpretation of the
data, we then examined maternal cotinine
as a three-class categorical variable: refer-
ence (,20ng/ml),moderate exposure (20–50
ng/ml), and heavy exposure (.50 ng/ml).
These cut-off points were recommended by
the cotinine immunoassay kit and have also
been used in previous studies based on the
Finnish Maternity Cohort serum bank (18).
These levels also corresponded well with
the frequencies of self-reported maternal
smoking in mothers of case subjects (data
on self-reported smoking available for 656
mothers). Smoking was reported by 22 of
508 (4.3%) mothers in the reference category,
11 of 19 (57.9%)motherswith cotinine levels of
20–50 ng/ml, and 105 of 129 (81.4%) mothers
with cotinine levels .50 ng/ml (p,0.001).
Appropriate to the nested case-control study
design, point and interval estimates of odds ratios were
obtained by fitting conditional logistic regression models for
matched pairs.

We tested for interaction betweenmaternal cotinine and
a three-level variable for parental history of psychiatric
disorders (schizophrenia or other nonaffective psychosis,
any psychopathology, no psychiatric disorders) on the mul-
tiplicative scale using the statistical modeling approach
described in the previous paragraph. We also tested for in-
teraction between these variables on an additive scale by
computing the relative excess risk due to interaction (19).
Statistical significance was based on p,0.05. Statistical

analyses were performed with SAS software (SAS 9.4, SAS
Institute, Cary, N.C.).

RESULTS

The mean age of the case and control subjects was 22.3
(SD=2.2, range=14.6–25.6). Maternal and paternal age, pa-
rental history of psychiatric disorders, and province and
municipality of birth were associated with schizophrenia in
offspring (Table 1). Low weight for gestational age was not
associated with schizophrenia. Maternal cotinine level was
associated with maternal age, maternal education, parental

TABLE 1. Covariates for Offspring With Schizophrenia and Control Offspringa

Covariate

Offspring’s Schizophrenia
Case-Control Status

p
Cases
(N=977)

Controls
(N=977)

N % N %

Sex 1.00
Male 568 58.1 568 58.1
Female 409 41.9 409 41.9

Maternal education 0.35
No education after comprehensive school 248 25.5 226 23.2
Vocational degree or secondary school

graduate
563 57.8 557 57.2

College or bachelor’s degree 116 11.9 136 14.0
Master’s degree, licentiate, or Ph.D. 47 4.8 55 5.7

Province of birth ,0.001
Southern Finland 476 48.7 350 35.8
Eastern Finland 116 11.9 145 14.8
Western Finland 258 26.4 345 35.3
Northern Finland 127 13.0 137 14.0

Municipality of birth 0.008
Urban 616 63.1 513 56.6
Semiurban 123 12.6 128 13.1
Rural 238 24.4 296 30.3

Parental psychiatric disorder
Maternal schizophrenia or other

nonaffective psychosis
98 10.0 18 1.8 ,0.001

Parental schizophrenia or other
nonaffective psychosis

161 16.5 32 3.3 ,0.001

Maternal affective disorder 204 20.9 81 8.3 ,0.001
Parental affective disorder 298 30.5 128 13.1 ,0.001
Any maternal psychiatric disorder 313 32.0 134 13.7 ,0.001
Any parental psychiatric disorder 483 49.4 230 23.5 ,0.001

Previous birth ($1) 612 62.6 598 61.2 0.51
Gestational age ,37 weeks 48 7.0 35 5.0 0.12
Weight for gestational age 0.67
Under –2 SD 20 2.9 19 2.8
–2 SD to +2 SD 648 93.3 628 92.5
Over+2 SD 26 3.8 32 4.7

Mean SD Mean SD

Maternal age (years) 28.4 5.5 27.9 5.1 0.02
Paternal age (years) 31.1 6.2 30.3 5.7 0.02
Maternal CRP level (mg/L) 4.2 7.5 3.6 4.5 0.04
Gestational week of blood draw 11.2 4.0 10.9 3.9 0.99

a Numbers of missing subjects: maternal education, N=6; gestational age, N=573; CRP, N=573;
gestational week of blood draw, N=628. CRP, C-reactive protein.

Am J Psychiatry 173:8, August 2016 ajp.psychiatryonline.org 801

NIEMELÄ ET AL.

http://ajp.psychiatryonline.org


history of psychiatric disorders, previous births, gestational
week of the blood draw, and province of birth. Maternal
cotinine level was not related to gestational age (Table 2).
Maternal age, parental history of psychiatric disorders, and
province of birth were associated with both schizophrenia
and maternal cotinine level, and they were included in the
adjusted models (Table 3). In additional models, weight in
relation to gestational age was also adjusted to test for a
potential mediating effect of this covariate (see below).

The distribution of cotinine by case-control
status and exposure levels in quintiles is pre-
sented inFigure1.Themeancotinine level inthe
case subjects was 35.9 ng/ml (SD=92.9), with
a range of 0.01–1301.3 and interquartile range
of 0.5–8.1, and in the control subjects it was
23.1 ng/ml (SD=61.1), with a range 0.007–537.3
and interquartile range 0.4–2.8).

Main Results
The findings for the conditional logistic re-
gression analyses are presented in Table 3. In
the unadjusted analysis, with cotinine exam-
ined as a continuous variable and taking the
presence of cotinine levels below the limit
of detection into account, there was a sig-
nificant association between increasing log-
transformed maternal cotinine and odds of
schizophrenia (odds ratio=2.69, 95%CI=1.54–
4.69, p,0.0001). In models 1–3 adjusting for
covariates associated with maternal cotinine
exposure (p,0.1) and schizophrenia (p,0.1),
theodds foroffspringschizophreniaassociated
with log-transformed maternal cotinine re-
mained significant. In the model including
maternal age, province of birth, and any pa-
rental psychiatric disorder as covariates the
odds ratio was 3.41 (95% CI=1.86–6.24,
p#0.0001) (Table 3).

In the categorical analyses (Table 3), in
which cotinine was categorized as a three-
class variable, heavier nicotine exposure
(cotinine level .50 ng/ml) was associated
with offspring schizophrenia after adjust-
ment for covariates (models 1–3), including
anyparental psychiatric disorder (odds ratio=1.38,
95%CI=1.05–1.82, p=0.02).Moderate nicotine
exposure (20–50 ng/ml) was associated with
offspring schizophrenia after adjusting for
maternal age, maternal schizophrenia, and
province (model 1: odds ratio=1.96, 95%
CI=1.04–3.70, p=0.04) but not in the other
multivariate models. However, the numbers
of case and control subjectswere very small in
this category (29 case subjects, 20 control
subjects).

Supplemental Results
For further reassurance, we conducted supplemental
analyses.First,weexcludedschizoaffectivedisorder to examine
whethermaternalcotininewasassociatedwithschizophrenia
only. Heavier nicotine exposure remained significantly as-
sociated with schizophrenia (odds ratio=1.44, 95% CI=1.09–
1.89, p=0.009). The association persisted in the analy-
sis adjusting for maternal age, parental schizophrenia,
and province of birth (odds ratio=1.40, 95% CI=1.04–1.89,

TABLE 2. Covariates in Relation to Maternal Nicotine Exposure in Pregnancies of
Control Offspring Without Schizophrenia (N=977)a

Covariate

Maternal Cotinine Level

p
<20 ng/ml
(N=813)

20–50 ng/ml
(N=20)

>50 ng/ml
(N=144)

N % N % N %

Sex 0.82
Male 469 57.7 12 60.0 87 60.4
Female 344 42.3 8 40.0 57 39.6

Maternal education ,0.001
No education after

comprehensive school
152 18.8 7 35.0 67 46.5

Vocational degree or
secondary school graduate

479 59.1 9 45.0 69 47.9

College or bachelor’s degree 125 15.4 4 20.0 7 4.9
Master’s degree, licentiate,

or Ph.D.
54 6.7 0 0.0 1 0.7

Province of birth 0.10
Southern Finland 280 34.4 7 35.0 63 43.8
Eastern Finland 127 15.6 1 5.0 63 43.8
Western Finland 298 36.7 8 40.0 39 27.1
Northern Finland 108 13.3 4 20.0 25 17.4

Municipality of birth 0.53
Urban 453 55.7 14 70.0 86 59.7
Semiurban 107 13.2 1 5.0 20 13.9
Rural 253 31.1 5 25.0 38 26.4

Parental psychiatric disorder
Maternal schizophrenia or other

nonaffective psychosis
14 1.7 2 10.0 2 1.4 0.02

Parental schizophrenia or other
nonaffective psychosis

24 3.0 2 10.0 6 4.2 0.18

Maternal affective disorder 61 7.5 0 0.0 20 13.9 0.02
Parental affective disorder 98 12.1 2 10.0 28 19.4 0.049
Any maternal psychiatric

disorder
99 12.2 3 15.0 32 22.2 0.005

Any parental psychiatric
disorder

179 22.0 5 25.0 46 31.9 0.04

Previous birth ($1) 506 62.2 6 30.0 86 59.7 0.01
Gestational age ,37 weeks 30 5.1 0 0.0 5 5.3 0.70
Weight for gestational age 0.26
Under –2 SD 15 2.6 0 0.0 5 5.3
–2 SD to +2 SD 546 93.2 13 100.0 89 93.7
Over +2 SD 25 4.3 0 0.0 1 1.1

Mean SD Mean SD Mean SD

Maternal age (years) 28.3 5.0 23.0 3.6 26.6 5.4 ,0.001
Paternal age (years) 30.5 5.6 25.9 4.1 29.9 6.0 0.001
Maternal CRP level (mg/L) 3.5 4.6 3.5 4.6 4.2 4.2 0.37
Gestational week of blood draw 10.7 3.7 9.4 3.9 11.8 4.9 0.003

a Numbers of missing subjects: maternal education, N=3; gestational age, N=281; CRP, N=311;
gestational week of blood draw, N=321. CRP, C-reactive protein.
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p=0.03). Maternal cotinine ex-
amined as a continuous vari-
able was also associated with
schizophrenia only, adjusting
for these covariates (odds
ratio=2.91, 95%CI=1.48–5.70,
p=0.02).

Second, given that smok-
ing is a known cause of low
weight relative to gestational
age and that high cotinine
was related to low weight in
this study, the latter variable
may be considered as a po-
tential mediator of the re-
lationship between maternal
smoking and schizophrenia.
To test for mediation, we
added weight for gestational
age to the models. In each of
the models in which weight
was adjusted, the odds ratios
for low weight and schizo-
phrenia were all below 1
(Table 4). Given that a key
criterion for establishing
a covariate as a mediator in
a putative causal pathway
is a relationship with the
outcome (20) in the model
adjusting for this covariate,
this lack of association indicates that low weight for ges-
tational age did not mediate the association between ma-
ternal cotinine and schizophrenia. Moreover, in the models
in which cotinine was classified as a continuous variable,
therewere generallymodest changes in the odds ratios from
those presented in Table 3; for cotinine classified as a cat-
egorical variable, the addition of weight led to a modest
decrease in the odds ratios, ranging from 9.2% to 17.3%
(Table 4). There was one notable change (44% decline) in
the odds ratio following adjustment for weight (model 3).
However, therewas a statistical trend in the p value (p=0.06)
in the adjusted model, indicating a persistent association
between maternal cotinine and schizophrenia.

Maternal self-reported smoking was also associated
with schizophrenia. Among subjects for whom maternal
smoking data were available, 138 of 656 (21.0%) mothers of
case subjects smoked, while among the control subjects,
106 of 670 (15.8%) mothers of control subjects smoked
(p,0.01).

Test for Interaction Between Maternal Cotinine and
Parental Psychiatric Disorders
We tested for interaction between a three-level variable for
parental history of psychiatric disorders andmaternal cotinine
onthemultiplicativescalebyadding fourproduct terms for the

interaction of parental history and cotinine to the adjusted
conditional logistic regression model. The odds ratios for
schizophrenia associated with heavy and moderate versus
low cotinine exposure were 1.22 (95% CI=0.46–3.26,
p=0.69) and 0.95 (95% CI=0.08–11.35, p=0.97) among
those with a parental history of schizophrenia ornonaffective
psychosis, 1.82 (95% CI=1.11–2.98, p=0.02) and 2.94 (95%
CI=0.75–11.56, p=0.12) among those with a parental his-
tory of any psychiatric disorders, and 1.30 (95% CI=
0.91–1.85, p=0.16) and 1.73 (95% CI=0.77–3.89, p=0.18) among
those with no parental history of psychiatric disorders.
However, there was no statistical evidence for interaction on
the multiplicative scale. None of the product terms for the
interaction of parental history and cotinine exposure was
statisticallyormarginally significant (p.0.2), and thegroupof
four terms did not contribute significantly to the model
(p=0.75).

We computed the relative excess risk due to interaction
(RERI) to test for the effect of additive interaction between
parental history of psychiatric disorders and categorically
defined maternal cotinine levels on the risk of schizo-
phrenia. Considering those with a parental history of
schizophrenia or nonaffective psychosis versus no family
history of psychiatric disorders, the RERI for heavy versus
low maternal cotinine exposure was above 0 but not

TABLE 3. Association Between Maternal Nicotine Exposure During Pregnancy and Schizophrenia in
Offspring

Logistic Regression
Analysis or Variable

Offspring’s Schizophrenia
Case-Control Status

Case
(N=977)

Control
(N=977)

Association With
Maternal Nicotine Exposure

Median Median

Maternal cotinine level (ng/ml) 1.55 1.29

Log-transformed analysis Odds Ratio 95% CI p

Unadjusted 2.69 1.54–4.69 ,0.0001
Model 1a 3.41 1.86–6.24 ,0.0001
Model 2b 2.60 1.41–4.81 0.002
Model 3c 3.41 1.86–6.24 ,0.0001

Categorical analysisd N % N % Odds Ratio 95% CI p

Unadjusted
Reference 715 76.7 813 83.2
Moderate exposure 29 3.0 20 2.1 1.62 0.89–2.95 0.12
Heavy exposure 197 20.2 144 14.7 1.51 1.18–1.93 ,0.001

Model 1a

Moderate exposure 1.96 1.04–3.70 0.04
Heavy exposure 1.61 1.23–2.10 ,0.001

Model 2b

Moderate exposure 1.83 0.97–3.47 0.06
Heavy exposure 1.44 1.10–1.89 0.007

Model 3c

Moderate exposure 1.81 0.94–3.47 0.07
Heavy exposure 1.38 1.05–1.82 0.02

a Model 1 includes maternal age, province of birth, and maternal schizophrenia as covariates.
b Model 2 includes maternal age, province of birth, and any maternal psychiatric disorder as covariates.
c Model 3 includes maternal age, province of birth, and any parental psychiatric disorder as covariates.
d Cotinine levels: reference, ,20 ng/ml; moderate exposure, 20–50 ng/ml; heavy exposure, .50 ng/ml.
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statistically significant (RERI=1.92, 95% CI=27.31 to 11.14,
p=0.68). For moderate versus low maternal cotinine, the
RERIwas less than 0 and fell short of statistical significance
(RERI=25.69, 95% CI=211.80 to 0.43, p=0.07). Comparing
parental history of other psychiatric disorders to no family
history,we found that for bothheavy levels (RERI=1.08, 95%
CI=20.34 to 2.50, p=0.14) and moderate levels (RERI=2.91,
95% CI=24.57 to 10.39, p=0.45) versus low levels of ma-
ternal cotinine, RERI estimates were above 0 but not sta-
tistically significant.

DISCUSSION

In this nationwide population-based nested case-control
study of nearly 1,000 schizophrenia subjects, we demon-
strated an association between maternal nicotine exposure,
quantified as cotinine during gestation, and schizophrenia in
offspring. For cotinine classified as a continuous variable and
for heavynicotine use, the associationpersisted after adjusting
for covariates.Therewasnoclear evidenceofmediationof this
relationship by low weight for gestational age, particularly
since it was not a risk factor for schizophrenia in this pop-
ulation. Moreover, we did not find convincing evidence for
interaction between parental schizophrenia or other psychi-
atric disorders and maternal cotinine on a multiplicative or
additive scale. To our knowledge, this is the first biomarker-
based study to show a relationship between fetal nicotine
exposure and schizophrenia.

The plausibility of these findings is supported by an ex-
tensive literature on prenatal smoking and neurocognition.
Offspring ofmotherswho smoke have delayed psychomotor
and mental developmental scores; deficits in sustained

attention, verbal learning,
and design memory; im-
paired speech and language;
and lower IQ (2). Low pre-
morbid IQ and other neuro-
cognitive abilities have been
related to schizophrenia (21).

There are several potential
mechanisms bywhich nicotine
alters fetal brain development
(3, 6) so as to increase risk
of schizophrenia. Nicotine
binds to neuronal nicotinic
acetylcholine receptors, which
are essential for proper brain
organization during the pre-
natal period (6). Prenatal
nicotine treatment decreases
the number of cells in whole
brain and particular sub-
regions in the fetal and neo-
natal periods (22), consistent
with apoptotic processes. The
effects of nicotine-induced

dysregulation of neurotransmitter systems and neuro-
morphology persist beyond the fetal period (6). In humans,
prenatal smokinghas been associatedwith structural brain
changes in adolescence, including cortical thinning (23) and
decreased corpus callosal volume (4). These brain anomalies
have also been demonstrated in schizophrenia (24), as have
abnormalities of prenatal brain development (10) and do-
paminergic function (25).

Prenatal nicotine is associated with abnormal develop-
ment of cerebral inhibitoryneurons, a keypathophysiological
defect in schizophrenia (26). Neonates of mothers who
smoke during pregnancy have abnormal inhibitory gating of
the P1 auditory evoked response, indicating impaired cerebral
inhibition. The principal cholinergic receptor involved is the
a7-nicotinic acetylcholine receptor (nAChR) (27). A single nu-
cleotide polymorphism in CHRNA7, the a7-nAChR gene, is
associatedwith schizophrenia (28), and theCHRNA7 genotype
has been linked to familial transmission of the P1 sensory gating
deficiency (29).

Nicotine also causes uteroplacental underperfusion and
increases carboxyhemoglobin levels, with higher fetal than
maternal levels, both of which reduce oxygen availability and
its delivery to fetal tissues, resulting in hypoxia (2). Although
prenatal nicotine exposure is associated with disrupted in-
trauterine growth (30, 31) and lower weight for gestational
age (32), in this study there was not strong evidence for a
mediating role of low weight for gestational age.

Moreover,maternal cigarette smokinghasbeenassociated
with epigenetic effects indicating sensitivity of the methyl-
ome (33) and down-regulation of brain-derived neurotrophic
factor (BDNF) (34), which is related to schizophrenia (35).
Maternal smoking is also associated with abnormal DNA

FIGURE 1. Distribution of Maternal Cotinine Levels by Offspring’s Schizophrenia Case-Control Status
N

u
m

b
er

 o
f 

Su
b

je
ct

s

≤20%
(≤0.315)

20%–40%
(0.315–0.914)

40%–60%
(0.914–1.743)

60%–80%
(1.743–9.229)

≥80%
(9.230–1301.3)

0

50

100

150

200

250

195 196 196 195 195

241

218

174
168

176

Controls

Cases

Cotinine Level (ng/ml), by Quintile

804 ajp.psychiatryonline.org Am J Psychiatry 173:8, August 2016

PRENATAL NICOTINE AND SCHIZOPHRENIA RISK

http://ajp.psychiatryonline.org


methylation patterns, which may adversely affect fetal de-
velopment (8,33).Tobaccomayalsocauseoxidativestress in the
prefrontal cortex, hippocampus, and striatum in rodents (9).

The studyhas several strengths, particularly comparedwith
previous studies, reviewed above. These include use of the
biomarker cotinine, a prospectively documented and reliable
metabolite of nicotine, which obviates self-report bias and
retrospective recall. The study focused on schizophrenia and
schizoaffective disorder, rather than broader and less stringent
definitions, including self-reported psychotic symptoms. We
also employedanationwide samplewith thehighest number of
schizophrenia cases to date in a study of this type.

Limitations of the study include the following. First, there
is comorbidity between smoking and alcohol use (1). Un-
fortunately, data on maternal alcohol use during pregnancy
were not available. However, the maternal psychiatric history
variable, adjusted for in the multivariate analyses, included
alcohol and other substance use disorders from the hospital
discharge register. Second, nicotine is one of many potentially
toxic compounds in tobacco (36) that could alter earlyneuronal
development, but biomarker data on other toxic compounds
were not available. However, as noted above, there is consid-
erable evidence that nicotine is a biologically plausible dis-
ruptor of fetal development (36). Third, although there was no
evidence of confounding following testing of numerous cova-
riates, residual confounding may have occurred. Of note, we
wereable to adjust for schizophrenia inparentsbutnot inother
classes of relatives, which would have provided better control
ofgenetic influences.Parenthetically, causal interpretationsare
not warranted given that other unmeasured maternal factors,
including diet and life events, may have contributed to the
relationship. However, these factors would need to be related
to maternal smoking and schizophrenia to be confounders.
Fourth, the samplewas relatively young (median age 23.5), and
thus further follow-up into later ages at onsetwill be necessary
to determinewhether the relationship is generalizable to these
cases. Fifth, we cannot disentangle prenatal from postnatal
nicotine exposure due to secondhand smoke, since no data are
available onpostnatal smoking inmothers or fathers.However,
nicotine levels from secondhand smokewould be considerably
lower than levels from fetal exposure to nicotine. Sixth, we do
not have information on offspring nicotine use, which is as-
sociated with prenatal nicotine exposure (37) and may also
increase the risk of offspring schizophrenia (38). Seventh, self-
reportedsmokingwasrecordedasabinaryvariableonly, andno
datawereavailabletocorrelatecotinine levelandthenumberof
cigarettes smoked. However, in a prior study using archived
prenatal maternal serum samples from the Finnish Maternity
Cohort (39), a correlationwas foundbetween the cotinine level
in serum and the self-reported number of cigarettes smoked
daily. Finally, we did not observe a dose-response effect in
the relationship between maternal cotinine in the categorical
analysis and schizophrenia. However, the sample size in the
groupwithmoderatecotinineexposurewasvery lowcompared
with the high-exposure group, which may have contributed to
a more imprecise odds ratio (wide confidence intervals).

Conclusions
Prenatal nicotine exposure during gestation was related to an
increased odds of schizophrenia. Given the high frequency of
smoking during pregnancy, these results, if replicated, may
ultimately have important public health implications for de-
creasing the incidence of schizophrenia. Further studies are
necessary toaddresspotential residualconfounders.Morework
is also needed on maternal smoking and other environmental,
genetic, and epigenetic factors. Finally, it will be of interest in
futurestudies toexaminematernalcotinine inrelationtobipolar
disorder, autism, and other psychiatric disorders.
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TABLE 4. Tests for Whether Low Weight for Gestational Age
Mediates Association Between Maternal Nicotine Exposure
During Pregnancy and Schizophrenia in Offspring

Logistic Regression Analysis Odds Ratio 95% CI p

Log-transformed analysis
Model 1a

Cotinine level 2.91 1.26–6.72 0.01
Low weight for gestational age 0.69 0.30–1.60 0.39

Model 2b

Cotinine level 2.54 1.07–6.04 0.04
Low weight for gestational age 0.86 0.36–2.03 0.73

Model 3c

Cotinine level 2.36 0.96–5.75 0.06
Low weight for gestational age 0.92 0.38–2.20 0.85

Categorical analysisd

Model 1a

Moderate exposure 1.78 0.73–4.33 0.20
Heavy exposure 1.33 0.93–1.92 0.12
Low weight for gestational age 0.71 0.31–1.64 0.42

Model 2b

Moderate exposure 1.65 0.66–4.10 0.28
Heavy exposure 1.25 0.86–1.82 0.24
Low weight for gestational age 0.88 0.37–2.07 0.76

Model 3c

Moderate exposure 1.63 0.64–4.18 0.31
Heavy exposure 1.26 0.85–1.85 0.25
Low weight for gestational age 0.94 0.39–2.25 0.89

a Model 1 includesmaternal age, province of birth, andmaternal schizophrenia
as covariates.

b Model 2 includesmaternal age, provinceof birth, andanymaternal psychiatric
disorder as covariates.

c Model 3 includesmaternal age, province of birth, and any parental psychiatric
disorder as covariates.

d Cotinine levels: reference, ,20 ng/ml; moderate exposure, 20–50 ng/ml;
heavy exposure, .50 ng/ml.
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