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Maternal depression is common during both pregnancy 
and the postnatal period; it affects 10%–15% of mothers 
(11, 12). Clarification of the relationship between antena-
tal depression and risk for schizophrenia is important, not 
least because elucidation of this relationship could ulti-
mately influence the treatment of antenatal depression.

In our earlier studies, interpretations of the results were 
limited because we lacked information about parental 
psychosis for every member of the cohort. Now we have 
acquired that information, providing the opportunity for a 
thorough examination of the relationship between mater-
nal depression, family history of psychosis, and future risk 
of schizophrenia. We aimed to find out whether maternal 
antenatal depressed mood increased the risk of schizo-
phrenia and other psychoses among offspring with and 
without parental psychosis.

Method
Data were gathered on maternal depressed mood during preg-

nancy, parental psychosis (familial risk), and hospital-treated 
schizophrenia and other psychoses among subjects of the North-

Today, schizophrenia is considered to be a neurodevel-
opmental disorder (1) acting in utero and in early child-
hood (2) with high genetic vulnerability (3). The strongest 
known risk factor for schizophrenia is familial risk, with a 
10-fold increase in risk to siblings of probands (3).

There is evidence of gene-environment interaction in the 
origins of schizophrenia and other psychoses (4, 5). It is pos-
sible that some of the impact of genes on the occurrence of 
schizophrenia is mediated through environmental risk fac-
tors such as complications of birth and pregnancy, a dysfunc-
tional early family rearing environment, stressful life events, 
and cannabis (6). There is also some evidence of gene-gene 
interaction causing additional risk for schizophrenia (7, 8).

Jones et al. (9) found that among the Northern Finland 
1966 birth cohort, maternal depressed mood during preg-
nancy was elevated in schizophrenia patients. In subse-
quent analyses we found that depressed mood during preg-
nancy was more common in the mothers of schizophrenia 
patients who had a family history of psychosis compared 
with the mothers of schizophrenia patients without a fam-
ily history of psychosis (10).
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Objective: Maternal depression is rela-
tively common during pregnancy. The 
authors examined whether maternal an-
tenatal depressed mood increased the 
risk of schizophrenia and other psychoses 
among offspring with and without a fa-
milial history of psychosis.

Method: In the Northern Finland 1966 
birth cohort, mothers of 12,058 children 
were asked at mid-gestation at the an-
tenatal clinic if they felt depressed. The 
offspring were followed for over 30 years, 
and subsequent schizophrenia and other 
psychoses were detected using the Finn-
ish Hospital Discharge Register, which was 
also used for identifying psychosis in the 
parents. Familial risk for psychosis was 
considered as a genetic risk factor and 
mothers’ depressed mood as an environ-
mental or genetic risk factor.

Results: The risk for schizophrenia was 
higher in the offspring with both mater-
nal depressed mood during pregnancy 

and parental psychosis (OR=9.4, 95% 
CI=4.2–20.9 adjusted for sex and perina-
tal complications) than in those with a 
depressed mother but without parental 
psychosis (OR=1.0, 95% CI=0.6–1.8) or 
those without maternal depression and 
with a psychotic parent (OR=2.6, 95% 
CI=1.2–5.4). The reference group was 
birth cohort members without maternal 
antenatal depression and without paren-
tal psychosis.

Conclusions: Maternal depressed mood 
during pregnancy per se is unlikely to in-
crease the risk for schizophrenia in the 
offspring but may affect subjects with a 
family history for psychosis. This finding 
could be an example of a gene-environ-
ment or possibly a gene-gene interaction 
in the development of schizophrenia. 
Mothers’ antenatal depression may act as 
additive factor for subjects vulnerable to 
schizophrenia. 

Schizophrenia in the Offspring of Antenatally Depressed 
Mothers in the Northern Finland 1966 Birth Cohort: 

Relationship to Family History of Psychosis

This article is featured in this month’s AJP Audio and is discussed in an editorial by Dr. Gilmore (p. 8).
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a diagnosis of schizophrenia and 12 subjects with other psycho-
ses were detected (17). The diagnoses of the subjects who did not 
participate in the field study were based on validation of hospital 
notes against DSM-III-R criteria (15, 18).

Through these methods, a total of 111 cases of DSM-III-R 
schizophrenia and 45 cases of other psychosis were identified; 
the cumulative incidence of schizophrenia in the members of the 
Northern Finland 1966 birth cohort was 1.0%. The other psycho-
ses included both affective and nonaffective psychoses, except 
schizophrenia. Data on maternal depressed mood were missing 
in four cases of schizophrenia (schizophrenia cases with infor-
mation on maternal depressed mood: N=107) and in one case of 
other psychosis (N=44).

Potentially Confounding Variables

Perinatal complications. Mothers with schizophrenia or 
affective disorder have been found to have increased risks of 
pregnancy, birth, and neonatal complications (19). In an earlier 
report of the Northern Finland 1966 birth cohort, perinatal insults 
were linked to elevated risk for schizophrenia in the offspring (9); 
therefore, in the present study, perinatal complications were 
treated as a potentially confounding factor. The classification of 
this factor for perinatal complications was dichotomized (1=no 
complications, 2=low birth weight [<2500 g] or short gestation 
time [<37 weeks] or perinatal brain damage as described by 
Rantakallio et al. [20]).

Sex. The risk for schizophrenia has been found to be higher in 
men than in women (21), hence we considered sex a covariate in 
our analyses.

Maternal smoking. Although maternal smoking did not predict 
schizophrenia in the offspring in this birth cohort (9), another 
Finnish study indicated that mothers with schizophrenia smoke 
more during pregnancy than comparison groups (22). Therefore 
an additional logistic regression analysis was performed 
that also took maternal smoking in pregnancy into account. 
The classification of this factor for maternal smoking was 
dichotomized (1=none or the mother stopped before pregnancy, 
2=smoked more than one cigarette daily during the entire 
duration of pregnancy) (23). Data on mothers’ smoking were 
available for 10,355 cohort members living in Finland at age 16 
years.

Statistical Analysis

Cross-tabulations and chi-square tests (Pearson two-sided 
and Wald) were used to assess the relationships between mater-
nal depressed mood during pregnancy, parental psychosis, and 
cumulative incidence of schizophrenia (and other psychoses) in 
the offspring. Unless otherwise stated, we treated the offspring 
without parental psychosis and without maternal depression 
as a reference group. We also conducted additional analyses in 
the subgroups with a family history of psychosis where offspring 
with parental psychosis but no maternal antenatal depression 
were the reference group. Crude and adjusted odds ratios with 
95% confidence intervals (95% CI) were calculated for the differ-
ent groups of offspring. Since there was little difference between 
crude and adjusted odds ratio and confidence interval data, ad-
justed results are presented in this article with crude odds ratios 
and confidence intervals included in a data supplement that ac-
companies the online version of this article. Estimates were cal-
culated for offspring with hospital-treated schizophrenia, other 
psychosis and any psychosis, and these were all compared with 
the category of nonpsychotic offspring (healthy offspring or off-
spring with nonpsychotic mental disorder). Logistic regression 
analyses (24) were conducted to examine the association of ma-
ternal antenatal mood, parental psychosis, and schizophrenia in 
the offspring and were adjusted for sex and obstetric complica-

ern Finland 1966 birth cohort. Data collection of the offspring 
started antenatally, and the cohort was followed until the year 
2001 when the subjects were 35 years of age.

Subjects

The Northern Finland 1966 birth cohort is an unselected, pop-
ulation-based sample of 12,058 children born alive (13). It covers 
96.3% of all live births in the provinces of Oulu and Lapland in 
Finland with an estimated date of birth between January 1, 1966, 
and December 31, 1966. This general population birth cohort has 
been followed for more than 30 years. Data include all subjects 
alive and living in Finland at age 16 years (N=11,017). Permis-
sion to gather data was obtained from the Ministry of Social and 
Health Affairs, and the study has been approved by the Ethics 
Committee of the Faculty of Medicine of the University of Oulu.

Maternal Depressed Mood During Pregnancy

Data concerning the mother and offspring were gathered an-
tenatally and at birth in 1965–1966. As part of the antenatal data 
collection, the mothers were asked by the interviewing nurse at 
the antenatal clinic during midgestation (mainly between the 
24th and 28th gestational week) whether they felt that their mood 
during pregnancy had so far been normal, depressed, or very 
depressed; 13.9% of the mothers rated themselves as depressed 
(11.8%) or very depressed (2.1%) during pregnancy (10). In the 
analyses, these two categories were considered as “depressed.” 
The information regarding the mothers’ antenatal mood was 
available for 10,658 (96.7%) offspring living in Finland at the age 
of 16 years.

Maternal Later Depression

Data on mothers’ immediate postnatal mood were not avail-
able, but we did have information on later severe, hospital-treated 
maternal depression, dating from the time when offspring were 
6 years of age and onward. Of all the cohort members, mothers 
appearing on the Finnish Hospital Discharge Register between 
1972–1997 for any depression (i.e., ICD-8 codes 2960, 2968, 3004; 
ICD-9 codes 2961, 2968, 3004; and ICD-10 codes F32-F34) were 
identified. Diagnoses of depression included both nonpsychotic 
and psychotic episodes.

Parental Psychosis

All the cohort members’ mothers and fathers appearing on the 
Finnish Hospital Discharge Register between 1972–1997 for any 
psychosis (i.e., ICD-8 and ICD-9 codes 295–299 and ICD-10 codes 
F20-33, except nonpsychotic mood disorders) were identified. We 
grouped cohort members into those with and without a psychotic 
parent to reflect the familial risk for psychosis.

Diagnosis of  Schizophrenia or Other Psychosis in 
Offspring

All cohort members over 16 years appearing on the Finnish 
Hospital Discharge Register between years 1982–1997 for any 
mental disorder were identified (14, 15). The Finnish Hospital 
Discharge Register covers all mental and general hospitals, beds 
in local health centers, and private hospitals nationwide. We 
used all available information to provide diagnostic information. 
All case records were scrutinized, and diagnoses were validated 
against DSM-III-R criteria, after which the diagnoses were rere-
viewed by a professional panel. There were 160 subjects with a 
psychotic episode prior to age of 31 years, of whom 146 were liv-
ing in Finland in 1999.

Those 146 subjects were asked to participate in a field study 
during 1999–2001, and 91 subjects agreed to participate. The 
Structured Clinical Interview for DSM-III-R (SCID-I) (16) and all 
available anamnestic information of the subjects with hospital 
case records were used for diagnostic assessment: 61 cases with 
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Risk of  Schizophrenia in Offspring 

Among offspring of mothers with depressed mood dur-
ing pregnancy, the risk for schizophrenia was higher where 
there was a history of psychosis in a parent (adjusted odds 
ratio=9.4, 95% CI=4.2–20.9; p<0.001) than in those with 
only a depressed mother but without parental psychosis 
(adjusted odds ratio=1.0; 95% CI=0.6–1.8) and was also 
higher than the risk in those without maternal depression 
and with only a psychotic parent (adjusted odds ratio=2.6; 
95% CI=1.2–5.4; p=0.011) (Table 1). The reference group 
was birth cohort members without maternal antenatal 
depression and without parental psychosis. The pattern of 
results for risk of other psychoses in the offspring was very 
similar to that for risk of schizophrenia in the offspring.

The adjusted odds ratio for schizophrenia was 14.2 (95% 
CI=4.9–41.2) among offspring of mothers with depressed 
mood and fathers with psychosis (Table 1). The respec-
tive adjusted odds ratio was 8.0 (95% CI=2.8–22.8) among 
offspring of mother with both antenatal depression and 
psychosis.

When we restricted our analysis to only the offspring 
of parents with psychosis, maternal antenatal depressed 
mood was associated with increased risk for schizo-
phrenia (adjusted odds ratio=3.6, 95% CI=1.3–10.2; Wald 
c2=5.7, p=0.017 [Table 2]). Here the reference group is off-

tions. Analyses were performed using SPSS 16.0 for Windows sta-
tistical software.

Results

Cumulative Incidence of  Schizophrenia in Offspring

The cumulative incidence of schizophrenia was 0.9% 
among children of nondepressed mothers and 1.3% 
among offspring of mothers with antenatal depressed 
mood (Table 1). The prevalence of other psychosis was 
0.4% in both groups.

Of the offspring with parental psychosis, 3.3% had 
schizophrenia, compared with 0.9% of those without a 
psychotic parent (adjusted odds ratio=3.9, 95% CI=2.2–
6.8). Fifteen of the 107 schizophrenia patients (14.0%) had 
a history of psychosis in one or both parents. Ten schizo-
phrenia patients had a history of maternal psychosis and 
six had a father with psychosis (one had a history of psy-
chosis in both parents).

Of the other psychosis patients, 15.9% (N=7 of 44) had a his-
tory of parental psychosis. Five of them had a history of ma-
ternal psychosis, and three had a father with psychosis (one 
had a history of psychosis in both parents). There were 92 
(86.0%) schizophrenia cases and 37 (84.1%) other psychosis 
patients without a known psychotic episode in their parents.

TABLE 1. Cumulative Incidence and Risk of Schizophrenia and Other Psychoses in Offspring of Mothers With Antenatal 
Depression by Maternal Mood During Pregnancy and Presence of Parental Psychosis

Variable

No Psychosis Any Psychosis

N % N % ORa 95% CI

Total offspring (N = 10,658) 10,507 98.6 151 1.4
Maternal mood in pregnancy 

Normalb (N=9,173, 86.1%) 9,048 98.6 125 1.4 1.0
Depressed (N=1,485, 13.9%) 1,459 98.2 26 1.8 1.3 0.9–2.0

Parent with psychosis (familial risk )
Neitherb (N=10,210, 95.8%) 10,081 98.7 129 1.3 1.0
Mother (N=262, 2.5%) 247 94.3 15 5.7 4.6*** 2.6–7.9
Father (N=194, 1.8%) 185 95.4 9 4.6 3.6*** 1.8–7.2
One /both (N=448, 4.2%) 426 95.1 22 4.9 4.1*** 2.6–6.5

Parent with psychosis/maternal depressed mood in pregnancy
No/nob 8,707 98.7 112 1.3 1.0
No/yes 1,374 98.8 17 1.2 1.0 0.6–1.6
Yes/no 341 96.3 13 3.7 3.0*** 1.7–5.3
Yes/yes 85 90.4 9 9.6 8.4***  4.1–17.1

Mother with psychosis/maternal depressed mood in pregnancy 
No/nob 8,856 98.7 114 1.3 1.0
No/yes 1,404 98.5 22 1.5 1.2 0.8–1.9
Yes/no 192 94.6 11 5.4 4.4*** 2.4–8.4
Yes/yes 55 93.2 4 6.8 5.7**  2.0–15.9

Father with psychosis/maternal depressed mood in pregnancy
No/nob 8,895 98.6 122 1.4 1.0
No/yes 1,427 98.6 20 1.4 1.0 0.6–1.6
Yes/no 153 98.1 3 1.9 1.4 0.5–4.6
Yes/yes 32 84.2 6 15.8 14.3***  5.9–35.0

a  Adjusted for sex and perinatal complications. Calculations without adjustments produced similar results. Statistically significant differences 
are in bold. Tables featuring the crude odds ratios and complete results of the chi-square tests with specific p values accompany the online 
version of this article in a data supplement.

b  Reference category.
*p<0.05. **p<0.01. ***p<0.001.
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Schizophrenia Other Psychosis

N % ORa 95% CI N % ORa 95% CI

107 1.0 44 0.4

87 0.9 1.0 38 0.4 1.0
20 1.3 1.5 0.9–2.4 6 0.4 1.0 0.4–2.4

92 0.9 1.0 37 0.4 1.0
10 3.8 4.3*** 2.2–8.3 5 1.9 5.4*** 2.1–13.8
6 3.1 3.4** 1.5–7.9 3 1.5 4.0* 1.2–13.2

15 3.3 3.9*** 2.2–6.8 7 1.6 4.5*** 2.0–10.1

79 0.9 1.0 33 0.4 1.0
13 0.9 1.0 0.6–1.8 4 0.3 0.8 0.3–2.2
8 2.3 2.6* 1.2–5.4 5 1.4 3.9** 1.5–10.1
7 7.4 9.4*** 4.2–20.9 2 2.1 6.2* 1.5–26.3

81 0.9 1.0 33 0.4 1.0
16 1.1 1.2 0.7–2.1 6 0.4 1.2 0.5–2.8
6 3.0 3.4** 1.5–7.9 5 2.5 7.0*** 2.7–18.3
4 6.8 8.0*** 2.8–22.8 0 0.0 –

85 0.9 1.0 37 0.4 1.0
16 1.1 1.2 0.7–2.0 4 0.3 0.7 0.2–1.9
2 1.3 1.4 0.3–5.7 1 0.6 1.6 0.2–11.5
4 10.5 14.2*** 4.9–41.2 2 5.3 14.5*** 3.3–62.8

Maternal antenatal depressed mood was linked to later 
hospitalization of the mothers due to depression. Of moth-
ers with antenatal depressed mood, 77 (5.2%) had later 
hospital-treated depression, whereas 261 (2.8%) mothers 
without depression during pregnancy were later hospital-
ized due to depression (odds ratio=1.9, 95% CI=1.4–2.4). 
Of the offspring with schizophrenia, 12 had mothers with 
hospital-treated depression later on, two with both ante-
natal depressed mood and later severe depression.

Discussion

Mothers’ depressed mood during pregnancy per se is 
unlikely to increase the risk for schizophrenia in the off-
spring but may affect subjects at risk for psychosis. Of 
those individuals with an antenatally depressed mother, 
the risk for schizophrenia was significantly higher in those 
individuals with a history of psychosis in one or more par-
ents relative to those without a family history of psycho-
sis. Of the risk factors we considered, the combination of 
the father having psychosis and an antenatally depressed 
mother resulted in the highest risk of schizophrenia, with 
an odds ratio of 14.2 (95% CI=4.9–41.2).

The results of the study can be interpreted in more 
than one way. One interpretation is that our findings re-

spring with a family history of psychosis but no maternal 
antenatal depression. The risk for schizophrenia was sta-
tistically significantly higher in the offspring with psycho-
sis in the father and antenatal depression in the mother 
than in the subjects with paternal psychosis but no mater-
nal depression (adjusted odds ratio=9.0, 95% CI=1.6–51.7; 
Wald c2=6.1, p=0.013).

The cumulative incidences of schizophrenia in the 
offspring by presence of maternal antenatal depression 
and familial risk for psychosis are presented in Figure 1, 
which shows the effect of the combination of maternal 
depressed mood and familial psychosis risk on the age at 
onset of psychotic symptoms in schizophrenia.

Other Potential Confounding Variables

In further logistic regression analyses, we made addi-
tional adjustments for maternal smoking in pregnancy. 
The risks for schizophrenia in the offspring remained at 
the same level. Among offspring of mothers depressed 
during pregnancy, the risk of schizophrenia was higher 
among those with at least one psychotic parent (adjusted 
odds ratio=8.7, 95% CI=3.7–20.8) than in those with no pa-
rental psychosis (odds ratio=1.0, 95% CI=0.5–1.8) or those 
with only a psychotic parent and no maternal depressed 
mood (odds ratio=2.3, 95% CI=1.0–5.0).
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There is evidence of increased rates of schizophrenia 
in the children of mothers exposed to antenatal stress 
(28). One possibility is that depression is associated with 
overactivity of the hypothalamic-pituitary-adrenal (HPA) 
axis and consequent secretion of glucocorticoids that re-
sembles the neuroendocrine response to stress (29). Over-
secretion of glucocorticoids during pregnancy has been 
shown to elevate the glucocorticoid levels in the fetus (29, 
30), which can alter the function of the HPA axis in the 
fetus and disturb fetal brain development (31). The dys-
function of the HPA axis can cause short- and long-term 
abnormalities such as reduced birth weight, increased 
infant morbidity, locomotion and cognition retardation, 
increased anxiety, and sleep disturbances (31). The asso-
ciation between prenatal exposure to maternal stress and 
later schizophrenia may also be mediated by the direct 
impact of stress, such as fetal hypoxia induced by vaso-
constriction (30). Early stress may lead to dopaminergic 
hypersensitivity, which is connected to psychosis (32).

Maternal antenatal depression also increases the risk 
for postnatal depression (33), which is connected to ad-
verse cognitive and emotional infant outcome (34). De-
pression can directly affect the mother’s responsiveness 
and sensitivity during mother-infant interaction, resulting 
in either intrusive interactions or withdrawal (26). Mater-
nal depression and patterns of parental care may increase 
stress reactivity in offspring and may mediate the effects 
of environmental adversity on neural development (35).

The strongest known risk factor for schizophrenia is fa-
milial risk with genetic loading, which has an association 
with a 10-fold increase in risk to siblings of probands (3). 
Caspi et al. (5) found that adolescent cannabis exposure is 
associated with increased risk of schizophreniform disor-
ders among individuals with certain cathecol-O-methyl-
transferase (COMT) genotypes. In that study, cannabis ex-

flect gene-environment interaction in the development of 
schizophrenia. A history of psychosis in one or both par-
ents is usually considered to be indicative of a genetic risk 
for schizophrenia, and antenatal depression could be an 
environmental exposure acting adversely on fetal neuro-
development and rearing during childhood in those who 
already have a genetic vulnerability. Under this interpreta-
tion maternal depressed mood in pregnancy may act as an 
additive factor for subjects with a preexisting vulnerability 
for schizophrenia. On the above assumption, familial psy-
chosis is considered to be a genetic factor and maternal 
depression an environmental risk factor. However, familial 
psychosis may not be only genetic and maternal depressed 
mood may not be entirely an environmental factor.

An alternative explanation for what appears to be a 
gene-environment interaction is an underlying gene-
gene interaction. In our study, depression among moth-
ers may have been the consequence of genetic vulner-
ability. There is evidence that subjects with schizophrenia 
may inherit risk for the illness through at least two dif-
ferent loci or that a gene-gene interaction can raise the 
risk of schizophrenia (7, 8). It may be that genes predis-
posing to depression together with genes predisposing to 
schizophrenia have an additive effect on the vulnerability 
to psychosis. The increase in risk for schizophrenia in off-
spring of depressed mothers may be a psychosis gene-
depression gene interaction.

Maternal antenatal depression is a risk factor for peri-
natal complications, such as low birth weight (25) and 
preterm delivery (26), which may be risk factors for sub-
sequent schizophrenia (27). However, in the present study 
the increased risk for psychosis in the offspring of ante-
natally depressed mothers and one parent with psychosis 
was present both before and after adjustment for perinatal 
complications.

TABLE 2. Risk for Schizophrenia and Other Psychosis in Offspring of Parents With Psychosis by Maternal Mood During 
Pregnancy

Parental Psychosis Subgroup

Any psychosis Schizophrenia Other Psychosis

ORa 95% CI
Wald 
c2a p ORa 95% CI

Wald 
c2a p ORa 95% CI

Wald 
c2a p

Parent with psychosis (N=448)
No maternal depressed mood 
in pregnancy (N= 354)b

1.0 1.0 1.0

Maternal depressed mood  
in pregnancy (N= 94)

2.8 1.1–6.7 5.1 0.024 3.6 1.3–10.2 5.7 0.017 1.6 0.3–8.4 0.3 0.579

Mother with psychosis (N=262)
No maternal depressed mood 
in pregnancy (N=203)b

1.0 1.0 1.0

Maternal depressed mood  
in pregnancy (N=59)

1.3 0.4–4.2 0.2 0.685 2.4 0.6–8.8 1.7 0.192 – – –

Father with psychosis (N=194)
No maternal depressed mood 
in pregnancy (N=156)b

1.0 1.0 1.0

Maternal depressed mood  
in pregnancy (N=38)

9.0 2.1–37.9 8.9 0.003 9.0 1.6–51.7 6.1 0.013 8.8 0.8–100.4 3.1 0.080

a  Adjusted for sex and perinatal complications. Calculations without adjustments produced similar results. Statistically significant differences 
are in bold. A table featuring the crude odds ratios accompanies the online version of this article in a data supplement.

b  Reference category.
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FIGURE 1. Cumulative Incidence of Schizophrenia Among Offspring in the Northern Finland 1966 Birth Cohort by Maternal 
Mood During Pregnancy and Presence of Parental Psychosis
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chotic illness in some of the parents, since the follow-up 
of the Finnish Hospital Discharge Register began when the 
child was 6 years, and no data were available at the time of 
pregnancy. The risk might have been somewhat higher if 
we had used the category of parental schizophrenia, but 
we used the broader category of psychosis in the parent.

Limitations of  the Study

There are some limitations in the study. First, it is no-
table that maternal depressed mood did not signify a 
clinical condition but was the mothers’ self-reported de-
pressed mood. However, the prevalence of antenatally de-
pressed mood was in the same range as in earlier reports 
(11, 12). Furthermore, mothers reported their mood to the 
nurse who had met with them on their earlier visits to the 
antenatal clinic, i.e., who had known them earlier (10). An-
other limitation of this study is the absence of information 
about maternal postnatal mental state. Antenatal depres-
sion is a risk factor for postnatal depression. However, in-
formation on later hospital-treated maternal depression 
was available from the offspring’s age of 6 years onward. 
Many subjects with schizophrenia have comorbid depres-
sion and may describe their negative symptoms or disor-
ganization as depression—the self-report of depression 
may represent more active or more significant disease 
(perhaps both a genetic and environmental risk factor). 
Data on maternal use of psychiatric medication and on 
parental psychoses during pregnancy and early childhood 
were lacking. Information was not available on mothers’ 
nutrition and parents’ substance use during pregnancy. 
The lack of fathers’ depression history is a major limita-
tion that makes it difficult to discriminate gene-gene ver-
sus gene-environmental hypotheses.

Strengths of  the Study

A major strength of the study is that this was a prospec-
tive project with a long follow-up time, started antenatally. 
The subjects were representative, with all cohort members 
born in the same year and in a geographically defined area. 

posure was considered as an environmental risk factor and 
Val/Val or Val/Met COMT genotype as a genetic risk factor 
for schizophreniform disorder. In the present study, the 
risk for psychosis and schizophrenia was the highest—ap-
proximately 14-fold—in the offspring whose father had a 
history of psychosis (e.g., genetic vulnerability) and whose 
mother additionally had antenatally depressed mood (en-
vironmental risk factor). Adverse psychosocial circum-
stances in early life—such as antenatal depressed mood—
may interact with genetic vulnerability to increase the risk 
of psychosis (36). On the other hand, maternal depression 
might also be a proxy for mothers’ poor diet or parental 
substance use or father’s depression during pregnancy.

In this study, the prevalence of maternal depressed 
mood, asked mainly between the 24th and 28th gestation-
al week, was 13.9%. The prevalence is in the same range 
as in previous studies dealing with the rates of antenatal 
depression in the second or last trimester (11, 12). In fact, 
it was almost the same as in the British study with 12,059 
pregnant women reported by Evans et al. (12), where 
13.5% of the women had probable depression at 32 weeks 
of pregnancy scored by the Edinburgh postnatal depres-
sion scale.

The cumulative incidence of schizophrenia in this 
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of all psychoses has been found to be 2.2% in general 
population in Finland in a former study (39) and 3.1% in a 
recent study (40).

The odds ratio for parental psychosis in this study is 
lower than often reported (3). Maybe we have missed psy-
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Pregnancy, delivery, and neonatal complications in a popula-
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disorders. Am J Psychiatry 2005; 162:79–91
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The topic of the study is novel; to the authors’ knowledge, 
this is the first report of schizophrenia in the offspring of 
antenatally depressed mothers where familial vulnerabil-
ity was taken into account in a population-based sample.

Conclusions

Maternal depressed mood during pregnancy per se is 
unlikely to increase the risk for schizophrenia in the off-
spring but may affect subjects with increased risk for psy-
chosis. This finding is an example of a gene-environment 
or gene-gene interaction in the development of schizo-
phrenia. The study suggests that mothers’ antenatal de-
pressed mood may act as an additive factor for subjects 
vulnerable to schizophrenia.

Presented in part at the 160th annual meeting of the American 
Psychiatric Association, San Diego, May 19–24, 2007. Received Jan. 
28, 2009; revisions received May 29, June 29, and July 21, 2009; ac-
cepted July 21, 2009 (doi: 10.1176/appi.ajp.2009.09010133). From 
the Department of Psychiatry, Institute of Clinical Medicine, Univer-
sity of Oulu, Finland; the Department of Psychiatry, University Hos-
pital of Oulu, Finland; the Academy of Finland, Helsinki; the Depart-
ment of Psychiatry, University of Cambridge, U.K.; and the Institute 
of Health Sciences, University of Oulu, Finland. Address correspon-
dence and reprint requests to Dr. Mäki, Department of Psychiatry, 
Institute of Clinical Medicine, University of Oulu, P.O. Box 5000, FIN-
90014 Oulu, Finland; pirjo.maki@oulu.fi (e-mail).

Dr. Jones has received research grant support from G laxoSmith-
Kline, a speaker’s honorarium from Eli Lilly, and is co-inventor on 
patent PCT/a82005/003279 (methods for assessing psychotic disor-
ders). The remaining authors report no competing interests.

Supported by grants from the Signe and Ane Gyllenberg Founda-
tion, the Sigrid Juselius Foundation, the Finnish Psychiatric Associa-
tion, and the Academy of Finland (nos. 125 853 [Dr. Miettunen]; 212 
848 [Dr. Isohanni]; and 212 818 [Dr. Veijola]).

References

1. Weinberger DR: From neuropathology to neurodevelopment. 
Lancet 1995; 346:552–557

2. Cannon M, Murray RM: Neonatal origins of schizophrenia. 
Arch Disease in Childhood 1998; 78:1–3

3. Gottesman II: Schizophrenia Genesis: The Origins of Madness. 
New York, WH Freeman and Company, 1991

4. Wahlberg K-E, Wynne LC, Oja H, Keskitalo P, Pykäläinen L, 
Lahti I, Moring J, Naarala M, Sorri A , Seitamaa M, Läksy K, 
Kolassa J, Tienari P: Gene-environment interaction in vul-
nerability to schizophrenia: findings from the Finnish Adop-
tive Family Study of Schizophrenia. Am J Psychiatry 1997; 
154:355–362

5. Caspi A, Moffitt TE, Cannon M, McClay J, Murray R, Harrington 
H, Taylor A, Arseneault L, W illiams B, Braithwaite A, Poulton 
R, Craig IW: Moderation of the effect of adolescent-onset can-
nabis use on adult psychosis by a functional polymorphism in 
the catechol-O-methyltransferase gene: longitudinal evidence 
of a gene x environment interaction. Biol Psychiatry 2005; 
57:1117–1127

6. van Os J, Marcelis M: The ecogenetics of schizophrenia: a re-
view. Schizophr Res 1998; 32:127–135

7. Freedman R, Leonard S, Olincy A, Kaufmann CA, Malaspina D, 
Cloninger CR, Svrakic D, Faraone SV, Tsuang MT: Evidence for 
the multigenic inheritance of schizophrenia. Am J Med Genet-
ics part B: Neuropsychiatric Genetics 2001; 105:794–800



MÄKI, RIEKKI, MIETTUNEN, ET AL.

Am J Psychiatry 167:1, January 2010  ajp.psychiatryonline.org 77

35. Meaney MJ: Maternal care, gene expression, and the transmis-
sion of individual differences in stress reactivity across genera-
tions. Annu Rev Neurosci 2001; 24:1161–1192

36. Cannon TD, Mednick SA, Parnas J, Schulsinger F, Praestholm 
J, Vestergaard A: Developmental brain abnormalities in the 
offspring of schizophrenic mothers, 1: contributions of ge-
netic and environmental factors. Arch Gen Psychiatry 1993; 
50:551–564

37. Saha S, Chant D, Welham J, McGrath J: A systematic review of the 
prevalence of schizophrenia. PLoS Med 2005; 2(5);e141:413–
433. Epub (doi:10.1371/journal.pmed.0020141)

38. Hovatta I, Terwilliger JD, Lichtermann D, Mäkikyrö T, Suvisaari 
J, Peltonen L, Lönnqvist J: Schizophrenia in the genetic isolate 
of Finland. Am J Med Genet 1997; 74:353–360

39. Lehtinen V, Joukamaa M, Lahtela K, Raitasalo R, Jyrkinen E, 
Maatela J, Aromaa A: Prevalence of mental disorders among 
adults in Finland: basic results from the mini Finland health 
survey. Acta Psychiatr Scand 1990; 81:418–425

40. Perälä J, Suvisaari J, Saarni SI, Kuoppasalmi K, Isometsä E, 
Pirkola S, Partonen T, Tuulio-Henriksson A, Hintikka J, Kieseppä 
T, Härkänen T, Koskinen S, Lönnqvist J: Lifetime prevalence of 
psychotic and bipolar I disorders in a general population. Arch 
Gen Psychiatry 2007; 64:19–28

26. Manning C, Gregoire A: Effects of parental mental illness on 
children. Psychiatry 2006; 5:10–12

27. Verdoux H, Sutter AL: Perinatal risk factors for schizophrenia: 
diagnostic specificity and relationships with maternal psycho-
pathology. Am J Med Gen 2002; 114:898–905

28. van Os J, Selten JP: Prenatal exposure to maternal stress and 
subsequent schizophrenia: the May 1940 invasion of the Neth-
erlands. Br J Psychiatry 1998; 172:324–326

29. Pariante CM: Depression, stress and the adrenal axis. J Neuro-
endocrin 2003; 15:811–812

30. Glover V: Maternal stress or anxiety in pregnancy and emotion-
al development of the child. Br J Psychiatry 1997; 171:105–106

31. Maccari S, Darnaudery M, Morley-Fletcher S, Zuena AR, Cinque 
C, Van Reeth O: Prenatal stress and long-term consequences: 
implications of glucocorticoid hormones. Neurosci Biobehav 
Rev 2003; 27:119–127

32. Di Forti M, Lappin JM, Murray RM: Risk factors for schizophre-
nia: all roads lead to dopamine. Eur Neuropsychopharmacol-
ogy 2007; 17(suppl 2):S102–S107

33. Areias MEG, Kumar R, Barros H, Figueiredo E: Correlates of 
postnatal depression in mothers and fathers. Br J Psychiatry 
1996; 169:36–41

34. Murray L, Cooper PJ: Postpartum depression and child devel-
opment. Psychol Med 1997; 27:253–260


