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Background. A consistent association between paternal age and their offspring’s risk of schizophrenia has been

observed, with no independent association with maternal age. The relationship of paternal and maternal ages with

risk of bipolar affective disorders (BPAD) in the offspring is less clear. The present study aimed at testing the

hypothesis that paternal age is associated with their offspring’s risk of BPAD, whereas maternal age is not.

Method. This population-based cohort study was conducted with individuals born in Sweden during 1973–1980 and

still resident there at age 16 years. Outcome was first hospital admission with a diagnosis of BPAD. Hazard ratios

(HRs) were calculated using Cox’s proportional hazard regression.

Results. After adjustment for all potential confounding variables except maternal age, the HR for risk of BPAD for

each 10-year increase in paternal age was 1.28 [95% confidence interval (CI) 1.11–1.48], but this fell to 1.20 (95% CI

0.97–1.48) after adjusting for maternal age. A similar result was found for maternal age and risk of BPAD [HR 1.30

(95% CI 1.08–1.56) before adjustment for paternal age, HR 1.12 (95% CI 0.86–1.45) after adjustment]. The HR

associated with having either parent aged 30 years or over was 1.26 (95% CI 1.01–1.57) and it was 1.45 (95% CI

1.16–1.81) if both parents were >30 years.

Conclusions. Unlike schizophrenia, the risk of BPAD seems to be associated with both paternal and maternal ages.
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Introduction

One of the most consistent epidemiological findings in

psychosis research is the positive association between

paternal age and risk of schizophrenia (Malaspina

et al. 2001; Brown et al. 2002 ; Byrne et al. 2003 ; Zammit

et al. 2003 ; El-Saadi et al. 2004 ; Sipos et al. 2004 ;

Ekeus et al. 2006 ; Wohl & Gorwood, 2007). It has been

suggested that this association may be due to the in-

crease in sporadic de novomutations in male germ cells

associated with age (Crow, 1997, 2000 ; Glaser & Jabs,

2004), though alternative explanations have included

psychosocial factors associated with parents’ age, such

as early parental loss (Agid et al. 1999 ; Morgan et al.

2007) or delayed age at marriage due to personality

traits (Brown et al. 2002 ; Zammit et al. 2003). There

is some evidence to suggest that the association

of paternal age with schizophrenia may be restricted

to people without a family history of psychosis

(Malaspina et al. 2002 ; Sipos et al. 2004), but results

on this issue are inconsistent (Pulver et al. 2004).

Advanced paternal age has also been associated with

several other health-related problems, such as low

birth weight (Reichman & Teitler, 2006), breast cancer

(Choi et al. 2005), congenital malformations (Zhu et al.

2005 ; Yang et al. 2007), pre-eclampsia (Harlap et al.

2002) and autism (Reichenberg et al. 2006).

In contrast to the large number of investigations

on the association between paternal age and schizo-

phrenia, data on the association of paternal age with

bipolar disorder (BPAD) are more scarce. Some of the

studies cited above have investigated the relationship

between paternal age and other psychoses (Zammit

et al. 2003) or other psychiatric conditions (Malaspina

et al. 2001), but did not find this association. One study

found a positive association between paternal age

and psychosis, including BPAD, using data from
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population-based studies in Sweden and Denmark

(El-Saadi et al. 2004), but non-affective and affective

psychoses were not examined separately. A large

number of cases of BPAD occur amongst people with

no family history of the disorder, i.e. sporadic cases

(Shih et al. 2004). Furthermore, there is increasing

evidence that BPAD and schizophrenia may share

common susceptibility genes (Craddock et al. 2006 ;

Farmer et al. 2007). Therefore, if the association be-

tween paternal age and risk of schizophrenia in the

offspring is actually due to sporadic mutations, it is

possible that the risk of BPAD would also show a

positive association with paternal age, but not with

maternal age. A recent study looked at this association

using a large dataset from Sweden (Frans et al. 2008).

After controlling for maternal age, family history of

psychotic disorder, parity and socio-economic status,

offspring of men aged o55 years were almost 40%

more likely to receive an in-patient diagnosis of BPAD

than the offspring of men aged 20–24 years, in a

pattern similar to that observed for the association

between paternal age and schizophrenia. However,

differently from what has been described for schizo-

phrenia, there was also a positive association between

maternal age and BPAD, though it was weaker than

the association with paternal age.

The aim of the present study was to further examine

the relationship between paternal and maternal ages

and risk of BPAD in their offspring, using data from a

large population-based cohort based on the linkage of

several Swedish registers. It was hypothesized that the

incidence of BPAD in the offspring would increase

with paternal age, in a pattern similar to that observed

for schizophrenia, but there would be no association

with maternal age. We also investigated whether any

associations differed according to family history of

psychosis and gender of the offspring.

Method

Sample

The cohort, which has been previously analysed for

the association between paternal age and risk of

schizophrenia in the offspring (Sipos et al. 2004), con-

sisted of 754 330 individuals born in Sweden between

January 1973 and December 1980 who were still alive

and resident in Sweden at the age of 16 years. The

starting date for inclusion in the cohort was defined by

the availability of information on parents’ age in birth

records. The closing date was set to allow a minimum

period of 6 years at risk for a BPAD episode, from

age 16 to 22 years, for those born in 1980. Information

on cohort members was obtained by linkage of

the Swedish medical birth registry, the population

and housing census of 1990, the in-patient discharge

register (from January 1974 to 31 December 2002),

and the causes of death (up to 31 December 2002) and

emigration registers (up to 31 December 2001). The

analysis was based on records of people with a first

hospital admission with a diagnosis of BPAD [Inter-

national Classification of Diseases (ICD)-10 codes

F30-31 ; Swedish version ICD-9 codes 296A (single

episode of mania), 296C (BPAD, manic phase) and

296D (BPAD, melancholic phase)] between 1989 and

2002. Overall, 42 341 (5.6%) records were excluded

from the analysis because of missing data on paternal

age or one or more of the potential confounding

variables examined. The remaining 711 989 subjects

came from 532 740 families.

Variables

Paternal age was analysed first as a continuous vari-

able. We then categorized paternal age in 5-year

age bands. A number of variables were considered as

potential confounders, based on previous studies on

risk factors for BPAD and psychoses :

(1) subjects’ gender ;

(2) subjects’ age on 31 December 2001;

(3) maternal age at index birth ;

(4) place of birth [classified as main cities and sub-

urbs, large cities and industry, rural areas, ac-

cording to previous grouping of place of birth for

the cohort (Harrison et al. 2003)] ;

(5) obstetric characteristics (season of birth, gesta-

tional age in weeks, birth weight in grams, Apgar

scores at 1 min and at 5 min, parity of mother,

singleton, twin or multiple birth) ;

(6) family history of psychosis and of BPAD (hospital

admission of father, mother or sibling with a

diagnosis of psychosis, which included any non-

affective psychosis not induced by substances, or

BPAD – data came from the in-patient discharge

register) ;

(7) death of a parent before the age of 15 years ;

(8) childhood socio-economic position (derived from

data from the Swedish population and housing

census of 1990) : highest of mother’s or father’s

annual income (<100 000 Kr, 100 001–200 000 Kr,

200 001–300 000 Kr, >300 000 Kr), highest of

mother’s or father’s socio-economic status (blue

collar, white collar, self-employed, other), highest

of mother’s or father’s education (<9 years, 9–10

years, full secondary school, higher).

Analysis

Statistical analysis was carried out using Stata 9.0

(StataCorp LP, USA). Cox’s proportional hazard

478 P. R. Menezes et al.



regression models were used to assess the association

between paternal age and risk of BPAD in the off-

spring. Time in the study was counted from the day

of the 16th birthday to the first admission with a

diagnosis of BPAD or censoring, which occurred

when the subject died, emigrated or at the end of

the study period. Possible clustering of cases within

families was accounted for by using robust variances

for the hazard ratios (HRs). In order to investigate

the strength of the linear association of paternal age

with BPAD, both paternal and maternal ages were

divided by 10 and analysed as continuous variables,

so that the HRs for these associations estimate the

change in risk of BPAD per 10-year increase in

paternal age. Potential confounding effects of other

exposure variables were controlled for by entering

the covariates in the regression model and examining

whether they altered the strength of associations with

paternal age. In order to visualize changes in risk

with paternal age, we tabulated HRs for paternal age

grouped into 5-year age bands and using parents

aged 21–24 years as the reference category. Similar

analyses were performed to examine the association

between maternal age and risk of BPAD in the

offspring.

Collinearity between paternal and maternal ages

was examined through computing the correlation

between these two variables, by calculating their

variance inflation factor (VIF), and by examining the

width of the 95% confidence intervals (CIs) of both

HRs for paternal and maternal ages when mutually

adjusted in the Cox’s proportional regression model

(Armitage & Berry, 1994). Strong collinearity is con-

sidered present when the VIF is as large as 9 or 10, or

when the CIs for the estimates of the coefficients of

the two correlated variables become much wider

when they are simultaneously in the same model, as

compared with the CIs of the coefficients for each

covariate separately. We then created a variable

indicative of the number of parents (none, one or

both) aged o30 years, in order to look at a possible

cumulative effect of parents’ age on risk of BPAD.

Finally, we investigated whether the association

between parents’ ages and risk of BPAD differed in

subjects with and without a family history of psy-

chosis by fitting a term for the interaction between

parents’ age and family history of psychosis to our

models. We also tested for a possible interaction

between gender of proband and paternal age.

Statistical significance was calculated using Wald’s

tests. The population impact of paternal age on the

incidence of BPAD was assessed by estimating the

population attributable fraction (PAF) for paternal

age of o30 years, compared with paternal age of

f29 years.

Results

The mean follow-up time from age 16 was 9 years,

with a minimum period of observation of 6 years and

a maximum of 14 years. During the follow-up period,

493 (0.07%) participants were admitted to hospital

with a diagnosis of BPAD (six were siblings), yielding

an incidence of 7.7 (95% CI 7.0–8.4) cases per 100 000

person-years.

Paternal age was relatively strongly correlated with

maternal age (Pearson’s correlation coefficient=0.72,

p<0.001, VIF=2.09), and with higher parity among

mothers (Table 1). There were small differences in

birth weight and gestational age according to paternal

age group. There was a higher proportion of older

fathers living in rural areas by the time of index birth.

Index subjects from older fathers also tended to be

twins more frequently, to have a family history of

psychosis and to have experienced the death of one of

their parents before the age of 15 years. Older fathers

tended to have lower incomes and were more likely to

be self-employed and to have received less education

than younger fathers.

Paternal age and risk of BPAD in the offspring

In the bivariate analysis, paternal age was positively

associated with risk of BPAD in the offspring, with

a 37% (95% CI 19–58%, p<0.001) increase in risk of

BPAD in the offspring for each 10-year increase in

paternal age (Table 2). This association was not con-

founded by any one of the potential confounding

variables, with the exception of maternal age and,

to a lesser extent, family history of psychosis (Table 2).

After controlling for maternal age, the risk of BPAD

for each 10-year increase in paternal age dropped to

23% (95% CI x1.0 to 52%, p=0.06), and adjustment

for further potential confounders attenuated the

risk estimate to 20% (95% CI x3.0 to 48%, p=0.09).

The offspring of younger fathers (<21 years) had a

higher risk for BPAD than children from fathers aged

21–24 years, and this risk then increased with paternal

age until 44 years (Table 3). This trend did not persist

for age groups 45–49 years and o50 years, but ab-

solute numbers of cases in the younger and older age

groups were very small and the CIs of the respective

estimates very wide. The PAF of incidence of BPAD

for paternal age of o30 years was 13% (95% CI

2–23%).

Maternal age and risk of BPAD in the offspring

A very similar association and confounding effects

were observed in relation to maternal age and risk

of BPAD in the offspring. Before controlling for

paternal age, a 10-year increase in maternal age was

Parental age and bipolar affective disorder 479



associated with a 43% (95% CI 19–71%, p<0.001)

increase in the risk of BPAD (Table 2). Controlling

for paternal age led to greater attenuation in the

association between maternal age and risk of BPAD

than when controlling the paternal age association

for maternal age (HR 1.20, 95% CI 0.92–1.57, p=0.18).

Table 1. Distribution of potential confounding variables according to paternal age

Paternal age (years)

<30 30–39 o40

Number of participants 374 771 (52.6) 299 697 (42.1) 37 521 (5.3)

Number of cases of BPAD 221 (0.06) 237 (0.08) 35 (0.09)

Male gender 192 402 (51.3) 153 787 (51.3) 19 136 (51.0)

Maternal age, years

Mean (S.D.)

24.3 (3.5) 29.7 (3.8) 34.3 (4.9)

Birth weight, g

Mean (S.D.)

3475 (525) 3524 (541) 3519 (568)

Gestational age, weeks

Mean (S.D.)

39.8 (1.8) 39.7 (1.8) 39.4 (1.8)

Season of birth

Winter 88 801 (23.7) 69 882 (23.3) 8990 (24.0)

Spring 107 166 (28.6) 86 851 (29.0) 10 203 (27.2)

Summer 94 194 (25.1) 73 787 (24.6) 9334 (24.9)

Autumn 84 610 (22.6) 69 177 (23.1) 8994 (24.0)

Place of birth

Main cities 97 656 (26.1) 89 853 (30.0) 11 206 (29.9)

Large cities 237 280 (63.3) 177 738 (59.3) 21 389 (57.0)

Rural areas 39 835 (10.6) 32 106 (10.7) 4926 (13.1)

Apgar score at 1 min <7 15 404 (4.1) 11 027 (3.7) 1563 (4.2)

Apgar score at 5 min <7 4487 (1.2) 3254 (1.1) 487 (1.3)

Parity of mother

1 213 747 (57.0) 83 640 (27.9) 9245 (24.6)

2 130 105 (34.7) 129 783 (43.3) 11 355 (30.3)

3 or more 30 919 (8.2) 86 274 (28.8) 16 921 (45.1)

Twin or multiple birth 5320 (1.4) 5294 (1.8) 754 (2.0)

Family history of psychosis 4443 (1.2) 4325 (1.4) 780 (2.1)

Family history of BPAD 2271 (0.6) 2357 (0.8) 388 (1.0)

Father died before age 15 years 4168 (1.1) 4826 (1.6) 2042 (5.4)

Mother died before age 15 years 1850 (0.5) 2287 (0.8) 424 (1.1)

Highest parental income (Kr)a

<100 000 18 718 (5.0) 13 531 (4.5) 4199 (11.2)

100 001–200 000 206 518 (55.1) 140 365 (46.8) 20 217 (53.9)

200 001–300 000 116 981 (31.2) 103 039 (34.4) 9815 (26.2)

300 001 or more 32 554 (8.7) 42 762 (14.3) 3290 (8.8)

Highest SES

Blue collar 123 956 (33.1) 72 631 (24.2) 12 404 (33.1)

White collar 204 789 (54.6) 187 213 (62.5) 19 174 (51.1)

Self-employed 42 409 (11.3) 37 514 (12.5) 5302 (14.1)

Other 3617 (1.0) 2339 (0.8) 641 (1.7)

Highest parental education

<9 years 15 432 (4.1) 31 409 (10.5) 8641 (23.0)

9–10 years 54 459 (14.5) 32 649 (10.9) 3889 (10.4)

Full secondary 187 179 (49.9) 110 396 (36.8) 12 148 (32.4)

Higher 117 701 (31.4) 125 243 (41.8) 12 843 (34.2)

BPAD, Bipolar affective disorder ; S.D., standard deviation ; SES, socio-economic status.

Values are given as n (%), unless stated otherwise.
aKr 100 000=£7467, US$13238, E10953.
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Further adjustment for confounding variables led to a

HR of 1.12 (95% CI 0.86–1.45, p=0.41). However, the

overall patterns of association suggested that both

parents’ ages may contribute to the risk of BPAD. In

order to further examine this association, a categorical

variable was created, in which index participants were

classified as having no parent aged >30 years, having

one parent aged >30 years or having both parents

aged >30 years. A progressive increase in risk of

BPAD was observed (Table 4), which persisted, but

was slightly weakened after controlling for possible

confounding factors, particularly family history of

psychosis.

Parental age and risk of BPAD in the offspring

according to family history of psychosis and

offspring gender

Paternal age showed similar associations with risk of

BPAD for both participants without (HR 1.20, 95% CI

0.96–1.50) or with a family history of psychosis (HR

1.17, 95% CI 0.65–2.09), whereas maternal age was

positively associated with risk of BPAD only among

participants without a family history of psychosis (HR

1.21, 95% CI 0.92–1.59) but not among those with a

family history of psychosis (HR 0.77, 95% CI 0.37–

1.57). Tests for interaction between parents’ age at

Table 2. Risk of BPAD for each 10-year increase in paternal or maternal ages, unadjusted

and controlling for potential confounding variables

Paternal age

and BPAD

Maternal age

and BPAD

Unadjusted HR 1.37 (1.19–1.58) 1.43 (1.19–1.71)

HR adjusted for

Gender 1.37 (1.19–1.58) 1.43 (1.19–1.72)

Age 1.32 (1.15–1.53) 1.36 (1.13–1.64)

Maternal age 1.23 (0.99–1.52) –

Paternal age – 1.20 (0.92–1.57)

Area of birtha 1.37 (1.19–1.58) 1.43 (1.19–1.71)

Area living at age 10 yearsa 1.38 (1.20–1.59) 1.44 (1.20–1.73)

Season of birthb 1.37 (1.19–1.58) 1.43 (1.19–1.72)

Apgar score at 1 min <7 1.37 (1.19–1.58) 1.43 (1.19–1.71)

Apgar score at 5 min <7 1.37 (1.19–1.58) 1.43 (1.19–1.71)

Parity 1.37 (1.18–1.59) 1.45 (1.18–1.77)

Multiple birth 1.37 (1.19–1.58) 1.43 (1.19–1.71)

Birth weight 1.39 (1.21–1.59) 1.46 (1.22–1.74)

Gestational age 1.35 (1.18–1.55) 1.40 (1.17–1.67)

Father’s death before age 15 years 1.36 (1.18–1.57) 1.42 (1.19–1.71)

Mother’s death before age 15 years 1.37 (1.19–1.57) 1.42 (1.19–1.70)

Family history of psychosis 1.31 (1.14–1.51) 1.35 (1.13–1.62)

Family history of BPAD 1.33 (1.15–1.53) 1.37 (1.14–1.64)

Parental income in 1990 1.37 (1.19–1.57) 1.45 (1.21–1.73)

Parental SES in 1990 1.38 (1.20–1.59) 1.45 (1.22–1.74)

Parental education in 1990 1.40 (1.21–1.61) 1.43 (1.19–1.72)

Adjusted for variables independently

associated with risk of BPADc

1.28 (1.11–1.48) 1.30 (1.08–1.56)

Adjusted for variables independently

associated with risk of BPAD and

maternal (or paternal) age

1.20 (0.97–1.48) 1.12 (0.86–1.45)

BPAD, Bipolar affective disorder ; HR, hazard ratio ; SES, socio-economic status.

Values are given as HR (95% confidence interval).
aMain cities, large cities, rural area.
b Spring, summer, autumn, winter.
c Subject’s gender and age, gestational age, family history of psychosis, parental

socio-economic status in 1990 and highest parental education in 1990.

Parental age and bipolar affective disorder 481



conception and family history of psychosis were

statistically significant for maternal age (p=0.04), but

not for paternal age (p=0.15). There was no evidence

of interaction between probands’ gender and parents’

age on the risk of BPAD in the offspring.

Discussion

This study tested the hypothesis that paternal age, but

not maternal age, is associated with offspring risk of

BPAD. The expected association with paternal age was

observed and was found to be independent from a

series of potential confounding factors. This finding is

in keeping with that of a recently published investi-

gation, also based on Swedish population data, that

examined the relationship between paternal age and

risk of BPAD (Frans et al. 2008). Our cohort differs in

terms of the range of confounding factors investigated

and the narrower range of birth dates. However,

in contrast to the relationship between paternal age

and schizophrenia described in previous studies

(Malaspina et al. 2001 ; Brown et al. 2002 ; Byrne et al.

2003 ; Zammit et al. 2003 ; Sipos et al. 2004), the associ-

ation between paternal age and risk of BPAD was not

materially different from that with maternal age, in

unadjusted and in mutually adjusted models. Indeed,

a cumulative risk appeared to be present, where hav-

ing both parents aged >30 years at the time of birth

was associated with a higher risk than having only one

older parent, which in turn had a higher risk than

having no parent aged o30 years at the time of birth.

Before adjusting for maternal age, the association

between paternal age and risk of BPAD in the

offspring followed the pattern observed for the

association of paternal age with schizophrenia found

in previous studies, which have shown increases in

risk varying from 1.4 to 1.7 for each 10-year increase

in paternal age (Malaspina et al. 2001 ; Brown et al.

2002 ; Zammit et al. 2003 ; Sipos et al. 2004). However,

unlike previous findings in relation to schizophrenia

(Malaspina et al. 2001 ; Zammit et al. 2003 ; Sipos et al.

2004), the HRs for each 10-year increase in paternal

age were somewhat attenuated after adjusting for

maternal age. Furthermore, there appeared to be an

association between maternal age and risk of BPAD,

although the confounding effect of paternal age on

maternal age associations appeared to be stronger

than that of maternal age on paternal age associations.

In studies of schizophrenia, the association of ma-

ternal age with risk of disease is clearly confounded by

paternal age (Malaspina et al. 2001 ; Zammit et al. 2003;

Sipos et al. 2004). Such an effect was also seen here, but

there was some evidence of a residual maternal age

effect. One possibility would be that these mutually

attenuated associations between paternal and ma-

ternal ages and risk of offspring BPAD were due to

collinearity, since parents’ ages are highly correlated.

However, the correlation between maternal and pa-

ternal ages (r=0.72) is insufficient to account for these

results, as indicated by the VIF<10. An alternative

explanation is that paternal and maternal ages had

mutually confounded associations, and that both pa-

ternal and maternal ages are associated with small

increases in risk of BPAD. Indeed, maternal age can

only confound the association between paternal age

and risk of BPAD if maternal age itself is associated

with the disease and, conversely, paternal age can only

be a confounder in the association between maternal

Table 4. Risk of BPAD according to number of parents aged

>30 years

Unadjusted

HR Adjusted HRa

No parent aged

>30 years

1 1

One parent aged

>30 years

1.35 (1.09–1.68) 1.26 (1.01–1.57)

Both parents aged

>30 years

1.64 (1.32–2.03) 1.45 (1.16–1.81)

p for linear trend <0.001 <0.001

BPAD, Bipolar affective disorder ; HR, hazard ratio.

Values are given as HR (95% confidence interval).
aAdjusted for subject’s gender and age, gestational age,

family history of psychosis, parents’ highest socio-economic

status in 1990 and parents’ highest educational level in 1990.

Table 3. Risk of BPAD according to paternal age group, adjusted

for potential confounding variables

Paternal age

group (years) n

Cases of

BPAD

Adjusted HRa

(95% CI)

<21 12 309 9 1.35 (0.67–2.75)

21–24 95 223 50 1

25–29 267 239 162 1.15 (0.83–1.59)

30–34 217 644 163 1.41 (0.99–2.00)

35–39 82 053 74 1.68 (1.09–2.61)

40–44 25 668 27 1.85 (1.04–3.30)

45–49 8210 5 1.06 (0.39–2.83)

o50 3643 3 1.43 (0.43–4.76)

BPAD, Bipolar affective disorder ; HR, hazard ratio ;

CI, confidence interval.
aAdjusted for subject’s gender and age, gestational age,

family history of psychosis, parents’ highest socio-economic

status in 1990, parents’ highest educational level in 1990 and

maternal age.
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age and risk of BPAD if paternal age itself is associated

with the disease (Rothman & Greenland, 1998).

Similar results were described in a recent investigation

that also examined specifically the relationship be-

tween paternal age and risk of BPAD, using a nation-

wide Swedish dataset (Frans et al. 2008), where

the associations of both paternal and maternal ages

with risk of BPAD were attenuated when mutually

adjusted.

The association between paternal age and risk of

schizophrenia in the offspring has been attributed

to the increased rate of spontaneous mutations in

the male germ cell line observed with ageing. This

‘paternal age effect ’ has been well established for a

number of rare genetic diseases, where the mechanism

is a base substitution in a single gene (Crow, 2000;

Glaser & Jabs, 2004). Although no similar specific

germ cell mutations have been identified in more

complex traits as yet, there is no reason to assume that

these might not account for a small proportion of

variation in risk for such diseases, including BPAD

(Crow, 2000). Indeed, an increasing number of epi-

demiological studies have shown a positive associ-

ation between paternal age and several adverse health

outcomes (Harlap et al. 2002 ; Zhu et al. 2005 ;

Reichenberg et al. 2006 ; Reichman & Teitler, 2006 ;

Yang et al. 2007). It has also been suggested that if

such ‘de novo ’ mutations play a role in the aetiology

of psychosis, then the association between paternal

age and risk of psychosis would be stronger among

individuals without a family history of psychosis.

The association between maternal age and risk of

BPAD in the offspring was an unexpected finding, and

its meaning is difficult to interpret. Maternal age is

associated with a number of genetic mutations, more

specifically chromosomal abnormalities (Crow, 2000;

Glaser and Jabs, 2004), as observed in Down’s syn-

drome, but such severe abnormalities have not been

observed in cases of psychosis. Nevertheless, it is

possible that the observed cumulative increased risk

of BPAD might be due to the sum of diverse genetic

mutations associated with paternal and maternal

ages, each accounting for a small increase in risk.

Alternatively, the cumulative increased risk of BPAD

for children of older parents may represent environ-

mental factors that are associated with parents’ age.

Another large cohort study conducted in Sweden

(Ekeus et al. 2006) found that both paternal and

maternal ages were independently associated with an

increased risk of schizophrenia, even after controlling

for a number of potential confounders and for the

other parent’s age. The authors argued that older

mothers are more likely to present obstetric compli-

cations, which in turn may increase the risk of schizo-

phrenia. They also reported a negative association

between maternal age and admissions due to sub-

stance abuse and suicide attempts, which could not be

attributed to younger mothers’ lower socio-economic

condition. It has been suggested that having older

parents would increase the likelihood of early parental

loss, which in its turn may be a risk factor for psy-

chosis. In our sample, index participants with older

fathers were more likely to have experienced the loss

of a relative before reaching the age of 15 years.

However, we did not find any confounding by

parents’ death before the age of 15 years, and the

number of participants who lost one of the parents at

early ages was very small.

We did not find any suggestion that the association

between paternal age and risk of BPAD is stronger

among those without a family history of psychosis,

compared with those with a family history, nor that

such an association might interact with probands’

gender. We did find some evidence for an interaction

between maternal age, family history of psychosis and

risk of BPAD in probands, which deserves replication

before causal interpretations can be suggested, since

this was an unexpected finding from an exploratory

analysis.

Strengths and limitations

One of the strengths of the present study is the number

of cases of BPAD (n=493), giving reasonable statistical

power to examine the hypothesis proposed. Never-

theless, the actual number of cases of BPAD may have

not been sufficient to detect relatively weak associ-

ations. The cohort design minimizes selection and

information biases, since ascertainment of cases was

independent of exposure measurement. We were also

able to control for a series of potential confounding

variables. One limitation of the study is that case

identification was based on clinical diagnoses given to

individuals who had been admitted to a psychiatric

hospital and so some cases of BPAD with milder

symptoms and behavioural problems not requiring

admission may have been missed. Furthermore, some

cases with more severe psychotic symptoms may have

been given a diagnosis of schizophrenia or other non-

affective psychosis, whereas some first-episode cases

of non-affective psychoses might in fact receive a

clinical diagnosis of BPAD, for this diagnosis may be

associated with less stigma and better prognosis than a

diagnosis of schizophrenia. However, such potential

misclassification is unlikely to be related to parents’

age, and missed cases would be very much diluted

among non-cases of BPAD, having minimal impact on

the estimates found. It is possible that a small pro-

portion of the men declared to be the fathers of cohort

members were not, in fact, their biological fathers, but
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such misclassification is likely to only dilute the ob-

served associations slightly. There is an association

between paternal age and schizophrenia in this same

dataset. Information on potential confounders came

from different sources, and some degree of random

measurement error is likely to have occurred. How-

ever, the association between parental age and risk of

BPAD was almost unchanged by any of the con-

founders included in the models, with the exception of

family history of psychosis. It is possible that some

residual confounding for family history persisted,

since information on psychiatric admission was only

available for parents and siblings for the period

covered by the Swedish psychiatric registers, but it

is unlikely that residual confounding alone could

explain the observed results.

Conclusion

Unlike schizophrenia, the risk of BPAD seems to be

associated with both paternal and maternal ages, and

there may be a cumulative effect of parents’ ages, but

possible mechanisms involved behind these associ-

ations are unknown. Even if some risk factors for

schizophrenia and BPAD are shared, these results

suggest that there are also different factors involved in

the aetiology of affective and non-affective psychoses.

Clarification of the relationship between parents’ age

and risk of BPAD provides further evidence of some of

the adverse consequences of delaying parenthood.

Taking the limited power of the present study into

account, the PAF indicates that it is possible that

having children after the age of 30 years has either

almost no impact on their risk of BPAD or increases

their risk by some 20%. Such a perspective needs to

be balanced against the likely positive effects of the

greater financial stability and likely emotional ma-

turity of older parents when giving policy advice con-

cerning the current trend towards delaying the age at

parenthood. Future research disentangling the patho-

physiology underlying the observed associations may

help to develop more effective interventions for those

who suffer from this disorder.
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