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Objective: The study examined the rela-
tion between paternal age at the time of
birth and risk of schizophrenia in the
adult offspring.

Method: Data from the birth cohort of
the Prenatal Determinants of Schizophre-
nia study were used in this study. Virtually
all members of this birth cohort had pro-
spective information about paternal age at
the time of the offspring’s birth. Subjects
with schizophrenia and other schizophre-
nia spectrum disorders (N=71) among
members of this birth cohort were previ-
ously ascertained. In separate analyses,
paternal age was modeled as a continuous
variable and as a categorical variable, and
its relation with the risk of adult schizo-

phrenia and other schizophrenia spec-
trum disorders and with the risk of schizo-
phrenia separately were examined.

Results: There was a marginally signifi-
cant, monotonic association between ad-
vancing paternal age and risk of adult
schizophrenia and schizophrenia spec-
trum disorders. The association held after
the analysis controlled for the effects of
maternal age and other potential con-
founders. Similar results were observed
when only subjects with schizophrenia
were included in the analysis.

Conclusions: Advanced paternal age at
the time of birth of the offspring may be
a risk factor for adult schizophrenia.

(Am J Psychiatry 2002; 159:1528-1533)

Wesought to investigate whether older paternal age
at the time of birth is associated with schizophrenia and
other schizophrenia spectrum disorders among the off-
spring. Several lines of evidence support a relation be-
tween older paternal age and schizophrenia spectrum dis-
orders. First, most previous studies that examined this
relationship have demonstrated positive associations (1-
5), although these studies have been criticized for meth-
odologic limitations. Most recently, Malaspina et al. (1), in
a large Israeli birth cohort, demonstrated a robust and
“dose-related” effect of paternal age on risk of schizophre-
nia and related disorders, a finding that was unaltered af-
ter adjusting for maternal age.

A second reason for examining paternal age in relation
to schizophrenia is that older age of the father at the time
of birth has been associated with several congenital disor-
ders (6-10). The etiology of these associations is believed
to involve new, autosomal dominant mutations in the
male germ cell line. If a disruption of fetal development
plays a role in the pathogenesis of schizophrenia, then
new mutations secondary to advanced paternal age may
operate to increase the risk of this disorder by adversely af-
fecting brain development.

In the present investigation, we used data from the birth
cohort of the Prenatal Determinants of Schizophrenia
study (11) to address the relation of paternal age to schizo-
phrenia. We hypothesized that the risk of schizophrenia
would increase with advancing paternal age.

The Prenatal Determinants of Schizophrenia study had
several design advantages that permitted us to address sig-
nificant limitations of previous studies. First, most prior
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studies relied on exposure data from a variety of sources,
some of questionable reliability. In contrast, the Prenatal
Determinants of Schizophrenia study offered prospectively
acquired data on paternal age from a direct interview, serv-
ing to diminish the likelihood of exposure misclassification.
Second, most prior studies relied on case series to identify
patients for study; the present investigation addressed this
limitation by employing a cohort design that included con-
tinuous follow-up for ascertainment of cases of schizophre-
nia. These first two features help to minimize selection bias,
as well as biases arising from the use of prevalent rather
than incident cases of schizophrenia spectrum disorders.
Third, previous investigations generally relied on chart di-
agnoses of schizophrenia spectrum disorders by older and
less reliable diagnostic systems, or on hospital registry data;
in our study, most cases were identified by means of face-
to-face standardized research interviews and consensus
procedures that used modern diagnostic criteria. Fourth,
most prior studies did not control for maternal age, and
nearly all failed to adjust for other confounders; the com-
prehensive data set of our study permitted us to control for
these factors. Finally, unlike previous studies, our study as-
sessed and confirmed biological paternity of the offspring
in the majority of subjects.

Method

Subjects

The subjects for the present investigation consisted of the birth
cohort of the Prenatal Determinants of Schizophrenia study. The
design of this study has been described in full by Susser et al. (11)
and will therefore be only briefly summarized here. The Prenatal
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Determinants of Schizophrenia study is a continuous follow-up
of schizophrenia in the Child Health and Development Study co-
hort. The Child Health and Development Study recruited nearly
all pregnant women in Alameda County, California, who received
prenatal care from the Kaiser Foundation Health Plan, a large pre-
paid health care plan. The 19,044 live births to these women from
1959-1967 constituted the Child Health and Development Study
cohort. The members of the Kaiser Foundation Health Plan were
racially, educationally, and occupationally diverse, although there
was some underrepresentation of the extremes of income (12).

Kaiser Foundation Health Plan maintained records of all psy-
chiatric and medical care received by members; beginning in
1981, the records were computerized. These records were used to
ascertain potential cases of schizophrenia spectrum disorders.
Accordingly, the Prenatal Determinants of Schizophrenia study
cohort consists of the subsample of 12,094 subjects who were
born into the Child Health and Development Study cohort and
were members of the Kaiser Foundation Health Plan from Janu-
ary 1, 1981, through the last date for case ascertainment in the
Prenatal Determinants of Schizophrenia study, which was De-
cember 31, 1997. The youngest cohort members were aged 14 to
30years, and the oldest cohort members were aged 22 to 38 years
during this period. The median follow-up time among compari-
son subjects was 30 years.

Data Collection

At the time of the enrollment of pregnancies in the Child
Health and Development Study, each mother was administered
an interview that included questions on parental birth dates.
Data on parental age were recorded only for gravidas that were
married, which included virtually the entire sample. Parental ages
on the birth dates of their offspring were calculated in years.

Ascertainment and Diagnosis

Ascertainment. The protocol for ascertainment and diagnosis
of cases of schizophrenia spectrum disorders is fully described
elsewhere (11). Briefly, schizophrenia spectrum disorders in-
cluded the following disorders: schizophrenia, schizoaffective
disorder, delusional disorder, psychotic disorder not otherwise
specified, and schizotypal personality disorder (13, 14). Ascer-
tainment and diagnosis were accomplished by a three-step pro-
cedure. First, all individuals in the cohort treated for psychiatric
disorders during Kaiser Foundation Health Plan membership
were ascertained by means of the Kaiser Foundation Health Plan
computerized inpatient and outpatient registries and a registry of
outpatient pharmacy use. The inpatient registry, which began in
1981, included all psychiatric hospitalizations of Kaiser Founda-
tion Health Plan members. The outpatient registry was also intro-
duced in 1981 and included all outpatient contacts for psychiatric
care. Supplementary data were provided by the Kaiser Founda-
tion Health Plan outpatient pharmacy registry in order to ascer-
tain cohort members prescribed antipsychotic medications; this
registry commenced in 1992.

Second, subjects ascertained by these case registries were
screened to identify potential cases of schizophrenia spectrum
disorders. Subjects ascertained by means if the inpatient registry
were initially screened by using ICD-9 diagnoses 295-299, fol-
lowed by a review of medical and psychiatric records of all sub-
jects with these diagnoses by two experienced psychiatric diag-
nosticians. For subjects in the outpatient registry, any subject
with an ICD-9 diagnosis of 295-299 was considered to potentially
have a schizophrenia spectrum disorder. In addition, all individu-
als prescribed antipsychotics were considered to potentially have
a schizophrenia spectrum disorder. All of the subjects who poten-
tially had these disorders (N=183) were targeted for a face-to-face
diagnostic assessment. Among these, 13 were deceased by the
time of data collection.
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Contact for interview. The remaining 170 potential subjects
with schizophrenia spectrum disorders were contacted for a diag-
nostic interview by using addresses and telephone numbers in
Kaiser Foundation Health Plan files or other sources of data, in-
cluding telephone directories and department of motor vehicle
records. Among the 170, 146 (86%) were contacted.

Diagnosis. Potential subjects with schizophrenia spectrum dis-
order were administered the Diagnostic Interview for Genetic
Studies (15). All subjects provided written, informed consent be-
fore administration of the Diagnostic Interview for Genetic Stud-
ies. This instrument was administered by a clinician with a mini-
mum of a master’s degree in a mental health-related field, trained
to reliability. All psychiatric diagnoses were made with DSM-IV
criteria by consensus of three psychiatrists on the basis of a re-
view of the written Diagnostic Interview for Genetic Studies nar-
rative, the medical records, and a discussion with the interviewer.
Of the 146 contacted subjects, 107 (73%) completed the Diagnos-
tic Interview for Genetic Studies. The 76 potential subjects with
schizophrenia spectrum disorders who could not be interviewed
were diagnosed by means of a chart review conducted by experi-
enced psychiatric/psychologic clinicians fully trained in chart re-
view diagnosis.

These procedures yielded a total of 71 subjects with schizo-
phrenia spectrum disorders (for 44 subjects, the diagnosis was
determined after the Diagnostic Interview for Genetic Studies; for
27 subjects, the diagnosis was made by chart review). The diag-
nostic breakdown was: 43 with schizophrenia, 17 with schizoaf-
fective disorder, one with delusional disorder, five with schizo-
typal personality disorder, and five with other schizophrenia
spectrum psychoses (subjects for whom a specific schizophrenia
spectrum psychosis diagnosis could not be made).

Data Analysis

The analytic sample. The sample comprised 12,094 subjects
who were Kaiser Foundation Health Plan members after Decem-
ber 31, 1980. Seventy-one subjects were ascertained to have a
schizophrenia spectrum disorder, and 12,023 subjects were not so
ascertained. Because many of the study analyses required data
obtained from maternal interviews, those without maternal in-
terview data were excluded, leaving 9,682 subjects. Since siblings
represent nonindependent observations, only one sibling per
family was included in the analyses. Toward this end, all siblings
of subjects with schizophrenia spectrum disorders who did not
themselves have a schizophrenia spectrum disorder were ex-
cluded from the analyses, and one sibling per family was selected
atrandom from sets of siblings in which the proband did not have
a schizophrenia spectrum disorder. Finally, the original group of
71 subjects with schizophrenia spectrum disorders included one
set of two siblings from the same family. One of these siblings was
excluded from the analytic sample. After these exclusions were
applied, a total of 7,793 subjects—70 subjects with and 7,723 sub-
jects without schizophrenia spectrum disorders—remained. For
paternal age, data were missing for two subjects with and 82 sub-
jects without schizophrenia spectrum disorders, leaving 68 sub-
jects with and 7,641 subjects without schizophrenia spectrum
disorders for the analysis.

Analytic strategy. To examine the association of paternal age at
the time of birth and subsequent risk of schizophrenia spectrum
disorders or schizophrenia, proportional hazards regression—a
type of survival analysis—was used. This method accounts for
varying duration of follow-up among subjects and permits ad-
justment for potential confounding variables. Essentially, propor-
tional hazards regression models the relationship between an ex-
posure and an outcome, where outcome is defined as the time
from a well-defined starting point until the occurrence of the out-
come of interest, or until the end of observation for subjects with-
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TABLE 1. Cumulative Incidence of Schizophrenia Spectrum
Disorders in Adult Offspring by Paternal Age at Birth of
Offspring?

Number of Cumulative
Cases of Incidence of
Schizophrenia Schizophrenia
Paternal Age Number of Spectrum Spectrum
(years) Offspring Disorders Disorders (%)°
15-24 1,433 8 113
25-34 3,932 34 1.27
35-44 1,990 21 1.60
45-68 354 5 1.83

@ Data from the birth cohort of the Prenatal Determinants of Schizo-
phrenia Study (11).

b Cumulative incidence determined by using the method of Kaplan
and Meier for censored data (19).

out the outcome. In this study, proportional hazards analysis was
used to model the relationship between paternal age at the off-
spring’s birth and the occurrence of schizophrenia spectrum dis-
orders in the offspring. The primary outcome was schizophrenia
spectrum disorders; a second set of analyses was performed by
using data from the subset of subjects with schizophrenia only. To
calculate survival time for either outcome, date of birth was con-
sidered the starting point for follow-up. Actual age at onset of dis-
order was not available for many of the subjects. Age at first treat-
ment or hospitalization for schizophrenia spectrum disorders
was substituted for age at onset, since this was reliably ascer-
tained for all subjects with a disorder. Subjects without a diagno-
sis of schizophrenia spectrum disorders were censored as of their
last day of membership in the Kaiser Foundation Health Plan or at
the end of study follow-up (Dec. 31, 1997).

The primary exposure variable was paternal age at the time of
the offspring’s birth. We examined paternal age first as a continu-
ous measure and then as a categorical measure (to allow for a
general, nonlinear effect of paternal age on the logarithm of the
rate of schizophrenia spectrum disorders). For the categorical
analyses, paternal age was divided into four age categories: 15-24
years (considered to be the referent category), 25-34 years, 35-44
years, and 245 years. This scheme afforded natural groupings by
decade of age, with the oldest category coinciding with the age for
a marked increase in the rate of de novo mutations (16).

Covariates. Because the correlation between paternal age and
maternal age is high, and maternal age has been associated with
schizophrenia spectrum disorders in previous work (3, 5), a pri-
mary objective was to rule out confounding by maternal age of
the relationship between schizophrenia spectrum disorder risk
and paternal age. Like paternal age, maternal age was defined
first as a continuous measure, then as a categorical measure. We
categorized maternal age into two categories (<30 and =30), ow-
ing to sample size considerations.

Other covariates selected a priori to be potential confounders
included paternal education, paternal race/ethnicity, and parity.
Paternal education was defined categorically: less than high
school, high school graduate (referent category), some college, or
college graduate. Paternal race/ethnicity comprised three groups:
white (referent category), black, and other. Parity was treated as a
continuous measure. Among these other potential confounders,
all were associated with either paternal age and with schizophre-
nia spectrum disorders, but none were associated with both vari-
ables. Thus, the main adjusted analysis included only maternal
age as a covariate; however, in the interest of completeness, we
also tested a model that included maternal age plus the three ad-
ditional covariates.

Regression modeling. Proportional hazards regression (17, 18)
was used to analyze the data. This method allowed comparison of
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the exposure and covariate measurements of each subject at his/
her age of first treatment with the average measurements of the
population at risk at that time. The population at risk consisted of
all subjects who were still Kaiser Foundation Health Plan mem-
bers and still at risk of failure (diagnosis of schizophrenia spec-
trum disorders) on the date at which the subject first received
treatment. The output from a proportional hazards model in-
cludes estimated regression coefficients (interpreted as log rate
ratios) and their standard errors for all predictor variables, from
which estimated rate ratios, confidence intervals (CIs), and test
statistics were generated.

Regression modeling began by fitting paternal age as the only
predictor of time until first treatment for schizophrenia spectrum
disorders. Subsequent models adjusted for maternal age, and the
other covariates were fitted to remove any potential confounding
bias in the paternal age effect. When adjusting for maternal age,
paternal age and maternal age were consistently defined, i.e.,
both were treated as categorical or both as continuous in any re-
gression model.

For models with the continuous paternal age variable, the coef-
ficient of paternal age represented the log of the ratio of the rate of
schizophrenia spectrum disorders (or schizophrenia) corre-
sponding to a 1-year increase in paternal age. Although the anal-
ysis was performed on a continuous variable, we have reported
the results in terms of a 10-year increase in paternal age for ease
of interpretation. For models that used the categorical paternal
age variable, the coefficient for each indicator variable represents
the log rate ratio for that category versus the referent category
(15-24 years).

Results

Incidence of Schizophrenia Spectrum Disorders

In Table 1, we report the cumulative incidence of schizo-
phrenia spectrum disorders by father’s age. A graded in-
crease in the cumulative incidence of schizophrenia spec-
trum disorders (calculated by using the method of Kaplan
and Meier for censored data [19]) is observed with advanc-
ing paternal age.

Paternal Age as a Continuous Variable

We first examined paternal age modeled as a continu-
ous variable in relation to risk of schizophrenia spectrum
disorders in adult offspring. The analysis revealed a strong
trend toward an association between advancing paternal
age and risk of adult schizophrenia spectrum disorders.
The change in the rate ratio associated with each 10-year
increase in paternal age in this unadjusted model is 1.35
(95% CI=0.99-1.83, z=1.93, p=0.053).

In the primary analysis, which adjusted for maternal
age, there was a positive and significant association be-
tween paternal age and schizophrenia spectrum disor-
ders. The adjusted rate ratio associated with each 10-year
increase in paternal age was 1.86 (95% CI=1.20-2.87, z=
2.79, p=0.005), indicating nearly twice the rate of adult
schizophrenia spectrum disorders in children of men who
were 10 years older at the child’s birth, holding all other
factors constant. The rate ratio changed only slightly (rate
ratio=1.71, 95% CI=0.96-3.07, z=1.82, p<0.07) when ad-
justment was made for maternal age, paternal education,
paternal race/ethnicity, and parity.
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TABLE 2. Unadjusted and Adjusted Rate Ratios for Schizophrenia Spectrum Disorders in Adult Offspring by Paternal Age

at Birth of Offspring?

Diagnosis of Offspring Unadjusted Rate Ratio

Rate Ratio Adjusted for Maternal
Age,P Paternal Education,
Paternal Race, and Parity

Rate Ratio Adjusted for
Maternal AgeP

and Paternal Age (years) Ratio 95% CI Ratio 95% CI Ratio 95% CI
Schizophrenia spectrum disorders
15-24 1.0 1.0 1.0
25-34 1.5 0.7-3.2 1.6 0.7-3.4 1.6 0.64.1
35-44 1.8 0.84.0 2.2 0.9-5.8 22 0.7-7.1
45-68 2.4 0.8-7.2 3.1 0.9-10.9 2.7 0.6-13.4
Schizophrenia
15-24 1.0 1.0 1.0
25-34 2.0 0.7-5.8 2.0 0.7-5.7 2.7 0.6-12.6
35-44 1.5 0.5-5.0 1.4 0.4-5.4 1.9 0.3-12.1
45-68 3.9 1.0-15.5 3.5 0.7-17.0 3.6 0.4-33.9

a Data from the birth cohort of the Prenatal Determinants of Schizophrenia Study (11).

b <30 versus =30 years.

Paternal Age as a Categorical Variable

Having demonstrated a positive association between
risk of schizophrenia spectrum disorders and increasing
paternal age on a continuous scale, we then examined the
effect of paternal age on schizophrenia spectrum disor-
ders risk using the aforementioned 10-year age categories.
The unadjusted rate ratios for each of these categories, rel-
ative to the 15-24-year age group, are presented in Table 2.
There was a steady, monotonic increase in the rate of
schizophrenia spectrum disorders with advancing catego-
ries of paternal age. The monotonic increase in risk of
schizophrenia spectrum disorders with advancing pater-
nal age categories was similar when adjustment was made
for maternal age only, and for maternal age, paternal edu-
cation, paternal race, and parity.

Risk of Schizophrenia

We further examined whether the findings persisted
when the outcome was restricted to schizophrenia. For
the effect of paternal age, modeled as a continuous vari-
able, onrisk of schizophrenia, the unadjusted rate ratio for
each 10-year increase in paternal age was 1.41 (95% CI=
0.95-2.09, z=1.69, p<0.10). In the analysis adjusting for
maternal age, the rate ratio was 1.89 (95% CI=1.08-3.32, z=
2.22, p<0.03). Modeled as a categorical variable, paternal
age showed a similar dose-related increase for risk of
schizophrenia as that found for schizophrenia spectrum
disorders (Table 2).

Discussion

In a prospective birth cohort study, we have demon-
strated a relationship between increasing paternal age at
the time of the offspring’s birth and the risk of adult
schizophrenia spectrum disorders. This effect persisted
after adjustment for maternal age, as well as other poten-
tial confounders.

Several previous studies have examined the relation be-
tween paternal age and schizophrenia. In the Israeli study
by Malaspina et al. (1), the overall pattern and magnitude
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of the relationship between paternal age and schizophre-
nia and related disorders was similar to that found in the
present investigation, with a relative risk of nearly threefold
for paternal age >50 years. That study had many strengths,
including a prospective cohort design and large number of
subjects with schizophrenia and related disorders. Our
study furthers this finding by incorporating several addi-
tional methodologic advantages. First, we recorded paren-
tal age by direct interview of the mother during pregnancy,
rather than relying on varying sources of information, as
was done in the earlier study (1). Second, diagnoses of
schizophrenia spectrum disorders were made by using a
directly administered, research-based diagnostic assess-
ment complemented by psychiatric records, in contrast to
the reliance on hospital registry diagnoses. This permitted
us to demonstrate that the association was present for
schizophrenia analyzed separately from other schizophre-
nia spectrum disorders. Third, biological paternity was
confirmed in the vast majority of our subjects, and this
measure also permitted us to create a data set of indepen-
dent subjects for analysis. Fourth, our study offered contin-
uous follow-up of the entire cohort, thereby permitting us
to define precisely the population at risk at the time each
case was first treated. Finally, the replication in a United
States birth cohort of the results of the study by Malaspina
etal. (1) adds to the generalizability of the findings.

Our findings are also consistent with those of other ear-
lier studies. Hare and Moran (2), in England and Wales,
demonstrated a significant increase of paternal age in
cases of schizophrenia, a finding that persisted despite ad-
justment for maternal age. Significant increases in pater-
nal age were also found in Ontario (3) and Sweden (4) and
in a second study in England (5). However, two earlier
studies failed to replicate the association between ad-
vanced paternal age and schizophrenia (20, 21). These
earlier studies were limited, however, by the use of clinical
case series to derive schizophrenia cases, retrospectively
acquired data on paternal age, and no adjustment for po-
tential confounders.
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Potential Explanations

We discuss three potential explanations for the ob-
served relation between advancing paternal age and risk
of schizophrenia spectrum disorders.

De novo mutations. Advanced paternal age has been as-
sociated with major congenital malformation syndromes
and isolated birth defects, including Apert’s syndrome (8),
craniosynostosis (22), situs inversus (6), syndactyly (10),
cleftlip and/or palate (9, 23), hydrocephalus (9), and neural
tube defects (7). Several of these disorders are known to be
caused by autosomal dominant mutations.

The most widely accepted proposed mechanism under-
lying these congenital anomalies is known as the “copy er-
ror” hypothesis, first proposed by Penrose (24). After pu-
berty, spermatocytes divide every 16 days; by age 35,
approximately 540 cell divisions have occurred. As a re-
sult, de novo genetic mutations resulting from replication
errors and defective DNA repair mechanisms are believed
to propagate in successive clones of spermatocytes, and
these mutations accumulate with advancing paternal age.
For the male germ cell line, the mutations are believed to
largely consist of single base substitutions (25).

New mutations may also explain associations between
advanced paternal age and some adult-onset disorders,
including sporadic Alzheimer’s disease (26) and cancers of
the prostate (27) and the nervous system (28). It has been
similarly hypothesized that de novo point mutations play
arole in the etiology of schizophrenia (29). If such muta-
tions in the male germ cell line are responsible for the pa-
ternal age association with schizophrenia, then this pro-
vides one explanation for how this disorder, which has a
large genetic component, can be maintained in the popu-
lation despite reduced reproduction. Excessively mutable
single nucleotides in genes critical for brain development
or function, such as the fibroblast growth factor receptor 3
gene, may be involved (30, 31).

Parental constitutional factors. Conceivably, parental
constitutional factors, such as schizophrenia spectrum
disorders in either of the parents, may also explain the as-
sociation between increased paternal age and schizophre-
nia. Previous studies of schizophrenia have demonstrated
reduced marriage rates and delayed age at marriage (32—
35), which may be more prevalent in men than women,
and decreased fertility and fecundity (34-38), although the
latter two findings are disputed (37). Although studies
have generally shown only a 5%-6% morbid risk of schizo-
phrenia spectrum disorders in the parents of subjects with
these disorders (39), others have shown substantially
higher risks (40). It is also possible that the older fathers
were more likely to have heritable traits of schizophrenia
without meeting diagnostic criteria.

Environmental deprivation. Conceivably, the children of
older fathers may undergo higher levels of psychosocial
stresses, such as physical illness in the father and/or loss of
the father in childhood. In our study, however, it is likely that
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only a minority of the fathers for whom the age effect on
schizophrenia risk was strongest (i.e., those aged >44 years
at the time of birth) would have developed serious physical
illnesses when their offspring were passing through child-
hood. There is also no solid evidence that loss of a parent
during childhood increases the risk for schizophrenia (41).

Limitations

There are several limitations of the present study. First,
currently there is insufficient information to delineate the
relative contributions of biological, genetic, and psychoso-
cial factors to our findings. Data on schizophrenia spec-
trum disorder diagnoses among the parents and on factors
reflecting genetic predisposition to this disorder, including
the age of marriage, are necessary to address the hypothesis
that confounding by genetic vulnerability to schizophrenia
spectrum disorders may explain our finding. This possibil-
ity can be at least partially addressed by obtaining data on
schizophrenia spectrum disorder diagnoses in relatives of
our cohort members, although genetically mediated traits
that do not meet the threshold criteria for schizophrenia
might prove difficult to assess. Second, because the size of
the study group was modest, we were unable to examine
the paternal age categories as finely as was done in the
study by Malaspina et al. (1), which included a substantially
larger number of subjects. Nonetheless, our results are con-
sistent with those of that study. Third, while the ascertain-
ment for schizophrenia was good, it is likely that a number
of cases of schizotypal personality disorder were missed,
because only treated cases were ascertained and patients
with schizotypal personality disorder are less likely to have
been treated. Finally, given the high correlation between
paternal and maternal age, it is conceivable that our find-
ings could be explained by factors associated with a greater
deviation in ages between the father and mother. However,
Malaspina et al. (1) found a robust effect of paternal age on
risk of schizophrenia spectrum disorders after excluding
offspring in which the difference between paternal and ma-
ternal age was greater than 10 years. Additional research
will be necessary to disentangle the effects of paternal age
and parental age difference on schizophrenia risk.

Conclusions

We have demonstrated a significant, dose-dependent
association between advancing paternal age and risk of
schizophrenia and other schizophrenia spectrum disor-
ders in a prospective birth cohort study with several meth-
odologic advantages compared with previous work. The
findings persisted after adjustment for maternal age and
were present when schizophrenia was examined sepa-
rately from schizophrenia spectrum disorders. De novo
mutations in the male germ cell line may be responsible,
at least in part, for the observed association. While further
work is necessary to confirm this interpretation, our study
nonetheless provides further evidence that advanced pa-

Am | Psychiatry 159:9, September 2002



ternal age is a risk factor for schizophrenia spectrum dis-
orders. If the de novo mutation hypothesis can be con-
firmed by future studies, this discovery may lead to the
identification of candidate genes for this disorder.

Received July 12, 2001; revision received April 22, 2002; accepted
April 24, 2002. From the Department of Psychiatry, College of Physi-
cians and Surgeons of Columbia University; and the Department of Ep-
idemiology of Brain Disorders, New York State Psychiatric Institute. Ad-
dress reprint requests to Dr. Brown, New York State Psychiatric
Institute, 1051 Riverside Dr., Unit 2, New York, NY 10032; asb11@
coumbia.edu (e-mail).

Supported by NIMH grants MH-01206 (Dr. Brown), MH-53147 (Dr.
Susser), MH-50727 and MH-59342 (Dr. Gorman), and MH-59114 and
MH-01699 (Dr. Malaspina); a Young Investigator Award (Dr. Brown)
and an Independent Investigator Award (Dr. Susser) from the National
Alliance for Research on Schizophrenia and Depression; the The-
odore and Vada Stanley Foundation (Dr. Susser); and the Lieber Cen-
ter for Schizophrenia Research at Columbia University (Dr. Gorman).

The authors thank Bea van den Berg, M.D., Barbara Cohn, Ph.D.,
and Ralph Vogel, Ph.D., for their contributions to this work.

Dr. Wyatt died in June, 2002.

References

1. Malaspina D, Harlap S, Fennig S, Heiman D, Nahon D, Feldman
D, Susser ES: Advancing paternal age and the risk of schizo-
phrenia. Arch Gen Psychiatry 2001; 58:361-367

2. Hare EH, Moran PA: Raised paternal age in psychiatric patients:
evidence for the constitutional hypothesis. Br | Psychiatry
1979; 134:169-177

3. Gregory I: An analysis of family data on 1000 patients admitted to
a Canadian mental hospital. Acta Genet Stat Med 1959; 9:54-96

4. Johanson E: A study of schizophrenia in the male. Acta Psychi-
atr Scand Suppl 1958; 125

5. Kinnell HG: Parental age in schizophrenia (letter). Br J Psychia-
try 1983; 142:204

6. Lian ZH, Zack MM, Erickson ]JD: Paternal age and the occur-
rence of birth defects. Am ] Hum Genet 1986; 39:648-660

7. Mcintosh GC, Olshan AF, Baird PA: Paternal age and the risk of
birth defects in offspring. Epidemiology 1995; 6:282-288

8. Tolarova MM, Harris JA, Ordway DE, Vargervik K: Birth preva-
lence, mutation rate, sex ratio, parents’ age, and ethnicity in
Apert syndrome. Am ] Med Genet 1997; 72:394-398

9. Savitz DA, Schwingl PJ, Keels MA: Influence of paternal age,
smoking, and alcohol consumption on congenital anomalies.
Teratology 1991; 44:429-440

10. Polednak AP: Paternal age in relation to selected birth defects.
Hum Biol 1976; 48:727-739

11. Susser ES, Schaefer C, Brown AS, Begg M, Wyatt R]: The design
of the Prenatal Determinants of Schizophrenia study (PDS).
Schizophr Bull 2000; 26:257-273

12. Van den Berg BJ: The California Child Health and Development
Studies, in Handbook of Longitudinal Research, vol 1. Edited
by Mednick SA, Harway M, Finello K. New York, Praeger, 1984,
pp 166-179

13. Kendler KS, Walsh D: Schizotypal personality disorder in par-
ents and the risk for schizophrenia in siblings. Schizophr Bull
1995; 21:47-52

14. Kendler KS, Neale MC, Walsh D: Evaluating the spectrum con-
cept of schizophrenia in the Roscommon Family Study. Am |
Psychiatry 1995; 152:749-754

15. Nurnberger JI Jr, Blehar MC, Kaufmann CA, York-Cooler C,
Simpson SG, Harkavy-Friedman ], Severe JB, Malaspina D, Reich
T (NIMH Genetics Initiative): Diagnostic Interview for Genetic
Studies: rationale, unique features, and training. Arch Gen Psy-
chiatry 1994; 51:849-859

Am | Psychiatry 159:9, September 2002

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

BROWN, SCHAEFER, WYATT, ET AL.

Friedman JM: Genetic disease in the offspring of older fathers.
Obstet Gynecol 1981; 57:745-749

Kalbfleisch JD, Prentice RL: The Statistical Analysis of Failure
Time Data. New York, John Wiley & Sons, 1980

Collett D: Modeling Survival Data in Medical Research. London,
Chapman & Hall, 1994

Kaplan EL, Meier P: Nonparametric estimation from incom-
plete observations. ] Am Statistical Assoc 1958; 53:457-481
Granville-Grossman KL: Parental age and schizophrenia. Br |
Psychiatry 1966; 112:899-905

Bertranpetit J, Fananas L: Parental age in schizophrenia in a
case-controlled study (letter). Br ] Psychiatry 1993; 162:574
Singer S, Bower C, Southall P, Goldblatt J: Craniosynostosis in
Western Australia, 1980-1994: a population-based study. Am ]
Med Genet 1999; 83:382-387

Perry TB, Fraser FC: Paternal age and congenital cleft lip and
cleft palate. Teratology 1972; 6:241-246

Penrose LS: Parental age and mutation. Lancet 1955; 2:312-313
Crow JF: The high spontaneous mutation rate: is it a health
risk? Proc Natl Acad Sci USA 1997; 94:8380-8386

Bertram L, Busch R, Spiegl M, Lautenschlager NT, Muller U,
Kurz A: Paternal age is a risk factor for Alzheimer disease in the
absence of a major gene. Neurogenetics 1998; 1:277-280
Zhang Y, Kreger BE, Dorgan JF, Cupples A, Myers RH, Splansky
GL, Schatzkin A, Elisson RC: Parental age at child’s birth and son’s
risk of prostate cancer. Am J Epidemiol 1999; 150:1208-1212
Hemminiki K, Kyyronen P: Parental age and risk of sporadic
and familial cancer in offspring: implications for germ cell mu-
tagenesis. Epidemiology 1999; 10:747-751

Book JA: Schizophrenia as a gene mutation. Acta Genet 1953;
4:133-139

Wilkin DJ, Szabo JK, Cameron R, Henderson S, Bellus GA, Mack
ML, Kaitlla I, Loughlin J, Munnich A, Sykes B, Bonaventure ], Fran-
comano CA: Mutations in fibroblast growth-factor receptor 3 in
sporadic cases of achondroplasia occur exclusively on the pater-
nally derived chromosome. Am ] Hum Genet 1998; 63:711-716
Moloney DM, Slaney LF, Oldridge M, Wall SA, Sahlin P, Stenman
G, Wilkie AO: Exclusive paternal origin of new mutations in Ap-
ert syndrome. Nat Genet 1996; 13:48-53

Odegaard O: New data on marriage and mental disease. |
Ment Sci 1953; 99:778-785

Stevens B: Marriage and Fertility of Women Suffering From
Schizophrenia or Affective Disorders: Maudsley Monograph 19.
Oxford, UK, Oxford University Press, 1969

Price JS, Slater E, Hare EH: Marital status of first admissions to
psychiatric beds in England and Wales in 1965 and 1966. Soc
Biol 1971; 18:574-S94

Slater E, Hare EH, Price JS: Marriage and fertility of psychiatric pa-
tients compared with national data. Soc Biol 1971; 18:560-S73
Vogel HP: Fertility and sibship size in a psychiatric patient pop-
ulation: a comparison with national census data. Acta Psychi-
atr Scand 1979; 60:483-503

Nimgaonkar VL: Reduced fertility in schizophrenia: here to
stay? Acta Psychiatr Scand 1998; 98:348-353

McGrath JJ, Hearle J, Jenner L, Plant K, Drummond A, Barkla JM:
The fertility and fecundity of patients with psychoses. Acta Psy-
chiatr Scand 1999; 99:441-446

Asherson P, Mant R, McGuffin P: Genetics and schizophrenia, in
Schizophrenia. Edited by Hirsch SR, Weinberger DR. Oxford,
UK, Blackwell Science, 1995, pp 253-274

Baron M, Gruen R, Rainer JD, Kane ], Asnis L, Lord S: A family
study of schizophrenic and normal control probands: implica-
tions for the spectrum concept of schizophrenia. Am ] Psychia-
try 1985; 142:447-455

Pfohl B, Stangl D, Tsuang MT: The association between early
parental loss and diagnosis in the lowa 500. Arch Gen Psychia-
try 1983; 40:965-967

1533



