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schizophrenia risk is seen as indirect evidence in favor 
of this model. However, this argument again rests on the 
unconfi rmed assumption that the association is caused by 
de novo mutations, and therefore evaluating this assump-
tion can have implications for theories and research strate-
gies regarding the genetic causes of schizophrenia.

In 1966, a study of persons with schizophrenia and their 
nonschizophrenic siblings found no difference in the 
paternal ages for the two groups (7). The tabulations in 
the article did not point toward paternal age as a cause of 
whether one or another sibling of the same father becomes 
diagnosed with schizophrenia; rather, the author argued, 
the association between paternal age and schizophrenia 
risk could be caused by the infl uence of a predisposition 
to schizophrenia on the parents’ personality, giving them 
a tendency to postpone childbearing. On the other hand, 
it has been argued that this hypothesis would lead to a 
stronger paternal age effect among familial cases, in con-
trast to sporadic cases (8).

The rate of de novo mutations increases with increasing 
paternal age at conception. In contrast, the selection into 
late fatherhood, as measured by the age of the father when 
he had his fi rst child, is constant for all the children of the 
same father, regardless of the father’s actual age at concep-
tion. An independently increasing effect of paternal age at 

While both greater maternal age and paternal age 
have been found to increase the risk of schizophrenia, 
the effect of maternal age has been found largely to be 
explained by the effect of paternal age (1, 2). “Effect of 
paternal age” will in the following refer to the association 
between increasing paternal age and increased risk of 
schizophrenia. In 2001 Malaspina and colleagues reported 
the association between paternal age and schizophre-
nia and hypothesized that de novo mutations in paternal 
germ cells, which accompany increasing paternal age, are 
responsible for the association (3). This hypothesis seems in 
accordance with the fact that the rates of schizophrenia are 
similar across populations and stable over time, although 
schizophrenia leads to lower fertility (2). There is, however, 
no direct evidence that the effect of paternal age is due to 
de novo mutations. Although it has been suggested that de 
novo mutations are too rare to have any signifi cant effect 
on the maintenance of schizophrenia (4, 5), McClellan et al. 
argued for a “common disease—rare alleles” model for 
schizophrenia (6). According to this model, rare alleles 
with large effects are involved in the etiology of a substan-
tial proportion of schizophrenia cases, and de novo muta-
tions contribute to the persistence of rare alleles with large 
effects and, hence, to the persistence of schizophrenia. 
The association between greater paternal age and greater 
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Objective: Greater paternal age is asso-
ciated with increased risk of schizophre-
nia, and it has been hypothesized that 
de novo mutations in paternal germ cells 
are responsible for this association. An al-
ternative hypothesis is that selection into 
late fatherhood accompanies a predispo-
sition to schizophrenia. However, direct 
evidence of either hypothesis is lacking. 
If de novo mutations are responsible, 
greater paternal age at conception should 
increase the risk of schizophrenia. Con-
versely, if selection into late fatherhood 
is responsible for the association, greater 
age at which the father had his fi rst child 
should increase the risk of schizophrenia. 
The authors aimed to distinguish between 
these two measures of paternal age.

Method: A total of 2.2 million people 
born in Denmark between 1955 and 1992 
were followed up until fi rst diagnosis with 

schizophrenia. Incidence rate ratios were 
estimated in a Cox regression.

Results: Among second- or later-born 
children, greater paternal age increased 
the risk of schizophrenia. However, when 
paternal age at the time of the father’s 
fi rst child was accounted for, the risk of 
schizophrenia did not depend on paternal 
age at the birth of later children. In con-
trast, the risk of schizophrenia increased 
signifi cantly with increasing paternal age 
at the time of the father’s fi rst child.

Conclusions: Factors related to greater 
paternal age when the father’s fi rst child 
was born, and not the father’s age at con-
ception of later children, are responsible 
for the association between paternal age 
and the risk of schizophrenia. These fi nd-
ings do not support the de novo mutation 
hypothesis.

Paternal Age at Birth of First Child and Risk of 
Schizophrenia
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hazard functions, for age in the nonparametric part of the Cox model, 
and for calendar time as a time-dependent variable. Calendar time 
was categorized in 2-year groups during the 1990s to account for 
changes in the ICD system and in 10-year groups in other periods. 
Paternal age was categorized as less than 20, 20–24, 25–29, 30–34, 
35–39, 40–44, 45–49, 50–54, and 55 or older, and maternal age was 
categorized as less than 20, 20–24, 25–29, 30–34, 35–39, and 40 or 
older. As reference ages, we used the most common age categories, 
which for both paternal and maternal ages was 25–29 years. Famil-
ial psychiatric history was coded as a time-dependent variable for 
mothers, fathers, and siblings separately. Degree of urbanization 
at the place of birth was represented by fi ve categories: capital city, 
capital suburb, provincial city with more than 100,000 inhabitants, 
provincial town with more than 10,000 inhabitants, and rural area.

Children of the same father comprised a cluster, and allow-
ance for a possible within-cluster dependence was made by using 
robust standard error estimates provided by the cluster option in 
Stata. As a sensitivity analysis we further restricted the samples to 
children of the same father who were full siblings, which did not 
change the presented results. The proportional hazards assump-
tions were tested according to Schoenfeld’s residuals (16). The 
psychiatric history of fathers and mothers did violate the assump-
tion, i.e., these effects varied with the age of the child. Supple-
mentary analyses were performed to allow these variables to have 
a nonproportional hazard by stratifying the underlying hazard, 
which did not change the presented results. Power calculations 
were performed according to the method by Hsieh and Lavori 
(17), which is implemented in the Stata procedure stpower cox.

Results

In this population-based cohort of 2.2 million persons 
born in Denmark between 1955 and 1992, a total of 14,211 
persons developed schizophrenia during the 43.7 mil-
lion person-years of follow-up from 1970 to 2007. Table 1 
shows characteristics of the study population according to 
the age of the father.

Table 2 shows the incidence rate ratios according to pater-
nal and maternal age groups, with children born to par-
ents between 25 and 29 years old as the reference groups. 
Adjusted for sex, age, and calendar time (fi rst adjustment), 
the incidence rate ratio was lowest for paternal and mater-
nal ages between 25 and 29 years, after which the incidence 
rate ratio increased with increasing paternal age. A less 
clear and smaller increase with increasing maternal age was 
observed. The offspring of mothers or fathers younger than 
24 years were also at signifi cantly higher risk of schizophre-
nia. When the parental ages were adjusted for each other 
(second adjustment), the increased risk associated with 
greater maternal age vanished, while greater paternal age 
still increased the risk of schizophrenia. The further adjust-
ments for urbanicity and family history of psychiatric ill-
ness reduced the effects (fi nal adjustment). The additional 
adjustment for family history, not only for schizophrenia 
but for mental illness in general, did not change the esti-
mates of paternal age notably (results not shown).

The effect of paternal age did not differ signifi cantly by 
proband sex (p=0.73) or by family history of schizophrenia 
(p=0.38).

When the effect of paternal age was allowed to dif-
fer according to maternal age, with all the confounders 

birth of the proband would favor the de novo mutation 
hypothesis, whereas an independently increasing effect of 
the age at which the father had his fi rst child would favor 
the hypothesis of selection into late fatherhood.

Since paternal age at the birth of the proband and the 
age at which the father had his fi rst child are strongly cor-
related, a large study population of siblings is needed to 
discriminate these effects. Fortunately, Danish popula-
tion-based registers provide such a setting. The aim of this 
study was to explore which mechanisms—de novo muta-
tions, selection into late fatherhood, or both—can explain 
the association between paternal age and risk of schizo-
phrenia. For this purpose, Danish register data were used 
to assess whether paternal age and the age at which the 
father had his fi rst child have independent effects when 
other relevant risk factors are accounted for (9–13).

Method

Study Population

Using data from the Danish Civil Registration System (14), we 
identifi ed all persons born in Denmark from Jan. 1, 1955, to Dec. 
31, 1992, and alive at their 15th birthday. So that links to their 
parents would be as complete as possible, we restricted the study 
sample to individuals with Danish-born parents. The register 
includes personal identifi cation number, gender, date of birth, 
continuously updated information on vital status, and parents’ 
identifi cation numbers. The identifi cation number is used as a 
personal identifi er in all national registers, enabling unique link-
age between registers.

Assessment of Schizophrenia and Mental Illness

The members of the study population and their parents and 
full and half-siblings were linked with the Danish Psychiatric 
Central Register (15), which contains data on all admissions to 
Danish psychiatric inpatient facilities since April 1, 1969. From 
1995 on, information on outpatient visits to psychiatric depart-
ments was included in the register. From April 1969 to December 
1993, the diagnostic system used was ICD-8, and from January 
1994, ICD-10 was used. Cohort members were classifi ed as hav-
ing schizophrenia if they had a record of psychiatric in- or outpa-
tient care for the disorder (ICD-8 code 295 or ICD-10 code F20). 
The date of onset was defi ned as the fi rst day of the fi rst contact 
(in- or outpatient) with a diagnosis of schizophrenia. Parents and 
siblings were categorized hierarchically with a history of schizo-
phrenia (ICD-8 code 295 or ICD-10 code F20), schizophrenia-like 
psychosis (ICD-8 code 297, 298.39, or 301.83 or ICD-10 codes 
F21–F29), or other mental disorder (any ICD-8 or ICD-10 diag-
nosis) if they had been admitted to a psychiatric hospital or had 
received outpatient care for one of these diagnoses.

Study Design

A total of 2,245,463 people were followed up from their 15th 
birthday until the fi rst diagnosis with schizophrenia, death, emi-
gration from Denmark, or Dec. 31, 2007, whichever came fi rst.

Among the 1,163,622 children who had an older sibling with 
the same father, the paternal age and paternal age at fi rst child 
could be evaluated for separate independent effects.

Statistical Analyses

The incidence rate ratios for schizophrenia were estimated by 
using Cox regression in Stata 10 (Stata, College Station, Tex.). The 
basic model was adjusted for sex by means of separate underlying 
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previously mentioned accounted for, the interaction 
between paternal and maternal ages was statistically sig-
nifi cant (p=0.005).
Paternal Age at Proband’s Birth and at Birth of 
Father’s First Child

Among the 1.2 million second- or later-born children 
(a restriction necessary in analyzing the effect of both 
the father’s age at the proband’s birth and the father’s age 

when he had his fi rst child) who were born in Denmark 
between 1955 and 1992, 7,156 developed schizophre-
nia during the 21.9 million person-years of follow-up in 
1970–2007. Table 3 shows the characteristics according 
to paternal age and paternal age when the father had 
his fi rst child. The crude incidence rate of schizophre-
nia shows greater variation with the father’s age at the 
time of his fi rst child’s birth than with his age at the time 

TABLE 1. Relation of Paternal Age to Characteristics of Probands Born in Denmark in 1955–1992 and Followed Up for 
Development of Schizophrenia

Paternal Age at Proband’s Birth

Characteristic of Proband 12–24 Years 25–29 Years 30–39 Years 40–49 Years 50–69 Years

At baseline (proband’s 15th birthday)
 Number of probands 462,378 786,672 839,727 141,849 14,937
 Mean year of proband’s birth 1971 1973 1973 1970 1969
  Probands with mother older than 30 years at 

 proband’s birth (%)
1.0 6.2 47.3 79.9 78.9

 Probands having parent with schizophrenia (%) 0.5 0.4 0.4 0.4 0.5
 Probands having sibling with schizophrenia (%) 0.0 0.1 0.2 0.6 0.9
 Probands with parent admitted to psychiatric hospital (%) 9.6 7.8 8.0 9.1 10.6
 Probands with sibling admitted to psychiatric hospital (%) 1.3 1.8 3.2 5.6 6.9
 Probands born in Copenhagen (%) 18.2 14.6 13.3 14.0 17.7
During follow-up (1970–2007)
 Number of schizophrenia cases (N=14,211) 3,279 4,555 5,066 1,150 161
 Duration of risk (millions of years) 9.8 14.9 15.6 3.1 0.3
 Rate of schizophrenia (new cases per 1,000 years) 3.34 3.06 3.24 3.74 4.77

TABLE 2. Relation of Maternal and Paternal Age to Adjusted Incidence Rate Ratios for Schizophrenia Among 2.2 Million 
Probands Born In Denmark in 1955–1992a

Incidence Rate Ratio

First Adjustmentb Second Adjustmentc Final Adjustmentd

Age of Parent at 
Proband’s Birth

Cases of 
Schizophrenia 

(N=14,211)
Incidence 
Rate Ratio 95% CI

Incidence 
Rate Ratio 95% CI

Incidence 
Rate Ratio 95% CI

Paternal age (years)
 <20 324 1.30 1.16–1.46 1.09 0.96–1.23 0.99 0.87–1.12
 20–24 2,955 1.10 1.05–1.16 1.02 0.97–1.08 0.99 0.94–1.04
 25–29e 4,555 1.00 1.00 1.00
 30–34 3,306 1.06 1.02–1.11 1.10 1.05–1.16 1.09 1.03–1.14
 35–39 1,760 1.18 1.11–1.24 1.22 1.14–1.31 1.17 1.10–1.25
 40–44 851 1.37 1.27–1.47 1.42 1.30–1.56 1.34 1.23–1.47
 45–49 299 1.36 1.21–1.53 1.44 1.26–1.64 1.31 1.15–1.49
 50–54 103 1.52 1.25–1.85 1.61 1.31–1.98 1.39 1.13–1.70
 ≥55 58 2.21 1.71–2.87 2.34 1.80–3.05 1.93 1.49–2.50
Each 10-year increase 
 in paternal age

1.10 1.07–1.13 1.18 1.14–1.23 1.15 1.12–1.20

Maternal age (years)
 <20 1,361 1.28 1.20–1.36 1.32 1.22–1.43 1.20 1.11–1.29
 20–24 4,801 1.05 1.01–1.09 1.09 1.04–1.14 1.06 1.01–1.11
 25–29e 4,403 1.00 1.00 1.00
 30–34 2,372 1.09 1.03–1.14 0.99 0.94–1.05 0.99 0.94–1.05
 35–39 1,036 1.27 1.19–1.36 1.05 0.97–1.14 1.06 0.98–1.15
 ≥40 238 1.21 1.06–1.37 0.90 0.78–1.05 0.96 0.83–1.11
a Probands were followed up for development of schizophrenia in 1970–2007. Follow-up encompassed 43.7 million person-years.
b Adjusted for proband sex and age and for calendar time.
c Paternal and maternal ages are adjusted for each other and for proband sex and age and calendar time.
d Further adjusted for urbanicity at birth and family psychiatric history in fathers, mothers, and siblings.
e Reference age.
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of the proband’s birth, thus suggesting that the former 
is more important in terms of the proband’s risk of 
schizophrenia.

To assess the generalizability of results from this subco-
hort of second- or later-born children, we estimated the 
fully adjusted effect of paternal age, which shows a pattern 
similar to that in the total cohort (see model 1 in Table 4). 
In this population we distinguished the effect of paternal 
age at the time of the proband’s birth from the potential 
effect of the age at which the father had his fi rst child.

We calculated the power to detect an effect of paternal age 
of the size found in the full cohort (Table 2) if the alterna-

tive is the truth, i.e., that the paternal age effect is preserved 
when the analysis is restricted to second- or later-born chil-
dren and adjusted for the correlated variable paternal age at 
which the father had his fi rst child. Calculations were con-
ditional on the observed failure probability, the observed 
distribution in the paternal age categories, and a two-sided 
signifi cance level of 5%. In the four groups of paternal ages 
between 30 and 50 years, the power to fi nd a true paternal 
age effect was 100%, and even in the extreme category with 
paternal age above 55 years, power exceeded 90%.

Model 2 in Table 4 shows the mutually adjusted inci-
dence rate ratios for paternal age and paternal age at which 

TABLE 3. Relation of Paternal Age at Proband’s Birth and at Birth of First Child to Characteristics of Second- or Later-Born 
Probands Born in Denmark in 1955–1992a

Characteristic of Second- or Later-Born 
Proband Paternal Age (years)

Probands grouped by paternal age at 
 proband’s birth

12–24 at 
Proband’s Birth

25–29 at 
Proband’s Birth

30–39 at 
Proband’s Birth

40–49 at 
Proband’s Birth

50–69 at 
Proband’s Birth

At baseline (proband’s 15th birthday)
 Number of probands 103,294 376,861 575,549 98,477 9,441
 Mean year of proband’s birth 1970 1973 1974 1972 1972
  Probands with mother older than 

 30 years at proband’s birth (%)
1.0 6.8 50.6 78.8 79.1

  Probands with schizophrenia in 
 parent (%)

0.5 0.4 0.3 0.4 0.5

  Probands with schizophrenia in 
 sibling (%)

0.0 0.1 0.3 0.8 1.3

  Probands with psychiatric admission 
 in parent (%)

10.8 8.2 8.1 9.8 11.8

  Probands with psychiatric admission 
 in sibling (%)

2.1 2.4 3.9 7.3 9.9

  Probands born in Copenhagen (%) 16.8 12.6 11.0 11.9 14.8
During follow-up
  Number of schizophrenia cases 

 (N=7,156)
783 2,247 3,280 746 100

  Duration of risk (millions of years) 2.3 7.3 10.3 1.9 0.2
  Rate of schizophrenia (new cases 

 per 1,000 years)
3.45 3.09 3.19 3.88 5.25

Probands grouped by paternal age at 
 birth of oldest sibling with same father

12–24 at Birth 
of Oldest Sibling

25–29 at Birth 
of Oldest Sibling

30–39 at Birth 
of Oldest Sibling

40–49 at Birth 
of Oldest Sibling

50–69 at Birth 
of Oldest Sibling

At baseline (child’s 15th birthday)
 Number of probands 492,034 448,538 205,070 16,451 1,529
 Mean year of proband’s birth 1974 1974 1971 1966 1966
  Probands with mother older than 

 30 years at proband’s birth (%)
19.0 37.6 62.9 75.3 72.9

  Probands with schizophrenia in 
 parent (%)

0.4 0.3 0.3 0.3 0.6

  Probands with schizophrenia in 
 sibling (%)

0.3 0.2 0.2 0.2 0.3

  Probands with psychiatric 
 admission in parent (%)

10.4 7.2 7.2 7.4 9.2

  Probands with psychiatric 
 admission in sibling (%)

4.5 3.0 2.9 2.4 2.8

  Probands born in Copenhagen (%) 13.2 10.8 12.3 13.7 19.1
During follow-up
  Number of schizophrenia cases 

 (N=7,156)
3,136 2,420 1,376 192 32

  Duration of risk (millions of years) 9.1 8.2 4.2 0.4 0.0
  Rate of schizophrenia (new cases 

 per 1,000 years)
3.44 2.96 3.28 4.59 8.38

a Probands were followed up for development of schizophrenia in 1970–2007.
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results in Table 2, these fi ndings indicate that none of the 
confounders substantially changed the effects of paternal 
age or paternal age when the father had his fi rst child. In an 
analysis adjusting for sex, age, and calendar time only, the 
effect of paternal age at the birth of the oldest paternal sib-
ling was as statistically signifi cant as, but slightly less steep 
than, the adjusted one presented in Table 4. The effect of 

the father had his fi rst child; the analysis was adjusted for 
all the confounders mentioned and, in addition, for mater-
nal age at the birth of the mother’s fi rst child. The risk of 
schizophrenia did not depend on paternal age at the birth 
of the proband. In contrast, the proband’s risk of schizo-
phrenia increased signifi cantly with increasing paternal age 
at which the father had his fi rst child (Figure 1). Unlike the 

FIGURE 1. Mutually Adjusted Incidence Rate Ratiosa of Schizophrenia Among 1.2 Million Second- or Later-Born Probands 
Born in Denmark in 1955–1992,b by Paternal Age at Proband’s Birth and at Birth of Father’s First Child

a Adjusted for proband sex and age, calendar time, urbanicity at birth, family psychiatric history in father, mother, or siblings, maternal age at 
the proband’s birth, and maternal age at the birth of the mother’s fi rst child.

b Probands were followed up for development of schizophrenia in 1970–2007.
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TABLE 4. Relation of Paternal Age at Proband’s Birth and at Birth of First Child to Adjusted Incidence Rate Ratios for 
Schizophrenia Among 1.2 Million Second- or Later-Born Probands Born in Denmark in 1955–1992a

Model 2: Mutually Adjustedc,d

Model 1 of Paternal Age at 
Proband’s Birthb Paternal Age at Proband’s Birthe 

Paternal Age at Birth of Oldest 
Sibling With Same Fatherf

Paternal Age 
Variable

Number 
of Schizo-
phrenia 
Cases 

(N=7,156)

Incidence 
Rate 
Ratio 95% CI

Number 
of Schizo-
phrenia 
Cases 

(N=7,156)

Incidence 
Rate 
Ratio 95% CI

Number 
of Schizo-
phrenia 
Cases 

(N=7,156)

Incidence 
Rate 
Ratio 95% CI

Age group (years)
 <20 18 0.99 0.61–1.59 18 1.00 0.61–1.62 423 1.00 0.88–1.13
 20–24 765 1.00 0.91–1.09 765 1.00 0.91–1.10 2,713 1.00 0.94–1.07
 25–29g 2,247 1.00 2,247 1.00 2,420 1.00
 30–34 2,098 1.06 0.99–1.13 2,098 1.04 0.97–1.11 1,025 1.12 1.03–1.22
 35–39 1,182 1.16 1.07–1.26 1,182 1.08 0.98–1.20 351 1.20 1.04–1.38
 40–44 561 1.35 1.21–1.50 561 1.16 1.01–1.33 151 1.77 1.44–2.19
 45–49 185 1.30 1.11–1.53 185 0.95 0.78–1.16 41 1.70 1.17–2.49
 50–54 60 1.33 1.02–1.75 60 0.85 0.61–1.18 22 2.87 1.60–5.17
 ≥55 40 2.34 1.70–3.22 40 1.15 0.68–1.93 10 2.63 1.15–6.00
Each 10-year 
 increase in age

1.17 1.12–1.24 1.06 0.98–1.15 1.16 1.06–1.27

a Probands were followed up for development of schizophrenia in 1970–2007. Follow-up encompassed 21.9 million person-years.
b  Adjusted for proband sex and age, calendar time, urbanicity at birth, family psychiatric history in father, mother, or siblings, and maternal 

age at the proband’s birth. For overall test of paternal age, p=0.00001 (Cox regression analysis, categorical age).
c  In this model the reference group consists of each person with a father who was 25–29 years old when the proband was born and when the 
father’s fi rst child was born. For a given paternal age at the proband’s birth, the paternal age at the birth of the oldest paternal sibling is by 
defi nition in a lower or the same age group. For instance, for the 765 persons with schizophrenia whose fathers were 20–24 years old when 
the probands were born, the age of the father when the oldest sibling was born is either below 20 or 20–24 years.

d  Adjusted for proband sex and age, calendar time, urbanicity at birth, family psychiatric history in father, mother, or siblings, maternal age at 
the proband’s birth, and maternal age at the birth of the mother’s fi rst child.

e For overall test of paternal age, p=0.23 (Cox regression analysis, categorical age).
f For overall test of paternal age, p=0.00001 (Cox regression analysis, categorical age).
g Reference age.
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of paternal versus maternal age by Malaspina et al. (3) did 
not reveal such a dependence.

When the analyses were restricted to the second- or 
later-born children (presented in Table 3), the number of 
cases, as well as the amount of risk time, was reduced by 
half. Still, this leaves us with 10 times as many cases as in 
the largest population-based cohort study of schizophre-
nia reported in the literature so far, and to fi nd a preserved 
effect of paternal age in a model including the correlated 
variable paternal age at fi rst child, the power exceeded 90%. 
In this model, surprisingly, the adjustments attenuated the 
effect of paternal age at birth of the proband only, whereas 
for paternal age at fi rst child the estimates were unchanged 
by the adjustments. Another important issue could be the 
correlation between paternal age at the proband’s birth and 
paternal age at the fi rst child’s birth, which has an effect on 
power. In this setting, the impact on the number of cases 
required to preserve a given power, when we adjust for 
paternal age at which the father had his fi rst child, is fi ve-
fold (17), a factor that is accounted for in the power calcu-
lations. Accordingly, in this large population-based study 
we had power to estimate the correlated variables, and we 
found there was no effect of paternal age within any subcat-
egory of paternal age at the father’s fi rst child. The effects of 
paternal ages could be distorted by an effect of short birth 
interval (19); however, an additional analysis adjusting for 
preceding birth interval did not explain the effect of pater-
nal age at the birth of the fi rst child. There was a tendency 
toward increasing paternal age with calendar time, but a 
more or less detailed adjustment for calendar time did not 
infl uence the estimated effects of paternal age.

paternal age was not modifi ed signifi cantly by paternal age 
at fi rst child or vice versa (p=0.18). In stratifi ed analyses, 
for a given paternal age at the birth of the oldest paternal 
 sibling (below 20, 20–29, 30–39, 40–49, and 50–59) there was 
no effect of paternal age (results not shown).

To assess residual confounding from familial history of 
psychiatric admissions caused by admissions before the start 
of the register, we restricted the cohort of probands to those 
born between 1970 and 1992. The results were unchanged, 
which suggests that the lack of register information on family 
members before 1970 had not infl uenced the results.

Overall, the incidence rate ratio increased 1.22 fold (95% 
confi dence interval, 1.15–1.29) per 10-year increase in 
paternal age at the time of the fi rst child’s birth (Table 5). 
The effect of paternal age at which the father had his fi rst 
child differed signifi cantly by sex (p=0.02) but not by family 
history of schizophrenia (p=0.65) or age at onset (p=0.51), 
according to Cox regression analysis of effect modifi cation.

Discussion

In accordance with previous studies, our investiga-
tion confi rms that greater paternal age is associated with 
a higher risk of schizophrenia. However, when the inde-
pendent effects of paternal age at the proband’s birth and 
age at which the father had his fi rst child were assessed, 
there was no association with age at birth of the proband, 
whereas there was a strong association with the age at 
which the father had his fi rst child. Not only did age at fi rst 
child have an independent effect, but paternal age had no 
independent effect in subgroups of age at which the father 
had his fi rst child. This is the opposite of what would be pre-
dicted if de novo mutations in paternal germ cells were a 
major reason for the effect of paternal age. Conversely, our 
fi ndings are compatible with the hypothesis that late pater-
nity is associated with a predisposition to schizophrenia.

As found in earlier studies, family history of schizophre-
nia was a confounding factor for paternal age. However, we 
found that family history of mental disorders in general did 
not further confound the effect of paternal age. Still, there 
could be residual confounding, as we were able to adjust 
only for psychiatric history leading to psychiatric treatment.

It is important to note that in the initial analyses, similar 
to those in previous studies, our results were in agreement 
with earlier fi ndings (18). This reassures us that our other 
fi ndings plausibly would apply to other studies of paternal 
age and schizophrenia.

As in earlier studies, there was no statistically signifi cant dif-
ference in the effect of paternal age between men and women 
(3, 11, 12). Like Byrne et al. (11), we found the same effect of 
paternal age in persons with and without a family history of 
schizophrenia; in contrast, a Swedish register-based study 
with less power than ours found no effect of paternal age in 
persons with a family history of schizophrenia (12).

The effect of paternal age did depend on the maternal 
age, with strong statistical signifi cance. A cross-tabulation 

TABLE 5. Relation of 10-Year Differences in Paternal Age at 
Birth of First Child to Adjusted Incidence Rate Ratiosa for 
Schizophrenia Among 1.2 Million Second- or Later-Born 
Probands Born in Denmark in 1955–1992b

Incidence Rate Ratio Attributed to 
Each 10-Year Increase in Paternal Age 

at Birth of First Child

Proband Group Incidence Rate Ratio 95% CI

Overall 1.22 1.15–1.29
Gender
 Men 1.17 1.09–1.25
 Women 1.31 1.21–1.41
Familial history of 
 schizophrenia
 Present 1.18 1.01–1.37
 Absent 1.22 1.16–1.30
Onset of schizophrenia 
  before or after age 

20 years
 Early onset 1.27 1.09–1.48
 Later onset 1.20 1.13–1.27
a  Adjusted for proband sex and age, calendar time, urbanicity at 

birth, family history of schizophrenia in father, mother, or siblings, 
maternal age at the proband’s birth, and maternal age at the birth 
of the mother’s fi rst child.

b  The probands were followed up for development of schizophrenia in 
1970–2007. Follow-up encompassed 21.9 million person-years.
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If we assume that the age at which the father had his fi rst 
child captures all of the effect of paternal age and increases 
the risk of schizophrenia equally per 10-year increase in 
age, the increased risk was higher in women than in men. 
The risk also increased among people with a familial his-
tory of schizophrenia, which indicates that paternal age is 
not a proxy for unmeasured family history. Paternal age at 
fi rst child had a nonsignifi cantly stronger effect on early-
onset schizophrenia than on onset after age 20 years; this 
resembles results found in bipolar disorder (20).

It has been suggested that epigenetic processes, such as 
imprinting errors, contribute to the effect of paternal age 
on schizophrenia (21). However, as in de novo mutations, 
the mechanism in this process would cause an increasing 
error rate with increasing paternal age at conception. Con-
sequently, this hypothesis leads to the same prediction as 
the hypothesis of de novo mutations, and therefore our fi nd-
ings also argue against this hypothesis as an explanation of 
the association between paternal age and the risk of schizo-
phrenia. Of course, this does not exclude the possibility that 
epigenetic changes as well as de novo mutations per se may 
contribute to schizophrenia risk, but our fi ndings make it 
unlikely that they explain the association with paternal age. 
Even after family history of psychiatric illness in general was 
taken into account, the effect of paternal age at the father’s 
fi rst child remained statistically signifi cant. Genetic stratifi -
cation cannot be excluded as part of an explanation; one may 
hypothesize that a proportion of Danish men carry clinically 
unexpressed genotypes that are associated with schizo-
phrenia as well as with reproduction at a later age. Also, the 
association could be mediated through other pathways; for 
example, factors leading to reduced male fertility, e.g., envi-
ronmental pollutants or infection, could also be associated 
with increased schizophrenia risk in the offspring, or per-
sonality traits causing diffi culties in fi nding a partner could 
be associated with higher genetic risk for schizophrenia.

Apart from Granville-Grossman (7), we know of no one 
who has used siblings of the same father to distinguish 
whether an effect of paternal age depends on the age at 
conception or the age at which the father had his fi rst 
child. Our study therefore needs replication.

In conclusion, in line with other studies, our results 
show an association between paternal age and schizo-
phrenia. However, the age of the father when he had 
his fi rst child ever, rather than his age at the birth of the 
subject under study, explained the association between 
paternal age and the risk of schizophrenia. In the absence 
of other evidence linking de novo mutations to schizo-
phrenia, we believe there is a need to search for other risk 
factors for schizophrenia, factors that are associated with 
delayed fatherhood, in order to explain the effect of pater-
nal age on schizophrenia risk.

Presented in part at the 15th Biennial Winter Workshop in Psycho-
ses, Barcelona, Spain, Nov. 15–18, 2009. Received Feb. 18, 2010; re-
vision received June 15, 2010; accepted July 15, 2010 (doi: 10.1176/
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