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The Age Gauge: Older Fathers Having Children
By Brian M. D’Onofrio, Ph.D., and Paul Lichtenstein, Ph.D.

Editor’s Note: In recent years, scientists have debated the existence of a link between a
father’s age and his child’s vulnerability to psychiatric problems. Our authors led a
research team that produced a paper that analyzed data on all individuals born in
Sweden from 1973 through 2001. Both the authors’ study and another study raise as
many questions as they answer, but they suggest that children born to middle-aged men
are more likely than their older siblings to develop a range of mental difficulties,

including bipolar disorder, autism, and schizophrenia.
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“When should | have children?” “Am | too old to have a child?” “How old is too old?” “Is

my daughter destined to have problems because | had her when | was older?” These are
just some of the questions that many people, including colleagues, friends, and anonymous
individuals (via email), posed to both of us after the news media covered the results of two
large-scale studies on the association between paternal age at childbearing and mental-
health problems of offspring. One study, which was conducted by John McGrath and
colleagues, was based on data from Denmark.! The second study, based on data from
Sweden, was conducted by the two of us and our colleagues.” How did we answer these

guestions from the public? What does the science say—and not say—about the topic?

At the outset, let us first acknowledge that these two studies address very sensitive issues.
Decisions about whether to have children and when to have children are incredibly private.
In addition, the prospect that one’s children will have both mental-health and physical
problems is a major concern for parents, and caring for offspring with such problems can

cause considerable pain and suffering.

Overview of the Studies

The two recent studies had many similarities. First, both analyzed comparable data sets to
explore the associations with parental age at childbearing via epidemiologic methods that
use large, representative samples to examine the distribution and determinants of health.
The data sets in both studies were based on extensive population records kept by the
governments of Scandinavian countries, including Denmark and Sweden. For example, these
countries have extensive records of all inpatient and outpatient visits to hospitals.
Scandinavian governments also are able to use personal identification numbers to link
several databases. As a result, separate databases can be combined such that they contain
information across different generations and domains (e.g., psychiatric diagnoses and age at
childbearing). To facilitate the analysis of these population data sets while protecting
personal information, government agencies in both countries alter the personal identifiers

after merging the data sets, a practice that has led to extensive psychiatric epidemiology
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3,4 . .
research.™ Unfortunately for research purposes, no such data sets are available in the

United States.

Second, both studies took advantage of the size and scope of the national data sets. Access
to these large data sets enabled both research groups to explore a fuller range of parental
age at childbearing because the data sets included high numbers of individuals at the
extreme ends of childbearing (e.g., older than 45 years). The large data sets had sufficient
numbers of exposed cases (e.g., offspring diagnosed with autism whose parents were older
than 45 years at childbirth), enabling both groups to predict relatively rare outcomes in the
offspring (e.g., schizophrenia and autism). Previous research teams, which relied on smaller

data sets, could not explore advancing paternal age at childbearing with as much precision.

Third, both studies presented population and adjusted estimates of the magnitude of the
association between paternal age at childbearing and disorders of offspring. Notably, the
two estimates address different research questions. The population estimates respond to
this question: How common is it that an offspring born to an older father has psychiatric
problems? Both research teams sought to answer this question by comparing the rates of
several disorders among offspring born to fathers of different ages in the entire population.
The adjusted estimates, on the other hand, respond to this question: When it comes to
psychiatric problems in offspring, how much risk is specifically due to advancing paternal

age?

The studies addressed the latter question by using statistical techniques and other
approaches to estimate the magnitude of the association between paternal age at
childbearing and offspring disorders while trying to hold constant the highest possible
number of factors that differ among fathers who have children at different ages (e.g.,
parents’ socioeconomic status). Researchers must use various techniques to study
advancing paternal age at childbearing because men who have children when they are
younger differ, sometimes greatly, from men who delay childbearing. Plus, it is impossible
to conduct a randomized experiment in humans—you can’t randomly assign men to have

children at different ages.
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It is important to stress that both research questions (based on population and adjusted
estimates) are valid and might be of interest for public-health policy. Both questions can
also have important implications for subsequent basic research because the analysis of large
population data sets can provide critical information about mechanisms at multiple levels of

analysis that researchers should explore in the future.”™

Previous epidemiological research on advancing paternal age had suggested that advancing
paternal age is associated with increased risk for psychiatric problems in the offspring, but

the findings were inconsistent.'®*®

Furthermore, many researchers suggested that any
association between advancing paternal age and offspring psychiatric problems was not due
to the specific consequences of delaying childbearing; rather, differences associated with

17-19
and

advancing paternal age, such as personality and psychiatric problems in the fathers
birth-order effects in the offspring,** could better explain any associations. Given these
concerns, the two recent studies based on the large, population-based registries were
intended to provide more understanding of the associations between paternal age at

childbearing and offspring psychiatric problems.

The Danish Study

The study by McGrath and colleagues included all individuals born in Denmark from 1955
through 2006, a sample of almost 3 million people. The study indexed psychiatric problems
based on inpatient hospitalizations and outpatient visits to psychiatric departments. The
study presented population estimates for several psychiatric disorders. For instance,
researchers found that compared to offspring born to fathers 25 to 29 years old (the
reference group in the study), offspring born to fathers over the age of 45 were 1.4 times
more likely to have schizophrenia and 1.7 times more likely to have autism. However, the
offspring of older fathers were less likely to have hyperkinetic disorders, which is similar to
the diagnosis of attention-deficit/hyperactivity disorder (ADHD): Offspring born to men 30
to 34 years old (21 percent less likely), 35 to 39 years old (26 percent less likely), 40 to 44
years old (21 percent less likely), and older than 45 years old (5 percent less likely) had

lower rates of these disorders than offspring in the reference group.
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In order to provide adjusted estimates that assessed the magnitude of the association
between paternal age at childbearing and the offspring disorders that was independent of
other factors, the researchers ran a series of analyses that statistically controlled for
multiple factors that are correlated with advancing paternal age. For example, the
researchers statistically controlled for maternal age at childbearing because men who have
children when they are older are more likely to have children with women who are older. In
those models, advancing paternal age was still associated with the disorders of offspring,
and the magnitudes of the associations were as large or larger than the population
estimates. The researchers also accounted for urbanization at place of birth and family
history of mental iliness. The same pattern or results emerged. For example, offspring born
to men over the age of 45 were 1.4 times more likely to have schizophrenia and 1.7 times
more likely to have autism. Notably, offspring born to fathers older than 45 were 1.2 times
more likely to have a hyperkinetic disorder when statistically controlling for the other
factors, despite the fact that in the population, offspring born to men above age 45 were

less likely to have the disorder.

The results from the Danish study indicate that in the population offspring of older fathers,
some psychiatric problems, such as schizophrenia and autism, are more likely, and that
hyperkinetic disorders are less likely. In trying to examine the pattern of associations when
accounting for correlated factors, such as maternal age at childbearing and family history of
psychiatric problems (the adjusted estimates), the researchers found that advancing
paternal age at childbearing was still associated with psychiatric problems. In other words,
these measured factors do not explain the associations between advancing paternal age
and offspring psychiatric problems. The differences between the population and the
adjusted estimates also indicated that researchers must take into account other differences

among men who have children at different ages.

The Swedish Study
Our study—conducted separately from the Danish study—included all individuals born in

Sweden from 1973 through 2001, a sample of just over 2.6 million people. We similarly
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explored psychiatric problems, indexed by inpatient hospitalizations and outpatient visits,
but our study also included information regarding criminal convictions, low academic
achievement based on school grades at age 15, and dropping out of school early. The first
analysis provided population estimates. We found that the population of offspring born to
older fathers (above 45) had higher rates of schizophrenia (1.6 times more likely) and
autism (1.4 times more likely) compared to offspring born to men 20 to 24 years old (the
reference group in the study). For many of the other outcomes, however, offspring born to
older fathers had fewer problems than offspring in our reference group. For instance,
offspring born to men over the age of 45 were 43 percent less likely to have a diagnosis of

ADHD.

Our team also used statistical techniques to obtain adjusted estimates that were
independent of factors that could correlate with advancing paternal age, but we controlled
for a more extensive list of measured variables than the Danish study. We accounted for
maternal age at childbearing, as well as paternal and maternal nationality, highest level of
education, lifetime history of serious psychiatric conditions, and lifetime history of
criminality. Similar to the results in the Danish study, the associations between advancing
paternal age and the outcomes in the adjusted group were as large or larger than the
overall population estimates. The results indicated that the associations could not be
explained by these factors; rather, when accounting for these measured variables, the

associations were in some cases larger than the population estimates.

In addition to using statistical techniques to account for differences among fathers who had
children at different ages, we also used several advanced research designs to help account
for factors that could bias our estimates. In particular, we conducted a sibling-comparison
analysis, which estimated the association between paternal age at childbearing and the
outcomes while comparing offspring born to the same father. We explored the rates of
problems in offspring born when the father was younger compared to their siblings born
when the father was older. This design accounted for (or held constant) all traits that made

siblings similar, including unmeasured environmental and genetic factors, thus arguably
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providing a more precise estimate of the specific association with advancing paternal

9,20,21
age.” ™

When we compared siblings, the magnitude of the associations with each outcome was as
large as, and sometimes quite larger than, the estimates in the other analyses. For instance,
offspring born to fathers over the age of 45 were 2.1 times more likely to have
schizophrenia and 3.4 times more likely to have autism than their siblings who were born
when their father was younger. Furthermore, whereas the population estimates found
advancing paternal age to be correlated with lower incidence of ADHD, the sibling
comparisons indicated that advancing paternal age was more strongly associated with the
disorder (for example, offspring of fathers over the age of 45 were 13 times more likely to
have the disorder than their siblings born when the father was 20 to 24 years old). The
sibling-comparison approach has many advantages, but the design also has several
limitations (for example, do the results apply or generalize to other populations?).9 To help
address several concerns, we conducted numerous additional analyses, including the
comparison of cousins and firstborn cousins, and found comparable results: advancing
paternal age was associated with more psychiatric problems, and the magnitude was

stronger than the population estimates.

The population estimates from our Swedish study were generally consistent with the
findings from the Danish study: Advancing paternal age was associated with greater risk for
some disorders, such as schizophrenia and autism, but less risk for others, including ADHD.
The adjusted estimates (when controlling for measured traits of both parents and when
comparing siblings and cousins born at different ages) suggested that advancing paternal
age was even more strongly associated with psychiatric problems than previous estimates

indicated.

Understanding the Underlying Processes
What could explain the finding that advancing paternal age at childbearing is associated
with more offspring psychiatric problems? The working hypothesis that guided both studies

was that genetic mutations during the production of sperm, referred to as de novo
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mutations, increase as men get older and have a causal influence on offspring psychiatric
problems. Unlike in women, who are born with all of their eggs, in men sperm continue to
replicate throughout their lifetime. In fact, sperm cells undergo 20 to 30 divisions per year—
approximately 600 divisions by the age of 40.% Each cell division brings the possibility of
new mutations. Recent studies suggest that there are approximately two new mutations
each year, and there is an exponential increase where mutations double every 16.5 years.”
A growing number of molecular genetic studies have found that these de novo mutations
play a large role in human diseases, including psychiatric problems.24 For instance, several
studies have indicated that de novo mutations are associated with autism, suggesting a
mediating biological pathway that could explain the association between advancing

25-27 . . . . .
>’ The two recent epidemiological studies we reviewed

paternal age and the disorder.
above, which found independent associations between advancing paternal age and

offspring psychiatric problems, are consistent with the role of de novo mutations.

But why would the adjusted estimates in the studies be larger—sometimes quite larger—
than the population estimates? To understand the differences in magnitude of these two
types of estimates, it may be important to understand the genetic, psychological,
educational, social, and financial context associated with advancing paternal age because
many of these factors predict fewer psychiatric problems in the offspring. Twin, adoption,
and family-based studies have clearly shown that genetic factors influence age at first
childbearing. There are no genes “for” early or late childbearing; rather, genetic factors
influence personality traits, psychiatric problems, and other characteristics that in turn
influence age at childbearing.”® For instance, a recent family study found that women who
have ADHD, their siblings who did not have the disorder, and men who have children with
women who have ADHD are all more likely to have children as teenagers.29 Offspring born
to older parents, therefore, have lower genetic risk for ADHD on average than offspring
born to parents who were teenagers at childbearing. Furthermore (as we also showed in our
study), advancing paternal age at childbearing is also correlated with higher levels of
parental education and higher family income, both of which lead to increased social and
cultural capital.30 In sum, delaying childbearing is correlated with a host of factors that also

predict fewer psychiatric problems in offspring.
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Thus, one conceivable explanation for the discrepancies between the population and
adjusted estimates stems from the possibility that the population estimates could be an
amalgam of the deleterious effects associated with de novo mutations and the protective
factors (e.g., genetic inheritance, personality traits, and social/cultural capital) associated
with delaying childbearing. The models that adjusted for measured traits and compared
siblings and cousins, therefore, may have held constant many of these protective factors. As
a result, the analyses may have provided a clearer estimate of the specific influence of

delaying childbearing.

Implications of the Research

The Danish and Swedish studies are examples of translational epidemiology, which can help
guide subsequent basic research.” The provocative findings regarding advancing paternal
age at childbearing suggest that more research needs to be conducted on de novo
mutations, especially given recent technological advances that enable researchers to better
measure and characterize genetic mutations.”* It is important to note, however, that there
could be other mechanisms through which advancing paternal age at childbearing comes to
be associated with offspring psychiatric problems. Therefore, research into other biological
and social factors is needed to better clarify the processes that account for the findings in
these studies. Furthermore, the two studies also highlight the need to understand the

complex and multifaceted factors that are associated with delaying childbearing.**

So, finally, what do these studies mean for people who are making decisions about
childbearing? How did we answer the questions we received? As you might imagine, we
were reluctant to provide concrete advice. We were not evading the questions. Rather, we
do not think science can provide a definitive answer to these questions. (Plus, it is unethical
to give medical advice to strangers via email.) But here is how we responded to the

questions:

First, these are only two studies. Our study in particular, which was one of the first studies

to use sibling and cousin comparisons to study advancing paternal age, needs to be
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replicated. We think it was a good study (we know we are biased), but there is never one
definitive study, especially in this area of research, because each and every study has
limitations. Again, we cannot conduct randomized controlled studies of paternal age at
childbearing. As a result, researchers must obtain consistent findings using many different
designs and samples before they can make strong causal inferences (e.g., advancing
paternal age causes offspring psychiatric problems), especially regarding implications for

family policy.*

Second, researchers need to conduct more studies on the topic before any professional
group can make explicit recommendations. In particular, researchers must expressly
examine if (and then how) physicians and couples could incorporate information on
paternal age at childbearing into their decision-making process. This examination requires

studies using predictive models.

Third, both studies provide evidence that the overwhelming majority of offspring born to
older dads will not have a major psychiatric or related problem. Both studies found that the
risk that a child will have psychiatric problems was correlated with advancing father’s age,
but most of the outcomes were quite rare. For instance, in our study less than 3 percent of
the offspring had psychiatric problems. Therefore, advancing paternal age does not mean
that any particular child will definitely develop problems, nor does it mean that a psychiatric
problem in an offspring born to an older father was actually caused by the father’s age at

childbearing.

Fourth, our study and others also have indicated that there can be advantages to delaying
childbearing. Some factors that are correlated with delaying childbearing (e.g., attaining a
higher level of education or gaining financial security) predict better outcomes in children.
These two studies, therefore, add to a growing body of research suggesting that families,
doctors, and society as a whole must consider both the potential advantages and the

potential disadvantages of delaying childbearing.

10
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Fifth, when trying to weigh the possible risks and benefits of delaying childbearing, there is
no set age at which advancing paternal age suddenly becomes problematic. Our study’s
reports of increased risk for offspring born to men over the age of 45, for example, were
just one illustration. Both studies found increasing risk for many of the disorders as paternal
age increased, referred to as a dose-response relationship (i.e., offspring born to men 40 to
44 years old also had higher rates of the disorders compared to the reference groups). In
fact, each research paper provides graphical representations of magnitude of the
associations between paternal age at childbearing and the outcomes across the entire range

of parental age.

Sixth, individuals and couples concerned about the consequences of delaying childbearing
should consult with their physician or a specialist in their area. For instance, concerned
individuals and couples can meet with genetic counselors, who can provide more detailed

and personal information regarding the risks associated with delaying childbearing.

Finally, and most important, there are many personal circumstances and values that go into
making the decision of when to have a child or children. Yes, we think that research can help
inform personal decision-making. But no study, set of studies, or science in general should

unduly influence the decision of when someone should have children.

References

1. McGrath JJ, Petersen L, Agerbo E, Mors O, Mortensen P, Pedersen C. A
comprehensive assessment of parental age and psychiatric disorders. JAMA
Psychiatry. 2014;71(3):301-309.

2. D'Onofrio BM, Rickert ME, Frans EM, et al. Paternal age at childbearing and offspring
psychiatric and academic morbidity. JAMA Psychiatry. 2014,

3. Miettunen J, Suvisaari J, Haukka J, Isohanni M. Use of register data for psychiatric
epidemiology in the Nordic countries. In: Tsuang MT, Tohen M, Jones P, eds.

Textbook of Psychiatric Epidemiology. 3rd ed. Chichester, UK: Wiley; 2011:117-131.

11



10.

11.

12,

13.

14.

Cerebrum, July 2014

Byrne N, Regan C, Howard L. Administrative registers in psychiatric research: a
systematic review of validity studies. Acta Psychiatr Scand. 2005;112:409-414.
Gaziano JM. The Evolution of Population Science. JAMA: The Journal of the American
Medical Association. 2010;304(20):2288-2289.

Weissman MM, Brown AS, Talati A. Translational Epidemiology in Psychiatry: Linking
Population to Clinical and Basic Sciences. Archives of General Psychiatry. June 1,
2011 2011;68(6):600-608.

Hiatt RA. Invited Commentary: The Epicenter of Translational Science. Am J
Epidemiol. September 1, 2010 2010;172(5):525-527.

Khoury MJ, Gwinn M, loannidis JPA. The Emergence of Translational Epidemiology:
From Scientific Discovery to Population Health Impact. Am J Epidemiol. September 1,
2010 2010;172(5):517-524.

D’Onofrio BM, Lahey BB, Turkheimer E, Lichtenstein P. The critical need for family-
based, quasi-experimental research in integrating genetic and social science
research. American Journal of Public Health. 2013;103:546-S55.

Reichenberg A, Gross R, Weiser M, et al. Advancing paternal age and autism. Arch
Gen Psychiatry. Sep 2006;63(9):1026-1032.

Hultman CM, Sandin S, Levine SZ, Lichtenstein P, Reichenberg A. Advancing paternal
age and risk of autism: new evidence from a population-based study and a meta-
analysis of epidemiological studies. Mol Psychiatry. 2011;16:1203-1212.

Lundstrom S, Haworth CM, Carlstrom E, et al. Trajectories leading to autism
spectrum disorders are affected by paternal age: findings from two nationally
representative twin studies. Journal of child psychology and psychiatry, and allied
disciplines. Jul 2010;51(7):850-856.

Miller B, Messias E, Miettunen J, et al. Meta-analysis of Paternal Age and
Schizophrenia Risk in Male Versus Female Offspring. Schizophr Bull. September 1,
2011 2011;37(5):1039-1047.

Malaspina D, Harlap S, Fennig S, et al. Advancing paternal age and the risk of

schizophrenia. Arch Gen Psychiatry. Apr 2001;58(4):361-367.

12



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Cerebrum, July 2014

Frans EM, Sandin S, Reichenberg A, Lichtenstein P, Langstrém N, Hultman CM.
Advancing Paternal Age and Bipolar Disorder. Archives of General Psychiatry.
2008;65:1034-1040.

Menezes PR, Lewis G, Rasmussen F, et al. Paternal and maternal ages at conception
and risk of bipolar affective disorder in their offspring. Psychological Medicine.
2010;40(03):477-485.

Puleo CM, Reichenberg A, Smith CJ, Kryzak LA, Silverman JM. Do autism-related
personality traits explain higher paternal age in autism? Mol Psychiatry.
2008;13:243-244.

Petersen L, Mortensen PB, Pedersen CB. Paternal age at birth of first child and risk of
schizophrenia. American Journal of Psychiatry. 2011;168:82-88.
Granville-Grossman KL. Paternal age and schizophrenia. British Journal of Psychiatry.
1966;112:899-905.

Lahey BB, D’Onofrio BM. All in the family: Comparing siblings to test causal
hypotheses regarding environmental influences on behavior. Current Directions in
Psychological Science. 2010;19:319-323.

Susser E, Eide MG, Begg M. Invited Commentary: The Use of Sibship Studies to
Detect Familial Confounding. Am J Epidemiol. September 1, 2010 2010;172(5):537-
539.

Crow JF. Spontaneous mutation in man. Mutation Research/Reviews in Mutation
Research. 1999;437(1):5-9.

Kong A, Frigge ML, Masson G, et al. Rate of de novo mutations and the importance
of father's age to disease risk. Nature. Aug 23 2012;488(7412):471-475.

Veltman JA, Brunner HG. De novo mutations in human genetic disease. Nature
Reviews Genetics. 2012;13:565-575.

Neale BM, Kou Y, Liu L, et al. Patterns and rates of exonic de novo mutations in
autism spectrum disorders. Nature. May 10 2012;485(7397):242-245.

O'Roak BJ, Vives L, Girirajan S, et al. Sporadic autism exomes reveal a highly
interconnected protein network of de novo mutations. Nature. May 10

2012;485(7397):246-250.

13



27.

28.

29.

30.

31.

32.

Cerebrum, July 2014

Sanders SJ, Murtha MT, Gupta AR, et al. De novo mutations revealed by whole-
exome sequencing are strongly associated with autism. Nature. May 10
2012;485(7397):237-241.

Harden KP. Genetic influences on adolescent sexual behavior: Why genes matter for
environmentally oriented researchers. Psychological Bulletin. 2014;140(2):434-465.
Frans EM. High paternal age and risk of psychiatric disorders in offspring. Stockholm,
Sweden: Karolinska Institutet; 2013.

Powell B, Steelman LC, Carini RM. Advancing Age, Advantaged Youth: Parental Age
and the Transmission of Resources to Children. Soc Forces. 2006;84(3):1359-1390.
Mills M, Rindfuss RR, McDonald P, te Velde E, on behalf of the ESHRE Reproduction
Society Task Force. Why do people postpone parenthood? Reasons and social policy
incentives. Hum Reprod Update. 2011;17(6):848-860.

Academy of Medical Sciences Working Group. Identifying the environmental causes
of disease: How should we decide what to believe and when to take action? London:

Academy of Medical Sciences; 2007.

14



