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Estimated Autism Risk and Older Reproductive Age

| Marissa D. King, PhD, Christine Fountain, PhD, Diana Dakhlallah, BA, and Peter S. Bearman, PhD

The prevalence of autism, a developmental dis-
order characterized by serious impairments in
social interaction and language development as
well as stereotyped and repetitive behaviors,
has increased dramatically over the past 2
decades from approximately 4 to 40 cases per
10000." The cause of the increase is unknown,
as is the etiology of autism. Evidence from twin
studies suggests that antism is likely a genetic
disorder.** However, genetic causes for the vast
majority of autism cases have not yet been
identified through molecular genetic research.”
In addition, dozens of previous studies have
identified a wide range of perinatal and parental
risk factors.® Despite these studies, our under-
standing of even the most basic of these factors,
parental age, is muddled.

Previous studies examining the association
between parental age and autism have yielded
contradictory results. With respect to mothers,
5 of the 11 studies that examined the risk
associated with maternal age and autism spec-
trum disorders reported an increase in risk
after adjustment for other confounding fac-
tors.” " Six studies did not identify significant
elevated risk.”* " Paternal age has also been
associated with autism. Four of 7 studies found
an association between paternal age and au-
tism.”"**'7 However, there is wide variability in
the reported risk, spanning from no associa-
tion™" to an almost 6-fold increase when pater-
nal age exceeds 40 years.'” (These previous
stuclies are summarized in an appendix that is
available as a supplement to the online version of
this article at http://www.ajph.org,)

With the exception of a recent study that
examined the birth cohort of 1994 in 10 US
States,” all previous studies have pooled obser-
vations across several birth cohorts; in fact, it is
not uncommon for studies to pool data from
individuals who are born 10 to 20 years
apart."* "' However, paternal age, and particu-
larly the proportion of the paternal population
over 40 years of age, increased rapidly during
this period.

We provide the first investigation into
changes in risk factors associated with autism
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across successive birth cohorts. We aimed to
estimate the risk for autism associated with
maternal and paternal age across successive
birth cohorts to gain insight into possible
sources of discrepancies in previous studies.

METHODS

We examined birth and diagnostic records
for all children born in California between
1992 and 2000. Over the entire period, we
analyzed 4 906 926 birth records, Of these,
18731 could be matched to children with a
diagnosis of autism. To identify autism cases,
we combined birth records obtained from the
California Birth Master Files and the California
Department of Developmental Services (DDS).
The analysis began with the birth cohort of
1992, the first year the DDS began maintain-
ing electronic records. To ensure that all chil-
dren had ample time for case ascertainment,
the analyses ended with the birth cohort of
2000. All children were followed from the time
of birth until June 20086, Differential ascer-
tainment times were allowed because the
age of diagnosis for autism fell consistently
from a mean of 5.9 years (+2.9) in the 1992
birth cohort to 3.8 years (+0.9) in the 2000
cohort.

Objectives. We sought to estimate the risk for autism associated with maternal
and paternal age across successive birth cohorts.

Methods. We linked birth records and autism diagnostic records from the
California Department of Developmental Services for children born in California
between 1992 and 2000 to calculate the risk associated with maternal and
paternal age for each birth cohort as well as for the pooled data.

Results. The categorical risks associated with maternal age over 40 years
ranged from a high of 1.84 (95% confidence interval [Cl]=1.37, 2.47) to a low of
1.27 (95% Cl=0.95, 1.69). The risk associated with paternal age ranged from 1.29
(95% Cl=1.03, 1.6) to 1.71 (95% Cl=1.41, 2.08).

Conclusions. Pooling data across multiple birth cohorts inflates the risk
associated with paternal age. Analyses that do not suffer from problems
produced by pooling across birth cohorts demonstrated that advanced maternal
age, rather than paternal age, may pose greater risk. Future research examining
parental age as a risk factor must be careful to avoid the paradoxes that can arise
from pooling data, particularly during periods of social demographic change.
(Am J Public Health. 2009;99:1673-1679. doi:10.2105/AJPH.2008.149021)

The DDS coordinates diagnoses, services,
and support for persons living in California
with developmental disabilities, including
mental retardation and autism. The agency
provides services to patients with full syndrome
autism (International Classification of Diseases,
Ninth Revision, Clinical Modification code
299.0'%). Services are not available to persons
diagnosed with Asperger disorder, childhood
disintegrative disorder, Rett disorder, or per-
vasive developmental disorder-not otherwise
specified. Although enrollment with the DDS
is optional, it is estimated that 75% to 80%
of persons with autism in California are
enrolled," making the DDS the largest
administrative source of autism diagnostic infor-
mation.

To obtain demographic information for
persons with and without autism, records from
the DDS and Birth Master Files were eleciron-
ically linked by using probabilistic and deter-
ministic matching algorithms developed by
Campbell.** Matches were made on the basis of
first, middle, and last name; date of birth; race;
zip code at birth; and gender. Uncertain matches
were manually reviewed. On average, 81% of
the DDS files were linked to birth records. The
linkage rate increased over time from 79%
(1992) to 86% (2000). DDS files that could not
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be linked typically belonged to children who
were born outside of California and later moved
to the state.

Our primary variables of interest, maternal
and paternal age at birth, were extracted
from birth certificates. Data on paternal age
for the entire population was missing from
8% of the birth records. Persons subse-
quently diagnosed with autism were more
likely to have missing paternal age data,
ranging from 8% to 10% depending on the
birth cohort. Maternal age was rarely missing
(< 1%). We also obtained the following con-
trol variables from the birth certificates:
child's gender, race, birthweight, and dura-
tion of gestation; whether the child was a
single or multiple-birth; and parity of the
mother. Birthweight was examined categori-
cally with birthweight less than 2500 grams
considered low birthweight. Gestational age
less than 35 weeks was considered prema-
ture. Whether the newborn was placed in a
neonatal intensive care unit was extracted
from the birth records as well. If a newborn
had a birthweight greater than 2500 grams
and a gestational age of more than 35 weeks
but was admitted to the neonatal intensive
care unit, this variable was set to 1. Otherwise,
it was set to 0. Parity was used to generate a
dummy variable for first birth. In addition to
these variables, all analyses also included
maternal and paternal education.

To examine the associations between ma-
ternal and paternal ages and autism, we
conducted 3 sets of analyses. First, we
ascertained the association between maternal
and paternal age and autism for each birth
cohort from 1992 to 2000. To do this, we
ran logistic regressions treating parental age
as a categorical variable (<30, 30-34,
35-39, and =40 years). All of the control
variables identified previously were included
in the models.

Second, to observe the effect of pooling data,
we cumulatively pooled across birth cohorts,
Using a moving window for the 1995 birth
cohort, we pooled data from the 1992, 1993,
1994, and 1995 birth cohorts; for the 1996
birth cohort, we pooled observations from
the birth cohorts of 1992 to 1996, and so on.
This allowed us to mimie the method used in
most of the previous studies, which pooled data
across birth cohorts.
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Problems may arise from pooling data across
birth cohorts. Categorical specifications are
particularly prone to reversal paradoxes in
contexts in which there are large differences
by group in the denominators of a rate.”! To
assess the effect these problems may have had on
previous studies, we first examined whether
there were large by-group differences in mater-
nal and paternal age, as well as how these
differences changed over time. Last, we con-
ducted logistic regressions by using a decompo-
sition strategy.

In this approach, maternal and paternal
ages were considered in a continuous frame-
work; that is, we did not treat age as a
categorical variable. The decomposition was
necessary to avoid the multicollinearity
problems that arise when simultaneously in-
cluding continuous maternal and paternal age
in a regression. The decomposition enabled
us to disentangle whether paternal or mater-
nal age had a stronger association with autism
while avoiding some of the problems gener-
ated by multicollinearity and categorical
specifications. The decomposition was as
follows:

(1) Y](Am + Ap) + "l'?_(Aln - Af)

=2(BnAm + BrAr)

Y1 Am + Y Ar Y2 An — T2 A
:z(ﬂmAm W B!Ar)

Anlyy +72) + Ay —¥a2)
:Z(Bmflm + Br."h‘}

Am(Yy +Y2) =2(FpnAm)

Ar(yy = Y2)=2(BAr).

where A,, is maternal age and A is paternal
age. For instance, assume the case of a 32-year-
old mother and a 35-year-old father. The sum
of their ages, (A, + Ay), is 67. The difference in
their ages, (A, — Ay, is ~3. Following the
decomposition, adding the sum, y; (A, + Ay,
and the difference, v2 (A, — Ay, gives us 64.
This is twice the mother’s age. Similarly, the
difference, (A, + Ap) — (Ay — A)=T0, is twice
the father’s age. Using this approach, we can
disentangle parental age effects without signif-
icant multicollinearity by including the sum
and the difference of parental ages as separate
terms and then rearranging the parameter es-
timates from the analysis to recover the pa-
rameters for maternal and paternal age. In the
decomposition, B represents 2 parental years.

RESULTS

The risk of autism ranged from 29 per
10000 persons in the 1992 birth cohort to 43
per 10000 persons in the 2000 birth cohort.

Mean maternal and paternal ages at the time
of the child's birth increased from 1992 to
2000. The mean maternal age was 26.9
(+6.03) years in 1992 and increased to 27.7
(+6.33) years in 2000. Similarly, paternal age
increased from 29.6 (*6.84) years to 30.6
(+7.11) years over the same period. The in-
creasing standard deviation, particularly of
paternal age, is noteworthy because parents’
age at birth is strongly bounded on the left tail
of the distribution. Thus, there was a consid-
erable increase in advanced paternal age,
extending the length of the right tail of the
distribution.

The percentage of California births to fathers
and mothers over the age of 40 years for our
observation period is reported in Figure 1. Note
that the share of births associated with older
fathers increased markedly from 7.45%
(44973 out of 603712) in 1992 to 10.1%
(53 611 out of 533 078) in 2000. In contrast,
the share of births to women over the age of
40 years increased more slowly from 1.9%
(11636 out of 603 396) in 1992 to 3.1%
(16633 out of 533078) in 2000.

Association of Parental Age and Autism
Over Time

Parental age over 40 years was consistently
found to be associated with an increased risk
of autism. As Figure 2 shows, prevalence rates
for autism when parental age exceeded 40
years were higher than the prevalence in the
general population. Among all children born
between 1992 and 2000, regardless of paren-
tal age, the prevalence of autism was 34 per
10000. In contrast, the prevalence rate for
children born to parents over 40 years of age
was 56 per 10000, Prevalence rates were
slightly higher when maternal age exceeded 40
years relative to when paternal age exceeded
40 years. However, there were significantly
more men over 40 years of age, with and
without children with autism, in our population.

Although the prevalence rates for maternal
and paternal ages were roughly comparable,
the raw proportions by gender differed dra-
matically. Out of 123 896 children born to a
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California, 1992-2000.
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FIGURE 2—The observed prevalence of autisr_n in the total poﬁla_tlon and in populatﬁs born to a 7moth: ;r father wér]h;ars of age,

12 4
11 4
Paternal Age
10
9 -
>
% ngd
o
7]
< 7
a
=
g 5
]
o
B
v 54
(=]
2
T 4+
o Maternal Age
&
3
N k‘*ﬂﬂ
1
0 T L T T
1992 1993 1994 1995 1996 1997 1998 1999 2000
Year
FIGURE 1—Percentage of the population over 40 years of age at child’s birth by gender, California, 1992-2000.
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mother over the age of 40 years, 764 were
later diagnosed with autism (764 out of

123 896). In contrast, there were 426 744
children born to men over the age of 40 years.
Of these, 2357 were later diagnosed with
autism (2357 out of 426 744). These strikingly
different raw proportions may create a reversal
paradox and lead to a consistent inflation of
the risk associated with paternal age when
examined in a pooled regression framework.

Autism and Advanced Parental Age in a
Logistic Regression Framework

Here we considered the risk of advanced
maternal and paternal age in a logistic regres-
sion framework, in which we controlled for
all of the variables previously identified and
treated age as a categorical variable. In this
framework, as can be observed in Figure 3,
advanced maternal age was a significant risk
factor for autism in most of the birth cohorts.

25 1
23 1
21 4
1.9 1
L

13 1
1.1 1

Relative Risk
&

| RESEARCH AND PRACTICE |

The risk associated with maternal age exceed-
ing 40 years varied from a high of 1.84 (95%
confidence interval [C1=1.37, 2.47) in 1993
to a low of 1.27 in 1995 (95% CI=0.95, 1.69),
roughly a 3-fold difference in risk. Thus, there
was considerable variability in risk associated
with maternal age across birth cohorts.

Paternal age was also associated with an
increased risk of autism across all birth cohorts,
though the risk estimates were wide-ranging.
The relative risk for fathers over 40 years of
age by birth cohort is also reported in Figure
3. The risk ranged from a low of 1.29 (95%
CI=1.03, 1.60) in 1992 to a high of 1.71 (95%
Cl=1.41, 2.08) in 1995, more than a 2-fold
difference in risk.

Moving Windows by Successive Pooling
Over Time

Although no clear pattern was observed
when we examined the risk of autism
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and older: California, 1992-2000.
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FIGURE 3—Compared with age 30 years or younger, the relative risk for autism, by birth
cohort, associated with (a) maternal age 40 years and older and (b) paternal age 40 years

associated with parental age across the birth
cohorts, a very clear pattern emerged when we
successively pooled the data. The pattern
produced by pooling risk across successive
birth cohorts was seen most clearly when
looking at the pooled risk associated with ma-
ternal and paternal ages simultaneously. In this
framework, the large variability in risk across
suceessive birth cohorts hid a much clearer and
consistent trend that arose from pooling the
data where there are large by-group differences
in age denominators. As can be seen in Figure
4, pooling the data led to an increase in mea-
sured paternal age risk. This held even in years
in which the risk was lower than the pooled
risk for all previous years. For instance, from
1997 until 2000, the paternal risk observed by
birth cohort declined from roughly 1.65 to
1.44. However, as we pooled across these
cohorts, no comparable decrease in risk was
observable.

For maternal age, which did not experience
as large an increase in either mean maternal
age or the proportion of births to women over
40 years of age, pooling across birth cohorts
helped to smooth some of the cohort variability
and produced reasonable estimates of risk
that were in line with the findings based on
cohorts. However, this strategy underestimated
the risk of maternal age relative to paternal age.

Pooling data across birth cohorts consis-
tently inflated the risk associated with paternal
age and obscured real and considerable varia-
bility in the association between parental age
and risk for autism. In the case of paternal age,
pooling led to a serious overstatement of risk.

Linear Decomposition

The results of the linear decomposition in-
dicated that the risk associated with maternal
age was significantly larger than the risk asso-
ciated with paternal age. As shown in Figure
5, the risk associated with an additional ma-
ternal year exceeded the risk of an additional
paternal year. Remembering that the relative
risk was the risk for 2 additional parental years,
the maternal risk obtained from the decompo-
sition closely approximated the risk obtained
from the cohort analysis. The risk of autism
for a child born to a 40-year-old mother
peaked among the 1992 birth cohort with an
809 increase in risk and then settled to be-
tween 40% and 50% after 1994. In contrast,
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FIGURE 4—The effect of cumulatively pooling data across additional birth cohorts on the measured risk associated with maternal or paternal age,
California, 1992-2000.
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FIGURE 5—Effects of maternal and paternal age obtained from the decomposition equatlo_n, California, 1992;ﬁ)0.
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the paternal risk estimates from the decompo-
sition did not accord with those obtained from
the cohort analysis. The decomposition sug-
gested that the effect of parental age operated
solely through maternal age. With the excep-
tion of the 1992 birth cohort, the risk associ-
ated with paternal age was not statistically
significant.

DISCUSSION

To our knowledge, ours is the first study that
has looked at changes in risk factors associated
with autism across successive birth cohorts,
The categorical risks associated with maternal
age over 40 years ranged from a high of 1.84
(95% CI=1.37, 2.47) in 1993 to a low of 1.27
in 1995 (95% CI=0.95, 1.69). The risk asso-
ciated with advanced paternal age ranged from
a low of 1.29 (95% CI=1.03, 1.6) in 1992 to
a high of 1.71 (95% Cl=1.41, 2.08) in 1995.
The risks associated with paternal age for the
1994 birth cohort were identical to those
reported for the same birth cohort in a recent
study examining autism spectrum disorders.”
The maternal age estimates presented in the
present study were higher, however, which may
reflect different maternal age categorizations.

Our study produced 3 new findings. First,
variability exists in risk associated with both
maternal and paternal age across birth cohorts.
This substantial variability is masked in data
that combine multiple birth cohorts. Second,
pooling across multiple birth cohorts artificially
inflates the risk associated with paternal age.
Finally, analyses that do not suffer from the
statistical fallacies produced by pooling dem-
onstrate that advanced maternal age, rather
than paternal age, may pose a greater risk.

In analyses using decomposition, we found
very little evidence for an independent paternal
age effect. This stands in contrast with the
findings of 2 previous studies that found ma-
ternal and paternal age to be independently
associated with autism spectrum disorders.”"”
One of the aforementioned studies, however,
only found a paternal age effect when examining
autistic disorder."’ Comparing the decomposition
results with the categorical results suggests that
certain specifications of age data may produce a
reversal paradox. Reversal paradoxes are well-
known phenomena that oceur in the analysis of
categorical variables when the combining of
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nonhomogeneous groups results in the reversal
of an association.”** Reversal paradoxes are
most likely to occur when there are large differ-
ences by group in the denominators of a rate,
such as in this context when we observe a
substantially larger number of fathers over the
age of 40 years. The resulting paradox can cause
the total rate for the combined groups to be
higher than the rate for any of the component
groups.

Substantial compositional changes within
the population of persons with autism have also
occurred over the previous decade as a con-
sequence of changes in diagnostic criteria and
enhanced ascertainment.*® For instance, over
the course of our study, the level of autism—
mental retardation comorbidity declined from
40.3% among the 1992 birth cohort to 22.7%
among the 2000 birth eohort. Changes in the
composition of the autism population may ac-
count for some of the variability in risk observed
across birth cohorts, as well as across various
studies. One possibility is that there is a relation
between compositional changes and etiologic
heterogeneity.

Understanding the biological factors under-
lying the association between maternal age
and increased risk for autism will require
further research. The maternal effect could
be explained by chromosomal changes,
changes in reproductive technologies, preg-
nancy complications, or environmental expo-
sures, to name a few possibilities.”* Our
study suggests that whatever may be under-
girding the association has not had a constant
effect over time. The temporality of the varia-
tions in risk may provide important clues about
possible causal mechanisms. For instance, varia-
tions in risk may be correlated with variations
in toxic exposure. However, this temporality
must be considered simultaneously with the
compositional heterogeneity that has arisen over
the last decade.

Our study had several limitations. First, our
analyses were limited to persons enrolled with
the DDS in the state of California, as well as
persons born in California. Because our analy-
ses examined the population of Californians,
the population dynamics we describe are lim-
ited to that context. Future research is needed
to uncover whether these dynamics are occur-
ring elsewhere. Second, because we utilized
birth records, our analyses are subject to the

coding errors and missing data that accompany
any analysis using birth records, which have
been widely described elsewhere. However,
relative to other birth record data, our data set
was relatively complete. Furthermore, with the
exception of gestational age,”” the data we used
are typically reported accurately.”® Finally, case
ascertainment potentially posed problems for the
most recent birth cohorts. Our analyses ended
with the 2000 birth cohort to mitigate this
problem. To assess whether our results were
capturing age at diagnosis, rather than general
risk for autism, we conducted ancillary analyses
examining factors associated with age at diagno-
sis. The only individual-level variables consis-
tently associated with age at diagnosis were
maternal and paternal education. Parental age
was not associated with age at diagnosis. In addi-
tion, we reanalyzed the 1999 birth cohort without
allowing for diagnoses after June 2005, thus
mimicking the time allowed for diagnostic capture
for the 2000 birth cohort. Our resuls remained
stable. This assuages our concern that we might
be capturing ascertainment rather than risk.

The risk for autism associated with advanced
maternal age is considerable. However, the
risk associated with paternal age is likely con-
siderably less than reported in previous studies.
Future research examining paternal age as a
risk factor must be careful to avoid the para-
doxes that can arise from pooling data across
successive birth cohorts. As noted above, these
paradoxes are exacerbated in this context be-
cause of rapid social demographic change,
specifically, the marked increase in older par-
ents. The findings in this article thus point to
the importance of simultaneously considering
social, demographic, and biological factors, as
well as how they may interact, when examining
hypothesized risk factors for autism. ®
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