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Advanced parental age and autism risk in
children: a systematic review and

meta-analysis

Wu S, Wu F, Ding Y, Hou J, Bi J, Zhang Z. Advanced parental age
and autism risk in children: a systematic review and meta-analysis.

Objective: Advanced parental age has raised additional concern as a
risk factor of autism. We conducted a meta-analysis of observational
studies investigating the association between advanced parental age and
risk of autism.

Method: PubMed, EMBASE, and Web of Science were searched for
reports published up to November 11, 2015. Risk estimates from
individual studies were pooled using random-effects models.

Results: Twenty-seven studies were included in the meta-analysis.
Compared with the reference points, the lowest parental age category
was associated with a reduced risk of autism in the offspring, with
adjusted odds ratios (ORs) 0.89 (95% confidence intervals [CIs] 0.75—
1.06) and 0.81 (95% CI 0.73-0.89) for mother and father, respectively,
and the highest parental age category was associated with an increased
risk of autism in the offspring, with adjusted ORs 1.41 (95% CI 1.29—
1.55) and 1.55 (95% CI 1.39-1.73) for mother and father respectively.
Dose-response meta-analysis indicated that an increase of 10 years in
maternal and paternal age was associated with an 18% and 21% higher
risk of autism.

Conclusion: Advanced parental age was associated with an increased
risk of autism in the offspring. More mechanistic studies are needed to
further explain this positive association.
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e Lower maternal age was associated with over 10% reduced risk of autism in children, and lower

paternal age was associated with nearly 20% reduced risk.

e Higher maternal age was associated with 41% increased risk of autism, and higher paternal age was

associated with 55% increased risk.

¢ An increase of 10 years in maternal and paternal age was associated with an 18% and 21% higher

risk of autism.

Considerations

e So far, the risk of autism according to the highest vs. the lowest parental age category is unknown.
e Several important confounders were not reported in some of the included studies.
e Further studies are needed to elucidate the cause—effect relationship between advanced parental age

and increased risk of autism.
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Introduction

Autism is a chronic disorder with onset in early
infancy. The clinical presentation is characterized
by behavioural disturbances such as social abnor-
malities, communication impairments, and repeti-
tive and stereotyped patterns of behaviour (1).
During the last two decades, the reported preva-
lence of autism in children has increased dramati-
cally (2). The cause of autism is uncertain;
however, evidence from twin studies suggests a
strong genetic contribution (3) and environmental
factors (3-5).

Symptoms of autism can be identified as early
as in the first 2 years of life. Identification of
pre- and perinatal risk factors of autism may
help better understanding the causal mechanisms
for autism. As the mean age at maternity and
paternity has increased in many countries during
latter decades (6), advanced parental age has
attracted considerable attention as a potential
risk factor for autism in the offspring. Older
maternal age is related to both genetic and envi-
ronmental risk factors. Increased risk of chromo-
somal abnormalities such as Down syndrome has
been associated with advanced maternal age (7).
Additionally, pregnancies to older mothers are
subject to the effect of exposure to toxins for a
longer time (8). Advanced paternal age has also
been associated with adverse reproductive out-
comes, including miscarriage (9, 10), fetal death
(11), autoimmune disorders (12), childhood can-
cers (13), schizophrenia (14, 15), and other neu-
ropsychiatric ~ diseases (16). However, the
associations between parental age and autism risk
have varied in population-based studies. Results
include reports that the age of both parents is
associated (17), that only maternal age is associ-
ated (18), that only paternal age is associated
(19, 20), and that there is no association of aut-
ism with parental age (21). Methodologic limita-
tions, including small sample size, different
methodologies, different study population, and
lack of statistical control for potential confound-
ing factors, have made these findings difficult to
interpret.

Confirmation of the association between paren-
tal age and autism risk could have important pub-
lic health implications, because both maternal and
paternal age has shown increasing trend in recent
decades. Furthermore, it is likely to be helpful in
the search for etiologic factors, because age-related
reproductive mechanisms are different between
women and men. Sandin et al. (22) have conducted
a meta-analysis on this subject, and their results
supported an association between advanced
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maternal age and risk of autism. However, data on
paternal age and risk of autism were not reported
in their study and relevant studies included in their
meta-analysis were all published before the year of
2011. We therefore conducted a systematic review
and meta-analysis of updated evidence for the rela-
tion between advanced parental age and risk of
autism in children.

Material and methods
Search strategy and eligibility criteria

We followed guidelines made by the Meta-analysis
of Observational Studies in Epidemiology
(MOOSE) (23) group and the Preferred Reporting
Items for Systematic Reviews and Meta-analyses
(PRISMA) (24) groups. Two investigators (SW
and YD) performed a systematic search of litera-
ture in PubMed, EMBASE, and Web of Science
for relevant articles published between 1965 to
November 11, 2015. Synonymous terms were
selected and used to develop the search strategy
(Panel S1). The search was restricted to studies
published in English language and in human
beings. The reference lists of identified studies were
also checked for other potentially relevant reports.
The authors of the included studies were contacted
for (J.K. Gretherand and X. Sun) unpublished
data and additional information.

The eligible studies should meet the following
inclusion criteria: (i) The study population con-
sisted of children with childhood autism or autism
spectrum disorder (ASD); (i) examination of
maternal and/or paternal age as the variable of
interest; (iii) the association between advanced par-
ental age and risk of autism/ASD was assessed;
and (iv) reporting the relative risks (RRs) or odds
ratios (ORs) of autism or ASD calculated accord-
ing to the lowest and/or highest maternal/paternal
age category with a referenced age group, with
their 95% confidence intervals (Cls). Studies about
mechanistic research, review research, and letters
were excluded.

Data extraction and study quality evaluation

Two reviewers (SW and FW) independently
extracted the study characteristics and crude and
adjusted effect sizes with 95% CI and recorded the
data in a standard form. The quality of included
studies was assessed by two researchers (JB and
JH), using the Newcastle-Ottawa Scale (NOS) rec-
ommended by Wells and colleagues (25). The qual-
ity of each included study ranges from one to nine
stars.



Statistical analysis

In the most studies we reviewed, parental age was
classified into several categories, and the authors
used a midpoint parental age category as the refer-
enced group to calculate the relative risks of autism
according to the lower age categories vs. the mid-
point and the higher age categories vs. the mid-
point. Other studies only reported the risks of
autism according to either higher age categories vs.
the lowest age category or lower age categories Vvs.
the highest age category. The detailed categories of
parental age and relative risks of autism according
to the referenced point in each included study are
shown in Table S1. As the reference groups are
quite different in different studies, it is impossible
for us to define a specific age range as the refer-
ence group. Therefore, we can only perform
meta-analyses of risk estimates comparing the
lowest category of parental age with the refer-
enced age group and the highest category of
parental age with the referenced age group
respectively. Risks associated with maternal age
and paternal age were pooled separately. We did
separate analyses for crude and adjusted ORs.
We also did dose-response meta-analyses of par-
ental age and risk of autism using previous
reported methods (26, 27), which facilitated the
calculation of a pooled OR across studies with a
common unit of comparison with studies, assum-
ing a linear dose-response relation. In this study,
we estimated the OR per unit 10 years decrease
and increase of parental age for each study and
then pooled them together. We converted the
parental age categories based on the calculated
midpoint of age if the study did not report the
median of exposure category.

Random-effects model was used in this meta-
analysis to take into account the heterogeneity
between studies, because the study design and mea-
suring time varied across studies (28). We used /-
squared (/%) statistic and Q-statistic to explore the
heterogeneity between studies. Large I (>50%) or
P < 0.1 for Q-statistic indicates potential hetero-
geneity between studies. We did several subgroup
analysis: study design (cohort or case—control),
geographical area (North America, Europe or Asia
and Oceania), diagnostic method, and outcome
(ASD or childhood autism). Sensitivity analyses
were performed by removing each individual study
from the pooled analyses (29). Publication bias
was examined by funnel plots and was further
assessed by Egger’s regression test and Begg—
Mazumdar test. All the analyses were conducted
with sTATA version 12.0 software (Stata Corp, Col-
lege Station, TX, USA).

Advanced parental age and autism

Results
Search results

Our initial search yielded 998 records, of which
950 remained after removal of duplications
(Fig. S1). Overall, 27 studies met the inclusion cri-
teria and were included in the meta-analysis,
including six cohort studies (19, 20, 30-33) and 21
case—control studies (1, 17, 18, 21, 34-50), with a
total of 17 658 960 participants and 66 948 autism
events. Characteristics of these included studies are
provided in Table 1. We recorded relative risks of
autism according to both the lowest parental age
category vs. reference point and highest parental
age category vs. reference point. Overall, the qual-
ity of the included studies was relatively good, with
median (range) NOS score 7 (6-9) stars. The study
quality assessments of the included studies were
presented in Tables S2 and S3 in detail.

Risk of autism according to the lowest parental age category vs.
reference points

The crude results showed that compared with the
reference point, the lowest category for parental
age was associated with a reduced risk of autism in
the offspring, although it did not quite reach statis-
tical significance for paternal age (OR = 0.76 with
95% CI 0.61-0.94 and OR = 0.83 with 95% CI
0.68-1.01 for maternal age and paternal age
respectively) (Fig. S2). The results varied in some
subgroup analyses (Table 2). Sensitivity analysis
indicated that the difference in the risk of autism
was not materially changed in most leave-one-out
analyses by omitting one study in turn (Fig. S4a,
b).

Comparing the lowest parental age category to
the reference points, the adjusted ORs of autism in
the offspring were 0.89 (95% CI 0.75-1.06) and
0.81 (95% CI 0.73-0.89) for maternal age and
paternal age respectively (Fig. S3). The results also
varied in some subgroups (Table 2). Sensitivity
analysis indicated that the difference in the risk of
autism was not materially changed in the leave-
one-out analyses by omitting one study in turn
(Fig, S4c.d).

Risk of autism according to the highest parental age category vs.
reference points

For the crude results, the highest category for par-
ental age significantly increased the risk of autism
in the offspring, compared with the reference
points (OR = 1.66 with 95% CI 1.52-1.82 and
OR = 1.64 with 95% CI 1.44-1.86 for maternal
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(Continued)

Table 1.

Number with
autism in study

Factors adjusted for

Diagnostic method

n Outcome

Study design

Study site

Study

Gender, maternal ethnicity, the other parent’s age, maternal education, paternal education,

adjusted gross income, federal taxes paid, and number of tax exemptions

Year of birth, socioeconomic status, and maternal age

DSM-IV

ASD

99

26 108

Case—control

The United States

Pinborough-Zimmerman et al.

(2011) (45)
Reichenberg et al. (2006) (19)

Sasanfar et al. (2010) (46)
Shelton et al. (2010) (47)

ICD 10

ASD
ASD

110
179
12159

132 27

Cohort

Israel
Iran

Paternal education, maternal education, birth order, sex, consanguinity, and urban/rural

DSM-IV-TR

549 553
4 947 935

Case—control

Other parent's age, both parents race/ethnicity, parity, year of birth, insurance type, and sum

of parental education
None

ICD code

Childhood autism

Case—control

The United States

ICD 10

ASD
ASD
ASD

Case—control 3329 46

Case—control
Case—control

United Kingdom

Aruba

Sun et al. (2014) (48)

Paternal age, maternal age, and preterm birth

DSM-IV
DSM-IV

95
182

442
85 810

van Balkom et al. (2012) (49)
Williams et al. (2008) (50)

Gender, gestational age, multiple birth, Apgar 1 min, mother's country of birth, birthweight,

Australia

Apgar 5 min, fetal growth not including gender, birth order, and fetal growth including gender

Paternal age at delivery, gender and birth year

Childhood autism ICD 10

95

190

Case—control

China

Zhang et al. (2010) (1)

ASD, autism spectrum disorder; DSM-IV-TR, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text Revision criteria; ICD, International Classification of Diseases.
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age and paternal age respectively) (Fig. 1). The
results were quite consistent in most subgroup
analyses (Table 2). Sensitivity analysis indicated
that the significantly increased risk of autism was
not materially changed in the leave-one-out analy-
ses by omitting one study in turn (Fig. S4e.f).

Similarly, the adjusted results showed advanced
parental age was significantly associated with an
increased risk of autism in the offspring, compar-
ing the highest category for parental age to the ref-
erence points (OR = 1.41 with 95% CI 1.29-1.55
and OR = 1.55 with 95% CI 1.39-1.73 for mater-
nal age and paternal age respectively) (Fig. 2). The
results were quite consistent in most subgroup
analyses (Table 2). Additionally, sensitivity analy-
sis indicated that the significant difference in the
risk of autism was not materially changed in the
leave-one-out analyses by omitting one study in
turn (Fig. S4 g.h).

Dose—response meta-analysis

As dose-response meta-analysis requires data for
the distribution of cases and person-time across at
least three categories of exposure (51), thus, only
studies that provided at least three categories of
maternal age or paternal age were included in the
dose—response meta-analysis.

In the dose-response meta-analysis, a decrease
of 10 years in maternal age was not significantly
associated with reduced risk of autism (OR = 0.93
with 95% CI 0.69-1.24) (Fig. S5a). However, a
decrease of 10 years in paternal age was associated
with a 26% reduced risk of autism (OR = 0.74
with 95% CI 0.64-0.86) (Fig. S5b). Furthermore,
an increase of 10 years in maternal age was associ-
ated with an 18% higher risk of autism (OR = 1.18
with 95% CI 1.10-1.26) and an increase of
10 years in paternal age was associated with a
21% higher risk of autism (OR = 1.21 with 95%
CI 1.18-1.24) (Fig. 3).

Publication bias

There was no potential publication bias in most of
our meta-analyses as assessed by funnel plots,
Egger’s regression test, and Begg—Mazumdar test
(Fig. S6). Egger’s regression test (P = 0.010) and
Begg—Mazumdar test (P = 0.023) indicated there
was potential publication bias when assessing the
risk of autism comparing the highest paternal age
category to the reference points in the adjusted
result (Fig. S6h). After using the trim and fill
approach, seven studies were filled and the pooled
result did not reverse (OR = 1.40 with 95% CI
1.24-1.59) (Fig. S6i).
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Table 2. Subgroup analyses for studies included in the analysis

Number of estimates in included studies (n), pooled OR (35% Cl), P statistics (%), and P-value for the heterogeneity O-test

Subgroup analysis n Maternal n Paternal
Lowest vs. referred (crude)
Design
Cohort 1 0.37(0.21, 0.66) 1 0.29(0.11,0.77)
Case—control 10 0.80 (0.64, 1.00); # = 94.7, P < 0.001 13 0.89(0.70, 1.05); # = 83.5, P < 0.001
Geographical area
North America 6 0.58 (0.47, 0.72); # = 92.8, P < 0.001 6 0.64 (0.52, 0.79); # = 80.8, P < 0.001
Europe 4 1.20(0.95, 1.52); # = 50.0, P = 0.111 7 1.12(0.79, 1.58); £ = 68.5, P = 0.004
Asia and Oceania 1 0.59(0.27, 1.30) 1 0.68 (0.34, 1.34)
Diagnostic method
DSM-IV 5 056 (0.47, 0.68); # = 45.1, P = 0.121 8 0.88(0.58, 1.32); # = 84.0, P < 0.001
ICD 6 0.88(0.60, 1.27); # = 93.7, P < 0.001 6 0.83(0.63, 1.10); # = 77.0, P = 0.001
Outcome
ASD 5 0.60(0.48, 0.75); # = 12.7, P = 0.333 8 0.87 (0.55, 1.38); # = 74.9, P < 0.001
Childhood autism 6 0.89(0.66, 1.15); # = 97.1, P < 0.001 6 0.78 (0.63, 0.98); # = 87.8, P < 0.001
Lowest vs. referred (adjusted)
Design
Cohort 2 1.06 (040, 2.82); £ = 81.1, P= 0.022 2 0.78 (0.58, 1.04); # = 0.0, P= 0.320
Case—control " 0.87(0.73,1.03); £ = 87.1, P < 0.001 13 0.81(0.73,0.90); # = 53.4, P = 0.012
Geographical area
North America 5 0.70 (0.57, 0.87); # = 85.7, P < 0.001 6 0.79(0.67,0.93); # = 585, P = 0.034
Europe 6 1.19(0.98, 1.43); 7 = 53.6, P = 0.030 8 0.83(0.70,097); # = 345, P= 0.153
Asia and Oceania 2 0.57 (0.36, 0.89); # = 0.0, P= 0475 1 0.91(0.45, 1.84)
Diagnostic method
DSM-IV 5 0.65(0.60, 0.70); # = 0.0, P = 0.655 7 0.98 (0.68, 1.41); # = 66.0, P = 0.007
ICD 8 1.07 (0.91,1.26); # = 75.2, P < 0.001 8 0.80(0.74, 0.86); / = 23.4, P = 0.243
Outcome
ASD 6 0.69 (0.51,0.94); # = 65.1, P= 0.014 8 0.94(0.68, 1.31); # = 59.4, P= 0.016
Childhood autism 7 1.04 (0.82,1.32); £ = 91.2, P < 0.001 7 0.76 (0.72, 0.81); # = 0.0, P= 0.591
Highest vs. referred (crude)
Design
Cohort 4 1.83(1.26, 2.66); # = 81.6, P = 0.001 4 1.53(1.29, 1.82); £ = 72.0, P = 0.013
Case-control 15 1.79(1.70,1.88); # = 0.0, P = 0.616 17 1.67(1.41,1.98); £ = 78.8, P < 0.001
Geographical area
North America 6 1.84(1.73,1.94); £ = 0.0, P = 0.629 6 1.73(1.45,2.06); £ = 63.2, P = 0.018
Furope 8 152 (1.38, 1.66); 7 = 0.0, P = 0.483 1 1.61(1.37,1.90); # = 743, P < 0.001
Asia and Oceania 5 1.96 (1.29, 2.98); # = 69.5, P = 0.011 4 1.74(0.95, 3.19); £ = 76,5, P = 0.005
Diagnostic method
DSM-IV 7 1.80(1.68, 1.93); # = 0.0, P = 0.581 9 1.42(1.12,1.82); £ = 69.6, P = 0.001
ICD 12 1.66 (1.45, 1.90); £ = 62.0, P = 0.002 12 1.78 (1.52, 2.08); # = 85.8, P < 0.001
Outcome
ASD 10 1.59(1.32,1.92); £ = 50.8, P = 0.032 12 1.35(1.18, 1.55); # = 51.9, P = 0.019
Childhood autism 9 1.81(1.72,1.91); # = 0.0, P = 0.550 9 1.94 (1.66, 2.26); £ = 70.6, P = 0.001
Highest vs. referred (adjusted)
Design
Cohort 4 147(1.22,1.77); £ = 0.0, P = 0.479 4 1.84(1.23,2.75); £ = 75.8, P = 0.006
Case—control 15 1.41(1.27,1.56); # = 65.8, P < 0.001 16 1.49(1.33,1.67); £ = 56.8, P = 0.003
Geographical area
North America 5 1.44(1.36,1.53); # = 0.0, P = 0.608 5 1.44(1.28,1.62); F = 195, P = 0.291
Europe 8 1.34(1.11,161); £ = 73.9, P < 0.001 10 154(1.31,1.81); # = 638, P = 0.003
Asia and Oceania 5 1.35(0.92, 1.98); £ = 47.9, P = 0.104 4 2.26(1.10, 4.65); 7 = 84.8, P < 0.001
Diagnostic method
DSM-IV 7 143(1.33,1.53); £ = 1.1, P = 0.416 8 1.46 (1.18, 1.80); £ = 43.9, P = 0.086
ICD 12 138(1.21,1.57); F = 66.7, P = 0.001 12 1.61(1.40, 1.86); # = 71.3, P < 0.001
Outcome
ASD 10 154 (1.36, 1.75); F = 42.6, P= 0.074 1 151(1.29, 1.77); F = 60.3, P = 0.005
Childhood autism 9 1.34(1.22,1.48); £ = 37.8, P = 0.117 9 1.68 (1.36, 2.09); £ = 69.1, P = 0.001

OR, odds ratio; Cl, confidence interval; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition; ICD, International Classification of Diseases; ASD, autism

spectrum disorder.

Discussion

The main results of the current meta-analysis are

the following:
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(i) Lower parental

age was

associated with a reduced risk of autism in the off-
spring; (ii) advanced parental age was associated
with an increased risk of autism in the offspring;
(iii) a decrease of 10 years in paternal age was



(a)

Study OR (95% Cl) %Weight
Bilder et al, 2009 —;— 1.68 (1.01,2.71) 2.71
Croen et al, 2007 > 1.53 (1.04,2.24) 4.03
Durkin et al, 2008 -—o-;— 1.40 (0.90, 2.00) 3.80
Frans et al, 2013 —— 1.59 (1.32,1.92) 9.37
Grether et al, 2009 - 1.84 (1.70,1.97) 14.41
Hultman et al, 2011 —— 1.40 (0.93,2.09) 3.72
Lampi et al, 2013 - 1.50 (1.10, 2.20) 4.68
Larsson et al, 2005 e 2.19 (1.37,3.52) 2.92
Maimburg et al, 2006 —_— 1.60 (1.10, 2.00) 5.71
Mamidala et al, 2013 = 1.80 (1.28,2.54) 4.75
Parner et al, 2012 (ASD) —= 1.35(1.16, 1.57) 10.94
Parner et al, 2012 (Childhood autism) —— 1.75 (1.36, 2.26) 6.95
Pinborough—-Zimmerman et al, 2011 4 1.55 (0.87,2.75) 2.08
Reichenberg et al, 2006 | ——> 9.68 (3.51, 26.67) 0.74
Sasanfar et al, 2010 —-o—L 1.17 (0.69, 1.99) 2.38
Shelton et al, 2010 - 1.89 (1.72,2.08) 13.53
Sun et al, 2014 _— 1.30 (0.60, 2.80) 1.23
Williams et al, 2008 — 1.80 (1.30, 2.60) 4.68
Zhang et al, 2010 B S 1.70 (0.83, 3.52) 1.39
Overall (I-squared = 49.1%, P = 0.009) o 1.66 (1.52, 1.82) 100.00
NOTE: Weights are from random-effects analysis :

3 5 1 2
(b) OR
Study OR (95% CIl) %Weight
Bilder et al, 2009 —t 1.8 (0.54,3.03) 1.82
Buizer-Voskamp et al, 2011 - 1.17 (0.98,1.39) 7.78
Croen et al, 2007 —— 1.73(1.32,2.25) 6.55
Durkin et al, 2008 - 1.60 (1.30, 1.90) 7.59
Frans et al, 2013 —— 2.23 (1.61,3.07) 5.81
Grether et al, 2009 E—o— 2.61(1.76,3.86) 4.96
Hultman et al, 2011 L —— 5.27 (2.60, 10.67) 2.47
Lampi et al, 2013 —_— 2.50 (1.40,4.50) 3.20
Larsson et al, 2005 —— 1.69 (1.29,2.22) 6.49
Lundstrom et al, 2010 (Sweden) D ——— 3.24 (0.93, 11.19) 0.97
Lundstrom et al, 2010 (The UK) — 2.81 (0.37,20.95) 0.40
Maimburg et al, 2006 —— 1.30 (1.00, 1.80) 6.19
Mamidala et al, 2013 —_—— 0.97 (0.72,1.30) 6.17
Parner et al, 2012 (ASD) * 1.35(1.26, 1.45) 8.82
Parner et al, 2012 (Childhood autism) | - 1.59(1.41,1.81) 8.35
Pinborough-Zimmerman et al, 2011 —_— 0.89 (0.51,1.54) 3.43
Reichenberg et al, 2006 - o 9.39 (1.28, 68.94) 0.41
Sasanfar et al, 2010 — 1.58 (0.99, 2.54) 4.11
Shelton et al, 2010 * 1.90 (1.79,2.02) 8.88
Sun et al, 2014 —_— 1.10(0.60, 2.20) 2.78
Zhang et al, 2010 _— 2.61(1.38,4.96) 2.84
Overall (I-squared = 82.6%, P < 0.001) 0 1.64 (1.44, 1.86) 100.00
NOTE: Weights are from random-effects analysis :
55 1 2
OR
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Fig. 1. Risk of autism according to the highest parental age category vs. reference points. Pooled effects for maternal age (a) and
paternal age (b) from random-effects meta-analyses for unadjusted results are shown.
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(a)

Study OR (95% Cl)  %Weight
Burstyn et al, 2010 —— 1.57 (1.25, 1.97) 7.51
Croen et al, 2007 & 1.27 (0.83, 1.95) 3.42
Durkin et al, 2008 —— 1.30 (1.10, 1.60) 8.86
Frans et al, 2013 —— 1.26 (1.02, 1.56) 7.99
Glasson et al, 2004 —— 1.54 (1.04, 2.30) 3.81
Grether et al, 2009 -+ 1.43 (1.32, 1.55) 12.83
Hultman et al, 2011 —_— 0.93 (0.59, 1.44) 3.20
Idring et al, 2014 > 1.75 (1.63, 1.89) 13.03
Lampi et al, 2013 —_— 0.90 (0.50, 1.60) 2.07
Larsson et al, 2005 R 1.55(0.87,2.74) 212
Lauritsen et al, 2005 — 117 (0.70,1.97)  2.52
Maimburg et al, 2006 -~ 1.30 (1.20, 1.70) 9.34
Mamidala et al, 2013 —_— 1.59 (1.09, 2.32) 410
Reichenberg et al, 2006 . > 2.68 (0.81, 8.96) 0.55
Sasanfar et al, 2010 —_— 0.85 (0.42, 1.69) 1.52
Shelton et al, 2010 - 1.51 (1.35, 1.70) 11.59
van Balkom et al, 2012 - > 3.45(0.84,14.10) 0.40
Williams et al, 2008 -E-o— 1.70 (1.20, 2.40) 4.62
Zhang et al, 2010 > - 0.46 (0.14, 1.56) 0.54
Overall (I-squared = 58.6%, P = 0.001) 0, 1.41 (1.29, 1.55) 100.00
NOTE: Weights are from random-effects analysis :

T T T
3 5 1 2
(b) OR
Study OR (95% Cl)  %Weight

Buizer-Voskamp et al, 2011 —— 1.23 (1.01, 1.50) 9.22
Croen et al, 2007 —— 1.52 (1.10, 2.10) 6.19
D’Onofrio et al, 2014 | —— 1.76 (1.36, 2.28) 7.64
Durkin et al, 2008 —— 1.40 (1.10, 1.80) 7.94
Frans et al, 2013 |—— 2.26 (1.61, 3.18) 5.86
Grether et al, 2009 | —_— 2.05 (1.38, 3.05) 4.89
Hultman et al, 2011 e ———— 4.36 (2.09, 9.09) 1.94
Idring et al, 2014 * 1.39 (1.29, 1.50) 12.29
Lampi et al, 2013 —_— 1.70 (0.60, 4.60) 1.09
Larsson et al, 2005 l—o— 1.36 (0.96, 1.93) 5.69
Lauritsen et al, 2005 e — 1.21 (0.78, 1.86) 4.35
Lundstrom et al, 2010 (Sweden) o 3.37 (1.02, 11.14) 0.81
Lundstrom et al, 2010 (The UK) i < 3> 3.59 (0.37, 34.46) 0.24
Maimburg et al, 2006 —— 1.20 (0.90, 1.70) 6.30
Mamidala et al, 2013 —_——, 1.05 (0.76, 1.46) 6.13
Reichenberg et al, 2006 | ———— 5.75 (2.65, 12.46)  1.78
Sasanfar et al, 2010 —'0— 2.03(1.10, 38.73) 2.64
Shelton et al, 2010 * 1.36 (1.26, 1.47) 12.26
van Balkom et al, 2012 — 2.38 (0.37, 15.40) 0.35
Zhang et al, 2010 —_— 2.63 (1.38, 5.00) 2.42
Overall (l-squared = 62.8%, P < 0.001) Q 1.55 (1.39, 1.73) 100.00

NOTE: Weights are from random-effects analysis

1
3 5

1
OR

2

Fig. 2. Risk of autism according to the highest parental age category vs. reference points. Pooled effects for maternal age (a) and
paternal age (b) from random-effects meta-analyses for adjusted results are shown.
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(@

Study OR (95% Cl)  %Weight
Burstyn et al, 2010 —_— 1.29 (1.16, 1.43) 9.56
Croen et al, 2007 L e — 1.16 (0.95, 1.42) 6.17
Durkin et al, 2008 —_— 1.22 (1.06, 1.41) 8.04
Frans et al, 2013 nat 1.07 (1.00, 1.14) 10.98
Golding et al, 2010 : & 1.60 (1.05, 2.44) 2.25
Grether et al, 2009 E - 1.30 (1.25, 1.35) 11.71
Hultman et al, 2011 - 0.98 (0.90, 1.07) 10.35
Lampi et al, 2013 —_— 0.92 (0.72,1.17) 5.02
Larsson et al, 2005 +—— 1.21 (0.96, 1.53) 5.09
Lauritsen et al, 2005 - 1.14 (0.94, 1.38) 6.35
Maimburg et al, 2006 —Io— 1.22 (1.07, 1.39) 8.44
Sasanfar et al, 2010 ———— 0.96 (0.68, 1.36)  3.01
Shelton et al, 2010 - 1.28 (1.22, 1.35) 11.41
van Balkom et al, 2012 - * 1.62 (0.97, 2.70) 1.62
Overall (I-squared = 80.4%, P < 0.001) Q 1.18 (1.10, 1.26) 100.0
NOTE: Weights are from random-effects analysis '

T T T
3 5 1 2
OR

(b)

Study OR (95% Cl)  %Weight
Buizer-Voskamp et al, 2011 _"E' 1.11 (1.01,1.23) 5.38
Croen et al, 2007 —_— 1.28 (1.08, 1.52) 1.92
Durkin et al, 2008 —o-— 1.15 (1.02, 1.30) 3.49
Frans et al, 2013 - 1.24 (1.17,1.31) 14.63
Golding et al, 2010 o 1.24 (0.84, 1.82) 0.38
Grether et al, 2009 *> 1.20 (1.17, 1.24) 36.45
Hultman et al, 2011 — 1.21(1.10, 1.34) 5.60
Lampi et al, 2013 —— 1.29 (1.08, 1.55) 1.65
Larsson et al, 2005 : 1.21 (1.01, 1.45) 1.75
Lauritsen et al, 2005 —— 1.24 (1.08, 1.42) 2.90
Lundstrom et al, 2010 (Sweden) —E—o— 1.39 (1.02, 1.90) 0.60
Lundstrom et al, 2010 (The UK) o— 1.15(0.71, 1.85) 0.25
Maimburg et al, 2006 ——— 1.16 (0.91, 1.48) 0.98
Reichenberg et al, 2006 ! —— 1.87 (1.38, 2.55) 0.60
Sasanfar et al, 2010 D — 1.50 (1.09, 2.08) 0.54
Shelton et al, 2010 < 1.19 (1.15, 1.25) 22.44
van Balkom et al, 2012 —_— 1.52 (1.05, 2.19) 0.43
Overall (I-squared = 9.3%, P = 0.346) 1.21 (1.18, 1.24) 100.00
NOTE: Weights are from random-effects analysis i

I I I
3 5 1 2
OR

Fig. 3. Relative risks of autism for an increase of 10 years in maternal (a) and paternal (b) age.
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associated with a 26% reduced risk of autism,
while an increase of 10 years in maternal and
paternal age was associated with an 18% and 21%
higher risk of autism. All these results suggest that
both increasing maternal age and increasing pater-
nal age were associated with increased risk of aut-
ism in the offspring. These findings are important
because the identified risk factors may help better
understanding the causal mechanisms for autism
in children because the potential trigger and mech-
anism for the underlying pathology in this disease
are still unclear.

Combining estimates from all available published
studies allowed us to examine the status of advanced
parental age as a risk factor for autism with a more
comprehensive evidence base and greater precision
than has previously been possible. Our findings are
consistent with a previous meta-analysis (22) of
advanced maternal age and increasing risk of autism
reviewing data from 8 655 576 participants and
25 687 ASD cases—a substantially smaller evidence
base than that in the current meta-analysis. In our
meta-analysis, we expand those findings by includ-
ing paternal age in addition to maternal age and
including many newly published articles (after the
year of 2010). Our results support the hypothesis
that advanced parental age contributes to an
increased risk of psychiatric and mental disorders
(15, 52). Additionally, our results are consistent with
the previous findings that prenatal factors, genetic
factors, and environmental factors are associated
with autism (53-55). The association between paren-
tal age and risk of autism in the offspring is various
and mixed as reported in the previous studies, which
is reflected by the included studies in our meta-ana-
lysis. Most studies focused on the influence of mater-
nal age or paternal age on autism. This is the first
meta-analysis to make a comprehensive evaluation
on the association of both the maternal age and the
paternal age and risk of autism in the offspring. As
our analysis represents a comparison of the lowest
or the highest parental age category with the refer-
enced points, the difference in the odds of autism in
the offspring would probably be even greater if the
studies were expanded to compare the highest paren-
tal age category with the lowest parental age cate-
gory. In addition, two included studies indicated
that advanced grandparental age was also associated
with increased risk of autism, suggesting that risk of
autism could develop over generations (36, 37).

There are several plausible mechanisms by
which advanced parental age might affect autism
in the offspring; however, mechanisms underlying
maternal and paternal age effects are likely differ-
ent. Increased rates of de novo mutations (56-58)
and epigenetic alternations (59) with increasing age
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are the most frequently proposed mechanisms
underlie paternal age effects. Of possible relevance
to autism, an independent association of
schizophrenia (14) and bipolar disorder (60) in the
offspring with advanced paternal, but not mater-
nal, age has been identified. The association for
schizophrenia is consistent with the hypothesis of
accumulating de novo mutations in the germ cells
of fathers with advanced age (61). For the mecha-
nisms underlie maternal age effects, in addition to
the increased rates of genomic alternations (62,
63), advanced maternal age is associated with a
much higher rate of perinatal and obstetric compli-
cations (64), which have been shown to increase
risk of autism (65, 66). Moreover, older mothers
have more opportunities for exposure to environ-
mental factors such as medications (67) or air pol-
lutions (68), reported to increase risk of autism.
Advanced maternal age has also shown to associ-
ate with other risk factors for autism such as nutri-
tional deficiencies (69), metabolic conditions (70),
or autoimmunity (53).

Our study has several limitations. First, observa-
tional studies cannot provide causal evidence of an
effect of advanced parental age on the development
of autism outcomes; they can describe only associ-
ations. Further studies are needed to explain the
association between advanced parental age and
autism in the offspring and elucidate the cause—ef-
fect relationship. Second, there was potential
heterogeneity in most of the analyses. Although
random-effects and subgroup analyses were per-
formed, we are unlikely to have fully accounted for
heterogeneity. Thus, the results should be inter-
preted with caution. Although the included studies
were heterogeneous, the associations we observed
were largely consistent. Third, it is noteworthy that
the potential causes of advanced reproductive age
at birth of the first child may also influence the risk
of autism (71); however, we are unable to consider
it as a confounder in the current meta-analysis.
Fourth, in most of our included studies, the
authors used a midpoint of parental age categories
as the reference group, and we can only assess the
risk of autism according to the lowest or highest
parental age category vs. reference points. The risk
of autism based on the highest vs. lowest parental
age was unable to assess according to current liter-
atures. Finally, the maternal age may be correla-
tive with the paternal age, and vice versa.
However, other parent’s age, as an important con-
founder, was not adjusted in some of the included
studies.

Our study has important strengths. First, to our
knowledge, this is the largest study focusing on
both maternal and paternal age and autism



outcomes. The pooled analysis has greater power
than any of the included individual studies to
detect differences. This is evident in the adjusted
analysis comparing the lowest paternal age cate-
gory to the reference points, in which 10 of the
included 15 studies did not detect a difference. In
addition, our meta-analysis produced much more
narrow 95% Cls compared with each individual
study, making the results more precise. Second, the
pooled ratios of relative risk for autism were
broadly consistent in several different sensitivity
analyses. Third, there was no publication bias in
most analyses. Although there was potential publi-
cation bias when assessing the risk of autism com-
paring the highest paternal age category to the
reference points in the adjusted result, the analysis
by the trim and fill approach did not reverse the
result. Thus, the likelihood that our findings are
largely a result of selective publication seems to be
minimal.

In conclusion, there is evidence that advanced
parental age is associated with an increased risk of
autism in the offspring. Recognition of this risk is
of great importance in both clinical psychiatric
practice and as a public health issue. Avoidance of
delayed reproductive age needs to be emphasized,
and more attention should be paid to the children
with advanced parental age. Further studies are
needed to elucidate the cause—effect relationship
and mechanism between advanced parental age
and increased risk of autism in the offspring.
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