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Abstract 

Background:  Many empirical studies suggest that higher maternal age increases the likelihood of having an autistic 
child. However, little is known about factors that may explain this relationship or if higher maternal age is related to 
the number of autistic-like traits in offspring. One possibility is that mothers who have a higher number of autistic-
like traits, including greater challenges performing mentalizing skills, are delayed in finding a partner. The goal of our 
study is to assess the relationship between maternal age, mentalizing skills and autistic-like traits as independent 
predictors of the number of autistic-like traits in offspring.

Methods:  In a population-based study in the Netherlands, information on maternal age was collected during pre- 
and perinatal enrolment. Maternal mentalizing skills and autistic-like traits were assessed using the Reading the Mind 
in the Eyes Test and the Autism Spectrum Quotient, respectively. Autistic-like traits in children were assessed with the 
Social Responsiveness Scale. A total of 5718 mother/child dyads had complete data (Magechild = 13.5 years; 50.2% girls).

Results:  The relationship between maternal age and autistic-like traits in offspring best fits a U-shaped curve. Fur‑
thermore, higher levels of autistic features in mothers are linked to higher levels of autistic-like traits in their children. 
Lower mentalizing performance in mothers is linked to higher levels of autistic-like traits in their children.

Limitations:  We were able to collect data on both autistic-like traits and the mentalizing skills test in a large popula‑
tion of mothers, but we did not collect these data in a large number of the fathers.

Conclusions:  The relationships between older and younger mothers may have comparable underlying mechanisms, 
but it is also possible that the tails of the U-shaped curve are influenced by disparate mechanisms.
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Introduction
Autism spectrum disorder (henceforth, autism) is a neu-
rodevelopmental condition that indicates differences 
in both social communication and social interactions, 
coupled with focused interests and repetitive patterns 

of behavior [1–3]. We use the term ‘autism’ to avoid the 
potentially stigmatizing effect of the word ‘disorder’ and 
to acknowledge that autism is both a disability and an 
example of neurodiversity [4]. Not only is autism highly 
heritable, but autistic-like traits also show moderate to 
high heritability [5–7]. Furthermore, a recent study has 
provided new evidence that variation in autistic-like 
traits has been found to be linked to clinical diagnoses 
of autism [7–12]. Autistic-like traits can often be meas-
ured by 18 months of age [13–16] and autism is typically 
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diagnosed prior to five years of age, although diagnosis 
in practice can occur in later childhood, adolescence or 
even adulthood [17, 18]. Approximately 60% to 90% of 
the variation in autism is explained by genetic factors. 
The remaining variance may result from other factors, 
including those present in prenatal, perinatal and postna-
tal environments [19–21].

Advanced maternal and paternal age may also 
increase the likelihood of having a child with autism or 
higher levels of autistic-like traits [22–29]. Croen et  al., 
[22]   reported that the relative likelihood of autism 
increased by 1.31 times with each 10-year increase in 
maternal age. Likewise,  another study [30] reported 
that children of fathers 50  years old and older were 2.2 
times more likely to have a diagnosis of autism compared 
to children of fathers under 30  years old. These studies 
provide support that factors related to advanced mater-
nal and paternal age increase the likelihood for autism. 
However, the factors associated with this link are unclear. 
Since the emergence of autism has a large genetic com-
ponent, one possibility is that parents with more autistic-
like traits, and thus greater genetic loading for autism, 
take more time to navigate the social nuances involved in 
mating [31, 32]. If this was the case, parents of children 
with autism should have a higher number autistic-like 
traits and characteristics associated with autism, such as 
impaired theory of mind [33].

Theory of Mind (ToM), also known as mentalizing or 
cognitive empathy, refers to the ability to reflect on men-
tal states in oneself and others [34, 35]. Studies support a 
positive association between mothers’ mentalizing skills 
and the mentalizing skills in their children [36]. The posi-
tive association, however, is weak and not always repli-
cated in other studies. The association between maternal 
and child ToM abilities could be via genetic transmission, 
as empathy is partly heritable [37]. Alternatively, mothers 
who are skilled in predicting and interpreting their child’s 
behavior may be a role model for their children, who in 
turn develop their own abilities to interpret the behavior 
of others [38]. A twin study by [39] demonstrated a high 
contribution from both shared and non-shared environ-
ments in ToM performance in 5-year-old children.

Since many studies have only examined the relation-
ship between maternal age and autism or autistic-like 
traits in children, little is known about how the mother’s 
level of mentalizing skills and autistic-like traits contrib-
utes to this association. Mothers who have higher levels 
of autistic-like traits or who show lower mentalizing skills 
may have children at a later age, perhaps in part due to 
the social challenges of forming intimate relationships. 
Therefore, the aim of our study was to use a large, popu-
lation-based study of child development to first replicate 
the finding that increasing maternal and paternal age at 

conception predict higher levels of children’s autistic-like 
traits. Second, we aimed to explore whether higher levels 
of maternal autistic-like traits and lower levels of mater-
nal mentalizing skills are related to higher levels of autis-
tic-like traits in offspring. Finally, we examined whether 
maternal mentalizing skills and maternal autistic-like 
traits partly explain the association between maternal age 
and child autistic-like traits.

Method
Design and study participants
The study was conducted as part of the Generation R 
Study, an ongoing population-based cohort of mothers 
and children in Rotterdam, the Netherlands [40]. Preg-
nant women were enrolled between 2002 and 2006 and 
were followed longitudinally. In our earlier work, we 
showed that in spite of some attrition, the Generation R 
cohort continues to reflect the general multiethnic pop-
ulation of Rotterdam [41]. We performed non-response 
analyses comparing demographic information at different 
waves of data collection to the initial recruitment into the 
Generation R Study. For the 9-to-11 and 13-to-15-year-
old follow-up waves, consent for maternal and child data 
was available for 6706 children. Participants with miss-
ing data on children’s autistic-like traits (N = 988) were 
excluded, resulting in 5718 participants with complete 
data. Table 1 presents the baseline characteristics of the 
study sample and Additional file 1: Fig S1 shows a flow-
chart of participant inclusion.

Measures
Maternal and paternal age
The age of the mothers and fathers was obtained at the 
time of recruitment into the study. Since gestational age 
of the child at the time of enrolment differed slightly 
between parents, we calculated parental age at concep-
tion by subtracting the gestational age at birth of the 
child from the parental age at enrolment.

Child autistic‑like traits
When children were between 5-to-6 and 13-to-15 years-
of-age, an 18-item abbreviated form of the Social Respon-
siveness Scale (SRS) was administered to the parents of 
all participating children to obtain a quantitative measure 
of autistic-like traits [42, 43]. The validity of the abbrevi-
ated SRS has been described in previous studies [43, 44]. 
This short form consists items of social communication, 
social cognition, and social mannerism. The SRS short-
form highly correlates (r = 0.93) with the full 65 item 
version [6, 43]. The SRS had high stability over time in 
a longitudinal study with 1–5  years of follow up (test–
retest correlation = 0.90) [45, 46]. With the SRS, parents 
(in most cases the mother) rated their child’s behaviour 
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over the past six months. Individual item scores for the 
SRS were summed and weighted by the number of items 
completed. Higher total scores indicate a greater number 
of social difficulties with scores ranging from 0 to 51. For 
main analyses of our study, we used SRS scores that were 
reported when the children were 13-to-15  years-of-age. 
Cronbach’s alpha indicated adequate reliability for the 
SRS 5/6 (α = 0.92) and SRS 13/15 (α = 0.71). The SRS 5/6 
showed a relatively strong correlation with the SRS 13/15 
(r = 0.54, p < 0.001).”

Multiple-gating procedure was used to clinically diag-
nose children with autism. Details were described in 
other papers of Generation R Study [47, 48].

Maternal mentalizing skills
A computerised version of the 27-item abbreviated 
Reading the Mind in the Eyes Test (RMET) [41, 49] was 
administered to mothers during a visit at the research 
centre when the children were 9  years-of-age. We used 
the computerized abbreviated version of the RMET due 
to time constraints in administering the task to a large 

number of mothers at the research center. The task was 
explained to mothers in several introductory slides, 
which also comprised practice trials. In each trial, the 
mothers were presented with a photograph of the eye 
region of the face of different actors and actresses, and 
they were asked which of four words best represented 
what this person was feeling or thinking. Words were 
numbered from one to four and mothers responded by 
using the corresponding number on the keyboard. If they 
were unsure of the exact meaning of a word, mothers 
could click on that word and were provided a short defi-
nition of the word. An answer was required to move to 
the next trial and there was no time limit for answering 
the trials. To obtain a total score, the number of correctly 
answered trials were summed. In a pilot study of 214 
mothers who took the complete 37-item version of the 
test, a correlation of 0.94 was demonstrated between the 
short version and the long version of the test (p < 0.001). 
Test–retest reliability was 0.63 [50]. Cronbach’s α for our 
sample was = 0.64.

Maternal autistic‑like traits
We used the validated 28-item abbreviated version of 
the Autism Spectrum Quotient (AQ-28) [51] to obtain 
self-reports of autistic-like traits in adults. The question-
naire was mailed shortly after the centre visit, compris-
ing descriptive statements assessing personal preferences 
and habits, to which participants respond on a 4-point 
Likert scale, with possible choices including: ‘1 = defi-
nitely agree’; ‘2 = slightly agree’; ‘3 = slightly disagree’ and 
‘4 = definitely disagree’ (e.g., ‘My attention is often drawn 
to car number plates, or similar sequences’). Total scores 
were weighted for the number of items completed. The 
Cronbach alpha in this study was 0.81. Although we used 
different measures of autistic-like traits in mothers and 
children, the AQ and SRS have been shown to be strongly 
associated (r = 0.64) [52, 53].

Covariates
Several sociodemographic variables (child age, sex, and 
national origin; and maternal educational level) were 
considered as covariates in the analyses, as these demo-
graphic variables have been reported to be linked with 
our outcome variables in previous studies [6, 54, 55] and 
may function as precision variables [56, 57]. We do note, 
however, that maternal age at the time of pregnancy may 
be influenced by demographic factors, such as pursuing 
higher education prior to pregnancy. Thus, by providing 
different models of analyses, the role of specific demo-
graphics can be assessed. Information on sex and age of 
the child was obtained from the medical records com-
pleted by community midwives and obstetricians at birth. 
The child’s national origin was classified by the countries 

Table 1  Participant characteristics

Data represent means (SDs) unless specified otherwise

Missing data: 8.6% maternal education, 13.7% paternal age, 15.5% paternal 
education, 17.9% child age, 0.8% child national origin, 30.1% maternal 
mentalizing skills, 36.8% maternal autistic traits

Study characteristics N Mean (SD)

Maternal

Age at conception 5718 30.9 (4.7)

Education (%)

   High 3172 55.5

   Mid 1520 26.6

   Low 532 10.2

Autistic-like traits score 3610 50.9 (8.9)

Mentalizing skill score 3993 17.6 (3.4)

Paternal

Age at conception 4936 33.5 (5.5)

 Education (%)

   High 2933 51.3

   Mid 1230 21.5

   Low 666 11.6

Child

Age (years) 4700 13.5 (0.4)

Sex (% boys) 2849 49.8

National origin (%)

  Dutch 3622 63.3

  Moroccan, Turkish, Cape Verdean, 
Antillean, Surinamese

1176 20.6

  Other western 528 9.2

  Other non-western 349 6.1

Autistic-like traits score 5718 0.3 (0.2)
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of birth of the parents, according to the Dutch Stand-
ard Classification Criteria of Statistics Netherlands [58]. 
Maternal education, defined by the highest attained edu-
cation, was divided into: low education, consisting of no 
education and primary school only; medium education, 
which included secondary school level; high education, 
including higher vocational training and university level.

Statistical analyses
We used t-tests for continuous data or χ2 for categorical 
data to perform non-response analyses comparing demo-
graphic characteristics of participants included versus 
those not included, i.e., due to attrition or missing expo-
sures or outcome variables. In line with previous studies 
(e.g., [59], a maximum of 25% missing items was allowed 
for all collected measures (i.e., child autistic-like traits, 
maternal autistic-like traits, and maternal mentalizing 
skills). For those measures with more than 75% items 
completed, a mean total score was calculated, which was 
weighted by the number of items completed. To check 
the nature relationship between maternal autistic-like 
traits, mentalizing skills and child autistic-like traits, we 
ran nonlinearity correlations using devtools and nlcor 
package in R. Results indicated that the nonlinearity cor-
relations do not show significant improvement over the 
linear correlations (r maternal autistic-like traits: 0.1, r 
maternal mentalizing skills: 0.1), suggesting that the rela-
tionship is linear.

Linear regression analyses were performed to exam-
ine the relation between maternal age and child autis-
tic-like traits. In models 1 and 2, we added maternal 
age, and the quadratic term for maternal age to model 
curvilinear relations. The quadratic term for maternal 
age was added to assess nonlinear associations with 
maternal age. In the third model, the sociodemographic 
variables were included as covariates (child age, sex, 
and national origin; maternal educational level). Finally, 
in the fourth model, we adjusted for maternal charac-
teristics separately (maternal mentalizing skills (model 
4a) or maternal autistic-like traits (model 4b) and 
assessed the changes in effect estimates of the maternal 
age. Furthermore, to assess the relationship between 
maternal autistic-like traits and mentalizing skills with 
child autistic-like traits, we also used linear regression 
analyses, adjusting for sociodemographic variables. 
Independent and dependent variables were standard-
ized into z-scores for ease of comparison across the 
various models. For missing data on maternal edu-
cation, paternal age, child national origin, maternal 
mentalizing skills, and maternal autistic-like traits, 
twenty imputed datasets were generated and pooled 
estimates were calculated using multiple imputation 
with chained equations (MICE) [60]. These data were 

considered missing completely at random before impu-
tation according to Little’s MCAR test (χ2 (23) =  = 43.7, 
p = 0.08).

We performed the analysis for paternal age, for which 
missing data (13.7%) on paternal age were imputed. We 
only ran analyses for associations between paternal age 
and child autistic-like traits since there was very little 
data on paternal mentalizing skills and paternal autistic-
like traits. In addition, given that the correlation between 
maternal and paternal age was 0.61, we re-ran the anal-
yses adjusting for paternal age in the maternal analy-
ses, and adjusting for maternal age in the paternal age 
analyses.

Sensitivity analyses
In sensitivity analyses, we repeated the analyses of mater-
nal age and paternal age with child autistic-like traits by 
using SRS at 5-to-6 years of age to assess whether simi-
lar quadratic patterns were found, compared to the SRS 
measured at 13 years-of-age. In addition, we performed 
a sensitivity analysis including only mothers who were 
pregnant with their first child (N = 5061) using SRS at 
13 years-of-age, to account for the possibility that moth-
ers with higher autistic-like traits may start families later. 
Finally, we ran a sensitivity analysis by categorizing age in 
three groups, corresponding to a previous meta-analysis 
[61] to offer the opportunity to compare our results with 
the prior meta-analysis. The primary comparison con-
trasted maternal and paternal age groups: comparing ref-
erence age group (25–29 years) with younger (≤ 20 years) 
and older (≥ 35 years) parental age by using linear regres-
sion. Covariates that were included were child age, sex, 
national origin, and parental educational level.

Results
Sample characteristics
Child and maternal characteristics are presented in 
Table  1. Autistic-like traits in children were assessed 
at a mean age of 13.5 years (SD = 0.4 years). Within our 
sample, 49.8% were boys and 63% of the children were 
of Dutch national origin. Of the mothers in our sam-
ple, 55.5% had a high educational level (higher voca-
tional training or university level). The mean age of the 
mothers at child birth was 30.9  years (SD = 4.7  years) 
and fathers was 33.5  years (SD = 5.5  years). A correla-
tion matrix between the variables is presented in Addi-
tional file  1: Table  S2. The highest correlation between 
variables of interest was between maternal and paternal 
age (r = 0.61). Approximately 1.4% of the children in our 
study had received a clinical diagnosis of autism.
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Non‑response analyses
The non-response analysis showed that the mothers 
included in the study were more likely to have higher 
educational levels (69.1% vs. 30.9%, χ2(2; 2548), p < 0.001) 
and to be older (30.9 (SD = 4.7) years vs. 28.3 (SD = 5.6) 
years, t (4183) = 24.1, p < 0.001) than non-responders. 
Children of mothers included in the study were more 
likely to be of Dutch national origin (64.4% vs. 35.6%, 
χ2(3, 2043), p < 0.001).

Maternal mentalizing skills, maternal autistic‑like traits, 
and child autistic‑like traits
Results of regression analyses after adjusting for soci-
odemographic variables revealed that higher maternal 
mentalizing skills were found to be associated with less 
maternal autistic-like traits (β =  − 0.111, R2 = 0.090, 95% 
CI − 0.147;—0.074, p < 0.001). Lower maternal mentaliz-
ing skills were associated with higher child autistic-like 
traits (β = − 0.073, R2 = 0.055, 95% CI − 0.113; − 0.032, 
p < 0.001), see Table  2 Model 4a. Higher maternal autis-
tic-like traits were associated with higher child autistic-
like traits (β = 0.165, R2 = 0.074, 95% CI 0.127; 0.202, 
p < 0.001), see Table 2 Model 4b.

Maternal age, paternal age, and child autistic‑like traits
In linear regression analyses with maternal age predict-
ing autistic-like traits, a quadratic relationship reflected 
an optimal fit with higher order models not signifi-
cantly improving the explained variance (R2 = 0.01773, 
RMSE = 0.066) compared to either a third-degree poly-
nomial or linear splines (R2 = 0.01782, RMSE = 0.069; 
R2 = 0.01791, RMSE = 0.076, respectively), see Addi-
tional file  1: Figs S4 and S5. Adding the quadratic term 
of maternal age with child autistic-like traits resulted 
in a small yet significant change in explained variance 
over the linear model (R2 changematernalagesquared = 0.007, 
R2 = 0.018, p < 0.001). The estimate of the first standard-
ized coefficient (β1 = − 0.064) represents the downward 
linear trend in the values of Y along the X axis, and the 
value of the second standardized coefficient (β2 = 0.052) 
represents the curvature in the data. In addition, we 
checked the robustness of our standard error and addi-
tionally used the White Test to assess Heteroskedastic-
ity. Results showed that our standard error was robust, 
with a small change of the confidence interval (e.g., 
βmaternal age =  − 0.064, 95% CI − 0.096; − 0.032, p < 0.001) 
and White Test for Heteroskedasticity was significant 
(p < 0.001), indicating a potential nonlinear relation 
between our predictors and the variance of the residuals. 
Furthermore, the association remained significant after 
adjusting for paternal age. Next, we examined the rela-
tion between paternal age and child autistic-like traits. A 

similar curvilinear pattern was found for paternal age (R2 
changepaternalage = 0.002, R2 = 0.051, p < 0.001). However, 
after adjusting for maternal age, the association between 
paternal age and child autistic-like traits was no longer 
statistically significant. The nonlinear relation of mater-
nal age and paternal age with autistic-like traits in chil-
dren is presented in Fig. 1.

Maternal age, maternal autistic‑like traits, maternal 
mentalizing skills, and child autistic‑like traits
The quadratic association between maternal age and 
child autistic-like traits remained significant after sepa-
rately adjusting for maternal mentalizing skills or mater-
nal autistic-like traits in model three. These analyses 
resulted in only an effect estimate decrease of 3.9% when 
adjusting for maternal mentalizing skills and a 9.6% 
decrease when adjusting for maternal autistic-like traits. 
Maternal autistic-like traits predicted child autistic-like 
traits more strongly (βadjusted = 0.165, 95% CI 0.127; 0.202 
p < 0.001) compared to maternal mentalizing skills.

Additionally, we run an analysis by adding both mater-
nal autistic-like traits and mentalizing skills in one 
model and the results remained significant (R squared 
change = 0.029).

Sensitivity analyses
We conducted sensitivity analyses by using SRS score 
at 5-to-6  years of age to assess the association between 
maternal age and paternal age with child autistic-like 
traits. These analyses showed a similar pattern (i.e., a 
U-shaped curve). In addition, we performed sensitiv-
ity analyses including only mothers with a parity of 
first pregnancy (N = 5061), and this also showed simi-
lar results as in the total study population (N = 5781). 
The quadratic term of maternal age with child autistic-
like traits resulted in a significant, yet small change in 
explained variance and this effect remained significant 
after adjusting for maternal mentalizing skills or mater-
nal autistic-like traits.

In addition, we dichotomised age-groups and con-
ducted analyses to assess the mean differences both for 
maternal and paternal age groups comparing a reference 
age group (25–29  years) with younger (≤ 20  years) and 
older (≥ 35  years) age groups. We found a statistically 
significant difference in children’s autistic-like symp-
toms between the maternal age groups (F4, 5713 = 5708, 
p < 0.001). A Tukey post hoc test revealed that the child 
autistic-like traits scores were significantly higher in 
younger age mothers (0.42 ± 0.28, p < 0.001) compared 
to the reference age group of 25–29  years old moth-
ers. There was no statistically significant difference in 
child autistic-like traits scores between the reference age 
group and the older maternal age group (p = 0.249). For 



Page 6 of 11Sari et al. Molecular Autism           (2022) 13:26 

Ta
bl

e 
2 

A
ss

oc
ia

tio
n 

be
tw

ee
n 

m
at

er
na

l a
ge

, m
at

er
na

l m
en

ta
liz

in
g 

sk
ill

s, 
m

at
er

na
l a

ut
is

tic
-li

ke
 tr

ai
ts

 a
nd

 c
hi

ld
 a

ut
is

tic
-li

ke
 tr

ai
ts

 (N
 =

 5
,7

18
)

R 
sq

ua
re

d 
ch

an
ge

 is
 c

al
cu

la
te

d 
by

 s
ub

tr
ac

tin
g 

th
e 

ch
an

ge
d 

ex
pl

ai
ne

d 
va

ria
nc

e 
in

 th
e 

m
od

el
 w

ith
 th

e 
ex

pl
ai

ne
d 

va
ria

nc
e 

of
 th

e 
pr

ev
io

us
 m

od
el

. a M
od

el
 a

dj
us

te
d 

w
ith

 m
at

er
na

l m
en

ta
liz

in
g 

sk
ill

s. 
b M

od
el

 a
dj

us
te

d 
w

ith
 

m
at

er
na

l a
ut

is
tic

-li
ke

 tr
ai

ts

β 
=

 st
an

da
rd

iz
ed

 b
et

a,
 9

5%
 C

I =
 9

5%
 c

on
fid

en
ce

 in
te

rv
al

. B
ol

d 
de

no
te

s 
si

gn
ifi

ca
nt

, p
 <

 0
.0

5)

M
od

el
 1

R2 (c
ha

ng
e)

M
od

el
 2

R2 (c
ha

ng
e)

M
od

el
 3

R2 (c
ha

ng
e)

M
od

el
 4

a
R2 (c

ha
ng

e)
M

od
el

 4
b

R2 (c
ha

ng
e)

β 
(9

5%
 C

I)
p

β 
(9

5%
 C

I)
p

β 
(9

5%
 C

I)
p

β 
(9

5%
 C

I)
p

β 
(9

5%
 C

I)
p

St
ep

 1
(.0

11
)

M
at

er
na

l a
ge

 −
 .1

02
 

(−
 .1

30
; −

 .0
73

)
 <

 .0
01

 −
 .1

08
 

(−
 .1

36
; −

 .0
79

)
 <

 .0
01

 −
 .0

64
 

(−
 .0

94
; −

 .0
34

)
 <

 .0
01

 −
 .0

67
 

(−
 .0

97
; −

 .0
37

)
 <

 .0
01

 −
 .0

58
 

(−
 .0

88
; −

 .0
28

)
 <

 .0
01

St
ep

 2
(.0

07
)

M
at

er
na

l a
ge

 
sq

ua
re

d
.0

77
 (.

04
9;

 .1
05

)
 <

 .0
01

.0
52

 (.
02

4;
 .0

80
)

 <
 .0

01
.0

50
 (.

02
2;

 .0
79

)
.0

01
.0

47
 (.

01
9;

 .0
75

)
.0

01

St
ep

 3
(.0

32
)

C
hi

ld
 a

ge
.0

35
 (.

00
7;

 .0
63

)
.0

15
.0

34
 (.

00
6;

 .0
62

)
.0

18
.0

39
 (.

01
0;

 .0
68

)
.0

09

C
hi

ld
 s

ex
 −

 .2
09

 
(−

 .2
63

; −
 .1

54
)

 <
 .0

01
 −

 .2
09

 
(−

 .2
64

; −
 .1

54
)

 <
 .0

01
 −

 .2
11

 
(−

 .2
66

; −
 .1

55
)

 <
 .0

01

C
hi

ld
 n

at
io

na
l o

rig
in

.0
08

 (.
00

1;
 .0

15
)

.0
34

.0
06

 (−
 .0

01
; .

01
3)

.0
80

.0
03

 (−
 .0

04
; .

01
0)

.4
52

M
at

er
na

l e
du

ca
tio

n
 −

 .1
26

 
(−

 .1
53

; −
 .0

98
)

 <
 .0

01
 −

 .1
10

 
(−

 .1
38

; −
 .0

82
)

 <
 .0

01
 −

 .0
92

 
(−

 .1
21

; −
 .0

63
)

 <
 .0

01

St
ep

 4
a

(.0
05

)
M

at
er

na
l m

en
ta

l‑
iz

in
g 

sk
ill

s
 −

 .0
73

 
(−

 .1
13

; −
 .0

32
)

.0
01

 −
 

 −
 

St
ep

 4
b

(.0
24

)
M

at
er

na
l a

ut
is

‑
tic

 −
 lik

e 
tr

ai
ts

 −
 

 −
 

.1
65

 (.
12

7;
 .2

02
)

 <
 .0

01



Page 7 of 11Sari et al. Molecular Autism           (2022) 13:26 	

paternal age groups, a Tukey post hoc test showed that 
the child autistic-like traits were significantly higher only 
in the older age group (0.28 ± 0.21, p < 0.001) compared 
to the reference age group, after adjusting for sociodemo-
graphic variables. Detailed information on these analyses 
can be found in Additional file 1: Table.

Discussion
Using a large population-based cohort of child devel-
opment, we examined several key factors that could 
explain the association between maternal age at concep-
tion and autistic-like traits in offspring. These key factors 
included the effect of maternal mentalizing skills and 
maternal autistic-like traits. We found that the relation-
ship between both maternal and paternal age best fits 
a U-shaped pattern (quadratic relationship) with child 
autistic-like traits. In addition, we found that mater-
nal autistic-like traits predicted child autistic-like traits 
and that higher maternal mentalizing skills were asso-
ciated with less maternal autistic-like traits. Although 
maternal age, autistic-like traits, and mentalizing skill 
were independently associated with child autistic-like 
traits, their associations were modest with small effect 
sizes (f2 < 0.03). Our hypothesis that maternal autistic-
like traits and mentalizing skills explained much of the 
relationship between increasing maternal age and child 
autistic-like traits in offspring was not met, as there was 
not a substantial change in the effect estimates of mater-
nal age, and the relationship between maternal age and 
child autistic-like traits remained significant even when 
including these variables as covariates.

Our results support findings that maternal mentaliz-
ing skills are inversely associated with autistic-like traits 
in children [62–65]. Furthermore, we found that mater-
nal autistic-like traits were also inversely associated with 

maternal mentalizing skills. Interestingly, the association 
between maternal age and child autistic-like traits was 
not linear, but formed a U-shaped distribution (Fig.  1). 
U-shaped relationships have been reported previously in 
clinical samples, although with less consistency [27, 66, 
67]. Idring et al., (2014) reported that the effect of mater-
nal age on autism in offspring was nonlinear, with the 
sharpest increase in likelihood after age 30, whereas the 
paternal age effect was linear, with higher ages increasing 
the likelihood. Sandin et al., (2016) also demonstrated a 
quadratic relationship between parental age (both mater-
nal and paternal age) with an increased relative likelihood 
of autism. Interestingly, while our findings support a rela-
tionship with parental age and child autistic-like traits, 
our sensitivity analysis using a categorical approach 
based on age-categories supported by the literature 
showed that it is the younger maternal age group and the 
older paternal age group that appears to drive the non-
linear relationships. However, it is important to note that 
our categorical analyses have less power than our contin-
uous analyses.

Prior research has explored the underlying mecha-
nism between paternal age and a childhood diagnosis of 
autism. One frequently proposed explanation relates to 
the potential for increased rates of de novo mutations in 
older fathers [68, 69] and epigenetic modifications [70]. 
Our study also demonstrated that older paternal age had 
a stronger relationship with childhood autistic-like traits 
compared to older maternal age; however, the high covar-
iance between maternal and paternal age makes this rela-
tionship difficult to disentangle. Whilst de novo mutation 
rates in fathers is one possible explanation, another is 
that parents with more autistic-like traits simply take 
longer to find a mate because sexual selection favors indi-
viduals with lower numbers of autistic-like traits. These 

Fig. 1  Quadratic graphs between parental age and child autistic-like traits at 13 years-of-age
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two explanations are not mutually exclusive and need to 
be tested separately.

In our analysis, unexpectedly, younger maternal age 
was also associated with higher autistic-like traits in chil-
dren. A potential explanation for this finding may relate 
to difficulties in reading social cues related to intimate 
relationships during a period of time where adolescents 
have greater risk-taking. Alternatively, it is possible that 
the women with higher levels of autistic-like traits may 
engage in more risk-taking behaviors during pregnancy, 
including exposures to drugs, smoking, or alcohol. Previ-
ous studies have shown that these environmental expo-
sures are linked to a higher likelihood of having children 
within the autism spectrum [71–74]. Other potential fac-
tors associated with younger mothers, including prenatal 
complications, having been linked to an increased likeli-
hood of later adverse outcomes [75]. It could also be that 
younger parental age reflects different mating behaviour 
in individuals with higher numbers of autistic-like traits, 
such as prioritising starting a family earlier, or a differ-
ent attitude towards family planning. Finally, referral bias 
could also contribute to the finding that younger parents 
have children with higher rates of autistic-like traits, as 
younger parents were also underrepresented in our study, 
suggesting that we should be careful generalizing results 
for this group to the whole population.

Strengths and limitations
The strengths of our study include the embedding within 
a large population-based cohort of child development, 
which included prospective follow-up that began in pre-
natal life. The study includes rigorous data and quality 
control processes and we were able to assess both mater-
nal mentalizing skills and maternal autistic-like traits in a 
large sample of mothers.

However, our study also has some limitations. First, 
while we were able to collect data on both autistic-like 
traits and mentalizing skills in a large population of 
mothers, we did not collect this data in a large number 
of the fathers. Thus, we could not test whether the rela-
tionships we found in the mothers are also present in the 
fathers. Second, the reliability of the maternal mentaliz-
ing measure was low, as reported in our method section, 
therefore our measure may not have reliably captured 
mentalizing skills in the mothers. Thirdly, while there is 
a correlation between SRS scores and autism [76, 77], the 
SRS may be considered a better measure of social impair-
ments rather than defining a child on the autism spec-
trum. In relation to maternal autistic-like traits captured 
by the AQ, while the SRS and AQ show a relatively strong 
correlation (0.64), they are different measures, as the AQ 
reflects autistic traits in the mother and the SRS autis-
tic traits in the child. Although SRS and AQ are highly 

correlated, reflected in the content of their items (e.g., dif-
ficulty with changes in the routine, unable to understand 
the meaning of conversations), there are items in the SRS 
(e.g., playing with toys in a strange way, talking to peo-
ple with an unusual tone) which are not included in the 
AQ. Further, it is possible that some of the strength of the 
correlation is likely related to shared rater bias, since the 
mother completed both questionnaires. Lastly, mothers 
who participated in this study tended to be older and of 
higher educational status compared to non-responders. 
As a result, mothers within the younger age group may 
have been underrepresented in the higher SRS scores.

Conclusions
We found that parental age, and notably paternal age, 
is associated with higher autistic-like traits in offspring 
and the relationship best fits a U-shaped curve. Younger 
parental age was also associated with increased autistic-
like traits in offspring, in particular in mothers. Further, 
higher rates of maternal autistic-like traits and lower per-
formance on mentalizing tasks in mothers were associ-
ated with higher rates of autistic-like traits in offspring. 
Whereas it is possible that the relationship between older 
and younger mothers entails similar underlying mecha-
nism, it is also possible that multiple, disparate mecha-
nisms contribute to the tails of the U-shaped curve.
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