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findings of increased autistic-like traits in individuals with 
internalizing disorders (6, 7), suggesting that internalizing 
traits might exacerbate autistic-like difficulties. Finally, we 
considered whether there are bidirectional processes un-
derlying this association.

A genetically informative cross-lagged design was used 
to estimate the phenotypic-driven processes by which 
internalizing and autistic-like traits affect one another 
over time. This model constrains all associations to take 
the form of partial regression coefficients, estimating 
the strength of the longitudinal relationship between the 
traits while controlling for their preexisting association at 
the earlier timepoint. This is the first study, to our knowl-
edge, to use the cross-lagged model to assess autistic-like 
traits, although it has been used previously to disentangle 
other longitudinal relationships in the behavioral prob-
lems literature (8–10). We also explored, phenotypically, 
the impact of particular types of autistic-like traits on later 
internalizing traits. That is, are there distinguishable ef-
fects of communication impairments, social difficulties, 
and repetitive behaviors on later internalizing difficulties?

A utism spectrum disorders are diagnosed on the basis 
of social and communication difficulties and the presence 
of repetitive behaviors and interests. However, in addition 
to these core impairments, other emotional problems are 
often observed, including internalizing difficulties such 
as anxiety (1, 2) and depression (3). Recent meta-analyses 
have reported that up to 84% of children with autism spec-
trum disorders experience impairing anxiety (4) and up to 
34% experience depression (3). However, despite this well-
reported overlap, few studies have addressed the longitu-
dinal links between these difficulties.

In the present study, the association between autistic-
like and internalizing traits was explored across middle to 
late childhood. By examining traits within a population-
representative sample, not solely the clinical extreme, we 
gained greater power for quantitative genetic analysis (5). 
First, we tested whether autistic-like traits at age 7 pre-
dicted the level of internalizing traits at age 12. Second, 
we explored the reverse association, whereby earlier in-
ternalizing traits influence the subsequent development 
of autistic-like traits. This direction of effect is in line with 
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Objective: Children with autism spectrum 
disorders often experience severe anxiety 
and depression, yet the explanation for 
this association remains unclear. The au-
thors examined the longitudinal relation-
ship between autistic-like and internalizing 
traits across middle to late childhood in a 
population-representative twin sample.

Method: Participants were approxi-
mately 6,000 twin pairs born in England 
and Wales from 1994 to 1996. Parental 
reports of autistic-like and internalizing 
traits were analyzed at ages 7 and 8 (time-
point 1) and again at age 12 (timepoint 2). 
The direction and etiology of the associa-
tions between these traits were examined 
within a cross-lagged design.

Results: Findings revealed an asym-
metric bidirectional association between 
autistic-like and internalizing traits over 
time. Autistic-like traits at age 7 made a 
modest but significant contribution to 
the presence of internalizing traits at age 
12. Earlier internalizing traits also influ-
enced the development of later autistic-

like traits, although this association was 
approximately one-half the magnitude. 
While both traits were moderately to 
highly heritable, they were largely in-
dependent with regard to their genetic 
influences. Stronger associations were 
found between the modest shared en-
vironmental influences on each trait. Of 
note, it was autistic-like communication 
difficulties, rather than social deficits, that 
made a significant contribution to later 
internalizing traits.

Conclusions: The association between 
autistic-like and internalizing traits was 
attributable to reciprocal processes oc-
curring across childhood, suggesting that 
these traits may serve to exacerbate each 
other over time. Autistic-like communi-
cation difficulties had the most notable 
impact. This association must now be 
explored within samples of children with 
diagnosed autism spectrum disorders and 
internalizing disorders, since this may 
help to inform the best timing and target-
ing of clinical intervention.

Association of Autistic-Like and Internalizing Traits 
During Childhood: A Longitudinal Twin Study
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Measures

Autistic-like traits. Autistic-like traits were assessed at ages 8 
and 12 using the parent-reported Childhood Autism Spectrum 
Test (18). The test includes 31 key items (and six control items) 
scored with a “yes/no” response and is reported to be sensitive 
and specific (19), with good construct validity and test-retest reli-
ability (20). The test showed strong internal consistency at ages 8 
(alpha of 0.73) and 12 (alpha of 0.78). We also used specific sub-
scales at age 8 to assess social difficulties (12 items: alpha of 0.56), 
communication difficulties (12 items: alpha of 0.64), and repeti-
tive behaviors (seven items: alpha of 0.49).

Internalizing traits. Internalizing traits were measured at ages 
7 and 12 using the emotional problems subscale of the Strengths 
and Difficulties Questionnaire (21). This subscale consists of five 
items answered using a three-point Likert scale (never=0; some-
times=1; often=2). Two items assess anxiety, two assess depres-
sion, and one measures somatic symptoms. The responses to the 
items showed moderate internal consistency at age 7 (alpha of 
0.63) and age 12 (alpha of 0.68). Previous studies have supported 
the reliability and sensitivity of this questionnaire (22, 23) and 
have validated these items relative to those of the Child Behavior 
Checklist (24, 25) and Rutter questionnaires (26).

Statistical Analyses

Twin method. The twin method allowed us to determine the rel-
ative influences of additive genetic factors (“A”), shared environ-
mental factors (“C”), and nonshared environmental factors (“E”) 
on a trait (the ACE model). Shared environmental factors serve 
to make children within a family similar to each other, whereas 
nonshared environmental factors result in differences between 
siblings. The twin design assumes that monozygotic twin pairs 
share all of their genetic information, dizygotic twins share 50% of 
their genes on average, and all twins experience the same shared 
environmental influences (see reference 5).

Autistic-like and internalizing trait scores were calculated if 
>90% of the items were available. Prior to modeling, the scores 
were log transformed to reduce positive skew and regressed for 
age and sex according to standard procedures.

Statistical analyses were carried out using the structural equa-
tion modeling Mx program (27). The following three types of cor-
relations were calculated: phenotypic correlations (rph: trait 1 in 
twin 1 correlated with trait 2 in twin 1), intraclass twin correla-
tions (trait 1 in twin 1 correlated with trait 1 in twin 2), and cross-
trait cross-twin correlations (trait 1 in twin 1 correlated with trait 

Previous investigations using the Twins’ Early Devel-
opment Study (11) sample have revealed high heritabili-
ties for autistic-like traits (12, 13), moderate heritabilities 
for internalizing traits (14), and only modest levels of 
genetic overlap between these two traits at ages 8 and 9 
(15). Our study extended these findings by taking a lon-
gitudinal approach. We predicted that there would be a 
bidirectional relationship, with autistic-like traits earlier 
in childhood directly influencing the level of later inter-
nalizing traits and vice versa. We predicted a significant 
level of stability in both traits across childhood, with only 
modest levels of etiological overlap between them. We 
also predicted that all three types of autistic-like traits 
would contribute significantly to the variance of later in-
ternalizing difficulties.

Method

Participants

Data were obtained from the Twins’ Early Development Study 
(11), a population-representative sample of twins born in Eng-
land and Wales from 1994 to 1996. Written informed consent 
was obtained from all parents. A total of 7,834 families returned 
the questionnaires when their twins were age 7, 6,762 families 
returned them when their twins were age 8, and 5,876 families 
returned questionnaires when their twins were age 12. Families 
were excluded if severe pre- or postnatal complications were re-
ported or if one twin had a severe medical condition (see refer-
ence 16). This led to a total of 523 families being excluded from 
the age 7 twin cohort, 336 families from the age 8 twin cohort, 
and 200 families from the age 12 twin cohort. Table 1 summarizes 
the zygosity of the sample following these exclusions. Zygosity 
was determined using parent ratings of similarity (17), supple-
mented by DNA genotyping. The sample consisted of children 
across the full spectrum of autistic-like traits, including a small 
percentage of children (age 8: 1.2%; age 12: 1.8%) who scored 
above the cutoff point of 15 for a diagnosis of potential autism 
spectrum disorder according to the Childhood Autism Spectrum 
Test criteria (formerly known as the Childhood Asperger Syn-
drome Test [18, 19]). We refer to ages 7 and 8 as timepoint 1 and 
age 12 as timepoint 2.

TABLE 1. Autistic-Like and Internalizing Traits Among Twin Boys and Girls in Middle to Late Childhood by Zygosity

Zygosity

Timepoint 1: Ages 7 and 8 Years Timepoint 2: Age 12 Years

Autistic-Like Traitsa Internalizing Traitsb Autistic-Like Traitsc Internalizing Traitsd

N Mean SD N Mean SD N Mean SD N Mean SD

Monozygotic male pair 1,067 5.70 3.75 955 2.07 1.83 921 5.21 3.75 908 1.68 1.81
Monozygotic female pair 1,192 4.48 3.16 1,073 2.34 1.83 1,121 4.24 3.14 1,112 1.92 2.01
Dizygotic male pair 1,048 6.05 4.11 908 2.11 1.82 863 5.41 3.79 850 1.76 1.95
Dizygotic female pair 1,051 4.70 3.04 955 2.31 1.86 984 4.50 3.03 973 1.94 1.94
Dizygotic male twin in opposite-

sex pair
2,061 6.34 4.13 1,772 2.02 1.81 1,772 6.34 4.13 1,752 2.02 1.81

Dizygotic female twin in 
opposite-sex pair

2,063 4.69 3.31 1,790 2.32 1.90 1,771 4.36 3.13 1,747 1.96 1.98

a Analysis of variance revealed a significant effect of gender (boys scoring higher than girls [F=243.83, df=1, 6411, p<0.01]) and a significant 
effect of zygosity (dizygotic pairs scoring higher than monozygotic twins [F=7.56, df=2, 6411, p<0.01]).

b Analysis of variance revealed a significant effect of gender (girls scoring higher than boys [F=35.17, df=1, 7300, p<0.01]).
c Analysis of variance revealed a significant effect of gender (boys scoring higher than girls [F=160.51, df=1, 5655, p<0.01]) and a significant 

effect of zygosity (dizygotic pairs scoring higher than monozygotic twins [F=7.84, df=2, 5655, p<0.01]) as well as a significant sex-by-zygosity 
interaction (F=5.85, df=2, 5655, p<0.01).

d Analysis of variance revealed a significant effect of gender (girls scoring higher than boys [F=17.46, df=1, 5589, p<0.001]).



HALLETT, RONALD, RIJSDIJK, ET AL.

Am J Psychiatry 167:7, July 2010  ajp.psychiatryonline.org 811

2×[b2,2×a2×rA1×a1×b1,2]); and specific to autistic-like traits at time-
point 2 (residual effects: a4

2).
Initially, all parameter estimates were allowed to differ for boys 

and girls, with only the values for genetic, shared environmental, 
and nonshared environmental correlations at both time points 
constrained to be equal across the sexes, according to standard 
procedure. Subsequently, parameter estimates and partial regres-
sion coefficients were equated for male and female subjects at 
timepoints 1 and 2. Each cross-lagged model was compared with 
a saturated model using likelihood ratio chi-square tests, with 
lower values of -2-log likelihood and Akaike information criterion 
reflecting a better fit.

Phenotypic Analyses o f  the Influence o f  Ind iv idual 
Autistic-Like Traits on Later Internalizing  Traits

Pearson’s correlations were carried out for the autistic-like 
traits subscale ratings at timepoint 1 and internalizing traits at 
timepoint 2. One twin per zygotic pair was selected at random to 
maintain independence among the cases.

Regression analyses were used to determine how much of the 
variance in internalizing traits at timepoint 2 could be attributed 
to each of the subscale ratings at timepoint 1, controlling for in-
ternalizing traits at timepoint 1. Univariate regressions were used 
to determine whether each individual subscale rating was signifi-
cantly associated with later internalizing. If significant, each sub-
scale rating was then included in a multiple regression.

Results

Summary statistics are shown in Table 1. Scores at time-
point 2 were significantly lower than scores at timepoint 1 
for both internalizing traits (t=11.76, df=5007, p<0.01) and 
autistic-like traits (t=6.90, df=4680, p<0.01). Boys scored sig-
nificantly higher than girls on the Childhood Autism Spec-

2 in twin 2). These correlations were established at each time-
point as well as longitudinally.

Cro ss-Lagged  Model

The cross-lagged model is shown in Figure 1. Cross-lagged as-
sociations functioned as partial regression coefficients to illus-
trate stability in autistic-like traits (b2,2) and internalizing traits 
(b1,1) and the contribution of autistic-like traits at timepoint 1 
(ages 7 and 8) to internalizing traits at timepoint 2 (age 12) (b1,2) 
and vice versa (b2,1). The estimates take into account the preexist-
ing association between the two traits at timepoint 1.

The cross-lagged model estimated the relative contribution of 
genetic and environmental influences to individual traits at time-
points 1 and 2. For example, internalizing traits at timepoint 1 
were influenced by genetic (a1

2), shared environmental (c1
2), and 

nonshared environmental (e1
2) factors. These estimates were also 

calculated at timepoint 2 (a3
2, c3

2, e3
2), taking into account the in-

fluences at timepoint 1.
The model also estimated the etiological influences on the 

covariation between the traits at both timepoints. For example, 
at timepoint 1 this included additive genetic (rA1), shared envi-
ronmental (rC1), and nonshared environmental (rE1) correlations. 
A correlation of one suggested that the same influence affected 
both traits.

Transmission of etiological influences over time. The ge-
netic and environmental influences on the variances of autistic-
like and internalizing traits at age 12 could be broken down into 
influences that were specific to timepoint 2 and influences that 
were shared with autistic-like and internalizing traits at time-
point 1. For example, the total genetic variance of autistic-like 
traits at timepoint 2 could be analyzed as genetic influences 
that were shared with autistic-like traits at timepoint 1 (stabil-
ity effects: b2,2

2×a2
2); specific to internalizing traits at timepoint 

1 (cross-lagged effects: b1,2
2×a1

2); associated with the covaria-
tion between the two traits at timepoint 1 (common effects: 

FIGURE 1. The Longitudinal Cross-Lagged Model Used to Determine the Associations Between Autistic-Like and Internal-
izing Traits Across Middle to Late Childhooda
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a In this cross-lagged model, rectangles indicate the measured variables for internalizing and autistic-like traits. Circles indicate the following 
latent factors: A (additive genetic factors), C (shared environmental factors), and E (nonshared environmental factors). Timepoint 1=ages 7 
and 8 years; timepoint 2=age 12 years. Standardized path estimates for these influences are represented (a, c, and e for each variable), along 
with genetic and environmental correlations (rA, rC, rE), longitudinal stability paths (b1,1, b2,2), and longitudinal cross-lagged paths (b2,1, b1,2).
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relations suggested low levels of genetic dominance ef-
fects for male autistic-like traits (the number of dizygotic 
male twin correlations was less than one-half the number 
of monozygotic male correlations). For girls, correlations 
indicated shared environmental influences for both traits 
(the number of dizygotic female twin correlations was 
more than one-half the number of monozygotic female 
correlations).

Cross-trait cross-twin correlations. At timepoints 1 and 
2, there was a modest association between the autistic-like 
trait score for twin 1 and the internalizing trait score for 
twin 2. Monozygotic twin correlations were modest and 
less than double the dizygotic correlations, indicative of 
low levels of genetic overlap.

Longitudinal correlations. Monozygotic within-trait 
across-time correlations were moderate and higher than 
dizygotic correlations, suggesting a significant genetic in-
fluence on the stability of both traits over time.

Cro ss-Lagged  Model

Fit statistics for the cross-lagged model are shown in 
Table 3. The model provided a worse fit for the data than 
the saturated model. This is a common finding when us-
ing multivariate models (8), attributable to the large num-

trum Test at both timepoint 1 and timepoint 2. Conversely, 
girls scored significantly higher than boys for internalizing 
traits at timepoint 1 and timepoint 2. Zygosity had a signifi-
cant effect on the mean scores for autistic-like traits, with 
dizygotic pairs scoring significantly higher than monozy-
gotic twins at timepoint 1 and timepoint 2. A significant 
sex-by-zygosity interaction was observed for autistic-like 
traits at timepoint 2, with boys in opposite-sex pairs scoring 
higher than other male participants and girls in opposite-
sex pairs scoring lower than other female participants.

Co rrelations

Phenotyp ic correlations. There was significant (p<0.01) 
stability over time in autistic-like traits (boys: rph=0.59; 
girls: rph=0.55) and internalizing traits (boys: rph=0.42; 
girls: rph=0.42). There were modest associations between 
autistic-like traits at timepoint 1 and internalizing traits 
at timepoint 2 (boys: rph=0.22; girls: rph=0.20) and between 
internalizing traits at timepoint 1 and autistic-like traits at 
timepoint 2 (boys: rph=0.24; girls: rph=0.20).

Intraclass twin correlations. As seen in Table 2, correla-
tions were significantly higher for monozygotic twin pairs 
relative to dizygotic twin pairs for both traits at timepoints 
1 and 2, indicating significant genetic influences. The cor-

TABLE 2 . Twin Correlations Between Autistic-Like and Internalizing Traits W ithin and Cross-Age Among Boys and Girls in 
Middle to Late Childhooda

Group and Trait

Autistic-Like Traits (t1) Internalizing Traits (t1) Autistic-Like Traits (t2) Internalizing Traits (t2)

b 95% CI b 95% CI b 95% CI b 95% CI

Monozygotic twin pairs
Girls
Autistic-like traits (t1) 0.80 0.78–0.82 0.21 0.17–0.25 0.49 0.46–0.52 0.17 0.14–0.22
Internalizing traits (t1) 0.63 0.59–0.66 0.21 0.17–0.25 0.33 0.29–0.37
Autistic-like traits (t2) 0.78 0.76–0.80 0.20 0.16–0.24
Internalizing traits (t2) 0.63 0.59–0.66
Boys
Autistic-like traits (t1) 0.79 0.77–0.81
Internalizing traits (t1) 0.22 0.18–0.26 0.63 0.60–0.66
Autistic-like traits (t2) 0.52 0.49–0.55 0.25 0.21–0.29 0.78 0.75–0.80
Internalizing traits (t2) 0.21 0.17–0.25 0.33 0.28–0.37 0.26 0.22–0.30 0.62 0.58–0.65
Dizygotic twin pairs
Girls
Autistic-like traits (t1) 0.47 0.43–0.52 0.17 0.13–0.22 0.30 0.26–0.34 0.14 0.09–0.18
Internalizing traits (t1) 0.40 0.35–0.45 0.16 0.12–0.20 0.18 0.14–0.23
Autistic-like traits (t2) 0.51 0.47–0.56 0.17 0.12–0.21
Internalizing traits (t2) 0.37 0.32–0.42
Boys
Autistic-like traits (t1) 0.34 0.28–0.39
Internalizing traits (t1) 0.15 0.10–0.20 0.37 0.31–0.42
Autistic-like traits (t2) 0.19 0.14–0.24 0.16 0.11–0.22 0.34 0.29–0.40
Internalizing traits (t2) 0.12 0.07–0.16 0.19 0.14–0.24 0.14 0.09–0.18 0.33 0.27–0.39
Dizygotic opposite-sex twin pairs
Autistic-like traits (t1) 0.44 0.41–0.47
Internalizing traits (t1) 0.16 0.13–0.19 0.42 0.38–0.45
Autistic-like traits (t2) 0.29 0.26–0.32 0.14 0.11–0.17 0.44 0.41–0.48
Internalizing traits (t2) 0.14 0.11–0.17 0.21 0.17–0.24 0.17 0.14–0.20 0.45 0.41–0.48
a All intraclass twin correlations were significant (p<0.05), with none of the 95% confidence intervals overlapping with 0. t1: timepoint 1 (age 

7/8); t2: timepoint 2 (age 12). Correlations were obtained using a constrained saturated script, run using Mx.
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moderate nonshared environmental effects (20%) and a 
small influence of shared environment (6%). All three pa-
rameters were significant, since confidence intervals did 
not overlap with 0. Figure 2 also presents the proportion 
of A, C, and E components specific to timepoint 2. As de-
scribed previously, we could calculate the overall influ-
ences of A, C, and E components on each trait at time-
point 2 (e.g., the overall heritability of autistic-like traits 
at timepoint 2 is the sum of genetic influences shared 
with autistic-like traits at timepoint 1, genetic influences 
shared with internalizing traits at timepoint 1, genetic 
influences as a result of the association between the two 
traits at timepoint 1, and new effects at timepoint 2). The 
pattern of etiological influences at timepoint 2 was simi-
lar to timepoint 1 for the C component (boys: shared en-
vironmental estimate=0.07; girls: shared environmental 
estimate=0.21) and E component (boys: nonshared envi-
ronmental estimate=0.29; girls: nonshared environmental 
estimate=0.27), although heritability estimates (compo-
nent A) were slightly lower (boys: genetic estimate=0.65; 
girls: genetic estimate=0.52).

Internalizing traits were moderately heritable at time-
point 1 (0.45), with a moderate influence of nonshared en-
vironment (0.37) and a small but significant influence of 
shared environment (0.18). At timepoint 2, overall param-
eter estimates were similar for the A (0.49) and E (0.42) com-
ponents, with a slightly lower estimate for the C component 
(0.08). There was a significant but modest genetic correla-
tion between the traits (timepoint 1: rA=0.17; timepoint 2: 
rA=0.17) and low levels of nonshared environmental overlap 
(timepoint 1: rE=0.08; timepoint 2: rE=0.14). Shared environ-
mental influences correlated more highly between the two 
traits at timepoint 1 (rC=1.00 [0.73 to 1.00], although there 

ber of constraints that are imposed. In large samples, the 
additive effects of small differences are picked up as sig-
nificant, decreasing the overall fit.

Male and female parameter estimates could be equat-
ed for both traits at timepoint 1, for internalizing traits at 
timepoint 2, and for the cross-lagged paths of coefficients 
b1,1 and b1,2 without significantly worsening the fit. Results 
from the best fitting model are shown in Figure 2.

Cro ss-Lagged  Associations

When each coefficient was fixed at 0, a deterioration 
in fit was observed (b2,1: Dc2=134.71 for D2df, p<0.01; b1,2: 
Dc2=69.76 for D2df, p<0.01), suggesting that all cross-
lagged paths were significant.

A similar pattern was observed for both sexes. First, there 
was a significant influence (p<0.01) of autistic-like traits 
at timepoint 1 on internalizing traits at timepoint 2 (boys: 
b2,1=0.15; girls: b2,1=0.10). Second, there was a significant, 
although more modest, influence (p<0.01) of internaliz-
ing traits at timepoint 1 on autistic-like traits at timepoint 
2 (b1,2=0.06). Third, there was a significant level of stability 
(p<0.01) over time for internalizing traits (b1,1=0.37) and par-
ticularly autistic-like traits (boys: b2,2=0.56; girls: b2,2=0.51). 
That is, the variance in autistic-like traits at age 12 was some-
what attributable to autistic-like traits at ages 7 and 8 (boys: 
b2,2=0.562 [31%]; girls: b2,2=0.512 [26%]) and a modest propor-
tion of the variance of internalizing traits at timepoint 2 was 
explained by internalizing traits at timepoint 1 (14%).

Genetic and  Env ironmental Influences

Univariate modeling showed that genetic dominance 
was nonsignificant for both traits. As such, the model esti-
mated A, C, and E parameters only. Heritability estimates 
were high for autistic-like traits at timepoint 1 (73%), with 

TABLE 3 . Fit Statistics for the Longitudinal Cross-Lagged Modela

Cross-Lagged Model Characteristics

Difference Between Cross-Lagged Model and 
Overall Saturated Modelb

Difference Between Cross-Lagged Model Without 
Sex Differences Relative to the Same Model With 

Different Female and Male Estimatesc

c2 df p

Akaike 
Information 

Criteriond Dc2 Ddf p

Full sex differences 440.01 174 <0.001 92.01
No sex differences at ages 7 and 8; sex 

differences at age 12
447.16 180 <0.001 87.16 7.158 6 0.31

No sex differences (except autistic-like 
traits at age 12)

448.93 183 <0.001 82.93 8.923 9 0.44

No sex differences for cross-lagged paths
b

1,1
441.40 175 <0.001 91.40 1.40 1 0.24

b
2,2

449.91 175 <0.001 99.91 9.06 1 0.003
b

2,1
446.20 175 <0.001 96.20 6.24 1 0.01

b
1,2

440.47 175 <0.001 90.47 0.46 1 0.50
No sex differences (except for autistic-like 

traits at age 12 and for cross-lagged 
paths b

2,1
 and b

2,2
)

451.36 185 <0.001 81.36 11.357 11 0.41

a Log likelihood fit statistics were obtained using Mx (27).
b Data indicate the likelihood ratio chi-square test, with Ddf comparing the cross-lagged model with the saturated model.
c Data indicate the likelihood ratio chi-square test, with Ddf comparing the cross-lagged model with the full sex differences model.
d Lower values reflect a better model fit.
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2 was explained by autistic-like traits at timepoint 1 (24%–
29%), internalizing traits at timepoint 1 (0.5%–1.4%), and 
their covariance at timepoint 1 (5%–14%).

Phenotypic Analyses o f  the Influence o f  Ind iv idual 
Autistic-Like Traits on Later Internalizing  Traits

Pearson’s correlations showed that all three autistic-like 
traits subscales at timepoint 1 correlated significantly with 
internalizing traits at timepoint 2 (p<0.01). Communica-
tive difficulties (r=0.27) and repetitive behaviors (r=0.15) 
correlated most strongly with later internalizing traits, 
whereas social difficulties showed a weaker association 
(r=0.08). There was a strong significant correlation be-
tween internalizing traits at timepoints 1 and 2 (r=0.46, 
p<0.01).

In univariate regressions, all three subscale ratings sig-
nificantly predicted internalizing traits at timepoint 2, 
albeit weakly, and thus were included in the full model 
(social skills: standardized b=0.03, p=0.01; communica-
tion skills: b=0.15, p<0.01; repetitive behaviors: b=0.07, 
p<0.01). In the full model, internalizing traits at timepoint 
1 accounted for 46% of the variance in later internalizing 
traits (p<0.01). Further to this, social skills ratings made 
no additional contribution to the variance of internalizing 
traits at timepoint 2, and repetitive behaviors accounted 
for only 3% of the variance. Communication difficulties at 
timepoint 1 showed the strongest association with inter-
nalizing traits at timepoint 2, accounting for 14% (p<0.01) 

was a nonsignificant estimate of shared environmental in-
fluences at timepoint 2 (rC=0.22[–0.03 to 0.78]).

Transmission o f  Etio lo g ical Influences

A table detailing the transmission of etiological influ-
ences is available in the data supplement accompanying 
the online version of this article, since these results do not 
form a core focus of this study. Some genetic influences 
on internalizing traits at timepoint 2 were transmitted 
from timepoint 1 (12%–17%), while most were specific 
to timepoint 2 (78%–82%). Nonshared environmental in-
fluences on internalizing traits were also mainly specific 
to timepoint 2 (86%–88%), while some were transmitted 
from timepoint 1 (12%). A small proportion of shared en-
vironmental effects were transmitted from timepoint 1 
(15%–25%), some were shared with autistic-like traits at 
timepoint 1 (0.8%–2%), and some were shared with the 
covariance between internalizing and autistic-like traits at 
timepoint 1 (8%–13%). For additional information, see the 
data supplement.

There was significant stability in the genetic influences 
of autistic-like traits over time, with 35%–37% of influenc-
es at timepoint 2 transmitted from timepoint 1. There were 
also new genetic influences specific to the later time point 
(61%–63%). A small proportion of nonshared environmen-
tal influences was transmitted over time (19%–21%), while 
others emerged at timepoint 2 (71%–79%). A modest pro-
portion of shared environmental influences at timepoint 

FIGURE 2 . Cross-Lagged Model Analysis of Associations Between Internalizing and Autistic-Like Traits at Ages 7  and 8  (time-
point 1) and Age 12  (timepoint 2 ) Among Twin Boys and Girlsa
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provide for socialization may impact children’s social and 
communication skills. Similarly, parents may model cop-
ing styles that influence how children react to stress. While 
it is difficult to speculate about the mechanisms underly-
ing the overlap between these traits, a focus on these envi-
ronmental factors, rather than a shared genetic pathway, 
may be beneficial, at least within the general population.

Although not central to our aims, the model also ad-
dressed the transmission of etiological influences on 
autistic-like and internalizing traits over time. There was 
moderate continuity in the genetic factors involved at both 
time points, most notably for autistic-like traits. However, 
the majority of genetic factors were age-specific, pointing 
to the emergence of novel sets of influences at different 
developmental stages. A similar pattern of specificity was 
observed for environmental influences, possibly reflecting 
the key changes in schools and friendships across this peri-
od. Recent studies of internalizing (31, 33) and autistic-like 
traits (29) have emphasized their dynamic nature, high-
lighting both stability and change across development.

Autistic-like traits affected internalizing traits, but which 
subtypes of autistic-like traits were driving this associa-
tion? Our findings suggest that earlier communication dif-
ficulties contributed most strongly to later internalizing 
traits. It seems logical that communicative impairments 
may confuse a child’s understanding of other people, 
limit self-expression, and reduce strategies for coping 
with worries and sadness. Conversely, social difficulties 
at timepoint 1 did not significantly predict later internal-
izing traits. This unexpected finding may point to a com-
plex relationship between social motivation and ability (as 
measured by the Childhood Autism Spectrum Test) and 
anxiety and depression. For example, a child with elevated 
social autistic-like traits may also lack the insight to reflect 
on his or her difficulties and to worry about evaluation 
by peers. In addition, children with communication dif-
ficulties who have more social insight might suffer greater 
anxiety about their own difficulties.

Further research is required to explore how these pop-
ulation-based findings translate to clinical samples of 
children with autism spectrum disorders and internaliz-
ing disorders. Children with autism spectrum disorders 
frequently experience anxiety (4, 34), while children with 
internalizing disorders exhibit heightened autistic-like 
traits (6). As such, we can speculate that a similar recipro-
cal relationship may be observed in clinical groups. Our 
findings also highlight the importance of differentiating 
between the effects of different subtypes of autistic-like 
traits. This may help to both refine our understanding of 
internalizing difficulties in autism and to inform the most 
effective targets for intervention.

This study benefitted from the use of a large sample and 
incorporating the same measures at two ages. However, a 
number of limitations must be considered. First, the cross-
lagged model incorporated only parental-report mea-
sures. To reduce rater bias and correlated measurement 

of the variance, after controlling for earlier levels of inter-
nalizing traits.

Discussion

To our knowledge, this represents the first study to ad-
dress the longitudinal links between autistic-like traits and 
internalizing traits across childhood. Our results point to 
an asymmetric bidirectional relationship between these 
traits. Autistic-like traits at timepoint 1 (ages 7 and 8) had a 
direct, although modest, phenotypic influence on the de-
velopment of internalizing traits at timepoint 2 (age 12). 
The reverse association was also significant, with internal-
izing traits having a significant, albeit smaller, impact on 
later autistic-like traits.

Our findings suggest that autistic-like traits in later 
childhood were driven in part by earlier internalizing dif-
ficulties. For example, anxieties in earlier childhood may 
reduce opportunities for developing effective social com-
munication skills with peers. Furthermore, a child that is 
easily distressed may cling to routines and may use repeti-
tive behaviors to soothe high levels of arousal (28). That 
said, the reverse association was approximately twice as 
strong, implying that early autistic-like difficulties may 
have a more pronounced impact on subsequent anxiety 
and depression than vice versa. For instance, children who 
struggle with social interactions and communication may 
shy away from group situations and may find it difficult to 
express themselves and seek support. Similarly, adhering 
to rigid routines and rituals may also become more stress-
ful as children progress through school.

Internalizing and autistic-like traits showed significant 
stability across a 5-year period. This is in agreement with 
a study of 8- to 15-year-old children with and without au-
tism spectrum disorders, which found significant stability 
in social difficulties over time (29). Similarly, studies have 
also shown stability in internalizing symptoms through-
out childhood and adolescence (30, 31). In line with previ-
ous findings, we found a high heritability for autistic-like 
traits and moderate heritability for internalizing traits (12, 
14, 32). However, although significant, there were only low 
levels of genetic overlap between the two traits. This find-
ing is consistent with a previous study of the present sam-
ple (15), which found a similarly low level of genetic over-
lap when the twins were 9 years old. Therefore, despite 
reciprocal phenotypic processes underlying these traits, 
the overlap does not appear to be driven by substantial 
shared genetic influences.

In contrast, there was a stronger association between the 
shared environmental influences on the two traits, partic-
ularly at ages 7 and 8. This finding should be interpreted 
with some caution because of the large confidence inter-
vals and modest influence of shared environmental factors 
on autistic-like traits. However, it suggests that environ-
mental factors, such as parental and home influences, may 
be important. For example, the opportunities that parents 
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error, future studies should use additional informants 
and/or behavioral observation. Second, the internalizing 
traits measure revealed modest internal consistency and 
incorporated only five items. A more detailed measure 
could help capture a wider range of internalizing difficul-
ties. Third, both of the traits analyzed are heterogeneous, 
both phenotypically and genetically (13, 14), and thus 
further investigation is needed to address the relation-
ship between specific internalizing subtypes and specific 
autistic-like traits. Finally, there are also some limitations 
inherent to the twin design (5) and the cross-lagged model 
(8). The modest cross-lag associations suggest that there 
are additional factors (not included in the model) that in-
fluence these traits over time.

Our results provide support for a modest bidirectional 
relationship between autistic-like and internalizing traits 
across childhood, with a particularly prominent influence 
of autistic-like traits on subsequent internalizing. It is im-
portant to consider how these results might translate to 
different developmental stages and clinical groups. If au-
tistic symptoms, particularly communication difficulties, 
serve to exacerbate internalizing symptoms, promoting 
early communication skills may help to reduce later in-
ternalizing difficulties. Similarly, we can speculate that at-
tempts to reduce stress in childhood might be somewhat 
protective against the worsening of later social communi-
cation problems.
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