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ecent clinic-based and population-based studies

have shown evidence of association between
ADHD and autistic symptoms in children and adoles-
cents as well as evidence for genetic overlap between
these disorders. The objective of the current study
was to confirm the association between autistic
and ADHD symptoms in a young adult twin sample
assessed by self-report, and investigate whether
shared genetic and/or environmental factors can
explain the association. We performed twin-based
structural equation modeling using self-report data
from 11 Social Responsiveness Scale (SRS) items and
12 DSM-IV ADHD inattentive and impulsive symptom
items obtained from 674 young adult Australian twins.
Phenotypic correlation between autistic and ADHD
symptoms was moderate. The most parsimonious
univariate models for SRS and ADHD included addi-
tive genetic effects and unique environmental effects,
without sex differences. ADHD and autistic traits
were both moderately heritable. In a bivariate model,
genetic correlation (r)) between SRS and ADHD was
0.72. Our results suggest that in young adults, a
substantial proportion of the genetic influences on
self-reported autistic and ADHD symptoms may be
shared between the two disorders.
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Clinic-based (Clark et al., 1999; Goldstein &
Schwebach, 2004; Santosh & Mijovic, 2004; Sturm
et al., 2004) and population-based (Constantino et
al., 2003; Reiersen et al., 2007) studies suggest many
children have symptoms consistent with comorbid
Attention-Deficit/Hyperactivity Disorder (ADHD) and
Autism Spectrum Disorder (ASD). Overlap in linkage
peaks between ADHD and autism suggests some genes
may influence both of these disorders (Smalley et al.,
20035), and a recent twin study also found evidence for
genetic overlap between autistic and ADHD symptoms
in children (Ronald et al., 2008).

Constantino et al. reported on the first twin study
investigating the relationship between ADHD symp-
toms and autistic traits in children and adolescents
(Constantino et al., 2003). In this study of 219 male
twin pairs (438 individuals), linear regression was
used to investigate the relationship between Child
Behavior Checklist (CBCL) syndrome scales and
Social Responsiveness Scale (SRS) score. As expected,
the CBCL social problems scale showed a statisti-
cally significant association with the SRS score.
Unexpectedly, the CBCL attention problems subscale
was also a significant predictor of SRS score. Twin
modeling was then used to further investigate the
relationship between the CBCL attention problems
scale and SRS score. In the preferred bivariate twin
model, the genetic factors affecting SRS and ADHD
symptoms were separate, and reciprocal causation
within individuals accounted for the correlation
between SRS and ADHD symptoms.

Ronald and colleagues also recently published a
twin study investigating the relationship between
ADHD and autistic symptoms in children (Ronald et
al., 2008). In their study, the preferred model was a
bivariate Cholesky (correlated factors) AE model
including sex differences (and a sibling interaction
parameter when parent-report data was used for the
analysis). They found high heritability for each trait.
They estimated genetic correlations (r,) in the range of
0.54-0.57 and nonshared environment correlations
(r,) in the range of 0.15-0.35, depending on sex and
rater (parent vs. teacher). The authors concluded that
there was evidence of genetic overlap between autistic
traits and ADHD behaviors.
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In a population-based phenotypic study using male
and female twins, Reiersen and colleagues reported
elevated SRS scores in children with ADHD. The level
of autistic traits varied depending on ADHD subtype,
with the highest levels of autistic traits in children who
had DSM-IV combined type ADHD or a population-
defined severe combined ADHD subtype defined using
latent class analysis (Reiersen et al., 2007).

We are unaware of any published population-based
phenotypic studies of the overlap between ADHD and
autism spectrum traits or disorders in adults. However,
a recent study of 240 adults referred for neuropsychi-
atric investigation found that 32% of 147 adults with
current or remitted ADHD had an autism spectrum
diagnosis. Also, 42% of 113 adults with autism spec-
trum disorder had symptoms consistent with current
or remitted ADHD (Anckarsater et al., 2006).

We are unaware of any published twin studies
investigating the relationship between ADHD symp-
toms and autistic traits in adults. The current study
evaluates the association between self-reported ADHD
symptoms and autistic traits in a sample of young
adult Australian twins, and uses twin modeling to
examine the evidence for shared genetic and environ-
mental influences affecting both disorders.

Materials and Methods

Subjects included an unselected population-based
sample of 699 Australian twins (284 complete pairs)
participating in a personality study (Distel et al.,
2008). Mean age was 23 (range 18-33) years, and
57% were female. Targeted participants included
Australian twins born between 1972 and 1987 who
were either voluntarily registered on the Australian
Twin Register (ATR) founded in 1978 (Jardine et al.,
1984), or had previously taken part in twin studies at
Queensland Institute of Medical Research (QIMR).
Twins consented for the study electronically, by tele-
phone, or on paper, and the study was approved by
the QIMR Human Research Ethics Committee.

Of 310 ATR subjects approached for participation,
268 twins (86.4%) completed the survey. Of 808
twins approached directly by QIMR, 431 (53.3%)
completed the survey, resulting in a total of 699 com-
pleted surveys (493 online, 206 paper). The zygosity
of 674 twins (275 complete pairs) was known either
from self-report answers to standard questions (N =
299), because the twins were of opposite sex (N = 91),
or from DNA testing (N = 284). The standard ques-
tions used to determine zygosity have been described
elsewhere (Martin & Martin, 1975). The zygosity
groups include 136 monozygotic males (50 complete
pairs), 76 dizygotic males (29 complete pairs), 193
monozygotic females (85 complete pairs), 108 dizy-
gotic females (48 complete pairs), and 161 opposite
sex (63 complete pairs). Since full diagnostic criteria
for ADHD and autism spectrum disorders were not
assessed and we did not ask about diagnoses previ-
ously given, we cannot determine the number of
subjects with these diagnoses.

The surveys included 11 autistic and 12 DSM-IV
ADHD symptom items, which were modified for self-
report. Due to the length of the total questionnaire
and the need to minimize subject burden, the autism
assessment was limited to items 6, 15, 16, 18, 24, 29,
35, 37, 39, 42, and 58 of the Social Responsiveness
Scale (SRS), a 65-item quantitative measure of autistic
traits (Constantino & Gruber, 2005; Constantino et
al., 2000). The selected items encompassed the three
DSM-IV autism domains, and had strong loadings on
the first unrotated factor of a principal components
analysis of the SRS in a pediatric sample. Most of the
SRS items were related to deficits in reciprocal social
behavior, but there were also three items related to
stereotyped/repetitive behaviors (SRS items 24, 29,
and 39) and an item related to communication impair-
ment (SRS item 35). ADHD items included only those
that seemed most applicable to this age group (nine
inattentive and three impulsive symptoms from DSM-
IV). Ideally it would have been useful to include
hyperactive symptoms also, but there was a need to
limit the total number of items for the survey. Each
item was scored on a four-point scale (0 = false, not at
all true; 1 = slightly true; 2 = mainly true; 3 = very
true). To create the SRS and ADHD scores, the rele-
vant items were summed. Higher scores indicated
more severe symptoms. Scores were natural log trans-
formed prior to statistical modeling to approximate a
normal distribution.

Structural equation modeling was implemented
using Mx software (Neale et al., 2006a), including all
twins with known zygosity (n = 674 twins). Raw data
were analyzed so that twin pairs with missing data on
one twin could be used in the analysis. The models
used information regarding similarity between twins
from various zygosity groups to estimate the propor-
tion of variance in scores attributable to hypothesized
latent variables representing additive genetic (A), dom-
inance genetic (D), common environmental (C), and
unique environmental (E) factors. All models included
sex effects on mean SRS and ADHD scores. After
components (such as C or D) of a full model were
dropped to obtain submodels, we compared the nested
models using a difference in log likelihood chi-square
test. If p < .05, this indicated the submodel fit signifi-
cantly worse than the full model and the full model
was accepted. Otherwise the submodel was accepted
as the most parsimonious model.

We began with univariate sex-limitation ACE and
ADE models, including the five different zygosity
groups. Sex-limitation models allow testing for sex
differences in terms of genetic influences on the mea-
sured trait and the relative importance of A, C, and E
(or A, D, and E) in producing variance in the mea-
sured trait. The full ACE sex limitation model allows
estimates of A, C, and E to be different between males
and females, and allows genetic covariance for oppo-
site sex pairs to be estimated rather than fixed. Nested
models can then be used to evaluate the evidence for
sex differences by testing for significant deterioration
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Table 1

Shared Genetic Influences on ADHD and Autistic Symptoms

Variance—Covariance and Correlation Statistics for Natural Log Transformed SRS and ADHD Scores

SRS Twin 1 ADHD Twin 1 SRS Twin 2 ADHD Twin 2
MZ Males, n =50 complete Pairs
SRS Twin 1 0.66 0.48 0.44 0.36
ADHD Twin 1 0.28 0.52 0.22 0.45
SRS Twin 2 0.28 0.12 0.62 0.37
ADHD Twin 2 0.21 0.23 0.21 0.51
DZ Males, n=29 complete pairs
SRS Twin 1 0.47 0.24 0.04 -0.12
ADHD Twin 1 0.10 0.39 -0.18 -0.37
SRS Twin 2 0.02 -0.09 0.61 0.63
ADHD Twin 2 -0.04 -0.12 0.26 0.28
MZ Females, n= 85 complete pairs
SRS Twin 1 0.61 0.53 0.60 0.46
ADHD Twin 1 0.30 0.53 0.35 0.50
SRS Twin 2 0.39 0.21 0.69 0.52
ADHD Twin 2 0.24 0.25 0.29 0.46
DZ Famales, n =48 complete pairs
SRS Twin 1 0.52 0.56 0.44 0.30
ADHD Twin 1 0.30 0.54 0.21 0.38
SRS Twin 2 0.23 0.1 0.51 0.48
ADHD Twin 2 0.15 0.20 0.25 0.52
DZ Opposite Sex, n=63 complete pairs
SRS Twin 1 0.54 0.39 0.31 0.17
ADHD Twin 1 0.20 0.48 0.23 0.10
SRS Twin 2 0.17 0.12 0.58 0.45
ADHD Twin 2 0.08 0.04 0.23 0.45
All MZ Pairs, n= 135 complete pairs
SRS Twin 1 0.63 0.51 0.54 0.42
ADHD Twin 1 0.29 0.53 0.30 0.48
SRS Twin 2 0.35 0.18 0.66 0.46
ADHD Twin 2 0.23 0.24 0.26 0.47
All DZ Pairs, n=140 complete pairs
SRS Twin 1 0.52 0.43 0.30 0.18
ADHD Twin 1 0.21 0.48 0.15 0.15
SRS Twin 2 0.16 0.08 0.57 0.50
ADHD Twin 2 0.09 0.07 0.26 0.45

Note: Each matrix shows covariances (below diagonal), variances (diagonal), and Pearson’s r (above diagonal, bold). For opposite-sex twins, twin one is female. For other twins,

twin one is the first born-twin.

of fit in models that constrain A, C, and E to be equal
between sexes and/or fix the genetic covariance for
opposite sex pairs at 0.5. It was important to evaluate
for sex limitation effects in univariate models prior to
running bivariate models partly because there are
certain biases that occur in bivariate Cholesky decom-
position sex limitation models that do not apply to
univariate sex limitation models (Neale et al., 2006b).
We used the best fitting univariate models in designing
a bivariate Cholesky decomposition model. The
bivariate model allows us to estimate the degree of
overlap between genetic and environmental factors
that affect SRS and those that affect the ADHD score.

Results

Cronbach’s alpha indicated high inter-item reliability for
each scale (SRS alpha = 0.81, ADHD alpha = 0.82). In
the entire sample of 699 subjects, the log-transformed
SRS and ADHD scores were significantly correlated
within individuals (Pearson’s r = .48, p < .0001).

Correlation and covariance matrices for various
zygosity groups are shown in Table 1.

For both SRS and ADHD scores, the most parsi-
monious univariate model was an AE model without
sex limitation effects (Table 2). The bivariate Cholesky
decomposition model is shown in Figure 1. Because
we did not find evidence of significant common envi-
ronmental or genetic dominance effects in our
univariate analyses, we included only A and E in the
bivariate analysis. Since we found no significant evi-
dence for sex limitation, we used only two zygosity
groups (MZ and DZ) for the bivariate models. There
was a significant fit deterioration if the shared compo-
nent of A (x,2 =42.995, p <.001) or E (x,2 = 12.664,
p < .001) was dropped. For SRS score, 54% (95% CI:
43%—-63%) of variance was due to A and 46% (95%
Cl: 37%-57%) due to E. For ADHD score, 44%
(95% CI: 31%-55%) of variance was due to A and
56% (95% CI: 45%-69%) was due to E. The correla-
tion between latent genetic factors affecting SRS and
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Bivariate Cholesky Decomposition Model

21% 52%

SRS

ADHD

rg=0.72 (0.56-0.86)
re=0.26 (0.12-0.39)

Figure 1

Path diagram illustrating the bivariate model. Percent of variance in
SRS or ADHD score accounted for by each latent factor is shown on
the diagram.

Note: A = additive genetic influences. E = environmental influences that lead to differ-
ences between twins. Genetic correlation (r,) and environmental correlation (r,)
are shown with 95% confidence intervals.

ADHD (r,) suggests about half the genetic variance
affecting ADHD symptoms results from genetic influ-
ences that also affect autistic traits. In contrast, the
environmental correlation (r,) suggests only about 7%
of the unique environmental variance affecting ADHD
is shared with the unique environmental influences on
autistic traits.

Discussion

We cannot be certain whether our young adult self-
report SRS and ADHD items truly measure the same
problems as ratings by outside observers; however, the
genetic structure of our self-report SRS and ADHD
scores is basically consistent with studies of SRS
(Constantino & Todd, 2003) and ADHD (Faraone et
al., 2005) symptoms reported by parents of minors.
Our heritability estimates for SRS and ADHD in
adults are somewhat lower than those reported for
youth, but our study confirms at least moderate heri-
tability for each trait.

In the preferred model from a prior study by
Constantino et al., the genetic factors affecting SRS
and ADHD symptoms were separate, and reciprocal
causation within individuals accounted for the correla-
tion between SRS and ADHD symptoms (Constantino
et al., 2003). We did not test a reciprocal causation
model using the current dataset because the small
sample size and similar genetic structure for the two
phenotypes make it impossible to reliably distinguish
between our bivariate model and a reciprocal causa-
tion model. The expected covariance structure for
these two types of models is identical in cases where
the A and E variance components for the two pheno-

Shared Genetic Influences on ADHD and Autistic Symptoms

types are the same (Duffy & Martin, 1994). Our find-
ings indicate that pleiotropy (shared genes affecting
both SRS and ADHD symptoms) could explain the
association between SRS and ADHD symptoms.
However, it is still possible that the association
between SRS and ADHD symptoms is partly due to
measurement overlap or interaction of SRS and ADHD
symptoms within individuals (reciprocal causation).

Although different measures of ADHD symptoms
and autistic traits were used in our study, our results
are remarkably similar to those of Ronald and col-
leagues (Ronald et al., 2008). Their study of child
twins reported somewhat higher heritability for
Autistic and ADHD symptoms. They also reported
slightly lower 7, than our study, but their confidence
intervals for 7, overlap with ours. Their reported esti-
mates for 7, were also very similar to ours. Considering
both studies, it appears that there is evidence of sub-
stantial genetic overlap between ADHD and autistic
symptoms in both children and young adults.

This study has some limitations. We did not include
DSM-IV hyperactive symptoms in our measure of self-
report ADHD symptoms due to limitations on the size
of the total survey. However, hyperactive symptoms are
less stable than inattentive symptoms from childhood
to adulthood (Todd et al., 2008), so inclusion of hyper-
active symptoms may not have been very helpful in this
age group. Also, our previous study of Missouri twins
found that unlike those with inattentive or combined
type ADHD, children with the hyperactive-impulsive
subtype did not have statistically significant SRS score
elevations (Reiersen et al., 2007). Although we did not
find significant evidence for common environment
effects, genetic dominance, or sex limitation effects, it
is possible that our sample size was not large enough
to detect these. Also, there are additional types of
bivariate models that we did not perform because our
sample size provides insufficient power to justify more
complex analysis at this stage. We will consider evalu-
ating more complex twin models once a larger sample
is available for analysis. Of note, the DZ covariance
for ADHD was negative for males in our study. This
suggests the possibility of negative sibling interaction
effects in males. However, given the small size of the
male DZ group, this negative covariation could be due
to random factors, and we did not have a large enough
sample size to reliably assess for sibling interaction.

Recently we have demonstrated marked gene—envi-
ronment interaction between prenatal exposure to
cigarette smoke and genotype at the DRD4, DAT, and
CHRNA4 loci for combined type ADHD (Neuman et
al., 2007; Todd & Neuman, 2007). This is the ADHD
subtype that is most strongly associated with elevated
SRS scores in children (Reiersen et al., 2007). Such
gene—environment interaction could result in overesti-
mation of A and underestimation of C in our models.
Also, our high estimates for E could be partially due to
nonresponse bias, variable decrease in ADHD symp-
toms with age, inaccurate self-report, or other forms of
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error variance. Despite these limitations, we found
strong evidence for shared genetic influences on autis-
tic and ADHD symptoms which supports continued
study of the association between ADHD and autism.

In future studies, it may be fruitful to search for
specific genes that influence both ADHD and autism.
Given that the genetic correlation for SRS and ADHD
was higher than the environmental correlation, it may
be that some genes predispose to both types of symp-
toms but that environmental factors determine
whether individuals have autistic traits, ADHD or
both. In further support of this possibility, we have
found an association between clinically elevated SRS
score and the DRD4 7-repeat allele in Missouri twin
subjects with latent-class derived severe combined
type ADHD (OR 3.27, p = .016), but there was no
main or interaction effect of prenatal maternal
smoking in predicting high SRS score in these children
(Reiersen et al., 2008). So, although prenatal maternal
smoking appears to interact with genotype to produce
severe combined type ADHD, it does not appear that
this environmental factor influences SRS score in
these children.

In conclusion, our findings indicate that self-
reported inattentive/impulsive ADHD symptoms and
autistic traits tend to co-occur in adults. This co-occur-
rence of ADHD and autistic symptoms may be due to
substantial overlap of the genetic influences leading to
these two types of symptoms. It may be important to
assess for autistic features in adult patients with
ADHD and measure both autistic traits and ADHD
symptoms in studies of either disorder.
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