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Brain anatomy in non-affected parents of
autistic probands: a MRI study
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RENÉ S. KAHN 2
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1 Department of Child and Adolescent Psychiatry ; 2 Department of Psychiatry, Rudolf Magnus Institute
of Neuroscience, University Medical Center Utrecht, Utrecht, The Netherlands

ABSTRACT

Background. Autism is a neurodevelopmental disorder with an estimated genetic origin of 90%.
Previous studies have reported an increase in brain volume of approximately 5% in autistic
subjects, especially in children. If this increase in brain volume is genetically determined, biological
parents of autistic probands might be expected to show brain enlargement, or at least intracranial
enlargement, as well. Identifying structural brain abnormalities under genetic control is of par-
ticular importance as these could represent endophenotypes of autism.

Method. Using quantitative anatomic brain magnetic resonance imaging, volumes of intracranial,
total brain, frontal, parietal, temporal and occipital lobe, cerebral and cortical gray and white
matter, cerebellum, lateral ventricle, and third ventricle were measured in biological, non-affected
parents of autistic probands (19 couples) and in healthy, closely matched control subjects (20
couples).

Results. No significant differences were found between the parents of the autistic probands and
healthy control couples in any of the brain volumes. Adding gender as a factor in a second analysis
did not reveal a significant interaction effect of gender by group.

Conclusions. The present sample of biological, non-affected parents of autistic probands did not
show brain enlargements. As the intracranium is not enlarged, it is unlikely that the brain volumes
of the parents of autistic probands have originally been enlarged and have been normalized. Thus,
increased brain volume in autism might be caused by the interaction of paternal and maternal
genes, possibly with an additional effect of environmental factors, or increased brain volumes might
reflect phenotypes of autism.

INTRODUCTION

Autism is an etiologically complex, neurodevel-
opmental disorder, defined by the presence of
marked social deficits, specific language abnor-
malities, and stereotyped, repetitive behaviors
(APA, 1994). It has been estimated that over

90% of the etiology is derived from genetic
factors (Bailey et al. 1995), likely of oligogenic
etiology (Risch et al. 1999). Parents share
specific behavioral and cognitive characteristics
with their autistic probands, suggesting that
these characteristics are likely genetic in nature.
Significant social abnormalities, such as schiz-
oid personality traits (Wolff et al. 1988), lack of
friendships and aloofness (Piven et al. 1997b ;
Lainhart et al. 2002) seem to affect a substantial
minority (25–30%) of parents. Likewise, most
studies reported more communication impair-
ments in parents of autistic probands compared
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with controls (Gillberg et al. 1992; Landa et al.
1992; Piven et al. 1997b ; Lainhart et al. 2002).
Stereotyped, rigid behavior, the third key
feature of autism, seems to occur either in only a
small minority of parents (Piven et al. 1997a ;
Lainhart et al. 2002), or not at all (Wolff et al.
1988). Finally, cognitive impairments, such as
deficits in theory of mind (Baron-Cohen &
Hammer, 1997), weak central coherence (Happé
et al. 2001), and executive function deficits
(Hughes et al. 1997), seem to run in families
with autistic probands. In addition, parents of
autistic probands show increased rates of other
genetically determined psychiatric disorders,
such as depression (Piven & Palmer, 1999),
anxiety disorder (Piven & Palmer, 1999), and
obsessive–compulsive disorder (Bolton et al.
1998). Neurobiological studies revealed such a
familial pattern as well. Increased whole blood
serotonin (Leboyer et al. 1999), decreased levels
of reelin (Fatemi et al. 2002), and dysregulated
amino acid metabolism (Aldred et al. 2003) were
found in both autistic probands and their par-
ents. In addition, previous studies have shown
that head circumference, known to be geneti-
cally determined (Weaver & Christian, 1980), is
above the 97th percentile (i.e. macrocephaly)
in approximately 20% of autistic individuals
(Stevenson et al. 1997), and in 20–62% of par-
ents of autistic subjects, especially parents of
autistic probands with increased head circum-
ference (Stevenson et al. 1997; Fidler et al. 2000).
Likewise, brain volume, with a genetically ex-
plained variance of 90% (Baaré et al. 2001a),
has also been found to be enlarged in autistic
individuals, especially in children (Courchesne
et al. 2001; Aylward et al. 2002; Sparks et al.
2002; Palmen et al. 2005). The present study is,
to our knowledge, the first to investigate brain
volumes in biological parents of autistic pro-
bands. Identifying structural brain abnormalities
under genetic control is of particular importance
because these could represent endophenotypes
of autism. Endophenotypes are defined as traits
that carry genetic loading and which are related
indirectly to the classic behavioral symptoms
as defined in DSM-IV or ICD-10 (Skuse, 2001).
In complex heterogeneous disorders such as
autism, endophenotypes are presumed to be
more proximal to gene action and therefore
could aid in the identification of susceptibility
genes. We compared brain scans of 19 biological

parent couples of an autistic proband with those
of 20 healthy married control couples, matched
on age, gender, IQ, height, weight, handedness
and education. Inclusion of both parents
ensures the inclusion of the obligate carrier(s)
and by comparing parents of autistic subjects
with healthy control couples one can correct
for assortative mating – the tendency for mated
pairs to be more similar for some traits than
would be expected of the choice of a partner that
occurred at random. The aim was to determine
(1) whether brain enlargement is present in
parents of autistic probands with known
increased brain volumes (Palmen et al. 2004,
2005), and if so, (2) whether this enlargement
is found to the same extent in fathers and in
mothers, and (3) whether enlargement is present
in the same regions as in the autistic probands
themselves.

It was realized that, although some studies,
including our own, reported increased brain
volume in autistic adolescents and adults
(Piven et al. 1995; Hardan et al. 2001; Palmen
et al. 2004) other studies did not (Aylward et al.
1999; Haznedar et al. 2000; Courchesne et al.
2001; Rojas et al. 2002), suggesting that the
increase in brain volume might only be a pass-
ing thing. In that case, brain enlargement
that would be genetic in origin, would not be
seen in parents of autistic probands as they
would have outgrown their brain enlargement.
However, as it is in the early stages of brain
development that the intracranial volume
expands under the influence of brain growth
(O’Rahilly & Muller, 1992; Sgouros et al.
1999), intracranial volume would be expected
to be enlarged in the parents of autistic pro-
bands if brain enlargement in autism is an
endophenotype.

METHOD

Participants

Forty-two biological parent couples with an
autistic proband (autism parent couples) were
asked to participate in the present study. All
were parents of autistic subjects that had
been previously included in studies of structural
brain abnormalities in autistic subjects (Palmen
et al. 2004, 2005). For 30 autistic probands
both parents were able and willing to partici-
pate in the present study. After matching on
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demographic variables with the control sample,
19 autism parent couples – 17 of whom had an
autistic proband with a brain volume larger
than the control mean – remained to partici-
pate in the present study. The presence or
absence of psychopathological abnormalities
was established in all autism parent couples
using questionnaires and a short version of the
Comprehensive Assessment of Symptoms and
History (Andreasen et al. 1992). Subjects with
a major medical or neurological illness, includ-
ing epilepsy, alcohol or other drug dependence,
head trauma in the past, or IQ below 80 were
excluded. All autism parent couples filled in
a Dutch translation of the Autism-spectrum
Quotient (AQ), a questionnaire investigating
autistic traits (Baron-Cohen et al. 2001). After
written consent was obtained, all autism parent
couples participated in a 45-minute magnetic
resonance imaging (MRI) scanning session. IQ
was estimated with the aid of a short version of
the Groningen Intelligence Test (GIT) (Luteijn
& van der Ploeg, 1983). As the GIT is compar-
able to the WAIS-R (Wechsler, 1981) and not to
the more recent WAIS-III, all subjects scored on
average 10 points higher than would have been
expected when tested with theWAIS-III. Twenty
healthy, married control couples were drawn
from the database of the Utrecht Schizophrenia
Project. The control subjects had been recruited
previously (Appels et al. 2003) and had already
been extensively screened to exclude psycho-
pathology in themselves, as well in their first-
degree relatives, and to exclude major medical
or neurological illness, including epilepsy and
alcohol or other drug abuse. The control sub-
jects had not completed the AQ. The control
subjects had undergone the same scanning
session and the GIT had been used for IQ
determination. The procedure was approved at
the institutional review board of the University
Medical Center in Utrecht, The Netherlands.
The final sample, matched on age, gender, IQ,
height, weight, handedness, and educational
level consisted of 19 autism parent couples
and 20 healthy control couples (see Table 1 for
demographics).

MRI acquisition and procedures

Magnetic resonance images were acquired on a
Philips NT scanner operating at 1.5 T (Philips
Medical Systems, Best, The Netherlands) in all

subjects. A T1-weighted Three Dimensional–
Fast Field Echo (3D-FFE: TE=4.6 ms, TR=
30 ms, flip angle=30x, FOV=256r256 mm2)
with 160–180 contiguous coronal 1.2-mm slices
and a T2-weighted Dual Echo–Turbo Spin
Echo (DE-TSE: TE1=14 ms, TE2=80 ms,
TR=6350 ms, flip angle=90x, FOV=256r
256 mm2) with 120 contiguous coronal 1.6-mm
slices of the whole head were used for the
quantitative measurements : the T2-weighted
sequence for measurement of the intracranial
volume, the T1-weighted sequence for all other
quantitative measurements. In addition, a
T2-weighted Dual Echo–Turbo Spin Echo
(TE1=9 ms, TE2=100 ms, TR=2200 ms, flip
angle=90x, FOV=250r250 mm2) with 17
axial 5-mm slices and 1.2-mm gap of the whole
head was acquired for clinical neurodiagnostic
evaluation. Processing was carried out on the
neuroimaging computer network of the Depart-
ment of Psychiatry. All images were coded to
ensure blindness for subject identification and
diagnosis ; scans were put into Talairach frame
(no scaling) (Talairach & Tournoux, 1998), and
corrected for inhomogeneities in the magnetic
field (Sled et al. 1998). Quantitative assessments
of the intracranial, total brain, cerebral gray and
white matter (total brain excluding cerebellum
and stem), lateral and third ventricles, and peri-
pheral cerebrospinal fluid (CSF) volumes were
performed based on histogram analyses and
series of mathematical morphology operators
to connect all voxels of interest, developed and
validated previously (Schnack et al. 2001a).
A plane through the fourth ventricle and the
aquaduct limited the cerebellum. In lateral

Table 1. Demographic data

APC
(n=38)

HCC
(n=40)

Male/female participants 19/19 20/20
Age (years), mean¡S.D.
(range)

50.27¡3.79
(44.3–58.8)

52.01¡4.14
(41.8–59.9)

IQ, mean¡S.D. 117.50¡10.52 117.85¡12.56
Height (cm), mean¡S.D. 172.95¡9.41 174.93¡8.84
Weight (kg), mean¡S.D. 74.26¡13.59 75.33¡12.01
Handedness (right/left) 34/4 38/2
Education (years),
mean¡S.D.

13.71¡2.51 13.83¡2.24

AQ, mean¡S.D. 13.79¡9.13

APC, Autism parent couples ; HCC, healthy control couples ; AQ,
autism-spectrum quotient.

Brain volumes in parents of autistic probands 1413



ventricle segmentation automatic decision rules
bridged connections not detectable and pre-
vented ‘ leaking’ into cisterns (Schnack et al.
2001b). Coronal slices clearly showing the
anterior and posterior commissures limited
the third ventricle ; the upper boundary was a
plane through the plexus choroideus ventriculi
tertii perpendicular to the mid-sagittal slice.
All images were checked after the measure-
ments and corrected manually if necessary using
DISPLAY (Pruessner et al. 2000). The inter-rater
reliability of the volume measurements deter-
mined by the intra-class correlation coefficient
in 10 brains was 0.95 and higher (Hulshoff Pol
et al. 2002).

Frontal, parietal, temporal, and occipital
lobes were manually demarcated on a brain
image that served as a model. The modelbrain
was selected earlier among 200 brain images
of healthy subjects between 16 and 70 years of
age (Mandl et al. 1999). The boundaries of the
cortical lobes, extensively described in Palmen
et al. 2004, were set as follows. The frontal lobes
were limited by the frontal pole, the lateral
fissure, and the interhemispheric, the circular
insular, the central, the olfactory, and the cin-
gulate sulci. The parietal lobes were limited by
the central, the interhemispheric, the circular
insular, the subparietal, and the cingulate sulci,
the lateral ventricles, and the lateral, and the
parieto-occipital fissures. The temporal lobes
were limited by the lateral, the circular insular,
the anterior calcarine, and the interhemispheric
sulci, the amygdala-hippocampal complex, the
lateral ventricles, and the temporo-occipital
notch. The occipital lobes were limited by the
interhemispheric sulci, the parieto-occipital
fissure, and the temporo-occipital notch.
Brain images were registered to the model brain
through the ANIMAL algorithm (Collins et al.
1996) to remove global differences in size and
shape of the individual brains. The inverse of the
transformation process registered the manual
segmentations of the model brain to all subjects’
brain images. The gray and white matter seg-
ments from the individual brain images were
used to divide model-based segmentations into
gray and white matter.

Statistical analyses

All clinical data and brain volume measures
were found to be normally distributed. The only

variable that was skewed to the right was the
educational level. In the lateral ventricle vol-
umes there was one outlier among the autism
parent couples and one among the healthy con-
trol couples. In the cerebellum volumes, there
was one outlier among the autism parent
couples, whereas in the cerebral gray matter
volume there was one outlier among the healthy
control couples. Therefore, these data were
analyzed both with and without these subjects
to determine whether they contributed dispro-
portionately to the results.

To examine whether brain volumes differed
between the autism parent couples and the
healthy control couples, multiple analyses of
variance (ANOVA)weremadewith intracranial,
total brain, frontal lobe, parietal lobe, temporal
lobe, occipital lobe, gray and white matter of
the cerebrum, gray and white matter of the four
cortical lobes, cerebellum, and lateral and third
ventricular volume as dependent variables, and
group (autism parent couples, healthy control
couples) as independent variable. All analyses
were repeated with intracranial volume as a
covariate in multiple analyses of covariance
(ANCOVA) to examine whether volumetric
differences in brain volumes could be explained
by differences in intracranial volume between
the autism parent couples and the healthy con-
trol couples.

A second analysis was performed with gender
as an additional factor in order to look for
possible interaction effects of gender by group.

SPSS 9.0 statistical package for Windows
(SPSS Inc., Chicago, IL, USA) was used for
these analyses, with a two-tailed a-level of
0.05.

RESULTS

For mean (S.D.) values of the brain volumes see
Table 2 and Fig. 1. No significant differences in
any of the brain volumes were found between
the autism parent couples and the healthy con-
trol couples. Using intracranium as a covariate
did not significantly alter the results. Exclusion
of the outliers did not significantly alter the
results.

Adding gender as a factor in a second analysis
did not reveal any significant interactions of
gender by group.
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DISCUSSION

This cross-sectional study compared brain
volumes in 19 non-affected parent couples of
an autistic proband and 20 healthy control
couples, matched on gender, age, IQ, height,
weight, handedness and educational level. Its
main finding is an absence of significant differ-
ences in any of the brain volumes – including
the volume of intracranium; total brain; gray
and white matter of the cerebrum; frontal,
temporal, parietal, and occipital gray and white
matter ; cerebellum; third and lateral ventricle –
between the autism parent couples and the
healthy control couples. The differences in brain
volumes remained not significant after correc-
tion for intracranial volume. Adding gender as
a factor in the analysis did not reveal any sig-
nificant interactions of gender by group.

Both autism and brain volume are highly
genetically determined, and brain enlargement
had been reported in the autistic probands of
the present autism parent couples (Palmen et al.
2004, 2005). However, no brain enlargement
was found in the autism parent couples them-
selves, when compared with the healthy control
couples. Despite ample evidence for genetic
factors in autism, the illness does not show
simple genetic transmission. Its pathogenesis
likely involves multiple genetic and environ-
mental effects (Bailey et al. 1995), with possible
inheritance of risk factors from both parents

(Hallmayer et al. 1996; Cook et al. 1997). In
other words, autism is likely the outcome of
multiple selections for both genetic and environ-
mental factors that result in brain abnormal-
ities. Parents of autistic probands would be
expected to share some, but not all, of these
factors. Thus, it might be possible that increased
brain volume, as reported in autism, will only be
present when specific paternal and maternal
genes (and additional environmental factors)
are combined. Such mechanisms might explain
why autism parent couples show brain volumes
that are no different from those of controls. In
addition, the standard deviations of the brain
volumes of the autism parent couples were
comparable to those of the healthy control
couples, which is contrary to the consistently
reported larger standard deviations in brain
volumes of autistic subjects compared to con-
trols (Piven et al. 1995; Hardan et al. 2001;
Palmen et al. 2004, 2005). This finding might
strengthen the idea of ‘normal ’ brain volumes
of autism parent couples. Finally, the mean AQ
score of the autism parent couples was 13.8,
which was even lower than that of the randomly
selected control group tested in the original
article (16.4) (Baron-Cohen et al. 2001).

Of interest is that, although only three of the
38 parents (two males, one female) scored above
the critical minimum of definite autistic traits
(i.e. >32), significant positive correlations were
found between scores on the AQ and lateral and

Table 2. Absolute brain volumes (ml)

APC (n=38) HCC* (n=40)
F*# df=1, 76Mean¡S.D. Mean¡S.D.

Intracranium 1454.81¡133.51 1473.84¡128.77 0.411
Total brain 1240.73¡107.39 1251.10¡104.99 0.186
Cerebral gray matter 600.09¡60.94 611.82¡57.13 0.760
Cerebral white matter 487.56¡53.82 482.49¡60.41 0.151
Frontal gray matter 195.37¡20.40 198.91¡17.59 0.669
Frontal white matter 174.19¡20.28 175.21¡23.49 0.042
Parietal gray matter 108.48¡11.18 109.05¡8.26 0.065
Parietal white matter 84.24¡10.23 85.19¡12.80 0.128
Temporal gray matter 131.88¡11.33 132.19¡10.64 0.016
Temporal white matter 71.87¡8.32 70.29¡11.76 0.463
Occipital gray matter 53.78¡7.14 54.35¡4.90 0.169
Occipital white matter 50.45¡7.16 48.92¡6.68 0.135
Cerebellum 139.24¡12.90 142.77¡11.97 1.57
Lateral ventricles 17.82¡9.38 18.18¡9.68 0.027
Third ventricle 1.08¡0.38 1.19¡0.48 1.28

* For one control subject scan quality was insufficient to reliably separate gray and white matter. Thus, in the analyses of gray and white
matter, degrees of freedom were 1, 75.

# As none of the differences reached statistical significance, no p values are given.
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third ventricular volume (r=0.326, p=0.046
and r=0.374, p=0.021, respectively), whereas
the correlation between AQ and intracranial
volume reached trend level (r=0.287, p=0.081).
These findings suggest that autistic behavior
might be associated with larger intracranial and

ventricular volume, which is in accordance with
our earlier findings (Palmen et al. 2004, 2005).
Thus, it might be possible that, although the
present parent sample does not show brain
enlargement and does not display severe autistic
behavior, the relationship between autism and
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FIG. 1. Scatterplots [19 autism parent couples (n=38) and 20 healthy control couples (n=40)] of intracranial (a), total brain (b),
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parent couples ; HCC, healthy control couples.
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enlarged brain volumes does have a genetic
component. However, it is unknown whether
such significant positive correlations between
intracranial and ventricular volume and AQ
scores are present in healthy controls as well.

The present study is, to the best of our
knowledge, the first to investigate brain volumes
in parents of autistic probands. Therefore, no
comparison with earlier findings can be made.
However, in schizophrenia, another highly heri-
table (estimated at 80%) psychiatric disorder
(Cannon et al. 1998), studies of brain volumes
in first-degree relatives have been performed. In
short, twin and singleton sibling studies suggest
the involvement of genetic and disease-related
(possibly non-genetic) factors in the decrease
in brain volume, found in patients (Baaré et al.
2001b). Decrease in white matter volume seems
to reflect the increased genetic risk to develop
schizophrenia, whereas the decrease in gray
matter volume is related to environmental risk
factors (Hulshoff Pol et al. 2004). Lateral ventri-
cular enlargement is predominantly influenced
by environmental factors (Ohara et al. 1998),
although genetic factors may be involved too
(Baaré et al. 2001b). Studies including only
parents of schizophrenic offspring are less clear.
No reduction in brain volume (McDonald et al.
2002), and either increased ventricular (Sharma
et al. 1998) or normal ventricular volumes
(McDonald et al. 2002) were found. Thus, com-
pared with parent studies, twin studies seem
more suitable for detecting structural brain
abnormalities under genetic control in psychi-
atric disease, although the shared environment
of the affected and the unaffected co-twin/
sibling might have accounted partly for the
larger resemblance in brain abnormalities com-
pared with parents and schizophrenic probands
(Sullivan et al. 2003).

The present study did not find any brain
enlargements in the autism parent couples. One
hypothesis is that both paternal and maternal
genes, and probably additional environmental
factors as well, are necessary to cause the brain
abnormalities found in autism. On the other
hand, it might be possible that volumetric brain
abnormalities represent phenotypes of autism
and thus will only be found in subjects diag-
nosed with autism. Twin and sibling studies
may be better suited to assessing this hypothesis.
Another theory is based on the assumption that

brain abnormalities in autism become less pro-
nounced with age and will eventually disappear
(Courchesne et al. 2001). Taken together with
the reported decrease in symptom severity with
age (Piven et al. 1996), it might be hypothesized
that the autism parent couples have ‘outgrown’
the autistic symptoms and the brain abnor-
malities. This hypothesis would explain the re-
ported increased head circumference in a subset
of parents of autistic probands (Stevenson et al.
1997; Fidler et al. 2000). However, although we
only had head circumference data on the autism
parent couples (mean: 57 cm, S.D.=2 cm) and
not on the healthy control couples, the highly
significant positive correlations between head
circumference and both intracranium and total
brain volume in the autism parent couples
(r=0.740, p<0.0001; r=0.734, p<0.0001,
respectively) makes it very unlikely, that –
considering the absolute absence of difference
in brain volume between autism parent couples
and healthy control couples – a significant in-
crease in head circumference of autism parent
couples would have been found. In addition, if
brain enlargement would have been present in
the autism parent couples at a younger age,
one would have expected the increased intra-
cranial volumes to remain as well, since these
volumes are considered stable after the age of
five (O’Rahilly & Muller, 1992). In addition,
ventricular volumes would be expected to be
enlarged as well, in compensation for the extra
loss of brain tissue. As neither the intracranial
nor the ventricular volumes were increased in
the present autism parent couples sample, and
none of the autism parent couples had officially
been diagnosed with autism in childhood, this
last theory seems rather unlikely. Thus, increased
brain volumes in autism might be caused by
the interaction of parental and maternal genes,
possibly with an additional effect of environ-
mental factors, or represent phenotypes of
autism.

Limitations

This study was limited in several aspects. These
limitations should be taken into consideration
when interpreting its findings. First, the sample
size, although considerable in comparison to
the statistical power needed to detect significant
differences in patients with autism, may have
been too small to detect differences between
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parents of autistic probands and healthy control
couples, especially when considering that one
or both parent(s) may contribute to the geno-
type in the offspring. However, as the means and
standard deviations of the brain volumes of
the two groups are similar, it is unlikely that the
results will change significantly when larger
samples are being included. Using the present
brain volumes in a power analysis, 2600 subjects
would be needed to detect a significant differ-
ence between the two groups. Secondly, all
autistic probands were high-functioning. As has
been suggested previously (Szatmari et al. 1998),
the genetic mechanisms of higher- and lower-
functioning autistic subjects may be different.
Therefore, the generalizability of the present
data may be limited with respect to lower-
functioning autistic patients. Thirdly, we only
had AQ scores of the autism parent couples,
which made interpretation difficult. It would
have been interesting to have had measures on
both groups in order to compare these scores
and their possible differential relation to brain
volumes. Fourthly, global brain volumes have
been measured in this study. Therefore, no
inferences can be made as to whether focal brain
structures (e.g. the amygdala) may be related to
the genetic risk of developing autism. Finally,
only parents were included in the present study.
Sibling and twin studies may be more suitable
for detecting brain abnormalities under genetic
control. However, the advantage of including
only parents is that parents do not have a shared
(pre- and perinatal) environment with the pro-
bands, as do siblings (Sullivan et al. 2003). Thus,
if brain abnormalities were to be found in
parents, they are more likely to be of heritable
origin and consequently reflect endophenotypes
of the disorder.

CONCLUSION

The present sample of biological, non-affected
parents of autistic probands did not show
brain enlargements. As the intracranium is not
enlarged, it is unlikely that the brain volumes
of the parents with an autistic proband have
originally been enlarged and have been normal-
ized. Thus, increased brain volumes in autism
might be caused by the interaction of paternal
and maternal genes, possibly with an additional
effect of environmental factors, or increased

brain volumes might reflect phenotypes of
autism. Future twin and sibling studies may
further enhance our understanding of the rela-
tive contributions of genes and environmental
factors to the brain volume increases found in
autism.
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