
Autism is a neurodevelopmental disorder characterized by
abnormalities in social skills and behavior, verbal and non-
verbal communications, symbolic and imaginative play, rea-
soning, and related complex behavior.1 Studies of brain
structure have implicated several aspects of brain devel-
opment involved in neuronal organization including the
elaboration of dendritic and axonal ramifications, the estab-
lishments of synaptic connections, and cell death.2 These
developmental neuronal disturbances may lead to a wide
range of anatomic abnormalities including changes in brain
volume. Interestingly, there is mounting evidence using dif-
ferent methodologies that brain size in autism is, on aver-
age, increased.

Kanner, in his original description, pointed to the pres-
ence of large heads in some children with autism.3 Several
subsequent studies have found an increase in fronto-occip-
ital head circumference4–6 and macrocephaly.7,8 Neu-
ropathologic studies have reported an increase in brain
weight,9–12 more so in children than in adults.12 Consistent
with these reports, several neuroimaging studies have

reported an increase in brain size in autism.13–15 In a study
of 15 high-functioning autistic men, the midsagittal supra-
tentorial brain area was reported to be increased compared
with a matched control group.13 A more recent study found
an increase in total brain volume, which was the conse-
quence of enlargement of parietal, temporal, and occipital
regions but not the frontal lobe.14,15 This regional brain
enlargement was consistent with another study reporting an
increase in brain volume selectively involving pericallosal
segments.16

The objective of the present investigation was to deter-
mine whether brain volume was increased in a sample of
nonmentally retarded autistic individuals, as has been
reported in several studies in generally lower functioning
individuals. We hypothesized that, after adjustment for
intracranial volume, the cerebral volume will be larger in the
autistic group compared with controls. In an attempt to
identify the potential contributors to the increase in brain
size, the following structures were measured: third, fourth,
and lateral ventricles.

METHOD

Subjects

Sixteen male subjects with autism were included in the study. The
diagnosis of autism was established through expert clinical eval-
uation in accordance with accepted clinical descriptions of high-
functioning autism17 and two structured diagnostic instruments, the
Autism Diagnostic Interview18 and the Autism Diagnostic Obser-
vation Schedule.19 Inclusion criteria were (1) absence of mental
retardation (Wechsler Full Scale and Verbal IQ > 70); (2) absence
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of known neurologic causes of the autistic syndrome such as
tuberous sclerosis, neurofibromatosis, fragile X syndrome, inborn
errors of metabolism, or acquired brain damage as determined by
neurologic history, examination, and laboratory testing; (3) male
gender; and (4) ability to provide (or a guardian capable of pro-
viding) informed consent. The study was confined to males because
the sample size was too small to accommodate structural variability
associated with gender. The age-appropriate version of the Wech-
sler Adult Intelligence Scale-Revised (WAIS-R) or the Wechsler Intel-
ligence Scale for Children-Revised (WISC-R) was administered to
measure IQ. The socioeconomic status of the family of origin was
determined with a modification of the Hollingshead method and
matched at group level.

The comparison group consisted of 19 healthy volunteer
males recruited from the community through advertisements who
met the following criteria: (1) neurologically and psychiatrically nor-
mal, without developmental learning or language disorders; (2) neg-
ative family history of autism, developmental disorders, or heritable
neuropsychiatric disorders; and (3) good physical health. Twenty-
two controls were originally recruited as 1:1 matches with autis-
tic subjects with regard to gender, race, Full-Scale IQ (within 5
points), and age (within 6 months for subjects aged ≤ 17 years and
within 1 year for those ≥ 18 years). However, a few subjects from
both groups were excluded from analyses because of the inadequate
quality of their magnetic resonance imaging scans. The resulting
groups were matched for age, Full-Scale IQ, Performance IQ, Ver-
bal IQ, education level, and the socioeconomic status of the fam-
ily of origin (Table 1).

Magnetic Resonance Imaging Scans

All imaging studies were performed with a General Electric Signa
One instrument operating at a field strength of 1.5 Tesla. Imag-
ing was conducted without sedation. The imaging protocol con-
sisted of a T1-weighted (TR = 500 msec, TE = 20 msec) series: a
coronal scout series of 5-mm image thickness (1-mm gap) for the
purpose of identifying the midline plane, a sagittal series of 3-mm
thickness (interleaved) parallel to the midline plane, and three-
dimensional-axial spoiled gradient-recalled acquisitions in the
steady state series of 2.5-mm thickness.

Image Analysis

Images were digitally transferred from the Signa System to a Mac-
intosh work station, and the data were analyzed using the IMAGE
software (version 1.45) developed by the National Institutes of
Health,20 which provides valid and reliable volume measurements
of specific structures using a semiautomated histogram-based

segmentation approach.21 All measurements were made by A.H. and
M.M., who were trained and reliable raters and were blind to sub-
ject status with regard to diagnosis. Intraclass correlation of inter-
rater reliability ranged from 0.95 (intracranial volume) to 0.99
(cerebral volume). Intraclass correlation of intrarater reliability
ranged from 0.93 (cerebral volume) to 0.99 (fourth ventricle vol-
ume). The investigator involved in the diagnosis (N.M.) was not
involved in image selection or measurement.

Measurement of the Intracranial Volume

Axial images were first reformatted to produce coronal slices.
The intracranial volume was calculated by summing up areas of
successive coronal slices, including gray and white matter and
cerebral spinal fluid volumes, and multiplying by the slice thick-
ness. Images were traced along the diploe on the outside border
of the brain excluding everything except dura, gray, and white
matter. All of the frontal, parietal, temporal, and occipital cortices
were included, in addition to the cerebellum, brain stem to the lower
limit of the pons, pituitary gland, and optic chiasma.

Measurement of the Cerebral Volume and the Ventricles

The cerebral volume was calculated by summing up areas of suc-
cessive coronal slices of the previously measured intracranial trac-
ings, excluding cerebrospinal fluid, dura matter, the cerebellum,
and the brain stem, and multiplying by slice thickness. The latter
two structures were traced manually to exclude their volume. The
third ventricle volume was calculated by summing up areas of
successive coronal slices of the region of interest traced along the
edge of this ventricle. Using a similar approach, the fourth and the
lateral ventricles were measured.

Statistical Analysis

Inter-reliability and intrarater reliability were assessed by using
the intraclass correlation coefficient (N = 10). Student’s t-test
(two-tailed) was employed to examine for mean differences
between the autistic and comparison subjects. Analysis of covari-
ance (ANCOVA) was used to examine differences in the regions
of interest (cerebral, third, fourth, and lateral ventricle volumes)
between autistic participants and comparison subjects after adjust-
ment for intracranial volume. This approach (ie, ANCOVA) has been
suggested and used as a method of analysis for dealing with poten-
tial confounders in structural imaging studies of the brain.15,22

Therefore, adjusting for intracranial volume is essential in light of
the reports of increased head circumference reported in autism.4–8

Two-tailed tests were used for statistical significance, and alpha
was set at P < .05.

422 Journal of Child Neurology / Volume 16, Number 6, June 2001

Table 1. Demographic Information

Autistics (n = 16) Controls (n = 19)

Mean SD Mean SD t P

Age (yr) 22.18 10.10 22.21 9.44 –0.01 .99
Full-Scale IQ 102.75 15.16 101.21 13.93 0.31 .75
Verbal IQ 106.12 16.16 101.58 13.84 0.90 .37
Performance IQ 100.00 13.23 99.89 12.53 0.02 .98
Education level 10.56 3.40 11.16 2.89 –0.56 .58
Socioeconomic status 3.87 1.45 3.52 1.22 0.77 .44
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RESULTS

The mean raw values of cerebral volume, intracranial vol-
ume, and fourth and lateral ventricles between the two
groups did not differ significantly. The volume of the third
ventricle was significantly larger in the autistic group com-
pared with the controls (Table 2). Mean cerebral volume and
mean third ventricle volume in autistic participants were sig-
nificantly larger than the control group when adjusted for
intracranial volume (see Table 2). Due to the presence of an
outlier with megalencephaly in the autistic group, the data
were analyzed again without this participant, which did not
lead to any change in the level of significance.

The participants were divided into two groups accord-
ing to age (younger and older than 21 years), and the dif-
ferences between the cerebral volume of the two groups
remained significant in the younger group (autistic: N = 11,
mean = 1430.86 cc, SD = 225.38; controls: N = 13, mean =
1335.13, SD = 106.32; F = 4.328, df = [1,21], P = 0.05) but
not in the older group when adjusting for intracranial
volume (autistic: N = 5, mean = 1260.15 cc, SD = 116.65;
controls: N = 6, mean = 1265.09, SD = 109.62; F = 1.271, 
df = [1,8], P = .92).

DISCUSSION

In this study, the cerebral volume of a group of nonmentally
retarded individuals with autism was, on average, enlarged
when compared with a control group after adjusting for
intracranial volume. This finding is concordant with several
previous neuroimaging reports of increased brain vol-
ume.13–16 The increase in cerebral volume in younger but not
in older subjects in this study is also consistent with neu-
ropathologic studies reporting increased brain weight in
individuals with autism,11,12 more so in children than in
adults.12 The findings of this study are also concordant with
a number of studies reporting increased head circumference
in autism.4–8 These studies revealed a fronto-occipital head
circumference in the normal range at birth or shortly after
with an increase to the above-average range by 4 years of
age. This relationship with age, in addition to the one of brain
weight with age, raises the issue of the influence of the
continuing process of brain development in autism and
suggests that postnatal processes are responsible for this
abnormal rate of growth.

In the present study, there was no evidence of signifi-
cant contribution of any brain compartment in the increased
brain and head size. The volume of the third ventricle was
found to be enlarged in the autistic group. This finding is con-
sistent with one previous computed tomography scan report
of increased size of this structure and not the lateral ven-
tricles23 in individuals with autism. This finding may suggest
the presence of abnormalities in adjacent structures such
as the thalamus. Interestingly, neuroimaging studies have
pointed to abnormalities in the dentatothalomocortical
pathway24,25 and functional impairment of the interaction
between frontoparietal regions and the neostriatum and
thalamus in autism.26 This constellation of findings war-
rants further examination of the thalamus in autism using
different technologies.

The pathophysiology of brain enlargement in autism is
unclear, and several developmental processes are to be
considered. Several distinct mechanisms have been sug-
gested14,15: increased neurogenesis, decreased neuronal
death, increased production of non-neuronal brain tissues
(ie, glial cells), and decreased synaptic pruning. The limited
neuropathologic data available in the literature have not been
conclusive in support of either a derangement of neuro-
genesis or a failure of the programmed cell death.10,27 Fur-
thermore, postmortem studies have failed to show any
abnormalities of gross brain structure, and myelination in
autism has been found to be comparable to controls,11 and
no differences in glial cell number have been reported.27 Last,
the process of selective elimination of neuronal processes
usually leads to reduced brain volume with maturation
without alterations in overall head size. If the process is
intact, one would expect a proportionate age-related reduc-
tion in brain volume in both healthy and autistic subjects,
even if this was initially enlarged. Our preliminary obser-
vation of increased brain volumes adjusted for intracranial
volume in autistic patients suggests that such a reduction
may have partially or completely failed to occur in this
developmental disorder. Such a defective synaptic pruning
may predict increased synaptic density and decreased neu-
ronal density in these subjects. Neuropathologic studies
are needed to test these predictions.

The results of this study need to be interpreted with cau-
tion in light of the small sample size and the methodology
used. The cerebral volume and the intracranial volume were
nonsignificantly larger in the autistic group, and a larger
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Table 2. Diagnosis Effect on Brain Volume

Autistics Controls ICV as Covariate

Volume Mean SD Mean SD t* P F** P

Intracranial 1742.14 237.25 1639.40 118.90 1.66 0.11 — —
Cerebral 1377.51 210.25 1313.01 109.51 1.17 0.25 5.26 .03
Lateral ventricle 9.70 7.11 6.99 9.43 0.94 0.35 0.55 .46
Third ventricle 1.04 0.62 0.63 0.29 2.56 0.01 7.65 .01
Fourth ventricle 1.14 0.56 0.98 0.40 0.95 0.35 0.84 .37

*(df = 1, 33); **(df = 1,32).
Volume is in cc.
ICV = intracranial volume.
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sample size would have detected a statistical difference
between the two groups. Furthermore, lobar measurements
were not done to allow comparison with previous studies
reporting regional brain enlargement in autism.15

In conclusion, the magnetic resonance imaging data in
the present study show an average increase in brain volume
consistent with the literature. Further research is needed to
examine large sample sizes of different developmental ages
with varying levels of severity of autism and more refined
methodology. Moreover, longitudinal studies are warranted
combining neuroimaging and fronto-occipital head cir-
cumference measurements to investigate clinical correlates
associated with brain size and to determine whether brain
volume could serve as some sort of biologic marker defin-
ing specific subgroups. Although increased brain size has
been reported consistently, the exact mechanisms underlying
this process remain obscure. Therefore, continued study of
the brain in autism using histopathologic examination is crit-
ical to a better understanding of the complexities underly-
ing the enlarged brain size in autism.
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