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Abstract

Previous structural imaging studies of autistic individuals have identified gray matter 

abnormalities. It remains unclear, however, which abnormalities contribute to the etiology of 

autism and, among these abnormalities, which reflect genetic factors. Using voxel-based 

morphometry, we compared regional gray matter volume in 23 parents of autistic children to an 

age and sex-matched control sample. We identified relative local gray matter volume increases 

and decreases in the parent group that are consistent with previous research with autistic 

individuals. Further, differences were identified in regions that are functionally associated with 

social-cognitive and motor processes that are impaired in autism. This investigation constitutes the 

first whole-brain study of regional brain volume in the parents of autistic children, and suggests 

that a number of structural changes observed in autism may be familial.
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Introduction

Autism is a neurodevelopmental disorder of unknown etiology characterized by social and 

communication deficits in conjunction with a restricted range of behaviors [1]. Many studies 

with autistic individuals have identified structural brain abnormalities, although findings 

have been inconsistent [2]. Most have used a manual-tracing technique in which analyses 

were limited to a priori regions of interest. Voxel-based morphometry (VBM) enables 

regional volume comparisons across the whole brain. Using VBM, several investigators 

have identified local gray matter (GM) abnormalities among autistic individuals. Abell et al. 

[3] identified abnormalities in the frontal cortex, peri-hippocampal cortex, fusiform gyrus, 
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occipital–temporal junction, and the cerebellum. Waiter et al. [4] obtained similar findings 

with some discrepancies (i.e. precise locus, increase or decrease). McAlonan et al. [5] 

identified reductions in fronto-striatal regions. Boddaert et al. [6] found bilateral GM 

decreases in the superior temporal sulci. Salmond et al. [7] identified abnormalities in the 

amygdala and hippocampal region, orbital frontal cortex, the superior temporal gyri, and the 

cerebellum. In summary, VBM studies suggest that autism may be associated with GM 

differences in several frontal and temporal areas, the cingulate, the precuneus, the 

cerebellum, and the caudate region. Across the autism literature, however, inconsistencies 

remain [2]. Further, it is unclear which abnormalities reflect heritable factors.

Many behavioral studies have identified sub-clinical autism-like deficits in parent samples, 

providing support for a broad autism phenotype and demonstrating the potential value of 

studying parents in autism research [8]. Studying the brain anatomy of parent samples may 

provide direction for future genetically sensitive studies while reducing some of the 

problems associated with heterogeneity of participants (e.g. developmental status). Two 

anatomical studies have examined parent samples [9,10]. Rojas et al. [9] manually traced 

whole brain, hippocampal, and amygdala volumes in parents and probands. In both groups, 

the left hippocampal volume was increased relative to controls. Palmen et al. [10] compared 

a parent and control sample for volume differences in total brain, cortical lobes, cerebellum, 

and ventricles and found no group differences, replicating the Rojas et al. study for those 

structures. In the present study, we used VBM to perform the first whole-brain analysis of 

regional GM volume in parents of children with autism.

Methods

Participants

Twenty-three biological parents of children with autism (18 families, 15 mothers, eight 

fathers) were compared with 23 control participants (eight men) recruited from the Denver 

area, group-matched on age, handedness [11], and socioeconomic status [12]. For all 

participants, cognitive status was estimated using the Wechsler Abbreviated Scale of 

Intelligence [13] and screening for psychiatric disorders was assessed with the Structured 

Clinical Interview for DSM-IV axis I disorders, research version [14]. Inclusion in the 

control sample required no personal or family history of neurological or axis I psychiatric 

illness and ‘never mentally ill’ status according to the Research Diagnostic Criteria [15]. 

Except for one family with two autistic children, each parent had one child who met DSM-

IV criteria for autism, as determined by the Autism Diagnosis Observation Schedule [16] in 

combination with either the Autism Diagnostic Interview, Revised (ADI-R) [17] or the 

Autism Screening Questionnaire, which includes the diagnostic questions from the ADI-R 

[18]. See Table 1 for details of participant characteristics. All participants provided informed 

consent.

Magnetic resonance imaging acquisition and data analysis

Magnetic resonance imaging scans were acquired on a G.E. Signa 3.0-T scanner (SPGR IR, 

TR = 9ms, TE = 2ms, TI = 500 ms, NEX = 1, 0.94 × 0.94 × 1.7 mm voxels). Scans were 
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prepared for analysis using optimized VBM implemented in SPM2 (Wellcome Department 

of Imaging Neuroscience, London, UK), as described in Good et al. [19].

Statistical comparison

Group comparisons were conducted using the analysis of covariance model in SPM2. In a 

series of individual correlation analyses, all demographic characteristics (Table 1), the 

presence of psychopathology (in the parent group), and total GM volume were examined to 

identify potential interactions with regional volume. Only total GM correlated with local 

volume and was included as a covariate in the final analysis of covariance. Maxima that 

survived a false discovery rate correction [20] at 0.01 were converted into Talairach 

coordinates (mni2tal.m conversion) for examination in the Talairach Daemon [21].

Results

The groups did not differ on total GM, although when collapsed across group, volume 

differed by sex (Table 1). No evidence was found of any interactions involving sex or 

psychopathology (in the parent group). Many local volume group differences were identified 

(Table 2, Fig. 1). A single large relative decrease in the parent group occurred in the anterior 

portion of the left cerebellar hemisphere. Large GM increases were observed in the left 

postcentral gyrus, extending into the precentral gyrus, and in the right precentral gyrus. 

Large increases were also observed in the left posterior cerebellar hemisphere, extending 

anteriorly through the fusiform gyrus into the cuneus, and in the right middle occipital 

gyrus, extending into the lingual gyrus, and left middle occipital gyrus, the right superior 

parietal lobule, and bilaterally in the superior temporal gyri. Smaller GM increases were 

observed bilaterally in the medial frontal gyri, the inferior temporal gyri, the left inferior and 

middle frontal gyri, the left superior parietal lobule, the right uncus, and the anterior 

cingulate.

Discussion

Using VBM, we identified regional GM volume differences between parents of children 

with autism and a control group. The VBM technique enabled an analysis of structures such 

as the motor cortex that have not been studied in parent samples. We identified 

abnormalities in the parent group that are consistent with previous proband studies (e.g. 

inferior and medial frontal gyri [4] and the cerebellum [7]). Large GM increases were 

observed in structures (e.g. motor and somatosensory cortices, left inferior frontal gyrus, and 

superior parietal lobules) that form part of the ‘mirror neuron system’ that has been 

associated with the development of social cognition [22]. In a recent proband structural 

study, abnormality in these regions characterized individuals with autism [23]. Increases 

were also observed in the medial frontal gyri, which has been associated with the capacity to 

consider the mental states of others. In a functional imaging study of empathy and 

forgiveness, Farrow et al. [24] identified activation in the medial frontal cortex (Brodmann’s 

areas 8, 9, and 10).

In both previous parent studies [9,10], as in this study, total brain volume did not 

discriminate the groups. Using manual tracing, Rojas et al. [9] reported larger hippocampal 
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and smaller amygdala volumes in parents, and we did not replicate that finding. 

Methodological differences (VBM vs. manual tracing, larger sample in this study) exist 

between the two studies. It should be noted that in the proband literature on hippocampal 

volume, however, there have been roughly equal numbers of papers published reporting 

larger volumes, smaller volumes, and no differences between individuals with autism and 

controls (see [2]). In addition, a finding of partial convergence with the proband literature 

would be consistent with behavioral evidence that a subset of parents display subclinical 

aspects of the phenotype. The lack of behavioral measures for assessing the broad autism 

phenotype [8] is a limitation of this study and the previous parent magnetic resonance 

imaging studies [9,10]. Although we identified structural abnormalities in regions associated 

with social–cognitive processing, we can only speculate about functional consequences. 

This is an important direction for future research. A second limitation concerns the presence 

of mood and anxiety disorders in the parent group (13 women and two men). Although this 

finding is consistent with previous epidemiological studies [25], it raises questions that 

cannot be entirely resolved in this study. We found no evidence that interactions with sex or 

psychopathology contributed to group differences. A larger study, however, may be required 

to examine conclusively the effects of comorbidity (and possible interactions with sex). Of 

course, given that the core clinical features of autism have not been elucidated at the neural 

level, it is impossible to determine whether one or more symptoms of autism and a given 

comorbidity reflect a common mechanism.

Conclusion

This study suggests that GM abnormalities are present in the non-affected parents of 

children with autism. Further, abnormalities were identified in brain regions that are 

functionally associated with deficits that characterize the autism spectrum.
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Fig. 1. 
Gray matter volume differences between groups, overlaid onto TI image from study. The 

red-orange scale indicates relative decreases (parent < control) while the blue scale 

represents relative increases. For both contrasts, regions of difference shown reflect a false 

discovery rate threshold of 0.01. Corresponding Talairach and Tournoux Z coordinates are 

provided in the upper left-hand corner of each axial slice. Images are in neurological 

convention (i.e. left hemisphere on the left).
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Table 1

Demographic characteristics (mean ± standard deviation) and total GM volume by sex and group

Parents Controls t Statistic (df=22)

Demographic characteristics

Age (years) 39.59 ± 5.99 38.31 ± 6.37 0.71, NS

Education 15.83 ± 1.70 16.61 ± 1.95 1.25, NS

Handednessa 0.80 ± 0.35 0.78 ± 0.31 0.17, NS

SESb 49.15 ± 8.06 49.57 ± 6.81 0.19, NS

Full scale IQ 115.83 ± 7.70 119.17 ± 9.61 1.35, NS

Verbal IQ 114.78 ± 8.61 114.09 ± 9.85 0.25, NS

Performance IQ 113.48 ± 11.52 119.87 ± 9.70 2.22, P<0.05

Total GM (ml)c

Parents Controls

Male: 767 Male: 754 0.31, NS

Female: 658 Female: 666 0.36, NS

NS, non significant; GM, gray matter.

a
Handedness was assessed using the Annett Handedness Questionnaire [II]. Scale ranges from −1.0 (left-handed) to 1.0 (right-handed). The score 

was obtained by dividing total of right preference (+ 1), either hand (0), and left preference (− 1) items by 12.

b
Socioeconomic status (SES) was determined by Hollingshead 4-Factor Index of Social Status [12].

c
No group differences were observed in total GM although GM differed by sex (males > females) whether collapsed across group (P<0.0001) or 

separated by group (parent males > parent females, P = 0.002; control males > control females, P = 0.007).
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