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Summary

The temporal lobe is thought to be abnormal in autism, yet standard volumetric analyses are often
unrevealing when age, sex, 1Q and head size are controlled. Quantification of temporal lobe
structures were obtained in male subjects with autism and controls, where subjects with head
circumference (HC) defined macrocephaly were excluded, so that volume differences were not
just related to the higher prevalence of macrocephaly in autism. Various statistical methods were
applied to the analysis including a classification and regression tree (CART) method, a hon-
parametric technique that helps define patterns of relationships that may be meaningful in
distinguishing temporal lobe differences between subjects with autism and age and 1Q matched
controls. Subjects with autism were also compared to a separate control group with reading
disorder (RD), with the prediction that the temporal lobe morphometric analysis of the reading
disorder controls would be more similar to that of the autism group. The CART method yielded a
high specificity in classifying autism subjects from controls based on the relationship between the
volume of the left fusiform gyrus (LFG) gray and white matter, the right temporal stem (RTS) and
the right inferior temporal gyrus gray matter (RITG-GM). Reading disordered individuals were
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more similar to subjects with autism. Simple size differences did not distinguish the groups. These
findings demonstrate different relationships within temporal lobe structures that distinguish
subjects with autism from controls. Results are discussed in terms of pathological connectivity
within the temporal lobe as it relates to autism.
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Introduction

Numerous theories along with morphometric neuroimaging studies and histological findings
have implicated temporal lobe abnormalities in autism [1-4]. Given the core behavioral
features of the disorder such as language impairment, deficits in social and emotional
functioning and stereopathies, along with impairments in face processing, all have plausible
relationships with temporolimbic abnormalities [5, 6]. However, no study to date has
demonstrated a single or specific temporal lobe region or limbic structure abnormality that
clearly differentiates subjects with autism from controls. Current thought on potential
neuropathology of autism has focused on aberrant connectivity [7, 8], which would suggest
that the relative association of temporal lobe regions, one with another, may be more
important in differentiating those with autism from controls rather than size or morphology
of a single structure or regional difference.

An attempt to identify temporolimbic structures critical in differentiating subjects with
autism from controls poses several design and statistical challenges because of the
complexity of temporolimbic structures and the heterogeneity of autism. For example, there
are five main temporal lobe gyri comprised of both white and gray matter , two critical
limbic structures (hippocampus and amygdala) and their connections and a major white
matter region — the temporal stem — comprised of much of the afferent/efferent connections
of the temporal lobe with the rest of the brain [9, 10]. At a minimum, taking just the
aforementioned major regions equates to a total of 13 structures per hemisphere that can be
isolated and studied, yielding a complex array of how these regions may differ or vary in
comparison to one another and a statistical challenge as to how to control for family-wise
error [11]. In order to overcome the family-wise error rate with so many simultaneous
comparisons, standard parametric analyses requires a high alpha level before reaching any
statistically significant difference. However, the classification and regression tree (CART)
statistical method [10, 12, 13], provides a suitable technigue to explore multifactorial brain
relationships within autism and between comparison groups, especially when combined with
logistic regression and discriminant analysis. Such analyses have been applied to complex
neuroimaging data as a means of constructing the most efficient algorithm for predicating
group differences [14, 15]. In the current study we applied the CART method in an attempt
to identify which temporal structures most readily differentiated subjects with autism from
controls.
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Temporal lobe differences have been reported in subjects with a reading deficit (RD) when
compared to typical developing, non-reading impaired controls [16, 17]. Furthermore, some
have categorized features of the broader phenotype of language impairments in autism as
having commonalities with verbal-based learning disabilities [18, 19]. Defining RD by
reading ability greater than a standard deviation below 1Q, we also applied the CART
analysis between subjects with autism and RD controls without autism. If RD is associated
with its own set of anomalous temporal lobe development, it would be predicted that in a
CART analysis, RD would not be as readily discriminated from autism.

Since overall volume of the temporal lobe has been found to positively correlate with 1Q
[20, 21] it will be important to control for 1Q differences that may relate to size differences.
Another experimental design challenge in autism research has to do with head size
differences [22], particularly since there is an increased prevalence of macrocephaly—
defined as occipitofrontal circumference (OFC) > 97t percentile—in autism [see 23, 24].
Despite this increased rate of macrocephaly in autism, the majority of subjects with autism
when assessed later in childhood, such as in this study, do not meet criteria for head
circumference defined macrocephaly [see 25]. Therefore in the current study, both autism
and control subjects that met OFC criteria for macrocephaly, were excluded.

With all of these design considerations in mind, we utilized the CART method to develop an
algorithm based on characteristics of temporal lobe structures that had the highest likelihood
of differentiating subjects with autism from typical developing controls and a separate RD
control group comprised of individuals with reading impairment. All groups were matched
on PIQ, OFC, age and all were male. Autism was rigorously defined and no subjects met
criteria for mental retardation. We predicted that the CART method would distinguish
quantitative temporal lobe differences most readily between subjects with autism and
controls, but not necessarily between subjects with autism and RD.

The majority of autistic and comparison subjects were ascertained from community sources,
including social skills training groups, parent support groups, youth groups, and schools.
Some of the autistic subjects had participated in other research at the University of Utah.
Three subject groups were studied: an autism group, a control group of normal (typically
developing) subjects and a reading deficit (RD) group. Subjects who met the qualification of
macrocephaly (head circumference [HC] > 97t percentile for age and sex) were excluded
from the analysis so that the HC in all three groups would be approximately comparable.
Head circumference measurements were based on the methods outlined by Farkas et al. [26].
Autism associated with high vs. low 1Q may differ in etiology and neuroanatomy. The same
is true for autism in males vs. females and autism associated with causal medical conditions.
Because we wanted our between group (autism vs. comparison) samples to be as
homogeneous as possible in regard to 1Q and gender, and our within group samples to be
homogeneous in etiology, all subjects in the study were males with idiopathic autism who
had PIQs of 62 or higher based on either the Wechsler Intelligence Scale for Children-I11
[WISC-III, 27], or the Wechsler Adult Intelligence Scale-I11 [WAIS-111, 28]. The
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comparison group consisted of normal (typically developing) subjects and subjects with RD,
group-matched by age to the autism subjects. Demographic and descriptive variables
including age at scan, HC, P1Q, handedness, total intracranial volume (TICV) and total brain
volume (TBV) were similar across all groups (see Table 1).

Clinical Assessment

Autism—Autism was rigorously diagnosed. The subject's mother was interviewed using
the Autism Diagnostic Interview-Revised (ADI-R), a semi-structured, investigator-based
interview with good reliability and validity [29]. In addition, autistic subjects were directly
assessed using the Autism Diagnostic Observation Schedule-Generic (ADOS-G), a semi-
structured play and interview session designed to elicit social, communication, and
stereotyped repetitive behaviors of autism [30]. All autistic subjects met ADI-R, ADOS-G,
and DSM-1V criteria for autism.

Reading disorder (RD)—RD was operationally defined as reading ability significantly
below the mean for their intellectual quotient (1Q). All subjects with RD had a documented
history of a reading disorder and performed below their full scale 1Q (FSIQ) scores on all of
the following tests: Woodcock Johnson [31] word attack and letter word identification (tests
of phonological processing); Wide Range Achievement Test [WRAT, 32] of spelling; and
the Gray Oral Reading Test [33] passage score (reading speed and accuracy). All RD
subjects scored 1.5 standard deviations or more below FSIQ on at least two of the tests or
two standard deviations below FSIQ on one of the tests. RD subjects had no developmental
or neurologic problems other than RD, and no severe psychiatric disorders, based on history,
1Q, physical examination, and structured psychiatric assessment.

Typically developing subjects had no developmental, neurologic, or severe psychiatric
disorders based on history, 1Q, reading and language tests, physical examination, and
structured psychiatric assessment. No RD or typically developing subject had an autism-
spectrum disorder (ASD); those with ASD were excluded by history, direct observation, and
an interview of the mother using the Family History Interview for Disorders of Social
Development and Cognition [FHI, 34, 35]. The FHI was specifically designed to detect
signs of autism-spectrum disorders and milder, isolated autism-like features.

IQ—Verbal skills are often diminished in autism [36]. In addition, there can be wide splits
between verbal and performance 1Q in autism, making full scale 1Q difficult to interpret
[37]. For these reasons, we defined level of intelligence on the basis of non-verbal abilities
as measured by the performance intellectual quotient (P1Q) on either the WISC-I1I or the
WAIS-III. All subjects had PIQs > 62 and the autism and comparison groups were matched
on PI1Q.

Handedness—Handedness was measured using the Edinburgh Handedness Inventory
[38]. This inventory assesses what hand the subject uses most of the time for each of 10
skills, such as throwing a ball, writing, and eating with a spoon. Quantitative handedness =
(# right-handed skills - # left-handed skills) / total number of skills performed. A score of
100 signifies complete right handedness and —100 indicates complete left handedness.
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Neuroimaging
Structural magnetic resonance images (MRI) were acquired on a Philips 1.5 Tesla Scanner,
details of which have been previously published [39]. Multiple protocols were run that were
used for the clinical review and quantitative analyses. The 3D T1 and T2 weighted images,
as will be explained below were used for the quantitative analyses. In some cases, sedation
of autism subjects was necessary and followed a strict clinical protocol approved by the
institutional review board of the university and performed by an onsite approved
anesthesiologist in conjunction with the radiologist. The procedure was clearly explained, as
best possible, to the subject and parent or guardian. In several situations rehearsal was used
to “‘practice’ lying in the scanner. In all cases, informed consent was obtained prior to any
imaging. No complications or untoward effects were encountered.

A neuroradiologist reviewed each scan clinically, with no clinically significant abnormalities
identified. Quantitative analyses followed well-established protocols as previously
published. Briefly, the co-registered T1 and T2 weighted images were segmented into white
matter (WM) , gray matter (GM), and cerebral spinal fluid (CSF) pixels using the
ANALYZE® [40] multispectral tool. Temporal lobe structures were identified according to
the methods outlined by Bigler et al. [39] and included total, white and gray matter volumes
of the five main gyri namely the superior temporal gyrus (STG), the middle temporal gyrus
(MTG), the inferior temporal gyrus (ITG), the fusiform gyrus (FG), and the
parahippocampal gyrus (PHG) and CSF volumes of the major temporal lobe sulci and the
temporal horn along with the temporal stem. Total volume of the hippocampus and
amygdala were also computed.

Data in Preparation for CART Analysis

Each of the 5 temporal gyri as well as the amygdala, hippocampus, and temporal stem
volumes were included in the analysis. Left (L) and right (R) hemispheric measurements
were obtained for each structure. Additionally, separate GM and WM measures were
obtained for each gyrus. Thus, there were a total of 26 temporal lobe structures included in
the analysis as summarized in Table 2. Table 2 also shows the brain volumes for the autism,
control, and RD groups, as well as the significance of any differences. The cells with
asterisks indicate those volumes that are significantly (or approaching significance) different
than the autism group. The left amygdala, right parahippocampal gyrus gray matter (RPHG-
GM), fusiform gyrus gray matter (FG-GM) both left and right, right middle temporal gyrus
gray matter (RMTG-GM), and temporal stem white matter (TS-WM) are among the
structures with asterisks in the autism vs. control comparison. None of these differences,
however, remain significant after corrections for multiple testing. The RFG-GM, the MTG-
GM, the right superior temporal gyrus gray matter (RSTG-GM), and the TS-WM are
structures that differ between the autism and RD groups. Again, no significant differences
remain after multiple testing corrections. Since this analysis is mainly exploratory in nature,
the temporal lobe measures were kept as left and right measures initially, however since the
correlations between right at left measures was high (between r = 0.6 and r = 0.8) the
analysis was also done with the right and left values averaged together for one overall
measure for each structure.
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Statistical Analysis

In this analysis, we use classification methods to compute a rule that will classify an
individual as belonging to a certain group (i.e., either autism or normal control), based on
brain scan measurements. Classification is a multivariate technique that helps in
understanding the structure of the data by seeing how the collection of brain structures
together differs in the autism and control groups, thus avoiding the problems of multiple
testing. The computed classification rule is evaluated with the misclassification rate — how
many of the subjects are wrongly classified based on the rule. In this analysis, we use cross-
validated misclassification rate, in which each observation is excluded one at a time, from
the classification rule computation. The excluded observation is then classified based on the
constructed rule. Thus the same data are not used both to build and to validate the
classification rule resulting in a better estimate of the true misclassification rate.

We mainly use Classification and Regression Tree (CART) analysis to identify structure in
the data and logistic regression to compute the misclassification rate of the classification rule
identified by CART. Stepwise discriminant analysis was used as a method of finding all
structures with possible discriminatory power.

Classification and regression trees (CART)—CART is a nonparametric (does not
require normality of observations) method of developing a classification rule [12, 13] and
readily detects nonlinear relationships in the explanatory variables in order to help uncover
the underlying structure of complex datasets.

CART analysis creates a set of classification rules by building a binary decision tree that
partitions the whole data set into disjoint subsets of homogenous groups. For example,
Figure 1 illustrates the CART analysis for the autism and the control groups. In this analysis,
there are 33 autism and 24 controls, and initially, all 57 observations in the dataset are
together in the first set at the top of the tree. CART methods create a split of the data, based
on a cutoff value of one of the explanatory variables, such that the subsets that are created
have a higher proportion of observations from the same group. The goal is to create subsets
that are composed of observations belonging to just one group.

Partitioning or splitting of the tree will continue until a stopping criterion based on the
overall purity of the tree is met. When a subset can no longer be split, at a location referred
to as a terminal subset, a classification is made. While it is desirable to obtain a tree with
only single-group terminal subsets, this method will often over fit the tree. Some of the tree
splits usually need to be eliminated in order to find the simplest informative tree.

Logistic regression—Logistic regression is a regression procedure for a binary response
variable that estimates the probability that an observation belongs to one of two response
groups (i.e., autism vs. control) [41]. We use the variable identified in the CART
classification rule as the explanatory variables in the logistic regression. The probability (p;)
of observation i belonging to the autism group is estimated with the model; thus the
probability of belonging to the control group is 1-p;. An observation is assigned to the
autism group if p; is greater than some cutoff probability; otherwise the observation is
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assigned to the control group. The cutoff probability is chosen in such a way as to minimize
the cross-validated misclassification error of both groups.

Discriminant analysis—Discriminant analysis, a classification tool first introduced in the
1930s by R. A. Fisher [42], computes a linear combination of the response variables that
create the maximum distance between groups. Stepwise discriminant analysis finds the
subset of the response variables that best reveals the differences among the groups.
Discriminant analysis is one of the most common classification procedures and has been
used in MRI studies [43]. One potential limitation with discriminant analysis is the
assumption that the response variables are normally distributed with equal variances. In this
study, stepwise discriminant analysis was used to determine which variables of all 26
variable structures, involved in the analysis, seemed to have discriminatory power between
the groups.

Comparisons—The goal of this analysis was to uncover which subset of temporal lobe
structures, by inclusion in a classification rule, suggested abnormalities that distinguished
subjects with autism from controls. In order to directly compare the autism group with each
comparison group, two separate classifications were performed. The first compared the
autism and control (normal or typically developing) groups and the second compared the
autism and the RD groups.

Standard Morphometric Analyses

Mean volumetric values of the target temporal lobe structures are presented in Table 2. After
applying a Bonferroni correction method, no temporal lobe structures differed significantly
across groups, although the LFG approached significance compared to typical developing
controls. Statistical trends in the parametric analyses did identify the main temporal lobe
structures that yielded the highest classification algorithm, which will be discussed below.

Autism versus Control

The left fusiform gyrus gray matter (LFG-GM), the right temporal stem (RTS), the right
inferior temporal gyrus gray matter (RITG-GM) and their interactions were temporal lobe
structures that CART analysis showed to be important in distinguishing between the autism
and control groups (see Figure 1). There were no autistic subjects with a LFG-GM volume
below 3.52 cm3, but 14 control subjects were below this value. The rest of the ten control
subjects that had LFG-GM volumes above this value also had RTS values above 0.93 cm?.
Thus, the first two splits of the classification tree formed three groups: Subjects with LFG-
GM < 3.52 cm3 (made up of 14 control and 0 autism), subjects with LFG-GM > 3.52 cm?3
and RTS < 0.93 cm3 (made up of 0 control and 18 autism) and subjects with LFG-GM >
3.52 cm3and RTS > 0.93 cm3 (made up of 10 control and 15 autism). A further split of the
last group on the RITG-GM shows that all 15 autism subjects have volumes < 6.19 cm?3
while only half the controls have volumes below the same value.
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Figure 2 shows how the actual observations are separated based on the first two splits of the
regression tree. The LFG-GM is on the x-axis. This represents the first split formed by the
tree and the 14 stars on the left side of the vertical dotted line are the controls classified by
the first split of the tree. The RTS is on the y-axis, representing the second split of the tree.
There are 18 autism subjects classified by the first and second split shown to the right of the
dotted vertical line and below the dotted horizontal line. The quadrant highlighted in gray
indicates those individuals not classified by the first two splits. The graph shows a clear
separation of points with only a smaller mixture of undetermined classification in the upper
right gray quadrant. In other words, the majority of autism subjects had low RTS volume
and larger LFG-GM volume.

A logistic regression analysis with only the LFG-GM, RTS, and RITG-GM and the two-way
interactions validated the CART analysis. Twenty-eight of the 33 autistic subjects (85%)
were correctly classified and 20 of the 24 control subjects (83%) were correctly classified
for cross-validated misclassification error rates of 15% and 17% respectively.

The discriminant analysis identified the following 13 variables as having discriminatory
power: L parahippocampal GM, L parahippocampal WM, R parahippocampal WM, LFG-
GM, LITG-WM, RMTG-GM, LMTG-WM, RMTG-WM, LSTG-GM, RSTG-GM, LSTG-
WM, RSTG-WM, then LTS.

Discrimination with the above thirteen variables had a misclassification rate of 24% in the
autism group and 29% in the control group. These rates are worse than those used in the
logistic regression analysis suggesting that some of the variables add noise to the analysis.
However, the fact that they were chosen as discriminatory variable suggests the likelihood
of these regions being related to the behavioral phenotype of autism.

Autism versus Reading Disorder

CART analysis included three temporal lobe structures in the analysis between the autism
and RD groups (see Figure 3). These structures were the left middle temporal gyrus gray
matter (LMTG-GM), the LFG-GM and left ITG gray matter (LITG-GM).

There were no RD subjects and 11 autistic subjects with LMTG-GM volumes greater than
6.68 cm?3. The remaining 22 autistic subjects all had LFG-GM volumes greater than 3.55
cm3; further, of those 22, thirteen had LITG-GM less than 5.02 cm? and 12 had ITG-GM
greater than this value. Thus the first two splits of the tree formed three groups: Subjects
with LMTG-GM greater than 6.68 cm?3 (autism = 11, RD = 0), subjects with LMTG-GM <
6.68 cmS and LFG-GM < 3.55 cm3 (autism = 0, RD = 6) and subjects with LMTG-GM <
6.68 cm3, LFG-GM > 3.55 cm3, LITG-GM < 5.02 cm3 (autism = 12, RD = 1). A further
split of the last group on LITG-GM shows that 17 of the 18 RD have volumes > 5.02 cm?3
while only half of the autism group has volumes above the same value.

Figure 4 shows the separation of data points based on the first two splits of the tree. The
LMTG-GM is on the x-axis and individuals with volumes greater than the cutoff (6.68 cm3)
are to the right of the dotted vertical line. The LFG-GM is on the y-axis and the cutoff is
shown with the dotted horizontal line. The gray highlighted quadrant in the upper left
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contains those individuals not classified with the first two splits. While separation of points
exits, it is not as distinguishable as the autism vs. normal control comparison (contrast with
Figure 2). This fact is especially exhibited by the mixture of points in the upper left
quadrant. These points are left unclassified after the first two splits.

The logistic regression analysis with the LMTG-GM, LFG-GM, LITG-GM and their two-
way interactions resulted in cross-validated misclassification rates close to or over 50%.
When the right hippocampus was added to the model, the misclassification rates dropped to
33% for autism and 42% for RD. The high misclassification rates could be indicative of the
fact the autism and RD group are more similar in the temporal lobe than the autism and
control groups.

Discriminant analysis selected eight variables: R hippocampus, R parahippocampal GM,

RFG-GM, LITG-WM, RMTG-GM, RSTG-GM, RSTG-WM, and RTS. Misclassification
rates with these variables were 27% for the autism group and 25% for the control group.

These variables suggest the existence of differences between the autism and RD.

The discriminant analysis, which produced a classification rule with more variables than the
CART rule, resulted in smaller error rates that the CART/logistic regression. The more
complicated model better explained group differences than the simpler model. This is the
converse of the autism vs. normal control comparison.

Left and right averaged—With the left and right measures averaged together, the CART
analysis again selected the FG-GM and the TS as the most significant areas of difference
between the autism and normal control groups. The autism group tended to have larger gray
matter and smaller temporal stem matter. However, the cross-validated error rates were
higher than when the left and right were used separately with 3 of 33 autism subjects
misclassified (9%) and 7 of 24 normal controls misclassified (29%). The amygdala was also
indicated as a region of potential anomaly.

The autism vs. RD analysis also indicated the FG-GM, the ITG-GM and TS as regions of
difference when the left and right measures were averaged together. Although separation
was not as apparent, with error rates of 42% in the RD group and 3% in the autism group,
the fact that the same temporal lobe structures were again seen in tree construction suggest
regions of difference related to autism.

Discussion

Simple volumetric size differences did not reliably differentiate the groups. When compared
to just the normal control group, the autism group had larger LFG-GM; however, once
Bonferroni corrections were applied for the multiple comparisons (i.e., three groups times 26
brain measures) this difference only approached significance. Accordingly, when simply
comparing size of a given temporal lobe structure between autism and control subjects, after
controlling for age, head size, and PIQ, no significant differences were observed. Clearly,
there is not a simple, straightforward temporal lobe structural anomaly that defines autism.
The absence of such a finding emphasizes the importance of performing something like the
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CART analysis to examine relationships of a given temporal lobe structure to other temporal
lobe regions in an attempt to identify a pattern that may distinguish autism.

Based upon the CART analysis, the combinations of differences between temporal lobe
structures in the autism and typical developing controls distinguished the groups. As shown
in Figure 1 larger LFG and RTS constituted the first two branches in the classification that
differentiated the majority of controls from those with autism. The two-dimensional
classification using just the first two branches of the CART shows this isolation of a large
number of the controls who do not overlap with autism subjects. This suggests that size
relationships between the temporal stem and fusiform may be very important in
understanding the neurobiology of autism.

In contrast, the CART analysis yielded a less robust algorithm when it came to
differentiating the RD group from those with autism. Since RD subjects would be expected
to have a greater likelihood of temporal lobe anomalies [16, 17], the observation that the
relationships between temporal lobe structures in RD are more similar to those with autism
is not surprising.

Much has been written about the potential role of the FG in autism [44, 45]. The FG and
ITG regions of the inferior temporal lobe are associated with face processing and face
recognition abilities in individuals with autism are often impaired. Furthermore, the FG is
important in social cognition and emotional regulation [44, 46]. That these temporal lobe
structures were identified in the CART analysis suggests structural differences in the FG and
ITG may be clinically meaningful for the behavioral phenotype of autism. In the comparison
between autism and normal controls, the cross-validated misclassification rates were low,
15% in the autism group and 17% in the control group, verifying that that the LFG-GM, the
TS-WM and RITG-GM volume distinguished autism subjects from controls fairly well in
this sample.

However, the stepwise discriminant analysis certainly implicates a much broader network of
potential structural differences that distinguish control subjects from those with autism.
Three comments are in order concerning these structures. First, most are implicated in the
broad aspect of both verbal and non-verbal communication as well as social cognition,
clearly behavioral domains that are impaired in autism [44]. Secondly, much of the current
thinking concerning the neuropathology of autism centers on problems of connectivity and
integration between structures [47]. Anything that would interfere with how these structures
develop, how they respond to programmed cell death and pruning during critical
developmental stages and how they interconnect, clearly implicates an integration problem
across temporal lobe structures [22]. Thirdly, the fact that the TS-WM is implicated is very
important because this region of the temporal lobe houses the majority of afferent/efferent
connections to the temporal lobe [9]. It is a relatively small structure given the overall size
of the temporal lobe, but subtle, strategic pathology at this level could have widespread
disruption with regards to functional associations of the temporal lobe [10].

In the autism vs. RD comparison, CART indicated the LMTG-GM, the LFG-GM and the
LITG-GM as regions with group differences. The autism group in the current study tended
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to have larger LMTG-GM volume, larger LFG-GM volume and smaller LITG-GM volume;
however these variables also seemed to work in an interactive way. Referring back to Figure
3, few RD subjects with LFG-GM volume >3.5 cm?3 have LITG-GM < 5.02 cm3 while most
all RD subjects with LFG-GM below the cutoff of 5.02 cm3 do have LITG-GM less than the
cutoff value. Most all the autism subjects have LITG-GM <5.02 cm3, unless the MTG is >
6.68 cm?3. The clinical implications of the relationship are not as clear as the autism vs.
normal control comparison, as described above; however it is evident that there exist some
temporal lobe differences between the autism and RD groups as well.

For autism versus normal control, the discriminant analysis cross-validated error rates, in
which the classification rule included more variables, were much higher than the analysis
using fewer variables. Conversely, when comparing autism and RD, the discriminant
analysis cross-validated error rates were better than the classification rule which used few
variables. This is further evidence that the autism and RD groups are more similar than the
autism and normal controls. The more variables added to the classification in the former
comparison adds noise to the analysis, while more variables added in the later comparison
helps to better distinguish the groups. Thus, within the subjects examined in this study, it
appears that autism does have its own set of temporal lobe anomalies as well as shared
anomalies that may be common to temporal lobe based disorders, such as a reading
disability.

There are several limitations of the current study. First, data are based on cross-sectional
analyses in individuals seven years of age and older. Much of the developmental
neuropathology of autism has been assumed to occur much earlier in life [48, 49] and
therefore the differences observed at this age may not be the same in the more immature
brain, which may be more critical in the initial expression of the disorder [22]. Second, we
are inferring functional differences between the groups based on structural data, but have no
direct measure of the identified regions that differentiate autism from controls as to their
functional relationship. For example, a next step to truly assess whether some of the
structural relationships identified in this study are functionally important, would be to design
functional neuroimaging studies that could test involvement of these regions. Some studies
have already demonstrated the role of several of the structures identified in this study [50],
although current functional neuroimaging methods have limitations in inferring the
simultaneity and integrative nature of behavioral function [51]. Accordingly, a third
limitation of the current study has to do with not directly testing the ‘connectivity’
hypothesis of autism. For example, MRI-based diffusion tensor imaging (DTI) and
functional neuroimaging methods that directly test connectivity will be important next steps
in unraveling aberrant pathways specific to autism [52].

In summary, applying the CART method in the current study demonstrated that age and 1Q
matched autism subjects could be differentiated from controls via temporal lobe
relationships between individual structures. Simple size differences did not distinguish the
groups. These findings are supportive of current theories of autism that imply errors of
connectivity as being central to the disorder.
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Figure 1. Classification tree of autism vs. normal control groups
Autism vs. Control Groups Classification Tree including left fusiform gyrus gray matter

(LFG-GM), right inferior temporal gyrus gray matter (RITG-GM), and the right temporal
stem (RTS).White boxes indicate locations on the tree that are still subject to splitting. Lined
and checkered boxes are locations on the tree that have completed the splitting. Lined boxes
have a higher proportion of autistic individuals and checkered boxes have a higher
proportion of normal control individuals.
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Figure 2. Two dimensional classification tree of autism vs. normal control groups

The two dimensional classification tree shows how the actual observations are separated
based on the first two splits of the regression tree. The left fusiform gyrus gray matter (LFG-
GM) is on the x-axis. This represents the first split formed by the tree and the 14 red stars on
the left side of the orange line are the controls classified by the first split of the tree. The
right temporal stem (RTS) is on the y-axis, representing the second split of the tree. There
are 18 autism subjects classified by the first and second split shown to the right of the dotted
vertical line and below the dotted horizontal line. The quadrant highlighted in gray indicates
those individuals not classified by the first two splits. The graph shows a clear separation of
points with only a smaller mixture of undetermined classification in the upper right
quadrant. Although over half the subjects are classified here, a third variable split would still

be informative.
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Total: 57
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Figure 3. Classification tree of autism vs. RD control groups
Classification tree for the Autism vs. reading disorder (RD) comparison including left

middle temporal gyrus gray matter (LMTG-GM), left fusiform gyrus gray matter (LFG-
GM), and left inferior temporal gyrus gray matter (LITG-GM). White boxes indicate
locations on the tree that are still subject to splitting. Lined and dotted boxes are locations on
the tree that have completed the splitting. Lined boxes have a higher proportion of autistic
individuals and dotted boxes have a higher proportion of RD individuals.
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Figure 4. Two dimensional classification tree of autism vs. RD groups
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The two-dimensional classification tree shows the separation of data points based on the first
two splits of the tree. The left middle temporal gyrus gray matter (LMTG-GM) is on the x-
axis and individuals with volumes greater than the cutoff (6.68 cm3) are to the right of the
dotted vertical line. The left fusiform gyrus gray matter (LFG-GM) is on the y-axis and the
cutoff is shown with the dotted horizontal line. The upper left quadrant which is highlighted
in gray are those individuals not classified with the first two splits. While separation of
points exits, it is not as distinguishable as is the autism vs. normal control comparison. This
fact is especially exhibited by the mixture of points in the upper left quadrant. These points
are left unclassified after the first two splits. It seems as if at least a third variable split is

necessary.
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TABLE 1

Descriptive and demographic variable summary for each group

Autism n = 33 Normal Control n =24 Reading Disorder (RD) n = 24

Mean (SD) Mean (SD) Mean (SD)
Age at Scan 13.94 (5.97) 13.29 (5.15) 14.21 (6.22)
PIQ 97.14 (19.54) 100.22 (12.70) 101.33 (12.25)
Standardized HC 0.49 (1.01) 0.25 (1.09) 0.11 (1.31)
Handedness 62.10 (59.48) 61.82 (66.95) 79.05 (44.03)
TICV 1472.60 (114.28) 1477.06 (111.57) 1443.08 (105.83)
TBV 1354.14 (118.56) 1367.15 (109.06) 1341.91 (107.65)

Legend: SD = standard deviation; P1Q = performance 1Q; TICV = total intracranial volume; HC = head circumference; TBV = total brain volume.
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Descriptive information for the brain structures included in the analysis.

TABLE 2

Page 20

Brain Structure

L Amygdala

R Amygdala

L Hippocampus
R Hippocampus
L PHG-GM

R PHG-GM

L PHG-WM
R PHG-WM
L FG-GM

R FG-GM

L FG-WM
R FG-WM
L ITG-GM
RITG-GM
L ITG-WM
RITG-WM
L MTG-GM

R MTG-GM

L MTG-WM
R MTG-WM
L STG-GM
R STG-GM

L STG-WM
R STG-WM
L TS-WM

R TS-WM

Autism (n = 33)

Normal Control (n =

p value autism vs.

RD (n = 24) Mean
(SD)

p value autism vs.
RD

Mean (SD) 24) Mean (SD) control

3.23(0.46) 3.47 (0.45) 0.053* 3.26 (0.48) 0.884
3.17 (0.37) 3.32(0.42) 0.172 3.17 (0.50) 0.971
3.16 (0.44) 2.96 (0.62) 0.197 3.24 (0.65) 0.580
3.11 (0.39) 2.97 (0.69) 0.390 3.20 (0.52) 0.465
3.31(0.49) 3.15 (0.60) 0.271 3.17 (0.52) 0.321
3.21(0.52) 2.92 (0.56) 0_051* 3.11(0.39) 0.448
0.81 (0.41) 0.87 (0.33) 0.519 0.89 (0.35) 0.467
0.85 (0.46) 0.96 (0.28) 0.273 0.91 (0.41) 0.647
4.28 (0.68) 3.62 (0.71) 0_001* 4.01 (0.73) 0.151
4.25 (0.77) 3.82(0.71) 0_039* 3.80 (0.49) 0_010*
0.87 (0.41) 0.77 (0.24) 0.262 0.89 (0.32) 0.864
0.91 (0.45) 0.89 (0.27) 0.837 0.90 (0.38) 0.885
5.54 (0.99) 5.10 (0.98) 0.103 5.50 (0.82) 0.871
5.50 (0.81) 5.15(1.12) 0.170 5.44 (0.74) 0.745
1.90 (0.67) 2.05 (0.51) 0.346 2.18 (0.66) 0.118
2.01 (0.75) 2.15(0.62) 0.442 2.12 (0.75) 0.605
6.21 (1.08) 5.71 (1.29) 0.114 5.72 (0.53) 0'029*
6.90 (1.28) 6.26 (1.35) 0.074* 6.30 (1.20) 0.080*
2.62 (0.83) 2.79 (0.67) 0.427 2.83(0.74) 0.346
3.06 (0.90) 3.17 (0.80) 0.652 3.06 (0.60) 0.999
9.26 (1.73) 8.75 (1.74) 0.277 8.65 (1.24) 0.125
9.84 (1.97) 9.53 (2.34) 0.593 8.75 (1.51) 0.028*
3.05 (1.01) 3.44 (1.11) 0.182 3.30 (0.98) 0.362
3.83(1.43) 4.20 (1.09) 0.278 3.77 (1.20) 0.866
1.06 (0.36) 1.25 (0.30) 0.038* 1.24 (0.40) 0.081*
0.97 (0.33) 1.20 (0.32) 0_013* 1.17 (0.35) 0_033*

Legend: RD = reading disorder; GM = gray matter; WM = white matter; L = left; R = right; FG = fusiform gyrus; ITG = left inferior temporal
gyrus; MTG = middle temporal gyrus; STG = superior temporal gyrus; TS = temporal stem.

*

p value is significant or approaching significance
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