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Objective: The Social Responsiveness
Scale—Adult Version (SRS-A) measures autistic traits that are continuously distributed in the general population. Based on
increased recognition of the dimensional
nature of autistic traits, the authors examined the neural correlates of these traits
in neurotypical individuals using the SRSA and established a novel approach to assessing the neural basis of autistic characteristics, attempting to directly relate SRSA scores to patterns of functional connectivity observed in the pregenual anterior
cingulate cortex, a region commonly implicated in social cognition.
Methods: Resting state functional magnetic resonance imaging scans were
collected for 25 neurotypical adults. All
participants provided SRS-A ratings completed by an informant who had observed them in natural social settings.
Whole brain-corrected connectivity analyses were then conducted using SRS-A
scores as a covariate of interest.

Results: Across participants, a significant
negative relationship between SRS-A
scores and the functional connectivity of
the pregenual anterior cingulate cortex
with the anterior portion of the mid-insula was found. Specifically, low levels of
autistic traits were observed when a substantial portion of the anterior mid-insula
showed positive connectivity with the
pregenual anterior cingulate cortex. In
contrast, elevated levels of autistic traits
were associated with negative connectivity between these two regions.
Conclusions: Resting state functional
connectivity of the pregenual anterior
cingulate cortex-insula social network was
related to autistic traits in neurotypical
adults. Application of this approach in
samples with autism spectrum disorders
is needed to confirm whether this circuit
is dimensionally related to the severity of
autistic traits in clinical populations.

(Am J Psychiatry 2009; 166:891–899)

A

ppreciation of the likely dimensional nature of autistic symptoms (1–3) has led to the development of measures to evaluate autism-related social traits in the general
population (2–4). The Social Responsiveness Scale (SRS)
quantifies social, communicative, and other characteristic
impairments of autism spectrum disorders. In the present
article, the term autism refers to autistic disorder, Asperger’s syndrome, and pervasive developmental disorders not otherwise specified (3). The SRS, which has been
extensively validated in both child and adult populations
(3, 5, 6), provides a single measure of autistic traits that, although heavily weighted on social-communicative impairment, represent a “singular, continuously distributed
underlying factor” in the population (7). As such, the SRS
may allow investigators to study the neurobiology of autistic traits in both clinical and nonclinical samples.
In the present study, we developed a protocol for examining the neural correlates of autistic traits by measuring
the relation between informant-provided SRS scores and
resting state functional connectivity measures in neurotypical individuals. Resting state functional magnetic resonance imaging (fMRI) has emerged as a powerful means of

mapping and characterizing functional connectivity without the constraints of task-based approaches (8–10). Imaging and electrophysiological studies (11, 12) examining intrinsic brain activity at rest in individuals with autism
support a model of compromised long-range cortico-cortical connectivity (13). Recently, two resting state fMRI studies (14, 15) that compared high functioning adults with autism with neurotypical comparison subjects revealed
reduced intrinsic connectivity of long-range circuits based
in pregenual portions of the anterior cingulate cortex.
Involvement of the pregenual anterior cingulate cortex
in autism is consistent with this region’s role in an individual’s capacity to reason about the thoughts and beliefs of
others—also referred to as “theory of mind” (16, 17)—
which is qualitatively impaired in individuals with autism.
Furthermore, hypofunction of this region in autism was revealed by a recent voxel-wise meta-analysis of functional
imaging studies of social processing (18). This accumulating evidence suggests that disruption of the pregenual anterior cingulate cortex-based network may underlie autistic traits. Other likely nodes within this network are the
posterior cingulate cortex, which is associated with self-
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referential processing and mentalizing (19, 20), and the anterior insula, which is linked to representing and/or monitoring the salience of one’s own emotions and the emotions of others (21–23). Hypoactivation of both these
regions has also been found in individuals with autism relative to neurotypical comparison subjects (18).
In the present study, we hypothesized that interindividual differences in autistic traits would be related to differences in the functional connectivity of the pregenual anterior cingulate cortex, even in a nonclinical population.
Specifically, we predicted that higher SRS scores, indexing
greater autistic traits, would be inversely related to the
strength of functional connectivity of the pregenual anterior cingulate cortex with the 1) posterior cingulate cortex
and 2) anterior insula.

Method
Design
We contacted 46 right-handed, native English speaking individuals (mean age: 28.5 [SD=6.9] years; 23 male subjects) who
had participated in previously published studies (24–28). We requested that each subject select someone who knew him or her
well in natural social settings to complete the adult version of the
SRS questionnaire (SRS-A) (5). All participants had no past or
current psychiatric or neurological illness based on an unstructured psychiatric assessment.
Of the 25 participants who provided questionnaires (mean age:
26.4 [SD=5.6] years; nine male subjects), 20 had completed three
resting state scans as part of a test-retest study (28). The first of
these three scans was collected 5 to 16 months prior to the other
two, which were performed 45 minutes apart in the same session.
Four participants had two resting state scans (45 minutes apart),
and a single subject was scanned only once. All available scans
were used to derive a best single estimate of functional connectivity for each participant. The study was approved by the institutional review boards of New York University School of Medicine
and New York University. Signed informed consent was obtained
prior to participation, which was compensated.

Assessment
The SRS-A is a 65-item questionnaire completed by an informant who knows the proband in naturalistic social settings. Most
SRS-A items (82%) emphasize social-communicative skills, but
the SRS-A also queries stereotypical restricted behaviors/interests often observed in autism. Together, these items form a single
measure of autistic traits rather than distinct scores associated
with specific symptom domains (5–7). Total SRS-A raw scores
range from 0, corresponding to high social competence, to 195,
corresponding to significant social impairment observed in individuals with severe autism. Scores between 60 and 80 are associated with mild forms of autism (5).

fMRI Data Acquisition
Data were collected on a Siemens Allegra 3.0 Tesla scanner
equipped for echo-planar imaging. A resting state fMRI scan entailed 197 continuous functional volumes (TR=2000 msec, echo
time=25 msec, flip angle=90° , 39 slices, matrix=64× 64, field of
view=192 mm, voxels=3× 3× 3 mm, duration=6.5 minutes). During functional scans, participants were instructed to rest with
their eyes open while the word “relax” was centrally projected
onto a screen. For spatial normalization and localization, a highresolution T1-weighted anatomical image was also acquired us-
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ing a magnetization prepared gradient-echo sequence (TR=2500
msec, echo time=4.35 msec, TI=900 msec, flip angle=8° , 176
slices, field of view=256 mm).

Image Preprocessing
As detailed in prior studies (24, 25), data were processed using
b o t h A n a l y s i s o f F u n c t i o n a l Ne u r o I m a g e s ( v e r s i o n
AFNI_2008_07_18_1710 [http://afni.nimh.nih.gov/afni]) and FMRIB Software Library (version 3.3 [www.fmrib.ox.ac.uk]). Preprocessing using Analysis of Functional NeuroImages consisted of 1)
slice time correction for interleaved acquisitions using Fourier interpolation, 2) three-dimensional volume registration using least
squares alignment of three translational and three rotational parameters for motion correction, and 3) despiking of extreme time
series outliers using a continuous transformation function. Preprocessing using FMRIB Software Library consisted of 1) meanbased intensity normalization of all volumes by the same factor,
2) spatial smoothing (Gaussian kernel of full width at half maximum=6 mm), 3) temporal high-pass filtering (Gaussian-weighted
least squares straight line fitting with sigma=100.0 seconds), 4)
temporal low-pass filtering (Gaussian filter with half width at half
maximum=2.8 seconds), and 5) correction for time series autocorrelation (prewhitening).

Seed Selection
We used a spherical seed (diameter=10 mm) centered at the
same pregenual anterior cingulate cortex location revealed to be
hypoactive in autism by a recent meta-analysis (18). The Talairach coordinates of this pregenual anterior cingulate cortex seed
generated from the meta-analysis were transformed into Montreal Neurological Institute space (29), centered at x=0, y=47, z=9.
To obtain the seed time series for each subject and each available
scan, we 1) transformed each subject’s time series into Montreal
Neurological Institute space using a 12 degrees-of-freedom linear
affine transformation implemented in FMRIB Software Library
(voxels=2× 2× 2 mm) and 2) calculated the mean time series by averaging across all voxels within the seed. Further, as previously
described (24, 25), we extracted the time series of the following
nine nuisance signals: global signal, white matter, CSF, and six
motion parameters.

Participant-Level Analyses
For each participant and each scan, we performed a multiple
regression analysis (using FMRIB Software Library General Linear
Model) that included the seed time series of the pregenual anterior cingulate cortex and the nine nuisance covariates as predictors. To ensure that the time series represented regionally specific
neural activity, the mean seed time series was orthogonalized with
respect to the nine nuisance signals using FMRIB Software Library
Improved Linear Model. This analysis produced individual subject-level maps of all positively and negatively predicted voxels for
the predictor (i.e., the pregenual anterior cingulate cortex time series). The second level included a fixed-effects model for each participant, with multiple resting state scans (i.e., three scans for 20
participants and two scans for four participants). This step served
to combine all functional connectivity maps available for a given
participant into one, using an equal weighting.

Group-Level Analyses
Group-level mixed-effects analyses were carried out using FMRIB Software Library Local Analysis of Mixed Effects. In addition
to the group mean vector, demeaned informant-based SRS-A
scores and three nuisance variables (sex, age, and the number of
resting state scans per participant) were included in the model.
Corrections for multiple comparisons were carried out at the
cluster level. Thus, cluster size was determined using Gaussian
random field theory (voxel-wise: minimum z score >2.3; cluster
Am J Psychiatry 166:8, August 2009
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significance: p<0.05, corrected). This group-level analysis produced the following two types of thresholded z score maps: 1)
maps of the significant positive and negative functional connectivity of the pregenual anterior cingulate cortex across the entire
sample and 2) maps of positive and negative pregenual anterior
cingulate cortex functional connectivity in relation to SRS-A informant results (i.e., regions in which connectivity with the seed
was predicted by SRS-A scores). Finally, to examine the reliability
of our connectivity measures over time, we computed short- and
long-term voxel-wise intraclass correlation of the pregenual cingulate seed connectivity, with data from the 20 participants who
provided three scans over two sessions (5 to 16 months intersession; 45 minutes apart intrasession), as described in Shehzad
et al. (28).

FIGURE 1. Pregenual Anterior Cingulate Cortex Functional
Connectivity Across All Participants (N=25)a
Left Hemisphere

Right Hemisphere

Results
The informants who provided SRS-A scores consisted of
nine partners/spouses (36%), 14 close friends (56%), and
two relatives (8%). As expected in a sample of unaffected
screened volunteers, total SRS-A scores ranged between 5
and 59, which is below the minimum score associated
with clinically significant impairment. The mean score
(29.9 [SD=16.0]) was essentially identical to that of prior
representative samples of adults (5).

z score
p<0.05, corrected

Pregenual ACC
seed of interest

Pregenual Anterior Cingulate Cortex
Connectivity
Positive connectivity. Consistent with its role in social
processes, spontaneous pregenual anterior cingulate cortex activity was significantly correlated with that of brain
regions implicated in social cognition. These regions were
the 1) bilateral ventral and dorsal medial prefrontal areas
of the anterior cingulate cortex, 2) posterior cingulate cortex, and 3) precuneus (16–19, 30, 31). The superior frontal
cortex, superior and middle temporal gyri, portions of the
lateral occipital cortex, and angular gyrus were also positively correlated with the pregenual anterior cingulate cortex time series. Finally, ventral aspects of the anterior insula, implicated in evaluating one’s own emotions and the
emotions of others (21, 32), were also positively correlated
with the pregenual anterior cingulate cortex.
Negative connectivity. The pregenual anterior cingulate cortex was negatively correlated with primary sensory
and motor cortices as well as regions involved in the dorsal
attentional network (superior parietal cortices, dorsal precuneus, and lateral and medial occipital cortices) and in
motor control (bilateral inferior frontal gyrus, cingulate
motor area, and supplementary motor cortex). Negative
correlations were also observed in posterior aspects of the
mid-insula, adjacent but not extending to the posterior insula, which is commonly implicated in the primary experience of somatic and visceral sensations (33). The group
maps and peaks of significant positive and negative correlations are illustrated in Figure 1 as well as in the data supplement accompanying the online version of this article.
Am J Psychiatry 166:8, August 2009

11

–11

Positive connectivity
Negative connectivity
a

Surface maps of the left and right hemispheres were generated using the Analysis of Functional NeuroImages Surface Mapper (AFNI
SUMA) package. Significant positive (red) and negative (blue) connectivity is illustrated for the pregenual anterior cingulate cortex in
neurotypical adults (z>2.3; cluster significance: p<0.05, corrected
using Gaussian random field theory). The sagittal and axial images
(bottom) illustrate the location of the pregenual anterior cingulate
cortex seed of interest used to map functional connectivity (a 10mm diameter sphere was centered at x=0, y=47, z=9 in Montreal
Neurological Institute standard space).

Pregenual Anterior Cingulate Cortex
Connectivity Predicted by SRS-A Score
Positive relationships. Analyses that included SRS-A
scores as a covariate of interest revealed that functional
connectivity of the pregenual anterior cingulate cortex
with a left hemisphere cluster in the lateral occipital cortices, superior parietal cortex, and angular gyrus was positively related to SRS-A scores. Increased SRS-A scores predicted increased positive functional connectivity between
the pregenual anterior cingulate cortex and these left
hemisphere cortical regions (Figure 2).
Negative relationships. We found a significant relationship between SRS-A scores and pregenual anterior cingulate cortex and anterior mid-insula connectivity (r2=0.44
and 0.56 for right and left insula regions, respectively).
Specifically, lower SRS-A scores (i.e., greater social competence) were associated with higher positive connectivity
between these two regions. Examination of the functional
connectivity of this circuit and SRS-A ratings indicated
ajp.psychiatryonline.org
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FIGURE 2. Pregenual Anterior Cingulate Cortex Functional Connectivity Related to Social Responsiveness Scale—Adult Version (SRS-A) Scores in Neurotypical Adultsa
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Surface maps (left column) depict regions for which pregenual anterior cingulate cortex functional connectivity is related to SRS-A scores
across all 25 participants (z>2.3; cluster significance: p<0.05, corrected using Gaussian random field theory). Functional connectivity between
the pregenual anterior cingulate cortex and a cluster centered in the anterior mid-insula (red) was negatively related to SRS-A scores bilaterally, while a cluster centered in the left hemisphere parietal/occipital cortices (green) was positively related to SRS-A scores. Scatterplots depict
relationships between individual SRS-A scores and the parameter estimates of pregenual anterior cingulate cortex functional connectivity for
A) the left anterior mid-insula (r2=0.56, p<0.001), B) left parietal/occipital cortices (r2=0.51, p<0.001), and C) right anterior mid-insula (r2=
0.44, p<0.001).

that subjects with high SRS-A scores (i.e., lower social
competence) were characterized by negative connectivity
between the pregenual anterior cingulate cortex and anterior mid-insula, while those subjects with lower SRS-A
scores were characterized by positive connectivity between these two regions. Although present in both hemispheres, this pattern was more robust in the left hemisphere (Figure 2, Figure 3).
Based on these findings, we examined among individual subjects the functional connectivity patterns between the pregenual anterior cingulate cortex seed and
the anterior mid-insula in greater detail by trisecting the
study group based on SRS-A scores. Individuals scoring
in the lowest SRS-A tercile exhibited the highest degree of
positive connectivity between these two regions, as indexed by the number of significant positively correlated
voxels within the anterior mid-insula area revealed by
the SRS-A covariate analysis (Figure 4). In contrast, for individuals scoring in the highest tercile, the majority of
significantly correlated voxels in the anterior mid-insula
region were negatively correlated with the pregenual anterior cingulate cortex. We summarized these contrasts
as the difference between the percentage of significant
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positively and negatively correlated voxels between the
pregenual anterior cingulate cortex and anterior mid-insula for each hemisphere. To test for ordered differences
in the three SRS-A subgroup medians, we used the Jonckheere-Terpstra Test (34). There was a significant ordered
difference among the three subgroup medians such that
the more negative the difference between the percentage
of positively and negatively correlated voxels, the higher
the SRS-A scores ( Jonckheere-Terpstra Test statistic: 35
and 50, z scores=–3.4 and –2.7, asymptotic significance:
p=0.001 and p=0.007 for left and right hemispheres,
respectively).
To confirm these results, we conducted further secondary analyses, treating individuals in the highest and lowest
terciles as separate groups. Between-group (highest versus lowest tercile) analyses revealed significant voxel-wise
differences (see the data supplement accompanying the
online version of this article). Specifically, the lowest SRSA tercile exhibited significantly greater positive functional
connectivity between the pregenual anterior cingulate
cortex seed region and a cluster centered in the left anterior mid-insula. In contrast, the highest SRS-A tercile
showed significantly greater positive pregenual anterior
Am J Psychiatry 166:8, August 2009
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cingulate cortex functional connectivity with a left hemisphere region consisting of the lateral occipital cortex, superior parietal gyrus, and angular gyrus. (See the data supplement accompanying the online version of this article
for within-group statistical maps with a voxel-wise threshold of z=1.64, showing that the pattern of positive functional connectivity extends to the anterior mid-insula only
in the lowest SRS-A subgroup. By contrast, in the highest
SRS-A subgroup, the anterior mid-insula was characterized by negative functional connectivity with the pregenual anterior cingulate cortex.)

FIGURE 3. Differential Patterns of Insula Functional Connectivity With the Pregenual Anterior Cingulate Cortex for
the Left and Right Hemispheres in Neurotypical Adultsa
Left Hemisphere
x=–36
x=–36

p<0.05,
p<0
p<
p
< .05
.05,, corrected
corr
corr
orrect
ected
ect
ed

Discussion
The present study represents an initial application of a
protocol developed to examine the neural correlates of autistic traits, as indexed by the SRS-A, in neurotypical individuals using resting state fMRI. As hypothesized, we
found that individual differences in autistic traits in a nonclinical population were related to pregenual anterior cingulate cortex functional connectivity. Several studies have
linked individual behavioral performance to patterns of
functional connectivity observed during rest (e.g., 35). The
present study extends this finding by relating an informant-based measure of social skills related to autistic
traits (3, 5–7) directly to pregenual anterior cingulate cortex connectivity.
Consistent with one of our two predictions, autistic
traits were related to pregenual anterior cingulate cortex
connectivity with the insula, although this relationship
was specifically limited to the anterior mid-insula rather
than anterior insula per se. Discussing the implications of
this finding requires considering the pattern of pregenual
anterior cingulate cortex connectivity with various insula
subregions. The insula can be subdivided broadly into the
anterior, middle, and posterior, with the anterior insula
containing the ventral and dorsal regions (36). The posterior insula, commonly involved in primary representations of visceral and somatic sensation (33), showed no
Am J Psychiatry 166:8, August 2009
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Test-Retest Reliability
Using the analytical approach detailed in Shehzad et al.
(28), we computed intraclass correlation values of pregenual anterior cingulate cortex connections, over both
the long- and short-term, for the 20 subjects who had
completed three resting state scans as part of a test-retest
study. As illustrated in Figure 5, key components of the examined network, including the posterior cingulate cortex,
insular cortex, anterior cingulate cortex, and inferior
frontal gyrus, showed moderate to high intraclass correlation values (>0.5). Of note, the anterior mid-insula region,
in which functional connectivity with the pregenual anterior cingulate cortex was found to be directly related to
SRS-A scores, exhibited high reliability over both the
long- and short-term (intraclass correlation values: 0.68
and 0.77, respectively).

Right Hemisphere
x=–36
x=–36
6

Negative functional connectivity
Anterior mid-insula mask per SRS-A covariate analysis
Overlap: anterior mid-insula and negative functional connectivity
Insula cortex per Harvard-Oxford Cortical Structural Atlas
a

The images illustrate ventral anterior insula regions exhibiting positive pregenual anterior cingulate cortex functional connectivity
and posterior mid-insula regions exhibiting negative pregenual anterior cingulate cortex functional connectivity. Also shown is the anterior mid-insula region (y approximately >1) where pregenual anterior cingulate cortex functional connectivity was found to be
negatively related to SRS-A scores across all 25 participants. Areas of
overlap between anterior mid-insula regions related to SRS-A scores
and regions exhibiting negative functional connectivity are also depicted. Last, insula regions in which no relationship was found with
the pregenual anterior cingulate cortex are shown, with insular cortex defined using the Harvard-Oxford Cortical Structural Atlas (minimum probability threshold=25%). Of note, the posterior insula (y
approximately <–15) does not show any functional connectivity
with the pregenual anterior cingulate cortex in either hemisphere,
which is in agreement with recent findings (23). SRS-A=Social Responsiveness Scale—Adult Version.

connectivity with the pregenual anterior cingulate cortex,
which is consistent with a recent report (23). In contrast,
the anterior and mid-insula subregions, implicated in
maintaining higher order representations of sensation
and emotion (21, 33, 37), exhibited a significant pattern of
pregenual anterior cingulate cortex functional connectivity along an anterior/posterior gradient, extending from
positive to negative connectivity. At the anterior-most extent of the insula, the ventral anterior insula was positively
connected with the pregenual anterior cingulate cortex
along with a broader network of structures implicated in
social cognition, such as the retrosplenial complex. By
contrast, at the posterior extent of this gradient, the posterior mid-insula was negatively connected with the cingulate region of interest along with a network of structures
implicated in somatic and self-focused attention (primary
somatosensory cortices, superior parietal cortices, and
primary motor cortices). Between these, an intervening
anterior mid-insula region exhibited variable patterns of
functional connectivity across subjects. This pattern of
differential pregenual anterior cingulate cortex connectivity in anterior and middle insula subregions is consistent
with the notion that the ventral anterior and posterior inajp.psychiatryonline.org
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FIGURE 4. Inter-Individual Differences in Pregenual Anterior Cingulate Cortex Functional Connectivity With the Anterior
Mid-Insula Among Neurotypical Adults as Determined With the Social Responsiveness Scale—Adult Version (SRS-A)a
B
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For each subject, the percentage of voxels within the clusters (for each hemisphere) showing significant positive or negative pregenual cingulate functional connectivity was calculated (panel A). For each of three subgroups of participants determined by SRS-A terciles (lowest SRS-A
tercile: N=8; intermediate SRS-A tercile: N=9; highest SRS-A tercile: N=8), tricolor plots illustrate the mean percentage of voxels within the
anterior mid-insula mask exhibiting significantly positive (red), negative (blue), or nonsignificant (green) pregenual anterior cingulate cortex
functional connectivity. Panel B illustrates the percentage of voxels with positive, negative, or nonsignificant functional connectivity represented for each subject, sorted by SRS-A scores. Overall, our findings indicate that subjects with lower SRS-A scores show greater positive connectivity between the pregenual anterior cingulate cortex and anterior mid-insula. In contrast, those with higher SRS-A scores show a greater
pattern of negative connectivity between the two regions. This pattern was confirmed by the Jonckheere-Terpstra Test of the differences between the percentage of voxels positively connected minus the percentage of voxels negatively connected to the pregenual anterior cingulate
cortex in the anterior mid-insula masks for each of the three SRS-A terciles (Jonckheere-Terpstra Test-based z scores=–3.4 and –2.7, for left
and right hemispheres, respectively; p<0.01).

sula underlie social cognition and somatic attention, respectively (21, 33, 37).
These findings of differentiable mid-insula subregions
are noteworthy when considered in the context of current
models of insula organization, which tend to treat the midinsula as a single subregion (38). Specifically, we found that
the anterior mid-insula appears to function as a transition
zone between the ventral anterior insula, which is related
to social cognition (21), and the posterior mid-insula,
which is likely involved in somatic attention (33, 37). As indicated by secondary analyses, in the subgroup with low
levels of autistic traits, a substantial portion of the anterior
mid-insula showed a positive connectivity pattern similar
to that observed in the ventral anterior-insula. However, in
the subgroup with elevated levels of autistic traits, the valence of functional connectivity in the anterior mid-insula
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resembled that of the posterior mid-insula (i.e., negative
correlation with the pregenual anterior cingulate cortex).
These results have broad implications for future efforts to
relate interindividual differences in behavior to functional
connectivity. Specifically, they highlight the need to interrogate connections exhibiting a high degree of variability
across subjects as opposed to limiting analyses to a priori
connections of interest or to only those analyses showing
consistent patterns of connectivity across subjects.
We did not detect a significant relationship between
SRS-A scores and pregenual anterior cingulate cortex
functional connectivity with the posterior cingulate cortex, a region implicated in the development of theory of
mind (20). A meta-analysis (18) of functional imaging
studies of autism found the posterior cingulate cortex to
be hypoactive in autism during social tasks. Further, initial
Am J Psychiatry 166:8, August 2009
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FIGURE 5. Test-Retest Reliability of Pregenual Anterior Cingulate Cortex Functional Connectivity in Neurotypical Adultsa
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The top row (left) illustrates the sagittal and axial images of the pregenual anterior cingulate cortex seed of interest (centered at x=0, y=47,
z=9 in Montreal Neurological Institute standard space) and (right) sagittal and axial images of the left anterior mid-insula mask (corresponding to the cluster revealed in the analysis using SRS-A as covariate of interest; peak x=34, y=0, z=–2 in Montreal Neurological Institute standard space). The upper and lower scatter plots (right) show the parameter estimates of functional connectivity between the pregenual anterior cingulate cortex and anterior mid-insula for the long- and short-term (r2=0.45 and 0.60; p<0.01 and p<0.001, respectively). The upper
and lower images (left) illustrate surface maps of voxel-wise intraclass correlation values for pregenual anterior cingulate cortex functional
connectivity over the long-term (intersession: scans 1 and 2 separated by 5 to 16 months) and short-term (intrasession: scans 2 and 3 separated by 45 minutes) in the 20 participants who completed three scans. The upper image illustrates a map of the intersession reliability of
parameter estimates for pregenual anterior cingulate cortex/left anterior mid-insula functional connectivity across scans 1 and 2. The lower
image illustrates a map of the intrasession reliability across scans 2 and 3.

studies of functional connectivity in autism (14, 15) reported decreased connectivity between the posterior cingulate cortex and pregenual anterior cingulate cortex. Beyond potential power concerns related to our sample size,
we used a nonclinical screened sample that may not recapitulate brain-behavior relationships encountered in clinically diagnosed individuals with higher SRS-A scores. Future studies with affected individuals will test whether
greater severity of autistic traits is related to functional
connectivity between anterior and posterior cingulate regions implicated in social cognition (18).
We also found that increased SRS-A ratings were related
to increased functional connectivity between the pregenAm J Psychiatry 166:8, August 2009

ual anterior cingulate cortex and higher order sensory
processing regions (superior parietal gyrus, lateral occipital cortex, and angular gyrus). These regions are often abnormally hyperactive in individuals with autism (18). As
such, although not hypothesized, our findings suggest the
need to consider abnormal patterns of connectivity beyond hypoconnectivity.
In considering the imaging approach used in the
present study, we note that although SRS-A scores may
also be related to evoked brain activation using task-based
approaches, examining the relationship between SRS-A
scores and measures of resting state functional connectivity has several advantages. First, practice effects, floor/
ajp.psychiatryonline.org

897

AUTISTIC TRAITS IN NEUROTYPICAL ADULTS

ceiling effects, and the need for compliance with task demands are minimized (9). This latter point is crucial for
studies with behaviorally and intellectually challenged
populations. Second, resting state analyses can be used to
simultaneously delineate entire multiple networks, which
are usually only partially observable in task-based studies,
depending on the selected contrasts (8). Third, despite
concerns about the unconstrained nature of the resting
state, patterns of intrinsic connectivity during rest are remarkably replicable across individuals and across research labs (39). Further, our examination of the voxelwise reliability of measures of functional connectivity
within the pregenual anterior cingulate cortex network
demonstrated moderate (intraclass correlation values
>0.5) to high (intraclass correlation values between 0.7 and
0.95) test-retest reliability, a finding consistent with the
stability of other resting state networks (28). Nevertheless,
we cannot exclude the possibility that interindividual differences in responding to the scanner environment (e.g.,
scanner noise, experience of remaining still in the scanner) may be related to both patterns of functional connectivity and autistic traits assessed by the SRS-A. Future
studies of the resting state using a combination of objective (e.g., physiological) and subjective (e.g., self-report)
indices will be needed in order to clarify this issue.
Our findings should be interpreted in light of several
limitations. Seed-based approaches to mapping functional connectivity require a priori selection of a region of
interest. We selected the pregenual anterior cingulate cortex because of its prominence in models of autism-related
abnormalities and its emergence in our recent meta-analysis of autism (18). Future studies will entail investigating
the intrinsic connectivity of other regions of interest that
may be implicated in the social impairments associated
with autism (18). On a related note, although the SRS-A
primarily emphasizes social and communication impairments in characterizing autistic traits, specifically focusing on other facets of autistic traits such as restricted/repetitive behaviors or interests may be helpful in future
studies. We maximized the representativeness of individual parameter estimates by combining data from all available scans. Since only 80% of the study sample provided
three scans, we considered the possibility that differences
in the number of scans might have influenced our results.
Accordingly, we accounted for potential differences at the
group level by including the number of scans as a covariate. In addition, we conducted confirmatory analyses limited to 1) a single scan per subject and 2) the 20 participants who provided three resting state scans, and neither
produced results that differed substantially from our main
findings (see the data supplement accompanying the online version of this article). Finally, significant controversy
continues to surround the interpretation of negative relationships in functional connectivity (40). Thus, although
patterns of positive and negative connectivity differenti-
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ate insula subregions, caution should be taken when interpreting the meaning of negative relationships.
As has recently been noted (41), when brain regions are
identified by virtue of their correlation with behavioral
measures, the corresponding correlation coefficients between the identified regions and the behavioral variables
are generally somewhat inflated and should not be interpreted as unbiased. However, they do serve an illustrative
purpose and are meaningful.
In summary, the present study demonstrates the utility
of resting state fMRI for mapping functional connectivity
in relation to the SRS-A, a continuous measure of autistic
traits in the general population. This approach led us to
identify the pregenual anterior cingulate cortex connectivity with the anterior mid-insula as a candidate marker
of social competence related to autistic traits in a neurotypical sample. Application of this method in future studies examining patients with autism should allow confirmation of whether this circuit is a locus of dysfunction in
autism that is dimensionally related to the severity of autistic traits.
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