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Parents of children with an autism spectrum disorder (ASD) show
subtle deficits in aspects of social behavior and face processing,
which resemble those seen in ASD, referred to as the “Broad Autism
Phenotype ” (BAP). While abnormal activation in ASD has been re-
ported in several brain structures linked to social cognition, little is
known regarding patterns in the BAP. We compared autism parents
with control parents with no family history of ASD using 2 well-vali-
dated face-processing tasks. Results indicated increased activation
in the autism parents to faces in the amygdala (AMY) and the fusiform
gyrus (FG), 2 core face-processing regions. Exploratory analyses re-
vealed hyper-activation of lateral occipital cortex (LOC) bilaterally in
autism parents with aloof personality (“BAP+”). Findings suggest that
abnormalities of the AMYand FG are related to underlying genetic li-
ability for ASD, whereas abnormalities in the LOC and right FG are
more specific to behavioral features of the BAP. Results extend our
knowledge of neural circuitry underlying abnormal face processing
beyond those previously reported in ASD to individuals with shared
genetic liability for autism and a subset of genetically related indivi-
duals with the BAP.
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Introduction

Autism spectrum disorder (ASD) is characterized by deficits in
social behavior, stereotyped–repetitive behaviors, and a char-
acteristic course. Considerable heterogeneity is seen within
each of these core domains, providing a challenge not only
for diagnosis but also for identifying endophenotypes. The
heterogeneity seen in autism, and its continuity with typical
functioning, is borne out by the Broad Autism Phenotype
(BAP), the genetic liability for autism expressed in first-degree
relatives of persons with autism. The BAP features characteris-
tics that are milder but qualitatively similar to those seen in
ASD, including social deficits (aloof personality, fewer quality
friendships), communication abnormalities (language delay,
pragmatic language deficits), and stereotyped behavior (e.g.,
rigid personality style) (Folstein and Rutter 1977; Bolton et al.
1994; Piven et al. 1997).

For several reasons, the study of the BAP provides a powerful
opportunity for investigating the neurobiology and cognition of
ASD. First, it extends the range of individual differences, enab-
ling the study of milder characteristics not necessarily associated
with impairment. Second, it allows disaggregation of the con-
stituent components of the full syndrome of ASD (such as
the examination of social functioning only, which in ASD is

accompanied by other symptoms that are required for diagno-
sis). Third, it often features fewer comorbid confounds and
higher IQ than commonly seen in many individuals with ASD,
resulting in a study group often able to participate in cognitive
neuroscience tasks involving functional magnetic resonance
imaging (fMRI) more readily than are many individuals with
ASD. Finally, it provides insights into component contributions
to the pathogenetic mechanisms underlying autism by segre-
gating study of the neural basis of the phenotype across liabi-
lity classes—individuals with ASD, individuals with both a
genetic relationship to those with ASD and who demonstrate
the milder behavioral expressions of that genetic liability
(BAP+ parents), individuals with a genetic relationship to
those with ASD but no behavioral expression (BAP− parents)
and, finally, individuals without a first-degree genetic relation-
ship to autism (parent controls).

Our group has characterized defining features of the BAP,
specifically including aloof personality, which are milder but
qualitatively similar to the defining social behavior characteris-
tics of ASD (Piven 2002; Losh and Piven 2007; Losh, Childress
et al. 2008; Losh, Sullivan et al. 2008; Losh et al. 2009; Losh
et al. 2010). These studies demonstrated a range of individual
differences within the BAP where some autism parents
show these phenotypic traits and others do not. Our research
revealed that BAP+ parents, but not BAP− parents, show defi-
cits in face processing and other social cognition characteristics
seen on experimental measures that are akin to those observed
in people with ASD (Adolphs et al. 2008; Losh et al. 2009).
Following on these observations, it seems likely that examin-
ation of the neural basis of social cognition in autism parents
subdivided into BAP+ and BAP− on the basis of the presence
or absence of “aloof personality” may provide a basis for
clarifying the underlying neural basis for social characteristics
seen in autism as well as identifying genetically meaningful
endophenotypes.

The goal of the present study was to link genetic liability for
ASD (“autism parents” who have a child with autism versus
“control parents” who have no family history of autism), be-
havior (“BAP+” parents versus “BAP−” parents), and brain
function (regional activation in face-processing regions). We
had 2 primary goals. First and most broadly, we wished to cap-
italize on our prior work with the BAP to characterize the
neural circuits associated with altered social cognition, with a
focus on face processing. This goal was motivated in particular
by the large literature demonstrating impaired face processing
in both ASD and the BAP, and by prior findings that justified a
hypothesis-driven approach with a focus on specific brain
regions (we review these prior findings in more detail later).
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A second goal, both more specific and more exploratory, was
to see whether there might be dissociations between behavior-
al characterization of social deficits in the BAP and neurofunc-
tional characteristics. One could imagine 2 different outcomes:
BAP+ individuals, who show abnormal social behavior, also
show abnormal brain activation compared with BAP− indivi-
duals or control parents; alternatively, both BAP+ and BAP−
individuals, although behaviorally discordant, might show
equivalently abnormal brain activation reflecting their shared
genetic liability for ASD. In the first case, the findings from
neuroimaging may be more closely linked to behavioral
phenotype than genetic liability; in the second, they may be
more closely linked to genetic liability than to behavioral
phenotype. Supplementing our prior work, which provided
behavioral distinctions within the BAP, with neuroimaging
data, may thus yield more fine-grained analyses of BAP sub-
types. Ultimately, we would hope to inform intermediate bio-
logical phenotypes that permit a more precise mapping of
behavioral phenotypes onto their distal causes (genes, as well
as gene × environment interactions). This information will be
critical for a full understanding of ASD, where progress is
severely challenged by the issue of heterogeneity.

We chose social perception of faces as our domain of focus,
as both face perception and social cognition are domains re-
peatedly shown to feature specific deficits in individuals with
ASD. Processing of faces preferentially activates a distinct
system of cortical regions in the inferior temporal lobe, extend-
ing to other regions including parietal and frontal cortex
for more elaborate processing (Haxby et al. 2000; Tsao and
Livingstone 2008; Atkinson and Adolphs 2011). The core
face-processing network includes fusiform gyrus (FG) (the
face-selective sectors of which are referred to as the fusiform
face area, FFA) (Kanwisher et al. 1997), superior temporal
sulcus, and the lateral occipital cortex (inferior LOC generally,
in which face-selective regions are referred to as the occipital
face area, OFA). An extended face-processing network further
includes structures such as the amygdala (AMY), inferior
frontal gyrus (IFG), middle frontal gyrus (MFG), and orbital
frontal cortex (OFC) (Sabatinelli et al. 2011). The AMY plays an
important role in social cognition, especially including the pro-
cessing of emotion from facial expressions (Adolphs 2008,
2010), although it is in fact robustly activated even by faces
with neutral expressions (Mende-Siedlecki et al. 2013). Recent
studies have further revealed distal effects of the AMY on acti-
vation in the FG during face perception (Vuilleumier et al.
2001; Vuilleumier and Pourtois 2007), emphasizing one im-
portant component of face processing: the interaction between
AMY and FG. Notably, abnormal connectivity has been found
between these 2 structures in ASD (Kleinhans, Richards et al.
2008).

Face-processing deficits have been identified in a number of
studies of ASD. While there is not yet a full consensus, several
studies have found an abnormal ability to judge emotion
or more complex social information from faces in ASD (for
review, see Harms et al. 2010). This conclusion is also corrobo-
rated by findings from one of the most commonly used tasks in
research on ASD: the “reading the mind in the eyes” task, in
which people with ASD show an impaired ability to make
social judgments from seeing the eye region of faces (Baron-
Cohen et al. 2001). One recent study confirmed impaired
emotion recognition from faces in ASD but also showed that
this was quite subtle and required a sensitive task in order to

reveal the impairment (Kennedy and Adolphs 2012). Another
recent study suggested that specific components of comorbid
alexithymia—inability to perceive and/or process emotions—
may account for many of the impairments in facial emotion rec-
ognition reported in the literature on ASD (Bird et al. 2011;
Cook et al. 2013). As such, face-processing deficits observed in
autism may be due to the large comorbidity between alexithy-
mic traits and autism, rather than representing a necessary
feature of the social impairments in autism (Klin et al. 2002a,b;
Bird et al. 2010). Some of the face-processing impairment in
ASD further may arise from abnormal fixations onto the eye
region of faces (Klin et al. 2002a; Pelphrey et al. 2002; Dalton
et al. 2005; Neumann et al. 2006; Spezio et al. 2007a) and/or
abnormal use of facial information from the eye region in
order to discriminate emotions (Spezio et al. 2007b). Intri-
guingly, the specific face-processing impairments reported in
ASD have also been found in the BAP (and, indeed, more so in
people categorized as BAP+ than BAP−) (Adolphs et al. 2008).
Moreover, they bear some similarity to the face-processing def-
icits reported in neurological patients with focal AMY lesions
(Adolphs et al. 2005), further implicating the AMY in these
deficits in ASD.

Several studies have linked social cognition impairments in
autism to the AMY. Postmortem studies of individuals with
autism have noted immature-appearing and densely packed
cells in the AMY and hippocampus (Bauman and Kemper
1985; Kemper and Bauman 1993) and fewer neurons within
the AMY (Schumann and Amaral 2006), although the AMY is
by no means the only brain region showing abnormalities in
autism (Amaral et al. 2008). These structural differences are
also complemented by a number of functional imaging studies
of face processing in ASD that revealed abnormal activation
of the AMY. While most studies found hypo-activation in
the AMY in individuals with autism (Hadjikhani et al. 2004;
Hadjikhani et al. 2007; Bookheimer et al. 2008; Corbett et al.
2009), others reported hyper-activation in the AMY in indivi-
duals with autism relative to controls (Dalton et al. 2005;
Monk et al. 2010), and yet another showed comparable AMY
activation to face stimuli in both individuals with autism and
controls (Pierce et al. 2004). It is not clear whether these incon-
sistencies arise from between-subject variability and phenotyp-
ic heterogeneity in autism or the use of different tasks (e.g.,
emotional vs. neutral faces; active vs. passive response) across
the studies.

Another anatomical region identified as pivotal for social
cognition deficits in autism is the FG, which plays a critical role
in evaluating faces in typical individuals (often bilaterally, but
more consistently on the right than the left) (Kanwisher and
Yovel 2006; Tsao and Livingstone 2008). A relatively small
sample of postmortem studies of individuals with autism has
noted fewer neurons in the FG (van Kooten et al. 2008). More
common have been neuroimaging findings of hypo-activation
in the FFA and the OFA in individuals with autism (Pierce et al.
2001; Bookheimer et al. 2008; Kleinhans, Muller et al. 2008;
Kleinhans, Richards et al. 2008). While abnormal activation of
the FFA has been attributed to atypical fixations onto faces in
participants with autism (Dalton et al. 2005), it may also arise
from abnormal connectivity with the AMY (Schultz et al. 2003;
Kleinhans, Muller et al. 2008; Kleinhans et al. 2011).

On balance, the neuroanatomical and neuroimaging data
argue that both the AMY and the FG structures are dysfunction-
al in autism. These deficits, however, do not seem to arise from
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a simple absence of function, as for instance would result from
a lesion. Indeed, neurological patients with AMY lesions do
not exhibit any components of the autism phenotype, even
though they do show many similarities in cognition on labora-
tory tasks (Paul et al. 2010). Similarly, patients with direct
lesions to the FG do not exhibit autistic traits, even though they
fail to properly perceive faces. Rather, there may be dysfunc-
tion in specific neuronal subpopulations in the AMY and FG
that is difficult to reveal with fMRI (Rutishauser et al. 2011). As
such, pathology may best be understood by abnormal function
of an entire circuit and its connectivity—notably the circuit for
processing faces and emotion that includes the AMY and FG.

While the AMY and the FG regions, and their connectivity,
represent core nodes associated with particular aspects of
social cognition, recent evidence suggests that this network is
strongly modulated by top-down input from higher-order
multimodal association areas, including the insula and the
LOC. The insula is involved in interoceptive, affective, and em-
pathic processes, and emerging evidence suggests that it is
part of a “salience network” integrating external sensory
stimuli with internal states. As such, the insula is implicated in
the explicit processing of emotional face recognition. In-
creased insula reactivity to negative emotional stimuli is seen
in young adults with increased anxiety-related temperament
traits (Stein et al. 2007). The increased sensitivity of the insula
to negative social stimuli has been specifically implicated as a
neural marker of social anxiety severity (Shah et al. 2009),
More recently, insula–amygdala connectivity during resting
state functional scans has been proposed as a potential bio-
marker for anxiety (Baur et al. 2013). The LOC has also
emerged as an extrastriatal region for complex object process-
ing and orienting to salient visual stimuli. In individuals with
autism, the LOC responds to a greater extent to faces than it
does in controls (Scherf et al. 2010), indicating potentially a
“displacement” of the face-processing network in ASD. Thus,
both the insula and the LOC contribute critical resources to the
processing of emotional faces in ASD.

In the present study, we examined the neural substrates of
face processing in autism parents using fMRI, with a particular
focus on the FG and AMY. This is the first fMRI study to
examine a specific cognitive endophenotype defining a face-
processing style in the parents of individuals with autism. In
secondary analyses, we further explored whole-brain group
differences in activation to obtain initial data also regarding
the insula and lateral occipital region. In order to isolate a spe-
cific endophenotype linked to social behavior, we followed
our prior approach (cf. above) by classifying the autism
parents as having “aloof personality” (BAP+) or “non-aloof
personality” (BAP−). We hypothesized that parents who had a
child with autism, compared with those with a typical child
(“controls”), would show abnormal activation in the system for
processing faces, including AMY and FG. We further expected
that BAP+ parents would show greater abnormalities than
BAP− parents.

Materials and Methods

Participants
Sixty-eight parents participated in our study, of which 60 were in-
cluded in the fMRI analyses presented here. Two control parents and 4
BAP+ parents were excluded due to poor performance on the face
memory task (FMT) (accuracy below 50%), one BAP+ parent was

excluded due to very slow responses on the FMT (RT > 800 ms), and
one BAP− parent was excluded due to technical problems during the
scan. All subjects reported normal hearing and had (corrected-to)
normal visual acuity. None reported a history of neurological or psychi-
atric problems requiring treatment. All subjects gave written informed
consent under a protocol approved by the Institutional Review Boards
of the University of North Carolina and Duke University Medical Center.

The final sample for data analysis consisted of 40 parents of a child
with autism (age range: 29–54 years; mean = 41.53 years; females: 20)
and 20 control parents of a typically developing child (age range:
30–54 years; mean = 39.75 years; females: 10). All BAP+ and BAP−
subjects were recruited from previous and ongoing family genetic
studies at UNC (PI: J.P.) and were evaluated with a battery of clinical
and neurocognitive assessments (see Table 1 for subject demographic
information and supporting information for diagnostic details).

Potential participants were first screened with The Broad Autism
Phenotype Questionnaire (BAPQ) to identify their characteristics along
selected phenotypic dimensions, using cut-offs described in Sasson
et al. (2013). The BAPQ is a 36-item self- and informant-report ques-
tionnaire designed to assess for the presence of the BAP across 3 sub-
scales: rigid personality, aloof personality, and pragmatic language
deficits (Hurley et al. 2007). The BAPQ informant was typically the
spouse—fathers informed for mothers and vice versa, after which we
take an average of the self- and informant ratings (Hurley et al. 2007;
Sasson et al. 2013). The BAPQ was designed to reflect constructs
assessed in the Modified Personality Assessment Schedule—Revised
(MPAS-R), an investigator-based interview with subjects and infor-
mants for the BAP, as well as the Modified Pragmatic Rating Scale, a
rating scale for social use of language also thought to reflect a compo-
nent of the BAP. The BAPQ subscales show high sensitivity and speci-
ficity for detecting the BAP (Hurley et al. 2007). Based on the BAPQ,
parents whose mean score on the aloofness subscale was less than 2
(suggesting the absence of aloof personality and possible classification
as BAP− in our study) or greater than the gender-specific cut-offs de-
scribed in Sasson et al. (2013) (suggesting the presence of aloof per-
sonality and possible classification as BAP+ in our study) were invited
for direct assessment using the MPAS-R, as described later, to deter-
mine the presence or absence of “aloof personality” and subsequent
classification as BAP+ or BAP−. The MPAS-R is a semi-structured,
investigator-based interview that measures specific personality traits
thought to comprise the BAP, based on specific behavioral examples
given by subjects and informants (Piven et al. 1997). For the purpose
of this study, inclusion was based on the presence (best estimate rating
of “2”) or absence (best estimate rating of “0”) on the MPAS-R; parents
with a rating of “1”were excluded.

Fifteen of the parents of children with autism were classified as BAP+
(age range: 32–53 years; mean = 40.93 years; females: 7); 25 were classi-
fied as BAP− (age range: 29–54 years; mean = 42.12 years; females: 13).
All control parents were negative for the aloof component of the BAP,
based on screening with the BAPQ.

Table 1
Background demographic and neuropsychological data

Autism parents Controls BAP+ BAP−

N 40 20 15 25
Sex (M : F) 20 : 20 10 : 10 8 : 7 12 : 13
Handedness (L : R : B) 3 : 30 : 1 3 : 16 : 0 1 : 13 : 0 2 : 17 : 1
Age (SEM) 41.6 (.96) 39.8 (1.60) 40.9 (1.44) 42.1 (1.28)
Full Scale IQ (SEM) 108.1 (1.3) 113.3 (1.2) 107.7 (1.6) 108.3 (1.9)
STAI_Trait (SEM) 32.59 (1.57) 30.39 (1.07) 35.93 (3.05) 30.57 (1.63)
Stai_State_DIFF (SEM) 0.11 (1.18) 0.22 (2.25) 1.36 (1.04) −0.65 (1.79)
PANAS_PA_Trait (SEM) 33.95 (1.13) 34.61 (1.03) 32.14 (1.79) 35.04 (1.43)
PANAS_NA_Trait (SEM) 15.00 (0.73) 13.78 (0.51) 15.36 (1.52) 14.78 (0.75)
PANAS_PA_DIFF (SEM) 2.19 (1.00) 3.22 (1.43) −0.50 (1.12) 3.83 (1.37)
PANAS_NA_DIFF (SEM) 0.38 (0.44) 0.56 (0.46) 0.93 (0.68) 0.04 (0.58)

Note: Mean (SEM in parenthesis). Shown are means and the standard error of the mean (SEM) for
the combined BAP+ and BAP− groups (“autism parent”; leftmost column) as well as the 3
individual participant groups. Not all participants were able to complete all background tasks: the
BAP− group had 1 missing IQ score, 5 missing handedness scores, and 2 missing STAI and
PANAS scores; the BAP+ group had 1 missing handedness score and 1 missing STAI and PANAS
score; the control group had 1 missing handedness score and 2 missing STAI and PANAS scores.
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All participants also completed a questionnaire-based assessment of
mood and anxiety both before and after the scan: the Positive and
Negative Affect Schedule (PANAS) (Watson and Clark 1994) and the
state-trait anxiety inventory (STAI) (Spielberger 1983).

Imaging Experimental Design
Subjects performed 2 tasks previously found to yield reliable activation
of the AMY and FG to faces: a task accompanied by a 1-back memory
task we will refer to as the FMT (Fig. 1a), and a task requiring partici-
pants to match emotional faces or shapes simultaneously shown on the
screen, which we will refer to as the emotional face matching task
(EFMT) (Fig. 1b). Whereas the EFMT was administered as a single run
and used primarily as a localizer to define regions of interest (ROIs),
the FMTwas our primary activation task of interest. All participants got
the tasks in a fixed order: 6 runs of the FMT followed by 1 run of the
EFMT.

Face Memory Task
During this task adapted from Kanwisher et al. (1997), participants
saw 6 runs of alternating blocks of faces, objects, or scrambled objects
(Fig. 1a). The face images in the FMT subtended a visual angle of 6.98°
wide and 5.58° high, and the object and scrambled-object images a
visual angle of 6.98° wide and 6.98° high. All face stimuli depicted
neutral expressions and were selected from the Karolinska database
(Lundqvist and Litton 1998). Participants indicated with a button press
if an image matched the image immediately preceding it. The 1-back
memory component served to keep attention engaged during the task.
Blocks were separated by 17-s rest periods, and each run was preceded
by the following instruction (“Rest, Please do not move your head”).
During the 1-back task block, each of the 24 stimuli was presented for
300 ms with a jittered inter-stimulus interval (ISI) of 700–1100 ms,

for a total block length of ∼28 s. Each run lasted 2.16 min. Only 4
match trials were included within each block. The total task time was
∼13 min.

Emotional Face Matching Task
During this task adapted from Hariri et al. (2002), participants per-
formed 1 run consisting of 4 blocks of a perceptual face-processing
task interleaved with 5 blocks of a sensorimotor control task (Fig. 1b).
During the face-processing blocks, each trial consisted of images with
3 faces (expressing either anger or fear). Each face-processing block
consisted of 6 trials, balanced for gender and target affect (angry or
fearful), all of which were derived from a standard set of pictures of
facial affect (Ekman and Friesen 1976). There were no trials in which
the same face is presented with a different expression: BOTH face and
expressions match for the matching item. Furthermore, across the
study each face is only presented with 1 expression, and each trial has
unique faces. During the sensorimotor control blocks, each trial con-
sisted of images with 3 simple geometric shapes (circles and vertical
and horizontal ellipses) and each block consisted of 6 different shape
trials. For all trials (face or shape), subjects indicated with a button
press which of the 2 bottom faces (or shapes) matched the top one.
All blocks were preceded by a brief instruction (“match faces” or
“match shapes”) that lasted 2 s. In both the face-processing and sen-
sorimotor control blocks, each trial was presented for 5 s without ISI,
for a total block length of 30 s. The total task run-time was ∼5 min.
Previous studies using this paradigm have demonstrated reliable and
consistent robust activation of the AMY and FG during the processing
of emotional faces (Hariri et al. 2002).

We ensured that all subjects were awake and maintained central
fixation through in-bore eye tracking during both of the fMRI tasks
(with an MR-compatible miniature analog video camera (Resonance

Figure 1. Task designs. (a) Face Match Task: a blocked design was used with 3 categories of stimuli: faces, objects, and scrambled objects. Each block was selarated by a rest
period of 17 ms; stimulus duration was 300 ms; ISI was jittered between 700 and 1100 ms; block duration was 30 s. Participants performed a 1-back matching task to maintain
attention. (b) EFMT as a localizer task: For the amygdala localizer task, a well-established blocked-design task was used with 2 categories of stimuli: faces and shapes. Block
duration was 30 s; stimulus duration was 5 s; run duration about 5 min. Participants performed a choice-response button press matching task to indicate which of the bottom 2
items (right or left) matched the top item for each trial.
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Technology, Inc.) together with Viewpoint eye tracker software
(Arrington Research, Inc.).

fMRI Data Acquisition
Images were acquired using a spiral-in sensitivity encoding sequence
(Guo and Song 2003), as implemented on a 3.0 Tesla General Electric
(Waukesha) scanner. We collected whole-brain blood-oxygenation-
level-dependent (BOLD) images from 34 axial slices (repetition time
[TR], 2 s; echo time [TE], 27 ms; 64 × 64 matrix, field of view [FOV],
256 mm; flip angle, 60°), with near-isotropic voxels of 4 × 4 × 3.8 mm.
Each functional imaging run began with 4 discarded RF excitations
to allow for steady-state equilibrium. High-resolution T1-weighted
anatomical images were acquired to aid in normalization and core-
gistration (TR, 7.4 ms; TE, 2.9 ms; 256 × 256 matrix; FOV, 256 mm;
flip angle, 12°, 1 × 1 × 1.9 mm using a fast spoiled-gradient echo
sequence).

fMRI Image Analysis
FMRI data were analyzed using tools from the FMRIB (Oxford Univer-
sity Centre for Functional MRI of the Brain) Software Library (FSL)
(FMRIB’s Software Library, www.fmrib.ox.ac.uk/fsl). We used FEAT
(FMRI Expert Analysis Tool) Version 5.98 [FSL 4.1.8] to submit func-
tional data from individual runs to multiple regression analyses. The
following pre-statistics processing was applied: motion correction
using MCFLIRT (Jenkinson et al. 2002), slice-time corrected, skull
stripped using the FSL Brain Extraction Tool (Smith 2002), spatial
smoothing using a Gaussian kernel of FWHM 5 mm; grand-mean inten-
sity normalization of the entire 4D data set by a single multiplicative
factor, using a high pass temporal filter of 100 s. Scan quality including
signal/noise/displacement of center of mass for each subject each run
was evaluated as part of the QA protocol (Friedman and Glover 2006).
No subject included in the study had greater than a 2-mm deviation in
the center-of-mass in any plane. Functional data were registered to the
individual’s structural scan and a standard stereotaxic space (Montreal
Neurological Institute) using FLIRT (Smith et al. 2004). These transfor-
mations into standard space were applied to images of contrasts of
interest and their variances.

Whole-Brain Voxel-Wise Analysis
Whole-brain image post-processing proceeded in 3 stages. First-level
statistical analysis was performed using FMRIB’s improved linear
model. We set up similar statistical models for both tasks. The model
for the FMTwas comprised of 3 regressors (face, object, and scrambled
pictures) and that for the EFMT was comprised of 2 regressors (face
and shape). The hemodynamic response function was modeled with a
double-gamma function (phase, 0 s). The temporal derivative of the
time course was also included in the model for each regressor. Our key
contrasts involved bi-directional comparisons of faces versus objects
(faces minus objects and objects minus faces for the FMT; faces minus
shapes and shapes minus faces for the EFMT). Secondary contrasts ex-
amined the responses to all stimuli, including scrambled pictures for
the FMT. At the second-level analysis, we combined data across runs,
for each subject, using a fixed-effects model. At the third-level analysis,
to compare activations across groups, we combined data across sub-
jects within each group using a mixed-effects model (Beckmann et al.
2003; Woolrich et al. 2004). Except where noted, z-statistic (Gaussia-
nized T/F) images were thresholded using clusters determined by
z > 2.3 and an FWE-corrected cluster-significance threshold of P≤ 0.05
(Worsley 2001). At the third level, both reaction time (RT) and accuracy
were used as covariates in the model to control any effects on regional
brain activation due to behavioral differences between groups.

Functionally Constrained ROI Analysis
In addition to a whole-brain voxel-wise analysis, we performed a
hypothesis-driven functionally constrained ROI analysis to assess
group differences in face-selective activation in ventral regions specia-
lized for emotion and face processing. The goal of this analysis was to
use 1 task to functionally localize seeds within predetermined anatom-
ical ROIs for face-specific activity in order to explore group differences

in the activation to the second task. This analysis consisted of 3 general
steps 1) selection of anatomically defined regions; 2) identification of
face-selective peak activation within each region for each group from
the EFMT, and tracing of a 5-mm sphere around the peak to generate a
new “functional seed-constrained anatomical ROI” (func-ROI-sphere)
for each region for each group (staying within the anatomical boundar-
ies of Step 1); 3) extraction of % signal change (%SC) during the FMT
within those func-ROI-spheres as identified in Step 2.

Specifically, for Step 1, the func-ROI-sphere analysis of the FMT
paradigm, we selected 14 regions: Four ROIs were of primary interest
and were defined on the MNI152 template brain and tested separately
for each statistical analysis: R/L AMY and R/L FG. In addition, we also
selected the R/L insula (INS), R/L frontal orbital cortex (FOCx), R/L in-
ferior LOC, R/L cuneal cortex, and R/L MFG regions associated with re-
liable face-specific activation (Haxby et al. 2000; Haxby et al. 2002) to
conduct more exploratory func-ROI-sphere analyses. Template hand-
drawn ROIs from (Kleinhans et al. 2011) were used to identify the
AMY and FG. The Harvard-Oxford Atlas embedded within the FSL
program was used to create the remaining ROIs. For Step 2, we identi-
fied the peak voxels for face-selective activations (Face vs. Shape con-
trast from the EFMT) within each of the anatomical ROIs for each
group (BAP+, BAP− and CTR) (Poldrack 2007). We then defined
spheres of 5-mm radius around each peak. These 5-mm spheres were
used as the functional ROIs for each subject for the FMT ROI analysis.
In Step 3, using featquery (part of FSL, http://www.fmrib.ox.ac.uk/fsl/
feat5/featquery.html), we extracted the mean percentage of BOLD ac-
tivity during the faces > objects beta contrast from the FMT for each
subject within each func-ROI-sphere identified in Step 2. The func-ROI
analysis first examined differences between the BAP (BAP+ and BAP−
combined) and the control parent groups. Subsequent comparisons
investigated differences between the 2 BAP subgroups and controls.

Statistical Analyses
Behavioral performance differences in response time and accuracy
between the groups were examined using an analysis of variance
(ANOVA) with post hoc LSD test with an alpha level of 0.05. Group dif-
ferences for percent signal change (%SC) from each func-ROI-sphere
were analyzed with a 3 × 2 mixed-model, repeated-measures ANOVA
(mixed-model approach to repeated-measures model [MMRM]), with
Group as the between-subjects factor (BAP+, BAP−, and control) and
Hemisphere as the within-subjects factor (Right, Left). Planned con-
trasts were conducted to examine regional differences between all
autism parents (BAP+ and BAP− combined) compared with controls
and also to examine unique activations distinguishing BAP+ subjects
from BAP− and controls. Post hoc comparisons were performed to
examine hemispheric effects within groups for each region. We report
two-tailed significance tests for all analyses, as well as effect sizes,
which were computed by dividing the differences between the means
by the SD for each comparison group. We first report ROI results for
the EFMT task and then for the FMT.

Results

Demographic and Background Neuropsychological
Variables
Groups did not differ on age (F2, 57 = 0.478, n.s.) or gender
(χ2 = 0.107, P = 0.9) (see Table 1 for demographics). There
were no gender differences between the BAP+ parent and
BAP− parent groups (χ2 = 0.107, P = 0.7). Since there was no
age or gender difference across the 3 groups, we collapsed
across these variables in all subsequent analyses.

We did not find any differences on the STAI or PANAS
between the autism parents and controls, nor among any pairs
of BAP+, BAP−, and controls, with 1 exception: The BAP+
parent group showed significantly lower pre-scan–post-scan
PANAS scores compared with the BAP− parent group
(t35 =−2.2, P = 0.04). The BAP+ parent group also showed a
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trend toward lower pre-scan–post-scan PANAS scores com-
pared with the controls (t30 =−2.0, P = 0.06). In our final
sample of participants, there were also some group differences
in IQ. Specifically, the control group had a higher IQ than
the autism-parent group (BAP+ and BAP− combined)
(t57 = 2.6, P < 0.02); the control group had a higher IQ than the
BAP− group (t42 =−2.1, P = 0.04); and there was a trend for the
control parents to have a higher IQ than the BAP+ group
(t33 =−2.8, P = 0.08).

Behavioral Results

EFMT
A two-way [(group; autism parents vs. control parents) ×
(stimulus; faces vs. shape)] 2 × 2 ANOVA of RT showed signifi-
cant main effects of stimulus (F1, 58 = 72.246, P < 0.001) on re-
sponse time, with both groups faster on shapes than faces,
with a group × stimulus interaction F1, 58 = 4.179, P < 0.05) sug-
gesting that the difference was larger in the autism parents
than control parents. There were no significant main effects or
interaction effect (all P > 0.1) for accuracy.

To examine subgroup differences between the BAP+, BAP−,
and control groups, a two-way [(group; BAP+, BAP−, or
controls) × (stimulus; faces or shapes)] 3 × 2 ANOVA of RT was
performed. This analysis again revealed significant main
effects of stimulus (F1, 57 = 88.133, P < 0.001) on response time,
with all groups faster on shapes than faces, but no significant
main effect of group, nor a group × stimulus interaction (all P >
0.13). Similarly, a two-way 3 × 2 ANOVA of accuracy was also
performed. There were neither significant main effects nor
interaction effects (all P > 0.1) for accuracy on the subgroup
analysis.

FMT
A two-way [(group; autism parents versus controls) ×
(stimulus; faces vs. objects)] 2 × 2 ANOVA of RT revealed sig-
nificant main effects of stimulus (F1, 58 = 66.456, P < 0.001) on
response time, but no significant main effect of group nor a
group × stimulus interaction (all P > 0.85). Similarly, accuracy
data in the task also showed a significant effect of the stimulus
(F1, 58 = 16.644, P < 0.001). There were no significant differ-
ences in accuracy among groups or a group × stimulus inter-
action (all P > 0.50). Overall, all groups were faster and more
accurate on objects than on faces.

To further examine subgroup differences, a two-way
[(group; BAP+, BAP−, and controls) × (stimulus; faces or
objects)] 3 × 2 ANOVA of RT was conducted. This analysis once
again showed significant main effects of stimulus (F1,57 =
69.124, P < 0.001) on response time, but no significant main
effect of group, nor a group × stimulus interaction. Similarly, a
two-way 3 × 2 ANOVA of accuracy showed a significant effect
of the stimulus (F1, 57 = 20.068, P < 0.001), but no significant
main effect of group, nor group × stimulus interactions (all
P > 0.22). As before, all groups were faster and more accurate
on objects than on faces.

Imaging Results
To ensure that head motion artifact did not differentially affect
data analysis between groups, we analyzed the absolute mean
differences in the FSL motion parameters for each run. A com-
parison of motion correction data showed no significant group
difference in absolute mean displacement (all P > 0.1). Thus,

findings in our analyses are not attributable to differences in
motion or motion correction between groups.

EFMT ROI-Based and Exploratory Voxel-Wise Whole-Brain
Activation Results
A 2 × 2 MMRM ANOVA on the %signal change in AMY with
group (autism parent vs. control parents) and hemisphere (right/
left) as factors revealed a main effect of group (F1, 116 = 4.45,
P < 0.04, ES = 0.47), indicating that the autism-parent group
showed significantly greater activation to emotional faces rela-
tive to controls (Fig. 2a). A 3 × 2 MMRM ANOVA on the %signal
change in AMY with group (BAP+, BAP−, and control parents)
and hemisphere (right/left) as factors revealed a marginal
main effect of group (F2, 114 = 2.22, P = 0.11), and a marginal
group × hemisphere interaction (F2, 114 = 2.16, P = 0.12). Post
hoc analyses revealed that both BAP+ (t114 = 2.23, P < 0.03, ES
= 0.44) and BAP− (t114 = 2.78, P < 0.01, ES = 0.51) groups
showed significantly greater activation in the right AMY com-
pared with control parents, whereas BAP+ and BAP− did not
significantly differ from each other (i.e., (BAP+ = BAP−) >
control parents).

A 2 × 2 MMRM ANOVA (group: autism parents vs. control
parents; hemisphere: right vs. Left) revealed a main effect of
group (F1, 116 = 4.15, P < 0.05, ES = 0.70), with autism parents
activating the LOC more than controls. A 3 × 2 MMRM ANOVA
(group: BAP+, BAP− vs. control parents; hemisphere: right vs.
left) on the LOC revealed a main effect of group (F2, 114 = 10.56,
P < 0.0001). Planned contrasts indicated that the BAP+ group
showed significantly greater activation in the LOC relative to
both the control parents (t114 = 4.16, P < 0.0001, ES = 1.32) and
BAP− subjects (t114 = 4.05, P < 0.0001, ES = 1.23), whereas the
BAP− did not differ from control parents (t114 = 0.32, P = 0.75,
ES = 0.09) (Fig. 2b).

In the FG, while the BAP+ group showed larger activation
compared with BAP−, this difference did not reach signifi-
cance despite its moderate effect size (P = 0.08, ES = 0.37). No
other group differences were significant in the FG.

Exploratory voxel-wise whole-brain analysis of the EFMT re-
vealed reliable activations in all 3 groups and included the
AMY, FG, FOCx, LOC, IFG, precuneus and insula (Fig. 3).
Brain regions showing significant activations to faces in all
3 subject groups are shown in Table 2 and include all visual
cortex (R-cuneal Cx, intracalcarine Cx, and supra calcarine
cx, occipital pole), the MFG, and thalamus. These results are
consistent with prior studies (Hariri et al. 2002) and reveal
activations across a wide range of brain regions known to be
modulated by higher visual processing and emotion. These
results also confirm the efficacy of the EFMT as a face localizer
task and importantly demonstrate that it yields significant acti-
vations within those structures hypothesized to be relevant in
all 3 groups (see Table 2, Figs 2 and 3).

FMT Results for ROI-Based Analysis
To assess group differences in face-specific activations within
our hypothesized ROIs, we performed ROI analyses on the
AMY and FG using a combination of anatomically defined
ROIs together with functionally constrained regions from the
EMFT (see Materials and Methods for details). A 2 × 2 mixed-
model ANOVA (between-subject variable—group—autism
parents vs. control parents; within-subject variable: hemi-
sphere—right, left) on %signal change in the AMY and the FG.
For the AMY, results revealed greater activation in the autism
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parents compared with control parents (marginal main effect
group, F1, 116 = 2.31, P = 0.13, ES = 0.30), and a marginal group
× hemisphere interaction (F1, 116 = 3.70, P < 0.06, ES =−0.77)
(Fig. 4a). Planned contrasts indicated greater right than left
AMY BOLD activation in the autism parent group (F1,
116 = 5.45, P < 0.03), with significantly greater activation in the
right AMY for the autism parents compared with control
parents (F1, 116 = 5.92, P < 0.02). A 3 × 2 MMRM ANOVA with
the factors of group (BAP+, BAP−, and control parents) and
hemisphere (L/R) on the %signal change revealed that both
BAP+ (t114 = 1.84, P = 0.067, ES =−0.74) and BAP− (t114 = 2.26,
P < 0.03, ES =−0.79) parents showed larger activation than
controls in the right hemisphere, with no difference between
the 2 BAP subgroups (Fig. 4b).

For the FG, a 3 × 2 MMRM ANOVA with the factors of group
(BAP+, BAP−, and control parents) and hemisphere (L/R) on
the %signal change in the FG revealed significant main effect
of group (F2, 114 = 8.86, P = 0.0003). Planned contrasts indi-
cated that the combined autism-parents group (BAP+ and BAP
− pooled) showed significantly greater activation compared
with control parents (t114 = 4.21, P < 0.0001, ES = 0.84).
Planned contrasts further indicated that both BAP+ and BAP−
groups showed significantly greater activation relative to con-
trols (t114 = 3.65, P = 0.0004, ES = 0.91; and t114 = 3.61, P =
0.0005, ES = 0.78, respectively). The ANOVA also revealed a
significant group × hemisphere interaction (F2, 114 = 3.85, P =
0.024). Post hoc analysis revealed significantly greater activa-
tion in the right FG for the BAP+ and BAP− parent groups rela-
tive to the control parents (respectively, BAP+ vs. control

parents: t114 = 4.53, P < .0001; BAP− vs. control parents:
t114 = 3.29, P = 0.001), with no significant difference between
BAP+ and BAP− parents.

In sum, the ROI-based analyses of the AMY and FG (see
Fig. 4a,b) revealed significantly greater activation in both struc-
tures in the autism-parent group compared with the control
group, and there were no differences between BAP+ and BAP
− subgroups within these regions.

Secondary MMRM ANOVAs were carried out separately on
a small set of additional ROIs that have been implicated in pro-
cessing social information and emotion from faces: the LOC,
Insula, FOCx, cuneal cortex, and MFG. In the LOC, a 3 × 2
MMRM ANOVAwith group (BAP+, BAP−, and control parents)
and hemisphere (R/L) factors revealed a significant main
effect of group (F2, 114 = 10.44, P < 0.001), with no hemisphere
or group by hemisphere interaction. Planned contrasts indi-
cated that the autism parents (combined BAP+ and BAP−)
showed marginally greater activation of the insula compared
with control parents (t116 = 1.90, P < .06, ES = 0.67). However,
when examined by BAP subgroups, only the BAP+ group
showed greater activation in the LOC compared with both
the control parents (t114 = 4.53, P < 0.0001, ES = 1.05) and

Figure 2. ROI-based results from the EFMT. (a) 2-group results (Autism Parents, CTR.
(b) 3-group results (BAP−, BAP+, CTR). AMY, amygdala; FG, fusiform gyrus; LOC_inf,
Inferior lateral occipital cortex; L, left; R, right. * indicates P< 0.05.

Figure 3. Voxel-based whole-brain analysis during the EFMT. The EFMT localizer
reliably identified a set of brain regions involved in visual processing and emotion.
Highlighted here are areas of increased activation (faces > shapes) along broad
regions of temporal and occipital cortex, as well as the amygdala in all subject groups.
AMY, amygdala; FG, fusiform gyrus; RT, reaction time; ACC, accuracy. Areas of
activation passed a cluster-significance threshold of z> 2.3, with whole-brain
cluster-correction at P≤ 0.05. R indicates right.
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BAP− group (t114 = 3.45, P < 0.0001, ES = 0.76) (Fig. 4b). This
pattern replicates the findings reported earlier with the EFT
task.

Other regions did not show significant group differences in
activation, although in the INS, the ANOVA revealed a marginal
main effect of group (F2, 114 = 2.56, P = 0.08), with the autism-
parent group showing smaller activation relative to the control
parents (t114 =−1.84, P = 0.068). Planned contrasts further in-
dicated that while both the BAP+ and the BAP− groups
showed lower activation in the INS relative to the controls, this
effect reached significance only for the BAP− group (t114 =
−2.26, P = 0.025, ES =−0.29). Furthermore, the ANOVA re-
vealed a group × hemisphere interaction (F2, 114 = 3.56, P =
0.03). Post hoc analyses revealed that the effect was specific to
the right INS, with both BAP+ and BAP− groups hypo-
activating the right INS compared with control parents
(respectively, t114 =−2.08, P = 0.039, ES = 0.55; t114 =−3.40,
P = 0.001, ES = 0.64).

In sum, the pattern of findings in these secondary analyses
confirm group differences observed in our primary hypothe-
sized ROIs and indicate hyper-activation of AMY and FG ac-
companied by hypo-activation in the insula in both BAP+ and
BAP− parents relative to the control parents. They further
indicate that the lateral occipital regions are uniquely hyper-
activated in BAP+ parents compared with BAP− and control
parents (Fig. 4a,b).

Voxel-Wise Whole-Brain Analysis of the FMT
In addition to our hypothesis-driven ROI-based analyses pre-
sented earlier, we carried out exploratory mixed-effects

analyses using FSL’s FLAME tool (Woolrich et al. 2004) at the
whole-brain level in order to obtain an inventory of other
regions that may show differences in activation between parent
groups. While not the focus of our study, these analyses
furnish results that could guide future hypothesis-driven
studies and potentially complement findings from the analysis
of the primary ROIs.

Voxel-wise whole-brain analyses indicated that face-specific
activations (contrast: faces > objects) were found in the FG, the
FOCx, the LOC, and the IFG, for all 3 subject groups (see
Table 3; z > 2.3; P = 0.05, FWE-corrected for multiple compari-
sons, and Fig. 5). These regions are consistent with previous
studies on face-selective brain activity (Haxby et al. 2000;
Haxby et al. 2002). Other brain regions activated in the
3 groups include the insula, the anterior cingulate gyrus, the
MFG, the superior parietal lobule, and the precuneus. Despite
these significant activations in some or all our groups, only the
BAP+ parent group showed statistically significant bilateral ac-
tivation in LOC compared with the control group (R-LOC: zmax

= 4.31, voxel-count = 206 [22, −90, −10]; L-LOC: zmax = 4.72,
voxel-count = 260 [−24, −90, −18]), replicating the ROI-based
analysis from both the EFMT and the FMT tasks. There were no
other statistically significant group differences at this whole-
brain level of analysis.

IQ as Covariate in ROI-Based Results from the FMTActivation
As IQ differences were observed between the BAP and control
groups, we repeated the voxel-wise, whole-brain analysis in-
cluding IQ as a covariate, in addition to RT and accuracy.
Results were unchanged regarding the pattern of findings in

Table 2
Regions that exhibited significantly greater face-specific activation during the EFMT (face > shape contrast)

Faces > shapes
regions

Side BAP+ BAP− CTR

Peak
z-value

# Voxels
(2 × 2× 2 mm)

MNI coordinates Peak
z-value

# Voxels
(2 × 2× 2 mm)

MNI coordinates Peak
z-Value

# Voxels
(2 × 2× 2 mm)

MNI coordinates

X Y Z X Y Z X Y Z

AMY R 4.46 180 24 0 −18 5.86 228 24 0 −18 5.09 175 26 −4 −16
L 5.14 191 −22 −2 −20 5.62 121 −22 −2 −18

Fusiform R 7.08 1061 38 −52 −22 7.55 1021 38 −52 −22 6.79 1014 36 −74 −16
L 6.09 709 −36 −52 −22 6.57 1016 −36 −54 −22 6.08 729 −38 −60 −20

FOCx R 3.91 148 50 30 −8 4.41 451 32 40 −8 4.33 711 38 32 −16
L 4.64 662 −36 26 6 4.43 658 −56 30 0 3.91 148 50 30 −8

Cuneal Cx R 4.23 80 14 −90 12 4.59 308 18 −92 16 4.64 309 22 −68 34
Insula R 2.72 19 36 26 0 3.59 170 36 22 −2

L 4.35 53 −36 26 4 3.65 87 −38 24 −4
FrMedialCx R 3.42 104 2 56 −14

L 3.76 97 −2 50 −18
LOC R 8.17 2329 16 −88 −14 8.09 2570 34 −84 −12 8.69 2441 14 −88 −14

L 6.87 2096 −24 −90 −20 7.75 2483 −26 −96 −6 7.72 2393 −16 −92 −14
ACG R 3.58 32 2 10 48 3.83 121 6 22 44

L 3.70 39 −2 10 48 2.60 18 −4 14 46
IFG_Popercularis 4.56 609 46 6 30 6.31 2428 −40 16 26 5.85 2452 48 18 22
IFG_Ptriangularis 4.13 437 60 22 10 5.62 2306 54 24 28 5.78 2495 52 20 24
Frontal_Pole R 3.91 205 50 30 −8 5.32 1035 56 32 10 5.24 1265 46 32 16

L 4.07 778 −10 46 50 4.47 1031 −44 52 −6
PrecuneousCortex R 4.33 91 8 −84 46 4.64 508 22 −68 34

L 3.11 59 −2 −70 58
MFG R 4.40 659 46 6 32 6.05 1862 46 12 24 6.41 2160 40 2 36

L 6.31 1793 −40 16 26 4.76 685 −40 20 22
SParietalLobule 5.11 89 32 −56 40 4.50 389 30 −56 40
SupCalcarine Cx 4.75 104 8 −92 6 5.75 116 12 −92 8 6.62 117 2 −92 −4
IntCalcarine Cx 6.46 664 10 −94 −2 6.62 788 −12 −92 −4 7.19 661 10 −94 −2
Occipital Pole R 8.17 2751 16 −88 −14 8.09 3286 34 −84 −12 8.69 2823 14 −88 −14

L 6.87 2403 −24 −90 −20 7.75 2746 −26 −96 −6 7.82 2349 −14 −90 −16
Thalamus R 5.12 183 22 −30 −4 7.08 596 22 −30 −6 6.19 379 14 −30 −6

L 4.68 109 −22 −30 −4 6.66 505 −22 −32 −2 5.24 456 −10 −32 −6

Note: Z> 2.3, FWE-corrected cluster significance of P≤ 0.05. X, Y, and Z refer to the MNI stereotaxic coordinates of the center activation within an ROI. OFCx, orbital frontal cortex; LOC_inf, inferior lateral
occipital cortex; IFG, inferior frontal gyrus; MFG, middle frontal gyrus; sparietal, superior parietal. L indicates left; R, right.
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the AMY for the combined autism-parent group and the BAP+
parent group. The results revealed a greater AMY activation in
the autism-parent group compared with controls (F1, 56 = 6.27,
P = 0.015). Both BAP+ and BAP− groups showed a greater
AMY activation compared with controls (F1, 32 = 5.36, P = 0.027;
F1, 41 = 4.42, P = 0.042, respectively). However, no significant
right-FG differences in either BAP parent group (P > 0.1) were
detected.

Discussion

Using a standard face activation paradigm, we found increased
activation in the AMY and FG in parents who had a child with
autism, as compared with control parents who had a typically
developing child. In contrast, subgroups of parents of children
with autism defined on the basis of their behavioral expression
of the BAP as BAP+ and BAP− groups did not differ from
each other in the AMY and FG activation. Thus, activation
differences in these regions appear to be a function of familial
status (i.e., being a parent of a child with autism versus a
parent of a typically developing child) rather than being asso-
ciated with the presence of behaviors (i.e., the BAP). Although
activation in the FG did not dissociate the BAP+ from the
BAP− subjects when averaged across hemispheres, right FG
showed greater activation in BAP+ subjects relative to both
control parents and to BAP− subjects. Overall, the pattern of

results in the autism parents in general, and in the BAP+
parents more specifically, are consistent with prior fMRI
studies of autism suggesting a role for the AMY and FG in
abnormal processing of faces (Hadjikhani et al. 2004; Dalton
et al. 2005; Hadjikhani et al. 2007; Bookheimer et al. 2008;
Corbett et al. 2009; Monk et al. 2010) and provide further, albeit
indirect, support for the central role of these structures in the
social cognitive deficits in autism.

In addition to the findings in the primary ROIs, our results
also revealed a similar dissociation in other regions critical for
social cognition: the LOC and insula. While both BAP+ and
BAP− groups showed significantly reduced activation in the
right insula compared with controls, the lateral occipital region
was abnormal with hyper-activation of the LOC regions asso-
ciated only with the presence of aloof personality in the BAP+
group. Studies of individuals with ASD have demonstrated
volumetric differences in the occipital regions including the
LOC (Ecker et al. 2012; Nickl-Jockschat et al. 2012). Abnormal-
ly increased lateral occipital activity in ASD subjects has also
been reported in scalp EEG studies (Vandenbroucke et al.
2008) and has been suggested as the possible neural basis of
low-level visual processing deficits in ASD. Abnormality in
LOC is also consistent with a report of “reduced” fronto-
occipital connectivity (Barttfeld et al. 2011). Reduced activation
in the right insula has been found across social cognitive task
paradigms in individuals with ASD (Di Martino et al. 2009).

Genetic Liability Versus Disease-Specific Neural Circuitry
These data suggest a dissociation between the role of the AMY
and lateral occipital complex (including the FG and LOC) in
the occurrence of the BAP. While aberrant AMY and FG activa-
tion appears to distinguish parents with a child with autism
from controls, aberrant LOC activation in autism parents
appears to be uniquely associated with the concomitant pres-
ence of autism-related social behavior. Distinctions between
BAP+ and BAP− individuals in LOC are consistent with the
data demonstrating familial aggregation of the BAP in families
of autistic individuals (reviewed in Losh et al. 2011) and con-
verge with other findings demonstrating both social cognitive
(Losh et al. 2009) and face-processing deficits (Adolphs et al.
2008) in BAP+ parents but not BAP− parents. These data
suggest that while neural circuitry abnormalities in R-AMY and
R-FG are necessary for the occurrence of the BAP (and, by
proxy, autism), they are not themselves sufficient to result in
autism-related social behavior, as seen in the BAP+ parents. An
additional factor, beyond genetic liability, appears to be re-
quired in BAP+ autism parents who display aloof personality
(e.g., increased LOC activation). Alternatively, the absence of
socially aloof behavior (as observed in BAP− parents) could be
due to protective or compensatory mechanisms operating in
those BAP− parents who have abnormal activation in the R-FG
but who do not show abnormalities in the LOC. Thus, at least
in the domain of social behavior, we speculate that an add-
itional factor, above and beyond the presence of an abnormal-
ity in FG and AMY, must be present to result in the behavioral
changes characteristic of the BAP (and autism), that is, the
neural abnormalities we observed here are necessary but not
sufficient to produce the behavior.

Our results are consistent with those reported by Kaiser
et al. (2010) and Dalton et al. (2007), where neural circuitry ab-
normalities characterized with fMRI were present in both

Figure 4. ROI-based results from the FMT. (a) depicts 2-group analyses (Autism
Parents, CTR), (b) depicts 3-group analysis (BAP−, BAP+, CTR). Our primary analysis
focused on group differences in activation within hypothesized brain regions known to
be important for processing faces. AMY, amygdala; FG, fusiform gyrus; OFC, orbital
frontal cortex; LOC_inf, inferior lateral occipital cortex; MFG, middle frontal gyrus. L
indicates left; R, right. * indicates P< 0.05.
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Table 3
Regions that exhibited significantly greater face-specific activation during the FMT (face > object contrast)

Faces > objects
regions

Side BAP+ BAP− CTR

Peak
z-value

# Voxels
(2 × 2× 2 mm)

MNI coordinates Peak
z-value

# Voxels
(2 × 2× 2 mm)

MNI coordinates Peak
z-Value

# Voxels
(2 × 2× 2 mm)

MNI coordinates

X Y Z X Y Z X Y Z

AMY R 3.63 104 16 −4 −20
Fusiform R 4.11 199 48 −46 −18 2.98 17 48 −42 −18 3.69 74 46 −30 −22
FOCx R 4.53 322 52 20 −8 5.13 402 30 22 −4 4.60 355 50 20 −4
Cuneal Cx R 2.98 19 16 −76 44 3.19 75 20 −72 32 3.87 408 12 −70 30

3.91 377 −4 −68 40
Insula R 3.67 123 34 20 −6 5.13 340 30 22 −4 3.96 129 34 20 0

L 3.17 16 −34 16 12
FrMedialCx R 4.16 210 2 36 −16 4.88 418 6 44 −12 3.67 132 4 48 −20
LOC R 4.39 454 44 −64 20 4.18 649 44 −58 2 4.22 431 56 −58 8

L 4.42 99 −62 −56 −2 3.59 137 −54 −64 10 4.47 212 −50 −56 8
ACG R 3.41 149 2 38 −14 4.47 729 4 40 −4 4.20 1093 2 18 44

L 3.63 128 −2 30 4 4.03 320 −6 −8 38 4.38 650 −4 34 6
IFG_popercularis 5.37 1593 46 8 20 6.15 2272 48 10 24 5.78 1952 50 16 38
IFG_Ptriangularis 4.72 747 −36 20 24 5.33 1121 48 30 26 5.20 1024 50 20 34
Frontal_Pole R 4.64 966 4 66 −6 5.31 1737 46 32 32 4.56 1274 50 30 28

L 4.12 114 0 66 −6 3.70 578 −38 58 2 4.38 395 −38 60 −8
PrecuneousCortex R 4.05 369 6 −48 46 4.04 311 2 −52 44 4.43 1307 6 −54 36

L 3.69 179 −16 −68 50 4.32 1259 0 −60 34
MFG R 5.09 1990 44 4 42 5.74 3131 38 2 30 5.83 2569 48 14 40

L 4.72 943 −36 20 24 4.49 1211 −36 0 54 4.64 1228 −42 16 30
SParietalLobule 3.26 238 28 −58 56 4.29 1220 36 −50 44 4.42 1122 38 −60 50
IntCalcarine Cx 3.77 190 −6 −72 20

Note: Z> 2.3, FWE-corrected cluster significance of P≤ 0.05. X, Y, and Z refer to the MNI stereotaxic coordinates of the center activation within an ROI. OFCx, orbital frontal cortex; LOC_inf, inferior lateral
occipital cortex; IFG, inferior frontal gyrus; MFG, middle frontal gyrus; sparietal, superior parietal; ACG, anterior cingulate gyrus; FrMedial, frontal medial. L indicates left; R, right.

Figure 5. Voxel-based whole-brain analysis during the FMT. Highlighted here are areas of increased activation (faces > objects) along broad regions of temporal and occipital
cortex, as well as the amygdala in all subject groups. AMY, amygdala; FG, fusiform gyrus; OFC, orbital frontal cortex; IFG, inferior frontal gyrus; LOC_inf, inferior lateral occipital
cortex; ACG, anterior cingulate gyrus; RT, reaction time; ACC, accuracy. Areas of activation passed a cluster-significance threshold of z> 2.3, with whole-brain cluster-correction at
P≤ 0.05. R indicates right.

4662 Face Perception and BAP • Yucel et al.



autistic subjects and siblings. In the study by Kaiser et al.
(2010), siblings were reported to be “unaffected” by virtue of
their low score on the Social Responsiveness Scale (Constanti-
no et al. 2003). The authors suggested the presence of com-
pensatory changes in other brain regions that may alter risk. In
the present study, activations in the LOC inferior (both R and
L) demonstrate a disease-specific association with the BAP
such that BAP+ parents have significantly greater activations
than both BAP− parents and controls.

The greater activation of the AMY in BAP parents is also con-
sistent with recent reports of AMY hyper-activation and
reduced habituation observed in individuals with autism
(Kleinhans et al. 2009). In that study, lower levels of habitu-
ation of the AMY to the face stimuli were associated with more
severe social impairment in individuals with ASD. The authors
suggested AMY hyper-arousal in ASD in response to socially
relevant stimuli. Further, sustained AMY activation may con-
tribute to the social deficits observed in ASD. More recent
models of AMY function further propose a unique role for this
region in processing highly salient and socially relevant
stimuli, such as faces (Adolphs 2001).

The greater activation in LOC, only in the autism parents dis-
playing the aloof phenotype (BAP+) relative to both controls
and parents who did not display aloof personality (BAP−), is a
novel observation and suggests the possibility of a unique
role for the lateral occipital regions in integrating and com-
municating social emotional information, and/or an aberrant
“compensatory” activation of these regions in BAP+ parents.
Hyper-activation of lateral occipital regions by social cues in
ASD subjects (Pitskel et al. 2011) may reflect greater salience
attribution to these stimuli and greater recruitment of occipital
regions that would otherwise be used to process “nonsocial”
object information. Similar findings emerging in this study
suggest that aberrant hyper-activation of the LOC is observed
in parents with the aloof phenotype and may be associated
with the social/communication behavioral deficits in autism.

Strengths and Limitations
This is the first functional imaging study of parents of autistic
individuals and the first that subsets parents on BAP traits.
Studying adults who have had a lengthy period to demonstrate
personality characteristics of the BAP and whose personality
characteristics are more stable (and validly assessed) than
those seen in younger individuals (e.g., siblings) may be a
more valid and sensitive measure of the BAP (where character-
istics in younger individuals may be more difficult to reliably
discern in light of the rapid changes seen in early develop-
ment). Perhaps most importantly, characterizing relatives as
“unaffected” by virtue of their not displaying features of the
BAP can be done with more confidence. The concept of the
BAP as used in this study features a disaggregated phenotype
(i.e., the social deficits as defined by “aloof personality”) that
enables the partitioning of the full phenotype into components
that may be more amenable to mapping onto related under-
lying neural circuitry (e.g., than that seen in the social cogni-
tive deficits of autism where the simultaneous presence of
other aberrant behaviors is mandated in the diagnosis of
this syndrome). This approach avoids the potential confound-
ing inherent in studying the neural basis of a complex behav-
ioral phenotype such as that seen in autism that is defined by
the co-occurrence of symptoms in multiple domains. This

study was also based on direct assessment of the BAP (follow-
ing initial screening with a subject and informant question-
naire), likely to be more valid that indirect paper and pencil
questionnaires.

An additional strength of this study is the use of an instru-
ment that has demonstrated face and convergent validity (ex-
amined in both family studies and in association with social
cognitive function), as a tool for identifying genetically related
individuals demonstrating the expression of the underlying
genetic liability for this disorder. As a study of a potential
neural endophenotype in autism, our study examines both
parents with and without the BAP. Other studies of the neural
basis of autism that include first-degree relatives have exam-
ined the presence of a neural signature for autism in autistic
individuals and in relatives, but none of those studies incorpo-
rated comparable comparisons of relatives with and without
the endophenotype of interest.

Several limitations of the present study should be noted. In-
corporation of an additional study group of individuals with
autism would have enabled us to have directly examined
whether the pattern and strength of activations seen in parents
with and without the BAP resembled that seen in individuals
with the full syndrome of autism. The small size of our sample
raises a concern about whether or not the study was sufficient-
ly powered to detect all potential effects, and more specifically
whether the study was sufficiently powered to definitively
report the absence of such effects in relevant study groups. For
instance, our inability to find differences between the BAP+
and BAP− groups in the AMY and FG may be attributable to
heterogeneity and sample size with resultant modest statistical
power. Furthermore, inclusion of a group of parents present-
ing with a qualitatively different aspect of the BAP (i.e., rigid
personality) would have increased our ability to make claims
about the specificity of our findings to the social aspects of the
phenotype. Similarly, inclusion of a subgroup with compar-
able personality characteristics (i.e., aloof personality) but
with no increased familial risk for autism (e.g., individual with
avoidant personality without first-degree relatives with autism)
would have allowed us to examine the relationship of “aloof
personality” in and of itself to the underlying neural circuitry
in the absence of a familial relationship to autism.

Finally, RT and accuracy were the primary covariates em-
ployed in planned analyses in this study, to take into account
behavioral differences that may have confounded interpret-
ation of the results. However, based on differences observed in
IQ, the subset of autism and control parents that completed all
aspects of this study and were included in the final fMRI ana-
lyses, we repeated key analyses using IQ as a covariate. Results
were unchanged for the R-AMY. The lack of significant differ-
ences in R-FG, after co-varying for IQ, may have been attribut-
able to loss of statistical power. In addition, even though no
group differences were found in accuracy on the FMT, it
should be noted that it is still possible that the autism-parent
and control groups are processing faces with different strat-
egies. For instance, there may be differences in the use of dif-
ferent facial cues, such as the spacing between the facial
features, reliance on individual facial features, and the integra-
tion of facial cues as a whole (e.g., see Maurer et al. 2002;
Maurer et al. 2007). It should therefore be considered that
there might be mild behavioral differences not measured in the
current study that would be consistent with the present fMRI
results.
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Future Directions
Future studies should address the limitations noted earlier by
including a larger sample of autism parents, autism parents
with other aspects of the BAP, a study group of individuals
with social deficits comparable with the BAP but without in-
creased genetic liability for autism, and, finally, a study group
of high functioning individuals with autism to interpret
disease-related findings. In addition, inclusion of multidimen-
sional and continuous measures of the BAP (in addition to our
categorical characterization as present or absent) would add
power to the ability to detect evidence for or against a relation-
ship between the BAP and underlying neural circuitry. We
hope that the initial characterization of the present study will
help to motivate such future studies and suggest specific hy-
potheses for them to test.
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