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Brain Function and Gaze Fixation During Facial-Emotion Processing
in Fragile X and Autism
Kim M. Dalton, Laura Holsen, Leonard Abbeduto, and Richard J. Davidson

Fragile X syndrome (FXS) is the most commonly known genetic disorder associated with autism spectrum disorder (ASD).
Overlapping features in these populations include gaze aversion, communication deficits, and social withdrawal.
Although the association between FXS and ASD has been well documented at the behavioral level, the underlying neural
mechanisms associated with the social/emotional deficits in these groups remain unclear. We collected functional brain
images and eye-gaze fixations from 9 individuals with FXS and 14 individuals with idiopathic ASD, as well as 15 typically
developing (TD) individuals, while they performed a facial-emotion discrimination task. The FXS group showed a similar
yet less aberrant pattern of gaze fixations compared with the ASD group. The FXS group also showed fusiform gyrus (FG)
hypoactivation compared with the TD control group. Activation in FG was strongly and positively associated with
average eye fixation and negatively associated with ASD characteristics in the FXS group. The FXS group displayed
significantly greater activation than both the TD control and ASD groups in the left hippocampus (HIPP), left superior
temporal gyrus (STG), right insula (INS), and left postcentral gyrus (PCG). These group differences in brain activation are
important as they suggest unique underlying face-processing neural circuitry in FXS versus idiopathic ASD, largely
supporting the hypothesis that ASD characteristics in FXS and idiopathic ASD reflect partially divergent impairments at
the neural level, at least in FXS individuals without a co-morbid diagnosis of ASD.
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Introduction

Fragile X syndrome (FXS) affects approximately 1 in every
4,000 males and 1 in every 8,000 females (Crawford,
Acuna, & Sherman, 2001). The syndrome results from an
expansion of the CGG trinucleotide repeat on the distal
end of the X chromosome and a subsequent reduction of
Fragile X Mental Retardation Protein (FMRP) expression
(Pieretti et al., 1991). Although FXS is a single-gene
disorder, the effect of diminished or absent FMRP
interacts with other proteins and developmental pro-
cesses and hence has cumulative effects on other
molecular, genetic, and epigenetic cascades causing
disruptions in the development and maintenance of
both neuronal synapses and larger neuronal networks.
These complex interactions lead to a wide range of
severities and behavioral phenotypes across both males
and females biochemically and behaviorally, making the
FXS phenotype more of a spectrum disorder, (Belmonte
et al., 2004; Belmonte & Bourgeron, 2006; Hagerman,
1999). These behavioral characteristics overlap with the

core features associated with autism spectrum disorder
(ASD) and considerable research suggests that there is an
association between FXS and autism (AUT), particularly
in the social/emotional domain (Bailey et al., 2004;
Feinstein & Reiss, 2001; Kaufmann et al., 2004). However,
controversy exists regarding the nature of the underlying
deficit(s) in emotional processes and social interaction in
FXS and idiopathic AUT, with some suggesting that
similarities at the behavioral level mask differences in the
true nature of the impairments (Simon & Finucane, 1996;
Turk & Cornish, 1998).
A large number of studies using functional brain

imaging in ASD have found deficits and differences in
brain activation patterns in response to social/emotional
stimuli in areas of the ‘‘social brain’’ (Adolphs, 2001) such
as the amygdala, orbitofrontal cortex , anterior cingulate
cortex (ACC), fusiform gyrus (FG), superior temporal
gyrus (STG), superior temporal sulcus , inferior temporal
gyrus , medial prefrontal cortex (MPFC), and insula (INS)
(for review see Penn, 2006). More recent studies on ASD
have found differences in functional connectivity in both
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local and long-range cortical networks implicated in
more automatic emotional processes and higher-level
attentional and cognitive function (Belmonte et al.,
2004; Bird, Catmur, Silani, Frith, & Frith, 2006; Critchley,
Wiens, Rotshtein, Ohman, & Dolan, 2004; Just, Cher-
kassky, Keller, & Minshew, 2004; Kana, Keller, Minshew,
& Just, 2007). It has been hypothesized that dysfunction
in modulation of amygdala activity and/or the thalamo-
amygdala pathway by higher-level cortical areas, such as
the MPFC and ACC, could be associated with deficits in
social/emotional processes (Davidson, 2002; Davis &
Whalen, 2001; Urry et al., 2006) and that integrity of
reciprocal amygdala control by fronto-cortical circuits
and the INS is critical for adaptive social functioning
suggesting possible common underlying dysfunction in
these regions and networks in ASD and FXS.
In contrast to the large volume of functional brain

imaging studies published on ASD within the last decade
(over 50 within just the last year), a paucity of similar
studies have been reported in human FXS. However, a
few fMRI studies have been published reporting differ-
ences in brain activation patterns between females with
FXS and typically developing controls during a variety of
cognitive tasks (Cornish et al., 2004; Greicius, Boyett-
Anderson, Menon, & Reiss, 2004; Kwon et al., 2001;
Menon, Rivera, White, Glover, & Reiss, 2000; Rivera,
Menon, White, Glaser, & Reiss, 2002; Tamm, Menon,
Johnston, Hessl, & Reiss, 2002). Although these studies
present converging evidence for abnormalities in brain
function during these cognitive tasks, only one study has
examined social/emotional processes engaging affective
neural circuitry in FXS. Garrett, Menon, MacKenzie, and
Reiss (2004) reported a lack of the typical differentiation
in activation to forward versus angled faces in the FG in
individuals with FXS during a face-processing task.
Although these findings suggest a possible neural basis
for abnormal social perception in FXS, additional in-
vestigation is warranted given the clear deficits in these
processes in FXS which are most likely directly attribu-
table to severity of ASD characteristics in FXS. Further-
more, there is growing evidence that functional integrity
and structure of the social brain and the development of
adaptive social/emotional function may be effected by X-
linked genetic mechanisms, such as in FXS (Carrel &
Willard, 2005; Skuse, 2006).
In summary, although the association between FXS

and ASD has been well documented at the behavioral
level, the common and distinct neural mechanisms
underlying these disorders are largely unknown. In
addition to yielding a fuller understanding of the
brain–behavior relationship in FXS, a comparison be-
tween ASD and FXS, a syndrome with a known etiology,
may provide additional information about social proces-
sing in ASD and thereby insights into the genetic roots of
social deficits more generally. In this study, we predicted

a disrupted pattern of gaze fixation and neural activity
during face processing in FXS that would more closely
resemble findings in individuals with ASD compared
with the TD group. Moreover, we attempted to clarify the
relationship between FXS and ASD in two ways. First, we
reasoned that to the extent that the behavioral and
functional brain data for the FXS and ASD groups
diverged, we would have evidence for distinct underlying
pathologies in the two disorders. Second, we hypothe-
sized that the pattern of associations between neural
activity, gaze fixation, and ASD characteristics within the
FXS group would provide further evidence of common
underlying mechanisms reflective of deficits in social/
emotional processes across both disorders.

Methods
Subjects

Nine individuals with FXS (three males) were recruited
for this study. Diagnosis of all FXS participants was
confirmed by genetic tests performed by their respective
clinic/hospital. ASD characteristics were assessed using
the Social Communication Questionnaire (SCQ) in the FXS
group (Rutter, Bailey, & Lord, 2003). Higher scores on the
SCQ indicate greater endorsement of ASD characteristics,
with a cutoff of 15 considered as indicative of a likely ASD.
We choose to use the SCQ to assess ASD characteristics in
our fragile X sample rather than the Autism Diagnostic
Observation Schedule (ADOS) (Lord et al., 2000) because
none of the ADOS modules are appropriate for adolescents
or adults with composite IQs o50. None of the fragile X
individuals had a clinical diagnosis of autism or Asperger’s
syndrome; therefore the Autism Diagnostic Interview—
Revised (ADI-R) was not used as a confirmation of ASD
diagnosis in the fragile X group.
Fourteen males with ASD were recruited for this study

from a list of individuals with a diagnosis of ASD in the
Madison and Milwaukee area. Diagnoses of ASD were
confirmed with the ADI-R (Lord, Rutter, & LeCouteur,
1994) or clinical interview administered by a licensed
psychologist certified in ADI-R administration. All parti-
cipants in the ASD group met DSM-IV criteria for autism
(n59) or Asperger’s (n5 5) disorder. One participant was
nonverbal and two others had minimal functional speech
with pronounced echolalia; the remaining participants
were verbally fluent.
Fifteen healthy, TD individuals (three females) with no

current or past psychological diagnoses served as com-
parison individuals. Results for the ASD and TD control
groups have been already been published (Dalton et al.,
2005) and so no direct comparisons between the control
and autism group are presented here.
Composite IQ was determined for the FXS and ASD

participants by administering either the Wide Range
Intelligence Test (Glutting, Adams, & Sheslow, 2000) or
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the Stanford Binet (n5 2). Neither an intelligence test nor
the SCQ was administered for the TD controls.
Group characteristics are summarized in Table I. The

FXS participants were older than both the TD control
(t(1,23)53.53, P50.002) and ASD group (t(1,21)5 2.78,
P50.01). Although the FXS had the lowest mean IQ of
the three groups (as predicted), the FXS and AUT groups
did not differ significantly on IQ (t(1,18)51.93,
P50.07); however, the FXS group’s IQ was significantly
lower than the mean IQ of a standardized sample,
(M5 100, SD515; t(1,8)54.26, P50.001). The FXS
group had a widely variable range of SCQ scores, with
eight out of nine individuals scoring above average
compared with a similar age sample of TD controls
(M5 3.81, SD52.27, n510) collected in our lab for a
different study, (t(1,18)53.79, P50.001). Three of the
individuals with FXS scored above or near (14–16) the
ASD cutoff of 15. However, the participants with FXS also
had a significantly lower average SCQ score compared
with the ASD group, (t(1,20)58.39, Po0.000001), with
all the ASD individuals exceeding criteria for AUT and no
overlap in range between the FXS and ASD group (19–32).

Procedure

Adult participants and parents of child participants first
read and signed a consent form that covered all aspects of
the study and MRI procedures. All participants and
parents were prescreened for MRI compatibility prior to
participation in the scanning protocol. All sessions began
with a simulation session during which the participants
and his or her parent were acclimated to the MRI
environment using a mock-up of an MRI scanner. During
the simulation session, the participant was also given
instructions for the facial-emotion discrimination task
and shown examples of the appropriate stimuli. All scans
started with approximately 20min of anatomical scans
followed by the 7-min functional scan during which the

facial-emotion discrimination task was performed. The
total time in the scanner was approximately 35–45min
and the total time for the full session was approximately
1.5hr.

Facial-emotion discrimination task. Participants
were tested individually in a facial-emotion
discrimination task while functional brain images were
acquired. In this task, the participant was asked to decide
whether a picture of a human face was emotional
(displaying an emotion; happiness, fear, or anger) or
neutral (no obvious display of emotion) by pressing one
of two buttons on an MRI compatible button-box held in
the right hand (see, Dalton et al., 2005, for task details).

Eye movements. Eye movements, fixations, and pupil
diameter were acquired using an iView system with a
remote eye-tracking device (SensoMotoric Instruments,
2001, Needham, MA) while the participant was in the
scanner, concurrent with the face-processing functional
scan. The acquired eye data were analyzed using the
iView software. This system allows the display of raw eye
movements as the gaze position of the pupil over a
certain length of time (gaze path) along with the amount
of time spent on any given fixation point (gaze fixation).
Eye fixations were defined as the amount of continuous
time (with a minimum 50ms) spent looking within a 20-
pixel diameter region, therefore removing blinks, very
brief saccades and off-screen fixations. None of the
participants reported any eye-movement dysfunctions
(e.g. strabismus). If a participant displayed an inadequate
number of valid fixations (valid fixations on less than
half of the trials owing to excessive blinks, poor goggle
alignment, etc.) their gaze-fixation data were not
included in the analysis. One fragile X participant, five
typically developing participants, and five autism
participants displayed inadequate gaze fixations and
were dropped from the analysis, leaving roughly similar
samples sizes across groups for the gaze-fixation analysis
(fragile X, n58; autism, n59; typically developing,
n510). The total amount of time spent fixating the
face in general, each eye, and the mouth region was
calculated as the sum of fixations within each of those
four predefined regions for each face. The average
fixation was calculated as average of the fixation time
(ms) across all trials for each feature.

Imaging

Brain MRI images were acquired with a GE Signa 3 Tesla
scanner equipped with high-speed gradients and a whole-
head transmit-receive quadrature birdcage headcoil (GE
Medical Systems, Waukesha, WI). Structural brain images
were acquired for anatomical localization of functional
activity (see Dalton et al., 2005, for scan parameters and
details).

Image analyses. Differential brain activation maps
were generated by comparing activation in the FXS group
versus the ASD and TD control groups in a voxel-wise

Table I. Group Descriptive Statistics for Age, General IQ, and
Autism Characteristics (SCQ)

Group

FXS (n5 9) ASD (n5 14) TD control (n5 15)

Age M 20.7 yrs 15.9 yrs 16.8 yrs
SD 2.77 4.71 2.57
Range 17–24 10–25 13–23

IQ M 66.1 87.2 NA
SD 23.84 25.84
Range 35–95 35–122

SCQ M 9.9 26.1 NA
SD 4.70 4.27
Range 1–16 19–32

SCQ, Social Communication Questionnaire; FXS, Fragile X syndrome; ASD,
autism spectrum disorder; TD, typically developing.
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manner using Analysis of Functional Neural Images
version 2.31 software (Cox, 1996), (see Dalton et al.,
2005, for image processing and analysis details). To
identify group differences in brain regions associated
with processing faces, t-tests were performed between the
FXS group and the ASD and TD control groups across all
the face conditions. An additional whole-brain emotion
(emotional, neutral) by orientation (straight, side) mixed-
measures ANOVA was performed for the FXS group. An
individual P-value threshold50.001 and a minimum
cluster size of 50 contiguous voxels were used to control
for multiple comparisons. For clusters meeting the
individual P-value and cluster-size threshold
combination for the interaction and main effects of
interest, the average percentage signal change value was
extracted for each condition and participant, and the
values entered into traditional simple effects analyses to
determine the source of the significant effect.

Results
Task Accuracy and Judgment Time

The FXS group had significantly fewer correct responses
(M5 32.5, SD5 8.22, accuracy581%) compared to the
TD control group (M539.4, SD50.79, accuracy598.5%;
t(1,18)52.93, P50.009), but performed at the same level
of accuracy as the ASD group (M531.7, SD511.04,
accuracy579%; t(1,18)50.18, P50.85). The group
difference in accuracy was not a function of a speed-
accuracy trade-off because the groups did not differ on
judgment time. However, accuracy was positively corre-
lated with IQ for both the FXS (r50.83, P50.01) and
ASD (r5 0.74, P50.01) groups. Scores on the SCQ were
not correlated with accuracy or judgment time for either
the FXS or ASD group. These findings suggest that
although the task was more difficult for the FXS group
compared with the TD group, the majority of individuals
(n56) were still able to perform the task above a chance
level. The FXS and ASD groups showed similar levels of
facial-emotion processing deficits.1

Gaze Fixations

The FXS group showed a fixation pattern to the eyes,
mouth, and face that did not differ significantly from
that of the ASD group; however, average fixation to the
eyes was marginally lower for the FXS group than for the
TD control group (t(1,19)51.71, P5 0.10; see Fig. 1).

Brain Activation Maps

FXS minus TD control and FXS minus ASD brain
activation maps were derived across all of the facial
photographs to test the hypothesis that individuals with
FXS show a unique pattern of brain activation while
processing standard emotional facial photographs. As
previously found in the ASD group, the FXS group
showed a similar pattern of right FG hypoactivation to
the faces compared with the TD control group (TD:
M50.620, SD5 0.269; FXS: M50.219, SD50.131;
t(1,23)5!4.16, P50.003; see Fig. 2). The FXS and ASD
group did not differ significantly in activation in this
region of the right FG (ASD: M50.355, SD50.263;
(t(1,21)5!1.43, P50.16). The FXS group also showed
significantly greater activation to the faces compared
with the TD control group and ASD group in four regions:
the left hippocampus (HIPP) (TD: t(1,23)55.11,
P50.00003; ASD: t(1,21)53.03, P50.006), right INS
(TD: t(1,23)55.32, P50.00002; ASD: t(1,21)54.29,
P50.0003), left postcentral gyrus (PCG) (TD: t(1,23)5
4.77, P50.00008; ASD: t(1,21)55.82, P50.00009), and
left STG (TD: t(1,23)52.41, P50.02; ASD: t(1,21)55.51,
P50.00001; see Fig. 2). Activation in the left HIPP was
positively correlated with SCQ (r50.77, P50.015) and
negatively correlated with IQ (r5!0.70, P50.035) for
the FXS group (see Fig. 3). The variance accounted for by
SCQ in the left HIPP remained significant after partialling
out IQ in a stepwise fashion (step 2: F(1,8)510.36,
P50.01) for the FXS group. Activation in the other three
regions was not correlated with IQ or scores on the SCQ
for the FXS. Follow-up analyses revealed that these group
differences were not mediated by interactions with the
emotional expression or orientation of the facial photo-
graphs, suggesting robust group differences to facial
photographs.

Figure 1. Average fixation durations. Average duration of
fixation on the mouth and eye region and face in general split
by group. Error bars index the SEM.

1Note: Three individuals with AUT also performed the task below
chance level. All subsequent analyses were performed with and without
the three FXS and three AUT participants included. Similar statistically
significant group effects (FXS versus TD and FXS versus AUT) were found
for task accuracy, brain activation to faces, and the relationship between
brain activation and gaze-fixation and autism characteristics both with
and without the nonresponders included in the analyses.
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Relationship Between Brain Activation and Gaze-Fixation and
Autism Characteristics

Although they averaged marginally less time fixating the
eyes compared with the TD control group, there was
marked variability in the amount of looking time on the
eyes in the FXS group. We took advantage of this
variability by examining across subjects whether time
spent fixating the eye region of the face predicted brain
activation in the FXS group by regressing the amount of
time they spent fixating the eyes on their brain activation

in a voxel-wise fashion. Significant clusters of activation
were extracted using a conservative threshold method
(a50.001). Brain activation was strongly and positively
associated with the amount of time spent fixating the
eyes for the FXS group in clusters in the right and left FG
(right, r50.96, Po0.00001; left, r50.98, Po0.00001; see
Figure 4a-b). The amount of variance in FG activation
accounted for by eye-fixations in the FXS group remained
significant after partialling out variance associated with
IQ in a step-wise fashion (step 2. right FG, F(1,22)576.9,
P50.0001; step 2. left FG, F(1,22)5175.3, P50.00001).

Figure 2. Brain cluster with significant greater brain activation across all faces in the TD versus ASD and FXS group: (a) Right fusiform
gyrus (FG): x5 20, y5!70, z5!2; 172 voxels. Brain clusters with significantly greater brain activation across all faces in the FXS
versus TD control and ASD groups. (b) Left hippocampus (HIPP): x5!19, y5!13, z5!15; 116 voxels. (c) Right insula (INS): x5 39,
y5!4, z5!6; 277 voxels. (d) Left postcentral gyrus (PCG): x5!36, y5!28, z5 48; 402 voxels. (e) Left superior temporal gyrus
(STG): x5!45, y5!21, z5 11; 905 voxels. All images are presented in radiological convention such that the right hemisphere is
displayed on the left of each coronal image. The clusters are color coded based on the TD control and ASD minus fragile X t-statistic values
(positive values indicate TD & ASD4FXS). Averaged MR time series are presented below each cluster for the 14 sec poststimulus onset.
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A similar analysis was performed across subjects to
determine whether ASD characteristics predicted brain
activation in the FXS group by regressing their SCQ
scores on their brain activation patterns in a voxel-wise
fashion. Significant clusters of activation were extracted
using a conservative threshold method (a50.001). Brain
activation was strongly and negatively associated with
SCQ scores for the FXS group in a cluster in the right FG
(r5!0.93, P50.0001; see Figure 4c). This effect re-
mained significant after removing variance associated
with IQ in a step-wise fashion (step 2: F(1,22)524.69,
P50.002). Because we had a priori predictions regarding
SCQ score and amygdala activation, a less conservative
threshold (a50.05) was used focusing only on SCQ and
amygdala activation. A region in the left amygdala was
strongly and positively associated with SCQ score in the
FXS group (r5 0.82, P50.01; see Figure 4d), however,
this association dropped below significance once var-
iance associated with IQ was removed (step 2:
F(1,22)50.89, P50.38).

Discussion

As predicted, the FXS group showed a similar pattern of
diminished gaze fixations as seen in the ASD group. Also
as predicted, the TD control group had significantly
greater activation in the right FG in response to faces
compared with both the FXS and ASD groups. Average
eye fixation was strongly and positively associated with
both right and left FG activation in the both the FXS and
ASD groups. These correlations remained significant even
after variance associated with IQ was removed in the FXS
group, suggesting the association between gaze fixation
and FG activation is independent of cognitive impair-
ment and an extremely robust effect. Activation in a
region of the right FG was also strongly and negatively
associated with ASD characteristics, independent of IQ in
the FXS group. This convergence of brain activation
pattern between FXS and ASD suggests that FG hypoacti-

vation may be specific to social/emotional deficits core to
ASD (i.e. diminished gaze fixation) rather than a general
deficit in cognitive function.
Importantly, the FXS group displayed significantly

greater activation than both the TD control and ASD
groups in the left HIPP, left STG, right INS, and left PCG.
These relative increases in brain activation may be
explained as reduced functional habituation to emotion-
ally salient stimuli (HIPP), fear-specific and compensa-
tory brain activation for emotional face processing (STG),
increased anxiety/orienting to the emotional faces (right
INS), and an enhanced cortical motor response during
the task (PCG). These group differences in brain activa-
tion pattern associated with the facial-emotion discrimi-
nation task are important as they suggest unique
underlying face-processing neural circuitry in FXS versus
idiopathic ASD.
Interestingly, hippocampal activation to the faces was

positively associated with ASD characteristics in our FXS
sample, even after variance associated with IQ was
removed. This suggests that ASD characteristics play a
significant role in hippocampal activation to human
faces in FXS. However, it remains unclear how this relates
to ASD characteristics in idiopathic ASD, as our
ASD sample did not display a similarly elevated HIPP
activation to the faces. This divergence between FXS and
idiopathic ASD in brain activation to social stimuli and
its association with ASD characteristics implies that the
social impairments observed in FXS, including gaze
aversion, shyness, and aberrant social greeting behavior,
may derive from partially distinct neural circuitry
associated with social anxiety in the case of FXS versus
more general social impairment or indifference in ASD
(Bird et al., 2006). Further support for this notion comes
from the finding that though ASD characteristics were
associated with amgydala activity in our FXS sample the
effect was partially mediated by IQ. These findings
suggest that social/emotional deficits in FXS and idio-
pathic ASD are associated with divergent activation
patterns in lower-level affective neural circuitry.

Figure 3. Scatter plot of the correlations between left HIPP cluster activation and SCQ (a) and general IQ (b) for the FXS group.
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There are a number of limitations of this study that
raise critical issues in fMRI research on the relationship
between FXS and ASD. First, it is important to point out
that none of our FXS participants had a clinical diagnosis
of ASD, although they all displayed at least one ASD
characteristic with a group average of nine character-
istics, well above what would be expected in the typically
developing population. Future research should strive to

obtain samples of FXS individuals both with and without
co-morbid ASD as these two groups may differ at the
neurological level. Second, though our FXS sample
contained both male and female participants, we lacked
the requisite statistical power to test for gender effects.
However, though our AUT group contained all males, our
TD sample did include three females. The issue of gender
is important in this research and in fMRI research on ASD

Figure 4. Brain activation clusters associated with average eye-fixation time for the FXS group. (a) Right FG: x5 33, y5!51, z5!8;
70 voxels. (b) Left FG: x5!34, y5!62, z5!8; 239 voxels. Scatter plots depicting the relationship between brain activation and
average eye-fixation are presented below each cluster. Brain activation clusters associated with AUT characteristics (SCQ score) for the
FXS group. (c) Right FG: x5 29, y5!72, z5!3; 103 voxels. (d) Left Amygdala: x5!23, y5!7, z5!18; 82 voxels. Scatter plots
depicting the relationship between brain activation and average autism characteristics are presented below each cluster.
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in general. Although obtaining valid fMRI data frommale
participants with FXS is challenging, and females with
ASD are out numbered by males 4:1, future fMRI research
on FXS and ASD should strive to over come these
obstacles as gender issues have been largely ignored in
the fMRI research in these populations. Third, there is the
issue of matching these groups on age and IQ. Although
it would be optimal to include both children and adults
in this research, based on our experience, it would be
extremely difficult to obtain valid fMRI data using male
children with FXS, therefore, future fMRI research on FXS
will most likely be restricted to adolescents and adults
with FXS, as is currently the norm. The issue of matching
on IQ is even more problematic as mental retardation is a
hallmark of FXS. Covarying on IQ may be removing
other defining characteristics associated with this sample
and so is not optimal. Furthermore, IQ and gender are
confounded in FXS, with males more affected than
females. The solution to these issues remains controver-
sial and future research should be mindful of dealing
with them. Finally, caution should be taken about
drawing inferences about brain activation during face
processing in FXS based on these results given the small
number of FXS participants. Although this is a small
sample study (as is common in fMRI studies on FXS), and
despite the limitations outlined above, it nonetheless
provides valuable insight into the relationship between
ASD and FXS and demonstrates that this type of research
can and should be pursued. This is the first fMRI study to
our knowledge to successfully include more severely
affected FXS males.
In summary, our findings suggest complex relation-

ships between ASD characteristics, brain function, and
behavior during human facial-emotion processing in FXS
and largely support the hypothesis that ASD character-
istics in FXS and idiopathic ASD reflect partially divergent
impairments at the neural level, at least in FXS indivi-
duals without a co-morbid diagnosis of ASD. However,
there was a wide variability in both ASD symptom
severity and task performance in our FXS group, suggest-
ing that like ASD, social and emotional deficits in FXS fall
along a wide spectrum and so group differences should be
interpreted with caution. Our data also suggest that a
combination of functional brain imaging and eye track-
ing can be used to parse heterogeneity and develop
endophenotypic markers in FXS individuals. Future
research can relate these endophenotypic measures to
molecular markers in this syndrome.
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