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Abstract
Individuals with Autism Spectrum Disorder (ASD) have social and communication deficits and
difficulties regulating emotions. The brain bases of these socio-affective deficits are not yet
clear, but one candidate is structural connectivity in the left uncinate fasciculus, which connects
limbic temporal and frontal areas thought to be involved in socio-affective processing. In this
study, we assessed white matter structure in the left and right uncinate fasciculus in 18 high-
functioning individuals with ASD and 18 group-matched typically developing (TD) controls
using Diffusion Tensor Imaging. To test specificity of the associations, we also examined the
association between both uncinate fasciculi and restricted and repetitive behaviors. Compared to
TD individuals, individuals with ASD had significantly lower fractional anisotropy (FA) in the
left and right uncinate. Group status significantly moderated the association between left
uncinate and socio-affective deficits, indicating that within the ASD group, FA was associated
with socio-affective deficits: Individuals with ASD with lower FA in the left uncinate had
significantly more social and emotion regulation deficits. There was no association with
restricted and repetitive behaviors. This study provides evidence that the left uncinate may play a

critical role in socio-affective skills in individuals with ASD.
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1. Introduction

Individuals with Autism Spectrum Disorder (ASD) have social and communication
deficits as well as increased restricted and repetitive behaviors (APA, 2013). It is now clear that
ASD is also often associated with pronounced difficulties regulating emotions (Laurent and
Rubin, 2004; Mazefsky et al., 2013, 2014; Samson et al., 2012, 2014, 2015a). At a
neurobiological level, ASD has been associated with abnormal white matter tissue structure in
several pathways in the brain, including the left uncinate fasciculus (see Aoki et al., 2013, for a
review). This white matter pathway connects the anterior temporal lobe including amygdala and
hippocampus with prefrontal areas and is of particular interest since it plays a crucial role in
processing socio-affective information in typically developing (TD) participants as well as in
individuals with psychopathology (e.g., Frey et al., 2000; Johnstone et al., 2007; Pehrs et al.,
2015; Zuurbier et al., 2013). As a consequence, we sought to link difficulties in socio-affective
domains in individuals with ASD to white matter tissue structure in the left uncinate fasciculus.
1.1 Socio-affective deficits in autism spectrum disorder

Social deficits in individuals with ASD include failure to initiate reciprocal social
interactions, verbal and non-verbal communication difficulties, decreased sensitivity to social
and emotional cues, and poor performance on Theory of Mind tasks. Social withdrawal,
indifference and even avoidance of affection or physical contact, reduced eye contact, and
decreased joint attention and facial responsiveness are also common (Rutgers et al., 2004).

In addition to the well-documented deficits in the social domain, there is increasing
awareness that individuals with ASD often experience considerable emotional disturbances. Not
only do they exhibit more negative and less positive emotions in comparison to TD controls

(e.g., Ben Shalom et al., 2006; Capps et al., 1993; Kasari and Sigman, 1997; Samson et al., 2012,
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2014), they also experience more frequent symptoms of anxiety and depression, are more
irritable, have more frequent meltdowns or tantrums, are more aggressive, and show increased
self-injurious behavior (Dominick et al., 2007; Gotham et al., 2013; Mazefsky et al., 2013; Quek
etal., 2012; Vasa et al., 2013; White et al., 2009).

Recent studies have corroborated the critical role of emotion dysregulation in affective
functioning (Mazefsky et al., 2013; Samson et al., 2012; Samson et al., 2015b). Individuals with
ASD, compared to TD participants, seem to have a dysfunctional pattern of emotion regulation,
characterized by less frequent use of adaptive emotion regulation strategies (goal-directed
behaviors, seeking social support, cognitive reappraisal; Jahromi et al., 2012; Rieffe et al., 2011;
Samson et al., 2012, 2015ac) and more frequent use of maladaptive strategies (avoidance,
venting, expressive suppression; Jahromi et al., 2012; Konstantareas and Stewart, 2006; Samson
etal., 2012, 2015a; Mazefsky et al., 2014). Emotion dysregulation in ASD has been linked to
increased psychopathology (Mazefsky et al., 2014), lower levels of prosocial peer engagement
(Jahromi et al., 2013) and higher levels of maladaptive behavior (Samson et al., 2015b).

The current study focuses on both social deficits and emotion regulation deficits because
these socio-affective deficits are (1) heavily linked and thought to influence one another
(emotion regulation often takes place in social contexts and is acquired through social
interactions, e.g. between child and caregiver in early stages of life, see English et al., 2012;
Shefield Morris et al., 2007), (2) evident in ASD, and finally, (3) are thought to rely on heavily
overlapping neural structures.

1.2 Potential neural correlates of socio-affective deficits in autism spectrum disorder
In order to process and regulate socio-affective information, several brain regions need to

work in concert. However, in ASD, neural connectivity between functionally connected regions
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seems to be altered (e.g., Aoki et al., 2013) which is in line with the aberrant connectivity
hypothesis in ASD (Courchesne and Pierce, 2005). One particular promising candidate in
explaining socio-affective deficits in ASD is the uncinate fasciculus.

The uncinate fasciculus connects polar temporal areas, including the amygdala and
hippocampus, to cortical regions such as orbitofrontal cortex (OFC) (Kier et al., 2004; Olson et
al., 2015; Von der Heide et al., 2013). It therefore connects basic emotion processing areas with
regions involved in higher order processing, including emotion regulation. The uncinate has been
linked to processing of emotional information in healthy populations (Frey et al., 2000), and has
been reported to be related to impaired socio-emotional processing in disorders such as fronto-
temporal dementia (\Von der Heide et al., 2013), and also more generally with symptom severity
in individuals with ASD (Poustka et al., 2012).

While multiple white matter structures have been found to be affected in ASD (for a
review, see Aoki et al., 2013; Barnea-Golary et al., 2004; Barnea-Golary et al., 2010; Olson et
al., 2015), the left uncinate may be particularly important in processing socio-affective
information (Pehrs et al., 2015; Olson et al., 2015). There seems to be a relatively left dominant
abnormality in the uncinate fasciculus in ASD. Brain asymmetry usually occurs in typical brain
maturation, which seems to be essential for emotion processing and other functions including
cognition, sensory and motor functions. Atypical brain maturation in ASD and possible
pathophysiology of disturbances of these functions may specifically affect the left uncinate (see
Aoki et al. 2013). In the same lines, there is recent evidence that white matter tissue structure
specifically in the left uncinate fasciculus is related to emotion regulation in a healthy population
(Zuurbier et al., 2013). Furthermore, there is evidence that neurotypicals engage the left

prefrontal cortex to down-regulate amygdala responses to negative stimuli. In contrast, patients
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with major depression, who have more difficulties regulating their emotions, do not seem to
engage the left lateral-ventromedial prefrontal circuitry important for the down-regulation of
amygdala responses (Johnstone et al., 2007). These findings suggest the importance of the
involvement of the left uncinate in socio-affective skills including emotion regulation.

1.3 The current study

The goal of this study was to examine the role of one white matter structure, the left
uncinate, in socio-affective processing in individuals with ASD compared to TD participants. We
focused on children and adolescents, since socio-affective skills mature during this important
developmental stage (Riediger and Klipker, 2014). Parent reports were used to assess socio-
affective skills and clinical symptomatology given difficulties of accessing own mental
(including emotional) states in individuals with ASD (Fitzgerald and Bellgrove, 2006).

We used Diffusion Tensor Imaging (DTI) to examine the tissue structure of white matter
tracts implicated in processing of socio-emotional information. DTI allows for in-vivo
measurement of fiber tracts in the brain. Diffusion properties are affected by biological
properties of the axons (e.g. myelination, axonal density, and diameter) that are driven by overall
white matter maturation, as well as geometric configurations of the axons (tract curvature,
directional coherence, crossing, branching and merging fiber bundles). Fractional anisotropy
(FA) is one of several diffusion parameters quantifying directionality of water diffusion on a
scale from zero (equal diffusion in all directions) to one (diffusion in one direction, see Ameis et
al., 2011) and reflects myelination, white matter organization, and the density of white matter
tracts (Olson et al., 2015). Abnormal development of white matter may result in atypical white

matter structure, which in turn may affect behavior, including socio-affective deficits.
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We expected individuals with ASD to have more socio-affective deficits than TD
participants. Specifically, we expected individuals with ASD to have significantly more social
deficits and lower control over their emotions compared to TD participants. Moreover, based on
previous studies (Aoki et al., 2013, for a review), we hypothesized that individuals with ASD
would have lower FA in the left uncinate. Furthermore, we expected group status to moderate the
association between abnormal white matter structure in the left uncinate and socio-affective
deficits. In particular, we expected white matter structure in the left uncinate to be linked to
socio-affective skills in individuals with ASD, but not in TD individuals, since brain behavior
associations are more frequently identified in individuals with neuropsychiatric disorders when
compared to neurotypicals (Baur et al., 2011; Poustka et al., 2011; Thomason & Thompson,
2011). To test specificity of group effects as well as moderating effects, we also analyzed group
differences in the right uncinate fasciculus and tested moderation effects of group status on the
association between white matter tissue structure in the uncinate fasciculi and another core
feature of ASD, namely restricted and repetitive behaviors. We did not expect group differences
or moderation effects related to the right uncinate, or repetitive behaviors.

2. Methods
2.1 Participants

Eighteen individuals with ASD (2 female) and 18 TD individuals (3 female) between the
ages of 8 and 20 years participated in the study (see Table 1). The two groups did not differ in
age or gender. The sample consisted of 25 Caucasians, 5 Asians, 2 Hispanics, 1 Afro-American,
and 3 other ethnicities. Participants with ASD were recruited from a clinic specializing in ASD
and developmental disabilities as well as from a research registry. TD participants were recruited

through flyers advertising an emotion regulation study in areas that were comparable to the
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socio-economic status of the participants with ASD. Participants were enrolled as part of a larger
project.

----- Insert Table 1 about here----
2.2 Clinical assessment

For participants with ASD, diagnosis was established through expert clinical evaluation
(J.M.P. and A.Y.H.) based on the DSM-IV-TR (APA, 2000) and confirmed with the Autism
Diagnostic Interview-Revised (ADI-R) and Autism Diagnostic Observation Schedule (ADOS;
Lord et al., 1994, 2000). Two included individuals missed the cut off point on ADOS by one
point". Individuals with secondary autism related to a specific etiology (e.g., tuberous sclerosis,
Fragile X) and individuals with evidence of genetic, metabolic, or infectious disorders were
excluded.

TD participants were screened using face-to-face evaluations (Kiddie-Schedule for
Affective Disorders and Schizophrenia for School-Aged Children, Kaufman et al., 1997),
telephone interviews, and observation during psychometric tests. Exclusion of TD participants
was also performed based on medical and psychiatric history.

Cognitive functioning (Full scale Intelligence quotient, FSIQ) was assessed using the
Stanford Binet (5th edition, SB5, Roid, 2003). The ASD core features such as social and
communication deficits and restricted and repetitive behavior were assessed with the Social
Responsiveness Scale (SRS, Constantino and Gruber, 2005; Constantino et al., 2000) and the
Repetitive Behavior Scale-Revised (RBS-R, Lam and Aman, 2007). Externalizing and
internalizing behavior was assessed with the Child Behavior Checklist (Achenbach, 1991). SRS

was available for 16 individuals with ASD and 16 TD participants, RBS-R was available for 17
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individuals with ASD and 16 TD participants, while CBCL was available for 17 individuals with
ASD and 17 TD participants.

This study was approved by the University’s Institutional Review Board. Written
informed consent was obtained from parents and assent from all participants.
2.3 Emotion regulation assessment

The items of the Self-Report Emotional Ability Scale (SEAS; Freudenthaler and
Neubauer, 2005) were reformulated for the parents to report on their children’s emotional
control. One subscale of the SEAS was used in this study: Regulation of one’s own emotions (6
items, alpha = .90, item example: ‘After an upsetting event, it is difficult for my child to calm
down’). Responses are scored on a six-point scale ranging from ‘not true’ to ‘very true’. The
scale has already been used in several other recent studies (Freudenthaler and Neubauer, 2005;
Freudenthaler et al., 2008; Papousek et al., 2008). Data on this questionnaire was available for 16
participants with ASD, and 16 TD participants. For the purpose of this study we reverse-scored
the items to represent emotion regulation deficits rather than the ability to regulate emotions.
2.4 Diffusion Tensor Imaging

MR measurements were performed using a 3T GE Discovery MR750 MRI scanner and a
32-channel head coil from Nova Medical. High-resolution T1-weighted anatomical images were
collected for each subject using an 8-minute sagittal IR-prep 3D fast SPGR sequence (1x1x1 mm
voxel size). Diffusion measurements were performed using a diffusion-weighted dual-spin-echo
EPI sequence with 2 mm isotropic resolution. We measured 30 non-collinear diffusion directions
with a b-value of 1200 s/mmz2, plus three measurements with no diffusion weighting. This 5-
minute diffusion scan was repeated and all 66 measurements were used for tensor fitting. Head

motion in the scanner was restricted by the use of extra padding around the head. Subject motion
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in the diffusion-weighted images was corrected by a rigid-body co-registration of each diffusion-
weighted image to the mean of the non-diffusion-weighted images with a two-stage coarse-to-
fine approach that maximizes the normalized mutual information. The two groups did not differ
in their mean displacement (M1p=.83, SD=.76, Masp=.81, SD=.40, t(34)=.12, ns). There were
also no correlations between mean displacement and FA in any of the 10 nodes of the right or
left uncinate fasciculi®.

The Automated Fiber Quantification (AFQ, Yeatman et al., 2012) software package was
used to identify 18 fiber tracts in each participant’s brain and quantify tissue properties along the
tract trajectory (for the purpose of this study we focused on the uncinate fasciculi only). AFQ
uses a three-step procedure to identify each tract from an individual’s diffusion data.
Deterministic streamlines tracking was used to estimate candidate pathways for the uncinate
fasciculi. This was followed by a refinement step which compares each candidate streamline to a
fiber tract probability map and removes candidates that pass through regions of the white matter
that are unlikely to be part of the tract. Finally, the aggregate tract is summarized by a core fiber
that follows the central position of all the tract fibers. This core fiber is used to define 10 sample-
points along each tract. Tissue properties are calculated along the trajectory of the core fiber by
resampling to 10 equally spaced nodes, interpolating the tissue metric from the diffusion data
within the tract, and calculating a weighted sum of each voxel associated with a given node
based on its Mahalanobis distance from the core of the tract. The result is a vector of 10
measurements of each diffusion parameter sampled equidistantly along the trajectory of each
fascicle.

2.5 Statistical analyses

Group differences in socio-affective deficits as well as repetitive behavior (a control
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variable) were computed with ANCOVAS using FSIQ as a covariate because of significant
group differences in cognitive functioning® (when FSIQ was included as covariate, z transformed
FSIQ was used). For the analysis of the FA, we first computed a 2 x 2 repeated measures
ANCOVA with the 2 hemispheres as repeated factor, with group as between subject factor, and
with FSIQ as a covariate. This was followed by 2 x 2 repeated measurement ANCOVAs with the
2 hemispheres as repeated factor, with group as between subject factor, and with FSIQ as a
covariate for each of the 10 nodes. Our main focus was on significant group x hemisphere
interactions, which were followed up with ANCOVAs controlling for FSIQ to identify group
differences in a specific node for the right and left hemisphere. To test whether group moderated
the relationship between a specific node of the right or left uncinate (in which we had identified a
significant group difference at p <.01) and social deficits, emotion regulation deficits, and
restricted and repetitive behaviors, we performed multiple regressions with three predictors
(group, node, group x node) and one covariate (FSIQ). Group and nodes 5 and 6 in the left
uncinate were highly correlated (rs =-.51, p<.01). To handle multi-collinearity, we
orthogonalized FA and group and used the residuals (with group partialled out) in the moderation
analysis. Orthogonalizing resulted in acceptable low variance inflation factor (VIF) factors (all
VIF’s < 2).
3. Results

3.1 Preliminary analyses

Individuals with ASD had lower FSIQ, and, as expected, exhibited more restricted and
repetitive behaviors, had more social and communication deficits, and showed more
psychopathology (externalizing and internalizing behavior, affective problems, and anxiety

problems) compared to TD participants, suggesting significant emotional difficulties in the ASD
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group (see Table 1). Partial correlations controlling for FSIQ showed that social deficits and
restricted and repetitive behaviors were highly correlated (r(28)=.79, p<.001), and emotion
regulation was linked to social deficits (r(26)=.72, p<.001) and restricted and repetitive
behaviors (r(27)=.43, p<.001). Considering the ASD group only, partial correlations controlling
for FSIQ revealed that the core features were still highly correlated (r(13)=.76, p<.001), but
emotion regulation was not correlated with social deficits (r(12)=.19, ns) or restricted and
repetitive behaviors (r(12)=.05, ns).
3.2 Group differences in socio-affective deficits

Individuals with ASD had more social deficits (F(2,31)=36.20, p<.001, ;72:.71, as
assessed with the SRS) and more difficulties regulating their own emotions (F(2,31)=19.009,
p<.001, °=.57, see Table 1 for descriptive statistics). Controlling for FSIQ as a covariate did not
affect any of these measures.
3.3 Group differences in fractional anisotropy in the left and right uncinate fasciculi

In order to examine whether there was a group by hemisphere interaction in general, a 2 x
2 mixed model repeated measures ANCOVA with the 2 hemispheres as repeated factor, group as
between subject factor, and with FSIQ as a covariate revealed a significant interaction between
hemisphere and group (F(1,33)=8.80, p<.01, #°=.21). Differences were analyzed in each
hemisphere separately, and differences between the two groups were found in the left (Masp=.44,
SD=.03, Myp=.47, SD=.03; F(2,35)=6.02, p<.01, #°=.27), and the right hemispheres (Masp =.45,
SD =.03, Mrp=.46, SD =.02; F(2,35)=8.04, p<.01, °=.33). The effect of FSIQ was also
significant (F(1,33)=6.67, p<.05, #°=.17), but there was no main effect of the hemisphere
(F(1,33)=.26, ns, #°=.01) or group effect overall (F(1,33)=2.89, ns, °=.08). See Figure 1 for an

illustration of the left and right uncinate in the two participants, one from each group.
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In a second step, 2 (hemispheres, repeated) x 2 (group) mixed model repeated measures
ANCOVA:s controlling for FSIQ were performed for each node. The following effects could be
identified in nodes 5, 6, and 8 (see Figure 2): For node 5, we identified a significant interaction
between hemisphere and group (F(1,33)=9.43, p<.01, #°=.22). When group differences were
analyzed in each hemisphere separately, group differences in the left (F(2,35)=6.82, p<.01,
n%=.29), and right hemispheres (F(2,35)=7.54, p<.01, °=.31) were observed. The effect of FSIQ
was also significant (F(1,33)=5.32, p<.05, 4°=.14), but no significant effect of hemisphere
(F(1,33)=.83, ns, #°=.02) or group (F(1,33)=2.59, ns, #°=.07) could be identified.

For node 6, we observed a significant interaction between hemisphere and group
(F(1,33)=9.12, p<.01, #°=.22). If group differences are analyzed in each hemisphere separately,
we identified a group difference in the left (F(2,35)=5.83, p<.01, #°=.26), and right hemispheres
(F(2,35)=5.02, p<.05, 7°=.23). The effect of FSIQ was also significant (F(1,33)=6.80, p<.05,
n%=.17), as well as the group effect (F(1,33)=5.08, ns, #°=.13), but no significant effect of
hemisphere (F(1,33)=.55, ns, #°=.02) could be identified.

For node 8, we identified a significant interaction between hemisphere and group
(F(1,33)=5.59, p<.05, #°=.15). When group differences were analyzed in each hemisphere
separately, there was no group difference in the left (F(2,35)=1.35, ns, #°=.08), but there was a
difference in the right hemisphere (F(2,35)=3.59, p<.05, #°=.18). The effect of hemisphere
(F(1,33)=31.56, p<.001, °=.49) indicated higher FA in the left (M=.56, SD=.06) compared to
the right uncinate (M=.51, SD=.06). The interaction with FSIQ was also significant
(F(1,33)=8.15, p<.05, #°=.20), but no group effect (F(1,33)=.29, ns, #°=.01) could be identified.

---Insert Figure 1 and 2 about here---

3.4 White matter structure in the left uncinate and socio-affective deficits
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We next examined whether nodes with significant group differences on a level of p<.01
in each hemisphere (node 5 in the left and right uncinate, and node 6 in the left uncinate) were
related to socio-affective deficits and / or restricted and repetitive behavior (control measure) in
each of the two participant groups. In order to determine whether group moderated the
relationship between FA and socio-affective deficits and / or restricted and repetitive behavior,
we computed regression analyses with the interaction term uncinate x group (see Table 2 and
Figure 3).

Social Deficits: For node 5 in both hemispheres, only group effects (no moderation
effects) were observed using moderation analyses (see Table 2). However, in node 6 of the left
uncinate, a moderator effect was observed ($=-.23, p<.05, d=.73); lower FA in this specific node
was associated with higher social deficits in individuals with ASD (t=-3.01, p=.006) but not TD
(t=-0.613, p=.55; see Figure 3).

Emotion Regulation Deficits: For node 5 in both hemispheres, only group effects (no
moderation effects) were observed using moderation analyses (see Table 2). For the node 6 of
the left uncinate, however, a moderator effect was observed (5=-.28, p=.05, d=.72), lower FA in
this specific node was associated with higher emotion regulation deficits in individuals with
ASD (t=-2.64, p=.01) but not TD (t=-0.34, p=.73, see Figure 3).

Repetitive Behavior: As a control analysis, we also assessed the moderating effect of
group on the association between FA in the left uncinate and repetitive behavior. Using
moderation analyses, only group effects were identified for nodes 5 in both hemispheres and
node 6 of the left uncinate (see Table 2).

To summarize the findings of these moderation analyses, we found that group moderated

the effect in one node of the left uncinate for both social deficits and emotion regulation deficits,
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but not repetitive behavior, indicating that FA in this white matter region was associated with
socio-affective deficits in individuals with ASD.
---Insert Table 2 and Figure 3 about here---
4. Discussion

In the current study, we examined the relationship between trait socio-affective deficits
and structural OFC-amygdala connectivity in ASD. By means of DTI, we measured FA in the
uncinate fasciculus bilaterally, to better understand the structural connections between prefrontal
cortex and amygdala and other structures, including the hippocampus. The current study revealed
and replicated group differences in socio-affective deficits (see Constantino et al., 2000;
Mazefsky et al., 2014; Rieffe et al., 2011; Samson et al., 2012, 2014; White et al., 2009). More
importantly, we identified lower FA in the left uncinate and, contrary to our expectations, at
times also in the right uncinate. This latter observation seems to be in contrast to some previous
studies reporting on more pronounced group differences in the left uncinate (see Aoki et al.,
2013, for a review). The difference between the left and right uncinate in ASD, is intriguing and
warrants further investigation.

Additionally, our study provided preliminary evidence that white matter characteristics of
the left uncinate are specifically linked to socio-affective deficits in the ASD group, highlighting
the importance of connectivity between the amygdala and prefrontal areas for social skills and
emotion regulation which may be a cause or result of aberrant functioning. The present study
corroborates aberrant connectivity in ASD (Belmonte, Allen, Beckel-Mitchener, Boulanger et
al., 2004; Courchesne and Pierce, 2005; Vissers et al., 2012) and highlights the relationship

between the left uncinante and socio-affective deficits.
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Lower FA in the uncinate may point to a dysfunctional interaction between the
orbitofrontal-centered and hippocampal affect systems as defined in the recently published
Quartet Theory on Emotions (Koelsch et al., 2015). The theory suggests that four different affect
systems in the brain generate different classes of affect. The hippocampal system is involved in
the generation of positive attachment-related emotions, while the OFC-system performs an
automatic appraisal of external and internal information and is involved in regulating emotions.
Pehrs et al. (2015) put forward the hypothesis that not only the OFC — amygdala connectivity
may be relevant to socio-affective processes in individuals with ASD, but also the connection
between OFC and hippocampus. VVon der Heide et al. (2013) suggested that the uncinate
fasciculus is involved in how stored information alters behavior such as approaching or avoiding
stimuli based on reward or punishment history. Therefore, difficulties in developing emotional
attachments and friendships and the ability to learn from social praise and other rewards in the
social context could potentially be linked to dysfunctions in connectivity between the OFC —
hippocampal affect systems, mediated by the uncinate fasciculus (see also Olson et al., 2015).
While the Quartet Theory may provide a good model to understand socio-affective deficits in
individuals with ASD, its validity to help explain such deficits warrants further examination.

As expected, restricted and repetitive behaviors were not related to FA in the left uncinate
fasciculus in individuals with ASD. This highlights the specificity of our findings regarding the
relationship between the left uncinate structure and socio-affective deficits. Although repetitive
behaviors have been shown to be related to emotion dysregulation (Samson et al., 2014) and may
at times be used to regulate emotions (Samson et al., 2015c), there is no evidence from the
current study that repetitive behavior is linked with the connectivity between basic (e.g.,

amygdala) and higher order emotion processing areas (e.g., OFC). This suggests that repetitive
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behaviors, when used to regulate emotions, might involve different pathways in the brain.
However, more research is needed to better understand repetitive behaviors in relation to
emotion regulation.

Associations between the left uncinate and socio-affective skills were only found in the
ASD group and not in typically developing participants. There seems to be a tendency for
associations between trait measures and abnormal white matter structure to be found in clinical
populations rather than in healthy controls. For example, Beyer et al. (2014) did not find an
association between trait anger or physical aggressiveness and FA in bilateral uncinate in healthy
participants. In contrast, deficits in structural prefrontal-amygdala connectivity were identified in
criminal offenders with psychopathy and adolescents and adults with conduct disorder. This may
be related to higher variability in the assessed trait in clinical groups. However, in the current
study, we identified higher variability only in social deficits as revealed by Levene’s tests
(F=8.90, p<.01), but not for emotion regulation or FA in node 6 of the left uncinate. In addition,
DTI studies in individuals with affective disorders consistently identify lower FA in frontal and
temporal lobes and tracts (Sexton et al., 2009). Nevertheless, studies of healthy participants also
found associations between FA-values in left uncinate fasciculus and individual trait measures
such as anxiety (Montag et al., 2012) and emotion regulation (Zuurbier et al., 2013).
4.1 Limitations and future directions

Using DTI, our findings shed new light on the association between socio-affective
deficits and FA in the left uncinate fasciculus. However, it is also important to mention several
methodological limitations of the present study.

First, we studied a relatively small number of individuals with ASD and TD controls.

This may have led to being underpowered to find moderation effects in several nodes of the left



SOCIO-AFFECTIVE DEFICITS IN ASD 18

uncinate. It is possible that a bigger sample may have led to more robust effects and detectable
associations in other nodes of this white matter structure. Therefore, the current results need to
be replicated in larger samples.

Second, we focused on parents’ reports of socio-affective deficits in children and
adolescents with ASD. Future studies should include larger samples while using self-report as
well as behavioral measures of social deficits and emotion regulation.

Finally, it is known that the uncinate fasciculus is one of the latest developing tracts with
its maturational peak in the third decade of life (Olson et al., 2015). This makes it a potentially
interesting structure to better understand in longitudinal designs treatment effectiveness in the
domain of socio-affective skills in psychopathology.

4.2 Conclusions

To the best of our knowledge, this is the first study to link socio-affective deficits in ASD
to abnormal white matter tissue structure in the left uncinate. Evidence of links between emotion
regulation difficulties in ASD and reduced prefrontal-amygdalar connectivity has started to
emerge (Pitskel et al., 2014), but additional comprehensive studies replicating differences in
structural and functional connectivity between prefrontal and limbic areas in the brains of

individuals with ASD — as well as links to socio-affective deficits — are still needed.
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Footnotes
1 Despite the small sample size, we also ran all analyses with females excluded, each borderline
participant, or both, females and borderline participants. All results remained consistent, except
the moderation effects of emotion regulation dropped in some analyses to trend level (e.g.,
p=.067, when excluding all females and both borderline participants, N=7). Therefore, we
decided to include all participants for the analyses.
2 Since one TD participant had high levels of movement, we re-ran all the analyses after
excluding this participant. All of the significant results in all analyses remained consistent,
except the moderation effect of emotion regulation in node 6 of the left uncinate, which dropped
to trend level (p=.069). We also included the absolute root mean square of movement as
additional covariate of nuisance, which did not affect most of the results except of the
moderation effects, which dropped also slightly to trend level. This may be due to too many
predictors included for such a small sample size.
3 Analyses were also conducted with age as an additional covariate due to the broad age range in
our study. Including age as covariate did not change any of the results except the moderation
analysis for emotion regulation (the moderation effect was marginal, p=.058). However, we
decided to only control for FSIQ in the main text because the two groups did not differ in age

and our sample size was small.
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Table 1

Sample Characteristics
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ASD TD
M (SD, range), N, or M (SD, range), N, or Statistics
frequency frequency
N 18 18
Male/female 16/2 15/3 ns.?
Age 13.06 (3.57, 8-20) 11.83 (2.09, 8-16) t(34)=-1.25, ns.
FSIQ 104.00 (18.24) 115.56 (10.71) t(34)=2.32, p<.05
RBS-R 25.35 (22.73) 0.88 (1.66) t(31)=-4.29, p<.001
SRS 96.19 (34.10) 19.13 (10.76) t(30)=-8.62, p<.001
CBCL
Internalizing 67.06 (7.99) 46.00 (9.77) t(32)=-6.88, p<.001
Behavior
Externalizing 56.94 (10.48) 45.82 (8.72) t(32)=-3.36, p<.01
Behavior
Affective 69.00 (8.97) 51.47 (2.24) t(32)=-7.82, p<.001
Problems
Anxiety 66.82 (8.29) 53.82 (6.46) t(32)=-5.10, p<.001
Problems
SEAS
Emotion 26.50 (5.25) 15.38 (5.01) t(30)=-6.13, p<.001
Regulation
Deficits

Note. ASD=Autism Spectrum Disorder. TD=Typically Developing participants. FSIQ=Full

Scale 1Q. RBS-R=Repetitive Behavior Scale-Revised (total score). SRS=Social Responsiveness

Scale (total score). CBCL=Child Behavior Checklist. Emotion regulation deficits was assessed

with the parent report form of the SEAS=Self-Report Emotional Ability Scale.  On the basis of a

Fisher’s exact test, two-tailed.
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Table 2: Multiple regressions predicting social deficits, emotion regulation deficits, and restricted and repetitive behavior.

Node 5 Node 5 Node 6
right left Left uncinate
uncinate uncinate
p t (df) p t (df) p t (df)

Social Deficits (SRS)

group 86*** 7.70 (df=27) 86*** 7.97 (df=27) 84*** 8.99 (df=27)

L uncinate (node)* -.01 -.08 -.027 -12 -.07 -.62

group x L uncinate (node)* 21 13 -.06 -.27 -.23* -2.07

FSIQ .04 32 .06 51 -.005 -.05
Emotion Regulation Deficits

group J3FE* 5.32 (df=27) J3FF* 5.67 (df=27) B5*** 5.23 (df=27)

L uncinate (node)* 16 1.11 .06 25 -.05 -.35

group x L uncinate (node)* -.24 -1.63 -.32 -1.35 -.28* -2.04

FSIQ -.08 -.52 -.06 - 47 -17 -1.37
Restricted and Repetitive
Behavior (RBS-R)

group H56** 3.47 (df=28) 5E*** 3.55 (df=28) HH*** 3.58 (df=28)

L uncinate (node)* .05 22 .06 18 .00 01

group x L uncinate (node)* -.05 -21 -.03 -11 -.14 -.78

FSIQ -.15 -.08 -.15 -91 -17 -1.05

Notes. Node 5 (right uncinate): Social deficits: R°=.71, Adjusted R*=.67, F(4,31)=16.87, p<.001. Emotion regulation deficits: R*=.78,
Adjusted R°=.61, F(4,31)=10.56, p<.001. Restricted and repetitive behavior: R?=.39, Adjusted R?=.30, F(4,32)=4.49, p<.01.

Node 5 (left uncinate): Social deficits: R*=.72, Adjusted R*=.68, F(4,31)=17.42, p<.001. Emotion regulation deficits: R*=.64,
Adjusted R°=.58, F(4,31)=11.86, p<.001. Restricted and repetitive behavior: R?*=.39, Adjusted R?=.30, F(4,32)=4.49, p<.01.

Node 6 (left uncinate): Social deficits: R*=.79, Adjusted R*=.76, F(4,31)=25.16, p<.001. Emotion regulation deficits: R*=.66,
Adjusted R°=.61, F(4,31)=12.99, p<.001. Restricted and repetitive behavior: R?*=.41, Adjusted R?=.33, F(4,32)=4.85, p<.01.
Standardized coefficients are reported; FSIQ=Full Scale 1Q. RBS-R=Repetitive Behavior Scale-Revised (total score). SRS=Social
Responsiveness Scale (total score). Emotion regulation was assessed with the parent report form of the SEAS=Self-Report Emotional
Ability Scale.

1 Residual L uncinate (node), with group partialled out.
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Significant moderation effects are highlighted in bold.
*p<.05, **p<.01, ***p<.001.
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Figure Legends
Figure 1. Left and right uncinate fasciculi for one individual with ASD (A) and one typically

developing participant (B).

Figure 2. Group differences in the 10 nodes of the left and right uncinate fasciculi in individuals
with Autism Spectrum Disorder (ASD) and typically developing (TD) participants.

Note. *p<.05, **p<.01.

Figure 3. Interaction plots on the association between social deficits and emotion regulation
deficits and FA in the left uncinate (node 6) in individuals with Autism Spectrum Disorder

(ASD) and Typically Developing (TD) participants.
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