ZNF804A and verbal deficits in autism

included in the LD bin of rs7603001. The 7 LD value between
157603001, the SNP that was associated with autism in our
study, and the SNPs that were associated with autism in the
GWAS’ ranged between 0.25 and 0.28. The GWAS finding
was thus replicated at the gene level, not at the level of spe-
cific SNPs.

In addition to genetic association, CNVs (gain and loss),
mostly de novo, were observed at the ZNF804A locus of boys
with autism who had a verbal deficit. Griswold and col-
leagues® and Talkowski and colleagues® have also reported
CNVs at the ZNF804A locus in individuals with autism. Since
the penetrance of CNVs is variable, it is not possible to pre-
dict the effect of these CNVs in the pathogenesis of autism.
Copy number gain and loss were observed in autistic indi-
viduals, and similar CNVs were observed in unaffected par-
ents. Furthermore, similar CN'Vs have also been observed in
patients with other neuropsychiatric disorders,* suggesting
pleiotropic effects. Future studies to correlate specific CNVs
with detailed clinical characteristics and to assess their effects
on neurodevelopment are warranted.

Impaired linguistic/verbal ability is a key cognitive defect
in individuals with autism.®*** Based on our results, we sug-
gest that ZNF804A could be a modulator of verbal traits in
individuals with autism. There is ample evidence of the in-
volvement of ZNF804A in the development of ToM,® which
in turn, is closely intertwined with the development of lin-
guistic/verbal abilities from infancy .’

Genetic, neuropsychological and neuroimaging studies
have suggested that ZNF804A is involved in higher-order
cognitive processes such as ToM,!® working memory* and
executive control of attention.* It has been found to play a
pivotal role in the maintenance of functional connectivity in
the brain.?”* We observed a reduced expression of ZNF804A
in the ACG of individuals with autism compared with con-
trols. The ACG, a brain region vital for cognitive and behav-
ioural abilities, is involved in emotion formation and process-
ing, learning and memory.** Downregulated expression of
ZNF804A could lead to adverse effects on the cognitive pro-
cesses associated with this gene.

Even though the previous studies on ZNF804A were fo-
cused on schizophrenia, overwhelming evidence suggests
that the risk variants of this gene may be involved in the
modulation of intermediate cognitive phenotypes associated
with the disorder rather than the disorder itself.}%%%6:8 Adult-
onset schizophrenia and early-onset autism, despite being
2 clinically distinct, complex neurodevelopmental disorders,
share several deficits in cognitive functioning.*~* A deficient
ToM has been identified as a potential contributor to the so-
cial cognitive dysfunction in individuals with schizophrenia
and autism,*# and it could be a common factor mediating
ToM:-related key intermediate phenotypes in people with
these disorders. Several studies have shown the association
of ZNF804A variants with cognitive dysfunction in individ-
uals with schizophrenia.**® Interestingly, we observed a
stronger association of ZNF804A in individuals with an au-
tism subtype characterized by verbal deficits.

The protein sequence of ZNF804A shows a C2ZH2-type zinc-
finger domain at its N-terminal end, suggesting that it may

bind DNA and have a role in regulating gene expression.’s
ZNF804A has been found to modulate the expression of sev-
eral genes implicated in the pathogenesis of schizophrenia.’84

We examined the possible role of ZNF80A as a regulator of
the expression of genes previously reported to be associated
with verbal/linguistic abilities and/or social cognition. The
expression of SNAP25 was downregulated in ZNF804A-
silenced cells compared with control cells. Furthermore, the
expression of SNAP25 was significantly reduced in the ACG
of individuals with autism, and a strong positive correlation
was observed between the expression of ZNF804A and
SNAP25 in the ACG.

SNAP25 is a presynaptic plasma membrane protein that is
specifically and abundantly expressed in nerve cells. It par-
ticipates in synaptic vesicle exocytosis through the formation
of a soluble NSF attachment protein receptor complex® and
plays a pivotal role in modulating calcium homeostasis.”
SNAP25 is important for axonal growth and synaptic plasti-
city, 2 essential steps in the wiring of the central nervous
system.’052 SNAP25 variants have been found to modulate
cognitive performances.®*> SNAP25 is located in a chromo-
somal region (20p12-p11.2) with a previously suggested link-
age to intelligence Moreover, polymorphisms in SNAP25
have been associated with hyperactivity in individuals with
autism.* However, at present, there is no literature linking
ZNF804A and SNAP25.

Limitations

A replication study in a larger cohort of verbally deficient indi-
viduals with autism from different racial backgrounds would
have been more informative. Further studies on the functional
implications of ZNF804A CNVs and on the nature of the inter-
action between ZNF804A and SNAP25 in the pathogenesis of
autism are warranted. The small number of postmortem brain
samples used is another limitation of our study.

Conclusion

We suggest that ZNF804A could have a pivotal role in medi-
ating the intermediate phenotypes associated with verbal
traits in individuals with autism. It could be a common factor
modulating the ToM-related intermediate phenotypes in in-
dividuals with schizophrenia and autism.
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N-ethylmaleimide-sensitive factor interacts with
the serotonin transporter and modulates its
trafficking: implications for pathophysiology in
autism
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Abstract

Background: Changes in serotonin transporter (SERT) function have been implicated in autism. SERT function is
influenced by the number of transporter molecules present at the cell surface, which is regulated by various cellular
mechanisms including interactions with other proteins. Thus, we searched for novel SERT-binding proteins and
investigated whether the expression of one such protein was affected in subjects with autism.

Methods: Novel SERT-binding proteins were examined by a pull-down system. Alterations of SERT function and
membrane expression upon knockdown of the novel SERT-binding protein were studied in HEK293-hSERT cells.
Endogenous interaction of SERT with the protein was evaluated in mouse brains. Alterations in the mRNA expression
of SERT (SLC6A4) and the SERT-binding protein in the post-mortem brains and the lymphocytes of autism patients
were compared to nonclinical controls.

Results: N-ethylmaleimide-sensitive factor (NSF) was identified as a novel SERT-binding protein. NSF was co-localized
with SERT at the plasma membrane, and NSF knockdown resulted in decreased SERT expression at the cell membranes
and decreased SERT uptake function. NSF was endogenously co-localized with SERT and interacted with SERT. While
SLC6A4 expression was not significantly changed, NSF expression tended to be reduced in post-mortem brains,

and was significantly reduced in lymphocytes of autistic subjects, which correlated with the severity of the clinical
symptoms.

Conclusions: These data clearly show that NSF interacts with SERT under physiological conditions and is required

for SERT membrane trafficking and uptake function. A possible role for NSF in the pathophysiology of autism through
modulation of SERT trafficking, is suggested.

Keywords: Serotonin transporter, NSF, Interaction, Membrane trafficking, Autism, Post-mortem brain, Lymphocyte
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Wz, TAPAREZIEEMELCwD). EHIHETIES
METHEH, KAD200% U EDOrT = EERENED
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Application of graph theory to analysis of functional networks in the brain is an important research trend.
Extensive research on the resting state has shown a “small-world"” erganization of the brain network as a
whole. However, the small-worldness of children's brain networks in a working state has not yet been
well characterized. In this paper, we used a custom-made, child-sized magnetoencephalography (MEG)
device to collect data from children while they were watching cartoon videos. Network structures were
HATTe . analyzed and compared with scores on the Kaufman Assessient Battery for Children (K-ABC). The resulls
I;;f_g“"“"‘ network of networl analysis showed that (1) the small-world scalar showed a negative correlation with the simul-
Chh d taneous processing raw score, a measure of visual processing (Gv) ability, and (2) the children with higher
simultaneous processing raw scores possessed network structures that can be more efficient for local
information processing than children with lower scores. These results were compatible with previous
studies on the adult working state. Additional results obtained from further analysis of the frontal and
occipital lobes indicated that high cognitive performance could represent better local efficiency in
task-related sub-networks. Under free viewing of cartoon videos, brain networlks were no longer confined
to their strongest small-world states; connections became clustered in local areas such as the frontal and

Keywords:
Small~world

Visual processing (Gv) abifity
Free viewing of video

occipital lobes, which might be a move useful configuration for handling visual processing tasks.

@ 2014 Elsevier Inc. All rights reserved.

1. Introduction

The development of neurophysiological imaging devices has en-
abled us to carry out research on correlation, coherence, coupling,
and synchronization between brain regions (Kikuchi et al, 2013;
Lowe, Mock, & Sorenson, 1998; Stam, 2004; van den Heuvel &
Hulshoff Pol, 2010). By studying the connection index of different
regions, we can understand the information transfer pattern and
the structure of the brain’s functional network in the brain. Several
studies have suggested that functional networks in the brain pos-
sess an optimal small-world structure (Achard, Salvador, Whitcher,
Suckling, & Bullmore, 2006; Alexander-Bloch er al., 2013; Basseft &
Bulimore, 2006; Bullmore & Bassett, 2011; Bullmore & Sporns,
2012; Douw et al, 2010; Langer, Pedroni, & Jancke, 2013; Liu
et al, 2008; Micheloyannis et al., 2006; Smit, Stam, Posthuma,
Boomsma, & de Geus, 2008: Stam, 2004; Stam, Jones, Nolte,
Breakspear, & Scheltens, 2007 van den Heuvel, Stam, Boersma, &
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Hulshoff Pol, 2008; Micheloyannis et al,, 2006). Small-worldness
is a concept in graph theory, which describes a network with an
optimal balance between strong local connections, with high levels
of local clustering for efficient information processing, and long-
distance connections for efficient global information transfer
(Watts & Strogatz, 1998). Research on schizophrenia, Alzheimer's
disease, and autism has revealed different brain network small-
world inclices between patients and control groups (Micheloyannis,
Pachou, Stam, Breakspear et al, 2006; Stam, Jones, Nolte,
Breakspear, & Scheltens, 2007; Tsiaras et al., 2011). Studies on rest-
ing and working state networks have suggested that both intelli-
gence and educational backgrounds may be reflected in various
parameters of the small-worldness of brain graphs (Micheloyannis,
Pachou, Stam, Breakspear et al., 2006: van den Heuvel, Stam, Kahn,
& Hulshoff Pal, 2009). There has also been research on the network
structure of children, who possess small-world organization similar
to that of young adults (Supekar, Musen, & Menon, 2009). However,
the small-worldness of children’s brain graphs in a working state
has not yet been well characterized. In adults, intellectual perfor-
mance is reported to be related to the small-worldness of the brain
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(van den Heuvel et al, 2009). Moreover, research in children has
shown a correlation between left dominance of coherence and cog-
nitive performance during the task of watching cartoon videos
(Kikuchi et al., 2011). We therefore hypothesized an association be-
tween network features and cognitive performance when children
were watching videos freely.

In this paper, we describe relationship between cognitive per-
formance and graph indices of children during free viewing of a vi-
deo. Magnetoencephalographic (MEG) data were recorded from
children by means of a custoin-made child-sized MEG device.
The association matrix of the brain network was estimated using
the mutual information method (Cover & Thomas, 1991). Brain
functional networks were modeled as undirected graphs for fur-
ther network topology investigation. We used the raw scores of
the Kaufman Assessment Battery for Children (K-ABC) (Kaufman
& Kaufman, 1983) as a measure of cognitive performance.

2. Method
2.1. Participants

Thirty children (25 boys, 5 girls) without a psychiatric history
participated in the study. The participants had a mean age of
63.9 (39-81) months. All participants were native Japanese with
normal hearing ability.

2.2. Psychological performance test

The Japanese adaptation of the K-ABC was given to all children
(Kaufman & Kaufman, 1983). The K-ABC is an intelligence test
developed from neuropsychological theory for assessing cognitive
development. Three general raw scores were evaluated by the
K-ABC, namely, the sequential processing scale, the simultaneous
processing scale, and the achievement scale. The mean and stan-
dard deviation of raw scores on each of these were 15.3 £5.4,
29.1 £6.4 and 41.4 £ 11.3, respectively.

The sequential processing scale was evaluated from two sub-
tests. They were (1) hand movement: the child copied a seties of
hand gestures the examiner performed, and (2) number recall:
the child repeated a string of numbers in the same order as the
examiner gave them. The sequential processing scale is categorized
as short term memory (Gsm) ability in the Cattell-Horn-Carroll
(CHC) theory (Flanagan, Ortiz, & Alfonso, 2013).

The simultaneous processing scale was assessed by (1) magic
window: the child identified a picture through a slit, (2) face recog-
nition: the child looked at a photograph of one face and then se-
lected the same face shown in a difference pose, and (3) gestalt
closure: the child described or named a partially completed inkblot
drawing. The simultaneous processing scale is considered to reflect
visual processing {Gv) ability in the CHC model.

The achievement scale was obtained from (1) expressive vocab-~
ulary: children named familiar objects in a photograph, (2) arith-
metic: children solved arithmetic that was presented in a story,
and (3) riddle: children retrieved a word that was based on hints
that were associated with the word. These subtests generally eval-
uate crystallized intelligence (Gc) and quantitative reasoning (Gq)
ability in the CHC model.

2.3. MEG recordings

MEG measurements and the K-ABC were taken on two separate
days. A custom-made, 151-channel whole-head coaxial gradiome-
ter MEG (PQ 1151R; KiT/Yokogawa Corp, Kanazawa, Japan) for
children was used to record MEG data at a sampling rate of
1000 Hz (Kikuchi et al, 2013). The sensor layout is shown in

Fig. 1. Spatial layout of all MEG sensors, where the shaded sensors in color indicate
the 35 sensors selected for sub-network analysis of the frontal and occipital lobes.
(For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.}

Fig. 1. Each child selected a single cartoon video program with a
story of his or her preference before the recording session. Before
the recording, one of the authors (YY) escorted each participant
into the shielded room (Daido Steel, Nagoya, Japan). The MEG
recording sessions required the participants to lie comfortably on
a bed with their head inside the helmet of the MEG system and
to view the video program projected onto a screen. The sound of
the video was delivered to the participants binaurally through a
tube. The staff member stayed in the shielded room to take care
of the participants when necessary and to confirm that each partic-
ipant was enjoying the cartoon video. In each session, we acquired
3-min MEG time series data. During the recordings, the children’s
parent(s) could observe them through a TV monitor. Collection of
data was in accordance with the Declaration of Helsinki and ap-
proved by the Ethics Commnittee of Kanazawa University Hospital.

2.4. Data preprocessing

Data were preprocessed in MATLAB (The MathWorks, Inc.) in
conjunction with the FieldTrip toolbox (Gostenveld, Fries, Maris,
& Schoffelen, 2011). The recorded signals were filtered by an infi-
nite impulse response Chebyshev Type [ filter. The pass band of
the filter was set at 0.1-100 Hz.

The limited self-restraint of children made it difficult for them
to complete the recording session perfectly. Therefore, we applied
independent component analysis (ICA) to isolate and remove arti-
facts from the MEG data. The ICA was performed by the FastlCA
algorithm in the FieldTrip toolbox. Parameters of the FastiCA were
set as follows: stopping residual was 0.0001, nonlinearity function
was g = u?, and the maximum number of iterations was 1000.

We automatically removed artifacts with extremely high Kurto-
sis. Kurtosis, also called the fourth-order cumulant, is a classical
measure of non-Gaussianity. For Gaussian data, kurtosis is equal
to 1. 1t has been successfully used in other research to detect arti-
facts (Escudero, Hornero, Abdsolo, Fernandez, & Lépez-Coronado,
2007). For most non-Gaussian random variables, kurtosis is not
equal to 1.

MEG data were resampled at 250 Hz after artifact removal. In
order to avoid the transition of brain function and other effect of
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possible fatigue and distraction, periods from 40 s to 60 s at 5000
samples per channel were selected for further analysis. All fre-
quency bands of the processed data were used to estimate the
association matrix of the brain network.

2.5. Mutual information

To analyze the networks of the children, the association matrix
of each child was estimated from the MEG data using the concept
of Mutual Information (Ml), which is a measure of the interdepen-
dence between two time series. The most significant feature of Mi
is that it is sensitive to both linear and nonlinear interactions
(Bullmore & Bassett, 2011), We used the MI of each pair of
channels as the element of the association matrix. The MI of two
discrete random variables X and Y is defined as

=5 Py |
I(X:Y) fﬁ;ppc_y}log(I,x(x)py(y). (n

where p(x, ¥) is the joint probability distribution function of X and Y,
and py(x) and p,(y) are the marginal probability distribution func-
tions of X and Y, respectively.

We estimated Ml by separating MEG data into sets of bins. As a
result p,(x) and p,(y) could be obtained by counting the number of
points in each bin. n this study, during the estimation of density
functions, the sampling points (x. y) were eliminated as outliers
for which either x or y held a value of bilateral 0.5%.

2.6. Network construction and eva{uation

We used the association matrix to coenstruct the graph of the
brain network (referred to as the “brain graph” in what follows).
To construct a brain graph, a threshold value needs to be chosen
for determining which channels are connected or not. In fact, there
is no universal criterion for determining the threshold of an asso-
ciation matrix. According to the two rules of comparing brain
graphs (Bulimore & Bassett, 2011), in this study, the value of
threshold was set using the criteria to ensure that all brain graphs
possessed the same number of edges for an easy comparison with
one another.

In this study, we modeled brain networks as undirected and un-
weighted graphs. The characteristic path length, the clustering
coefficient and the small-world scalar are popular indices for undi-
rected unweighted graphs in small-world network theory (Watts &
Strogatz, 1998). These indices can be used to compute information
transfer efficiency in the network. According to the Watts-Strogatz
(WS) model of a network with N vertices and K edges, a small-
world graph should have a short characteristic path length (L) com-
pared with a regular lattice, a iarge clustering coefficient (C) similar
to that of a regular lattice, and a small-world scalar ¢ greater than
1. The indices are defined as follow:
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where a; is equal to 1 when vertices i and j are connected, index k; is
the number of edges incident with i, and d;; is the shortest path
length between vertices  and j. L is the average of the shortest path
connecting any two vertices on the graph. Cis the average probabil-
ity that two edges of a vertex of the graph are the edges of a

triangle. Lyeguiar and Ceegwar are L and C, respectively, of a regular lat-
tice graph with N vertices and K edges.

3. Results
3.1. Mean association matrix

Fig. 2 shows the mean association matrix, which was calculated
by averaging the association matrices of all the participants.

3.2, Network-theoretical analysis of patterns of the brain data and its

.relation to performance

3.2.1. Entire brain

To understand the network structure of the entire brain, we cal-
culated the correlation coefficients between the small-world scalar
of each child’s whole brain network and the raw scores of the glo-
bal scales in the K-ABC test. Fig. 3 shows the correlation coefficient
as a function of the average degree of the network. The range of the
degree that allowed prominent topological properties of the net-
work was chosen. The results showed that all correlation coeffi-
cients between K-ABC raw scores and small-world scalars were
negative. Fig. 3(b) shows that the small-world scalars were nega-
tively correlated with the raw score of the simultaneous processing
scale with strong statistical significance; when the average degree
of the networks was around 20, the negative correlation was statis-
ticaily significant (p < 0.05).

Next, the brain network and the graph indices were examined
under the condition that the average degree of the networks was
set at 21.5. Two typical brain networks are shown in Fig. 4: (a)
the brain network of a participant with a relatively low simulta-
neous processing raw score, and {b) a high score participant’s brain
network. Fig. 5(a) shows the regression line between the smali-
world scalars and the simultaneous processing raw scores. It
showed a strong (p = 0.00007) negative correlation with a correla-
tion coefficient of -0.65978. Fig. 5(b) and (¢) depict the regression
lines for L and C, respectively. L was positively correlated with the
simultaneous processing raw score {(p =0.63786, p=0.00015).
There was no significant correlation between C and the simulta-
necus processing raw score (p =0.34927, p=0.05852). Based on
these results, we separated the participants into two groups by
their simultaneous processing raw score. Comparisons between

40 &
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100 3
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20 40 60 80 100

Fig. 2. The mean association matrix (the average association matrix over all
participants).
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Fig, 3. Correlation coefficient between the small-world scalar and the raw scores of K-ABC. (a-¢) For the sequential processing scale, simultaneous pracessing scale and
achievement scale, respectively. The shaded bars indicate regions where the p-values were smaller than 0.05, flagging statistically significant effects. The small-world scalar
was negatively correlated with the simultancous processing raw score when the average degree was around 20.

Fig. 4. The brain networks of typical participants are drawn, The average degree across vertices was 21.5, (a) The network of a typical participants with a low simultaneous
processing raw score (18) and (b) the network of a typical participants with a high simultaneous processing raw score (33).
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Fig. 5. (a) The regression line of the small-world scalar against.the simultaneous processing raw score (p = ~0,65978, p = 0.00007), (b) that between L and the raw score
{p =0.63788, p = 0.00015), {¢) that between C and the raw score. The figures show the graph indices that are obtained when the average degree across vertices is standardized
at 21.5. The solid lines show correlations having statistical significance. The dashed line indicates failure Lo reach such significance (p > 0.05).

the high-score group and low-score group were made on the L and
C values. The result was shown in Table 1. For further comparison,
the indices of regular and random graphs of average degree of 21.5
are also shown. Both indices of the high-score group were closer to
those of the regular network than were the indices of the low-scove
group.

3.2.2. Task-relgted sub-networks
The small-world scalar showed strong relationship with the
simultaneous processing raw score, i.e., the index of Gv ability.

Therefore, we explored the sub-network features of the frontal
and occipital lobes, which are the brain regions responsible for
the high-leve] cognitive and visual processing. To further explore
the local network patterns of the frontal and occipital lobes. L, C,
and small-world scalars of the participants were re-correlated with
the raw scores using data from selected MEG sensors over the fron-
tal and occipital lobes (Fig. 1). A pilot study provided the network
degree at which significant effects emerge. Fig. 6 shows the corre-
lation coefficient between the small-world scalar and cognitive
performanceé as a function of the average degree. It was observed
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Table 1
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L and € values of the networks found in high and low score groups, as well as the p-
values between groups. The corresponding values for regular and random networks
are shown for camparison.

Network L ¢

M £ Std. p-Value Mz Std. p-Value
Regular 3.997 0714
High score group  2.862=0.127  0.00004°  0602£0.007  0.17836
Low scaore group 2.640£0.121 0.596 £ 0.015
Random 1.899 0.148

M. mean; Std, standard deviation.
" p-Value < Q.05.

that all of the global raw scores were positively correlated with the
small-world scalar when the average degree was around 8.

The sub-networks calculated with an average degree of 8 are
the focus of this part. Fig. 7 shows (a) the sub-network of a
participant with a relatively low K-ABC score, and (b) a high-scor~
ing participant's sub-network. Fig. 8 shows the regression lines of
the sub-network small-world scalar, L, and C values against the
simultaneous processing raw scores. The correlation coefficient of
the small-world scalars was 0.41367 (p =0.02306). L was nega-
tively correlated with the raw scores {(p = -0.37470, p = 0.04018),
and C was positively correlated with the raw scores (p = 0.37044,
p=0.04389).

4. Discussion
4.1. K-ABC scores and small-worldness

Compared with other global raw scores, the simultaneous pro-
cessing raw score showed the strongest correlation with the

(@) (b)

sequential processing scale

simultaneous processing scale

whole-brain graph index. A possible reason is that the simulta-
neous processing scale is also the scale describing the Gv ability:
the ability to generate, store, retrieve and transform visual images
and sensations (McGrew, 2009). In the present study, the MEG data
were obtained while children were watching videos freely. The free
viewing of video is a task that mainly exercises the Gv ability.
Therefore, the brain network activation may have been strongly re-
lated to Gv, also known as simultaneous processing. Thus, the
simultaneous processing raw score would show stronger correla-
tion with the graph index of the brain network. Qur results showed
that the brain graphs of participants with better cognitive perfor-
mance possessed a lower small-world scalar. Therefore, the net-
works of children with a high score in simultaneous processing
may possess weaker small~-worldness during the free viewing of vi-
deo. We found in Fig. 5(b) that L was positively correlated with the
simultaneous processing raw score and the effect was statistically
significant (p = 0.00015). Fig. 5(c) indicates that C did not correlate
significantly with the simultaneous processing raw score. In
Fig. 3(c), we showed that the achievement raw score had a weaker
correlation with the small-world scalar than the simultaneous
processing raw score. The achievement scale was evaluated by
the expressive vocabulary test and the arithmetic test. The expres-
sive vocabulary test evaluated Gq: however, the test also exercised
Gv ability because of the task stimulus modality, naming the ob-
jects in a photograph.

4.2. Nerwork features of well-functioning brains

For descriptive convenience, we categorize the brains of
participants with relatively better cognitive performance (e.g.,
participants with high IQ or well-educated participants in studies
of healthy people), and the brains of control groups without
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Fig. 6. Correlation coefficients between the small-world scalar of the sub-network and the raw scores of the K-ABC. (a-c) Show the sequential processing scale, the
simultancous processing scale, and the achievement scale, respectively. The shaded bars indicate p-values smaller than 0.05. The small-world scalar was positively correlated

with all the global raw scores when the average degree was around 8.
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Fig. 7. (a) The sub-network of a typical participant with a low K-ABC total score (37), and (b) the sub-network of a typical participant with a high K-ABC total score (S1). The

average degree was 8.
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