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Introduction: Although deficits in neuropsychological functioning have been reported in 
social anxiety disorder (SAD), studies focusing on neuropsychological dysfunction in SAD 
are limited, and the evidence is still lacking. The purpose of this study was to examine the 
deficits in neuropsychological functioning in patients with SAD by comparing SAD patients 
and a healthy control (HC) group.
Materials and Methods: A total of 72 participants (20 in the SAD group and 52 in the HC 
group) were assessed with neuropsychological tests, consisting of the Rey Complex Figure 
Test (RCFT) to measure central coherence and the Trail Making Test A and B (TMT-A; 
TMT-B) to measure visual scanning and executive functioning.
Results: Analysis of covariance with depressive symptoms as a covariate revealed that 
central coherence (RCFT) and visual scanning (TMT-A) were significantly lower in the SAD 
group than in the HC group. No difference was found in executive functioning (TMT-B) 
when the effect of visual scanning was considered.
Discussion: Our findings suggest that SAD patients have weak central coherence and 
deficits in visual scanning compared to healthy controls. The clinical implications of these 
neuropsychological functioning deficits in SAD patients are discussed.
Keywords: social anxiety disorder, neuropsychological functioning, central coherence, 
visual scanning, executive functioning

Introduction
Social anxiety disorder (SAD) is characterized by a marked and persistent fear of social 
situations.1 SAD is one of the most common anxiety disorders, with a lifetime pre-
valence rate of 10.7%.2 For SAD, cognitive behavioral therapy (CBT) and pharma-
cotherapy are the first-line treatments.3 However, approximately 40−60% of patients 
fail to respond to pharmacotherapy.4,5 Although CBT is effective for those patients, the 
remission rate of SAD is 40.1% post-treatment, indicating there is still room for 
improvement.6,7 Some CBT techniques for SAD are derived from cognitive psychol-
ogy (eg, attentional bias modification), and the cognitive process plays an important 
role in treatment.8 Thus, to improve treatment effects for SAD patients, it is necessary 
to understand the cognitive factors specific to SAD patients.

A previous systematic review of 30 studies examining neuropsychological 
testing in general suggested that SAD is related to neuropsychological 

Correspondence: Yoshiyuki Hirano  
Research Center of Child Mental 
Development, Chiba University, 1-8-1, 
Inohana, Chuo Ward, Chiba-shi, Chiba 
260-8670, Japan  
Tel +81-43-226-2975  
Fax +81-43-226-8588  
Email hirano@chiba-u.jp

submit your manuscript | www.dovepress.com Neuropsychiatric Disease and Treatment 2020:16 2849–2855                                            2849

http://doi.org/10.2147/NDT.S283950 

DovePress © 2020 Okawa et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Neuropsychiatric Disease and Treatment                                              Dovepress
open access to scientific and medical research

Open Access Full Text Article

N
eu

ro
ps

yc
hi

at
ric

 D
is

ea
se

 a
nd

 T
re

at
m

en
t d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0001-7847-6381
http://orcid.org/0000-0003-3844-3061
mailto:hirano@chiba-u.jp
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


dysfunction.9 However, only 6 out of those 30 studies 
primarily focused on neuropsychological functioning, 
while the others focused on cognitive bias. Hence, evi-
dence regarding neuropsychological dysfunction in SAD 
patients is still lacking.9 One neuropsychological test 
widely used in SAD research is the Trail Making Test 
(TMT). The TMT is composed of two parts: the TMT-A 
measures visual scanning, and the TMT-B measures 
executive function. Comparisons of TMT-A results 
between SAD patients and healthy controls (HC) in sev-
eral studies indicated that SAD patients have a deficit in 
visual scanning.10,11 Therefore, the evidence for visual 
scanning deficits in SAD patients is solid. In contrast, 
results for the TMT-B varied in these studies. 
Specifically, Fujii et al11 reported no difference between 
SAD patients and healthy individuals, while Cohen et al10 

reported a significant difference between SAD patients and 
HCs. However, although inconsistencies regarding execu-
tive function deficits among SAD patients exist, a more 
discernable pattern can emerge by considering specific 
cognitive domains.

Another neuropsychological function previously exam-
ined in SAD research is central coherence, as measured by 
the Rey Complex Figure Test (RCFT). Weak central 
coherence indicates a tendency to focus on detailed infor-
mation, with difficulties in switching one’s attention to 
global information.12 This processing bias leads to an 
inability to integrate information within the proper 
context.13 A few studies have examined the relationship 
between SAD and RCFT performance; however, each 
study used a different scoring system, and no study 
found a relationship between SAD and the RCFT.14–16 

For example, one study compared 41 individuals with 
anxiety disorders and 27 individuals with no mental health 
disorders by using precision and the location of each part 
in the figures as outcome variables,14 while another study 
that compared 25 individuals who met SAD criteria and 25 
individuals who did not meet any psychiatric criteria used 
the RCFT to examine participants’ ability to reproduce the 
figures.15 No studies have directly measured central coher-
ence, which consist of both the order index (drawing 
a global or local element first) and style index (degree of 
coherency in drawing).17 Thus, whether SAD patients 
have deficits in central coherence is still unknown.

Neuropsychological dysfunction in anxiety disorders 
can be explained by the attentional control theory 
(ACT).18 ACT assumes a bidirectional influence from 
attentional control to anxiety, and from anxiety to 

attentional control. A high level of anxiety impairs the 
efficiency of neuropsychological functioning, and poor 
neuropsychological functioning can be a risk factor for 
anxiety.18 A meta-analysis of 58 studies found that parti-
cipants with high anxiety levels tended to have greater 
attentional control deficits, compared to those with low 
anxiety levels, with a medium effect size (Hedges’ g = 
−0.58).19 Thus, on the basis of ACT, it could be assumed 
that SAD patients have deficits in neuropsychological 
functioning.

The purpose of the present study was to examine 
neuropsychological dysfunction in SAD by comparing 
patients with SAD and an HC group. Our first hypothesis 
was that the SAD group would have lower central coher-
ence than the HC group. Previous studies failed to find 
a difference in RCFT results between SAD and HC 
groups; however, they did not use the central coherence 
index (CCI) as an outcome measure.14–16 Therefore, we 
used the CCI to measure RCFT outcomes in this study. 
The second hypothesis was that SAD patients would show 
deficits in visual scanning and executive function, com-
pared with HCs. Although several studies reported that 
SAD patients have low visual scanning ability, findings 
on the differences in executive function between SAD 
patients and HCs have been inconsistent.10,11 Since the 
findings regarding neuropsychological dysfunction in 
SAD patients also tend to be inconsistent across studies, 
adding more data to current literature in the field would be 
beneficial for increasing understanding of the role of neu-
ropsychological dysfunction in SAD.

Materials and Methods
Participants
This study collected data from 72 participants, who were 
divided into SAD and HC groups. The SAD group, 
included 20 participants (13 male, 7 female), with an age 
range of 15 to 46 years (mean = 27.2, SD = 9.24). Patients 
with SAD were recruited through referrals from Chiba 
University Hospital. All patients in the SAD group were 
diagnosed by a psychiatrist using the Mini-International 
Neuropsychiatric Interview for the DSM-IV-TR or DSM- 
5. Exclusion criteria for the SAD group were: (1) any 
organic central nervous system disorder, (2) psychosis, 
(3) intellectual disability, (4) high risk of suicide, (5) 
substance abuse or dependence, or (6) unstable medical 
condition. Participants in the HC group were recruited 
through posters displayed at Chiba University and 
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a participant recruitment website. Participants were 
excluded from the HC group if they had a history of 
mental health disorders. The HC group included 52 parti-
cipants (35 male, 17 female), with an age range of 19 to 69 
years (mean = 26.96, SD = 10.21).

Ethical approval was obtained from the Ethics 
Committee of Chiba University (study number 2120). 
Written informed consent was obtained from each partici-
pant and, a parent provided informed consent for any 
participant under the legal age of majority. This study 
was conducted in accordance with the Declaration of 
Helsinki.

Measures
Liebowitz Social Anxiety Scale
We used the Liebowitz Social Anxiety Scale (LSAS)20 to 
evaluate social anxiety symptoms. The LSAS contains 24 
items for rating fear and 24 for avoidance, and each item is 
rated on a 4-point scale. The Japanese version of the 
LSAS21 has been shown to have excellent internal consis-
tency reliability (α = 0.95) and convergent validity.21,22 

Higher scores reflect higher levels of social anxiety 
symptoms.

Beck Depression Inventory-II
Since prior studies suggested that depressive symptoms 
are related to neuropsychological functioning,9 we used 
the Beck Depression Inventory-II (BDI-II) to evaluate 
depressive symptoms.23 The BDI-II consists of 21 items, 
and each item is rated on a 4-point scale. The Japanese 
version of the BDI-II has demonstrated good internal con-
sistency reliability (Cronbach’s α = 0.87) and convergent 
validity.24 Higher scores reflect more severe levels of 
depression.

Rey Complex Figure Test
The RCFT25 is a neuropsychological task that measures 
central coherence.26 Participants were asked to copy 
a figure on a blank piece of paper using a pencil or on 
a tablet with a tap pencil. For the RCFT, those who 
participated before March 2019 used paper, while all 
those who participated after April 2019 used a tablet. 
The administration of the RCFT to all participants was 
video recorded to allow other researchers to score the test 
or confirm the scoring. The style index, order index, and 
CCI were calculated.17 The style index measures whether 
the drawing process is fragmented or coherent, while the 
order index measures whether the participants prefer 

global or detailed elements. The CCI, which measures 
central coherence, is calculated from the style index and 
the order index. This scoring system has been used in 
several previous studies.27,28 A higher score reflects higher 
global processing.

Trail Making Test
The TMT29 consists of two parts: the TMT-A and TMT-B. 
Participants were asked to draw lines to connect randomly 
located numbers from 1 to 26 in the TMT-A. In the TMT- 
B, participants were required to connect the randomly 
located numbers and hiragana (Japanese syllabary) alter-
nately (eg, 1-あ-2-い).30 Scores for both the TMT-A and 
TMT-B are the amount of time required to connect all the 
characters. The TMT-A measures visual scanning and 
psychomotor speed, whereas the TMT-B measures execu-
tive function. We also calculated the difference between 
the TMT-A and TMT-B (B-A) as well as the ratio of the 
two parts (B/A) to adjust the effects of motor speed and 
visual scanning ability in executive function. The test- 
retest reliability for the TMT-A and TMT-B was confirmed 
in a previous study.31 A longer time required to complete 
the task indicates poorer performance.

Statistical Analyses
All analyses were conducted using Stata 16 (Stata Corp, 
College Station). Two missing values for the SAD group 
in the TMT-A and TMT-B were omitted from the analyses. 
We first examined differences in demographic and clinical 
measures between groups by using a series of chi-square 
tests and independent two-sample t-tests. We then com-
pared neurocognitive performance using analysis of covar-
iance (ANCOVA). Outcomes of each neuropsychological 
test were entered as the dependent variable, and the BDI-II 
was included as a covariate. Effect sizes were evaluated 
using eta-squared (η2) and were interpreted to be small 
(0.01), medium (0.06), or large (0.14).32

Results
The means and standard deviations (SD) for demographic 
data and each measurement in the SAD and HC groups are 
shown in Table 1. There were no significant differences in 
demographic data between groups (gender: χ2 (1) = 0.035, 
p = 0.852; age: t (70) = 0.091, p = 0.928; education: t (61) 
= −1.80, p = 0.078). We found significant differences in 
LSAS (t (70) = 9.84, p < 0.001) and BDI-II (t (70) = 5.04, 
p < 0.001) scores. Although some prior studies suggested 
that depressive symptoms are related to 
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neuropsychological functioning,9 we found no association 
between depressive symptoms and any measures of neu-
ropsychological functioning in both the SAD (p = 0.342 to 
0.946) and HC groups (p = 0.180 to 0.761), based on 
Pearson’s correlation analysis. However, the difference in 
depressive symptoms between groups may have affected 
the neuropsychological performance results. Thus, we set 
the BDI-II as a covariate in the ANCOVA to examine the 
differences in neuropsychological test scores between 
groups.

Table 2 presents the neuropsychological test scores for 
the SAD and HC groups and the ANCOVA results. The 
SAD group showed poorer global processing than the HC 
group (CCI: F (1, 46) = 4.35, p < 0.05, η2 = 0.086) after 
controlling for BDI-II scores. We also found significant 
differences in the TMT-A (F (1, 45) = 29.47, p <0.001, η2 
= 0.395) and TMT-B (F (1, 45) = 13.39, p < 0.001, η2 = 

0.229) results between groups after controlling for BDI-II 
scores. However, no significant differences were found in 
style index, order index, B-A, and B/A results between the 
SAD and HC groups (effect size range: η2 = 0.000 to 
0.069).

Discussion
The present study aimed to examine differences in neu-
ropsychological functioning between patients with SAD 
and healthy individuals. We found central coherence and 
visual scanning were lower in SAD patients than in the HC 
group. The two groups also differed significantly in TMT- 
B results; however, this significant difference disappeared 
when controlling for the effect of visual scanning. To our 
knowledge, this is the first study to examine weak central 
coherence in SAD using a direct measurement of central 
coherence.

Table 1 Demographic Data and Clinical Measures

SAD (n = 20) HC (n = 52) Statistics p-value

Age: Mean (SD) 27.2 (9.24) 26.96 (10.21) t (70) = 0.091 p = 0.928

Gender: n (%)

Male 13 (65.0%) 35 (67.3%)
Female 7 (35.0%) 17 (32.7%) χ2 (1) = 0.035 p = 0.852

Education: years (SD) 13.8 (0.55) 14.86 (0.31) * t (61) = −1.80 p = 0.078

Duration of illness: years (SD) 9.9 (7.07)

LSAS: Mean (SD) 88.55 (23.15) 29.83 (22.50) t (70) = 9.84 p < 0.001
BDI-II: Mean (SD) 17.3 (14.74) 5.52 (5.22) t (70) = 5.04 p < 0.001

Notes: *There were nine missing values in the HC group. Significant values are indicated in bold. 
Abbreviations: LSAS, Liebowitz Social Anxiety Scale; BDI-II, Beck Depression Inventory.

Table 2 Group Differences in Neuropsychological Functioning

SAD HC

Mean (SD) Mean (SD) F-Statistic p-value Effect Size (η2)

RCFT
Style 1.45 (0.42) 1.60 (0.33) F (1, 46) = 3.45 p = 0.069 0.069

Order 2.16 (0.53) 2.34 (0.44) F (1, 46) = 3.16 p = 0.082 0.064

CCI 1.38 (0.32) 1.51 (0.27) F (1, 46) = 4.35 p = 0.043 0.086

TMT*

TMT-A 86.72 (39.88) 50.94 (10.62) F (1, 45) = 29.47 p < 0.001 0.395
TMT-B 104.67 (46.59) 67.27 (23.84) F (1, 45) = 13.39 p < 0.001 0.229

B-A 17.94 (46.43) 16.33 (23.21) F (1, 45) = 0.02 p = 0.894 0.000

B/A 1.32 (0.67) 1.35 (0.49) F (1, 45) = 0.03 p = 0.869 0.000

Notes: All variables submitted to ANCOVAs with the BDI-II as a covariate. Significant difference is indicated in bold. *Two missing values from the SAD group were omitted 
from the ANCOVAs for the TMT. We also conducted ANCOVAs with multiple imputed data and confirmed the same results with missing value data omitted. 
Abbreviations: RCFT, Rey Complex Figure Test; CCI, Central Coherence Index; TMT, Trail Making Test.
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The first hypothesis (ie, the SAD group would have 
lower central coherence than the HC group) was con-
firmed. The ANCOVA results with the BDI-II as 
a covariate indicated that SAD patients had lower RCFT 
performance compared to HCs. This result was inconsis-
tent with the findings of a prior study.14–16 The inconsis-
tency can be explained by the use of different outcome 
measures. In this study, we used the CCI, which directly 
assess central coherence ability, whereas other studies used 
outcome measures such as precision and the location of 
each part of a figure to measure visuoconstructive skill 
using RCFT.14 From our results, it can be assumed that 
SAD patients tend to focus on details rather than global 
information. The weak central coherence in SAD patients 
can potentially be explained based on ACT.18 Patients with 
SAD might have experienced difficulties in concentrating 
on the task at hand,33 thus resulting in weak central coher-
ence. Another explanation could be that weak central 
coherence is an individual trait caused the development 
of SAD. Weak central coherence in SAD is broadly con-
sistent with previous studies from the view of mental 
health disorders in general. For example, a previous 
study found weak central coherence in patients with treat-
ment-refractory obsessive compulsive symptoms.34 Thus, 
it can be inferred that SAD patients have difficulties in the 
process of integrating information; however, further 
research is needed to identify the causal mechanism of 
weak central coherence.

Our second hypothesis (ie, SAD patients would have 
deficits in visual scanning and executive function) was 
partially confirmed. There were significant differences in 
the time for both the TMT-A and TMT-B between the 
SAD and HC groups. Although the results of the TMT-A 
and TMT-B were inconsistent in previous studies,10,11 the 
present study supported the significant difference in the 
time for the TMT-A and TMT-B between groups. 
However, the difference in the TMT-B became nonsigni-
ficant when the effect of the TMT-A was considered 
(B-A and B/A). It can be suggested that the significant 
difference in the TMT-B was due to the effects of visual 
scanning and psychomotor speed. Therefore, it is likely 
that there are deficits in visual scanning and psychomotor 
speed in SAD, even when the effect of depression is 
controlled. However, executive function deficits were not 
found in SAD patients in the current study.

Our findings are relevant to the treatment of SAD 
patients. The present study suggests that SAD patients 
have weak central coherence and deficits in visual 

scanning and psychomotor speed. From our results, it 
can be inferred that neuropsychological functioning may 
be related to the maintenance factor of SAD. SAD symp-
toms are maintained through attentional bias, and there is 
a possibility that neuropsychological functioning underlies 
attentional bias. For example, weak central coherence in 
SAD may be related to hypervigilance to threats, which 
leads to information being inaccurately integrated.35 

Attentional bias modification is a technique often used in 
CBT, and thorough understanding of the function of atten-
tion is needed to enhance the therapeutic effect.8 Our 
finding that weak central coherence and visual scanning 
deficit in SAD offers a new direction for research to 
support SAD patients. Further research focusing on central 
coherence and visual scanning may contribute to clarifying 
the mechanism by which CBT affects SAD to improve 
therapeutic effects.

Limitations
There were several limitations to this study. The sample 
size was small in the SAD group. As a small sample size 
limits the generalizability of the findings, further studies 
with larger sample sizes are warranted. Another limitation 
was that, although this study suggested that the mainte-
nance factor of SAD may be affected by weak central 
coherence, we did not measure maintenance factors, such 
as interpretation bias or attentional bias. Therefore, future 
research examining the relationship between central coher-
ence and maintenance factors of SAD is necessary. 
Furthermore, as the study design was cross-sectional, 
longitudinal research is warranted to study the causality 
of deficits in neuropsychological functioning and SAD.

Conclusion
Despite the limitations, this study offers valuable informa-
tion about neuropsychological function deficits in SAD 
patients. It can be suggested that SAD patients have 
weak central coherence, visual scanning, and psychomotor 
speed, compared to healthy individuals. Thus, our results 
shed some light on the aspect of neuropsychological func-
tioning in SAD.
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