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Abstract
AIM: To investigate executive function in Japanese adolescents and adults with autism spectrum disorders (ASD) compared to Japanese controls.

METHODS: Thirty-three individuals with ASD and 33 controls participated. The ASD and control groups’ demographic variables were matched for gender (male/female: 20/13 vs 20/13), age (26.1 ± 11.5 vs 26.8 ± 9.6), years of education (13.2 ± 2.9 vs 14.2 ± 1.9), full-scale intelligence quotient (IQ) (103.0 ± 16.7 vs 103.7 ± 14.7), performance IQ (96.2 ± 16.1 vs 97.8 ± 15.0), and verbal IQ (107.9 ± 16.3 vs 107.7 ± 14.4). Participants performed the Wisconsin Card Sorting Test (WCST), which assesses the executive processes involved in problem solving and cognitive flexibility, and the Continuous Performance Test (CPT), which assesses attention and impulsivity. Symptoms were assessed by the Autism-Spectrum Quotient Japanese version (AQ-J). First, we compared the scores of the WCST between the groups using a Mann-Whitney U-test and conducted an analysis of covariance for the variables with the scores of category archives and CPT scores as covariates. Second, we analyzed the correlation between the scores of the WCST and the AQ-J in the ASD group using Pearson’s r.

RESULTS: The total errors (TE) and the percentages of perseverative errors of the Milner type (%PEM) and Nelson type (%PEN) among the TE in the ASD group were significantly worse compared with the control group (ASD vs Control, respectively: TE: 16.0 ± 6.2 vs 12.6 ± 3.5, P = 0.012; %PEM: 11.7 ± 10.7 vs 6.6 ± 8.9, P = 0.037; %PEN: 20.1 ± 14.5 vs 8.7 ± 10.4, P = 0.0011). In contrast, no significant difference was observed between the two groups in the scores of categories achieved on the WCST or the CPT. An analysis of covariance revealed significant differences between the groups in the %PEN scores (P = 0.0062) but not in the TE or the %PEM scores. These results suggest that Japanese adolescents and adults with ASD have cognitive inflexibility. Furthermore, our results suggest that Japanese adolescents and adults with ASD may have difficulties using negative feedback because perseverative errors of the Nelson type indicate persistence in choosing the incorrect reaction. By contrast, there was no significant correlation between the WCST and AQ-J scores.

CONCLUSION: We confirmed the presence of cognitive inflexibility in Japanese adolescents and adults with ASD. Our results also indicated that subjects with ASD may not use negative feedback effectively.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Autism spectrum disorders (ASD), also known as pervasive developmental disorders (PDD), are defined, according to Text Revision of the Diagnostic and Statistical Manual of Mental Disorders (DSM-Ⅳ-TR), as severe and pervasive impairments in the development of reciprocal social interactions and verbal and nonverbal communication skills as well as stereotyped behavior, interests, and activities. Over the past decade, the prevalence rate of ASD has risen to 0.2%-1.0% worldwide[1]. However, the neural basis of ASD remains poorly understood. Recently, the new DSM-5 diagnostic criteria were published. One of the most important differences in ASD between the old and new criteria is the narrower diagnosis under the DSM-5 compared to the DSM-Ⅳ-TR. According to the DSM-5, the prevalence of ASD is lower than that reported in the DSM-Ⅳ-TR[2].

The neuropsychological explanation of ASD is at an intermediate level between the brain and behavior. Three key neuropsychological domains have been proposed as key cognitive disabilities to explain the phenotype of ASD[3,4]: social cognition, central coherence, and executive function. Restricted and repetitive behaviors and interests have been proposed to be closely associated with executive dysfunctions in individuals with ASD[3,5]. Executive functions refer to a variety of functions, such as planning, working memory, impulse control, inhibition, and cognitive flexibility[6]. Each function can be assessed by various tasks. Among these tasks, the Wisconsin Card Sorting Test (WCST)[7] is one of the most distinctive tests of cognitive flexibility impairments[8]. In previous studies, children with autism were highly perseverative on this task compared to typical developmental controls and to children with other developmental disorders, such as attention deficit hyperactivity disorder (ADHD), language disorder, Tourette syndrome, and dyslexia[9,10]. Some studies have reported no significant difference in perseverative errors on the WCST after controlling for verbal functioning[11,12]. These findings suggest that perseverative tendencies may be related to verbal ability. Other studies have reported normal perseverative performance in individuals of average intelligence with autism[13,14]. However, this opinion is controversial[15]. Some studies have reported executive differences between subjects with ASD and ADHD. ADHD is primarily defined by inattention, hyperactivity, and impulsivity (DSM-Ⅳ-TR, DSM-5). Both ASD and ADHD involve executive function (EF) deficits, and individuals with ASD often show ADHD symptoms[16]. In one study, the ASD group exhibited significant impairments in initiation, planning, and strategy formation[17]. In contrast, the ADHD group had difficulty withholding a response, with relative preservation of initiation and planning abilities[17]. The ASD group with ADHD was found to have more problems in inhibitory performance but not in the working memory task compared to the ASD group without ADHD symptoms[18]. The combination of ASD and ADHD has also been associated with poorer attention than ASD alone[19]. Thus, ADHD symptoms have been suggested to have an additive effect on EF.

Because subjects with ASD often show attention deficits, we assessed the attention levels of the participants by using the Continuous Performance Test (CPT). In addition, years of education and the version of the WCST used can influence the WCST[20]. The original WCST required subjects to use communication skills related to verbal and non-verbal task demands by the tester. Compared to the original WCST, the computerized task has been reported to be easier for subjects with ASD because it reduces social task demands by the tester[8,12]. Previous findings have shown that children with ASD made more preservation errors on a controlled task-switching variant of the WCST[6]. Thus, cognitive flexibility may be confounded by intelligence, verbal functioning, years of education, attention level, and task demands. To our knowledge, there are no reports in Japan that compare subjects with ASD to controls who are strictly matched for these confounding factors. Therefore, to reduce the influence of these confounding factors, we investigated cognitive flexibility between individuals with ASD and controls matched for gender, age, education years, attention level, full-scale intelligence quotient (IQ) (FIQ), verbal IQ (VIQ), and performance IQ (PIQ). We used a computerized version of the WCST to reduce social task demands. 

Adolescents and adults participated in our study because the diagnosis of ASD has recently become more widespread, and the cognitive characteristics of adolescents and adults with ASD are not well known[21]. Symptoms of ASD are thought to be maintained throughout life. Therefore, the investigation of cognitive characteristics in various life stages is very important for treatment[21]. Another benefit to studying the cognitive characteristics of both adolescents and adults is to avoid results based on individual developmental variation.

MATERIALS AND METHODS
Subjects

The study cohort consisted of 33 patients with ASD and 33 healthy controls. All participants were Japanese. We obtained data on patients with ASD and healthy controls from the research bio-resource of the Human Brain Phenotype Consortium in Japan (http://www.sp-web.sakura.ne.jp/consortium.html). The ASD and control groups’ demographic variables were matched for age, gender, education years, FIQ, VIQ, and PIQ (Table 1). Patients with ASD were recruited from both outpatient and inpatient services at Osaka University Hospital. Each ASD patient was diagnosed by at least two trained child psychiatrists according to the criteria in the DSM-Ⅳ-TR. Diagnoses were based on unstructured or semi-structured behavioral observations of the patients and interviews with the patients and their parents or caregivers, as described previously[22]. In addition, ASD criteria on the Autism Diagnostic Interview-Revised[23], the Pervasive Developmental Disorders Autism Society Japan Rating Scale (PARS)[24], and the Autism-Spectrum Quotient Japanese version (AQ-J)[25] were used to assist in the evaluation of ASD-specific behaviors and symptoms. The PARS is a semi-structured interview that is composed of 57 questions in eight domains of the characteristics of children with PDD. This interview was developed by the Autism Society of Japan. Four subjects met the full criteria for autistic disorder, 15 subjects met the criteria for Asperger’s disorder, and 14 subjects met the criteria for PDD Not Otherwise Specified. Among the patients with ASD, none of the subjects had a low IQ (< 70). The medications taken by the participants with ASD at the time of testing were as follows: 18 participants were free of medication, nine participants were treated with antipsychotics (mean CPZ equivalent: 240.0 mg/d; range: 25-750 mg/d), five participants were treated with antidepressants and/or other drugs, and one participant had an unknown medication regimen.

A detailed description of the healthy controls has been provided in previous reports[26]. Briefly, the controls were biologically unrelated Japanese subjects. Healthy controls were screened using the structured clinical interview for the DSM-5 Axis Ⅰ disorders. Subjects were excluded if they had neurological or medical conditions that could potentially affect the central nervous system, had any psychiatric diseases and/or received psychiatric medication, had first- or second-degree relatives with a psychiatric disease, or presented with an IQ less than 70.

Following a description of the study, written informed consent was obtained from each subject. This study was conducted in accordance with the World Medical Association’s Declaration of Helsinki and was approved by the ethics committee at Osaka University.

Cognitive tests

Wechsler Adult Intelligence Scale-Ⅲ: The IQ data for all subjects were measured using the Japanese version of the full-scale Wechsler Adult Intelligence Scale-Ⅲ[27].
Computerized WCST 
All participants completed a computerized version of the Computerized WCST, the Keio Version[28]. The computerized version can eliminate the social task demands required in the original version, including verbal and non-verbal communications with the tester. The WCST consists of four stimulus cards and 48 response cards with geometric figures that vary according to three perceptual dimensions (color, form, or number). The task requires subjects to find the correct classification principle by trial and error and computer feedback. This means that there are no indications that a switch occurred or knowledge about the rules that should be applied. Following sequences of six consecutive correct matches, the classification principle changes without warning. We analyzed the outcome measures as follows: the number of categories achieved (CA), the total errors (TE), the percentage of TE for perseverative errors of the Milner type (%PEM), and the percentage of TE for perseverative errors of the Nelson type (%PEN). The CA consists of the number of sequences of six consecutive correct matches. The PEM is the total number of incorrect responses following the category concept that was previously answered correctly. The PEN is the total number of incorrect responses in the same category as the immediately preceding incorrect response.

Continuous performance test

Attention in all subjects was measured using the Continuous Performance Test-Identical Pairs version (CPT-IP), as described previously[29]. CPT-IP is a computerized version of the test. Participants were required to focus on a computer screen that presented various two- to four-digit numbers for a short duration. The participants were instructed to maintain a finger press on the mouse and only respond by lifting the finger when two identical stimuli appeared on consecutive trials. A signal detection index, D’, is the most commonly studied variable of the CPT-IP; it is considered a relatively pure measure of sustained attention because it controls for response bias. Therefore, the parameter D’ was used as the outcome variable representing a measure of sensitivity composed of hits and false alarms. D’ 2, D’ 3, and D’ 4 correspond to the number of digits in each number. A high score of D’ indicates high performance. We compared the mean scores of D’ 2, D’ 3, and D’ 4 between ASD subjects and controls (Table 1).

Statistical analysis

Statistical analysis was performed using SPSS for Windows version 16.0 (SPSS Japan Inc., Tokyo, Japan). Group comparisons of demographic data and performance data were performed using a 2 test for categorical variables and a Mann-Whitney U-test for continuous variables. Because we observed tendencies toward reduced performance in the CA and reduced mean D’ score of the CPT in individuals with ASD compared to the controls, we conducted an analysis of covariance (ANCOVA) for the WCST indices with the scores of the CA and the mean D’ score as covariates. To investigate the effects of AQ-J and IQ scores on performance in the WCST, Pearson’s r was used to correlate performance scores with IQ for each variable. This analysis was conducted separately for the control group and the ASD group. All P values reported are two-tailed. Statistical significance was defined as P < 0.05.

RESULTS
Descriptive statistics
There were no significant differences in gender, age, education years, FIQ, VIQ, or PIQ between the groups (ASD vs control, respectively, for each variable: male/female: 20/13 vs 20/13, 2 (1, n = 66) = 1.00, P = 1.00; age: 26.1 ± 11.5 vs 26.8 ± 9.6, U = 459.0, z = -1.10, P = 0.27; age range: 15-63 vs 18-61; education years: 13.2 ± 2.9 vs 14.2 ± 1.9, U = 441.0, z = -1.35, P = 0.18; FIQ: 103.0 ± 16.7 vs 103.7 ± 14.7, U = 534.0, z = -0.13, P = 0.89; PIQ: 96.2 ± 16.1 vs 97.8 ± 15.0, U = 495.5, z = -0.63, P = 0.53; VIQ: 107.9 ± 16.3 vs 107.7 ± 14.4, U = 521.0, z = -0.30, P = 0.76) (Table 1). Subjects with ASD had significantly higher total scores on the AQ-J compared to controls (ASD: 31.73 ± 7.54, Control: 18.88 ± 6.35, U = 62, z = -4.96, P = 6.8 × 10-7).

Attention level

We found that the mean D’ scores of the CPT tended to be lower in the ASD group compared with the controls (ASD: 3.10 ± 0.61, Control: 3.38 ± 0.53, U = 396.0, z = -1.90, P = 0.057) (Table 1). We used D’ scores on the CPT as covariates for the analysis of cognitive flexibility.

Cognitive flexibility

Compared to the controls, subjects with ASD performed worse in the WCST categories, including the TE (ASD: 16.03 ± 6.24, Control: 12.61 ± 3.52, U = 350.0, z = -2.51, P = 0.012), the %PEM (ASD: 11.69 ± 10.72, Control: 6.58 ± 8.87, U = 389.0, z = -2.09, P = 0.037), and the %PEN (ASD: 20.09 ± 14.54, Control: 8.74 ± 10.41, U = 294.0, z = -3.26, P = 0.0011) (Table 2). No significant difference was found in the CA scores between the groups (ASD: 4.76 ± 1.28, Control: 5.24 ± 0.90, U = 433.5, z = -1.51, P = 0.13) (Table 2). CA and attention may influence the performance of subjects on the WCST. Thus, we conducted an analysis of covariance (ANCOVA) for the three disturbed WCST variables with the mean D’ scores of the CPT and the CA as covariates to control for confounding factors. An ANCOVA revealed a significant difference in the %PEN between the two groups (F1,62 = 8.04, P = 0.0062), whereas no significant differences were found in the TE or the %PEM between the groups (TE: F1,62 = 3.36, P = 0.072, %PEM: F1,62 = 1.37, P = 0.25). These results suggest that adolescents and adults with ASD made more perseverative errors of the Nelson type than the controls.

Correlations between intelligence and cognitive flexibility

We investigated correlations between IQ scores and scores on the WCST (Supp 1). There were weak negative correlations between the %PEN and the FIQ or the VIQ (FIQ: r = -0.41, P = 0.019, VIQ: r = -0.42, P = 0.015), whereas there were no significant correlations between IQ scores (PIQ, VIQ, or FIQ) and the other measurements of the WCST in the subjects with ASD. There were no significant correlations between scores on the three domains of IQ (FIQ, VIQ, and PIQ) and the measurements of the WCST in the controls. These results suggest that verbal function may negatively correlate with the %PEN on the WCST in Japanese adolescents and adults with ASD.

Correlations between AQ-J score and cognitive flexibility

We investigated correlations between scores on the AQ-J and the WCST in subjects with ASD. There was no significant difference between the total scores of the ASD group and the control group (CA: r = 0.0065, P = 0.97, TE: r = 0.57, P = 0.78, %PEM: r = 0.12, P = 0.50, %PEN: r = 0.012, P = 0.95). There was no correlation between the subscores of the ASD group and the control group (data not shown) (Table 3).

DISCUSSION
The aim of this study was to investigate cognitive flexibility in Japanese adolescents and adults with ASD. To exclude the possible impact of several factors on cognitive flexibility, we recruited controls matched for age, gender ratio, education years, attention level, FIQ, PIQ, and VIQ. 

In our study, the TE, the %PEM, and the %PEN in the WCST were significantly higher in the Japanese adolescents and adults with ASD compared with the controls. However, we did not observe a significant difference in the CA between the two groups. These results were consistent with previous reports in Caucasians[3,12]. In some reports, the CA in subjects with ASD was higher compared with controls[9,12,30]. The inconsistency between studies may be due to variation in illness, the treatment of patients, and/or differences in the version of the WCST used. We did not find significant differences in the CA between the two groups; this may be due to the older age of our cohort compared to earlier studies in which the CA was correlated with age[20]. 

When we controlled for the CA as a confounding factor, we found that only %PEN remained significantly disturbed. The %PEN represents situations in which the participants do not change their incorrect responses even after they know the response is wrong. The %PEN indicates deficits in using negative feedback effectively. Because subjects with ASD often show attention impairments, we investigated the attention level of subjects with ASD in our study. Although there was no significant difference in the score of the CPT between the groups, subjects with ASD had a lower attention level than the controls in our study (P = 0.057). The results did not change after an ANCOVA for scores on the CPT. These results suggest that Japanese adolescents and adults with ASD may have low effectiveness in using negative feedback. Therefore, deficits in using negative feedback may be one of the core mechanisms related to cognitive inflexibility in subjects with ASD.

After statistically controlling for verbal abilities, significant differences were not found in some reports[10,12]. These findings suggest that verbal disabilities negatively correlate with cognitive flexibility. Our examination of the relationship between cognitive flexibility and the VIQ in the ASD group revealed that the %PEN was negatively correlated with the VIQ. This finding suggests that a low verbal IQ may lead to a prediction of cognitive inflexibility in subjects with ASD. 

Our data highlight the cognitive flexibility of high-functioning individuals. Perseverative performance on the WCST was consistent with previous studies, which have reported normal mental flexibility for children with ASD of average intelligence[13,14] or who were matched to controls on the basis of verbal functioning[10-12]. However, many studies have found cognitive inflexibility in normal-IQ individuals with ASD[6,15,30]. In the present study, we confirmed the presence of cognitive inflexibility in subjects with a normal IQ similar to the low-IQ (< 70) individuals. This result suggests that cognitive flexibility may depend on some confounding factors, such as years of education, attention levels, and task demands.

Scores on the AQ-J were not correlated with cognitive flexibility in our study. This result is consistent with previous findings[31,32]. Our result might suggest that cognitive flexibility measured by the WCST does not reflect social adaptation in the real world. Alternatively, this lack of correlation may be because the cases in our study were not severe enough to be initially diagnosed in childhood. The subjects who could not complete the AQ-J because of their persistence in the questions were excluded. Therefore, the participants in the analysis of the correlation between scores on the AQ-J and the WCST may not have severe deficits in EF. This is the primary limitation of this study. 

Another limitation of the present study is the wide age range distribution. Although we matched the cases and controls for age, gender, education years, attention levels, FIQ, PIQ, and VIQ, we cannot deny the influence of these factors. Because our sample size was relatively small, studies with larger sample sizes are necessary to draw a firm conclusion.

We confirmed the presence of cognitive inflexibility in Japanese adolescents and adults with ASD in strictly matched samples. Our results also showed deficits in the usage of negative feedback in subjects with ASD. Recent brain imaging studies have shown widespread activation across frontal and non-frontal brain regions during WCST performance[8]. Our findings may be consistent with impairments of prefrontal function in ASD as a key node within the widely distributed and tightly interconnected neural networks related to human cognition.
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Background

Autism spectrum disorders (ASD), also known as pervasive developmental disorders, are defined, according to Text Revision of the Diagnostic and Statistical Manual of Mental Disorders, as severe and pervasive impairments in the development of reciprocal social interactions and verbal and nonverbal communication skills as well as stereotyped behavior, interests, and activities.

Research frontiers

There are no reports in Japan that compare subjects with ASD to controls that are strictly matched for these confounding factors. 
Innovations and breakthroughs

To reduce the influence of these confounding factors, this investigated cognitive flexibility between individuals with ASD and controls matched for gender, age, education years, attention level, full-scale intelligence quotient (IQ), verbal IQ, and performance IQ. This used a computerized version of the Wisconsin Card Sorting Test to reduce social task demands. 

Applications

The investigation of cognitive characteristics in various life stages is very important for treatment. Another benefit to studying the cognitive characteristics of both adolescents and adults is to avoid results based on individual developmental variation.

Peer review

The authors proposed to compare the cognitive flexibility between ASD and healthy controls matched by age, education level. The study design was well-conducted. The results in this study could provide clinical evidence to understand what cognitive inflexibility in ASD.
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Table 1  Demographic information for subjects with autism spectrum disorders and controls


�
ASD (n = 33)


�
Control (n = 33)


�
P value


�
�
Sex 


(male/female)�
20/13


�
20/13


�
2 (1, n = 66) = 1.00


P = 1.00�
�
Age (yr)


�
  26.1 (11.5)


�
26.8 (9.6)


�
U = 459.0, Z = –1.10


P = 0.27�
�
Age range (yr)


�
15-63


�
18-61


�
�
�
Education years


�
13.2 (2.9)


�
14.2 (1.9)


�
U = 441.0, Z = –1.35


P = 0.18�
�
FIQ


�
103.0 (16.7)


�
103.7 (14.7)


�
U = 534.0, Z = –0.13


P = 0.89�
�
PIQ


�
  96.2 (16.1)


�
  97.8 (15.0)


�
U = 495.5, Z = –0.63


P = 0.53�
�
VIQ


�
107.9 (16.3)


�
107.7 (14.4)


�
U = 521.0, Z = –0.30


P = 0.76�
�
CPT mean 


D’ score�
  3.10 (0.61)


�
  3.38 (0.53)


�
U = 396.0, Z = –1.90


P = 0.057�
�
Data are represented as the mean ± SD and P value. Differences in clinical characteristics were analyzed using the 2 test for gender and the Mann-Whitney U-test for the other variables. ASD: Autism spectrum disorders; IQ: Intelligence quotient; FIQ: Full-scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ; CPT: Continuous Performance Test.





Table 2  Performance on the Wisconsin Card Sorting Test in subjects with autism spectrum disorders and controls


�
ASD (n = 33)


�
Control (n = 33)


�
P value


�
�
CA


�
  4.76 (1.28)


�
  5.24 (0.90)


�
U = 433.5, Z = –1.51


P = 0.13�
�
TE


�
16.03 (6.24)


�
12.61 (3.52)


�
U = 350.0, Z = –2.51


P = 0.012a�
�
%PEM


�
  11.69 (10.72)


�
  6.58 (8.87)


�
U = 389.0, Z = –2.09


P = 0.037a�
�
%PEN


�
  20.09 (14.54)


�
    8.74 (10.41)


�
U = 294.0, Z = –3.26


P = 0.0011a�
�
Data are represented as the mean ± SD, aP < 0.05 vs control; differences in the clinical characteristics were analyzed using the Mann-Whitney U-test. ASD: Autism spectrum disorders; CA: Categories achieved; TE: Total number of errors; %PEM: Percentages of perseverative errors of the Milner type; %PEN: Percentages of perseverative errors of the Nelson type. 





Table 3  Correlation between intelligence quotient and performance on the Wisconsin Card Sorting Test in subjects with autism spectrum disorders and controls


�
ASD (n = 34)


�
Control (n = 34)


�
�
�
FIQ


�
VIQ


�
PIQ


�
FIQ


�
VIQ


�
PIQ


�
�
�
r


�
P value 


�
r


�
P value


�
r


�
P value


�
r


�
P value


�
r


�
P value


�
r


�
P value


�
�
CA


�
 0.24


�
0.18


�
 0.26


�
0.20


�
 0.15


�
0.260


�
 0.22


�
0.220


�
 0.19


�
0.29


�
 0.20


�
0.27


�
�
TE


�
-0.26


�
0.15


�
-0.19


�
0.28


�
-0.31


�
0.084


�
-0.30


�
0.089


�
-0.28


�
0.12


�
-0.25


�
0.16


�
�
%PEM


�
-0.26


�
0.14


�
-0.23


�
0.20


�
-0.26


�
0.140


�
-0.31


�
0.082


�
-0.32


�
  0.073


�
-0.22


�
0.22


�
�
%PEN


�
-0.41


�
   0.019a


�
-0.42


�
   0.015a


�
-0.32


�
0.068


�
-0.31


�
0.076


�
-0.28


�
0.11


�
-0.27


�
0.14


�
�
aP < 0.05 vs control, Pearson’s r was used to correlate performance scores with intelligence quotient for each variable. ASD: Autism spectrum disorders; CA: Categories achieved; TE: Total number of errors; %PEM: Percentages of perseverative errors of the Milner type; %PEN: Percentages of perseverative errors of the Nelson type;  IQ: Intelligence quotient; FIQ: Full-scale IQ; PIQ: Performance IQ; VIQ: Verbal IQ.











