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Abstract 

Catechol-O-Methyltranferase (COMT) plays a crucial role in the removal of cortical dopamine and 
is strongly implicated in human executive function. Numerous studies have reported associations of 
the COMT Val158Met (rs4680) polymorphism with executive function in healthy subjects. 
However, little work has investigated this in the Thai population and the relationship of age and 
education with this association remains unclear. Therefore, this study was designed to investigate 
the association of this polymorphism of the COMT gene with executive cognitive brain function in 
healthy subjects and the relationship with age and education. The Wisconsin Card Sorting Test 
(WCST) was performed to assess executive function in 254 healthy Thai subjects (aged 20-72 
years). The results showed a significant association of rs4680 with executive function, in which 
Val/Met heterozygotes demonstrated better cognitive set shifting performance. Moreover, Met 
allele carriers showed a significantly stronger effect in the categories completed score than did Val 
homozygotes. Furthermore, age and education also showed a significant association with COMT 
genotype and WCST. These results revealed that executive cognitive function is associated with 
COMT genotype and influenced by age and/or education level in a Thai sample. 

Key words: Executive function, Catechol-O-Methyltranferase (COMT), Val158Met, Wisconsin Card Sorting Test 
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Introduction 
Executive function is a higher cognitive ability 

that uses previous experiences and new information 
to regulate and manage thoughts and actions for 
successful goal-directed behavior. Executive function 
processes include planning or organizing, working 
memory, focus or attention, problem-solving, verbal 
reasoning, decision-making, cognitive set shifting, 
self-monitoring and regulation of emotion [1,2]. These 
complex behaviors are mediated by the prefrontal 
cortex (PFC) and other brain regions. Currently, 
various tasks have been used to assess executive 
function including Trail Making Tests A and B, digit 
span test, Stroop test, word-fluency test and 
Wisconsin Card Sorting Test (WCST). WCST is one of 

the most popular tasks for measurement of prefrontal 
cortex function [3].  

Dopamine (DA) has been reported to be an 
important neurotransmitter related to executive 
function [4]. Catechol-O-Methyltransferase (COMT) is 
one enzyme responsible for the degradation of 
dopamine and regulates the concentration of 
dopamine, and hence its biological action, in the 
cortex. Genetic polymorphisms affecting expression 
or regulation of COMT might therefore influence 
executive function. A functional single nucleotide 
polymorphism (SNP) of COMT is Val158Met (rs4680) 
leading to the alteration of enzyme activity; the Met 
allele produces COMT with a low activity which in 
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turn reduces the degradation rate and increases 
cortical DA. On the other hand, the higher enzymatic 
activity of the Val allele results in decreased DA 
activity [5,6]. At present, numerous studies have 
reported that this COMT SNP is associated with 
executive function in healthy subjects, as well as in 
subjects with schizophrenia, bipolar disorder, and 
attention deficit hyperactivity disorder among others 
[7,8,9]. Numerous studies report that the Met allele is 
associated with better performance in executive 
function when compared with the Val allele in healthy 
subjects [10,11]. Barnett and coworkers [12] identified 
a relationship of rs4680 with perseverative errors on 
the WCST in healthy subjects and schizophrenia. 
However, healthy volunteers, but not schizophrenic 
patients, with the Met/Met genotype showed better 
WCST performance. Moreover, the Met/Met 
genotype, related to higher PFC DA, is associated 
with the best performance in attention tasks in adult 
subjects whereas adolescents with Val/Met genotype 
showed a better attention than Met/Met and Val/Val 
genotypes [13].However, a meta-analysis has shown 
no significant effect, although this might relate to 
differences between samples studied [14]. There also 
appear to be suggestions of an age effect [15,16], while 
education level was also reported to be one factor 
affecting executive ability [17,18]. However, these 
issues have been little studied in Thailand and remain 
unclear. Therefore, this study was designed to 
investigate the association of the rs4680 
polymorphism of the COMT gene with executive 
cognitive brain function in healthy volunteers and the 
relationship with age and education. 

Materials and methods 
Subjects 

All subjects were Thai aged between 20-72 years 
and provided written informed consent prior to the 
study. Level of education was determined and 
subjects assigned to two groups: those receiving no 
more than primary education, and those who had 
received secondary and, for some, tertiary education. 
Subjects with abnormal mental health evaluated by 
the Thai Mental Health Indicator (TMHI-55) were 
excluded from this study. The Mini-Mental State 
Examination (MMSE) was also used to exclude 
subjects with dementia. All experimental protocols in 
this study were approved by the Human Ethics 
Committee of Naresuan University (COA No. 
553/2017).  

Single nucleotide polymorphism (SNP) study  
The blood sample and DNA extraction was 

performed using 2 different methods. The blood 
samples from the cubital vein were collected in EDTA 

blood collection tube and the genomic DNA was 
extracted from blood leukocytes by using Trizol LS 
reagent following by the manufacturing instruction. 
The fingertip blood samples were collected on FTA 
cards and the DNA extraction was performed 
following a previous report [19]. The genotyping of 
COMT Val158Met SNP (rs4680) was conducted by 
polymerase chain reaction restriction fragment length 
polymorphism (PCR-RFLP) method. The 
amplification of 100 ng DNA template by PCR in a 
total reaction volume of 25 µl using forward primer 
5’-TACTGTGGCTACTCAGCTGTGC-3’ and reverse 
primer 5’-GTGAACGTGGTGTGAACACC-3’[20]. 
PCR conditions were performed as following: 1) 
predenaturation at 95°C for 2 min and 45 cycles of 
denaturation at 95°C for 30 sec, 2) annealing at 65°C 
for 30 sec, 3) extension at 72°C for 30 sec, and 4) the 
last cycle of PCR were performed at 72 °C for 5 min. 
The 236 bp PCR products were digested with 
restriction enzyme: Hsp92II (promega) and incubated 
at 37˚C for 2 hr. The complete digestion produces 4 
fragments of size 114 bp and/or 96 bp, 54 bp, 44 bp, 
and 24 bp in which 114 bp represents Val/Val 
homozygotes, both 114 bp and 96 bp are Val/Met 
heterozygotes, and 96 bp Val/Val homozygotes. The 
fragments were separated using 4% agarose gel 
electrophoresis and visualized by ethidium bromide 
staining.  

Executive function test 
 The Wisconsin Card Sorting Test (WCST) is 

widely used to test for frontal cortex function in 
clinical and research contexts [14]. In this study, the 
subjects were tested by computer-based WCST 
(Inquisit 3.0.6.0) to assess executive function. Four 
stimulus cards and 128 response cards were used for 
the assessment. The response cards contain 3 different 
dimensions of colors (red, blue, yellow or green), 
numbers of objects (1,2,3 or 4) and forms (crosses, 
circles, triangles or stars). The sorting rule is based on 
color, number, or form but not given to the subject. 
For this WCST, 4 stimulus cards are shown on the 
screen of a laptop computer along with a single 
response card. At the beginning, the instruction of the 
test was given to subject and subject has to select the 
correct card matching the response card according to 
the sorting rule. After matching, the subject is 
informed of the result (right or wrong). After 4 
consecutive correct matches, one completed category, 
the sorting rule shifts to the next sorting rule without 
prior warning. This test continues until the subject has 
either completed 6 categories of 3 different sorting 
rules or all 128 cards have been used [21].WCST raw 
score was analyzed and reflected different aspects of 
executive function as follows [22]: 
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• The number of categories completed was 
determined using the score range between 1 and 
6, reflecting cognitive set shifting.  

• Trials to complete the first category was 
determined the ability to formulate a logical 
concept with the score range between 0 and 128, 
reflecting initial conceptualization. 

• The perseverative errors were used to measure 
the inability to correct the respond due to 
ignorance of relevant stimuli, reflecting cognitive 
inflexibility. 

• The percentage of total corrects: the total number 
of correct response cards multiply 100 and 
divided by total cards, reflecting initial 
conceptualization and attention.  

• The percentage of total errors: the total number 
of incorrect responses cards multiply 100 and 
divided by total cards, reflecting nonspecific 
cognitive impairment.  

Statistical analysis 
SPSS software (IBM SPSS statistics version 23) 

was used for analyses employing the Pearson 
Chi-squared test, univariate general linear model, 
independent t-test, Spearman rank correlation. The 
significance level was considered at p≤0.05.  

Results 

Demographic data and effects on genotype 
Subjects comprised 110 males and 144 females 

with a mean age of 46.41±18.32 years (range, 20-72 
years). Their demographic data including education, 
age and sex are described according to genotype in 
table 1. Age however differed between both sexes 

(females 43.91±18.80 males 49.68±17.22: t=2.54; 
p=0.012) and education (t=16.53; p<0.001) categories, 
although there was no significant relationship 
between sex and education level (χ2=2.44; p=0.118).  

The distribution of genotype shown in table 1 is 
consistent with proportions expected under 
Hardy-Weinberg equilibrium (p=0.078 by χ2 test).No 
significant difference in age was found between 
genotypes, although the Val/Val group showed a 
slightly higher mean age. There were no significant 
differences in genotype between male and female 
subjects or in relation to level of education. 

Demographic effects on WCST results 
All measures except the first category were 

significantly correlated with age using Spearman rank 
correlation (Table 2). An effect of educational level on 
WCST performance was found in % total correct, % 
total errors and categories completed as shown in 
table 3. Sex was found to have a significant effect only 
on the WCST subscale % total correct (p=0.049). Age 
was included as a covariate in further analyses. 

COMT genotype effect on executive function  
A significant association between COMT 

genotype and WCST performance was found for 
categories completed, in which Val/Met 
heterozygotes showed improved performance (Table 
4). Analysing the results using a two-genotype 
dominant model (Table 5) showed a somewhat 
stronger effect in which Met allele carriers showed 
better performance that Val/Val homozygotes in the 
categories completed. A recessive model showed no 
significant differences in any WCST measures (data 
not shown).  

 

Table 1. Demographic data of the three COMT genotypes 

  Val/Val (N=141) Val/Met (N=89) Met/Met (N=24) p-value 
Age 47.93±18.12 44.54±18.55 44.42±18.58 0.337 
Sex (Female/Male) 81(57.45%)/60(42.55%) 53(59.55%)/36(40.45%) 10(41.67%)/14(58.33%) 0.281 
Educational level     
 Primary  71 (50.35%) 39 (43.82%) 12 (50%) 0.614 
 Secondary and tertiary 70 (49.65%) 50 (56.18%) 12 (50%)   

Data were presented as mean±SD by univariate general linear model. 

 

Table 2. The correlation of WCST scores with age in healthy volunteers  
WCST (N=254) Correlation 

Coefficient 
p (2-tailed) 

%Total correct -0.167 0.007** 
%Total error 0.218 0.008** 
1st category completed 0.105 0.095 
Categories completed -0.134 0.032* 
Perseverative error 0.214 0.001*** 

Data were analyzed by Spearman rank correlation. Value were considered significant at *p≤0.05, **p≤0.01, ***p≤0.001. 
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Table 3. Association of WCST scores of healthy volunteers with education level 

  Educational level   
WCST (N=254) Primary (N=122) Secondary/Tertiary (N=132) p-value 
% Total correct 43.53±12.49 48.99±12.49 0.000*** 
% Total error 56.11±11.55 50.97±12.45 0.001*** 
1st category completed 12.84±12.61 11.2±12.84 0.304 
Categories completed 4.60±1.57 5.03±1.51 0.027* 
Perseverative error 3.00±4.19 2.50±5.89 0.440 

Data were presented as mean±SD. *p≤0.05 ***p≤0.001 by univariate general linear model.  

Table 4. WCST scores of healthy volunteers with genotype of rs4680 in COMT gene 

  COMT genotype (frequency) Covariate with age Covariate with education 
WCST (N=254) Val/Val (N=141) Val/Met (N=89) Met/Met (N=24) p-value p-value  
% Total correct 45.18±12.63 48.35±13.12 46.00±9.48 0.259 0.240 
% Total error 54.77±12.63 51.17±12.16 54.04±9.52 0.143 0.130 
1st category completed 12.59±13.42 10.97±9.85 12.25±17.51 0.728 0.677 
Categories completed 4.58±1.60 5.13±1.49 5.08±1.28 0.034* 0.027* 
Perseverative error 3.18±6.18 2.50±3.59 1.04±2.05 0.183 0.170 

Data were presented as mean±SD. *p≤0.05 by univariate general linear model as age and education covariate. 

Table 5. WCST scores of healthy volunteers with Val/Val and Met allele carriers of rs4680 in COMT gene 

  COMT genotype (frequency)  Covariate with age Covariate with education 
WCST (N=254) Val/Val genotype (N=141) Met allele carriers (N=113) p-value p-value 
% Total correct 45.18±12.63 47.85±12.43 0.156 0.126 
% Total error 54.77±12.63 51.78±11.67 0.094 0.073 
1st category completed 12.59±13.42 11.24±11.81 0.507 0.432 
Categories completed 4.58±1.60 5.12±1.45 0.009** 0.007** 
Perseverative error 3.18±6.18 2.19±3.37 0.173 0.207 

Data were presented as mean±SD. **p≤0.01 by univariate general linear model as age and education covariate. 
 

Discussion 
In this study of a sample of healthy subjects from 

the Thai population, we find an association of 
measure of cognitive function from the WCST with 
the rs4680 Val/Met COMT polymorphism, in which 
carriage of the Met allele is significantly associated 
with better cognitive set shifting. The study also 
demonstrated that age and education both influence 
WCST performance. The two are closely related, 
reflecting the rapid increase in access to education in 
Thailand so that more younger people have education 
beyond a primary level. This relationship makes it 
difficult to determine which may have a greater 
influence on cognitive performance as a decline with 
age is reported [16], as is a relationship with years of 
education [17,18]. We chose to use age, functioning 
also as a proxy for the effect of education, as a 
covariate in statistical analyses of the genetic effect 
here. The polymorphism was associated with one 
measures of cognitive function obtained from the 
WCST. The Val/Met genotype and Met allele carriers 
demonstrated an increased number of categories 
completed, which is a measure of cognitive set 
shifting, one aspect of executive function. There is a 
strong body of evidence indicating that the Met allele 
is associated with better executive function than the 
Val allele, although these findings primarily relate to 
scores of perseverative errors on the WCST [23,24], 
which we find not to be significantly changed in our 

study. However, our results showed a difference in 
categories completed but not in either total correct or 
total error which were reported previously [23,24]. 
Ethnicity may affect the results even though the study 
has done in the healthy subjects; all subjects in this 
study are Thai while the study of Malhotra et al. [23] 
have only 3 Asians. Our study has also assessed both 
male and female subjects but the study of Caldu et al. 
[24] was only done in females. One of the factors may 
affecting on the WCST is age; the mean age of the 
subjects in our study is different from those previous 
studies. 

It is well-established that rs4680 is functionally 
related to COMT enzyme activity, in which the 
highest activity is associated with the Val/Val 
genotype, and the lowest with Met/Met [5,6]. This 
results in differences in the neurotransmitter activity 
of dopamine in the frontal cortex. Furthermore, a 
recent study has found that COMT Val carriers have a 
thinner cortex in prefrontal, parietal, and posterior 
cingulate cortices than COMT Met carriers 
independent of age, indicating effects on cortical 
structure, and that genotype and cortical thickness 
influenced executive function [25].  

There are several limitations to our study. In an 
attempt to obtain a sample approximately 
representative of the population, the sample covers a 
range of the population of varying ages and 
educational background. We have been unable to 
distinguish the relative and overlapping effects of 
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these two variables on executive function; future 
studies could address this by selecting a large sample 
with a more limited age range. Such factors add to the 
variance in the WCST results and may have 
contributed to the limited effect of genotype, which 
did not significantly influence perseverative errors as 
might be expected. The sample size was not large 
which limited the opportunity to subdivide the 
sample further in order, for example, to study the 
relative effect of sex. 

Nevertheless, these findings indicate that 
executive cognitive function is associated with COMT 
genotype and influenced by age and/or education 
level in a healthy Thai sample. 
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COMT: catechol-o-methyltransferase; SNP: 

single nucleotide polymorphism; WCST: wisconsin 
card sorting test; PCR: polymerase chain reaction; 
RFLP: restriction fragment length polymorphism; tail 
making test A, B (TMT-AB); TMHI-66: Thai mental 
health indicator; MMSE: mini-mental state 
examination; HWE: Hardy–Weinberg equilibrium. 

Acknowledgements 
The authors are extremely grateful to all the 

volunteers for participation and the staff of Nong-Ake 
Health Promoting Hospital, Nakhon Sawan province, 
Thailand for data and blood collections. In addition, 
we would like to express sincere thanks for the 
Medical Sciences Academic Service Centre Faculty of 
Medical Science, Naresuan University, Thailand for 
facility supports through the study. This work was 
sponsored and supported by the National Research 
Council of Thailand and partially supported by 
Naresuan University Research Fund. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Baddeley AD. Working Memory. Oxford: Oxford university press; 1986. 
2. Pineda D, Ardila A, Rosselli M, Cadavid C, Mancheno S, Mejia. Executive 

dysfunctions in child with attention deficit hyperactivity disorder. Int. J. 
Neurosci. 1998; 96: 177-196. 

3. Kimberg DY, D’Esposito M, Farah MJ. Frontal lobes: neuropsychological 
neuropsychological aspects. In: Feinberg TE, Farah MJ, editors. Behavioral 
neurology and neuropsychology. 1997; 409-418. 

4. Nieoullon A. Dopamine and the regulation of cognition and attention. Prog 
Neurobiol. 2002; 67(1): 53–83. 

5. Blasi G, Mattay VS, Bertolino A, Elvevag B, Callicott JH, Das S, Kolachana BS, 
Egan MF, Goldberg TE, Weinberger DR. Effect of 
Catechol-O-Methyltransferase val158met Genotype on Attentional Control. J 
Neurosci. 2005; 25(20): 5038-5045. 

6. Stefanis NC, Van OJ, Avramopoulos D, Smyrnis N, Evdokimidis I, Stefanis 
CN. Effect of COMT Val158Met polymorphism on the Continuous 
Performance Test, Identical Pairs Version: tuning rather than improving 
performance. Am J Psychiatry. 2005; 162(9): 1752-1754. 

7. Sazci A, Ergula E, Kucukalib I, Kilicc G, Kayac G, Karac I. 
Catechol-O-methyltransferase gene Val108/158Met polymorphism and 

susceptibility to schizophrenia: association is more significant in women. 
Brain Res Mol Brain Res. 2004; 132(1): 51-56. 

8. Zhao L, Lin Y, Lao G, Wang Y, Guan L, Wei J. Association study of dopamine 
receptor gene polymorphism with cognitive functions in bipolar I disorder 
patient. J Affect Disord. 2015; 170: 85-90. 

9. Jin J, Liu L, Gao Q, Chan RC, Li H, Chen Y, Wang Y, Qian Q. The divergent 
impact of COMT Val158Met on executive function in children with and 
without attention-deficit/hyperactivity disorder. Genes Brain Behav. 2016; 
15(2): 271-279. 

10. Raz N, Rodrigue KM, Kennedy KM, Land S. Genetic and vascular modifiers of 
age-sensitive cognitive skills: effects of COMT, BDNF, ApoE, and 
hypertension, Neuropsychology. 2009; 23(1):105-116. 

11. Bruder GE, Keilp JG, Xu H, Shikhman M, Schori E, Gorman JM, Gilliam TC. 
Catechol-O-Methyltransferase (COMT) Genotypes and Working Memory: 
Associations with Differing Cognitive Operations. Biol Psychiatry. 2005; 
58(11):901-907.  

12. Barnett JH, Jones PB, Robbins TW, Muller U. Effects of the 
Catechol-O-Methyltransferase Val158Met polymorphism on executive 
function: a meta-analysis of the Wisconsin Card Sort Test in schizophrenia 
and healthy controls. Mol Psychiatry 2007; 12(5): 502-509.  

13. Wahlstrom TW, Hooper CJ, Vrshek-Schallhorn S, Oetting WS, Brott MJ, 
Luciana M. Variations in the Catechol-O- Methyltransferase Polymorphism 
and Prefrontally Guided Behaviors in Adolescents Dustin. Biol psychiatry. 
2007; 61(5): 626-632.  

14. Yuan P, Raz N. Prefrontal cortex and executive functions in healthy adults: A 
meta-analysis of structural neuroimaging studies. Neurosci Biobehav Rev. 
2014; 42: 180–192.  

15. Raz N, Dahle CL, Rodrigue KM, Kennedy KM, Land S. Effects of age, genes, 
and pulse pressure on executive functions in healthy adults. Neurobiol Aging. 
2011; 32(6): 1124–1137.  

16. Ashendorf L, McCaffrey RJ. Exploring age-related decline on the Wisconsin 
card sorting test. The Clin Neuropsychol. 2008; 22(2): 262-272. 

17. Lin H, Chan RC, Zheng L, Yang T, Wang Y. Executive functioning in healthy 
elderly Chinese people. Arch Clin Neuropsychol. 2007; 22(4): 501-511.  

18. Li CL, Hsu HC. Cognitive function and associated factors among older people 
in Taiwan: Age and sex differences. Arch Gerontol Geriatr. 2015; 60(1): 
196-200.  

19. Iamjan S, Thanoi S. Watiktinkorn P, Nudmamud-Thanoi S, Reynolds GP. 
BDNF (Val66Met) genetic polymorphism is associated with vulnerability for 
methamphetamine dependence. Pharmacogenomics. 2015; 16(14): 1541-1545. 

20. Solis-Ortiz S, Luque EP, Crespo LM, Munoz MG. Executive functions and 
selective attention are favored in middle-aged healthy women carriers of the 
Val/Val genotype of the Catechol-O-Methyltransferase gene: a behavioral 
genetic study. Behav Brain Funct. 2010; 6: 67.  

21. Heaton RK, Chelune GL, Talley JL, Kay GG, Curtis G. Wisconsin Card Sorting 
Test manual: Revised and expanded. North Florida: Psychological Assessment 
Resources; 1993.  

22. Rybakowski JK, Borkowska A, Czerski PM, Kapelski P, Dmitrzak-Weglarz M, 
Hauser J. An association study of dopamine receptors polymorphisms and the 
Wisconsin Card Sorting Test in schizophrenia. J Neural Transm. 2005; 112(11): 
1575-1582.  

23. Malhotra AK, Kestler LJ., Mazzanti C, Bates JA, Goldberg T, Goldman D. A 
functional polymorphism in the COMT gene and performance on a test of 
prefrontal cognition. Am J Psychiatry. 2002: 159(4); 652- 654.  

24. Caldu X, Vendrell P, Faz DB, Clemente I, Bargallo N, Jurado MA, 
Serra-Grabulosa JM, Junque C. Impact of the COMT Val108/158 Met and DAT 
genotypes on prefrontal function in healthy subjects. Neuroimage. 2007; 37(4): 
1437-1444.  

25. Miranda GG, Rodrigue KM, Kennedy KM, Frontoparietal cortical thickness 
mediates the effect of COMT Val158Met polymorphism on age-associated 
executive function. Neurobiol Aging. 2019; 73: 104-114. 


