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ABSTRACT 

 

Academic achievement may be influenced by catechol-O-methyltransferase (COMT) 

polymorphism. A common functional polymorphism of COMT, the rs4680 is consistently being 

involved in the modulation of dopaminergic pathway and prefrontal cortex function which may 

predominantly affect cognitive functions. A total of 197 female participants were recruited in this 

study. The score of student’s grade point average (GPA) from the latest previous semester was 

used as the measurement of academic achievement. The COMT polymorphism was genotyped 

using tetra primer allele specific polymerase chain reaction. The findings indicated that there 

were 8 (4.1 %), 72 (36.5 %), and 117 (59.4 %) participants harbouring Met/Met, Met/Val, and 
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Val/Val genotype for COMT polymorphism respectively. All the genotype distributions of 

COMT polymorphism were consistent with Hardy-Weinberg equilibrium (χ2 = 0.495, p > 0.05). 

The one-way analysis of variance (ANOVA) result demonstrated that participants bearing 

Met/Met genotype had a better achievement in GPA as compared to the other COMT genotypes 

(p = 0.001). These findings support evidence that the affective role of COMT polymorphism 

might overwhelm cognitive abilities in measures of academic achievement like GPA. 
 

Keywords: COMT polymorphism, rs4680, academic achievement, grade point average 

 

INTRODUCTION 
 

Education a is unique investment and academic achievement is a key component of it. Academic 

achievement has always been contemplated to be a crucial factor in educational life of an 

individual [1]. An excellent academic achievement is the main element for students to success in 

academic life. A good academic achievement is always desired by students, and it also becomes 

a primary focus for educational institutions and countries. In Malaysia, this is in line with the 

vision of becoming an international and regional education hub in ASEAN [2]. Therefore, 

students are under a great deal of pressure because of the competition and long-term planning for 

obtaining an excellent academic achievement, as well as the effect it will have of their future and 

educational opportunities.  

 

Apart from that, students with a good academic achievement may be able to create a good 

valuable potential for themselves such as attaining higher financial success and employment 

rates. Meanwhile, students who fail to perform well in academic may reduce their potential 

abilities especially in their educational life. A poor academic achievement causes students to 

delay or extend their study, and this will eventually lead to a loss of interest to continue their 

study [3]. Moreover, if the failure rate of students is too high, the image and performance of 

educational institutions will be badly affected [4].  

 

Many studies have been conducted to determine factors that influence academic 

achievement. Cognitive abilities are the primary focus as the one of the most search predictors of 

academic achievement since the beginning of the educational research. In fact, individual 

differences in cognitive function is caused by a significant influence of genetics with dopamine-

related polymorphism among the most investigated candidate genes [5]. The effect of dopamine 

exerts on the cognition involving working memory, attention, and other execution functions [6]. 

In human cognition, the study of the biological basis of individual differences considered the 

catecholamine dopamine as a main candidate [7]. The role of dopamine in mediating human 

cognitive abilities and behavioural process has been widely accepted as it is postulated to be an 

essential neurotransmitter that regulates the function of the prefrontal cortex [8]. Therefore, 
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genes participating in dopamine pathways make good candidates for relationship study in 

academic achievement. 

Catechol-O-methyltransferase (COMT) is a methylation enzyme that catalyses the 

degradation of the first stage of extracellular catecholamines including dopamine through methyl 

group transfer  of hydroxyl group of catecholamines to S-adenosylmethionine [9]. The COMT is 

widely expressed in the human brain and, it accounts for 60 % of the degradation of dopamine in 

the prefrontal cortex [7]. Hence, COMT is a vital regulator with regard to the modulation of 

dopamine level, cognitive functioning, and neural activity of the prefrontal cortex [8]. The 

COMT gene encodes for COMT enzyme is located on the chromosome 22q11.21 and it consists 

six exons. Moreover, COMT gene is the most studied gene affecting dopamine-mediated 

functions [10].  

 

In human, a single nucleotide polymorphism on the COMT gene moderately leads to the 

individual differences in prefrontal dopamine and causes increased signal-to-noise ratio [11]. The 

COMT gene harbours a functional polymorphism that produces amino acid substitution at the 

protein level from valine (Val) to methionine (Met) at residue 158 known as Val158Met or 

rs4680 which is associated with differential COMT activity [12]. This polymorphism consists of 

wild type allele, encodes for Val, carries guanine (G) nucleotide and mutant type allele, encodes 

for Met, carries adenine (A) nucleotide [13].   

 

The Met allele carrier of COMT polymorphism is less effective in metabolizing 

dopamine because the carrier is more thermolabile at temperatures 37°C, while the Val allele 

carrier has a higher stability [14]. The dopamine degradation in the prefrontal cortex of 

homozygous Met allele carrier is slower as the carrier synthesises enzyme with three to four-fold 

lower activity as compared to the homozygous Val allele carrier [13]. Meanwhile, heterozygous 

Val/Met carrier demonstrated an intermediate level of enzymatic activity. In other words, the less 

efficient COMT enzyme among individual with Met/Met genotype leaves dopamine in the 

synapse over longer period of time whereas the efficient COMT enzyme among individual with 

Val/Val genotype breaks down dopamine faster leaving little dopamine in the synapse [15].  

 

The first study investigated the relationship between COMT polymorphism and cognition 

reported a better significant performance of individuals bearing Met/Met genotype in the 

Wisconsin Card Sorting Test [16]. Apart from that, individual who carry at least one copy of Met 

allele demonstrated to have advantage in working memory and attentional tasks [17]. The reduce 

activity among individual harbouring Met/Met genotype has been associated with enhanced 

cognitive functions as evidence from recent study on Caucasian population [18]. A study by 

Mestrovic et al. (2017) reported that the presence of one or two copies of Met alleles of COMT 

polymorphism might be beneficial in cognitive performance involving working memory tasks 

[6]. In contrast, a study conducted in a Chinese cohort demonstrated that participants habouring 

Met/Met genotype tended to perform poorer in an annual national competitive entrance 

examination as compared to the other genotype groups [8]. It was suggested that the poorer 

performance among participants bearing Met/Met genotype was due to the due to the 
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predominant role of stress and emotional vulnerability [8]. Within the given frame of references, 

it is reasonable to presume that academic achievement can be influenced by the cognitive effects 

of the COMT polymorphism [18].  

Since cognitive abilities are known to predict academic achievement, it is possible that 

COMT polymorphism could be related to academic achievement via effects it has on cognitive 

measure. Given that most of the previous studies examined the influence of COMT 

polymorphism on cognitive abilities reported more on Caucasian population, we aim to target 

our own population to identify the effect of the polymorphism specifically on the undergraduate 

university students specifically in Malaysia. Although many studies reported various factors that 

could affect academic achievement, the research involving genetic polymorphism particularly 

COMT polymorphism as the potential factor influencing academic achievement is still scanty in 

our population. Therefore, considering the important role of COMT in cognitive abilities which 

predominantly affect academic achievement, we compared the GPA score of female 

undergraduate university students with different COMT genotype groups.  

 

EXPERIMENTAL  

 

Participants  

 

A total of 197 female undergraduate students from the Faculty of Health Sciences, 

Universiti Teknologi MARA Puncak Alam Campus participated in this study. The mean age of 

the participants was 21.74 years (SD: 1.353; age range; 20-27 years). Participants were recruited 

from two programmes: Bachelor of Nursing (Honours) and Bachelor of Medical Laboratory 

Technology (Honours). This study was approved by the Research Ethics Committee of 

Universiti Teknologi MARA (Reference Number: REC/365/16). The participants were all 

explained explicitly about the aims, protocols, potential risks, and benefits of the study. The 

participants were also informed that their identity and personal information would be kept 

strictly confidential, and they could withdraw from the study at any point of time without 

mentioning reasons for doing so. Written consent form was obtained from all participants at the 

beginning of the study.  

 

Academic Achievement 

 

Academic achievement was operationalized via Grade Point Average (GPA). All 

participants were required to provide their current score of GPA from the previous semester. 

GPA refers to the cumulative grade of the students that was calculated by averaging course 
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grades of the previous semester. The scores of GPA range from 2.10 (average pass) to 4.00 

(excellent). 

 

Genomic DNA Extraction 

 

A whole blood sample was collected from each participant. Genomic DNA was extracted from 

the blood samples using E.Z.N.A® Blood DNA Mini Kit (Omega, USA) following the 

instruction manual by the manufacturer and DNA were stored at -20 °C .  

 

Genotyping of COMT Polymorphism 

 

The COMT polymorphism (rs4680) was identified by allele specific polymerase chain 

reaction (PCR).  The in-house designed primers for the reaction were as following: 5’ - CTG 

TGC TCC CTC TCC TCC GTC CCC AAC-3’ and 5’ - CTG AGC TGC TGG GGG GGT CTT 

TCC TCA G - 3’. The amplification mixture contained, 2 μl of DNA template (50 ng/μl), 2 μl of 

1X ThermoPol Buffer, 0.32 μl of 0.16 mM of dNTPs, 0.1 μl of 0.5 U Taq DNA Polymerase, 

sterile distilled water, and respective primers. Samples were amplified with an initial 2 minutes 

at 95 °C for initial denaturation followed by 20 seconds at 95 °C for denaturation, 20 seconds at 

60 °C for primer annealing, 30 seconds at 68 °C for extension, and 5 minutes at 68 °C for final 

extension in a total of 30 cycles (TaKaRa, Japan).  

 

The amplified products were checked by electrophoresis in 3.5 % agarose gel at 200 V 

for 40 minutes using PCR mix solution with known heterozygous DNA template as positive 

control and PCR mix solution without DNA template as negative control. Alleles were visualized 

by ethidium bromide staining according to amplified fragment sizes: common amplicon (393 

bp), Val allele (249 bp), and Met allele (216 bp) using gel documentation system (PerkinElmer, 

USA). The selected amplified products were then purified using E.Z.N.A® Gel Extraction Kit 

(Omega, USA) following the instruction manual by the manufacturer and the purified products 

were sent for validation using the forward primer by the third party. The resulting sequence data 

was used to interrogate the nucleotide collection from Genebank database 

(https://blast.ncbi.nlm.nih.gov/Blast) using Basic Local Alignment Search Tool (BLAST) algorithm 

and orientation utilizing the SnapGene®
 software, v.4.3.10 (GSL Biotech, USA). 

 

https://blast.ncbi.nlm.nih.gov/Blast
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Statistical Analysis 

 

All statistical analysis was performed using Statistical Package for Social Sciences 

(SPSS) software version 20 (Chicago, IL, USA). The subjects were grouped according to their 

COMT genotypes (Met/Met, Met/Val, and Val/Val). The χ2 test was used to test the Hardy-

Weinberg equilibrium. The statistical significance of academic achievement measured by GPA 

score among the three COMT genotype groups was determine using one-way ANOVA. A 

probability p < 0.05 was set as evidence of statistically significance.  

 

RESULTS AND DISCUSSION  

 

A total of 197 participants were recruited among female undergraduate students from 

Faculty of Health Sciences UiTM. The allele specific PCR technique was performed to 

determine the COMT polymorphism. The representative gel image of COMT polymorphism 

with bands produced of 393bp for common amplicon, 249 bp for Val allele, and 216 bp for Met 

allele is displayed in Figure 1. The genotype distributions of the participants are presented in 

Table 1. Out of 197 participants, 8 (4.1 %) were homozygous for Met allele, 72 (36.5 %) were 

heterozygous, and 117 (59.4 %) were homozygous for Val allele for COMT polymorphism. The 

genotypes were not sampled selectively as the observed genotypes were consistent with the 

expected Hardy-Weinberg equilibrium (χ2 = 0.495, p > 0.05).  

 

The academic achievement measured by current GPA score of the participants in the 

different COMT genotype groups was analysed using one-way ANOVA. Individual harbouring 

Met/Met genotype was shown to have higher mean score of GPA followed by individual bearing 

homozygous Val/Val genotype and individual with heterozygous Met/Val genotype (Table 2). In 

addition to that, the relationship between the COMT genotype groups and the GPA score of each 

participant was further examined. The finding revealed that there was a significant difference in 

GPA score among three different groups of COMT genotype. Particularly, post-hoc Tukey 

analysis demonstrated that Met/Met carriers obtained significantly higher GPA score as 

compared to the Val/Val carriers and heterozygous Met/Val carriers as presented in Table 2. 

 

Academic achievement is highly portrayed the educational status of an individual [1]. 

The influence of COMT polymorphism on academic achievement was investigated in this study 

since the polymorphism plays a vital role in individual differences in human cognition which 

partially could affect student’s achievement in academic. The highest COMT genotype 

distribution was among individual harbouring Val/Val genotype followed by individual bearing 

heterozygous Met/Val and individual with homozygous Met/Met genotype. The distribution is 

consistent with other finding that demonstrated the significantly higher frequency of Met/Met 

genotype of COMT polymorphism within Asian populations than in Caucasian populations [19].  
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Apart from that, the major finding of this study is indicated that participant harbouring 

homozygous Met allele tended to have a better academic achievement as compared to the other 

COMT genotype groups. This finding is in parallel with previous studies done by Mestrovic et 

al.  (2017) and Bueno (2019) that demonstrated a significant better performance in Met/Met 

carriers than Val/Val carrier [6,20]. The better performance by individual with homozygous Met 

allele because the carrier could induce higher activity in prefrontal cortex where the neuronal 

circuits involved in working memory are occur [20].  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Representative gel image of COMT polymorphism. Lane 1: 100bp ladder, lane 2: negative 

control, lane 3: positive control, lane 4 – 12: representative DNA samples of participants. 
 

Table 1: COMT genotype distributions. 

 

COMT genotypes N Percentage (%) χ2 p - value 

Met/Met 8 4.1 

0.495 0.781 Met/Val 72 36.5 

Val/Val 117 59.4 
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393 bp 

249 bp 
216 bp 

500 bp 



 

 

 

 

https://scilett-fsg.uitm.edu.my/ 

Vol. 15(2) JUNE 2021 

 

 

ISSN: 1675-7785 

eISSN: 2682-8626 

Copyright© 2021 UiTM Press. 

DOI: 10.24191/sl.v15i2.13831 

 

  
97 Science Letters Vol. 15(2) JUNE 2021 

 

Table 2: Mean GPA score in participants with different COMT genotype groups. 

 

COMT Genotype N GPA Score F p – value Post-hoc Tukey (p) 

Met/Met 8 3.75 ± 0.248 

7.872 0.001 
MM > VV** 

MM > MV** 
Met/Val 72 3.25 ± 0.361 

Val/Val 117 3.35 ± 0.343 

GPA score (Mean ± SD) 

 * p < 0.05 

** p < 0.01 

 

In addition to that, normal dopamine release helps the Met/Met carrier to perform better 

in cognitive tasks under non-stressful conditions [21]. In a related study in which a subset of the 

subjects comprised of the subjects from our study,  it was found that 75.5% of the female 

subjects experienced normal and mild stress [22]. Furthermore, students bearing the Met allele 

need a good educational environment to develop full potential for superior cognitive skills which 

could eventually affect their academic achievement [18]. There is an association reported 

between individual with Met allele and increased anxiety, major depression, and emotional 

stability and vulnerability when the carrier is exposed to stress or educational distress [8]. 

Several studies also reported the negative impact of emotional vulnerability and academic 

adversity could influence academic achievement [8,23]. Therefore, these discoveries strengthen 

the present result by suggesting that the individuals with the Met/Met genotype could obtain 

good GPA score because of the non-stressful condition and good educational environment 

throughout their study.  

 

In contrast to that, the stressful conditions cause the performance of Met/Met carriers to 

drop due to the increased prefrontal dopamine release [21]. Otherwise, the increased of 

prefrontal dopamine due to stressful condition would be beneficial to the Val/Val carriers since 

they are more vulnerable to stress as compared to the Met/Met carriers. This could be explained 

by the inverted U hypothesis of prefrontal dopamine which stated that performance is enhanced 

by moderate increase of dopamine synaptic level but impeded when dopamine level surpasses 

certain optimal level [24]. Besides, this hypothesis implied that too little or too much dopamine 

activity in prefrontal cortex could affect cognitive abilities hence leading to impaired cognitive 

functioning in homozygous Met carrier [25]. Thus, the contradictory findings could be due to 

other additional factors such as environmental factor that possibly liked together with genetic 

factors which eventually exert more significant effect on academic achievement.  

 

This study showed concrete evidence that genetic factor particularly a functional 

polymorphism in COMT gene plays a significant role in individual differences in academic 

achievement. The genotype profile of the students could help educational practitioners and 

university authorities to create more understanding on the individual cognitive abilities in 
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academic. Furthermore, educators could help students by providing priority to courses that suit 

the strongest cognitive abilities of the students. In any programme, students use their cognitive 

abilities to improve their quality of study. The strongest cognitive abilities may differ for each 

student, for example certain students may have advantage in working memory while others may 

have advantage in logic and reasoning skills. Students who are unable to utilize their strongest 

cognitive abilities will cause them to lose interest in learning. Therefore, educators could help 

students by suggesting the best courses that fit the strongest cognitive ability of the student. This 

would eventually lead to increase interest in learning and enhance the academic performance of 

the student.   

 

However, there are some limitations in this study. The participants recruited were all 

female students. This was based on convenience sampling method whereby approximately 90% 

of Health Sciences undergraduate students at UiTM Puncak Alam were female. This study limits 

generalizability since participants were female undergraduate university students. In general, 

males and females demonstrate differences in cognitive abilities. Hence, future studies on male 

participants and gender comparison will be needed to show if these tenets will either be 

differently applied especially regarding the role of dopamine activity of COMT polymorphism 

on cognitive abilities which may influence student’s academic achievement.  

 

Hitherto, academic achievement could be influenced by many additional and combination 

of other factors besides genetic factors because of the complexity that underlies cognitive 

behaviour. Thus, due to the lack of measurement of cognitive abilities on the student’s academic 

achievement, the current study creates a slight gap to establish the connection between cognitive 

functioning of COMT polymorphism on the student’s achievement in academic. Therefore, it 

would be captivated to conduct meticulous hypothesis examining this issue by analysing more 

solid information regarding the cognitive abilities and environmental information of the students. 

In addition, the further studies involving students from different faculty and other universities are 

also important to validate the effect of COMT polymorphism on academic achievement of 

university students especially in Malaysia.  

 

CONCLUSION  

 

In this study, the genotype distribution of the female students was the highest among 

Val/Val carriers followed by Val/Met carriers and Met/Met carriers. Students harbouring 

homozygous Met allele for COMT polymorphism demonstrated a significantly higher academic 

achievement measured by GPA score as compared to the students bearing homozygous Val 

allele and heterozygous Val/Met. The data of this study will be helpful to educators to monitor 

and personalized strategies in improving student’s academic achievement. Thus, the further 

analysis on the effect of COMT polymorphism on the academic achievement by cognitive 

measures may be beneficial in establishing the interaction between these variables. 
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