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Abstract: The psychological characteristic of having difficulty expressing emotions, known as alex-
ithymia, is associated with hypervigilance to pain and is considered one of the risk factors for chronic
pain. The correlation between alexithymia and hypervigilance to pain can be observed even in
healthy individuals. However, the factors influencing this correlation remain unknown. We explored
the dopamine system, which is known to be involved in emotion and pain. The dopamine-degrading
enzyme catechol-O-methyltransferase (COMT) has a genetic polymorphism known to influence
dopamine metabolism in the prefrontal cortex. COMT polymorphism reportedly affects various
aspects of pain and increases pain sensitivity in Met allele carriers. Therefore, we investigated
whether the correlation between alexithymia and hypervigilance to pain is influenced by COMT
polymorphism in healthy individuals. The results revealed a significant positive correlation between
the “difficulty describing feelings” of the 20-item Toronto Alexithymia Scale and the “attention
to changes in pain” of the pain vigilance and awareness questionnaire in COMT Met carriers but
not in Val/Val individuals. This finding suggests that the correlation between alexithymia and
hypervigilance to pain is influenced by COMT polymorphism.

Keywords: catechol-O-methyltransferase gene polymorphism; alexithymia; hypervigilance to pain;
20-item Toronto Alexithymia Scale; pain vigilance and awareness questionnaire

1. Introduction

Alexithymia—a psychological trait of patients with psychosomatic conditions—was
first described by Sifneos, and it refers to difficulty in expressing one’s emotions [1].
Although the prevalence of alexithymia is >10% in the general population, it is substantially
higher in patients with psychosomatic disorders (40–60%) [2,3]. Alexithymia is assessed
using the 20-item Toronto Alexithymia Scale (TAS-20) [4], which comprises three subscales:
difficulty identifying feelings (DIF), difficulty describing feelings (DDF), and externally
oriented thinking (EOT).

Previous studies have shown that high TAS-20 scores are associated with a high
sensitivity to the stimulation of the body (i.e., somatosensory amplification) [5–7]. A higher
TAS-20 score is associated with an increased risk of chronic pain; moreover, the TAS-20
score positively correlates with pain intensity in patients with chronic pain [8,9]. The
TAS-20 scores have been reported to correlate with hypervigilance to pain, as assessed by
the pain vigilance and awareness questionnaire (PVAQ) [10]. Taken together, these studies
indicate a close association of alexithymia with pain state. A higher TAS-20 score is also
associated with hypersensitivity to experimental pain, even in healthy individuals [5,11,12].
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This suggests that a correlation between alexithymia and hypersensitivity to pain exists
not only in patients with chronic pain but also in the general population. However, the
neural underpinnings of the correlation between alexithymia and pain remain unclear.

In the present study, we focused on dopamine function in the brain. Catechol-O-
methyltransferase (COMT) is a major enzyme responsible for catecholamine catabolism [13].
A genetic polymorphism has been identified in COMT—Val158Met, in which valine (Val) is
replaced by methionine (Met) at codon 158. The Met allele has lower enzyme activity and
reduces dopamine resolution. In Val/Val homozygotes, three- to four-fold higher enzyme
activity is observed compared with Met/Met homozygotes [14]. The difference in enzyme
activity due to the COMT polymorphism is known to modulate dopamine function in the
prefrontal cortex [15].

Dopamine function is associated with affective disorders, including alexithymia [16,17].
Previous studies on obsessive compulsive disorder (OCD) have reported that patients with
the Val/Val genotype have higher TAS-20 scores than those with the Val/Met or Met/Met
genotype [18].

COMT polymorphism also relates to pain perception. A previous study showed
that various genetic factors can modulate the perceptual intensity of pain, sensitivity
to painful stimuli, and development of chronic pain [19]. Among such genetic factors,
COMT is associated with chronic pain conditions [20]. Differences in dopamine function
due to COMT polymorphism are considered to be involved in emotional and cognitive
dysfunction in patients with chronic pain [21]. Notably, among patients with fibromyalgia,
those with the Met/Met genotype are more sensitive to pain than those with the Val/Val
genotype [22]. Even among healthy individuals, Met carriers experience more pain than
those with the Val/Val genotype [23].

As mentioned above, both alexithymia and pain are involved in dopamine function
and are closely related to each other. However, the effect of dopamine function on the
strength of the association between alexithymia and pain remains unclear. Therefore,
this study investigated whether COMT polymorphism influences the correlation between
alexithymia and pain, assessed by the TAS-20 and PVAQ, respectively.

2. Materials and Methods
2.1. Participants

We recruited 80 healthy individuals (45 men and 35 women; mean age 21 ± 0.5 years)
from Niigata University of Health and Welfare, Japan. Individual COMT polymorphism
was identified using allelic discrimination real-time polymerase chain reaction (PCR) before
the experiment. Genotyping identified 48 participants with the Val/Val genotype (29 men
and 19 women), 25 with the Val/Met genotype (11 men and 14 women), and 7 with the
Met/Met genotype (4 men and 3 women). To match the groups in terms of number of
participants and sex, a total of 36 participants were randomly selected, including men and
women with each genotype, from the 80 participants. Thus, we recruited 18 participants
(9 men and 9 women) with the Val/Val genotype and 18 participants that were Met carriers
(9 men and 9 women: 13 with the Val/Met genotype and 5 with the Met/Met genotype).
None of the participants were taking any type of medications and had no neurological or
psychiatric disorders. None of these subjects reported any pain on the day they were called
to answer the questionnaire. This study was conducted in accordance with the Declaration
of Helsinki and was approved by the institutional review board of Niigata University of
Health and Welfare (approval number: 18154). Written informed consent was obtained
from all participants.

2.2. PVAQ

The PVAQ is a measure of hypervigilance to pain. It comprises 16 items (e.g., “I am
very sensitive to pain” and “I am quick to notice changes in pain intensity”) that are rated
on a 6-point scale from 0 (never) to 5 (always) [24]. It comprises two subscales that measure
the attention to pain (the PVAQ-AP; scores 0–50) and attention to changes in pain (the
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PVAQ-ACP; scores 0–30). Participants completed the Japanese version of the PVAQ, which
has been shown to have good internal consistency (Cronbach’s α of 0.89 for the PVAQ-AP
and 0.81 for the PVAQ-ACP) [25]. A previous study has reported the cut-off value for the
PVAQ (in total) to be ≥24.5 [26].

2.3. TAS-20

Alexithymia was assessed in each participant using the TAS-20, which is the most
psychometrically valid measurement for alexithymia [4]. The TAS-20 comprises 20 items
that are rated on a 5-point scale from 1 (never) to 5 (always). It comprises three subscales:
the TAS-20-DIF (scores 0–35), the TAS-20-DDF (scores 0–25), and the TAS-20-EOT (scores
0–40). Participants completed the Japanese version of the TAS-20, which has been shown
to have good internal consistency (Cronbach’s α of 0.85, 0.72, and 0.58 for the TAS-20-DIF,
TAS-20-DDF, and TAS-20-EOT, respectively) [27]. A previous study has reported the cut-off
value for the TAS-20 (in total) to be ≥61 [28].

2.4. DNA Amplification and Genotyping of COMT Polymorphism

The sequences for the design of the genotyping assay were obtained from the single
nucleotide polymorphism database (COMT-rs4680) of the National Center for Biotechnol-
ogy Information. The DNA was extracted from whole blood samples using the NucleoSpin
Blood Quickpure Kit (Macherey-Nagel, Düren, Germany). The samples were genotyped
using TaqMan allelic discrimination real-time PCR using CFX Connect (Bio-Rad Laborato-
ries, CA, USA). The reactions were performed in duplicate using the Kapa Probe Fast qPCR
Kit Master Mix (2X) Universal (Kapa Biosystems, Wilmington, MA, USA). We used the fol-
lowing forward and reverse primers, respectively: 5′-GCGGATGGTGGATTTCGC-3′ and
5′-TGACAACGGGTCAGGCA-3′. The probe sequences were FAM-TGGCGTGAAGGACA
AGGTGTG-BHQ for probe G and HEX-TGGCATGAAGGACAAGGTGTGC-BHQ for probe
A. The primers and probes were synthesized by Nihon Gene Research Laboratories (Miyagi,
Japan). The PCR reaction was performed using a 20 µL reaction mixture containing 10 µL
of PCR Master Mix, 1 µL of each of the two primers and probes, and 6 µL of DNA and
DNase-free water. The amplification was performed using CTX Connect under the follow-
ing conditions: 95◦C for 3 min, followed by 40 cycles at 95 ◦C for 3 s, 66 ◦C for 20 s, and
72 ◦C for 1 s. We determined the fluorescent signal from the HEX- or FAM-labeled probes
for each cycle. The discrimination of genotypes was performed using the Bio-Rad CFX
manager 3.1 software.

2.5. Statistical Analysis

The Shapiro–Wilk test was used to examine the normality of the data. To assess the
possible differences in each of the PVAQ and TAS-20 subscale scores between the Val/Val
and Met-carrier groups, we used an unpaired t- or Mann–Whitney U test. To examine the
correlation between the PVAQ and TAS-20 subscales, we used Pearson’s or Spearman’s
correlation analyses. For all statistical analyses, p < 0.05 was considered significant.

3. Results

The results of the Shapiro–Wilk test revealed that the TAS-20-DIF (p = 0.036) was
non-normally distributed; all other scores were normally distributed. The unpaired t- and
Mann–Whitney U test results showed no significant differences between the Val/Val and
Met-carrier groups in any of the TAS-20 and PVAQ subscales (Table 1). However, the
Val/Val group showed a tendency to have higher DIF scores than the Met-carrier group
(p = 0.059).
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Table 1. Scores obtained on each subscale of PVAQ and TAS in each COMT group.

PVAQ-AP PVAQ-ACP TAS-20-DIF TAS-20-DDF TAS-20-EOT

Val/Val
group 23.3 ± 7.1 16.4 ± 4.2 17.7 ± 6.6 15.9 ± 3.9 20.4 ± 3.4

Met-carrier
group 24.7 ± 8.1 17.1 ± 6.06 13.7 ± 4.7 14.6 ± 3.4 21.2 ± 3.6

p value p = 0.612 p = 0.666 p = 0.059 p = 0.299 p = 0.492
Abbreviations: PVAQ-AP: pain vigilance and awareness questionnaire (PVAQ) subscale regarding attention
to pain; PVAQ-ACP: PVAQ subscale regarding attention to changes in pain; TAS-20-DIF: the 20-item Toronto
Alexithymia Scale (TAS-20) subscale regarding difficulty identifying feelings; TAS-20-DDF: the TAS-20 subscale
regarding difficulty describing feelings; TAS-20-EOT: the TAS-20 subscale regarding externally oriented thinking.

The results of the Spearman’s correlation analysis of all participants showed a signifi-
cant positive correlation between the PVAQ-ACP and TAS-20-DIF scores (r = 0.47, p = 0.004).
Interestingly, the analyses of each group revealed that this correlation was only significant
for the Met-carrier group (r = 0.73, p = 0.001) and not the Val/Val group. No significant
correlations were observed for any of the other subscales in either group (Table 2).

Table 2. The relationship between each subscale for PVAQ and TAS-20.

TAS-20-DIF TAS-20-DDF TAS-20-EOT

PVAQ-AP

All subjects r = 0.255
p = 0.134

r = 0.145
p = 0.40

r = 0.091
p = 0.599

Val/Val group r = 0.143
p = 0.573

r = 0.206
p = 0.413

r = 0.278
p = 0.264

Met-carrier group r = 0.426
p = 0.078

r = 0.124
p = 0.623

r = −0.080
p = 0.753

PVAQ-ACP

All subjects r = 0.474
p = 0.004 *

r = 0.156
p = 0.363

r = −0.146
p = 0.395

Val/Val group r = 0.244
p = 0.329

r = 0.158
p = 0.530

r = 0.088
p = 0.729

Met-carrier group r = 0.73
p = 0.001 *

r = 0.194
p = 0.440

r = −0.316
p = 0.201

Abbreviations: PVAQ-AP: pain vigilance and awareness questionnaire (PVAQ) subscale regarding attention
to pain; PVAQ-ACP: PVAQ subscale regarding attention to changes in pain; TAS-20-DIF: the 20-item Toronto
Alexithymia Scale (TAS-20) subscale regarding difficulty identifying feelings; TAS-20-DDF: TAS-20 subscale
regarding difficulty describing feelings; TAS-20-EOT: TAS-20 subscale regarding externally oriented thinking.
* p < 0.05.

4. Discussion

In the present study, we investigated the effect of COMT polymorphism on the scores
of each subscale of the PVAQ and TAS-20 and the correlation between the subscales in
healthy individuals. We found no significant differences in any of the PVAQ and TAS-20
subscale scores between the COMT polymorphism groups. This indicated that COMT
polymorphism does not affect the psychometric properties of hypervigilance to pain and
alexithymia. However, in terms of the correlation between the PVAQ and TAS-20 scores,
we found a significant positive correlation between the PVAQ-ACP and TAS-20-DIF scores
in the Met-carrier group (but not in the Val/Val group), which suggests that the association
between hypervigilance to pain and difficulty in identifying feelings is modulated by
COMT polymorphism.

We noted no differences in the TAS-20 and PVAQ scores based on COMT polymor-
phism, which was consistent with the findings of a previous meta-analysis that also showed
that the TAS-20 scores remained unaffected by COMT polymorphism [29]. Moreover, an-
other previous study has reported no difference in the PVAQ scores based on COMT
polymorphism [30]. In contrast, some previous studies have reported a significant differ-
ence in TAS20 scores based on COMT polymorphism. For example, patients with OCD
with the Val/Val genotype have higher total TAS-20, DIF, and DDF scores than Met carri-
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ers [18]. Among healthy individuals, those with the Val/Val genotype have been reported
to have higher TAS-20 scores than Met carriers [31]. In the present study, we observed that
the tendency for having a higher DIF score was higher in participants with the Val/Val
genotype than in Met carriers (p = 0.059). The relative sample sizes might have influenced
this result.

The present study revealed a significant positive correlation between the TAS-20-DIF
and PVAQ-ACP scores (Figure 1). This suggests that, similar to the correlation found
in patients with chronic pain [10], there exists a correlation between alexithymia and
hypervigilance to pain in healthy individuals. In fact, healthy adults with a higher TAS-
20-DIF score have a lower tolerance for pain induced by electrical stimulation [11], which
supports that individuals with alexithymia are hypervigilant to pain. Furthermore, the
correlation between the TAS-20-DIF and PVAQ scores was only significant in the Met-carrier
group. In a previous study, a similar significant positive correlation was reported in patients
with chronic pain [10]. This suggests that Met carriers, even those who are healthy, may
have psychological characteristics that result in a correlation between alexithymia and pain.
Some previous studies support the idea that Met carriers have a close correlation between
emotion and pain [30,32]. Among patients with fibromyalgia, those with the Met/Met
genotype experienced a greater decline in positive affect on days when subjective pain
intensity was elevated, compared with those with the Val/Val or Val/Met genotype [32].
Furthermore, patients with the Met/Met genotype reported an increase in pain when pain
catastrophizing, which reflects one of the maladaptive emotions to pain, was elevated [30].
Taken together, these studies suggest that COMT polymorphism influences the strength of
the correlation between emotional state and pain.

Figure 1. Correlation between the scores of the 20-item Toronto Alexithymia Scale—an index of
difficulty identifying feelings—and the pain vigilance and awareness questionnaire—an index of
attention to changes in pain. (A) Correlation in all participants. (B) Correlation in the Val/Val group.
(C) Correlation in the Met-carrier group. Red and blue circles indicate the data of Val/Val participants
and Met carriers, respectively.

The present study revealed the possible influence of COMT polymorphism on the
correlation between alexithymia and hypervigilance to pain. However, the neural substrate
underlying this influence remains unknown. A recent systematic review has reported dif-
ferences in functional brain connectivity between COMT genotypes in several brain regions
(e.g., the prefrontal cortex, anterior cingulate cortex, amygdala, and hippocampus) [33]. In
terms of functional brain connectivity, Met allele carriers had higher connectivity between
the limbic system and prefrontal cortex than individuals with the Val/Val genotype; these
areas are closely associated with emotion and pain [34]. These differences in inter-regional
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connectivity may underlie the genetic influence observed in our study. Further studies are
warranted to clarify the neural mechanisms.

The results of the present study should be interpreted in light of some possible
limitations. The sample size in this study was relatively small and only young participants
were recruited. Future studies with a larger sample size and a wider participant age range
are thus necessary to confirm the influence of COMT polymorphism on the correlation
between alexithymia and the PVAQ. Furthermore, only one COMT polymorphism (rs4680)
was investigated in this study. To understand the influence of other genes involved in
the dopamine system, a detailed understanding of dopamine function on the correlation
observed in the present study is needed.

In conclusion, in the Met-carrier group, a significant correlation was noted between
the PVAQ (an index of excessive attention to pain) and the TAS-20 (an index of alexithymia)
subscales. The results of this study suggest that dopamine function influences the correla-
tion between emotional state and pain vigilance. The neural substrates that underlie the
observed results should be explored using brain imaging techniques.

Author Contributions: Conceptualization: H.I. and N.O.; data collection and preparation: H.I. and
N.O.; data analysis: H.I. and N.O.; data interpretation: H.I., N.O., H.Y., K.N., K.I., S.M. and H.O.;
manuscript preparation: H.I., N.O. and H.O. All authors discussed the results and commented on
the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: This work was supported by a Grant-in-Aid for Scientific Research (B) 19H03988 from the
Japan Society for the Promotion of Science.

Institutional Review Board Statement: The study was conducted in accordance with the guidelines
of the Declaration of Helsinki and was approved by the institutional review board of Niigata
University of Health and Welfare (protocol code 18154; approval date 19 March 2019).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References
1. Sifneos, P.E. The prevalence of ‘alexithymic’characteristics in psychosomatic patients. Psychother. Psychosom. 1973, 22, 255–262.

[CrossRef] [PubMed]
2. Taylor, G.J. Recent developments in alexithymia theory and research. Can. J. Psychiatry 2000, 45, 134–142. [CrossRef]
3. Salminen, J.K.; Saarijärvi, S.; Äärelä, E.; Toikka, T.; Kauhanen, J. Prevalence of alexithymia and its association with sociodemo-

graphic variables in the general population of Finland. J. Psychosom. Res. 1999, 46, 75–82. [CrossRef]
4. Bagby, R.M.; Parker, J.D.; Taylor, G.J. The twenty-item Toronto Alexithymia Scale—I. Item selection and cross-validation of the

factor structure. J. Psychosom. Res. 1994, 38, 23–32. [CrossRef]
5. Kano, M.; Hamaguchi, T.; Itoh, M.; Yanai, K.; Fukudo, S. Correlation between alexithymia and hypersensitivity to visceral

stimulation in human. Pain 2007, 132, 252–263. [CrossRef] [PubMed]
6. Kosturek, A.; Gregory, R.J.; Sousou, A.J.; Trief, P. Alexithymia and somatic amplification in chronic pain. Psychosomatics 1998, 39,

399–404. [CrossRef]
7. Wise, T.N.; Mann, L.S. The relationship between somatosensory amplification, alexithymia, and neuroticism. J. Psychosom. Res.

1994, 38, 515–521. [CrossRef]
8. Hosoi, M.; Molton, I.R.; Jensen, M.P.; Ehde, D.M.; Amtmann, S.; O’Brien, S.; Arimura, T.; Kubo, C. Relationships among

alexithymia and pain intensity, pain interference, and vitality in persons with neuromuscular disease: Considering the effect of
negative affectivity. Pain 2010, 149, 273–277. [CrossRef]

9. Shibata, M.; Ninomiya, T.; Jensen, M.P.; Anno, K.; Yonemoto, K.; Makino, S.; Iwaki, r.; Yamashiro, K.; Yoshida, T.; Imada, Y.;
et al. Alexithymia is associated with greater risk of chronic pain and negative affect and with lower life satisfaction in a general
population: The Hisayama Study. PLoS ONE 2014, 9, e90984.

10. Martínez, M.P.; Sánchez, A.I.; Miró, E.; Lami, M.J.; Prados, G.; Morales, A. Relationships between physical symptoms, emotional
distress, and pain appraisal in fibromyalgia: The moderator effect of alexithymia. J. Psychol. 2015, 149, 115–140. [CrossRef]

http://doi.org/10.1159/000286529
http://www.ncbi.nlm.nih.gov/pubmed/4770536
http://doi.org/10.1177/070674370004500203
http://doi.org/10.1016/S0022-3999(98)00053-1
http://doi.org/10.1016/0022-3999(94)90005-1
http://doi.org/10.1016/j.pain.2007.01.032
http://www.ncbi.nlm.nih.gov/pubmed/17360119
http://doi.org/10.1016/S0033-3182(98)71298-8
http://doi.org/10.1016/0022-3999(94)90048-5
http://doi.org/10.1016/j.pain.2010.02.012
http://doi.org/10.1080/00223980.2013.844673


Int. J. Environ. Res. Public Health 2021, 18, 13265 7 of 7
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