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Abstract

Previous research has shown a consistent association among genetic factors, psychological

symptoms and pain associated with fibromyalgia. However, how these symptoms interact to

moderate genetic factors in fibromyalgia has rarely been studied to date. The present

research investigates whether psychological symptoms can moderate the effects of cate-

chol-O-methyltransferase on pain and fatigue. A total of 108 women diagnosed with fibromy-

algia and 77 healthy control participants took part in the study. Pain, fatigue, and

psychological symptoms (anxiety, depression, pain catastrophizing, fear of pain and fear of

movement) were measured by self-report questionnaires. Two types of statistical analyses

were performed; the first was undertaken to explore the influences ofCOMT genotypes on

clinical symptoms by comparing patients with fibromyalgia and healthy controls. In the sec-

ond analysis, moderation analyses to explore the role of psychological symptoms as poten-

tial factors that moderate the relationship between pain/fatigue andCOMT genotypes were

performed. The main results indicated that patients carrying the Met/Met genotype reported

significantly higher levels of fatigue than heterozygote carriers (i.e., Met/Val genotype) and

higher levels of fatigue, but not significantly different, than Val homozygote carriers. Among

patients with fibromyalgia carrying methionine alleles (i.e., Met/Met + Met/Val carriers), only

those who scored high on medical fear of pain, experienced an intensified feeling of fatigue.

Thus, the present research suggests that fear of pain, as a psychological symptom fre-

quently described in fibromyalgia may act as a moderating factor in the relationship between

the Met allele of theCOMT gene and the increase or decrease in self-reported fatigue.

Although further research with wider patient samples is needed to confirm the present find-

ings, these results point out that the use of psychological interventions focused on affective

symptomatology might be a useful tool to reduce the severity of fibromyalgia.
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Introduction

Fibromyalgia is a multifactorial, but not yet fully understood, disease that is mainly character-

ized by chronic and diffuse musculoskeletal pain [1]. Multiple factors, such as sensory distur-

bances of pain perception [2, 3], dysfunctions of the central nervous system [4], stress [5] and

environmental conditions [6] are very often involved in the development of fibromyalgia. Due

to the complexity of fibromyalgia, other aetiological causes such as genetic factors, should not

be excluded from the understanding of its development and maintenance [7]. Previous evi-

dence related to familial aggregation studies has shown that having a first-degree relative

affected by this disease increases the possibility of developing this syndrome 8.5 times [8–10].

The catechol-O-methyltransferase (COMT) gene has been repeatedly associated with the

perception and experience of pain [11–13]. The enzyme related to this gene is functionally

involved in the degradation of catecholamines [14, 15]. The COMT gene contains a single

nucleotide polymorphism (SNP) resulting in a substitution of guanine for adenine at codon

158 (the Val158Met polymorphism). This change results in the amino acid-encoding gene

being methionine (Met) instead of valine (Val) [11].

The Val158Met polymorphism has been associated with augmented central sensitization in

patients with widespread chronic pain such as fibromyalgia [16, 17]. Some authors have indi-

cated that patients carrying the Met/Met COMT genotype have greater sensitivity to painful

stimuli [13, 18], along with a higher number of tender points [19]. The Met allele (i.e., Met/

Met + Met/Val genotype carriers) has been associated with higher levels of dopamine in the

brain (primarily -but not exclusively- in the prefrontal cortex), which would lead to a decrease

in the responsiveness of the endogenous opioid system through the regulation of enkephalins

[20–22], favouring an increase in pain perception.

Other investigations involving healthy control and chronic pain samples grouped the Met/

Met and Met/Val genotypes (methionine carriers) into a single group to explore their influ-

ence on different symptoms compared to Val/Val genotype carriers [15, 19, 23–25]. This strat-

egy was used because the Met allele (i.e., the Met/Met and Met/Val genotypes) is responsible

for lower metabolic activity of the COMT enzyme, whereas the Val/Val genotype generates a

fully active enzyme [26]. In this sense, it has been postulated that people carrying Met/Met or

Met/Val genotypes are less able to tolerate pain than those carrying the Val/Val genotype due

to a lower innate level of beta-endorphins [27].

In addition to pain, a persistent feeling of fatigue is usually reported as one of the most prev-

alent symptoms in this chronic disease [28, 29], so much so that patients perceive it as one of

the most disrupting symptoms for daily living activities [30]. Fatigue can be experienced in

fibromyalgia as a physical, emotional, or cognitive condition [31]. Due to its close linkage to

pain perception (it has been observed that they share common physiological mechanisms),

fatigue seems to contribute to the amplification of pain sensations [32]. On the other hand,

fatigue has also been associated with discomfort, depression, anxiety, or catastrophizing

thoughts, which often affect those with fibromyalgia [17, 33, 34].

Despite the extensive amount of scientific evidence about the symptomatology of fibromy-

algia, fatigue has not been explored in relation to the COMT gene in this syndrome. However,

some authors have found a relationship between the Met allele of COMT (i.e., lower COMT

activity) and the risk of suffering from chronic fatigue syndrome [35, 36], a disease that shares

some aetiological mechanisms with fibromyalgia [37]. Furthermore, other authors have

reported that in breast cancer survivors, patients carrying the Met/Met genotype showed both

higher levels of fatigue and pain perception [38].

Likewise, COMT polymorphisms, specifically the Val158Met polymorphism, have also

been related to psychological symptomatology in fibromyalgia [12, 13, 23, 39, 40]. Depression,
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anxiety, or pain catastrophizing, which have been associated with this syndrome, are also

important contributors to pain intensification and discomfort [17, 33, 38]. Several investiga-

tions have shown a clear relationship between the Met/Met genotype and higher severity of

depression and anxious symptomatology [13, 34]. Additionally, it has also been argued that

the presence of high levels of pain catastrophizing, together with reduced COMT enzyme activ-

ity, could constitute a risk factor for the development of chronic pain [41]. Further investiga-

tions have confirmed the relationship between COMT polymorphism and pain

catastrophizing in patients with fibromyalgia [40]. Indeed, these authors reported that patients

who carry the Met/Met genotype reported more pain complaints when pain catastrophizing

was augmented. The neurobiological mechanism by which affective symptoms may influence

the relationship between the COMT gene and pain is still unclear. However, as a consequence

of carrying the Met/Met genotype of the COMT gene, the influence of dopamine has been

hypothesized to potentiate the amygdala response [42]. Thus, in healthy participants, carriers

of the Met/Met genotype showed greater limbic activation when faced with negative stimuli

than other genotype carriers [42, 43].

The lack of studies investigating the relationship between COMT genotypes, fatigue, and

affective factors makes it necessary to explore the potential connections among them. There-

fore, the aim of the present case-control study was to examine differences in pain and fatigue,

as well as several other psychological outcomes, in patients with fibromyalgia associated with

the COMT gene. More interestingly, we will explore how different affective and cognitive

symptoms might moderate the relationship between specific genotypes of the COMT gene and

self-reported fatigue and pain in patients with fibromyalgia. Based on past studies, we expected

to find a relationship between the enzymatic activity of the Val158Met polymorphism and the

severity of both self-reported pain and fatigue in fibromyalgia, in which affective and cognitive

symptoms would act as moderating factors. Thus, patients showing the lowest COMT activity

(i.e., Met allele carriers) would experience greater pain and fatigue severity as a function of the

worsening of their psychological symptomatology.

Materials andmethods

Participants

One hundred and eight women diagnosed with fibromyalgia and seventy-seven healthy con-

trol (HC) participants took part in the study. The patients fulfilled the diagnostic criteria for

fibromyalgia established by the American College of Rheumatology (ACR) in 2010 [1]. Differ-

ent rheumatologists from the Comunidad de Madrid (Spain) carried out the diagnosis of the

fibromyalgia. Patients were recruited from the Fibromyalgia and Chronic Fatigue Syndrome

Association (AFINSYFACRO) and the Fibromyalgia Association of Pinto (AFAP). HC partici-

pants were recruited by means of an emailed advertisement and public advertisements located

within Rey Juan Carlos University.

Most of the patients with fibromyalgia took analgesics or anti-inflammatories at the time of

the experiment. Patients taking other medications (benzodiazepines and antidepressants) con-

tinued to do so because they were essential medical prescriptions. The HC participants did not

suffer any chronic pain conditions. The participants in both groups were required to be

women of European descent. Neurological diseases or disorders that impair cognitive func-

tions, psychosis, and substance abuse/dependence were the exclusion criteria. This study was

approved by the Rey Juan Carlos University Research Ethics Board and followed all ethical

requirements of the Helsinki Declaration. Written informed consent was obtained from all

participants.

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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Procedure

The data from the entire sample were collected between 2011 and 2015 in the School of Health

Science of Rey Juan Carlos University (Madrid, Spain). Sociodemographic characteristics,

along with data about medication consumption, medical/psychological history, health habits

and saliva samples were collected for all participants. Once in the laboratory, participants also

completed a visual analogue scale (VAS) for pain and fatigue in the previous week ranging

from 0 (no pain/fatigue at all) to 10 (worse imaginable pain/fatigue). Subsequently, some self-

report questionnaires were administered to participants for the assessment of psychological

variables. Patients with fibromyalgia completed the Fibromyalgia Impact Questionnaire (FIQ)

[44], a specific questionnaire that assesses their current health and functional status. Subse-

quently, HC participants and individuals with fibromyalgia completed the Beck Depression

Inventory (BDI) [45] and the State-Trait Anxiety Inventory (STAI) [46], to measure depressive

and state-trait anxiety symptoms, respectively. The Pain Catastrophizing Scale (PCS) [47] was

also completed. The PCS assesses catastrophic thoughts in pain-related situations. The Tampa

Scale for Kinesiophobia (TSK) was also used [48]. It is an instrument for measuring fear of

movement or injury during everyday life activities. Finally, participants completed the Fear of

Pain Questionnaire (FPQ-III) [49]. This scale consists of three subscales: severe pain, minor

pain, and medical/clinical pain. The completion of these forms took approximately 30 to 45

minutes.

COMT genotyping

Unstimulated whole saliva samples were collected into collection tubes according to standard-

ized procedures. Participants were asked not to eat, drink or chew gum for 1 hour before the

sample collection. Immediately after collection, the samples were stored at -20˚C until

analysis.

Genomic DNA was extracted from 5 ml of saliva using a REALPURE Saliva RBMEG06 Kit

(Durviz, Valencia, Spain) according to the manufacturer’s protocol.

The resulting DNA was diluted to 100–1000 ng/μl, using 1×Tris-EDTA (TE) buffer (Sigma-

Aldrich, Dorset, UK) and assessed for purity and concentration using a NanoDrop™ ND1000

Spectrophotometer (Thermo Fisher Scientific Inc., Hemel Hempstead, Hertfordshire, UK).

COMT polymorphisms were genotyped by real-time polymerase chain reaction (RT-PCR)

analysis using TaqMan1 Predesigned SNP Genotyping Assays for rs4680 polymorphisms

(Thermo Fisher Scientific Inc, Hemel Hempstead, Hertfordshire, UK). TaqMan1 SNP Geno-

typing Assays use TaqMan1 5’-nuclease chemistry for amplifying and detecting specific poly-

morphisms in purified genomic DNA samples. Each assay allows the genotyping of

individuals for a single nucleotide polymorphism (SNP). Each TaqMan1 SNP Genotyping

Assay contains: (A) sequence-specific forward and reverse primers to amplify the polymorphic

sequence of interest and (B) two TaqMan1minor groove binder (MGB) probes with nonfluo-

rescent quenchers (NFQ): one VICTM-labelled probe to detect Allele 1 sequence and one

FAMTM-labelled probe to detect Allele 2 sequence. Amplification was carried out using an ABI

Prism 7000 Sequence Detection System (Thermo Fisher Scientific Inc., Hemel Hempstead,

Hertfordshire, UK) in the Genomics Unit of the Technological Support Center (CAT) of Rey

Juan Carlos University. All genotypes were determined in duplicate.

Statistical analyses

The chi-square (χ2) test was used to assess the distribution of the genotypes between patients

and HC participants to check for Hardy-Weinberg equilibrium (HWE). Hardy-Weinberg

equilibrium determines which frequencies should be observed in the population for each

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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genotype based on the frequencies of the alleles. Under normal conditions, whether the trans-

mission of alleles from parents to offspring is independent, the probability of observing a spe-

cific combination of alleles depends on the product of the probabilities of each allele. Before

carrying out an association study, it must be verified if the balance is met in the control sample.

This can also be done with the patients’ sample and it is possible that the equilibrium does not

meet the criteria. This may be indicate that this gene can be associated with the development

of the given disease [50].

Subsequently, the effects of the COMT genotypes on fibromyalgia symptomatology were

tested in two steps. First, we examined the possible relationship between the different COMT

genotypes and the most characteristic clinical symptoms of fibromyalgia compared to HC par-

ticipants. To this end, two-way ANOVAs were performed, in which the scores on the self-

reported questionnaires were considered dependent variables and COMT genotypes (three lev-

els: Met/Met, Val/Val and Met/Val) and the group (two levels: patients with fibromyalgia and

HC participants) were considered factors. In all cases, post-hoc comparisons to determine the

significance of the pairwise contrasts were performed using the Bonferroni procedure.

As mentioned, pain and fatigue are highly related, and this association was explored in two

ways. First, at an exploratory level, Pearson correlations (r) were determined. Second, to test

whether the effects on self-reported fatigue were strictly due to the COMT genotypes but not

influenced by the self-reported pain scores, a series of ANCOVAs were performed with the

aim of neutralizing its possible effect on the statistical results. Effect sizes were computed using

the partial eta-square (η 2
p) method.

The second step aimed to explore the possible moderating effects of psychological symp-

toms (depression, anxiety, fear of movement, pain catastrophizing and fear of pain) on the

relationship between COMT genotypes and self-reported fatigue and pain perception in

patients with fibromyalgia. For this purpose, we carried out a series of multiple regression

analyses. Criteria were regressed onto predictors, and then the interaction term (genotype x

BDI, genotype x STAI, genotype x TSK, genotype x FPQ-III, genotype x PCS) was entered into

the equation to test the regression coefficient significance.

Finally, the possible effect of medication on clinical symptoms (i.e., pain, fatigue, depres-

sion, anxiety, fear of pain, fear of movement and pain catastrophizing) within the fibromyalgia

group was tested using one-way ANOVA, including patients using and not using particular

medications using a previously reported method [51, 52]. These control analyses were con-

ducted including analgesics, benzodiazepines and antidepressants, as factors. Effect sizes were

computed using the partial eta-square (η 2
p) method. We also computed post-hoc statistical

power in two ways. Whereas the observed power for the ANOVAs was computed using SPSS,

the post-hoc power of the moderation analyses was estimated with G�Power [53]. A signifi-

cance level of 0.05 (two-tailed) was used for all statistical analyses. All statistical analyses were

performed with the SPSS package (v.22.0; SPSS Inc., Chicago; IL, USA).

Results

Genotype frequencies of the COMT gene

As previously explained, the chi-square (χ2) test was used to assess the distribution of the geno-

types between patients and HC participants to check for Hardy-Weinberg equilibrium

(HWE). In Table 1, statistical data related to genotypes and allele frequency distributions of

the COMT gene considering each group of participants can be observed. The frequency of the

Val158Met polymorphism distribution fulfilled the HWE for the HC participants (χ2 = 1.065;

p = 0.301) and the patients (χ2 = 0.040; p = 0.840).

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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Demographic, clinical and psychological analyses

All participants were aged between 35 and 67 years old. Although significant differences were

found between the groups for age [F(1,183) = 7.01; p = 0.008], we did not find significant differ-

ences in age among the three different COMT genotypes for fibromyalgia patients [F(2,105) =

0.254, p = 0.776] or for the HC group [F(2,74) = 1.982, p = 0.158].

On the other hand, ANOVAs showed a main effect of group, where fibromyalgia partici-

pants showed significantly higher scores than HC for the majority of the psychological symp-

toms, such as depression, state anxiety, trait anxiety and fear of movement. Additionally, the

total PCS and its three subscales (PCS rumination, PCS magnification and PCS helplessness)

also reached a higher degree of severity in patients with fibromyalgia. As expected, pain per-

ception and fatigue perception (measured by VAS) were also significantly higher in individuals

with fibromyalgia than in HC participants. There were no significant differences in total fear

of pain or in any of their subscales (severe, minor or medical). Additionally, the consumption

of drugs by patients was higher than that of participants belonging to the HC group. A sum-

mary of these statistical data can be seen in Table 2.

Table 1. Allele and genotype frequencies of COMT in the patients with fibromyalgia and the healthy controls participants.

Genotype frequencies n (%) Allele frequencies

Genotypes HC (n = 77) Fibromyalgia (n = 108) p-value HC (n = 77) Fibromyalgia (n = 108)

Val/Val 16 (20.8) 25 (23.1) 0.703 Val 0.487 0.486

Met/Val 43 (55.8) 55 (50.9) 0.509 Met 0.513 0.514

Met/Met 18 (23.4) 28 (25.9) 0.689

https://doi.org/10.1371/journal.pone.0250547.t001

Table 2. Mean and standard deviations of age, level of anxiety, depression, pain catastrophizing, fear of pain, fear of movement, pain and fatigue. Information
about the percentage of participants (healthy controls and patients) who were taking medications is also included.

Variables HC Fibromyalgia p-value

Age 48.15 (9.39) 51.86 (9.23) 0.008

Medication

Antidepressant (%) 0 33.3 0.0001

Benzodiazepines (%) 1.3 33.3 0.0001

Analgesics (%) 2.6 61.1 0.0001

Others (%) 16.9 46.3 0.0001

STAI State 24.12 (21.23) 53.76 (26.52) 0.0001

STAI Trait 30.45 (25.46) 68.56 (28.27) 0.0001

BDI 6.79 (7.33) 26.38 (15.46) 0.0001

PCS Total 29.43 (25.79) 51.12 (27.55) 0.0001

PCS Rumination 32.89 (28.89) 44.69 (28.11) 0.001

PCS Magnification 39.45 (24.29) 55.00 (27.39) 0.0001

PCS Helplessness 31.26 (25.12) 54.98 (27.50) 0.0001

FPQ-III Total 73.53 (21.99) 74.17 (21.10) 0.859

FPQ-III Severe 30.96 (10.63) 32.08 (9.88) 0.511

FPQ-III Minor 19.89 (8.19) 19.61 (6.35) 0.814

FPQ-III Medical 22.63 (6.40) 22.42 (7.36) 0.856

TSK 27.27 (12.02) 40.87 (7.66) 0.0001

VAS Pain 0.55 (1.17) 6.18 (2.38) 0.0001

VAS Fatigue 0.94 (1.52) 5.33 (2.73) 0.0001

FIQ - 55.93 (22.58) -

https://doi.org/10.1371/journal.pone.0250547.t002

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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Effect of COMT genotypes and the group of the participants on the clinical
variables

Additionally, ANOVAs conducted to investigate possible interaction effects between group

and COMT genotypes (i.e., Met/Met, Met/Val and Val/Val) yielded statistical significance for

fatigue [F(2,152) = 5.975; p = 0.003, η2p = 0.073]. The observed power for the interaction effect

between the COMT and group for fatigue yielded a high statistical power (1- β = 0.87). Post-

hoc analyses showed differences only within the fibromyalgia group. Patients carrying both

the Met/Met (M = 6.56, SD = 2.37) and the Val/Val (M = 5.99, SD = 2.62) genotypes reported

significantly higher levels of fatigue than the subgroup carrying the heterozygous genotype

(Met/Val genotype: M = 4.4, SD = 2.65) (see Fig 1), but unexpectedly, no significant differences

were found in the post-hoc comparison between Met/Met and Val/Val carriers (p = 0.99).

Although a trend was identified for the interaction between Group and COMT genotypes for

pain perception, it did not reach statistical significance [F(2,175) = 2.504; p = 0.085, η2p = 0.028].

Unlike in other studies, no significant differences were found between the Met/Met and Val/

Val genotypes of the COMT gene in fibromyalgia. No other significant differences were found

for the rest of the COMT and group interactions (see Table 3 for the full statistical details).

Finally, in these analyses, no main effects of the COMT genotypes on any of the clinical vari-

ables were observed across groups (S1 Table).

As explained in the Statistical Analyses section, we explored the relationship between self-

reported pain and fatigue in terms of Pearson correlations. Self-reported pain was positively

correlated with self-reported fatigue (r = 0.781, p = 0.001). Therefore, the higher the score of

self-reported fatigue was, the higher the score of self-reported pain. Subsequently, a series of

ANCOVAs were carried out including self-reported pain as a covariable. The analyses revealed

that the differences shown in the self-reported fatigue for the interaction between the COMT

genotypes and group were independent of self-reported pain. In other words, the effect of

COMT genotype and the group interaction on self-reported fatigue remained significant after

controlling for the score on self-reported pain (F (2,151) = 3.590, p = 0.030, η2p = 0.045).

To test whether the effects were strictly due to genotypes but not influenced by the differ-

ence in age between the groups, a series of ANCOVAs were carried out. The possible influence

Fig 1. Mean and standard error of VAS pain (A) and VAS fatigue (B) for patients with fibromyalgia.

https://doi.org/10.1371/journal.pone.0250547.g001

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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of age was neutralized by introducing it as a covariable. ANCOVAs revealed that the influence

of the COMT genotypes on clinical outcomes was independent of age (for both patients with

fibromyalgia and HC participants). Specifically, the interaction effect between group and the

COMT gene for fatigue remained significant [F(2,151) = 6.44; p = 0.002, η2p = 0.079], as well as

maintaining a tendency towards significance for pain [F(2,174) = 2.629; p = 0.075, η2p = 0.029].

No other significant difference was found for the rest of the statistical contrasts.

Moderation analyses

To explore the potential moderating role played by psychological symptomatology on the rela-

tionship between the three genotypes of the COMT Val158Met polymorphism and pain or

fatigue, moderated multiple regression analyses were carried out. Whereas the COMT geno-

type was introduced as an independent variable, psychological scores were set as moderated

variables. Self-reported pain and fatigue were considered dependent variables. The results did

not show moderation effects for any of the tested variables, either for self-reported pain or for

self-reported fatigue (p> 0.05). Subsequently, another complementary moderation analysis

was carried out, grouping the methionine carriers (i.e., Met/Met + Met/Val) into a single

group and comparing them with the homozygous valine participants (i.e., Val/Val carriers), as

has been repeatedly done in several previous studies [15, 19, 23–25]. A significant interaction

effect was found between the COMT genotypes and medical fear of pain for self-reported

fatigue (β = -0.250; p = 0.031). The analyses performed by using G�Power for the effects of

moderation analyses between COMT and self-reported fatigue moderated by the level of fear

of pain showed a high statistical power (1- β = 0.99). Additionally, the fatigue regression equa-

tion was estimated for each group and showed that patients carrying Met alleles and scoring

higher on medical fear of pain reported enhanced levels of fatigue (β = 0.4; p = 0.001), as was

hypothesized (see Table 4). However, for participants carrying Val/Val, the medical fear of

pain did not predict differences in fatigue (β = - 0.134; p = 0.531) for this group (see Fig 2).

Finally, the analysis conducted to examine potential psychological moderators in the rela-

tionship between the COMT gene and pain perception also suggested a significant

Table 3. Mean scores and standard deviations (in parenthesis) of clinical measures. Data are separated by group (fibromyalgia and healthy control) and genotypes
(Val/Val, Met/Val and Met/Met). P-values for the interaction effects between COMT x Group were also included.

COMT p-value

Fibromyalgia Healthy Control

Met/Met Met/Val Val/Val Met/Met Met/Val Val/Val

STAI State 50.84 (27.24) 54.54 (27.42) 54.85 (24.77) 29.94 (26.01) 21.07 (18.30) 25.81 (22.56) 0.386

STAI Trait 74.28 (20.90) 64.96 (31.35) 70.53 (27.55) 33.94 (26.68) 29.34 (25.06) 29.50 (26.47) 0.824

BDI 25.44 (15.41) 25.05 (14.49) 29.85 (17.29) 9.11 (10.48) 6.41 (6.25) 5.18 (5.35) 0.299

PCS Total 59.45 (23.08) 47.02 (28.83) 51.62 (27.90) 31.37 (23.33) 29.34 (26.54) 27.30 (28.41) 0.591

PCS Rumiation 48.31 (29.11) 42.95 (28.01) 44.81 (28.27) 32.87 (22.27) 33.51 (30.72) 31.23 (31.24) 0.851

PCS Magnification 60.50 (25.03) 48.33 (29.24) 62.37 (23.53) 43.25 (20.85) 39.05 (24.54) 35.84 (28.55) 0.252

PCS Helplessness 67.31 (23.66) 49.83 (27.23) 54.11 (28.65) 33.93 (24.44) 30.40 (25.72) 30.30 (26.07) 0.413

FPQ-III Total 79.09 (22.73) 69.08 (21.69) 79.38 (16.66) 78.43 (22.71) 73.18 (21.47) 66.80 (22.83) 0.201

FPQ-III Severe 33.66 (10.07) 30.38 (10.85) 33.88 (7.36) 30.68 (10.57) 31.53 (10.78) 29.60 (11.22) 0.383

FPQ-III Minor 21.61 (7.29) 17.87 (5.96) 21.15 (5.54) 22.06 (9.58) 19.75 (7.70) 16.90 (7.01) 0.136

FPQ-III Medical 23.80 (7.88) 20.74 (7.17) 24.34 (6.81) 25.50 (6.97) 21.93 (5.79) 20.30 (6.39) 0.171

TSK 40.73 (6.86) 41.09 (7.85) 40.61 (8.18) 30.8 (8.57) 28.20 (12.40) 20.88 (13.03) 0.137

VAS Pain 6.74 (1.96) 5.58 (2.54) 6.85 (2.15) 0.70 (1.35) 0.58 (1.16) 0.33 (1.01) 0.085

VAS Fatigue 6.56 (2.37) 4.40 (2.65) 5.99 (2.62) 0.55 (1.03) 1.20 (1.73) 0.77 (1.46) 0.003

https://doi.org/10.1371/journal.pone.0250547.t003
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Table 4. Results of the multiple regression analysis for the interaction term (COMT x FPQ-III medical) for fatigue and pain equation in individuals with
fibromyalgia.

Dependent variables Step Predictors Standardized Coefficients t R2 ΔR2 p

Fatigue

1 COMT 0.103 1.007 0.094 0.094 0.317

FPQ-III medical 0.276 2.697 0.008

2 COMT 0.130 1.288 0.142 0.048 0.201

FPQ-III medical 0.392 3.462 0.001

COMT x FPQ-III medical -0.250 -2.199 0.031

Pain

1 COMT 0.107 1.032 0.046 0.046 0.305

FPQ-III medical 0.168 1.622 0.108

2 COMT 0.143 1.378 0.083 0.037 0.172

FPQ-III medical 0.277 2.367 0.020

COMT x FPQ-III medical -0.227 -1.911 0.059

https://doi.org/10.1371/journal.pone.0250547.t004

Fig 2. Medical fear of pain moderation and its relationship of COMT and fatigue.

https://doi.org/10.1371/journal.pone.0250547.g002
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involvement of medical fear of pain (β = -0.227; p = 0.059) in such a way that Met carriers

showing higher levels of medical fear of pain experienced a more intense pain perception (β =

0.271; p = 0.025). However, in those participants carrying Val/Val, the medical fear of pain did

not predict differences in pain perception (β = -0.193; p = 0.344). In this case, the effects of

moderation analyses between COMT and pain moderated by levels of fear of pain also showed

high statistical power (1- β = 0.99). For the rest of the interactions, the regression coefficients

were not significant (see Table 4).

Potential effects of medication on the clinical symptoms of patients with
fibromyalgia

Table 5 summarizes clinical data from the patients according to the different types of medica-

tion taken (i.e., analgesics, benzodiazepines, and antidepressants). ANOVAs did not reveal any

significant effect on the clinical symptomatology related to the intake of medications (all p-val-

ues were above 0.1), indicating that the severity of pain, fatigue or psychological symptoms was

similar between the patients with fibromyalgia who were taking medications and those who

were not.

Discussion

The present results indicate that different genotypes of the Val158Met COMT polymorphism

might contribute to the individual differences related to fatigue symptoms in fibromyalgia syn-

drome. To the best of our knowledge, our results are the first to show that patients carrying the

Met/Met genotype (i.e., low COMT activity) exhibited significantly higher levels of self-

reported fatigue than heterozygote carriers. In addition, Met/Met genotype carriers also

reported higher levels of self-reported fatigue than valine homozygotes, but unexpectedly,

these differences were not significant. More interesting is the finding showing the role of some

psychological symptoms (i.e., medical fear of pain) in moderating the relationship between

COMT genotypes and self-reported fatigue. Indeed, patients with fibromyalgia carrying the

methionine allele and with higher scores of medical fear of pain reported a more intense

Table 5. P-values related to the medication effect (analgesics, benzodiazepines and antidepressants) on clinical measures (pain, fatigue, anxiety, depression, pain
catastrophizing, impact of fibromyalgia, fear of pain and fear of movement) within the patients´ group.

Medication

Clinical variables Analgesics Benzodiazepines Antidepressants

VAS Pain 0.220 0.619 0.672

VAS Fatigue 0.152 0.288 0.450

STAI State 0.547 0.323 0.282

STAI Trait 0.190 0.889 0.373

BDI 0.803 0.137 0.179

PCS Total 0.875 0.907 0.953

PCS Rumination 0.579 0.700 0.919

PCS Magnification 0.658 0.485 0.974

PCS Helplessness 0.652 0.485 0.711

FPQ-III Total 0.878 0.720 0.617

FPQ-III Severe 0.928 0.546 0.743

FPQ-III Minor 0.481 0.469 0.484

FPQ-III Medical 0.847 0.288 0.963

TSK 0.920 0.563 0.327

FIQ 0.086 0.181 0.175

https://doi.org/10.1371/journal.pone.0250547.t005
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feeling of fatigue than patients carrying the Val/Val genotype of the COMT gene. The novelty

of these results deserves careful interpretation.

As mentioned, our results indicated that patients carrying the Met/Met genotype of the

COMT gene showed significantly more self-reported fatigue than those carrying the Met/Val

genotype, but not significant higher, than the valine homozygote carriers. The lack of available

empirical evidence linking self-reported fatigue and COMT genotypes in fibromyalgia makes

it difficult to provide a straightforward explanation of these findings. Nonetheless, the present

data are in alignment with several previous studies showing a relationship between COMT and

self-reported fatigue in other pathologies (e.g., breast cancer) and healthy participants [38, 54–

56], supporting the idea that the COMT gene may influence fatigue perception. More precisely,

Met/Met genotype carriers reported an increase in fatigue levels [38]. This fact may have vari-

ous complementary and non-exclusive interpretations. Some authors have explained that a

reduction in COMT enzymatic activity (i.e., the Met/Met genotype) entails a reduction in the

density of endogenous opioid receptors [20], which, in turn, increases pain sensitivity. This

mechanism could explain the enhancement of fatigue perception as a consequence of the com-

mon pathophysiological mechanisms shared between pain and fatigue [32]. On the other

hand, animal models have shown that low COMT activity might lead to an increase in cyto-

kines [57]. This fact could contribute to the increased fatigue perception in Met/Met genotype

carriers since cytokines could cause hyperexcitability in pain transmission and an exaggerated

release of excitatory amino acids and substance P [58]. Interestingly, an increase in cytokine

concentrations (i.e., IL-1RA, IL-6, and IL-8) has been observed in patients with fibromyalgia

[59]. Thus, both the increase in cytokines and the reduction in endogenous opioid receptors

could be considered plausible explanations to support the role played by COMT (Met/Met

genotype) in the severity of fatigue symptoms in fibromyalgia. However, further investigation

is necessary to precisely determine the pathophysiological mechanisms underlying this

relationship.

Some of our results contrast with previous findings. We observed that patients with fibro-

myalgia carrying the Met/Val genotype reported less fatigue than homozygous valine patients.

Previous studies have indicated that patients with methionine alleles (i.e., Met/Met and Met/

Val) are characterized by a greater severity of symptoms [11, 17, 34]. To solve these inconsis-

tencies, some data have suggested that the effects of the COMT polymorphism on chronic clin-

ical pain are highly dependent on the consequences derived from the pathology itself [60],

such as psychiatric comorbidity or physical functioning. Regardless, it is important to keep in

mind that neural communication does not just depend on the amount of neurotransmitter

that is present in the synaptic cleft. It also depends on genes related to the reuptake or trans-

port of these neurotransmitters that also influence synaptic transmission. Thus, analyses of

other genes related to the reuptake and transport of catecholamines or haplotypes (which may

have a greater effect on gene function than nonsynonymous variations [61]) could shed light

on the inconsistencies found in our research with respect to other investigations.

As mentioned in the Results section, our data indicate that patients with fibromyalgia had

worse scores than HC participants on most of the psychological questionnaires and self-

reported pain and fatigue measures, except for the fear of pain outcomes. These results are in

concordance with previous investigations showing high levels of depression, anxiety, or pain,

among other symptoms in patients with fibromyalgia [13, 17, 18, 23, 34].

Given this, the question that arises is whether psychological symptoms, fatigue, or pain out-

comes and COMT have any relationship to each other. Specifically, we tried to analyse whether

psychological symptomatology (i.e., depression, anxiety, pain catastrophizing, fear of pain, or

fear of movement) could have a moderating effect on self-reported fatigue or pain in geneti-

cally predisposed patients. We found that those patients whose genotype was associated with

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia
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lower enzymatic COMT activity (i.e., combining in a single group the Met carriers: the Met/

Met and Met/Val genotypes) and with higher levels of medical fear of pain, exhibited the high-

est self-reported fatigue. In contrast, this effect was not found in patients carrying the Val/Val

genotype (associated with higher enzyme activity). In this line, several investigations have

found that affective and cognitive factors can influence fatigue perception in both fibromyalgia

[62] and chronic fatigue syndrome [63]. Specifically, high levels of fear of pain are usually

related to more disability or pain [64]. Likewise, it seems that bad experiences in a medical

context are good predictors of an increase in a medical fear of pain [65]. Given that fibromyal-

gia syndrome does not have a specific and effective treatment, patients may have increased

feelings of discomfort, establishing ineffective ways to face pain (e.g., generating avoidance

behaviours) [66], which may lead to the enhancement of fatigue perception. Therefore, it is

not unreasonable to think that patients showing low enzymatic activity of COMT (i.e.,

Met allele carriers) could experience more feelings of fatigue, and this symptom could be exac-

erbated by the influence of emotional variables, such as their level of the fear of pain.

The relationship between COMT and self-reported fatigue, moderated by a fear of pain,

deserves further consideration. We observed this novel relationship following the strategy of

grouping the methionine carriers of the COMT gene (i.e., Met/Met + Met/Val genotypes) into

a single group. This strategy has been carried out in previous experimental studies [15, 19, 23–

25]. It has been consistently reported that COMTmethionine allele carriers have the lowest

metabolic activity of the COMT enzyme [26]. In this sense, in patients with fibromyalgia, the

methionine allele has been associated with an increased risk of suffering from fibromyalgia

[19, 60]. More recently, a meta-analysis conducted by Lee and colleagues (2015) [15] revealed

that patients with fibromyalgia carrying the Met allele of COMT (Met/Met + Val/Met geno-

types) showed a higher impact of the disease than those carrying the Val allele. Our data seem

to agree with such data suggesting that patients with fibromyalgia carrying the Met allele of the

COMT gene would show a great severity of the syndrome, being especially sensitive to the

influence of affective variables (i.e., fear of pain) on self-reported fatigue.

As previously mentioned, no differences in fear of pain scores were found between patients

with fibromyalgia and healthy participants. In this sense, it may seem surprising to find that

fear of pain acts as a moderator variable in the relationship between COMT genotypes and

self-reported fatigue. However, it is important to keep in mind that the moderation analysis

was only carried out within the patient group. Additionally, the lack of differences in fear of

pain between groups may have different explanations. Previous research has reported that

high levels of fear of pain have also been found in the general population [67, 68]. From a bio-

logical point of view, the presence of fear of pain in healthy people may be adaptive, since it

could help the individual survive by avoiding possibly harmful or dangerous events. It would

be interesting in future research to explore the relationship between these variables, linking

them with neurobiological aspects.

Finally, with respect to the moderating effect of fear of pain on the relationship between the

COMT gene and self-reported pain, some studies have indicated that patients with chronic

pain carrying the COMT variants associated with lower enzyme activity and reporting higher

levels of fear of pain had more intensified pain responses [69]. In our study, fibromyalgia Met

carriers who had a higher medical fear of pain reported higher levels of pain. However, these

analyses did not show significant differences, only a statistical trend. Several factors can be

identified to explain the differences found between our results and previous results, such as the

study carried out by George and colleagues (2015). First, they explored the relationship

between pain responses and fear of pain in a sample of people suffering from shoulder pain

(men and women). Second, they used a short version of the fear of pain questionnaire. As a

final remark, the most relevant difference is that they analysed another SNP of the COMT
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gene, rs6269, which also modulates the enzymatic activity of COMT. The combination of these

differences could explain the presence of divergent results and make it difficult to perform a

direct comparison with our results.

We acknowledge some limitations of our study. We only analysed a single SNP (Val158Met

polymorphism). The analysis of haplotypes that are directly related to the enzymatic activity of

COMT could be genetically more informative than the analysis of a single SNP. The concur-

rence of multiple haplotypes causing low COMT activity is more frequently associated with

pain perception than the effect of a single SNP. Additionally, the relationship between genetics

and the symptoms of chronic pain diseases is complex. Genetic factors do not act in isolation

but interact with multiple other genetic and environmental factors that can increase the risk of

suffering a greater severity of symptoms [34]. In this sense, it would be interesting to explore

epigenetic factors in fibromyalgia that could explain the development of physical, affective,

and cognitive symptoms. In future studies, it is necessary to increase the number of partici-

pants and analyse other COMT SNPs while trying to replicate the data of the present study.

Conclusions

Our results showed that patients with fibromyalgia carrying the Met/Met genotype reported

significantly higher levels of fatigue than heterozygote carriers and higher, but not significantly

different fatigue scores from those carrying the Val/Val genotype. Thus, the present research is

the first to report that different levels of fear of pain may act as a moderating factor in the rela-

tionship between the Met allele of the COMT gene and self-reported fatigue in fibromyalgia.

The study of genetic polymorphisms would be a helpful tool for better identification and classi-

fication of these patients, allowing for more adequate and individualised multidisciplinary

treatment. Psychological interventions (focused on affective symptomatology) might be useful

not only for reducing psychological symptoms themselves but also for relieving fatigue and

pain-related symptomatology, in which psychological symptoms may contribute as moderat-

ing factors in genetically predisposed patients with fibromyalgia.
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Formal analysis: David Ferrera, Francisco Mercado, David Martı́nez-Iñigo, Paloma Barjola,
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50. Iniesta R, Guinó E, Moreno V. Statistical analysis of genetic polymorphisms in epidemiological studies.
Gac Sanit. 2005; 19: 333–341. https://doi.org/10.1157/13078029 PMID: 16050971

PLOS ONE Fear of pain moderates the relationship between fatigue andCOMT in fibromyalgia

PLOSONE | https://doi.org/10.1371/journal.pone.0250547 April 28, 2021 16 / 17



219

ANEXOS
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Abstract: Growing research has reported the presence of a clear impairment of working memory
functioning in fibromyalgia. Although different genetic factors involving dopamine availability
(i.e, the COMT gene) have been associated with the more severe presentation of key symptoms in
fibromyalgia, scientific evidence regarding the influence of COMT genotypes on cognitive impairment in
these patients is still lacking. To this end, 167 participants took part in the present investigation. Working
memory performance was assessed by the application of the SST (Spatial Span Test) and LNST (Letter
and Number Sequence Test) belonging to the Weschler Memory Scale III. Significant working memory
impairment was shown by the fibromyalgia patients. Remarkably, our results suggest that performance
according to different working memory measures might be influenced by different genotypes of the
COMT gene. Specifically, fibromyalgia patients carrying the Val/Val genotype exhibited significantly
worse outcomes for the span of SST backward, SST backward score, SST total score and the Working
Memory Index (WMI) than the Val/Val healthy carriers. Furthermore, the Val/Val patients performed
worse on the SST backward and SST score than heterozygotes. Our findings are the first to show a
link between the COMT gene and working memory dysfunction in fibromyalgia, supporting the idea
that higher COMT enzyme activity would contribute to more severe working memory impairment
in fibromyalgia.

Keywords: fibromyalgia; COMT; working memory; verbal working memory; spatial working memory

1. Introduction

Neurobiological evidence gathered from the past decade has established that dopamine plays
a crucial role in neurotransmission mechanisms supporting mental operations involved in working
memory processing [1–9]. In line with this, whereas dopamine depletion in the prefrontal cortex
(PFC) has been related to the appearance of deficits in working memory [10–12], the administration of
dopamine agonist drugs (e.g., pergolide or bromocriptine) has been associated with an improvement
in such processes [13–17].

Catechol-O-methyltransferase (COMT) is an enzyme involved in the breakdown of several
catecholamine neurotransmitters, such as dopamine, noradrenaline and serotonin [18–20]. Specifically, it has
been reported that this enzyme also regulates the amount of dopamine in the PFC [20,21], amygdala,
entorhinal cortex or hippocampus [22–24]—regions belonging to the neural network underlying working
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memory processing. One of the most studied single nucleotide polymorphisms (SNPs) of the COMT
gene is the rs4680 polymorphism, which arises by a substitution, in the 158 codon, from valine (Val)
to methionine (Met) [25]. This change causes the enzyme encoded by the gene to have about 1/4 less
activity [26], influencing, in turn, the availability of dopamine within the dorsolateral prefrontal cortex
(DLPFC) [27]. Several experimental studies have demonstrated that performance in working memory
tasks may differ as a consequence of carrying different alleles of this gene [28–34]. It has been reported
that those subjects carrying Met alleles showed better functioning in verbal and visuo-spatial working
memory tasks [28,30,34], and fewer perseverative errors on the Wisconsin Card Sorting Test (WCST) than
Val carriers [35,36]. These data also seem to have a neurophysiological correlate, since brain imaging
studies have shown that Val carriers exhibited a decrease in dopamine levels within the PFC, reducing
the blood-oxygen-level dependent (BOLD) response of this brain region compared to that in the Met
carriers [31,36], and also reflected by the poor performance of Val carriers in working memory tests [29].
These results have also been replicated in chronic patients, such as those suffering from posttraumatic
stress disorder or schizophrenia [36–39], leading to the consideration of this gene as a therapeutic target
for improving cognitive symptoms [40].

The COMT gene has been widely studied with respect to the pain-related and affective symptoms
of chronic pain syndromes, such as fibromyalgia [41–44]. Experimental evidence has suggested that
fibromyalgia patients carrying the two Met alleles of the COMT gene had a higher number of tender
points [42], greater sensibility to painful stimulation [41,43] and, also, a higher severity of depressive
and anxious symptomatology than Val carriers [43–45].

Along with affective and physical symptoms, subjective complaints about cognitive functioning
(encompassed under the term fibrofog [46]) are one of the main symptoms in fibromyalgia [47,48].
The cognitive impairments have been proposed as more disabling than the pain itself [49]. Systematically,
neuropsychological evidence has shown that fibromyalgia patients exhibit significant cognitive
dysfunction compared to healthy control participants in different domains, such as attention [50–52],
processing speed [53], executive functioning [54–58] and theory of mind [59]. Remarkably, it has
been suggested that these impairments might be better explained by alterations in working memory
processes [60,61], where these findings were particularly solid [62,63].

However, despite the frequently reported relationship between working memory impairment and
fibromyalgia, the effect of biological indices (i.e., the COMT gene) related to dopamine availability on
cognitive resources in these patients has not been explored to date. Previous experimental evidence
coming from voxel-based morphometry studies [64] has shown clear decrements in cerebral grey
matter density in fibromyalgia patients within regions related to working memory processing, such as
the hippocampal gyrus and the anterior cingulate cortex (ACC) [65,66]. Furthermore, these changes
in cerebral grey matter have been linked to the presence of dopamine metabolism abnormalities in
fibromyalgia [64]. In line with these findings, some authors have recently pointed out the need to explore
the relationship between dopamine and cognitive processes in chronic pain [67]. This accumulated
evidence leads us to suggest that COMT, as a genetic marker involved in dopamine availability, might
be a useful target to better characterise cognitive dysfunction in fibromyalgia.

In summary, this investigation aimed to explore the relationship between the different genotypes
of COMT and working memory dysfunction in fibromyalgia. To this end, we analysed the rs4680 SNP
of the COMT gene in fibromyalgia patients and healthy participants and measured their performance
in neuropsychological tests involving working memory processing. Based on previous findings,
we expected to confirm the presence of cognitive impairment in fibromyalgia. Additionally, we
hypothesised that this altered neuropsychological functioning regarding working memory processing
would be even worse in those patients carrying the Val/Val genotype of the SNP rs4680 than in the Met
allele carriers.
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2. Materials and Methods

2.1. Sample Size Calculation

In order to calculate the number of participants required for this study, the G*Power software was
used [68]. This software allows one to determine the sample size necessary to obtain a certain statistical
power. In this study, the sample size was calculated using the a priori statistical power of 1 − β = 0.80
for a medium effect size. The total sample size obtained for this statistical power was 158 subjects.
We expected that 10% of participants’ data would be lost during the experimental procedure; therefore,
we decided to increase the total sample size to 173. Data from six subjects were lost because they did not
complete all the tests; thus, one hundred and sixty-seven Caucasian women took part in the experiment.
Eighty-six were fibromyalgia patients, and eighty-one were healthy control participants (HC).

2.2. Participants

Fibromyalgia patients were recruited from the Fibromyalgia and Chronic Fatigue Syndrome
Association (AFYSYFACRO) and Fibromyalgia Association of Pinto (AFAP) of Comunidad de Madrid
(Spain). All fulfilled the diagnosis criteria proposed by the American College of Rheumatology (ACR)
in 2010 [47]. The diagnosis of fibromyalgia was carried out by different rheumatologists among
different public hospitals of the Comunidad de Madrid. HC participants were recruited by email,
by advertisements published along the Faculty of Health Science at the Rey Juan Carlos University
and among the friends of the fibromyalgia patients. The whole sample was aged between 35 and
67 years old. The HC participants were selected in such a way that the age and educational level
were matched with those of the patients. The HC participants did not suffer from any chronic pain
conditions. All participants had normal or corrected-to-normal eyesight and the ability to read and
write in Spanish at the equivalent of eighth grade level in English. No differences were found in terms
of age (F (1165) = 0.001, p = 0.975) or educational level (χ2

(3) = 3.305, p = 0.347) between the two groups
of participants. They had no history of psychiatric disorders (i.e., psychosis, personality disorders or
substance abuse/dependence) or neurological diseases. The HC participants did not suffer from any
chronic pain conditions. Patients who took medications kept doing so for both medical prescription
and ethical considerations. Most patients were taking analgesics, antidepressants and benzodiazepines.

2.3. Procedure

Data for whole sample were collected in the Faculty of Health Science of Rey Juan Carlos University
(Madrid). Once in the laboratory, participants gave written informed consent for their involvement in the
experiment. Subsequently, we collected the demographic data, clinical information and drug consumption
information. Once all this information was collected, the neuropsychological evaluation was always
carried out in the same order by an expert psychologist. Finally, saliva samples were collected according
to the manufacturer’s protocol from all participants. Each session lasted approximately 45 to 60 min.

2.4. Self-Reported Measurements and Psychological Pain Assessment

Participants provided written informed consent for their involvement in the experiment. The Rey
Juan Carlos Research Ethics Board approved this study (ref: 201000100011550), which followed all the
requirements of this committee. Subsequently, participants completed some self-report instruments
in their validated Spanish version. The whole sample fulfilled the State-Trait Anxiety Inventory
(STAI) [69]. The STAI test is a self-report questionnaire composed of 20 items for measuring Trait
Anxiety and 20 items for State Anxiety ranging from 0 to 60 (subsequently assigning a centile
score). The reported values of Cronbach’s α were 0.93 for the Trait Anxiety and 0.87 for State Anxiety
subscales [69]. The Beck Depression Inventory (BDI) [70] was also administered to all participants for
measuring depressive symptoms. This scale has scores ranging from 0 to 63. The values of Cronbach’s α
were 0.87 [70]. Additionally, fibromyalgia patients completed the Spanish version of the Fibromyalgia
Impact Questionnaire (FIQ-S) [71], a specific questionnaire to assess the current health and functional
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status of fibromyalgia patients with a score ranging between 0 and 80. Just before starting the experiment,
a visual analogue scale (VAS) ranging from 0 (no pain at all) to 10 (worse imaginable pain) was applied
for monitoring the level of pain suffered by the participants in the previous week, including the day of
testing. The reported Cronbach’s α for this test was 0.82 [71]. The fibromyalgia patients showed higher
scores for depression (F (1165) = 111.431, p = 0.001, η2

p = 0.403), state anxiety (F (1165) = 11.534, p = 0.001,
η2

p = 0.065), trait anxiety (F (1165) = 51.981, p = 0.001, η2
p = 0.240) and VAS pain (F (1165) = 329.208,

p = 0.001, η2
p = 0.666) than the control participants. Data regarding the psychological variables are

shown in Table 1, along with the information on drug consumption and sociodemographic conditions.

Table 1. Means and standard deviations of age, levels of trait and state anxiety, depression, pain, drug
consumption and educational levels for each group of participants. p-values for each statistical contrast
are also included.

Clinical Variables Fibromyalgia Patients Healthy Control p-Value

Age 51.38 (7.43) 51.42 (7.51) 0.975
STAI

STAI-Trait 65.23 (28.13) 34.60 (26.67) 0.001
STAI-State 43.27 (26.70) 29.53 (25.49) 0.001

BDI 18.69 (9.28) 6.47 (4.86) 0.001
VAS Pain 6.26 (2.08) 0.977 (1.69) 0.001

FIQ-S 55.89 (18.09) - -
Drug consumption

Antidepressants (%) 53.5 0.02 0.001
Analgesics (%) 59.30 0.02 0.001

Benzodiazepines (%) 33.7 0.02 0.001
Others (%) 50 25.93 0.001

Educational level
Elementary studies (%) 16.28 16.05

0.347Middle level (%) 60.47 50.62
Superior university studies (%) 23.25 33.33

STAI, State-Trait Anxiety Inventory; BDI, Beck Depression Inventory; VAS, visual analogue scale; FIQ-S, Spanish
version of the Fibromyalgia Impact Questionnaire.

2.5. Neuropsychological Testing of Working Memory

Working memory functioning was assessed by two different neuropsychological tests. Both tests
are part of the Working Memory Index (WMI) belonging to the Spanish version of the Wechsler Memory
Scale III (WMS-III) [72]. This index allows one to obtain a measure of the individual’s performance
in different tasks that require attending to, retaining and processing information in memory, and
subsequently generating a response according to that information [72]. The WMI is calculated from
the scores obtained in the Spatial Span Test (SST) and the Letter and Number Sequence Test (LNST).
These tests were selected because they have been considered as validated and standardized measures of
verbal and visual–spatial functions of working memory functioning. Values of Cronbach’s α between
0.85 and 0.99 were reported [73].

The SST of the WMS-III evaluates immediate spatial working memory [74]. This task is a modified
version of the classical Corsi Block-Tapping Test [75] and has been previously used in chronic patients
with working memory impairments [76,77]. Participants were presented with a board on which a set of
ten cubes or blocks were fixed. On the board, all the cubes had written on them numbers from 1 to 10
that only the examiner could see. The SST test was applied twice, one forwards and the other backwards
(see Figure 1). In the forward application, participants were asked to repeat in the same order the tapping
sequence previously made by the examiner. The first sequence presented to the participants started
with a tapping sequence of three blocks. Two trials were applied for each sequence length. The SST
finished when the participants failed to reproduce both trials of the same sequence. For the backward
application, participants were asked to repeat the tapping sequence but in reverse order (i.e., backwards).
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Whereas performing the forward version requires the setting in motion of several processes such as
encoding, memory delay and the implementation of response alternatives, the backward application
requires the activation of executive processes such as manipulating information [78]. Performance in
this test was measured by recording the following raw scores: span of SST forward (number of correct
trials performed in the forward application; score ranging from 0 to 9), SST forward score (sum of all the
points obtained by the subject in direct order with a score ranging from 0 to 16), span of SST backward
(number of correct trials performed in the backward application; in the same way as in the forward
application, the score range was 0 to 9), SST backward score (sum of all the points obtained by the
subject in the backward application with a score ranging from 0 to 16) and SST total score (sum of SST
forward score and SST backward score, whose range of scores was 0 to 32).
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Figure 1. Spatial Span Test. Example of a trial representing a sequence length of three cubes. (A) Trial
of the Spatial Span Test in the forward application; (B) Trial of the Spatial Span Test in the backward
application. White arrows mark the correct order in which subjects should have remembered the
tapping sequence.

The LNST was used for assessing verbal working memory. A series of sequences consisting
of disordered letters and numbers were verbally presented by the examiner to the participants,
who were instructed to reproduce them in a specific order: first, the numbers from the smallest to
the largest, followed by the letters in alphabetic order. The lengths of the LNST series were gradually
increased, starting from lengths of two elements and finishing with series including eight elements
(e.g., two elements: L-2 (2-L); eight elements: 7-M-2-T-6-F-9-A (2-6-7-9-A-F-M-T). The same criterion
applied in the SST test for stopping its application was also adopted for the LNST test (i.e., it finished
when the participants failed two consecutive elements belonging to the same sequence length).
This scale has been shown to be sensitive for exploring working memory disorders in different chronic
syndromes [79,80]. Two different memory measures were computed for this test: the span of LNST
(maximum number of elements correctly remembered; score ranging from 0 to 8) and LNST score
(sum of all the points obtained by the subject in this task; score ranging from 0 to 21). Finally, the total
score of the WMI (score ranging between 50 and 150) was also calculated by computing the total scores
of the LNST and SST tests.

2.6. COMT Genotyping

Unstimulated whole saliva samples were collected into collection tubes according to standardized
procedures. Subjects were asked not to eat, drink or chew gum for 1 hour before sample collection.
Immediately after collection, the samples were stored at −20 ◦C until analysis. Saliva, as compared
to blood collection, has the following advantages: it requires no specialized personnel for collection,
allows for remote collection by the patient, is painless, is well accepted by participants, has decreased
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risks of disease transmission, does not clot, can be frozen before DNA extraction and possibly has a
longer storage time.

Genomic DNA was extracted from 5 mL of saliva using a REALPURE Saliva RBMEG06 Kit
(Durviz, Valencia, Spain) according to the manufacturer’s protocol. The resulting DNA was diluted
to 100–1000 ng/µL, using 1×Tris-EDTA (TE) buffer (Sigma-Aldrich, Dorset, UK) and assessed for
purity and concentration using a NanoDrop™ND1000 Spectrophotometer (Thermo Fisher Scientific
Inc., Hemel Hempstead, Hertfordshire, UK). COMT polymorphisms were genotyped by real-time
polymerase chain reaction (RT-PCR) analysis using TaqMan®Predesigned SNP Genotyping Assays
for rs4680 polymorphisms (Thermo Fisher Scientific Inc., Hemel Hempstead, Hertfordshire, UK).
TaqMan®SNP Genotyping Assays use TaqMan®5′-nuclease chemistry for amplifying and detecting
specific polymorphisms in purified genomic DNA samples. Each assay allows the genotyping of
individuals for a single nucleotide polymorphism (SNP). Each TaqMan®SNP Genotyping Assay
contains: (A) sequence-specific forward and reverse primers to amplify the polymorphic sequence of
interest and (B) two TaqMan®minor groove binder (MGB) probes with non-fluorescent quenchers
(NFQ): one VICTM-labeled probe to detect Allele 1’s sequence and one FAMTM-labelled probe to
detect Allele 2’s sequence. Amplification was carried out an ABI Prism 7000 Sequence Detection
System (Thermo Fisher Scientific Inc., Hemel Hempstead, Hertfordshire, UK) in the Genomics unit
of the Technological Support Center (CAT) of the Rey Juan Carlos University. All genotypes were
determined twice.

2.7. Data Analysis

The normal distribution of the dependent variables was checked using the ratio of kurtosis and
asymmetry to the standard error. This index for each variable was between +2 and −2, confirming that
the scores did not violate the assumption of normality [81,82].

A chi-square test (χ2) was used to evaluate the statistical distribution of the COMT genotypes in both
the fibromyalgia patients and HC participants in order to verify the Hardy–Weinberg equilibrium (HWE).

To explore the potential effect of the COMT rs4680 polymorphism (participants were grouped
in three different genotypes: Met/Met, Val/Val and Met/Val) on the functioning of working memory,
two-way ANOVAs were performed. The span of SST forward, SST forward score, span of SST
backward, SST backward score, SST total score, span of LNST, LNST score and WMI were considered
as dependent variables, while the COMT genotypes (Met/Met, Val/Val and Met/Val) and groups (two
levels: fibromyalgia and HC participants) were set as the between-subject factors. Post hoc comparisons
to determine the significance of pairwise contrasts were performed using Bonferroni adjustment
(α = 0.05) for controlling the Type I error rate. Effect sizes were computed using the partial eta-square
(η2

p) method only for the significant analyses. We also estimated statistical power using the observed
power (1 − β), only for the significant interactions.

Additionally, the association between the clinical questionnaire scores and the performance in the
working memory tests was explored in two ways. First, at an exploratory level, Pearson correlations (r)
were determined. Secondly, to test whether the effects in the working memory tests were strictly due
to the COMT genotypes but not influenced by the differences in the clinical scores between groups, a
series of ANCOVAs were performed. Thus, those clinical variables that were significantly associated
with neuropsychological outcomes were introduced in these analyses as covariables (i.e., depression,
anxiety and pain) in order to neutralise their possible influence on the statistical results. Effect sizes
were computed using the partial eta-square (η2

p) method. A significance level of 0.05 (two tailed) was
used for all statistical analyses where significant.

As has been previously reported, benzodiazepines and antidepressants might have different effects
on cognition [83]. To account for this, several control analyses were performed via ANOVAs on working
memory scores, only including fibromyalgia patients using and not using particular medications.
We introduced the psychotropic drugs (benzodiazepines and antidepressants) as factors, whereas the
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working memory measures were dependent variables. All statistical analyses were performed with
the SPSS package (v.25.0; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. COMT Polymorphism Frequencies

The chi-square (χ2) test was used to assess the distribution of the genotypes in order to check the
HWE. The frequency of the COMT rs4680 polymorphism distribution fulfilled the HWE in both the
HC participants (χ2 = 0.351, p = 0.553) and fibromyalgia patients (χ2 = 0.04, p = 0.825). Statistical data
related to the genotype and allele frequency distributions of the COMT gene considering each group
of participants are displayed in the Table 2.

Table 2. Allele and genotype frequencies of COMT in fibromyalgia patients and healthy control group.

Genotype Frequencies n (%) Allele Frequencies

Genotypes HC (n = 81) Fibromyalgia (n = 86) HC (n = 81) Fibromyalgia (n = 86)

Val/Val 28 (19.8) 22 (25.6) Val 0.49 0.43
Met/Val 37 (45.7) 44 (51.2) Met 0.51 0.57
Met/Met 16 (34.6) 20 (23.3)

HC, healthy control participants; Val, valine; Met, methionine.

3.2. Statistical Effects in the Neuropsychological Assessment

ANOVAs revealed a major effect of group, where fibromyalgia patients showed significantly lower
scores than HC participants in most of the working memory measures: LNST score (F (1161) = 6.603,
p = 0.011, η2

p = 0.039), span of SST forward (F (1161) = 6.712, p = 0.010, η2
p = 0.040), SST forward score

(F (1161) = 6.495, p = 0.012, η2
p = 0.039), span of SST backwards (F (1161) = 5.343, p = 0.022, η2

p = 0.032),
SST backward score (F (1161) = 6.618 p = 0.011, η2

p = 0.039), SST total score (F (1161) = 9.080, p = 0.003,
η2

p = 0.053) and WMI (F (1161) = 9.709, p = 0.002, η2
p = 0.057). Only scores related to the span of LNST

did not yield significant differences between both groups (F (1161) = 1.126, p = 0.327).

3.3. Effects of Interaction between COMT Genotypes and Group of Participants on Working
Memory Performance

The mean scores for both the verbal and spatial working memory tests related to each group
of participants are displayed in Table 3. Regarding the interaction between the COMT genotypes
and group, the ANOVAs showed statistically significant differences for the SST backward score
(F (2161) = 5.543, p = 0.005, η2

p = 0.064, 1 − β = 0.849) and SST total score (F (2161) = 4.921, p = 0.008,
η2

p = 0.058, 1 − β = 0.801). In both cases, post hoc analyses showed a similar difference pattern.
Specifically, fibromyalgia patients carrying the Val/Val genotype showed significantly lower scores
than the Val/Val genotype carriers belonging to the HC group (p = 0.001 for the comparison of the
SST backward score and SST total score), as can be also seen in Figure 2. We also found a significant
difference for the fibromyalgia group between those patients carrying the Val/Val and Met/Val genotypes
(p = 0.03 for the SST backward score and p = 0.014 for the SST total score). Specifically, the Val/Val
genotype carriers performed worse according to both neuropsychological measures than the patients
carrying other genotypes. In addition, an interaction effect between the COMT genotype and group
was also found for the span of SST backward score (F (2161) = 4.013, p = 0.020, η2

p = 0.047, 1 − β = 0.710).
Post hoc analyses revealed a significant difference between the fibromyalgia and HC groups that only
was true for those participants carrying the Val/Val genotype (p = 0.001). In this case, the fibromyalgia
patients showed a lower performance than the HC participants (see Figure 2). Finally, we found a
statistically significant interaction between the COMT genotype and group for the WMI (F (2161) = 4.095,
p = 0.018, η2

p = 0.048, 1 − β = 0.720). Post hoc analyses showed that the fibromyalgia group scored
lower than the HC participants. This difference was obtained for both the Val/Val genotype (p = 0.007)
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and Met/Met genotype (p = 0.014) carriers (Table 3). No other comparison yielded significant results
for the span of LNST, LNST score, span of SST forward and SST forward score. In addition, no major
effect of COMT was found.

Table 3. Mean scores and standard deviations (in parenthesis) for working memory measures. Data are
separated by group (fibromyalgia and HC) and genotype (Val/Val, Met/Val and Met/Met). p-values for
the interaction between the COMT genotypes and group are also included.

COMT

p-ValueHealthy Control Fibromyalgia

Test Val/Val Met/Val Met/Met Val/Val Met/Val Met/Met

Span of LNST 5.04 (0.88) 5.08 (0.89) 5.38 (0.62) 4.77 (1.11) 5.09 (1.15) 4.80 (0.91) 0.327
LNST score 10 (2.35) 10.05 (2.38) 10.75 (1.34) 9.05 (2.75) 9.86 (2.86) 8.75 (2.26) 0.191

Span of SST forward 5.79 (0.78) 5.89 (0.77) 5.69 (0.87) 5.14 (1.20) 5.70 (1.01) 5.30 (1.12) 0.412
SST forward score 8.57 (1.42) 8.43 (1.55) 8.63 (1.66) 7.36 (1.98)) 8.39 (1.88) 7.70 (1.83) 0.147

Span of SST backward 5.79 (1.97) 5.16 (1.11) 5.35 (1.06) 4.77 (1.06) 5.25 (0.94) 4.95 (1.27) 0.020
SST backward score 8.21 (1.72) 7.27 (1.82) 7.25 (1.73) 6.14 (1.91) 7.39 (1.82) 6.80 (2.01) 0.005

SST total score 16.79 (2.58) 15.62 (3.32) 15.87 (2.96) 13.50 (3.48) 15.77 (3.32) 14.50 (2.87) 0.008
WMI 108.63 (10.06) 103.11 (12.69) 108.54 (12.21) 98.92 (14.95) 104.23 (14.75) 97.45 (13.29) 0.018

LNST, Letter and Number Sequence Test; SST, Spatial Span Test; WMI, Working Memory Index.

1 
 

 
Figure 2. Means and standard errors related to the performance in the working memory tests. Data of
fibromyalgia patients (red) and healthy controls (blue) are represented for each COMT genotype:
Val/Val, Met/Val and Met/Met. (A) SST backward score, (B) span SST backward, (C) SST total score and
(D) WMI. * p < 0.05; ** p < 0.001. SST, Spatial Span Test; WMI, Working Memory Index; Val, valine;
Met, methionine.

3.4. Relationship between the Clinical Variables and Neuropsychological Test Results

As mentioned in the Data Analysis section, we evaluated the relationship between the scores
obtained from the clinical questionnaires and the working memory test results in terms of Pearson
correlations (see Table 4). Trait anxiety (Trait-STAI) correlated negatively with the number of correct
trials performed in the Spatial Span test (Span of SST forward) (r = −0.219, p = 0.004), the number
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of correct backward trials performed in the Spatial Span test (Span of SST backward) (r = −0.206,
p = 0.008), the score for the Spatial Span test in the forward application (SST forward score) (r = −0.209,
p = 0.007) and the total score for the Spatial Span test (SST total score) (r = −0.192, p = 0.013). In other
words, the higher the scores related to trait anxiety were, the lower the span of SST forward, the span
of SST backward, the SST forward score and the SST total score were. Moreover, depression (BDI) and
the Letter and Number Sequence test score (LNST score) (r = −0.157, p = 0.042) showed a significant
association. These variables were also inversely correlated, so the higher the depression, the lower the
LNST score. Additionally, depression and the Working Memory Index (WMI) showed a significant
association (r = −0.64, p = 0.035); the lower the WMI, the higher the scores related to depression.
Finally, pain outcomes correlated with the number of correct trials performed in the direct order of the
Spatial Span test (span of SST forward) (r = −0.157, p = 0.043). The rest of the analyses did not show
statistical differences, as can be seen in Table 4.

Table 4. Pearson correlations between the clinical questionnaire scores and neuropsychological measures.

State Anxiety Trait Anxiety Depression Pain

Span of LNST −0.057 −0.051 −0.093 −0.068
LNST score −0.087 −0.095 −0.157 * −0.137

Span of SST forward −0.083 −0.219 ** −0.129 −0.157 *
SST forward score −0.116 −0.209 ** −0.134 −0.121

Span of SST backward −0.143 −0.206 ** −0.150 −0.119
SST backward score −0.085 −0.133 −0.130 −0.146

SST total score −0.114 0.192* −0.148 −0.149
WMI −0.012 −0.131 −0.166 * −0.117

* p < 0.05; ** p < 0.01.

Based on the results provided by the correlation analyses, ANCOVAs were carried out including
the clinical variables showing a significant association with the working memory test scores as
covariables. The analyses revealed that the differences shown in the working memory measures as a
function of the interaction between the COMT genotypes and group were independent of the clinical
symptomatology. Specifically, the COMT genotype and group interactions, after controlling for scores
in trait anxiety, remained significant for the span of SST backward (F (2160) = 3.827, p = 0.024, η2

p = 0.046)
and SST total score (F (2160) = 4.663, p = 0.011, η2

p = 0.055). Furthermore, the interaction effect between
the COMT genotype and group for the WMI after controlling for depression scores also remained
significant (F (2160) = 4.051, p = 0.019, η2

p = 0.048). In the case of the rest of the significant variables
described in the correlation analyses, they consistently displayed non-significant differences for the
COMT genotypes and group interaction, when trait anxiety (span of SST forward (F (2160) = 0.790,
p = 0.456) and SST forward score (F (2160) = 1.606, p = 0.204)), depression (LNST score (F (2160) = 1.593,
p = 0.207)) or pain were introduced as covariables (span of SST forward (F (2160) = 0.885, p = 0.415)).

3.5. Working Memory Analyses Controlling for the Intake of Psychotropic Drugs

As we have previously indicated, fibromyalgia patients usually have a high consumption
of medications due to their chronic condition. Some of these drugs, such as antidepressants and
benzodiazepines, can have a negative impact on cognitive performance. Therefore, we carried out
several control analyses in order to explore the potential effects of drug consumption on cognitive
functioning within the fibromyalgia group. ANOVAs were performed for patients who were taking
and were not taking benzodiazepines or antidepressant drugs. The analyses revealed that working
memory outcomes were not significantly influenced by the medications taken for fibromyalgia patients
(see Table 5).
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Table 5. Means and standard deviations (in parenthesis) of working memory outcomes for fibromyalgia
patients who were taking or not taking medications (benzodiazepines and antidepressants). p-values
of the one way-ANOVAs are also included.

Antidepressant ANOVAs Benzodiazepine ANOVAs

Medication No Medication p-Value Medication No Medication p-Value

Span of LNST 4.98 (0.97) 4.90 (1.236) 0.744 4.83 (0.92) 5.00 (1.18) 0.495
LNST score 9.43 (2.50) 9.35 (2.99) 0.887 8.97 (2.42) 9.61 (2.85) 0.299

Span of SST forward 5.61 (0.97) 5.30 (1.22) 0.197 5.59 (1.01) 5.40 (1.14) 0.471
SST forward score 8.24 (1.66) 7.65 (2.17) 0.159 8.14 (1.66) 7.88 (2.06) 0.557

Span of SST backward 5.15 (1.13) 4.95 (0.98) 0.384 5.14 (0.95) 5.02 (1.12) 0.624
SST backward score 7.17 (1.99) 6.65 (1.86) 0.213 7.10 (1.67) 6.84 (2.06) 0.558

SST total score 15.41 (2.98) 14.30 (3.71) 0.127 15.24 (2.98) 14.72 (3.56) 0.500
WMI 101.63 (13.31) 100.43 (16.25) 0.706 100.31 (13.29) 101.46 (15.43) 0.734

4. Discussion

The present investigation aimed to explore the relationship between the different genotypes of the
COMT gene and working memory dysfunction in fibromyalgia. The results derived from the statistical
analyses showed that patients with fibromyalgia had significantly lower scores on both the Letter and
Number Sequence and Spatial Span tests. More interestingly, our findings suggest that the performance
according to different working memory measures might be modulated by the different genotypes of
the COMT rs4680 polymorphism. Specifically, fibromyalgia patients carrying the Val/Val genotype
(i.e., having high COMT activity leading to higher dopamine degradation) exhibited significantly
worse performance in terms of the span of SST backward, SST backward score, SST total score and
Working Memory Index of the WMS-III. To the best of our knowledge, this is the first study that
establishes a relationship between COMT genotype and working memory dysfunction in fibromyalgia.

As indicated in the Results section, our data have confirmed the presence of clear working
memory dysfunction in fibromyalgia as reflected by the low performance according to the different
neuropsychological measures (LNST and SST). Although there is some controversy about the nature
and extent of the cognitive impairment in fibromyalgia [84–87], a wide group of studies using
varied methodologies—such as neuropsychological tests [55,57,59,63,88,89], brain electrophysiological
response assessments [54,58] and neuroimaging techniques [90–92]—has evidenced that cognitive
functioning differs between fibromyalgia patients and healthy controls. In this sense, the available data
suggest that cognitive impairment in fibromyalgia could be more evident when cognitive demands
are elevated, as occurs in working memory tasks, where patients have to deal with situations that
involve stimulus competition or require the allocation of cognitive resources to process distinct kinds
of information at the same time [53,92,93].

What is more interesting regarding the current findings is the potential role of the COMT gene as
a factor contributing to the cognitive impairment in fibromyalgia. Remarkably, our data have indicated
that those patients carrying the Val/Val genotype of COMT exhibited significantly worse outcomes
in terms of the span of SST backward, SST backward score, SST total score and the WMI than the
HC participants carrying the same COMT genotype. Furthermore, we observed that homozygous
valine fibromyalgia patients performed significantly lower in terms of the SST backward and SST
total score than heterozygous patients. Finally, contrary to our expectations, the Met/Met genotype
(i.e., that with low enzyme activity) was not associated with an improvement in working memory tasks
in fibromyalgia. Although there is a lack of previous studies linking these genetic factors with cognitive
dysfunction in fibromyalgia, the relationship between the COMT rs4680 polymorphism and working
memory functioning has been consistently reported in healthy volunteers [28,30,31,34,94] and other
pathologies characterized by working memory impairments such as schizophrenia or posttraumatic
stress disorder [36–39]. It has been demonstrated that Val/Val carriers scored systematically lower
than individuals carrying other genotypes on various working memory tasks. These chronic diseases
have been characterized by brain activity abnormalities in prefrontal cortex (PFC) functioning while
patients were involved in working memory tasks [95–97]. This scientific evidence is in accordance
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with the results derived from a growing body of investigations indicating that the PFC is a key brain
region involved in the working memory impairments in fibromyalgia [90–92,98,99]. In this regard,
Luerding and colleagues [90] have reported, using voxel-based morphometry, that fibromyalgia
patients with lower grey matter volume in the left dorsolateral prefrontal cortex (DLPFC) had poorer
performance in the Corsi Block-Tapping Test, confirming the crucial role of prefrontal brain regions
for this working memory dysfunction. Furthermore, the variation in the dopamine levels in the PFC
seems to be related to the variable neural response of this brain region during the performance of
working memory tasks [33,36,100]. It has been suggested that the different COMT enzymatic activity
seems to modulate the amount of available dopamine, exerting an effect, in turn, on the interindividual
variability in cognition [101]. In this vein, a high enzymatic activity of COMT, as occurs in the Val/Val
genotype carriers [26], would lead to diminished levels of dopamine at the synapse and less activity in
postsynaptic receptors. Consequently, whereas this extracellular reduction in dopamine availability
would be related to a worsening of working memory processes, the lower activity of the COMT
enzyme (i.e., the Met/Met genotype) seems to contribute to the augmentation of dopamine levels at the
synapse and, in turn, to higher working memory efficiency [6]. Thus, it has been proposed that the
increase in extracellular dopamine could improve cognitive symptoms in fibromyalgia [102], due to the
involvement of the dopaminergic system in cognitive impairment in this chronic pain syndrome [103].
Nevertheless, it is important to note that the optimal execution in working memory tasks would require
intermediate dopamine levels (very high or low levels of dopamine would have negative effects on
working memory performance) [7], since the relationship between working memory and dopamine
availability seems to follow an inverted-U shape [6,104]. This prior evidence could help us to shed
light on some of the unexpected results obtained here, such as those shown by patients carrying the
Met/Met COMT genotype who did not reach the highest working memory performance. It leads
us to conjecture that patients in this subgroup could potentially have very high levels of dopamine,
which might disadvantage them for obtaining better performance in working memory tests. Although
these data should be confirmed in future studies, our results suggest that the enzymatic activity of
COMT might modulate the cognitive performance of fibromyalgia patients, mainly in spatial working
memory tasks.

The relationship between dopamine availability and working memory dysfunction in fibromyalgia
deserves further consideration. The effects of enzymatic COMT activity on the cognitive performance
in patients with fibromyalgia were observed mainly in those neuropsychological measures involving
visuo-spatial working memory capabilities (i.e., the span of SST backward, SST backward score and
SST total score) but not in those assessing verbal working memory processes (i.e., the span of LNST and
LNST score). The question that now arises is why that effect was not homogeneously reflected across the
whole set of applied working memory tests. The answer to this question may admit two complementary
but non-exclusive explanations. Firstly, both the difficulty and the cognitive load conveyed by a given
task are relevant factors for detecting impairments in working memory functioning [92,105–107]. In this
sense, the cognitive load generated by the two different working memory tests used here, the LNST
and SST, seems to be different. It has been consistently reported that verbal and spatial working
memory tasks can be separable for involving different sets of resources [108–110]. With respect to
this, some studies have indicated that maintenance sub-processes might produce a similar cognitive
load in both verbal and spatial working memory tasks, but updating sub-processes (which implies
adding or removing representations in working memory (see [111])) could be qualitatively different
in both tasks [112]. These authors argued that the irrelevant items included in a verbal working
memory updating sequence caused higher proactive interference than those included in spatial
working memory, as the semantic content of verbal tasks can create more durable representations in
working memory than spatial stimuli. On the other hand, certain spatial tasks, such as the Spatial
Span Test, require not only the implementation of working memory sub-processes (i.e., updating,
encoding or maintenance) but also the coordination of motor planning processes and integration of
spatial information [113]. This integration is not needed in verbal working memory tasks. Secondly,
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it has been reported that the neural circuit that connects the PFC and the hippocampus is a crucial
pathway in spatial working memory tasks and this circuit could be modulated by cortical dopaminergic
neurotransmission [113]. In this line, scientific evidence from brain imaging studies has demonstrated
that carriers of the Val/Val genotype had lower “connection strength” between the hippocampus and
the ventrolateral prefrontal cortex (VLPFC) while subjects performed a visual memory task [23]. On the
other hand, primate studies have shown an increase in extracellular dopamine levels in the DLPFC
during the performance of tasks that require the implementation of processes related to working
memory, mainly in spatial tasks [114,115]. All this experimental evidence seems to confirm the
importance of dopamine levels in the fronto-temporal network during cognitive processing [116],
which could be proposed as a tentative explanation for the cognitive dysfunction shown by fibromyalgia
patients in spatial, but not in verbal, working memory tests.

Finally, as the analysis carried out in the study showed, the influence of the COMT genotypes on
the neuropsychological outcomes was independent of clinical symptoms (i.e., pain, depression and
anxiety). Although some authors have found an influence of clinical outcomes on cognitive performance
in fibromyalgia [84,86,117], others have failed to find this relationship [56,105,118–120]. Therefore, there is
still some debate on this issue. Some authors have explained that clinical symptoms, especially pain,
are not the origin of cognitive problems in fibromyalgia syndrome but are concomitant to these [119].
Although these symptoms (depression or anxiety) may contribute somewhat to cognitive dysfunction
in fibromyalgia, they cannot explain all the deterioration that patients show in different cognitive
domains [105]. This author has argued that even more research is needed to explore the role of clinical
symptoms in cognition, as well as to provide more information about the combined effects of fibromyalgia
with clinical symptoms on cognitive function.

Some limitations related to other potential influences should be taken into account for the interpretation
of the current findings. Firstly, although the sample size was sufficient to obtain high statistical
power, future studies should confirm these conclusions using larger samples. Secondly, the effects
of dopamine on working memory are paradoxical [13,121], with opposite effects observed in similar
studies. For this reason, the results derived from this study should be taken with caution since it has
been observed that the relationship between the COMT genotypes and working memory not only
depends on dopamine degradation but also on other genes related to dopamine transporters [29] or
dopamine receptors [8,9,11,12,20]. These genes have been considered relevant for the modulation of
dopamine transmission within deeper neural structures involved in working memory processing, such
as the striatum or the PFC [1,122]. On the other hand, although the single SNP analysis has provided
abundant evidence regarding the role of the COMT gene in working memory functioning, the use of a
haplotype-based approach could complement this analysis due to its better sensitivity in representing the
subjects’ availability of dopamine. Finally, although drug consumption affecting cognition was statistically
controlled to neutralise its influence, future research only including fibromyalgia patients who are free of
medication is recommended.

5. Conclusions

In summary, our data are the first to establish a role of COMT, a gene involved in the availability
of dopamine, on working memory dysfunction in fibromyalgia patients. Specific genotypic variations
of the COMT gene (i.e., Val/Val allele carriers) might contribute to diminished cognitive performance
in fibromyalgia, mainly in visuo-spatial working memory tasks. These promising data could help
to better characterize and detect working memory dysfunction in the more cognitively impaired
patients and contribute to the design of more adjusted cognitive treatments for these chronic pain
patients. Nevertheless, future studies should be done using a COMT haplotype-based approach to
explore its influence on the working memory impairment in fibromyalgia in more depth, not only
by means of neuropsychological assessments but also focusing on the neural indices underlying this
cognitive dysfunction.
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