Rheumatology 2022;00:1-12
https://doi.org/10.1093/rheumatology/keab911
Advance access publication 7 December 2021

RHEUMATOLOGY

Original article

Interplay between genetics and lifestyle on pain
suscep,tibility in women with fibromyalgia:
the al-Andalus project

Fernando Estévez-Lopez', Juan M. Guerrero-Gonzalez?,

Diego Salazar-Tortosas, Daniel Camiletti-Moirén®*, Blanca Gavilan-Carrera ,
Virginia A. Aparicio®, Pedro Acosta-Manzano®,
Inmaculada C. Alvarez-Gallardo®, Victor Segura-Jiménez
Alberto Soriano-Maldonado®, Rinie Geenen'', Manuel Delgado-Fernandez®,
Luis J. Martinez-Gonzalez?, Jonatan R. Ruiz'? and Maria J. Alvarez-Cubero?'3

7,8,9
’

Abstract

Objectives. It is widely acknowledged that the experience of pain is promoted by both genetic susceptibility
and environmental factors such as engaging in physical activity (PA), and that pain-related cognitions are also
important. Thus, the purpose of the present study was to test the association of 64 polymorphisms (34 candi-
date genes) and the gene-gene, gene-PA and gene-sedentary behaviour interactions with pain and pain-related
cognitions in women with FM.

Methods. Saliva samples from 274 women with FM [mean (s.0.) age 51.7 (7.7) years] were collected for extracting
DNA. We measured PA and sedentary behaviour by accelerometers for a week, pain with algometry and question-
naires, and pain-related cognitions with questionnaires. To assess the robustness of the results, a meta-analysis
was also performed.

Results. The rs6311 and rs6313 polymorphisms (5-hydroxytryptamine receptor 2A, HTR2A) were individually
related to algometer scores. The interaction of rs4818 (catechol-O-methyltransferase, COMT) and rs1799971 (opioid
receptor u gene, OPRMT1) was related to pain catastrophizing. Five gene-behaviour interactions were significant:
the interactions of sedentary behaviour with rs1383914 (adrenoceptor alpha 1A, ADRA1A), rs6860 (charged multive-
sicular body protein 1A, CHMP1A), rs4680 (COMT), rs165599 (COMT) and rs12994338 (SCN9A) on bodily pain sub-
scale of the Short Form 36. Furthermore, the meta-analysis showed an association between rs4680 (COMT) and
severity of FM symptoms (codominant model, P-value 0.032).

Conclusion. The HTR2A gene (individually), COMT and OPRM1 gene-gene interaction, and the interactions
of sedentary behaviour with ADRA1A, CHMP1A, COMT and SCN9A genes were associated with pain-related
outcomes. Collectively, findings from the present study indicate a modest contribution of genetics and gene-
sedentary behaviour interaction to pain and pain catastrophizing in women with FM. Future research should
examine whether reducing sedentary behaviour is particularly beneficial for reducing pain in women with genetic
susceptibility to pain.
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Rheumatology key messages

o Full understanding of FM encompasses interacting biological and environmental factors.
o Gene—gene and genotype-sedentary behaviour interactions may be relevant when studying pain in women with

FM.

o Future research should examine reduction of sedentary behaviour in women with genetic susceptibility to pain.

Introduction

FM is a chronic pain condition characterized by wide-
spread pain and other somatic symptoms, fatigue, unre-
freshed sleep and cognitive symptoms [1]. Pain is
present in all the proposed diagnostic criteria of FM [1].
Therefore, research of this disease has extensively
focussed on pain as an outcome and in its related
mechanisms. It is widely accepted that pain is promoted
by both genetic susceptibility and environmental factors
such as people’s behaviours. A higher prevalence in
women has also been observed, which could be
explained by sexually dimorphic dorsal root ganglia in-
flammation, promoted by stress [2].

In FM, the most often studied gene in relation to pain
is the catechol-O-methyltransferase (COMT). By regulat-
ing the dopaminergic pathways, COMT participates in
the opioidergic central processing of pain [3]. A relation-
ship between methionine alleles of the COMT gene and
fatigue has even been suggested, which could be mod-
erated by different levels of fear of pain, establishing an
association between psychological and physical factors
[4]. Among Spanish women with FM, an early study
found an association between rs4818 polymorphism and
self-reported pain [5]. Tour and colleagues have recently
observed that the interaction of the opioid receptor pi
(OPMRT1) and serotonin transporter 5-HTT (5-HTTLPR)
genes is associated with pain modulation in people
both with and without FM [6]. Furthermore, a recent
bioinformatics study also proposed CD38, glycine amidi-
notransferase, histidine decarboxylase and Fos proto-
oncogene as candidate genes that may be involved in
occurrence and development of FM, all of them related
to musculoskeletal disease, mental disorder or immune
system disease. They also found a wide group of differ-
entially expressed genes and microRNAs that may serve
as potential targets for diagnosis and treatment of FM
[7].

Greater levels of physical activity (PA) and lower levels
of sedentary behaviour are both related to lower pain in
FM [8], and physical exercise training is considered im-
portant in the treatment of FM [9]. However, no previous
research has studied the interaction of genotype and PA
or sedentary behaviour with pain. The understanding of
this interaction might help to tailor the general advice of
engaging in PA while reducing sedentary behaviour

according to the genotype of people with FM. A recent
study has reported the relevance of two genes (MRPL4
and SLC38A) associated with mitochondrial function or
oxidative phosphorylation and glutamate signalling as
possible discriminating genes in FM [10].

There are previous reports regarding the impact of
physical exercise in FM. Some of them suggest that aer-
obic exercise reduces autonomic dysfunction, whereas
resistance training reduces psychological symptoms
such as depression [11, 12], and training focussed on
strength improves the symptoms of FM [13]. However,
there are few data about genetic variants, PA and their
impact in FM. Thus, we have focussed on the search of
single nucleotide polymorphisms (SNPs) variants that
have a role in pain in FM, taking into account the effect
of PA.

Due to the complex nature of the phenotype of pain in
FM, our hypothesis was that pain is not only related to
individual genotype associations, but also to gene-gene
interactions and gene-PA interactions. Therefore, the
aims of this study were (i) to analyse the singular associ-
ation of 64 polymorphisms of 34 FM candidate genes,
as well as the gene-gene, gene-PA and gene-sedentary
behaviour interactions with pain outcomes in a well-
characterized sample of southern Spanish women with
FM, and (ii) to test the robustness of previous results by
performing a meta-analysis of all the available evidence.

Methods
Participants

The al-Andalus project aimed at recruiting a geographic-
ally representative sample of women with FM from
Andalusia (southern Spain) as described elsewhere [14].
Recruiting criteria are available in the Supplementary
Materials and Methods, available at Rheumatology
online.

Genetic analysis

The participants were genotyped for 64 SNPs that had
been previously investigated in relation to FM suscepti-
bility, symptoms or potential mechanisms (supplemen-
tary Table S1, available at Rheumatology online.).
As described elsewhere [15, 16], we collected buccal
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mucosa cells and we performed DNA non-organic
extraction (proteinase K and salting-out) procedures.
Afterwards, we conducted a spectrophotometric quanti-
fication (NanoDrop 2000c, ThermoFisher). See details
about samples preparation in Supplementary Materials
and Methods, available at Rheumatology online.
Supplementary Table S2 (available at Rheumatology on-
line) shows the manufacturer thermal cycling conditions.
Plates include an Non Template Control for each
SNP in the analysis, and each plate has a total of 48
samples. Supplementary Tables S3 and S4 (available at
Rheumatology online) provide further details about the
TagMan® OpenArray® custom assay designs and the 64
analysed SNPs, respectively. We performed a
TagMan™ OpenArray™ Genotyping Plate, Custom
Format 64 QuantStudio™ 12K Flex. The data were
analysed using the TagMan® Genotyper Software and
downstream analysis using the AutoCaller™ Software.

Measures related to PA and sedentary behaviour

Triaxial accelerometers GT3X+ (Actigraph, Pensacola,
FL, USA) were used to objectively measure PA and sed-
entary behaviour. Activity counts were measured at a
rate of 30Hz and stored at an epoch length of 60s [17,
18] using a triaxial accelerometer GT3X+ (Actigraph,
Pensacola, FL, USA). Participants wore the accelerom-
eter on the hip for up to 9days; however, the first and
last days were excluded from the analyses. A total of
seven continuous days with a minimum of 10 valid hours
per day was required in order to be included in the
study analysis. Participants were instructed to remove
the accelerometer while showering or practising water
activities. Sleeping time was recorded through a diary
and excluded from analyses. Sedentary behaviour and
PA were calculated based upon recommended vector
magnitude cut point [17, 18]: 0-199 and >200 counts
per min, respectively. We used the manufacturer soft-
ware (Actilife™ v.6.11.7 desktop) for data download, re-
duction, cleaning and analyses purposes. Further details
are available elsewhere [19, 20], and detailed informa-
tion about the treatment of data for this study is
described in the Supplementary Materials and Methods,
available at Rheumatology online.

Measures related to pain outcomes

Measures related to pain outcomes and brief explana-
tions of them are included in the Supplementary
Materials and Methods, available at Rheumatology
online.

Measures related to potential confounders

Measures related to potential confounders and brief
explanations of them are included in the Supplementary
Materials and Methods, available at Rheumatology online.

Procedures

The assessments were conducted over three consecu-
tive days. On day 1, the participants completed

https://academic.oup.com/rheumatology

sociodemographic and clinical data, and trained
researchers measured body composition and tender
points. Subsequently, participants received several pain-
related questionnaires to be completed at home on day
2. On day 3, participants returned the questionnaires
and received the accelerometer to be worn for nine con-
secutive days.

All participants were provided with and signed written
informed consent prior to taking part in the study. The
al-Andalus project protocol was reviewed and approved
by the Ethics Committee of the Virgen de las Nieves
Hospital (Granada, Spain), registration number: 15/11/
2013-N72. The ethical guidelines of the declaration of
Helsinki were followed.

Statistical analysis

All analyses were performed in the R environment 3.4.1.
The Hardy-Weinberg equilibrium (HWE; P>0.01) and
linkage disequilibrium (?>0.5) were evaluated with
‘genetics’ package [21]. Gene—phenotype associations
along with gene-gene interactions were assessed with
the ‘SNPassoc’ package [22]. We developed our own
script to study gene—environment interactions. For more
information about the statistical analysis, see the
Supplementary Materials and Methods, available at
Rheumatology online.

In silico analysis on the functional and structural
impact of the SNPs

Information about in silico analysis are available in the
Supplementary Materials and Methods, available at
Rheumatology online.

Meta-analysis

This meta-analysis was performed using six selected
SNPs analysed in our cohort, located in the COMT gene
(rs4633, rs4680, rs4818, rs6269, rs165599 and rs20907).
See the Supplementary Materials and Methods (avail-
able at Rheumatology online) for more information.

We used the MetaGenyo platform (http://bioinfo.
genyo.es/metagenyo/) [23], which reports statistical data
among different genetic variants and pain associated to
FM.

Results
Descriptive analysis

Table 1 shows the characteristics of the 274 partici-
pants included in the present study. The rs7124442
(brain-derived  neurotrophic factor antisense RNA
gene, BDNF-AS), rs7911 (guanylate binding protein 1
gene, GBP1), rs1050450 (glutathione peroxidase 1 gene,
GPX1), rs4411417 (GTP cyclohydrolase 1 gene, GCH1),
rs6323 and rs1137070 (monoamine oxidase A gene,
MAOA), and rs3746544 (synaptosome associated
protein 2 gene 5, SNAP25) polymorphisms did not meet
the HWE criteria. A low genotyping rate (i.e. <0.90) was
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TasLe 1 Characteristics of the participants in the study,
n=274

Characteristics Value

Drugs consumption (yes vs no), n (%)

Analgesics (yes) 245 (89.8)
Antidepressants (yes) 145 (52.9)
Age, years, mean (s.D.) 51.7(7.7)
Body fat (%), mean (s.p.) 40.5 (7.6)
Physical activity (accelerometers),
mean (s.D.)

Moderate-to-vigorous physical
activity (min/week)
Sedentary behaviour (min/day)
Pain-related outcomes, mean (s.p.)
Pressure pain threshold
(algometry, kg/cm?)
Pain rating (FIQR, 0-10) 3(1.7)
Bodily pain (SF-36, 0-100) 21 2 (14.4)
Visual analogue scale (mm, 0-100) 64.5(21.9)
(
(

86.9 (118.9)
459.1 (108.1)

42.8(13.2)

Pain catastrophizing (PCS, 0-52) 21.2(24.5)
Pain self-efficacy (CPSS, 0-100) 36.4 (22.9)

FIQR: revised FM impact questionnaire; SF-36: 36-item
short form health survey; PCS: pain catastrophizing scale;
CPSS: chronic pain self-efficacy scale.

observed for the rs9470080 (FK506 binding protein 5
gene, FKBP5), rs4371369, rs4387806, rs6746030,
rs12620053 (sodium voltage-gated channel alpha sub-
unit 9 gene, SCN9A) and rs7310505 (thioredoxin reduc-
tase 1 gene, TXNRD1) polymorphisms. The remaining
51 polymorphisms were included in the present study.

Individual association between genotype and
phenotype

The individual associations of the rs6311 and rs6313
polymorphisms (5-hydroxytryptamine receptor 2A gene,
HTR2A) with pressure pain threshold were significant
under the overdominant model, but not the other models.
Fig. 1 shows that carriers of the CC/TT genotype had
higher pain thresholds (i.e. lower pain) than those with
the CT genotype [P=0.0007, false discovery rate
(FDR)=0.025 and P=0.0017, FDR=0.032]. These two
polymorphisms were in linkage disequilibrium (D’ =0.98).
The remaining individual associations between genotype
and pain were not significant (data not shown).

Gene—-gene interaction

Fig. 2 shows an interaction of the rs4818 and
rs1799971 polymorphisms (COMT and OPRM1 genes,
respectively) with pain catastrophizing under the codo-
minant model (P=0.00003, FDR=0.017). Pain cata-
strophizing for carriers of the CC genotype of the rs4818
polymorphism did not differ for different genotypes of
the rs1799971 polymorphism. However, CG rs4818 car-
riers reported higher catastrophizing when they were
GG carriers of the rs1799971 polymorphism than when
they were AG carriers. The opposite finding was

observed for the GG genotype of the rs4818
polymorphism.

The interactions involving the rs1383914 polymorph-
ism (adrenoceptor alpha 1A gene, ADRA1A) with the
rs752688 polymorphism (GTP cyclohydrolase 1 gene,
GCH1), and rs1042713 polymorphism (adrenoceptor
beta 2 gene, ADRB2) with rs429358 polymorphism (apo-
lipoprotein E gene, APOE), were significant. However,
they were considered as false positives; none or one
participant in some of the genotypes. The remaining
gene—gene interactions were non-significant (data not
shown).

Gene-behaviour interaction

The interaction of genotype and PA was not related to
any pain outcome (data not shown). An exception was
the interaction of the rs573542 polymorphism, ADRA1A
gene, and PA with pain self-efficacy (P =0.0003,
FDR =0.013). However, only seven participants with the
GA/GG genotype engaged in higher levels of PA, which
suggests an insufficient statistical power to reach
conclusions.

Fig. 3 shows that the associations of the genotypes
of the rs1383914 (ADRATA gene), rs6860 (charged
multivesicular body protein 1A gene, CHMP1A), rs4680
and rs165599 (COMT gene), and rs12994338 polymor-
phisms (SCN9A gene) with bodily pain [Short Form 36
(SF-36)] differ according to the levels of sedentary
behaviours of the participants (al, P<0.05 and
FDR <0.02). Participants who engage in high levels of
sedentary behaviours reported a similar pain regardless
of their rs4680, rs6860, rs165599 and rs1383914 geno-
type. However, those who spent low time in sedentary
behaviour showed lower pain on the SF-36 bodily
pain scale only if they were a particular genotype: AA/
GG for rs4680, rs6860 and rs165599, and AG for
rs1383914. Moreover, participants showing the com-
bination of the CC/TT genotype of the rs12994338
polymorphism and high sedentary behaviour showed
the worst bodily pain (low scores on the SF-36 bodily
pain scale).

The interaction of the rs25531 polymorphism (solute
carrier family 6 member 4 gene, SLC6A4) and sedentary
behaviour on acute pain (visual analogue scale score)
lacked statistical power, but was significant (P =0.0002
and FDR=0.003). Only 18 participants were AG
genotype, nine in each sedentary behaviour level. The
remaining interactions of genotype and sedentary be-
haviour with pain outcomes were not significant (data
not shown).

In silico analysis on the functional impact and
clinical effects

Most of the variants were located in introns or upstream
and downstream regions, and they did not change the
amino acid sequence. Some of them were located in
coding regions and produced synonymous variants
(rs4633 and rs4818), recognized as benign mutations.

https://academic.oup.com/rheumatology
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Fic. 1 Individual associations of the genotype of the rs6311 and rs6313 polymorphisms (HTR2A gene) with algometry

score (algometry, kg/cm?)
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According to the P-value and FDR, the significance was reached only under the overdominant model. HTR2A:
5-hydroxytryptamine receptor 2A gene; C: cytosine; T: thymine; FDR: false discovery rate.

Interestingly, we found a missense variant (rs4680) that
caused a change in the amino acid 158 (Val>Met) of
COMT protein. This substitution resulted in a drug re-
sponse effect involving substances such as nicotine, tra-
madol, methadone or morphine. See supplementary
Table S5, available at Rheumatology online, for more
detailed information.

Functional analysis was performed using the COMT
gene and a list of related genes interacting with COMT,
obtained by the STRING online platform. The resulting

https://academic.oup.com/rheumatology

list of genes included COMT, CYP1A1, CYP1B1, DDC,
DBH, PNMT, ADH1B, ADH6, ALDH2, MAOA and MAOB
(more details in Fig. 4).

The DAVID bioinformatics analysis of these 11 genes
showed association with alcohol consumption (72.7% of
genes, P=1.0x 1079, drug-related pathways (63.6%
of genes, P=2.3x107% and oxidoreductase activity
(54.5% of genes, P=5.3 x 107%). The main related path-
way with our list of genes was tyrosine metabolism
(72.7% of genes, P=5.5 x 10" "9).
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Fic. 2 Gene-gene interaction of the rs4818 and rs1799971 polymorphisms with catastrophizing

COMT rs4818
B CC

O CcG P=3e-05; FDR=0.017
O GG

Catatrophizing (PCS)
1488 21.68 28.48 35.28 42.08

—t—

(n = 48)(n = 74)(n = 21)
GG

(n=33)(n =48)(n = 13)

(n=8) (n=6) (n=86)
AG AA

OPRM1 rs1799971 (codominant)

According to the P-value and FDR, this gene-gene interaction was significant. Given the lack of statistical power (n <
10 in some groups), conclusions regarding carriers of the AA genotype of the rs1799971 are precluded. COMT:
catechol-O-methyltransferase gene; OPRM1: opioid receptor u gene; PCS: pain catastrophizing scale (scores range
0-52); A: adenine; C: cytosine; G: guanine; FDR: false discovery rate.

Meta-analysis

The meta-analysis included a total of 12 studies about
several variants in COMT gene: rs4633, rs4680, rs4818,
rs6269, rs165599 and rs20907. As shown in Table 2, a
relationship was observed between rs4680 and pain in
FM (P=0.032 and P=0.047 using a codominant and a
dominant model, respectively; forest plot shown in
Fig. 5). Further information is shown in supplementary
Fig. S1, available at Rheumatology online. Three of the
studies that were about this SNP (Martinez-Jauand [24],
Matsuda [27] and Barbosa [32]) did not adapt to HWE
(P <0.05), but they were included in the meta-analysis
because this assumption of equilibrium was checked in
the original articles.

Discussion

The present candidate gene study including 64 polymor-
phisms of 34 genes is the most comprehensive on pain
outcomes in FM to date. We observed that the rs6311
and rs6313 polymorphisms (HTR2A gene) were individu-
ally related to pressure pain threshold. The present re-
search is unique because of the study of gene—gene
and gene-behaviour interactions. We found significant
interactions of the rs4818 and rs1799971 polymor-
phisms (COMT and OPRM1 genes, respectively) with
pain catastrophizing. In addition, we observed gene-
sedentary behaviour interaction on bodily pain (SF-36)
for several polymorphisms [i.e. the rs1383914 (ADRATA

gene), rs6860 (CHMP1A gene), rs4680 and rs165599
(COMT gene), and rs12994338 (SCN9A gene)l.
Furthermore, meta-analysis showed association between
rs4680 and FM-related pain.

Although inconsistent across studies, a review con-
cluded that the HTR2A gene is individually associated
with susceptibility to FM [35]. In our dataset, in compari-
son with the CT/TT, the CC genotype of the rs6311 and
rs6313 polymorphisms (HTR2A gene) was related to
better pressure pain threshold. In this line, among
people with chronic low back pain, those with the CC
genotype of the rs6311 and rs6313 polymorphisms
showed the lowest disability score [36]. Overall, it seems
that the CC genotype of the rs6311 and rs6313
polymorphisms (HTR2A gene) may buffer the levels of
pain experienced by people living with a chronic pain
disorder.

The HTR2A gene encodes one of the receptors for
serotonin. The serotonergic system has wide-ranging
actions throughout the body, including an anti-
nociceptive role in the dorsal horn of the descending
tract of the spinal cord. In FM, abnormalities in the sero-
toninergic system are present [37] and selective sero-
tonin reuptake inhibitors are effective for treating pain in
some patients [38]. Therefore, the rs6313 variant in the
HTR2A gene may be involved in pain-related outcomes,
which is consistent with our findings [39, 40].

In the present study, the interaction of the rs4818
and rs1799971 polymorphisms (COMT and OPRM1A
genes, respectively) was related to pain catastrophizing.

https://academic.oup.com/rheumatology
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Fic. 3 Interactions of gene-sedentary behaviour with bodily pain
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Sedentary behaviour was objectively measured using triaxial accelerometers GT3X+ (Actigraph, Pensacola, FL, USA)
as dichotomized data (low vs high) using the mean as the cut-off value. According to the P-value and FDR, all these
gene-sedentary behaviour interactions were significant. ADRA1A: adrenoceptor alpha 1A gene; CHMP1A: charged
multivesticular body proteints 1A gene; COMT: catechol-O-methyltransferase gene; SCN9A: sodium voltage-gated
channel alpha subunit 9 gene; A: adenine; C: cytosine; G: guanine; T: thymine; SF-36: the 36-item short form health

survey (score range 0-100); FDR: false discovery rate.

A conclusion regarding the AA genotype of the
rs1799971 cannot be drawn given the low sample size
(n<10) in all the genotypes. Among carriers of the GG
genotype of the rs1799971 polymorphism (OPMR1
gene), those participants with the CG carriers of the
rs4818 polymorphism (COMT gene) showed the highest
pain catastrophizing, while within those carrying the AG
genotype of the rs1799971 polymorphism, GG carriers
of the rs4818 reported the highest pain catastrophizing.
Interestingly, a recent article found a protective effect of
G allele of rs4818 for postoperative pain sensibility and
duration [41]. An inspiring study has suggested that opi-
oid and serotonergic mechanisms (i.e. OPMR1 and
5-HTTLPR genes, respectively) are additively related to

https://academic.oup.com/rheumatology

the modulation of hypoalgesia induced by exercise in
both women with and without FM [6]. In this line, the
present findings suggest that opioids may interact with
other neurotransmitters as those regulated by the COMT
gene (e.g. adrenaline, noradrenaline and dopamine) to
modulate pain-related cognitions (i.e. catastrophizing) in
women with FM. Moreover, this interaction is in agree-
ment with the hypothesis of aberrances on the CNS in
FM [42]. Although the interaction of the COMT and
OPMR1 genes had not been explored previously in FM,
their additive association with postoperative pain has
been observed [43].

In FM, the common co-occurrence of pain and dis-
tress points to the hypothalamic—pituitary—adrenal axis
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Fic. 4 STRING network with studied genes
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mide N-methyltransferase.

and sympathetic nervous system as potential determi-
nants of the disease onset and prognosis [44-47]. In
the CNS, the COMT gene modulates the production of
catecholamines and other neurotransmitters that bind
to adrenergic receptors, some of them modulated by
the ADRA1TA gene in the sympathetic nervous system.
The dorsal root ganglia may be a player in sympathet-
ically maintaining pain in FM [48]. One hypothesis is
that mutations in the SCN9A gene may lead to
up-regulation of sodium channels, which drives hyper-
excitability of the dorsal root ganglia and, finally, leads
to increased pain [48]. Other potential mechanisms
involved in FM are pain oxidative stress [49] and ex-
cessive autophagy [50], where the CHMP1A gene may
play a role [51] via amygdala [49] and mTOR signalling
[562] pathways.

In the present study, we found significant interactions
of sedentary behaviour and the rs4680, rs165599
(COMT gene), rs1383914 (ADRA1A gene), rs12994338
(SCN9A gene) and rs6860 (CHMP1A gene) polymor-
phisms with bodily pain (SF-36). People’s physical
exercise behaviours may particularly modulate the activ-
ity of physiological stress systems [46] and it has been
highlighted that sedentary people may be particularly
sensitive to stress [53]. Therefore, our results tentatively
suggest that, in women with FM, the reduction of
sedentary behaviour may attenuate the genetic predis-
position to increased pain.

Further clinical-experimental research is warranted in
order to shed light on the causality of our findings. If fu-
ture research confirms the causality of the present asso-
ciations, evidence-based guidelines could be suggested
for the management of pain in FM. For instance, the
general advice to manage the disease is to combine
pharmacological and physical exercise treatments [9].
However, no universally effective treatment is available
for FM, which may be a consequence of the heterogen-
eity observed in this population [54]. Therefore, it
appears useful to take into account the characteristics
of people with FM when choosing interventions (preci-
sion medicine). Our results suggest a potential role of
genetic mechanisms involved in modulation of neuro-
transmitters and opioids affecting the sympathetic
nervous system, dorsal root ganglia and hypothalamic-
pituitary—adrenal axis. Accordingly, the challenge would
be to better modulate the functioning of these systems
potentially involved in FM pain. Regarding pharmaco-
logical therapy, the present findings suggest that select-
ive serotonin reuptake inhibitors could be an effective
analgesic, particularly in patients with such genetic pre-
disposition. Regarding physical programmes, reducing
the amount of time spent in sedentary behaviour might
be particularly beneficial to reduce pain in women
with FM who are carriers of a particular genotype as fol-
lows: AA/GG for rs6860 (CHMP1A gene), rs4680 and
rs165599 (COMT gene), AG for rs1383914 (ADRATA
gene), and CC/TT for rs12994338 (SCN9A gene).

Full understanding of FM encompasses multiple inter-
acting biological, psychological and social factors
[65, 56]. However, the present study only examined the
interplay of genetics with PA, and did not consider other
biopsychosocial factors, which is a limitation. Also, in
FM pain is a symptom that fluctuates from day to day.
However, the present cross-sectional study did not
allow us to compare our findings with previous research
that tested the dynamic association of genotype and
daily variations on pain within-person [57]. Thereby, fur-
ther research testing more sophisticated dynamic net-
work models (e.g. the mobile toy model of pain) [55] is
warranted. Moreover, a replication study testing the ro-
bustness of the present findings is needed. Compared
with previous studies [5], our larger sample size is a
strength of the present study. We also corroborated the
FM diagnosis according to the 1990 ACR FM criteria,
and our sample was representative of the southern
Spanish population of women with FM [14]. Another
strength was the inclusion of 64 polymorphisms of
34 candidate genes, which made this study the most
comprehensive research of genetics and pain-related
outcomes in FM until date. Furthermore, we objectively
measured PA and sedentary behaviour with accelerome-
ters, while pain was assessed with an algometer and
questionnaires. Finally, we adjusted our analyses for
multiple comparisons, which support the robustness of
our findings.

To conclude, the present candidate gene study is the
most comprehensive on pain outcomes in FM to date.

https://academic.oup.com/rheumatology
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TaBLE 2 Summary of the results obtained in present meta-analysis

SNP Studies/publications HWE Significance OR (95% CI)
rs4633 Martinez-Jauand [24] (Spain) 0.1174 Codominant model 0.986 0.997 (0.688, 1.444)
Vargas-Alarcén [5] (Spain) 0.6976 Recessive model 0.112 1.204 (0.958, 1.514)
Vargas-Alarcon [5] (Mexico) 0.8219 Dominant model 0.567 0.801 (0.374, 1.716)
Park [25] (South Korea) 0.1174
rs4680 Martinez-Jauand [24] (Spain) 0.0135 Codominant model 0.032 1.342 (1.026, 1.756)
Desmeules [26] (Switzerland) 0.4046
Matsuda [27] (Brazil) 0.0007
Tander [28] (Turkey) 0.0567
Vargas-Alarcén [5] (Spain) 0.8326
Vargas-Alarcén [5] (Mexico) 0.8326 Recessive model 0.099 1.355 (0.945, 1.944)
Garcia-Fructuoso [29] (Spain) 0.8326
Potvin [30] (Canada) 0.4046
Grsoy [31] (Turkey) 0.2322
Barbosa [32] (Brazil) 0 Dominant model 0.047 1.419 (1.005, 2.004)
Park [25] (South Korea) 0.2070
Inanir [33] (Turkey) 0,1585
Nicholl [34] (UK) 0.4046
Nicholl [34] (European) 0.4046
rs4818 Martinez-Jauand [24] (Spain) 0.4108 Codominant model 0.305 1.319(0.777, 2.240)
Vargas-Alarcén [5] (Spain) 0.4108 Recessive model 0.438 1.271 (0.694, 2.325)
Vargas-Alarcon [5] (Mexico) 0.4108 Dominant model 0.298 1.594 (0.662 3.839)
Park [25] (South Korea) 0.8832
rs6269 Martinez-Jauand [24] (Spain) 0.5121 Codominant model 0.411 1.186 (0.790, 1.781)
Vargas-Alarcén [5] (Spain) 0.5121 Recessive model 0.494 1.178 (0.736, 1.887)
Vargas-Alarcon [5] (Mexico) 0.8219 Dominant model 0.487 1.262 (0.655, 2.430)
Park [25] (South Korea) 0.5121
rs165599 Vargas-Alarcén [5] (Spain) 0.9225 Codominant model 0.527 0.946 (0.798, 1.123)
Vargas-Alarcén [5] (Mexico) 0.9225 Recessive model 0.670 0.943 (0.721, 1.234)
Park [25] (South Korea) 0.9478 Dominant model 0.542 0.915(0.688, 1.217)
rs20907 Vargas-Alarcén [5] (Spain) 0.9596 Codominant model 0.302 1.214 (0.840, 1.755)
Vargas-Alarcon [5] (Mexico) 0.9596 Recessive model 0.246 1.364 (0.807, 2.308)
Dominant model 0.680 1.158 (0.576, 2.329)
HWE: Hardy-Weinberg Equilibrium; OR: odds ratio. only significant P values appear in bold.
Fic. 5 Forest plot of meta-analysis in rs4680 (COMT)
Experimental Control Odds Ratio
Study Events Total Events Total . OR 95%-Cl W(fixed) W(random)
Marttinez-Jauand 106 226 53 130 ——-— 1.28 [0.83; 1.99] 4.3% 7.2%
Desmeules 197 394 94 198 - 1.11 [0.79; 1.56] 7.1% 7.7%
Matsuda 61 102 11 42 4.19 [1.90; 9.27] 1.3% 5.0%
Tander 76 160 88 182 0.97 [0.63; 1.48] 4.6% 7.2%
Vargas-Alarcon 58 156 83 160 0.55 [0.35; 0.86] 4.1% 71%
Vargas-Alarcon_1 36 114 22 66 0.92 [0.48; 1.76] 2.0% 5.8%
GarciaFructuoso 126 220 99 220 1.64 [1.12; 2.39] 5.8% 7.5%
Potvin 35 74 33 72 1.08 [0.55; 2.03] 2.0% 5.8%
Gursoy 57 122 42 122 1.67 [1.00; 2.80] 3.1% 6.7%
Barbosa 190 224 91 220 7.92 [5.04; 12.46] 4.0% 71%
Park 584 816 581 838 1.11 [0.90; 1.38] 18.5% 8.4%
Inanir 348 758 243 580 1.18 [0.95; 1.46] 17.4% 8.3%
Nicholl 153 280 156 300 1.11 [0.80; 1.54] 7.8% 7.8%
Nicholl_1 205 406 965 1858 0.94 [0.76; 1.17] 18.0% 8.4%
Fixed effect model 4052 4988 1.20 [1.10; 1.32] 100% -
Random effects model 1.34 [1.03; 1.76] - 100%

Heterogeneity: |-squared=87%, tau-squared=0.2125, p<0.0001

OR: odds ratio.
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For the first time, we identified (i) individual associations
of the rs6311 and 6313 polymorphisms (HTR2A gene)
with pressure pain threshold; (i) interactions of rs4818
and rs1799971 polymorphisms (COMT and OPRM1
genes, respectively) on pain catastrophizing; and (i) inter-
actions of sedentary behaviour and rs4680, rs165599
(COMT gene), rs1383914 (ADRATA gene), rs12994338
(SCN9A gene) and rs6860 (CHMP1A gene) polymor-
phisms on bodily pain (SF-36). Therefore, the present
study highlights the relevance of taking account of gene—
gene and genotype-sedentary behaviour interactions
when studying pain outcomes in women with FM. If cor-
roborated in future (observational and experimental) longi-
tudinal research, our findings might suggest that the
reduction of sedentary behaviour may be beneficial for
reducing pain, particularly in women with FM who have
specific genotypes.
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