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Abstract

Background: Fibromyalgia (FM) is a chronic pain syndrome characterized by generalized skeletal muscle chronic
pain. Its etiology is not well defined, because there are several factors that may trigger it such as physical and/or
emotional stresses, or a genetic susceptibility, involving serotonergic, dopaminergic and catecholaminergic paths.
The objective of this study was to investigate the association between the strength of the lower limb, genetic
polymorphism of the serotonin receptor gene HTR2A in women with fibromyalgia.

Methods: In this observational study of case-control type 48 women were evaluated who belonged to the group
with FM (52 ± 12 years) and 100 women in the control group (58 ± 11 years). Socio demographic and
anthropometric data were collected and peripheral blood samples for DNA extraction; genotypic analyzes were
performed by means of PCR in real time by TaqMan® system. The lower limb muscle strength was assessed
through the test of sitting down and standing up for 30 s. The chi-square test or Fischer Exact was used for
possible associations among the variables; the t-test for independent samples was used to compare the averages
among the groups; the value of significance adopted was 5%.

Results: There was an association between the polymorphism of the HTR2A gene with FM, demonstrating that
carriers of the genotype GG have 24.39 times more likely to develop the syndrome (IC95% 5.15–115.47; p = 0.01). It
was observed an association between FM and the test to sit and stand up demonstrating that women with
fibromyalgia have lower limb muscle strength (p = 0.01). The study showed that the white race has 3.84 times more
likely to develop FM (p = 0.01).

Conclusion: The results of this study suggest that women of Caucasian ethnicity with GG genotype or G allele
presented greater risk of developing fibromyalgia and that these patients have lower limb muscle strength
compared to the control group.
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Introduction
Fibromyalgia (FM) is a chronic pain syndrome character-
ized by generalized skeletal muscle chronic pain, usually
accompanied by symptoms of fatigue, sleep and mood dis-
orders, cognitive changes, digestive problems, among
others [1, 2]. These symptoms lead these patients to suffer
from functional and cognitive disabilities, leading to a de-
crease in the daily activities, work and leisure, generating
signs of anxiety and depression, significantly affecting the
quality of life of these people [3]. Studies have shown that
the functionality of fibromyalgia sufferers is reduced, and
they also have a decrease in muscle strength, stamina and
balance, and these factors increase the fragility of these in-
dividuals [4–6]. It affects 3 to 6% of the world population,
and in Brazil reaches 2.5% of the Brazilian population, be-
ing the second most frequent rheumatological disorder,
affecting mainly women [7–9].
Its etiology is not well defined, because there are several

factors that can trigger the symptoms, such as physical,
emotional or environmental stress. Additionally, it may be
associated with changes in the central mechanism of pain
control, presenting dysfunction in neurotransmitters,
which may lead to a deficiency of inhibitory neurotrans-
mitters, and to a hyperactivity of excitatory neurotrans-
mitters [10, 11]. This mechanism may be related to a
genetic susceptibility, involving serotonergic, dopamin-
ergic and catecholaminergic paths [12]. Studies emphasize
that genetic factors may account for up to 50% susceptibil-
ity to the syndrome, considering gene-environment inter-
action as a triggering factor [13].
Serotonin (5-HT) is an important neurotransmitter that

performs several functions in the central nervous system,
such as regulation of sleep, body temperature, appetite,
humor, motor activity and perception of pain, among
others [14–16]. Low serotonin concentrations have been
associated with fibromyalgia patients [17]. Studies demon-
strate that the serotonin receptor gene HTR2A located on
the long arm of chromosome 13 (13q14-q21), presents cer-
tain genetic polymorphisms. One of them, located in the
promoter region − 1438(A >G) RS6311, has been associ-
ated with some diseases such as rheumatoid arthritis and
fibromyalgia [18–21]. It should be emphasized that this
polymorphism is a TagSNP and is in a perfect linkage dis-
equilibrium with other SNPs, namely, 102 T/C (rs6313),
−1420C/T (rs6306) and -783A/G (rs6312) [22]. Studies
show that patients with chronic pain that showed polymor-
phisms in SNPs 102 T/C and -1438A/G of 5-HTR2A may
influence the individual differences of sensitivity to pain,
this being an important factor that generates functional dis-
ability and decreased muscle strength [23–25].
There is need for further investigations to a better un-

derstanding of the role of polymorphism in the serotonin
receptor gene HTR2A in origin and/or severity of fibro-
myalgia. Lee et al. [20] and Mergener et al. [21] found an

association between fibromyalgia and the polymorphism
of the gene 102 T/C, demonstrating that the carriers of
the C allele present higher risk for the development of the
syndrome. However, studies like those of Tander et al.
[26] and Matsuda et al. [27] found no statistically signifi-
cant relationship among the polymorphisms 102 T/C and
-1438A/G and fibromyalgia.
Thus, the objective of this study was to the association

between the strength of the lower limb, genetic poly-
morphism of the serotonin receptor gene HTR2A in
women with fibromyalgia.

Materials and methods
The research was approved by the Ethics in Research
Committee of the University XXXX under n°. XXX and
all participants signed an Informed Consent Form, which
showed their agreement to participate in the study.

Research design and participants
This study was an observational case-control type, with a
quantitative approach. A convenience sample was com-
posed of women from the city of XXX, with an average
age of 52.05 ± 12.19 years and diagnosed clinically with
fibromyalgia by a specialist doctor in neurosurgery and
pain treatment (XXX). Power calculation was performed
between groups 1 (48) and 2 (100) from the parameters
odds ratio (24,39), proportions p2 (0,5) and error (0,05),
obtaining the result of 99%. The inclusion criteria were: fe-
male patients, older than 18 years with medical clinical
diagnosis of fibromyalgia, in accordance with the guide-
lines of the Amerrican College of Rheumatology (ACR) of
2011 [28]. The control group was composed of women
with a mean age of 58 ± 11 years without fibromyalgia,
without any sign of chronic and diffuse muscle pain and
seeking to maximize the equivalation of age and BMI with
the participants of the study group.
It was considered an exclusion criterion for both

groups: presence of any kind of joint inflammatory dis-
ease or degenerative joint disease.

Instruments
A structured questionnaire was used and standardized,
composed by socio-demographic data (gender and age),
medications in use and the perception of health in gen-
eral, as the presence of comorbidities.
For the assessment of muscular strength of lower

limbs, sitting down and standing up test was performed.
This test consists of sitting down and standing up from
a chair with backrest and an approximate height of 43
cm, with their arms crossed over the chest for 30 s. A
familiarization was performed, and the number of repeti-
tions was recorded. The classification was performed by
means of the calculation of 90% percentile where they
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were divided in < 9 as low performance, 10–12 normal
performance and > 13 as high performance [25].

Genetic analysis
The DNA was obtained from peripheral blood leuko-
cytes by venous puncture in tubes containing EDTA
(0.6%) using QIAamp kit for extraction of DNA Blood
Mini Kit (Qiagen, Germany), following precisely the
guidelines provided by the manufacturer. The extracted
DNAs were stored in a freezer at − 80 °C until the ana-
lyzes of polymorphism were conducted.
The quality and quantity of DNA was measured through

the analysis of the absorbance in a spectrophotometer
(Thermo Scientific NanoDrop 2000) to 260 nm and 280
nm. Then, the DNA dilution was performed in ultra-pure
water to obtain a final concentration of 30 ng/uL.

Polymerase chain reaction in real time (qPCR) and
analysis of the polymorphism of the serotonin receptor
gene HTR2A
With the objective of analyzing the single nucleotide poly-
morphism (SNP) serotonin receptor HTR2A -1438A/G
(rs6311) the technique of amplification of fragments of DNA
by polymerase chain reaction was used in real time using the
TaqMan® system (Applied Biosystems, Foster City, USA).
The reaction consisted of a final volume of 10 μL being:
5.25 μl of Taqman® Genotyping Master Mix (1x), 0,5 μL of
probe (1x) (Applied Biosystems, Foster City, USA), 3,25 μL
of ultrapure water Milli-Q® and 1 μL of DNA (30 ng/uL).
Real-time thermal cycler Rotor-Gene Q® (Qiagen,

Germany) was used with the cycling of 60 °C for 30 s
(initial denaturation), 95 °C for 10 min for initial de-
naturation, 50 cycles of 95 °C for 15 s (denaturation) and
60 °C for 1 min and 30 s (pairing of initiators and exten-
sion) and a final cycle of extension of 30 s at 60 °C.
For the SNP allele discrimination, the Software Gene

Rotor Q - Pure Detection version 2.0.3 (Qiagen,
Germany) was used.

Statistical analysis
It was used the package Statistical Package for Social
Science - SPSS (v.2.1, SPSS Inc., Chicago) for the ana-
lysis of the data obtained. It was verified the normality
of the data by the Shapiro-Wilk test. The absolute and
relative frequencies for each variable were calculated.
The t-test for independent samples was used for the
pairing among the groups. The Chi-square test was used
(?2) for the analysis of association among the variable
fibromyalgia and the variables of race, allelic and geno-
typic frequencies, and the association between fibro-
myalgia and comorbidities (diabetes, hypertension and
heart disease) we used the Fisher Exact test or the Fisher
Freeman Halton test for lower limb muscle strength (sit
and stand up). For all the analyzed data the level of

significance was set at p < 0.05 and a confidence interval
of 95%.

Results
One hundred forty-eight women from the city of XXX
participated in the study, being 48 belonging to the
group diagnosed with fibromyalgia and 100 women
without fibromyalgia in the control group. No statisti-
cally significant differences were found in relation to the
anthropometric characteristics, denoting paired groups
regarding age, weight, height and body mass index (p >
0.05) (Table 1).
Regarding the race 62.2% of women were white and

78.4% had some type of comorbidity. On the physical ac-
tivity, only 20.3% of the participants practiced physical ac-
tivity regularly, 48.6% of the participants had no
depression. In the of sitting down and standing up test
45.7% presented lower muscle strength. The genotypic
frequency analysis for the SNP -1438 HTR 2A gene re-
vealed that half (50%) of the participants in the study were
heterozygotes (AG), while 34.5% presented the genotype
AA and only 15.5% had the genotype GG. The allelic fre-
quency showed that the larger portion of the population
studied (59.5) was the bearer of allele A (Table 2).
It was found a statistically significant association be-

tween ethnicity and patients with fibromyalgia,
highlighted those of Caucasian ethnicity were 3.84 times
more likely to develop the syndrome (p = 0.01). There
was also an association between the variable comorbidity
and fibromyalgia demonstrating that women with fibro-
myalgia have 9.85 times greater risk of developing some
comorbidity (p = 0.01).
There was also an association between FM and the test

to sit and stand up demonstrating that 36 women with
fibromyalgia have lower limb muscle strength compared
to the control group (p = 0.01).
The polymorphism -1438A/G (rs6311) of the

HTR2A gene showed an association with fibromyalgia
showing that carriers of the genotype GG and G al-
lele has a risk of 24.39 times more likely to develop
thedisease (IC95% 5.15–115.47; p = 0.01) (Table 3).
But there was a correlation/association between the
polymorphism of the gene, the muscular strength of
limbs and fibromyalgia (p > 0.05).

Table 1 Characterization of the study population

Variable Control
Mean ± SD

Fibromyalgia
Mean ± SD

Independent t test (p)

Age (years) 52.05 ± 12.19 58.85 ± 11.85 0.55

Weight (kg) 69.09 ± 11.21 74.05 ± 15.44 0.25

Height (m) 1.61 ± 0.09 1.57 ± 0.05 0.23

BMI (Kg/m2) 26.52 ± 3.22 27.69 ± 9.16 0.47

Sd standard deviation, Kg kilogram, m meters, BMI body mass index
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Discussion
The present study investigated the association of the poly-
morphism of the gene -1438A/G 5-HT2A receptor in
women with fibromyalgia. In this study, an association was
found between fibromyalgia syndrome with the polymorph-
ism of the serotonin receptor gene HTR2A in the promoter
region -1438A/G, where 34.4% of the patients with fibro-
myalgia had the genotype GG, while only 6% of the control
group presented this genotype, being that carriers of the
genotype GG has 24.39 times more likely to develop the
disease in comparison with those of genotype AA/GA.
Parsons et al. [29] showed that the SNP -1438A/G of

the gene HTR2A is a functional SNP that affects the
gene promoter activity by modulating its expression.
The presence of the allele A significantly increases the
gene activity in specific tissues where this gene is
expressed. Thus, these findings suggest that this SNP
-1438A/G modulate the expression of the receptor gene
5-HTR2 in brain cells and should be responsible

together with the SNP 102 T/C for many neuropsychi-
atric phenotypes. The susceptibility to disease may be a
reflection of the decrease of the receiver density, which
is important for the neurotransmission mechanisms and
is also connected to the cellular signaling, and studies
show that reduced levels of serotonin have a correlation
with the pain perception [23, 30, 31].
These results differ from other studies that analyzed the

same polymorphic region SNP -1438A/G [26, 27]. Tander
et al. [26] evaluated 80 patients with fibromyalgia and 91
controls did not obtain statistically significant results
among those with the SNPs of the gene 5-HTR2A
(−1438A/G and 102 T/C) and COMT and fibromyalgia
(p > 0.05). Whereas in the survey conducted by Matsuda
et al. [27] there was an association between fibromyalgia
with the COMT gene, but the SNPs of the gene 5-HTR2A
(−1438A/G and 102 T/C) showed no such association.
It is worth mentioning that other studies have evaluated

another SNP (102 T/C) in gene 5-HTR2A. Lee et al. [20]
conducted a systematic review in order to analyze the in-
volvement of polymorphisms of the serotonin transporter
gene (5-HTTLPR), catechol-O-methyltransferase (COMT)
val158met and serotonin receptor 2A (5-HTR2A 102T/C)
and the susceptibility to fibromyalgia. In this study, it was
not found an association between 5-HTTLPR genes and
COMT with fibromyalgia. However, there was an associ-
ation between the SNP 102 T/C polymorphism of HTR2A
gene with the syndrome, demonstrating that the C allele of
SNP offers increased risk for the development of fibromyal-
gia, due to leading to a reduced expression of this gene.
Mergener et al. [21] analyzed the influence of the

interaction between environmental quality and the SNP
in the gene HTR2A 102 T/C on the susceptibility of de-
veloping fibromyalgia in 41 patients with fibromyalgia
and 49 control individuals, and showed that carriers of
the C allele summed up to the variable low quality of
health and social care, presented a risk 90 times greater
of developing the syndrome (p = 0.005).
In addition, a correlation was also found between FM

and the Caucasian ethnicity corroborating the findings
of Walitt et al. [32]. Regal [33] conducted a study of epi-
demiological characteristics in patients with FM, and
highlighted that women, aged 46 and 60 years old are
most affected by the syndrome, and more than half has
some psychological disorder associated and diagnosis of
other comorbidities such as hypothyroidism.
The present study also found an association between

fibromyalgia and the sitting down and standing up test
demonstrating that women with fibromyalgia have lower
limb muscle strength compared to the control group (p =
0.001). This result corroborates the findings of Cardoso
et al. [4] in that evaluated the quality of life, strength and
functional capacity of these patients, using the SF-36 ques-
tionnaire for quality of life, assessment of the strength of

Table 2 Distribution of socio-demographic characteristics,
physical activity practice, functional test, genotypic and allelic
frequency in women with and without fibromyalgia (n = 148)

Variables N %

Bearer of Fibromyalgia

YES 48 32.4

NO 100 67.6

Age

Mean (M ± DP) 62.57 ± 10.65

Race

White 92 62.2

Non-White 56 37.8

Comorbidities

YES (hypertension, heart disease and diabetes) 116 78.4

NO 32 21.6

Physical activity

YES 30 20.3

NO 118 79.7

Muscular strength of MSLL

Low Performance 64 45.7

Normal Performance 45 32.1

High performance 31 22.1

Genotypic frequency HTR2A

GG 23 15.5

AA 51 34.5

AG 74 50

Allele frequency HTR2A

G 120 40.5

A 176 59.5

M±SD Mean±Standard Deviation, MSLL lower limbs
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one maximum repetition (1 RM) of knee flexion and ex-
tension, evaluations of forces of clamps and palmar pre-
hension, and the 6-min walking test (TC6). Demonstrated
that women with fibromyalgia have a reduction of func-
tional capacity, increased pain and worsening of the gen-
eral health status (p < 0.05).
Gois et al. [5] also evaluated the functional capacity,

muscle strength and the risk of falls in women with
fibromyalgia, by means of the following functional test-
ing: 30-s sitting down and standing up test, time up and
go, sitting and reaching and reaching functional test.
Showed that carriers of the syndrome have deficits in
lower limb muscle strength, balance and agility, showing
a high prevalence of falls in this population, explained by
the symptoms and pain caused by the disease.
Studies suggest that the reduction of muscle strength

in patients with fibromyalgia has an important relation-
ship with chronic pain and muscle fatigue [34]. It is
worth mentioning that physical activity programs can
help these patients for a better physical conditioning,
and in addition to activating endogenous analgesic con-
ditions, causing a sensation of well-being and conse-
quently the improvement of the quality of life [35, 36].
In relation to the study limitations, the sample may

have been insufficient to detect other interactions among
the variables. It is possible to say that, for more assertive
conclusions it is necessary to study a larger sample
population and evaluate other polymorphisms of the
gene combining an analysis of gene expression serotonin
receptor HTR2A, for further clarification.

Concerning the clinical application of the results of
the present study, the presence of association among
fibromyalgia, the gene HTR2A, and the test muscular
strength of lower limbs, shows that the from these as-
sessments it is possible to identify a genetic characteris-
tic and some limitations of patients with this disease,
thus aiding in a better therapeutic approach.

Conclusion
It is concluded that white women with GG or G-allele
genotypes are at greater risk of developing fibromyalgia
and that these patients present lower limb muscle
strength compared to the control group.
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