
S-33

1Rheumatology Department and Heath 
Research Institute (IdISsC), Hospital 
Clínico San Carlos, Madrid, Spain;
2Progenika Biopharma SA, Derio, Spain;
3Fibromyalgia Specialised Unit, Servicio 
de Reumatologia, ICEMEQ, Hospital 
Clínic de Barcelona, Barcelona, Spain;
4Rheumatology Unit, Instituto Provincial 
de Rehabilitación, Hospital Universitario 
Gregorio Marañón, Madrid, Spain.
Luis Rodriguez-Rodriguez
Jose Ramón Lamas
Lydia Abásolo
Sara Baena
Estíbaliz Olano-Martin
Antonio Collado
Javier Rivera
Benjamín Fernández-Gutiérrez
Please address correspondence to: 
Luis Rodriguez-Rodriguez, 
Rheumatology Department, 
Hospital Clínico San Carlos, 
c/ Prof. Martín Lagos s/n, 
28040 Madrid, Spain.
E-mail: lrrodriguez@salud.madrid.org
Received on August 8, 2014; accepted in 
revised form on October 8, 2014.
Clin Exp Rheumatol 2015; 33 (Suppl. 88): 
S33-S40.
© Copyright CliniCal and 
ExpErimEntal rhEumatology 2015.

Key words: fibromyalgia, single 
nucleotide polymorphism, rs3771863, 
TACR1, sicca syndrome

Funding: this work was supported by 
a research contract from the Instituto 
de Salud Carlos III, Ministry of Health 
[Miguel Servet contract: CP12/03129 to 
LRR]. The funders had no role in study 
design, data collection and analysis, 
decision to publish, or preparation of 
the manuscript.
Competing interests: none declared. 

ABSTRACT
Objective. Fibromyalgia (FM) has 
been associated with affective spec-
trum disorders and other chronic pain 
disorders, which tend to co-occur in 
individuals and co-aggregate among 
families. The objective of our study was 
to investigate the genetic risk factors 
associated with the presence of related 
symptoms and with disease severity in 
subjects affected with FM. 
Methods. Two independent cohorts of 
subjects diagnosed with FM according 
to the 1990 ACR criteria were studied. 
A genetic array composed of 320 single 
nucleotide polymorphisms (SNPs) was 
analysed in a discovery cohort com-
prised by 564 patients, and the most 
suggestive variants were genotyped in 
a replication cohort, comprised by 397 
subjects. The associated conditions and 
related symptoms analysed were: the 
presence of depression, sleep disorders, 
headache, myofascial syndrome, irri-
table bowel syndrome, chronic fatigue 
syndrome, vertiginous syndrome, chron-
ic cystitis, and sicca syndrome. FM se-
verity was assessed by the Fibromyalgia 
Impact Questionnaire and the Hospital 
Anxiety and Depression Scale.
Analyses were adjusted by elapsed time 
from pain onset, and a meta-analysis 
was performed to pool the results. 
Results. Minor allele of the rs3771863 
SNP from the TACR1 gene showed a 
significant association with a lower 
risk of sicca syndrome (pooled and ad-
justed OR 0.56, [95%CI 0.42–0.76], 
p=0.00022).
Conclusion. Our findings indicate a 
role of the TACR1 gene in the develop-
ment of sicca syndrome in subjects af-
fected with FM. 

Introduction
Fibromyalgia (FM) is a condition char-
acterised by chronic widespread pain 

associated with multiple symptoms, 
including fatigue, sleep disturbances, 
cognitive dysfunction, and depressive 
episodes (1, 2). FM has been associ-
ated with a family of related disorders, 
known as affective spectrum disorders 
(ASD), that includes a number of psy-
chiatric (such as generalised anxiety 
disorder, major depressive disorder, and 
posttraumatic stress disorder) and med-
ical disorders (such as irritable bowel 
syndrome, migraine, and temporoman-
dibular disorder) (3, 4). All these con-
ditions share physiologic abnormalities 
and genetic risk factors, which may be 
central to their aetiology, and usually 
co-occur in individuals and co-aggre-
gate among families (5).
The complex pathophysiology of FM 
involves an interplay among numerous 
factors, including sensory abnormali-
ties, central nervous system dysfunc-
tion, abnormalities in the neuroendo-
crine and autonomic nervous systems, 
genetic factors, psychosocial variables, 
and environmental triggers (6). 
Regarding the genetic factors, FM has a 
strong familial component: first-degree 
relatives of individuals with fibromyal-
gia display an 8-fold greater risk of de-
veloping this condition, compared with 
the general population (4, 7). Moreover, 
family members of individuals with FM 
are much more sensitive to pain than 
controls and, as previously mentioned, 
are more likely to have co-occurring 
ASD (7, 8). Twin studies suggest that 
approximately half of the risk of devel-
oping chronic widespread pain is genet-
ic while the other half is environmental 
(9, 10).
Many candidate gene association stud-
ies have been designed and carried out 
to identify the genes associated with 
FM. Given the nature of such studies, 
much of the research has been subject-
ed to several study design limitations, 
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such as a small sample size and, there-
fore, a low statistical power. As a con-
sequence, inconsistent findings have 
been observed regarding many of the 
polymorphisms analysed. 
Most of the genetic studies have been 
focused on a small number of relevant 
biological pathways. So far, the most 
studied pathways have been the cat-
echolaminergic and the serotonergic 
neurotransmission (11-14), in which 
genetic variants located in genes coding 
for neurotransmitter receptors, trans-
porters, and catabolic enzymes, such 
as the catechol-O-methyltransferase 
and monoamine oxidase, were ana-
lysed. Also, different genes belonging 
to the hypothalamic-pituitary-adrenal 
axis (15, 16)  have been studied, as 
well as nociceptive pathways (17, 18), 
cytokines (19, 20), and nitric oxide 
synthase [NOS (21)] polymorphisms. 
Recently, an array of 3295 single nu-
cleotide polymorphisms (SNPs) dis-
tributed in about 350 genes was carried 
out to further identify genetic markers 
associated with FM (22). Those genes 
were implicated in the transmission and 
perception of pain, in mediate peripher-
al and central inflammatory responses, 
and / or in influence mood and affective 
states associated with chronic pain con-
ditions. Moreover, in the last year, two 
gene wide association studies (GWAS) 
were published (23, 24), that confirmed 
the strong genetic component of this 
condition and the probable role that the 
central nervous system plays in FM ge-
netic susceptibility.
Despite the large number of published 
articles analysing polymorphisms as 
risk factors for FM, the study of the ge-
netic markers associated with disease 
severity or with the presence of other 
coexisting comorbidities, and there-
fore, potentially useful as predictors of 
disease outcome, is relatively an unex-
plored field. Having this in mind, the 
objective of our study was to investi-
gate the genetic association between an 
array of 320 SNPs, and the presence of 
related symptoms and syndromes, and 
disease severity (assessed by different 
scales and questionnaires) in two inde-
pendent cohorts of subjects diagnosed 
with FM, using a discovery and repli-
cation design.

Methods
Patients
For the discovery part of the study, 
564 patients that fulfilled the 1990 
American College of Rheumatology 
criteria for FM (25), were recruited 
from 15 rheumatology clinics through-
out the country. All subjects were 
Spanish Caucasian women, diagnosed 
with FM after 18 years old, without any 
other inflammatory rheumatic disease, 
or serious psychiatric illness, or any 
other condition associated with limited 
physical and functional capacity. 
For the replication part of the study, 
in order to confirm suggestive results 
from the discovery analysis, 397 sub-
jects from the to the Fibromyalgia and 
Chronic Fatigue Syndrome Spanish 
Genetic and Clinical Data Bank 
of Foundation FF (www.laff.es/es/
Banco) and the Spanish Bank of DNA 
(Salamanca, Spain) (www.bancoadn.
org/) were included. This is a Spanish 
cohort of patients diagnosed with one 
of both condition (FM and / or chronic 
fatigue syndrome), recruited from the 
specialised fibromyalgia units of the 
Hospital Clinic (Barcelona, Spain), 
Hospital del Mar (Barcelona, Spain), 
Hospital Gregorio Marañón (Madrid, 
Spain), the chronic pain manage-
ment unit of the Hospital General 
(Guadalajara, Spain), and the Chronic 
Fatigue unit, Hospital Vall de Hebron 
(Barcelona, Spain). We decided to in-
clude only Caucasian patients fulfill-
ing the 1990 diagnosis criteria of the 
American College of Rheumatology 
and not fulfilling chronic fatigue syn-
drome diagnostic criteria (26), in order 
to gather a more homogeneous popula-
tion. Subjects diagnosed before the age 
of 18, those with any other inflamma-
tory rheumatic disease, those associated 
with limited physical and functional 
capacity, and/or those with serious psy-
chiatric conditions were excluded.
At the time the subjects were included 
in the cohorts, demographic and clini-
cal data was collected and recorded 
following a standard protocol of ques-
tionnaires and physical examination, 
including an assessment of FM sever-
ity. A DNA sample was also extracted.
This study was conducted in compli-
ance with the Declaration of Helsinki, 

and the protocol for this study was 
approved by the ethics committee of 
clinical research at the Hospital Clinico 
San Carlos (Madrid, Spain).

Variables
The presence of related symptoms and 
syndromes was assessed by direct ques-
tioning and review of clinical records in 
the presence of the patient, requiring its 
previous diagnosis by their regular rheu-
matologist. Clinical definitions for relat-
ed symptoms and disease severity were 
established as previously described.
In the discovery cohort, two different 
kind of main variables were considered. 
On the one hand, we analysed the pres-
ence or absence of related symptoms as 
dichotomous variables: chronic wide-
spread pain, depression, sleep disorder 
[including insomnia and non-restora-
tive sleep (27)), headache, myofascial 
pain syndrome (28), irritable bowel 
syndrome (29), vertiginous syndrome, 
painful bladder syndrome (30), and 
sicca syndrome (presence of symptoms 
of dry eyes and mouth, not satisfying 
Sjögren syndrome diagnosis criteria 
(31); we excluded the sicca syndrome 
that appeared as an adverse event of 
medication). On the other hand, we an-
alysed the FM severity (continuous var-
iables), assessed by the Fibromyalgia 
Impact Questionnaire (FIQ) (32), and 
the Hospital Anxiety and Depression 
Scale (HADS) (33). In the replication 
cohort, we studied those main variables 
that showed a significant association in 
the discovery cohort. 

Genotyping
For the discovery analysis, saliva sam-
ples were collected for DNA isolation 
using Oragene kits (DNA Genotek 
Inc), following the manufacturer’s in-
structions. The discovery cohort was 
tested for 320 SNPs located in 22 loci 
(Table S1), selected based on their pre-
vious association with FM or related 
symptoms, such as depression and fa-
tigue. Samples were genotype using 
the Illumina GoldenGate genotyping 
assays (Illumina), following the manu-
facturer’s protocol (chip design and 
genotyping was funded and performed 
by Progenika Biopharma, who gener-
ously shared the genotypic data).
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For the replication analysis, the most 
suggestive SNPs were selected. DNA 
was isolated from 10 ml EDTA tubes 
(Becton Dickinson) and processed using 
the QIAamp Blood Mini Kit (QIAGEN) 
following the manufacturer’s instruc-
tions. Subjects were genotyped us-
ing TaqMan Assays-on-Demand from 
Applied Biosystems, following the 
manufacturer’s protocol and analysed 
using the ABI 7900HT Fast Real-Time 
PCR System (Applied Biosystems). 
10% of the samples were randomly re-
genotyped to assess the reproducibility 
of the assay. No differences were ob-
served with the previous results.

Statistical analysis
Continuous variables were described 
using median and inter-quartile rank; 
dichotomous variables were described 
using proportions. 
Genotype data obtained from the 
Illumina GoldenGate assay was qual-
ity filtered using the following criteria: 
success call rate per individual >0.95, 
and success call rate per SNP >0.95, 
minor allele frequency >0.01, Hardy-
Weinberg equilibrium p-value >0.001.
According to whether the dependent 
variable was dichotomous or continu-
ous, distribution of genotypic frequen-
cies was analysed using logistic or 
linear regression models, respectively, 
as implemented in PLINK. The odds 
ratio (OR), with 95% confidence inter-
vals (95% CIs), was used to assess the 
strength of association between geno-
types and the main dichotomous vari-
ables. We chose an additive pattern of 
effect of each SNPs on the main vari-
ables. Elapsed time from pain onset to 
inclusion in the study was introduced 
as a covariate term in the regression 
models. In order to select those SNPs 
to replicate, we decided to perform a 
first p-value adjustment by the num-
ber of main variables analysed in the 
discovery cohort: chronic widespread 
pain, depression, sleep disorder, head-
ache, myofascial pain syndrome, ir-
ritable bowel syndrome, vertiginous 
syndrome, painful bladder syndrome, 
sicca syndrome, FIQ, Anxiety and 
Depression components of the HADS. 
Therefore, we multiplied the obtained 
p-values from each SNP by 12, and 

those adjusted p-values lower than 0.05 
were select for replication. 
In order to pool the results from the dis-
covery and replication cohorts, we per-
formed a meta-analysis to account for 
variations due to different genotyping 
platforms, hospital of origin, and region 
of sample procurement. The between-
population heterogeneity was assessed 
by using the Cochran’s test (for di-
chotomous outcomes) or Durbin’s test 
(for continuous outcomes) and by cal-
culating the I2 statistic (percentage of 
total variation across studies that is due 
to heterogeneity rather than chance). 
Fixed or random effects models were 
used according to the absence or pres-
ence of heterogeneity, respectively, and 
analysis were adjusted by the elapsed 
time from pain onset. Significance of 
the pooled OR or Beta coefficient was 
determined by the Z test, and 95% CIs 
were calculated. 
LD within the genotyped loci was ana-
lysed using the data from the CEU pop-
ulation released by the 1000 Genome 
Project, using SNAP (Broad Institute, 
Cambridge, MA, US; http://www.broa-
dinstitute.org/mpg/snap/) (34).
In order to generate a p-value thresh-
old in the join analysis to retain an ex-
periment-wide type I error of 0.05, we 
decided to carry out a second p-value 

adjustment based in the linkage dis-
equilibium (LD) between neighboring 
SNPs. Pooled p-values were multiplied 
by number of effectively independent 
SNPs tested in our array, calculated us-
ing spectral decomposition (35).
Post-hoc calculation of the statistical 
power was performed using the CaTS 
software (Power calculator for Genome 
Wide Studies) (36), and association 
analysis were performed using Stata 10 
(STATA Corporation, College Station, 
Texas), Plink v1.07 (http://pngu.mgh.
harvard.edu/purcell/plink/) (37) and 
GWAMA v1.4 (http://www.well.ox.ac.
uk/gwama) (38).

Results
The demographic and clinical char-
acteristics of the subjects from the 
discovery and replication cohorts that 
were analysed are included in Table 
I. Despite the fact that both cohorts 
consisted in Spanish FM patients of 
Caucasian origin, selected with the 
same inclusion and exclusion criteria, 
we observed significant differences re-
garding the distribution of most clini-
cal characteristics.

Discovery study
536 subjects from the discovery cohort, 
with a minimum set of demographic and 

Table I. Clinical and demographic characteristics of the discovery and replication cohorts.
 
 Discovery (n= 536) Replication (n=395) p-value

Women, n (%) 536 (100) 384 (97.22) 0.001
Age of pain onset, years, x (IQR) 39 (31-45) 38 (31-46) 0.93
Age at inclusion, years, x (IQR) 51 (44-57) 50 (42-56) 0.18
Elapsed time with pain, years, x (IQR) 9 (5-18) 8 (4-14) 0.0006
With family members affected, n (%) 74 / 531 (13.94) 43 (10.89) 0.16
Trigger points, x (IQR) 16 (14-18) 15 (12-17) <0.001
HADS, depression, x (IQR) 10 (6-13) 8 (5-12) <0.001
HADS, anxiety, x (IQR) 13 (9-16) 11 (7-14) <0.001
FIQ, x (IQR) 73.58 (63.08-82.99) 69.97 (55.98-79.77) <0.001
Chronic widespread pain, n (%) 534 (99.81) 358 (90.63) <0.001
Depression, n (%) 354 (66.42) 42 (10.63) <0.001
Sleep disorder, n (%) 490 (91.59) 270 (68.35) <0.001
Headache, n (%)  363 (67.85) 266 (67.34) 0.73
Myofascial pain syndrome, n (%) 379 (70.84) 329 (83.29) <0.001
Irritable bowel syndrome, n (%) 232 (43.45) 240 (60.76) <0.001
Chronic fatigue syndrome, n (%) 249 (46.72) 0 (0) <0.001
Vertiginous syndrome, n (%) 211 (39.59) 166 (42.13) 0.44
Painful bladder syndrome, n (%) 128 (23.97) 112 (28.35) 0.13
Sicca syndrome, n (%) 223 (41.84) 76 (19.24) <0.001
   
Age at inclusion: Age when the patient was included in the study and clinical data was gathered, x: 
Median; IQR: Inter Quartile Rank; FIQ: Fibromialgia Impact Questionnaire; HADS: Hospital Anxiety 
and Depression Scale. 
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clinical data, were analysed. A genetic 
array composed of 320 selected SNPs 
was genotyped, and after quality con-
trol, 297 polymorphisms remained and 
were used in the association analysis.
Using the spectral decomposition 
analysis, we calculate that the required 
experiment-wide significance thresh-
old to maintain a type I error rate at 5% 
was 2.60x10-4. Taking this into account, 
we observed that the rs4760750 trypto-
phan hydroxylase 2 (TPH2) polymor-
phism showed a significant association 
with the presence of sleep disturbances 
(Table II), even after adjusting by the 
elapsed time from pain onset (ad-
justed OR 0.41, [95%CI 0.286–0.66], 
p=2.20x10-4). 

Replication study and meta-analysis
The replicated SNPs are listed in Table 
II, and the pooled results with the pre-
vious from the discovery cohort are 
shown in Table III.
We first analysed the heterogeneity   

between samples, observing a high 
heterogeneity for most of the variants 
[s4760750, rs4760816 and rs2171363 
from the TPH2 gene; rs174696 from the 
catechol-O-methyltransferase (COMT) 
gene; and rs2422148 and rs2216307 
from the tachykinin receptor 1 (TACR1) 
gene]. Only 4 variants showed a low-
medium heterogeneity [rs10171225 
from the sodium channel, voltage-gat-
ed, type IX, alpha subunit (SCN9A), 
rs3771863 from the TACR1 gene, 
rs12654778 from the adrenoceptor beta 
2 (ADRB2), and rs10434128 from the 
nuclear receptor subfamily 3, group C, 
member 2 (NR3C2)]. It is important to 
point out that no heterogeneity (I2 = 0%) 
was observed for the rs3771863 SNP: 
as we showed in Table II, this polymor-
phism had similar effects in both cohorts 
regarding the risk of sicca syndrome.
When we pooled the data from both co-
horts, only the rs3771863 variant from 
the TACR1 gene showed a significant 
association with its main variable in the 

fixed effects analysis, after adjusting by 
elapsed time from pain onset: its minor 
allele was associated to a lower risk 
of sicca syndrome (OR 0.56, [95%CI 
0.42–0.76], p=2.20x10-4).
When analysing the LD structure 
of TACR1, we observed that the 
rs3771863 variant was not in LD with 
any of the other 36 SNPs genotyped 
from the same gene. 
Taking into account the phenotypic 
heterogeneity between the discovery 
and the replication cohort, we decided 
to perform a post-hoc calculation of 
the statistical power. Based on the ob-
served results from our study (preva-
lence of sicca syndrome of 20% in FM 
subjects, an OR of 0.56, and a minor 
allele frequency of 19%), the joint 
analysis showed a 93% power to detect 
significant differences.
The SNP rs10171225 also showed a 
significant association with the pres-
ence of sicca syndrome in the fixed ef-
fects bivariate analysis, although after 

Table II. Summary of the selected polymorphisms from the discovery cohort, the variables that were associated with, and the results of 
the replication analysis. 

Main Variable  Discovery Cohort Replication Cohort

 SNP MAF OR [95% CI] p OR* [95% CI] p* MAF OR [95% CI] p OR* [95% CI] p*

Sleep disturbances rs4760750 0.40 0.41 2.10x10-4 0.41 2.20 x10-4 0.40 1.16 0.35 1.16 0.36
   [0.26 – 0.66]  [0.286 – 0.66]   [0.85 – 1.58]  [0.85 – 1.58] 

Sleep disturbances rs4760816 0.40 0.44 6.00x10-4 0.45 6.20 x10-4 0.40 1.17 0.32 1.16 0.33
   [0.28 – 0.71]  [0.28 – 0.71]   [0.86 – 1.59]  [0.86 – 1.59] 

Sleep disturbances rs2171363 0.40 0.45 7.00x10-4 0.45 7.20 x10-4 0.41 1.20 0.25 1.20 0.26
   [0.28 – 0.71]  [0.28 – 0.71]   [0.88 – 1.63]  [0.88 – 1.63] 

Sicca syndrome rs174696 0.21 0.55 4.80x10-4 0.55 8.00 x10-4 0.20 1.48 0.055 1.47 0.064
   [0.396 – 0.77]  [0.39 – 0.78]   [0.99 – 2.22]  [0.98 – 2.20] 

Sicca syndrome rs10171225 0.24 0.58 7.80x10-4 0.64 0.0078 0.23 0.88 0.53 0.86 0.47
   [0.43 – 0.80]  [0.46 – 0.89]   [0.58 – 1.32]  [0.57 – 1.30] 

Sicca syndrome rs3771863 0.19 0.55 9.20x10-4 0.55 0.0013 0.18 0.60 0.061 0.60 0.063
   [0.39 – 0.78]  [0.38 – 0.79]   [0.35 – 1.02]  [0.35 – 1.03] 

Vertigo rs2422148 0.30 0.61 5.80x10-4 0.61 4.70 x10-4 0.28 1.33 0.085 1.33 0.083
   [0.47 – 0.81]  [0.46 – 0.80]   [0.96 – 1.82]  [0.96 – 1.83] 

Vertigo rs2216307 0.26 0.62 0.0018 0.63 0.0023 0.28 1.02 0.92 1.02 0.92
   [0.46 – 0.84]  [0.47 – 0.85]   [0.72 – 1.43]  [0.72 – 1.43] 
           
 SNP MAF β [95% CI] p β* [95% CI] p* MAF β [95% CI] p β* [95% CI] p*

HADS Depression rs12654778 0.38 -1.07 7.00x10-4 -1.09 5.90x10-4 0.40 -0.36 0.32 -0.35 0.33
   [-1.67 – -0.46]  [-1.70 – -0.47]   [-1.07 – 0.35]  [-1.06 – 0.36] 

HADS Depression rs10434128 0.14 1.31 0.0022 1.29 0.0025 0.15 0.29 0.56 0.31 0.52
   [0.47 – 2.14]  [0.46 – 21]   [-0.67 – 1.24]  [-0.64 – 1.26] 

*Analysis adjusted by elapsed time from pain onset to inclusion in the study. (OR): odds ratio; [95% CI]: 95% confidence interval; MAF: Minor allele 
frequency.
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adjusting by elapsed time from pain 
onset, the significance was lost.

Discussion
In the present study, we analysed in 
subjects diagnosed with FM, the as-
sociation of different genetic variants 
with the presence of various co-morbid 
symptoms and syndromes, and with the 
severity of the disease. We observed 
that the rs3771863 SNP form the 
TACR1 gene was significantly associat-
ed with the presence of sicca syndrome. 
To our knowledge, this is the first study 
to investigate the genetic factors as-
sociated with the presence of different 
symptoms and syndromes in FM.
The sicca syndrome is characterised 
by ocular and oral dryness of no ap-
parent cause, and lack of autoimmune 
abnormalities, such as the presence of 
autoantibodies, or a pathologic labial 
salivary gland biopsy. As we pointed 
out before, FM patients have a higher 

prevalence of this condition (39), and 
in turn, the sicca syndrome is associ-
ated to impairment in quality of life and 
psychological status, closely related to 
the presence of pain and fatigue symp-
toms (40), both related to autonomic 
dysregulation (41). Moreover, auto-
nomic dysfunction has been suggested 
to be associated with some of the FM 
symptoms as fatigue, morning stiffness, 
sleep disorders, sicca symptoms and in-
testinal irritability (42).
TACR1 gene is located on the 2p11 re-
gion of chromosome 2. This receptor 
is widely expressed at both the central 
and the peripheral level and it is present 
in neurons, vascular endothelial cells, 
muscle and different types of immune 
cells, such as lymphocytes, macrophag-
es, and dendritic cells (43). TACR1 
belongs to the family 1 of G protein-
coupled receptors, sharing the same 
structural motif. Four functional iso-
forms have been identified, with like-

ly different signal transduction path-
ways and affinities for its ligands (43). 
Endogenous ligands, such as substance 
P, human hemokinin 1 and endokinins 
A and B (44), are synthesised in neu-
rons of the CNS, in capsaicin-sensitive 
primary afferent neurons and capsaicin-
insensitive intrinsic neurons of the gas-
trointestinal tract, immune cells, and 
in different peripheral organs such as 
heart, skeletal muscle, skin, placenta, 
and adrenal glands (45). The activation 
of the tachykinin receptors has been im-
plicated in a wide variety of biological 
actions, such as the modulation of pain 
perception, regulation of emotional be-
havior, including stress response, mo-
tivation and reward/aversion circuits, 
modulation of smooth muscle motility, 
visceral sensitivity, induction of neuro-
genic inflammation, activation of the 
immune system, regulation of haema-
topoiesis, and regulation of endocrine 
secretion (45).

Table III. Meta-analysis (fixed and random effects models) of the selected polymorphisms from the discovery cohort, the variables that 
were associated with, and the between-population heterogeneity assessment.

Main Variable Fixed-Effects Model Random-Effects Model Heterogeneity

 SNP OR p OR* p* OR p OR* p* pC I2 pC* I2*

  [95% CI]  [95% CI]  [95% CI]  [95% CI] 

Sleep disturbances rs4760750 0.85 0.21 0.85 0.21 0.70 0.49 0.70 0.49 0.00031 92% 0.00034 92%
  [0.66 – 1.10]  [0.65 – 1.10]  [0.25 – 1.94]  [0.26 – 1.92] 

Sleep disturbances rs4760816 0.87 0.28 0.87 0.27 0.73 0.52 0.73 0.52 0.00068 91% 0.00071 91%
  [0.67 – 1.12]  [0.67 – 1.12]  [0.28 – 1.88]  [0.29 – 1.87] 

Sleep disturbances rs2171363 0.88 0.35 0.88 0.35 0.74 0.55 0.74 0.55 0.00055 92% 0.00058 92%
  [0.68 – 1.15]  [0.68 – 1.14]  [0.28 – 1.95]  [0.28 – 1.95] 

Sicca syndrome rs174696 0.83 0.15 0.84 0.18 0.90 0.83 0.89 0.82 0.00021 93% 0.00033 92%
  [0.64 – 1.07]  [0.64 – 1.09]  [0.34 – 2.37]  [0.34 – 2.33] 

Sicca syndrome rs10171225 0.57 0.00015 0.72 0.011 0.57 0.00015 0.72 0.023 0.80 0% 0.28 15%
  [0.42 – 0.76]  [0.56 – 0.93]  [0.42 – 0.76]  [0.55 – 0.96] 

Sicca syndrome rs3771863 0.68 0.0023 0.56 0.00022 0.70 0.075 0.56 0.00022 0.13 57% 0.79 0%
  [0.53 – 0.87]  [0.42 – 0.76]  [0.47 – 1.04]  [0.42 – 0.76] 

Vertigo rs2422148 0.86 0.14 0.85 0.14 0.90 0.78 0.89 0.78 0.00037 92% 0.00031 92%
  [0.69 – 1.05]  [0.69 – 1.05]  [0.42 – 1.91]  [0.42 – 1.92] 

Vertigo rs2216307 0.77 0.022 0.77 0.025 0.79 0.34 0.79 0.34 0.033 78% 0.037 77%
  [0.62 – 0.96]  [0.62 – 0.97]  [0.49 – 1.28]  [0.50 – 1.27] 
     
  β [95% CI] p β* [95% CI] p β [95% CI] p β* [95% CI] p* pD I2 pD* I2*

HADS Depression rs12654778 0.47 0.0013 0.468 0.0012 0.48 0.039 0.48 0.045 0.13 55% 0.12 58%
  [0.29 – 0.74]  [0.29 – 0.74]  [0.24 – 0.96]  [0.23 – 0.98] 

HADS Depression rs10434128 2.3 0.0069 2.38 0.0067 2.28 0.11 2.29 0.09 0.11 60% 0.13 57%
  [1.27 – 4.45]  [1.27 – 4.45]  [0.84 – 6.19]  [0.88 – 5.98] 
    
*Analysis adjusted by elapsed time from pain onset to inclusion in the study. (OR): odds ratio; [95% CI]: 95% confidence interval; pC: Cochran’s test             
p-value; pD: Durbin’s test p-value; I2: Inconsistency (percentage of total variation across studies that is due to heterogeneity rather than chance).
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Taking into account the pleiotropic 
functions mediated by this recep-
tor, different genetics variants located 
throughout the gene have been associ-
ated to different conditions. In two in-
dependent studies, SNPs of this gene 
were significantly associated to alcohol 
dependence (AD) (46), and to AD se-
verity (47). Also, it has been associated 
with bipolar disorder (48), and with 
attention deficit hyperactivity disor-
der (49). However, no association was 
observed with the presence of FM, al-
though the study analysed only one 
SNP in a relatively small sample (50). 
TACR1 has been associated to a lower 
recurrence rate of endometriosis (51), 
and with paediatric slow transit consti-
pation (52). 
Regarding the variant significantly 
associated to sicca syndrome in our 
study, rs3771863, its minor allele has 
been previously related to AD severity 
(47), and with paediatric slow transit 
constipation (52). No association with 
bipolar disorder was observed (48). To 
the best of our knowledge, its associa-
tion with sicca syndrome has not been 
previously assessed.
Taking into account that the rs3771863 
variant is located in the first intron of 
the TACR1 gene, it is likely that this 
variant has no effect in the function 
or structure of the receptor. Hence we 
performed an in silico analysis to as-
sess the potential functional role of this 
SNP or others in high LD (r2>0.8). In 
the RegulomeDB (53) (http://regulome.
stanford.edu/results), no data was col-
lected regarding rs3771863. However, 
3 SNPs in high LD (rs6725947, 
rs3771868 and rs12328129; r2>0.89) 
were located in transcription factor-
binding sites. Moreover, we assessed 
if rs3771863 or any other SNPs in high 
LD had been analysed in a recently 
published expression quantitative trait 
locus (eQTL) meta-analysis performed 
in peripheral blood samples (54) (http://
genenetwork.nl/bloodeqtlbrowser/). 
Unfortunately, none of this variants was 
studied. Finally, using miRBASE (55) 
(http://www.mirbase.org/search.shtml), 
we observed that no miRNA was de-
scribed to originate from the location of 
rs3771863 or any of the other polymor-
phisms in high LD. 

There are two described spliced vari-
ants of the TACR1 gene, translating into 
two different receptors, with different 
affinity for Substance P and different 
signaling pathways (56). Although 
rs3771863 is not located in the area 
where the splice takes place, it is possi-
ble the existence of other spliced vari-
ant not described so far, in which this 
SNPs may play a role. 
In the last years, several studies have 
been published exploring the associa-
tion between polymorphisms and FM 
severity, assessed by different meth-
ods and questionnaires. Two of these 
genes were also analysed in our work: 
COMT and 5-hydroxytryptamine (sero-
tonin) receptor 2A, G protein-coupled 
(HTR2A). Regarding the COMT gene, 
it has been observed an association 
between different SNPs and the FIQ 
score, the tender point count, the pain 
threshold, and functional status (12), 
although these observations were not 
always replicated (11). On the other 
hand, the HTR2A gene has also been 
associated with the tender point count, 
pain threshold and extension, and func-
tional status (13). As with the previous 
gene, results were not always replicated 
(14). Regarding our study, the variants 
analysed from both genes did not show 
association with FM severity, measured 
with the FIQ or the HADS. 
One limitation of our study was that we 
only assessed the presence or absence 
of the  subjective symptoms of the sicca 
syndrome (dry eyes and dry mouth), 
and therefore no quantitative measure-
ment of their severity was performed. 
Also, in these patients, no minor sali-
vary gland biopsy was performed as 
part of a standardised protocol, but 
performed when the patient’s rheuma-
tologist deemed necessary.   
Unfortunately such data was not col-
lected in our study.
Another limitation of our study was 
the clinical heterogeneity observed be-
tween the discovery and the replication 
cohorts. It is well known that the pres-
ence of heterogeneity reduces both the 
statistical power and the observed risks 
attributed to the susceptibility alleles 
or genotypes (57). Taking into account 
that FM is a very heterogeneous disease 
and that the diagnosis of these associ-

ated symptoms are mostly clinical, it is 
expected to find some degree of hetero-
geneity when comparing two different 
cohorts. It is certain that the existing 
heterogeneity is reducing the studies’ 
power to a certain extent, although the 
associated variant rs3771863 showed 
low between-population genetic het-
erogeneity. Notwithstanding, the pro-
tective effect regarding sicca syndrome 
that we observed could represents a 
spurious association. Further studies 
will be necessary to confirm this rela-
tionship and address the role played by 
this variant and the TACR1 gene in the 
pathophysiology of the sicca syndrome.
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