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Introduction: Patients with axial spondyloarthritis (axSpA) have a high disease burden
mainly due to the rheumatic disease itself, and also exhibit accelerated atherosclerosis,
that leads to a higher incidence of cardiovascular (CV) disease. Accordingly, the
identification of biomarkers of CV risk and inflammation in axSpA patients is clinically
relevant. In this sense, given the beneficial functions exerted by the adipomyokine irisin in
processes related to CV disease and inflammation, our aim was to assess, for the first
time, the role of irisin as a genetic and serological biomarker of subclinical atherosclerosis,
CV risk and disease severity in axSpA patients.
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Methods: A large cohort of 725 Spanish patients with axSpA was included. Subclinical
atherosclerosis (presence of plaques and abnormal carotid intima-media thickness
values) was evaluated by carotid ultrasound. Four irisin polymorphisms (rs16835198 G/
T, rs3480 A/G, rs726344 G/A, and rs1570569 G/T) were genotyped by TaqMan probes.
Additionally, serum irisin levels were determined by ELISA.

Results: Low irisin levels were linked to the presence of plaques (p=0.002) and
atherogenic index values ≥4 (p=0.01). Serum irisin were positively correlated with C-
peptide levels (p<0.001) and negatively correlated with visual analogue scale and Bath
Ankylosing Spondylitis Metrology Index (p<0.05 in all the cases). Moreover, lower irisin
levels were observed in patients with sacroiliitis and in those with a negative HLA-B27
status (p<0.001 and p=0.006, respectively), as well as in those treated with non-steroidal
anti-inflammatory drugs and conventional disease-modifying antirheumatic drugs
(p<0.001 and p=0.002, respectively). Interestingly, the TT genotype and the T allele of
rs16835198 were less frequent in axSpA patients with ASDAS >2.1 (Odds Ratio (OR):
0.48 [0.28-0.83] and OR: 0.73 [0.57-0.92], respectively, p=0.01 in both cases).
Additionally, the frequency of rs1570569 T allele was higher in these patients (OR: 1.46
[1.08-1.97], p=0.01). Furthermore, the GGGT haplotype was more frequent in patients
with ASDAS values >2.1 (OR: 1.73 [1.13-2.66], p=0.01).

Conclusions: Our results indicate that low serum irisin levels could be indicators of the
presence of subclinical atherosclerosis, high CV risk and more severe disease in axSpA
patients. In addition, irisin may also constitute a genetic biomarker of disease activity in
axSpA.
Keywords: irisin, axial spondyloarthritis, biomarker, subclinical atherosclerosis, cardiovascular risk,
disease severity
INTRODUCTION

Axial spondyloarthritis (axSpA) is a chronic inflammatory
disease that mainly affects the axial skeleton (spine and pelvic
joints), although its main symptoms can also be accompanied by
extra-articular manifestations (1). axSpA has detrimental effects
on the health status of the patients affected by this condition
including, but not limited to, pain, stiffness and poor physical
function (2). Additionally, the higher prevalence of traditional
risk factors and the systemic inflammatory state of these patients
contributes to an increased cardiovascular (CV) risk (3–5), being
CV disease one of the leading causes of death in axSpA. In most
of the cases, this high CV risk is reflected by a process of
accelerated atherosclerosis, which can be assessed at the
subclinical level by carotid ultrasound (US), a non-invasive
imaging technique (6). By this means, the existence of
surrogate markers of subclinical atherosclerosis such as
DAS, Ankylosing Spondylitis Disease
rthritis; BASMI, Bath Ankylosing
ence interval; cIMT, carotid intima-
ein; CV, cardiovascular; DMARDs,
SR, erythrocyte sedimentation rate;
interquartile range; NSAIDs, non-
ds ratio; SD, standard deviation; US,
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abnormal carotid intima-media thickness (cIMT) values or the
presence of carotid plaques can be determined (6–8).

Importantly, abnormalities in a growing number of molecules
mainly implicated in metabolic and inflammatory mechanisms
also boost the atherosclerotic process, further promoting the
increased CV morbidity in axSpA patients (9). In this regard,
muscle and adipose tissue play a pivotal homeostatic function by
producing a large number of these molecules, mainly myokines
and adipokines, which exert autocrine, paracrine and/or
endocrine effects, affecting multiple organs (10–12). Thereby,
these molecules are implicated in the regulation of the immune
response and in the pathogenesis of numerous chronic
inflammatory diseases (13). In this context, since its discovery
in 2012, much attention has been paid to the adipomyokine irisin
(14). This molecule has been reported to play a critical beneficial
role in several processes such as inflammation, angiogenesis,
oxidative stress, endothelial cell dysfunction, and lipid and bone
metabolism (11–19). In particular, it has been described that
irisin plays key roles against vascular inflammation by inhibiting
the recruitment of inflammatory cells to the atherosclerotic
lesions and also inducing the switch from the pro-
inflammatory (M1) phenotype of macrophages to the anti-
inflammatory (M2) phenotype (19–23). In addition, previous
studies reported that irisin downregulates other pro-
inflammatory pathways, suppressing thereby the secretion of
July 2022 | Volume 13 | Article 894171
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pro-inflammatory cytokines (24). Consequently, the potential of
irisin as a biomarker promoted multiple research in diverse
pathological conditions, including CV-related diseases,
autoimmune and chronic inflammatory diseases, osteoporosis,
and different types of cancer (12, 19). Interestingly, the levels of
circulating irisin seem to be influenced by the pathological status
of each disease (12, 25).

Therefore, based on the above, it seems plausible that irisin could
be a key molecule in axSpA since most of the processes it influences
are disrupted in this condition. Surprisingly, to the best of our
knowledge, there are no previous studies on the implication of irisin
in atherosclerotic disease and CV risk in the context of this
rheumatic disorder. In like manner, information about the
potential role of irisin in the pathogenesis of axSpA is scarce.

Taking all this into consideration, in this study we aimed to
evaluate for the first time the role of irisin as a genetic and
serological biomarker of subclinical atherosclerosis and CV risk
in a large cohort of Caucasian patients with axSpA. Furthermore,
we also assessed its role as a potential marker of axSpA severity.
MATERIAL AND METHODS

Patients
A total of 725 Spanish patients who fulfilled the Assessment of
SpondyloArthritis international Society classification criteria for
axSpA (26) were included in this study. All these patients belong
to the AtheSpAin cohort, a Spanish multicenter cohort to study
atherosclerosis in axSpA, and were recruited at the following
centers: Hospital Universitario Marqués de Valdecilla
(Santander), Hospital Comarcal de Laredo (Laredo), Hospital
Universitario de Canarias (Santa Cruz de Tenerife), Hospital
Universitario de Gran Canaria Dr. Negrıń (Las Palmas de Gran
Canaria), Hospital Universitario Reina Sofıá (Córdoba), Hospital
Universitario de La Princesa (Madrid), Hospital General
Universitario de Elda (Elda), Hospital General Universitario de
Ciudad Real (Ciudad Real), Hospital Universitario La Paz
(Madrid), Hospital Universitario Basurto (Bilbao) and Hospital
Universitario de Galdakao (Galdakao). Patients with diabetes
mellitus or chronic kidney disease were excluded from this study.

Peripheral blood samples were collected in the fasting state
from all the patients at the time of recruitment. In addition, data
on sex, age, body mass index, blood pressure, total cholesterol,
high-density lipoprotein-cholesterol, low-density lipoprotein-
cholesterol, triglycerides, C-peptide, C-reactive protein (CRP)
and erythrocyte sedimentation rate (ESR) at the time of study, as
well as history of traditional CV risk factors (smoking, obesity,
dyslipidemia and hypertension) were collected. Obesity,
dyslipidemia, and hypertension were defined as previously
described (27). In particular, the atherogenic index (AI) was
calculated as total cholesterol divided by high-density
lipoprotein-cholesterol values. AI values ≥4 were considered as
indicative of adverse lipid profile. Furthermore, clinical
characteristics of the patients were also retrieved from medical
records. In this regard, the clinical index of disease activity
Ankylosing Spondylitis Disease Activity Score (ASDAS) was
Frontiers in Immunology | www.frontiersin.org 3
assessed, being values >2.1 considered as indicative of high
disease activity. The main demographic, clinical and CV
disease-related characteristics of patients as well as the
treatments received (non-steroidal anti-inflammatory drugs
(NSAIDs), conventional and biologic disease-modifying
antirheumatic drugs (DMARDs), and statins) are displayed
in Table 1.

All the individuals gave their informed written consent to be
included in the study. All the experiments involving humans and
human blood samples were carried out in accordance with the
approved guidelines and regulations, according to the
Declaration of Helsinki.

Carotid US Study
The presence of abnormal cIMT values in the common carotid
artery and the presence of focal plaques in the extracranial
carotid tree were assessed by carotid US in all the axSpA
patients, as previously reported (6).

Irisin Polymorphisms Selection
and Genotyping
Deoxyribonucleic acid of patients was obtained from
peripheral blood using standard procedures. All the
individuals were genotyped for irisin rs16835198 (G/T),
rs3480 (A/G), rs726344 (G/A) and rs1570569 (G/T),
previously linked with CV risk factors (28–33), using pre-
designed TaqMan probes (C:34204885_10, C:_8822841_10,
C::927694_10 and C:_8854681_10, respectively). Genotyping
was performed in a QuantStudio™ 7 Flex Real-Time
polymerase chain reaction system, according to the
conditions recommended by the manufacturer (Applied
Biosystems, Foster City, CA, USA). Negative controls and
duplicate samples were included to check the accuracy of
the genotyping.

Assessment of Irisin Serum Levels
Serum irisin levels were determined by a commercial Enzyme-
Linked ImmunoSorbent Assay kit in all the axSpA patients
(RAG018R, BioVendor, Brno, Czech Republic), according to the
manufacturer’s instructions. All the samples were analyzed in
duplicate and quantified relative to a standard curve, using 4-
parameter logistic regression through MyAssays® online software.

Statistical Analysis
Shapiro-Wilk test was used to determine whether the different
variables included in this study followed or not normal
distribution. Data are expressed as mean ± standard deviation
(SD), median [interquartile range (IQR)], number of individuals
(n) or percentage (%), depending on the type of data. Serum
levels of irisin were log transformed and are expressed as log
(serum irisin).

The relationship between genotypes, alleles, or haplotypes
and categorical variables was tested using logistic regression,
adjusting for potential confounding factors (sex, age at the time
of the study, and classic CV risk factors). Strength of associations
were estimated using odds ratios (OR) and 95% confidence
intervals (CI). The association of genotypes, alleles, or
July 2022 | Volume 13 | Article 894171
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haplotypes with continuous variables was evaluated by linear
regression, adjusting for the potential confounding factors above
mentioned. In both cases, the most frequent genotype and allele
of irisin rs16835198, rs3480, rs726344 and rs1570569, as well as
the haplotype with the highest frequency, were used as reference.

The association of serum levels of irisin with categorical and
continuous variables was assessed by linear regression and
Pearson’s partial correlation coefficient (r), respectively. In all
the cases, adjustment was performed for potential confounding
factors: sex, age at the time of the study, and classic CV
risk factors.

Statistical significance was defined as p values ≤0.05 (or ≤0.01
in the genetic analyses applying Bonferroni correction for
multiple comparisons). All the analyses were performed using
STATA® v.11.1 statistical software (Stata Corp, College Station,
TX, USA).
Frontiers in Immunology | www.frontiersin.org 4
RESULTS

Association Between Irisin and Surrogate
Markers of Subclinical Atherosclerosis
and CV Disease-Related Features
The levels of serum irisin were lower in patients who presented
carotid plaques compared to those without plaques (2.21 ± 0.99
vs 2.32 ± 0.96, respectively, p=0.002, Figure 1A). Furthermore,
axSpA patients with an AI ≥4 exhibited lower serum irisin levels
when compared to those with an AI<4 (2.19 ± 0.99 vs 2.33 ± 0.97,
p=0.01, respectively, Figure 1B). In addition, we also noted a
positive correlation between serum irisin and C-peptide levels
(r=0.37, p<0.001, Figure 1C).

No relationship was found between serum irisin and other CV
disease-related characteristics. Similarly, no association was
disclosed between irisin rs16835198, rs3480, rs726344 or
TABLE 1 | Demographic, clinical and cardiovascular disease-related characteristics in patients with axSpA.

Variable axSpA

Men/Women, n 490/235
Age (years), median [IQR] 47.0 [39.0-57.0]
Age at axSpA diagnosis (years), median [IQR] 36.0 [28.0-44.0]
CRP (mg/L), median [IQR] 2.2 [0.6-6.2]
ESR (mm/1st hour), median [IQR] 6.0 [3.0-13.0]
VAS patient, median [IQR] 4.0 [2.0-6.0]
VAS physician, median [IQR] 3.0 [1.0-5.0]
BASMI, median [IQR] 2.2 [1.0-3.8]
ASDAS, median [IQR] 2.2 [1.5-3.0]
ASDAS >2.1, % (n/N) 53.4 (340/637)
HLA-B27 positive status, % (n/N) 74.0 (513/693)
Syndesmophytes, % (n/N) 40.1 (272/678)
History of peripheral synovitis, % (n/N) 35.1 (254/723)
History of enthesitis, % (n/N) 30.6 (221/722)
History of sacroiliitis1, % (n/N) 71.5 (266/372)
Extra-articular manifestations2, % (n/N) 34.6 (250/723)
History of classic cardiovascular risk factors, % (n/N)
Smoking 53.1 (382/719)
Obesity 20.8 (150/720)
Dyslipidemia 30.8 (222/722)
Hypertension 23.8 (172/722)

Body mass index (kg/m2), median [IQR] 26.2 [23.7-29.4]
Systolic blood pressure (mm Hg), median [IQR] 129.0 [116.0-140.0]
Diastolic blood pressure (mm Hg), median [IQR] 79.0 [71.0-86.0]
Total cholesterol (mg/dL), median [IQR] 189.0 [165.0-214.0]
High-density lipoprotein-cholesterol (mg/dL), median [IQR] 52.0 [44.0-63.0]
Low-density lipoprotein-cholesterol (mg/dL), median [IQR] 115.0 [94.0-137.8]
Triglycerides (mg/dL), median [IQR] 96.0 [70.0-137.0]
Atherogenic index ≥4, % (n/N) 36.8 (252/684)
C-peptide (ng/mL), median [IQR] 1.5 [0.8-2.6]
Carotid IMT (mm), median [IQR] 0.618 [0.544-0.718]
Carotid plaques, % (n/N) 30.8 (223/725)
Treatment, % (n/N)
NSAIDs 83.1 (599/721)
Conventional DMARDs3 36.1 (261/723)
Biologic DMARDs 38.9 (268/689)

Anti-TNF-a 94.4 (253/268)
Anti-IL17 5.6 (15/268)

Statins 14.9 (98/656)
July 2022 | Volume
ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, Axial spondyloarthritis; BASMI, Bath Ankylosing Spondylitis Metrology Index; CRP, C-reactive protein; DMARDs, disease-
modifying antirheumatic drugs; ESR, Erythrocyte sedimentation rate; HLA, Human leukocyte antigen; IMT, Intima-Media Thickness; IQR, Interquartile range; NSAIDs, non-steroidal anti-
inflammatory drugs; SD, Standard Deviation; VAS, Visual Analogue Scale.
1Detected by magnetic resonance imaging. 2Including anterior uveitis, psoriasis and/or inflammatory bowel disease. 3Including methotrexate, leflunomide and sulfasalazine.
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rs1570569 and surrogate markers of subclinical atherosclerosis
when assessing these polymorphisms individually at the genotype
or allele level or when combined conforming haplotypes.

Relationship of Irisin With Markers of
Inflammation, Disease Activity, Other
axSpA Features and Treatments Received
We observed a negative correlation of serum irisin levels with visual
analogue scale (VAS) patient, VAS physician and Bath Ankylosing
Spondylitis Metrology Index (BASMI) (r=-0.12, p=0.003; r=-0.19,
p<0.001; r=-0.13, p=0.002; respectively). Also in this line, patients
with sacroiliitis showed lower serum levels of irisin compared to
those patients without this axSpA feature (2.12 ± 1.02 in patients
with sacroiliitis vs 2.60 ± 0.78, respectively, p<0.001, Figure 2A).
Moreover, patients with human leukocyte antigen (HLA)-B27
negative status exhibited lower serum irisin levels than those with
HLA-B27 positive status (2.10 ± 1.08 vs 2.33 ± 0.94, respectively,
p=0.006, Figure 2B). Regarding the treatment, we observed that
patients treated with conventional DMARDs and NSAIDs showed
lower serum irisin levels than those patients who were not receiving
these therapies (2.13 ± 1.02 vs 2.37 ± 0.94 for conventional
DMARDs and 2.22 ± 1.01 vs 2.65 ± 0.66 for NSAIDs, p=0.002
and p<0.001, respectively). Furthermore, we disclosed that patients
Frontiers in Immunology | www.frontiersin.org 5
undergoing anti-IL17 therapy presented higher serum irisin levels
than those receiving anti-TNF-a treatment (2.76 ± 0.74 vs 2.23 ±
0.98, respectively, p=0.05).

At the genetic level, we found that the TT genotype and the T
allele of rs16835198 were less frequent in axSpA patients with
ASDAS values >2.1 (9.7% vs 14.5%, OR: 0.48 [0.28-0.83] and
32.0% vs 38.0%, OR: 0.73 [0.57-0.92], respectively, p=0.01 in both
cases, Table 2). In contrast, we found that the frequency of the
minor allele of rs1570569 (T) was higher in this group of patients
(20.7% vs 16.0%, OR: 1.46 [1.08-1.97], p=0.01, Table 2).
Moreover, the irisin GGGT haplotype was more frequent in
axSpA patients with ASDAS values >2.1 (11.6% vs 7.2%, OR: 1.73
[1.13-2.66], p=0.01, Table 2).

No significant associations were observed between irisin and
CRP, ESR, other disease-related features or treatment
with statins.
DISCUSSION

axSpA patients exhibit a great disease burden product not only of
the rheumatic disease itself, but also due to the higher incidence of
CV disease, which currently constitutes one of the main causes of
A B

C

FIGURE 1 | Association of serum irisin levels and features related to subclinical atherosclerosis and cardiovascular disease-related features in axSpA. Lower levels of
irisin in patients with carotid plaques (A) and in patients with an atherogenic index (AI) ≥4 (B). Positive correlation between serum irisin and C-peptide levels (C).
Results shown in (A) and (B) were obtained after linear regression analysis, while results shown in (C) were obtained after Pearson’s partial correlation test, in all the
cases adjusting for sex, age at the time of the study and classical cardiovascular risk factors.
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A B

FIGURE 2 | Association between serum irisin levels and axSpA-related features. Lower serum levels of irisin in patients with sacroiliitis (A) and in patients with a negative
human leukocyte antigen (HLA)-B27 status (B). Results shown in (A) and (B) were obtained after linear regression analysis, adjusting for sex, age at the time of the study and
classical cardiovascular risk factors.
TABLE 2 | Genotypes, alleles and haplotypes of irisin according to ASDAS values >2.1 in axSpA patients.

Irisin ASDAS >2.1

polymorphism Yes (% (n)) No (% (n)) OR [95% CI] p*

rs16835198
GG 45.7 (155) 38.4 (114) 1 (Reference) –

GT 44.6 (151) 47.1 (140) 0.79 [0.56-1.11] 0.17
TT 9.7 (33) 14.5 (43) 0.48 [0.28-0.83] 0.01
G 68.0 (461) 62.0 (368) 1 (Reference) –

T 32.0 (217) 38.0 (226) 0.73 [0.57-0.92] 0.01
rs3480
AA 34.1 (116) 36.2 (107) 1 (Reference) –

AG 45.9 (156) 49.3 (146) 1.10 [0.77-1.58] 0.61
GG 20.0 (68) 14.5 (43) 1.60 [0.99-2.59] 0.06
A 57.1 (388) 60.8 (360) 1 (Reference) –

G 42.9 (292) 39.2 (232) 1.23 [0.98-1.56] 0.08
rs726344
GG 77.6 (264) 74.7 (222) 1 (Reference) –

GA 20.3 (69) 23.9 (71) 0.80 [0.54-1.18] 0.25
AA 2.1 (7) 1.4 (4) 1.42 [0.39-5.12] 0.60
G 87.8 (597) 86.7 (515) 1 (Reference) –

A 12.2 (83) 13.3 (79) 0.89 [0.63-1.24] 0.48
rs1570569
GG 63.3 (214) 70.1 (206) 1 (Reference) –

GT 32.0 (108) 27.9 (82) 1.38 [0.96-1.97] 0.08
TT 4.7 (16) 2.0 (6) 2.72 [1.02-7.26] 0.05
G 79.3 (536) 84.0 (494) 1 (Reference) –

T 20.7 (140) 16.0 (94) 1.46 [1.08-1.97] 0.01

Haplotype** ASDAS >2.1

Yes (% (n)) No (% (n)) OR [95% CI] p*

GAGG 38.4 (259) 38.7 (227) 1 (Reference) –

TAGG 18.1 (122) 22.2 (130) 0.75 [0.55-1.03] 0.07
GGGT 11.6 (78) 7.2 (42) 1.73 [1.13-2.66] 0.01
GGGG 10.5 (71) 7.5 (44) 1.47 [0.96-2.25] 0.08
TGGT 6.1 (41) 6.3 (37) 1.01 [0.62-1.66] 0.97
GGAG 4.7 (32) 5.8 (34) 0.79 [0.46-1.34] 0.38
TGAG 4.3 (29) 4.9 (29) 0.86 [0.49-1.50] 0.59
Frontiers in Immunology | www.frontiersin
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ASDAS, Ankylosing Spondylitis Disease Activity Score; axSpA, axial spondyloarthritis; SD, standard deviation.
Results obtained after logistic regression analysis. *p-values adjusted for sex, age at the time of the study and classical cardiovascular risk factors. **The polymorphism order was
rs16835198, rs3480, rs726344 and rs1570569. Haplotypes with a frequency higher than 4% are shown. Statistically significant results are highlighted in bold.
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death in these patients (3, 4). Consequently, the identification of
molecules implicated in the development of subclinical
atherosclerosis and CV disease in axSpA that may be used as
biomarkers of CV risk and inflammation in these patients is
clinically relevant. Accordingly, given the important functions
exerted by irisin in different processes mainly related to CV
disease and inflammation, our aim was to assess for the first time
the role of irisin as a biomarker of subclinical atherosclerosis, CV
risk and disease severity in axSpA patients.

Regarding the potential implication of irisin as a biomarker of
CV risk in axSpA, we found that low levels of serum irisin were
associated to the presence of carotid plaques, an indicator of an
advanced stage of atherosclerosis and high CV risk (8). These
results are in accordance with studies performed in other
conditions, which report that circulating irisin levels are
inversely linked to the burden of coronary atherosclerosis,
vascular calcification and severity of coronary artery disease
(20, 34–38). These results are further supported by our finding
that low serum irisin levels are associated with AI indicative of
adverse lipid profiles in our patients. In this respect, other
authors also reported that higher serum levels of irisin are
related to more favorable lipid profiles in the general
population (34, 39). Accordingly, both results are in agreement
with the atheroprotective and anti-inflammatory role proposed
for irisin in pathological contexts different from axSpA (19–24).
In this regard, a relevant role for irisin against vascular
inflammation, endothelial cell dysfunction, oxidative stress and
plaque progression has been described (20–23). Interestingly, in
favor of the anti-inflammatory function of irisin, we also
disclosed that serum irisin positively correlated with C-peptide,
another molecule with similar beneficial effects on inflammation
(40). Of note, a previous study performed in patients with type 2
diabetes mellitus reported an inverse association between irisin
and interleukin (IL)-17A (41), one of the main pro-inflammatory
cytokines implicated in the pathogenesis of axSpA (1). IL-17A
was suggested to exert an indirect pro-atherosclerotic role in
obese individuals (42). Hence, these data strengthen our results
on the anti-inflammatory and anti-atherogenic role of irisin
in axSpA.

Additionally, we noted that low levels of serum irisin were
associated with features linked to more severe disease activity in
axSpA, including higher VAS scores, higher spinal mobility index
BASMI and presence of sacroiliitis. Interestingly, we also found
lower serum levels of irisin in axSpA patients with a negative HLA-
B27 status, a subgroup of axSpA patients which has been recently
reported to have higher disease activity when compared to their
positive counterparts (43, 44). To the best of our knowledge, there is
so far only one study that evaluated the role of irisin in ankylosing
spondylitis. In such study, the authors found that patients with
more severe disease symptoms exhibited lower serum levels of irisin,
which is in accordance with our results (45). Also in this line,
previous studies performed in other rheumatic diseases reported an
inverse association between irisin serum levels and disease activity
(22, 46–48). In addition, patients treated with conventional
DMARDs and NSAIDs exhibited lower serum irisin levels. These
results may be reflecting the worse clinical status of the patients who
Frontiers in Immunology | www.frontiersin.org 7
are receiving conventional DMARDs and NSAIDs treatment. This
is in agreement with our findings that indicate an association of low
serum levels of irisin with more severe disease. It is possible that
biologic DMARDs may have a beneficial modulatory effect on irisin
levels that may be related to clinical improvement following the use
of these therapies. In particular, anti-IL17 therapy was associated
with higher serum irisin levels when compared to anti-TNF-a
treatment in our cohort. Nonetheless, this should be interpreted
cautiously given that only 5.6% of our patients undergoing biologic
therapy were receiving anti-IL17 treatment, whereas the remaining
patients were being treated with anti-TNF-a.

Furthermore, our study also revealed an association between
irisin and ASDAS values. In particular, we disclosed a protective
effect of rs16835198 T allele and a risk effect for rs1570569 T
allele in this regard. Moreover, the GGGT irisin haplotype was
more frequent in patients with ASDAS values >2.1, indicative of
high disease activity. To the best of our knowledge, these findings
are novel since there are no previous studies in this context.

Our study has several strengths, mainly the large number of
individuals with data on carotid US studies that constitute the
AtheSpAin cohort and the fact that irisin was assessed in all of
them at two molecular levels, genetic polymorphisms and
protein. Nevertheless, we acknowledge that some potential
limitations may exist. In this respect, in our records we do not
have information on the level of physical activity of our patients,
which has been described to influence on irisin serum levels (10,
19). Furthermore, regarding essential markers of inflammation,
we analyzed the association of irisin with CRP and ESR, although
no data was available related to other markers, such as TNF-a or
IL-6.

In conclusion, our results suggest that low serum irisin levels
can be indicators of the presence of subclinical atherosclerosis,
high CV risk and more severe disease in axSpA patients. In
addition, irisinmay also constitute a genetic biomarker of disease
activity in axSpA. Based on these results, irisin could represent a
potential target of novel therapeutic strategies, aimed to prevent
the development of CV disease and axSpA progression.
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9. Genre F, López-Mejıás R, Miranda-Filloy JA, Ubilla B, Carnero-López B,
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and Genre. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
July 2022 | Volume 13 | Article 894171

https://doi.org/10.1016/j.sleep.2019.10.021
https://doi.org/10.1155/2021/6572342
https://doi.org/10.3389/fcell.2021.668759
https://doi.org/10.3389/fcell.2021.668759
https://doi.org/10.3390/ijms21197184
https://doi.org/10.1136/ard.2008.104018
https://doi.org/10.1038/s41598-020-66816-x
https://doi.org/10.1016/j.bbrep.2020.100742
https://doi.org/10.2174/0929866525666180508120653
https://doi.org/10.1186/s12944-016-0224-5
https://doi.org/10.1016/j.gene.2017.05.010
https://doi.org/10.1371/journal.pone.0109957
https://doi.org/10.1371/journal.pone.0109957
https://doi.org/10.1016/j.metabol.2014.01.005
https://doi.org/10.1016/j.metabol.2014.01.005
https://doi.org/10.1016/j.ijcard.2018.05.075
https://doi.org/10.1159/000487689
https://doi.org/10.12659/msm.897376
https://doi.org/10.4070/kcj.2016.0079
https://doi.org/10.23736/S0391-1977.17.02663-3
https://doi.org/10.23736/S0391-1977.17.02663-3
https://doi.org/10.1371/journal.pone.0154319
https://doi.org/10.1111/joim.12541
https://doi.org/10.1007/s12020-016-0905-x
https://doi.org/10.1186/s12967-014-0214-1
https://doi.org/10.1038/s41598-021-91829-5
https://doi.org/10.1016/j.jbspin.2020.03.012
https://doi.org/10.1136/annrheumdis-2020-eular.5034
https://doi.org/10.1136/annrheumdis-2020-eular.2397
https://doi.org/10.1136/annrheumdis-2020-eular.2397
https://doi.org/10.1136/annrheumdis-2018-eular.4463
https://doi.org/10.1089/gtmb.2015.0170
https://doi.org/10.3389/fimmu.2022.894171
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Irisin as a Novel Biomarker of Subclinical Atherosclerosis, Cardiovascular Risk and Severe Disease in Axial Spondyloarthritis
	Introduction
	Material and Methods
	Patients
	Carotid US Study
	Irisin Polymorphisms Selection and Genotyping
	Assessment of Irisin Serum Levels
	Statistical Analysis

	Results
	Association Between Irisin and Surrogate Markers of Subclinical Atherosclerosis and CV Disease-Related Features
	Relationship of Irisin With Markers of Inflammation, Disease Activity, Other axSpA Features and Treatments Received

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


