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Extra-Articular Manifestations and Comorbidities in Spondyloarthritis

Introduction
The term axial spondyloarthritis (axSpA) refers  
to a family of disorders, including ankylosing 

spondylitis or radiographic axial spondyloarthritis. 
In addition, non-radiographic axial spondyloarthri-
tis can be accompanied by psoriasis, inflammatory 
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Abstract
Background: Axial spondyloarthritis (axSpA) patients are known to have a higher prevalence 
of several comorbidities, including, among others, an increased risk of atherosclerosis, 
hypertension, dyslipidemia, and diabetes. The purpose of the present study was to determine 
whether the sum of traditional cardiovascular (CV) risk factors is related to disease 
characteristics, such as disease activity, in patients with axSpA.
Methods: A cross-sectional study that encompassed 804 patients with axSpA was conducted. 
Patients were assessed for the presence of five traditional CV risk factors (diabetes mellitus, 
dyslipidemia, hypertension, obesity, and smoking status), and disease activity measurements. 
A multivariable regression analysis was performed to evaluate whether the number of classic 
CV risk factors was independently associated with specific features of the disease, to include 
disease activity.
Results: A multivariable analysis showed that Ankylosing Spondylitis Disease Activity Score–C 
reactive protein (ASDAS-CRP) activity score was significantly higher in patients with 1 [beta 
coefficient 0.3 (95% confidence interval (CI) 0.1–0.5), p = 0.001] and ⩾2 [beta coefficient 0.5 (95% 
CI 0.3–0.7), p = 0.000] CV risk factors compared with those without CV risk factors. Similarly, 
patients with 1 [OR 2.00 (95%CI 0.99–4.02), p = 0.053] and ⩾2 [OR 3.39 (95%CI 1.82–6.31), 
p = 0.000] CV risk factors had a higher odds ratio for the presence of high disease activity 
compared with the zero CV category. The Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) activity score was significantly associated with the number of CV risk factors, being 
higher in patients with more CV risk factors. These relationships showed a CV risk factor-
dependent effect being beta coefficients and ORs higher for the effect of ⩾2 over 1 CV risk factor.
Conclusion: Among patients with axSpA, as the number of traditional CV risk factors 
increased, disease activity similarly increases in an independent manner.

Keywords:  axial spondyloarthritis, cardiovascular risk factors, disease activity

Received: 17 February 2021; revised manuscript accepted: 18 May 2021.

Correspondence to:	
Ivan Ferraz-Amaro 
Division of Rheumatology, 
Hospital Universitario 
de Canarias, Ofra sn, 
Tenerife, 38320, Spain 
iferrazamaro@hotmail 
.com

Javier Rueda-Gotor 
Rheumatology Division and 
Epidemiology, Genetics 
and Atherosclerosis 
Research Group on 
Systemic Inflammatory 
Diseases, Hospital 
Universitario Marqués 
de Valdecilla, IDIVAL, 
Santander, Spain

Fernanda Genre 
Epidemiology, Genetics 
and Atherosclerosis 
Research Group on 
Systemic Inflammatory 
Diseases, IDIVAL, 
Santander, Spain

Alfonso Corrales
Ricardo Blanco
Virginia Portilla
Iñigo González Mazón 
Rheumatology Division, 
Hospital Universitario 
Marqués de Valdecilla, 
Santander, Spain

Javier Llorca  
Department of 
Epidemiology and 
Computational Biology, 
School of Medicine, 
University of Cantabria, 
and CIBER Epidemiología y 
Salud Pública (CIBERESP), 
Santander, Spain

Rosa Expósito 
Rheumatology Division, 
Hospital Comarcal, 
Laredo, Cantabria, Spain

Esther F. Vicente  
Santos Castañeda 
Rheumatology Division, 
Hospital Universitario de 
La Princesa, IIS-Princesa, 
Madrid, Spain

1033755 TAB0010.1177/1759720X211033755Therapeutic Advances in Musculoskeletal DiseaseI Ferraz-Amaro, J Rueda-Gotor
research-article20212021

Original Research

https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tab
mailto:iferrazamaro@hotmail.com
mailto:iferrazamaro@hotmail.com


Therapeutic Advances in Musculoskeletal Disease 13

2	 journals.sagepub.com/home/tab

bowel diseases, and other conditions. The different 
forms of axSpA share a group of clinical features 
including inflammation of axial joints (especially 
the sacroiliac joints), asymmetric oligoarthritis 
(especially of the lower extremities), dactylitis, and 
enthesitis. Moreover, axSpA has been associated 
with co-morbidities that include, among others, 
cancer, infections, osteoporosis, and cardiovascular 
(CV) risk factors and established CV disease.1 With 
respect to the latter, several studies have suggested 
an increased risk of hypertension, type 2 diabetes, 
obesity, and dyslipidemia in axSpA compared with 
healthy populations, as was observed with the 
ASAS-COMOSPA cohort.2,3 In addition, CV risk 
algorithms applied to the general population in 
order to calculate CV risk have been found to 
exhibit a poor discrimination ability in patients with 
axSpA.4,5

Despite non-modifiable CV risk factors that include 
age, gender, and family history of CV disease, there 
are five classic modifiable CV risk factors (hyperten-
sion, smoking, dyslipidemia, diabetes, and obesity) 
that are estimated to account for more than 50% of 
all CV deaths.6 It is known that the absence of these 
major CV risk factors predicts a much lower risk of 
coronary heart disease.7 It is also accepted that, after 
adjusting for age and sex, the odds of developing 
CV disease increases with the number of risk factors 
present [odds ratio (OR) 2.4, 4.2, 4.9, and 7.2 for 1, 
2, 3, and 4 or more risk factors, respectively, com-
pared with no risk factors].8 The co-occurrence of 
these traditional CV risk factors has been linked to 
pathways sharing common underlying mediators 
and mechanisms related to inflammation.9–11 This 
means that inflammatory processes are involved in 
not just a few select disorders like inflammatory 
arthritis, but also in others that include CV risk fac-
tors and, eventually, CV disease.

Although the presence of CV comorbidity in 
axSpA has been studied, the way in which CV risk 
factors correlate with disease-related data has not 
been explored before. In this study, we aimed to 
assess whether axSpA patients with a higher num-
ber of CV risk factors have higher disease activity, 
or if these number of CV risk factors is related to 
other disease characteristics.

Materials and methods

Study participants
This was a cross-sectional study that included 804 
patients with axSpA. All of them were 18 years old 

or older. axSpA patients included in this study ful-
filled the Assessment of Spondyloarthritis 
International Society (ASAS) classification crite-
ria.12 They were diagnosed by rheumatologists and 
periodically followed up at rheumatology outpa-
tient clinics. For the purpose of inclusion in the 
present study, axSpA disease duration needed to 
be ⩾1 year. axSpA patients undergoing biologic 
therapy [anti-tumor necrosis factor (TNF) alpha 
therapies and others) were not excluded from the 
present study. Likewise, since glucocorticoids may 
be used in the management of axSpA, patients tak-
ing prednisone at an equivalent dose ⩽10 mg/day, 
were not excluded. Moreover, patients were 
excluded if they had a history of CV events, cancer 
or any other chronic disease, or evidence of active 
infection or a glomerular filtration rate <60 ml/
min/1.73 m2. Therefore, none of the patients had a 
history of ischemic heart disease, cerebrovascular 
accidents, or peripheral arteriopathy. All of the 
axSpA patients came from a Spanish multicenter 
cohort study of atherosclerosis in axSpA involving 
10 different Spanish hospitals. Patients were 
recruited consecutively from those centers between 
2013 and 2018. The study protocol was approved 
by the Institutional Review Committee of each 
hospital, all of them in Spain (approval number 
2016.052). Subjects provided informed written 
consent. Research carried out with human subjects 
was in compliance with the Declaration of Helsinki.

Data collection
Surveys of axSpA patients were performed to 
assess CV risk factors and medication. Subjects 
completed a questionnaire and underwent a phys-
ical examination to determine anthropometric 
measurements and blood pressure. Medical 
records were reviewed to ascertain specific diag-
noses and medications. Five CV risk factors were 
defined at study onset: (1) Dyslipidemia was 
established if one of the following factors was pre-
sent: total cholesterol >200 mg/dl, triglycerides 
>150 mg/dl, HDL-cholesterol <40 mg/dl in men 
or <50 mg/dl in women, or LDL-cholesterol 
>130 mg/dl; (2) hypertension was defined as a 
systolic or a diastolic blood pressure higher than, 
respectively, 140 and 90 mmHg; (3) obesity was 
defined as a body mass index equal or higher than 
30 kg/m2; (4) smoking if currently active; and (5) 
diabetes mellitus if glycemia exceeded 126 mg/dl 
or patients were on glucose-lowering drugs or 
insulin therapy. The atherogenic index was calcu-
lated using the total cholesterol/HDL cholesterol 
ratio. Two clinical indexes of disease activity [Bath 
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Ankylosing Spondylitis Disease Activity Index 
(BASDAI) and Ankylosing Spondylitis Disease 
Activity Score (ASDAS)],13,14 a functional status 
index [Bath Ankylosing Spondylitis Functional 
Index (BASFI)],15 a metrological index [Bath 
Ankylosing Spondylitis Metrology Index 
(BASMI)],16 and an enthesitis index [Maastricht 
Ankylosing Spondylitis Enthesitis Score 
(MASES)]17 were assessed in all patients at the 
time of their evaluation visit. Information on any 
history of hip involvement, synovitis, enthesitis, 
and extraarticular manifestations (anterior uveitis, 
psoriasis, and inflammatory bowel disease), HLA-
B27 status and disease duration was also assessed. 
Structural damage was assessed by the modified 
Stoke Ankylosing Spondylitis Spinal Score 
(mSASSS)18 and the presence of syndesmophytes 
on spinal radiographs. The patients also under-
went a standard anteroposterior plain radiograph 
of the pelvis to classify them as ankylosing spondy-
litis or nr-axSpA. Positive sacroiliitis in magnetic 
resonance imaging (MRI) was defined if active 
sacroiliitis or chronic changes were present. 
Furthermore, high-sensitivity C-reactive protein 
(CRP) was assessed, and standard techniques 
were used to measure serum lipids.

Statistical analysis
Demographic and clinical characteristics in 
patients with axSpA are expressed as the 
mean ± standard deviation (SD) or percentages 
for categorical variables. For non-normally dis-
tributed continuous variables, data are expressed 
as median and interquartile range (IQR). 
Univariate differences between patients with 0, 1, 
and 2 or more CV risk factors were assessed 
through an analysis of variance (ANOVA) or 
Kruskall–Wallis tests according to normal distri-
bution or the number of subjects. The relation-
ships between the number of CV risk factors and 
disease-related data, including disease scores, 
were assessed through multivariable logistic, lin-
ear, and multinomial regressions. These associa-
tions were adjusted for confounders with a p value 
less than 0.20 in the univariable analysis, using 
patients with zero CV risk factors as the reference 
category. Diagnostics for regression models were 
tested by studying the residuals plots of each 
model. All of the analyses used a 5% two-sided 
significance level and were performed using SPSS 
software, version 24 (IBM, Chicago, IL, USA).  
A p value < 0.05 was considered statistically 
significant.

Results

Demographic and disease-related data
A total of 804 axSpA patients with a mean ± SD 
age of 48 ± 12 years were included in this study. 
The frequency and percentages of the five CV risk 
factors, as well as the demographic and disease-
related characteristics of the participants, are 
shown in Table 1. While 31% (n = 250) of the 
patients did not have CV risk factors, the pres-
ence of 1, 2, and 3 or more CV risk factors was 
observed in 35% (n = 285), 21% (n = 168), and 
13% (n = 101) of patients, respectively.

The median axSpA disease duration was 8 years 
(IQR 2–17). The ASDAS-CRP score was 
2.3 ± 1.0, and 38% of the patients were in the high 
activity category. The BASDAI total score was 3.7 
(IQR 1.8–5.5) and 44% of the patients had a 
BASDAI ⩾4. The BASFI and BASMI scores 
were, respectively, 3.5 ± 2.6 and 2.7 ± 2.0. The 
median CRP was 2.2 (IQR 0.6–6.2) mg/l and 
HLA-B27 was present in 70% of subjects. A total 
of 82% of the patients were taking nonsteroidal 
anti-inflammatory drugs (NSAIDs), 16% were on 
methotrexate, and 34% were receiving TNF-alpha 
inhibitors. Additional axSpA information regard-
ing disease features is shown in Table 1.

Number of CV risk factors and association with 
disease-related data
Differences in demographics, CV risk factors, and 
disease-related data between the different num-
ber of CV risk factors in axSpA patients is shown 
in Table 2. As expected, most of the CV disease-
related data increased as the number of CV risk 
factors also rose. In this sense, the frequency of 
male sex, age, lipid profiles (with the exception 
HDL-cholesterol), and the use of statins were 
higher in patients with 1 and ⩾2 CV risk factors 
compared with those without any. These differ-
ences remained, in general, statistically signifi-
cant, even after adjusting for age and sex.

Regarding disease-related data, the presence of syn-
desmophytes, the use of anti-TNF inhibitors, and 
CRP at disease onset were higher in patients with 
⩾2 CV risk factors compared with those with none. 
In addition, patients with one CV risk factor had a 
lower frequency of total extraarticular manifesta-
tions and uveitis when compared with those with 
no CV risk factors. All of the aforementioned differ-
ences were found after correcting for age and sex.
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Table 1.  Main demographics, cardiovascular risk 
factors, and disease-related data in spondyloarthritis 
patients.

axSpA 
(n = 804)

Ankylosing spondylitis, n (%) 636 (79)

Non-radiographic axSpA, n (%) 168 (21)

Age, years 48 ± 12

Male, n (%) 536 (67)

Cardiovascular data

  CV risk factors, n (%)

    Current smoker 278 (35)

    Obesity 176 (22)

    Dyslipidemia 253 (31)

    Hypertension 201 (25)

    Diabetes mellitus 48 (6)

  Number of CV risk factors, n (%)

    0 250 (31)

    1 285 (35)

    2 168 (21)

    3 72 (9)

    4 26 (3)

    5 3 (0)

  Blood pressure, mm Hg

    Systolic 129 ± 17

    Diastolic 79 ± 11

  Lipids

    Total cholesterol, mg/dl 192 ± 39

    Triglycerides, mg/dl 117 ± 75

    HDL-cholesterol, mg/dl 54 ± 16

    LDL-cholesterol, mg/dl 117 ± 33

    Atherogenic index 3.79 ± 1.15

    Atherogenic index ⩾4, n (%) 286 (36)

    Statins, n (%) 106 (13)

axSpA 
(n = 804)

Disease-related data

  Mean disease duration, years

    Since first symptoms 14 (7–25)

    Since diagnosis 8 (2–17)

  CRP at time of study, mg/l 2.2 (0.6–6.2)

  ESR at time of study, mm/1° h 7 (3–14)

  ASDAS-CRP 2.3 ± 1.0

    Inactive disease 130 (16)

    Low disease activity 177 (22)

    High disease activity 310 (38)

    Very high disease activity 72 (9)

  BASDAI 3.7 (1.8–5.5)

  BASDAI ⩾ 4, n (%) 352 (44)

  BASFI 3.5 ± 2.6

  BASMI 2.7 ± 2.0

  MASES 0 (0–2)

  Syndesmophytes, n (%) 296 (37)

  mSASSS 5 (1–15)

  Grade of Sacroiliitis, n (%)

    Grade ⩾ 3 (uni or bilateral) 445 (55)

    Grade 4 (uni or bilateral) 191 (24)

  Current drugs, n (%)

    NSAIDs 658 (82)

    Current prednisone 96 (12)

    DMARDs 289 (36)

    Methotrexate 127 (16)

    Sulfasalazine 179 (22)

    Anti-TNF-alpha 275 (34)

    Secukinumab 17 (2)

Historical disease-related data

Table 1.  (Continued)

(Continued) (Continued)
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axSpA 
(n = 804)

  History of synovitis, n (%) 277 (34)

  History of enthesitis, n (%) 249 (31)

  History of dactylitis, n (%) 46 (6)

  History of hip involvement, n (%) 130 (16)

  History of sacroiliitis in MRi, n (%) 281 (35)

  Extraarticular manifestations, n (%)

    Total 271 (34)

    Psoriasis 82 (10)

    Uveitis 159 (20)

    Inflammatory Bowel Disease 53 (7)

  HLA-B27 positive, n (%) 560 (70)

 � CRP at time of disease diagnosis, 
mg/l

4.0 (1.0–12.0)

  CRP > 3 at time of diagnosis, n (%) 416 (52)

 � ESR at the time of disease 
diagnosis, mm/1° hour

13 (5–26)

Data represent means ± SD or median (IQR) when data 
were not normally distributed.
ASDAS-CRP categories were defined as: disease activity 
<1.3 inactivity; ⩾1.3 to <2.1 low disease activity; ⩾2.1 to 
<3.5 high disease activity; ⩾3.5 very high disease activity. 
ASDAS-CRP was not available in 213 patients.
ASDAS, Ankylosing Spondylitis Disease Activity Score; 
axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing 
Spondylitis Disease Activity Index; BASFI, Bath Ankylosing 
Spondylitis Functional Index; BASMI, Bath Ankylosing 
Spondylitis Metrology Index; CRP, C-reactive protein; CV, 
cardiovascular; DMARD, disease-modifying antirheumatic 
drug; ESR, erythrocyte sedimentation rate; HDL, high-
density lipoprotein; IQR, interquartile range; LDL, 
low-density lipoprotein; MASES, Maastricht Ankylosing 
Spondylitis Enthesitis Score; MRi, magnetic resonance 
imaging; mSASSS, Modified Stoke Ankylosing Spondylitis 
Spinal Score; NSAID, nonsteroidal anti-inflammatory 
drugs; Obesity, BMI > 30 kg/m2; TNF, tumor necrosis factor.

Table 1.  (Continued) (95% confidence interval (CI) 0.1–0.5, p = 0.001] 
and ⩾2 [beta coefficient 0.5 (95% CI 0.3–0.7), 
p = 0.000] CV risk factors compared with those 
without any CV risk factors. This relation was 
found using either ASDAS-CRP as a continuous 
or categorical variable. In this regard, patients 
with 1 [OR 2.00 (95% CI 0.99–4.02), p = 0.053] 
and ⩾2 [OR 3.39 (95% CI 1.82–6.31), p = 0.000] 
CV risk factors had a higher OR for the presence 
of high and very high disease activity compared 
with the zero CV category. These relations were 
found in the fully multivariable analysis, which 
included age, sex, axSpA type, disease duration, 
CRP at time of study, CRP >3 at disease diagno-
sis, the presence of syndesmophytes, enthesitis 
and uveitis, current use of TNF-alpha inhibitors 
and NSAIDs, history of hip involvement, and 
HLA-B27 status. Similarly, the BASDAI score, 
which also measures disease activity, was signifi-
cantly associated with the number of CV risk fac-
tors, being higher in those patients who had more 
CV risk factors (Table 3). Interestingly, these 
relationships revealed a dose-dependent effect: 
beta coefficients and ORs were higher when the 
effect of ⩾2 CV risk factors, versus just 1, was 
studied.

Other relationships were observed in scores 
related to functional, metrological, and enthesitis. 
For example, the presence of ⩾2 CV risk factors 
was associated with a higher BASFI score, and 
MASES was found to be significantly higher in 
patients with 1 CV and 2 or more CV risk factors 
(Table 3).

Discussion
Low-grade chronic inflammation is now widely 
accepted to be associated with conventional CV 
risk factors in the general population. Moreover, 
a link between traditional CV risk factors, CV dis-
ease, and inflammation may also exist. According 
to our results, CV risk factors in patients with 
axSpA may correlate not only with CV disease, 
but also with features related to the disease, such 
as disease activity.

The prevalence of CV risk factors and CV disease 
itself represent a considerable burden in patients 
with axSpA. For example, several previously 
described analyses based on the ASAS-
COMOSPA International Cohort revealed higher 
prevalences of hypertension, type 2 diabetes, 
ischemic heart disease, smoking, dyslipidemia, 
obesity, etc., in these patients.2,19 Our study, in 

Relation of CV risk factors to disease-related 
scores, including disease activity
In general, the majority of disease-related scores 
associated with disease activity, functional and 
metrological features, and enthesitis proved 
higher, in the univariable analysis, as did the 
number of CV risk factors (Table 3).

The ASDAS-CRP activity score was significantly 
higher in patients with 1 [beta coefficient 0.3 
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Table 2.  Differences in demographics, cardiovascular risk factors, and disease-related data vis-à-vis the number of CV risk factors 
in axSpA patient groups.

Number of cardiovascular risk factors Multivariable analysis

  0 (n = 250) 1 (n = 285) ⩾2 (n = 269) p 1 versus 0 ⩾2 versus 0

Age, years 43 ± 11 47 ± 12 54 ± 10 0.000  

Male, n (%) 152 (61) 192 (67) 192 (71) 0.037  

Ankylosing spondylitis, n (%) 67 (27) 64 (22) 37 (14) 0.001 0.93 0.88

Non-radiographic axSpA, n (%) 183 (73) 221 (78) 232 (86)  

Cardiovascular data

  Blood pressure, mm Hg

    Systolic 123 ± 14 127 ± 17 135 ± 18 0.000 0.18 0.000

    Diastolic 76 ± 9 79 ± 11 83 ± 11 0.000 0.029 0.000

  Lipids

    Total cholesterol, mg/dl 183 ± 36 197 ± 40 195 ± 39 0.000 0.000 0.008

    Triglycerides, mg/dl 92 ± 53 120 ± 77 138 ± 83 0.000 0.000 0.008

    HDL-cholesterol, mg/dl 57 ± 17 55 ± 15 51 ± 16 0.000 0.14 0.000

    LDL-cholesterol, mg/dl 108 ± 28 121 ± 34 121 ± 35 0.000 0.001 0.003

    Atherogenic index 53 (21) 107 (38) 126 (47) 0.000 0.000 0.000

    Atherogenic index ⩾4, n (%) 53 (21) 107 (38) 126 (47) 0.000 0.000 0.000

  Statins, n (%) 6 (2) 26 (9) 74 (28) 0.000 0.007 0.000

Disease-related data

  Mean disease duration, years

    Since first symptoms 10 (5–17) 13 (5–22) 20 (11–30) 0.000 0.66 0.13

    Since diagnosis 7 (2–15) 7 (2–15) 11 (3–20) 0.001 0.073 0.005

  CRP at time of study, mg/l 1.6 (0.5–4.6) 2.40 (0.6–6.2) 3.4 (1.1–8.0) 0.013 0.055 0.086

  ESR at time of study, mm/ 1° hour 10 (4–23) 12 (5–23) 16 (9–32) 0.093 0.064 0.51

  Syndesmophytes, n (%) 62 (25) 88 (31) 146 (54) 0.000 0.93 0.008

  mSASSS 3 (0–8) 4 (1–10) 12 (3–30) 0.000 0.74 0.054

  Grade of Sacroiliitis, n (%)

    Grade ⩾ 3 (uni or bilateral) 121 (48) 148 (52) 176 (65) 0.000 0.58 0.71

    Grade 4 (uni or bilateral) 40 (16) 60 (21) 91 (34) 0.000 0.87 0.30

  Current drugs, n (%)

    NSAIDs 218 (87) 235 (82) 205 (76) 0.008 0.46 0.18

(Continued)
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Number of cardiovascular risk factors Multivariable analysis

  0 (n = 250) 1 (n = 285) ⩾2 (n = 269) p 1 versus 0 ⩾2 versus 0

    Current prednisone 23 (9) 40 (14) 33 (12) 0.21 – –

    DMARDs 97 (39) 102 (36) 90 (33) 0.50 – –

    Methotrexate 43 (17) 37 (13) 47 (17) 0.29 – –

    Sulfasalazine 57 (23) 69 (24) 53 (20) 0.43 – –

    Anti-TNF-alpha 72 (29) 93 (33) 110 (41) 0.010 0.51 0.030

    Secukinumab 4 (2) 7 (2) 6 (2) 0.59 – –

Historical disease-related data

  History of synovitis, n (%) 79 (32) 98 (34) 100 (37) 0.41 – –

  History of enthesitis, n (%) 68 (27) 87 (31) 94 (35) 0.15 0.26 0.014

  History of dactylitis, n (%) 13 (5) 17 (6) 16 (6) 0.91 – –

  History of hip involvement, n (%) 30 (12) 42 (15) 58 (22) 0.010 0.85 0.42

  History of sacroiliitis in MRi, n (%) 94 (38) 116 (41) 71 (26) 0.22 – –

  Extraarticular manifestations, n (%)

    Total 92 (37) 80 (28) 99 (37) 0.047 0.008 0.19

    Psoriasis 28 (11) 24 (8) 30 (11) 0.48 – –

    Uveitis 57 (23) 45 (16) 57 (21) 0.10 0.015 0.17

    Inflammatory Bowel Disease 17 (7) 22 (8) 14 (5) 0.47 – –

  HLA-B27 positive, n (%) 188 (75) 209 (73) 163 (61) 0.014 0.21 0.003

 � CRP at time of disease diagnosis, mg/l 3.0 (1.0–10.0) 3.8 (1.0–12.0) 6.1 (2.0–15.1) 0.63 – –

  CRP > 3 at disease diagnosis, n (%) 114 (46) 142 (50) 160 (59) 0.003 0.43 0.006

 � ESR at disease diagnosis, mm/1° hour 10 (4–23) 12 (5–23) 16 (9–32) 0.008 0.45 0.57

Data represent means ± SD or median (IQR) when data were not normally distributed.
Both logistic and linear regression analysis, adjusted for age and sex, were used to assess the effect of 1 CV and ⩾2 CV risk factors versus none. In 
this analysis, the number of CV risk factors is considered the independent variable.
Multivariable analysis was only performed for variables that showed differences in the univariable analysis with a p value < 0.20.
axSpA, axial spondyloarthritis; BMI, body mass index; CRP, C-reactive protein; CV, cardiovascular; DMARD, disease-modifying antirheumatic drug; 
ESR, erythrocyte sedimentation rate; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; MRi, magnetic resonance 
imaging; mSASSS, Modified Stoke Ankylosing Spondylitis Spinal Score; NSAID, nonsteroidal anti-inflammatory drugs; Obesity, BMI > 30 kg/m2; TNF, 
tumor necrosis factor.
Significant p values are depicted in bold.

Table 2.  (Continued)

which 69% of the patients had at least one CV 
risk factor, supports this notion. Moreover, an 
ancillary study of the same ASAS-COSMOPA 
project showed that the CV risk factor burden 
was largest in the peripheral axSpA group.2 These 
findings were in keeping with our results, 

suggesting that disease characteristics and tradi-
tional CV risk factors may be interconnected.

Many studies have focused on the role of inflam-
mation as a common mediator in several CV risk 
factors. For example, obesity and type 2 diabetes 

https://journals.sagepub.com/home/tab


Therapeutic Advances in Musculoskeletal Disease 13

8	 journals.sagepub.com/home/tab

Table 3.  Relation of the number of CV risk factors with activity, functional, metrological and enthesitis axSpA scores.

Number of cardiovascular risk factors Multivariable analysis (OR and beta coefficient 95% CI, p)

  0 (n = 250) 1 (n = 285) p* ⩾2 (n = 269) p** 1 versus 0 ⩾2 versus 0

ASDAS-CRP 2.0 ± 1.0 2.3 ± 0.9 0.003 2.6 ± 1.0 0.000 0.3 (0.1–0.5) 0.001 0.5 (0.3–0.7) 0.000

Inactive 64 (26) 37 (13) 0.001 29 (11) 0.000 ref. ref.  

Low 51 (20) 72 (25) 54 (20) 2.59 (1.43–4.69) 0.002 2.90 (1.69–4.98) 0.000

High and very high 94 (38) 136 (48) 152 (57) 2.00 (0.99–4.02) 0.053 3.39 (1.82–6.31) 0.000

BASDAI 3.3 ± 2.4 3.7 ± 2.2 0.061 4.2 ± 2.3 0.000 0.4 (0.0–0.9) 0.045 0.7 (0.2–1.2) 0.003

BASDAI ⩾4, n (%) 93 (37) 122 (42) 0.18 137 (51) 0.002 1.31 (0.87–1.98) 0.19 1.63 (1.04–2.57) 0.033

BASFI 2.7 ± 2.3 3.3 ± 2.5 0.008 4.4 ± 2.6 0.000 0.4 (0.0–0.9) 0.071 1.0 (0.5–1.5) 0.000

BASMI 2.1 ± 1.8 2.6 ± 1.9 0.026 3.3 ± 2.2 0.000 0.2 (−0.2 to 0.6) 0.31 0.2 (−0.2 to 0.6) 0.30

MASES 0 (0–1) 0 (0–2) 0.028 0 (0–2) 0.27 0.7 (0.2–1.1) 0.005 0.5 (0.0–1.0) 0.048

Data represent means ± SD or median (IQR) when data were not normally distributed.
Number of CV risk factors is considered the independent variable in this table.
*Comparison of disease scores between 1 and 0 CV risk factors; **comparison between ⩾2 and 0 CV risk factors.
ASDAS-CRP categories were defined as: disease activity <1.3 inactivity; ⩾1.3 to <2.1 low disease activity; ⩾2.1 to <3.5 high disease activity; ⩾3.5 
very high disease activity. ASDAS-CRP was not available in 115 patients.
Multivariable analysis (logistic, linear and multinomial) is adjusted for age, sex, axSpA type, disease duration, CRP > 3 at disease diagnosis, 
presence of syndesmophytes, enthesitis and uveitis, anti-TNF-alpha, NSAIDs, hip involvement and HLA-B27 positive.
ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score-C reactive protein; axSpA, axial spondyloarthritis; BASDAI, Bath Ankylosing Spondylitis 
Disease Activity Index; BASFI, Bath Ankylosing Spondylitis Functional Index; BASMI Bath Ankylosing Spondylitis Metrology Index; CI, confidence 
interval; CV, cardiovascular; IQR, interquartile range; MASES, Maastricht Ankylosing Spondylitis Enthesitis Score; NSAID, nonsteroidal anti-
inflammatory drugs; OR, odds ratio; SD, standard deviation; TNF, tumor necrosis factor.
Significant p values are depicted in bold. 

have been linked in this way. In fact, factors released 
by adipose tissue, such as adipokines, are known to 
stimulate inflammatory activity, which correlates 
with insulin resistance.20 In addition, metabolic 
syndrome, a constellation of different CV risk fac-
tors, has been recognized as a proinflammatory, 
prothrombotic state, and is associated with elevated 
levels of CRP, interleukin-6, and plasminogen acti-
vator inhibitor-1.21,22 The contention that inflam-
mation underlies CV risk factors is also supported 
by the fact that the anti-inflammatory properties of 
certain medications, including thiazolidinediones 
and statins, may contribute therapeutic benefits 
beyond their propensity to lower glucose and cho-
lesterol levels, respectively.23 Moreover, among 
patients with rheumatoid arthritis or psoriasis, the 
use of anti-inflammatory, disease-modifying anti-
rheumatic drugs, such as TNF inhibitors and 
hydroxychloroquine, is associated with a lower 
incidence of diabetes than other agents.24 Although 
we have not assessed the links between cytokines or 
adipokines and inflammation in this study, we 

believe our results are likely in agreement with all of 
the aforementioned concepts: CV risk factors 
through hitherto unknown mechanisms could exert 
inflammatory effects on a disease that is already 
inflammatory in itself.25

In a previous work by our group, the number of 
CV risk factors was associated with disease activ-
ity in patients with psoriatic arthritis.26 In this 
study, 305 patients were assessed for the presence 
of six traditional CV risk factors (diabetes melli-
tus, dyslipidemia, hypertension, obesity, chronic 
kidney disease, and smoking status). After multi-
variable analysis, psoriatic arthritis patients with a 
higher number of CV risk factors exhibited upreg-
ulated disease activity compared with those with-
out them. This occurred independently of disease 
duration and other demographics factors. The 
fact that we have found similar results in axSpA 
patients reinforces the contention that CV risk 
factors most likely interact with features of the 
disease in a deleterious manner.
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In our work we assessed various scores vis-à-vis 
different disease aspects related to activity, func-
tionally, metrology, etc. Interestingly, the number 
of CV risk factors correlated with all of these 
aspects and not just one. Since these scores are 
constructed differently, we believe our findings 
supports the contention that this association  
does exist.

One limitation of our study was that we did not 
record the duration or severity of the CV factors, 
or whether they were present before or after diag-
nosis of the disease. We additionally could not 
determine how, or to what degree, certain combi-
nations of CV risk factors interact in their effect 
on the disease. Moreover, the quantity of previ-
ous DMARDs or anti TNF-α treatments, as well 
as cumulative NSAID dosages, were not assessed 
in our study. We also understand that other 
comorbidities such as depression, impaired physi-
cal activity, family history of CV disease, lifestyle 
habits like alcohol and diet, etc., were not assessed 
in our study. For example, the subject of physical 
activity is of interest since patients with high dis-
ease activity may exercise less and have a more 
sedentary lifestyle due to pain, resulting in an 
accumulation of CV risk factors. Furthermore, 
we recognize that our study is cross-sectional in 
nature, which makes it difficult to determine the 
direction of causality. For this reason, our 
reported results require confirmation in future 
longitudinal studies.

In conclusion, the sum of traditional CV risk fac-
tors correlates with a higher disease activity in 
patients with axSpA. Our findings support the 
argument that control of CV risk factors may have 
beneficial effects not only on CV disease and/or 
CV events, but also on disease control, since they 
correlate with higher disease activity. Conversely, 
controlling disease activity could also have a posi-
tive effect in controlling CV risk factors. The net-
work of interconnected effects between CV risk 
factors and inflammation warrants further research.
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