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Highlights
e Identifying pro-atherogenic factors in rheumatic diseases can help prevent
cardiovascular events.
e Axial spondyloarthritis features associated with atherosclerosis remain unclear
¢ Inflammation and disease severity are associated with atherosclerosis in axial

spondyloarthritis
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Graphical abstract

DISEASE FEATURES ASSOCIATED WITH ATHEROSCLEROSIS IN 838 PATIENTS WITH AXIAL SPONDYLOARTHRITIS
MULTIVARIATE ANALYSIS
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ABSTRACT

Objectives. To identify disease-related factors associated with subclinical atherosclerosis
and cardiovascular (CV) events in a large series of patients with axial spondyloarthritis
(axSpA) and to identify possible differences in the effect of the potential pro-atherogenic

factors between ankylosing spondylitis (AS) non-radiographic axSpA (nr-axSpA).

Methods. This is a cross-sectional observational study of the AtheSpAin cohort, a Spanish
multicenter cohort to study atherosclerosis in axSpA. Subclinical atherosclerosis determined
by carotid ultrasound included assessment of carotid intima-media thickness (cIMT) and

plague detection.
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Results. 639 AS and 167 nr-axSpA patients were recruited. CV risk factors (CRF) and
several disease-related factors showed a statistically significant association with subclinical
atherosclerosis in the crude analysis. After adjustment for age, sex, and smoking (model 1),
associations remained statistically significant for spinal mobility, inflammatory bowel
disease, use of prednisone, and Disease-modifying antirheumatic drugs (DMARD) when
assessing carotid plaques and for acute phase reactants (APR) at diagnosis, use of
prednisone, DMARD, and TNF-inhibitors when measuring ciMT. In model 2, which also
included classic CRF as confounding factors to identify axSpA features with a potential
independent pro-atherogenic effect, the functional status was the only variable significantly
associated with plagues and the use of prednisone and APR at diagnosis with cIMT. No
association differences were found between both subtypes of patients. Besides, APR at
diagnosis were also associated with subsequent development of CV events that had occurred

in 33 patients.
Conclusion. Apart from CRF, atherosclerotic disease in AXSpA is associated with disease-
related factors such as inflammatory response and disease severity, with no differences

between AS and nr-axSpA.

Keywords: Ankylosing spondylitis, Non-radiographic spondyloarthritis, Atherosclerosis,

Cardiovascular, Carotid ultrasound
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1.INTRODUCTION

As occurs in other chronic inflammatory conditions such as rheumatoid arthritis (RA) [1],
psoriasis [2], or inflammatory bowel disease (IBD) [3], axial spondyloarthritis (axSpA) is
associated with an increased cardiovascular (CV) risk mainly due to accelerated
atherosclerosis [1], with subsequent increased in CV morbidity and mortality [4,5]. A meta-
analysis of longitudinal studies reported an increased frequency of myocardial infarction
(risk ratio-RR=1.44; 95% confidence interval- Cl 1.25 to 1.67) and stroke (RR=1.37; 95%
Cl 1.08 to 1.73) in ankylosing spondylitis (AS) patients when compared to the general
population [6]. In a recent Spanish multicenter prospective study including 738 AS, 775 RA,
721 psoriatic arthritis, and 677 healthy controls, AS was the most common inflammatory
disease associated with CV events after five years of follow-up [7].

Identifying the factors that underlie this process is crucial to advance in the prevention of CV
events. Although traditional CV risk factors are highly prevalent in AS [8], they cannot fully
explain the excess of CV events observed in this condition. A cohort of ankylosing
spondylitis (AS) patients from Olmsted County showed a cumulative incidence of CV events
three times higher than the predicted by the Framingham risk score, an algorithm exclusively
based on traditional CV risk factors [9]. In the same line, a study comparing 149 axSpA with
181 healthy controls found an increased prevalence of carotid plagques in axSpA patients
irrespective of sex, age, smoking, dyslipidemia, hypertension, obesity, and diabetes mellitus
[10].

Several disease-related factors have been implicated in the accelerated atherosclerosis

observed in patients with inflammatory rheumatic diseases (IRD), highlighting the role of the
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inflammatory response. Proinflammatory cytokines such as TNF-alpha, IL-6, and IL-1,
promote endothelial dysfunction and vessel structural damage and have been associated with
CV mortality [1]. The inflammatory process can also have an indirect pro-atherogenic effect,
leading to a deleterious lipid profile characterized by an increased atherogenic index and the
development of insulin resistance [11]. Treatments used, genetic factors, and other disease-
related factors have also been associated with CV risk in IRD [12]. However, concerning
axSpA, data about such pro-atherogenic factors are scarce and contradictory. We lack studies
assessing their implication in the development of CV events, so most information available
proceeds from the analysis of surrogate markers of atherosclerosis. The detection of carotid
plagues and the assessment of carotid intima-media wall thickness (cIMT) measured by
carotid ultrasound, both considered a reliable expression of subclinical atherosclerosis [13],
have been widely used for this purpose in IRD. With regard specifically to AS, the reported
findings are controversial. While most studies failed to demonstrate the link between carotid
atherosclerosis and acute phase reactants (APR) or activity indexes [14-17], an association
with other disease-related factors like the Bath Ankylosing Spondylitis Functional Index
(BASFI) or the Bath Ankylosing Spondylitis Metrology Index (BASMI) have been reported
[17-19]. However, these findings are still pending confirmation in studies with higher
sample sizes and adjustments made for confounding variables. Besides, no data has been
published about proatherogenic factors in nr-axSpA so far. These patients are characterized
by a weaker inflammatory response measured by APR, lower values of BASMI, and higher
prevalence of females compared to AS, but the exact role of such differences in the

atherosclerotic burden of both conditions remains unknown.
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This study aimed to identify disease-related factors associated not only with subclinical
atherosclerosis but also with cardiovascular events in a large series of patients with axSpA
who were specifically evaluated for the presence of atherosclerosis, the multicenter
AtheSpAin cohort. We also attempted to identify possible differences in the effect of risk
factors on subclinical atherosclerosis between patients with [r-axSpA] AS and patients with

nr-axSpA.

2.MATERIALS AND METHODS

2.1 Patients

This is a cross-sectional analysis of the AtheSpAin cohort, a Spanish multicenter cohort
designed to study atherosclerosis in axSpA.

For this purpose, consecutive patients older than 18 years who met the definitions of r-
axSpA and nr-axSpA according to the ASAS criteria [20] were recruited over six years
(2013-2019) in 10 different Spanish hospitals.

Two clinical indexes of disease activity (Bath Ankylosing Spondylitis Disease Activity
Index, BASDAI, and Ankylosing Spondylitis Disease Activity Score, ASDAS), a functional
status index (Bath Ankylosing Spondylitis Functional Index, BASFI), a metrologic index
(Bath Ankylosing Spondylitis Metrology Index, BASMI), an enthesitis index (Maastricht
Ankylosing Spondylitis Enthesitis Score -MASES) [21-25], and the presence of synovitis
were evaluated in all patients at the time of carotid US assessment. Waist circumference,
maximum body index and blood pressure data were also obtained at the time of the study.
Information on the history of hip involvement, synovitis, enthesitis, extra-articular

manifestations (anterior uveitis, psoriasis, and inflammatory bowel disease), HLA-B27
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status, disease duration and therapy from the disease diagnosis was also reviewed. It was
also the case for information on the history of CV events (ischemic heart disease, congestive
heart failure, ischemic stroke, and peripheral artery disease) and history of and traditional
CV risk factors.

Identification of patients with serum CRP levels greater than 3 mg/L at the time of diagnosis
and the CRP and ESR data at the time of recruitment and at the time of diagnosis, as well as
the lipid profile, were reviewed. Structural damage was assessed by the modified Stoke
Ankylosing Spondylitis Spinal Score (MSASSS) [26] and the presence of syndesmophytes
on spinal radiographs. Patients also underwent a standard anteroposterior plain radiograph of
the pelvis to classify the patients as radiographic or nr-axSpA.

A subject’s written consent was obtained in all the cases. The study was approved by the
local Ethics Committee

of Hospital Universitario Marques de Valdecilla and subsequently for Ethics Committees of

the other centers.

2.2 Carotid US examination

The Carotid US examination was performed according to the same protocol in the
participating hospitals. It included the measurement of cIMT in the common carotid artery
and the detection of focal plaques in the extracranial carotid tree following the Mannheim
consensus [27]. Plague was defined as a focal protrusion at least cIMT >1.5 mm in the
lumen, protrusion at least 50% greater than the surrounding cIMT, or arterial lumen

encroaching >0.5 mm [27]. The cIMT was determined as the average of three measurements
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in each common carotid artery, and the final cIMT was the largest average cIMT (left or

right).

2.3 Statistical analysis

Demographic and clinical characteristics in patients with axSpA were described as mean
(standard deviation) or percentage numbers for categorical variables. For non-normally
distributed continuous variables, data were expressed as median and interquartile range
(IQR). Univariable differences between different axSpA subgroups were assessed through
the Student’s T, Mann—Whitney U, Chi2 or Fisher’s exact tests according to normal
distribution or number of subjects. Association of axSpA disease-related data with carotid
IMT and plaque was performed through, respectively, multivariable logistic and linear
regression analysis.

In this sense, we designed two different models to establish whether the associations found
were independent of the putative influence of inflammation on the traditional CV risk
factors. In model 1, we only adjusted for age, sex, and smoking; if this model reached
significant results, it would be interpreted as a pro-atherogenic effect potentially dependent
on the increased risk for metabolic syndrome features associated with inflammation. In
model 2, we adjusted for age, sex, smoking, and classic CV risk factors; if this model
reached significant results, it would be interpreted as a pro-atherogenic effect independent of
the influence of classic CV risk factors.

Differences in the relation of a given independent variable to subclinical atherosclerosis
(cIMT or carotid plaque) between AS versus nr-axSpA were assessed through the addition of

an interaction factor to the regression model. I. e., interaction factors were added to the
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regression models when we addressed the comparison of the effect (beta coefficients or ORS)

between AS and nr-axSpA patients.

All the analyses used a 5% two-sided significance level and were performed using Stata
software, version 17/SE (StataCorp, College Station, TX, USA). P-values <0.05 were

considered statistically significant.

3. RESULTS

3.1 Characteristics of AS patients

A total of 838 axSpA patients (667 AS and 171 nr-axSpA) were included in the present
study. The main demographic, cardiovascular, and disease-related data are summarized in
table 1. The mean £SD age (50 * 12 versus 43 £ 11 years, p=0.000) and the proportion of
males (75 % versus 52%, p=0.000) were higher in the AS group, which also showed a higher
prevalence of traditional CV risk factors.

As shown in table 1, the comparison of disease-related factors generally showed a more
severe disease in AS patients than in those with nr-axSpA, with a higher mobility limitation
at time of study (BASMI: 2.9£2.1 versus 2.0+ 1.4, p = 0.000), and more severe structural
damage measured both by mSASSS [median (IQR): 7 (2-22) versus 1 (0-4), p = 0.000] and
by the presence of syndesmophytes (47% versus 10%, p = 0.000). AS patients had a higher
prevalence of HLA-B27 (74% versus 65%, p = 0.005), history of hip involvement (21%
versus 4%, p = 0.000), uveitis (24% versus 10%, p = 0.000) and a more intense
inflammatory response measured by serum levels of APR both at diagnosis and at study

(tablel).
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No significant differences were found in the treatments received, except for TNF-inhibitors,
used in 39% of AS patients and 26% of nr-axSpA patients (p = 0.003).

More severe atherosclerotic disease was observed in AS measured with both cIMT (0.658+
0.250 mm versus 0.586+ 0.116 mm, p = 0.000), and presence of carotid plaques (35% versus

23%, p = 0.003).

3.2 Cardiovascular and disease-related features associated with the presence of subclinical
atherosclerosis

3.2.1 Carotid plaques

Since carotid plaques are considered the primary surrogate marker of subclinical
atherosclerosis, we aimed to identify which CV and disease-related factors included in table
1 were associated with their presence. Unilateral and bilateral plaques were analyzed
independently to assess associations with different degrees of atherosclerosis severity. All
significant findings are summarized in table 2. We also analyzed the differences between AS
and nr-axSpA in this regard (table 2).

As expected, age, male sex, traditional CV risk factors, atherogenic index, and blood
pressure were all associated with unilateral and, especially, bilateral carotid plaques (table 2).
We designed two different adjusted models regarding disease-related factors to analyze
whether the possible pro-atherogenic effect of axSpA features was potentially dependent
(model 1) or independent (model 2) of classic CV risk factors.

Although several axSpA features were found to be related to plaques in the crude analysis,
most associations disappeared in the adjusted models. Only BASMI [OR: 1.22 (1.07-1.40), p

= 0.004], the coexistence of IBD [OR: 3.48 (1.32-9.19), p = 0.012] and the use of prednisone
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[OR: 2.42 (1.11-5.29), p = 0.027] and DMARDSs [OR: 2.01 (1.15-3.52), p = 0.015] remained
significant after adjusting for age, sex, and smoking, while a non-significant trend was
observed for disease duration [OR: 1.02 (1.00-1.05), 0.080] (model 1). The only variable
directly associated to carotid plaques without the influence of classic CV risk factors was the
functional limitation measured by BASFI [OR: 1.13 (1.03-1.23), p= 0.010], while BASDAI
[OR: 1.10 (0.99-1.23), p = 0.070], BASMI [OR: 1.11 (0.98-1.26), p = 0.094], and ESR at
diagnosis [OR: 1.01 (1.00-1.02), p = 0.077] only showed a trend towards significance (model
2).

The crude analysis suggested a more relevant pro-atherogenic role of disease activity in the
case of bilateral plaques, showing significant associations with ASDAS [ 1.35 (1.09-1.68), p
= 0.007], very high disease activity measured by ASDAS [OR: 3.43 (1.54-7.65), p = 0.003],
CRP at time of the study [OR:1.02 (1.00-1.03), p = 0.044] and history of synovitis [OR: 1.51
(1.01-2.27), p = 0.045]. However, no relevant differences were observed between unilateral
and bilateral involvement in the adjusted models.

The associations mentioned above did not differ globally among radiographic and non-
radiographic axSpA patients as it can be seen through the fact that interaction p values were
non-significant. Only the history of previous hip involvement and the total number of extra-
articular manifestations relation to carotid plaque (as an ordinal variable: no plaque,
unilateral plague and bilateral plaque) showed a different OR between nr-axSpA and AS. In
this sense, the relation of hip involvement and extra-articular manifestations to carotid

plague was higher in non nr-axSpA compared to AS (data not shown in Table).
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3.2.2 Carotid intima-media wall thickness

We then completed the search of potential pro-atherogenic factors by using cIMT as a
surrogate marker of atherosclerosis. As shown in table 3, which only includes the statistically
significant findings, the crude analysis reported several associations with traditional CV risk
factors and many disease-related features, but only the APR and treatments used remained
significant in the adjusted analysis. This was the case for CRP [ coefficient: 0.51 (0.18-
0.84), p =0.003], CRP > 3 mg/L [B coefficient: 18 (1-34), p = 0.035] and ESR [R coefficient:
0.67 (0.20-1.14), p = 0.005] at diagnosis, as well as for the use of prednisone [R coefficient:
40 (15-64), p = 0.001], methotrexate [ coefficient: 25 (3-47), p= 0.026] and TNF-inhibitors
[R coefficient: 19 (2-36), p = 0.031] at time of study, all of them in model 1. Model 2
confirmed most of these findings, suggesting an effect on cIMT independent of traditional
CV risk factors, and it also found a non-significant trend for syndesmophytes [ coefficient:
7 (-13-28), p = 0.071]. The associations reported were comparable in both AS and nr-axSpA
patients for most of the characteristics of the disease (interaction analysis in Table 3). Only
DMARD intake had a higher effect on cIMT in non nr-axSpA compared to AS (data not

shown).

3.3 Cardiovascular and disease-related features associated with the presence of
cardiovascular events
Finally, we evaluated characteristics related to atherosclerotic CV events in 33 axSpA

patients with a history of ischemic heart disease, congestive heart failure, ischemic stroke, or
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peripheral artery disease (table 4). All but seven CV events occurred after the onset of
axSpA.

As expected, CV events were associated with a history of traditional CV risk factors and
with axSpA features related to the severity of the disease. The disease duration [OR:1.03
(1.00-1.06), p = 0.023], BASDAI > 4 [OR: 2.58 (1.16-5.73), p = 0.020], BASFI [1.25 (1.08-
1.45), p = 0.003], and the structural damage at time of study both in the sacroiliac joint
[grade of sacroiliitis > 3, OR: 5,57 (1.94-16.00), p = 0.001] and in the spine
[syndesmophytes, OR: 2.41 (1.15-5.03), p = 0.020] were associated with a history of CV
events.

Besides, patients receiving prednisone [OR: 2.31 (1.02-5.28), p = 0.046], methotrexate [OR:
2.29 (1.01-4.94), p = 0.034] and anti-TNF-alpha [OR: 3.33 (1.61-6.87), p = 0.001] at time of
study were more likely to have experienced CV events, as also occurred with anti-TNF at
any time from the diagnosis [OR: 2.95 (1.03-8.44), 0.044].

Importantly, CRP >3 mg/L [OR: 5.27 (1.82-15.30), p = 0.002] and ESR [OR: 1.03 (1.02-
1.05), p = 0.000] at diagnosis were found to be associated with subsequent development of

CV events.

4. DISCUSSION

The strategies for primary prevention of CV events in patients with IRD are increasingly
pointing towards identifying pro-atherogenic factors other than traditional CV risk factors. In
RA, specific CV risk scores that include disease-related characteristics have been designed in
recent years with the aim of increasing the accuracy of their estimates. [28,29]. The

Expanded Risk Score in Rheumatoid Arthritis (ERS-RA), which combines classic CV risk
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factors with data on disease activity, disability, disease duration, and prednisone use, showed
the highest correlation with the coronary artery calcium score in comparison with other four
predictive scores designed for the general population [30]. However, data on proatherogenic
factors in axSpA are scarce and similar strategies have not been developed for this condition.
Despite being recognized as a condition with an increased risk of CV events in the EULAR
recommendations for CV disease risk management, the authors did not include specific
strategies for CV risk assessment in axSpA due to the scarce evidence available at that
moment [31]. The present study provides information in this regard, since it includes the
largest cohort of patients with AXSpA analyzed to date for atherosclerotic disease.
Furthermore, this is the first study to identify proatherogenic factors in nr-axSpA and to
evaluate the characteristics of axSpA associated not only with subclinical atherosclerosis but
also with CV events.

Our results confirm the influence of the inflammatory process on atherosclerosis
development in axSpA. Serum levels of ESR and CRP at diagnosis, especially the latter
when exceeding 3 mg/L, were associated with the development of CV events that had
occurred in 33 patients. The same link was observed by analyzing cIMT in the entire cohort
even after adjusting for confounding factors. Regarding disease activity, ASDAS and
BASDAI were also associated with both surrogate markers of atherosclerosis in the crude
analysis, persisting a non-significant trend in the adjusted model, while high disease activity
at the time of the study was related to a history of CV events. These are relevant findings
since, unlike what occurs in the general population [32] and other IRD like RA [33], the link
between inflammatory activity and CV risk has not been clearly demonstrated in axSpA. The

weaker inflammatory response that characterizes axSpA compared with other IRD, the
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difficulty of objectively measuring the disease activity, and the limited sample size of the
existing studies are factors that could explain the contradictory results of previous studies,
most of which failed to demonstrate this association [14—17]. In this regard, a recent study by
Rojas-Gimenez et al. found no association between cIMT and ASDAS-CRP, nor with the
mean CRP values of the previous five years, unlike what occurred in RA [34]. It is widely
accepted that systemic inflammation in IRD can significantly influence classic risk factors
like dyslipidemia, insulin resistance, or obesity [35]. A recent study conducted on the
AtheSpAin cohort reported that traditional CV risk factors were associated with higher
disease activity also in patients with SpA [36]. It could be argued that this interconnection
could explain the pro-atherogenic role played by the inflammation in our series. However, it
IS important to emphasize that the associations persisted after adjusting for traditional CV
risk factors, thus suggesting an independent effect of the inflammatory activity on the
atherosclerotic disease of axSpA.

Other axSpA features related to the severity of the disease like the functional and the
mobility status, measured by BASFI and BASMI respectively, have been previously
associated with subclinical atherosclerosis [17—19]. The present study confirms this point
through multivariate analysis, excluding the influence of relevant confounding factors not
considered in most previous studies, such as sex, age, or smoking. Besides, CV events were
also associated with BASFI and BASMI scores at the study time. Inflammatory activity
could be partially responsible for these findings since both indices are mainly determined by
disease activity and structural damage, which is also highly conditioned by the severity of

the inflammation [37,38]. The potential effect of BASFI and BASMI on atherosclerosis also
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seems to be independent of its putative effect on the classic CV risk factors according to the
result of the multivariate analysis.

The structural damage and the disease duration are disease-related variables also associated
with CV risk in IRD like RA [39]. However, the present study was not able to confirm this
point in axSpa. Although both factors were associated with atherosclerotic morbidity in the
subgroup of 33 patients with CV events, the multivariate analysis assessing subclinical
atherosclerosis only reported a non-significant trend for disease duration with carotid plaques
and for syndesmophytes with cIMT. These results on structural damage contrast with those
reported by Ladehesa-Pineda et al. who found an independent association of mSASSS with
carotid plaques in 144 patients with axSpA [40]. Differences in disease characteristics
between both studies could explain such a discrepancy. Patients from Ladehesa-Pineda et al.
registry showed more severe radiological damage than patients from our series, with
MSASSS scores three times higher. Besides, they were biological-naive, which constitutes a
relevant difference considering TNF-inhibitors' influence over structural damage [41] and
atherosclerosis [42].

The role of the extra-articular manifestations in the atherosclerotic burden of axSpA is
another intriguing guestion to clarify. Psoriasis [2] and IBD [3] have been independently
related to increased CV risk by themselves, and uveitis was found to be a significant risk
factor for developing acute myocardial infarction in patients with AS in a recent
retrospective cohort study with 5905 patients from the Taiwanese National Database [43].
However, in our series, IBD was the only extra-articular manifestation associated with
carotid plaques in the age, sex and smoking adjusted model, while uveitis and extra-articular

manifestations only showed a non-significant trend with cIMT in the crude analysis and CV
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events, respectively. It seems necessary to carry out more research to elucidate whether they
confer additional CV risk to patients with AXSpA.

Increasing evidence indicates a beneficial effect of both synthetic and biological DMARDs
in the CV risk of axSpA [42]. Nevertheless, these therapies were found to be associated with
subclinical atherosclerosis and CV events in our series. We believe that it is a confounding
by indication effect. In this sense, we interpret these findings not so much as a possible
deleterious effect of these drugs, but rather because of the greater severity of the disease that
characterizes patients receiving DMARDs, more commonly affected by peripheral arthritis
and extra-articular manifestations and with higher inflammatory markers.

Our group recently reported a comparable severity of atherosclerosis in radiographic and
non-radiographic axSpA patients, despite the latter being characterized by a weaker
inflammatory burden and lower values of BASMI [44]. We The present study also found no
difference in the potential disease-related pro-atherogenic factors identified in both
conditions, thus confirming the modest impact of these particularities in the atherosclerotic
disease of axSpA.

Such differences in the inflammatory response and, above all, in spinal mobility, could be
determined by the higher age and male ratio that characterizes AS in our series. This point
would explain the comparable association observed between BASMI and carotid plaques in
both conditions when the analysis was adjusted by age and sex. Besides, although
statistically significant, the differences found between radiographic and non-radiographic
axSpA in this regard might not clinically relevant enough to confer a higher CV risk to AS.
The cross-sectional design is a limitation of the present study, which does not allow us to

establish a causal effect on the associations described. We are also aware that results from
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the group of patients with past CV events should be interpreted with caution. The scarce
number of available patients constituted a serious limitation to calculate adjusted analysis, so
we only showed the univariable associations, which resulted more representative. Besides,
except for some historical variables like ESR or CRP at diagnosis, most of the assessed
factors were dated after the CV event occurred”

In conclusion, through the analysis of both CV events and subclinical atherosclerosis in a
large cohort of axSpA patients, the present study confirms the critical role of inflammation in
the development of accelerated atherosclerosis, which seems to be independent of the
putative effect of inflammation on the traditional CV risk factors. The functional limitation
measured by BASFI, a disease severity feature also related to the cumulative inflammatory
burden, was also associated with atherosclerosis, while the role of extra-articular
manifestations remains unclear. Interestingly, no differences were found between
radiographic and non-radiographic axSpA in the potential effects of SpA features on cIMT
and carotid plaques despite the weaker inflammatory response that characterizes the latter.
These results provide helpful information to design more accurate predictive tools to
improve the primary prevention of CV events in axSpA and constitute an additional
argument supporting a treat to target strategy with tight control of inflammation, which

would predictably have beneficial consequences also in CV risk.
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Table 1. Main demographic, cardiovascular, and disease-related characteristics of 838

axSpA patients older than 18 y/o

axSpA patients older than 18 v/o

Variables axSpA | Non-rx AS 1
n=838 n=171 n=6R7 P value
Ane (\/earg) AR + 1?2 A2 + 11 B0+ 1?2 0 NNN
Male BRA (R7Y | 87 (R2) | A77 (7R) | 0 0NN
Cardiovaceiilar data
Hictarv nf C\/ rick fartare
Clirrent smoker 78K (34) | K7 (34) | 2728 (3R 0 ]2
Have ever smnked 149 (1) | 20 (12Y | 129 (20 | 0044
Ohesitv 18R (22) | 28 (17Y | 160 (?KY | O N27
NDvslinidemia 277 (33) | 42 (?R) | 23K (37 | 0.007
Hwvnertension 220 (76) | 26 (18) | 194 (30 | 0 NNN
Niahetes Mellitiig BR (7N A (AN 52 (]) 0 049
Chronic Kidnev Disease 19 () 2 (1 17 (R) 0 29
Historv of cardiovasciilar events n (0a) 33 (4) (N 30 (R) 012
Ischemic heart disease 19 (2) 2 (1N 17 (R) 0 k9
C.onnestive heart failiire 3.00) 0 (0 Y1) 100
Ischemic stroke 7 (M 0(M 7 (M 0 3A
%erinheral arterv disease 6 (M 1 (1) 5 100
| inids
Total cholesternl 191 + R0 102 + [ 1901 + 9 078
HDI -cholesternl BA4+16 |R9+20| B3+ 158 0.0M
I DI -cholesternl 116 + 3R 114+ | 116+ 24 0 R?
Atheronoenic index >4 208 (3RY | KR (33) | 243 (3RK) N 21
Trinlvcerides 118 + 78 115+ [ 119+ 74 05"
Qtating 122 (1K) 11(7Y | 111 (17Y | 0002
Rlnnd nressiire mm Hn
Swvstolic 120+ 17 125+ [ 130+17 | 0.000
Diastolic 79+ 11 78 +10 | 80 + 11 0028
Disease-related data at time of study
Mean diceace diiratinn \vears
Since first svymntoms 14 (7-25) | 7 (R-12Y | 16 (9-28Y | 0O 00N
Since diaonnsis Q(2-17) 2(1-8Y |11 (4-200 | 0000
ASDAS 231+ 230+ 2231+ 0 91
Inactive digease 122 (1R) | R4 (?20) | 99 (1K)
I ow disease activitv 183 (22) | 32 (19) | 151 (24) 0.39
Hiah disease activitv 223 (29 | AR (41) | 2Kk (40 '
\/erv hinh disease activitv (>3 R) 75 (9) 16 (1M 59 (9)
RASDAI 377+227| 407 + 2A9 + 0 0RN
RASDAI>4 272 (44) | 82 (KN | 289 (4R) Nn224
CRP at time of stiidv m/I 22(06- |[1T0(O0K-| 2A(00-| 0O0O0O0O
FSR at time of stiidv mm/ 15 hanr 7 (R-14Y | A (R-13Y| 7 (4-1R) 040
RASFI 36+26A R4+ |RA+2A 0 31
RASMI 27+21 204+ [290+4+21| 0000
MASFS 0 (0-2) 0 (0-2) 0 (0-2) nn10n
Svndesmnnhwvtes 216 (R]Y | 16 (10)Y | 300 (47 | 0 000
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Grade of Sacroileitis
Grade > 3 (1ini or hilateral) 475 (K7 0N A75 (R7) | 0 000
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Methotrexato n (0a) 138 (1A8) | 23 (14) | 115 (18) 023
Sillfagalazine n (04) 185 (22) | R4 (20) | 1K1 (24) 0 43
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Anti-TNF-alnha n (04) 206 (3R | 44 (?6) | 2K2 (R9Y | 0.0NR

Seciikiniimah n (04) 5 (1) 2 (1) (M 0 58
Histarical dicerase-realated data
Hictarv nf suvnnvitic 204 (ARY | AR (41) | 292A (RK) N18
Historv of enthesitis 260 (1Y | 66 (40) | 194 (M | 0019
Historv of dactilitic B0 (A 12 (7N 2R (R) N R4
Historv of hin invalvement 129 (17) 7 (4) 122 (21Y | 00NN
Fxtra-articiilar manifestations

Total 287 (R4Y | 44 (2R8) | 242 (3% | N NNK

Psoriasis R7 (10) 16 (10Y | 71 (11 0 A1

| lveitis 1RO (200 | 17 (10Y | 182 (24Y | 0O 00N

Inflammatorv BRowel Disease BR (7 12 (7N 43 (7N 0 &N
HI A-R27 nositive BRK (70) |109 (RRY| 476 (74) | (O 00K
CRP at time of diceace diannnsis (mn/l ) 400M0- [20(06-] 46(1 A- 011
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P! for comparison between patients with AS and Non radiographic axSpA
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Table 2. Cardiovascular and disease related features associated with unilateral or bilateral
carotid plaques in 729 axSpA patients older than 35 y/o

Variable Unilateral plaque Bilateral plaque ;réi?g
> OR®(95% OR OR ORc (95% OR OR
Ane 110 (1 N7- 115(1 12- ne
Male 178 (1 14- 175 (1 11- ns
Cardiova
History
Ciirrent |1 22 (0 !K- 1 AN (1 NA- n e
Hawve 140 (0 9A- 18R (1 2- n <
Ohecitv |1 K1 (0 Q7- 122(0 77- ne
190 (1 27- 27 (7 ?723- ne
211 (1 20- Q15 (2 07- n <
Niahetes| 2 11 (1 NN- A AR (9 3R- n<g
Chronic |2.28 (0.63- 3.66 (1.16- n.s.
| inidg
Atheroge | 1.67 (1.11- 1.08 (0.71- n.s.
Trinlveer |1 00 (1 NN- 100 (1 NN- ne
Stating 2 B7 (1 R3- 2 0A (2 3A-
Blood
Qwetnlie |1 04 (1 ND- 104 (1 N3- n <
Niactnlic |1 N2 (1 N1- N 99 (N 97- n <
Carotid | 1.84 (1.56- 2.19 (1.85-
Disease-
Mean
disease 1.04 (1.03- 1.02 (1.00- 1.01 (0.99- | 1.07 (1.05- 1.01 (0.99- 1.01(0.99-| n.s.
duration. {1041 02- 101(098- 100(N98-|10N5(102- N9AA(NA7- NOA(NA7-| n=<
ASDAS [121(098 123(092- 120(094-|135(1 NO- 123 115(092-| ns
ASDAS |2.20 (1.00- 2.00(0.68- 1.32 (0.54-|3.43 (1.54- 1.72 (0.67- 1.24 (0.54-
RASDAI (1 07(09R8- 110(0097- 110(099-{109(N099- 109 (09’ 107(097-| ns
CRP at 1.00 (0.98- 1.00 (0.98- 0.99 (0.97-]1.02 (1.00- 1.00 (0.98- 0.99 (0.97-| n.s.
RASFI 17101 10= 106 (NAK- 11231 N2-|117(1-08- 107 (008 112 (102-|] Nn<&
RASMI 1271 14- 122(107- 111 (0Q98-|14K5(120- 121(107- 111(099-| ns
Svndesm 209 (129- NRK(NA48- 111 (0R7-{217(143- 081 (048 111 (0RIA-| n=s
Irmd ] 1230 05- NRA(NKR- 114(0R1-|177(140- 097 (071- D KRR (N A7-
(Grade n
Grade > |1.53 (1.01- 0.80(0.43- 0.85(0.50-|1.83 (1.19- 0.79 (0.46- 0.80 (0.50- -
Grade 4 |2.48 (1.63- 1.02 (0.57- 1.30(0.78-|2.35 (1.53- -
Prednison |1 52 (0 8G- 242 (1 11- 1 K6 (0 75-1191(110- 228 (110- 1 K58 (0 R4-| ns
DMARD [132(080- 201 (1165- 126 (076-{16R2(1N09- 100(1 18- 1K3(NAR-| n=<s
Methotre |1 81 (0 Q8- 220(111- 150(080-1221(13R- 203(114- 149(08K-1 n=s
Historica
i—lilctnr\/ NON(NKA- 12AN(INT7A- NT7R(NAR-|1R1 (1 N01- 121 (076- N7(NA7-| n<&
History 1.63 (1.01- 1.05 (0.56- 0.99 (0.56- | 1.55 (0.95- 0.95 (0.53- 1.04 (0.61-|0.017
Extra-
Total NAR(NARA- 1R52(N0RR- NAN(INKKR-|{142 (N9K- 123N(NR1- N9A2 (N KA-|NN1KR
Inflamm | 1.13 (0.54- 3.48 (1.32- 1.96 (0.79-11.18 (0.56- 1.82 (0.76- 1.48 (0.66-| n.s.
CRP at 1.01 (1.00- 1.00 (0.99- 1.01 (1.00-|1.00(0.99- 1.00(0.99- 1.00 (1.00-| n.s.
CRP>3 |1.59(1.06- 1.32 (0.75- 1.35(0.83-|1.84 (1.20- 1.37 (0.84- 1.29 (0.84-| n.s.
ESR at 1.01 (1.00- 1.01 (0.99- 1.01(1.00-|1.02 (1.00- 1.00(0.99- 1.01(0.99-| n.s.

oo

o oo
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OR®: crude analysis

OR Adjusted *: odds ratios adjusted for age, sex, and smoking

OR Adjusted ?: odds ratios adjusted for age, sex, smoking, obesity, hypertension,
dyslipidemia, diabetes mellitus, CKD, and statins

a significant variable (p < 0.05)

In the interaction analysis carotid plaque is considered an ordinal variable (0= no plaque,
1=unilateral, 2=bilateral).
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Table 3. Cardiovascular and disease related features associated with IMT in 838 axSpA

patients older than 18 y/o.

Carotid IMT i
Interaction
. beta be_tq be_ta_ p value
Variables S e coefficient coefficient
coefficient : 1 . 2 nr-axSpA
(95%Cl) adjusted adjusted Vs AS
o~ P g5 Cry,p. (95% CI), p.
Age (years) 7 (6-8), 0.000 n.s.
Male >3 (32-74) 0.000
Cardiovascular data
History of CV risk factors
0 (-21-22),
Current smoker 0.97 n.s.
32 (12-54),
Have ever smoked 0.0022 n.s.
: 52 (28-76),
Obesity 0.0002 n.s.
. 82 (62-103),
Dyslipidemia 0.0002 n.s.
: 111 (90-133),
Hypertension 0.000% n.s.
: : 111 (72-151),
Diabetes Mellitus 0.000° n.s.
. : 96 (27-165),
Chronic Kidney Disease 0.007°
Lipids
i -9 (-2- -0),
HDL-cholesterol x 10 0.002° n.s.
LDL-cholesterol x 10 5 (2-8), 0.002° n.s.
.. 31 (10-51),
Atherogenic index >4 0.004° n.s.
Triglycerides x 10 3 (1-4),0.000° n.s.
: 90 (61-119),
Statins 0.000° n.s.
Blood pressure, mm Hg
Systolic 3 (2-3), 0.000° n.s.
Diastolic 2 (1-3), 0.000° n.s.
Disease related data at
time of study
Mean disease duration, years
. : ] a -0.14 (-0.95- -0.13 (-1.00-
Since first symptoms 4 (3-5), 0.000 0.67), 0.74 0.74), 0.77 n.s.
Since diagnosis 4 (3-5),0.000* -0.25(-1.14- -0.03 (-0.98- n.s.
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0.65),059  0.93),0.96
ASDAS
Low disease activity 4% ((?122) 12 (61;38)’ 12 (61357' 39)
High disease activity 420%321769 ) 19 851243) > ('g %'930)’
Very high disease activity 72 (33-112), 26 (-7-59), 18 (-17-53),
(>3.5) 0.000° 0.13 0.31
BASDAI 5(0-9), 0.046% 2 (-2-5),0.37 1 (-3-5),0.54 n.s.
20 (-1-40), 10 (-7-27), 8 (-10-26),
BASDAI>4 0.060 0.95 038 n.s.
BASFI RO 1(25),049 0(34),082 | ns.
BASMI 180((1)3623)' 1(-4-6),070 0(-5-5),090 | ns.
82 (61-103), 2 (-17-22), 7 (-13-28),
Syndesmophytes (g.ooo ) ( 0.81 ) (0.071 ) ns.
a 0.63(-9-91- -0.19 (-0.95-
log MSASSS 3 (2-3), 0.000 11.18), 0:91 0.56), 0.62 n.s.
Grade of sacroileitis Rx
. 65(44-85), 7 (-11-25),  5(-14-24), )
Grade > 3 (uni or bilateral) 0.000° 0.44 0.60
- 81 (58-104), — 4 (-17-24), 8 (-14-29), ]
Grade 4 (uni or bilateral) 0.000° 0.71 0.49
NSAIDs, n (%) 48 é'ggb;m)’ -4 5'38'8)’ 17 é’fg"r’)’ ns.
Currrent prednisone, n (%) 460%22;6 ) 400((1)3'165' ) 3% (0518 %)’ n.s.
22 (1-43),  14(-3-31), 14 (-4-32),
0,
DMARDs, n (%) 0,001 2 010 010 0.047
55(28-82),  25(3-47), 15 (-9-39),
0
Methotrexate n (%) 0.0002 0.0262 0.21 n.s.
. 37 (16-58), 19 (2-36), 17 (-1-35),
- - 0
Anti-TNF-alpha, n (%) 0.001° 0.031° 0.063 0.053
Historical disease-related
data
_ - 37 (16-58),  11(-6-28), 6 (-13-24),
History of synovitis 0.001° 0.22 0.54 n.s.
History of enthesitis 1 ('5 %'522)’ 3 ('g ‘?520)’ 6 (62;:13), n.s.
History of dactilitis 14 ((')23;37)’ A (632530)’ 1 (b3gé35)’ n.s.
History of hip involvement 3% (0712%) (-39-6), 0.16 14 é-g,g-g) ! n.s.

Extra-articular
manifestations




Cle Journal Pre-proof

26 (4-47), 6 (-11-23), 6 (-12-24),
Total 0.018° 0.49 0.51 ns.
. 25 (-1-50), 7 (-13-27), 12 (-9-33),
Uveitis 0.055 0.50 0.26 ns.
CRP at time of disease i a 0.51(0.18- 0.31 (0.00-
diagnosis, (mg/L) 1(0-1),0.005% 54y 0.003% 0.62) 00472 | "™
CRP >3 mg/L at time of 35 (15-56), 18 (1-34), 17 (-1-35), N
diagnosis 0.001% 0.035% 0.057 =
ESR at the time of disease i a 0.67(0.20- 0.77 (0.29-
diagnosis (mm/1% hour) | 2 (1210000% 19y boos®  1.26), 0.0020 | ™
Drugs from the disease
diagnosis
. ] 16 (-28-59), 5 (-31-42), 2 (-34-38),
Anti-TNF-a 0.49 0.77 091 n.s.
53 (18-88), 22 (-7-51), 20 (-10-49),
DMARDs 0.0032 014 019 0.025

beta coefficient® crude analysis

beta coefficient adjusted: adjusted for age, sex, and smoking

beta coefficient adjusted®: adjusted for age, sex, smoking, obesity, hypertension,
dyslipidemia, diabetes mellitus, CKD, and statins

% significant variable (p < 0.05)
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Table 4. Association between cardiovascular events and the main cardiovascular and
disease-related features in 33 axSpA patients

Variable

OR (95% CI), p

Age (years)

1.09 (1.06-1.13), 0.000%

Male

2.25 (0.92-5.52), 0.076

Cardiovascular data

History of CV risk factors

Dyslipidemia

6.51 (2.89-14.69), 0.000°

Hypertension

4.37 (2.12-9.01), 0.000°

Diabetes Mellitus

6.85 (3.08-15.21), 0.000°

Lipids

Total cholesterol

0.98 (0.97-0.99), 0.000*

HDL-cholesterol

0.97 (0.95-1.00), 0.047°

LDL-cholesterol

0.97 (0.96-0.99), 0.000°

Triglycerides

1.00 (1.00-1.01), 0.077°

Statins

7.37 (3.39-16.02), 0.000°

Carotid IMT, mm

1.01 (1.00-1.01), 0.000°

Carotid plagues, n (%)

6.59 (2.91-14.95), 0.000°

Disease-related data at time of study

Mean disease duration, years

Since first symptoms

1.03 (1.00-1.06), 0.023°

Since diagnosis

1.05 (1.02-1.08), 0.001°

BASDAI>4 2.58 (1.16-5.73), 0.020°
BASFI 1.25 (1.08-1.45), 0.003*
BASMI 1.19 (0.99-1.42), 0.063
Syndesmophytes 2.41 (1.15-5.03), 0.020°

Grade of sacroiliitis Rx

Grade > 3 (uni or bilateral)

5,57 (1.94-16.00), 0.001°

Grade 4 (uni or bilateral)

3.75 (1.85-7.57), 0.000°

Current drugs

NSAIDs, n (%)

0.32 (0.16-0.66), 0.002°

Currrent prednisone, n (%)

2.31(1.02-5.28), 0.046°

Methotrexate, n (%)

2.29 (1.01-4.94), 0.034°

Anti-TNF-alpha, n (%)

3.33 (1.61-6.87), 0.001°

Historical disease-related data

History of synovitis

1.89 (0.93-3.83), 0.079

Extra-articular manifestations (total)

1.96 (0.97-3.99), 0.062

CRP at time of disease diagnosis, (mg/L)

1.01 (1.00-1.02), 0.058

CRP >3 at time of diagnosis

5.27 (1.82-15.30), 0.002°

ESR at the time of disease diagnosis
(mm/1* hour)

1.03 (1.02-1.05), 0.000*
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Anti-TNF-a (from the disease diagnosis) 2.95 (1.03-8.44), 0.044°

% significant variables, p < 0.05



