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Abstract
Introduction: Proprotein convertase subtilisin/kexin type 9 (PCSK9) is a serine protease that regulates
cholesterol metabolism through low-density lipoprotein receptor degradation and that has been linked to
cardiovascular risk. The purpose of the present study was to examine whether PCSK9 levels are related to
both abnormalities in the lipid pro�le and the development of severe atherosclerosis that often occurs in
patients with axial spondyloarthritis (axSpA).

Methods: Cross-sectional study that encompassed 545 individuals; 299 patients with axSpA and 246
statin use-matched controls. PCSK9, lipoproteins serum concentrations and standard lipid pro�les were
analyzed in patients and controls. Carotid intima-media thickness (cIMT) and carotid plaques were
assessed in patients. A multivariable analysis, adjusted for standard cardiovascular risk factors, was
performed to evaluate the in�uence of PCSK9 on axSpA related dyslipidemia and subclinical carotid
atherosclerosis.

Results: Most lipid panel parameters (total cholesterol, HDL- and LDL-cholesterol, lipoprotein (a) and
apoliprotein A1) were signi�cantly lower in axSpA patients than controls. PCSK9 serum levels (beta coef.
-44 [95%CI -60- -27] ng/dl, p=0.000) were also downregulated in axSpA patients after fully multivariate
adjustment, including other lipid pro�le-related molecules modi�cations that the disease generates.
Unadjusted higher levels of PCSK9 were associated with carotid plaque in axSpA patients (beta coef. 27
[95%CI 9-45], p=0.003). ASDAS-CRP was found to be independently and signi�cantly related to PCSK9
(beta coef. 10 [95%CI 1-18] ng/dl, p=0.023) after analyzing fully adjusted models that took age, sex, and
the rest of lipid pro�le molecules into account. Whereas patients taking prednisone showed higher serum
levels of PCSK9 (55 [95%CI 24-8]) ng/ml, p=0.001), those under anti-TNF alpha therapies exhibited lower
levels (beta coef. -26 [95%CI -43- -9], p=0.003).

Conclusion: PCSK9 is downregulated in patients with axSpA. Disease activity is positive and signi�cantly
related to PSCK9. Anti-TNF-therapy yields reduction in PCSK9 serum levels.

Introduction
Axial spondyloarthritis (axSpA) encompasses a group of in�ammatory disorders that share a number of
clinical features including in�ammation of axial joints, asymmetric oligoarthritis, dactylitis, and
enthesitis. Patients with axSpA are prone to an increased and premature prevalence of atherosclerosis (1,
2). This is due to the compound effects of a genetic component, classic cardiovascular (CV) risk factors,
in�ammation, disease severity and the therapy used to manage the disease (3). In the ASAS-COMOSPA
study (4), an observational, cross-sectional, multicenter and international study involving more than ~ 
3,000 subjects with axSpA that sought to assess the prevalence of comorbidities, one of the most
frequent comorbidities was hypercholesterolemia, which was present in 27% of the patients. In this
regard, an increased risk of hyperlipidemia (prevalence ratio 1.2 [95% CI 1.1–1.3]) was found in patients
with axSpA compared to controls (5). Although the role of in�ammation in atherogenesis and plaque
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formation in axSpA is not well understood, in�ammation in axSpA has been linked to an atherogenic lipid
pro�le in these individuals (6–8). This disrupted lipid molecules pattern may be responsible for the
subsequent atherosclerosis burden that these patients exhibit (7).

Proprotein convertase subtilisin kexin 9 (PCSK9), a serine protease, plays an important role in low-density
lipoprotein (LDL) metabolism. PCSK9, which is synthesized primarily in the liver, enters the circulation,
where it binds to hepatic LDL receptors and targets them for degradation (9). This process reduces the
capacity of the liver to bind and remove LDL-cholesterol, resulting in increased LDL-cholesterol levels
(10). Consistent evidence from pre-clinical studies indicates that modulation of PCSK9 activity may have
potential positive effects on coronary heart disease (11, 12). The reduced incidence of cardiovascular
events in patients bearing PCSK9 loss-of-function mutations supported this concept and provided a
strong rationale for the development of molecules capable of inhibiting PCSK9 function (13). Blockading
the interaction between PCSK9 and LDL receptors by the use of a fully human monoclonal antibody that
binds PCSK9 leads to lower LDL-cholesterol levels in patients with hypercholesterolemia (14), reducing
the rate of cardiovascular events (15, 16). Interestingly, PCSK9 has been found to be downregulated in
patients with rheumatoid arthritis (17).

To the best of our knowledge, there is no information on the role of PCSK9 in the in�ammation-related
dyslipidemia of patients with axSpA. For this reason, we conducted a study to determine whether PCSK9
is associated with the changes that in�ammation and the disease exert over the lipid patterns of axSpA
patients. We additionally aimed to establish if PCSK9 is linked to atherosclerosis based on carotid
ultrasound assessments in individuals with axSpA.

Materials And Methods

Study participants
This was a cross-sectional study that included 299 patients with axSpA and 246 controls. All of them
were 18 years old or older. axSpA patients included in this study ful�lled the Assessment of
SpondyloArthritis International Society (ASAS) classi�cation criteria (18). They were diagnosed by
rheumatologists and periodically followed-up at rheumatology outpatient clinics. For the purpose of
inclusion in the present study, axSpA disease duration needed to be ≥ 1 year. axSpA patients undergoing
biologic therapy (anti-TNF alpha therapies) were not excluded from the present study. Likewise, since
glucocorticoids may be used in the management of axSpA, patients taking prednisone, or an equivalent
dose ≤ 10 mg/day, were not excluded. Controls included in the current study were subjects without any
known condition or drug treatment history that could in�uence lipids and who were not taking any lipid-
lowering medications other than statins. None of the controls was receiving glucocorticoids. However,
patients were excluded if they had a history of cancer or any other chronic disease, evidence of active
infection or a glomerular �ltration rate < 60 ml/min/1.73 m2. The study protocol was approved by the
Institutional Review Committee at Hospital Universitario de Canarias and Hospital Doctor Negrín, both in
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Spain, and all subjects provided informed written consent (Approval Number 2016/64). Research carried
out with human subjects was in compliance with the Helsinki Declaration.

Data collection
Surveys of axSpA patients were performed to assess cardiovascular risk factors and medication.
Subjects completed a questionnaire and underwent a physical examination to determine anthropometric
measurements and blood pressure. Medical records were reviewed to ascertain speci�c diagnoses and
medications. Hypertension was de�ned as a systolic or a diastolic blood pressure higher than,
respectively, 140 and 90 mmHg. The atherogenic index was calculated using the total cholesterol/HDL
cholesterol ratio. Two clinical indexes of disease activity (Bath Ankylosing Spondylitis Disease Activity
Index [BASDAI] and Ankylosing Spondylitis Disease Activity Score [ASDAS]) (19, 20), a functional status
index (Bath Ankylosing Spondylitis Functional Index [BASFI]) (21), a metrological index (Bath Ankylosing
Spondylitis Metrology Index [BASMI]) (22), and an enthesitis index (Maastricht Ankylosing Spondylitis
Enthesitis Score [MASES]) (23) were assessed in all patients at the time of their evaluation visit.

Lipids and PCSK9 assessments
Fasting serum samples were collected and frozen at − 80 °C until analysis of circulating lipids. Human
PCSK9 was measured using an ELISA kit (R&D Duoset). Intra- and inter-assay coe�cients of variation
were < 5% and 6.3%, respectively. Cholesterol, triglycerides, and high-density lipoprotein (HDL)-cholesterol
were measured using the enzymatic colorimetric assay (Roche). Cholesterol ranged from 0.08 to
20.7 mmol/l (intra-assay coe�cient of variation 0.3%); triglycerides ranged from 4 to 1.000 mg/dl (intra-
assay coe�cient of variation 1.8%); and HDL-cholesterol ranged from 3 to 120 mg/dl (intra-assay
variation coe�cient 0.9%). LDL-cholesterol was calculated using the Friedewald formula. Additionally,
standard techniques were used to measure plasma glucose, C-reactive protein (CRP), and serum lipids.

Carotid ultrasound assessment
Carotid ultrasound was performed to determine carotid intima-media thickness (cIMT) in the common
carotid artery and to detect focal plaques in the extracranial carotid tree both in patients with axSpA and
in controls (24, 25). A commercially available scanner, Mylab 70, Esaote (Genoa, Italy) equipped with a 7–
12 MHz linear transducer and an automated software-guided radiofrequency technique — Quality Intima
Media Thickness in real-time (QIMT, Esaote, Maastricht, Holland) — was used for this purpose. Based on
the Mannheim consensus, plaque criteria in the accessible extracranial carotid tree (common carotid
artery, bulb and internal carotid artery) were de�ned as follows: a focal protrusion in the lumen measuring
at least cIMT > 1.5 mm; a protrusion at least 50% greater than the surrounding cIMT; or an arterial lumen
encroaching > 0.5 mm (26).

Statistical analysis
Demographic and clinical characteristics in patients with axSpA and controls were described as mean ± 
standard deviation or percentages for categorical variables. For non-normally distributed continuous
variables, data were expressed as a median and interquartile range (IQR). Univariate differences between
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patients and controls were assessed through T Student, U Mann-Whitney, Chi squared or Fisher Exact
tests according to normal distribution or number of subjects. Differences between patients and controls
regarding their lipid pro�les was assessed through multivariable regression analysis. Confounding
variables in this analysis were those with a statistical ‘p’ value lower than 0.20 for those differences in
traditional CV risk factors between patients and controls. To neutralize the effect of other modi�cations
on the lipid pro�le, an additional multivariable analysis was constructed, adding to the model those
differences in lipid-related molecules between patients and controls with a ‘p’ value lower than 0.20.
Demographic and disease-related data associations with PCSK9 are shown using univariate linear
regression. Mediation analysis (27) was performed to assess whether the effect of disease activity on
PCSK9 was mediated through other lipid-related molecules. All the analyses used a 5% two-sided
signi�cance level and were performed using SPSS software, version 21 (IBM, Chicago, IL, USA) and
STATA software, version 15/SE (Stata Corp., College Station, TX, USA). A p value < 0.05 was considered
statistically signi�cant.

Results

Demographic, laboratory and disease-related data
A total of 545 participants, 299 patients with axSpA and 246 controls, with a mean ± SD age of 52 ± 
11 years and 54 ± 16 years, respectively, were included in this study. Demographic and disease-related
characteristics of the participants are shown in Table 1. Male gender was more frequent in axSpA
patients. There were no differences between patients and controls with regard to BMI. However, waist
circumference was higher, and the occurrence of diabetes less common in axSpA patients than in
controls. In contrast, current smoking frequency, hypertension, and obesity did not reveal any differences
between axSpA patients and controls.

The average axSpA disease duration was 13 ± 9 years. One hundred and ninety-one (64%) patients were
positive for HLA-B27. Sixteen percent of the patients were categorized as having inactive disease based
on the ASDAS-CRP index, while 24%, 45%, and 14% were included in the low, high, and very high disease
activity categories, respectively. BASDAI, BASFI and BASMI scores were 4.35 (IQR 2.30-6.00), 3.8 (IQR
1.6–6.3) and 2.4 (IQR 1.0–4.0), respectively. Regarding therapies, 8% of the axSpA patients were taking
prednisone, 61% were taking non-steroidal anti-in�ammatory drugs (NSAIDs), and 28% and 39% were,
respectively, taking disease-modifying anti-rheumatic drugs (DMARDs) and anti-TNF alpha treatment.
Additional disease-related information is shown in Table 1.

Multivariable analysis of the differences in PCSK9 and lipid
pro�les between SS patients and controls
In general, the lipid pro�les showed that most lipid panel parameters (total cholesterol, HDL- and LDL-
cholesterol, lipoprotein (a) and apoliprotein A1) were lower in axSpA patients. In contrast, Apo B:Apo A1
and LDL:HDL cholesterol ratios were higher in axSpA patients compared to controls. The mean PCSK9
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serum levels were signi�cantly lower in axSpA patients compared to controls (249 ± 105 vs. 199 ± 74,
ng/ml, p = 0.000) when the univariate analysis was performed. When these differences were assessed
through multivariable analysis - adjusting for age and sex (including abdominal circumference, smoking
and diabetes), total cholesterol, LDL-cholesterol and apolipoprotein A1 - serum levels maintained the
same differences, being lower in axSpA patients compared to controls. Similarly, PCSK9 serum levels
were signi�cantly downregulated in axSpA patients (beta coef. -40 [95%CI -56- -24] ng/ml, 0.000).

Because lipid-related molecules are interrelated (they share metabolic pathways and it is not easy to
separate the effect of one from the others), we performed a multivariable analysis adjusting for
demographics and CV risk factors plus all the lipid-related molecules that were found to be different
between patients and controls (Model 2 in Table 2). Because of collinearity, lipid molecules derived from
a formula were excluded from the regression model (LDL-cholesterol, LDL:HDL ratio, non-HDL cholesterol,
apoB:apoA, and atherogenic). HDL-cholesterol (beta coef. 4 [95%CI 2–5] mg/dl, p = 0.000), and Apo A1
(beta coef. -13 [95%CI -16- -9] mg/dl, p = 0.000) maintained their differences between patients and
controls. Remarkably, PCSK9 (beta coef. -44 [95%CI -60- -27] % mg/dl, p = 0.000) conserved its
downregulation in axSpA patients after adjustment for other lipid pro�le-related molecules.

Association of demographic- and disease-speci�c factors and carotid assessment data with PCSK9 in
axSpA patients and controls

Traditional CV risk factors, including BMI and waist circumference, were not related to PCSK9 in patients.
In controls, only the presence of hypertension was positively associated with PCSK9 serum levels.
Interestingly, age and male sex were respectively positive and negatively related with PCSK9 in patients
but not in controls. Concerning lipid pro�le, some correlations were found between lipid-related molecules
and PCSK9. In this regard, triglycerides were positively associated with PCSK9 in both patients and
controls; total cholesterol and apolipoprotein A1 serum levels were associated with PCSK9 in patients, but
not in controls; and lipoprotein (a) was related to PCSK9 only in controls. Remarkably, statins intake was
positively associated with PCSK9 serum levels in patients and controls (Table 3).

Regarding disease-related data, disease duration (log beta coef. 10 [0–20], p = 0.043), as well as ASDAS-
CRP (12 [95%CI 4–20], p = 0.004) and BASFI (log beta coef. 12 [95%CI 0–25], p = 0.049) scores, were
positively related to PCSK9. Moreover, patients included in the very high disease activity ASDAS-CRP
category showed higher serum levels of PCSK9 compared to those in the remission category (32 [95%CI
2–63], p = 0.038). Remarkably, while patients on current prednisone showed higher serum levels of
PCSK9 (55 [95%CI 24 − 8]) ng/ml, p = 0.001), patients under anti-TNF alpha therapies exhibited lower
levels (beta coef. -26 [95%CI -43- -9], p = 0.003).

In assessing the relation of carotid ultrasound results with PCSK9 levels in axSpA patients we observed
that cIMT was not related to PCSK9. Although axSpA patients with carotid plaques were associated with
higher levels of PCSK9 (beta coef. 27 [95%CI 9–45], p = 0.003) in the univariate analysis, this relation was
lost after adjustment for confounding factors. The differences between patients with and without carotid
plaques are shown in Supplementary Table 1.
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ASDAS-CRP score relation with lipid pro�le and PCSK9
serum levels
ASDAS-CRP score was associated with several lipid pro�le-related molecules in a univariate fashion. With
respect to this, signi�cant univariate correlations were found between ASDAS-CRP and total cholesterol,
LDL-cholesterol, LDL: HDL cholesterol, non-HDL cholesterol, lipoprotein (a), atherogenic index, and PCSK9
serum levels (Table 4). When these analyses were performed by fully adjusted models that took into
account age, sex, and the rest of the lipid pro�le molecules also related to ASDAS-CRP, some signi�cant
associations were maintained. In this regard, ASDAS-CRP was found to be independently and
signi�cantly related to total cholesterol (beta coef. 4 [95%CI 0–8] mg/dl, p = 0.027), apolipoprotein A1
(beta coef. -3 [95%CI -5- -0] mg/dl, p = 0.019), and PCSK9 (beta coef. 10 [95%CI 1–18] ng/dl, p = 0.023).
Additionally, mediation analysis disclosed that the effect of ASDAS-CRP on PCSK9 was not mediated by
any of the other two cholesterol molecules (cholesterol and apolipoprotein A1) of the previous model.
Similarly, neither the effects of ASDAS-CRP on cholesterol nor apolipoprotein A1 were mediated by
PCSK9.

Discussion
In addition to con�rming that features of in�ammatory dyslipidemia are present in patients with axSpA,
in the present study we assessed for the �rst time PCSK9 in these patients. Although PCSK9 is
downregulated in axSpA, a link between disease activity and PCSK9 levels was found.

Previous reports revealed a disrupted lipid pro�le in axSpA. However, most studies focused on the
prevalence of hyperlipidemia in patients with axSpA and only a few compared a full lipid panel between
patients and controls assessed in real-life clinical practice. In this regard, studies derived from the ASAS-
COMOSPA cohort (28–30) de�ned the presence of dyslipidemia based on the presence of
hypercholesterolemia or cholesterol-lowering therapy or on an LDL cholesterol level above target
according to country recommendations. However, as neither a complete lipid pro�le was not assessed nor
was a comparison with controls performed, no association analyses were carried out in a multivariate
way. Interestingly, in a recent report on the CARMA project (a 10-year prospective cohort study designed to
determine the CV mortality risk in patients with chronic in�ammatory rheumatic diseases) (31), patients
with axSpA were more likely to have hyperlipoproteinemia (a) than controls after adjusting for age and
sex. This association was not found in our cohort.

Lipid pro�le differences between patients and controls found in our report are in accordance with the
‘lipid paradox’ (32) described in other in�ammatory diseases such as rheumatoid arthritis (17, 33, 34) or
systemic lupus erythematosus (35). This means that individuals with untreated in�ammatory diseases or
those with these conditions who have high disease activity exhibit lower levels of total cholesterol and
LDL cholesterol, and it is believed that this may be due to the lipid-lowering effects of systemic
in�ammation. The large sample size assessed in the present study allowed us to perform a multivariate
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analysis. For this reason, we believe that our �ndings regarding lipid pro�le modi�cations in axSpA are
robust enough to be considered conclusive.

The downregulation of PCSK9 in axSpA patients found in our study is in agreement with a previous report
of our group that showed similar �ndings in in patients with rheumatoid arthritis (17). PCSK9 serum
concentrations were lower in axSpA and rheumatoid arthritis patients than in controls. However, the exact
mechanisms of PCSK9 downregulation are not yet understood. One explanation could be that PSCK9
levels are downregulated as a compensatory mechanism in the context of heightened cardiovascular
disease risk to reduce the accelerated atherosclerosis of these diseases. On the other hand, although
higher levels of plasma PCSK9 have been independently associated with major systemic in�ammatory
markers in patients with acute coronary syndrome and coronary artery disease (36), it is possible that the
presence of a persistently elevated chronic proin�ammatory state in patients with chronic in�ammatory
disease would promote PCSK9 downregulation. This would be in agreement with the increased metabolic
clearance of total cholesterol and LDL cholesterol observed in these conditions.

Although the effect of glucocorticoids over PCSK9 had not previously been explored, in our study we
observed that PCSK9 was related to prednisone intake, being higher in patients treated with
glucocorticoids. Therefore, we cannot exclude the possibility that some deleterious effects of
glucocorticoids on cardiovascular disease and dyslipidemia might be mediated by this molecule. In
contrast, anti-TNF therapies showed a negative association with PCSK9. This result may be of potential
interest since the effect of anti-TNF therapy on PCSK9 has not previously been studied. This �nding was
not observed in a series of 27 patients with rheumatoid arthritis treated with tocilizumab during one year
(37). However, in this series, variations in LDL cholesterol over the year of study correlated directly with
changes in PCSK9 serum concentration.

In our series, statin use was associated with higher PCSK9 serum levels in patients and controls. This
upregulation effect has been previously described in a recent meta-analysis in which statin therapy was
shown to increase plasma PCSK9 concentrations, an effect that has been correlated to the magnitude of
reduction that statins exert over plasma LDL cholesterol (38).

In our report, PCSK9 was associated with carotid plaques, but not with the cIMT. However, the relation
between carotid plaques and PCSK9 was lost after multivariable analysis. It is well established that
carotid plaque and cIMT are biologically and genetically distinct entities, representing different
phenotypes of atherosclerosis (39). cIMT is thought to represent a mainly hypertensive medial
hypertrophy, while carotid plaque is more strongly associated with traditional risk factors and coronary
artery disease than is cIMT. Although extensive evidence suggests that there is a signi�cant correlation
between PCSK9 levels and future CV risk, scarce data exist about the relationship between PCSK9 levels
and vascular biomarkers such as carotid plaque. We believe that the fact that PCSK9 was associated
with carotid plaque, though univariately, points to the validity of this molecule as a potential future target
in the treatment of atherosclerosis in axSpA patients.
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PCSK9 was downregulated in axSpA patients. Nevertheless, it was positively related to some disease-
speci�c factors such as disease duration and ASDAS-CRP and BASFI scores. As previously discussed, we
believe that although PCSK9 may be reduced due to the presence of a chronic in�ammatory state, the
absolute levels of this molecule indicate an increased risk of CV disease in the subgroup of patients with
more severe disease. With respect to this, ASDAS-CRP was positively associated with total cholesterol,
LDL cholesterol, LDL: HDL ratio, non-HDL cholesterol, lipoprotein (a) and atherogenic index in the
univariate assessment. Interestingly, the relationships of ASDAS-CRP with total cholesterol,
apolipoprotein A1 and PCSK9 remained signi�cant in the multivariate regression analysis. Therefore,
these three molecules were related to ASDAS-CRP regardless of other changes that the disease activity
might exert over the lipid pro�le. Additional analysis showed that the effect of disease activity on PCSK9
was not mediated by the in�uence that the disease activity could exert over cholesterol or apolipoprotein
A1. Therefore, while disease activity seems to affect PCSK9, changes in this molecule are not the
consequence of other modi�cations in the lipid panel produced by the disease.

We acknowledge the limitation that controls were not sex-matched. This was because we were
preferentially interested in matching for statins intake due to its potential effect over lipid patterns and
the effect on PCSK9 serum levels. On the other hand, it is important to highlight that all the analyses in
our study were performed by adjusting for important confounders such as age, sex and lipid pro�le.
Nevertheless, identical results have been found irrespective of matching or not matching when
multivariable regression analysis was applied in epidemiological cross-sectional or case-control studies
(40). We believe, therefore, that the multivariable analysis performed in the present study was capable of
handling confounding situations in our analysis regarding sex non-matched controls.

Conclusion
In conclusion, the fact that PCSK9 is downregulated but positively related to disease activity in patients
with axSpA reveals a new mechanism that could explain the presence of increased atherosclerotic burden
in patients with axSpA. Further studies are needed to study the role of PCSK9 in other in�ammatory
diseases.
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ble 1. Demographic data of the 299 axSpA patients and 246 controls    

  Controls=246 axSpA=299 p  

Male, n (%) 84 (34) 209 (70) 0.000  

Age, years 54 ± 16 52 ± 11 0.054  

BMI, mg/cm2 27 ± 6 28 ± 6 0.45  

Waist circumference, cm 95 ± 10 98 ± 14 0.019  

morbidity        

Hypertension, n (%) 92 (37) 110 (37) 0.88  

Current smoking, n (%) 47 (19) 75 (25) 0.096  

Diabetes, n (%) 42 (17) 28 (9) 0.007  

Obesity, n (%) 67 (27) 81 (27) 0.97  

Statins, n (%) 66 (27) 80 (27) 0.99  

SpA-related data        

CRP, mg/l 2.03 (1.08-4.61) 2.60 (0.97-5.65) 0.007  

Disease duration, years  13 ± 9   

HLA-B27, n (%)  191 (64)   

Family history of spondyloarthritis, n (%)  43 (14)   

ASDAS-ESR  2.1 (1.4-2.9)   

ASDAS-CRP   2.3 (1.7-3.1)   

 Inactive disease, n (%)  51 (18)   

 Low disease activity, n (%)   70 (24)   

 High disease activity, n (%)   130 (45)   

 Very high disease activity, n (%)  40 (14)   

BASDAI, total score  4.35 (2.30-6.00)   

BASDAI >4, n (%)  168   

BASDAI >4 and CRP >5 mg/dl, n (%)     

BASFI, total score  3.8 (1.6-6.3)   

BASMI, total score  2.4 (1.0-4.0)   

MASES, total score  0 (0-2)   

Sacroiliitis on MRI, n (%)  50 (17)   

Peripheral spondylitis symptoms, n (%)  126 (42)   

Hip involvement, n (%)  63 (21)   

Syndesmophytes, n (%)  124 (41)   

Enthesitis, n (%)  94 (31)   

Dactylitis, n (%)  19 (6)   

Extraarticular manifestations, n (%)     

 Uveitis, n (%)  71 (24)   

 Psoriasis, n (%)  20 (7)   

 Inflammatory bowel disease, n (%)  23 (8)   

Current NSAID, n (%)  181 (61)   

Current prednisone, n (%)  23 (8)   

DMARDs, n (%)  83 (28)   

Methotrexate, n (%)  49 (16)   

Sulfasalazine, n (%)  27 (9)   

anti-TNF, n (%)   118 (39)    

ta represent means ± SD or median (IQR) when data were not normally distributed.   
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MI: body mass index; LDL: low-density lipoprotein;  HDL: high-density lipoprotein; CRP: C reactive protein.  

DAS-CRP (Ankylosing Spondylitis Disease Activity Score) 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.  

SAID: Nonsteroidal anti-inflammatory drugs; DMARD: disease-modifying antirheumatic drug.  

NF: tumor necrosis factor; Obesity: BMI >30 kg/m2.    

ASFI: Bath Ankylosing Spondylitis Functional Index; BASMI Bath Ankylosing Spondylitis Metrology Index.  

ASDAI: Bath Ankylosing Spondylitis Disease Activity Index; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score.  

gnificant 'p' values are depicted in bold.     
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ble 2. Multivariable analysis of the differences in lipid profile and PCSK9 serum levels between axSpA patients and
ntrols  

 

    Univariate  Model #1 Model #2  

 
Controls
(n=246)

axSpA patients
(n=299)  model  beta coef. (95% CI) beta coef. (95% CI)

 

pid profile                    

Cholesterol, mg/dl 198 ± 45 178 ± 46  0.000  
-17 (-26- -9),

0.000   0 (-8-7), 0.92  
 

Triglycerides,
mg/dl 144 ± 68 145 ± 83  0.82  

-0 (-14-14),
0.98    

 

HDL cholesterol,
mg/dl 52 ± 15 47 ± 17  0.000   -2 (-5-1), 0.13   4 (2-5), 0.000  

 

LDL cholesterol,
mg/dl 117 ± 37 109 ± 37  0.012  

-9 (-16- -2),
0.010    

 

LDL:HDL
cholesterol ratio 2.38 ± 0.89 2.60 ± 1.19  0.016  

0.07 (-0.12-
0.26), 0.49      

 

Non-HDL
cholesterol, mg/dl 146 ± 40 132 ± 42  0.000  

-15 (-23- -8),
0.000    

 

Lipoprotein (a),
mg/dl 38 (14-101) 28 (9-73)  0.029  

-8 (-21-5),
0.25    

 

Apolipoprotein A1,
mg/dl 175 ± 39 147 ± 39  0.000  

-21 (-28- -14),
0.000  

-13 (-16- -9),
0.000  

 

Apolipoprotein B,
mg/dl 104 ± 29 97 ± 50  0.060  

-6 (-14-2),
0.12  42 (-48-131), 0.36  

 

Apo B:Apo A ratio 0.61 ± 0.18 0.69 ± 0.38  0.003  
0.06 (-0.00-
0.11), 0.055    

 

Atherogenic index 4.01 ± 1.12 4.14 ± 1.39  0.23  
-0.05 (-0.28-
0.18), 0.66    

 

PCSK9, ng/ml 249 ± 105 199 ± 74   0.000  
-40 (-56- -24),

0.000  
-44 (-60- -27),

0.000  
 

ta represent means ± standard deviation or median (interquartile range) when data were not normally
tributed.    

DL: high-density lipoprotein; LDL: low-density lipoprotein; PCSK9: Proprotein Convertase Subtilisin/Kexin
pe 9    
odel #1: Adjusted for age, sex, abdominal circumference, smoking and diabetes (variables with a p value < 20 difference between patients
d controls).  
odel #2: Adjusted for model #1 + rest of lipid molecules (with a p value < 0.20 in the univariate analysis) other than the one that is
mpared  
cause collinearity LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol, apoB:apoA, and atherogenic index were excluded from the

ultivariable analyses 

                  

 in model 2.
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e 3. Demographic data of the 299 axSpA patients and 246 controls  

  PCSK9 ng/ml, beta coef. (CI95%), p  

  Controls (n=246) axSpA patients (n=299)  

Male -16 (-45-12), 0.25 -25 (-44- -7), 0.007  

Age, years 0.97 (0.15-1.79), 0.021 1 (1-2), 0.000  

BMI, mg/cm2 0.93 (-1.48-3.34), 0.45 -0.02 (-1.47-1.44), 0.98  

Waist circumference, cm -0.58 (-1.95-0.79), 0.40 0.07 (-0.55-0.68), 0.84  

orbidity      

Hypertension 22 (-5-50), 0.11 25 (8-42), 0.005  

Current smoking -0.07 (-34.01-33.89), 0.99 -3 (-23-17), 0.75  

Diabetes 15 (-21-50), 0.42 0.91 (-28.04-29.87), 0.95  

Obesity 25 (-4-55), 0.095 6 (-13-25), 0.56  

Statins 72 (44-101), 0.000 55 (36-73), 0.000  

ytical data      

log CRP, mg/l 16 (4-29), 0.009 5 (-2-12), 0.13  

Cholesterol, mg/dl -0.20 (-0.50-0.10), 0.19 0.20 (0.01-0.38), 0.036  

Triglycerides, mg/dl 0.21 (0.01-0.40), 0.036 0.14 (0.04-0.24), 0.008  

HDL, mg/dl -0.84 (-1.75-0.07), 0.071 0.42 (-0.08-0.92), 0.10  

LDL, mg/dl -0.30 (-0.66-0.06), 0.10 0.09 (-0.16-0.34), 0.48  

LDL:HDL cholesterol ratio  -4 (-19-11), 0.57 -2 (-10-6), 0.59  

Non-HDL cholesterol, mg/dl  -0.13 (-0.47-0.20), 0.43 0.17 (-0.03-0.37), 0.10  

Lipoprotein (a), mg/dl 0.20 (0.02-0.38), 0.029 0.12 (-0.01-0.25), 0.067  

Apolipoprotein A1 -0.19 (-0.53-0.16), 0.29 0.33 (0.12-0.54), 0.002  

Apolipoprotein B -0.16 (-0.62-0.31), 0.51 0.16 (-0.01-0.33), 0.068  

Apo B:Apo A1 ratio -9 (-82-65), 0.82 4 (-18-27), 0.70  

Atherogenic index 1 (-11-13), 0.84 0.64 (-5.48-6.77), 0.84  

ylosing Spondylitis related data      

log Disease duration, years  10 (0-20), 0.043  

HLA-B27  -19 (-40-1), 0.069  

Family history of spondyloarthritis  -8 (-32-16), 0.53  

ASDAS-CRP   12 (4-20), 0.004  

 Inactive disease  -  

 Low disease activity   -11 (-38-16), 0.41  

 High disease activity   -2 (-27-22), 0.86  

 Very high disease activity  32 (2-63), 0.038  

BASDAI, total score  3 (-1-6), 0.11  

BASDAI >4   (-10-25), 0.39  

log BASFI, total score  12 (0-25), 0.049  

BASMI, total score  2 (-1-6), 0.22  

log MASES, total score  -0.32 (-11.34-10.70), 0.95  

Peripheral spondylitis symptoms  15 (-2-32), 0.081  

Enthesitis  7 (-11-26), 0.43  

Extraarticular manifestations    

 Uveitis  -19 (-39-1), 0.058  

 Psoriasis  0.03 (-34-35), 0.99  

 Inflammatory bowel disease  -22 (-54-9), 0.16  
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Current NSAID  -4 (-21-13), 0.65  

Current prednisone  55 (24-86), 0.001  

DMARDs  0.55 (-19-19), 0.96  

Methotrexate  5 (-18-28), 0.68  

Sulfasalazine  -19 (-48-10), 0.20  

anti-TNF  -26 (-43- -9), 0.003  

otid ultrasound assessment      

cIMT, mm  12 (-61-86), 0.74  

Carotid plaque,    27 (9-45), 0.003  

coefficients are expressed without decimals except for those with a value <1.  

 body mass index; LDL: low-density lipoprotein;  HDL: high-density lipoprotein; CRP: C reactive protein.  

AS-CRP (Ankylosing Spondylitis Disease Activity Score) categories were defined as: disease activity < 1.3 inactivity;
3 to < 2.1 low disease activity; ≥ 2.1 to  < 3.5 high disease activity; ≥ 3.5 very high.

 

ID: Nonsteroidal anti-inflammatory drugs; DMARD: disease-modifying antirheumatic drug.  

: tumor necrosis factor; Obesity: BMI >30 kg/m2.   

FI: Bath Ankylosing Spondylitis Functional Index; BASMI Bath Ankylosing Spondylitis Metrology Index.  

DAI: Bath Ankylosing Spondylitis Disease Activity Index; MASES: Maastricht Ankylosing Spondylitis Enthesitis Score.  

ificant 'p' are depicted in bold.    
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Table 4. ASDAS-CRP score relation to lipid profile and PCSK9 serum levels      

 ASDAS-CRP

      Mediation analysis

 Pearson r, p  beta coef. (95% CI), p  Cholesterol Apo A1 PCSK9

Cholesterol, mg/dl 0.135 0.022  4 (0-8), 0.027  - 0.84 0.94

Triglycerides, mg/dl 0.104 0.080  0 (-8-7), 0.93     

HDL cholesterol, mg/dl 0.014 0.82  0 (-1-2), 0.42     

LDL cholesterol, mg/dl 0.121 0.041       

LDL:HDL cholesterol ratio 0.149 0.011       

Non-HDL cholesterol, mg/dl 0.141 0.017       

Lipoprotein (a), mg/dl 0.122 0.040  5 (-2-13), 0.17     

Apolipoprotein A1, mg/dl -0.020 0.74  -3 (-5- -0), 0.019  0.19 - 0.31

Apolipoprotein B, mg/dl 0.063 0.29  20 (-55-95), 0.60     

Apo B:Apo A ratio 0.080 0.18       

Atherogenic index 0.148 0.012       

PCSK9, ng/ml 0.170 0.004   10 (1-18), 0.023   0.57 0.97  -

HDL: high-density lipoprotein; LDL: low-density lipoprotein; PCSK9: Proprotein Convertase Subtilisin/Kexin Type 9

Beta coef. results are adjusted for age, sex, and all lipid profile molecules other than the one that is compared  
Because collinearity LDL cholesterol, LDL:HDL ratio, non-HDL cholesterol, apoB:apoA, and atherogenic index were excluded from the
multivariable analysis.

ASDAS-CRP is considered the independent variable in the regression analysis     
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