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Abstract

Ankylosing Spondylitis (AS) stands as a chronic inflammatory arthritis within the spondyloarthritis spectrum, notably
increasing cardiovascular (CV) risk and mortality through accelerated atherosclerosis compared to the non-affected popu-
lation. While evidence in some studies supports a higher cardiovascular morbidity in AS patients, results from other
studies reveal no significant disparities in atherosclerotic markers between AS individuals and healthy controls. This
discrepancy may arise from the complex interaction between traditional CV risk factors and AS inflammatory burden.
Endothelial dysfunction, a recognized antecedent of atherosclerosis prevalent among most individuals with AS, demon-
strates the synergistic impact of inflammation and conventional risk factors on endothelial injury, consequently hastening
the progression of atherosclerosis. Remarkably, endothelial dysfunction can precede vascular pathology in AS, suggesting
a unique relationship between inflammation, atherosclerosis, and vascular damage. The role of adhesion molecules in
the development of atherosclerosis, facilitating leukocyte adherence and migration into vascular walls, underscores the
predictive value of soluble intercellular adhesion molecule-1 (ICAM-1) and vascular cell adhesion molecule-1 (VCAM-1)
levels for cardiovascular events. Despite significant progress in comprehending the pathogenesis of AS and its associ-
ated cardiovascular implications, the interplay among inflammation, endothelial dysfunction, and atherosclerosis remains
partially elucidated. Investigations into the efficacy of therapeutic approaches involving angiotensin receptor blockers and
statins have demonstrated reduced cardiovascular risk in AS patients, underscoring the imperative for additional research
in this domain.
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Cardiovascular disease stands as a significant contributor to

morbidity and mortality within rheumatic conditions, nota-
bly diseases from the spectrum of chronic inflammatory
arthritis [1]. Much of the evidence base derives from stud-
ies conducted on rheumatoid arthritis, with diseases from
the spondyloarthritis (SpA) group being comparatively less
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heightened cardiovascular (CV) risk and the escalating car-
diovascular morbidity and mortality in this demographic is
continuously evolving [8].

Patients diagnosed with AS exhibit elevated standardized
mortality ratios (SMRs) compared to the general population
(1.6-1.9), with cardiovascular events often cited as a pre-
dominant contributing factor [9, 10]. In a meta-analysis of
12 longitudinal studies, Mathieu et al. uncovered a notewor-
thy increase in the risk of myocardial infarction (MI) among
AS patients compared with controls (RR=1.44; 95% CI
1.25 to 1.67). Moreover, the same study group conducted
a meta-analysis focusing on incidents of strokes, reveal-
ing a significant elevation in stroke occurrence among AS
patients compared with controls, with a risk ratio of 1.37
(95% CI 1.08 to 1.73) [11].

The increased cardiovascular morbidity observed in SpA
patients primarily stems from accelerated atherosclerosis
compared to the general population. [12, 13]. However, this
hypothesis remains controversial in certain studies, which
present no difference in outcomes in terms of established
markers of atherosclerosis in patients with SpA compared
with the healthy population [14, 15]. This discrepancy may
arise from the intricate interplay between the overexpression
of traditional risk factors in these patients and the inflam-
matory burden of the disease [16]. Efforts to understand
this phenomenon have largely focused on the endothelium,
which is thought to represent an initial step in the pathogen-
esis and maintenance of all stages of atherogenesis, from
plaque formation to plaque rupture and thrombogenesis [17,
18].

The endothelium is a layer of cells that line the inner
surfaces of blood vessels, serving as a key regulator in
maintaining vascular homeostasis through the modulation
of arterial tone, coagulation processes, and the prolifera-
tion of smooth muscle cells. The integrity of the endothe-
lium is essential for maintaining optimal cardiovascular
function. Conversely, endothelial dysfunction is mediated
by increased expression of pro-inflammatory cytokines,
increased oxidative stress, pro-thrombotic factors, abnormal
regulation of vascular tone and adhesion molecules. This
dysfunction signifies an early phase in the advancement
of vascular pathologies, potentially culminating in arterial
stiffening, subclinical atherosclerosis, and eventual onset of
arterial disease.

Endothelial dysfunction, quantifiable through noninva-
sive techniques, precedes manifestations of arterial disease
in AXSpA patients, often combined with traditional risk
factors. Increased prevalence of endothelial dysfunction in
AS has been demonstrated in several studies [19-21] along
with increased subclinical atherosclerosis [22]. Patients
with AS often exhibit endothelial dysfunction much ear-
lier in the course of the disease, before the manifestation of
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vascular pathology [23]. Emerging findings indicate a sub-
stantial link between AxSpA and endothelial dysfunction,
marked by irregular expression of adhesion molecules and
inflammatory mediators linking this inflammatory arthritis
to endothelial dysfunction, accelerated atherosclerosis and
cardiovascular complications. Understanding and address-
ing endothelial dysfunction in AS patients may offer new
avenues for therapeutic interventions aimed at mitigating
the heightened cardiovascular risk in this population [24],
which was done in a systematic review addressing patients
with rtheumatoid arthritis [25]. The current review aims to
explore the complex interplay between endothelial dysfunc-
tion, atherosclerosis, and AS, shedding light on potential
mechanisms and therapeutic targets for this population.

Methods
Search strategy

A thorough review of the literature was conducted until
February 2024 using Scopus and Web of Science databases.
The primary search strategy employed involved a combi-
nation of pertinent MeSH keywords and subject headings:
(“ankylosing spondylitis” OR “axial spondyloarthritis™)
AND (“ICAM-1” OR “VCAM-1” OR “PECAM-1” OR
“E-selectin” OR “P-selectin®*” OR “cadherins” OR “adhe-
sion molecules”). Additionally, various relevant keywords
were employed in different permutations to increase the
search strategy’s sensitivity. Moreover, the reference lists of
the chosen articles were scrutinized to ensure comprehen-
sive coverage and avoid overlooking any relevant studies.

Inclusion criteria and study selection

To be eligible for inclusion in the final review, studies had to
meet several predetermined criteria. First, the study design
needed to be either cross-sectional or randomized controlled
trial (RCT) that investigated adhesion molecules in patients
with AS as potential markers of inflammatory activity and
endothelial dysfunction. Second, the population studied had
to involve human subjects. Third, the intervention examined
was the levels of adhesion molecules in patients with anky-
losing spondylitis. Finally, the outcome of interest was the
evaluation of the relationship between adhesion molecules
as potential markers of endothelial dysfunction and subclin-
ical atherosclerosis in these patients. Only full-text articles
meeting these criteria were considered for inclusion.
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Data extraction

One reviewer (MM) assessed the titles and abstracts of all
identified records to determine their compliance with the pre-
determined inclusion criteria for the systematic review. Fol-
lowing the initial screening phase, the reviewer reassessed
the remaining articles based on pre-established inclusion
and exclusion criteria. In instances where essential details
were unclear, attempts were made to contact the authors of
the original papers to acquire additional information. The
following data were extracted from each report: authors’
names, publication year, study design, statistical methodol-
ogy, risk factors (including risk or odds ratios), study find-
ings (including relevant 95% confidence intervals), and the
number of cases and controls. Specifically, data pertaining
to the study of adhesion molecule levels and their associa-
tion with inflammatory activity, as well as endothelial dys-
function in patients with AS, were of interest.

Reporting method

In preparing the manuscript, we meticulously adhered to
the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines and implemented
the extensive search strategies recommended by Gaspa-
ryan et al. [26], ensuring thorough coverage across multiple
databases.

Results

The search strategy resulted in 298 records, with no extra
relevant articles found through manual bibliography checks.
After an initial screening of titles and abstracts, 82 duplicate
records were removed, and 149 studies were excluded based
on the predefined criteria. Data were then collected from
the remaining 19 studies. Ten of these were excluded due
to incorrect outcomes, unsuitable study designs, or lack of
p-values, leaving nine studies that met the inclusion crite-
ria for the final review (Fig. 1). Table 1 provides a detailed
overview of studies investigating adhesion molecules in
ankylosing spondylitis, noting the associations between
these molecules and disease severity.

Discussion
Atherosclerosis and adhesion molecules
Atherosclerosis is an inflammatory disease with a com-

plex pathogenesis characterized by different stages from
onset to progression [27, 28]. One of the early stages of

atherosclerosis involves the recruitment of inflammatory
cells from the bloodstream and their passage across the
endothelial barrier. This mechanism mainly relies on cell
adhesion molecules that are activated on endothelial cells
lining blood vessels and on circulating white blood cells
following various inflammatory signals [29-32]. Among
these molecules, selectins (in particular P, E and L) and their
respective binding partners (in particular P-selectin ligand)
play a major role in facilitating the initial rolling and attach-
ment of leukocytes along the vascular endothelium [30, 33].
Subsequently, intercellular adhesion molecules (ICAMs)
[34], vascular cell adhesion molecules (VCAM-1) and
some integrins promote robust adhesion of inflammatory
cells to the vascular endothelium, while platelet endothelial
cell adhesion molecule-1 (PECAM-1) promotes extravasa-
tion of cells from the bloodstream into the vascular wall and
adjacent tissues [35]. Although soluble forms of most cell
adhesion molecules, with the exception of integrins, have
been detected in blood, their exact origin remains incom-
pletely understood.

Clinical implications of adhesion molecules in
atherosclerosis

Numerous studies provide compelling evidence for the sig-
nificant involvement of adhesion molecules in the devel-
opment of atherosclerosis and plaque vulnerability. In
particular, the consistent expression of VCAM-1, ICAM-1,
and L-selectin has been observed in atherosclerotic plaques.
Furthermore, accumulating evidence from prospective
studies suggests a predictive association between elevated
circulating levels of soluble ICAM-1 (sICAM-1) in ini-
tially asymptomatic individuals and elevated sVCAM-1 in
individuals at high risk or with established coronary artery
disease [31, 36—40]. Increased expression and levels of sol-
uble serum adhesion molecules are associated with various
diseases such as cardiovascular, inflammatory, malignant,
psychiatric, autoimmune, etc. [41-44]. A number of stud-
ies are known involving the investigation of adhesion mol-
ecule levels as potential markers of atherosclerosis and risk
of future cardiovascular events [45-50]. The link between
chronic inflammation and the intersection of atherosclerosis
has long been established. In this direction, there are a large
number of studies studying this relationship in patients with
inflammatory joint diseases [51-55].

Adhesion molecules, endothelial dysfunction and
treatment response

Activation of the renin-angiotensin system (RAS) plays a

key role in cardiovascular pathophysiology. Immune cells
express various components of RAS, while lymphocytes
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Fig. 1 A PRISMA flowchart presenting the process of systematic search and selection of studies on adhesion molecules as potention marker for
inflammation, endothelial dysfunction and subclinical atherosclerosis. Abbreviations: WoS (Web of science)

and macrophages present angiotensin II (Ang II) recep-
tors on their surface [56]. Upon binding to the angiotensin
type 1 receptor (AT1R), Ang II initiates signaling pathways
that activate nuclear factor kappa B (NF-kB). This activa-
tion triggers the release of pro-inflammatory cytokines,
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chemokines, and cell adhesion molecules from endothe-
lial cells, promoting the migration of inflammatory cells
to injured tissue and sustaining inflammation. These cyto-
kines enter the systemic circulation, leading to oxygen radi-
cal formation, metabolic and lipid imbalances [57]. These
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Fig. 2 Simplified representation of the role of adhesion molecules
mediating leucocyte adhesion to the endothelium and endothelial
transmigration. Abbreviations: platelet endothelial cell adhesion mol-
ecule 1 (PECAM-1), vascular cell adhesion molecule 1 (VCAM-1,

factors collectively cause endothelial activation, resulting
in leukocyte extravasation, increased expression of adhe-
sion molecules (e.g., ICAM-1 and VCAM-1), oxygen radi-
cal generation, and impaired nitric oxide-mediated muscle
relaxation and vascular dilation [56].

In addition, numerous studies have highlighted the
significant immunomodulatory properties of angioten-
sin receptor blockers (ARBs), leading to lower systemic
cytokine levels and improved endothelial dysfunction in
individuals at increased cardiovascular risk. Garg et al.
found that AS patients treated with Olmesartan showed
significant improvement in flow-mediated dilation (FMD)
and decreased VCAM-1 levels after 24 weeks, but no sig-
nificant change in ICAM-1 levels [58]. Similarly, rosuvas-
tatin treatment significantly improved FMD and reduced
ICAM-1 levels in AS patients, though VCAM-1 levels did
not improve notably [59]. These findings suggest adhesion
molecules as independent markers of endothelial dysfunc-
tion in AS patients post-treatment. Additionally, a signifi-
cant correlation was found between FMD and inflammatory

Cadherins
JAMS
o B
PECAM-1

intercellular adhesion molecule 1 (ICAM-1), E-selectin (endothelial),
P-selectin (platelets), Integrin 04f1, junctional adhesion molecules
(JAM)

markers like CRP, IL-6, and ICAM-1 after rosuvastatin
treatment. This underscores rosuvastatin’s positive impact
on endothelial dysfunction through its anti-inflammatory
and immunomodulatory effects, irrespective of its choles-
terol-lowering properties [60-64]. The study establishes
adhesion molecules as crucial markers for assessing sub-
clinical atherosclerosis risk and progression in AS indi-
viduals. Given the link between adhesion molecules and
inflammation markers, controlling disease activity is pivotal
for reducing cardiovascular risk, aligning with European
Alliance of Associations for Rheumatology (EULAR) rec-
ommendations for managing cardiovascular risk in inflam-
matory arthritis [65].

Liu, R. et al. examined the relationship between ICAM-
1,2,3 levels and inflammatory activity [66]. They found
that plasma levels of ICAMs were significantly higher in
patients with ankylosing spondylitis compared to healthy
controls. Correlation analysis demonstrated associations
between ICAM-1 and ICAM-2 levels with the proinflam-
matory cytokines TNF-a and IL-6, as well as with CRP and
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Table 1 An overview of the included studies on adhesion molecules and ankylosing spondylitis. Abbreviations: vascular cell adhesion molecule 1
(VCAM-1), intercellular adhesion molecule 1 ICAM-1), sE-selectin (soluble E-selectin), sP-selectin (soluble P-selectin), SpA (spodyloarthritis),
RA (rheumatoid arthritis), ESR (erythrocyte sedimentation rate), CRP (C-reactive protein), IL-6 (interleukin 6), FMD (flow-mediated dilation),
TBARS (thiobarbituric acid reactive substances), VAS (visual analog sclae), TC (total cholesterol), HDL (high-density lipoprotein), LDL (low-
density lipoprotein) TG (triglyceride), TNF-alpha (tumor necrosis factor alpha), HLA (human leukocyte antigen), EPC (endothelial progenitor
cells)

First author year Design n° patients Follow-up Intervention Measured Results
outcome
N.Garg 2011 Randomized, 40 24 weeks  Olmesartan FMD, EPCs, In the olmesartan
Placebo- ICAM-1, group, there was a
controlled VCAM-1, notable enhance-
study BASDAI, ment in FMD

ASDAS, ESR, among the EPC
CRP, IL-6, population, along
TBARS with significant
improvements in
nitrite, VCAM-
1, and TBARS
levels compared
to the placebo
group. Olmesartan
administration
led to significant
reductions in
ASDAS, BASDAL,
BASF]I, ESR, CRP,
IL-6, TNF-a, and

SCORE compared
to the placebo
group.

N. Garg 2015 Randomized, 32 24 weeks  Rosuvastatin FMD, ICAM- FMD improved
Placebo- 1, VCAM-1, significantly.
controlled BASDALI, Levels of TNF-a,
study ASDAS, IL-6 and ICAM-1

ESR, CRP, decreased sig-

IL-6, IL-1 nificantly after

TNF-alpha treatment. Sig-
nificant negative
correlation was
observed between
FMD and IL-6,
ICAM-1, CRP after
treatment with

rosuvastatin.
R.Lui 2016 Case-control 120 - - ICAM-1,2,3 ICAM-I1 and
study (60-AS) BASDALI, ICAM-2 levels
(60-healthy controls) ASDAS, ESR, were significantly

CRP, IL-6, higher in AS

TNF-alpha patients than in
controls. TNF-a,
IL-6, ESR, and
CRP levels posi-
tively correlated
with ICAM-1
and ICAM-2, and
BASDALI, BASFI,
and ASDAS scores
positively corre-
lated with ICAM-2.
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Table 1 (continued)

First author year Design n° patients Follow-up Intervention Measured Results
outcome
Przepiera-Bedzak 2016 Observational 191 - - IL-18, fetuin- IL-18 levels
(81 AS, 76 PsA, 34 A, sICAM-1, were higher in
SAPHO) ET-1, IL-6, individuals with
IL-23, vascu- AS compared

F. Genre

H. Orum

2015 Observational

2012 Observational

30 AS

81
(59 AS) (22 healthy
controls)

24 weeks

Anti-TNF
therapy

lar endothelial
growth factor
(VEGF), and
epidermal
growth factor
(EGF), CRP

sE-selectin,
MCP-1 and
sVCAM-1,
CRP, LDL,
ESR, apelin

Platelet-mono-
cyte com-
plexes, basal
and ADP-
stimulated
P-selectin
sE-selectin,
and soluble
CD40L
(sCD40L)

to controls and
showed positive
correlations with
CRP, VEGF, TC.
Serum fetuin-A
levels were lower
in AS patients
compared to con-
trols and exhib-
ited a negative
correlation with
CRP. Additionally,
SICAM-1 levels
were positively
correlated with
CRP, ESR, and
IL-6 in AS. Serum
endothelin-1 levels
were lower in AS
patients compared
to controls.
sE-selectin
exhibited positive
correlations with
CRP, VCAM-

1, and apelin,
whereas sVCAM-1
demonstrated nega-
tive correlations
with BMI, diastolic
blood pressure,
and serum glu-
cose, while also
displaying positive
correlations with
VAS spinal pain
and apelin. After

a single infusion
of infliximab,
there were notable
decreases in
sE-selectin and
sVCAM-1 levels.
sE-selectin, a
marker of endothe-
lial activation and
damage, tended

to be lower in AS
patients. Anti-
TNF therapy did
not significantly
change platelet and
endothelial activa-
tion parameters in
these patients.
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Table 1 (continued)

First author year Design n° patients Follow-up Intervention Measured Results
outcome
D. Wendling 1998 Observational 65 (25 with SpA)(20- ESR, CRP, sICAM-1 levels
healthy controls)(20-RA) IL-6, TNF- were slightly
alpha, IgA, increased in SpA
ICAM-1 patients compared
to controls, with
high levels in 28%
of SpA patients
but none in RA or
control groups. In
SpA, sICAM-1
positively cor-
related with ESR,
CRP, and IL-6.
L. Sari 2010 Observational 82(44 with AS)(38 healthy Anti-TNF- ESR, CRP, No difference in
controls) alpha, HDL, TG, sICAM, sVCAM,
c¢sDMARD LDL, TC, sE-selectin,
sICAM, sP-selectin, and
sVCAM, sCD40L between
sE-selectin, AS patients and
sP-selectin controls.
and sCD40L,
X. Zhou 2015 Observational 145 (85 with AS)(60 healthy 5 years HLA-B27, The factors of
controls) ESR, SP- disease stage,

selectin, CRP  HLA-B27 status,
ESR, and CRP
were related to
the expression of

SP-selectin.

ESR. While ICAM-1 levels showed no significant associa-
tions with disease activity, ICAM-2 levels correlated posi-
tively with Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI), Bath Ankylosing Spondylitis Functional
Index (BASFI) and Ankylosing Spondylitis Disease Activ-
ity Score (ASDAS). Wendling et al. did a similar study to
assess SICAM-1 levels in patients with spondylarthritis and
correlate them with inflammatory markers. SICAM-1 lev-
els were assessed in SpA patients, healthy controls and RA
patients [67]. Although sICAM-1 levels were found to be
elevated in SpA patients, the increase was not significant.
However, 28% of SpA patients were found to have particu-
larly high levels above the defined cut-off (>400 ng/ml).
Correlations were found between sICAM-1 and inflam-
matory markers in SpA patients but not in RA patients.
This could imply that ICAM-1 correlating with markers of
inflammatory activity may indirectly provide information
about activity in the endothelium and thus the initiation of
the leukocyte adhesion process as part of the initiation of the
atherosclerosis process.

Another study examined how IL-8 and biomarkers of
endothelial dysfunction, like VCAM and ICAM, relate to
disease activity in AS patients who are not receiving bio-
logic treatments [68]. The findings revealed that VCAM
levels are elevated in patients with hypertension; however,

@ Springer

these elevated levels do not correlate with CRP levels or
BASDALI scores, which are other measures of disease activ-
ity. Furthermore, ICAM was positively associated with fac-
tors such as high blood pressure, dyslipidemia, smoking,
and history of coronary disease, but not with disease activ-
ity. VCAM-1 has been identified as a reliable marker of high
blood pressure, whereas ICAM-1 is indicative of diastolic
blood pressure, smoking, high blood pressure, dyslipidemia,
and history of coronary disease but is not associated with
specific assessments of AS disease activity [68].

Przepiera-Bedzak et al. examined inflammation in the
course of arthritis, as well as traditional risk factors for ath-
erosclerosis, along with cytokines and adhesion molecules
that influence endothelial activation and dysfunction [69].
They studied 3 groups with AS, PsA and SAPHO. In patients
with AS, serum sICAM-1 showed positive correlations with
CRP, ESR and age. Patients with CRP>5 mg/L had higher
serum SICAM-1 compared with those with CRP<5 mg/L.
These findings suggest that serum sICAM-1 may correlate
with disease activity in SpA and potentially influence endo-
thelial dysfunction.

Genre et al. investigated correlations between biomarkers
of endothelial cell activation and characteristics of patients
with AS, and the effect of anti-TNF-a therapy on these
biomarkers [70]. Serum levels of sE-selectin, Monocyte
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Chemoattractant Protein-1 (MCP-1), and sVCAM-1 were
measured in nondiabetic patients undergoing anti-TNF-a
therapy before and after infliximab infusion. It was found
that sE-selectin correlated positively with CRP and sVCAM-
1. The sVCAM-1 correlated negatively with BMI, diastolic
blood pressure and serum glucose, but positively correlated
with VAS (Visual Analogue Scale) spine pain. Furthermore,
an infliximab infusion significantly reduced sE-selectin and
sVCAM-1 levels. These findings highlight the link between
endothelial dysfunction, inflammation and metabolic syn-
drome in patients with AS, with evidence suggesting a
beneficial effect of anti-TNF-o blockade on endothelial
dysfunction by reducing biomarkers of endothelial cell acti-
vation. On the other hand, Orum et al. performed a study
evaluating platelet parameters and endothelial activation in
patients with AS on a background of anti-TNF therapy [71].
They found no significant changes in platelet and endothe-
lial activation parameters in patients with AS after anti-TNF
therapy. Soluble P-selectin (sP-selectin) serves as a plasma
marker of platelet activation; it is part of the selectins, which
are adhesion molecules. Zhou et al. set out to evaluate the
relationship between sP-selectin and clinicopathological
characteristics [72]. While ankylosing spondylitis is asso-
ciated with microvascular dysfunction such as atheroscle-
rosis, the specific relationship between sP-selectin and AS
remains unclear. The authors found a correlation between
sP-selectin levels and disease stage, HLA-B27, erythrocyte
sedimentation rate (ESR), and C-reactive protein.

Sari et al. compared three groups of ankylosing spondy-
litis (AS) patients: those receiving conventional treatment,
those on anti-TNF-o treatment, and a control group, to
assess soluble cell adhesion molecules (CAMs) and plate-
let activation markers [73]. They found no significant dif-
ferences in CAMs and platelet activation markers among
the groups. However, Pearson correlation analysis revealed
significant associations between several markers, including
sE-selectin, sP-selectin, sSCD40L, BASFI, and BASDALI
Notably, soluble P-selectin showed significant correlations
with sE-selectin, sCD40L, BASFI, and BASDALI, highlight-
ing the complex relationship between these markers and
disease activity in AS patients. These findings offer valuable
insights into AS pathophysiology and could guide future
research on targeted therapies to reduce cardiovascular risk
in AS patients.

Strengths and limitations

Our review underscores the key role of adhesion molecules
such as VCAM-1, ICAM-1, and selectins in the pathogen-
esis of atherosclerosis, particularly in the context of AS.
These molecules facilitate leukocyte adherence and migra-
tion into the vascular walls, contributing to the inflammatory

processes that accelerate atherosclerosis. This comprehen-
sive examination highlights the potential of adhesion mol-
ecules as predictive biomarkers for cardiovascular risk and
as therapeutic targets. The positive effects of interventions
such as angiotensin receptor blockers and statins on reduc-
ing endothelial dysfunction and cardiovascular risk in AS
patients further emphasize their importance.

This review highlights substantial limitations and gaps
in the current body of research. Despite their critical
importance, adhesion molecules are insufficiently
studied in the context of AS. Most existing studies suf-
fer from cross-sectional designs, small sample sizes,
and inconsistent methodologies, which undermine the
generalizability and reliability of their findings. Addi-
tionally, the reliance on correlational data hinders the
ability to determine causative relationships between
adhesion molecule levels and cardiovascular outcomes
in AS patients. This underrepresentation may stem
from the complex interaction between traditional car-
diovascular risk factors and the inflammatory burden
of AS, which can obscure the specific contributions
of adhesion molecules. Furthermore, research has
often prioritized well-known inflammatory markers
and traditional cardiovascular risk factors, potentially
overlooking the nuanced role of adhesion molecules.
Future studies should focus on longitudinal designs
with larger, more diverse cohorts to clarify the evolv-
ing role of adhesion molecules in the progression of
cardiovascular disease in AS patients.

Conclusion

In summary, the evidence surrounding the heightened
cardiovascular risk in patients with AxSpA continues to
evolve, with a consensus emerging regarding the associa-
tion between AS and increased cardiovascular morbidity
and mortality. This augmented risk primarily stems from
accelerated atherosclerosis compared to the general popula-
tion. However, controversy exists in certain studies where
outcomes related to established markers of atherosclerosis
do not differ significantly between AS patients and healthy
individuals. This discrepancy may be attributed to the intri-
cate interplay between the overexpression of traditional car-
diovascular risk factors in AS patients and the inflammatory
burden of the disease. Efforts to elucidate this phenomenon
have predominantly focused on endothelial dysfunction,
which is believed to represent an initial step in the patho-
genesis and maintenance of atherosclerosis. Studies have
consistently shown an increased prevalence of endothelial
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dysfunction and subclinical atherosclerosis in AS patients,
often preceding the manifestation of vascular pathology.
The relationship between inflammation, atherosclerosis,
vascular injury, and AS remains multifactorial and not yet
fully understood.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s00296-
024-05693-3.
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