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ABSTRACT

Cerebrovascular events are linked to ankylosing spondylitis. Accelerated atherosclerosis and endothelial dys-
function against a backdrop of inflammation have been widely blamed for the increased cerebrovascular
risk in ankylosing spondylitis. The absence of a comprehensive review encouraged us to consider the link
between ankylosing spondylitis and cerebrovascular diseases.

Web of Science, PubMed, Medline, Scopus, and EMBASE were searched to identify studies published from
2000 to June 10, 2023. All observational and cohort studies reporting myocardial infarction or stroke and
considering classic cerebrovascular risk in ankylosing spondylitis patients and healthy controls were included.
Most of the included studies reported that the risk of cerebrovascular disorders was greater in ankylosing
spondylitis than in the general population. Also, most studies showed that for both sexes, the prevalence of
cardiovascular illnesses rose with age, and this trend was consistent across all subgroups of cardiovascular
disorders. Also, most studies reported that the rate of cerebrovascular accidents in ankylosing spondylitis
patients was higher than in control groups. Some studies reported that the risk of developing an ischemic
stroke was higher in young patients with ankylosing spondylitis, while others did not.

Our systematic analysis found that most studies agreed that ankylosing spondylitis patients had a higher risk
of cerebrovascular diseases than the general population. Still, this increased risk was influenced by several
factors that need further research exploration.

Keywords: Ankylosing spondylitis, cerebrovascular disorders, risk factors, myocardial infarction

Introduction

Cardiovascular diseases (CVD) include a wide range of diseases related to blood vessels and
heart."? Cardiovascular diseases kill many patients in the world.> Cardiovascular illnesses kill more
than 60 million years of life in European countries yearly, including early deaths in those under
70, and men have greater age-standardized rates of morbidity and mortality from CVD than
women, especially in those under 70.* Cardiovascular diseases in recent years have been increas-
ing” It is well known that people with inflammatory rheumatic sicknesses have a higher chance
of rising CVD*

A lot of research showed that chronic systemic infllmmation makes atherosclerosis more likely
to happen and makes people more likely to get blood clots by interfering with normal blood
clotting and causing a state of coagulation dysfunction.” In this situation, inflammatory diseases
like rheumatoid arthritis (RA) and ankylosing spondylitis (AS) have been connected to cerebral
events.® Augmented cardiovascular risk in AS has been connected to inflammation and its effects
on atherosclerosis and endothelial function.” Hypertension”'® and metabolic syndrome'"'? as 2
cerebrovascular event (CVE) risk factors have a high prevalence in AS.

The 3E Initiative in Rheumatology states that AS is present if many of the following characteris-
tics are present, in addition to persistent back pain of at least 3 months’ duration: sacroiliitis/sp
ondylitis by imaging, alternating buttock pain, response to non-steroidal anti-inflammatory drugs
(NSAIDs), inflammatory back pain, symptom onset before age 45, presence of confirmed acute
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anterior uveitis, presence of peripheral disease
manifestations (arthritis, dactylitis, or enthesitis),
presence of HLA-B27 positivity, and positive
family history of disease."'*

Nonsteroidal anti-inflammatory drugs are sug-
gested as the first treatment.”*'® In contrast
to their usage in other kinds of inflamma-
tory arthritis, when they are taken just during
flares, NSAIDs are commonly used long-term
and continuously in AS. Furthermore, it is well
recognized that various forms of NSAIDs have
a varying risk of CVE."”'® Cox-2 inhibition is
responsible for the anti-inflammatory and anal-
gesic benefits of NSAIDs, but it also increases
hypertension and platelet activation in response
to thromboxane, creating a net prothrombotic
impact. It has been demonstrated via research
on RA that TNFi is linked to a lower chance of
CVE risk, most likely as a result of a less inflam-
matory load."”

Evidence in axial spondyloarthritis (SpA) patients
is largely restricted to individuals with radio-
graphic disease symptoms, ie., AS, also known
as radiographic axial spondyloarthritis (r-axSpA).
Psoriatic arthritis (PsA) is also a source of proof
in peripheral SpA cases.”’

[t is well-established that RA patients have a
greater risk of cardiovascular death compared
to the general population?' but statistics for
PsA are less clear. Nonetheless, an analysis con-
ducted by Jamnitski et al?? reported higher rates
of hypertension prevalence in patients with AS
compared to those without AS. In the face of
this, there was no rise in the occurrence of cere-
brovascular disease/stroke in patients with AS
compared to people without AS.?* A higher risk
of ischemic heart disease has also been linked to
AS, according to studies conducted previously."

Although the findings of these studies are
crucial, the authors’ attention was primarily
directed toward the diagnosis of AS, and little
is recognized around the connection between
AS and cerebrovascular disorders. Since no

* In total, this review found that most studies
agreed that ankylosing spondylitis patients had a
higher risk of cerebrovascular diseases than the
general population.

*  Most studies showed that for both sexes, the
prevalence of cardiovascular illnesses rose with
age, and this trend was consistent across all sub-
groups of cardiovascular disorders.

* Most studies reported that the rate of cere-
brovascular accidents in ankylosing spondylitis
patients was higher than in control groups.

recent systematic review has addressed this gap
in knowledge, it encouraged us to consider the
link between AS and cerebrovascular.

Material and Methods

Search Strategy

PubMed, and EMBASE was explored to recog-
nize studies published from 2000 to June 10,
2023. All observational studies monitoring Ml
or stroke and all cohort studies seeing classic
(blood glucose, blood pressure, lipid summary,
metabolic syndrome, and body mass index
(BMI)), and newer CV risk factors in AS people
and healthy people were involved.

Eligibility Criteria

Inclusion Criteria

The studies published in English up to December
2022, case—control and observational studies
reported the population of AS patients agreeing
to the reliable standards,* data containing the
number of Mls or strokes, or the CV risk factor
profile included.

Exclusion Criteria

The article that we did not include in our study
were case reports, commentary or discussion,
and studies comprising &gt;5 patients, no AS
patients, no information around CV risk fac-
tors or CV illnesses, no full text, no visible data
(no standard deviation (SD) or no interquartile
range)

Risk of Bias

To avoid reporting and database bias in sys-
tematic reviews, we also evaluated unpublished
reports and materials through manual search.
Due to limiting the search of this study to a
database such as Medline, the language bias
has also been removed. In order to remove
the multiple publication bias in this study, after
detailed investigations, only 2 studies were
found that examined the same population. Due
to the different reporting of the results in them
(Park et al® stated the results in the field of Ml
and Lee et al*® in the field of CVA), both stud-
ies remained in the final evaluation. In order to
carry out this study, the review of the sources
included in related articles was not accepted, so
citation bias will not have a place in this study.
Considering that in some of the reviewed arti-
cles, the reports were limited to only one aspect
and the researchers only reported outcomes
with significant results, there was a possibility
of outcome reporting bias in this study. A case
that is less studied will be safe from having this
bias. In this study, a manual search was also done,
so the researchers chose the existence of gray

literature bias at the cost of eliminating the lan-
guage bias. Regarding time lag bias and media
attention bias, these 2 biases are not evaluated
in this review.

Quality Assessment of Studies

As shown in Supplementary |, based on the
Critical Appraisal Tool for Systematic Reviews
(CASP) checklist,”” we assessed the quality
of the reports included. The questions in this
checklist are specific for each type of study
method; questions | and 2 help to quickly
determine the quality of the study. If the first
2 questions are positive, the other questions
are also checked. There are 3 options for each
question. There is that “YES,” “NO," or “can't
say” was recorded depending on the opinion of
each of the authors. At the end the responsible
author gave the final opinion about each ques-
tion after discussing it with the author for each
question.

Synthesis of Results

Stroke incidence rates in our study are the
number of strokes as a function of a follow-
up period, and stroke rate ratios as the ratio
of stroke incidence rate in the observed group
(e.g, AS) over in the normal people.

Some studies did not provide the number of
patient years observed for the control group
and the number of strokes, but instead only pro-
vided the rate ratio together with a confidence
interval (Cl). As per the Cochrane Handbook,”
Cl can be converted to the natural logarithms
of rate ratios and standard errors may be com-
bined across studies using the generic inverse
variance method. We used this method to com-
bine stroke risk for the age category pooled
analysis and for stroke.

Results

Figure | shows the studies that were finally
retrieved and identified by the literature
search. Of 6048 studies, |9 qualified studies
were included after evaluations, and 2 via hand
searching, for a total of 122036 AS patients and
2818985 controls.

Features of Studies

Of 21 publications, | was an observational
study and 20 were cohort studies. Seventeen
searches considered the prevalence of Ml, and
|4 studies judged stroke in AS patients. Ten of
those considered both Ml and stroke. Sixteen
studies discussed covariates (diabetes, hyper-
tension, hyperlipidemia, hypercholesterolemia,
etc.) and presented data regarding the CV risk
factors.
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Figure |. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for studies

selection.

Cardiovascular Events

Myocardial Infarction

Of 16 studies, 6402 (n=122036) Mls were
described. As presented in Table I, 15 showed
the Mls in the control groups (64588 in
2818 985). Szabo et al”’ reported a high num-
ber of Ml among the general population (GP)
and AS patients; 19113 in GP vs. 4127 Ml in
AS patients, in CV Definition |, and in CV
Definition 2; 8111 in GP vs. 2748 in AS. Their
study was based on 2 definitions of cerebro-
vascular disease (when using CV Definition
I, the diagnosis of cardiovascular or cerebro-
vascular disease must be made using at least
| applicable International Classification of
Diseases, Ninth Revision (ICD-9) diagnostic
code during the time period in question. When
using CV Definition 2, the diagnosis must be
made using at least 2 such codes). Most of the
included studies showed that the prevalence
of CVDs increased with increasing age for all
CVD subgroups, and was similar for individu-
als of both sexes, but Essers et al*® expressed
that in women, the risk of developing IHD
was increased (hazard ratio (HR) 1.88, 95%
Cl 1.22-2.90), while the incidence rates were
overall lower for women than men in the study
conducted by Bengtsson et al®' Although, in a

study conducted by Walsh et al*> men have an
increased risk of developing CVD compared to
women, in contrast, Brophy et al*® indicated that
there was no rise in Ml in AS group compared
to those without AS, in spite of the upper rate
of hypertension.

Cerebrovascular Accident

In 14 studies (n=12,853 patients), strokes
were reported in AS patients. Twelve stud-
ies reported 44021 strokes in control groups
(Table 2). Except for Chou et al,** other stud-
ies stated that the rate of CVA in AS patients
was greater than control groups. In researches
directed by Zdller et al** and Derakhshan et al*
they only reported the incidence of CVA in AS
patients and did not report it in control groups.
In a study conducted by Zdller et al?* 3477
patients (2416 men and 1061 women) had
CVA, they concluded that admission to hospital,
for many IMDs was related to increased risk of
stroke. Also, Brophy et al. concluded that there
was no increase in CVA rate in patients with AS
compared to those without AS (40 in AS vs.
20215 in control group). Similar to Essers et
al*® Bengtsson et al*' Dong Hyun et al,® Walsh
et al*? Trdmmer et al*¢ and Exarchou et al'®
reported the same.

In a study conducted by Lin et al,*’ the crude HR
of ischemic stroke for AS group was 1.98 (95%
Cl, 120-3.29; P=.0079); age and sex were not
included in the multiple regression analysis and
of the 21 AS patients who developed stroke,
|5 (71.4%) were male. The mean age of these
21 AS patients was 38.0 years (SD=6.9), elder
than that (3 1.3 years, SD=7.6) of the remaining
4541 AS patients who did not develop stroke
(P = .0001); they reported that the risk of
developing ischemic stroke was higher in young
patients with AS. Eriksson et al*® stated that
there are 65 CVA in AS group vs. 148 CVA in
the control group, also for stroke, the relative
risks were 1.5 (1.1 to 2.0) in AS compared to
the control group.

Comparison of Hazard Ratio or Risk Ratio
(95% Confidence Interval) for Myocardial
Infarction

Based on data reported in Table 3, 6 studies
reported HR or risk ratio (RR) (95% Cl) for
Ml The lowest HR was reported by Essers
et al (HR: 0.90 (0.64-1.26) that adjusted to 0.76
(0.53-1.09). Other studies that reported HR for
Ml with 95% CI had similar values to the men-
tioned number. It should be noted that in the
studies conducted by Szabo et al”’ values of
standardized prevalence ratios (95% confidence
intervals) were listed instead of HR and RR (1.25
(1.15-1.35). Additionally, Eriksson et al reported
RR for MI,RR: .42 (1.08-1.86), adjusted RR: 1.3
(1.0-1.7).

Comparison of Hazard Ratio or Risk Ratio or
Odds Ratio (95% CI) for Cerebrovascular
Accidents

As presented in Table 3, in | | studies, authors
reported HR or RR (95% CI) for CVA. The
lowest HR was reported by Bengtsson et al,
HR: 0.76 (0.64-0.89) that adjusted to 1.25
(1.06-1.48). Others reported HR for Ml with
95% Cl had similar values to the mentioned
number, except for Keller et al, who reported
a different and higher value than the others
[23 (1.9-2.8)]. It should be noted that in
Zoller et al's study, values of standardized inci-
dence ratio were reported instead of HR and
RR (1.23 (1.01 - 1.48). It is noteworthy that
Szabo et al” reported OR in their study based
on the age groups of the considered patients;
in <50 years 1.45 (0.7-3.2),in 50-65 years |.17
(0.91-1.50), and 65 years <I.12 (0.95-1.33).
Hung et al also reported their results based
on the follow-up periods of the patients; HR:
[.19 (0.89-1.58) and adjusted HR: .26 (0.94-
|.68), in 3-year f/u HR: I.16 (0.95-1.41) and
adjusted HR: [.14 (0.93-1.40), and 5-year f/u
HR: 1.24 (1.05-1.46) and adjusted HR: 1.20
(1.02-1.42).
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Table . Prevalence of Myocardial Infarction in Studies Included in the Present Review

First Author (y) Publication Year Number of Ml Control Number of Ml Patient References
Szabo et al 2011 CV Definition | CV Definition 2 CV Definition | CV Definition 2 2

9113 8l 4127 2748

Bremander et al 2011 20 33 “0
Zoller et al 2012 - - 3
Brophy et al 2012 14783 40 =
Keller et al 2013 517 171 52
Huang et al 2013 253 70 4
Chouetal 2013 221 584 3

Lin et al 2014 171 61 7
Ahmed et al 2016 36 10 2
Eriksson et al 2016 412 164 8
Essers et al 2016 354 69 30
Exarchou et al 2016 1488 556 10
Buschiazzo et al 2016 - 5 #
Hung et al 2016 - - 53
Bengtsson et al 2017 8714 256 3
Dong Hyun et al 2018 250 - %
Park et al 2018 157 62 »

Lee etal 2018 - - 5
Walsh et al 2018 177 84 32
Derakhshan et al 2019 - 102 *
Trommer et al 2021 - - 3
CV Definition |, primary definition, requiring that the diagnosis of the cardiovascular or cerebrovascular disease be made according to at least | relevant International Classification of
Diseases, Ninth Revision (ICD-9) diagnostic code during the time period; CV Definition 2, secondary definition, requiring that the diagnosis of the cardiovascular or cerebrovascular disease
be made according to at least 2 relevant ICD-9 diagnostic codes during the time period.

Discussion
Cardiovascular disease is the key reason for
mortality in many industrialized nations

Inflammatory rheumatic disorders are known to
enhance CVD burden and risk® As the report

of previous studies in recent years showed
this fact, but Bremander et al* Zoller et al**
Buschiazzo et al,* and Ahmed et al*? did not
report it. First, these studies were mostly con-
ducted before 2012, and until then the effective

Table 2. Prevalence of Cerebrovascular Accident in Studies Included in the Present Review
Study Publication Year Number of CVA Patient ~ Number of CVA Control
Szabo et al 2011 1439 7554
Zoller et al 2012 3477 -
Brophy et al 2012 40 20215
Keller et al 2012 30741 52/9
Chou et al 2013 2514 895
Lin etal 2014 21 53
Eriksson et al 2016 65 148
Essers et al 2016 44 317
Exarchou et al 2016 263 796
Bengtsson et al 2017 201 8954
Dong Hyun et al 2018 73 250
Walsh et al 2018 110 260
Derakhshan et al 2019 50 -
Trommer et al 2021 4526 4526
CVA, cerebrovascular accident.

role of these factors in the mortality of patients
with AS had not been proven. Since AS itself
is chronic,” all included studies have taken into
account the necessity of conducting surveys
over a prolonged period of time to accurately
consider the effects on the mortality rate and
the risk of Ml .and CVA.

Regarding the relationship between AS and
the chance of MI, the RR or HR were analyzed
in the studies we included. The data obtained
from this study showed that the occurrence of
Ml in patients with AS increased compared to
the control group, and this rate is at least .25
times.”? However, contrary to this fact, a study
conducted by Essers et al’® reported this rate
as HR: 0.90 (0.64-1.26), which they considered
covariates such as adjusted for gender, age, CVD,
renal failure, hypertension, BMI, alcohol use,
smoking history, NSAIDs, antiplatelet, antihy-
pertensive, antidiabetics, statin use, in the analy-
sis with the multivariate Cox model method and
adjusted hazard ratio expression, this rate was
reported as adjusted HR: 0.76 (0.53-1.09) for
Ml In their study, a large and statistically valid
sample was used, but in contrast to prior stud-
ies which included both prevalent and incident
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patients, they only included those who had
recently been diagnosed with AS. Misdiagnosis is
a further problem due to the study's wide defi-
nition of IHD which included various ischemic
heart diseases and symptoms, including angina
pectoris. Since many different medical issues
may result in chest discomfort* so, it's conceiv-
able to misdiagnose it. This should be noted,
researchers looked at acute myocardial infarc-
tion as a more “reliable” marker for IHD, since
it is identified with electrocardiogram and blood
abnormalities. Also, Essers et al*® did not note
the way to minimize of possible bias that may
have happened every study.

Szabo et al” reported a high number of Ml
among the GP and AS patients. However,
Essers et al found that the occurrence of car-
diovascular disorders did not increase with age
for any subset of CVDs or between sexes,*
and expressed that in female patients, the risk
of growing IHD was augmented (HR 1.88,
95%Cl, 1.22-2.90), while the incidence rate was
overall lower for women than men in a study
carried out by Bengtsson et al*' Although, in a
study conducted by Walsh et al*? the risk of
developing CVDs was higher in men compared
to women.

Despite a higher prevalence of hypertension in
patients with AS compared to those without AS,
a finding that Brophy et al® attribute to the use
of NSAIDs, the risk of Ml was not increased in
the former group.

Young patients with a fresh diagnosis of AS have
an increased chance of acquiring IHD, as shown
by Huang et al®® On the contrary, despite a
historically high incidence rate of M, this rate
has reduced in recent years, as a trend seen by
Eriksson et al*® and Szabo et al® showed that
the point estimates were the uppermost in the
earliest age. Although the incidence rate of Ml
was high in the past years, this rate declined
from 2018 onward, but in a study conducted
by Derakhshan et al®*® from Iran, this rate was
still high.

There is the same thing to investigate the rela-
tionship of CVA in AS patients, with the differ-
ence that Bengtsson et al’' considered other
covariates, and they reported hazard ratio (HR)
from 0.76 to 1.25. They also surveyed only
patients diagnosed with incidental AS, although
they covered a larger percentage of patients
based on age groups (18-99 years); but for judg-
ing the reliability of their results, conducting a
similar study in AS patients with the same age
group in diagnostic subgroups (prevalent, inci-
dental, etc.) is needed.

According to research conducted by Zdller et
al,** they determined that there was an elevated
risk of ischemic or hemorrhagic stroke among
those who had been hospitalized for sev-
eral IMDs. Also, Brophy et al”® concluded that
there was no increase in CVA in patients with
AS compared to those without AS. Similar to
Essers et al*® Bengtsson et al’' Dong Hyun et
al** Walsh et al > Trommer et al,* and Exarchou
et al'® reported the same. In a study conducted
by Lin et al*” of the 21 AS patients who had a
stroke, 15 (71.4%) were men; however, neither
sex nor age were included. They finally con-
cluded that the risk of developing a stroke was
higher in young patients with AS. Eriksson et al*®
showed that the relative risks were 1.5 (.1
to 2.0) for stroke in AS related to the control
group. Generally, there was not enough data to
support the idea that sex and age are effective
in the frequency of CVA.

In the context of investigating the mortality of
CVDs in rheumatological diseases; despite the
fact that it is clear that RA patients have a higher
CV mortality rate than the overall population,?'
but the data for PsA are inconsistent where in
2013, Jamnitski et al** performed a comprehen-
sive study and found that patients with PsA had
a higher death rate. Two studies included®*” in
our review revealed an increased standardized
mortality ratio (SMR) of 1.4-1.6 for all mortal-
ity cases. On the contrary, a comprehensive
perspective PsA cohort study carried out by
Buckley et al' from the UK did not find a sig-
nificant mortality increase [SMR 0.81 (95% Cl
0.57-1.12)], although they reported that CV
accounted for 38% of deaths,” but what arose
from the studies reviewed in this systematic
review was that the comparison of mortality in
patients with AS still requires more studies in
this field, afthough the 2 studies'®*" which did
this comparison definitely showed that the mor-
tality rate is high in patients with AS.

Compared to age-matched healthy controls,*
individuals with AS have been shown to be
more likely to be smokers and have a higher
BMI. C-reactive protein, interleukin 6, and
fibrinogen levels were all considerably higher in
these individuals after controlling for smoking
and body mass index.*® Although there was an
increased incidence of conditions such hyper-
tension, dyslipidemia, diabetes, obesity, and
metabolic syndrome, these conditions alone
cannot fully explain the higher risk shown in
this cohort. Several noninvasive methods may
be used to assess the extent to which chronic,
systemic inflammation has contributed to the
development of accelerated atherosclerosis
(41). More studies are required to determine

the impact of anti-inflammatory medication,
particularly NSAIDs and biologics like TNFi,
on the prevalence of CVD. Because risk fac-
tors are still underdiagnosed and undertreated,
it is imperative that recommendations for care
begin by emphasizing the elevated CV risk in AS
and PsA. Then we can determine how to pre-
vent these risk factors in the best possible way
in such individuals.*'

But, in the current studies, covariates such as
diabetes, hypertension, hyperlipidemia, and
hypercholesterolemia were considered, but the
smoking status or paraclinical indicators were
not evaluated. Considering the above, it is better
to investigate the contradictory effect of covari-
ates on the chance of Ml and CVA in a study
with a longer period and evaluate these covari-
ates one by one to determine the reason for this
discrepancy in the studies.

The main limitations of our review are: we only
considered studies that were published in the
English language, and the data may be contra-
dictory to what is in reality. Also, in some cases,
we encountered studies that required payment
for downloading which we could not access due
to our socioeconomic situation, although the
authors of the studies were contacted in various
ways (e-mail, ResearchGate, etc.), but we did not
receive a response. Of course, it is necessary to
state that first of its kind, the current research,
we considered the correlation between Ml and
CVA in patients with AS.

Most studies included in the current review
show that people with AS have a higher risk
of cerebrovascular disorders than people in
the general population. Nonetheless, this risk
is influenced by diverse sources like smoking
or non-clinical indicators, which need further
investigation.

Limitations

We only included the articles that we found
online in the aforementioned databases, and we
were not aware of unpublished studies and that
only articles that were published in English were
enrolled in this review.
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