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Risk of coronary artery disease in patients with ankylosing
spondylitis: a systematic review and meta-analysis
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Objective: To investigate the association between coronary artery disease (CAD) and ankylosing spondylitis (AS).

Methods: We conducted a systematic review and meta-analysis of observational studies that reported relative

risks, hazard ratios, standardized prevalence ratio or standardized incidence ratios with 95% confidence comparing

CAD risk in patients with AS versus non-AS controls. Pooled risk ratios and 95% confidence intervals (CIs) were

calculated using a random-effect, generic inverse variance of DerSimonian and Laird.

Results: Out of 229 potentially relevant articles, ten studies (five retrospective cohort studies and five cross-

sectional studies) were identified and included in our data analysis. The overall pooled risk ratio of CAD in patients
with AS was 1.41 (95% CI: 1.29-1.54). The pooled risk ratios for cross-sectional and cohort studies were 2.08 (95%
CI: 1.28-3.40) and 1.36 (95% CI: 1.31-1.41), respectively. The statistical heterogeneity of this meta-analysis was

moderate with an I? of 56%.

Conclusions: Our study demonstrated a statistically significant increased CAD risk among patients with AS with

41% excess risk.
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Introduction

Chronic inflammation is increasingly recognized as a non-
traditional risk factor for coronary artery disease (CAD) as its
association with accelerated atherosclerosis is well-established
(1,2). Several studies have illustrated the deleterious effect of
oxidative stress and inflammatory cytokines on endothelial
function (3-6). Chronic inflammation has also been
demonstrated to promote a hypercoagulable state as a result
of excessive activation of the coagulation cascade as well as
chronic inhibition of the anti-coagulation and fibrinolytic
pathway (7,8). These factors may well serve as the elemental
pathophysiology for the development of premature CAD.
Moreover, an increased incidence of CAD has been observed
in several autoimmune inflammatory disorders, such as
rheumatoid arthritis, idiopathic inflammatory myositis,
systemic sclerosis, primary biliary cirrhosis and systemic
vasculitides (9-13).
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Ankylosing spondylitis (AS), a form of seronegative
spondyloarthritis (SpA), is a chronic systemic arthritis that
primarily affects the sacroiliac joint and the axial skeleton.
Characteristic clinical manifestation includes back pain
and progressive stiffness of the spine though it can also
involve the hips, shoulders and peripheral joints. Extra-
articular manifestations, including uveitis, may also be seen
in patients with AS and other forms of SpA. AS is typically
a disease of young males, with a peak age of onset between
20 and 30 years and a male-to-female ratio of about 3 to 1,
although there can be considerable geographical and ethnic
variation (14,15).

In light of chronic inflammation, patients with AS may
be at an increased risk of developing premature CAD.
However, the data on CAD risk in these patients remain
inconclusive owing to conflicting epidemiological studies.
Thus, to further investigate this association, we conducted a
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systematic review and meta-analysis of observational studies
that compared the risk of CAD in patients with AS versus
non-AS controls.

Methods
Search strategy

Two investigators (P.U. and L.S.) independently searched
published studies indexed in MEDLINE and EMBASE
database from inception to July 2014 as well as the
American College of Rheumatology annual conference
abstract database from 2006-2013, using the search strategy
described in Supplementary material. A manual search of
references of selected retrieved articles was also performed.

Inclusion criteria

The inclusion criteria were as follows: (I) epidemiological
study (cross-sectional, case-control or cohort study)
published as original study or conference abstract reporting
CAD incidence or prevalence in patients with AS; (II) relative
risk (RR), odds ratio (OR), hazard ratio (HR), standardized
incidence ratio (SIR) or standardized prevalence ratio (SPR)
with 95% confidence intervals (Cls) were provided; (III) non-
AS participants and were used as a reference group for cohort
study and cross-sectional study while participants without
CAD were used for case-control study.

Study eligibility was independently appraised by each
investigator noted above. Differing decisions were resolved
by consensus with the senior investigator. Quality of the
included cohort and case-control studies was independently
evaluated by the two investigators using the Newcastle-
Ottawa quality assessment scale which assessed each study in
three areas including: (I) the selection of the study groups;
(II) the comparability of the groups; (III) the ascertainment
of the exposure or outcome of interest for case-control or
cohort studies respectively (16). Adapted Newcastle-Ottawa
quality assessment was used to appraise the quality of cross-
sectional studies (17).

Data extraction

A standardized data collection form was used to extract the
following information: title of the article, first author’ last
name, authors’ affiliation, publication year, country where the
study was conducted, year of publication, study size, study
population, criteria used for the diagnosis of AS, definition
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and diagnosis of CAD, average duration of follow up, number
of cases, number of controls, percentage of female and
adjusted effect estimates with 95% CI. This data extraction
was independently performed by the two investigators.

Statistical analysis

Data analysis was performed using Review Manager 5.3
software from the Cochrane Collaboration. Adjusted point
estimates and standard errors were extracted from individual
studies and were combined by the generic inverse variance
method of DerSimonian and Laird (18). We used a random-
effect model rather than a fixed-effect model in light of the
high likelihood of between study variance. The statistical
heterogeneity was assessed by Cochran’s Q test. This test
was complemented with the I’ statistic, which quantifies
the proportion of total variation across studies that is due
to heterogeneity rather than chance. A value of I of 0% to
25% indicates insignificant heterogeneity, 26% to 50% low
heterogeneity, 51% to 75% moderate heterogeneity, and
76% to 100% high heterogeneity (19).

Results

Our search strategy yielded 229 potentially relevant studies.
Two hundred and two studies were excluded based on
abstract screening as they were clearly not cohort, case-
control or cross-sectional studies or were not conducted in
patients with AS, leaving 27 studies for full-length article
review. Sixteen of them were excluded since they were
descriptive studies without a control group and one study
was excluded because they reported only the overall risk
for cardiovascular disease (which included both CAD and
cerebrovascular disease) but did not have a separate report
on CAD (20). Ten studies [five retrospective cohort studies
and five cross-sectional studies (21-30)] with 25,795 patients
with AS met our eligibility criteria and were included in the
meta-analysis. Figure I outlines our search methodology
and literature review process. The detailed description and
Newecastle-Ottawa quality assessment scale of the included
studies are provided in 7ables I and 2.

Our meta-analysis demonstrated a statistically significant
increased CAD risk among patients with AS with a pooled
risk ratio of 1.41 (95% CI: 1.29-1.54). Subgroup analysis
revealed a statistically significant increased CAD risk for
both types of study with pooled risk ratios of 1.36 (95%
CI: 1.31-1.41) and 2.08 (95% CI: 1.28-3.40) for cohort and
cross-sectional studies, respectively. The overall statistical
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Potentially relevant articles identified from search of
MEDLINE, EMBASE and the ACR annual conference

database and screened for retrieval (n=229).

\

Detailed review of potentially relevant articles.

202 articles were excluded since they

\

\ /

were not observational study or were not
conducted in patients with AS.

27 potentially relevant articles included for full-length

article review.

16 articles were excluded since they were
descriptive study.

1 article was excluded as they reported

\

10 articles were included in the meta-analysis.

\

only the overall risk for cardiovascular
disease (which included both coronary
artery disease and cerebrovascluar
disease) but did not have a separate report
on coronary artery disease.

Figure 1 Outline of our search methodology. AS, ankylosing spondylitis.

heterogeneity was moderate with an I* of 56%. Most of the
statistical heterogeneity came from cross-sectional studies
as their I was 78% while cohort studies had an I’ of 0%.

Figure 2 demonstrates the forest plots of our findings.

Sensitivity analysis

To confirm the robustness of our results, we performed
jackknife sensitivity analysis by excluding one single study at
a time (31). The results of this sensitivity analysis suggested
that our results were robust as the pooled risk ratios
remained significantly elevated, ranging from 1.37 to 1.48,
with the corresponding 95% CI bounds remained more
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than one.

We also performed a sensitivity analysis by excluding the
studies with lower quality. We excluded the study by Berg
et al. (24) and Kumar ez al. (25) as their Newcastle-Ottawa
scores were only five and four, respectively. The study by
Peters et al. (23) was also excluded as the authors included
only older patients (>50 years old) and, thus, a possibility of
selection bias. The pooled effect was slightly reduced after
the exclusion of these studies with a pooled risk ratio of 1.36
(95% CI: 1.31-1.41). Interestingly, the I was dramatically
reduced to 0% with this sensitivity analysis, suggesting
that these lower quality studies were the main source of
statistical heterogeneity.
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Study or Subgroup  log[Risk Ratio]

SE Weight IV, Random, 95% Cl Year

Cross-sectional

Sukenik et al. 0.33647224 0.5434219 0.7%
Han et al. 0.26236426 0.07912116 15.6%
Peters et al. 1.13140211 0.25188435 2.9%
Berg et al. 1.1 0.53950622 0.7%
Kumar et al. 0.9470139 0.24333801 3.1%
Subtotal (95% CI) 22.9%

Heterogeneity: Tau? = 0.21; Chi® = 18.20, df = 4 (P = 0.001); I = 78%

Test for overall effect: Z= 2.95 (P = 0.003)

Cohort
Szabo et al. 0.31481074 0.02413673 27.6%
Bremander et al. 0.25464222 0.26608225 2.6%
Zoller et al. 0.30010459 0.03582955 25.2%
Brophy et al. 0.24686008 0.15981015 6.3%
Chou et al. 0.3074847 0.08043725 15.3%
Subtotal (95% CI) 77.1%

Heterogeneity: Tau? = 0.00; Chi® = 0.31, df = 4 (P = 0.99); I = 0%

Test for overall effect: Z= 16.06 (P < 0.00001)

Total (95% CI) 100.0%

Heterogeneity: Tau® = 0.01; Chi® = 20.23, df = 9 (P = 0.02); I = 56%

Test for overall effect: Z= 7.65 (P < 0.00001)
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Figure 2 Forest plot of all included studies.
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Figure 3 Funnel plot of all included studies. RR, relative risk.

Evaluation for publication bias

Evaluation for publication bias was performed using funnel
plot as shown in Figure 3. The graph is asymmetric, suggesting

that publication bias in favor of positive studies may be present.

Discussion

Our study is the first systematic review and meta-analysis
of observational studies assessing the risk of CAD among
patients with AS. We are able to demonstrate a statistically
significant association between AS and CAD with an overall
1.41-fold increased risk compared with non-AS participants.

This finding is not only of important from medical

© Annals of Translational Medicine. All rights reserved.

standpoint, but also from socioeconomic perspective as
patients with AS, typically young adults in their working
age, are already vulnerable for a reduced productivity
because of their musculoskeletal symptoms (32-34). Their
capability to work might be further jeopardized because
of the coronary artery complication, which certainly could
cause more economic and psychological consequences.

The pathophysiology behind the association
between AS and CAD is not well-described though an
increasingly number of evidence are pointing toward
the detrimental effect of chronic inflammation to the
endothelial cell integrity. It has been demonstrated that
endothelial dysfunction and direct endovascular injury
from inflammatory cytokine, activated inflammatory cells
and oxidative stress can accelerate the progression of
atherosclerosis (3-6). Furthermore, chronic inflammation
related to autoimmune disease has been linked to a
thrombophilic state (7,8), another predisposing factor for
the development of CAD.

In addition, other conventional cardiovascular risk
factors, particularly metabolic syndrome and dyslipidemia,
are more prevalent in patients with AS compared with
healthy individuals (35) which, again, might be a direct
consequence of the underlying inflammatory process (36) in
conjunction with decreased functional capacity and physical
activity secondary to their arthritis.

The adverse effect of non-steroidal anti-inflammatory
drugs (NSAIDs), one of the most commonly use
medications in patients with AS, on the cardiovascular
system is also well-recognized (37-39). Use of NSAIDs

Ann Transl Med 2015;3(4):51

www.atmjournal.org



Page 8 of 9

might be another contributory cause of elevated CAD risk.

Even though most of the included studies are of high
quality, there are some limitations and, thus, the results
should be translated with caution.

First, most of the included studies were conducted
using medical registry-based database and, thus, a
possibility of coding inaccuracy for both AS and CAD.
Second, statistical heterogeneity was present in this study,
though the heterogeneity was significantly reduced after
exclusion of lower quality studies. Third, this is a meta-
analysis of observational studies which, at the best, can
only demonstrate an association, not causality. Therefore,
we cannot make a conclusion that AS itself versus other
potential confounders, such as use of NSAIDs, causes the
increased CAD risk. Furthermore, these studies were at
risk of detection bias as the patients, because of their AS,
exposed to more medical examinations and investigations

and, thus, more likelihood of CAD detection (40).

Conclusions

In conclusion, our meta-analysis demonstrated a statistically
significant increased CAD risk among patients with
AS with 41% excess risk. Physicians should be aware
of this association, and an appropriate management for
conventional cardiovascular risk factor modification should
be incorporated to the routine care for these patients.
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