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Abstract
Objective

Behçet’s syndrome (BS) has been reported with cardiovascular involvement. It’s still unclear that BS is associated 
with the increased risk of ischaemic heart disease (IHD). We aimed to conduct a meta-analysis concerning the 

incidence of IHD in BS and identify the relationship between IHD and BS.

Methods
We performed a comprehensive literature search based on PubMed and Embase databases up to 7 July, 2021. 
Incidence of IHD was calculated by metaproportion. Pooled risk ratio and 95% confidence interval (CI) were 

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

Results
Four studies with 9237 patients with IHD in BS and 40353 controls were identified and included in our 

meta-analysis. The pooled risk ratio of IHD in patients with BS was 1.30 and achieved statistical significance 
(95% CI 1.04–1.64). The statistical heterogeneity was low with an I2 of 39% (p=0.18).

Conclusion
In this meta-analysis the presence of BS was associated with an increased risk of IHD. Prospective researches 

should be done to determine the pathophysiological and prognostic implications of increased IHD in BS.
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Introduction
Behçet’s syndrome (BS), also known 
as Behçet’s disease (BD), is a systemic 
variable vasculitis involving skin, mu-
cosa, joints, eyes, arteries, veins, nerv-
ous system and gastrointestinal sys-
tem (1). BS occurs most frequently in 
Eurasian populations along the ancient 
Silk Road which extends from eastern 
Asia to the Mediterranean basin (2). 
The origin of BS is still unclear, but it 
is recently believed that the pathogen-
esis of BS is related to the uncontrolled 
autoimmune and autoinflammatory re-
sponse in genetically susceptible indi-
viduals (3).
Vascular involvement is a common 
complication of BS, affecting up to 
40% of patients according to ethnic-
ity. The most frequent complication 
is venous involvement accounting for 
nearly 14% to 40%, followed by arte-
rial complications ranging from 2% to 
17%. Cardiac complications occur rela-
tively rare with less than 6% (4). Car-
diac involvement including coronary 
artery disease (also known as ischaemic 
heart disease, IHD), often manifested 
in the form of silent myocardial ischae-
mia (5), angina pectoris or myocardial 
infarction (6), which deserves special 
attention because it occurs in relative-
ly young patients with BS around 30 
years old. The prognosis of coronary 
artery involvement is poor, leading to 
myocardial infarction in all cases and 
accounting for 25% of all deaths (7). 
Coronary lesions complicated to myo-
cardial infarction are the most severe 
cardiac complications (4).
Recently, the understanding of athero-
sclerosis has changed fundamentally 
that systemic inflammation increas-
es the risk of cardiovascular disease 
through an atherosclerosis-accelerating 
pathway (8) and today it is generally ac-
cepted that IHD originates from chronic 
inflammatory endothelial environment 
(9). Therefore, possibility existed that 
the micro-inflammation mediated vas-
cular injury in BS can accelerate the 
development of coronary artery disease 
and lead to IHD. However, the data 
on IHD risk in BS patients remain un-
clear with conflicting epidemiological 
studies (10, 11). Here, we performed a 
systematic review and meta-analysis of 

literature aiming to calculate the preva-
lence of IHD in BS and identify the im-
pact of BS on the risk of IHD.

Methods
Search strategy
This meta-analysis was conducted ac-
cording to the Preferred Reporting Items 
for Systematic Reviews and Meta-Anal-
yses (PRISMA) Statement protocol.
Two investigators independently 
searched published studies indexed in 
PubMed and Embase databases from 
inception to 7 July 2021 using the 
MeSH terms “Behçet’s syndrome” and 
“Myocardial ischemia”. Search terms 
included indexed terms from Medical 
Subject Headings (MeSH) in PubMed, 
Emtree in Embase.com as well as free-
text terms. A hand search of references 
was also carried out. Unpublished stud-
ies were not included.

Inclusion and exclusion criteria
All articles that focused on IHD in 
BS were identified. Specifically, the 
following criteria were required to be 
met: 1) cohort or case control studies; 
2) diagnosed BS patients according to 
well-defined criteria, such as the Inter-
national study group criteria; 3) report 
of IHD. IHD was defined in included 
studies based on medical diagnostic 
codes and included acute coronary 
syndrome, myocardial infarction, and/
or angina, etc.; 4) obtained data met 
the needs of research of the associa-
tion of BS and IHD; and articles were 
published in English. Reviews, case re-
ports, case series, and other studies that 
lacked systematic inclusion criteria of 
patients were excluded.

Data extraction and quality assessment 
Two investigators independently ex-
tracted data from each study using a 
standardised data collection form. Fol-
lowing information was extracted: last 
name of the first author, title, publica-
tion year, country where the study was 
conducted, study design, criteria used 
for diagnosis of BS and IHD, number 
of cases and controls, number of IHD 
in BS, basic epidemiological data of 
the studies (mean age of subjects, pro-
portion of males and follow-up dura-
tion) and control group. Any discrep-
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ancies in data extraction were resolved 
by consensus.
Study quality was assessed using the 
9-star Newcastle-Ottawa Scale (NOS) 
(http://www.ohri.ca/programs/clini-
cal_epidemiol-ogy/oxford.asp) by two 
investigators (12). The maximum at-
tainable score was 9, and studies were 
classified as being low (0–2), medium 
(3–6), or high quality (7–9) in our 
study. Disagreements were resolved by 
discussion.

Statistical analysis
Review Manager Version 5.3 software 
produced by the Cochrane Collabora-
tion was used for the data analysis. 
Adjusted point estimates and standard 
errors were extracted from individual 
studies and were combined by the ge-
neric inverse variance method of Der-
Simonian and Laird which assigned 
study’s weight based on its standard 
error (13). A random-effect model was 
used in light of the high likelihood of 
between study variance with the dif-
ferent study designs and inclusion cri-
teria. Statistical heterogeneity was de-
termined by Cochran’s Q test. This test 
was complemented with the I2 statistic, 
which quantified the proportion of the 
total variation across studies that is due 
to heterogeneity rather than chance. A 
value of I2 of 0–25% indicates insig-
nificant heterogeneity, 26–50% low 
heterogeneity, 51–75% moderate het-
erogeneity and 76-100% high hetero-
geneity (14). STATA 15.1 (StataCorp.) 
was used to calculate Begg’s test to as-
sess the possibility of publication bias. 
In addition, sensitivity analysis was 
applied to evaluate whether the meta-
analysis results were stable and reliable.

Results
Basic characteristics
Up to 7 July 2021, a total of 1018 poten-
tially eligible articles (371 articles from 
PubMed and 647 articles from Embase) 
were retrieved using the search strategy 
described, of which 303 were excluded 
due to duplicate publication. Review of 
the titles and abstracts according to the 
inclusion criteria resulted in exclusion 
of 704 records. Reading of the full text 
of the remaining 11 articles for further 
evaluation resulted in the selection of 4 

studies, including 1 case control studies 
and 3 retrospective cohort studies with 
9237 cases of BS and 40353 controls 
for subjection to meta-analysis (10, 11, 
15, 16) . A flowchart of article screen-
ing for the meta-analysis are summa-
rised in Figure 1.
Table I summarised the characteristics 
of included studies and participants. 
All studies used national registry data-
bases from Israel, Korea, the UK and 
Taiwan. The three cohort studies did 
exclude patients with a history of cardi-
ovascular events. All studies compared 
BS patients with the non-BS controls 
and were of high quality with Newcas-
tle-Ottawa score of 7 to 9. 
Table II showed the distribution of car-
diovascular risk factors in patients with 
BS and non-BS controls for the includ-
ed studies. The mean age of study sub-
jects at symptom onset or at diagnosis 
was <50 years. The male to female ra-
tio was approximately 1:1.4 across all 
studies. There was no difference with 
regard to the prevalence of diabetes be-
tween BS patients and normal controls. 

As for the prevalence rate of hyper-
tension and smoking, the results were 
inconsistent. However, the prevalence 
rate of dyslipidaemia was ranged from 
2.6% to 50.1% and 3 studies reported 
statistically significant higher rate of 
dyslipidaemia in BS patients versus in 
controls; in the remaining studies, the 
related information was not provided.

Relationship between BS and IHD
The total incidence rate of IHD was 
1.51% (751/49588), of which the BS 
group was 1.95% (95% CI=1.67%-
2.23%) (180/9237) and the control 
group was 1.42% (95% CI=1.30%-
1.53%) (571/40353). The pooled risk 
ratio of IHD in patients with BS versus 
controls was 1.30 (95% CI=1.04-1.64, 
I2=39%, p=0.18; Fig. 2).

Sensitivity analysis 
and publication bias
Begg’s test showed no publication bias 
(p=1.00) (Fig. 3A). In addition, sensitiv-
ity analysis results showed that the re-
sults were stable and reliable (Fig. 3B).

Fig. 1. Study flow diagram.
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Discussion
To the best of our knowledge, this study 
is the first meta-analysis concerning 
the association between IHD and BS. 
The results demonstrated that patients 
with BS have a 30% increased risk of 
IHD. Although we have concluded BS 
has a high rate of IHD, the pathophysi-
ological mechanisms are not clear.
IHD refers to a group of closely related 
syndromes by an imbalance between 
the myocardial oxygen demand and the 

blood supply. The most common cause 
is narrowing of the lumen of the coro-
nary arteries by atherosclerosis. Accel-
erated subclinical atherosclerosis has 
been observed in multiple studies in 
BS. Several studies found the increased 
intima-media thickness (IMT) in BS 
patients (17, 18). Increased arterial 
stiffness by measurement of the pulse 
wave velocity (PWV) of carotid arter-
ies (19, 20) and greater carotid plaque 
frequency were also reported (21). 

Inflammation and endothelial dysfunc-
tion play paramount roles in all stages 
of atherosclerosis, including initiation, 
progression, and thrombotic complica-
tions of the lesion (8, 22). 
Endothelial dysfunction is an early 
critical step in the formation of ath-
erosclerosis (23). Several studies have 
demonstrated the detrimental effect of 
activated inflammatory cells (such as 
dendritic cells and T cells), inflamma-
tory cytokines (such as TNF-α) and 

Table I. Main characteristics of the studies included in the meta-analysis.

Study	 Year	 Country	 Study	 Follow-up,	 Classification	 Diagnosis of	 Number of	 Number of	 Number of	 Number of	 Control group	 Quality
			   design	 years	 criteria for BS	 IHD 	 BS patients	 IHD in BS	 controls	 IHD in		  score
										          controls 

Yavne (16)	 2017	 Israel	 Case 	 NA	 Medical	 Medical records	 871	 95	 4349	 327	 Age- and gender-	 7
			   control		  records or	 or hospital					     matched general
					     hospital	 discharge					     population
					     discharge	 papers for IHD
					     papers
				     
Ahn (11)	 2019	 Korea	 Retro-	 3.6	 ICD-10 codes	 ICD-10 code	 5576	 24	 27880	 70	 Age- and sex-	 9
			   spective			   for acute 					     matched general
			   cohort 			   myocardial					     population
						       infarction
				     
Thomas (15)	 2020	 UK	 Retro-	 5.3	 The read	 The read	 1236	 32	 5016	 111	 Age- and gender-	 9
			   spective 		  codes	 codes for					     matched general
			   cohort 			   IHD					     population
				     
Lin (10)	 2021	 Taiwan	 Retro-	 NA	 International	 ICD-9-CM	 1554	 29	 3108	 63	 propensity score	 9
			   spective 		  study group	 codes for					     matched non-BS
			   cohort		  criteria and 	 acute					     cohort
					     ICD-9-CM code	 myocardial 
						      infarction 
						      and IHD

	IHD: ischaemic heart disease; NA: not applicable.

Table II. Distribution of traditional cardiovascular risk factors in patients with BS and patients without BS in the included studies.

Study	 Mean age of cases, years	 Sex, male, %	 Hypertension, % total	 Diabetes, % total	 Dyslipidaemia, % total	 Smoking, % total

	 BS	 Control	 BS	 Control	 BS	 Control	 BS	 Control	 BS	 Control	 BS	 Control

Yavne (16)	 49.0	 49.8	 52.6	 52.6	 28.6	 24.1 b	 16.2	 14.3 c	 50.1	 41.9 b	 42.4	 38.1 b

Ahn (11)	 43.4	 43.4	 32.5	 32.5	 11.4	 10.2 b	 4.1	 3.9 c	 a 10.3	 a 7.0 b 	 NA	 NA
Thomas (15)	 42.3	 42.3	 36.2	 36.2	 10.2	 9.3c	 3.8	 2.9 c	 9.4	 6.6 b 	 23.8	 24.4 b

Lin (10)	 39.2	 39.1	 42.0	 44.0	 6.6	 6.7 d	 2.5	 2.8 d	 2.6	 3.1 d	 NA	 NA

NA: not applicable; a: lipid-regulating medication use; b: p-value <0.05; c: p-value >0.05; d: the BS and non-BS cohorts were matched by propensity score, accounting for the 
following confounders: age, sex, year of index date, comorbidities, and drug exposure.

Fig. 2. Prevalence of ischaemic heart disease in Behçet’s syndrome.
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oxidative stress on endothelial function, 
resulting in the acceleration of athero-
sclerosis (24-26). Infection-related trig-
ger factors, including antigens and au-
toantigens, are believed to mediate the 
development of BS in patients with a 
genetic predisposition and subsequently 
activate the innate and adaptive immune 
systems (such as neutrophil cells and 
Th1 cells), resulting in the production of 
numerous cytokines (such as IL-1, IL-6, 
and tumour necrosis factor-α [TNF-α]) 
and chemokines to combat the infection-
related factors (27, 28). Histopathologi-
cal analysis shows that neutrophils and 
lymphocytes infiltrate arteries and veins 
in BS patients, leading to vascular en-

dothelial dysfunction (29). In addition, 
BS patients have reduced antioxidant 
capacity and increased reactive oxygen 
species (ROS) levels (the production of 
ROS is a normal characteristic of neu-
trophils) that contribute to endothelial 
cell damage and induce platelet, leu-
kocyte, and endothelial cell activation 
through the release of proinflammatory 
cytokines and chemokines, causing en-
dothelial damage and lipid peroxidation, 
which results in a high atherogenic state 
(30). Endothelial activation, otherwise, 
can cause increased cytokine secretion 
and enhanced adhesion molecule ex-
pression, thus accelerating monocyte 
and leukocyte adhesion and consequent-

ly, plaque formation (31). Many studies 
have indeed found vascular endothelial 
dysfunction in BS patients, as measured 
by flow-mediated vasodilation (FMD) 
and endothelial-mediated vasodilation 
(EMD) (32-35). Merashli et al. (36) 
demonstrated a greater degree of FMD 
impairment in patients with higher dis-
ease activity; however, FMD impair-
ment during inactive disease means that 
BS patients are at risk of arterial damage 
in the long term.
It is reported that cardiovascular risk 
factors are common in BS patients. 
Researches demonstrated increased 
homocysteine (hcy), a prothrombotic 
molecule, which predispose to coro-
nary artery disease, in BS patients (37, 
38). Hcy can destroy endothelial cells 
directly or indirectly (39). Excessive 
hcy cause loss of endothelial function 
by producing toxic hydrogen peroxide, 
superoxide and hydroxyl (40). Besides, 
many drugs used to treat BS patients, 
especially glucocorticoids, have vari-
ous metabolic side effects (such as obe-
sity, hyperglycaemia, hypertension, and 
dyslipidaemia), which may increase the 
incidence of atherosclerosis and car-
diovascular events (41, 42); however, 
this relationship is complicated because 
glucorticosteroids also have active anti-
inflammatory effects and could reduce 
tissue damage during coronary ischae-
mia and after myocardial infarction (43, 
44). In most of the included studies of 
our meta-analysis, the distribution of 
hypertension, smoking, and dyslipi-
daemia in patients with BS seems to be 
more prevalent compared to patients 
without BS, although not all results 
reach a statistically significant differ-
ence. Pandey et al. (45) showed that 
hypertension (OR=2.20, p=0.03) and 
hyperlipidaemia (OR=2.34, p=0.02) 
were independent predictors of coro-
nary artery disease in patients with BS 
in a multimodel regression analysis. In 
addition, the physical activity of BS pa-
tients decreased due to pain and fatigue 
(46). Current researches seem to indi-
cate that exercise training is an effec-
tive therapeutic modality for mitigating 
endothelial dysfunction and vascular 
wall inflammation (47).
Although atherosclerosis remains the 
major cause of acute coronary syn-

Fig. 3. A: Begg’s test for the assessment of potential publication bias between studies; B: Sensitivity 
analysis.
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drome (ACS), there are many other 
aetiologies that should be taken into ac-
count, especially in young patients with 
no atherosclerotic risk factors. IHD in 
BS may be due to coronary vasculitis 
in the absence of coronary atheroscle-
rosis. Silent myocardial ischaemia was 
found in 8 out of 41(19.5%) BS patients 
[as compared to 1 out of 35 (2.9%) con-
trols] with treadmill exercise test and 
thallium-201 myocardial perfusion 
single photon emission computed to-
mography (SPECT) without evidence 
of coronary stenosis in coronary angi-
ography (48). The pathological findings 
of coronary involvement in BS include 
arteritis and inflammatory endarteritis 
obliterans of the vasa vasorum, which 
can lead to destruction and fibrosis of 
the media, with ensuing weakening of 
the arterial wall and tendency of aneu-
rysm formation (49-51). Also, coronary 
vasculitis can lead to coronary occlu-
sion by causing intimal fibrous thick-
ening (21). Kariyanna et al. found that 
coronary stenosis and coronary aneu-
rysm were the most common findings 
in coronary angiography in BS patients 
associated with ACS (52). Mouedder et 
al. reported a case of BS with myocar-
dial infarction diagnosed resulting from 
thrombosis of the right coronary artery 
(53). In BS, two mechanisms may ex-
plain thrombosis: hypercoagulable state 
and vasculitis. Meta-analysis shows BS 
patients have higher levels of factor 8, 
von Willebrand factor, and factor V Lei-
den mutations (36). Vasculitis remains 
the main mechanism of thrombosis 
(54). Some scholars have also hypoth-
esised that BS might lead to coronary 
microvascular dysfunction, therefore 
impairing coronary flow reserve (55). 
Considering BS-associated inflamma-
tory conditions are directly involved 
in the development of IHD, immuno-
suppressive therapy would be helpful. 
Chen et al. reported that of the 19 pa-
tients with BS associated with coro-
nary involvement that received glu-
cocorticoid and immunosuppressants, 
15 (78.9%) patients achieved clinical 
remission (6). Whether immunosup-
pressants are beneficial or not requires 
further exploration.
We were unable to systematically study 
whether BS vasculitis activity or spe-

cific medications used to suppress in-
flammation modify the risk of IHD 
due to lack of reporting in individual 
studies included in meta-analysis. Be-
sides, most of the included studies pro-
vide limited clinical information about 
traditional cardiovascular risk factors 
for BS patients and controls. Thus, we 
could not determine the potential con-
tribution of each pathway.
Several limitations existed in this study. 
The first relates to the meta-analysis 
principle that associates different stud-
ies with different patients and other 
parameters. Although the sample sizes 
and designs of these studies are differ-
ent, which may have an impact on the 
interpretation of the results, the het-
erogeneity of literatures we included is 
low after analysis. Second, the number 
of the studies included in the meta-anal-
ysis is small. The lack of related data 
mainly because of the low incidence of 
coronary involvement in the patients of 
BS, and few scholars pay attention to 
the relationship of IHD and BS. Third, 
in considering of enrolled studies are 
primarily of retrospective design, we 
only show a correlation rather than es-
tablishing causality. Therefore, we can-
not conclude that BS itself or unknown 
confounding factors were responsible 
for the increased risk of IHD.

Conclusion
In summary, our meta-analysis indi-
cated the increased risk of IHD among 
patients with BS. The reason for this 
finding remains unclear but could pos-
sibly be owing to accelerated subclini-
cal atherosclerosis, coronary vasculitis, 
endothelial dysfunction and the higher 
baseline cardiovascular risk in BS. 
More researches, prospective research-
es in particular, are needed to verify our 
findings.
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