
1Chen Y-Y, et al. BMJ Open 2021;11:e042201. doi:10.1136/bmjopen-2020-042201

Open access�

Uveitis as a potential predictor of acute 
myocardial infarction in patients with 
Behcet’s disease: a population-based 
cohort study

Yu-Yen Chen  ‍ ‍ ,1,2,3,4 Yun-Ju Lai  ‍ ‍ ,2,5,6 Yung-Feng Yen  ‍ ‍ ,7,8,9 
Hsin-Hua Chen  ‍ ‍ ,2,3,4,10,11,12,13 Pesus Chou2,4

To cite: Chen Y-Y, Lai Y-J, Yen Y-
F, et al.  Uveitis as a potential 
predictor of acute myocardial 
infarction in patients with 
Behcet’s disease: a population-
based cohort study. BMJ Open 
2021;11:e042201. doi:10.1136/
bmjopen-2020-042201

►► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http://​dx.​doi.​
org/​10.​1136/​bmjopen-​2020-​
042201).

Received 28 June 2020
Revised 14 December 2020
Accepted 29 December 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr Yu-Yen Chen;  
​yuyenchen.​phd@​gmail.​com

Original research

© Author(s) (or their 
employer(s)) 2021. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives  To investigate whether uveitis is a predictor 
of acute myocardial infarction (AMI) among patients with 
Behcet’s disease (BD).
Design  Retrospective cohort study.
Setting  Patients with BD were retrieved from the whole 
population of the Taiwan National Health Insurance 
Research Database from 1 January 2001 to 31 December 
2013.
Participants  Among the 6508 patients with BD, 2517 
(38.7%) were in the uveitis group and 3991 were in the 
non-uveitis group.
Primary and secondary outcome measures  Kaplan-
Meier curves were generated to compare the cumulative 
hazard of AMI in the uveitis and non-uveitis groups. 
Multivariate Cox regression analysis was used to estimate 
the adjusted HRs and 95% CI of AMI, and was adjusted 
for age, gender, systemic comorbidities (eg, hypertension, 
diabetes, hyperlipidaemia, smoking) and clinical 
manifestation of BD (eg, oral ulcers, genital ulcers, skin 
lesions, arthritis and gastrointestinal involvement).
Results  The mean age of the BD cohort was 38.1±15.1 
years. Compared with non-uveitis patients, uveitis patients 
were significantly younger and male predominant. There 
was no significant difference between the two groups for 
most proportions of systemic comorbidities and clinical 
manifestations. The Kaplan-Meier method with the log-
rank test showed that the uveitis group had a significantly 
higher cumulative hazard for patients with AMI compared 
with the non-uveitis group (p<0.0001). In the multivariable 
Cox regression after adjustment for confounding factors, 
patients with uveitis had a significantly higher risk of AMI 
(adjusted HR 1.87; 95% CI 1.52 to 2.29). Other significant 
risk factors for AMI were age, hypertension, smoking, and 
skin lesions.
Conclusions  Statistical analyses from the nationwide 
database demonstrated that uveitis is a potential predictor 
of AMI in patients with BD.

INTRODUCTION
Behcet’s disease (BD) is a systemic inflam-
matory disease characterised by recurrent 
oral ulcers, genital ulcers, uveitis and skin 
lesions. Arthritis, gastrointestinal ulcers and 
vascular involvement might also be present. 

BD vasculitis occurs in all sizes of arteries 
and veins,1–3 primarily manifesting in venous 
thrombosis, but tend to be more devastating 
in arterial lesions, such as aneurysms, throm-
bosis, occlusion and stenosis.4 5 Although 
coronary artery involvement is extremely rare 
in BD,6 7 it is among the most life-threatening 
complications when acute myocardial infarc-
tion (AMI) occurs. Population-based studies 
have demonstrated that there is a greater risk 
of AMI or ischaemic heart disease in patients 
with BD compared with controls.7 8 The under-
lying mechanism of AMI might attributed to 
systemic inflammation in BD leading to coro-
nary arteritis. Disruption of the internal elastic 
lamina of the coronary artery might lead 
to the formation of aneurysms, potentially 
impairing blood flow, leading to the forma-
tion of thrombus and, consequently, AMI.9 10 
In addition, injured vascular endothelia are 
prone to atherosclerosis and thrombosis, 
which are established precipitating factors of 
AMI.2 11 12

Uveitis is an intraocular inflammation 
that is a major presentation in BD. Uveitis 
is diagnosed using non-invasive techniques, 
such as slit lamp examination and fundus-
copy. Because of the elevated levels of cyto-
kine in the aqueous humour of patients 
with uveitis,13 uveitis might indicate higher 

Strengths and limitations of this study

►► The study used the comprehensive, entire national 
population database, with a 13-year study period to 
investigate the predictors of acute myocardial in-
farction (AMI) in patients with Behcet’s disease.

►► Possible confounders were adjusted using Cox re-
gression, to elucidate how uveitis and AMI are cor-
related in patients with Behcet’s disease.

►► The retrospective cohort design allowed us to ex-
plore associations, but not causality.
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severity of systemic inflammation in BD. Furthermore, 
more inflammation may induce more vascular endothe-
lial injuries, cascading towards AMI. Therefore, uveitis 
might be a predictor of AMI in patients with BD; however, 
this hypothesis has not been tested.

Due to the serious consequences of AMI, it is important 
to understand how BD and AMI are associated, including 
predictors for AMI in patients with BD. However, AMI is 
rare in BD; consequently, previous studies were limited to 
case reports or case series.14–20 Few studies exist with large 
enough sample-sizes to define clear predictors for AMI 
in BD.12 21 Furthermore, the clinical signs of BD vary in 
relation to ethnicity and geography.

Therefore, here, we aimed to fill this knowledge gap 
on the characteristics of BD and contribution to the 
development of AMI in people in Taiwan. We used the 
National Health Insurance Research Database (NHIRD) 
of the entire population of 23 million people in Taiwan. 
This approach resulted in our having a larger number 
numbers of patients with BD compared with previous 
studies. Specifically, we aimed to understand the clinical 
manifestations of BD in Taiwan, and elucidate whether 
uveitis or other features could be used as predictors of 
AMI in BD.

MATERIALS AND METHODS
Data source
Taiwan NHIRD contains comprehensive medical records, 
including information on outpatients, inpatients, emer-
gency services, prescriptions, procedures, surgeries and 
diagnoses, which are registered using the International 
Classification of Diseases, Ninth Revision, Clinical Modi-
fication (ICD-9-CM) codes. The identity of all patients 
included in the database was encrypted before data were 
released for research purposes; thus, the requirement for 
informed consent was waived by the institutional review 
board.

Patient involvement
Patients were not directly involved in the design of this 
study.

Study design and sample
We conducted a retrospective cohort study from 1 January 
2001 to 31 December 2013. First, we selected patients 
presenting with BD (ICD-9-CM code 136.1) during the 
study period. During the study period, the diagnostic 
criteria in Taiwan fulfilled 1990 International Study 
Group BD criteria.22 Those diagnosed with BD before the 
end of 2000 were excluded, to ensure that all enrolled 
patients had new onset of BD. The date of first BD diag-
nosis was defined as the index date. Second, patients in 
the study cohort were monitored to identify the onset of 
AMI. During the study period in Taiwan, AMI was diag-
nosed according to the WHO category B definition of 
MI.23 Those diagnosed with AMI before the index date 
were excluded, to ensure that all included AMI cases were 

new onset after BD was diagnosed. The study cohort was 
followed until AMI occurred, patients were dropped from 
the database, or the end of 2013 was reached, whichever 
came first.

Variable definitions
As this study examined how uveitis impacts the risk of 
AMI, the main independent variable of interest was 
uveitis. Previous studies suggested that risk factors of AMI 
include age, gender and certain comorbidities, such as 
hypertension, diabetes, hyperlipidaemia, smoking (or 
chronic obstructive pulmonary disease).24 These factors 
were considered to be confounders, and were adjusted 
for in our statistical analyses. We also derived the clin-
ical characteristics of BD found in previous study,25 from 
the diagnoses of oral ulcers, genital ulcers, skin lesions, 
arthritis, as well as gastrointestinal, vascular and neuro-
logical involvement to investigate whether any of these 
factors are predictors of AMI.

Statistical analysis
All enrolled patients with BD were separated into a uveitis 
group or non-uveitis group, based on whether they had 
uveitis. After investigating the two groups descriptively by 
age, gender, comorbidities (eg, hypertension, diabetes, 
hyperlipidaemia, smoking) and clinical manifestations of 
BD (eg, oral ulcers, genital ulcers, skin lesions, arthritis 
and gastrointestinal involvement), the group differences 
were analysed by the two-sample t-test (for continuous 
variables) and χ2 test (for categorical variables). Survival 
analysis was performed using the Kaplan-Meier method, 
with the log-rank test being used to describe and compare 
the cumulative hazard curves of AMI. A Cox proportional 
hazard model was used to estimate the HR for the occur-
rence of AMI based on each variable in the univariate and 
multivariate analyses. Variables included in the regres-
sion analysis were age, gender, comorbidities and clinical 
features of BD. All statistical analyses were performed 
using SAS statistical package, V.9.4 (SAS Institute).

RESULTS
Demographic and clinical characteristics of the study sample
This study included 6508 subjects with BD (table 1). Out 
of the study cohort, 2517 (38.7%) patients had uveitis 
(uveitis group) and 3991 (61.3%) had no uveitis (non-
uveitis group). The mean age of the total BD cohort was 
38.1 years (SD 15.1 years), with almost 55% of patients 
being less than 40 years old. Females represented 56.4% 
of the cohort. The prevalence of both hypertension and 
hyperlipidaemia was almost 20%. Fewer patients (9.4%) 
had diabetes. Those who smoked accounted for almost 
6.0% of the study cohort. The most common clinical 
features of BD were oral ulcers (99.0%) and genital 
ulcers (95.3%), followed by skin lesion (56.0%), gastro-
intestinal involvement (30.1%), and arthritis (26.9%). 
As far as vascular manifestations were concerned, venous 
thrombosis, arterial thrombosis and arterial aneurysm 
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Table 1  Characteristics of the study subjects

Variable
Total
(n=6508)

Individuals with 
uveitis (n=2517)

Individuals without 
uveitis (n=3991) P value

Age, year (mean±SD) 38.1±15.1 37.5±14.9 38.6±15.2 0.004

Age, categorical <0.0001

 � <30 1992 (30.6) 786 (31.2) 1206 (30.2)

 � 30–45 2343 (36.0) 957 (38.0) 1386 (34.7)

 � 45–55 1252 (19.2) 477 (19.0) 775 (19.4)

 � ≥55 921 (14.2) 297 (11.8) 624 (15.7)

Gender <0.0001

 � Male 2540 (43.6) 1299 (51.6) 1541 (38.6)

 � Female 3668 (56.4) 1218 (48.4) 2450 (61.4)

Hypertension 1212 (18.6) 489 (19.4) 723 (18.1) 0.191

Diabetes 614 (9.4) 240 (9.5) 374 (9.4) 0.828

Hyperlipidaemia 0.29

 � No 5333 (82.0) 2079 (82.6) 3254 (81.5)

 � Yes 1175 (18.0) 438 (17.4) 737 (18.5)

  �  No treatment 72 (1.1) 22 (0.9) 50 (1.3)

  �  Statins 980 (15.1) 385 (15.3) 595 (14.9)

  �  Bile acid resins 45 (0.7) 13 (0.5) 32 (0.8)

  �  Nicotinic acid 46 (0.7) 15 (0.6) 31 (0.8)

  �  Fibrates 78 (1.2) 35 (1.4) 43 (1.1)

Smoking 2024 (31.1) 790 (31.4) 1234 (30.9) 0.692

Oral ulcers 6444 (99.0) 2497 (99.2) 3947 (98.9) 0.247

Genital ulcers 6205 (95.3) 2418 (96.1) 3787 (94.9) 0.03

Skin lesions 0.0004

 � No 2861 (44.0) 1176 (46.7) 1685 (42.2)

 � Yes 3647 (56.0) 1341 (53.3) 2306 (57.8)

  �  Erythema nodosum 986 (15.1) 387 (15.4) 599 (15.0)

  �  Pseudofolliculitis 2938 (45.1) 1100 (43.7) 1838 (46.1)

Arthritis 0.207

 � No 4759 (73.1) 1863 (74,0) 2896 (72.6)

 � Yes 1749 (26.9) 654 (26.0) 1095 (27.4)

  �  Monarthritis 549 (8.4) 206 (8.2) 343 (8.6)

  �  Oligoarthritis 1139 (17.5) 432 (17.2) 707 (17.7)

  �  Spondyloarthritis 149 (2.3) 65 (2.6) 84 (2.1)

Gastrointestinal 0.978

 � No 4547 (69.9) 1758 (69.8) 2789 (69.9)

 � Yes 1961 (30.1) 759 (30.2) 1202 (30.1)

  �  Gastroduodenitis 651 (10.0) 244 (9.7) 407 (10.2)

  �  Peptic ulcer 397 (6.1) 146 (5.8) 251 (6.3)

  �  Diarrhoea 611 (9.4) 292 (11.6) 319 (8.0)

  �  Rectal bleeding 273 (4.2) 189 (7.5) 84 (2.1)

  �  Abdominal pain 573 (8.8) 295 (11.7) 278 (7.0)

Vascular 0.059

 � No 5161 (79.3) 1966 (78.1) 3195 (80.0)

 � Yes 1347 (20.7) 551 (21.9) 796 (20.0)

Continued
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constituted 20.3%, 10.4%, and 8.2% of all vascular 
lesions, respectively. When the uveitis and non-uveitis 
groups were compared, the age of patients in the uveitis 
group was significantly younger, with a predominance of 
males. Prevalence of comorbidities such as hypertension, 
diabetes, hyperlipidaemia and smoking were similarly 
distributed between the uveitis group and the non-uveitis 
group. Most of the clinical features of BD also presented at 
similar frequencies in both groups. During the follow-up 
period, the cumulative incidence of AMI was significantly 
higher in the uveitis group (8.3%) compared with the 
non-uveitis group (4.3%).

Cumulative hazard curves using the Kaplan-Meier method
Figure 1 shows the cumulative hazard curves for AMI for 
patients with BD in the uveitis and non-uveitis groups. 

A log-rank test showed a statistically significant higher 
hazard in the uveitis group compared with the non-uveitis 
group (p<0.0001).

Univariate and multivariate analyses using the Cox regression 
model
The unadjusted HR for AMI was 1.70 times greater in the 
uveitis group compared with the non-uveitis group (95% 
CI 1.39 to 2.08) (table 2). After adjusting for covariates, 
the significantly greater HR for AMI in the uveitis group 
remained (adjusted HR 1.87; 95% CI 1.52 to 2.29). Age 
was a significant risk factor for AMI in both univariate 
and multivariate analyses. The adjusted HR for AMI in 
patients over 55 years old was 6.97 when compared with 
patients younger than 30 years old. Males were signifi-
cantly more likely to develop AMI compared with females 
in the univariate analysis; however, this difference was 
not significant after adjusting confounders (adjusted 
HR 1.05; 95% CI 0.89 to 1.29). In the univariate analysis, 
patients with hypertension, diabetes, hyperlipidaemia 
and smoking had a significantly higher risk of devel-
oping AMI (all p<0.0001); however, only hypertension 
and smoking remained significant after adjusting the 
covariates (adjusted HR 2.36 with 95% CI 1.85 to 2.99 and 
adjusted HR 1.55 with 95% CI 1.35 to 1.81, respectively). 
Skin lesions and arthritis were clinical characteristics of 
BD that were significantly associated with an increased 
the risk of AMI in the univariate analysis. Skin lesions 
remained significant in the multivariate analysis (adjusted 
HR 1.51; 95% CI 1.17 to 1.93).

Characteristics of the patients with AMI
Table  3 focuses on patients with AMI events. Dura-
tion between BD and AMI were calculated among the 
uveitis and non-uveitis groups (mean±SD: 4.5±3.0 years 
and 3.6±2.9 years, respectively; medium: 4.3 years and 
2.6 years, respectively). Left anterior descending artery 

Variable
Total
(n=6508)

Individuals with 
uveitis (n=2517)

Individuals without 
uveitis (n=3991) P value

  �  Venous thrombosis 1320 (20.3) 538 (21.4) 782 (19.6)

  �  Arterial aneurysm 534 (8.2) 211 (8.4) 323 (8.1)

  �  Arterial thrombosis 677 (10.4) 279 (11.1) 398 (10.0)

Neurological 0.218

 � No 5825 (89.5) 2238 (88.9) 3587 (89.9)

 � Yes 683 (10.5) 279 (11.1) 404 (10.1)

  �  Central 25 (0.4) 15 (0.6) 10 (0.3)

  �  Peripheral 237 (3.6) 98 (3.9) 139 (3.5)

  �  Headache 479 (7.4) 194 (7.7) 285 (7.1)

Follow-up period, year (mean±SD) 6.1±3.7 6.2±3.7 6.0±3.6 0.08

AMI during the follow-up period 382 (5.9) 210 (8.3) 172 (4.3) <0.0001

Data are presented as mean±SD or n (%).
AMI, acute myocardial infarction; SD, standard deviation.

Table 1  Continued

Figure 1  Kaplan-Meier curves for acute myocardial 
infarction (AMI) in patients with Behcet’s disease, 
corresponding to the uveitis and non-uveitis groups. Black 
line represents the uveitis group; grey line represents the non-
uveitis group.
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(LAD) is the most frequently involved coronary artery, 
followed by right coronary artery (RCA) and left circum-
flex artery (LCx). Besides, our study found the the most 
common aetiology of AMI except stenosis was throm-
bosis. Types of skin lesions, arthritis and gastrointestinal 
manifestations were also presented in table 3. The most 
frequent signs among the three categories were pseudo-
folliculitis, oligoarthritis and gastroduodenitis/diarrhoea. 
Furthermore, patients with AMI in the uveitis group had 
a significantly higher prevalence of skin lesions than the 
patients with AMI in the non-uveitis group (65.2% vs 
44.8%, p<0.0001).

DISCUSSION
We conducted a 13-year cohort study on population-
based data from the Taiwan NHIRD. Our study included 
6508 patients with new onset of BD. Out of these patients, 
2517 (38.7%) had uveitis and 3991 (61.3%) did not have 
uveitis. Compared with patients without uveitis, those 
with uveitis had a significantly higher risk (HR=1.87) of 
developing AMI after adjusting for age, gender, comor-
bidities and the clinical characteristics of BD.

BD is most common in countries along the ancient 
Silk Road, extending from the Mediterranean Sea to 
east Asia. For example, the incidence of BD per 100 000 
people is highest in Turkey (21), but is much lower in 
Korea (4.0), Taiwan (2.4), the USA (0.1–0.3) and Western 
Europe (0.2–1).26–31 Also, the male-to-female ratio in BD 

varies across countries. BD is more prevalent in males 
in Silk Route areas, is equally distributed between the 
genders in the USA and western Europe, and is more 
prevalent in females in Japan and South Korea.7 32–35 In 
the current study of patients with BD in Taiwan, females 
constituted 56.4% of patients. This percentage reflects 
that of previous studies in Taiwan.29 36 Of interest, our 
study showed that the onset of BD was more prevalent 
in younger people (mean 38.1 years), with more than 
half of patients being under 40 years old. These results 
were consistent with previous studies showing that BD 
typically affects people of 20–40 years old. The current 
study also showed that the prevalence of hypertension, 
diabetes and hyperlipidaemia in patients with BD uveitis 
was similar to a previous report using the sampled 
NHIRD in Taiwan.36

Table 1 shows that nearly 40% of patients with BD had 
uveitis. The percentage of patients with BD tends to vary 
with region (eg, 18%–65% in Asia-Pacific countries).29 37–39 
We also evaluated how clinical expression (systemic and 
ocular) differed between uveitis and non-uveitis groups, 
which was novel compared with previous studies. We 
found that most of the baseline characteristics of the two 
groups were not significantly different, implying their 
comparability. Thus, the significant increase in the cumu-
lative incidence and cumulative hazard of AMI in uveitis 
patients (table 1, figure 1) was less likely to be attributed 
to inherent, baseline differences in systemic diseases.

Table 2  Analyses of risk factors for AMI in patients with BD with and without uveitis

Predictive variables

Univariate analysis Multivariate analysis

Unadjusted HR (95% CI) P value Adjusted HR (95% CI) P value

Uveitis (yes vs no) 1.70 (1.39 to 2.08) <0.0001 1.87 (1.52 to 2.29) <0.0001

Age

 � <30 Reference Reference

 � 30–45 4.37 (2.82 to 6.75) <0.0001 3.28 (2.11 to 5.11) <0.0001

 � 45–55 6.86 (4.40 to 10.71) <0.0001 4.20 (2.64 to 6.67) <0.0001

 � ≥55 15.62 (10.09 to 24.16) <0.0001 6.97 (4.30 to 11.29) <0.0001

Gender (male vs female) 1.12 (0.92 to 1.37) 0.263 1.05 (0.85 to 1.29) 0.651

Hypertension 4.57 (3.74 to 5.59) <0.0001 2.36 (1.85 to 2.99) <0.0001

Diabetes 2.18 (1.69 to 2.81) <0.0001 1.02 (0.93 to 1.17) 0.471

Hyperlipidaemia 2.71 (2.21 to 3.33) <0.0001 1.15 (0.91 to 1.45) 0.257

 � No Reference Reference

 � Yes, without medication 2.69 (1.02 to 4.92) 0.04 1.13 (0.51 to 3.05) 0.628

 � Yes, with medication 2.72 (2.20 to 3.34) <0.0001 1.16 (0.90 to 1.47) 0.263

Smoking 3.29 (2.74 to 3.89) <0.0001 1.55 (1.35 to 1.81) 0.0001

Oral ulcers 1.84 (0.46 to 7.37) 0.391 1.49 (0.37 to 5.98) 0.576

Genital ulcers 1.07 (0.65 to 1.77) 0.784 1.01 (0.61 to 1.69) 0.953

Skin lesions 2.40 (1.89 to 3.03) <0.0001 1.51 (1.17 to 1.93) 0.001

Arthritis 1.54 (1.25 to 1.89) <0.0001 1.11 (0.90 to 1.38) 0.323

Gastrointestinal involvement 1.05 (0.88 to 1.26) 0.574 1.06 (0.89 to 1.10) 0.844

In the multivariate analysis, all other variables in the table were included for adjustment.
AMI, acute myocardial infarction; BD, Behcet’s disease; CI, confidence interval; HR, hazard ratio.
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To reduce confounding effects, we included systemic 
comorbidities for adjustment in the Cox regression anal-
ysis. Age, hypertension and smoking are traditional risk 
factors for AMI among general population,24 and, as 
expected, represented significant risk factors for AMI 
among patients with BD. Previous cross-sectional and 
case–control studies on the association between BD and 
AMI showed very similar results. Pandey et al found that 
hypertension and hyperlipidaemia were independent 
predictors of coronary artery disease in patients with 
BD, based on the Nationwide Inpatient Sample database 
of the USA.12 Kechida et al reported male gender and 

skin lesions as independent risk factors for cardiac and 
vascular involvement in a retrospective study of patients 
with BD in a tertiary hospital in north Africa.40 Our study 
identified skin lesions as a predictive factor of AMI in BD 
when including clinical manifestations for adjustment in 
the Cox regression.

The aetiologies of how skin lesions are associated 
with cardiovascular involvement in BD are not known. 
A previous case report described the pathology of the 
skin lesions (eg, erythema nodosum) as the infiltration 
of neutrons and lymphocytes in the dermis and around 
the blood vessels of the subcutaneous fat tissue.41 Thus, 

Table 3  Characteristics of patients with AMI in the study cohort

Variable AMI in individuals with uveitis (n=210) AMI in individuals without uveitis (n=172) P value

Duration from BD to AMI

 � Medium(Q1, Q3) (year) 4.3 (1.4, 7.6) 2.6 (1.3, 5.7)

 � Mean±SD 4.5±3.0 3.6±2.9 0.003

Affected coronary artery

 � LAD 121 (57.6) 89 (51.7)

 � RCA 80 (38.1) 64 (37.2)

 � LCx 39 (18.6) 39 (22.7)

Findings of coronary artery

 � Thrombus 68 (32.4) 40 (23.3)

 � Spasm 36 (17.1) 27 (15.7)

 � Aneurysm 18 (8.6) 14 (8.1)

 � Dissection 12 (5.7) 8 (4.7)

 � Stenosis 150 (71.4) 125 (72.7)

Skin lesions <0.0001

 � No 73 (34.8) 95 (55.2)

 � Yes 137 (65.2) 77 (44.8)

  �  Erythema nodosum 41 (19.5) 23 (13.4)

  �  Pseudofolliculitis 110 (52.4) 62 (36.0)

Arthritis 0.712

 � No 154 (73.3) 129 (75.0)

 � Yes 56 (26.7) 43 (25.0)

  �  Monarthritis 19 (9.0) 14 (8.3)

  �  Oligoarthritis 40 (19.0) 35 (20.3)

  �  Spondyloarthritis 6 (2.9) 4 (2.3)

Gastrointestinal 0.837

 � No 142 (67.6) 118 (68.6)

 � Yes 68 (32.6) 54 (31.4)

  �  Gastroduodenitis 20 (9.5) 18 (10.5)

  �  Peptic ulcer 12 (5.7) 11 (6.4)

  �  Diarrhoea 21 (10.0) 15 (8.7)

  �  Rectal bleeding 11 (5.2) 6 (3.5)

  �  Abdominal pain 17 (8.1) 13 (7.6)

Data are presented as n (%).
AMI, acute myocardial infarction; BD, Behcet’s disease; LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary 
artery; SD, standard deviation.
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skin lesions might predict the occurrence of AMI because 
they represent an inflammatory reaction, leading to AMI. 
The same case report showed that AMI occurs during the 
exacerbations of skin lesions, suggesting that skin lesions 
and AMI are associated.

It is noteworthy that we investigate the clinical charac-
teristics of patients with AMI in our study cohort. Similar 
to the result of Chen et al’s study,21 our study found the 
order of affected coronary artery was LAD, RCA and 
LCx (from the most frequent to the least frequent). 
Besides, thrombosis was the the most common aetiology 
of AMI except stenosis. The echocardiographic study 
conducted by Farouk et al revealed the presence of 
intracardiac thrombi in four out of five patients with BD 
with cardiac symptoms.42 And, intracardiac or intracor-
onary thrombosis might be an important cause of AMI 
in patients with BD. The high prevalences of periph-
eral venous thrombosis (20%) and arterial thrombosis 
(10%) presented in table 1 were compatible with Vural’s 
study in Turkey.20 Furthermore, our study revealed a 
higher prevalence of coronary artery thrombosis in AMI 
among the uveitis group than in the non-uveitis group, 
implying tendency to thrombosis could also be related 
to the occurrence of AMI, especially in the uveitis group.

The reason why uveitis might indicate a higher risk 
of AMI is not fully understood. Previous studies have 
suggested that one of the etiologies of AMI is inflam-
mation, which may induce the process of thrombosis or 
atherosclerosis.43–46 Canakinumab Anti-inflammatory 
Thrombosis Outcomes Study (CANTOS) evaluated 
whether inhibition of interleukin-1ß (IL-1ß), a proin-
flammatory cytokine could reduce the rate of major 
adverse cardiovascular event (MACE). Canakinumab, a 
human monoclonal antibody that selectively neutralises 
IL-1ß, with modulation of IL-6, was found to be asso-
ciated with reduced MACE rate.47 CANTOS provides 
evidences that inflammation may cause AMI. Uveitis 
in BD includes anterior uveitis, posterior uveitis and 
retinal vasculitis. Molecular studies have demonstrated 
that intraocular T cells, cytotoxic cells and dendritic 
cells contribute to inflammation, and augment the 
immune reaction of Behcet’s uveitis.48–50 In addition, 
higher expressions of maturation markers in dendritic 
cells might represent the activity of disease in Behcet’s 
uveitis.51 Therefore, uveitis might reflect higher inflam-
matory activity in BD. Systemic inflammation in BD 
leads to vasculitis, with greater intima–media thickness 
and lower arterial distensibility, predisposing patients 
to vascular stenosis.52 In addition, endothelial dysfunc-
tion causes more von Willebrand factor to be released, 
decreasing fibrinolysis.53–55 All these factors precipitate 
thrombosis, which causes AMI if it occurs in a coronary 
artery. Thus, the risk of AMI increases when inflamma-
tion activity is higher. Because uveitis in BD reflects a 
more severe inflammatory reaction, uveitis might be a 
predictor of AMI in BD.

The current study was limited because it was only based 
on statistical analyses from the database, and lacked 

laboratory evidences such as C reactive protein, erythro-
cyte sedimentation rate, haemoglobin and human leuco-
cyte antigen to elucidate the underlying mechanisms. 
Besides, the ECG findings were not recorded in our 
database. Therefore, we did not know the proportion of 
ST-segment elevation in our patients with AMI. Another 
limitation was that some factors (such as dietary habits 
and physical activity) that impact AMI were not included 
in our study because the database lacked this information. 
Furthermore, we were only able to derive association, not 
causality, because of our retrospective study design. Thus, 
further laboratory and clinical studies with a prospective 
design, as well as detailed information on lifestyle (eg, 
diet and exercise) are required to elucidate the predic-
tors, risk factors, and underlying mechanisms of AMI in 
patients with BD.

One strength of our study was that we used a compre-
hensive, nationwide database spanning 13 years. The large 
case numbers gave the statistical analyses higher power. 
Another strength was that we included systemic diseases 
and clinical manifestations of BD in the cox regression 
to identify significant factors associated with AMI. In the 
healthcare system of Taiwan, the National Health Admin-
istration checks charts, and ensures that patients receive a 
standard protocol of examinations to confirm diagnoses. 
Therefore, the diagnoses were accurate and verified. Our 
study showed that uveitis might be a predictor of AMI in 
patients with BD. Moreover, age, hypertension, smoking 
and skin lesions were also significantly associated with a 
higher risk of AMI. These findings were obtained after 
adjusting for confounders and, thus, are considered reli-
able and convincing.

CONCLUSIONS
Using the entire NHIRD population in Taiwan over 13 
years, we demonstrated that uveitis is associated with 
a significantly higher risk of AMI in patients with BD. 
Doctors should be aware of the potential threats of AMI 
in patients with BD. Close monitoring of the cardiovas-
cular system by cardiologists is imperative, especially for 
patients with uveitis or other risk factors, to detect AMI 
risk early and to manage it promptly.
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