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ABSTRACT
Objective. Children and adults may de-
velop Behçet’s disease (BD), often with 
ocular involvement such as uveitis. This 
study aimed to determine the preva-
lence and type of ocular manifestations 
in childhood and adult BD.
Methods. Medline, Web of Science and 
Cochrane databases were searched 
from inception to October 5, 2018 to 
identify publications related to Behçet’s 
disease comprising minimum twenty 
patients and providing the frequency of 
ocular manifestations (OC). Random 
effects models were used to combine the 
prevalence of OC in adults and children 
with BD. Heterogeneity was evaluated 
using I2.
Results. The search resulted in 3129 
articles, of which 51 were included in 
meta-analysis. OCs were slightly more 
frequent in childhood onset BD with 
the mean [95% Confidence Interval] 
frequency of 45 [34-56%] compared 
to 36 [29-43%] in adults, however, this 
difference was not statistically signifi-
cant (p=0.198). In both children and 
adults, posterior uveitis (children 27% 
vs. adults 25%, and retinal vasculitis in 
adults 16%) was the most common ocu-
lar manifestation, followed by anterior 
uveitis (children 18% vs. adults 23%). 
When comparing the distribution of OC 
in Behcet’s in adults, there was geo-
graphic variation where OC were high-
er in Turkey and the Middle East 42%, 
followed by Europe and North America 
(36%), North Africa 26% and East Asia 
25% but not significantly (p=0.27).
Conclusion. Ocular manifestations, 
predominantly uveitis; are common 
in BD. Ocular manifestations are not 
proportionately more frequent in adults 
with BD along the ancient Silk Road.

Introduction
Behçet’s disease (BD) is a multisystem 
inflammatory disease which usually 

starts around the age of 30 to 40. The 
hallmark of BD is the presence of mu-
cocutaneous lesions in the mouth and/
or genital area. Oral ulcers are recur-
rent, quite painful, and mostly found on 
the mucous membranes of the soft pal-
ate, tongue, and lips (1). Genital ulcers 
occur less frequently than those in the 
mouth, but tend to be deeper and last 
longer (2). The aetiology of BD remains 
unknown. It has been hypothesised that 
herpes simplex virus-1 (HSV-1), strep-
tococcal infections, and/or the presence 
of heat shock protein (HSP) antibodies 
are involved in the disease development 
(3-6). Genetic factors such as HLA-B51 
and HLA-B5 increase BD 6-fold (7, 8). 
BD progression is often supported by 
the overexpression of inflammatory cy-
tokines (9). Environmental factors such 
as diet and smoking habits can also im-
pact disease activity (10).
Ocular involvement is common in BD 
and causes substantial functional limi-
tations (5). However, data are contra-
dictory with some studies showing the 
frequency of ocular conditions (OCs) 
as high as 67% (11), whereas others 
reporting it low, at 5% (12). Conclu-
sive information regarding the types 
of OCs, their prevalence and manifes-
tations in children compared to adults 
with BD is lacking (13-17). Patients 
with ocular involvement in BD are 
less likely to have genital ulceration or 
GI involvement (18). It is known that 
BD is more common along the ancient 
Silk Road and manifestations such as 
large vessel vasculitis seem to be more 
frequent in this geographical area, 
whereas oral and genital ulcers may 
be equally frequent in BD between dif-
ferent areas (19). The comparative fre-
quency of eye involvement in different 
areas is not fully understood.
Therefore, we conducted a systematic 
review and meta-analysis to determine 
the prevalence and type of ocular man-
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ifestations in adults and children with 
BD and studied the frequency of eye 
involvement between geographical ar-
eas. While other studies have investi-
gated the prevalence of OC in BD, this 
analysis examined differences in child 
versus adult-onset BD and frequency 
of OC between the Silk Road and other 
locations (20).

Methods
Study selection
The protocol of ocular manifestations 
in rheumatic conditions was registered 
at www.clinicaltrials.gov with the trial 
ID NCT03753893. A search of pub-
lications related to: conjunctivitis, 
keratoconjunctivitis sicca, xeropthal-
mia, uveitis, eye haemorrhage, optic 
neuritis, papilloedema, orbital disease, 
retinal artery/vein occlusion, macular 
oedema, retinitis, chorioretinitis, scleri-
tis, iridocyclitis, choroid haemorrhage, 
blindness and amaurosis fugax in pa-
tients with BD was performed with the 
assistance of an information specialist. 
Medline, Cochrane and Web of Sci-
ence were used, searching papers that 
spanned from their inception (1966, 
1991 and 1990 respectively) to Octo-
ber 5, 2018. All studies that included 
a prevalence of ocular complications 
in the setting of juvenile and/or adult 
BD were included where data on adults 
or children with BD could be extracted 
such as types and frequency of ocular 
manifestations. 

Inclusion criteria
Studies were included if they provided 
numerical data of the frequencies of 
ocular manifestations in BD. Studies 
were excluded if they were review ar-
ticles, case reports where all patients 
experienced ocular manifestations, if 
different types of ocular manifesta-
tions were not reported separately (for 
subsets where frequencies of specific 
conditions such as anterior and poste-
rior uveitis), and if the study included 
fewer than 20 patients with BD in or-
der to increase certainty around the re-
ported frequency which could be less 
accurate in smaller studies. Patients 
were considered as juvenile onset by 
each individual study criteria. The ocu-
lar involvement was also defined by the 

authors of each paper (anterior/poste-
rior/pan uveitis, iritis, retinitis, etc.). 
When the same study cohort was used 
in more than one analysis, the most re-
cent or largest sample was included. 
The Strengthening the Reporting of 
Observational Studies in Epidemiol-
ogy (STROBE) checklist was used to 
assess the quality of cohort, case-con-
trol, and cross-sectional studies where 
studies are evaluated out of 22 points 
for completeness and quality (21).

Data extraction
The following data were extracted for 
each study: first author, year of publi-
cation, location of study, study design, 
sample size, whether adults or children 
were included, and prevalence of each 
ocular complication. When studies in-
cluded multiple ocular manifestations, 
data extraction and analysis were done 
overall and separately for each condi-
tion. Terms (uveitis, anterior uveitis, 
posterior uveitis, retinal vasculitis, etc.) 
were extracted as used by the authors 
in each paper. Complications from BD 
ocular involvement were also recorded 
such as glaucoma, cataracts, blindness, 
optic atrophy, etc. Some terms could 
have been related to BD related ocular 
activity or damage including macular 
oedema.

Statistical analysis
After extracting the frequency and type 
of ocular manifestations from the indi-
vidual studies, Forest plots were con-
structed to create a 95% confidence 
interval (CI) using Wilson’s score 
method. Variance and study weights 
were determined and a random effects 

model was used to account for differ-
ences in study quality (22). I-squared 
and tau-squared tests were used to 
determine heterogeneity and variance 
across studies. Funnel plots were used 
to look for possible publication bias. 
Differences between prevalence were 
compared using single factor ANOVA. 
Due to differences in geography and 
prevalence of BD (23), a subset of 
analysis was done for countries with 
high BD (along the Silk Road) and the 
other countries to determine if the re-
ported frequency of OC was different 
between adults and children with BD in 
areas with high versus low BD.

Results
The search process found 3129 arti-
cles, of which 49 were included (Fig. 
1). There were 593 duplicate citations 
among the search terms/different data-
bases; and an additional 2505 articles 
did not meet the inclusion criteria (Fig. 
1). The studies ranged in size from 20 
to 6500 patients with BD. The Supple-
mentary table shows the included stud-
ies and ocular terms used within each 
paper. Overall STROBE score to assess 
quality ranged from 12 to 20.  
The overall frequency of ocular in-
volvement in juvenile BD was 45 [34-
56%] and was similar to that of adult 
BD at 36 [29-43%] (p=0.198) (Fig. 2). 
In children, the most common ocular 
manifestation was posterior uveitis, 
affecting 27 [12-41%] of those with 
BD, followed by anterior uveitis (18 
[6-31%]), cataracts 15% and optic at-
rophy (8 [3-13%]) (Fig. 3). In adults, 
the most common ocular manifesta-
tion was also posterior uveitis (25 [16-

Fig. 1. Flow chart of search strategy.
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Fig. 2. Frequency of eye involvement in BD in juvenile onset (A) and adults (B).

35%]), followed by anterior uveitis (23 
[11-36%]), and poster uveitis labelled 
as retinal vasculitis (16 [7-25%]) (Fig. 
4). In adults with BD, ocular involve-

ment as the initial manifestation oc-
curred in 12 [4-20%]. Tests for hetero-
geneity showed large variability be-
tween the studies analysed, therefore a 

random pooled effects model was used 
to generate forest plots and determine 
prevalence.
Due to regional differences in the preva-
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lence of BD, frequencies of ocular man-
ifestations were analysed comparing 
regions with high BD to those with low 
BD. OC in adult BD occurred most fre-
quently in Turkey and the Middle East 
(40%) and nearly the same frequency 
was found in studies from North Amer-
ica and Europe (36%) and less common 
in North Africa (26%) and East Asia 
(25%). No gradient along the Silk Road 
vs. other regions such as North America 
and Europe was observed (p=0.27). In 
children, all but one of the studies found 
were from Turkish cohorts, therefore 
geographic analysis for paediatric BD 
was not performed. Figure 5 provides 
the frequency of BD by region. When 
comparing children to adults within 
studies from Turkey and the Middle 
East, the prevalence of OC in BD in 

children was quite similar (5% differ-
ence). Supplementary figure S1 shows 
the prevalence of BD on the map.
Publication bias investigated was neg-
ligible as evidenced by funnel plots. 
When measuring overall heterogene-
ity, I2 = 86%, Z=7.74 (p<10-5) in chil-
dren and I2=99%, Z=10.48 (p<10-5) in 
adults (Supplementary Fig. S1). 

Discussion
The systematic review has shown that 
children with BD did not have higher 
prevalence of eye manifestations when 
compared to adults. Bilateral posterior 
uveitis was the most typical feature of 
OC in children which is known to result 
in significant decrease in visual activ-
ity (24). Approximately one-third of 
paediatric patients with ocular involve-

ment showed decreased visual acuity 
over a mean of 5 years of follow up in 
one registry (25). Anterior uveitis and 
optic atrophy were also commonly seen 
in children with BD. Adult-onset BD 
was found to have OC in approximately 
1/3 of patients especially with posterior 
uveitis and then anterior iritis.
The studies had some heterogene-
ity with considerable variation in the 
frequency of OC among studies. This 
might be related to the methodology of 
case ascertainment, the data sources, 
country, age and gender of patients, 
lack of standardisation of age of juve-
nile onset BD and ocular definitions, 
and the wide variation in follow-up. 
Indeed, ocular manifestations may vary 
according to sex, and age of onset; the 
occurrence and severity of uveitis is 

Fig. 3. The prevalence of ocular manifestations in juvenile BD. Anterior uveitis (A), posterior uveitis (B), optic atrophy (C), cataract (D).
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Fig. 4. The prevalence of ocu-
lar manifestations in adult BD.
Anterior uveitis (A), posterior 
uveitis (B), retinal vasculitis 
(C), macular oedema (D), cata-
ract (E), glaucoma (F), blind-
ness (G), uveitis as initial mani-
festation (H).
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associated with the male sex, gener-
ally after the age of ten years (26). The 
majority of publications were from Tur-
key where the prevalence is high and in 
fact, most patients with juvenile onset 

BD were in Turkey. We were unable to 
adjust for gender without individual pa-
tient data. 
As with any systematic review, there 
are limitations. Regional and ethnic 

differences in BD were not accounted 
for in this analysis and there were geo-
graphic differences in adults with BD. 
BD is most common in Turkey and 
Middle East, which is often why it has 

Fig. 5. The prevalence of 
ocular manifestations in 
adult BD by geographic 
location. Turkey and the 
Middle East (A), Europe 
and North America (B), 
North Africa (C), East 
Asia (D).
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been referred to as ‘Silk Road disease’ 
(27). While BD is less common in re-
gions beyond the Silk Road such as Eu-
rope (28), publications analysed from 
different locations were extracted simi-
larly, even if they had varying rates of 
disease. A sub-analysis was performed 
studying countries along stretches of 
the ancient silk road compared with 
those further away. As expected, Tur-
key and the Middle East had a higher 
prevalence of ocular manifestations in 
BD compared with East Asia and North 
Africa. North America and Europe, 
however results were not significantly 
different. Perhaps this similarity can be 
attributed to an influx of immigration to 
Europe and North America from those 
regions. 
Treatment was not considered in each 
study and could be confounding. For 
instance, there could be fewer ocular 
complications if effective early treat-
ment was used and/or if the uveitis was 
less severe in studies compared to oth-
ers. Advanced therapeutic interventions 
such as TNF (tumour necrosis factor) 
inhibitors may lessen the severity and/
or recurrence of OC. Adalimumab and 
infliximab have been studied in uveitis 
from BD (29-32). Conversely, some 
treatment options for BD have associ-
ated eye involvement as potential side 
effects such as topical and oral steroids 
contributing to cataracts and glaucoma 
(33-36) and uveitis can increase glau-
coma. Some non-ocular features of BD 
are treated with oral steroids (37, 38).
The ocular manifestations included 
disease activity from BD (such as an-
terior and posterior uveitis and retinal 
vasculitis); and complications such as 
optic atrophy, glaucoma, cataracts and 
blindness. Due to lack of standardisa-
tion of terms between studies, we ex-
tracted the data as labelled according 
to the author of each study. In addition, 
most of the studies analysed were co-
hort studies. As part of our analysis, we 
did not differentiate between sex and 
age (amongst adults), which could lead 
to bias.

Conclusions
The frequency of ocular involvement 
in children is not significantly different 
than adults with BD. The most common 

manifestation in the eyes is posterior 
uveitis and then anterior uveitis. Ocular 
involvement did not have significantly 
different regional involvement.

Take home messages
• 	 BD is more common along the Silk 

Road and may be more severe there 
versus other geographic regions.

• 	 However, the frequency of uveitis 
in adults with BD does not vary by 
geography.

• 	 Ocular involvement in BD is slight-
ly more frequent in children than in 
adult onset.
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