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Gülçin Otar Yenerf, Kübra Öztürkg, Mustafa Çakane, S̨erife G. Karadağh, Semanur Özdelc, 
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ABSTRACT

Objectives: Behçet’s disease (BD) is a systemic vasculitis affecting many organ systems, with the involvement of all-sized arteries and veins. 
The study aims to determine the main characteristics of paediatric BD patients and also analyse the clustering phenotypes.
Methods: Demographic data, clinical manifestations, laboratory features, treatment schedules, and disease outcomes were achieved from 
patients’ charts retrospectively. A cluster analysis was performed according to the phenotype.
Results: A total of 225 (109 male/116 female) patients with BD were enrolled in the study. The median ages of disease onset and diagnosis were 
131 (36–151) and 156 (36–192) months, respectively. According to cluster analysis, 132 (58.6%) patients belonged to the mucocutaneous-only 
cluster (C1), while 35 (15.6%) patients fitted to articular type (C2), 25 (11.1%) were in the ocular cluster (C3), 26 (11.6%) were in the vascular 
cluster (C4), and 7(3.1%) belonged to the gastrointestinal cluster (C5). Ocular and vascular clusters were more common in boys (p < .001), while 
girls usually presented with the mucocutaneous-only cluster. The disease activity at the diagnosis and the last control was higher in ocular, 
vascular, and gastrointestinal clusters.
Conclusions: These identified juvenile BD clusters express different phenotypes with different outcomes Our analysis may help clinicians to 
identify the disease subtypes accurately and to arrange personalized treatment.
KEYWORDS: Juvenile Behçet’s disease; cluster analysis; Behçet’s disease

Introduction
Behçet’s disease (BD) is a systemic vasculitis affecting many 
organ systems by the involvement of all-sized arteries and 
veins [1]. Recurrent oral aphthous and cutaneous lesions are 
the predominant features during the disease course. However, 
diverse manifestations of gastrointestinal (GI), ocular, neuro-
logic, cardiovascular, and musculoskeletal involvement may 
be observed [2]. Albeit the peak age of the disease onset is 
between the second and fourth decades of life, it is well known 
that paediatric BD (PEDBD) patients account for 5–15% of 
all BD cases [2].

Patients with BD present with heterogeneous clinical 
manifestations varying according to genders, ethnicities, 

and geographic regions. For instance, GI involvement is 
widespread in Asians, while the vascular disease is more 
predominant in patients from the Middle East and the east-
ern Mediterranean region [3]. Different phenotypic clus-
ters have attracted the attention of adult rheumatologists 
in terms of organizing the individualized management of 
patients with BD. While subgroups of the disease are defined 
in adult BD patients, studies concerning cluster analysis in 
PEDBD patients are limited. Recently, in a review written 
by Sag et al. [4], five clusters for PEDBD were suggested: 
(1) mucocutaneous-only cluster, (2) papulopustular lesion–
arthritis–enthesopathy cluster, (3) ocular cluster, (4) GI cluster, 
and (5) vascular cluster. Nevertheless, there is only one study 
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focusing on cluster analysis in juvenile BD patients [5]. Zou 
et al. [5] evaluated 69 patients with juvenile BD, and they iden-
tified three clusters (C): C1 with mucocutaneous type; C2 with 
GI type; and C3 with a mixture of uveitis, vascular, and central 
nervous system involvement.

Herein, we aimed to identify the baseline characteristics of 
PEDBD patients and also to analyse the clustering phenotype 
of PEDBD in a large multicentre cohort.

Materials and methods
This is a retrospective observational study that was con-
ducted by eight paediatric rheumatology centres in Turkey. 
The study protocol was reviewed and approved by the 
Ethics Committee of the University of Health Sciences, 
Ümraniye Training and Research Hospital (Approval no. 
B.10.1.TKH.4.34.H.GP.0.01/251) with the ethical principles 
laid down in the Declaration of Helsinki.

We included the patients fulfilling at least one of the follow-
ing classification criteria: (1) the International Study Group 
criteria (ISG), (2) the Japan revised criteria, and (3) the 
PEDBD classification criteria [6–8]. The files of children with 
BD diagnosed between 2015 and 2020 were reviewed retro-
spectively. Demographic data, clinical manifestations, labora-
tory features, treatment schedules, and disease outcomes were 
recorded from patient charts.

The disease activity was assessed by the Iranian BD 
dynamic activity measure (IBDDAM) [9] and by the physician 
global assessment (PGA) scale. Patients who were followed for 
<1 year were excluded from the study.

Statistical analysis
The SPSS version 21.0 (SPSS, Inc., Chicago, IL, USA) was used 
for statistical analysis. The variables were investigated using 
visual (histogram or probability plots) and analytic meth-
ods (Kolmogorov–Smirnov/Shapiro–Wilk test) to determine 
whether or not they were normally distributed. Descriptive 
analyses were presented using proportion, mean, SD median, 
and range (R) whichever were appropriate. Cluster analysis 
was performed by using the two-step cluster analysis method. 
Initially, variables were selected such as continuous or categor-
ical. The current age, age at disease onset, duration of disease, 
IBDDAM, and PGA were the continuous variables, while gen-
der, clinical manifestations, major organ involvement, and 
classification criteria were the categorical variables.

Results
Baseline characteristics of the patients
A total of 225 patients with BD were enrolled in the study. 
Among them, 109 (48.4%) were male, and 116 (51.6%) were 
female. Seventy-seven (34.2%) patients had a family history of 
BD. The median ages of disease onset and diagnosis were 131 
(36–151) and 156 (36–192) months, respectively. The median 
time between the onset of symptoms and diagnosis was 23.5 
(0–45) months.

Oral aphthous ulcers (81.7%) were the most common ini-
tial symptom. During the course of the disease oral ulcers 
were also the most frequent symptom (99.1%) followed by 
genital ulcers (70.2%) and pseudofolliculitis (35.6%). Forty-
one (18.2%) patients had a history of erythema nodosum. 

Uveitis was observed in 34 (15.1%) patients. Of these 34 
patients, 14 had anterior uveitis, 14 had panuveitis, and 
6 had posterior uveitis. Retinal vasculitis was observed in 
seven (3.1%) patients. Of 26 (11.6%) patients presented with 
vascular involvement, 26 patients had venous thrombosis, 
and 1 patient had additional arterial thrombosis. Thirty-two 
(14.2%) patients had neurological involvement. Among these 
32 patients, 26 had non-parenchymal involvement, 5 had 
parenchymal involvement, and 1 had both parenchymal and 
non-parenchymal involvement. Eight (3.6%) patients had 
GI involvement. Arthralgia was reported in 119 (52.9%) 
patients, and arthritis was detected in 41 (18.2%) patients. 
Pathergy test was positive in 63 (28%) patients, and Human 
Leukocyte Antigen (HLA)-B51 was positive in 100 (44.4%) 
patients. 

Of 225 patients, 137 (60.9%) fulfilled the ISG and 142 
(63.1%) satisfied the PEDBD classification criteria. Forty-nine 
(21.8%) patients completely met the Japan revised criteria, 
while 133 (59.1%) were classified as incomplete BD according 
to the Japan revised criteria.

Treatments and outcomes
Almost all (n = 217, 96.4%) were receiving colchicine, and 54 
(24%) patients were using azathioprine, concomitantly. Five 
(2.2%) patients were treated with cyclophosphamide. Seven 
patients, of whom five with uveitis, one with GI involvement, 
and one with neurologic involvement, were on biological 
drugs. Eleven (4.8%) patients received corticosteroids.

At the time of diagnosis, the median IBDDAM and PGA 
scores were 4 (1–24) and 5 (2–9), respectively. At the last visit, 
both IBDDAM (1 [1–10]) and PGA scores (1 [1–5]) decreased 
significantly (p < .001). At the time of enrolment, 208 (92.4%) 
patients had inactive disease, while 15 (6.7%) had partial 
response and two (0.9%) still had active disease.

Cluster analysis
According to the two-step cluster analysis, five clusters had 
been identified with distinct features (Figure 1). The first 
cluster (C1) (n = 132, 58.6%) had female predominance with 

Figure 1. Distribution of clusters in PEDBD.
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Table 1. Characteristics of the patients according to clusters (C).

C1 C2 C3 C4 C5
(n = 132) (n = 35) (n = 25) (n = 26) (n = 7)

Family history of 
BD, n

53 12 6 3 3

Clinical features, n
 Oral aphthous 132 35 25 24 7
 Genital ulcers 100 25 15 13 5
 Papulopustular 

lesions
48 13 10 7 2

 Erythema 
nodosum

23 7 4 5 2

 Arthritis 0 35 3 3 0
 Uveitis 0 0 25 9 0
 GI involvement 0 0 1 0 7
 Vascular 

involvement
0 0 0 26 0

 Neurologic 
involvement

0 4 3 23 2

Laboratory features, n
 Positive 

pathergy test
39 9 9 6 0

 HLA-B51 
positivity

62 11 13 11 3

Disease activity assessment, median
 IBDDAM, at 

diagnosis
4 4 5.5 6 10

 PGA, at 
diagnosis

4 4 7 5.5 8

Classification criteria, n
 ISG 80 24 17 13 3
 PEDBD 85 20 18 16 3
Japan revised criteria
 Complete 26 5 11 6 1
 Incomplete 78 23 12 16 4
Treatment, n
 Colchicine 129 33 24 25 6
 Azathioprine 10 7 9 25 3
 Cyclophos-

phamide
0 0 0 3 2

 Biologic drugs 0 0 5 1 1
Outcomes, n
 Inactive disease 130 34 18 22 4
 Partial response 1 1 6 4 3
 Active disease 1 0 1 0 0

mucocutaneous features. In this cluster, the median age at 
diagnosis was 147 months. All patients had oral ulcers, 100 
had genital ulcers, 48 patients had papulopustular lesions, and 
23 had erythema nodosum. None of the patients had major 
organ involvement (Table 1).

Thirty-five (15.6%) patients fitted to C2 with a median age 
of disease onset of 164 months. In this cluster, joint involve-
ment was predominant. While joint involvement was present 
in all patients, 22 patients had enthesitis. Thirteen patients 
had papulopustular lesions and seven had erythema nodosum. 
Four patients had major organ involvement (Table 1).

Twenty-five (11.1%) patients fitted the ocular cluster (C3). 
The median age at the diagnosis was 132 months. Of these 
25 patients, 11 had anterior uveitis, 8 had panuveitis, and 6 
had posterior uveitis. Retinal vasculitis was observed in four 
patients. Three patients had neurologic involvement and one 
had GI involvement, concomitantly (Table 1).

Twenty-six patients belonged to the vascular cluster 
(C4). The median age at the diagnosis was 144 months. 

Nine patients had uveitis, additionally, and 23 patients had 
neurologic involvement (Table 1).

Seven patients were in the GI cluster (C5). The median age 
at the diagnosis was 144 months. Two patients had additional 
neurologic involvement (Table 1).

Ocular and vascular clusters were more common in boys 
(p < .001), while girls usually presented with mucocutaneous 
features. The age at the diagnosis was similar among the clus-
ters. The activity scores at the diagnosis were higher in ocular, 
vascular, and GI clusters (p = .001), while at the last con-
trol, partial response to the treatment was more common 
among ocular, vascular, and GI clusters. Therefore, patients 
belonging to these clusters needed more intensive treatment 
such as azathioprine, cyclophosphamide, and biologic agents 
(Table 1).

Discussion
This multicentre cluster analysis showed different clinical 
features among juvenile BD patients, leading to cluster five 
different phenotypes: C1, mucocutaneous type; C2, artic-
ular type; C3, ocular type; C4, vascular type; and C5, 
GI type (Figure 1). According to the comprehensive analy-
sis, ocular and vascular clusters were more predominant in 
boys, while girls usually belonged to C1 with mucocutaneous 
features (Figure 2). Furthermore, we demonstrated certain dif-
ferences between clusters in terms of outcomes and treatment
requirements.

As Turkey is along the Silk Route, the estimated prevalence 
of BD was higher in our country [119.8 per 100,000; 95% 
confidence interval (CI) 59.8, 239.9] compared to countries in 
the Middle East (31.8 per 100,000; 95% CI 12.9, 78.4) and 
in Europe (3.3 per 100,000; 95% CI 2.1, 5.2) [10]. The mean 
age of disease onset varied from 4.8 to 12.3 years [11, 12], 
and it was reported as 11 years by a recent study from Turkey 
[13]. It is well known that juvenile BD usually presents as an 
incomplete form and after some time expresses the full disease 
phenotype [14]. Therefore, ∼3 years of diagnostic delay has 
been reported in the paediatric cohorts. In the present study, 
the median age of disease onset was ∼11 years and the median 
time between the onset of symptoms and the diagnosis was 
∼2 years.

In the paediatric cohorts, the most common feature is 
oral ulcers which are present in 96–100% of juvenile BD 
patients followed by other mucocutaneous lesions such as gen-
ital ulcers (33.6–82.5%), papulopustular lesions (4.3–69%), 
and erythema nodosum (4.3–58.6%) [7, 11–18]. Corre-
spondingly, oral ulcers were also the most frequent symptom 
(99.1%), followed by genital ulcers (70.2%) and pseudofolli-
culitis (35.6%) in our cohort. Furthermore, the most frequent 
cluster presented with mucocutaneous findings (C1, 58.6%). 
Musculoskeletal involvement accounts for 22.7–52.5% of the 
features among patients with juvenile BD [7, 11–18]. Ocular 
involvement, which is the most important cause of morbidity, 
is seen in 8.7–66.2% of patients [7, 11–18]. Neurologi-
cal involvement is observed in 2.2–59.6% of the paediatric 
cohorts [7, 11–18]. In juvenile BD, vascular involvement 
ranges from 1.8 to 21% and GI involvement ranges from 
4.8% to 42.7% [7, 11–18]. In the present study, the frequency 
of musculoskeletal, ocular, neurological, vascular, and GI 
involvement was 52.9%, 15.1%, 14.2%, 11.6%, and 3.6%, 
respectively.
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Figure 2. Distribution of gender among clusters.

Adult studies have already shown that clinical manifes-
tations in BD patients differ between patients. As BD fol-
lows a heterogeneous and complex course, stratifying patients 
into subtypes may lead clinicians to individualize treatment. 
For instance, the mucocutaneous cluster has a mild course, 
while clusters with organ involvement require more inten-
sive treatment to reduce morbidity and mortality. Predicting 
outcomes at the initiation of treatment and accurately identi-
fying disease subtypes are crucial for personalized treatment. 
Several cluster analyses were performed in adult BD patients 
[19–21]. Kurosawa et al. [20] evaluated the database of 2218 
patients and reported three distinct clusters: C1 (male, HLA-
B51-positive, ocular inflammation, and neurologic involve-
ment); C2 (female, onset age: <30 years, HLA-B51-negative, 
genital ulcers, no ocular inflammation, and no neurologic 
involvement); and C3 (onset age: 30–39 years, skin lesions, 
and arthritis). Both ethnicity and environment may influ-
ence the clustering of the disease. Therefore, the phenotype 
and subtypes of the disease may differ between countries. 
Two studies from Turkey, done 10 years apart, identified the 
same four clusters: C1 (oral ulcers, genital ulcers, and ery-
thema nodosum); C2 (superficial and deep vein thrombosis); 
C3 (uveitis); and C4 (papulopustular skin lesions and joint 
involvement) [19, 22]. Studies from Turkey also identified a 
different cluster especially belonging to this geography: papu-
lopustular skin lesions and joint involvement with a family 
aggregation [22, 23]. In our cohort, 35 patients fitted to 
the articular type (C2) and 22 had enthesitis, concomitantly. 
However, we could not show an association between this 
cluster and papulopustular lesions or family history.

In addition to the fact that the disease varies from person 
to person, patients with juvenile BD express a quite different 
phenotype than adults with BD. For instance, the presence of 
a family history of BD, GI and neurologic involvement, and 
arthralgia are more common in children, while genital ulcers 
and vascular involvement are more frequent in adults [13]. 
Therefore, it is not surprising that different types emerge in 
cluster analysis. Recently, a study from China showed five sub-
types of adult BD [24]. According to this study, C1 (skin and 
mucosa type) had a milder course; C2 (articular type), which 

presented with articular involvement, had an association with 
increased frequency of papulopustular lesions; C3 (GI type) 
consisted of patients with GI involvement with a lower fre-
quency of ocular involvement; C4 (uveitis type) showed male 
predominance with a younger age of disease onset; and C5 
(cardiovascular type) had an association between cardiac and 
vascular lesions with an aggregation of parenchymal neuro-
logic involvement [24]. Previous reports also confirmed the 
relationship between deep vein thrombosis and neurologic 
involvement in BD patients [25, 26]. A significant relationship 
between vascular involvement and neurologic involvement 
was discovered in our cohort. A total of 23 individuals with 
neurologic impairment in addition to vascular involvement 
were identified in C4 (vascular type).

The data on disease clusters in juvenile BD patients are 
scarce. Only one report from China evaluated the clusters 
in 69 patients with juvenile BD [5]. According to the afore-
mentioned study, three sub-clusters were presented as follows: 
C1 with mucocutaneous type; C2 with GI type; and C3 with 
a mixture of uveitis, vascular, and central nervous system 
involvement. C1 and C2 were compatible with adult studies; 
however, C3 was quite different. C3 comprised 19 patients:
6 had ocular lesions, 6 had arterial thrombosis or aneurysms, 
3 had neurologic involvement, 3 had deep vein thrombosis, 
and 2 had major vein (vena cava and hepatic) thrombosis 
[5]. The small size of the study group may not allow the 
identification of other disease subtypes. Our study’s multi-
centre approach enables us to more precisely characterize the 
subgroups of juvenile BD patients. We defined five distinct 
phenotypes with different outcomes. The ocular, vascular, and 
GI clusters had greater disease activity scores at the time of 
diagnosis. In addition, partial treatment response was more 
frequent in these three clusters. Consequently, patients in these 
clusters required more aggressive treatment. As BD is not a 
unique disease, understanding its subsets can prevent delay in 
the diagnosis and also help clinicians to tailor their therapy 
accordingly.

Our study is restricted by its retrospective design. Further-
more, since the data were collected from a single country 
and ethnicity may affect the presentation of the illness, we 
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cannot generalize our results. Another limitation of the study 
is that organ involvement gradually appears during the dis-
ease course, so a shorter observation period may influence our 
results.

In conclusion, our findings revealed that the
mucocutaneous-only cluster was the most frequent cluster in 
PEDBD. While mucocutaneous and articular clusters had a 
female predominance, ocular, vascular, and GI clusters had a 
striking male predominance. Furthermore, having ocular, vas-
cular, and GI involvement affected disease activity not only 
at the diagnosis but also throughout the course of the dis-
ease, and more aggressive treatment modalities were required 
in these clusters.
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