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Abstract
Objective
Behget’s syndrome (BS) is characterised by extreme clinical heterogeneity, underscoring the need for precise patient
classification to enable personalised management. While traditional distance-based cluster analysis (CA) has provided
new insights, its deterministic approach may not fully capture the complexity of BS. The primary objective of this study
was to define BS clinical phenotypes using latent class analysis (LCA), a probabilistic, model-based clustering method
that identifies hidden classes based on unobserved patterns. We also aimed to examine sex-related differences in
clinical manifestations and treatment requirements across the identified classes.

Methods
We conducted a retrospective, observational, single-centre study including all adult BS patients followed in our
department between 2012 and 2022, targeting a sample of 500 patients. LCA was performed using clinically relevant
indicators (sex, oral and genital ulcers, skin lesions, articular involvement and major organ involvement).
Models were compared based on fit indices, class number, separation, assignment and size. The final model was
selected based on both clinical relevance and statistical performance.

Results
A total of 553 patients (409 males, 144 females) were enrolled, with a mean age of 32+7 years. Five latent classes
(C1-C5) with distinct phenotypes were identified. C1 (n=215; 39%), ‘vascular type’: all patients had vascular lesions,
with the highest prevalence of cardiac involvement (12%). C2 (n=171; 31%), ‘ocular type’: characterised by 100%
uveitis and frequent mucocutaneous lesions. C3 (n=40; 7%), ‘neurological type’: all patients exhibited parenchymal
neurological involvement, and 40% had concomitant uveitis. C4 (n=98; 18%), ‘skin-mucosa and articular type’:
marked by 100% oral and genital ulcers, with the highest prevalence of papulopustular lesions (54%) and articular
involvement (48%). C5 (n=29; 5%), ‘uncertain BS’: with 60% uveitis, 48% vascular lesions, and the lowest
mucocutaneous involvement. Sex-related clinical differences were observed, with significant male predominance
across all major organ classes (Cl, C2, C3, and C5), whereas a near-equal sex distribution was noted in the
skin-mucosa and articular class (p<0.001). Treatment patterns varied considerably, with higher corticosteroid doses
and conventional immunosuppressant use in major organ classes, while biologics were mostly prescribed
in the ‘ocular class’ (C2) and ‘uncertain BS’ (C5) (p< 0.001).

Conclusion

This study is the first to apply LCA for BS clinical phenotyping, providing a probabilistic classification that uncovers
complex patient subgroups. Five latent classes were identified, with distinct clinical profiles, significant sex disparities,

and varying therapeutic needs. These findings are crucial for advancing precision medicine in BS and ultimately
improving patient outcomes.
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Introduction

Behcet’s syndrome (BS) is a complex
multisystem inflammatory disorder of
unknown aetiology. First described in
the 1930s, successively by Benedict
Adamantiades and Hulusi Behget, it
was initially defined as a combination
of aphthous oral ulcers, genital ulcers,
and uveitis (1, 2). Later, it was suggest-
ed by Behcet himself that the disease
likely extends beyond this classic triad
(3). Since then, additional major organ
involvements have been reported, in-
cluding the vascular, neurological, car-
diac, and gastrointestinal systems (4).
Although BS can occur globally, it is
much more prevalent along the ancient
‘Silk Road’, encompassing the Medi-
terranean region, the Middle East, and
East Asia (5). The type and severity
of clinical presentation vary between
regions and within the same popula-
tion (6). Despite this diversity, various
associations between manifestations
have been described, shaping the con-
cept of BS phenotypes (7, 8).

As patients with BS follow a complex
course with varying morbidity and
mortality outcomes, the 2018 update
of the EULAR recommendations em-
phasised the need for individualised
management strategies (9). One of the
primary challenges facing precision
medicine in BS is the heterogeneity of
patients (10). Previous studies have at-
tempted to define BS subgroups, often
relying on factor analysis (11-13). Yet,
these statistical techniques, which aim
to reduce variables into smaller sets of
factors, have yielded inconsistent re-
sults.

In contrast, clinical clustering in het-
erogeneous diseases has shown prom-
ise in better identifying patient subsets
that may predict disease patterns (14).
Cluster analysis (CA), which groups
patients based on similarities in their
observed variables, was first applied
to BS phenotyping in 1984 (15). Nev-
ertheless, it quickly fell out of favour,
likely due to limited results. As factor
analysis and other dimension-reduction
methods have been insufficient in iden-
tifying BS subsets, CA has recently
regained interest as a tool for pheno-
typing (16-19). Yet, these studies used
distance-based clustering (e.g. hierar-

chical, k-means, two-step...), which,
despite offering valuable insights, re-
lies on deterministic approaches that
may oversimplify the extreme com-
plexity and heterogeneity of BS.
Recent developments in latent class
analysis (LCA), a model-based cluster-
ing method, provide a probabilistic and
more precise alternative to traditional
CA (20). With unsupervised learn-
ing techniques, LCA uncovers hidden
patterns within the data, enabling the
identification of unobserved or ‘latent’
classes within a population (21). Al-
though LCA has delivered impactful
results in other medical conditions such
as diabetes, systemic lupus erythema-
tosus, osteoarthritis, and sepsis, it has
not yet been applied in BS (22-25).
Hence, the primary objective of our
work was to identify clinical pheno-
types in BS using LCA. A secondary
aim was to explore sex-related differ-
ences in clinical manifestations and as-
sess therapeutic needs across the iden-
tified classes. Defining these clinical
subgroups is fundamental for improv-
ing our understanding of BS heteroge-
neity and providing more accurate pa-
tient classification, thereby advancing
precision medicine in this population.

Material and methods

Study design

We conducted a retrospective, single-
centre, observational, descriptive, and
analytical study in the Internal Medi-
cine and Clinical Immunology Depart-
ment at Ibn Sina University Hospital,
Rabat, Morocco. Data were collected
from medical records and hospitalisa-
tion documentation between 2012 and
2022.

We included all adult patients (age =18
years) who fulfilled at least one of the
following classification criteria for BS:
revised International Criteria for Be-
h¢et Disease (ICBD) or revised Inter-
national Study Group criteria (ISG) for
Behcet Disease. Files with substantial
missing information, particularly on
clinical manifestations, were excluded.
The research was conducted in accord-
ance with the Declaration of Helsinki.
Informed consent was not applicable
due to the retrospective observational
nature of the study.
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Data collection

We collected patients’ detailed de-
mographic and medical information,
including sex, age at BS onset and
enrolment, past medical history, smok-
ing status, clinical symptoms, physical
examination findings, laboratory work-
up, imaging, and endoscopy reports.
Clinical evaluation assessed mucocuta-
neous involvement (oral ulcers, genital
ulcers, papulopustular lesions, erythe-
ma nodosum-like lesions, and pathergy
reaction) and articular involvement (ar-
thralgias and arthritis).

Ocular involvement was documented
with detailed findings on the affected
segments, type of lesions, and later-
ality. Neurological involvement in-
cluded central nervous system (CNS)
parenchymal involvement, diagnosed
through Iumbar puncture, cerebral
CTA/MRA, cerebrospinal MRA, and
peripheral nervous system involve-
ment, confirmed by EMG.

Vascular involvement was evaluated by
Doppler ultrasound and/or CTA, show-
ing venous (superficial and deep ve-
nous thrombosis), and/or arterial (an-
eurysm, thrombosis, stenosis) lesions.
Cardiac involvement was assessed
based on clinical findings, cardiac bio-
markers, ECG, cardiac TTE/MRI, and
coronary angiography. Gastrointestinal
involvement was established through
clinical manifestations supported by
biological, radiologic, endoscopic, and
histopathologic findings.

Therapeutic management was docu-
mented, including corticosteroid dos-
age, conventional immunosuppressant,
and biological agent use. We also re-
ported colchicine, anticoagulants, and
antiplatelet prescriptions. Surgical and
interventional procedures were noted.
The mortality rate was recorded.

Statistical analysis

Statistical analysis was conducted
using R (v. 4.4) and Stata (v. 14.3).
Continuous variables were reported
as means and standard deviations for
normally distributed data, and as me-
dians and interquartile range (IQR) for
skewed distributions. Categorical vari-
ables were presented as percentages
within each category. Univariate anal-
ysis was conducted using Pearson’s
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chi-squared test for categorical vari-
ables and Student t- or non-parametric
Mann-Whitney test for continuous var-
iables. An alpha of 0.05 was used as the
cut-off for significance.

A minimum sample size of 500 patients
was estimated to perform LCA (21).
We selected ten clinically relevant in-
dicators for model building: sex, oral
ulcers, genital ulcers, papulopustular
lesions, erythema nodosum-like le-
sions, articular involvement, and major
organ involvement (ocular, neurologi-
cal, vascular, cardiac, and gastrointesti-
nal). The clustering algorithm was run
with 100 random initialisations, testing
solutions with 2 to 6 classes.

Models were compared using several
criteria, including class number, fit
indices, class separation, individual
probabilities for class membership,
and class size. The primary approach
was to select the model with the fewest
classes that best suited the data. As add-
ing parameters improves a model’s fit
but reduces its generalisability, fit indi-
ces were used to balance accuracy and
avoid overfitting. The Bayesian infor-
mation criterion (BIC) was the primary
metric, complemented by the Akaike
information criterion (AIC), log-likeli-
hood, and bootstrapped p-values. En-
tropy, a class separation measure, was
another key factor, with a value of 1
indicating perfect class separation and
values >0.8 considered strong. Poste-
rior individual probabilities for class
membership were examined, with a cut-
off of >0.5 for class assignment. Lastly,
class size was evaluated to ensure that
the smallest class represents a genuine
subset rather than statistical anomalies,
with a threshold of 5% applied.

The final model was selected according
to both clinical relevance and statistical
performance.

Results

Descriptive characteristics

We enrolled a total of 553 patients di-
agnosed with BS, all of Moroccan ori-
gin. There were 409 males and 144 fe-
males, resulting in a sex ratio of 2.8:1.
The mean age at BS onset was 30+11
years (7-66), with the mean age at en-
rolment being 42+13 years (15-79).
Smoking was reported in 22% of cases.

Table 1. Descriptive characteristics of BS
patients, Ibn Sina University Hospital,
Rabat, Morocco (2012-2022).

n=553
Male sex* 409 (74)
Age at BS onset** 30+ 11
Oral ulcers* 524 (95)
Genital ulcers * 464 (84)
Skin lesions* 265 (48)
Papulopustular lesions* 220 (40)
Erythema nodosum-like lesions* 55 (10)
Articular involvement* 164 (30)
Ocular involvement* 266 (48)
Vascular involvement* 229 (41)
Neurological involvement* 70 (13)
Cardiac involvement* 37 (7)
Gastrointestinal involvement* 22 (4)
Corticosteroids* 475 (86)

Conventional Immunosuppressants®* 354 (64)
Biological agents* 46 (8)
Mortality 12 (2)

*n (%); **Mean + SD.

Past medical history comprised diabe-
tes mellitus (4%), dyslipidaemia (4%),
and arterial hypertension (3%).

Oral aphthosis was the most preva-
lent manifestation (95%), followed by
genital aphthosis (85%). Skin lesions
were frequently reported (48%), pre-
dominantly as papulopustular lesions
(40%) and erythema nodosum-like le-
sions (8%). Pathergy reaction was ob-
served in 14% of the patients. Articu-
lar involvement was noted in 30% of
the cases, categorised into arthralgias
(28%) and arthritis (6%).

Uveitis represented the most common
major organ involvement, affecting
48% of the patients. It involved the
posterior (82%) and anterior (55%) seg-
ments, with panuveitis observed in 39%
of cases. The vascular system was the
second most frequently affected major
organ (41%), categorised into venous
(80%) and arterial (36%) involvements.
Venous involvement mainly consisted
of DVT (92%), primarily located in the
limbs (65%), vena cava (29%), and cer-
ebral veins (18%). Arterial involvement
included aneurysms (70%), thrombosis
(41%), and stenosis (11%). The other
major organ involvements were neuro-
logical (13%), cardiac (7%) and gastro-
intestinal (4%).

Most patients were treated with corti-
costeroids (86%), with a median dos-
age of 10 mg/day [5; 30]. Conventional
immunosuppressants were commonly
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prescribed (64%), comprising azathio-
prine (70%), cyclophosphamide (48%),
methotrexate (7%), and mycopheno-
late mofetil (1%). Biological agents
were administered to 46 patients (8%),
primarily consisting of TNF-a inhibi-
tors (n=45), with one patient receiving
an anti-IL-6 agent. Most patients were
on colchicine (98%). Anticoagulants
and antiplatelet agents were used in
33% and 12% of cases, respectively.
Surgical (5%) and interventional (2%)
procedures were uncommon. Mortality
was recorded in 12 patients (2%).
Patients’ characteristics are summarised
in Table I.

LCA model selection

We selected the model with five class-
es, given its clinical relevance, lower
fit indices, high entropy, and accept-
able smallest class size. For most pa-
tients, individual probabilities for class
membership were close to 1.0 for one
class and close to O for the others, fur-
ther corroborating the good fit of the
model. The main statistical features for
model selection are presented in Sup-
plementary Table S1.

Latent Classes

Five distinct classes were identified,
each characterised by specific clinical
features (Fig. 1).

Class 1 (n=215; 39%), ‘Vascular type’

This was the largest class, featuring
the highest male predominance (81%),
with a male-to-female ratio of 4.3:1.
The mean age at BS onset was 29+10
years. All patients presented with vas-
cular involvement, consisting of 80%
venous and 36% arterial lesions. The
highest rate of cardiac involvement was
observed in this class (12%). Mucocu-
taneous lesions were common, with
100% of patients reporting oral ulcers,
84% genital ulcers, 42% papulopustular
lesions, and 12% erythema nodosum-
like lesions. Articular involvement was
noted in 25% of cases (Fig. 2).

Class 2 (n=171; 31%), ‘Ocular type’

This class exhibited the second-high-
est male predominance (80%), with a
male-to-female ratio of 4:1. The mean
age at BS onset was 30+11 years. All
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Fig. 1. Heatmap of the clinical characteristics across latent classes in BS patients, Ibn Sina University

Hospital, Rabat, Morocco (2012-2022).
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Fig. 2. Radar plot of Class 1 (“vascular type”) clinical phenotype in BS patients.

patients had uveitis, associated with
frequent mucocutaneous lesions, main-
ly oral ulcers (98%), genital ulcers
(88%), papulopustular lesions (41%),
and erythema nodosum-like lesions
(9%). Articular involvement was re-

ported in 28% of the patients (Fig. 3).

Class 3 (n=40; 7%), ‘Neurological type’
Significant male predominance was
also noticed in this class (70%), with a
male-to-female ratio of 2.3:1. The mean
age at BS onset was 30+10 years. Neu-
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Class 2 - "Ocular type"

Cardiac involvement
Articular involvement

Digestive involvement

Vascular involvement

Erythema nodosum

600 800 _ 1000 )
Papulopustular lesions

Genital ulcers

Oral ulcers

Male sex

o Ocular involvement
Neurological involvement

Fig. 3. Radar plot of Class 2 (“ocular type”) clinical phenotype in BS patients.
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Fig. 4. Radar plot of Class 3 (“neurological type”) clinical phenotype in BS patients.
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rological parenchymal involvement
was present in all cases, with 40% con-
comitant ocular involvement, mostly
affecting the posterior segment (83%).
All patients exhibited oral ulcers, with
81% genital ulcers, and less common
skin lesions (15% papulopustular le-
sions and 2% erythema nodosum-like
lesions). Articular involvement was
noted in 28% of cases (Fig. 4).

Class 4 (n=98; 18%), ‘Skin-mucosa
and articular type’

This class displayed the highest female
predominance, with males represent-
ing 53% of the patients, resulting in
a male-to-female ratio of 1.1:1. The
mean age at BS onset was 31+12 years.
All patients reported oral ulcers and
genital ulcers (100%). This class was
characterised by the highest prevalence
of papulopustular lesions (54%) and
articular involvement (48%). Erythema
nodosum-like lesions were observed in
11% of cases (Fig. 5).

Class 5 (n=29; 5%), ‘Uncertain BS’
This was the smallest class, marked by
a less pronounced male predominance
(60%), with a male-to-female ratio of
1.5:1. A later onset was observed, with
a mean age of 38+14 years at BS initial
symptoms. Uveitis was present in 60%
of patients, and nearly half exhibited
vascular lesions (48%). This class was
notable for having the fewest oral ul-
cers (12%) and no genital ulcers. Skin
lesions were rare, with only 4% papu-
lopustular lesions and 8% erythema
nodosum-like lesions. The rate of ar-
ticular involvement was 20% (Fig. 6).

Sex-phenotype analysis

Univariable analysis showed a signifi-
cant association between male sex and
vascular involvement (OR=1.75 [1.17—
2.62], p=0.006), whereas no such link
was observed for other major organ in-
volvements, including ocular, neurolog-
ical, cardiac, and gastrointestinal sys-
tems. Female sex was associated with
erythema nodosum (OR=0.56 [0.31-
1.02], p=0.05) and articular involve-
ment (OR=0.38 [0.25-0.57], p<0.001).

Conversely, LCA revealed a significant
male predominance across all major or-
gan classes (p<0.001), with the highest
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Class 4 - "Skin-mucosa and articular type"
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Fig. 5. Radar plot of Class 4 (“skin-mucosa and articular type™) clinical phenotype in BS patients.
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Fig. 6. Radar plot of Class 5 (“uncertain BS”) clinical phenotype in BS patients.
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rates in the ‘vascular type’ (81%) and
‘ocular type’ (80%), followed by the
‘neurological type’ (70%) and ‘uncer-
tain BS’ (66%). In contrast, the ‘skin-
mucosa and articular type’ displayed a
near-equal sex distribution (p<0.001).
The main sex-related clinical differ-
ences identified using LCA are illus-
trated in Figure 7.

Therapeutic management

Treatment requirements varied consid-
erably between classes. Higher doses
of corticosteroids were prescribed in
the ‘neurological type’, with a median
dosage of 30 mg/day. Lower dosage
was used in the ‘ocular type’ (20 mg/
day) and ‘uncertain BS’ (14 mg/day),
followed by the ‘vascular type’ (10 mg/
day). The ‘skin-mucosa and articular
type’ had the lowest corticosteroid ex-
posure, with a mean dosage of 5 mg/
day (p=0.004).

Conventional immunosuppressants
were frequently used across all major
organ classes, with the highest rates in
the ‘neurological type’ (80%), ‘vascular
type’ (76%), and ‘ocular type’ (75%),
followed by the ‘uncertain BS’ (62%).
In contrast, only 13% of patients from
the ‘skin-mucosa and articular type’
received this therapy (p<0.001). Cyclo-
phosphamide was the most frequently
prescribed immunosuppressant, particu-
larly in the ‘neurological type’ (79%). It
was used in 52% of patients in the ‘vas-
cular type’ and 41% in the ‘ocular type’,
compared with 21% in the ‘uncertain
BS’ and 18% in the ‘skin-mucosa and
articular type’ (p<0.001).

Biological agents, mostly consisting of
TNF-a inhibitors, were primarily used
in the ‘ocular type’ (17%) and the ‘un-
certain BS’ (10%), followed by the ‘vas-
cular type’ (6%), and ‘skin-mucosa and
articular type’ (1%) (p<0.001).

The main differences in treatment re-
quirements across classes are detailed in
Table II.

Discussion

This is the first clustering study on BS
in Morocco and, importantly, the first
worldwide to apply LCA as a tool for
phenotyping in BS. In this large ret-
rospective cohort of 553 BS patients,
LCA identified five distinct clinical

Clinical and Experimental Rheumatology 2025
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Fig. 7. Sex distribution across latent classes in BS patients, Ibn Sina University Hospital, Rabat, Morocco (2012-2022).

Table II. Comparative treatment requirements across latent classes in BS patients, Ibn Sina University Hospital, Rabat, Morocco (2012-2022).

C1 C2 C3 C4 C5 p
Corticosteroids* (mg/d) 10 [5; 20] 20 [6; 60] 30 [5;60] 5 [5;10] 14 [7; 36] 0.0041
cDMARDs*#* 163 (76) 128 (75) 32 (80) 13 (13) 18 (62) <0.0012
Cyclophosphamide** 62 (52) 43 (41) 22 (79) 2 (18) 3 (21) <0.00112
Azathioprine** 79 (66) 72 (69) 21 (75) 9 (82) 11.0 (79) 0.6812
Methotrexate™** 54 10 (10) 14 3(27) 0 (0) 0.0212
Mycophenolate mofetil** 1(D) 0 (0) 0 (0) 0 (0) 1(7) 0.0512
bDMARDs** 13 (6) 29 (17) 0 (0) 1(1) 3 (10) <0.00112

c¢sDMARD:s: conventional disease-modifying anti-rheumatic drugs; bDMARD:s: biologic disease-modifying anti-rheumatic drugs.
*Median [IQR]; **n (%); 1 Kruskall-Wallis test; 2 Pearson’s Chi-squared test.

classes, namely the ‘vascular type’
(C1), ‘ocular type’ (C2), ‘neurological
type’ (C3), ‘skin-mucosa and articular
type’ (C4), and ‘uncertain BS’ (C5).
Significant sex-related disparities were
found in clinical manifestations and
major organ involvement, with varying
therapeutic needs across classes.

We used LCA to identify clinically rel-
evant BS phenotypes due to its multiple
advantages over traditional CA. First,
as a probabilistic model-based cluster-
ing method, LCA provides individual
probabilities for class membership in-
stead of fixed assignments, allowing
for uncertainty estimation and result-
ing in more flexible and precise clas-
sifications. Additionally, LCA accounts
for unobserved (latent) data within the
observed variables, which may not be
apparent through standard methods.
Moreover, LCA captures complex
relationships between variables, ena-
bling the detection of overlapping pat-
terns, whereas traditional CA assumes
distinct group separation, potentially

Clinical and Experimental Rheumatology 2025
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Fig. 8. Alluvial diagram of uveitis across latent classes in BS patients, Ibn Sina University Hospital,

Rabat, Morocco (2012-2022).

overlooking subtle or intricate patterns.
LCA also integrates clinical relevance
alongside statistical criteria, unlike
traditional CA, which relies strictly on
distance metrics (Suppl. Table S2) (20,
21, 26). Notably, comparative studies
have demonstrated LCA’s superiority
with a fourfold reduction in the risk
of misclassification compared to other

clustering methods (27, 28). Therefore,
LCA is likely better equipped to ad-
dress the complexity and heterogeneity
of BS, justifying its application in this
study.

It is important to note that, although the
latent classes in our cohort may super-
ficially resemble previously proposed
clinical phenotypes, they are funda-
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mentally distinct and not directly com-
parable to results from earlier pheno-
type studies using dimension-reduction
methods. For instance, in the ‘ocular
type’ (n=171), all patients presented
uveitis. However, this class accounted
for only two-thirds of all patients with
ocular involvement (n=264), as uveitis
was also observed in the ‘uncertain BS’
(60%), ‘neurological type’ (40%), ‘vas-
cular type’ (27%), and ‘skin-mucosa
and articular type’ (5%) (Fig. 8). This
challenges the previously described oc-
ular phenotype and highlights the com-
plexity of BS subgroups, underscoring
the importance of advanced analytical
tools such as LCA for optimal patient
classification.

Interestingly, while most classes in our
cohort yielded generally expected re-
sults, the fifth class stood out as unu-
sual. This smallest group, comprising
merely 29 patients, was characterised
by frequent ocular (60%) and vascu-
lar (48%) lesions, which contradicts
the negative association typically ob-
served with these manifestations (8).
Additionally, patients in this group ex-
hibited very few oral ulcers, no genital
ulcers, and less frequent skin lesions.
One possible explanation is that this
class could represent a rare phenotype
of BS. Alternatively, despite meeting
the ISBD/ISG criteria at enrolment,
these patients could be classified as
having ‘uncertain BS’ given their atyp-
ical clinical features. A similar cluster
of ‘suspicious BS’ was described in
the Japanese cohort, also characterised
by the lowest frequency of oral ulcers
and predominant ocular involvement
(17). Identifying these ‘uncertain BS’
subgroups is essential, as they war-
rant careful follow-up for the poten-
tial emergence of new symptoms that
could point to BS mimics, ultimately
guiding different management.
Compared with previous clustering
studies from other countries, the clini-
cal phenotypes identified in our co-
hort present both similarities and dif-
ferences. For example, the ‘vascular
type’ (C1), which is the largest group
in our cohort (39%), was significantly
more prevalent than in Turkey (17%)
and China (15%) (16,29). In Japan, the
vascular cluster was absent (17). This
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finding aligns with epidemiological
studies, highlighting a higher preva-
lence of the vascular phenotype in the
Mediterranean region compared to
Middle Eastern and Far Eastern coun-
tries (30).

Conversely, the ‘skin-mucosa and ar-
ticular type’ (C4) accounted for only
18% of patients in our cohort, with
48% of them exhibiting articular in-
volvement. This differs from China
and Turkey, where the skin-mucosa
clusters were the largest, comprising
respectively 36% and 35% of patients,
with distinct articular clusters identi-
fied in 14% and 22% of cases (16, 29).
In Japan, two separate clusters were
identified: ‘mucocutaneous with arthri-
tis” (21%) and ‘mucocutaneous with-
out arthritis’ (25%), the latter being the
largest group of the cohort (17).
Notable differences also include the
absence of the gastrointestinal class in
our cohort, similar to clustering stud-
ies from Turkey (19, 29). This con-
trasts with the gastrointestinal cluster
described in East Asian countries, such
as China and Japan (16, 17). Previous
research has demonstrated a higher
frequency of gastrointestinal involve-
ment in Far East Asian countries com-
pared to Mediterranean and Middle
Eastern regions (31, 32). However, it
is noteworthy that the preferential use
of Japanese diagnostic criteria in these
countries, which include gastrointesti-
nal symptoms, could play a role in the
generation of this cluster (33).

While geographical heterogeneity is
characteristic of BS, the exact causes of
these phenotypic distributions remain
unclear. Several theories have been
proposed, especially regarding differ-
ent genetic backgrounds, as evidenced
by various gene associations with spe-
cific phenotypes (e.g. HLA-A*26 and
uveitis, HLA-B*46 and gastrointestinal
involvement, etc.) (34, 35). Environ-
mental factors, including microbiome
changes, may also influence disease
expression (36, 37). However, it is es-
sential not to underestimate the poten-
tial bias introduced by artificial het-
erogeneity, which may arise not only
during the analytical phases but also
in pre-analytical ones (e.g. diagnostic
criteria, definition of disease manifesta-

tions, etc.) (38). International clustering
studies using consistent methodologies
would be valuable for enabling cohort
comparisons and elucidating ethnic and
geographic variations.

This study also applied LCA to explore
sex disparities in clinical manifesta-
tions, identifying distinct sex-related
clinical profiles, with males being sig-
nificantly more represented in all major
organ classes, whereas females were
more likely to belong to the ‘skin-muco-
sa and articular type’. This distribution
may be partly explained by genetic fac-
tors, as recent research suggests males
carry a higher genetic risk, particularly
involving the HLA class I region (39).
Additionally, various hypotheses have
been proposed regarding the influence
of hormones, as well as environmental
factors such as exposure to infectious
agents and intestinal dysbiosis, which
may contribute to these sex-related
clinical differences (29, 40, 41).
Furthermore, our analysis showed dis-
tinct variations in treatment require-
ments across classes. Higher doses of
corticosteroids and increased use of
conventional immunosuppressants, es-
pecially cyclophosphamide, were ob-
served in the ‘neurological type’, ‘ocu-
lar type’, and ‘vascular type’, closely
followed by the ‘uncertain BS’. Con-
versely, as anticipated, the ‘skin-mu-
cosa and articular type’ had the lowest
use of both corticosteroids and conven-
tional immunosuppressants. Notably,
biological agents were most frequently
prescribed in the ‘ocular type’ (17%)
and the ‘uncertain BS’ (10%), where
ocular involvement was prevalent, like-
ly reflecting the critical urge to preserve
visual function.

We acknowledge certain limitations in
this study. First, the retrospective de-
sign may have introduced information
bias and did not allow for inclusion of
genetic data, such as HLA genotyp-
ing, performed only in a few cases of
diagnostic uncertainty. Second, being
a single-centre study conducted at a
tertiary hospital with exclusively Mo-
roccan patients, it may limit the gener-
alisability of our findings. In addition,
the complexity of classes may not be
fully captured by the chosen labels, and
since LCA provides probabilities for
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class membership, the reported class
sizes are approximate. Finally, while
we demonstrated varied therapeutic
requirements across classes, the study
design did not allow longitudinal as-
sessment of patient outcomes.

Conclusion

This study is the first to assess clinical
phenotypes in BS using LCA. Five la-
tent classes were identified in our co-
hort, namely the ‘vascular type’, ‘ocu-
lar type’, ‘neurological type’, ‘skin-
mucosa and articular type’, and ‘uncer-
tain BS’. Distinct sex-related clinical
profiles and varying treatment require-
ments were observed across classes.
These findings provide critical guidance
for more accurate patient classification,
paving the way for precision medicine
in BS and improved patient outcomes.
Further validation in prospective, in-
dependent cohorts incorporating both
clinical and genetic data would be valu-
able to enhance our understanding of
BS heterogeneity.
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