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Abstract
Objective
Inflammatory endothelial activation is a prominent feature of vascular involvement in Behget’s disease (BD), which
is usually accompanied by a thrombotic tendency. Recent studies suggest an association between ABO blood groups
and thrombotic vascular disease in those carrying non-0 (A, B, and AB) groups. This study aimed to analyse the
contribution of ABO blood groups to the vascular involvement in BD.

Method
In this retrospective study, BD patients with available ABO blood group data and meeting the ISG criteria were
included in the study. The presence of vascular involvement, its clinical characteristics, and the data about other
manifestations were recorded from the patient charts.

Results
This study was conducted in 411 patients; 143 (34.8%) were carrying O and 268 (65.2%) were carrying non-O groups.
The vascular involvement was significantly more frequent and the risk for overall vascular and venous events was up to
2-fold higher in the patients with non-O groups. After adjustments for age, sex, and comorbidities, the risk for arterial
disease was also found to be increased in association with non-O groups. ABO blood groups were shown to be
independent risk factors for vascular BD by multiple regression models based on known predisposing factors.
Compared with other non-0O blood groups, the patients carrying blood group B had a higher risk for vascular events.

Conclusion
The results of this preliminary study show the potential contribution of ABO blood groups to the vascular-BD
phenotype and suggest an increased risk for vascular BD in association with non-O blood groups.
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Introduction

Behget’s disease (BD), a multi-systemic
inflammatory disease of unknown aeti-
ology, is characterised by recurrent mu-
cocutaneous, ocular, articular, vascular,
gastrointestinal system, nervous system
involvement, and less often other organ
systems manifestations. BD has a multi-
factorial pathophysiology, and the inter-
action of environmental factors with the
immune system is considered to trigger
inflammatory findings in genetically
susceptible individuals (1). A strong as-
sociation of HLA-B*51 with BD has
long been known, and recent genome-
wide association studies (GWAS) re-
vealed additional associations with sev-
eral non-HLA genes, including ERAP1,
which shows an epistatic interaction
with HLA B*51 (2). The phenotype of
BD is heterogeneous, and it is classified
as a variable vessel vasculitis affecting
both veins and arteries of all sizes (3).
Inflammatory changes in endothelial
cells are mainly responsible for the ten-
dency for thrombosis in BD patients,
and genetic factors such as factor V
Leiden may provide additional contri-
butions to the prothrombotic state (4, 5).
The phenotypes of ABO(H) blood
groups are determined by the specific
carbohydrate structures, which is regu-
lated by the FUTI, FUT2, FUT3, and
ABO genes, in red blood cells, vascular
endothelial cells, and other tissues (6).
A close relationship between the ABO
blood group antigens and vascular dis-
ease has been shown in numerous stud-
ies. Recent investigations have shown
that individuals with blood group O in
particular, have a lower risk of some
vascular events, such as venous throm-
boembolism (VT) and arterial disease
(7). This association has been confirmed
in several studies in which the ABO
blood subgroups were determined sero-
logically or by haplotype analysis (8,9).
We, therefore, aimed to analyse the po-
tential association between the vascular
manifestations of BD and ABO blood
group antigens in this exploratory study.

Patients and methods

Patients and data collection

This was a descriptive, retrospective
study from a single centre. A total
of 411 consecutive patients aged 318

whose ABO blood group information
determined by standard agglutination
test was already available from their
charts and followed up between 1978
and 2022 enrolled in the study. All
patients met the International Study
Group’s 1990 criteria for diagnosis
(ISG-1990) except for three patients,
who were diagnosed with BD based on
their typical organ involvements (10).
Demographic, clinical, and blood group
data of the patients were obtained from
their medical records and were noted
on a standard form. Blood groups were
routinely asked and recorded in pa-
tient charts since 2020, and data were
noted as A, B, AB, O, and Rhesus (Rh)
antigen positive or negative. For the
analysis, blood groups were classified
as “non-O” group for A, B, AB blood
types and “O” group. The vascular phe-
notype of the patients was specified as
venous and/or arterial involvements,
and the involved sites were also noted.
This study was approved by the Istan-
bul University Istanbul Faculty of Med-
icine Ethics Committee (2022-801627).

Statistical analysis

The quantitative variables were de-
scribed as the mean with standard devi-
ation (SD) or median with interquartile
range (IQR), while the categorical vari-
ables were presented as a number and
percentage. The Kolmogorov-Smirnov
test was performed to determine the
normality of the data. Student’s t-test or
Mann-Whitney U-test was used to com-
pare quantitative variables according to
the distribution of the data. Chi-square
or Fisher’s exact tests were used for cat-
egorical comparisons where appropri-
ate. Logistic regression was performed
to estimate crude odds ratios (ORs)
of vascular involvement according to
blood types. Multivariate logistic re-
gression models were adjusted for sex,
age at diagnosis, comorbid diseases (di-
abetes mellitus, hypertension, hyperlip-
idaemia, cardiovascular disease), ma-
lignancy, and smoking. Adjusted ORs
were estimated by considering logistic
models. Chi-square risk analysis was
used for detecting vascular involve-
ment risk of patients with A, B, or AB
blood types compared individually with
the patients with O blood type. Missing
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data were not included in the statistical
analyses. All analyses were performed
by using SPSS v. 26 (IBM Corp, USA),
and the two-tailed p-value <0.05 was
considered significant.

Results

The study group consisted of 411 pa-
tients with available ABO blood group
data; 143 (34.8%) were classified in the
“0O” group and 268 (65.2%) were in the
“non-O” group [171 (41.6%) were “A”,
65 (15.8%) were “B”, 32 (7.8%) were
“AB” blood types]. Rh antigen data
were available in 408 patients and Rh
antigen was positive in 354 (86.8%).
ABO and Rh antigen distribution of
our study population was compared
with the data of a previously reported
cohort of the Turkish population, and
no statistically significant difference
was found (p=0.634, p=0.393, respec-
tively) (11). The age at BD diagnosis
was 31.38+10.13 years, the follow-up
period was 167 (107-251) months, and
83 (58%) were male among the “O”
group, while 30.70+8.40, 148 (92-204)
and 161 (60.1%) among the “non-O”
group, respectively. Age at diagnosis,
sex, family history, HLA-B51 frequen-
¢y, smoking, history of comorbidities
which pose a risk factor for vascular
disease, and available data for genetic
thrombophilia (factor V Leiden and
prothrombin G20210A gene mutation)
were similar between “O” and “non-
O” groups (Table I). Comparing the
“O” group with the “non-O” group,
the frequencies of mucocutaneous, ar-
ticular, ocular, neurologic, pulmonary,
and cardiac manifestations were simi-
lar, except for the frequency of gas-
trointestinal (GI) involvement, which
was 3 (2.1%) in the “O” group and 0
(0%) in the “non-O” group (p=0.042)
(Supplementary Table S1). The fre-
quency of overall vascular involve-
ment was 39 (27.3%) in the “O” group
and 109 (40.7%) in the “non-O” group
(»=0.007), and the frequency of venous
involvement was 35 (24.5%) in the “O”
group and 95 (35.4%) in the “non-O”
group (p=0.023). There was a numeri-
cal difference in arterial involvement
between the two groups, but it did not
reach statistical significance [11 (7.7%)
in the “O” group and 38 (14.2%) in the
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Table I. The characteristics of the patients.

All patients O Group non-O Group P (A
(n=411) (n=143) (n=268)
Age at diagnosis, y, mean + SD 30.94 £9.03 3138 +£10.13 30.70 £ 8.40 0.469
BD duration, m, median (IQR) 153 (98-219) 167 (107-251) 148 (92-204) 0.047
Sex, male, n (%) 244 (59.4) 83 (58.0) 161 (60.1) 0.689
HLA B51,n (%) 57+ (53.3) 207 (50.0) 37% (55.2) 0.600
Smoking, n (%) 131¥ (31.9) 447 (41.5) 877 (39.4) 0.711
Comorbidity, n (%)
Diabetes mellitus 22 (54) 9 (6.3) 13 (4.9) 0.536
Hypertension 34 (8.3) 16 (11.2) 18 (6.7) 0.117
Hyperlipidaemia 20 (4.9) 7(4.9) 13 (4.9) 0.984
CVD 16 (3.9) 9 (6.3) 7 (2.6) 0.066
Malignancy 12 (2.9) 3 (2.1 9 (34 0.555
Genetic thrombophilia, n (%)
FVL 22% (37.3) 6° (42.9) 167 (35.6) 0.622
Prothrombin gene 10% (16.9) 1¢ (7.1) 9/ (20.0) 0.425
Combined 4€ (6.8) 1¢(7.1) 37.(6.7) 1.000

BD: Behget’s disease; CVD: cardiovascular disease; FVL: factor V Leiden; y: years; m: months; n: num-

ber of patients.

(*n=107,°n=40, ¥ n=67, ¥n=327, 'n=106, In=221, ©n=59, ‘n=14, / n=45).

“non-O” group, p=0.053]. In the evalu-
ation of the involved sites, only inferior
vena cava thrombosis was found signifi-
cantly different between the two groups
(p=0.009) (Suppl. Table S2). The “O”
and “non-O” groups were compared
according to overall vascular involve-
ment (crude OR 1.8 %95 CI 1.2-2.8,
p=0.007), venous involvement (crude
OR 1.7 %95 CI 1.1-2.7, p=0.023), ar-
terial involvement (crude OR 2.0 %95
CI 0.98-4.0, p=0.057) and adjusted
ORs with logistic models in the multi-
variate logistic regression analysis were
shown in Table II. When the O blood
group was taken as the reference point,
the patients with B blood group had the
highest risk for vascular events among
“non-O” group (Table III).

Discussion

The vascular phenotype of BD has pe-
culiar features with the affection of all
types and sizes of blood vessels, a pre-
dilection for the venous side, and a ten-
dency for thrombosis associated with
inflammatory endothelial activation (3).
Previous studies documented the contri-
bution of procoagulant mutations such
as factor V Leiden to the development
of vascular involvement in at least in
Turkish BD patients (4, 5). The current
study has provided preliminary data for
ABO blood groups as an additional risk
factor for vascular manifestations of BD
in those carrying non-O type.

Non-O types of ABO blood group were
suggested to be associated with a ten-
dency to vascular thrombotic disease
compared to O blood type, and espe-
cially the risk of venous thrombosis
was found to be increased up to 1.5-2-
fold in large cohorts (7,9). The associa-
tion between the ABO blood group and
vascular disease was documented pre-
viously in various serologic, genetic,
and epidemiological studies. Although
the mechanism of the thrombotic ten-
dency associated with non-O blood
groups has not been fully clarified yet,
increased plasma concentrations of
factor VIII and von Willebrand factor
in patients with A1l and B blood groups
and association of ICAM-1 levels with
Al blood group have been suggested
as potential mechanism (8, 9, 12, 13).
None of them directly associated with
inflammation, but they can contribute
to the thrombotic tendency associated
with inflammatory endothelial activa-
tion or other risk factors.

Results of the current study provided a
similar tendency for non-O blood types
and vascular disease of BD, especially
for venous thrombosis. A similar con-
tribution to the thrombotic tendency
of BD was previously demonstrated
for the carriers of factor V Leiden
mutation in Turkish patients (4, 5).
Multivariate logistic regression analy-
sis suggested that ABO blood groups
may act as an independent risk factor
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Table II. Univariate and multivariate logistic regression analyses to estimate unadjusted and adjusted risk for vascular events comparing
the “O” group with the “non-O” group.

Overall vascular involvement

Venous involvement

Arterial involvement

p OR (CI %95) p OR (CI %95) p OR (CI %95)
Model 1 0.007 1.828 (1.176-2.842) 0.023 1.694 (1.074-2.674) 0.057 1.983 (0.980-4.010)
Model 2 0.007 1917 (1.196-3.071) 0.024 1.739 (1.075-2.812) 0.062 1.977 (0.967-4.039)
Model 3 0.005 1.983 (1.226-3.207) 0.022 1.765 (1.085-2.871) 0.038 2.213 (1.044-4.689)
Model 4 0.006 1.967 (1.216-3.183) 0.023 1.757 (1.079-2.860) 0.046 2.156 (1.014-4.583)
Model 5 0.029 1.859 (1.066-3.240) 0.038 1.828 (1.035-3.226) 0.102 1.984 (0.873-4.512)

Model 1: ABO blood group; Model 2: Model 1 plus age at diagnosis and sex; Model 3: Model 2 plus comorbidities (diabetes mellitus, hypertension, hyper-
lipidaemia, cardiovascular disease); Model 4: Model 3 plus malignancy; Model 5: Model 4 plus smoking (missing value for 84 patients).

OR: odds ratio; CI: confidence intervals.

Table III. Chi-square risk analyses to estimate risk for vascular events while using “O” blood group as a reference to compare with “A”,

“B”, and “AB” blood groups individually.

Overall vascular involvement

Venous involvement

Arterial involvement

n (%) OR (CI %95) n (%) p ()  OR (CI %95) n (%) p (>  OR (CI %95)
AB (n=32) 12 1.600 12 0.200 1.851 4 0.597 1.714
(37.5%) (0.716-3.578) (37.5%) (0.823-4.165) (12.5%) (0.509-5.777)
A (n=171) 66 1.676 56 0.108 1.503 23 0.146 1.865
(38.5%) (1.037-2.708) (32.7%) (0.914-2471) (13.5%) (0.876-3.971)
B (n=65) 31 2431 27 0.013 2.192 11 0.078 2.444
(47.6%) (1.321-4.476) (41.5%) (1.175-4.090) (16.9%) (1.000-5.975)
O (n=143) 39 1.00 35 1.00 11 1.00
(27.2%) (reference) (24.5%) (reference) (7.7%) (reference)

n: number of patients; OR: odds ratio; CI: confidence intervals.

for vascular BD with the elimination
of confounding factors. Although the
difference between the “O” and “non-
O” groups was not statistically signifi-
cant, the risk for arterial involvement
was numerically higher in the “non-O”
group. Arterial involvement of BD usu-
ally results in aneurysm formation, and
mural thrombosis is seen in almost all,
and much rarely, arterial occlusions can
also occur. Therefore, it is likely that
ABO blood groups may contribute to
the thrombotic complications of arterial
involvement in BD.

The suggested mechanisms for the asso-
ciation of ABO blood groups with vas-
cular disease include the FUT2 gene,
one of the genes encoding the galac-
toside 2-L-fucosyltransferase enzyme.
FUT2 is involved in the soluble ABO
blood group synthesis pathway, and re-
sponsible for secretion of ABO antigens
into the gastrointestinal fluids including
saliva. Non-secretory FUT2 variants
were associated with an increased risk
for BD and inflammatory bowel dis-

2074

ease, and it was usually considered to
play arole through alterations in intesti-
nal microbiota (14, 15). Association of
FUT2 non-secretory variants with BD
was not related to any phenotypic sub-
sets, and potential relationship between
FUT2 polymorphisms, ABO blood
groups and vascular phenotype needs
to be investigated in a larger group of
patients with genotype data along with
detailed clinical features.

On the other hand, one of the major lim-
itations of this exploratory study was
its relatively small sample size, which
may have affected the results due to se-
lection bias in tertiary referral centres.
Therefore, the findings related to arte-
rial disease, gastrointestinal involve-
ment, and the highest risk associated
with blood type B compared to type O
need to be replicated in a larger group.
Other limitations of this study include
its retrospective and single-centre de-
sign, use of only serological methods
for ABO blood typing, which are ex-
pected to be clarified with the analysis

of genetically determined subtyping
data in a multicentre cohort.

In conclusion, the current exploratory
study provides preliminary evidence for
the contribution of ABO blood groups,
in particular non-O blood types to the
complex nature of the vascular involve-
ment and thrombotic tendency of BD.
Further investigations are required to
confirm this association and explain the
underlying mechanism(s).
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