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Objective: Behcet’s disease (BD) is a chronic inflammatory disease and recent findings suggest a role of
oxidative stress in the pathogenesis of BD. Free radical-induced oxidative stress is also involved in the
pathogenesis of cardiovascular and other rheumatic diseases. Oxidative stress may be detected in vivo
by measuring F2 isoprostanes. Here, we measured plasma levels of F2 isoprostane in patients with BD
and evaluated the correlation of F2 isoprostane with cardiometabolic risk factors.
Methods: Forty-three patients with BD in remission and 37 age- and sex-matched controls were recruited for
the study. Blood samples were obtained to determine F2 isoprostane, C-reactive protein levels, erythrocyte
sedimentation rate, and other biochemical parameters. Homeostasis model assessment insulin resistance
and body mass index were calculated. Systolic blood pressure, diastolic blood pressure, and waist
circumference were measured.
Results: Plasma F2 isoprostane, fasting plasma glucose, triglyceride, and C-reactive protein levels were
significantly higher in patients with BD compared with healthy controls, whereas high-density lipoprotein
cholesterol levels were significantly lower in patients with BD. F2 isoprostane levels did not correlate with
cardiometabolic risk factors, C-reactive protein levels, or erythrocyte sedimentation rate.
Conclusion:High levels of F2 isoprostane in patients with BD indicate oxidative stress. Antioxidant therapeutic
approaches could potentially affect the course of this disease.
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Introduction
Behçet’s disease (BD) is a relapsing, multisystemic,
chronic inflammatory disease characterized by recur-
rent oral and genital aphthous ulcers, together with
ocular, arthritic, and neurologic involvement and
non-specific vasculitis. Although the etiology of the
disease is not certain, autoimmune, genetic, microbio-
logic, and environmental factors are implicated.1 In
BD, the generation of reactive oxygen species by neu-
trophils is increased, leading to the tissue injury associ-
ated with BD.2–5 Free radical-induced oxidative stress
results from the imbalance between high free radical
exposure and antioxidants. Free radicals cause critical
and direct damage to various components, e.g., lipids,
proteins, and DNA.

In 1990, Morrow et al.6 discovered the in vivo for-
mation of a family of prostaglandin derivatives,
called F2 isoprostanes, by non-enzymatic free
radical-induced oxidation of arachidonic acid.
Indeed, measurement of F2 isoprostanes in plasma
and various biologic fluids provides a reliable quanti-
tative index of oxidative stress in vivo.7 Furthermore,
products of isoprostane pathways play an important
role and have potent biologic actions representing
the pathophysiologic aspects of BD. The involvement
of F2 isoprostanes has been evaluated in various
arthritic and rheumatic diseases.8–10 Various oxidative
stress markers and oxidative states have also been
studied in patients with BD with inconsistent
results.11–13

Oxidative stress and inflammatory processes are the
main features of many acute and chronic diseases, such
as cancer, lung disease, cardiovascular disease, and
rheumatic disease, as well as normal aging processes.
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Oxidant stress and the production of intracellular reac-
tive oxygen species are implicated in the pathogenesis
of a variety of cardiovascular diseases.14 Kim et al.15

reported a two-fold increase in the odds ratio for the
highest F2 isoprostane quartile compared to the
lowest quartile for cardiovascular disease. In a
case–control study, Gross et al.16 compared F2 iso-
prostane concentrations and the extent of coronary
artery calcification in a healthy population cohort
and found that a greater percentage of women in the
highest F2 isoprostane quartile manifest calcification
compared with the lowest F2 isoprostane quartile in
both sexes, although the prevalence of calcification is
lower in women overall. Obesity and associated cardi-
ometabolic risk factors, such as C-reactive protein
(CRP) and increased blood pressure, are also associ-
ated with F2 isoprostane.

17

Several studies have investigated the interaction
between BD and cardiometabolic risk factors, such
as carotid intima media thickness, endothelial dys-
function, and microvascular involvement, whereas
other studies have not found atherosclerotic features
in BD.18–21 A few researchers have investigated the
interaction between isoprostane, rheumatic disease,
and cardiometabolic risk factors and reported incon-
sistent results. Rho et al.22 concluded that F2 isopros-
tane excretion is higher and that F2 isoprostane
excretion is positively associated with the severity of
coronary calcification in patients with rheumatoid
arthritis than in control subjects, whereas Soep
et al.23 found normal isoprostane levels despite the
high burden of atherosclerotic risk factors in children
and young adult patients with systemic lupus
erythematosus.
Although the involvement of F2 isoprostane in

various rheumatologic diseases has been investigated,
we found no studies in the literature reporting the
plasma levels of F2 isoprostane in BD. The main
objective of this study was to determine the plasma
levels of F2 isoprostane as well as standard measures
of inflammation (CRP and erythrocyte sedimentation
rate (ESR)) in patients with BD and to compare them
with healthy controls. We also assessed whether
F2-isoprostane concentrations were correlated with
cardiometabolic risk factors, despite the inconsistent
results between BD and cardiometabolic risk factors.

Materials and method
We conducted a cross-sectional study on 43 patients
diagnosed with BD according to the Study Group of
Behcet’s Disease who were admitted to Istanbul
Medeniyet University Goztepe Training and
Research Hospital BD outpatient clinic between
June 2011 and December 2011.24 All patients were in
remission with mucocutaneous involvement and treated
with colchicine. Thirty-seven healthy age- and

sex-matched subjects were included in the study as
controls. Patients and controls with diabetes mellitus,
dyslipidemia, cardiovascular disease, malignancy,
smoking, alcohol consumption, any other rheumatolo-
gic or inflammatory disorders, or acute and chronic
infective diseases were excluded from the study. The
Institutional Review Board of Istanbul Medeniyet
University Goztepe Training and Research Hospital
approved the study (12/A; 17 May 2011), and
written informed consent was obtained from each
subject.

Biochemical methods
In both the patient and control groups, morning blood
samples were obtained after overnight fasting. Blood
samples were centrifuged at 1500 g for 10 minutes at
room temperature within 2 hours of collection.
Serum CRP levels were measured using nephelometry
(Immage® Immunochemistry System, Beckman
Coulter, USA) as a part of daily clinical practice.
Plasma (EDTA-anticoagulated) samples were stored
at −20°C until analysis. ESR levels were determined
by the Western Green method (Berkhun SDM-100,
Turkey).

To evaluate oxidative stress, we analyzed plasma
levels of 8-iso-prostaglandin F2alpha (also known as
8-epi-PGF2alpha, 8-isoprostane, or 15-isoprostane
F2t), a biomarker of lipid peroxidation, using the
8-iso-prostaglandin F2alpha enzyme-linked immuno-
sorbent assay kit (Cell Biolabs, Inc., San Diego, CA,
USA), according to the manufacturer’s guidelines.
The intra- and inter-assay coefficients of variability
of the test were 4.5 and 7.8%, respectively.

For biochemical analysis, blood specimens were col-
lected after 12–16 hours of fasting. Fasting plasma
glucose (FPG), total cholesterol, triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), and fasting
insulin were measured by standard assays. The homeo-
stasis model was used to assess insulin resistance
homeostasis model assessment-insulin resistance
(HOMA-IR) according to the following formula:
insulin resistance (HOMA-IR)= (fasting insulin
(μU/ml) × fasting glucose (mg/dl))/405.25

Anthropometric measurements
Height (centimeters) and weight (kilograms) of the
subjects were measured in light clothing and without
shoes. Body mass index (BMI; kilograms per square
meter) was calculated. Waist circumference (WC)
was assessed at the midpoint between the 12th rib
and the iliac crest. Hip circumference (HC) was
measured at the level of the greater trochanter.

Statistical analysis
The statistical analyses were performed using SPSS
16.0 for Windows (SPSS, Inc., Chicago, IL, USA).
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The variables were investigated using visual (histo-
grams, probability plots) and analytical methods
(Kolmogorov–Smirnov) to determine whether they
were normally distributed. For the data analysis,
descriptive methods (mean, standard deviation,
median) were applied. Categorical data are rep-
resented as numbers and percentages. The descriptive
statistics are given as means± SD for normally distrib-
uted variables, whereas medians are used for non-
normally distributed variables. For comparison of
parameters between two groups with a normal distri-
bution, Student’s t-test was used. For comparison of
parameters between two groups without a normal dis-
tribution, the Mann–Whitney U test was used.
Pearson’s and Spearman correlation coefficients were
used on continuous variables to assess the relationship
between variables. A value of P ˂ 0.05 indicated stat-
istical significance.

Results
All BD patients had recurrent oral aphthous lesions
(n= 43, 100%), 28 (65%) had genital ulcers, 21
(49%) had acneiform lesions, 10 (23%) had erythema
nodosum, 19 (44%) had uveitis, and 7 (16%) had
thrombosis. Five patients were treated with azathiopr-
ine, four with cyclosporine, nine with pentoxifylline,
and four with acetylsalicylic acid. Plasma F2 isopros-
tane was higher in patients with BD than in healthy
controls (250.4± 292.1 versus 79.84± 89.2 ng/ml; P
< 0.001). FPG, TG, and CRP levels were significantly
higher, whereas HDL-C was significantly lower in
patients with BD than in healthy controls. BMI,
WC, HC, systolic blood pressure (SBP), diastolic

blood pressure (DBP), uric acid, total cholesterol,
LDL-C, HbA1c, HOMA-IR, and ESR levels did not
differ significantly between groups (Table 1).
Correlation analysis revealed no relationship

between F2 isoprostane and obesity indices and cardi-
ometabolic risk factors. Further, inflammatory
markers, such as CRP and ESR, were not correlated
with F2 isoprostane (Table 2). None of the clinical fea-
tures (oral apthous lesions, genital ulcers, acneiform
lesions, erythema nodosum, uveitis, or thrombosis)

Table 1 Descriptive characteristics, anthropometric indices, cardiometabolic risk factors, inflammatory markers and F2
isoprostane levels of the study population with BD and controls

Number of subjects n (%)
Behcet’s disease Control

P-value
43 37

Sex (M/F) 15/28 (12/25)

Age (years) 39.5± 8.8 40.4± 8.1 0.7
BMI (kg/m2) 27.1± 4 26.7± 5.3 0.7
WC (cm) 99.2± 10.5 95.1± 10.9 0.09
HC (cm) 107± 6.8 107.7± 9.8 0.1
SBP (mmHg) 113.1± 11.8 113.1± 14 0.8
DBP (mmHg) 73.1± 8 70.2± 8.2 0.1
FPG (mg/dl) 96.3± 9.1 91.7± 8.5 0.03
Uric acid (mg/dl) 4.4± 1.6 4.7± 1.4 0.4
Cholesterol mg/dl) 192.1± 41.5 203.65± 39.3 0.2
LDL-C (mg/dl) 123.9± 3 125.6± 4 0.9
HDL-C (mg/dl) 46.9± 9.8 57.8± 12.3 ˂0.001
TG (mg/dl) 138.6± 7 101.2± 5 0.008
HbA1c (%) 5.6± 0.3 5.5± 0.3 0.3
HOMA-IR 1.8± 1.5 1.5± 1.1 0.5
ESR (mm/hour) 24.5± 17.3 20.4± 11.5 0.5
CRP (mg/dl) 0.7± 0.9 0.3± 0.2 0.004
F2 isoprostane (ng/ml) 250.4± 292.1 79.84± 89.2 ˂0.001

(n (%), mean±SD). M, male; F, female; BMI, body mass index; WC, Weight circumference; HC, hip circumference; SBP, systolic
blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol, TG, triglyceride; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment-insulin
resistance; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein.

Table 2 Correlation analysis of cardiovascular risk factors
and inflammatory markers with F2 isoprostane in patients
with Behcet’s disease

R P-value

Age# 0.072 0.646
BMI# 0.166 0.286
WC# 0.028 0.861
HC 0.102 0.516
SBP# 0.031 0.853
DBP# 0.151 0.366
FPG# 0.102 0.548
Uric acid# −0.194 0.257
Cholesterol# −0.163 0.334
HDL-C# 0.059 0.728
LDL-C# −0.161 0.341
TG −0.072 0.673
HOMA-IR 0.080 0.608
CRP −0.045 0.799
ESR −0.050 0.770

Spearman correlation coefficient and #Pearson’s correlation
coefficient were used. BMI, body mass index; WC, waist
circumference; HC, hip circumference, SBP, systolic blood
pressure; DBP, diastolic blood pressure, FPG, fasting plasma
glucose; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol, TG, triglyceride; HOMA-IR,
homeostasis model assessment-insulin resistance; ESR,
erythrocyte sedimentation rate; CRP, C-reactive protein.
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of BD were associated with plasma F2 isoprostane
(data not shown).

Discussion
The results of the present study indicate that F2 iso-
prostane concentrations are high in patients with BD
compared to healthy controls, and this finding con-
firms the presence of marked oxidative stress with
enhanced lipid peroxidation induced by chronic
inflammatory processes in BD. To our knowledge,
this is the first study to report a high concentration
of F2 isoprostane in patients with BD. Findings from
Crocowski et al.26 with a larger group of scleroderma
spectrum patients that urinary F2 isoprostane levels
are twice as high in scleroderma patients as in controls
support the present findings. Though the patients
included in this study were in a different spectrum of
scleroderma, urinary F2 isoprostane did not signifi-
cantly differ among patients. A study with a limited
number of patients representing a wide spectrum of
scleroderma and controls showed that concentrations
of a metabolite of F2 isoprostane in the urine are sig-
nificantly higher in patients with scleroderma.27

Volpe et al.9 not only concluded that these findings
support the role of oxidant stress in the pathogenesis
of scleroderma but also concluded that oxidative
stress is strongly correlated with the severity of lung
involvement and nailfold videocapillaroscopic pat-
terns. Some other studies evaluated serum F2 isopros-
tane concentrations in different rheumatologic
diseases, such as systemic lupus erythematosus, rheu-
matoid arthritis, psoriatic arthritis, reactive arthritis,
and osteoarthritis and found them to be higher in
patients with arthritic diseases than in healthy
control subjects.8,10 All of these studies evaluated
different rheumatologic diseases with different severity
and stages, but all concluded that F2 isoprostane con-
centrations are significantly higher in patients than in
healthy control groups.
Though Seyahi et al.18 concluded that the tra-

ditional overall cardiometabolic risk factors are not a
prominent feature in BD, in the present study, patients
with BD had significantly higher FPG and TG and
lower HDL-C. Various conflicting results are reported
for cardiometabolic risk factors among BD patients
with different disease features. Messedi et al.19 con-
cluded that morphologic evidence of subclinical ather-
osclerosis is present in BD patients. In one study,
researchers found that, during an active disease
period, microvascular functional impairment is more
evident in BD patients than in patients with inactive
disease.21 Many cardiometabolic risk factors, such as
hypertension, dyslipidemia, smoking, and obesity,
are associated with increased oxidative stress.28

Despite the presence of some of these risk factors,
such as dyslipidemia and hyperglycemia, we observed

no correlation between F2 isoprostane concentrations
and cardiometabolic risk factors in BD patients. For
different rheumatologic diseases, F2 isoprostane
levels and the association of F2 isoprostane with cardi-
ovascular diseases have also been investigated. A
cross-sectional study concluded that F2 isoprostane
excretion is higher in patients with rheumatoid arthri-
tis than in control subjects and that, among patients
with rheumatoid arthritis, higher F2 isoprostane
excretion is positively associated with the severity of
coronary calcification.22 In a group of patients com-
prising children and young adults with systemic
lupus erythematosus, isoprostane levels did not differ
from those of normal controls, despite the abundance
of atherosclerotic risk factors.23

Oxidative stress, based on plasma F2 isoprostane
level, is increased in patients with BD compared to
healthy control subjects. F2 isoprostane levels are not
correlated with any cardiometabolic risk factors or
obesity indices in patients with BD. Therefore, the oxi-
dative burden in patients with BD may not be related
to cardiometabolic risk factors. The main role of F2

isoprostane in the pathogenesis and therapeutic
approach to BD should be considered in further
studies.

The present study has several limitations. First,
although 43 patients is a respectable size for a
disease as rare as BD, greater statistical power could
be obtained with a larger number of patients. The
cross-sectional design of the study is also a limitation.
In addition, active Behcet’s disease patients were not
included in the study and therefore these results
cannot be extended to patients with active disease.
Further, urinary F2 isoprostane levels should be
measured concomitantly with serum F2 isoprostane
or alone. Some authors state that urinary F2 isopros-
tane indicates endogenous lipid peroxidation,
whereas others use serum and urinary F2 isoprostane
to evaluate oxidative injury.8,29 Finally, other
markers of oxidative stress were not measured.
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