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Purpose: To evaluate contrast sensitivity in patients with Behçet’s disease (BD) without ocular involvement. 

Methods: The study group was composed of 47 BD patients (20 to 50 years of age) who did not have ocular 

involvement. The control group was composed of 47 normal volunteers who were similar to the study group in 

terms of age and gender. No participants in this study had any ocular or systemic pathologies except for BD. 

The contrast sensitivity measurements were performed using the Functional Acuity Contrast Test under phot-

opic conditions, and the results were compared between the two groups. 

Results: The mean age of the BD patients and control subjects was 34.5 ± 9.7 and 33.2 ± 7.6 years, respec-

tively. The mean disease duration of the BD patients was 5.5 ± 6.4 years. There was a statistically significant 

decrease at five spatial frequencies (A, 1.5; B, 3; C, 6; D, 2; and E, 18 cycles per degree) in patients with BD 

compared with control subjects (p < 0.001, p = 0.004, p = 0.002, p < 0.001, and p = 0.001, respectively). 

Conclusions: The contrast sensitivity of BD patients without ocular involvement was lower than that of the con-

trol group. Further studies seem mandatory to confirm our results. 
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Spatial frequency

Behçet’s disease (BD) is a systemic disease characterized 
by recurrent aphthous ulcers, vasculitis, and intraocular 
inflammation [1,2]. According to the International Study 
Group for Behçet’s Disease, the diagnostic criteria of BD 
are recurrent oral ulcerations and at least two of the fol-
lowing: recurrent genital ulcers, ocular lesions, skin le-

sions, or a positive pathergy test [2,3].
Although the etiology of BD is unknown, genetic and envi-

ronmental factors are involved [4]. BD mainly occurs in a re-
gion known historically as the Silk Road [5]. The prevalence 
of BD is 2 to 30 per 100,000 in Asian countries, and 0.1 to 7.5 
per 100,000 in America and European countries [2]. 

Previous studies have reported that ocular involvement 
occurs in 23% to 96% of BD patients [6-8]. Although ocular 
involvement may be the initial symptom, it usually occurs 
in the second or third year of the disease [7,8] and is gener-
ally in the form of panuveitis and retinal vasculitis [8].

Contrast sensitivity (CS) tests measure the ability of the 
patient to visualize small, medium, and large symbols in 
different contrast conditions [9,10]. These tests assess as-
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pects of vision that cannot be evaluated by visual acuity 
tests [11]. Visual function and early forms of eye disease 
can be investigated with CS tests [12]. Impairment of CS 
has been reported in many eye diseases and neurological 
disorders. Glaucoma, cataract, corneal edema, keratoco-
nus, amblyopia, macular diseases, retinitis pigmentosa, di-
abetic retinopathy, optic neuropathies, Parkinson’s disease, 
and Alzheimer’s disease have been reported to reduce CS 
[13-15]. In this study, we aimed to evaluate CS in patients 
with BD without ocular involvement.

Materials and Methods

The participants included in this prospective study were 
divided into two groups. The study group was composed 
of 47 patients (20 to 50 years of age) with BD who did not 
have ocular involvement. The control group was composed 
of 47 healthy volunteers who were similar to the study 
group in terms of age and sex distributions. A written in-
formed consent was obtained from all participants before 
the study, and the tenets of the Declaration of Helsinki 
were followed. The study protocol was approved by 
Malatya Clinical Research Ethical Committee (2015/192).

A complete ophthalmic examination of all participants 
was performed by the same ophthalmologist. First, the best 
spectacle-corrected visual acuity was evaluated using the 
Snellen chart, and individuals with incomplete vision were 
excluded from the study. Biomicroscopic examinations, in-
traocular pressure measurements, and fundus examinations 
were performed on patients who had a bilateral visual acui-
ty of 20 / 20. 

Individuals with any ocular or systemic pathology that 
could possibly affect CS test results, such as high myopia, 
corneal scar, cataract, glaucoma, diabetic or hypertensive 

retinopathy, uveitis, maculopathy, history of past ocular 
surgery or trauma, and optic neuritis, and patients who had 
used systemic drugs (except for colchicine) to treat BD 
during the last 3 months were excluded from the study. 
Refractive errors, when present, were <±1.00 diopters and 
were fully corrected during the CS testing. Spectral do-
main optical coherence tomography (SD-OCT) imaging 
was performed on the eyes of all participants. Two patients 
with BD showed deterioration of the junction between the 
inner and outer segments of the photoreceptor on OCT 
(Nidek, Fremont, CA, USA) imaging and were excluded 
from the study. The CS test was performed with a binocu-
lar view in all cases. Information about the test was pre-
sented to the participants before testing.

CS measurement

Measurements were performed with the Functional Acu-
ity Contrast Test (FACT; Stereo Optical, Chicago, IL, USA) 
under photopic conditions. The FACT consists of light and 
dark colored bands called sinusoidal gratings. The panel 
contained 1.5, 3, 6, 12, and 18 cycles per degree (cpd) grat-
ing examples in five spatial frequencies from bottom to 
top. There were nine sinusoidal gratings for which the con-
trast decreased logarithmically from left to right. The con-
trast values of each sinusoidal grating, according to spatial 
frequency in the FACT, are shown in Table 1. 

The eyes of all participants were evaluated at five spatial 
frequencies (A, 1.5; B, 3; C, 6; D, 12; and E, 18 cpd). After 
measurements were performed at all five frequencies, the 
average contrast values of each grating were recorded ac-
cording to spatial frequency. 

Table 1. The contrast values corresponding to each grating according to spatial frequencies in the Functional Acuity Contrast Test 
panel

cpd Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7 Level 8 Level 9 
A (1,5) 7 9 13 18 25 36 50 71 100
B (3) 10 15 20 29 40 57 80 114 160
C (6) 12 16 23 33 45 64 90 128 180
D (12) 8 11 15 22 30 43 60 85 120
E (18) 4 6 8 12 17 23 33 46 65

cpd = cycles per degree. 
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Statistical analysis

IBM SPSS Statistics ver. 20 (IBM Corp., Armonk, NY, 
USA) was used for the analysis. According to the power 
analysis, at least 46 participants were required in each 
group. The non-parametric Mann-Whitney U-test was used 
to compare the data of the two groups, because the vari-
ables measured by the CS test did not have a normal distri-
bution according to the results of the Kolmogorov-Smirnov 
test. A p-value <0.05 was considered to be significant.   

Results

The study comprised 47 patients with BD and 47 control 
individuals. The demographic characteristics of the BD 
patients and control individuals are presented in Table 
2. There were no statistically significant differences in 
mean age and sex between the BD and control groups.

The mean disease duration of the BD patients was 5.5 ± 
6.4 years. In both groups, each individual’s best specta-
cle-corrected bilateral visual acuity, which was measured 
by the Snellen chart, was 20 / 20 in all measurements. In-
traocular pressure, biomicroscopic and funduscopic exam-

inations were normal in both groups. 
The mean CS measurements of BD group were statisti-

cally significantly lower than those of control group at five 
spatial frequencies (A, 1.5; B, 3; C, 6; D, 12; and E, 18 cpd) 
(p < 0.05) (Table 3 and Fig. 1). The BD group was subdi-
vided into the following age groups: 20 to 29, 30 to 39, and 
40 to 50 years. These three subgroups included 17, 14, and 
16 patients, respectively. There was no statistically signifi-
cant difference in CS between the subgroups (p > 0.05) 
(Table 4). 

Discussion 

BD is a multisystemic clinical disorder that is most com-
mon in the geographical ancient Silk Road region, which 
includes Turkey. Ocular involvement, which is one of the 
three most common manifestations in BD, usually emerges 
two or three years after diagnosis [1,2,7]. The CS test as-
sesses the patient’s ability to see lower contrast patterns 
and provides more reliable information about visual func-
tion than the visual acuity test [9,16]. In our study, CS was 
determined in 47 BD patients with no ocular involvement 
and optimal visual acuity (20 / 20). In our literature review, 

Table 2. Demographic characteristics of the BD and control 
groups 

BD group Control group  p-value
Age (yr) 34.5 ± 9.7 34.5 ± 7.6 0.52
Sex 0.836

Male 22 (46.8) 23 (48.9)
Female 25 (53.2) 24 (51.1)

Values are presented as mean ± standard deviation or number (%).
BD = Behçet’s disease.

Table 3. Mean contrast sensitivity measurements of groups 

Spatial
frequency
(cpd) 

BD group  Control group p-value 

A (1,5) 60.8 ± 21.2 77.9 ± 20.2 <0.001 
B (3) 106.7 ± 28,2 122.8 ± 22,8 0.004 
C (6) 105.7 ± 36.5 128.4 ± 28.3 0.002 
D (12) 50.85 ± 27.7 69.9 ± 25.6 <0.001 
E (18) 16.2 ± 9.3 26.2 ± 15.8 0.001 

Values are presented as mean ± standard deviation. 
cpd = cycles per degree; BD = Behçet’s disease. 

Fig. 1. The contrast sensitivity of the groups at five spatial fre-
quencies. BD = Behçet’s disease; cpd = cycles per degree.
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we were unable to find any previous report of CS in BD 
patients.  

BD vasculitis can affect large and small arterial or ve-
nous vessels [8]. BD can lead to very different clinical out-
comes, and diagnosis may be difficult. Some studies have 
reported that BD affects the choroid [17-19], and it has also 
been reported that the findings of indocyanine green angi-
ography of the choroidal vessels may be affected in BD 
patients [17,18]. Coskun et al. [19] reported a decrease in 
choroidal thickness on enhanced SD-OCT in BD patients. 
BD can affect the nutrient supply to the photoreceptors 
and cause photoreceptor damage via its effects on the cho-
roidal vessels [8,19]. In our study, SD-OCT images were 
obtained for all participants. Two patients in the BD group 
were excluded from the study because of deterioration of 
the junction between the inner and outer segments of the 
photoreceptor. No other pathology was noted on the SD-
OCT images. 

Ocular BD generally present as panuveitis or retinal 
vasculitis. Posterior segment involvement can lead to 
permanent anatomical changes and loss of vision. The 
occurrence of posterior segment involvement has been 
reported in 50% to 93% of the ocular Behçet population 
[2]. The BD patients included in our study had no ocular 
involvement. Thus, the decrease in CS determined in our 
study was not associated with ocular BD. 

Neurological involvement is seen in 5% to 30% of BD 
patients and is referred to as neuro-Behçet disease (NBD) 
[20,21]. NBD can take either a parenchymal or non-paren-
chymal form. The non-parenchymal form is more com-
monly associated with major cranial vascular involvement, 
while the parenchymal form involves the brain stem and 
spinal cord, hemispheric atrophy, and a meningoencepha-
litic presentation [20,22]. In parenchymal NBD, pyramidal 
symptoms are seen in 96% of patients, and behavioral 

changes are observed in half of all patients [23]. Brain 
stem and hemispheric atrophy was observed in imaging 
studies performed for early detection of NBD in   BD 
patients with no neurological involvement [22]. The de-
crease in CS detected in our study may be due to cranial 
parenchymal involvement. We think that our results indi-
cate subclinical neural involvement in BD patients without 
ocular involvement. The lack of radiological examinations 
to support this idea is a limitation of our study.

In diabetic patients, CS decreases progressively with se-
verity of diabetic retinopathy, but a significant proportion 
of diabetic patients with no signs of diabetic retinopathy 
also experience a decrease in CS, even some of those with 
normal Snellen visual acuity. These early changes in CS in 
diabetic patients can be indications of early-stage diabetic 
retinopathy or visual dysfunction [24-26]. Similarly, the 
prevalence of reduced CS in human immunodeficiency vi-
rus-infected individuals without retinal disease is two to 
three times greater than in the normal population. These 
changes in CS may be caused by retinal microvasculopa-
thy of human immunodeficiency virus disease [27]. Diabe-
tes mellitus and acquired immunodeficiency syndrome are 
systemic diseases, as is BD. The decreases in CS in pa-
tients with diabetes mellitus or acquired immunodeficien-
cy syndrome without ocular involvement support our idea 
of subclinical neural involvement in BD patients without 
ocular involvement. 

Previous studies have reported that CS reached a maxi-
mum at approximately 20 years of age and decreased 
gradually after age 40 to 50 years [28]. In our study, the 
mean ages of the BD and control groups were similar (34.5 
± 9.7 and 33.2 ± 7.6 years, respectively). In addition, when 
the BD patients were divided into three subgroups accord-
ing to age, there was no significant difference in CS. This 
may be due to the small number of cases in each group or 

Table 4. Mean contrast sensitivity measurements of Behçet’s disease subgroups

Spatial frequency (cpd) 20–29 yr 30–39 yr 40–50 yr p-value 
A (1,5) 60.8 ± 19.7 58.2 ± 28.0 63.1 ± 16.4 0.68 
B (3) 110.0 ± 25.8 98.5 ± 31.5 110.5 ± 27.9 0.47 
C (6) 117.5 ± 30.1 105.2 ± 39.5 93.7 ± 38.2 0.17 
D (12) 51.7 ± 25.8 57.8 ± 29.1 43.8 ± 28.4 0.27 
E (18) 17.8 ± 8.5 18.0 ± 10.2 12.9 ± 9.2 0.12 

Values are presented as mean ± standard deviation. 
cpd = cycles per degree. 
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to the upper age limit of 50 years. We set the upper age 
limit at 50 years to avoid advanced age-related CS reduc-
tions. If this study protocol was applied to a population 
with a younger upper age limit, it could be more valuable, 
but we could not reduce the upper age limit in this study 
due to the small number of patients. This is another limita-
tion of our study. 

Although the major effects of refraction on CS occur 
mainly at high spatial frequencies, it has some affect at all 
frequencies [29]. Also, a decrease in CS may occur in con-
junction with a decrease in visual acuity due to refractive 
errors. The current study included individuals with low re-
fractive errors (<±1.00 diopters) and a visual acuity of 20 / 
20 to prevent any effects on the CS results.

Eye diseases, such as cataract and glaucoma, may affect 
CS. Cataract is the most common cause of decreased CS in 
middle-aged and elderly individuals [30]. Our study did 
not include individuals with cataract or glaucoma to avoid 
any effects of these diseases on the results of CS testing.

In conclusion, measurements performed with the FACT 
revealed a statistically significantly lower CS in BD pa-
tients without ocular involvement, at all spatial frequen-
cies, compared with control individuals. This finding may 
indicate subclinical neural involvement in BD patients 
without ocular involvement. More valuable results could 
have been obtained if the study had been performed in a 
younger population and had included larger numbers of 
patients and radiological examinations. Future studies with 
these features will provide more information about the CS 
of BD patients without ocular involvement. 
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