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OBJECTIVES: To evaluate the effect of obstructive sleep apnoea syndrome (OSAS) and continuous positive airway pressure (CPAP)
therapy on choroidal structural changes and choroidal vascularity index (CVI) in patients with OSAS.
METHODS: Choroidal structural changes in patients with OSAS immediately after diagnosis and 12 months after CPAP treatment
were evaluated and compared with healthy controls. The choroidal images on enhanced depth imaging optical coherence
tomography (EDI-OCT) were binarized into luminal area (LA) and stromal area (SA) using the ImageJ software. CVI was calculated as
the ratio of LA to total choroid area (TCA). The correlations between the results of polysomnography (PSG) and choroidal
parameters were evaluated.
RESULTS: A total of 48 eyes of 48 patients (22 patients with OSAS, and 26 controls) were included. The mean age of the
patients was 47.21 ± 8.82 (range, 30–63) years. The mean CVI values were 68.10 ± 1.80% in the OSAS group before CPAP
therapy, and 69.22 ± 1.40% in the control group (p < 0.05). After 12 months of regular CPAP therapy, the mean CVI value increased
significantly to 69.15 ± 1.77%, and SA decreased significantly from 0.51 ± 0.07 mm2 to 0.48 ± 0.07 mm2 in the OSAS group (p < 0.05).
No statistically significant correlation was found between the results of PSG and choroidal structural parameters.
CONCLUSION: According to our results, OSAS was associated with increased stromal oedema in the choroid, which improved after
12 months of regular CPAP therapy. CVI can be an important parameter for the follow-up of patients with OSAS.
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INTRODUCTION
Obstructive sleep apnoea syndrome (OSAS) is characterized by
recurrent episodes of upper airway collapse during sleep, which
results in recurrent nocturnal asphyxia, fragmented sleep, fluctua-
tions in systemic blood pressure, and increased sympathetic
nervous system activity [1]. The estimated prevalence of OSAS was
reported to be around 34% in men and 17% in women aged
30–70 years [2]. The first-line treatment for patients with OSAS is
continuous positive airway pressure (CPAP) therapy [3]. In clinical
trials, elimination of apnoeic events during sleep by CPAP in
patients with OSAS was shown to reduce blood pressure
and autonomic function abnormalities and improve vascular
functions [4, 5].
Patients with untreated OSAS have an increased risk of systemic

hypertension (HT), stroke, heart failure, diabetes mellitus (DM), and
depression [6]. Also, some ocular disorders have been reported to
be associated with OSAS including floppy eyelid syndrome, non-
arteritic anterior ischaemic optic neuropathy, central serous
retinopathy, retinal vein occlusion, and glaucoma [7]. In addition,
OSAS and CPAP therapy in patients with OSAS may cause
structural changes in the choroid. The choroidal tissue has the
highest blood flow per unit weight of all tissue [8]. It is the densest
vascular structure of the eye and responsible for the vascular
supply to the outer retina, retinal pigment epithelium (RPE), and

some portions of the optic nerve [9]. Choroidal changes are
associated with retinal diseases, such as senile macular degenera-
tion (SMD) and diabetic retinopathy [10, 11].
The choroidal tissue is localized between the light-absorbing

RPE and the optically opaque sclera, thus it is more difficult to
visualize it than the optically accessible retina. Accordingly, its role
in the pathogenesis and progression of retinal diseases remains
unclear. Enhanced depth imaging optical coherence tomography
(EDI-OCT) is an imaging modality that has helped to gain insight
into the choroid’s role in the eye because it provides
better visualization of the choroid [12]. In the literature, several
reports evaluated choroidal thickness (CT) changes using EDI-OCT
in OSAS [13].
Although CT measurement is useful, it is an indirect assumption

of choroidal blood flow, it cannot give information about the
choroidal structure. Agrawal et al. described a new quantitative
parameter, the choroidal vascularity index (CVI), as a novel OCT
parameter for measuring structural parameters of the choroid in
healthy eyes, and in eyes with panuveitis [14, 15]. CVI was
calculated as the ratio of the luminal area (LA) over the total
choroidal area (TCA). Since then, CVI has been evaluated in several
conditions that potentially affect the choroidal circulation.
In our study, our aim was to evaluate the effect of OSAS and

CPAP therapy on choroidal structural changes in patients with
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OSAS. We compared the mean CVI, LA, SA, and TCA values of
patients with OSAS before and 12 months after CPAP treatment
with those of healthy individuals.

METHODS
Patient selection
The eyes of patients diagnosed as having OSAS between January 2015 and
December 2020 and healthy controls were included in the study,
retrospectively. All procedures were performed according to the tenets
of the Declaration of Helsinki. Written informed consent was obtained
before all procedures. The study was approved by the Scientific Research
Commission of Hisar Hospital.
The eyes of the patients with best corrected visual acuity (BCVA) of at

least 8/10 Snellen lines, refractive error with spherical equivalent (SE)
within ±3 dioptres, IOP < 21mm Hg, without any ocular or retinal disease,
and no history of any ocular surgery or intravitreal injection were included.
Patients with accompanying systemic diseases such as cardiovascular
diseases, systemic hypertension (HT), metabolic syndrome, diabetes
mellitus (DM), central apnoea, and history of any cerebrovascular disease
were excluded.

Ocular examinations
The medical records of the patients were obtained retrospectively from the
patients’ files. All eyes underwent ophthalmic examinations with BCVA
using Snellen charts, slit-lamp biomicroscopy, intraocular pressure (IOP)
measurements, and dilated funduscopic examinations. The axial length
(AL) measurements of the eyes were taken using an IOLMaster (Carl Zeiss
Meditec, Dublin, CA). The choroidal images of the eyes were obtained
using the EDI mode of Cirrus HD-OCT 4000 (Carl Zeiss Meditec, Dublin, CA).
The scan pattern was a 6-mm line consisting of 4096 A-scans. All
measurements were performed between 8:00 AM and 2:00 PM. After
12 months of CPAP therapy, second EDI-OCT examinations in the OSAS
group were performed.

Polysomnography (PSG)
All patients in the OSAS group underwent full-night PSG (Comet-PLUS,
Grass Technologies, West Warwick, RI). The patients were advised not to
consume caffeine-containing beverages, not to take medications, and not
to sleep during the day, which might affect the results. The PSG recordings
included the following parameters: central, temporal, and occipital
electroencephalogram; bilateral electrooculogram; submental and anterior
tibialis electromyogram; electrocardiogram; nasal airflow (using a nasal
cannula and pressure transducer); naso-oral airflow (using a thermistor);
and respiratory effort (using chest and abdominal piezoelectric belts).
Oxygen saturation was monitored using an oximeter probe. Respiratory
parameters were evaluated according to the standard criteria of the
American Academy of Sleep Medicine (AASM) [16]. Apnoea was defined as
a complete cessation of airflow for ≥10 s. Hypopnea was defined as a
reduction in airflow of ≥50% accompanied by ≥3% desaturation. OSAS was
categorized as mild, moderate, and severe according to the apnoea-
hypopnea index (AHI). The AHI values of five to 14 events per hour were
evaluated as mild OSAS, 15–29 events per hour as moderate OSAS, and 30
events or more per hour as severe OSAS.
Healthy controls were questioned in terms of OSAS symptoms using the

Berlin Questionnaire (BQ), and the individuals with scores equal to zero
were included.

CPAP therapy
Patients in the OSAS group were offered CPAP treatment. Patients were
considered to be CPAP compliant if they used the device at least 4 hours
per night and 5 days per week [17].

Image Binarization method
Image binarizations were performed using public domain software, ImageJ
((version 1.53e); http://imagej.nih.gov/ij/). Two ophthalmologists (MGA and
HU) who were masked to the study groups, analysed all choroidal images
independently and the mean values of the analyses were taken. Choroidal
EDI-OCT images that passed through the fovea were selected. First, the line
tool of ImageJ was used to determine the scale set by calibrating the pixel
length of the image. Then, the image was converted to the 8-bit format,
and the auto-local threshold and Niblack threshold settings were selected.

The region of interest (ROI) was selected as total subfoveal choroidal area
of the image using the polygon tool and added to the ROI manager. The
upper edge of the selected area was along the choroid–RPE intersection
and the lower edge was along the choroid–sclera intersection. Then, the
colour threshold setting was applied after the image was converted to red,
green, blue (RGB). In the brightness section, the first bar was adjusted to
zero, and the second bar was adjusted to 250. After this process, the
second measurement was also added to the ROI manager. The first and
second measurements that were previously added to the ROI manager
were selected and merged to measure the composite area with the AND
tool of the ROI manager. Finally, LA and TCAs were measured using the ROI
manager. By dividing the LA into the TCA, the CVI could be measured
(Supplementary Fig. 1).

Statistical analysis
Data were analysed using the IBM SPSS Statistics 26 software package (IBM
SPSS, Turkey). The Shapiro-Wilk test was used to examine the normality of
data distribution. The data were obtained in the forms of mean, standard
deviation (SD), minimum, maximum, median, frequency, and percentage.
The significance of the differences between two independent groups was
determined using the independent sample t test. The significance of the
difference between two dependent groups was evaluated using the paired
sample t test. The Chi-square test was used to determine whether there
was a relationship between two independent categorical variables.
Spearman’s rho correlation coefficient was used for the determination of
the degree of non-causal relationships between two numerical variables. A
p value of <0.05 was used to declare a statistically significant difference
between the groups.

RESULTS
A total of 48 eyes of 48 patients were included. The mean age of
the patients was 47.21 ± 8.82 (range, 30–63) years. Twenty-two
eyes of 22 patients with OSAS and 26 eyes of 26 healthy controls
were evaluated in the study. The demographic characteristics of
the patients and controls were similar; however, the mean body
mass index (BMI) was significantly higher in the OSAS group than
in the control group (p < 0.05). The comparison of the demo-
graphic characteristics between the groups is shown in Table 1.
All patients in the OSAS group underwent PSG before the study.

According to the AHI scores of the PSG results, there were two

Table 1. Comparison of the demographic characteristics between the
groups.

Study groups

OSAS Controls

n % n % χ2 p

Sex

M 15 68.2 20 76.9 0.461 0.497

F 7 31.8 6 23.1

Eye side

R 9 40.9 13 50.0 0.397 0.529

L 13 59.1 13 50.0

Mean ± SD
(min-max)

Mean ± SD
(min-max)

t p

Age (years) 45.50 ± 8.41
(30–59)

48.65 ± 9.06
(31–63)

−1.241 0.221

BMI 33.17 ± 5.50
(23–46)

25.88 ± 3.46
(20–35.15)

5.573 <0.001*

AL (mm) 23.18 ± 0.82
(21.15–24.59)

23.43 ± 1.08
(21.30–25.65)

−0.868 0.390

*p < 0,001 ×2=Chi-square test t=Independent sample t test.
OSAS obstructive sleep apnoea syndrome, SD standard deviation, M male, F
female, R right, L left, BMI body mass index, AL axial length.
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patients with mild OSAS, 11 patients with moderate OSAS, and
nine patients with severe OSAS. The mean values of the
parameters of PSG tests are given in Table 2.
The mean CVI value was 68.10 ± 1.80% in the OSAS group

before the CPAP therapy, and 69.22 ± 1.40% in the control group
(p < 0.05). There was no statistically significant difference for the
mean values of LA, SA, and TCA between the OSAS group before
CPAP therapy and the control group (p > 0.05). None of the
choroidal parameters was significantly different between the
OSAS group after the CPAP therapy and the control group (p >
0.05). The comparison of the different choroidal parameters
between the OSAS subgroups and the control group is shown in
Table 3.
The mean CVI value increased from 68.10 ± 1.80% to 69.15 ±

1.77% after the CPAP therapy in the OSAS group (p < 0.01). The
changes of the mean LA and TCA values were not statistically
significant; however, the mean SA value significantly decreased
from 0.51 ± 0.07 mm2 to 0.48 ± 0.07 mm2 (p < 0.05) (Table 4).
There was no statistically significant correlation between the

choroidal structural parameters and the PSG parameters (p > 0.05).
The correlation between the parameters is shown in Table 5.

DISCUSSION
OSAS is primarily a disorder related to the collapse of the upper
airway during sleep; however, its pathophysiologic impact on
other body systems is being increasingly recognized. Cessation of
airflow during sleep leads to intermittent hypoxia, increased
respiratory effort, sleep fragmentation, and sympathetic activa-
tion, which leads to elevated systemic blood pressure, endothelial

dysfunction, and potentially oxidative stress [18]. OSAS may also
affect choroidal blood flow by these associated mechanisms.
There are several reports in the literature evaluating the effect

of OSAS on CT; however, the results are contradictory [13]. In some
reports, it was determined that patients with OSAS had abnormal
choroidal structural alterations [19–22], whereas in others, no
effect of OSAS on the choroid was reported [23, 24]. In some
studies, it was shown that the choroid had an autoregulation
capability [25]. Tonini et al. [26] reported that choroidal vascular
reactivity to hyperoxia and hypercapnia in OSAS was not
significantly different from that in healthy individuals. This result
can be explained by the autoregulation mechanism of choroidal
blood flow, and it can be thought that that the choroidal blood
flow may be preserved in patients with mild OSAS. However,
Geisser et al. [27] reported that an increase in arterial carbon
dioxide (CO2) pressure per 1 mm Hg PaCO2 increases choroidal
blood flow by ~1.5%.
Unlike other studies in the literature, we calculated choroidal

structural areas using the ImageJ software instead of using CT. CT
gives information about a localized choroidal area, whereas TCA
gives information about the entire choroidal area in EDI-OCT
images. In addition, in our study, SA and LA were calculated using
image binarization. We found that the mean LA, SA, and TCA
values were higher in the OSAS group before CPAP therapy than
in the control group, although the differences were not
statistically significant (p > 0.05). These results can be explained
by the inflammation due to oxidative stress and endothelial
dysfunction in OSAS. Similar to our results, Durusoy et al. [28]
reported that hypercapnia due to prolonged use of N95 masks
might cause choroidal hemodynamic changes and transient
increased CT in healthy individuals. CVI was found significantly
lower in the OSAS group before CPAP therapy because the
percentage of involvement in SA was higher.
CPAP is the first-line therapy for OSAS. CPAP suppresses

abnormal respiratory events during sleep, reverses partly or
completely acute and chronic cardiovascular changes due to
OSAS, and may improve microvascular endothelial function
[29, 30]. In our study, consistent with these results, SA decreased
significantly after 12 months of regular CPAP therapy (p < 0.05),
which can be explained by a decrease in stromal oedema as a
result of CPAP therapy. Consequently, CVI increased after CPAP
therapy.
He et al. [13] reported that the CT tended to decrease with

increasing severity of OSAS, and suggested that the choroidal

Table 2. Results of the PSG tests of the patients with OSAS.

Mean ± SD (min-max)

Mean O2 SAT (%) 92.14 ± 3.77 (79–97)

Min. O2 SAT (%) 76.32 ± 8.89 (58–86)

ODI 38.62 ± 30.11 (3.4–100)

Median (min-max)

AHI 25.6 (10.2-93.8)

Min: minimum, ODI oxygen desaturation index, AHI apnoea-hypopnea
index, max maximum, SD standard deviation, SAT saturation.

Table 3. Comparison of the different choroidal parameters between the groups.

Study groups

OSAS Controls t p

Mean ± SD (min-max) Mean ± SD (min-max)

Pre CPAP

CVI (%) 68.10 ± 1.80 (64.10–71.08) 69.22 ± 1.40 (65.34–71.10) −2.418 0.020*

LA (mm2) 1.10 ± 0.17 (0.50–1.29) 1.06 ± 0.17 (0.70–1.35) 0.824 0.414

SA (mm2) 0.51 ± 0.07 (0.28–0.65) 0.47 ± 0.08 (0.29–0.61) 1.763 0.084

TCA (mm2) 1.61 ± 0.23 (0.78–1.94) 1.53 ± 0.25 (0.99–1.93) 1.144 0.259

Post CPAP

CVI (%) 69.15 ± 1.77 (63.75–71.17) −0.144 0.886

LA (mm2) 1.08 ± 0,19 (0.51–1.40) 0.391 0.697

SA (mm2) 0.48 ± 0.07 (0.29–0.61) 0.289 0.774

TCA (mm2) 1.55 ± 0.25 (0.80–2.01) 0.362 0.719

*p < 0,05 t: Independent sample t test.
OSAS obstructive sleep apnoea syndrome, SD standard deviation, CPAP continuous positive airway pressure, CVI choroidal vascularity index, LA luminal area, SA
stromal area, TCA total choroidal area.
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blood flow might be preserved in the mild stages of OSAS;
however, patients with moderate-to-severe OSAS had decreased
choroidal blood flow. As OSAS becomes chronic, atrophy may
develop in the choroidal tissue, which may cause a decrease in CT.
However, in our study, all patients had newly diagnosed OSAS,
they were relatively young and never-treated patients, so this may
have affected the results.
Our study had some limitations. The exact OSAS duration was

not known, the sample was relatively small, the participants in the
control group were evaluated using only the BQ, and the mean
BMI in the OSAS group was significantly higher than in the
control group. In our study, all measurements were taken between
8:00 AM and 2:00 PM. It would have been ideal to take
all the measurements in a shorter time frame as it could be
important that some diurnal variation could affect choroidal
measurements.

CONCLUSION
In our study, OSAS was found to be associated with increased
stromal oedema in the choroid, which improved after 12 months
of regular CPAP therapy. CVI can be an important parameter for
the follow-up of patients with OSAS. Further prospective studies
with larger sample sizes are needed on this issue.

SUMMARY

What was known before

● There are several reports in the literature evaluating the effect
of OSAS on CT; however, the results are contradictory. In some

reports, it was determined that patients with OSAS had
abnormal choroidal structural alterations, whereas in others,
no effect of OSAS on the choroid was reported.

What this study adds

● Unlike other studies in the literature, we calculated choroidal
structural areas using the ImageJ software instead of using CT.
CT gives information about a localized choroidal area, whereas
TCA gives information about the entire choroidal area in EDI-
OCT images. In addition, in our study, SA and LA were
calculated using image binarization.
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