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Purpose: To compare peripapillary and macular vascular densities (PVDs and MVDs) between patients with obstructive sleep apnea/ 
hypopnea syndrome (OSA) and control subjects with symptoms of sleep-related breathing disorders only by swept-source optical 
coherence tomography angiography (OCTA).
Participants and Methods: In this prospective study, 192 participants underwent a full-night polysomnography to determine OSA 
severity and subsequently received OCTA measurements as well as AngioTool software analysis.
Results: A total of 146 patients with OSA (51 mild, 43 moderate, 52 severe) and 24 control subjects (apnea/hypopnea index, AHI <5) 
were enrolled. PVDs and MVDs in the superficial and choroidal layers were significantly different among the four groups. When 
participants with simple snoring/mild OSA (AHI <15) were grouped together and compared with moderate/severe OSA (AHI ≥15), 
PVDs were significantly lower for the latter group in the superficial layer (p = 0.0003), deep layer (p = 0.004), and choroidal layer (p = 
0.003). MVDs were also lower for the moderate/severe OSA group in the superficial (p = 0.012) and choroidal layer (p = 0.004). 
Negative correlations were identified between AHI and PVDs in the superficial layer (ρ = −0.257, p = 0.0007), deep layer (ρ = −0.197, 
p = 0.0102) and choroidal layer (ρ = −0.220, p = 0.0039) and between AHI and MVDs in the superficial layer (ρ = −0.199, p = 0.0094) 
and choroid layer (ρ = −0.186, p = 0.0152).
Conclusion: PVDs and MVDs were significantly lower in patients with moderate/severe OSA as compared to subjects with simple 
snoring/mild OSA. Furthermore, decreased PVDs and MVDs significantly correlated with OSA severity.
Keywords: peripapillary vascular density, macular vascular density, peripapillary retinal nerve fiber layer, swept-source optical 
coherence tomography angiography, snoring, obstructive sleep apnea/hypopnea syndrome

Introduction
Patients with obstructive sleep apnea/hypopnea syndrome (OSA) commonly present with disruptive snoring, nocturnal 
hypoxemia, morning headache and excessive daytime sleepiness, etc. Untreated OSA is reported to be an independent risk 
factor for hypertension, cardiovascular disorders, stroke, and even sudden death.1–5The ocular presentations in OSA patients 
include floppy eyelid syndrome, papilledema, non-arteritic anterior ischemic optic neuropathy, and glaucoma.6–12The 
obstructive respiratory disturbances in OSA patients can lead to severe hypoxia and hypercapnia, which may compromise 
optic nerve head perfusion and oxygenation and result in thinning of retinal nerve fiber layer and macular layer.13,14

The ocular blood supply is mainly from the central retinal artery and ciliary arteries, which originate from ophthalmic 
artery. The choroidal circulation is mainly controlled by sympathetic innervation and is not autoregulated. Conversely, 

Nature and Science of Sleep 2023:15 1–12                                                                         1
© 2023 Lin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Nature and Science of Sleep                                                                 Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 August 2022
Accepted: 16 November 2022
Published: 12 January 2023

N
at

ur
e 

an
d 

S
ci

en
ce

 o
f S

le
ep

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-8822-0619
http://orcid.org/0000-0001-7777-9356
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


the retinal circulation does not have autonomic innervations and autoregulation is crucial for retinal blood supply.15,16 

Intermittent hypoxia in patients with OSA may cause hemodynamic changes in the retinal and choroidal 
microcirculation.16

Optical coherence tomography angiography (OCTA) is an emerging technology that provides noninvasive, dye-free, 
and high-resolution imaging of the vasculature in the retina, choroid, and optic disc region. Previous studies evaluated the 
retinal vascular densities in OSA patients with spectral-domain OCTA (SD-OCTA) at a center wavelength of 840 nm. 
Swept-source OCTA (SS-OCTA) system use a longer wavelength (1050 nm) which allows 200 um deeper penetration 
below the retinal pigment epithelium with better detection of signals from the choroidal layer than SD-OCTA. Besides, 
SS-OCTA has faster scanning speed which allows for denser scan patterns and larger scan areas compared with SD- 
OCTA scan for a given acquisition time. SS-OCTA significantly improves the visualization of the retinal pigment 
epithelium, choriocapillaris, and choroidal layers.17,18

To the best of our knowledge, there are no OSA-related reports on ophthalmic microstructures, especially in the field 
of choroid, investigated with SS-OCTA system, despite the advancements of OCT. In this study, we aimed to compare 
peripapillary and macular vascular densities (PVDs and MVDs) in the retinal and choroidal layers between different 
severities of OSA and normal control subjects by SS-OCTA and further determine whether the correlations between 
OCTA variables and OSA severities exist.

Methods
This prospective study was approved by the Institutional Review Board and Ethics Committee of the Chang Gung 
Memorial Hospital, Taiwan (CGMH IRB: 201901741A3), and was performed according to the principles outlined in the 
Declaration of Helsinki. Informed consent was obtained from all participants. The study hospital, Kaohsiung Chang 
Gung Memorial Hospital (KCGMH), is an academic medical center and a tertiary referral hospital that serves an area 
with the population of 3.2 million in southern Taiwan.

Subjects
Patients presenting with symptoms of sleep-related breathing disorders, such as habitual loud snoring, observed apnea 
during sleep, or excessive daytime sleepiness, etc. were consecutively admitted for a full-night polysomnography (PSG) 
at the Sleep Center of the KCGMH. The patients were subsequently referred for a comprehensive ophthalmological 
examination at the ophthalmologic clinic of the KCGMH.

Sleep Study (Polysomnography, PSG)
The study procedure was performed identically as in our previous studies11,14 Apnea/hypopnea index (AHI; /h) was 
defined as the total number of apneas and hypopneas per hour of electroencephalographic sleep. OSA is defined as an 
AHI > 5. Subjects with an AHI between 5 and 15 are classified as mild OSA, an AHI between 15 and 30 is classified as 
moderate OSA, and an AHI > 30 is classified as severe OSA.19 All PSGs were scored and read by a board-certified 
physician who was unaware of the study and, therefore, blinded to the patients’ participation in the study.

Ophthalmologic Examination
At the time of the ophthalmologic exam, the PSG data were unknown to the patients and the examiner. To be included, 
subjects had to have a best-corrected visual acuity of 20/40 or better, spherical refraction within ± 8.0 diopters, and 
cylinder correction within ± 3.0 diopters. Patients who had a history of stroke with central apnea, presence of any other 
sleep disorders, chronic uveitis, glaucoma, non-glaucomatous optic neuropathy, macular lesions, and previous ocular 
trauma or surgeries were excluded from this study.

All patients received ophthalmologic evaluation, including best-corrected visual acuity, non-contact tonometry, 
slit-lamp biomicroscopy, fundoscopy, standard automated perimetry (SAP), spectral-domain optical coherence tomo-
graphy (OCT), and swept-source OCTA. SAP was performed by Swedish Interactive Threshold Algorithm standard 
24–2 with a Humphrey Visual Field Analyzer (Carl Zeiss Meditec Inc., Dublin, California). Unreliable SAP tests with 
fixation loss >20%, false positives, or false negatives >15% were excluded. OCT was performed with the Spectralis 
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OCT (software version 6.9.5) (Heidelberg Engineering, Dossenheim Heidelberg, Germany). The OCT parameters, 
including global retinal nerve fiber layer (RNFL) thickness and average RNFL thickness in four quadrants were 
generated automatically in the analysis reports. For assessment of retinal thickness in the macular area, the Posterior 
Pole Asymmetry Analysis (Heidelberg Engineering, Dossenheim, Germany) scan was used to measure an 8×8 grid at 
the macular area. The superior retinal thickness, inferior retinal thickness, and average retinal thickness in the 
macular area were automatically generated in the report. Only image quality of at least 20 was used for this study.

Each eye was then dilated with 1% tropicamide eye drop and scanned by an experienced operator. PVDs and MVDs were 
assessed by SS-OCTA (PLEX Elite 9000, Carl Zeiss Meditec, Inc. Dublin, CA, USA). This SS-OCTA device operates at 
a central wavelength of 1050 nm and a speed of rate of 100,000A-scans/second. Peripapillary and macular OCTA scans 6 mm 
x6mm centered on the optic nerve head and the fovea were acquired. A fully automated retinal layer segmentation algorithm was 
applied to 3-dimensional structural OCT data in order to segment the inner limiting membrane and the outer boundary of the 
inner plexiform layer as superficial retinal layer, to segment the outer boundary of inner plexiform layer and the outer boundary of 
the outer plexiform layer as deep retinal layer. The choriocapillary layer was segmented as 29–49 um below the retinal pigment 
epithelium, and the choroid layer was segmented as 64–115 um below the retinal pigment epithelium. The segmentation results 
were then applied to OCTA flow intensity data to obtain vascular images. Maximum projection analyses of the flow intensity 
were performed to generate vascular plexuses of superficial layer, deep layer, choriocapillary layer, and choroidal layer for the 
peripapillary and macular scans. Images of OCTA with artifacts, including eye movement, defocus, shadow, decentration, and 
blink in the superficial vascular layer were excluded. Only signal strength of at least 9 was used for this study.

All OCTA images were further quantitatively analyzed by the AngioTool software Version 0.6a (https://angiotool. 
software.informer.com/). AngioTool is an open-source software for quantitative analysis of angiogenesis. It provides 
quick, hands-off and reproducible quantification of vascular networks in microscopic images. AngioTool graphical 
user interface contains a top row with buttons and two tabs containing controls to run analysis and to customize the 
numeric and graphical output. The basic analysis flow implemented by AngioTool includes segmentation, skeletoni-
zation, and analysis of the vasculature (Figure 1; the OCTA images of a 46-year-old male patient with an AHI of 
31.2). It computes several morphological and spatial parameters including the area covered by a vascular network, the 
number of vessels, vessel length, vascular density, and lacunarity.20 Vascular density was defined by the percentage of 
area occupied by vessels. The PVDs and MVDs at superficial, deep, choriocapillary and choroid layers were 
analyzed, calculated and compared among normal control subjects and different severities of OSA patients.

Statistical Analysis
All analyses were performed using MedCalc® Statistical Software version 20.027 (MedCalc Software Ltd, Ostend, 
Belgium). Continuous data were compared among four groups using Kruskal–Wallis test and expressed as median 
(interquartile range). Categorical variables were compared using Chi-square test and expressed as numbers. To determine 
whether the severity of OSA had effect on vascular densities, we divided the patients into two groups: those without OSA 
or with mild OSA (AHI <15) and those with moderate/severe OSA (AHI ≥15). Continuous data between two groups 
were compared using Mann–Whitney test, while categorical data were compared using Chi-square test. Correlations 
between PSG variables and vascular densities, and between PSG variables and OCT parameters were assessed using 
Spearman’s rank correlation coefficient. One eye per patient was randomly selected for analysis. All statistical tests were 
two-sided. A p value <0.05 was considered as significance.

Results
One hundred and ninety-two participants underwent PSG and ophthalmologic examinations were consecutively enrolled. 
Three patients with maculopathy, six with spherical refraction less than −8 diopters, four with previous refractive surgeries, 
two with previous cataract surgery, and three with glaucoma under medication treatment were excluded. Four participants with 
artifacts of OCTA images were also excluded. Finally, a total of 170 participants were enrolled in the study.

Of the 170 subjects, 24 subjects (with symptoms of sleep-related breathing disorders and an AHI < 5) were diagnosed as no 
OSA and were grouping as control (simple snorer), and 146 subjects were diagnosed as OSA with an AHI ≥ 5 (51 mild OSA, 
43 moderate OSA, and 52 severe OSA). The AHI (p < 0.0001), lowest saturation of oxygen (LSaO2, %) (p < 0.0001), and 
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oxygen desaturation index (ODI, /hr.) (p < 0.0001) were significantly different among the four groups. The major PSG data are 
shown in Table 1.

Based on OCT data for peripapillary RNFL thickness evaluation, significant differences in global and inferior 
quadrant were observed among four groups (p = 0.042 and 0.006, respectively). Regarding the PVDs, there were 
significant differences in the superficial layer (p = 0.002), deep layer (p=0.030), and choroidal layer (p=0.018) among 
four groups. Regarding the MVDs, there were significant differences in the superficial layer (p = 0.019) and choroidal 
layer (p=0.007) among the four groups. The data are shown in Table 2.

To determine whether OSA severity had some effects on OCTA variables, all participants were further divided 
into two groups: normal/mild OSA with an AHI < 15, and moderate/severe OSA with an AHI ≥ 15. The differences 
of major PSG parameters between these two groups are shown in Table 3. Based on OCT data for peripapillary 
RNFL thickness evaluation, significant differences in global and inferior quadrant were observed (p = 0.010 and 
0.002, respectively). Regarding the PVDs, there were significant differences in the superficial layer (p = 0.0003), 
deep layer (p = 0.004), and choroidal layer (p = 0.003) between normal/mild OSA and moderate/severe OSA groups. 
Regarding the MVDs, there were significant differences in the superficial layer (p = 0.012) and choroidal layer (p = 
0.004) between both groups. The data are shown in Table 4 and Figure 2. Figure 2 shows the box plots of vascular 
densities.

Figure 1 (A) Peripapillary scan in the superficial layer. (B) The resulting images of peripapillary scan in superficial layer after AngioTool analysis. (C) Macular scan in the 
superficial layer. (D) The resulting images of macular scan in superficial layer after AngioTool analysis.
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In addition, Spearman’s rank correlation coefficients were used to determine the correlation between PSG variables and 
OCTA variables among the participants. The PVDs in the superficial layer, deep layer, and choroidal layer negatively correlated 
with AHI (ρ = −0.257, p = 0.0007; ρ = −0.197, p = 0.0102 and ρ = −0.220, p = 0.0039, respectively). The PVDs in the superficial 
layer and deep layer positively correlated with LSaO2 (ρ= 0.314, p < 0.0001 and ρ = 0.230, p = 0.0028, respectively). Besides, the 

Table 1 Demographic Data of All Participants Grouped According to the Apnea/Hypopnea Index (AHI, /hr.)

Control (N = 24) Mild OSA (N = 51) Moderate OSA (N = 43) Severe OSA (N = 52) p value

Age (years) 35.0 (31.5~46.0) 38.0 (32.3~45.5) 39.0 (32.3~46.0) 40.0 (35.0~46.0) 0.725
Sex (Male/Female) 7/17 31/20 31/12 51/1 <0.0001*

BMI (kg/m2) 23.4 (21.0~25.3) 24.1 (22.5~26.0) 25.6 (23.8~27.4) 28.4 (26.1~31.1) <0.0001*

ESS 7 (6~8) 8 (5~12) 10 (7~13) 9 (6~13) 0.128
AHI (/hr) 2.7 (1.1~3.6) 9.0 (6.5~11.7) 20.4 (16.8~24.2) 58.9 (45.9~69.5) <0.0001*

AHI in REM (/hr) 3.1 (0 ~12.9) 17.4 (9.6~22.9) 37.5 (24.3~51.0) 56.8 (41.9~68.3) <0.0001*

Arousal index 9.1 (4.7~12.1) 9.5 (5.3~17.3) 23.4 (12.7~32.1) 41.6 (25.3~59.5) <0.0001*
Longest Apnea (sec) 21.4 (17.4~33.9) 24.1 (17.3~39.2) 44.4 (31.5~59.5) 59.2 (41.2~79.1) <0.0001*

mO2(%) 96.5 (94.9~97.1) 95.8 (95.2~96.3) 95.2 (94.4~96.1) 93.0 (91.7~94.7) <0.0001*
LSaO2 (%) 90.5 (87.0~93.5) 89.0 (85.3~91.0) 82.5 (78.0~88.0) 74.0 (63.0~78.0) <0.0001*

ODI (/hr) 1.4 (0.5~2.4) 4.7 (3.0~7.1) 12.5 (7.3~15.4) 53.8 (37.0~65.8) <0.0001*

Notes: Continuous data were expressed as median (interquartile range) compared using Kruskal–Wallis Test and categorical data by chi-square test. *Statistically 
significant. 
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; BMI, body mass index; ESS, Epworth Sleepiness Scale; AHI, apnea-hypopnea index; REM, rapid 
eye movement; mO2, mean saturation of oxygen; LSaO2, lowest saturation of oxygen; ODI, oxygen desaturation index.

Table 2 Ophthalmologic Examination Data of All Participants Grouped According to the Apnea/Hypopnea Index (AHI, /hr)

Control (n = 24) Mild OSA (n = 51) Moderate OSA (n = 43) Severe OSA (n = 52) p value

SE (diopters) −2.00 (−5.25~-0.75) −3.38 (−5.50~-1.00) −2.25 (−4.50~-0.50) −2.63 (−5.00~-0.75) 0.515

IOP (mmHg) 14.0 (13.0~15.0) 14.0 (12.0~15.0) 13.0 (13.0~16.0) 15.0 (13.0~16.0) 0.545

Visual field
MD (dB) −0.33 (−1.52~0.57) −0.31 (−1.79~0.30) −0.90 (−1.69~0.17) −0.41 (−1.43~0.66) 0.727

PSD (dB) 1.78 (1.51~2.26) 1.62 (1.40~2.01) 1.56 (1.36~1.97) 1.55 (1.34~1.86) 0.213

RNFL thickness
Global (μm) 105 (98~109) 104 (97~111) 101 (96~107) 100 (91~106) 0.042

Superior (μm) 130 (116~144) 129 (115~144) 127 (115~139) 129 (114~136) 0.784

Inferior (μm) 133 (127~144) 131 (122~146) 130 (114~137) 127 (112~135) 0.006
Temporal (μm) 87 (76~114) 88 (76~100) 89 (77~101) 81 (73~92) 0.139

Nasal (μm) 64 (55~73) 64 (53~73) 60 (47~69) 63 (54~73) 0.816

Macular thickness
Average (μm) 293 (288~299) 293 (285~301) 293 (285~297) 293 (285~300) 0.929

Superior (μm) 296 (289~301) 295 (288~301) 294 (287~301) 294 (285~303) 0.936

Inferior (μm) 292 (284~296) 290 (280~302) 290 (284~296) 291 (282~297) 0.875
Peripapillary vascular density

Superficial layer (%) 46.19 (45.52~46.55) 46.09 (44.96~46.72) 45.44 (44.62~46.21) 45.14 (44.04~46.12) 0.002*

Deep layer (%) 43.91 (43.18~45.19) 44.15 (42.71~44.80) 43.67 (42.65~44.41) 43.02 (42.23~44.27) 0.030*
Choriocapillary layer (%) 44.60 (43.31~44.98) 44.56 (43.42~45.48) 44.43 (43.63~44.98) 44.99 (43.86~45.55) 0.213

Choroidal layer (%) 45.33 (44.15~46.13) 44.85 (43.90~45.79) 44.34 (42.19~45.56) 44.44 (42.56~45.19) 0.018*

Macular vascular density
Superficial layer (%) 44.80 (44.47~45.53) 44.94 (44.14~45.71) 44.69 (44.12~45.48) 44.21 (43.65~45.08) 0.019*

Deep layer (%) 45.98 (43.62~47.28) 46.01 (44.89~47.04) 45.78 (44.46~47.21) 45.10 (44.02~46.90) 0.490

Choriocapillary layer (%) 43.93 (42.88~44.94) 44.11 (42.78~44.96) 43.89 (42.38~44.78) 44.02 (42.26~45.18) 0.876
Choroidal layer (%) 46.28 (45.87~46.80) 46.82 (46.19~47.15) 46.13 (45.56~46.91) 46.17 (45.79~46.70) 0.007*

Notes: Continuous data were expressed as median (interquartile range) and compared using Kruskal–Wallis Test. *Statistically significant. 
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; SE, spherical equivalence; IOP, intraocular pressure; RNFL, retinal nerve fiber layer; MD, mean 
deviation; PSD, pattern standard deviation.
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Table 3 Comparison of Polysomnographic Data Between Normal/Mild OSA (AHI < 
15; N = 75) and Moderate/Severe OSA Patients (AHI ≥ 15; N = 95)

Control/Mild OSA Moderate/Severe OSA p value

Age (years) 37.0 (32.0~45.5) 39.0 (33.3~46.0) 0.371

Sex (Male/Female) 38/37 82/13 <0.0001*

BMI (kg/m2) 23.9 (21.6~25.8) 27.1 (24.9~29.7) <0.0001*
ESS 7 (5~10) 9 (6~13) 0.096

AHI (/hr) 6.7 (4.0~10.4) 32.9 (20.9~63.3) <0.0001*

AHI in REM (/hr) 13.5 (4.7~20.0) 45.4 (32.5~59.5) <0.0001*
Arousal index 9.3 (5.3~14.1) 29.7 (21.0~46.3) <0.0001*

Longest Apnea (sec) 23.6 (17.2~35.4) 52.0 (37.3~69.4) <0.0001*
mO2(%) 96.0 (95.1~96.5) 94.3 (92.6~95.3) <0.0001*

LSaO2 (%) 89.0 (87.0~92.0) 78.0 (70.0~83.0) <0.0001*

ODI (/hr) 3.7 (1.9~6.0) 28.0 (12.7~55.9) <0.0001*

Notes: Continuous data were expressed as median (interquartile range) compared using Mann–Whitney 
Test and categorical data by chi-square test. *Statistically significant. 
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; BMI, body mass index; ESS, Epworth 
Sleepiness Scale; AHI, apnea-hypopnea index; REM, rapid eye movement; mO2, mean saturation of oxygen; 
LSaO2, lowest saturation of oxygen; ODI, oxygen desaturation index.

Table 4 Comparison of Ophthalmologic Examinations Between Normal/Mild OSA (AHI 
< 15; N = 75) and Moderate/Severe OSA Patients (AHI ≥ 15; N = 95)

Control/Mild OSA Moderate/Severe OSA p value

SE (diopters) −2.88 (−5.25~-0.75) −2.77 (−4.75~-0.75) 0.922
IOP (mmHg) 14 (12~15) 14 (13~16) 0.131

Visual field

MD (dB) −0.31 (−1.79~0.34) −0.64 (−1.66~0.61) 0.732
PSD (dB) 1.64 (1.44~2.11) 1.56 (1.36~1.90) 0.106

RNFL thickness

Global (μm) 104 (98~111) 101 (94~107) 0.010*
Superior (μm) 129 (115~144) 128 (115~137) 0.316

Inferior (μm) 132 (123~146) 128 (114~137) 0.002*

Temporal (μm) 88 (76~102) 85 (77~94) 0.181
Nasal (μm) 64 (53~73) 62 (49~73) 0.573

Macular thickness

Average (μm) 293 (285~299) 293 (285~299) 0.559
Superior (μm) 295 (288~301) 294 (286~303) 0.536

Inferior (μm) 291 (282~300) 290 (284~297) 0.517

Peripapillary vascular density
Superficial layer (%) 46.12 (45.05~46.70) 45.29 (44.38~46.15) 0.0003*

Deep layer (%) 44.15 (42.87~44.91) 43.14 (42.35~44.37) 0.004*

Choriocapillary layer (%) 44.60 (43.42~45.37) 44.68 (43.76~45.45) 0.495
Choroidal layer (%) 45.09 (43.95~45.87) 44.37 (42.22~45.33) 0.003*

Macular vascular density

Superficial layer (%) 44.82 (44.27~45.68) 44.45 (43.83~45.33) 0.012*
Deep layer (%) 46.01 (44.73~47.06) 45.41 (44.25~47.11) 0.313

Choriocapillary layer (%) 44.11 (42.84~44.96) 43.97 (42.34~44.99) 0.549
Choroidal layer (%) 46.63 (46.00~47.10) 46.13 (45.69~46.77) 0.004*

Notes: Continuous data were expressed as median (interquartile range) compared using Mann–Whitney Test. 
*Statistically significant. 
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; SE, spherical equivalence; IOP, intraocular 
pressure; RNFL, retinal nerve fiber layer; MD, mean deviation; PSD, pattern standard deviation.
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MVDs in the superficial layer and choroidal layer negatively correlated with AHI (ρ = −0.199, p=0.0094 and ρ = −0.186, p = 
0.0152, respectively). The MVDs in the superficial layer also positively correlated with LSaO2 (ρ = 0.245, p = 0.0014). 
Regarding the correlations between PSG variables and OCT parameters, the global peripapillary RNFL thickness negatively 
correlated with AHI and ODI (ρ = −0.214, p = 0.0054 and ρ = −0.188, p = 0.0158, respectively). These results are shown in 
Table 5 and Figure 3.

Figure 2 (A) peripapillary vascular densities, superficial layer. (B) peripapillary vascular densities, choroidal layer. (C) macular vascular densities, superficial layer. (D) macular 
vascular densities, choroidal layer.

Table 5 Rank Correlation (ρ) Between Polysomnographic Variables and Ophthalmologic Variables in All Participants

Peripapillary VD 
Superficial Layer

Peripapillary VD 
Deep Layer

Peripapillary VD 
Choroid Layer

Macular VD 
Superficial Layer

Macular VD 
Choroid Layer

Global RNFL 
Thickness

ρ p ρ p ρ p ρ p ρ p ρ p

AHI −0.257 0.0007* −0.197 0.0102* −0.220 0.0039* −0.199 0.0094* −0.186 0.0152* −0.214 0.0054*
LSaO2 0.314 <0.0001* 0.230 0.0028* 0.133 0.0867 0.245 0.0014* 0.123 0.1141 0.132 0.0916

ODI −0.264 0.0005* −0.206 0.0074* −0.218 0.0045* −0.243 0.0015* −0.170 0.0277* −0.188 0.0158*

Notes: ρ: Spearman’s coefficient of rank correlation. *Statistically significant. 
Abbreviations: OSA, obstructive sleep apnea/hypopnea syndrome; VD, vascular density; RNFL, retinal nerve fiber layer; AHI, apnea/hypopnea index; LSaO2, lowest 
saturation of oxygen; ODI, oxygen desaturation index.
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The PVDs at superficial and deep layers positively correlated with the global peripapillary RNFL thickness (ρ = 0.322, 
p < 0.0001 and ρ = 0.289, p = 0.0002, respectively). The MVDs in the superficial and deep layers also positively correlated 
with the macular thickness (ρ = 0.246, p = 0.0014 and ρ = 0.214, p = 0.0054, respectively).

Discussion
Repeated upper airway obstructions during sleep in OSA patients can cause repetitive episodes of hypoxia and 
reoxygenation, which could induce inflammation, oxidative stress, and cellular apoptosis and further impair endothelial 
function as well as repairing capacity of endothelium in OSA patients.21–26 Moreover, excessive platelet activation and 
altered coagulation homeostasis were observed in OSA patients.27 Endothelial dysfunction and altered coagulation 
homeostasis in OSA patients can increase vascular resistance, decrease blood flow, and compromise the microcircula-
tions of the retina, choroid, and optic nerve. In the present study, we found that the global peripapillary RNFL thickness 
and peripapillary RNFL thickness in the inferior quadrant were significantly lower in the moderate/severe OSA group 
than in the normal/mild OSA group. We firstly used SS-OCTA to evaluate retinal and choroidal vasculature in more 
detail, and noted that the PVDs in the superficial, deep, and choroidal layers were significantly decreased in the moderate/ 

Figure 3 (A) Correlation between peripapillary vascular density in the superficial layer and AHI. (B) Correlation between macular vascular density in the superficial layer 
and AHI. (C) Correlation between peripapillary vascular density in the superficial layer and LSaO2. (D) Correlation between macular vascular density in the superficial layer 
and LSaO2. 
Abbreviations: AHI, apnea/hypopnea index (/hr.); LSaO2, lowest saturation of oxygen (%).
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severe OSA group. MVDs in the superficial and choroidal layer were also significantly decreased in the moderate/severe 
OSA group.

The radial peripapillary capillary plexuses (RPCP) run in parallel with the RNFL axon and supply the RNFL 
bundles. Ucak et al reported that the vascular density of RPCP was decreased in patients with moderate and severe 
OSA.28 Yu et al also found that the vascular density of RPCP was decreased in moderate and severe OSA patients.29 Cai 
et al noted that the mild-to-moderate OSA patients had a significantly lower vascular density in the RPCP.30 In our 
study, we also found that the PVDs in the superficial, deep, and choroidal layers were significantly decreased in patients 
with moderate/severe OSA. Conversely, Moyal et al did not find significant difference in the vascular density of RPCP 
between normal and OSA groups.31 In their study, they measured RPCP by optic disc cubes software with an area of 
3×3 mm, which might be too small to find significant differences between the normal and OSA groups. However, they 
found the vascular density in the inferior RPCP was significantly decreased in desaturating OSA patients. Autonomic 
innervations are not seen in retinal blood vessels, so effective autoregulation is crucial for retinal circulation.15 

Recurrent episodes of oxygen desaturation in OSA patients lead to hypoxemia and tissue hypoxia, which can cause 
oxidative stress with free radical formation, and result in endothelial dysfunction.24,25 Endothelial dysfunction can 
further impair retinal autoregulation, increase vascular resistance, diminish blood flow, and decrease vascular densities 
in the retina.

In our previous study, we found that the average peripapillary RNFL thickness and superior peripapillary RNFL 
thickness were significantly lower in the severe OSA group than in the normal and mild OSA groups. The peripapillary 
RNFL thickness in the superior, inferior, and temporal quadrants was lower in patients with moderate/severe OSA than in 
normal/mild OSA patients.14 In this study, we noted that the global peripapillary RNFL thickness and inferior 
peripapillary RNFL thickness were significantly lower in the severe OSA group than in the normal and mild OSA 
groups. The global peripapillary RNFL thickness and inferior peripapillary RNFL thickness were also lower in the 
moderate/severe OSA group than in the normal/mild OSA group. Moreover, the global peripapillary RNFL thickness and 
the PVDs at superficial and deep layers negatively correlated with AHI and ODI. Intermittent apnea causes hypoxia and 
reoxygenation, which can induce oxidative stress and inflammation, decrease production and availability of nitric oxide, 
and result in endothelial dysfunction and atherosclerosis.24,25 Endothelial dysfunction and atherosclerosis can reduce the 
diameter of blood vessels, increase vascular resistance and affect retinal vasoreactivity, which may further decrease 
retinal vascular densities, reduce retinal microcirculation, and result in axonal degeneration with subsequent RNFL 
thinning in OSA patients.

The arterial circulation to the inner retina consists of superficial and deep vascular plexuses which are derived from 
the branches of central retinal artery. Previous studies showed that OSA patients had decreased MVDs. In 2020, Ucak 
et al noted that the superficial and deep vascular densities in the parafoveal area (3 x 3 mm2) decreased with the OSA 
severities.28 Yu et al reported that severe OSA patients had significantly lower vascular density in the parafoveal area 
than normal-to-mild OSA patients.29 Colak et al found that the vascular density of deep capillary plexus in the parafoveal 
region significantly decreased in OSA patients.32 In the present study, we measured the macular area 6×6 mm2 and found 
the MVD in the superficial layer was significantly decreased in the moderate/severe OSA group. Besides, the MVD at 
superficial layer negatively correlated with AHI and ODI. Intermittent hypoxia during sleep in OSA patients can cause 
higher plasma levels of epinephrine and cortisol. The reduction of MVD can be associated with vasoconstriction or loss 
of retinal vessels secondary to adrenocortical overactivation.33

The choroid is a highly vascularized tissue which offers 85% of intraocular blood flow.15 The choroidal circulation is 
controlled mainly by sympathetic innervation and is not autoregulated. The lack of autoregulation makes the choroidal 
circulation dependent on the ocular perfusion pressure.15,16 In this study, we prospectively used SS-OCTA to yield better 
detection of choroidal vessels and found both PVDs and MVDs in the choroidal layers were decreased in the moderate/ 
severe OSA patients. Previous studies showed that the OSA patients had thinner choroidal thickness than normal 
subjects.34–36 The choroid is comprised of abundant blood vessels and the choroidal tissue is susceptible to hypoxia. 
The Satter and Haller vascular layers of the choroid consist of large, medium and small arteries that feed the 
choriocapillary network and account for more than four-fifths of the choroidal thickness.16 Repeat hypoxia can cause 
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ocular hemodynamic changes and affect choroidal circulation, which may further decrease choroidal vascular density and 
reduce choroidal thickness in OSA patients.

Regarding the correlations between OCTA parameters and OSA severity, we found the PVDs in the superficial layer, 
deep layer and choroidal layer negatively correlated with AHI. The MVDs in the superficial layer and choroidal layer 
also negatively correlated with AHI. Besides, the PVDs and MVDs in the superficial layer positively correlated with 
LSaO2 and negatively correlated with ODI. Regarding the correlations between OCT parameters and OSA severity, the 
peripapillary RNFL thickness negatively correlated with AHI and ODI. Additionally, the PVDs at superficial and deep 
layers positively correlated with the peripapillary RNFL thickness, and the MVDs in the superficial and deep layers also 
positively correlated with the macular thickness. Accordingly, with the increasing of hypoxia and OSA severity, the 
vascular density was decreasing and the retinal thickness was also decreasing.

One of the limitations in this study is that participants of male gender predominated in the OSA group because OSA 
is more common among males than females. Further studies for age-matched and gender-matched subgroups with 
different OSA severities are needed. Additionally, OCTA examination could not be performed during sleep or supine 
position, so the dynamic vascular changes could not be measured while the episode of apnea occurred. Besides, all of the 
OSA patients were newly diagnosed and the duration of OSA was not known. OSA duration may have some effects on 
vascular densities, retinal RNFL thickness and choroidal thickness. Thus, longitudinal evaluation of the changes of 
retinal/choroidal thicknesses and vascular densities are necessary in patients with OSA.

Conclusions
We found the PVDs and MVDs in the superficial and choroidal layers were lower in moderate/severe OSA patients than 
control/mild OSA patients. The decrease of PVDs and MVDs in the superficial and choroidal layers significantly 
correlated with the increase of OSA severities. These changes could have the potential clinical significance and we 
suggest that OSA patients should be evaluated the status of ophthalmic microstructures, especially in patients with 
moderate/severe OSA.
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