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Background: Obstructive sleep apnea syndrome (OSAS) has been shown to generate hypertension and endothelial dysfunction. Retinal
vessel is the only vessel that can be observed directly and noninvasively; retinal vascular abnormalities can serve as a predictive marker
for the occurrence, clinical course, and prognosis of cardiovascular and cerebrovascular diseases. The objective of this study was to
identify the effect of OSAS severity on the morphological changes of retinal vessels.

Methods: Adult patients complained of snoring were included in this study. The patients’ general information, polysomnography,
and fundus photography parameters including central retinal artery equivalent (CRAE), central retinal vein equivalent (CRVE), and
arteriole-to-venule ratio (AVR) were collected. Patients were divided into four groups according to their apnea-hypopnea index (AHI)
results: Group I, AHI <5/h; Group II, 5/h < AHI <30/h; Group III, 30/h < AHI <60/h; and Group IV, AHI >60/h.

Results: A total of 133 patients were included in this study with 111 males (83.5%) and 22 females (16.5%). Mean age was 41.6 £9.9 years,
and the mean body mass index was 28.1 + 4.0 kg/m?. AHI ranged between 0 and 130.8/h with a mean of 39.1 + 30.7/h. There were 24, 34,
35, and 40 patients in Group I, Group II, Group III, and Group IV, respectively. Significant differences were found for AHI (' = 388.368,
P <0.001), minimal pulse oxygen saturation (F' = 91.902, P < 0.001), and arousal index (¥ =31.014, P < 0.001) among four groups; no
significant differences were found for CRAE (F'=0.460, P=0.599) and CRVE (= 0.404, P=0.586) among groups; there were significant
differences for AVR between Group I and Group IV (63.6 = 5.1% vs. 67.2 + 5.5%, P = 0.010) Group II and Group IV (64.5 + 6.0% vs.
67.2+£5.5%, P=10.030), and Group III and Group IV (64.7 £4.1% vs. 67.2 + 5.5%, P=0.043). A main group-by-AHI effect was found on
the AVR: patients with higher AHI showed higher AVR results (= 0.225, P=0.009). Multivariate logistic regression analysis was used for
multi-variable factors. A group-by-age effect was found on the AVR: younger patients showed higher AVR results (§ =—0.001, P=0.020).
Conclusions: This study indicated that increased AVR of retinal vessel can be observed in extremely severe OSAS patients. For patients
with OSAS, retinal vascular abnormalities may become an early indication for further cardiovascular abnormalities.
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However, whether OSAS is an independent risk factor
for cardiovascular disease is still controversial. Some
studies have shown that OSAS is an independent risk
factor for obesity and hypertension, promoting the
remodeling of heart, predicting atrial fibrillation and heart
failure.l® Moreover, severe OSAS increases the chance of
fatal and nonfatal cardiovascular events.[”! Retinal vessel,
which is the only vessel that can be observed directly
and noninvasively, has similar anatomy, physiology,
and developmental characteristics with coronary and
cerebrovascular system. Retinal vascular abnormalities can
occur prior to cardiovascular and cerebrovascular diseases
and serve as a predictive marker for the occurrence, clinical
course, and prognosis of cardiovascular and cerebrovascular
diseases.®”! Therefore, this study assumed that OSAS can
cause retinal vascular damage. The morphological changes
of retinal vessels in OSAS patients will be observed and
analyzed directly, and retinal vascular markers of OSAS will
be investigated, which will be used to evaluate the damage
of cardiovascular and cerebrovascular diseases objectively.

MeTtHoDS

Participants

Between May 2014 and April 2016, the adult patients
complained of snoring were monitored by polysomnography
(PSG) within 7 hours of sleep and received fundus photography
in Beijing Tongren Hospital, which were performed separately
and blindly with time interval <1 week. Patients who have
received treatment for OSAS or who have been diagnosed
with coronary heart disease, heart failure, arrhythmia, renal
dysfunction, diabetes mellitus, hypothyroidism, acromegaly,
chronic obstructive pulmonary disease, neoplasm, severe
neurological disorder, psychiatric disorder, glaucoma, cataract,
eye injury, uncontrolled hypertension (>140/90 mmHg
despite more than two antihypertensive drugs), or who
are taking vasodilator, B- or ci-agonist or antagonist, nitric
acid derivatives, glucocorticoids, theophylline, sildenafil,
immunosuppressor, antipsychotic drugs, and hypnotics
were excluded from this study. The patients’ age, gender,
occupation, height, body weight, neck circumference, and
disease history including hypertension, coronary heart
disease, and eye disease were documented. Questionnaire
about sleeping and Epworth Sleepiness Scale were completed.
This study was approved by the Ethics Committee of Beijing
Tongren Hospital, and all patients provided written informed
consent.

Polysomnography

According to the standard protocol recommended by
the American Academy of Sleep Medicine:!'*!] the
electroencephalogram of frontal area, parietal region, and
occipital region was recorded simultancously; air flow
through mouth and nose, thoracic-abdominal respiration,
electro-oculogram, saturation of pulse oximetry,
jaw electromyography, pretibial electromyography, and
electrocardiogram were also recorded. All data were
analyzed manually. Sleep apnea is defined as signal of

thermal airflow decreased by more than 90% for more
than 10 s during sleeping. Hypopnea is scored when
the peak signal excursions drop by >30% of pre-event
baseline using nasal pressure for more than 10 s combined
with more than 3% decrease in pulse oxygen saturation
or arousal. Apnea-hypopnea index (AHI) was defined as
the sum of events of sleep apnea and hypoventilation in
1 h of sleeping. Patients were divided into four groups
according to their AHI results: Group I, AHI <5/h;
Group II, 5/h < AHI <30/h; Group 111, 30/h < AHI <60/h;
and Group IV, AHI >60/h.

Fundus photography

The fundus photography was performed with Canon
CR-DGi nonmydriatic digital fundus camera (Canon U.S.A.
Inc., USA) in the dark environment, under natural
pupil size. According to the criteria of risk factors for
atherosclerosis, the retinal vascular abnormalities in the
fundus photographs were evaluated, including central
retinal artery equivalent (CRAE), central retinal vein
equivalent (CRVE), and arteriole-to-venule ratio (AVR)
to represent diffuse retinal vascular changes. The retinal
arteriovenous diameter was measured using computer-aided
software (IVAN, University of Melbourne, Australia), the
parameters of CRAE, CRVE, and AVR were calculated
using formula. Then, the diameters of six big branches of
retinal artery and vein within the range of 1/2—1 optic disc
diameter away from the edge of optic disc were measured
using the formula proposed by Knudtson ef al. (modified
Parr-Hubbard formula),!'>!3 which reflects the relationship
between diameter of main branches of retinal vessels
[Figure 1].

Formula for calculating the diameter of the artery:
D, =088 x (D> + D)%)

[0.88 = \/(1/1.28)]

Formula for calculating the diameter of the vein:
D, =0.95x (D} + D,?)

[0.95 = \[(1/1.11)]

D, represents the diameter of branch vessel 1, D, represents
the diameter of branch vessel 2, and D, represents the
diameter of main vessel. The main parameters of CRAE,
CRVE, and AVR were calculated.

Statistical analysis

Data analysis was conducted with SPSS software
version 17.0 (SPSS Inc., Chicago, IL, USA). Data are
presented as mean + standard error (SE). Normality was
assessed using skewness and kurtosis tests. One-way
analysis of variance (ANOVA) was used to evaluate each
parameter among all groups. The qualitative data were
compared using Chi-square test. Pearson’s correlation
coefficients were used to analyze the correlation of different
factors. Multivariate logistic regression analysis was used
for multi-variable factors. Statistical significance was set
at P <0.05.
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ResuLts

Patient characteristics

Finally, 133 patients were included in this study including
111 males (83.5%) and 22 females (16.5%), with a mean
age 0f41.6+9.9 years (range: 20—64 years). The body mass
index (BMI) ranged between 20.0 kg/m? and 42.6 kg/m?
with a mean value of 28.1 + 4.0 kg/m?. The incidence of
controlled hypertension was 33.8%. AHI ranged between
0 and 130.8/h with a mean of 39.1 + 30.7/h. There were
24,34, 35, and 40 patients in Group I, Group II, Group III,
and Group IV, respectively.

Baseline characteristics are summarized in Table 1.
There were significant differences in gender, age, and
BMI, but there was no significant difference in the
incidence of controlled hypertension among four groups.
Significant differences in BMI were found between Group I
(25.5 £ 2.9 kg/m?) and Group III (28.7 = 3.2 kg/m?,
P =10.005), Group IV (29.7 + 3.8 kg/m?, P < 0.001), and
between Group II and Group IV (27.1 £ 4.7 kg/m? vs.
29.7+3.8kg/m% P=0.010); and Group I had the lowest BML.
There were significant differences in age between Group I1
and Group III (38.5 £ 11.5 years vs. 46.4 + 10.0 years,
P =0.006), Group III and Group IV (46.4 + 10.0 years vs.
40.6 = 9.0 years, P =0.023), and Group II had the lowest
age.

Polysomnography and fundus photography results
Table 2 shows the results of PSG and fundus photography
among four groups. Significant differences were found
for AHI (F = 388.368, P < 0.001), minimal pulse oxygen
saturation (F = 91.902, P < 0.001), and arousal index
(F=31.014, P <0.001) among four groups; no significant
differences were found for CRAE (F = 0.460, P = 0.599)
and CRVE (F'=0.404, P=0.586) among groups; there were
significant differences for AVR between Group I (63.6+5.1%
vs. 67.2 = 5.5%, P = 0.010) and Group IV, Group II and
Group IV (64.5+£6.0% vs. 67.2 £ 5.5%, P=0.030), Group III
and Group IV (64.7 £ 4.1% vs. 67.2 = 5.5%, P =0.043).

The relationship between polysomnography parameters
and arteriole-to-venule ratio

Pearson’s correlation coefficients were used to analyze
the correlation of AVR and PSG parameters. A main
group-by-AHI effect was found on the AVR: patients with
higher AHI showed higher AVR results (»=0.225, P=0.009).
Multilogistic analysis was used for multi-variable factors.
A group-by-age effect was found on the AVR: younger
patients showed higher AVR results (f =—0.001, P=0.020).

Discussion

We used an automatic noninvasive technique to detect the
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Figure 1: Window interface of retinal vessel diameter measurement software (IVAN). The fundus is divided into four areas (the optic disc zone,
A zone, B zone, and the perimeter zone from inside to outside) by three rings (disc diameter ring, 1/2 optic disc diameter away from the edge of
the optic disc ring, and 1 optic disc diameter away from the edge of the optic disc ring from inside to outside), and the diameter of artery and

vein was measured in different regions.

Table 1: Baseline characteristics of all patients in this study

Characteristics Group | Group Il Group I Group IV Statistical P
(n = 24) (n = 34) (m = 35) (n = 40) values

Male/female (n) 20/4 23/11 33/2 36/4 9.008* 0.029
Age (years), mean = SE 41.7+8.1 38.5+11.5 46.4+10.0 40.6£9.0 2.8637 0.040
Controlled hypertension, n (%) 8(33.3) 11(32.4) 11 (31.4) 15 (37.5) 1.6427 0.650
BMI (kg/m?), mean + SE 255+29 27.1+4.7 28.7+32 29.7+3.8 6.9797 <0.001
*Chi-square value; 'F value. BMI: Body mass index; SE: Standard error.
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Table 2: The parameters of polysomnographic and fundus photography among four groups

Parameters Group | Group Il Group 1 Group IV F P
(n = 24) (n = 34) (n = 395) (n = 40)

AHI (/h) 1.5+1.4 162+ 6.4 42.9+94 7774143 388.368 <0.001
MSpO, (%) 93.5+29 843+53 76.5+8.6 63.0+£9.6 91.902 <0.001
Arousal index (/h) 27+2.6 113+7.1 28.4+12.1 44.1£26.1 31.014 <0.001
CRAE 156.6 £21.2 149.4 £26.4 1455+ 16.2 1503+ 18.8 0.460 0.599
CRVE 241.4+£42.7 230.3 £35.7 224.8+252 225.0+33.9 0.404 0.586
AVR (%) 63.6+5.1 64.5+6.0 64.7+4.1 67.2+5.5 2.938 0.036

The data are shown as mean + SE. AHI: Apnea-hypopnea index; MSpO,: Minimal pulse oxygen saturation; CRAE: Central retinal artery equivalent;
CRVE: Central retinal vein equivalent; AVR: Arteriole-to-venular ratio; SE: Standard error.

morphologic changes of retinal vessels. The results showed
that compared with Group I, Group II, and Group III, AVR
was significantly higher in Group IV. Similar results were
obtained when laser Doppler flowmetry was used to assess
the response of choroid vascular blood flow to hypoxia and
high concentration of CO, in patients with simple OSAS
and healthy controls.'" In contrast, capillary density in
forearm and perineal area, calculated by capillaroscopy, in
patients with severe OSAS complicated with mild untreated
hypertension, was significantly decreased compared with
healthy controls.[']

Considering that the factor of hypertension has the damage
on retinal vessel, the patients with uncontrolled hypertension
were excluded from this study, so no significant difference
was observed among different groups for incidence of
hypertension. However, we could not rule out the possibility
that morphologic changes of retinal vessel occurred at early
stage in patients with OSAS complicated with uncontrolled
hypertension. Hypertension might play a more critical role
in damaging the vessels within the development of OSAS.
Moreover, AVR value is influenced by many factors. The
association of narrowed retinal arterioles and higher blood
pressure was stronger in younger persons; retinal venular
diameters narrowed with increasing age but not with
increasing blood pressure.l'¥ In this study, the incidence
of controlled hypertension was 33.8%, and significant
differences in age were found among four groups with
youngest age in Group II, therefore patients with higher AHI
showed higher AVR results. Through multilogistic analysis,
younger patients showed higher AVR results (P < 0.05).

Previous studies displayed the conclusions that patients
with higher severity and longer history of OSAS had
higher risks of cardiovascular disease.['”!®] Nguyen
et al.™ believed that following CPAP treatment for
3 months, myocardial perfusion reserve and flow-mediated
dilation (FMD) could be significantly increased; meanwhile,
the damage in FMD of brachial artery in OSAS patients
was detected by ultrasound;?” pulse-wave velocity (PWV)
and transthoracic echocardiography were also performed
in recruited patients, which showed that OSAS patients
with normal blood pressure and patients with simple
hypertension presented with increase in left atrial diameter,
interventricular septal thickness, left ventricular posterior
wall thickness, left ventricular mass index, and incidence

of left ventricular hypertrophy, compared with healthy
controls without OSAS and hypertension.?!! The PWV, left
ventricular mass index, and percentage of left ventricular
hypertrophy had a further significant increase in patients
with OSAS and hypertension.?” The change in intima-media
thickening (IMT) usually preceded the early stage of
atherosclerosis. Doppler ultrasonography was performed
in all patients and the results showed that common carotid
artery of patients with severe OSAS was significantly thicker
compared with that of patients with mild or moderate OSAS.
In addition, patients with severe OSAS also had significantly
higher IMT ratio relative to patients with mild or moderate
OSAS.? Patients who have been demonstrated with severe
cardiovascular abnormalities by other ways were ruled out
from this study. However, some of the patients with severe
OSAS already showed significant vascular damage (increase
of AVR in this case), which indicated that, compared with
traditional noninvasive tests of cardiovascular diseases, tests
of retinal vascular may offer higher sensitivity.

Currently, correlation between severity of OSAS and
heart diseases and major vessels is drilled deeply,
but concentrating on minor vessels is rare. Whereas
Doppler guidewire during percutaneous coronary
interventions to measure coronary flow velocity in case
of myocardial infarction in patients with OSAS is an
invasive examination,?* retinal vessels can be observed
directly through noninvasive method, making it possible
to observe systemic vascular lesions through fundus
photography, which is widely used in grading of diabetic
retinopathy. Vascular disease is one of the most important
complications of diabetes and has definite fundus
characteristics. Grading of diabetic retinopathy can reflect
the course of diabetes and guide the treatment of retinal
vascular disease. Comparatively, the relationship between
other disease and retinopathy has not been confirmed,
such as hypertension. The traditional fundus examination
method, direct ophthalmoscopy, is characterized by
obvious subjective evaluation and poor comparison during
follow-up period. Therefore, digital fundus photography
and image processing technology in this study were firstly
used to observe and analyze the retinal vascular disease
of OSAS patients. Digital fundus photography and image
processing technology are simple and fast, which makes it
possible to carry out relevant research in large scale. Some
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well-known epidemiological studies on cardiovascular
disease and eye disease, such as Atherosclerosis Risk
in Communities Study and Blue Mountains Eye Study,
showed that retinal vascular abnormalities were related to
the occurrence and severity of hypertension, stroke, and
coronary heart disease, which might be associated with
increased cardiovascular mortality.>2¢ Prospective studies
have indicated that retinal vascular abnormalities might
occur before the onset of cardiovascular disease, such as
hypertension, and might become an independent predictor
of systemic disease.

The mechanisms responsible for these changes include the
following: hyperactivity of sympathetic-catecholamine
system, hypersecretion of catecholamine, high plasma
concentration of catecholamine due to chronic intermittent
hypoxia in patients with OSAS;?7? chronic intermittent
hypoxia results in dramatic increase in neutrophils and
monocytes, subsequently leading to systemic inflammation;
increase in the production of inflammatory cytokines and
levels of interleukin-6, tumor necrosis factor-alpha, and
C-reactive protein (CRP; CRP could induce cardiovascular
dysfunction and disorder by inhibiting nitric oxide synthase
and increase the expression of cell adhesion molecules);?*3"
release of large amount of pressor substance associated with
hypoxemia, hypercapnia, and apnea; stimulates the release
of vasoactive substance and damages vascular endothelial
function, leading to the increase in endothelin, continuous
constriction of vessels, and other pathological changes in
cardiovascular system.B!3%

There were several limitations in this study. Patients included
in this study were mostly patients with severe OSAS and
heavy snoring and predominantly men, and therefore the
results could not be extrapolated to women. A balanced
distribution of severity of OSAS, gender distribution, and
age may decrease subject bias. Moreover, the present study
did not include the changes of retinal vessel following a
period of effective CPAP. The analysis of length of incurred
disease and blood serum chemicals was also excluded from
this study. In the future, large and well-designed studies
are needed to further confirm the change of retinal vascular
morphology in OSAS patients.

In this study, the digital fundus photography and image
processing technology were applied to the quantitative
measurement of retinal vessel in OSAS patients. In
the exclusion of uncontrolled hypertension, diabetes,
eye diseases, and other interfering factors, this study has
identified that increased AVR of retinal vessel can be
observed in extremely severe OSAS patients. For patients
with OSAS, retinal vascular abnormalities may become an
early indication for further cardiovascular abnormalities.
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