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Abstract: Obstructive sleep apnea (OSA) is characterized by frequent episodes of partial or 
complete obstruction of the airway during sleep causing repeated episodes of apnea. OSA is more 
prevalent in middle-aged and older adults. OSA is associated with numerous ocular manifestations, 
including retinal manifestations. Literature highlighted the clear association between OSA and 
numerous ocular conditions including glaucoma and papilledema. This comprehensive and narra
tive review aims to summarize up-to-date clinical research concerning the association of OSA and 
vascular conditions that affect the retina. OSA is associated with the central serous chorioretino
pathy (CSC), retinal vein occlusion (RVO), hypertensive retinopathy (HTRP) and development of 
diabetic retinopathy (DR). Sympathetic activation, hypoxia, and hormonal dysregulation all lead to 
serious retinal vascular conditions that will worsen OSA patients’ quality of life. It is important to 
refer patients with newly diagnosed OSA to an ophthalmology clinic for the appropriate test. 
Keywords: obstructive sleep apnea, central retinal vein occlusion, hypertensive retinopathy, 
diabetic retinopathy, central serous chorioretinopathy

Introduction
What’s Obstructive Sleep Apnea?
Obstructive sleep apnea (OSA) is characterized by repeated episodes of partial and 
complete obstruction of the airway during sleep, resulting in recurrent apnea and 
hypopnea.1,2 As a result of poor quality of sleeping, OSA associated with excessive 
daytime sleepiness occurred in 6% of men and 4% of women with OSA.1 

According to Franklin KA, Lindberg E in their epidemiological study of OSA, 
eleven published studies estimated that the prevalence of obstructive sleep apnea to 
be 22% in men (range, 9–37%) and 17% (range, 4–50%) in women.1

Systemic Response to OSA
OSA results in hypoxemia and hypercapnia, which in turn lead to enhanced 
sympathetic vasoconstrictor activity and systemic hypertension. It is associated 
with a number of cardiovascular complications, such as myocardial ischemia, 
arrhythmias, and congestive heart failure,3 as well as other life-threatening inci
dents, such as motor vehicle crashes (Figure 1).4

Severity of OSA
OSA severity is estimated with apnea–hypopnea index (AHI). AHI which measures 
the number of apnea or hypopnea per hour during sleep. OSA is defined when the AHI 
is ≥5. OSA considered to be severe if AHI <30 (Table 1).1
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Risk Factors of OSA
The prevalence increases with age, as well as increased body 
mass index, waist-to-hip ratio, and neck circumference. 
Moreover, other associations play an important role in the 
development of sleep apnea, examples of which include 
abnormalities in mandibular or maxillary size and position, 
narrow nasal cavities, and enlarged tonsils. Additionally, the 
increased risk of OSA amongst families with OSA patients 
suggests a genetic disposition to the disorder.5 Moderate to 
severe forms of OSA (AHI ≥15) are prevalent amongst men 
and women aged between thirty- and 70-year old at percen
tages of 13% and 6%, respectively.6

OSA and Ocular Disorders
OSA is associated with numerous ocular disorders, including 
floppy eyelid syndrome (FES),7 non-arteritic anterior ischemic 
optic neuropathy,7 glaucoma,8,9 papilledema,10 central serous 
chorioretinopathy CSC,11 and central retinal vein occlusions 

(CRVOs).12 Owing to its high oxygen consumption, the retina 
is one of the most metabolically active tissues in the human 
body. Therefore, the retina often manifests changes secondary 
to hypoxic disorders like OSA earlier than other ocular man
ifestations in the disease course.13

Retinal vascular disorders represent a substantial eco
nomic burden to healthcare systems. In 2019, Moshfeghi 
expected diabetic retinopathy alone to cost the US health
care system $4.5 billion in 2020.14 It is of paramount 
importance to recognize that the association between 
sight-threatening retinal disorders and OSA is beneficial 
not only for the decrease of economic burdens but also for 
the preservation of the patients’ visual function as this 
would in turn improve OSA patients’ quality of life.

Review Purpose
This following review is directed at ophthalmologists, and 
its purpose is to discuss the proposed mechanism involved 
in the pathogenesis of retinal vascular manifestation asso
ciations and OSA. To find the relevant papers, a search 
was performed on PubMed and Google Scholar. The key
words were as follows: sleep apnea, obstructive sleep 
apnea, apnea–hypopnea neuropathy, central retinal vein 
occlusion, diabetic retinopathy, hypertensive retinopathy 
and central serous chorioretinopathy.

Diabetic Retinopathy and OSA
Diabetes mellitus is recognized as a serious public health 
concern with a negative major impact on human life and 

Figure 1 Symptoms of OSA and underlying mechanism.

Table 1 Severity of OSA According to AHI (Apnea Hypo Apnea 
Index)

AHI Severity

>5 Normal (No Obstructive Sleep Apnea)
5–15 Mild Obstructive Sleep Apnea

15–30 Moderate Obstructive Sleep Apnea

>30 Severe Obstructive Sleep Apnea

Abbreviation: AHI, apnea hypo apnea index.
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healthcare systems. Globally, 1 in 11 adults has diabetes 
mellitus (DM) (90% is having type 2 diabetes mellitus).15 

Moreover, around one-third of patients with diabetes mel
litus are estimated to have diabetic retinopathy, with one- 
third of those having severe non-proliferative diabetic 
retinopathy (NPDR).16 A significant association between 
diabetic retinopathy and OSA has been noted in the 
literature.

Two-Way Relationship 
Literature describes the relationship between OSA and 
DM as two-way, as OSA may increase the risk of devel
oping diabetes and diabetes is a risk factor for developing 
OSA. A study of 360,250 patients has found that the ratio 
of the incidence of OSA in patients with type 2 DM 
compared with the incidence of OSA in nondiabetics is 
1.48 (P < 0.001).17 At the same time, in their meta- 
analysis of OSA and DR, Zhu et al find that having OSA 
is significantly associated with an increased risk of DR.18

Apnea–Hypopnea Index as an Indicator of DR Progression 
The severity of OSA is classified according to the Apnea– 
Hypopnea Index (AHI) value, with an AHI value of 5–15 
considered mild, an AHI value of 15–30 considered mod
erate and an AHI value ≥30 considered severe Table 1.19 

Studies demonstrate that the increase in the number of 
apneic and hypoxic events per sleep hour is positively 
correlated with the progression of non-proliferative DR 
into proliferative DR.20 However, the AHI is not the only 
indicator of DR progression in OSA; a drop in the mean 
SpO2 of below 90% has also been observed to be positively 
correlated with development of diabetic macular edema.20

Pathogenesis of DR and OSA 
It is hypothesized that dysregulation of circadian locomotor 
output cycles kaput (CLOCK) genes is directly related to 
the pathogenesis of DR in patients with type 2 DM.21 

CLOCK genes play a vital role in the coordination of 
circadian metabolism and homeostasis. A potential mechan
ism underlying increased rates of neovascularization in 
OSA is an increase in the retinal vascular endothelial 
growth factor expression as a result of hypoxia-induced 
upregulation of the CLOCK genes.21

Continuous Positive Airway Pressure Stops the 
Progression DR in OSA 
Continuous positive airway pressure (CPAP) is usually 
indicated in moderate and severe OSA. It has been 

observed that CPAP improves sleep quality and reduces 
daytime sleepiness and fatigue along with decreasing mor
tality and morbidities associated with OSA.19 Studies 
demonstrate that OSA patients treated with CPAP early 
have a significantly lower prevalence of retinopathy com
pared to those who were not treated (OR 0.54, P=0.04).22 

Although early treatment with CPAP improves the anato
mical outcomes in patients with OSA, retinal nerve fiber 
layer thickness, and macular thickness, improvement in 
visual functions of the eye is not observed.23 This indi
cates that the role of CPAP is to stop the progression of 
DR in OSA patients, which might help the standard DR 
treatment achieve the maximum therapeutic goal.23

CRVO and OSA
Literature on CRVO and OSA Association 
Epidemiological studies consider CRVO the second most 
common cause of blindness from vascular disease in the 
retina, the first most common cause being DR.24 Leroux 
les Jardins et al25 report three cases of RVO with OSA. 
Since then, an association between RVO and OSA has 
been well observed in relevant literature. Notably, by 
means of screening RVO patients with polysomnography, 
a prospective and controlled study has concluded that there 
is a high OSA prevalence among said patients and has 
sequentially suggested that OSA is a potential risk factor 
for RVO.26 Wan et al found that OSA incidence was 
remarkably increased in the RVO patients comparing 
with the control group.27 Wang et al found the average 
AHI and was significantly higher in CRVO patients (AHI: 
13.86±8.63).28

Mechanisms of CRVO and OSA Association 
Mechanisms for this correlation derive from the effect of 
OSA on blood flow autoregulation and microvasculature. 
Hypertension is associated with OSA and is known as 
a risk factor for CRVO.4 Additionally, the hypercoagulable 
state following slow retinal blood flow in OSA secondary 
to hypoxemia and nocturnal intracranial pressure eleva
tions has been suggested to play a key role in increasing 
the probabilities of CRVO.29 Last but not least, increased 
sympathetic activation, peripheral vasoconstriction, oxida
tive stress, and endothelial damage as a result of hypoxia 
episodes in patients with OSA have been postulated as 
crucial in the development of CRVO.27

HTRP and OSA
Hypertension is a well-known major risk factor for cardi
ovascular disease and all-cause mortality worldwide, with 
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a global burden of 1.38 billion people (31.1% of adult 
population) in 2010.30 About 83.6% of total hypertensive 
patients were found to have HTRP, as recorded by Kabedi 
et al (grade 1: 42.1%; grade 2: 11.3%; grade 3: 23.3%; 
grade 4: 6.9%).31 A study by Viren et al estimates that 30– 
40% of hypertensive patients have OSA and 50% of OSA 
patients are hypertensive.32

AHI as a Predictor of Retinal Arteriolar Changes 
In a prospective study of the ocular fundus, patients with 
severe OSA (as defined by AHI ≥20 and hypoxic burden 
≥10%) were three times more likely to have retinal vas
cular changes in line with mild HTRP, such as arteriolar 
narrowing, arteriolar sclerosis, and arteriovenous nicking. 
However, after adjusting for hypertension as a confounder, 
arteriolar changes remained more common amongst 
patients with higher AHI (p = 0.04). In conclusion, AHI 
> 40 doubles the risk of retinal vascular changes indepen
dent of blood pressure measurement.33 Furthermore, 
Jessica Y. et al concluded that there is a significant inverse 
association between AHI and static markers of retinal 
arteriolar narrowing, such as arterio-venous ratio 
(p=0.008) and central retinal arteriolar equivalent 
(p=0.016), irrespective of mean arterial pressure.34 Such 
findings may not have been in line with the hypothesis that 
AHI as a predictor of retinal arteriolar changes. However, 
despite this limitation, we believe that further studies 
exploring the association between the two are of para
mount importance.

Proposed Mechanism of Hypertensive Retinopathy in OSA 
OSA leads to an increase in systemic blood pressure 
through various mechanisms. A potential but not exhaus
tive list of examples includes activation of the renin- 
angiotensin-aldosterone system, decreased stimulation of 
pulmonary stretch receptors, increased levels of endothe
lin-1, and bouts of sympathetic activity caused by noctur
nal hypoxia and exacerbated by rapid eye movement.35 

Various studies of subjects at high altitude have described 
different ocular changes on fundus photography, such as 
retinal hemorrhages, cotton wool spots, and optic disc 
edema. Therefore, it is hypothesized that hypoxia blunts 
autoregulation and promotes compensatory mechanisms in 
retinal vasculature.36

CSC and OSA
CSC is an ocular disease characterized by decompensation of 
the retinal pigment epithelium and hyperpermeability of the 

choroidal vasculature, resulting in neuroretinal detachment. 
An incidence of 10 per 100,000 men and 2 per 100,000 
women is reported by Xie et al, 2008.36 Patients affected by 
CSC are typically presented with central scotoma, micropsia, 
metamorphopsia, or loss of central vision.37

Literature on CSC and OSA Association 
A retrospective case-controlled study conducted by 
Leveque et al concludes that the risk of OSA is signifi
cantly greater in CSC patients than in control subjects 
(odds ratio = 3.67; 95% CI: 1.02, 13.14; P = 0.046). In 
the study, 17 (58.6%) out of 29 CSC patients had an 
increased risk for OSA compared to nine (31.0%) of the 
29 control subjects. However, potential limitations involve 
the implementation of the Berlin questionnaire, a self- 
report tool with a positive predictive value of 89%, 
a sensitivity of 86 and a specificity of 77%, as opposed 
to the golden standard of PSG.37

Similarly, Kloos et al screened CSC patients for the 
risk of OSA with the Epworth Sleep Scale (sensitivity = 
66% and specificity = 48% at an Epworth sleep scale score 
>10), followed by PSG. Kloos et al report that 22% of 
CSC patients were found to have OSA, which, they cite, is 
higher than the general population.11 Conversely, a higher 
prevalence of OSA based on more recent epidemiologic 
data may not have been taken into account.

In contrast, Frank et al did not detect a statistically sig
nificant association between CSC and OSA in their study, 
which controlled for BMI and used a larger cohort of patients. 
This indicates that previous results reported by Brodie et al 
may have been attributed to the confounder of BMI.38 

However, an association between CSC and OSA has been 
established in more recent studies. For example, a nationwide 
population-based study with the Taiwan National Health 
Insurance Database has identified 10,753 OSA patients and 
322,590 control subjects and confirmed that, between the 
two, the incidence of CSC was significantly higher in OSA 
(adjusted incident rate ratio for probable SA: 1.2 [95% CI: 
1.1–1.4], P < 0.0001).39 Similarly, Pan et al queried over 
59 million OSA patients and identified those with a more 
restrictive definition of OSA (patients who had undergone 
a sleep study and had a record of receiving a CPAP device) 
and concluded that the risk of CSC is significantly increased 
with OSA diagnosis (HR = 1.081, P < 0.033).40

Proposed Mechanism of CSC in OSA 
Increased levels of epinephrine, norepinephrine and corticos
teroids are hypothesized to be the main pathophysiology 
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underlying the association between CSC and OSA. Increased 
catecholamines are thought to be due to intermittent asphyxia 
and sudden arousal from sleep. Similarly, pulsatile corticos
teroids release occurs during nocturnal arousals, and corti
costeroid levels are believed to be increased in sleep- 
deprived patients. Furthermore, norepinephrine stimulates 
corticotrophin and leads to the additive effect of further 
cortisol release.37

CPAP and CSC 
A case report on bilateral CSC that resolved rapidly after 
starting CPAP machine therapy further supports the pro
posed association between CSC and OSA.41 Furthermore, 
Liu et al have concluded that suspected OSA patients who 
received CPAP had a significantly decreased CSC inci
dence rate, as opposed to the non-CPAP group.39

Conclusion
OSA is common, and its prevalence is climbing with the 
increased prevalence of obesity, alongside other risk fac
tors. OSA is still underdiagnosed and only 15% of those 
who are symptomatic receive OSA treatment. There is 
a growing body of literature showing a relationship 
between OSA and various sight-threatening ocular condi
tions, including retinal vascular manifestation. 
Sympathetic activation, hypoxia, and hormonal dysregula
tion all lead to a number of retinal vascular conditions that 
will worsen OSA patients’ quality of life. Early detection 
with appropriate intervention of any retinal vascular con
dition can decrease the burden of OSA. This necessitates 
an early referral to undergo sleep studies for those with 
poorly controlled hypertensive retinopathy and non- 
arteritic anterior ischemic optic neuropathy.

Abbreviation
OSA, obstructive sleep apnea; CRVO, central retinal vein 
occlusion; HTR, hypertensive retinopathy; DR, deiabetic 
retinopathy; CSC, central serous chorioretinopathy; AHI, 
apnea hypo apnea index; DM, diabetes mellitus; CPAP, 
continuous positive airway pressure.
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