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Abstract

Obstructive sleep apnea (OSA) is a serious disorder characterized with 
repeated episodes of upper airway obstruction during sleep, resulting in 
nocturnal hypoxemia and hypercapnia which leads to many systemic and also 
ocular complications.

Various eye disorders reported to be associated with OSA. Floppy eyelid 
syndrome (FES), cornea disorders, glaucoma, non-arteritic anterior ischemic 
optic neuropathy, papilledema, central serous chorioretinopathy, and retinal vein 
occlusion are some of these disorders.

Keywords: Obstructive sleep apnea; Floppy eyelid syndrome; Optic 
neuropathy; Normal tension glaucoma

(RVO). This review aims to take the attention of the ophthalmologists 
on the possibility of ocular disorders that can be accompanied by 
sleeping disorders.

Floppy eyelid syndrome
Mostly seen in overweight, middle aged males with the 

complaint of foreign body sensation, burning, tearing, and redness; 
FES is characterized with the clinical findings of flaccid and easily 
everted upper lids, occurring spontaneously or with minimal 
traction, and chronic papillary conjunctivitis of the upper palpebral 
conjunctiva. Tarsal plaque biopsies of the patients with FES revealed 
the histopathological features as an increase in the elastolytic 
metalloproteinase enzymes and a subsequent decrease in the elastin 
fibers of the tissue [6,7]. In the literature the prevalence of FES in 
the OSA population has been reported to vary from 2% to 32% [8,9]. 
OSA is known to be seen mostly in overweight patients, so there is 
not a clear distinction regarding the etiology concerning whether FES 
and OSA is related directly or FES is mainly related to obesity. The 
prevalence of obesity in OSA has ranged from 60% to 70% [10,11], 
while the prevalence of obesity in FES patients has ranged from 43% 
to 92% [12,13]. In their review of patients with lax eyelid syndrome, 
Fowler and Dutton [14] stated that there was not a significant 
difference regarding the prevalence of OSA between patients who 
had obesity and FES and who had obesity but did not have FES. They 
also found that patients with OSA tended to have the prevalence of 
obesity significantly higher than those without OSA (76% vs. 20%). So 
they concluded that increased OSA prevalence among patients with 
FES was possibly associated with the concomitant obesity. On the 
contrary of the findings of this study, Ezra et al. [10] found a strong 
relationship between OSA and FES independent of weight. They 
explained that the possible mechanism might have been the changes 
in central nervous system arousability in OSA. Another possible 
explanation for the underlying mechanism of the association between 
OSA and FES is believed to be the increased venous pressure caused 
by right heart failure and apnea in patients with OSA [15].

Regarding the ocular surface findings along with FES, Acar et al. 
revealed low levels of Schirmer I values and tear break up times, and 
an increase in corneal staining and ocular surface disease index scores 
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Introduction
Obstructive sleep apnea (OSA) is a serious disorder that leads 

to many systemic and ocular complications. It is characterized 
with repeated episodes of upper airway obstruction during sleep, 
resulting in nocturnal hypoxemia with the symptoms of excessive 
daytime sleepiness, disruptive snoring, and apnea episodes [1]. The 
prevalence of OSA is estimated to be approximately 9% in women 
and 24% in men [2]. Cardiovascular and neurological morbidity is a 
serious outcome of OSA with the fact that it is seen in approximately 
60% to 70% of patients with stroke or ischemic heart disease [3]. 
The gold standard procedure in the diagnosis is the overnight 
polysomnography (PSG) [1]. The main medical treatment options for 
the condition are continuous positive airway pressure (CPAP) and 
bilevel positive airway pressure (BiPAP), if CPAP is not tolerated by 
the patient [4]. Modafinil is a novel wake-promoting agent, reported 
to be an effective adjunct therapy for residual excessive sleepiness in 
patients treated with CPAP [5]. Surgical management options are 
limited to those in whom the medical treatment is not well tolerated 
or failed to be successful.

Its ocular associations have been an issue of great interest due 
to the irreversible complications it may cause and may have been 
preventable, if the condition of OSA is diagnosed and treated properly 
beforehand or even after the diagnosis of the ocular findings. Various 
eye disorders have been reported to be associated with OSA including; 
floppy eyelid syndrome (FES), cornea disorders, glaucoma, non-
arteritic anterior ischemic optic neuropathy (NAION), papilledema, 
central serous chorioretinopathy (CSCR), and retinal vein occlusion 
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in patients with OSA, with the changes being correspondingly related 
to the severity of the disease based on apnea-hypopnea index (AHI) 
[16]. The authors suggested that the floppiness of the eyelid increases 
the inflammation in the ocular surface, causing a reduction in the 
amount and the quality of the tear and the symptoms of FES such 
as burning, itching and redness. Although there have been reports 
indicating a negative effect of CPAP treatment on ocular surface 
parameters because of the irritative properties of the treatment, in 
the second stage of their previous study, Acar et al. [17] reported that 
all of the latter impaired findings, including the stage of FES showed 
a significant improvement in patients with moderate and severe 
OSA, after 18 months of CPAP treatment. They concluded that the 
treatment should be implemented in an appropriate manner for at 
least one year in order to encounter the ocular surface irritation that 
is seen in the early stages of the therapy.

In their recent study to determine whether the presence of FES 
is associated with a higher prevalence of glaucoma in OSA patients, 
Muniesa et al. [18] found a significantly higher prevalence of glaucoma 
among the patients with FES (23.07%) compared to patients without 
FES (5.3%), and concluded that FES could be used as an indicator of 
glaucoma in patients with OSA.

Glaucoma
Several reports in the literature indicated possible associations 

between OSA and primary open angle glaucoma (POAG), normal 
tension glaucoma (NTG), visual field defects and reduced retinal 
nerve fiber layer thickness (RNFL). However, there have been 
contradictory reports regarding the relationship between OSA and 
glaucoma, with one study showing no difference [19], while another 
indicating the prevalence of glaucoma in OSA being approximately 4 
times higher than the expected population rate [20].

The pathogenesis of ocular complications in OSA is most likely 
to have multifactorial origin. Vascular and mechanical factors have 
been thought to be involved in the pathological mechanism of the 
optic nerve involvement. Vascular factors are mainly the outcomes 
of repetitive or prolonged episodes of hypoxia; that include direct 
damage to optic nerve, oxidative stress and inflammation, increased 
vascular resistance, autonomic dysfunction, increased intracranial 
pressure and decreased cerebral perfusion (Figure 1) [21]. Repetitive 
prolonged upper airway obstruction and following arousal lead to an 
increase in the sympathetic tone, thus causing an activation in the 
rennin-angiotensin system. These factors and the accompanying 
effect of hypoxia trigger an increase in blood pressure and vascular 
resistance, causing damaging in the vascular endothelium. All 
of these consequences lead to the impairment of the autonomic 
function, an imbalance of vasodilatation and vasoconstriction. 
Furthermore the effect of the arousal periods and reperfusion lead 
to inflammation and oxidative stress, shown by the increased levels 
of reactive oxygen species and inflammatory markers [21]. In the 
etiologic scope, mechanical factors include supine position and 
obesity related increased intraocular pressure (IOP), and intracranial 
pressure at night, and the depletion of fiber in the trabeculum and 
lamina cribrosa [21]. To reveal the clinical impact of the pathogenesis 
of vascular pathology, Karakucuk et al. [22] noted that among the 
OSA patients with glaucoma, all of the patients had severe OSA 
and they revealed a strong correlation between AHI and IOP, and 
between mean defect in the visual field testing and resistivity index 

of the ophthalmic artery and central retinal artery determined with 
orbital Doppler ultrasonography.

In their prospective photographic study of the ocular fundus, 
performed in the night of PSG, Fraser et al. [23] found no difference in 
rates of glaucomatous appearance or pallor of the optic disc between 
the OSA and the control groups.

In a recent study from Turkey, the authors revealed that POAG 
patients with OSA had significantly lower IOP levels than the patients 
without OSA [24]. This supports the fact that especially in NTG, 
and in patients showing damage progression despite the control in 
IOP, the presence of OSA should be kept in mind by the clinicians. A 
recent hypothesized mechanism for NTG is the imbalanced pressure 
between the two sides of lamina cribrosa, causing optic nerve fiber 
layer damage [25]. Accordingly with this theory, Xin et al. [26] found 
in their study that, cerebrospinal fluid pressure was significantly 
lower in the thinned RNFL group versus normal RNFL group among 
patients with OSA, regardless of body mass index and IOP. Among 
OSA patients in their study, Lin et al. [27] found that the glaucoma 
prevalence was significantly higher from the control group, with all 
of them being NTG, and the prevalence was in a strong relationship 
with the severity of the OSA.

In literature, thinning of the RNFL, which is associated with 
early stages of glaucomatous optic neuropathy had been shown to be 
related to OSA [28,29]. In a recent study, Shiba et al. [30] showed 
a significant negative correlation between AHI and nasal RNFL 
thickness, specifically. Visual field change, which is the sign of 
functional loss that appears after anatomical changes, had also been 
shown to be in relation with the severity of OSA in various studies 
[22,28,31].
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Figure 1: Vascular factors in the pathogenesis of ocular complications in 
obstructive sleep apnea.
ON: Optic Nerve; ROS: Reactive Oxygen Species; RAA: Renin-angiotensine-
aldosterone; BP: Blood Pressure; ICP: Intracranial Pressure.
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Treatment of OSA has been shown to be effective in controlling 
the risk of glaucoma. In their cohort study, Chen et al. [32] pointed 
out that surgical treatment of OSA decreased the risk of glaucoma 
to the same levels with the control group, however patients treated 
with CPAP did not show a significant decrease in the hazard ratio of 
glaucoma.

Non-arteritic anterior ischemic optic neuropathy
Because of the similar known risk factors in their etiology, and the 

symptoms of NAION usually occurring at the awakening period, a 
possible relationship between NAION and OSA had been suspected. 
In their study to determine such relationship, Arda and her colleagues 
compared NAION patients for presence of OSA with a control group 
that have similar risk factors for NAION [33]. They determined that 
both groups had a high prevalence of OSA, suggesting that OSA being 
a contributing factor along with other risk factors, other than being 
an independent one. On the contrary of the findings of this study, 
Bilgin et al. [34] revealed a significant relationship between OSA and 
NAION in their study. The authors explained the different outcomes 
of the studies with the difference of the AHI criteria between the 
studies, with their study defining OSA with an AHI of ≥ 20, with 
the previous study defining OSA with an AHI of ≥ 5, causing false 
positive results. The importance of the possible relationship with 
OSA and NAION lies in the fact that, up to date there has not been a 
proven treatment method for NAION, so the main concern has been 
to minimize the risk of the involvement of the second eye. We suggest 
that an evaluation for OSA, at least in suspected patients, should be 
carried out in newly diagnosed NAION patients.

Papilledema
The intracranial pressure of patients with OSA is known to be 

elevated episodically, during the apneic episodes. Cerebral venous 
dilatation resulting from hypercapnia and raised venous pressure 
due to forced expiration have been suggested as the causative factors 
[35]. Various cases have been reported in the literature linking OSA 
with papilledema and idiopathic intracranial hypertension (IIH). In 
2001, Marcus et al. [36] revealed that among the patients with IIH 
sleep-related breathing problems were common, but all of these 
patients were also obese. Lee et al. [37] also determined that OSA 
was common among men with IIH, and the symptoms of IIH tended 
to improve with the treatment of OSA. Treatment of OSA has been 
shown to be effective in resolving the symptoms of papilledema in 
various case reports [38,39].

On the other hand, there have been contradictory reports in the 
literature showing the association between IIH and OSA. In their 
study, Peter et al. [40] found no signs of papilledema in fundoscopic 
examination of 35 patients with OSA who had visual symptoms 
suggestive of papilledema. In a recent study conducted by Thurtell 
and his colleagues to determine whether OSA is an independent risk 
factor or a consequence of the other risk factors for OSA, especially 
obesity, for IHH, they revealed that the prevalence and severity of 
OSA showed no difference in IHH patients compared to control 
group with same demographic features including their BMIs [41].

Typically, IHH is seen in overweight females of childbearing 
ages. Although there has not yet been a consensus on the association 
between OSA and papilledema in the literature, we suggest that 

especially in male patients with older ages, OSA should be suspected 
in cases of IIH.

Keratoconus
Keratoconus is a non-inflammatory ectatic disease characterized 

by progressive changes in corneal collagen structure and organization, 
resulting in the thinning and steepening of the cornea [42]. 
Keratoconus has been linked to various conditions including FES. 
Since both OSA and keratoconus have been shown to be associated 
with FES, a possible direct association between OSA and keratoconus 
has been recently an issue of interest. Gupta et al. [43] and Saidel et al. 
[44] reported the prevalence of OSA among patients with keratoconus 
to be 18% and 19.6% respectively. Obesity is also a risk factor for both 
OSA and FES, and various studies showed an association between 
obesity and keratoconus [43-45]. The common underlying etiology 
covering all of the associations seems to be inflammation and the 
main mediator being matrix metalloproteinase which had been 
shown to increase in all of the mentioned conditions [46].

On the contrary of the findings of these previously published 
studies, recently Gencer et al. [47] published a study in a Turkish 
population showing no relationship between keratoconus and obesity, 
and indicated an insignificant risk for developing OSA in patients 
with keratoconus. The authors explained these contradictory results 
with the possible explanation of the all other studies being conducted 
in the United States, and obesity already being present approximately 
in the one third of the adult population in their general population 
which is a significant risk factor for OSA.

Central serous chorioretinopathy
Serous detachment of neurosensorial retina associated with 

increased sympathetic activity, elevated levels of serum steroids and 
type A personality is the case of CSCR. The underlying cause has 
been hypothesized to be the increased permeability of the choroidal 
vasculature and/or break-down of the outer retinal barrier [48,49]. 
The possible association between OSA and CSCR has been linked to 
the shared increased serum cortisol levels and sympathetic activity, 
resulting in vascular endothelial dysfunction in both conditions [50].

Leveque et al. [51] showed an association between OSA and 
CSCR, however in a very recent study, Brodie et al. [50] showed 
no significant association between these two conditions with their 
control group being gender/age/BMI matched with the patients. 
Brodie and his colleagues explained these contradictory results with 
their matching controls for BMI, a known risk factor for OSA, while 
the previous study had age and gender matched controls only. There 
is a limited number of studies in the literature to conclude a certain 
relationship between OSA and CSCR, thus further studies are needed.

Retinal vein occlusion
Leroux les Jardins et al. [52] reported the first possible association 

in the literature between RVO and OSA. The authors reported three 
cases of RVO with OSA, and hypothesized the possible mechanism 
as the slowdown of blood circulation caused by the hypoxemia and 
elevated nocturnal IOP in patients with OSA. In a cohort study by 
Chou et al. [53] OSA was shown to be an independent risk factor for 
RVO. Two other studies have also shown that sleep disorders might 
at least have a triggering affect in the pathogenesis of RVO [54,55]. 
There are two case reports in the literature, reporting two patients 
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with bilateral RVO which is extremely infrequent, both having OSA 
[56,57]. Although the lack of scarce scientific evidence, we suggest 
due to possible common risk factors, patients with RVO should also 
be suspected and evaluated for OSA.

Conclusion
With the increasing prevalence of obesity worldwide, OSA 

seems to be getting more recognized in the general public. Due to 
its systemic associations and complications with high morbidity, it 
should be carefully and adequately recognized by the clinicians of any 
specialty as well as the ophthalmologists. A growing body of literature 
shows a relationship between OSA and various ocular problems. The 
limitation of this review is that the possible link between OSA and 
ocular manifestations are mostly depending on the observational and 
case series. There is a need for prospective randomized clinical trials 
and experimental studies to explain the underlying mechanisms of 
the associations between OSA and the related ocular pathologies. 
With the proper diagnosis and treatment of OSA, more importantly 
advising patients against the risk factors for OSA before the 
development of the disease, its complications may be preventable 
or the deteriorations may be reversed. In this literature we aimed to 
take both the ophthalmologists’ and other clinicians’ attention to the 
possible associations, thus making them refers the patients at risk for 
proper workup to each other.
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