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Abstract 250 

Obstructive Sleep Apnoea (OSA) is increasing in prevalence due to rising obesity. Whilst OSA 

is a disorder primarily of the upper airway during sleep, its pathophysiological impact on 

other body systems is increasingly recognised. There has been interest in the prevalence of 

OSA in different ophthalmic conditions and possible causation has been postulated. As OSA 

is common, it can be expected that people with coexistent OSA will be found in any 



ophthalmic disease population studied. To determine with confidence the significance of 

finding patients with OSA in a particular cohort requires a well matched control group, 

ideally matched for age, obesity, gender and comorbidities. Only if one can say with 

certainty that the prevalence of OSA is higher in a group with a particular co-existent 

ophthalmic disease can we begin to speculate about possible mechanisms for the overlap in 

these conditions. Possible mechanisms for how OSA might affect the eye are discussed in 

this review. The current literature is reviewed with respect to diabetic retinopathy, 

glaucoma, floppy eyelid syndrome, non arteritic ischaemic optic neuropathy, keratoconus 

and AMD. Associations with OSA have been found, but robust prospective studies using 

multi-channel sleep studies to diagnose OSA are lacking. Gaps remain in the evidence and in 

our knowledge. It is hoped that this review will highlight the need for ophthalmologists to 

consider OSA in their patients. It also makes recommendations for future research, 

especially to consider whether therapies for OSA can also be effective for ophthalmic 

disorders.  
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What is obstructive sleep apnoea?  

Obstructive sleep apnoea (OSA) is a condition characterised by episodic upper airway 

narrowing during sleep. During sleep, the activity of the upper airway dilator muscles 

decreases in a sleep stage dependent manner (1). This leads to narrowing of the upper 

airway, loud snoring and reduction in airflow. Reduction in airflow can either be partial (a 

hypopnoea), or complete (an apnoea). The total number of apnoeas and hypopnoeas per 



hour of sleep, is used to describe the severity of OSA: the apnoea hypopnoea index (AHI). 

OSA severity is arbitrarily defined based on thresholds: no OSA is an AHI < 5/ hour, mild OSA 

AHI 5-15/ hour, moderate AHI 15-30/ hour and severe OSA AHI > 30/ hour (2).   The gold 

standard to assess OSA is polysomnography or multi-channel respiratory polygraphy (“sleep 

study”), although questionnaires to assess OSA risk are used both in the clinical setting to 

screen for OSA and to assess the prevalence of OSA in research populations. 

 

OSA is common, although exact estimates of its prevalence depend on the severity of OSA, 

the presence/absence of symptoms, and the exact population being studied (3)(4). In 1993 

Young et al. published a community based study where a population of 625 individuals 

between the age of 30-60 years old enriched for those with habitual snoring was studied (3). 

An AHI of ≥5/ hour was found in 9% of women and 24% of men. OSA syndrome or OSAS, 

describes the presence of OSA on a sleep study plus daytime sleepiness. When OSA was 

defined as a combination of an AHI ≥5/ hour plus excessive daytime sleepiness, the 

estimated prevalence was 2% of women and 4% of men. A more recent study estimated 

that approximately half of middle aged men and a quarter of middle aged women have 

moderate to severe sleep-disordered breathing on a sleep study, but estimates of OSAS 

were much lower (4).    

 

The most recognised daytime consequence of OSA is daytime sleepiness (5). OSAS also 

causes impaired quality of life (6), increases road traffic accidents (7)(8), and is associated 

with significant health care and economic burden (9).  

 

How is OSAS treated? 



Continuous positive airway pressure (CPAP) is the standard treatment for OSAS. CPAP is 

delivered via a portable bedside machine connected to a tight-fitting face mask (figure 1). 

CPAP works as a pneumatic splint, holding the upper airway open during sleep. CPAP is an 

effective therapy in improving patient symptoms in OSAS (5)(10). CPAP also significantly 

improves quality of life indices (6). Studies show improvements in sleepiness and quality of 

life even in those with minimally symptomatic or milder OSAS (11). 

 

Other treatment options include weight loss, reducing alcohol and sedative medications, 

and mandibular advancement devices (MAD). Weight loss is an effective treatment for OSA 

(12). Both dietary weight loss (13), and bariatric surgery (14), are effective in reducing the 

severity of OSA, although bariatric surgery leads to larger reductions in both weight and OSA 

severity. MAD reduce the severity of OSA and improve symptoms in patients with mild to 

moderate OSA (5).  

 

OSA is associated with increased cardiovascular disease (15)(16). In uncontrolled studies 

patients who had severe OSA and who accepted CPAP had reduced cardiovascular events 

compared to those who did not use treatment, and similar levels of cardiovascular disease 

as control groups. However, randomised control trials have not shown similar 

improvements in cardiovascular disease with CPAP treatment (17)(18). 

 

How might OSA affect the eye? 

OSA has several acute physiological effects. Cessation of airflow during apnoeas leads to 

intermittent hypoxia, increased respiratory effort with large swings in intrathoracic 

pressure, arousal from sleep, sleep fragmentation, and sympathetic activation leading to 



blood pressure surges and heart rate rises. In turn these lead to elevated daytime blood 

pressure, endothelial dysfunction, and potentially oxidative stress (19). All of these 

mechanisms could potentially contribute to retinal vasculature damage and eye disease 

(figure 2).  

 

Hypertension, OSA and eye disease 

OSA is associated with increased blood pressure (20), and increased diagnoses of 

hypertension (21)(22). Treating OSA with CPAP leads to small improvements of systolic and 

diastolic blood pressure of around 2-3mmHg (23)(24). The improvement in blood pressure 

with CPAP is increased in individuals with resistant hypertension (24).  

 

Hypertension is a risk factor for numerous eye conditions, including those directly related to 

hypertension such as hypertensive retinopathy, choroidopathy and optic neuropathy (25), 

and other indirectly related diseases. Hypertension has been identified as a risk factor for 

diabetic retinopathy (DR) (26), and tighter blood pressure control reduced progression of 

retinopathy and reduced deterioration in visual acuity in the UKPDS study (27).  

 

Associations between hypertension and age related macular degeneration (AMD) have also 

been found. It is not clear whether hypertension is causal in AMD, perhaps by lowering 

choroidal blood flow, or whether hypertension and AMD simply share common pathological 

pathways, such as oxidative stress and endothelial dysfunction (28).  

 

The role of blood pressure in glaucoma is complex. Hypertension may be protective in 

younger adults where it may increase ocular perfusion pressures and it may also be harmful 



when hypertensive changes are more established. With established hypertensive 

retinopathy, increases in arterial stiffness may lead to periods of reduced ocular perfusion 

pressure. In addition hypotension or exaggerated blood pressure dips overnight may lead to 

low ocular perfusion pressures increasing glaucoma risk (29).   

 

Intermittent hypoxia, oxidative stress and inflammation 

 

Intermittent hypoxia is one of the main physiological consequences of OSA. It is likely to 

contribute to increased sympathetic activity and therefore potentially elevated blood 

pressure (33). Oxidative stress results from an imbalance between the production of 

reactive oxygen species and antioxidant mechanisms. Intermittent hypoxia potentially leads 

to oxidative stress by decreasing antioxidant mechanisms in periods of hypoxia and 

increasing reactive oxygen species production during periods of reoxygenation; termed an 

ischaemia-reperfusion injury (34). 

 

Hypoxia, oxidative stress and inflammation have been proposed as central mechanisms in 

the development of DR (35), AMD (36) and glaucoma (37).  

 

Oxidative stress has been demonstrated in animals exposed to intermittent hypoxia 

(38)(39)(40). However, oxidative stress has not been consistently found in OSA. Traditional 

blood and urine biomarkers of oxidative stress do not seem to be changed in OSA 

(41)(42)(43), but a novel breath analysis technique has identified a family of molecules that 

are linked to oxidative stress in patients with OSA during a brief withdrawal of their normal 

CPAP treatment (44). Oxidative stress is probably tissue specific (45), and oxidative stress 



could be occurring in end-organ sites such as the retina without changes in urine or blood 

biomarkers. The retina may be particularly susceptible to oxidative stress due to risk factors 

such as high oxygen tensions and light exposure (37). However, it is challenging to 

determine the relative importance of oxidative stress in both eye disease and OSA as 

current approaches have relied on blood and urine biomarkers that do not seem to reflect 

tissue specific oxidative stress.   

    

Endothelial dysfunction and vascular responses 

Endothelial function refers to the role of the endothelium in sensing and regulating blood 

flow. Flow mediated dilatation at the brachial artery is a non-invasive method commonly 

used to assess endothelial function (46). Endothelial dysfunction occurs in both 

hypertension (47), and in patients with coronary artery atherosclerosis (48). It is thought to 

be an early stage in the development of cardiovascular disease. Endothelial dysfunction is 

also thought to play a role in DR.    

 

Dynamic retinal vessel analysis (RVA) provides a mechanism by which retinal vessels can be 

assessed. RVA allows assessment of dynamic assessments of the calibre of retinal arterioles 

and venuoles. In addition, retinal vessel calibres can be assessed in response to a challenge 

such as a “flickering” light which increases blood flow or to an increase in blood pressure 

during isometric exercise. The calibre of retinal arterioles and venuoles increase in healthy 

individuals during exposure to a “flickering” light (49). This response is likely to represent 

endothelial function in the microvasculature as it is in part blocked by nitric oxide inhibition 

(50). “Flicker” responses are associated with flow mediated dilatation responses (51), which 

are the most common way of assessing endothelial function.  



 

Endothelial function is impaired in patients with DR (52)(53), and in patients with  coronary 

artery disease (54). OSA has been shown to cause endothelial dysfunction in the brachial 

artery (55)(56), and similar changes in retinal vasculature response could explain the link 

between OSA and accelerated DR in OSA.  

 

Other vascular responses are impaired in DR with paradoxical increases in retinal vessel 

diameter during isometric exercise (57). Isometric exercise increases central blood pressure 

and decreases in retinal vessel size would normally be expected by autoregulation. OSA is 

associated with recurrent arousals overnight and these arousals are associated with 

sympathetic activity and large surges in blood pressure (58). In patients with OSA and 

diabetes, a loss of autoregulation in the retinal vasculature could potentially leave the eye 

vulnerable to the large surges in blood pressure that occur overnight in OSA.  

 

OSA, type 2 diabetes and diabetic retinopathy 

Both OSA and type 2 diabetes mellitus (T2DM) are common, with obesity being the key 

mediator. Whilst there is an overlap between the two conditions, it is not entirely explained 

by obesity. In a UK prevalence study, 1682 men with T2DM, identified through primary and 

secondary care databases, were sent OSA screening questionnaires to determine their risk 

of OSA (59). A subgroup of 240 respondents had home sleep studies. The results suggested 

that 23% of men with T2DM had moderate or severe OSA, which was significantly higher in 

this diabetes population than in a previous general population study of men with sleep 

studies (p<0.001). Multiple linear regression revealed body mass index (BMI) and diabetes 

as significant independent predictors of OSA. Following correction for BMI (which explained 



13% of the variance in OSA), diabetes itself explained a further 8% of the variance (p<0.001), 

raising questions about possible pharyngeal neuropathy or particular obesity distribution in 

T2DM predisposing to OSA. 

 

In another prevalence study in Chinese patients with T2DM in Hong Kong, 663 patients were 

randomly selected from the diabetes clinic and invited for polysomnography; the estimated 

OSA prevalence was 18% (25% in men, 10% in women) (60). Regression analysis identified 

that AHI was associated independently with higher BMI, advanced age, male sex, and higher 

diastolic blood pressure. A high prevalence of OSA was also observed in a sample of patients 

with T2DM invited to have sleep studies from four hospitals in Beijing (61). In 210 patients, 

the prevalence of OSA was 67%, with 20% having moderate to severe OSA. The lowest 

oxygen saturation was independently associated with proliferative DR and cerebral 

infarction. 

 

From these three studies, it appears that a quarter of men with T2DM have significant OSA, 

and 10% of women. OSA needs to be considered by clinicians seeing patients with T2DM, 

and any history of loud snoring, witnessed apnoeas, unrefreshing sleep and daytime 

sleepiness should prompt referral for sleep studies (62). Figure 3 shows questions for 

screening patients for OSA (“Stop-Bang” questionnaire), to determine their risk when 

considering referral (63). 

 

Diabetic retinopathy (DR) 



It has been found that 10% of people with T2DM have evidence of DR at diagnosis (64). UK 

National Institute for Health and Care Excellence (NICE) recommends referral for 

retinopathy screening within three months of diagnosis, and then every year (65). 

 

OSA is common in people with DR. In 80 people with known diabetic clinically significant 

macular oedema (CSME) attending a UK Eye Hospital, 54% were found to have moderate to 

severe OSA on sleep study screening, higher than expected from matched control data (66). 

Those with OSA were not sleepier, but they were older and more obese. No significant 

relationship was identified between the degree of macular thickness and the severity of 

OSA. In another UK-wide study, 718 people with diabetic macular oedema known to Eye 

Hospitals were offered screening for OSA with postal sleep studies. Of the 606 who 

completed sleep studies, 75% had evidence of OSA, 34% of whom had severe OSA (67). 

These studies suggest that the prevalence of OSA is doubled in people with ophthalmic 

complications from T2DM, compared to those with T2DM alone. OSA should be considered 

by clinicians seeing these patients, with referral for sleep studies if indicated. 

 

Whilst several studies have shown that DR is worse in those patients with co-existing OSA, 

others have not shown this to be the case. The plausible hypothesis is that the intermittent 

hypoxia and blood pressure surges of OSA damage the retina. Using the same cohort of men 

with T2DMwho had sleep studies in their earlier prevalence study, West et al looked at their 

most recent national retinal screening photography in 118 men (68). In this cohort, 24% had 

moderate or severe OSA on sleep study. Retinopathy and maculopathy scores were 

significantly worse in the OSA group, p<0.0001. Whilst the OSA group had a significantly 

higher mean (SD) BMI than the non-OSA group 31.9 (5.2) versus 28.5 (5.1) kg/m2 and larger 



neck size, the two groups did not differ significantly in terms of age, diabetes duration, 

diabetes treatment or HbA1c, smoking history or proportion with known hypertension. 

Multiple regression analysis showed only OSA and HbA1c to be significant independent 

predictors of retinopathy (R2 = 0.19, p=<0.0001 and R2=0.04, p=0.03 respectively). OSA was 

the only significant independent predictor of maculopathy (R2 =0.3, p<0.001) and of the 

total microaneurysm score (R2=0.21, p=0.004).  

 

In a smaller prospective study, 31 men with T2DM attending a hospital diabetes obesity 

clinic had sleep studies, exploratory blood tests and review of national screening 

photographs to obtain retinopathy and maculopathy grading (69). The retinopathy score 

was significantly worse in the OSA group (n=17, p=0.04), but not the maculopathy score. The 

proportion of patients with proliferative DR was significantly higher in the OSA group 

(p=0.01). Multiple stepwise regression with adjustment for novel biomarkers showed only 

OSA to be a significant independent predictor of the total retinopathy score. 

 

Kosseifi et al performed a retrospective electronic chart review of 98 US veterans with well 

controlled diabetes (HbA1c < 6.5%), referred for sleep studies over a 1-year period (70). AHI 

was significantly related to diabetic microvascular complications, particularly retinopathy. 

Oxygen desaturation was significantly inversely related to microalbuminuria, microvascular 

complications, retinopathy, and HbA1c. In another study, Change et al retrospectively 

evaluated 317 people with DR and OSA, with review of polysomnography, coding and 

medical records (71). After adjustment, an association was seen between DR and severe 

OSA (OR: 2.18, 95% confidence CI: 1.14-4.18, P = 0.019). Proliferative DR was significantly 

associated with severe OSA (OR: 2.40, 95%CI: 1.12-5.14, p = 0.024). Diabetic macular 



oedema and severe OSA were also significantly associated (OR: 2.89, 95%CI: 1.58-5.27, P = 

0.001).  

Recently a longitudinal study of 230 patients from diabetes clinics in two UK hospitals was 

conducted. OSA was assessed with sleep study and was present in 64% of people. Sight 

threatening DR (STDR) was present in 36%; it was higher in patients with OSA compared to 

those without OSA (42.9% vs. 24.1%, p=0.004). After adjustment for confounders, OSA 

remained independently associated with STDR (OR 2.3, 95%CI 1.1-4.9, p=0.04). After a 

median (IQR) follow-up of 43.0 (37.0-51.0) months, OSA patients were more likely to 

develop pre-/proliferative DR compared to non-OSA patients (18.4% vs. 6.1%, p=0.02). After 

adjustment for confounders, OSA remained an independent predictor of progression to pre-

/proliferative DR (OR 5.2, 95%CI 1.2-23.0, p=0.03) (72). 

Whilst this data would appear to be compelling, there are other studies showing no 

association between OSA and retinopathy severity. Zhang explored the influence of OSA on 

diabetic complications in 880 hospitalised Chinese patients with T2DMacross 12 hospitals in 

China (73). Potentially these were different, sicker patients than those out-patients of the 

other studies. Sixty percent of the cohort was found to have OSA on sleep recordings, 30% 

had DR and 4% had proliferative DR (PDR). There was no significant difference in the 

severity of OSA between those with and without DR or PDR in multivariate logistic 

regression, although the lowest oxygen saturation percentage in patients with PDR was 

lower than in those without PDR, p=0.04, in univariate analysis.  

 

In Australia, a prospective observational study of 93 very obese patients was performed 

(74). They divided the cohort into those with (n=46) and without moderate or severe OSA 



(n=47). The mean (SD) age: 52(10) years; BMI 47.3 (8.3) kg/m2. Both groups were similar for 

ethnicity, BMI, cardiovascular co-morbidities, diabetes duration, HbA1c, and insulin 

treatment (p>0.05). The moderate to severe OSA group was significantly more hypoxemic. 

There was no significant difference between groups for the presence of retinopathy (39% vs. 

38%). A greater proportion of moderate to severe OSA patients had maculopathy (22% vs. 

13%), but this was not statistically significant. Logistic regression analyses showed AHI was 

not significantly associated with the presence of retinopathy or maculopathy (p>0.05). 

Whilst minimum oxygen saturation was not significantly associated with retinopathy, it was 

an independent predictor for the presence of maculopathy OR = 0.79 (95%CI: 0.65-0.95; 

p<0.05), after adjustment. These latter two studies raise questions about the 

pathophysiological mechanism of intermittent hypoxia in the development of retinal 

complications in patients with OSA.  

 

More recently, Leong et al performed a systematic review and meta-analysis of the effect of 

OSA on DR and maculopathy (75). In the systematic review, they included 16 studies: one  

longitudinal, the rest cross-sectional, and all the studies listed above were included, except 

for the two which were published later (71, 73). Three studies were included in the meta-

analysis. There were a total of 2731 participants, 2636 with type 2 diabetes. A range of 

diagnostic sleep tests were used, but OSA was diagnosed by sleep study rather than 

questionnaire in all studies. The definition of DR was noted to be variable. There was some 

evidence that OSA was associated with greater severity of DR as well as advanced DR in 

people with type 2 diabetes. Data on diabetic maculopathy were more limited and 

inconclusive. The level of hypoxaemia was again found to be associated with DR, but there 



were fewer studies reporting this variable (Figure 4). The authors noted it was difficult to 

infer causality in cross-sectional studies and commented that further studies are needed.  

 

There is much data exploring associations between OSA and DR; the studies have been 

conducted across the world in different populations of people with T2DM – some recruited 

from diabetes clinics, some from in patient settings, some from Eye Hospitals. The studies 

differ between prospective observational studies and retrospective cohorts. Some patients 

were selected because they had well controlled diabetes, whilst most did not take HbA1c 

into account for recruitment. They all used sleep studies to diagnose OSA, which adds to 

their strength. Whilst some studies do show that DR is more significant in the presence of 

OSA, others do not and the differences in how the studies have been conducted and the 

populations they have been conducted in may account for these changes. The only study to 

assess longitudinal impact of OSA over many months to years suggested that OSA was an 

independent predictor of progression to pre- and proliferative DR (72). Whilst we do not 

fully understand the mechanisms for potentially worse DR in people with OSA, they are 

likely to reflect intermittent hypoxia, oxidative stress, catecholamine surges, blood pressure 

rises and endothelial dysfunction. 

 

CPAP and Diabetic Retinopathy 

In a review article from 2005, Sinclair and colleagues commented that to control DR, prompt 

detection was necessary, along with the management of “common systemic comorbid 

conditions such as hypertension, hyperlipidemia, anemia, obstructive sleep apnea, and 

smoking--all of which tend to accelerate its course and increase its severity” (76). In their 

recent systematic review and meta-analysis, Leong et al also concluded that the effect of 



CPAP on DR and diabetic macular oedema needed assessment through randomised 

controlled trials (75). 

In a UK prospective cohort study, 35 people with diabetic macular oedema found to have 

moderate or severe OSA on screening sleep study were treated with CPAP, with a 

comprehensive assessment of visual function before and after six months of treatment (77), 

including logMAR visual acuity (VA), optical coherence tomography macular thickness, 

fundal photographs. They divided participants into high CPAP compliers (n=13) and low 

CPAP compliers (n=15) (≥ and <2.5 h/night over the 6 months, respectively). At 6 months, 

the adjusted treatment effect on VA of high compliance versus low compliance was 0.11 

(95% confidence interval 0.21 to -0.002; p = 0.047), equivalent to a one-line improvement 

on the logMAR chart. There was no significant improvement in macular oedema or fundal 

photographs. In another UK longitudinal study of 230 patients from diabetes clinics, it was 

observed that patients who received CPAP treatment were significantly less likely to develop 

pre-/proliferative DR, but they were not randomised to this treatment (72). Neither study 

was randomised, and other factors are likely to influence who is prescribed and who 

adheres to CPAP, but both studies were hypothesis-generating and have led to interest in 

randomised controlled trials of CPAP.  The ROSA trial (Retinopathy and Obstructive Sleep 

Apnoea) has recruited patients with diabetic macular oedema and newly diagnosed severe 

OSA from 23 Eye Hospitals across the UK and randomised them to one year of CPAP plus 

best ophthalmic care versus best ophthalmic care only (78). Follow up has completed in 

2017 and results are pending.  

 

Bariatric surgery and diabetic retinopathy 



Amin et al conducted a retrospective cohort study of the impact of bariatric surgery on 

retinopathy in patients with T2DM (79). This represents an indirect method for treating OSA, 

via weight loss. They compared the national retinal screening photographs of 152 patients 

taken in the year before surgery to images taken a mean of 3.0±1.9 years after surgery. The 

comparator group comprised patients with T2DM attending the same centre who had not 

undergone bariatric surgery. Compared with a group matched for age, HbA1c and follow-up 

duration, only the progression to maculopathy was significantly less in patients who 

underwent surgery versus those who received routine care, 5.6% [8/143] versus 15.4% 

[16/104], p=0.01. Although OSA severity was likely to have decreased following bariatric 

surgery, they did not measure OSA, so its role in this relationship is unclear. Prospective 

randomised clinical trials are needed to ascertain the impact of bariatric surgery on 

retinopathy. 

 

OSA and type 1 diabetes 

Interactions between OSA and type 1 diabetes and ocular health are much less well studied. 

Manin et al studied 67 consecutive people with Type 1 diabetes attending annual review 

with polysomnography (80). The mean BMI of the cohort was 25.8 ± 4.7 kg/m2 and severe 

OSA (AHI ≥ 30/h) was present in 19% of the patients, higher than would be expected in a 

control population, although this was not a case control study. There were no significant 

differences in age, sex, BMI, HbA1c or Epworth sleepiness scale score between people with 

or without OSA. People with OSA had a longer course of diabetes (p < 0.01) and a higher 

prevalence of retinopathy (p< 0.01), neuropathy (p=0.05), cardiovascular disease (p< 0.01) 

and hypertension (p < 0.01). The occurrence of macrovascular complications was 

independently associated with the presence of OSA (OR 8.28; 95%CI, 1.56-43.97; P = 0.013) 



and the duration of diabetes (OR 1.08; 95%CI, 1.02-1.15; P = 0.01). Retinopathy was 

independently associated with OSA (OR 4.54; 95%CI, 1.09-18.82; P = 0.04) and the duration 

of diabetes (OR 1.09; 95%CI, 1.04-1.15; P = 0.001). This suggests similar potential 

mechanisms of OSA affecting the eye, whatever the nature of the diabetes.  

 

Glaucoma 

 

Previous studies of associations of OSA with glaucoma have shown variable results. A 

“vascular theory” suggests intermittent hypoxia affects the optic nerve, leading to optic 

neuropathy; a “mechanical theory” suggests OSA increases intraocular pressure (IOP) 

through changes in sleep architecture and increased sympathetic tone, with raised IOP 

causing optic nerve damage. Inflammation, oxidative stress and hypercapnia are also 

implicated. There have been many meta-analyses conducted in this area, which include 

large numbers, but no doubt each contains many of the same original studies, so data is 

likely to be overlapping and the number of publications should not be confused necessarily 

with an increasing weight of evidence for this reason.  

 

Six studies (3 cohort study and 3 case-control studies), involving 2,288,701 participants were 

included in a meta-analysis by Liu et al (81). There was a significant association between 

OSA and glaucoma (adjusted-effect summary for case-control studies OR=2.46; 95%CI, 1.32-

4.59, P=0.005. Adjusted-effect summary for cohort studies OR=1.43; 95%CI, 1.21-1.69, 

P=0.0001). Shi et al sought to further evaluate the association between OSA and glaucoma 

with a meta-analysis of 16 studies with 2, 278 832 individuals (82). Glaucoma was diagnosed 

either by systematic eye examinations or by database or billing records, the latter two 



clearly being less robust. OSA was diagnosed mostly by polysomnography or overnight 

oximetry; one study used an unspecified questionnaire and some used database or billing 

records. Only four of the studies reported their results after adjusting for confounding 

factors. Using a fixed effects model, the pooled OR of six case control studies was 1.96, 

95%CI=1.37-2.8, p=0.0002. The meta-analysis of nine cross-sectional studies using a random 

effects model showed a pooled OR of 1.41, 95%CI= 1.11-1.79, p=0.006, but both results 

were based on unadjusted ORs. There is a suggestion therefore of an association of OSA 

with the prevalence of glaucoma, but the authors express concerns about possible 

confounders and highlight causation cannot be confirmed. They state OSA could be a 

marker of poor vascular health and obesity, not necessarily an independent risk factor for 

glaucoma.  

 

Another meta-analysis of 12 international studies of 36909 subjects found similar results, 

with OSA being associated with a significantly increased risk of glaucoma (OR 1.65; 95%CI 

1.44-1.88, p<0.00001) (83). Asians and Caucasians had significantly increased glaucoma risk 

(OR 1.78; 95%CI 1.49-2.12, p<0.00001 and 2.03; 95%CI 1.12-3.69, p=0.02 respectively), 

along with women and men (OR 1.81; 95%CI 1.27-2.57, p=0.001 and 1.62; 95%CI 1.29-2.03, 

p<0.00001 respectively). Estimates of glaucoma risk by OSA severity were highly varied, but 

only patients with severe OSA had a statistically significantly increased glaucoma risk (OR 

5.49; 95%CI 1.04-33.83, p=0.04). A wider systematic review and meta-analysis was recently 

performed, of published observational studies on OSA to evaluate the association between 

OSA and ophthalmologic diseases (84). Data was pooled for random-effects modelling. 

Relative to non-OSA subjects, OSA subjects had increased odds of diagnosis with glaucoma 

(pooled OR = 1.242; P < 0.001) and floppy eyelid syndrome (FES) (pooled OR = 4.157; 



P < 0.001). In reverse, the overall pooled OR for OSA was 1.746 (P = 0.002) in the glaucoma 

group, 3.126 (P < 0.0001) in the NAION group, and 2.019 (P = 0.028) in the central serous 

chorioretinopathy (CSR) group. For retinal vein occlusion, one study with 5965 OSA patients 

and 29,669 controls demonstrated a 1.94-fold odds increase in OSA patients. The authors 

suggest screening for OSA should be considered in patients with these diagnoses. 

 

From these very large meta-analyses, we could conclude there seems to be an association of 

OSA with glaucoma.  The three research studies listed below however have results which 

question this association.   

 

In the UK, a huge OSA cohort of 67 786 people was constructed from linked English hospital 

episode statistics over 12 years (85). This cohort was compared to a reference cohort (2 684 

131 people) for rates of subsequent Primary open angle glaucoma (POAG) and age-related 

macular degeneration (AMD). A POAG cohort (comprising 87 435 people) and an AMD 

cohort (248 408 people) were also constructed and compared with the reference cohort for 

rates of subsequent OSA. All analyses were restricted to people aged 55 and over and, 

within this age range, were age standardised using 5-year age groups. Risk of POAG 

following OSA was not elevated: the rate ratio for POAG was 1.01 (95%CI 0.85 to 1.19). 

Similarly, the risk of OSA following POAG was not elevated (OR 1.00, 95%CI 0.86 - 1.17). 

These findings held true across subgroup analysis according to sex and age group. By 

contrast, the risk of AMD following sleep apnoea was significantly elevated (OR 1.44, 95%CI 

1.32 to 1.57).  

 



In a French multicentre prospective cohort study, 9580 patients aged >50 years and 

suspected of having OSA were recruited from private practice, general and teaching 

hospitals (86). Among these patients, 6754 had OSA and 330 had glaucoma. Glaucoma 

prevalence was 3.5% in patients with OSA and 3.1% in patients without OSA. OSA diagnosis 

did not significantly influence the risk of glaucoma in univariate analysis (OR 1.13; 95%CI 

0.87-1.47). The variables significantly influencing the odds of glaucoma with multivariate 

regression were age >61.4 years (OR, 1.55; 95%CI, 1.23-1.95), BMI <30 kg/m2 (OR, 1.58; 

95%CI, 1.26-1.99), female gender (OR, 1.40; 95%CI, 1.11-1.78), arterial hypertension (OR, 

1.32; 95%CI, 1.05-1.67), high triglyceride levels (OR, 2.03; 95%CI, 1.43-2.88) and thyroid 

dysfunction (OR, 1.52; 95%CI, 1.09-2.11). This was a large, prospective, well-conducted 

study. 

 

In a retrospective, matched-cohort study conducted in Taiwan, data from the Longitudinal 

Health Insurance Database 2000 were studied (87). There were 1012 subjects with OSA 

included in the study cohort and randomly selected 6072 subjects in the comparison group. 

Each subject was individually traced for a 5-year period to identify those subjects who 

subsequently received a diagnosis of OAG. During the 5-year follow-up period, the incidence 

rate per 1000 person-years was 11.26 (95%CI 8.61-14.49) and 6.76 (95%CI, 5.80-7.83) for 

subjects with and without OSA, respectively. After adjusting for monthly income, geographic 

region, diabetes, hypertension, coronary heart disease, obesity, hyperlipidaemia, renal 

disease, hypothyroidism, and the number of outpatient visits for ophthalmologic care during 

the follow-up period, stratified Cox proportional hazards regression revealed that the 

hazard ratio for OAG within the 5-year period for subjects with OSA was 1.67 (95%CI, 1.30-



2.17; P<0.001) that of comparison subjects, suggesting that OSA is associated with an 

increased risk of subsequent OAG diagnosis during a 5-year follow-up period.  

 

It is difficult then to be clear about the association between OSA and glaucoma. More 

research is clearly needed. 

 

 

CPAP and glaucoma  

An early study sought to analyse the influence of CPAP on IOP (88). Eighteen patients 

previously diagnosed as having glaucoma and 22 normal subjects were studied. Sleep 

studies were not performed, so it is not known whether they had OSA. CPAP was used 

during wakefulness, at +12 cmH2O for 15 min. The results showed that CPAP significantly 

increased IOP in patients with glaucoma (before CPAP (mean +/- SEM) 20.3 +/- 6.3 mmHg; 

after CPAP 22.3 +/- 5.7 mmHg). The authors stated that “CPAP might be relatively 

contraindicated in difficult to manage glaucoma patients, if these results are corroborated”. 

Fifteen minutes of CPAP during wakefulness in someone who has not used it before who 

may not have OSA cannot be compared to of the experience of using CPAP over a whole 

night during sleep for OSA. These small studies can be hypothesis generating, but in 

isolation cannot influence CPAP practice for OSA. 

 

Kiekens et al tried to answer this question more definitively. Twenty one patients with 

newly diagnosed OSA had serial measurements of IOP made before CPAP therapy, and again 

1 month after the initiation of CPAP therapy (89). One patient in this cohort had glaucoma. 

Baseline measurements showed significant diurnal fluctuation in average IOP, with highest 



IOPs at night. After 1 month of CPAP therapy, the average IOP was significantly higher than 

baseline. The increase in overnight IOP was also significantly higher. The mean difference 

between trough and peak IOP was 6.7 +/- 1.5 mm Hg at baseline and 9.0 +/- 2.0 mm Hg 

during CPAP therapy. Thirty minutes after CPAP cessation a significant decrease in IOP was 

recorded. There was a statistically significant decrease in mean OPP during CPAP therapy. 

The authors suggested that regular screening of visual fields and the optic disc is warranted 

for all patients with OSA, especially those treated with CPAP because of these changes in 

IOP.  

 

Cohen et al measured the IOP of newly diagnosed OSAS patients before and after CPAP 

treatment (n = 31) (90). Only three patients had glaucoma. The IOP was measured in sitting 

and supine positions before, during, and after the sleep period. The mean IOP of the after 

CPAP and before CPAP groups measured in sitting position before the sleep period was 

13.33 ± 2.04 mmHg and 14.02 ± 2.44 mmHg, respectively (p = 0.9). Assuming a supine 

position for 1 minute significantly increased the IOP by 1.93 mmHg and 2.13 mmHg for both 

groups, but with no difference between the two groups. The IOP increased significantly 

further after 7 hours of sleep in the supine position, and the mean IOP of the after and 

before CPAP groups was 19.2 ± 5.68 mmHg and 19.69 ± 5.61 mmHg respectively (p = 0.74). 

CPAP therapy did not affect the measured IOP.  

 

Finally, Ulusoy et al investigated the effect of using CPAP on glaucoma prevalence (91). 

Consecutive patients with severe OSAS and 36 healthy controls with no OSA confirmed on 

polysomnography were studied with full ophthalmic examination. The OSA group was 

divided into 38 who used CPAP and 32 who did not. All three groups were similar in terms of 



BMI and neck circumference. The AHI was comparable in the CPAP and no CPAP groups 

(mean AHI 62.9±27.0 vs. 55.6±27.3/hour). IOP was significantly higher in the no CPAP group 

(16.7±3.1mmHg) than CPAP group (15.1 ±3.5mmHg) or control group (14.1 ±2.4), p<0.001. 

Glaucoma prevalence was cited as 12.5% in the no CPAP group, 5.2% in the CPAP group and 

0% in the control group. Although the study suggests CPAP does not increase IOP and may 

prevent development of glaucoma complications, this study’s design limits the conclusions 

that can be reached. There is no description of where the patients and controls were 

recruited from, and no comment on comorbid and potentially confounding disease. The 

control population was not matched in any way. There were no baseline ocular measures 

before CPAP. Subjects were not randomised to CPAP, but selected whether or not to use it. 

This may have reflected their other health usage behaviours, with CPAP users perhaps being 

less likely to smoke, more likely to take other medicines, and so on. None of this data is 

available, or discussed.  

 

In the area of how CPAP affects IOP in patients with glaucoma, we are still unclear and 

randomised controlled trials are required to determine definitively cause and effect. 

Currently patients commencing CPAP do not routinely have IOP measured or visual fields 

checked and the authors are not aware of any routine practice with respect to this in 

patients with glaucoma starting CPAP.  

 

 

Floppy Eyelid Syndrome (FES) 

Associations of FES with OSA have previously been shown, along with obesity, diabetes, 

hypertension and ischaemic heart disease. Anecdotally, FES patients in particular seem to be 



screened for OSA symptoms in the Eye Clinic and referred to the Sleep clinic; perhaps 

because there has been awareness of an association with OSA for longer (92). In a later 

review, McNab comments that “FES patients have a very high incidence of OSA and a causal 

relationship may exist, but amongst patients with OSA, FES is uncommon but commoner 

than in the general population” (93). 

 

In a case control study, 102 patients with FES were compared to 102 patients recruited from 

a DR clinic and matched 1:1 on age, gender, BMI (94). Patients were screened for OSA using 

the Epworth sleepiness score (ESS), but no estimate of risk of OSA was made with 

questionnaires and sleep studies were not performed. The authors describe significant 

associations between FES and OSA (P = 0.0008), keratoconus (P<0.0001), lash ptosis 

(P<0.0001), dermatochalasis (P = 0.02), upper lid medial canthal laxity (P = 0.02), upper lid 

distraction (P = 0.001), palpebral aperture (P = 0.004), and levator function (P = 0.005), but 

in fact they are only significant associations with self-reported daytime sleepiness, 

measured by ESS. Once again this is a hypothesis generating study that begs for further 

research with sleep studies.  

 

Fowler et al performed a case-based retrospective review of all patients seen at the 

University of North Carolina with a diagnosis of FES, which identified 14 patients involving 

17 eyelids (95). A literature review was also performed, yielding a total 324 cases. From the 

combined data (n = 338), the overall minimum prevalence of OSA in patients with lax eyelid 

condition was 16% compared with an estimated 9% to 24% in the general population. Of 

patients with FES, those identified with OSA had significantly more individuals with obesity 

(76% vs. 20%) and male gender (89% vs. 61%) than the group without OSA, which fits with 



known prevalence data (3). The authors concluded OSA occurs no more commonly in obese 

men with FES than in obese men without FES, suggesting FES is an “epiphenomenon” only, 

but may predict OSA and should alert the clinician to ask further questions about sleep.  

 

Muniesa et al in Spain studied 114 patients who had been admitted for OSA evaluation and 

45 patients with FES with sleep studies, eyelid laxity measurement and slit-lamp 

examination (96). There was a significantly higher incidence of eyelid hyperlaxity in those 

diagnosed with OSA than in the non-OSA patients (p=0.004). Thirty-eight of the 45 patients 

with FES were diagnosed with OSA (85%) and 65% had severe OSA. In another study by the 

same group, 152 patients were included to investigate whether FES could be an indicator of 

glaucoma in patients with OSA (97). There were 75 patients with OSA and without FES; 52 

patients with OSA and FES; and 25 non-OSA patients. The prevalence of glaucoma in OSA 

patients without FES was 5% (4/75). One patient had primary open-angle glaucoma and 3 

had previously diagnosed glaucoma. The prevalence of glaucoma in OSA patients with FES 

was 23% (12/52) (p=0.004). None of the 25 patients without OSA had glaucoma. When 

adjustments were made for age and BMI, this significance remained (P=0.04), suggesting 

FES may be a useful way to identify individuals with a greater probability of having glaucoma 

in the OSA population. 

 

Fox et al in the USA performed a cross-sectional observational study of 201 people referred 

for overnight sleep studies (98). Their mean (SD) age was 53.2 (13.5) years and 43% (n = 87) 

were female. They assessed eyelid laxity and ocular surface disease on bedside 

ophthalmologic examination. After adjustment, no association was observed between OSA 

severity and an eyelid laxity score (regression coefficient, 0.85; 95%CI, -0.33 to 0.62; P = 0.4) 



or an ocular surface score (regression coefficient, 1.09; 95%CI, -0.32 to 0.29; P = .93). 

Through subset analysis, male sex was associated with a higher ocular surface score, while 

older age and diabetes were associated with a higher eyelid laxity score. Only one patient 

(0.5%) exhibited findings of FES. 

 

Bayir sought to evaluate a surgical treatment for OSA, anterior palatoplasty, on FES patients 

with OSA (99). Sixty-two sleep clinic patients found to have mild or moderate OSA on sleep 

study were recruited and screened for FES. Patients could choose whether they had surgical 

treatment for OSA (n=35) and if they did not opt for this, they formed the control group 

(n=27). They were therefore not randomised, although the two groups appear to be well 

matched. Ophthalmic examinations were performed before polysomnography to look for 

FES, and these examinations were repeated three months later following palatal surgery. 

Polysomnography was repeated in the surgical group but not in the control group. Surgical 

success was defined as a fall in AHI of 50% or greater. At baseline, 60% of patients in the 

surgical group were diagnosed with FES and 56% in the control group. This percentage fell 

to 26% in the surgical group post-operatively. Surgery is said to have been successful in 57% 

of patients; the proportion of people with FES fell from 60% to 10%, p=0.02. The authors 

postulate that the correction of tissue hypoxia may be responsible for the improvement in 

FES. Again, patients were not randomised to their treatment arm, which introduces a 

selection bias. There are no comments on weight loss in either group, which would 

profoundly affect the severity of OSA. The success rate of the surgery on AHI seems very 

high and not in keeping with other literature on surgical therapies in OSA, which are 

generally not recommended as a single treatment (100). Also there is no repeat three 

month polysomnogram in the control group, who may have lost weight or changed sleeping 



position after OSA diagnosis (having opted not to have palatal surgery) or whose sleep 

indices may have shown regression to the mean and improved. The improvements in FES 

seem impressive, but the initial prevalence is high and the total numbers of patients are 

small; the authors conclude larger studies are warranted. 

 

Nonarteritic anterior ischaemic optic neuropathy (NAION)   

NAION is an acute optic neuropathy for which a multifactorial cause is postulated, with 

associations with vascular dysfunction, crowded optic nerve, hypertension, 

hypercholesterolaemia and diabetes. OSA is also considered a potential risk factor, not least 

because many people discover this visual defect on waking. There are fewer studies, 

presumably because it is a more unusual condition.  

 

Aptel published a cohort study looking at 89 patients diagnosed with NAION, who 

underwent polysomnography; 85 were followed for three years (101). Of the cohort, 75% 

had OSA at diagnosis; they were more likely to develop NAION in their other eye (15.4% vs. 

9.5%, 95%CI 0.2% to 11.5%, p=0.04). Patients with severe OSA who were non-adherent with 

CPAP therapy were at increased risk of developing involvement in the second eye when 

compared with those with no OSA or moderate OSA not requiring CPAP (HR 5.54, 95%CI 

1.13 to 27.11, p=0.04). The authors acknowledged that the group who are non-adherent 

with CPAP could be biased towards being non-compliant with other therapies.  

 

Wu et al performed a systematic review and meta-analysis to investigate the association 

between OSA and NAION (102). They identified four prospective cohort studies and one 

case control study. The studies ranged in size from 17 to 73 in each group. OSA was 



diagnosed by sleep studies in four studies and Sleep Disorders Questionnaire in one. The 

pooled OR of developing NAION in subjects with OSA was 6.18, 95%CI 2-19.11 versus non-

OSA controls, p=0.002. Potential confounders were not adjusted for in all the studies, which 

may have affected the results.  

 

 

Keratoconus 

The role of hypoxia and reperfusion injury has been questioned in the development of 

keratoconus, hence the role of OSA in possible causation has been questioned.  

 

Gencer et al from Turkey performed a prospective, case-controlled multicentre study on 146 

keratoconus patients and 146 age- and gender-matched control subjects (103). They used 

the Berlin Questionnaire to attribute high or low risk of OSA, but found no difference in risk 

of OSA between the two groups. In contrast, in a prevalence study in USA, 362 patients 

diagnosed with keratoconus over a 14-year period were identified (104). Then 101 

completed questionnaires including the Berlin questionnaire for OSA. The prevalence of 

previously diagnosed OSA was 18%. Of the remaining patients (n=83), 47% were high risk for 

OSA.  

 

The Berlin questionnaire used in both of these studies to determine risk of OSA was not 

validated with sleep studies. Whilst the Berlin questionnaire was reported to have a 

sensitivity of 86% and specificity of 77% for OSA diagnosis, others have not obtained such 

results (105, 59). The different populations studied here may account for the variation in 

results, and further studies with case control populations and sleep studies are warranted. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gupta%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=22333661


 

In a large prospective case control study, 616 patients diagnosed with keratoconus were 

enrolled, along with 616 age, gender and BMI matched controls attending the cornea clinic 

for refractive errors (106). Patients had telephone interviews including the Berlin 

questionnaire. The mean BMI of the keratoconus group 24.4 kg/m2, mean age 25.3 years. 

The keratoconus group had a significantly higher history of previously diagnosed OSA, 2.9% 

vs. 0.6%, p=0.004 and were at higher risk of OSA, 12.3% vs. 6.5%, p=0.001. Those patients at 

high risk of OSA had more severe keratoconus than those at low risk of OSA, p<0.05.  

Unsurprisingly, higher BMI was an independent risk factor for increased risk of OSA in 

patients with keratoconus in multivariate logistic regression, as was family history of OSA. In 

the control group, surprisingly only female gender was associated with a higher Berlin score 

defined risk of OSA. The number of patients with high risk of sleep apnoea in the control 

arm were relatively low (n=40), OSA was not confirmed by sleep studies and in other 

prevalence studies, male gender has been found to be a risk factor for OSA (3).  

 

 

Age related macular degeneration (AMD) 

Anti-vascular endothelial growth factor injections (VEGF) are a common treatment for the 

exudative subtype of AMD, although non-response to therapy is common. Some postulate 

OSA may contribute to this non-response.  

 

In the USA, a case control study was performed to investigate OSA risk in patients with 

exudative AMD or diabetic macular oedema with poor response to anti-VEGF therapy with 

bevacizumab (107).  Both groups were compared with age-matched controls. 103 patients 



with AMD were recruited; 56 (54%) had nonexudative AMD and 47 (46%) had exudative 

AMD, of which 14 (30%) had poor response exudative AMD and were at a significantly 

higher risk of OSA based on questionnaires (p < 0.05). Of 30 diabetic macular oedema 

patients with cystoid macular oedema, 19% received 1 injection, 82% received 2 or more 

consecutive injections, and 73% received 3 or more consecutive injections. Risk for OSA 

increased significantly with increasing number of injections (p < 0.05). In common with all 

the other studies discussed, cause and effect cannot be proven, but the importance of 

asking about OSA symptoms is highlighted.  

 

In a small study from Israel, all patients recruited had exudative AMD and received 

treatment with intravitreal bevacizumab (108). All patients also had OSA and were 

categorized into 2 groups: 18 untreated and 20 treated with CPAP. These were not 

randomly assigned groups. The treated OSA group received 8 ± 7 total injections; the 

untreated OSA group received 16 ± 4 injections (P < 0.05). The treated OSA group achieved 

statistically significant better visual acuity (logMAR, 0.3 ± 0.24, 20/40), as opposed to the 

untreated group (logMAR, 0.7 ± 0.41; P < 0.05). Central retinal thickness improved in the 

treated OSA group compared with the untreated group: 358 ± 95 μm to 254 ± 45 μm and 

350 ± 75 μm to 322 ± 105 μm, respectively (P < 0.05, 20/100). Again, those who do not use 

CPAP may differ from CPAP users in other ways, which may affect their response to 

bevacizumab. It is hypothesis generating and raises questions about identifying and treating 

OSA earlier in patients with exudative AMD to potentially yield better functional outcomes. 

 

 

Future directions for research into OSA and the Eye 



The literature shows much interest in eye disorders and OSA. The physiological 

consequences of OSA could plausibly lead to eye disease. However, prospective studies are 

lacking, acknowledged by all the authors of the retrospective studies and meta-analyses 

reviewed here; thus only limited conclusions can be drawn about associations between eye 

disorders and OSA. There are so far no published randomised controlled trials of treatment 

with CPAP in this field; these have been found to be a robust method of establishing cause 

and effect of OSA on associated disease. There are suggestions of associations between OSA 

and glaucoma, keratoconus, NAION and severity of DR. Causality is not established and 

there are many common confounders for ocular disorders and OSA. Certainly, given the 

prevalence of OSA, it is important for ophthalmologists to be aware of its symptoms and 

wonder about its pathophysiological potential to impact in the patients with eye disease 

they are treating. We have recently led a UK ophthalmology research network and would 

encourage members of this network or other teams to design robust studies based on the 

hypotheses developed by some of the studies listed here, to increase the evidence base for 

the links between OSA and the eye.  
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Figure 1. Screening tool to assess a patient for OSA, taken from Obstructive Sleep Apnoea – 

a Guide for GPs, British Lung Foundation 2012 

 

  



Figure 2. Photograph showing continuous positive airway pressure (CPAP) therapy being 

used, with machine, humidifier , tubing and face mask (consent obtained). 

  

 

  



Figure 3. Potential mechanisms by which obstructive sleep apnoea causes retinal 

vasculature damage and eye disease. 

 

 

 

 

  



Figure 4. Forest plot of the pooled estimate of the effects of minimum oxygen saturation on 

diabetic retinopathy using a random effects model; from a meta-analysis by Leong et al (75).

 


