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Obstructive sleep apnea (OSA) is one of the systemic 
risk factors for glaucoma which causes irreversible 
visual field (VF) damage. We reviewed the published 
data of all types of studies on the association between 
these two conditions and papers regarding functional 
and structural changes related to glaucomatous damage 
using Scopus, web of science, and PubMed databases. 
There is evidence that the prevalence of glaucoma 
is higher in OSA patients, which independent of 
intraocular pressure (IOP). Studies have reported 
thinning of retinal nerve fiber layer (RNFL), alteration of 
optic nerve head, choroidal and macular thickness, and 
reduced VF sensitivity in patients of OSA with no history 
glaucoma. A negative correlation of apnea–hypopnea 
index with RNFL and VF indices has been described in 
some studies. Raised IOP was noted which is possibly 

related to obesity, supine position during sleep, and 
raised intracranial pressure. Diurnal fluctuations of IOP 
show more variations in OSA patients before and after 
continuous positive airway pressure (CPAP) therapy when 
compared with the normal cases. The vascular factors 
behind the pathogenesis include recurrent hypoxia with 
increased vascular resistance, oxidative stress damage to 
the optic nerve. In conclusion, comprehensive glaucoma 
evaluation should be recommended in patients with 
OSA and should also periodically monitor IOP during 
CPAP treatment which may trigger the progression of 
glaucomatous damage.

Keywords: Choroidal thickness, glaucoma, intraocular 
pressure, macular thickness, obstructive sleep apnea, 
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Introduction

Glaucoma is a progressive optic neurodegenerative disease with 

specific characteristics of structural optic nerve head (ONH) and 

with changes in the inner retinal layer (ganglion cell complex) 

along with the presence of corresponding functional visual 

field (VF) changes that are irreversible.[1] Raised intraocular 

pressure (IOP) is one of the major risk factors for glaucoma. It 

causes mechanical damage to ONH and inner retinal layers, which 

eventually leads to progressive, irreversible functional VF loss. 

Some patients show deterioration of VFs even when IOP is normal 

which provokes to look for other risk factors such as systemic 

disorders which will cause neurodegenerative diseases.[2]

Obstructive sleep apnea (OSA) is characterized by recurrent 

complete or partial interruption of normal breathing due to 

functional occlusion or collapse of upper airway during sleep 

that leads to apnea or hypopnea and hypoxia.[3,4] This causes 

decrease in the arterial oxygen (O
2
) saturation and a rise in the 

carbon dioxide saturation during sleep[5] and results in transient 

hypoxia and increased vascular resistance in body tissues. In case 

of ocular tissues, this results in a reduction of ocular perfusion 

pressure and decreased oxygenation to the optic nerve which 

eventually leads to glaucomatous optic neuropathy.[5] It shows 

specific symptoms and signs such as excessive daytime sleepiness 
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or fatigue and obesity. The prevalence of OSA in community 

screening is 2%–6% for moderate and above and 14% for mild 

form. The prevalence increased to 21%–90% when patients were 

referred for sleep evaluation.[6] Ethnicity-wise prevalence of OSA 

in middle-aged population was 4% in men and 2% in women 

in the US, 0.5%–1.5% in the middle aged men in the UK,[7] 

and 4.1%–7.5% and 2.1%–3.2% in men and women in Asians, 

respectively.[4] However, all these studies used different criteria 

and variation in definition to diagnose the condition.

The more clinical importance of OSA is due to apart from symptoms 

such as excessive daytime sleepiness, it increases the risk of 

severity of life-threatening diseases with significant mortality 

and morbidity. Clinical representations of OSA is habitual loud 

snoring, nocturnal gasping, reduced cognitive abilities, lack of 

energy, reduced concentration, memory impairment, dry throat on 

waking up, and morning headache. Moreover, the risk factors are 

obesity with high body mass index (BMI), alcohol consumption, 

male gender, thick neck, and abnormal craniofacial abnormalities 

such as enlargement of tonsils, tongue, and uvula with increasing 

Mallampati airway classification. All these abnormalities may 

lead to collapsible upper airway which predisposes to OSA. 

Population-based epidemiological studies showed that obesity 

with high BMI significantly associated with OSA positively.[3,4,6]

OSA is significantly associated with several life-threatening 

cardiovascular diseases such as stroke associated with 

atrial fibrillation, coronary artery disease, hypertension and 

arrhythmias,[8] neurovascular and cerebrovascular diseases 

such as cerebrovascular insult, impaired neurocognition, and 

poorly controlled mood disorder, raised intracranial pressure 

and increased motor vehicle accidents,[9] metabolic disorders 

such as effect on glucose tolerance and lipid metabolism,[10] 

and endocrine disorders such as acromegaly, hypothyroidism, 

and diabetes mellitus.[3] OSA diagnosis is done by overnight 

polysomnography evaluation. The severity of the disease is 

calculated by apnea–hypopnea index (AHI) score per hour 

which is the sum of apnea and hypopnea episodes. Apnea is 

defined as cessation of oronasal flow for a duration of 10 s or 

more, and hypopnea is defined as reduction of oronasal flow for 

greater than 50% with a 3%–4% of oxygen desaturation. Most 

of the studies reported that if AHI score ≥5, it is diagnosed 

as OSA. The severity of the disease classified as mild - AHI 

between 5 and 15, moderate - AHI between 15 and 30, and 

severe OSA - AHI >30.[11-13] Apart from glaucoma, OSA is 

associated with several other ophthalmic disorders including 

floppy eyelid syndrome (FES), nonarteritic ischemic optic 

neuropathy, papilledema, optic neuropathy, idiopathic 

intracranial hypertension, diabetic retinopathy, geographic 

atrophy, age-related macular degeneration, retinal vein 

occlusion, and central serous retinopathy.[3,9,14,15] There are 

various studies which have reported the association between 

OSA and glaucoma, its associated conditions. However, the 

exact cause and pathophysiology behind association is still 

unclear. This article aims to review its association and proposed 

pathophysiology mechanisms of glaucoma in OSA till now.

Literature Review and Study Selection

We reviewed the published data on association between OSA and 

glaucoma, glaucomatous structural and functional changes in 

OSA. Literature review conducted by searching Scopus, Web of 

Science, Embase, IndMed, and PubMed databases to find relevant 

published data till June, 2016, using the following combined 

search terms: “Obstructive sleep apnea” or “OSA”, “glaucoma,” 

“Intra ocular pressure,” “retinal nerve fiber layer,” “visual fields,” 

“macular thickness,” and “choroidal thickness.” We have reviewed 

reference list of retrieved articles so as to expand the search.

We have included studies which show (1) prevalence of glaucoma 

in OSA or vice versa, (2) structural changes of retina and ONH in 

OSA, for example, retinal nerve fiber layer (RNFL), macular and 

choroidal changes, (3) functional changes of retina in OSA, for 

example, electrophysiological tests and VF tests results.

Pathophysiology of Glaucoma in Obstructive 
Sleep Apnea

There are multiple factors involved in pathogenesis of glaucoma 

and structural changes of retina, ONH in OSA. Pathophysiology 

of glaucoma in OSA is complex, and various altered physiological 

activities such as hypoxia, vascular, and mechanical factors may 

be involved.

Hypoxia
Oxygen is important for all living cells for cellular function and 

tissue formation. Especially, neuronal cells need more oxygen 

and glucose consumption to generate continuous energy in 

the form of adenosine triphosphate (ATP). Mitochondria in 

cells need oxygen to breakdown glucose through a process of 

oxidative phosphorylation to generate ATP. Hence, repetitive 

apnea–hypopnea episodes or reduction in ventilator drive will 

cause hypoxia and hypercapnia which will decrease in pO2 

and an increase in pCO2. These prolonged episodes of hypoxia 

directly damage the ONH, retinal ganglion cells (RGCs), and its 

axons. Hypoxia will cause oxidative stress and inflammation by 

increasing of reactive oxygen species and inflammatory markers 

which subsequently leads to mitochondrial dysfunction of RGCs 

and glaucoma.[2,3,16]

Vascular factors
OSA causes definite vascular changes and vascular dysregulation 

of ONH. Studies showed that OSA is associated with hypertension, 

atherosclerosis of carotid artery, vascular endothelial dysfunction, 

autonomic dysfunction, and raised intracranial pressure.[2,12] 

Retina and optic nerve require constant blood flow to meet their 

high metabolic needs. OSA causes insufficient blood supply and 

nourishment to the RNFL and optic nerve.[17]

Carotid artery (internal) supplies blood to the brain through each 

side of neck. OSA will cause vascular cell wall changes in carotid 

artery by building the plaques formation inside the wall. It will 
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narrow the blood vessel and subsequently may end up with ONH 

ischemia.[12] Intermittent hypoxia will cause increase of sympathetic 

nervous system activity which leads to vasoconstriction and 

systemic hypertension.[18] Raising sympathetic activity during 

daytime causes autonomic dysfunction. Raise of sympathetic 

activity and autonomic dysfunction may alter the cerebral and 

ocular circulation, especially during night. The reason behind this 

is that at night, normally sympathetic activity and blood pressure 

decreases. However, ocular perfusion pressure remains stable 

because episcleral venous pressure around eye increases during 

night in supine position. Hence, raise of sympathetic activity 

and autonomic dysfunction may alter ocular perfusion pressure 

during night.[2,12]

Hypoxia causes oxidative stress, inflammation and decreases 

availability of nitric oxide which is vasodilator and damages the 

endothelium. It will increase the level of endothelin-1 which is a 

powerful vasoconstrictor. Production of endothelin-1 also found 

to be higher in OSA and normal tension glaucoma (NTG) patients, 

which leads to severe impairment of vasodilator response of blood 

vessels. Hypoxia-induced endothelin-1 and nitric oxide imbalance 

in OSA causes vascular dysregulation and affects blood flow of 

ONH and retina.[2,17,19] It was also found that hypoxia indirectly 

causes the increase of intracranial pressure. It leads to decrease 

of cerebral perfusion pressure and may disturb the blood flow 

of ONH, especially during nocturnal systemic hypotension.[3,12,19]

Mechanical factors
Raising of IOP causes RGCs death, development of glaucoma, and 

its progression.[17] However, among OSA patients, it was reported 

that the role of IOP in the development of glaucoma is very minimal 

and unclear.[2] As a result of vascular dysregulation, ischemia and 

abnormal perfusion pressure optic nerve may be more sensitive 

even for normal IOP to get damage.[13] Apart from supine position 

at night during sleep, obesity also one of the risk factors for high 

IOP due to excessive intraorbital adipose tissue and increased 

episcleral venous pressure.[3] As mentioned earlier, intracranial 

pressure will increase during apnea–hypopnea episodes and alters 

the cerebral perfusion pressure [Figure 1].[3,12,19]

Prevalence of Glaucoma in Patients with 
Obstructive Sleep Apnea

Walsh and Montplaisir[20] initially described the association 

of OSA and glaucoma in 1982. They diagnosed glaucoma in 

five patients of two generations in the same family with OSA. 

Among those, three surviving members had heavy snoring with 

maximum IOP in the morning time. Then, in 1999, a study was 

published by Mojon et al.[21] which reported a high prevalence of 

glaucoma in OSA patients. In this study, 114 consecutive patients 

with suspect of OSA were included after polysomnography 

evaluation. Sixty-nine patients were diagnosed to have OSA based 

on respiratory disturbance index (RDI) ≥10. The prevalence of 

glaucoma is 7.2% (5/69). Among those 5 glaucoma patients, 

3 patients had primary open-angle glaucoma (POAG), and 

2 patients had NTG. Apart from this, it was also reported that 

RDI is positively correlated with IOP (P = 0.025), VF loss 

variance (P = 0.03), glaucomatous optic disc changes (P = 0.001), 

and diagnosis of glaucoma (P = 0.01).

Later, several large population-based studies and other prevalence 

studies have shown the association between the glaucoma and 

OSA. Results of the most of these studies showed significant 

prevalence of glaucoma in OSA patients. Here, we briefly discuss 

few important studies while rest of the studies are reported in 

Table 1.

Lin et al.[22] did a large sample retrospective cohort study to 

analyze incidence rate and risk of open-angle glaucoma (OPA) 

in OSA patients over a 5-year follow-up period after diagnosed as 

OSA. Data were collected from the data source of the longitudinal 

health insurance database 2000 in Taiwan population. Total 

1012 patients in disease cohort and 6072 randomly selected 

controls were studied. All cases traced for next 5 years period 

to identify who subsequently developed OPA in both disease 

and control cohorts. The incident rate of glaucoma per 1000 

person-years was 11.26 (95% confidence interval [CI]: 8.61–

14.49) for OSA patients and 6.76 (95% CI: 5.80–7.83) for control 

cohort, respectively. After adjusting for systemic abnormalities 

and socioeconomic status, OSA patients were associated with 

1.67 times more risk of developing OAG within first 5-year period 

of initial diagnosis.

In a retrospective cohort study in Taiwanese Population using 

the Longitudinal Health Insurance database 2000, Chen et al. 
showed the treatment options for OSA and its associated risk 

of developing glaucoma. They have included larger sample of 

2528 OSA patients and 10112 randomly selected age-matched 

controls. The study included OSA cohort collected based on 

diagnosis with polysomnography evaluation made between 2000 

and 2009. They also excluded patients with previous history of 

glaucoma and analyzed the risk of glaucoma due to the treatment. 

The risk of glaucoma investigated in patients with OSA was 

assessed for various OSA treatment options such as with surgical 

treatment, with continuous positive airway pressure (CPAP) with 

multiple modalities and without treatment. Results showed that 
Figure 1: Flowchart explains the mechanism’s involved pathophysiology of glaucoma 
in obstructive sleep apnea
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adjusted hazard ratio of glaucoma in OSA was 1.88 (with 95% 

CI: 1.46–2.42) compared with controls. Adjusted hazard ratio 

increased to 2.15 (with 95% CI: 1.60–2.88) in patients with OSA 

without treatment. However, in patients with OSA, treatment risk 

of glaucoma was not significantly different from controls except 

in CPAP therapy patients where hazard ratio is 1.65 (with 95% 

CI: 1.09–2.49) compared with controls. These estimated hazard 

ratios were adjusted for after for sex, age, hypertension, diabetes, 

and other systemic conditions.

There are several other cross-sectional and case–control studies 

with small samples that investigate association between OSA 

and glaucoma. Some studies reported the prevalence of POAG in 

OSA while some other report on NTG. Bendel et al.[24] evaluated 

100 patients with OSA to study the prevalence of glaucoma 

and association of glaucoma and IOP with these patients. The 

prevalence of glaucoma is 27% (27 patients), of them 14 patients 

were diagnosed based on both optic nerve and VFs, 9 based 

on optic nerve appearance only, and 4 were already diagnosed 

from history and ophthalmic examination. Glaucoma appears to 

be associated with age (P = 0.014), and IOP is more associated 

BMI (P = 0.006). There is no correlation found between AHI and 

IOP as well as between AHI and glaucoma.

Hashim et al.[25] conducted a study to analyze the prevalence and 

progression of glaucoma in treated OSA patients over a follow-up 

of 3 years period. Total 39 patients (12 patients with moderate 

OSA and 27 patients with severe OSA) with moderate to severe 

OSA were investigated. Glaucoma found in 8 patients (20.5% 95% 

CI: 9.9%–37%), of them 6 patients had NTG and 2 patients had 

POAG. If we observe the prevalence of glaucoma in severity wise, 

7 (25.9% 95% CI: 8%–34%) of 27 severe OSA and 1 (8.3% 95% 

CI: 0.1%–15%) of 12 moderate OSA patients had glaucoma. It 

showed that severe OSA is very important risk factor for glaucoma. 

During the follow-up period of 3 years under the treatment of OSA, 

only 2 patients developed NTG and 2 patients showed glaucoma 

deterioration which indicates proper and adequate treatment of 

OSA with ophthalmic care showed better control of glaucoma.

Lin et al.[26] evaluated 209 patients with OSA and 38 normal 

controls to study the prevalence of NTG in each group and risk of 

severity of OSA for developing glaucoma. The prevalence of NTG 

found to have 5.7% (12/209). In 12 NTG patients, 1 was in the 

mild OSA group, 3 were in the moderate OSA group, and 8 were 

in the severe OSA group. The prevalence of NTG in moderate/

severe OSA found to have 7.1% (11/153) which is significantly 

higher (P = 0.033) than normal/mild OSA cases. This study also 

Table 1: Studies reported the prevalence of glaucoma in obstructive sleep apnea patients
Study Sample 

characteristics
Study design Type of 

glaucoma
Results Significance of 

association
Lin et al., 2013[22] 1012 - OSA

6072 - Normals
Retrospective, cohort 
study

Both Incidence rate in OSA 
11.6, in normals 6.76

Yes

Chen et al., 2014[23] 2528 - OSA
10,112 - Normals

Retrospective, 
population-based 
study

Both Hazard ratio of glaucoma 
1.88

Yes

Bendel et al., 
2008[24]

100 OSA 
Patients

Cross-sectional, case 
series

POAG Prevalence 27% Yes

Muniesa et al., 
2014[27]

75 OSA without 
FES52 OSA 
with FES25 
normals

Cross-sectional POAG Prevalence 5.33% in 
without FES, 23.07% in 
with FES in OSA

Significantly associated 
with floppy eyelid 
syndrome in OSA

Lin et al., 2011[26] 209 - OSA
38 - normals

Cross-sectional NTG Prevalence of NTG 
12/209, 5.7%

Yes, higher prevalence in 
moderate/severe OSA

Geyer et al., 2003[28] 228 - OSA Cross-sectional POAG Prevalence of POAG 
5/228, 2%

Prevalence of glaucoma 
in OSA similar to 
Caucasians

Mojon et al., 1999[21] 69 - OSA
45 - normals

Cross-sectional POAG Prevalence 7.2% Yes, higher than 
expected normal 
population

Hashim et al., 
2014[25]

39 - OSA Longitudinal Both Prevalence 8/39 (20.5%) 
6 NTG, 2 POAG
2 more developed 
glaucoma during 3 years 
follow-up

Yes

Kadyan et al., 
2010[29]

89 - OSA
26 - controls

Cross-sectional POAG Prevalence of POAG 
3/89, 3.4%

Prevalence of glaucoma 
in OSA similar to normal 
population

Sergi et al., 2007[30] 51 - OSA
40 - controls

Cross-sectional NTG Prevalence of NTG 3/51, 
5.9%

Yes, prevalence of NTG is 
higher than expected in a 
white population

Karakucuk et al., 
2008[31]

31 - OSA
25 - control

Cross-sectional Both Prevalence (4/31) 12.9% Yes, high prevalence 
specifically in severe 
OSA patients

OSA: Obstructive sleep apnea, NTG: Normal tension glaucoma, POAG: Primary open-angle glaucoma, FES: Floppy eyelid syndrome
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shows that disease severity of OSA is an important risk factor for 

developing glaucoma.

Muniesa et al.[27] investigated the prevalence of glaucoma in OSA 

with and without FES. Glaucoma was defined as asymmetric 

cupping, glaucomatous optic disc damage with corresponding 

VFs, thinner neuroretinal rim, and/or optic disc hemorrhage and/or 

with RNFL defects. If untreated, IOP > 21 mmHg is considered 

as POAG, <22 mmHg as NTG. The prevalence of glaucoma in 

the OSA patients without FES was 5.33% (4/75), and in the OSA 

patients with FES, it was 23.07% (12/52). The difference between 

these two was statistically significant (P = 0.004). Of 12 patients 

in OSA with FES, 6 had NTG, 5 had POAG, and one patient was 

already diagnosed as glaucoma before.

There were some studies which reported less prevalence rates 

also. A study done by Geyer et al.[28] showed that it was included 

a total of 228 patients with OSA, of those only 5 patients found 

to have POAG, and the prevalence rate is 2% (95% CI: 0.7%–5%). 

This is equal to the prevalence of glaucoma in general Caucasian 

population (1.7%–3%). In another study, Kadyan et al.[29] reported 

that the prevalence of glaucoma in OSA was 3.4% (3/89) which is 

similar to normal population 2% (P = 0.429).

Overall, all these studies showed that there is increased prevalence 

of glaucoma in OSA and it is significantly associated with severity 

of the disease. However, glaucoma and IOP are not significantly 

associated with AHI or RDI.

Prevalence of Obstructive Sleep Apnea in 
Patients with Glaucoma

Studies have reported the prevalence of OSA and other related 

conditions among glaucoma patients. These studies also showed 

higher prevalence rates of OSA, especially more among NTG than 

POAG patients. Mojon et al.[32] evaluated 16 Caucasian patients 

with NTG to study the prevalence of OSA. All patients underwent 

overnight polysomnography examination to make a diagnosis of 

OSA. Patients with RDI more >10 were diagnosed as having OSA. 

50% (8/16) patients diagnosed to have OSA after polysomnography 

evaluation. Among those 4 with mild OSA, 2 were with moderate 

OSA and 2 with severe OSA. The prevalence rate was more in 

middle and older age people which is significantly high (P < 0.025).

Another study done by Ohana et al.[33] reported the prevalence 

of OSA in POAG and snoring. 31 snoring POAG patients had 

polysomnography evaluation to rule out clinical diagnosis of OSA. 

The prevalence of OSA found to have 49%, 15 of 31 total cases. 

There is no significant difference found in ocular characteristics 

among patients with and without OSA. This study explained that 

POAG with snoring is an important sign to screen and make 

clinical diagnosis of OSA.

Bilgin et al.[5] studied the association between OSA and NTG. 

They recruited 24 established NTG patients and similar number 

of age-matched controls. All patients underwent overnight 

polysomnography evaluation for the diagnosis of OSA. 

Patients with AHI score ≥20/h were diagnosed as OSA. Total 

10 patients (41.7%) were diagnosed to have OSA in NTG group, 

3 cases (12.5) in age-matched controls. There was a significant 

difference (P < 0.05) in the prevalence of OSA between the groups, 

and relative risk of OSA in NTG is 3.34 times more compared with 

age-matched controls.

In another study, Balbay et al.[34] investigated the prevalence of 

POAG in OSA patients. Twenty-one POAG patients underwent 

polysomnography examination for the diagnosis of OSA. AHI 

criteria were used to grade the severity of the disease. OSA diagnosis 

confirmed in 33.3% (7/21) of patients, 14.3% with mild and 

19.0% with moderate OSA. Age (P = 0.047) and neck (P = 0.024) 

circumference of OSA patients was significantly higher.

A questionnaire study was done by Wang et al.[35] to study a 

sleep quality in POAG, PACG, and controls. Pittsburgh sleep 

quality index was used to evaluate the glaucoma effect on sleep 

quality. Patients who score more than >7 were considered as 

disturbed sleep. Sleep quality decreased with age in all cases. 

People with sleep disorders were 23.62% (47/199) in controls, 

47.83% (44/92) in POAG, and 81.25% (39/48) in PACG. The 

prevalence of sleep disturbances significantly higher in POAG and 

PACG compared with controls. PACG shows higher prevalence of 

sleep disturbances (P = 0.04) compared with POAG in age range 

of 61–80 years. This study explains that glaucoma and loss of 

intrinsically photosensitive RGCs may have influence on regular 

circadian rhythm effect sleep/wake cycle. Hence, glaucoma patients 

may have more chance to get sleep-related disorders [Table 2].

Structural Changes of Retina and Optic Nerve 
Head in Obstructive Sleep Apnea

Retinal nerve fiber layer
Several studies have evaluated RNFL thickness in OSA patients 

using different diagnostic techniques and it was found that RNFL 

is thinner in OSA patients compared with normal controls. It was 

also reported that RNFL thickness negatively correlated with AHI 

or RDI and positive correlation with oxygen saturation in OSA 

patients. Lowest saturation of oxygen significantly associated 

with decreased RNFL thickness.[36] The mechanism behind the 

RNFL thinning is that OSA is associated with several vascular 

disorders such as imbalance of vasoconstriction and vasodilation. 

These vascular disturbances may result in thinning of RNFL. 

When these vascular disturbances are associated with systemic 

nocturnal hypotension, it will cause further more damage 

and thinning of RNFL.[2,12] Kargi et al.[19] first reported RNFL 

thinning in OSA patients. In this study, RNFL thickness was 

measured in 34 patients with OSA with 19 mild and 15 severe 

conditions, 20 age-matched controls using GDx scanning laser 

polarimetry (SLP). RNFL thickness significantly reduced in OSA 

patients compared with normals in superior average (P = 0.001) 

and inferior average (P = 0.002). Moreover, it is also noted that 
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thinning RNFL thickness is significantly correlated with severity 

of the disease (P = 0.01). This study proposed two possible 

mechanisms for RNFL thinning in OSA.

Sagiv et al.[37] measured RNFL thickness in large sample, 

108 patients with moderate (n = 62), severe (n = 46) OSA and 108 

age-matched controls with optical coherence tomography (OCT). 

All patients underwent overnight polysomnography examination. 

In OSA group average (P = 0.003), superior (P = 0.022), inferior 

(P = 0.011), and temporal (P = 0.029) quadrants of RNFL 

thickness was significantly lower and reduced than control 

group. Average, superior, and inferior RNFL thickness in both 

OSA group ((P = 0.004, P = 0.034, and P = 0.003) and control 

group ((P = 0.001, P = 0.003, and P = 0.008) is significantly 

negatively associated with age, which explains that RNFL thickness 

will decrease with age. Based on multiple linear regression model, 

in OSA group, it showed average RNFL thinner by 4.20 mm (95% 

CI [−6.97, −1.43], P = 0.003), superior quadrant RNFL thinner 

by  4.83 mm  (95%  CI  [−9.14,  −0.52], P = 0.028), and inferior 

quadrant  RNFL  thinner  by  5.19  mm  (95%  CI  [−9.39,  −0.99], 
P = 0.016) compared with controls.

A study published by Adam et al.[38] showed different results. In 

this study, RNFL thickness was measured in 43 newly diagnosed 

with mild (n = 4), moderate (n = 23), and severe (n = 16) OSA 

patients and in 40 healthy controls using stratus OCT. Results 

showed that there is no significant difference of average (P = 0.81), 

superior (P = 0.73), inferior (P = 0.68), temporal (P = 0.82), and 

nasal (P = 0.37) RNFL thickness between OSA and control groups. 

However, OSA patients showed large range of variables in RNFL 

parameters in average 84.45–131.25 µ, superior 52–165 µ, inferior 

86–200 µ, nasal 56– 127 µ, and temporal quadrants 53–123 µ 

compared with controls same as average 93.7–119 µ, superior 

97–162 µ, inferior 115–164 µ, nasal 54–115 µ, and temporal 

quadrants 53–113 µ. This study explains that duration of the 

disease is more important than the severity of the disease; hence, 

long-term follow-up of monitoring of the OSA patients is necessary.

Zengin et al.[13] investigated the RNFL thickness measurement 

over a period of 1 year for every 3 months with OCT in 44 OSA 

patients with 13 mild, 17 moderate, and 14 severe disease and 35 

age-matched controls. It showed that last measurements of average 

RNFL in OSA were found to be significantly reduced compared 

with the first visit (P = 0.001) and with controls (P = 0.002). All 

four quadrants of RNFL thickness in OSA showed a significant 

reduction in the last visit compared with the initial visit and 

controls. RNFL measurements also significantly correlated with 

AHI (P < 0.05). OSA patients should be followed up regularly to 

screen for glaucomatous changes, glaucoma development, and for 

detection of possible progression of the disease.

Another recent study by Ferrandez et al.[39] evaluated RNFL 

thickness using SLP-enhanced corneal compensation (ECC) and 

OCT. It is a cross-sectional study included 40 OSA patients and 

45 age-matched controls. OCT parameters showed no significant 

difference of RNFL thickness among control and OSA patients  

at all clock hour positions, in 4 quadrants and in average RNFL 

thickness. SLP-ECC parameters showed nerve fiber indicator 

(NFI) higher and superior average RNFL thickness lower in OSA 

group. NFI moderately correlated with AHI in OSA group. Some 

of SLP-ECC parameters were significantly reduced in OSA, but 

OCT did not show any neurodegenerative change. Several other 

studies reported RNFL thinning and its relation with the severity 

of the OSA [Table 3].

Optic nerve head and macula
Some studies have evaluated the ONH measurements in patients 

with OSA and found that there is a significant increase in 

morphological characteristics of ONH and thickness changes 

in inner macula. Increase in disc area and other parameters are 

maybe due to the mild optic nerve swelling caused by intracranial 

vascular dysfunction. Increase in macular thickness explained by 

RGC is sensitive to mild systemic hypoxic stress. Hypoxia will 

cause swelling of cell body, disruption of plasma membrane, and 

alterations in nuclear DNA. This swelling may be the reason 

for an increased macular thickness, and then it will precede to 

atrophy secondary to neuronal death. This may be the reason 

that mild–moderate OSA patients show higher inner macular 

thickness compared with control and severe OSA patients.[11,36,42]

Tsang et al.[11] first measured the optic nerve cup: disc ratio 

in OSA patients using slit lamp biomicroscopy by single 

Table 2: Studies reported the prevalence obstructive sleep apnea in glaucoma patients
Study Sample 

characteristics
Study design Results Significance of association

Blumen Ohana et al., 
2010[33]

31 - glaucoma 
with snoring

Cross-sectional Prevalence 49% Yes, snoring is risk factor 
for OSA

Bilgin 2014[5] 24 - NTG
24 - normals

Cross-sectional Prevalence 41.7% in NTG, 12.5% in 
controls

OSA prevalence high in NTG

Mojon et al., 2002[32] 16 - NTG Cross-sectional Prevalence 8/16 (50%) in NTG above 
45 years of age

NTG patients high risk of 
OSA in middle and older 
people

Balbay et al., 2014[34] 21 - POAG Cross-sectional Prevalence of OSA 33.3% Yes
Wang et al., 2013[35] 199 - controls, 

92 - POAG
48 - PACG

PSQI - questionnaire 
study

23.62% (47/199) in controls, 
47.83% (44/92) in POAG, 
81.25% (39/48) in PACG

Yes, prevalence of sleep 
disorders more in glaucoma

OSA: Obstructive sleep apnea, NTG: Normal tension glaucoma, POAG: Primary open-angle glaucoma, PSQI: Pittsburgh sleep quality index, PACG: Primary angle 
closure glaucoma
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examiner. Thirty-six patients with moderate and severe OSA, 30 

age-matched controls were included in the study. The incidence 

of suspicious discs with glaucomatous changes in OSA (26.39%) 

was 4 times higher when compared to controls (6.78%), which 

is statistically significant difference (P = 0.001, 99% CI). Casas 

et al.[42] assessed RNFL thickness and ONH parameters in 50 OSA 

patients and 33 age-matched controls using Stratus OCT. Results 

showed that ONH measurements are significantly higher in OSA 

patients, and mean vertical integrated rim area is 0.67 ± 0.41 mm3 

in OSA and 0.55 ± 0.29 mm3 in controls which is statistically 

significant (P = 0.043). Mean horizontal integrated rim width is 

1.87 ± 0.31 mm2 in OSA and 1.8 ± 0.25 mm2 in controls, P = 0.039. 

Disc area is 2.74 ± 0.62 mm2 in OSA and 2.48 ± 0.42 mm2 in 

controls, P = 0.002. Severe OSA patients had significant higher 

disc area 2.8 ± 0.7 mm2 than controls 2.5 ± 0.4 mm2; P = 0.016. 

Temporal inner macular thickness was significantly higher in 

mild–moderate OSA patients 270 ± 12 µm compared with severe 

OSA patients 260 ± 19 µm, P = 0.021.

Lin et al.[36] reported ONH parameters in 105 OSA patients and 22 

controls. This study found that there is no significant difference in 

ONH parameters and macula thickness profiles (P > 0.1) between 

OSA and age-matched controls. Another study by Sergi et al.[30] 

reported that AHI is significantly correlated with cup-disc ratio of 

both right and left eye (P = 0.001 and P = 0.01).

Choroid thickness
Choroid is one of the highly vascularized tissues in the body 

with rich vascular components. Significant vascular changes and 

imbalance between nitric oxide and endothelin in OSA may cause 

decrease in choroidal blood flow and blood supply of the choroid 

because endothelin-1 is a major component of choroid blood flow. 

It may be the possible mechanism behind thinner and structural 

alterations in choroid.[2,43]

Bayhan et al.[43] studied macular choroid thickness in OSA patients 

and controls using RTVue spectral-domain-OCT (SD-OCT). 

Ninety-two patients with OSA and 32 age-matched controls were 

included in the study. The choroidal thickness measurements at 

1.5 mm and 3 mm nasal to the fovea were significantly thinner 

in severe OSA patients (both P < 0.05) compared with controls, 

and severe OSA patients had significant thinner choroid at 3 mm 

nasal to fovea compared with mild OSA patients. However, there 

is no significant difference of choroid thickness at subfoveal and 

temporal area between the OSA and controls.

Ozge et al.[41] studied macular choroid thickness and peripapillary 

choroid thickness in 42 OSA patients and 56 age-matched controls 

using enhanced depth imaging – OCT (SD-OCT). OSA patients 

had significantly thicker choroid at 0.5 and 1.5 mm nasal to the 

fovea in both eyes compared with the control group (P < 0.05). 

There were no significant differences of choroid thickness in 

the subfoveal and temporal regions. Moreover, peripapillary 

choroidal thickness was significantly higher in OSA patients at 

all segments (P < 0.05) except at temporal and superotemporal 

regions. As earlier mentioned in this article hypoxic related 

swelling associated with OSA, also may be the reason for an 

altered choroid thickness at macular and peripapillary regions.

Xin et al.[44] measured choroidal thickness in 53 OSA and 12 

age-matched controls. It reported that subfoveal choroid thickness 

in severe OSA group was significantly thinner than control, mild, 

and moderate groups (P = 0.023, 0.006, and 0.036), and choroid 

thickness 1 mm nasal to the fovea was significantly thinner in 

severe group compared with control and mild groups (P = 0.013 

and 0.010). Another study by Karaca et al.[45] measured macular 

choroid thickness in 74 OSA and 33 controls. Results showed that 

there is no significant difference of subfoveal choroidal thickness 

among control and OSA groups. There is no significant correlation 

Table 3: Studies reported the retinal nerve fiber layer thickness in obstructive sleep apnea patients
Study Sample characteristics Diagnostic 

test
Study design Results

Moghimi et al., 
2013[40]

51 OSA patients and 
age-matched normals

GDx Cross-sectional 
study

AHI shows “+ve” correlation with IOP and NFI 
thickness

Ozge et al., 
2016[41]

42 - OSA
112 - normals 

EDI - OCT Case-control 
study

AHI shows “−ve” correlation with RNFL and significant 
alterations in choroid

Lin et al., 2011[26] 209 - OSA
38 - normals

Stratus - OCT Cross-sectional Mean oxygen saturation correlated with average RNFL 
thickness

Casas et al., 
2013[42]

96 - OSA
64 - normals

OCT Observational 
case-control study

Severe OSA patients have thinner temporal inner 
retina

Kargi et al.[19] 34 - OSA
20 - normals

GDx Cross-sectional RNFL thickness significantly correlated with AHI

Zengin et al.[13] 44 - OSA
35 - controls

OCT Comparative 
cross-sectional

Severe OSA group had significant thinning of RNFL 
thickness

Sagiv et al.[37] 108 - OSA
108 - controls

Stratus OCT Observational 
case-control study

RNFL thinning found in advance OSA groups even 
with normal optic disc appearance

Adam et al.[38] 43 - OSA
40 - controls

Stratus OCT Cross-sectional 
study

RNFL parameters were more variable with a larger 
range in OSAS

Ferrandez et al.[39] 40 - OSA
45- controls

GDx, ECC, 
and OCT

Cross-sectional 
study

OCT did not show a significant difference between 
groups. NFI moderately associated with AHI

OSA: Obstructive sleep apnea, OCT: Optical coherence tomography, AHI: Apnea-hypopnea index, RNFL: Retinal nerve fiber layer, OSAS: Obstructive sleep apnea 
syndrome, EDI: Enhanced depth imaging, NFI: Nerve fiber indicator, IOP: Intraocular pressure, ECC: Enhanced corneal compensation
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between severity of disease and choroid thickness. However, 

moderate OSA group showed reduced choroid thickness at all 

areas compared with control, mild, and severe groups.

Functional Changes of Retina in Obstructive 
Sleep Apnea

Visual fields
Hypoxia, oxidative stress, vascular dysregulation, and compromise 

ONH perfusion are the risk factors for Ganglion cell death in OSA. 

This neuronal death leads to a thinning of RNFL and reduced 

sensitivity at corresponding VF areas. Ferrandez et al.[46] studied 

retinal sensitivity in OSA patients using standard automated 

perimeter (SAP). Eighty OSA patients and 111 age-matched 

controls were prospectively enrolled. Results showed that mean 

deviation (MD) of SAP was −0.23 ± 0.8 dB in the control group 
and −1.74 ± 2.8 dB in the OSA group, and VF index (VFI) was 
99.52 in controls and 97.51 in OSA patients which is statistically 

significant (both P < 0.001). Of 52 points, most of points showed 

reduced sensitivity in OSA patients (P < 0.001) compared with 

controls. AHI was significantly correlated with MD, pattern 

standard deviation (PSD), and VFI.

Several other prevalence studies have reported VF sensitivity 

changes in OSA patients. Tsang et al.[11] reported that both MD 

and PSD showed a significant difference between OSA and controls 

which is statistically significant (P < 0.01) and moderate to severe 

OSA patients associated with higher incidence of VF defects. Study 

by Moghimi et al.[40] reported that MD −2.19 in OSA and −1.15 in 
controls which is a significant difference (P = 0.04). Another study 

by Casas et al.[42] showed MD −0.64 ± 1.38 in OSA,  0.07 ± 1.01 in 
controls with significance difference (P < 0.05) and VFI 98.5 ± 2.3 

in OSA, 99.2 ± 0.8 in controls. In a study by Sergi et al.[30] right eyes 

showed MD of −3.7 ± 6.4 in OSA, 0.25 ± 1 in controls (P = 0.01); 

left eyes showed  MD of −2.84 ± 3.7 in OSA, 0.36 ± 1.8 in controls 
(P = 0.01) and AHI significantly correlated with MD in both right 

and left eyes (P = 0.01 and P = 0.001).

Electrophysiological tests
Objective functional tests are very effective for measuring the 

retinal sensitivity compared with subjective perimetry tests 

which has its own related issues. Gutiérrez-Díaz et al.[47] measured 

retinal function using multifocal visual-evoked potential (mfVEP) 

in twenty newly diagnosed OSA patients with and without NTG. 

mfVEP amplitude responses showed abnormal cluster in 40% of 

the eyes in the nonglaucoma group and in 90% of eyes of the 

NTG patients (P = 0.019). mfVEP latency analysis showed latency 

delays in 30% of the nonglaucoma group eyes and in 60% of eyes 

of the NTG group. Overall, 60% of eyes in the nonglaucoma group 

and all NTG eyes showed amplitude and/or latency defects in the 

mfVEP. In OSA patients with glaucoma, mfVEP amplitude and 

latency were significantly correlated with systolic blood pressure, 

sleep efficiency, arousal index, mean and minimum arterial oxygen 

saturation (SaO
2
), time SaO

2 
<90%, oxyhemoglobin desaturation 

index, number of central and mixed apneas, and apnea–hypopneas 

index (P < 0.05).

Another study by Sergi et al.[30] performed VEP and pattern 

electroretinography (PERG) in 51 patients with OSA and 

40 controls. Of 51 patients, 3 had NTG. VEP and PERG were 

abnormal in 23 and 19 OSA patients and none of control group 

had pathologic VEP or PERG. Abnormal VEP amplitude and 

latency, abnormal PERG amplitude and latency found in both 

eyes of OSA patients compared with controls which is statistically 

significant difference (P = 0.001).

Intraocular pressure
Several studies have reported that IOP is significantly associated 

with AHI and BMI. As reported earlier, the possible mechanism 

behind high IOP in OSA with high BMI is because of excessive 

adipose in intraorbital region which will increase episcleral venous 

pressure.[3] Lin et al.,[26] showed significant difference of IOP 

(P = 0.01) between patients with AHI <15 and AHI >15 groups. 

Casas et al.,[42] reported significant difference of IOP (P = 0.003) 

between OSA and control groups. Moghimi et al.[40] reported 

that among 51 OSA patients, 7 patients had IOP >21 mmHg 

and significance difference of IOP (P < 0.001) between control 

and OSA group patients. Sergi et al.[30] reported in right eye IOP 

15.4 ± 2.7 in OSA, 12.5 ± 2 in controls (P = 0.05) and in left eye 

IOP 16.5 ± 2.8 in OSA, 13.4 ± 3 in controls (P = 0.05). Some other 

studies showed no significant difference between IOP and OSA or 

AHI. Adam et al.[38] reported that there is no significant difference 

of IOP (P = 0.11) between OSA group and control group.

Continuous positive airway pressure therapy
The gold standard technique for treating OSA is CPAP which 

administered through a nasal or face mask. This therapy 

prevents upper airway collapse at night. Studies have reported 

that diurnal variations IOP higher in OSA patients and it will 

increase even more after CPAP therapy. The exact mechanism 

behind higher diurnal variations in OSA patients and CPAP 

therapy is unknown. Kiekens et al.[48] measured 24 h IOP for 

every 2 h in 21 newly diagnosed OSA patients and after 1 month 

of CPAP therapy. 24 h IOP fluctuations (difference between 

trough and peak IOP) ≥8 mmHg noted in 7 patients at baseline 

visit and the number increased to 12 patients after 1 month of 

CPAP therapy. The mean difference between trough and peak 

IOP was 6.7 ± 1.5 mmHg at baseline and 9.0 ± 2.0 mmHg after 

CPAP therapy.

Another study by Cohen et al.[49] measured 24 h IOP in two 

different groups. One is OSA with non-CPAP treated group 

another one is CPAP-treated group. The mean IOP of the CPAP 

and non-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). After 1 min of supine position, IOP 

increased by 1.93 mmHg and 2.13 mmHg for both the non-CPAP 

and CPAP groups (P = 0.02, P = 0.001). The IOP increased 

significantly after 7 h of sleep in the supine position, and the mean 

IOP of the CPAP and non-CPAP groups was 19.2 ± 5.68 mmHg 

and 19.69 ± 5.61 mmHg, respectively. Three OSA patients with 

glaucoma treated with CPAP had mean IOP of 23.75 mmHg after 

7 h of sleep.
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Conclusion

OSA is the major risk factor for developing glaucoma. Studies 

show strong association between OSA and glaucoma. Complete 

ophthalmic evaluation should be advised at every follow-up 

for patients with OSA. Glaucoma patients with obesity and  

progressive VF damage even under low eye pressure (NTG) should 

be evaluated for OSA and other sleep disorders. OSA patients 

treating with CPAP therapy should undergo regular glaucoma 

screening and IOP monitoring because CPAP therapy may trigger 

the glaucoma damage and its progression by raising the IOP.
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