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Abstract

Purpose This study was conducted to
investigate the prevalence and progression of
glaucoma in patients receiving treatment for
obstructive sleep apnea (OSA). We also
investigated whether there is an association
between severity of OSA and the incidence
of glaucoma.

Methods A total of 39 patients aged >30
years who had been diagnosed with
moderate and severe OSA in the sleep clinic
at Hamad General Hospital were assessed for
the presence of glaucoma. The severity of
OSA was graded as mild, moderate, or severe
based on American Association of Sleep
Medicine (AASM) criteria using the apnea
hypopnea index. Before enrollment, all
patients underwent a complete ophthalmic
examination including serial visual field
tests, optical coherence tomography (OCT)
with fundus photographs, and pachymetry.
Enrolled patients were followed up in the
ophthalmology outpatient clinic and sleep
clinic for a period of 3 years.

Results Examinations found that 8 (20.5%;
95% confidence interval (CI) 9.9-37%) of the
39 patients with OSA had glaucoma. Six
(75%; 95% CI 36-96%) of these patients had
normal-tension glaucoma (NTG) and two
(25%; 95% CI 4.5-64.4%) patients had high-
tension glaucoma. Among the 27 patients
with severe OSA, 7 (25.9%; 95% CI 8-34%)
had glaucoma, and among 12 patients with
moderate OSA, 1 (8.3%; 95% CI 0.1-15%) had

glaucoma. During the course of follow-up,
two patients who previously did not have
glaucoma were reclassified as NTG and two
patients with glaucoma deteriorated. A
higher prevalence of glaucoma in the severe
OSA group compared with the moderate
OSA group was found, albeit a statistically
significant difference could not be attained
(P=0.4).

Conclusions Our study showed that severe
OSA is an important risk factor for
developing glaucoma. Adequate treatment
of OSA, along with optimal ophthalmic care,
resulted in better control of glaucoma.
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published online 15 August 2014

Introduction

Sleep apnea is a common disorder characterized
by brief interruptions of breathing during sleep,
and sleep apnea syndrome is defined as
episodes of apnea and hypopnea during sleep
accompanied by symptoms of functional
impairment after sleep.!

Obstructive sleep apnea (OSA) is a type of
sleep apnea that results from complete or partial
collapse of the pharyngeal airway during sleep,
and is characterized by brief interruptions of
breathing.

OSA increases the risk for cardiovascular
morbidity and mortality, and can also cause
hypertension and increased insulin resistance.
OSA has also been associated with daytime
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sleepiness, which can lead to automobile accidents.
Oxygen levels in tissues decrease significantly during
sleep in patients with OSA, resulting in changes in brain
metabolism and brain activation response.? Glaucoma is
the second leading cause of blindness worldwide, and in
the year 2020, an estimated 79.6 million people will be
affected by the disease.? Glaucoma is defined as a chronic
progressive optic neuropathy,* and it is usually
asymptomatic until the disease is well advanced. Even in
developed countries, only ~50% of probable glaucoma
patients are officially diagnosed with the disease, and the
rate of diagnosis in developing countries is probably
much lower.? Prevalence of OSA in the general
population showed wide variation, affecting men more
than women. Values ranging from 3 to 7% were
mentioned in various studies, and found to be higher in
the studies from Asia.’ Previous studies have shown an
association between OSA and glaucoma in general and
NTG in particular.®'3 This study was conducted to
investigate the prevalence and progression of glaucoma
in patients receiving treatment for OSA. We also
investigated whether there is an association between the
severity of OSA and the incidence of glaucoma.

Patients and methods

A total of 39 consecutive patients (34 males and 5
females) aged >30 years, and who had been diagnosed
with moderate to severe OSA at the sleep clinic at
Hamad General Hospital were assessed for the presence
of glaucoma. The severity of OSA was graded using a
diagnostic portable sleep tool (Stardust II sleep recorder,
Philips—Respironics, Philips Healthcare, Best, The
Netherlands) and classified as mild, moderate, or severe
according to the apnea hypopnea index (AHI).

The studies were manually scored by a trained staff
based on the American Academy of Sleep Medicine
(AASM) guidelines. Apnea is defined as <10% of the
base line airflow lasting 10s or more, and hypopnea is
<70% of airflow or effort lasting 10s or more with at
least 4% oxyhemoglobin desaturation.!*

Accordingly, 5-15 episodes of apnea or hypopnea/h is
classified as a mild disorder, 15-30 episodes/h is a
moderate disorder, and >30 episodes/h is classified as
severe obstructive sleep apnea.!®

All patients enrolled in this study underwent a
complete ophthalmic examination, serial visual field
tests, optical coherence tomography (OCT) with fundus
photographs and pachymetry. Patients were followed up
in the ophthalmology outpatient clinic and the sleep
clinic for a period of 3 years, and were especially
monitored for the presence and progression of glaucoma
and the control of OSA. The visual fields using 24-2
Swedish Interactive Threshold Algorithm standard
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program was done in all patients with Humphrey field
analyzer II (Carl Zeiss Meditec, Inc., Dublin, CA, USA).
Using spectral domain OCT (Carl Zeiss Meditec, Inc.),
RNFL (retinal nerve fiber layer), and ONH (optic nerve
head): optic disc cube 200 x 200 program was performed to
find out the average RNFL thickness and RNFL symmetry.
The visual field and OCT results were interpreted by
glaucoma consultants (SPH, FAAM) with the help of
ophthalmic diagnostic consultant (MF). Special attention
was made on the RNFL quadrants and clock hour maps.
These findings were compared with optic disc changes in
the form of diffuse or localized neuroretinal rim thinning,
asymmetric cup disc ratio, splinter- or flame-shaped
hemorrhages on the optic disc, nerve fiber defects using
red-free green light and peripapillary atrophic changes in
the beta-zone. Glaucoma was diagnosed on the basis of
optic disc abnormalities accompanied by corresponding
changes in visual fields and OCT results. Anderson criteria
for early glaucomatous visual field changes were used to
diagnose glaucoma. (1) Presence of a cluster of three or
more non-edge points on the pattern deviation plot,
deviating at a P<5%, and one of them reduced

to P<1%. (2) Pattern standard deviation (PSD) with a
value P<5%. (3) Glaucoma hemi-field test outside
normal limits.!®

Presence of any two of the above three criteria along
with corresponding changes in the optic disc and the
OCT-NFL were considered for the diagnosis of glaucoma.
Or those patients who did not meet the norms to diagnose
glaucoma initially, but later develop any two of the above-
mentioned visual field criteria with a progressive
reduction in OCT-NFL thickness accompanied by optic
disc changes including flame-shaped hemorrhages and
neuroretinal rim thinning in the follow-up visits were also
included in the glaucoma category.

All patients were reviewed every 6 months for a period
of 3 years. During each visit, the visual fields and OCTs
were repeated. Overview of the visual fields and the OCT
glaucoma progression analysis were done to track the
status of each patient with or without glaucoma.
Accordingly, development of new scotomas or increase
in the depth of scotoma in the same three or more test
point locations in the pattern deviation plot in repeated
visual field tests compared with the baseline visual field
was considered as glaucoma progression, in the presence
of matching changes in the optic disc or OCT. A
consistently documented reduction of NFL thickness by
repeated OCT-GPA analysis with corresponding changes
in the optic disc, with or without any visual field
changes, was also considered as a sign of progression of
glaucoma.

Once the glaucoma was diagnosed, patients with a
corrected IOP <21 mm Hg at all visits were classified as
normal tension glaucoma (NTG), and those with a
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corrected IOP >21 mm Hg were classified as high
tension glaucoma (HTG).

Descriptive statistics was performed in the form of mean
and standard deviation for interval variables. Frequency
and percentages for categorical variables were calculated
with 95% confidence interval (CI) using continuity
correction factor. Student’s t-tests (unpaired) were used to
see significant difference between the categories severe and
moderate OSA for interval variables like age, AHI/h, visual
acuity, IOP (mmHg), CCT (microns), VCDR, RNFL
(microns), MD and PSD. P-value of 0.05 was considered as
statistically significant level. SPSS 21.0 statistical package
(SPSS Inc., Chicago, IL, USA) was used for the analysis.

This study was approved by the Institutional Review
Board of the Medical Research Centre, Hamad Medical
Corporation. Written informed consent was obtained
from all the enrolled patients.

Results

Our study population included patients of Asian,
African, and native Arab descent. The majority of
patients (87.17%) were male, and ages ranged from 31 to
74 years, with a mean age of 52.03 £ 11.17 years. In this
study, 27 (69.2%) patients had severe OSA and 12 (30.8%)
had moderate OSA. Mean duration of the study period
was 2.9 +0.63 years.

Table 1 Comparison of baseline characteristics according to
severity of OSA

Variable Severe OSA Moderate OSA P-value
Age (years) 51.89£11.62 52.33+£10.57 0.90
AHI (/h) 39.89+8.8 24.36£6.01 0.001
Visual acuity 0.93+0.10 0.94+0.21 0.97
IOP (mm Hg) 17.0+3.4 145+2.0 0.02
CCT (microns) 536.04 £31.0 541.81+37.1 0.62
VCDR 0.53+0.12 0.47 £0.15 0.25
RNFL (microns) 86.6 6.6 86.81£3.9 0.39
MD —-1.87+£21 —-1.87+£23 0.99
PSD 2.12+£1.19 2.06+£1.32 0.38

Values denote mean + SD.

Of the 39 patients with OSA, 8 (20.51%; 95% CI 9.9-
37%) patients had glaucoma; 6 (75%; 95% CI 36-96%) of
these patients had NTG, and 2 (25%; 95% CI 4.5-64.4%)
patients had HTG. Among the 27 patients with severe
OSA, 7 (25.92%; 95% CI 8-34%) had glaucoma. Among the
12 patients with moderate OSA, 1 (8.33%; 95% CI 0.1-15%)
had glaucoma. (Details of other characteristics are given in
Tables 1 and 2.)

We found that 87.5% of the glaucoma patients in our
study was from severe OSA group and 12.5% was from
moderate OSA group (Figure 1).

Nevertheless, a statistically significant difference in the
prevalence of glaucoma between the two groups could
not be attained (P =0.4). Three patients with glaucoma
and one patient without glaucoma had a positive family
history of glaucoma. One patient showed signs of
pseudo-exfoliation, but not glaucoma. Gonioscopy
revealed open angle and normal pigmentation of
trabecular meshwork in all patients. There were two
patients with high myopia, but only one had NTG. Seven
out of the eight glaucoma patients were diagnosed to
have glaucoma for the first time after their enrollment in
the study. In all, 11 patients had both diabetes mellitus
and hypertension, 9 had diabetes mellitus alone, and 7
had only hypertension; however, no retinopathy was
detected in any of these patients. Three patients had
cataracts, and one of them underwent bilateral cataract
surgery and the other underwent unilateral cataract
surgery. All patients diagnosed with glaucoma were
treated with latanoprost 0.005% eye drops at bed time.
Also, one patient with HTG received Cosopt (timolol
0.5% and trusopt 2% fixed combination) twice daily
(b.i.d.), and another patient who showed advanced
glaucomatous changes was prescribed Cosopt eye drops
(b.i.d.) and brimonidine 0.15% eye drops (b.i.d.).
Following a detailed evaluation in the sleep lab, all
patients were advised by the physician to begin
treatment with continuous positive airway pressure
(CPAP). Compliance to the prescribed CPAP treatment
varied between 40 and 50% during the study period.
Three patients underwent surgery to correct OSA. Two
patients with severe OSA discontinued CPAP treatment

Table 2 Baseline characteristics of glaucoma and non-glaucoma groups

Non-glaucoma right eye Non-glaucoma left eye

Variable Glaucoma right eye Glaucoma left eye
Visual acuity 0.9+0.2 09+£0.1
IOP (mm Hg) 1729+ 2.7 19£5.5
CCT (microns) 536.71+20.7 542.75 +25.57
VCDR 0.66 0.1 0.61+£0.15
RNFL (microns) 79.86 7 79+6.3
MD -3.18%25 —-5.09+4.4
PSD 3.49+1.87 3.61+£2.91

09+£0.2 09+0.2
15.97+3.1 15.71+£3.2
539.16 £ 36 537.61+35.4
049+1.2 048+1.1
88.1£4.9 88.48+5.5
—1.18+1.64 —14+157
1.73+0.46 1.7+0.5

Values denote mean +SD.
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when they achieved satisfactory results in the sleep study
following reduction in body weight. One of these
patients attained weight loss following bariatric surgery.
One patient with severe OSA developed myocardial
infarction and underwent angioplasty. Three patients
(7.7%) with severe OSA with glaucoma and good control
of OSA remained stable all through. During the course of
follow-up, two (5.1%) patients with poorly controlled
OSA, who previously did not have glaucoma, were
reclassified as NTG when they developed changes
according to the specified criteria to diagnose glaucoma.
Besides, as per the criteria to detect progression of
glaucoma, two patients with poor control of OSA
deteriorated during the follow-up (Figure 2).

Discussion

The main cause of all complications associated with OSA is
the decreased oxygenation of vital structures during sleep.
Hyperventilation and resultant hypoxia occur
normally during sleep, and particularly during rapid eye
movement (REM) sleep.!” During the deepest stages of
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Figurel Prevalence of glaucoma in severe and moderate OSA.
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sleep, autoregulation of cerebral blood flow does not
function perfectly, even in normal subjects, and this
regulation appears to be severely disturbed in OSA.!8
In patients with OSA, blood flow to the ONH may be
altered and may result in glaucoma.’

The ophthalmic artery is a branch of the internal
carotid artery and shows similar characteristics
regarding autoregulation of blood flow. In patients with
OSA, the cerebral blood flow in response to hypoxia
returns to normal levels after treatment with CPAP for a
period of 6 weeks.!®

A high prevalence of glaucoma was found in patients
with OSA, and especially in severe cases.!” The prevalence
of glaucoma in OSA shows a wide range of fluctuation.
Bendel et al?’ reported a higher prevalence of NTG (27%) in
patients with OSA. According to another study, the
prevalence of NTG in all types of OSA was 5.7%, and
increased to 7.1% in moderate and severe OSA cases.”
Tsang et al*! reported that moderate to severe OSA was
associated with a higher incidence of visual field defects
and glaucomatous changes in the optic nerve. These
findings are in accordance with our study results. Although
we found a higher prevalence of glaucoma in the severe
OSA group compared with the moderate OSA group, a
statistically significant difference could not be attained
(P=0.4). This was primarily due to the low number of
study subjects. We also found that, in the category of poorly
controlled severe OSA, a deterioration of the visual field
and OCT ensued in four patients. Two of these were
already classified as glaucoma and the other two were from
the previously non-glaucoma group, and the latter was
eventually included in the glaucoma category.

Sergi et al'! reported that the prevalence of NTG was
higher in OSA patients compared with a control
Caucasian population of same age, and that OSA may be
an important risk factor for NTG. These studies further
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support our findings that OSA is an important risk factor
for the development and progression of glaucoma, and
especially NTG.

Mojon et al?? reported that sleep apnea was more
prevalent among patients with POAG than a normal
control group. In a 5-year retrospective study
published in 2013, Lin et al®® found a statistically
significant increase in the incidence of open angle
glaucoma in OSA patients compared with non-OSA
patients.

Silva et al'® reported that in a 24-h IOP monitoring
study involving 11 patients with OSA, the mean IOP was
highest at 0600 hours and while the patients were in the
lying position. Although the study is not specifically
mentioning whether it is supine or prone position, the
increase in IOP during lying can be a critical factor in the
development or progression of glaucoma in patients with
OSA.

On the contrary, a study conducted by Girkin et al**
failed to support the relevance of sleep apnea in
comparison to other risk factors in the eventual
development of glaucoma. However, the significance of
these findings is in doubt, because there is overwhelming
evidence supporting OSA as a risk factor for the
development of glaucoma.

Boland et al'® recently conducted a detailed
evaluation of factors that can contribute to the
development of glaucoma, and sleep apnea was
considered to be one of the risk factors. Vascular
insufficiency and elevated IOP can cause death of
retinal ganglion cells and lead to development of
glaucoma. Vascular insufficiency may result from
reduced ocular blood flow, decreased ocular perfusion
pressure, generalized vascular deregulation, or
increased trans-lamina cribrosa pressure.?

One significant drawback of the current study is the
relatively small number of patients studied. However,
the number of subjects was kept small to ensure
meticulous follow-up for a period of 3 years and avoid
errors in assessments of visual fields and OCT results.
Patients with doubtful findings were screened repeatedly
during their follow-up visits to obtain conclusive
evidence for classifying them as glaucoma or
non-glaucoma subjects.

Although control of IOP is the most important aspect
of managing NTG, it is imperative to explore the
presence of other factors that may influence perfusion of
the ONH.?¢ Kremmer et al® reported that two cases of
NTG became stabilized after treatment of OSA with nasal
CPAP, and this approach may be applicable for
managing other types of glaucoma with symptoms of
OSA. Considering the findings described above, and our
own results, we strongly endorse the need to screen all
OSA patients for glaucoma. Also, glaucoma patients with
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symptoms suggestive of OSA should be advised to
undergo a detailed sleep study; a concept also supported
by Marcus et al.1?

Conclusions

Our study showed that severe OSA is an important risk
factor for developing glaucoma. In addition, better
control of glaucoma can be achieved by adequate
treatment of OSA by careful titration of CPAP treatment
along with optimal ophthalmic care.

This study highlights the need to increase awareness
among both general practice physicians and
ophthalmologists of the association between glaucoma
and OSA.

Summary

What was known before
® Normal-tension glaucoma associated with obstructive
sleep apnea (OSA) and high-tension glaucoma also shows
a higher prevalence in patients with OSA.

What this study adds
® Confirms the association of glaucoma and sleep apnea in
a prospective study, over a period of 3 years. Patients with
OSA and without glaucoma can develop glaucoma if OSA
is poorly controlled. Strict control of OSA can contribute
to the better management of glaucoma and stabilization of
the visual fields.
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