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ABSTRACT

Objective Determine the prevalence, functional and
structural alterations of primary open-angle glaucoma
(POAG) in patients with obstructive sleep apnoea (0OSA).
Design Cross-sectional.

Setting Tertiary hospital associated with specialised
center in ophthalmologic images in Bogota, Colombia.
Participants 150 patients, for a sample of 300 eyes,

64 women (42.7%) and 84 men (57.3%) between 40 and
91 years old with a mean age of 66.8 (+12.1) years.
Interventions Visual acuity, biomicroscopy, intraocular
pressure, indirect gonioscopy and direct ophthalmoscopy.
Patients classified as glaucoma suspects underwent
automated perimetry (AP) and optical coherence
tomography of the optic nerve

Outcome measure The primary outcomes are the
determination of prevalence of glaucoma suspects and
POAG in patients with OSA. Secondary outcomes are

the description of functional and structural alterations in
computerised exams of patients with 0SA.

Results The prevalence of glaucoma suspect was

12.6%, and for POAG was 17.3%. No alterations in the
appearance of the optic nerve was seen in 74.6%, focal

or diffuse thinning of the neuroretinal rim (16.6%) was

the most frequently finding, followed by asymmetry of the
disc>0.2mm (8.6%) (p=0.005). In the AP, 41% showed
arcuate, nasal step and paracentral focal defects. The
mean retinal nerve fiber layer (RNFL) was normal (>80 pM)
in 74% of the mild OSA group, 93.8% of the moderate
group and 17.1% of the severe group. Similarly, normal
(P5-90) ganglion cell complex (GCC) in 60%, 68% and
75%, respectively. Abnormal results in the mean RNFL was
seen in 25.9%, 6.3% and 23.4% of the mild, moderate and
severe groups, respectively. In the GCC, 39.7%, 33.3% and
25% of the patients in the aforementioned groups.
Conclusion It was possible to determine the relationship
between structural changes in the optic nerve and the
severity of OSA. No relationship with any of the other
studied variables was identified.

INTRODUCTION

Glaucoma is considered the second cause of
irreversible blindness worldwide in people
over 40 years of age, defined as optic neurop-
athy that generates loss of neural tissue in the

.2 Sara Edith Moreno Mazo,'?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Two-stage design for collecting data, based in com-
plete clinical ophthalmological examination, fol-
lowed by computerised exams to ensure diagnosis.

= The collected data and results were verified by two
glaucoma specialists.

= The study reflects the situation in a tertiary hospi-
tal with a specialised ophthalmological centre in
Bogota, Colombia. Generalisability of our study re-
sults needs to be verified

= The main limitations of the study were the lack of
a control group, sample size and that only one ex-
amination was performed, making it not possible to
determine if the alterations found persisted or if the
glaucoma progressed over time.

optic nerve and, therefore, changes in the
visual field (VF).! Its prevalence is estimated
at 1.86%-7% in Hispanic, Asian and Native
American ethnicities and 5.6% in African
Americans.' * It is estimated that by the year
2020, more than 80million people will be
affected, 11.2million of whom will have bilat-
eral blindness, with an annual incidence of
2.4million cases.” It is a progressive and silent
disease whose visual manifestations develop
in advanced stages.”

Obstructive sleep apnoea (OSA) has been
identified in some population study as a
possible risk factor to glaucoma.*” Its preva-
lence has been estimated at 27% but varies
in different epidemiological studies.® OSA
is understood as a disorder characterised by
repetitive partial or complete obstruction
of the upper airway during sleep, causing
oxygen desaturation and becoming a risk
factor for cardiovascular and neurological
diseases.” The main symptoms are snoring,
daytime sleep, difficulty concentrating and
morning headache. Risk factors include
obesity, gender, upper respiratory abnormali-
ties, consumption and snoring.
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Regarding pathophysiology, upper airway obstruction
favours hypoxia, hypercapnia, increased vascular resis-
tance and sympathetic activation.” ® ' The relationship
between glaucoma and OSA can be explained by the
increase in intraocular pressure (IOP) at night due to
a supine position,’ ' which increases episcleral venous
pressure,’ and periods of hypoxia followed by oxidative
stress that generate an increased intracranial pressure,
which, in turn, decreases cerebral perfusion pressure,
subsequently altering the vascular supply to the optic
nerve.’ Sympathetic system is important because, during
apnoea episodes, the renin-angiotensin system is acti-
vated, leading to a sustained increase in blood pressure
during sleep.® Dysregulation of optic nerve vasculari-
sation secondary to repetitive hypoxia associated to an
imbalance between vasodilator vascular stimuli (nitric
oxide) and vasoconstrictors (endothelin) that generates
variations in the ocular perfusion pressure and therefore
susceptibility to ischaemia in the optic nerve head.'* Addi-
tionally, episodes of apnoea and hypopnoea contribute
to the development of complications with endothelial
dysfunction, vascular remodelling and hypertension.'

Due to the complexity and controversy in the associa-
tion between tOSA and POAG,” ' is very important to be
able to categorise the frequency of cases. Furthermore, by
identifying the risk factor for OSA,'* a protocol that allows
patients to be referred to ophthalmological consultation
in a timely manner could be created in order to avoid
visual sequelae. Additionally, patients requiring medical
treatment in order to prevent optic nerve damage and
avoid blindness can be timely identified."”

The objective of this study is to characterise the preva-
lence of primary open-angle glaucoma, as well as its func-
tional and structural alterations, in patients with OSA.

MATERIALS AND METHODS
We included all the legal adult patients who were listed
in Bogota’s Hospital Militar Central database as diagnosed
with OSA (by polysomnography) between January 2013
and December 2019. These patients’ medical histories
were used to determine demographic data such as age
and ethnicity as well as family history, arterial hyperten-
sion (high blood pressure) and diabetes mellitus histo-
ries. The findings in polysomnography determined the
severity of OSA using the Apnoea/Hipopnea Index AHI
(sum of apnoea and hypopnea events divided by total
hours of sleep) to categorise it into one of three groups:
mild (index 6-15), moderate (16-30) and severe (>30).'
Exclusion criteria include psychiatric or neurological
disorders, optic neuropathy, anterior ischaemic optic
neuropathy, heavy smoking (20 cigarettes per day), alcohol
or psychoactive substance abuse, any condition affecting
the VF (such as intracranial or ocular lesions), coexisting
retinal disease, sequelae of trauma and/or eye inflam-
mation, congenital ocular anatomical alterations, intra-
ocular surgery (with the exception of cataract surgery),
history of hypertensive crisis, history of prolonged steroid

use, uveitis, bronchial asthma, interstitial lung diseases,
heart disease, cirrhosis and chronic renal failure. Addi-
tionally, patients with closed-angle glaucoma or suspected
closure by gonioscopy and patients who did not sign the
informed consent in the study were excluded.

Two clinical days were carried out. On the first day,
two glaucoma specialists in the hospital’s Department
of Ophthalmology, performed a complete ophthalmo-
logical examination, including visual acuity (VA) using
the Snellen chart, the anterior segment with a slit lamp,
intraocular pressure (IOP) measurement using a Gold-
mann tonometer and an assessment of indirect gonios-
copy employing a Posner lens. The ophthalmoscopy was
performed with a 90D lens (Volk Optical Inc) to deter-
mine alterations such as focal or diffuse thinning of the
neuroretinal rim, optic disc haemorrhages, defects in
the retinal nerve fiber layer (RNFL) and disc asymmetry
greater than 0.2 mm.

Glaucoma suspects were selected if they showed the
following conditions as open angles by gonioscopy, optic
nerve excavations greater than 0.6 mm and asymmetry of
optic nerve excavations greater than 0.2mm. Associated,
IOP greater than or equal to 22mm Hg and IOP within
normal limits linked to thinning of the neuroretinal
rim. Additionally, thinning of RNFL, optic nerve vessels
causing ‘bayoneting’ flexion or deformation, peripapil-
lary haemorrhages and loss of the inferior > superior >
nasal > temporal ISNT rule on RNFL.

On the second day, glaucoma suspects were invited to
the Instituto de Macula y Retina Oftalmocenter in Bogota
where automated perimetry (AP) (Humphrey Field
Analyzer model 750i, Carl Zeiss-Meditec, Dublin, Cali-
fornia, USA, SITA Standard program) and optic nerve
optical coherence tomography (OCT) (spectral domain
with the Cirrus OCT team) exams were performed. In
the AP, the mean deviation (MD) defined as the average
difference from normal expected value in the patient
age group and alterations in the VF (superior arcuate
defect, inferior arcuate defect, generalised decrease in
sensitivity, nasal step, focal defects and paracentral and
normal defects) were determined. The OCT measured
the mean RNFL and ganglion cell complex (GCC), as
well as analysed the optic disc. Subsequently, two glau-
coma specialists participating in the study analysed the
examinations.

The data collected were grouped into four groups for
analysis. The first group analysed the demographic data
and risk factors (glaucoma family history, history of arte-
rial hypertension or diabetes mellitus). The second group
analysed the findings in the clinical history and ophthal-
mological examination (AHI, VA, basal IOP, gonioscopy,
optic nerve excavation and suspicious changes in the
optic nerve). The third group evaluated the results of
the VF (MD value classified as mild <6.00dB, moderate
MD -6.00 to —-12.00dB and severe >12.00dB) and the
campimetry alterations. In the fourth group, the OCT
results were categorised as normal (>80pM), suspicious
(70-79 pM) or abnormal (<70 pM) for RNFL and normal
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(P5-90%), suspicious (P1-5%) or abnormal (p<5%) for
GCC.

The diagnosis of glaucoma suspect was assigned to
patients that showed either risk factors linked to devel-
oping glaucoma or clinical signs suggesting the disease
but without functional alterations in the VF or structural
alterations in the OCT. Patients were classified as having
POAG when they showed functional alterations in the VF
and structural alterations in the OCT.

For the statistical analysis, SPSS V.23 software was used.
A %2 test to determine the association between variables
and the severity of OSA. A Shapiro-Wilk test to identify if
the sample data followed a normal distribution, Levene’s
test to specify if the continuous variables had the same
variance and analysis of variance test to compare the
means of the continuous variables. Using their respec-
tive confidence intervals, we established the prevalence
of glaucoma suspects as well as POAG with OSA. The
frequency of each visual alteration in the patients was
determined, and the findings of the OCT and VF were
described.

Regarding bias control, all clinical records of the
patients diagnosed with OSA met the inclusion and exclu-
sion criteria proposed. The personnel in charge were
trained to carry out the evaluation; the same person was
in charge of a specific function. Data collected and results
were supervised and analysed by two glaucoma special-
ists. The data collected were grouped into four groups
for analysis. It was used the same diagnostic equipment,
which was properly calibrated and had the corresponding
technological updates.

Patient and public involvement

No patients were involved in the design, recruitment or
conduct of the study. The results were informed directly
to each participant of the study but were not disseminated
in the others study participants.

RESULTS

The study included 150 patients (300 eyes). A total of

42.7%women and 57.3% men between 40 and 91 years

old with a mean age of 66.8 (+12.1). All 150 patients
were Hispanic, 1.3% had a family history of glaucoma,

64.7% high blood pressure and 20.7% diabetes mellitus

(table 1).

The AHI was categorised as 62% mild OSA, 17.3% as
moderate and 20.7% as severe. In total, 90 eyes were glau-
coma suspects, which 52 eyes were POAG, for a prevalence
of 17.3% for POAG and 12.6% for glaucoma suspect.

» VA: the most prevalent were between 20/20 and
20/60 in 94.6% (p=0.057). The patients with good
visual acuities were in the mild severity group (20/20,
28.5%; 20/25, 23.7%; 20/30, 19.4%; 20/40, 15.1%),
followed by the lowest VA in the moderate group
(20/50, 11.5%; 20/150, 1.9%) and the severe group
(20/60, 4.8%; 20/70, 3.2%; 20/80, 4.8%) (table 2).

Open access

Table 1 Demographic variables
Demographic variables n (%)
Sex 1. Female 64 (42.7)
2. Male 86 (57.3)
Ethnicity 1. Hispanic 150 (100)
2. Afro descendant 0
3. Indigenous 0
Family history 1. Yes 2(1.3)
2. No 148 (98.6)
Hypertension 1. Yes 97 (64.7)
2. No 53 (35.3)
Diabetes mellitus 1. Yes 31 (20.7)
2. No 119 (79.3)

» [OP: the mean was 13mm Hg (+ 2.6), 13.3mm
Hg (£ 0.2) for mild cases, 13.3mm Hg (+ 0.3) for
moderate cases and 12.5mm Hg (+ 0.3) for severe
cases (p=0.107). Regarding the excavation of the
optic nerve, the mean was 0.4mm (+0.2) (p=0.953)
(tables 3 and 4).

»  Optic nerve changes: 74.6% of the eyes showed no alter-
ations, and 16.6% have a focal or diffuse thinning
of the neuroretinal rim. These findings were more
prevalent in the mild OSA group (21.5%), followed
by the moderate OSA group (15.4%) and the severe
OSA group (3.2%). Disc asymmetry (>0.2mm) was
observed in 8.6%, with a higher prevalence in the
severe OSA group (16.1%), followed by the mild OSA
group (8.2%) and finally the moderate group (7.7%)
(p=0.005) (table 2).

» Campimetry alterations: 54.4% were normal with no
significant differences between the groups (mild OSA
55.2%), moderate (56.3%) and severe (50.0%)).
The second alteration was superior arcuate defect
in 14.4%, more commonly found in the mild OSA
group (12.1%). The next alternation was focal defects
in 13.3%, mainly in the mild group (13.8%), with an
equal percentage in the moderate and severe groups
(12.5%). The nasal step defect was present in 12.2%,
most frequently in the moderate OSA group (18.8%),
followed by the mild group (13.8%) and severe group
(6.3%). To a lesser extent, a paracentral defect was
seen in 3.3%—only in the mild OSA group (5.2%)—
and an inferior arcuate defect was seen in 2.2% in
the moderate (6.3%) and mild (1.7%) OSA groups
(p=0.583) (table 5).

» The decrease in the MD was mild (<6.00dB) in 83.3%,
distributed as follows: moderate OSA (56.3%), mild
OSA (55.2%) and severe OSA (50.0%). The moderate
decrease in MD (-6.00 and -12.00dB) occurred in
13.3%, distributed as follows: severe OSA (18.8%),
mild OSA (12.1%) and moderate OSA (6.3%).
The severe decrease in MD (>12.00dB) was 4.4%,
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Table 2 Visual acuity and suspicious changes in the optic nerve

Obstructive sleep apnoea severity (AHI)

Total (n=300)

Variable Mild (n=186) Moderate (n=52) Severe (n=62) n (%) P value
Visual acuity 20/20 53 (28.5%) 14 (26.9%) 13 (21.0%) 80 (26.6) 0.031

20/25 44 (23.7%) 11 (21.1%) 6 (9.7%) 61 (20.3)

20/30 36 (19.4%) 10 (19.2%) 22 (35.5%) 68 (22.6)

20/40 28 (15.1%) 7 (13.5%) 9 (14.7%) 44 (14.6)

20/50 15 (8.1%) 6 (11.5%) 3 (4.8%) 24 (8)

20/60 2 (1.1%) 2 (3.8%) 3 (4.8%) 7 (2.3)

20/70 3 (1.6%) 0 2 (3.2%) 5(1.6)

20/80 1 (0.5%) 0 3 (4.8%) 4 (1.3)

20/100 2 (1.1%) 0 0 2 (0.6)

20/150 0 1(1.9%) 1(1.6%) 2 (0.6)

20/200 2 (1.1%) 0 0 2 (0.6)
Suspected 1. Focal or diffuse 40 (21.5%) 8 (15.4%) 2 (3.2%) 50 (16.6) 0.005
changes in the thinning of the
optic nerve neuroretinal rim

2. Disc haemorrage 0 0 0 0

3. RNFL alterations 0 0 0 0

4. Disc asymmetry 12 (8.2%) 4 (7.7%) 0 (16.1%) 26 (8.6)

>0.2

No alterations 134 (72.0%) 40 (76.9%) 50 (80.6%) 224 (74.6)

distributed mostly in severe OSA (12.5%) versus mild
OSA (3.4%) (p=0.305).

» OCT of the optic nerve: the mean RNFL was normal in
74% of the mild OSA group, 93.8% of the moderate
OSA group and 17.1% of the severe OSA patients.
Similarly, the GCC was normal in 60%, 68% and 75%
of the respective OSA severity groups. Abnormal-
ities in the mean RNFL were seen in 25.9%, 6.3%
and 23.4% of the mild, moderate and severe groups,
respectively (p=0.081). Regarding GCC, abnormali-
ties were found in 39.7%, 33.3% and 25% for these
same groups (p=0.218) (table 5).

DISCUSSION

OSA has been considered a possible risk factor for devel-
oping glaucoma. According to the pathophysiology of
OSA, a vascular theory has been postulated that relates to
the increase in vascular resistance secondary to hypoxia.
This would cause dysregulation of optic nerve head vascu-
larisation.” ' There is also a mechanical theory that the
increase of IOP caused by supine position and an increase
of episcleral venous pressure linked to obesity could
lead to this condition.® ' According to these theories,

Table 3 Intraocular pressure and optic nerve excavation
Variable Median SD

Age (years) 66.8 12.1
Intraocular pressure (mm Hg) 13 2.6
Optic nerve excavation (mm) 0.4 0.2

functional and structural changes would be generated in
the optic nerve, leading to glaucoma.

This study found the prevalence of POAG in patients with
OSA was 17.3%, and glaucoma suspect was 12.6%. These
prevalence values are similar to those of studies such as
that of Bagabas et al,'” which found a 16% prevalence, but
were much lower than those found in studies such as Fried-
lander et al'® and Wozniak et al." In Various meta-analyses,
a link between OSA and glaucoma’* has been identified;
Shi et al' revealed a significant relationship between the
prevalence of glaucoma and OSA in case—control studies
(OR=1.96) and cross-sectional studies (OR=1.41).

A high number of patients have visual acuities between
20/20 and 20/60, indicating no mayor compromise of
the VA in the population studied. No statistical relation-
ship was found regarding the severity of OSA and visual
acuities, most likely indicating that OSA does not increase
loss of vision.

IOP is recognised as the only modifiable risk factor asso-
ciated with developing glaucoma, so timely identification
would allow for rapid treatment in order to prevent the
progression of glaucoma. Various studies have identified
a relationship between OSA and IOP values, finding posi-
tive correlation with the supine position (Moghimi et al,**
Sergio et al”® and Yee et al)."" This is contrary to studies
described by Nowak et a* and Shalaby et al.* In studies
such as that of Carnero et al,” patients with OSA experi-
ence upper limits of IOP. Unlike the aforementioned, in
our study, IOP occurred within normal, with no evidence
of a correlation with the severity of OSA.
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Table 4 Obstructive sleep apnoea severity, intraocular pressure and optic nerve excavation

Obstructive sleep apnoea severity
(AHI)

Intraocular pressure (mm Hg)

Optic nerve excavation (mm) Total n

Mild Median
SD

Moderate Median
SD

Severe Median
SD

ANOVA p value

ANOVA, analysis of variance.

The excavation with greater sizes was reported in
patients with glaucoma and no relation to OSA severity.
Suspicious changes in the optic nerve were the only vari-
able in which a statistical significance was found regarding
the severity of OSA. This demonstrates how OSA can
influence the optic nerve anatomy by favouring the

13.3
0.2
13.3
0.3
12.5
0.3
0.107

was found in the

0.4
0.0
0.4
0.0
0.4
0,0
0.953

186

52

62

development of optic neuropathy and, to some extent,
the onset of POAG. A higher percentage of these changes

severe OSA group. It was possible to

identify that focal or diffuse thinning of the neuroret-
inal rim in the mild OSA group as a possible indicator of
early and focal damage of the optic nerve. Additionally,

Table 5 Functional and structural findings in the visual field and optic nerve OCT

Obstructive sleep apnoea severity (AHI) Total (n=90)

Variable Mild (n=58) Moderate (n=16) Severe (n=16) n (%) P value
Visual field 1. Superior arcuate 7 (12.1%) 1 (6.3%) 5 (3.1%) 13 (14.4) 0.583

defect

2. Inferior arcuate 1(1.7%) 1 (6.3%) 0 2 (2.2

defect

3. General 0 0 0 0

diminished

sensitivity

4. Nasal step 7 (12.1%) 3(18.8%) 1 (6.3%) 11 (12.2)

5. Focal defects 8 (13.8%) 2 (12.5%) 2 (12.5%) 12 (13.3)

6. Paracentral 3 (5.2%) 0 3(3.3)

defects

7. Normal 32 (55.2%) 9 (56.3%) 8 (50.0%) 49 (54.4)
Mean deviation 1. MD <6.00 dB 49 (84.5%) 15 (93.8%) 11 (68.8%) 75 (83.3) 0.305

2. MD -6.00 a-12.00 7 (12.1%) 1(6.3%) 3 (18.8%) 11 (12.2)

dB

3. MD >12.00 dB 2 (3.4%) 0 2 (12.5%) 4 (4.4)
Mean Retinal 1. Normal >80pm 43 (74.1%) 15 (93.8%) 12 (17.1%) 70 (77.7) 0.081
nervefiblayer 5 suspicious 70- 12 (20.7%) 0 1(6.3%) 13 (14.4)

79pum

3. Abnormal <70pm 3 (5.2%) 1 (6.3%) 3 (18.8%) 7(7.7)
Ganglion cell 1. Normal (green) 35 (60.3%) 11 (68.8%) 12 (75.0%) 58 (64.4) 0.218
complex 2. Suspicious 11 (19.0%) 4 (25.0%) 0 15 (16.6)

(yellow)

3. Abnormal (red) 12 (20.7%) 1 (6.3%) 4 (25.0%) 17 (18.9)
Primary open 1. Yes 35 (60.3%) 9 (56.3%) 8 (50.0%) 52 (57.8) 0.752
angle glaucoma 5 o 23(39.7%) 7 (43.8%) 8 (50.0%) 38 (42.2)
Glaucoma 1. Yes 23 (39.7%) 7 (43.8%) 8 (50.0%) 38 (42.2) 0.752
suspects 2. No 35 (60.3%) 9 (56.3%) 8 (50.0%) 52 (57.8)
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asymmetry >0.2 mm was identified in patients with severe
OSA, indicating greater damage by a diffuse thinning of
the neuroretinal rim, from which it could be inferred that
the progression of optic nerve damage is related to the
severity of OSA. This is similar to the findings of Tsang et
al,’” a case—control study that demonstrated an incidence
of suspicious optic nerve changes four times higher in
patients with moderate or severe OSA. Another study by
Uslu et al”® suggests an increased optic nerve excavation
in patients with OSA, and it could be considered an indi-
cator of neural damage in the early diagnosis of OSA.
In contrast to previous results, Lin et al’ showed that
the optic nerve parameters did not differ between OSA
severity groups, nor did it differ from the general popula-
tion described by Salzgeber et al.™

As for the functional changes in the VF, authors such as
Tsang et al’ found abnormalities in MD and pattern SD
correlated with OSA severity index,” indicating a direct
relationship between these pathologies. In contrast, this
study identified that most of the patients did not show
functional alterations, which is similar to the findings of
Swaminathan et a’' and Salzgeber et al.™

According to VF numerical parameters, a high
percentage of patients showed a mild decrease in the
MD that predominated in the moderate OSA group.
Meanwhile, a moderate to severe decrease was seen in
the severe OSA group. This indicates that the greater the
severity of OSA, the more compromised the VF; this signi-
fies a possible link between these pathologies, although it
could not be statistically demonstrated in this study.

It has been described that the first VF manifestations in
patients with POAG are generalised depression, enlarge-
ment of the blind spot, Seidel’s scotoma or nasal step.”
Subsequently, paracentral defects that may join with the
blind spot, as well as temporary steps, and superior or
inferior arcuate defects. Finally, progressive damage can
lead to peripheral constriction of the VF, leaving central
or temporal vision islands.* Comparing this with what was
observed in this study, the functional alterations described
are commonly identified in intermediate or advanced
stages of POAG, which occurred more frequently in the
mild OSA group; therefore, it could be inferred that mild
stages of OSA may be related to greater VF alterations.

The OCT showed that most of the patients were within
normal ranges, patients with abnormal results showed an
increased severity of structural nerve damage as the anal-
ysis went from mild and moderate to severe OSA. This
is supported by meta-analyses that demonstrated a link
between moderate and severe OSA with significant thin-
ning of RNFL thickness—mainly in the upper, lower and
nasal quadrants.”” **** Additionally, Fan et af” described
greater progression of structural changes (RNFL thick-
ness) in patients with mild OSA, obtaining an 8.448 risk
of structural progression in patients with severe OSA.
This differs from the studies of Nowak et al,** Salzgeber
et af® and Kara et al.*® Moreover, Abdullayev et al’’ found
no alteration of RNFL thickness in patients with OSA that
correlated to its severity but described a decrease in GCC

in patients with mild severity. In contrast, Uslu et alfound
no alterations in the GCC but a decrease in the peripapil-
lary RNFL thickness.*®

The general population with POAG, structural changes
has been observed as the first manifestation of glaucoma-
before a compromised VF** which correspond to the
decrease of the GCC in the initial stages with a subsequent
decrease in the mean RNFL. When comparing these
characteristics of the general population with POAG to
the results of this study, it can be deduced that most of
the patients with OSA and glaucoma first showed an alter-
ation in the GCC, followed by alterations in the mean
RNFL. Some of the patients experienced these alterations
before VF alterations; therefore, it can be inferred that
the development of glaucoma would manifest itself in the
same way in patients with OSA as in the general popula-
tion with glaucoma.

The main limitations of the study were the lack of
a control group and that only one examination was
performed. As such, it was not possible to determine if the
alterations found persisted or if the glaucoma progressed
over time. Finally, due to the sample size, it could not be
determined whether OSA correlated with the develop-
ment of POAG.

In conclusion, this study found a prevalence of glau-
coma suspects of 12.6% versus a POAG prevalence of
17.3% in patients diagnosed with OSA. The study demon-
strated a relationship between the structural changes of
the optic nerve and the severity of OSA, suggesting that
OSA might influence the anatomy of the optic nerve and
favour the development of optic neuropathy and, to some
extent, the onset of POAG. No relationship was identified
with any of the other variables that were studied. Future
research, studies and follow-ups are recommended for
patients with OSA to rule out glaucoma as one of its
multiple systemic manifestations.

Acknowledgements We would like to thank the Central Military Hospital and the
Instituto de Macula y Retina Oftalmocenter for lending their facilities and equipment
for this study.

Contributors MACJ collected patients and data, interpreted the data, drafted the
manuscript and revised the manuscript for important intellectual content. SEMM
examined patients, collected data, interpreted the data, drafted the manuscript

and revised the manuscript for important intellectual content. JETO conceived and
designed this study, examined patients, collected and interpreted the data and
revised the manuscript for important intellectual content. All authors have approved
the final manuscript. Each authors confirm they meet the criteria of authorship as
established by the ICMJE. Finaly, MACJ accepts full responsability for the work and/
or the conduct of the study, has acces to the data, and controlled the decision to
publish.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained directly from patient(s)

Ethics approval This study involves human participants and was approved by
Ethics Committe of the Hospital Militar Central, Protocol 2018-036, 3 May 2019, act
number 07. Participants gave informed consent to participate in the study before
taking part.

6 Cerquera Jaramillo MA, et al. BMJ Open 2023;13:€063506. doi:10.1136/bmjopen-2022-063506



Bagabas N, Ghazali W, Mukhtar M, et al. Prevalence of glaucoma

in patients with obstructive sleep apnea. J Epidemiol Glob Health
2019;9:198-208.

Friedlander AH, Graves LL, Chang Tl, et al. Prevalence of primary
open-angle glaucoma among patients with obstructive sleep apnea.
Oral Surg Oral Med Oral Pathol Oral Radiol 2018;126:226-30.

19 Wozniak D, Bourne R, Peretz G, et al. Obstructive sleep apnea in

Provenance and peer review Not commissioned; externally peer reviewed. 17

Data availability statement All data relevant to the study are included in the
article or uploaded as supplementary information. Not applicable. 18

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and |

icense their derivative works on different terms, provided the original work is

properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

20

patients with primary-open angle glaucoma: no role for a screening
program. J Glaucoma 2019;28:668-75.

Wu X, Liu H. Obstructive sleep apnea/hypopnea syndrome increases
glaucoma risk: evidence from a meta-analysis. Int J Clin Exp Med
2015;8:297-303.

ORCID iD 21 ShiY, Liu P, Guan J, et al. Association between glaucoma and
Maria Alejandra Cerquera Jaramillo http://orcid.org/0000-0003-2390-9607 obstructive sleep apnea syndrome: a meta-analysis and systematic
review. PLoS ONE 2015;10:e0115625.
22 Moghimi S, Ahmadraji A, Sotoodeh H, et al. Retinal nerve fiber
thickness is reduced in sleep apnea syndrome. Sleep Med
REFE}?oEfIi\IgEEs)urcan F, Girkin C, et al. Basic and clinical science course: 23 églgi;ngz_le?r-no DE, Rizzi M, et al. Prevalence of normal tension
glaucon71a Found::-ltion of t/;e Américan Academy of Ophthalmology. gl;aj cc;rgjziné) bstructive sleep apnea syndrome patients. J Glaucoma
21-5 7;16:42-6.

2 iglfAzr;efo KK. Osman EA. Azad MT. et al. Lack of association 24 Nowak MS, Jurowski P, Gos R, et al. Pulsatile ocular blood flow in
between loxl1 g:]ene polymo’rphisms e{nd pr.imary open angle subjects with sleep apnoea syndrome. Arch Med Sci 201 1;7:332-6.
glaucoma in the saudi arabian population. Ophthalmic Genet 25 Shalaby AE.O’ Elshazly M, El Saygd YM, ot al. Co-Existence
2012:33:130-3. of obgtructwe sleep apnea a_nd primary open angle .glaucoma.

3 Guias de Préactica Clinica sobre Glaucoma de Angulo Abierto (2017). gg{g??gs‘lﬂurgal of Chest Diseases and Tuberculosis
In: Guias de Practica Clinica en el SNS, Ministerio de Sanidad, 26 G ’ -E B_ : dJ. Urrest E. et al. Conti
Servicios Sociales e Igualdad. n.d.: 1-10. Available: http://www. ~armnero E, bragard J, Urrestarazu £, €t al. Lontinuous
guiasalud.es/GPC/GPC_568_Glaucoma_AQUAS_compl.pdf intraocular pressure monitoring in patients with obstructive

4 Lin CC, Hu CC, Ho JD, et al. Obstructive sleep apnea and increased glgggfpnggzsggdéome using a contact lens sensor. PLoS ONE
risk of glaucoma: a population-based matched-cohort study. 1158 56. .
Ophthalmology 2013;120:1559-64 27 Tsang CSL, Chong SL, Ho CK, et al. Moderate to severe obstructive

5 Blumen Ohana E. Blumen MB. Bluwol E. et al. Primary open sleep apnoea patients is associated with a higher incidence of visual
angle glaucoma and snoring: prevalence of OSAS. Eur Ann field defect. Eye (Lond) 2006;20:38-42. ) )
Otorhinolaryngol Head Neck Dis 2010;127:159-64. 28 Uslu H, Sarac S, Kanra A. Structural assement of the optic nerve in

6 Skorin L, Knutson R. Ophthalmic diseases in patients with patients with obstructive sleep apena syndrome: case-control study.
obstructive sleep apnea. J Am Osteopath Assoc 2016;116:522-9. Eur J Ophthalmol 2020:1-8. ) )

7 LiuS, Lin'Y, Liu X. Meta-analysis of association of obstructive sleep 29 Lin P-W, Friedman M, Lin H-G, et al. Decreased retinal nerve fiber
apnea with glaucoma. J Glaucoma 2016;25:1-7. layer thickness in patients with obstructive sleep apnea/hypopnea

8 Faridi O, Park SC, Liebmann JM, et al. Glaucoma and obstructive syndrome. Graefes Arch Clin Exp Ophthalmol 2011;249:585-93.
sleep apnoea syndrome. Clin Exp Ophthalmol 2012;40:408—-19. 30 Salzgeber R, lliev ME, Mathis J. Do optic nerve head and visual

9 Huon L-K, Liu SY-C, Camacho M, et al. The association between field parameters in patients with obstructive sleep apnea syndrome
ophthalmologic diseases and obstructive sleep apnea: A systematic differ from those in control individuals? Klin Monbl Augenheilkd
review and meta-analysis. Sleep Breath 2016;20:1145-54. 2014;231:340-3. ) ]

10 West SD, Turnbull C. Eye disorders associated with obstructive sleep 31 Swaminathan SS, Bhakta AS, Shi W, et al. Is obstructive sleep apnea
apnoea. Curr Opin Pulm Med 2016;22:595-601. associated with progressive glaucomatous optic neuropathy?
11 Fang SY, Wan Abdul Halim WH, Mat Baki M, et al. Effect of J Glaucoma 2018;27:1-6. , '
prolonged supine position on the intraocular pressure in patients 32 Stamper R, Llebett;‘man M, Drake M_, et al. Diagnosis and therapy of
with obstructive sleep apnea syndrome. Graefes Arch Clin Exp the glaucomas. 8™ ed. Mosby Elseiver, 2009: 109-87.
Ophthalmol 2018;256:783-90. 33 Yu J-G, Mei Z-M, Ye T, et al. Changes in retinal nerve fiber layer
12 Mentek M, Aptel F, Godin-Ribuot D, et al. Diseases of the retina and thickness in obstructive sleep apnea/hypopnea syndrome: a meta-
the optic nerve associated with obstructive sleep apnea. Sleep Med analysis. Ophthalmic Res 2016;56:57-67.
Rev 2018;38:113-30. 34 Sun CL, Zhou LX, Dang Y, et al. Decreased retinal nerve fiber layer
13 Zhao X-J, Yang C-C, Zhang J-C, et al. Obstructive sleep apnea thickness in patients with obstructive sleep apnea syndrome: a
and retinal nerve fiber layer thickness: a meta-analysis. J Glaucoma meta-analysis. Medicine (Baltimore) 2016;95:e4499.
2016;25:e413-8. 35 Fan Y-Y, Su W-W, Liu C-H, et al. Correlation between structural
14 European Glaucoma Society. Terminologia y pautas para el progression in glaucoma and obstructive sleep apnea. Eye (Lond)
glaucoma. In: Sociedad Europea de Glaucoma Disponible. 2019;33:1459-65.
2014: 79-81. Available: www.eugs.org 36 Kara N, Sayin N, Bayramoglu SE, et al. Peripapillary retina nerve fiber
15 Xin C, Zhang W, Wang L, et al. Changes of visual field and layer thickness and macular ganglion cell layer thickness in patients
optic nerve fiber layer in patients with OSAS. Sleep Breath with obstructive sleep apnea syndrome. Eye (Lond) 2018;32:701-6.
2015;19:129-34. 37 Abdullayev A, Tekeli O, Yanik O, et al. Investigation of the presence
16 Pevernagie DA, Gnidovec-Strazisar B, Grote L, et al. On the rise of glaucoma in patients with obstructive sleep apnea syndrome using

and fall of the apnea-hypopnea index: a historical review and critical
appraisal. J Sleep Res 2020;29:e13066.

and not using continuous positive airway pressure treatment. Turk J
Ophthalmol 2019;49:134-41.

Cerquera Jaramillo MA, et al. BMJ Open 2023;13:€063506. doi:10.1136/bmjopen-2022-063506


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-2390-9607
http://dx.doi.org/10.3109/13816810.2011.575430
http://www.guiasalud.es/GPC/GPC_568_Glaucoma_AQUAS_compl.pdf
http://www.guiasalud.es/GPC/GPC_568_Glaucoma_AQUAS_compl.pdf
http://dx.doi.org/10.1016/j.ophtha.2013.01.006
http://dx.doi.org/10.1016/j.anorl.2010.07.003
http://dx.doi.org/10.1016/j.anorl.2010.07.003
http://dx.doi.org/10.7556/jaoa.2016.105
http://dx.doi.org/10.1097/IJG.0000000000000357
http://dx.doi.org/10.1111/j.1442-9071.2012.02768.x
http://dx.doi.org/10.1007/s11325-016-1358-4
http://dx.doi.org/10.1097/MCP.0000000000000322
http://dx.doi.org/10.1007/s00417-018-3919-7
http://dx.doi.org/10.1007/s00417-018-3919-7
http://dx.doi.org/10.1016/j.smrv.2017.05.003
http://dx.doi.org/10.1016/j.smrv.2017.05.003
http://dx.doi.org/10.1097/IJG.0000000000000349
www.eugs.org
http://dx.doi.org/10.1007/s11325-014-0978-9
http://dx.doi.org/10.1111/jsr.13066
http://dx.doi.org/10.2991/jegh.k.190816.001
http://dx.doi.org/10.1016/j.oooo.2018.01.021
http://dx.doi.org/10.1097/IJG.0000000000001296
http://dx.doi.org/25785000
http://dx.doi.org/10.1371/journal.pone.0115625
http://dx.doi.org/10.1016/j.sleep.2012.07.004
http://dx.doi.org/10.1097/01.ijg.0000243472.51461.24
http://dx.doi.org/10.5114/aoms.2011.22087
http://dx.doi.org/10.1016/j.ejcdt.2015.12.003
http://dx.doi.org/10.1371/journal.pone.0229856
http://dx.doi.org/10.1038/sj.eye.6701785
http://dx.doi.org/10.1007/s00417-010-1544-1
http://dx.doi.org/10.1055/s-0034-1368260
http://dx.doi.org/10.1097/IJG.0000000000000837
http://dx.doi.org/10.1097/IJG.0000000000000837
http://dx.doi.org/10.1159/000444301
http://dx.doi.org/10.1097/MD.0000000000004499
http://dx.doi.org/10.1038/s41433-019-0430-2
http://dx.doi.org/10.1038/eye.2017.279
http://dx.doi.org/10.4274/tjo.galenos.2018.88614
http://dx.doi.org/10.4274/tjo.galenos.2018.88614

	Primary open-­angle glaucoma in patients with obstructive sleep apnoea in a Colombian population: a cross-­sectional study
	Abstract
	Introduction﻿﻿
	﻿Materials ﻿﻿﻿﻿and﻿﻿ methods﻿
	Patient and public involvement

	Results
	Discussion
	References


