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ABSTRACT

Objective

Determine the prevalence, functional and structural alterations, of primary open-angle
glaucoma (POAG) in patients with obstructive sleep apnea (OSA).

Setting

Tertiary hospital associated with a specialized center in ophthalmologic images in Bogota,
Colombia.

Participants

Included 150 patients, for a sample of 300 eyes, 64 women (42.7%) and 84 men (57.3%)
between 40 — 91 years old with a mean age of 66.8 (+12.1) and 150 patients were Hispanic.
Interventions

Patients were evaluated by the Glaucoma Clinic performing: visual acuity (VA),
biomicroscopy, intraocular pressure (IOP), indirect gonioscopy, and direct ophthalmoscopy.
Patients classified as glaucoma suspects underwent visual computerized campimetry (VCC)
and optical coherence tomography (OCT) of the optic nerve

Outcome Measure

VA, biomicroscopy, IOP, indirect gonioscopy, and direct ophthalmoscopy, VCC and OCT
of the optic nerve.

Results

The prevalence of glaucoma suspect was 12.6%, and for POAG was 17.3%. No alterations
in the appearance of the optic nerve in 74.6%, focal or diffuse thinning of the neuroretinal
rim (16.6%) was the most frequently alteration, followed by asymmetry of the disc > 0.2 mm
(8.6%), (p=0.005). In the VCC, 54.4% had no alterations in the visual field (VF). The

remaining 41% showed arcuate, nasal step, and paracentral focal defects. The mean nerve
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fiber layer (RNFL) was normal in 74% of the mild OSA group, 93.8% of the moderate group,
and 17.1% of the severe group. Similarly, normal ganglion cell complex (GCC) in 60%, 68%,
and 75% respectively. Abnormal results in the mean RNFL were 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.

Keywords: Descriptive Cross-Sectional Study, Glaucoma Suspect, Primary open-angle

glaucoma, Obstructive sleep apnea, Visual field.
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INTRODUCTION

Glaucoma is considered the second cause of irreversible blindness worldwide in people over
40 years of age, defined as optic neuropathy that generates loss of neural tissue in the optic
nerve and, therefore, changes in the visual field (VF) (1). 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 2020, more than 80 million people will be affected, 11.2 million of
whom will have bilateral blindness, with an annual incidence of 2.4 million cases?. It is a

progressive and silent disease; whose visual manifestations develop in advanced stages 3.

Obstructive Sleep Apnea (OSA) has been identified as a cause of glaucoma. Its prevalence
has been estimated at 27%* but varies in different epidemiological studies. OSA is
understood as a disorder characterized 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 abnormalities, consumption and snoring®.

Regarding pathophysiology, upper airway obstruction favors hypoxia, hypercapnia,
increased vascular resistance, and sympathetic activation’’. The relationship between
glaucoma and OSA can be explained by the increase in 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 apnea episodes, the renin—angiotensin
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system is activated, leading to a sustained increase in blood pressure during sleep®.
Dysregulation of optic nerve vascularization secondary to repetitive hypoxia, associated to
an imbalance between vasodilator vascular stimuli (nitric oxide) and vasoconstrictors
(endothelin) which generates variations in ocular perfusion pressure and therefore
susceptibility to ischemia in the optic nerve head!'?. Additionally, episodes of apnea and
hypopnea contribute to the development of complications with endothelial dysfunction,

vascular remodeling, and hypertension'!.

Due to the complexity of the relationship between these conditions and the controversy
between their association”®, it is very important to be able to categorize the frequency of
cases. Furthermore, by identifying the risk factor for OSA'2, 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 characterize the prevalence of primary open-angle glaucoma,

as well as its functional and structural alterations, in patients with OSA.

MATERIALS & METHODS

We included adult patients who were listed in Bogota’s Central Military Hospital database
as diagnosed with OSA 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 hypertension and diabetes mellitus histories. The findings in

polysomnography determined the severity of OSA using the AHI (sum of apnea and
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hypopnea events divided by total hours of sleep) to categorize 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, any
condition affecting the VF (such as intracranial or ocular lesions), coexisting retinal disease,
sequelae of trauma and/or eye inflammation, congenital ocular anatomical alterations,
intraocular surgery (with the exception of cataract surgery), history of hypertensive crisis,
history of prolonged steroid use, uveitis, interstitial lung diseases, heart disease, cirrhosis,
and chronic renal failure. Additionally, patients with closed-angle glaucoma by gonioscopy

and patients who did not sign the informed consent.

Two clinical days were carried out. On the first day, two glaucoma specialists, performed
visual acuity (VA) (Snellen chart), anterior segment (slit lamp), intraocular pressure (IOP)
(Goldmann tonometer), and indirect gonioscopy (Posner lens). The ophthalmoscopy (90D
lens Volk Optical Inc.) to determine alterations such as focal or diffuse thinning of the
neuroretinal rim, optic disc hemorrhages, defects in the RNFL, and disc asymmetry > 0.2

mim.

Glaucoma suspects were selected with the following conditions: open angles by gonioscopy,

optic nerve excavations > 0.5 mm, asymmetry of optic nerve excavations > 0.2 mm, [OP 2

22 mmHg, IOP within normal limits linked to thinning of the neuroretinal rim, thinning of
RNFL, optic nerve vessels causing “bayoneting” flexion or deformation, peripapillary

hemorrhages, and loss of the ISNT rule.
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On the second day, patients were invited to the Instituto de Macula y Retina Oftalmocenter
where visual computerized campimetry (VCC) (Humphrey Field Analyzer model 750i, Carl
Zeiss-Meditec, Dublin, USA, SITA Standard program) and optic nerve OCT (spectral
domain with the Cirrus OCT team) exams were performed. In the VCC, the mean deviation
(MD) and alterations in the VF (superior arcuate defect, inferior arcuate defect, generalized
decrease in sensitivity, nasal step, focal and paracentral defects) were determined. The OCT
measured the mean nerve fiber layer (RNFL) and ganglion cell complex (GCC). The
examinations were analyzed by two glaucoma specialists and all data collected were grouped

into groups for analysis.

The diagnosis of glaucoma suspect was assigned to patients that showed either risk factors
linked to developing 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
primary open-angle glaucoma (POAG) when they showed functional alterations in the VF

and/or structural alterations in the OCT.

The study was approved by the ethics committee of the Hospital Militar Central in the
reunion of may 3, 2019 act No, 7. The committee has adherence to the guidelines of the
declaration of Helsinki and all the patients singed a consent to participate in study, approved

by the ethics committee.

For the statistical analysis, SPSS 23 software was used. A Chi-sq test to determine the

association between variables and the severity of OSA. A Shapiro-Wilk test to identify if the
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sample data followed a normal distribution, Levene’s test to specify if the continuous
variables had the same variance, and ANOVA test to compare the means of the continuous
variables. Using their respective 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, the medical records of all patients diagnosed with OSA who met the
inclusion and exclusion criteria in the proposed time span were collected. The personnel in
charge were trained to carry out the evaluation; the diagnostic equipment was properly

calibrated and had the corresponding technological updates.

PATIENT AND PUBLIC INVOLMENT

Patients were informed telephonically of the purpose of the study and were invited to
participate in the study. All data collected were grouped into four (4) groups for analysis.
The first group analyzed the demographic data, and the second group analyzed the findings
in the clinical history and ophthalmological examination (AHI, glaucoma family history,
history of arterial hypertension or AV diabetes mellitus, 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 >-6.00 dB, moderate MD -6.00 to -12.00 dB and
severe <-12.01) and the campimetry alterations already described, and in the fourth group
the OCT results were categorized as normal, suspicious, or abnormal. The diagnosis of
suspected glaucoma was assigned to patients that showed either risk factors linked to
developing 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
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primary open-angle glaucoma (POAG) when they showed functional alterations in the VF
and/or structural alterations in the OCT. All patients had a posterior ophthalmological consult

in the the Hospital Militar Central, where they were informed of the results of the study.

focus groups were organ- ised with members of the community (women and men), healthcare workers
and community health workers, to explore barriers to CC screening and further improve the programme
and recruitment strategy. Patients were also involved at their arrival at the screening centre where they
were offered a 1-hour information session on CC and sexual health by trained midwives. Furthermore,
the public is kept informed about the progress of our research through the publication of biannual
newslet- ters disseminated among health workers and the general community. Newsletters will be

published until the end of the 3T study.

RESULTS
The study included 150 patients, (300 eyes). A total of 42.7% women and 57.3% men
between 40 — 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 categorized as 62% mild OSA, 17.3% as moderate, and 20.7% as severe. In
total, 90 eyes were glaucoma suspects, which 52 eyes were POAG, for a prevalence of 17.3%
for POAG and 12.6% for glaucoma suspect.

o Visual acuity: 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
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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).

Intraocular Pressure: The mean was 13 mmHg (£ 2.6), 13.3 mmHg (+ 0.2) for mild
cases, 13.3 mmHG (£ 0.3) for moderate cases, and 12.5 mmHg (£ 0.3) for severe
cases (p = 0.107). Regarding the excavation of the optic nerve, the mean was 0.4 mm
(£0.2), (p =0.953) (Table 3-4).

Optic nerve changes: 74.6% of the eyes showed no alterations, 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 (> 0.2 mm) 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)
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o The decrease in the Mean Deviation (MD) was mild (< -6 dB) 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 and -12 dB) 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 dB) was 4.4%,

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

e 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.
Abnormalities 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, abnormalities

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 developing 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
vascularization>!?, 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, functional and structural changes would be

generated in the optic nerve, leading glaucoma.
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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 Friedlander et al.'> and Wozniac 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).

Regarding to the risks factors for developing POAG, all the patients in this study were
Hispanic, meaning ethnicity was not a differentiating factor, patients suffering from

hypertension were found in the group of patients diagnosed with glaucoma.

A high number of patients have visual acuities between 20/20-20/60. This indicates that the
visual state is preserved, and as such, the visual pathways are not significantly compromised.
No statistical relationship was found regarding the severity of OSA and visual acuities, most

likely indicating that OSA does not increase loss of vision.

IOP is recognized as the only modifiable risk factor associated 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 positive correlation with the supine position (Moghimi ez al.'®, Sergio et al.?’, and
Yee et al.®. This is contrary to studies described by Nowak et al.?! and Shalaby et al.??. In

studies such as that of Carnero et al.?3, patients with OSA experience upper limits of IOP.

12
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Unlike the aforementioned, in our study, IOP occurred within normal, with no evidence of a

correlation with the severity of OSA.

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 variable in which a
statistical significance was found regarding the severity of OSA. This demonstrates how
OSA can influence the optic nerve anatomy by favoring the development of optic neuropathy
and, to some extent, the onset of POAG. A higher percentage of these changes was found in
the severe OSA group. It was possible to identify that focal or diffuse thinning of the
neuroretinal rim in the mild OSA group as a possible indicator of early and focal damage of
the optic nerve. Additionally, 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 indicator 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

population described by Salzgeber et al.?’.

As for the functional changes in the VF, authors such as Tsang et al. found abnormalities in
DM and pattern standard deviations>* correlated with OSA severity index?’, indicating a

direct relationship between these pathologies. In contrast, this study identified that most of
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the patients did not show functional alterations, which is similar to the findings of

Swaminatha et al.?® and Salzgeber et al.?’.

According to VF numerical parameters, a high percentage of patients showed a mild decrease
in the mean deviation which 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 signifies 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 generalized
depression, enlargement 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 to 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 analysis 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 thinning of RNFL thickness—
mainly in the upper, lower, and nasal quadrants3°-32, Additionally, Fan et al. described greater

progression of structural changes (RNFL thickness) in patients with mild OSA, obtaining an

14
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8.448 risk of structural progression in patients with severe OSA33. This differs from the
studies of Nowak et al., Salzgeber et al., and Kara et al.>'2"-34 Moreover, Abdullayev et al.
found no alteration of RNFL thickness in patients with OSA that correlated to its severity,
but describe a decrease in GCC in patients with mild severity3. In contrast, Uslu et al. found

no alterations in the GCC, but a decrease in the peripapillary RNFL thickness?>.

In the general population with POAG, structural changes have 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
alteration 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 population with glaucoma.

The main limitations of the study were the lack of a control group, and the performed of only
one examination. 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 development of POAG.

In conclusion, this study found a prevalence of glaucoma suspects of 12.6% vs. a POAG
prevalence of 17.3% in patients diagnosed with OSA. The study demonstrated a relationship

between the structural changes of the optic nerve and the severity of OSA, suggesting that

15
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OSA might influence the anatomy of the optic nerve and favor 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.
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TABLE 1 Demographic variables
DEMOGRAFIC VARIABLES n (%)
— 1. Female 64 (42.7)
2. Male 86 (57.3)
1. Hispanic 150 (100)
ETHNICITY 2. Afro-descendant 0
3. Indigenous 0
FAMILY HISTORY L. 1 ~(1.3)
2. No 148 (98.6)
HYPERTENSION EY: 27 (64.7)
2. No 53 (35.3)
1. S1 31 (20.7)
DIABETES MELLITUS N 119
- O (79.3)
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BMJ Open

OBSTRUCTIVE SLEEP APNEA Total
VARIABLE SEVERITY (n=300) | Valor
MILD MODERATE | SEVERE i p
(n=186) (n=52) (n=62) n (%)
o o 13
2020 53 (28.5%) | 14 (26.9%) (21.0%) 80 (26.6)
20/25 44 (23.7%) | 11 (21.1%) | 6 (9.7%) | 61 (20.3)
5 . 22
20/30 36 (19.4%) | 10(19.2%) (35.5%) 68 (22.6)
VISUAL 20/40 28 (15.1%) | 7(13.5%) |9 (14.7%) | 44 (14.6)
ACUITY 20/50 15(8.1%) | 6(11.5%) | 3(4.8%) | 24(8) | 0.031
20/60 2 (1.1%) 2 (3.8%) 3(48%) | 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)
1. Focal or
diffuse thinning of
‘the“ - "J 40 (21.5%) | 8(15.4%) | 2(3.2%) | 50 (16.6)
rim
SUSPECTED 2. Disc
CHANGES Hemorrage 0 0 0 0
IN THE 3. RNFL 0 0 0 0 0.005
OPTIC alterations
NERVE 4. Disc 10
sy 0.2 12 (8.2%) 4 (7.7%) (16.1%) 26 (8.6)
No Alterations | 134 (72.0%) | 40 (76.9%) | >0 24
' ' (80.6%) | (74.6)
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TABLE 3. Quantitative variables
STANDARD
VARIABLE MEDIAN DESVIATION

AGE (YEARS) 66.8 12.1
INTRAOCULAR 13 26

PRESSURE (mmHg) ’
OPTIC NERVE 0.4 02

EXCAVATION (mm) ' '
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OBSTRUCTIVE SLEEP
APENA SEVERITY INTRAOCULAR OPTIC
PRESSURE NERVE Total n
(mmHg) EXCAVATION
Median 13.3 04
MILD 186
Standard
Desviation 0.2 0,0
Median 13.3 0.4
MODERATE 52
Standard
Desviation 0.3 0,0
Median 12.5 04
SEVERE 62
DlafcCary 0.3 0,0
Desviation
ANOVA P value 0.107 0.953
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TABLE 5. Functional and structural findings in the visual field and optic nerve
computerized tomography
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OBSTRUCTIVE SLEEP APNEA
Total (n=90)
VARIABLE :EI‘D’EERTTTJ S P-VALUE
MILD (n=s8)| " =10 n=16) n (%)
1. Superior Arcuate Defect 7 (12,1%) 1(6.3%) 5(3.1%) 13 (14.4)
2. Inferior Arcuate Defect 1(1.7%) 1(6.3%) 0 2(2.2)
3. General Diminished Sensitivity 0 0 0 0
VISUAL FIELD 4.Nasal Step 7(121%) | 3(188%) | 1(6.3%) | 11(12.2) 0.583
5. Focal Defects 8(13.8%) | 2(125%) |2(125%)| 12(13.3)
6. Paracentral Defects 3(5.2%) 0 0 3(3.3)
7. Normal 32 (55.2%)| 9 (56.3%) |8(50.0%)| 49 (54.4)
1. DM <6 dB 49 (84.5%)| 15(93.8%) [11(68.8%)| 75 (83.3)
MEAN DEVIATION 2.DM -6 a-12 dB 7(121%) | 1(6.3%) |[3(188%)| 11(12.2) 0.305
3. DM >-12 dB 2 (3.4%) 0 2(12.5%) 4(4.4)
1. Normal > 80 micras 43 (74.1%)| 15(93.8%) |12 (171%)| 70(77.7)
MEAN NERVE FIBER — ) 3 S 0.081
LAYER 2. Suspicious 70-79 micras 12 (20.7%) 0 1(6.3%) 13 (14.4) .
3. Abnormal < 70 micras 3(5.2%) 1(6.3%) |3(18.8%) 7(7.7)
1. Normal (green) 35(60.3%)| 11(68.8%) |12 (75.0%)| 58 (64.4)
GANGLION CELL 2. Suspicious (yellow) 11 (19.0%)| 4 (25.0%) 0 15 (16.6) 0218
COMPLEX ’
3. Abnormal (red) 12 (20.7%)| 1(6.3%) |[4(25.0%)| 17 (18.9)
1 sl 35(60.3%)| 9 (56.3%) | 8(50.0%)| 52(57.8)
POAG . 0.752
> NO 23 (39.7%)| 7 (43.8%) | 8(50.0%)| 38(42.2)
1 sl 23 (39.7%)| 7 (43.8%) | 8(50.0%)| 38(42.2)
GLAUCOMA SUSPECTS - 0.752
2 NO 35(60.3%)| 9(56.3%) | 8(50.0%)| 52(57.8)
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 28 of 28

Item Page
No Recommendation No
Title and abstract 1 (2) Indicate the study’s design with a commonly used term in the title or 1
the abstract
(b) Provide in the abstract an informative and balanced summary of what 2
was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being | 4
reported
Obijectives 3 State specific objectives, including any prespecified hypotheses 5
Methods
Study design Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of | 5-6
participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, | 5-6
and effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods 6
measurement of assessment (measurement). Describe comparability of assessment
methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 7
Study size 10 Explain how the study size was arrived at 5-7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If 6-7
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 6-7
confounding
(b) Describe any methods used to examine subgroups and interactions 6-7
(c) Explain how missing data were addressed 7
(d) If applicable, describe analytical methods taking account of sampling -
strategy
(e) Describe any sensitivity analyses -
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 7
potentially eligible, examined for eligibility, confirmed eligible, included
in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 7
(c) Consider use of a flow diagram -
Descriptive data 14* (&) Give characteristics of study participants (eg demographic, clinical, 7
social) and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of | -
interest
Outcome data 15*  Report numbers of outcome events or summary measures 8-9
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted 8-9

estimates and their precision (eg, 95% confidence interval). Make clear
which confounders were adjusted for and why they were included
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(b) Report category boundaries when continuous variables were 8-9
categorized
(c) If relevant, consider translating estimates of relative risk into absolute 8-9
risk for a meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, 8-9
and sensitivity analyses

Discussion

Key results 18 Summarise key results with reference to study objectives 9-12

Limitations 19 Discuss limitations of the study, taking into account sources of potential 12
bias or imprecision. Discuss both direction and magnitude of any potential
bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, 9-12
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 12

Other information

Funding 22 Give the source of funding and the role of the funders for the present study | 12

and, if applicable, for the original study on which the present article is
based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PL0oS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective

Determine the prevalence, functional and structural alterations, of primary open-angle
glaucoma (POAG) in patients with obstructive sleep apnea (OSA).

Design

Cross-Sectional

Setting

Tertiary hospital associated with specialized 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
— 91 years old with a mean age of 66.8 (£12.1).

Interventions

Visual acuity, biomicroscopy, intraocular pressure, indirect gonioscopy, and direct
ophthalmoscopy. Patients classified as glaucoma suspects underwent automated perimetry
(AP) and optical coherence tomography (OCT) of the optic nerve

Outcome Measure

The primary outcomes are the determination of prevalence of glaucoma suspects and PAOG
in patients with obstructive sleep apena. Secondary outcomes are the description of functional
and structural alterations in computerized exams of patients with OSA.

Results

The prevalence of glaucoma suspect was 12.6%, and for POAG was 17.3%. Normal
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 > 0.2 mm
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(8.6%), (p=0.005). In the AP 54.4% had normal findings in the visual field (VF). The
remaining 41% showed arcuate, nasal step, and paracentral focal defects. The mean nerve
fiber layer (RNFL) was normal in 74% of the mild OSA group, 93.8% of the moderate group,
and 17.1% of the severe group. Similarly, normal 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.

Keywords: Descriptive Cross-Sectional Study, Glaucoma Suspect, Primary open-angle

glaucoma, Obstructive sleep apnea, Visual field.

Strengths and limitations of this study

e Two stage design for collecting data, based in complete clinical ophthalmologic
examination, followed by computerized exams to ensure diagnosis.

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

e The study reflects the situation in a tertiary hospital with a specialized ophthalmologic

center in Bogota, Colombia. Generalizability of our study results needs to be verified

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 4 of 28

yBuAdoo Aq parosiold 1senb Aqg +Z0z ‘8T Iudy uo jwod fwg uadolway/:dny woly pspeojumod "£20z Areniged Zz Uo 90S£90-2202-uadolwa/oeTT 0T Se paysiignd 1say :usdo rING


http://bmjopen.bmj.com/

Page 5 of 28

oNOYTULT D WN =

BMJ Open

The main limitations of the study were the lack of a control group, sample size, and the
performed of only one examination, making not possible to determine if the alterations

found persisted or if the glaucoma progressed over time.
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INTRODUCTION

Glaucoma is considered the second cause of irreversible blindness worldwide in people over
40 years of age, defined as optic neuropathy that generates loss of neural tissue in the 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 80 million people will be affected, 11.2
million of whom will have bilateral blindness, with an annual incidence of 2.4 million cases>.
It is a progressive and silent disease; whose visual manifestations develop in advanced

stages’.

Obstructive Sleep Apnea (OSA) has been identified as a cause of glaucoma 3. Its prevalence
has been estimated at 27% but varies in different epidemiological studies®. OSA is
understood as a disorder characterized 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 abnormalities, consumption and snoring?.

Regarding pathophysiology, upper airway obstruction favors hypoxia, hypercapnia,
increased vascular resistance, and sympathetic activation”?-1°, The relationship between
glaucoma and OSA can be explained by the increase in 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’.
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Sympathetic system is important because, during apnea episodes, the renin—angiotensin
system is activated, leading to a sustained increase in blood pressure during sleep®.
Dysregulation of optic nerve vascularization secondary to repetitive hypoxia, associated to
an imbalance between vasodilator vascular stimuli (nitric oxide) and vasoconstrictors
(endothelin) which generates variations in the ocular perfusion pressure and therefore
susceptibility to ischemia in the optic nerve head'?. Additionally, episodes of apnea and
hypopnea contribute to the development of complications with endothelial dysfunction,

vascular remodeling, and hypertension'3.

Due to the complexity of the relationship between these conditions and the controversy
between their association® 19, is very important to be able to categorize the frequency of cases.
Furthermore, by identifying the risk factor for OSA'4, 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 characterize the prevalence of primary open-angle glaucoma,

as well as its functional and structural alterations, in patients with OSA.

MATERIALS & METHODS

We included all the legal adult patients who were listed in Bogota’s Central Military Hospital
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 hypertension (high blood
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pressure), and diabetes mellitus histories. The findings in polysomnography determined the
severity of OSA using the AHI (sum of apnea and hypopnea events divided by total hours of
sleep) to categorize 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
ischemic 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 inflammation, congenital ocular
anatomical alterations, intraocular 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. Additionally, 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 ophthalmological examination,
including visual acuity (VA) using the Snellen chart, the anterior segment with a slit lamp,
intraocular pressure (IOP) measurement utilizing a Goldmann tonometer, and an assessment
of indirect gonioscopy employing a Posner lens. The ophthalmoscopy was performed with a
90D lens (Volk Optical Inc.) to determine alterations such as focal or diffuse thinning of the
neuroretinal rim, optic disc hemorrhages, defects in the nerve fiber layer (RNFL), and disc

asymmetry greater than 0.2 mm.
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Suspects glaucoma patients 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 0.2 mm. Associated, IOP greater than or equal to 22 mmHg,
and IOP within normal limits linked to thinning of the neuroretinal rim. Additionally,
thinning of RNFL, optic nerve vessels causing “bayoneting” flexion or deformation,

peripapillary hemorrhages, and loss of the ISNT rule.

On the second day, glaucoma suspects were invited to the Instituto de Macula y Retina
Oftalmocenter in Bogota where AP (Humphrey Field Analyzer model 7501, Carl Zeiss-
Meditec, Dublin, USA, SITA Standard program) and optic nerve OCT (spectral domain with
the Cirrus OCT team) exams were performed. In the AP, the mean deviation (MD) and
alterations in the VF (superior arcuate defect, inferior arcuate defect, generalized decrease in
sensitivity, nasal step, focal defects, and paracentral and normal defects) were determined.
The OCT measured the mean RNFL and GGC, as well as analyzed the optic disc.

Subsequently, two glaucoma specialists participating in the study analyzed the examinations.

The data collected were grouped into four groups for analysis. The first group analyzed the
demographic data and risk factors (glaucoma family history, history of arterial hypertension
or diabetes mellitus). The second group analyzed the findings in the clinical history and
ophthalmological examination (AHI, AV, 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 >-6.00 dB, moderate MD -6.00 to -12.00 dB and severe <-

12.01) and the campimetry alterations. In the fourth group the OCT results were categorized
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as normal (>80 uM), suspicious (70-79 uM), or abnormal (<70 uM) for RNFL and normal

(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 developing 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.

The study was approved by the ethics committee of the Hospital Militar Central in the
reunion of may 3, 2019 act No, 7. The committee has adherence to the guidelines of the
declaration of Helsinki and all the patients singed a consent to participate in study, approved

by the ethics committee.

For the statistical analysis, SPSS 23 software was used. A Chi-sq 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 ANOVA test to compare the means of the continuous
variables. Using their respective 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 exclusion criteria proposed. The personnel in charge were trained to carry out
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the evaluation; the same person was in charge of a specific function. Data collected and
results were supervised and analyzed by two glaucoma specialists. 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

Patients were contacted telephonically to assist a clinical consult, where they were informed
of the purpose of the study, risks and possible interventions and were invited to participate
in the study. All patients who accepted, signed the informed consent, and had an
ophthalmological consult in the Hospital Militar Central, where they were informed of their

own results of the study. No results were 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 — 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).
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DEMOGRAFIC VARIABLES n (%)
1. Female 64 (42.7)
SEX
2. Male 86 (57.3)
1. Hispanic 150 (100)
ETHNICITY 2. Afro-descendant 0
3. Indigenous 0
1. Yes 2(1.3)
FAMILY HISTORY
2. No 148 (98.6)
1. Yes 97 (64.7)
HYPERTENSION
2. No 53 (35.3)
1. Yes 31 (20.7)
DIABETES MELLITUS AN 119
o (79.3)

TABLE 1 Demographic variables

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

e Visual acuity: 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).
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OBSTRUCTIVE SLEEP APNEA Total
VARIABLE SEVERITY (n=300) | bvalue
EMLD MODERATE SE\!ERE n (%)
(n=186) (n=52) (n=62)
20/20 53 (28.5%) | 14 (26.9%) | 13 (21.0%) | 80 (26.6)
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 (81%) | 6(11.6%) | 3 (4.8%) 24 (8)
VISUAL ACUITY 20/60 2(11%) | 2(3.8%) | 3(4.8%) | 7(23) 0.031
20/70 3 (1.6%) 0 2(32%) | 5(16)
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(06)
20/200 2 (1.1%) 0 0 2 (0.6)
1. Focal or
difiuse 1NN | 40 (21.5%) | 8 (15.4%) | 2(3.2%) | 50(16.6)
neuroretinal rim
2. Disc
suseored | L, | o | o | o | o |
THE OPTIC 3. RNFL 0 0 0 0 .
NERVE alterations
asy ri'rne?r;sﬁ 02| 12(82%) | 4(7.7%) | 10(16.1%) | 26 (8.6)
No Alterations (7;_?& || 40(76.9%) | 50 (80.6%) | 224 (74.6)

TABLE 2. Visual acuity and suspicious changes in the optic nerve

e Intraocular Pressure: The mean was 13 mmHg (£ 2.6), 13.3 mmHg (+ 0.2) for mild
cases, 13.3 mmHG (£ 0.3) for moderate cases, and 12.5 mmHg (£ 0.3) for severe

cases (p = 0.107). Regarding the excavation of the optic nerve, the mean was 0.4 mm

(+0.2), (p = 0.953) (Table 3-4).
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STANDARD
VARIABLE MEDIAN DESVIATION
AGE (YEARS) 66.8 12.1
INTRAOCULAR
PRESSURE (mmHg) 13 2.6
OPTIC NERVE
EXCAVATION (mm) 0.4 0.2

TABLE 3. Intraocular pressure and Optic nerve excavation

OBSTRUCTIVE SLEEP APENA INTRAOCULAR OPTIC
SEVERITY PRESSURE NERVE Total n
(mmHg) EXCAVATION
Median 13.3 0.4
MILD 186
Stan_da.rd 0.2 0,0
Desviation
Median 13.3 0.4
MODERATE 52
Sta n.d a.rd 03 0,0
Desviation
Median 12.5 0.4
SEVERE 62
Sta n.d a'rd 03 0,0
Desviation
ANOVA P value 0.107 0.953

TABLE 4. Obstructive Sleep Apnea Severity, Intraocular pressure and Optic nerve

e Optic nerve changes: 74.6% of the eyes showed no alterations, 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 (> 0.2 mm) was observed in 8.6%, with

a higher prevalence in the severe OSA group (16.1%), followed by the mild OSA

excavation

group (8.2%), and finally the moderate group (7.7%), (p=0.005) (Table 2).
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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)
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OBSTRUCTIVE SLEEP APNEA Total
SEVERITY (n=90)
VARIABLE P-VALUE
MILD MODERATE | SEVERE n (%)
(n=58) (n=16) (n=16) ¢
1. Superior
Arcuate 7 (12,1%) 1(6.3%) 5(3.1%) | 13 (14.4)
Defect
2. Inferior
Arcuate 1(1.7%) 1(6.3%) 0 2(2.2)
Defect
3. General
Diminished 0 0 0 0
4.Nasal Step | 7 (12.1%) | 3(18.8%) 1(6.3%) | 11(12.2)
5. Focal
D afadfe 8(13.8%) | 2(12.5%) | 2(12.5%) | 12 (13.3)
6. Paracentral o
Defects 3(5.2%) 0 0 3(3.3)
7. Normal 32 (55.2%) | 9 (56.3%) 8 (50.0%) | 49 (54.4)
1.DM <-6 dB | 49 (84.5%) | 15(93.8%) | 11 (68.8%) | 75 (83.3)
MEAN 2. DM -6 a-12 . . .
DEVIATION 4B 7 (12.1%) 1(6.3%) | 3(18.8%) | 11(12.2) | 0.305
3.DM>-12dB| 2(3.4%) 0 2(12.5%) | 4 (4.4)
1 Norl;“r:' >80 43 (74.1%) | 15(93.8%) |12 (17.1%) | 70 (77.7)
MEAN NERVE | 2. Suspicious
12 (20.7% 0 1(6.3% 13 (14.4
FIBER LAYER | 70-79 ym (20.7%) (6.8%) (14.4)| 0.081
3. Abnormal <
70 um 3 (5.2%) 1(6.3%) 3(18.8%) | 7(7.7)
1. Normal o o o
(green) 35(60.3%) | 11(68.8%) | 12 (75.0%) | 58 (64.4)
GANGLION .
CELL 2. ?ujmg’”s 11 (19.0%) | 4 (25.0%) 0 15(16.6) | 0.218
COMPLEX y
3. A(?gg;ma' 12 (20.7%) | 1(6.3%) | 4(25.0%) | 17 (18.9)
PRIMARY
35 (60.3% 9 (56.3% 8 (50.0% 52 (57.8
OPEN ANGLE 1. Yes (60.3%) | 9 (56.3%) (50.0%) G78) | 752
GLAUCOMA 2. No 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)
TABLE 5. Functional and structural findings in the visual field and optic nerve
computerized tomography
15
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o The decrease in the Mean Deviation (MD) was mild (< -6 dB) 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 and -12 dB) 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 dB) was 4.4%,

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

e 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.
Abnormalities 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, abnormalities

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 developing 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
vascularization’-!2, 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, functional and structural changes would be

generated in the optic nerve, leading glaucoma.

16
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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 Friedlander et al.'7 and Wozniac 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).

Regarding to the risks factors for developing POAG, all the patients in this study were
Hispanic, meaning ethnicity was not a differentiating factor, patients suffering from

hypertension were found in the group of patients diagnosed with glaucoma.

A high number of patients have visual acuities between 20/20-20/60. This indicates that the
visual state is preserved, and as such, the visual pathways are not significantly compromised.
No statistical relationship was found regarding the severity of OSA and visual acuities, most

likely indicating that OSA does not increase loss of vision.

IOP is recognized as the only modifiable risk factor associated 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 positive correlation with the supine position (Moghimi et al.?!, Sergio et al.??, and
Yee et al.''. This is contrary to studies described by Nowak et al.?* and Shalaby et al.?*. In

studies such as that of Carnero et al.?®, patients with OSA experience upper limits of IOP.

17
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Unlike the aforementioned, in our study, IOP occurred within normal, with no evidence of a

correlation with the severity of OSA.

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 variable in which a
statistical significance was found regarding the severity of OSA. This demonstrates how
OSA can influence the optic nerve anatomy by favoring the development of optic neuropathy
and, to some extent, the onset of POAG. A higher percentage of these changes was found in
the severe OSA group. It was possible to identify that focal or diffuse thinning of the
neuroretinal rim in the mild OSA group as a possible indicator of early and focal damage of
the optic nerve. Additionally, 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. 27, suggests an increased optic nerve excavation in
patients with OSA, and it could be considered an indicator of neural damage in the early
diagnosis of OSA. In contrast to previous results, Lin et al. 2%, showed that the optic nerve
parameters did not differ between OSA severity groups, nor did it differ from the general

population described by Salzgeber et al.?.

As for the functional changes in the VF, authors such as Tsang et al. 2 found abnormalities
in DM and pattern standard deviations correlated with OSA severity index??, indicating a

direct relationship between these pathologies. In contrast, this study identified that most of
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the patients did not show functional alterations, which is similar to the findings of

Swaminatha et al. 3° and Salzgeber et al.?.

According to VF numerical parameters, a high percentage of patients showed a mild decrease
in the mean deviation which 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 signifies 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 generalized
depression, enlargement of the blind spot, Seidel's scotoma, or nasal step3!. 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 islands3!. Comparing this to 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 analysis 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 thinning of RNFL thickness—
mainly in the upper, lower, and nasal quadrants®?-34. Additionally, Fan et al.®> described

greater progression of structural changes (RNFL thickness) in patients with mild OSA,
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obtaining an 8.448 risk of structural progression in patients with severe OSA. This differs
from the studies of Nowak et al. 23, Salzgeber et al. ?°, and Kara et al.3°. Moreover,
Abdullayev et al.3” found no alteration of RNFL thickness in patients with OSA that
correlated to its severity, but describe a decrease in GCC in patients with mild severity. In
contrast, Uslu ef al. found no alterations in the GCC, but a decrease in the peripapillary RNFL

thickness?’.

The general population with POAG, structural changes has been observed as the first
manifestation of glaucoma—before a compromised VF 3!, 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
alteration 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 population with glaucoma.

The main limitations of the study were the lack of a control group, and the performed of only
one examination. 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 development of POAG.

In conclusion, this study found a prevalence of glaucoma suspects of 12.6% vs. a POAG

prevalence of 17.3% in patients diagnosed with OSA. The study demonstrated a relationship
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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 favor 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.
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for confounding
(b) Describe any methods used to examine subgroups and 9
interactions
(c) Explain how missing data were addressed 9
(d) If applicable, describe analytical methods taking account of Not
sampling strategy Applicable
(e) Describe any sensitivity analyses Not
Applicable
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 10
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram Not
Applicable
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, 11

clinical, social) and information on exposures and potential

confounders
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(b) Indicate number of participants with missing data for each Not
variable of interest Applicable
Outcome data 15*  Report numbers of outcome events or summary measures 10-16
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 10-16
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for and why
they were included
(b) Report category boundaries when continuous variables were 10-16
categorized
(c) If relevant, consider translating estimates of relative risk into Not
absolute risk for a meaningful time period Applicable
Other analyses 17 Report other analyses done—eg analyses of subgroups and 10-16
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 16-21
Limitations 19 Discuss limitations of the study, taking into account sources of 21
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 16-21
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 21
Other information
Funding 22 Give the source of funding and the role of the funders for the 21

present study and, if applicable, for the original study on which the

present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective

Determine the prevalence, functional and structural alterations, of primary open-angle
glaucoma (POAG) in patients with obstructive sleep apnea (OSA).

Design

Cross-Sectional

Setting

Tertiary hospital associated with specialized 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
— 91 years old with a mean age of 66.8 (£12.1).

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 computerized exams of patients with OSA.

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
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> 0.2 mm (8.6%), (p=0.005). In the AP 41% showed arcuate, nasal step, and paracentral focal
defects. The mean nerve fiber layer (RNFL) was normal (>80 uM) 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.

Keywords: Descriptive Cross-Sectional Study, Glaucoma Suspect, Primary open-angle

glaucoma, Obstructive sleep apnea, Visual field.

Strengths and limitations of this study

e Two stage design for collecting data, based in complete clinical ophthalmologic
examination, followed by computerized exams to ensure diagnosis.

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

e The study reflects the situation in a tertiary hospital with a specialized ophthalmologic

center in Bogota, Colombia. Generalizability of our study results needs to be verified
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The main limitations of the study were the lack of a control group, sample size, and the
performed of only one examination, making not possible to determine if the alterations

found persisted or if the glaucoma progressed over time.
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INTRODUCTION

Glaucoma is considered the second cause of irreversible blindness worldwide in people over
40 years of age, defined as optic neuropathy that generates loss of neural tissue in the 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 80 million people will be affected, 11.2
million of whom will have bilateral blindness, with an annual incidence of 2.4 million cases>.
It is a progressive and silent disease; whose visual manifestations develop in advanced

stages’.

Obstructive Sleep Apnea (OSA) has been identified in some population study as a possible
risk factor to glaucoma 4. Its prevalence has been estimated at 27% but varies in different
epidemiological studies®. OSA is understood as a disorder characterized 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 abnormalities, consumption and snoring?®.

Regarding pathophysiology, upper airway obstruction favors hypoxia, hypercapnia,
increased vascular resistance, and sympathetic activation’%!0. The relationship between
glaucoma and OSA can be explained by the increase in 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’.
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Sympathetic system is important because, during apnea episodes, the renin—angiotensin
system is activated, leading to a sustained increase in blood pressure during sleep®.
Dysregulation of optic nerve vascularization secondary to repetitive hypoxia, associated to
an imbalance between vasodilator vascular stimuli (nitric oxide) and vasoconstrictors
(endothelin) which generates variations in the ocular perfusion pressure and therefore
susceptibility to ischemia in the optic nerve head'?. Additionally, episodes of apnea and
hypopnea contribute to the development of complications with endothelial dysfunction,

vascular remodeling, and hypertension'3.

Due to the complexity of the relationship between these conditions and the controversy
between their association® 19, is very important to be able to categorize the frequency of cases.
Furthermore, by identifying the risk factor for OSA'4, 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 characterize the prevalence of primary open-angle glaucoma,

as well as its functional and structural alterations, in patients with OSA.

MATERIALS & METHODS

We included all the legal adult patients who were listed in Bogota’s Central Military Hospital
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 hypertension (high blood
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pressure), and diabetes mellitus histories. The findings in polysomnography determined the
severity of OSA using the AHI (sum of apnea and hypopnea events divided by total hours of
sleep) to categorize 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
ischemic 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 inflammation, congenital ocular
anatomical alterations, intraocular 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. Additionally, 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 ophthalmological examination,
including visual acuity (VA) using the Snellen chart, the anterior segment with a slit lamp,
intraocular pressure (IOP) measurement utilizing a Goldmann tonometer, and an assessment
of indirect gonioscopy employing a Posner lens. The ophthalmoscopy was performed with a
90D lens (Volk Optical Inc.) to determine alterations such as focal or diffuse thinning of the
neuroretinal rim, optic disc hemorrhages, defects in the nerve fiber layer (RNFL), and disc

asymmetry greater than 0.2 mm.
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Suspects glaucoma patients 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 0.2 mm. Associated, IOP greater than or equal to 22 mmHg,
and IOP within normal limits linked to thinning of the neuroretinal rim. Additionally,
thinning of RNFL, optic nerve vessels causing “bayoneting” flexion or deformation,

peripapillary hemorrhages, and loss of the ISNT rule.

On the second day, glaucoma suspects were invited to the Instituto de Macula y Retina
Oftalmocenter in Bogota where AP (Humphrey Field Analyzer model 7501, Carl Zeiss-
Meditec, Dublin, 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 visual field (VF) (superior arcuate defect,
inferior arcuate defect, generalized decrease in sensitivity, nasal step, focal defects, and
paracentral and normal defects) were determined. The OCT measured the mean RNFL and
GGC, as well as analyzed the optic disc. Subsequently, two glaucoma specialists participating

in the study analyzed the examinations.

The data collected were grouped into four groups for analysis. The first group analyzed the
demographic data and risk factors (glaucoma family history, history of arterial hypertension
or diabetes mellitus). The second group analyzed the findings in the clinical history and
ophthalmological examination (AHI, AV, 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 >-6.00 dB, moderate MD -6.00 to -12.00 dB and severe >-
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12.00) and the campimetry alterations. In the fourth group the OCT results were categorized
as normal (>80 uM), suspicious (70-79 uM), or abnormal (<70 uM) for RNFL and normal

(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 developing 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.

The study was approved by the ethics committee of the Hospital Militar Central in the
reunion of may 3, 2019 act No, 7. The committee has adherence to the guidelines of the
declaration of Helsinki and all the patients singed a consent to participate in study, approved

by the ethics committee.

For the statistical analysis, SPSS 23 software was used. A Chi-sq 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 ANOVA test to compare the means of the continuous
variables. Using their respective 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.
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Regarding bias control, all clinical records of the patients diagnosed with OSA met the
inclusion and exclusion 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 analyzed by two glaucoma specialists. 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 — 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).

10
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DEMOGRAFIC VARIABLES n (%)
1. Female 64 (42.7)
SEX
2. Male 86 (57.3)
1. Hispanic 150 (100)
ETHNICITY 2. Afro-descendant 0
3. Indigenous 0
1. Yes 2(1.3)
FAMILY HISTORY
2. No 148 (98.6)
1. Yes 97 (64.7)
HYPERTENSION
2. No 53 (35.3)
1. Yes 31 (20.7)
DIABETES MELLITUS AN 119
o (79.3)

TABLE 1 Demographic variables

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

e Visual acuity: 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).

11

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 28

yBuAdoo Aq paroalold 1senb Aq £20z ‘8T udy uo /wod'(wg uadolwg//:dny woij papeojumoq €20z Arenigad 2z uo 905£90-220z-uadolwag/oeTT 0T S paysiignd 1sul :uado NG


http://bmjopen.bmj.com/

Page 13 of 28

oNOYTULT D WN =

BMJ Open
OBSTRUCTIVE SLEEP APNEA Total
VARIABLE SEVERITY (n=300) | bvalue
EMLD MODERATE SE\!ERE n (%)
(n=186) (n=52) (n=62)
20/20 53 (28.5%) | 14 (26.9%) | 13 (21.0%) | 80 (26.6)
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 (81%) | 6(11.6%) | 3 (4.8%) 24 (8)
VISUAL ACUITY 20/60 2(11%) | 2(3.8%) | 3(4.8%) | 7(23) 0.031
20/70 3 (1.6%) 0 2(32%) | 5(16)
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(06)
20/200 2 (1.1%) 0 0 2 (0.6)
1. Focal or
difiuse 1NN | 40 (21.5%) | 8 (15.4%) | 2(3.2%) | 50(16.6)
neuroretinal rim
2. Disc
suseored | L, | o | o | o | o |
THE OPTIC 3. RNFL 0 0 0 0 .
NERVE alterations
asy ri'rne?r;sﬁ 02| 12(82%) | 4(7.7%) | 10(16.1%) | 26 (8.6)
No Alterations (7;_?& || 40(76.9%) | 50 (80.6%) | 224 (74.6)

TABLE 2. Visual acuity and suspicious changes in the optic nerve

e Intraocular Pressure: The mean was 13 mmHg (£ 2.6), 13.3 mmHg (+ 0.2) for mild
cases, 13.3 mmHG (£ 0.3) for moderate cases, and 12.5 mmHg (£ 0.3) for severe

cases (p = 0.107). Regarding the excavation of the optic nerve, the mean was 0.4 mm

(+0.2), (p = 0.953) (Table 3-4).
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STANDARD
VARIABLE MEDIAN DESVIATION
AGE (YEARS) 66.8 12.1
INTRAOCULAR
PRESSURE (mmHg) 13 2.6
OPTIC NERVE
EXCAVATION (mm) 0.4 0.2

TABLE 3. Intraocular pressure and Optic nerve excavation

OBSTRUCTIVE SLEEP APENA INTRAOCULAR OPTIC
SEVERITY PRESSURE NERVE Total n
(mmHg) EXCAVATION
Median 13.3 0.4
MILD 186
Stan_da.rd 0.2 0,0
Desviation
Median 13.3 0.4
MODERATE 52
Sta n.d a.rd 03 0,0
Desviation
Median 12.5 0.4
SEVERE 62
Sta n.d a'rd 03 0,0
Desviation
ANOVA P value 0.107 0.953

TABLE 4. Obstructive Sleep Apnea Severity, Intraocular pressure and Optic nerve

excavation

e Optic nerve changes: 74.6% of the eyes showed no alterations, 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 (> 0.2 mm) was observed in 8.6%, with
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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)
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OBSTRUCTIVE SLEEP APNEA Total
SEVERITY (n=90)
VARIABLE P-VALUE
MILD MODERATE | SEVERE n (%)
(n=58) (n=16) (n=16) ¢
1. Superior
Arcuate 7 (12,1%) 1(6.3%) 5(3.1%) | 13 (14.4)
Defect
2. Inferior
Arcuate 1(1.7%) 1(6.3%) 0 2(2.2)
Defect
3. General
Diminished 0 0 0 0
4.Nasal Step | 7 (12.1%) | 3(18.8%) 1(6.3%) | 11(12.2)
5. Focal
D afadfe 8(13.8%) | 2(12.5%) | 2(12.5%) | 12 (13.3)
6. Paracentral o
Defects 3(5.2%) 0 0 3(3.3)
7. Normal 32 (55.2%) | 9 (56.3%) 8 (50.0%) | 49 (54.4)
1.MD <-6 dB | 49 (84.5%) | 15(93.8%) | 11 (68.8%) | 75 (83.3)
MEAN 2. MD -6 a-12 . . .
DEVIATION 4B 7 (12.1%) 1(6.3%) | 3(18.8%) | 11(12.2) | 0.305
3.MD >-12dB| 2(3.4%) 0 2(12.5%) | 4 (4.4)
1 Norl;“r:' >80 43 (74.1%) | 15(93.8%) |12 (17.1%) | 70 (77.7)
MEAN NERVE | 2. Suspicious
12 (20.7% 0 1(6.3% 13 (14.4
FIBER LAYER | 70-79 ym (20.7%) (6.8%) (14.4)| 0.081
3. Abnormal <
70 um 3 (5.2%) 1(6.3%) 3(18.8%) | 7(7.7)
1. Normal o o o
(green) 35(60.3%) | 11(68.8%) | 12 (75.0%) | 58 (64.4)
GANGLION .
CELL 2. ?ujmg’”s 11 (19.0%) | 4 (25.0%) 0 15(16.6) | 0.218
COMPLEX y
3. A(?gg;ma' 12 (20.7%) | 1(6.3%) | 4(25.0%) | 17 (18.9)
PRIMARY
35 (60.3% 9 (56.3% 8 (50.0% 52 (57.8
OPEN ANGLE 1. Yes (60.3%) | 9 (56.3%) (50.0%) G78) | 752
GLAUCOMA 2. No 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)
TABLE 5. Functional and structural findings in the visual field and optic nerve
computerized tomography
15
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o The decrease in the Mean Deviation (MD) was mild (< -6 dB) 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 and -12 dB) 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 dB) was 4.4%,

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

e 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.
Abnormalities 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, abnormalities

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 developing 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
vascularization’-!2, 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, functional and structural changes would be

generated in the optic nerve, leading glaucoma.
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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.!7, which found a 16% prevalence, but were much lower than those found in
studies such as Friedlander et al.'® and Wozniac 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 20/20-20/60, indicating no mayor
compromise of the visual acuity in the population studied. No statistical relationship was
found regarding the severity of OSA and visual acuities, most likely indicating that OSA

does not increase loss of vision.

IOP is recognized as the only modifiable risk factor associated 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 positive correlation with the supine position (Moghimi et al.??, Sergio et al.?3, and
Yee et al.''. This is contrary to studies described by Nowak et al.?* and Shalaby et al.?>. In
studies such as that of Carnero et al.?%, patients with OSA experience 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.

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 variable in which a
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statistical significance was found regarding the severity of OSA. This demonstrates how
OSA can influence the optic nerve anatomy by favoring the development of optic neuropathy
and, to some extent, the onset of POAG. A higher percentage of these changes was found in
the severe OSA group. It was possible to identify that focal or diffuse thinning of the
neuroretinal rim in the mild OSA group as a possible indicator of early and focal damage of
the optic nerve. Additionally, 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. 28, suggests an increased optic nerve excavation in
patients with OSA, and it could be considered an indicator 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

population described by Salzgeber et al.*.

As for the functional changes in the VF, authors such as Tsang et al. 2’ found abnormalities
in MD and pattern standard deviations correlated with OSA severity index?3, 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

Swaminatha et al. 3! and Salzgeber et al.*.

According to VF numerical parameters, a high percentage of patients showed a mild decrease

in the mean deviation which predominated in the moderate OSA group. Meanwhile, a
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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 signifies 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 generalized
depression, enlargement of the blind spot, Seidel's scotoma, or nasal step*2. 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 islands3?. Comparing this to 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 analysis 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 thinning of RNFL thickness—
mainly in the upper, lower, and nasal quadrants®3-3°. Additionally, Fan et al.3¢ described
greater progression of structural changes (RNFL thickness) 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. 4, Salzgeber et al. 3°, and Kara et al.3’. Moreover,
Abdullayev et al.3® found no alteration of RNFL thickness in patients with OSA that

correlated to its severity, but describe a decrease in GCC in patients with mild severity. In
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contrast, Uslu ef al. found no alterations in the GCC, but a decrease in the peripapillary RNFL

thickness?8.

The general population with POAG, structural changes has been observed as the first
manifestation of glaucoma—before a compromised VF 32, 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
alteration 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 population with glaucoma.

The main limitations of the study were the lack of a control group, and the performed of only
one examination. 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 development of POAG.

In conclusion, this study found a prevalence of glaucoma suspects of 12.6% vs. a POAG
prevalence of 17.3% in patients diagnosed with OSA. The study demonstrated 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 favor 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
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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.

Contributorship statement: MC collected patients and data, interpreted the data, drafted the
manuscript and revised the manuscript for important intellectual content. SM examined
patients, collected data, interpreted the data, drafted the manuscript and revised the
manuscript for important intellectual content. ET conceived and designed this study,
examined patients, collected and interpreted the data, revised the manuscript for important
intellectual content. All authors have approved the final manuscript. Each author confirm
they meet the criteria of authorship as established by the ICMIJE

Competing interests: No, there are no competing interests for any author

Funding This work received no specific grant from any funding agency in public,
commercial o not-for-profit sectors.

Data sharing statement: The authors confirm that the data supporting the findings of this
study are available within the article [and/or] its supplementary materials

Ethics Approval Statement: This Study involves human participants and was approved by

an Ethics Committee(s) or Institutional Board(s)

21

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 28

yBuAdoo Aq paroalold 1senb Aq £20z ‘8T udy uo /wod'(wg uadolwg//:dny woij papeojumoq €20z Arenigad 2z uo 905£90-220z-uadolwag/oeTT 0T S paysiignd 1sul :uado NG


http://bmjopen.bmj.com/

Page 23 of 28

oNOYTULT D WN =

BMJ Open

REFERENCES

1.

8.

Cioffi,G. Durcan, F. Girkin, C. Gupta, N. Piltz-Seymour,J. Samuelson, T. Tanna, A.
Barton, K. O’Connell, S. Basic and Clinical Science Course: Glaucoma. Foundation
of the American Academy of Ophthalmology; 2016-2017 pp.21-25

Allingham, R. Damji,K. Freedman, S. Moroi, S. Rhee, D. Shields Textbook of

Glaucoma. 6th ed. Lippincot Williams & Wilkins; 2011. pp.130-135

. Guias de Practica Clinica sobre Glaucoma de Angulo Abierto (2017). Guias de

Practica Clinica en el SNS, Ministerio de Sanidad, Servicios Sociales e Igualdad, p.1-
10. http://www.guiasalud.es/GPC/GPC_568 Glaucoma AQUAS compl.pdf

Lin CC, Hu CC, Ho JD, Chiu HW, Lin HC. Obstructive sleep apnea and increased
risk of glaucoma; a population-based matched- cohort study. Ophthalmology.
2013;120(8):1559-1564.

Blumen Ohana E, Blumen MB, Bluwol E, Derri M, Chabolle F, Nordmann JP.
Primary open angle glaucoma and snoring: prevalence of OSAS. Eur Ann
Otorhinolaryngol Head Neck Dis. 2010;127(5):159-164.

Skorin, J.Knutson, R. Ophthalmic Diseases in Patients with Obstructive Sleep Apnea.
The Journal of the American Osteopathic Association. 2016:16:8:522-529

Shulin, L. Lin, Y. Xin, L. Meta-Analysis of Association of Obstructive Sleep Apnea
With Glaucoma. Journal of Glaucoma. Clinical & Experimental Ophthalmology
2016:25:1-7

Faridi, O, Chul Park, S, Liebmann, J, Ritch, R. Glaucoma and Obstructive sleep

apnoea syndrome. 2010;40:408-419.

22

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq paroalold 1senb Aq £20z ‘8T udy uo /wod'(wg uadolwg//:dny woij papeojumoq €20z Arenigad 2z uo 905£90-220z-uadolwag/oeTT 0T S paysiignd 1sul :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

10.

11.

12.

13.

14.

15.

BMJ Open

Houn, L, Yunh-Chaun Liu, S. Camacho, M. Guilleminault, C. The association
between ophthalmologic diseases and obstructive sleep apnea: A systematic review
and meta-analysis. Sleep Breath, Springer. 2016:20:1145-1154

West, S. Turnbull, C. Eye disorders associated with obstructive sleep apnea. Wolters
Kluer Health,Inc. 2016:22:6:595-600

Yee Fang, S. Wan Abdul Halim, W. Mat Baki,M. Effect of prolonged supine position
on the intraocular pressure in patients with obstructive sleep apnea syndrome. Graef’s
Archive for Clinical and Experimental Ophthalmology. 2018:256:783-790

Mentek, M, Aptel, F, Godin-Ribuot, D, Tamisier, R, Pepin, J, Chiquet, C. Diseases of
the Retina an the Optic Nerve associated with obstructive sleep apnea. Elseiver (2018)
113-130

Zhao, X, Yang, C, Zhang, J, Zheng, Hui, Liu, P, Li, Q. Obstructive Sleep Apnea and
Retinal Nerve Fiber Layer Thickness: A Meta-analysis. J] Glaucoma 2016;25:e414-
e418.

European Glaucoma Society (2014). Terminologia y Pautas para el Glaucoma. 4th ed.
Sociedad Europea de Glaucoma, p79-81. Disponible www.eugs.org

Chen, X. Zhang,W. Wang,L. Yang,D. Wang,J. Changes of visual field and optic nerve

fiber layer in patients with OSAS. Sleep Breath (2015) 19:129-134

16. Pavernagie D, Gnidovec-Strazisar B, Grote L, Et al. On the rise and fall of the apnea-

17.

hypopnea index: A historical review and critical appraisal. J Sleep Res.
2020;29:¢1306
Bagabas, N, Ghazali, W, Mukhtar, M, AlQassas, I, Merdad, R, Maniyar, A,

Almarzouki, N, Afreen, H, Badeed, O, Wali, S. Prevalence of Glaucoma in Patients

23

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 24 of 28

yBuAdoo Aq parosiold 1senb Aqg +Z0z ‘8T Iudy uo jwod fwg uadolway/:dny woly pspeojumod "£20z Areniged Zz Uo 90S£90-2202-uadolwa/oeTT 0T Se paysiignd 1say :usdo rING


http://www.eugs.org
http://bmjopen.bmj.com/

Page 25 of 28

oNOYTULT D WN =

18.

19.

20.

BMJ Open

with Obstructive Sleep Apnea. Journal of Epidemiology and Global Health. Vol 9 (3).
Sept. 2019. Pp198-203

Friedlander, A, Graves, L, Chang, T, Kawakami, K, Lee, U, Grabich, S, Fang, Z,
Zeidler, M, Giaconi, J. Prevalence of primary open-angle glaucoma among patients
with obstructive sleep apena. Oral and Maxillofacial Surgery. Elsevier. 2018
Wozniak, D, Bourne, R, Peretz, G, Kean, J, Willshire, C, Harun, S, Villar, S, Chiu, Y,
Smith, I. Obstructive Sleep Apnea in Patients with primary open-angle glaucoma: No
Role for a Screening Program. Journal Glaucoma. Vol 28 (8). 2019

Xinhua Wu, Huanbo Liu, Obstructive sleep apnea/hypopnea syndrome increases

glaucoma risk: evidence from a meta-analysis. Int J Clin Exp Med 2015;8(1):297-303

21.Shi Y, Liu P, Guan J, Lu Y, Su K. Association between glaucoma and obstructive

22.

23.

24.

25.

sleep apnea syndrome: a meta-analysis and systematic review. PLoS ONE.
2015;10:e0115625.\
Moghimi S, Ahmadraji A, Sotoodeh H, Sadeghniat K, Maghsoudipour M, Fakhraie
G, et al. Retinal nerve fiber thickness is reduced in sleep apnea syndrome. Sleep
Med. 2013; 14: 53-57
Sergi M, Salerno DE, Rizzi M, Blini M, Andreoli A, Messenio D, et al. Prevalence
of normal tension glaucoma in obstructive sleep apnea syndrome patients. J
Glaucoma. 2007; 16: 42—46.
Nowak MS, Jurowski P, Gos R, Prost ME, Smigielski J. Pulsatile ocular blood flow
in subjects with sleep apnea syndrome. Arch Med Sci. 2011; 2: 332-336.
Shalaby, A. Eshazly, M.Sayed, Y.Selin,S, Abdelhamid, H. Co-existence of
obstructive sleep apnea and primary open angle glaucoma Egyptian Journal of Chest

Diseases and Tuberculosis (2016) 65, 511-516

24

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb Aqg +Z0z ‘8T Iudy uo jwod fwg uadolway/:dny woly pspeojumod "£20z Areniged Zz Uo 90S£90-2202-uadolwa/oeTT 0T Se paysiignd 1say :usdo rING


http://bmjopen.bmj.com/

oNOYTULT D WN =

26.

27.

28

29.

30.

31.

32.

33.

BMJ Open

Carnero E, Bragard J, Urrestarazu E, Rivas E, Polo V, Larrosa JM, et al. (2020)
Continuous intraocular pressure monitoring in patients with obstructive sleep apnea
syndrome using a contact lens sensor. PLoS ONE 15(3): €0229856

Tsang CS, Chong SL, Ho CK, Li MF. Moderate to severe obstructive sleep apnea
patients is associated with a higher incidence of visual field defect. Eye. 2006;20:38—

42.

. Uslu, H. Kanra, A. Sarac, S. Structural Assement of the optic nerve in patients with

obstructive sleep apena syndrome: case-control study. European Journal of
Ophthalmology.2020.0(0) 1-8

Lin PW, Friedman M, Lin HC, et al. Decreased retinal nerve fiber layer thickness in
patients with obstructive sleep apnea/hypopnea syndrome. Graefes Arch Clin Exp
Ophthalmol 2011; 249: 585-593.

Salzgeber, R. Iliev, M. Mathis, J. Do Optic Nerve Head and visual Field parameters
in patients with obstructive sleep apena syndrome differ from those in control
individuals? Klin Monatsbl Augenheilkd 2014; 231: 340-343

Swaminatha, S, Bhakta, A, Shi, Wei, Feuer, W, Abreu, A, Chediak, A, Greenfield,
D. Is Obstructive Sleep Apena Associated with Progressive Glaucomatous Optic
Neuropathy. J Glaucoma 2018;27:1-6.

Stamper, R. Lieberman, M. Drake, M. Becker — Shaffer’s. Diagnosis and Therapy of
the Glaucomas. 8" ed. Mosby Elseiver; 2009. P.109-187

Zhao, X, Yang, C, Zhang, J, Zheng, Hui, Liu, P, Li, Q. Obstructive Sleep Apnea and
Retinal Nerve Fiber Layer Thickness: A Meta-analysis. J Glaucoma 2016;25:e414-

e418.

25

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 26 of 28

ybuAdod Aq parosiold 1senb Ag 120z ‘8T Iudy uo /wod fwq uadoligy/:dny woly pspeojumod "€20z Areniga gz Uo 905£90-220z-uadolwag/9eTT 0T se paysiignd 1siy :usdo NG


http://bmjopen.bmj.com/

Page 27 of 28

oNOYTULT D WN =

34.

35.

36.

37.

38.

BMJ Open

Yu JG, Mei ZM, Ye T, et al. Changes in retinal nerve fiber layer thickness in
obstructive sleep apnea/hypopnea syndrome: a meta- analysis. Ophthalmic Res.
2016; 56:57-67.

Sun CL, Zhou LX, Dang Y, Huo YP, Shi L, Chang YJ. Decreased retinal nerve fiber
layer thickness in patients with obstructive sleep apnea syndrome: a meta-analysis.
Medicine. 2016;95:¢4499.

Fan, Y. Su, W. Liu, C. Chen, H. Wu, S. Chang, S. Chen, K. Wu, W. Chen, N, Li, H.
Sun, M. Correlation between structural progression in glaucoma and obstructive sleep
apena. Eye. (2019) 33:1459-146

Kara N, Sayin N, Bayramoglu SE, et al. Peripapillary retina nerve fiber layer
thickness and macular ganglion cell layer thickness in patients with obstructive sleep
apnea syndrome. Eye 2018; 32(4): 701-706.

Abdullaey, A. Tekeli, O. Yanik, O. Acican,T.Gulbay. Investigation of the Presence
of Glaucoma in Patients with Obstructive Sleep Apnea Syndrome Using and Not
Using Continuous Positive Airway Pressure Treatment. Turk J Ophthalmol

2019;49:134-141

26

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb Aqg +Z0z ‘8T Iudy uo jwod fwg uadolway/:dny woly pspeojumod "£20z Areniged Zz Uo 90S£90-2202-uadolwa/oeTT 0T Se paysiignd 1say :usdo rING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Page 28 of 28

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the |
title or the abstract
(b) Provide in the abstract an informative and balanced summary of | 2-3
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation | 5
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 6
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods | 6-7
of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 7-8
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 8-9
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 8
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias 9-10
Study size 10 Explain how the study size was arrived at 6-7
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If | 8-9
applicable, describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control 9
for confounding
(b) Describe any methods used to examine subgroups and 9
interactions
(c) Explain how missing data were addressed 9
(d) If applicable, describe analytical methods taking account of Not
sampling strategy Applicable
(e) Describe any sensitivity analyses Not
Applicable
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 10
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage 10
(c) Consider use of a flow diagram Not
Applicable
Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, 11

clinical, social) and information on exposures and potential

confounders
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(b) Indicate number of participants with missing data for each Not
variable of interest Applicable
Outcome data 15*  Report numbers of outcome events or summary measures 10-16
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 10-16
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for and why
they were included
(b) Report category boundaries when continuous variables were 10-16
categorized
(c) If relevant, consider translating estimates of relative risk into Not
absolute risk for a meaningful time period Applicable
Other analyses 17 Report other analyses done—eg analyses of subgroups and 10-16
interactions, and sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 16-21
Limitations 19 Discuss limitations of the study, taking into account sources of 21
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 16-21
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 21
Other information
Funding 22 Give the source of funding and the role of the funders for the 21

present study and, if applicable, for the original study on which the

present article is based

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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