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Abstract
Background/objectives To investigate the correlation between obstructive sleep apnea (OSA) severity and the structural and
functional progression in patients with glaucoma.
Subjects/methods This retrospective comparative cohort study included subjects from the polysomnography database in
Chang Gung Memorial Hospital between June 1, 2009, and June 1, 2017, by identifying patients who had received
diagnoses of primary open-angle glaucoma (POAG), normal-tension glaucoma (NTG), or glaucoma suspect. Patients with
follow-up time of <3 years and/or <3 consecutive reliable optical coherence tomography (OCT) or visual field (VF) tests
were excluded. Progression of overall peripapillary retinal nerve fiber layer (RNFL) thickness on OCT scans and VF mean
deviation (MD) or VF index (VFI) were determined through linear regression trend analysis.
Results Thirty-two patients were included. There was a trend to higher percentage of progression on RNFL thickness and
VF in higher OSAS severity. After stratifying patients to no OSA/mild OSA (group 1) and moderate/severe OSA (group 2),
group 2 exhibited a significantly higher percentage of RNFL thickness progression than did group 1 (64.7% vs 26.7%, P=
0.042). Multivariate Cox regression analysis showed that severe OSA had an 8.448-fold higher risk of RNFL thickness
progression after age, sex, diabetes mellitus, hypertension, hyperlipidemia, and body mass index adjustment (95% con-
fidence interval, 1.464–48.752, P= 0.017).
Conclusions Severe OSA is significantly correlated with a higher risk of structural deterioration in patients with glaucoma.

Introduction

Obstructive sleep apnea (OSA) is characterized by recurrent
complete or partial upper airway occlusion during sleep that

causes a decrease in airflow as well as oxygen desaturation
[1, 2]. OSA has been associated with several ophthalmic
conditions, such as floppy eyelid syndrome [3, 4], central
serous choroidoretinopathy [5–8], retinal vein occlusions
[9], papilledema [10, 11], nonarteritic anterior ischemic
optic neuropathy [11–17], and is currently widely accepted
as a risk factor for glaucoma [1, 2, 18]. The association
between glaucoma and OSA has been reported in various
studies, most of which were case–control or cross-sectional
studies on the prevalence of these conditions or correlation
of OSA severity with structural and functional changes
related to glaucomatous damage [19–30]. Only two long-
itudinal studies have demonstrated the relationship between
OSA and the risk of glaucoma, and both were database
studies [31, 32]. To date, no longitudinal studies have
focused on the correlation between OSA severity and the
risk of glaucoma progression over time. Our study inves-
tigated the association between OSA severity and the
structural and functional progression in patients with
glaucoma.

* Ming-Hui Sun
minghui0215@gmail.com

1 Department of Ophthalmology, Chang Gung Memorial Hospital,
Chang Gung University College of Medicine, Taoyuan, Taiwan

2 Sleep Center, Department of Pulmonary and Critical Care
Medicine, Chang Gung Memorial Hospital, Chang Gung
University College of Medicine, Taoyuan, Taiwan

3 Department of Otorhinolaryngology-Head and Neck Surgery,
Sleep Center, Chang Gung Memorial Hospital, Chang Gung
University, Taoyuan, Taiwan

Supplementary information The online version of this article (https://
doi.org/10.1038/s41433-019-0430-2) contains supplementary
material, which is available to authorized users.

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0430-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0430-2&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-019-0430-2&domain=pdf
http://orcid.org/0000-0002-5161-3443
http://orcid.org/0000-0002-5161-3443
http://orcid.org/0000-0002-5161-3443
http://orcid.org/0000-0002-5161-3443
http://orcid.org/0000-0002-5161-3443
mailto:minghui0215@gmail.com
https://doi.org/10.1038/s41433-019-0430-2
https://doi.org/10.1038/s41433-019-0430-2


Materials and methods

This retrospective comparative cohort study was conducted
in a tertiary referral center, Chang Gung Memorial Hospital,
Taoyuan, Taiwan. This study was approved by the institu-
tional review board of Chang Gung Memorial Hospital in
Taoyuan, Taiwan, and adhered to the tenets of the
Declaration of Helsinki (IRB: 201601390B0).

The study cohort was selected from the poly-
somnography (PSG) database in Chang Gung Memorial
Hospital between June 1, 2009, and June 1, 2017, by
identifying patients who had received diagnoses of primary
open-angle glaucoma (POAG), normal-tension glaucoma
(NTG), or glaucoma suspect. The patients were first inclu-
ded by identifying a presumed International Classification
of Diseases, Tenth Revision, coding indicating POAG,
NTG, or glaucoma suspect (H40001–H40029, H40051–
H40059, H4010X0–H4010X4, H401110–H401194,
H401210–H401294, H4089, and H409). The medical
records of the identified patients were then reviewed thor-
oughly to determine the diagnosis. Patients were excluded
from the cohort if they exhibited closed anterior chamber
angles, secondary causes of glaucoma, coexisting retinal
disorders, or optic neuropathy in addition to glaucoma. The
patients who did not exhibit glaucomatous disk appearance,
retinal nerve fiber layer (RNFL) defects, visual field (VF)
defects, and did not receive treatments for glaucoma were
categorized as glaucoma suspect. The patients who received
glaucoma treatments and exhibited either glaucomatous
disk appearance, RNFL defects, or VF defects were clas-
sified as POAG or NTG. The patients were categorized as
POAG if at least one measurement of intraocular pressure
(IOP) exceeded 21 mmHg. If all measurements of IOP were
within 21 mmHg, the patients were categorized as NTG.

Demographic data including the patients’ age at diag-
nosis, sex, body mass index (BMI), comorbidities,
PSG results, OSA treatment and follow-up condition, and
results of ophthalmic examinations, such as visual acuity,
IOP, mean deviation (MD), and visual field index (VFI) in
VF tests and thickness of circumferential peripapillary
RNFL on OCT scans, were collected for analyses. All
patients had undergone PSG at the sleep center of the
hospital in a temperature-controlled and sound-attenuated
room. During the examination, electroencephalography
(EEG) was recorded to determine the period of sleep. The
nasal and oral airflow and oxygen saturation of the patients
were measured using thermistors and through pulse oxi-
metry, respectively. Obstructive apnea was defined as a
decrease in airflow by >80% compared with the normal
value, lasting for at least 10 s. Obstructive hypopnea was
defined as a decrease in airflow by >50% of the normal
value with oxygen desaturation of >3%, lasting for at least
10 s [33, 34]. The apnea–hypopnea index (AHI) was

defined as the total number of apneas or hypopneas per
hour of the sleep period recorded through EEG. The clas-
sification of OSA severity according to the patients’
AHI scores was as follows: no OSA (AHI < 5), mild OSA
(5 ≤AHI < 15), moderate OSA (15 ≤AHI < 30), and severe
OSA (AHI ≥ 30) [33].

VFs were acquired using the Swedish Interactive
Threshold Algorithm standard 30-2 or 24-2 strategies by
using a Humphrey Field Analyzer II (Carl Zeiss Meditec,
Dublin, CA, USA). The values of circumferential peripa-
pillary RNFL thickness were evaluated using a Spectralis
spectral-domain OCT device (Heidelberg Engineering,
Heidelberg, Germany). We used MD or VFI of VF and
circumferential peripapillary RNFL thickness on OCT scans
to track the glaucoma status. The progression of the afore-
mentioned parameters over time was determined using
linear regression trend analysis, and a significant (P < 0.05)
negative slope was defined as progression. To determine the
time of progression, the series of each parameter from the
first examination to each subsequent examination were
evaluated. The time between the first examination and the
earliest examination that showed a progression was defined
as the time of progression detection. A progression of VF
was defined as a progression of either MD or VFI. To
ensure adequate numbers of data points for linear regression
analysis, the patients who had a follow-up time of <3 years
and those who had <3 consecutive reliable VF or OCT tests,
were excluded from the study.

All statistical analyses were performed using SPSS ver-
sion 17.0 (SPSS, Inc., Chicago, IL, USA). Qualitative data
were expressed as numbers and percentages, whereas con-
tinuous variables were presented as mean and standard
deviation. One-way analysis of variance (ANOVA) was
used to compare differences in the numerical variables
among groups. Categorical variables were analyzed using
the Chi-squared test or Fisher exact test. A multivariate Cox
proportional hazards regression model was used to deter-
mine the hazard ratios of progression in patients with
comorbidities or OSA with different severity, whereas an
event was defined as progression and survival as no pro-
gression. The curves of cumulative survival were also
estimated using Cox regression analysis. P < 0.05 was
considered statistically significant.

Results

Between June 1, 2009, and June 1, 2017, 14,152 patients
who had undergone PSG had registered in the PSG data-
base. Among these patients, 81 patients with POAG, NTG,
and glaucoma suspect were identified. The patients were
excluded if they had a follow-up time of <3 years or <3
consecutive reliable VF or OCT tests. Finally, 32 patients
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remained for analysis. The demographics of these patients
are summarized in Table 1. The average age of the patients
at diagnosis was 50.8 ± 13.2 years. Twenty-eight (87.5%)
patients were men. The average BMI was 25.4 ± 2.3.
According to the cutoff points for the Asian population
[35], 24 (75.0%) of the patients were pre-obese (23.0 ≤
BMI < 27.5) and 5 (15.6%) were obese (BMI ≥ 27.5).
Overall, 11 (34.4%), 14 (43.8%), and 7 (21.9%) patients
were categorized as NTG, POAG, and glaucoma suspect,
respectively. All the patients received adequate treatments
for glaucoma and exhibited normal IOP during follow-up.

The demographic data of the patients grouped according
to the AHI are summarized in Table 2. According to the
AHI scores, 5 (15.6%), 10 (31.3%), 10 (31.3%), and 7
(21.9%) patients exhibited no, mild, moderate, and severe
OSA, respectively. The four groups did not differ sig-
nificantly in their age at diagnosis, sex, BMI, and

prevalence of comorbidities, such as diabetes mellitus,
hypertension, and hyperlipidemia.

Progressive thinning of the peripapillary RNFL detected
on OCT scans was noted in 1 patient with no OSA (20.0%)
and in 3 (30.0%), 5 (50.0%), and 6 (85.7%) patients with
mild, moderate, and severe OSA, respectively. Relatively
high severity of OSA was correlated with a high percentage
of progression of RNFL thinning, although the correlation
was not statistically significant (P= 0.096). We further
divided the patients into two groups, no or mild OSA
(AHI < 15, group 1) and moderate or severe OSA (AHI ≥
15, group 2). The patients in group 2 had a significantly
higher percentage of progression of RNFL thinning than did
those in group 1 (64.7% vs 26.7%, P= 0.042) (Table 3).

Progression of MD or VFI in VF was observed in 1
(10.0%) patient with moderate OSA and 2 (28.6%) patients
with severe OSA. Relatively high severity of OSA was
correlated, although not significantly, with a high percen-
tage of progression in VF (P= 0.219). The patients in
group 2 exhibited a higher percentage of progression in VF
compared with the patients in group 1 (17.6% vs 0.0%);
however, the correlation was not significant (P= 0.229)
(Table 4).

We also investigated whether treatment for OSA could
ameliorate the progression of glaucoma. Of 27 patients with
OSA, 7 patients received treatment with continuous positive
airway pressure (CPAP), and 2 patients received surgery.
Progression of RNFL thickness on OCT measurement was
noted in 66.7% of patients with treatment, as compared with
44.4% of patients without treatment; however, there was no
statistically significant difference (P= 0.420). Similarly,
there was also no statistically significant difference in pro-
gression of MD and VFI on VF test between OSA patients
with treatment and those without treatment (Supplementary
Table 1).

A multivariate Cox proportional hazards regression
model was used to determine the hazard ratios of the

Table 1 Overall demographics of the patients

Age at diagnosis (years) (mean ± SD) 50.8 ± 13.2

Sex (male/female), n (%) 28 (87.5%)/4 (12.5%)

BMI (mean ± SD) 25.4 ± 2.3

Pre-obese (23.0 ≤ BMI < 27.5), n (%) 24 (75.0%)

Obese (BMI ≥ 27.5), n (%) 5 (15.6%)

Glaucoma diagnosis

NTG, n (%) 11 (34.4%)

POAG, n (%) 14 (43.8%)

Glaucoma suspect, n (%) 7 (21.9%)

OSA severity

No OSA (AHI < 5), n (%) 5 (15.6%)

Mild OSA (5 ≤AHI < 15), n (%) 10 (31.3%)

Moderate OSA (15 ≤AHI < 30), n (%) 10 (31.3%)

Severe OSA (AHI ≥ 30), n (%) 7 (21.9%)

BMI body mass index, NTG normal-tension glaucoma, POAG primary
open-angle glaucoma, OSA obstructive sleep apnea, AHI apnea–
hypopnea index

Table 2 Demographics and
comorbidities of the patients
stratified by OSA severity

No OSA Mild OSA Moderate OSA Severe OSA P value

Age at diagnosis (years) (mean ± SD) 50.6 ± 9.8 51.5 ± 15.0 51.4 ± 11.1 49.0 ± 18.4 0.984*

Sex 0.479**

Male, n (%) 5 (100%) 9 (90.0%) 9 (90.0%) 5 (71.4%)

Female, n (%) 0 (0%) 1 (10.0%) 1 (10.0%) 2 (28.6%)

BMI (mean ± SD) 25.9 ± 1.2 24.9 ± 2.8 25.0 ± 2.0 26.4 ± 2.6 0.504*

DM, n (%) 1 (20.0%) 1 (10.0%) 2 (20.0%) 1 (14.3%) 0.926**

Hypertension, n (%) 4 (80.0%) 5 (50.0%) 8 (80.0%) 5 (71.4%) 0.468**

Hyperlipidemia, n (%) 2 (40.0%) 3 (30.0%) 3 (30.0%) 2 (28.6%) 0.975**

BMI body mass index, NTG normal-tension glaucoma, POAG primary open-angle glaucoma, OSA
obstructive sleep apnea, DM diabetes mellitus

*Using one-way ANOVA

**Using Chi-squared test

Correlation between structural progression in glaucoma and obstructive sleep apnea 1461



progression of RNFL thinning in patients with comorbidities
or with OSA with different severity. After adjustment for
age, sex, diabetes mellitus, hypertension, hyperlipidemia,
and BMI, the results showed that severe OSA had 8.448-fold
higher risk of progression of RNFL thinning than no or mild
OSA did (95% CI 1.464–48.752, P= 0.017) (Table 5). By
contrast, hypertension was correlated with a relatively low
risk of progression of RNFL thinning (HR 0.231, 95% CI
0.063–0.852, P= 0.028) (Table 5). Other factors such as

age, sex, diabetes mellitus, hyperlipidemia, BMI (preobesity
or obesity), mild OSA, or moderate OSA did not sig-
nificantly affect the progression of RNFL thinning on OCT
scans (Table 5). The Cox regression adjusted survival curves
are displayed in Supplementary Fig. 1.

Discussion

In this study, we investigated the relationship between OSA
severity and structural and functional progression in glau-
coma patients. The relationship between glaucoma and
OSA was first reported in 1999 [19], which revealed a
higher prevalence of POAG and NTG in patients with OSA
than in the general population. Subsequently, several pre-
valence studies have also demonstrated an association
between glaucoma and OSA [20–24, 26, 29]. A meta-
analysis by Shi et al. [36] analyzed six case–control studies
and nine cross-sectional studies and revealed a significantly
higher prevalence of glaucoma in patients with OSA than in
controls in the case–control (pooled OR= 1.96) and cross-
sectional studies (pooled OR= 1.41) [36].

Tsang et al. [25] first evaluated changes in the optic disc
and VF in patients with OSA. In their case–control study
involving Chinese patients with moderate or severe OSA
and matched non-OSA patients, the reported incidence of
suspicious disc changes in the patients OSA was 4 times
higher than that in the controls (26.39% vs 6.78%, P=
0.001), and the VF MD and PSD were both statistically
subnormal in patients with OSA compared with controls
(P < 0.01) [25]. Sergi et al. [26] further reported that the

Table 3 Percentage of
progression in RNFL thinning
on OCT scans among the
patients with no or mild OSA
(group 1) and with moderate or
severe OSA (group 2)

RNFL thickness on OCT

No progression, n (%) Progression, n (%)

Group 1: No OSA/mild OSA (AHI < 15) 11 (73.3%) 4 (26.7%)

Group 2: Moderate/severe OSA (AHI ≥ 15) 6 (35.3%) 11 (64.7%)

Total 17 (53.1%) 15 (46.9%)

Statistical significance (P= 0.042 using Fisher exact test)

OSA obstructive sleep apnea, AHI apnea–hypopnea index, RNFL retinal nerve fiber layer, OCT optical
coherence tomography

Table 4 Percentage of
progression in VF among the
patients with no or mild OSA
(group 1) and with moderate or
severe OSA (group 2)

Visual field

No progression, n (%) Progression, n (%)

Group 1: No OSA/mild OSA (AHI < 15) 15 (100%) 0 (0%)

Group 2: Moderate/severe OSA (AHI ≥ 15) 14 (82.4%) 3 (17.6%)

Total 29 (90.6%) 3 (9.4%)

No statistical significance (P= 0.229 using Fisher exact test)

OSA obstructive sleep apnea syndrome, AHI apnea–hypopnea index, VF visual field

Table 5 Hazard ratios of progression in RNFL thinning on OCT scans
by using multivariate Cox proportional hazards regression model

Hazard ratio (95% CI) P value

Age at diagnosis (>65 years) 0.965 (0.123–7.582) 0.973

Sex (Female) 0.684 (0.067–6.975) 0.748

DM 2.441 (0.337–17.692) 0.377

Hypertension 0.231 (0.063–0.852) 0.028

Hyperlipidemia 0.799 (0.163–3.912) 0.781

Pre-obese (23.0 ≤ BMI < 27.5) 27617.670
(0.000–3.24E158)

0.955

Obese (BMI ≥ 27.5) 12913.430
(0.000–1.52E158)

0.958

Mild OSA (5 ≤AHI < 15) 0.500 (0.027–9.204) 0.641

Moderate OSA (15 ≤AHI < 30) 1.996 (0.377–10.577) 0.416

Severe OSA (AHI ≥ 30) 8.448 (1.464–48.752) 0.017

Model adjusted for age, sex, DM, hypertension, hyperlipidemia, and
BMI

RNFL retinal nerve fiber layer, OCT optical coherence tomography,
DM diabetes mellitus, BMI body mass index, OSA obstructive sleep
apnea, AHI apnea–hypopnea index
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AHI was significantly correlated with VF MD in patients
with NTG [26]. Lin et al. [27] first investigated the changes
in RNFL thickness in patients with OSA using OCT. Their
study included 247 participants consecutively admitted for
PSG, and their RNFL thickness was measured through
Stratus time-domain OCT. The RNFL was significantly
thinner in the superior and temporal quadrants in the
“moderate or severe OSA” group than in the “no or mild
OSA” group. The prevalence of NTG was also significantly
higher in patients with moderate or severe OSA than in
those with no or mild OSA [27]. Several similar studies
regarding RNFL thickness and OSA severity were later
conducted, and a meta-analysis by Yu et al. [37] showed
that both moderate and severe OSA were associated with a
significant decrease in average, superior, inferior, and nasal
RNFL thickness on OCT [37]. Other meta-analysis studies
have also provided similar results [38–41].

More recently, Liguori et al. [30] demonstrated that
patients with severe OSA exhibited a significantly more
delayed latency and significantly lower amplitude of P100
waves on their visual evoked potential than the controls;
however, electroretinography results did not differ sig-
nificantly between the patients with OSA and controls [30].
Yu et al. [42] first evaluated OCT angiography changes in
OSA patients. They noted that the peripapillary vessel
density was significantly lower in patients with moderate
and severe OSA than in those with no or mild OSA, but the
density did not differ significantly between patients with
moderate OSA and severe OSA. By contrast, the parafoveal
vessel density was significantly lower in patients with
severe OSA than in those with no or mild OSA, but the
density did not differ between patients with moderate OSA
and those with no or mild OSA [42].

However, most of the aforementioned studies were either
case–control or cross-sectional studies. To date, only two
large-scale longitudinal studies had been conducted on OSA
and glaucoma, both of which were retrospective cohort
studies using Taiwan National Health Insurance Research
Database; both studies demonstrated the relationship
between OSA and the risk of glaucoma [31, 32]. Lin et al.
[31] reported that patients with OSA had 1.67 times higher
risk of glaucoma than did patients without OSA within a
5-year period. Chen et al. [32] reported that patients with
OSA who did not receive treatment had 2.15 times higher
risk of glaucoma than those who received treatment, and
treatment with surgery and other modalities, except CPAP,
can significantly reduce the risk of glaucoma [32]. How-
ever, the database studies could only identify the time
of receiving a glaucoma diagnosis but could not investigate
the structural and functional progression of glaucoma
over time. Only two brief reports, consisting of 3 patients,
investigated OSA and glaucoma progression [43, 44].
Those reports suggested that treatment for OSA may

mitigate progression on either RNFL thickness or VF.
However, the patients in those reports underwent only few
examinations, and linear regression trend analysis was not
applied to determine whether progression occurred. In our
study, we did not find treatment for OSA prevented the
progression of glaucoma. The explanation for this finding
was our relatively small case number. Besides, patients’
compliance to treatment with CPAP was unknown. Further
studies with large case number as well as control of more
comorbidities to see the effect of treatment are needed.

Because longitudinal studies on OSA and glaucoma
progression over time are scant, we investigated the struc-
tural and functional progression in glaucoma patients with
different levels of severity of OSA. Our data showed that
patients with moderate or severe OSA exhibited a sig-
nificantly higher prevalence of structural progression of
RNFL thinning compared with patients with no OSA or
mild OSA. Furthermore, we also demonstrated that severe
OSA had 8.448-fold higher risk of structural progression of
RNFL thinning after adjustment for age, sex, diabetes
mellitus, hypertension, hyperlipidemia, and BMI. Although
our study had few patients with functional progression of
VF to provide any significant findings, our results also
showed that relatively high severity of OSA was correlated
with a relatively high prevalence of progression of VF. To
the best of our knowledge, this is the first study to
demonstrate a significant correlation between severity of
OSA and structural deterioration in glaucoma over time.
Based on the findings, we recommend to screen patients
with glaucoma for severe OSA after they exhibit either
rapid progression of RNFL thinning or deterioration of VF
despite adequately controlled IOP.

Our study has several limitations. One major limitation is
the small sample size, particularly with regard to groups
with different severity of OSA. Although the study was
conducted in the largest tertiary referral center in Taiwan, in
which the PSG database included as many as 14,152
patients during the study period, only a few patients met the
selection criteria of our study. That may be partially because
we did not routinely refer patients with glaucoma to
undergo PSG. Moreover, many patients with subjectively
stable glaucoma may not prefer to attend follow-up in a
busy medical center. Therefore, many patients were lost to
follow-up after a short period; thus, they could not meet the
criteria for trend analysis. We are conducting an additional
study to investigate the neuroprotective effects of OSA
treatment on patients with glaucoma.

In conclusion, our study demonstrated that patients with
glaucoma and severe OSA exhibit a significantly higher risk
of structural deterioration over time than those with no
OSA. Clinicians should consider possible undiagnosed
severe OSA when patients exhibit progression of glaucoma
despite adequate treatments.

Correlation between structural progression in glaucoma and obstructive sleep apnea 1463



Summary

What was known before

● OSA was associated with higher incidence of glaucoma,
more thinning of peripapillary RNFL, and more severe
VF defect.

● OSA severity correlates with thinning of peripapillary
RNFL on OCT, and decrease of peripapillary and
parafoveal vessel density on OCTA.

● OSA patients had higher risk of developing glaucoma in
5 years.

What this study adds

● There was a trend to more glaucoma progression over
time in higher OSA severity.

● Severe OSA was significantly associated with a higher
risk of glaucoma structural deterioration.

● Underlying OSA should be considered when treated
glaucoma still progressed.
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