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Abstract
Purpose Obstructive sleep apnea (OSA) is associated with many systemic diseases including diabetes, hypertension, stroke,
and cardiovascular disease. The aim of our study was to investigate the association between OSA and optic neuropathy
(ON), and to evaluate the efficacy of treatment for OSA on the risk of ON.
Methods We used the data from the Longitudinal Health Insurance Database, which involved one million insurants from
Taiwan National Health Insurance program (Taiwan NHI).
Results OSA patients had a 1.95-fold higher risk of ON compared with non-OSA patients in all age group. The risk was
significantly higher (adjusted hazard ratio: 4.21) in the group aged <45 years and male individuals (adjusted hazard ratio:
1.93). Meanwhile, sleep apnea was associated with ON regardless of the existence of comorbidity or not. OSA patients
treated with continuous positive airway pressure (CPAP) had an adjusted 2.31-fold higher hazard of developing ON
compared to controls, and those without any treatment had an adjusted 1.82-fold higher hazard of developing ON compared
to controls. Moreover, ON patients had a 1.45-fold higher risk of OSA, and those aged between 45 and 64 years (hazard
ratio: 1.76) and male individuals (hazard ratio: 1.55) had highest risk.
Conclusions Our study showed that OSA increased the risk of developing ON after controlling the comorbidities; however,
treatment with CPAP did not reduce the risk of ON. Further large population study accessing to medical records about the
severity of OSA and treatment for OSA is needed to clarify the efficacy of treatment for OSA in reducing the risk of ON.

Introduction

Obstructive sleep apnea (OSA) is characterized by inter-
mittent complete (apnea) or partial (hypopnea) upper airway
obstruction during sleep. The repeated episodes of apnea/
hypopnea cause cessation of breathing, hypoxia, and con-
tribute to production of reactive oxidative species, inflam-
mation, and promote vascular endothelial damage [1, 2].
Individuals with OSA usually present with snoring at
nighttime, fatigue, and somnolence at daytime. The definite
diagnosis of OSA is made by diagnostic overnight poly-
somnography. OSA severity is defined by the apnea (ces-
sation of oro-nasal flow for 10 s)–hypopnea (reduced oro-
nasal flow of >50% with a 4% oxygen desaturation) index
(sum of apnea and hypopnea events/hour) as none (<5),
mild (5–14.9), moderate (15–29.9), and severe (≥30). Risk
factors for OSA include large neck circumference, cranio-
facial abnormalities, nasal obstruction, and increased phar-
yngeal tissue [3].

It was estimated that the prevalence of OSA was around
4% in middle-aged men, and 2% in middle-aged women

* James Cheng-Chung Wei, M.D, Ph.D
wei3228@gmail.com

1 Department of Ophthalmology, Chang Gung Memorial Hospital
Linkou Medical Center, Chang Gung University,
Taoyuan, Taiwan

2 Department of Ophthalmology, Stanford University, Stanford, CA,
USA

3 Management Office for Health Data, China Medical University
Hospital, Taichung, Taiwan

4 College of Medicine, China Medical University,
Taichung, Taiwan

5 Healthcare Service Research Center (HSRC), Taichung Veterans
General Hospital, Taichung, Taiwan

6 Department of Otolaryngology, School of Medicine, College of
Medicine, Taipei Medical University, Taipei, Taiwan

7 Department of Nursing, University of Kang Ning, Taipei, Taiwan
8 Division of Allergy, Immunology and Rheumatology, Chung Shan

Medical University Hospital; Institute of Medicine, Chung Shan
Medical University, Taichung, Taiwan

9 Graduate Institute of Integrated Medicine, China Medical
University, Taichung, Taiwan

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0088-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0088-1&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41433-018-0088-1&domain=pdf
mailto:wei3228@gmail.com


(aged 30–60 years) in western country [4], 3.7% in Asian
country [5], and 2.6% in Taiwan (3.4% for males and 1.9%
for females; males <50 vs. >50 years: 2.3% vs. 5.3%;
females <50 vs. >50 years: 1.4% vs. 2.8%) [6]. OSA is
associated with increased risk of hypertension, stroke, cor-
onary artery [7], cardiovascular disease [8], diabetes mel-
litus (DM) [9], autonomic disease [10], and vascular
endothelial dysregulation [11, 12].

Accumulating evidences have shown that OSA was
associated with ocular diseases such as floppy eyelid syn-
drome, dry eye syndrome, and central serous chorioretino-
pathy, as well as optic neuropathy (ON) including open-
angle glaucoma, normal tension glaucoma, non-arteritic
ischemic ON (NAION), papilledema, and idiopathic intra-
cranial hypertension [13]. However, there are still some
debates with regard to the relationship between sleep apnea
and ON. Stein et al. [14] conducted a retrospective long-
itudinal cohort study to clarify the association between sleep
apnea and ON including glaucoma using billing records for
beneficiaries ≥40 years in the United States. The aim of our
study was to investigate the risk of ON in individuals with
OSA and the therapeutic effect of treatment for sleep apnea
using National Database for beneficiaries ≥20 years in
Taiwan.

Methods

Data source

To build this study, we used the data from the Long-
itudinal Health Insurance Database (LHID), which
involved the one million insurants from Taiwan National

Health Insurance program (Taiwan NHI). LHID contained
the insurants’ claim data, including the registry of bene-
ficiaries, disease registry record (wrote by the Interna-
tional Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM)), and other medical service.
Taiwan government updated the data for LHID every
year. The government released the database with de-
identification for research. This study was also approved
by the Ethics Review Board of China Medical University
(CMUH104-REC2-115).

Study population

We investigated the association between OSA and ON and
organized a population-based bidirectional cohort study
design. We built two subcohort studies, an OSA vs. a non-
OSA cohort to observe the ON (ICD-9-CM 377) occurrence
and an ON vs. non-ON cohort to observe the risk of
developing OSA. In the first subcohort study, the OSA
cohort involved OSA patients (ICD-9-CM 327.23, 780.51,
780.53, and 780.57) with age >20 years from 2002 to 2010.
The non-OSA cohort collected the individuals without OSA
and was matched by age, sex, and age of OSA onset at 1:10
ratios. Both cohorts excluded the individuals who had the
history of ON before the study. We followed up these two
cohorts until the individuals were removed from the LHID,
or they developed ON (ICD-9-CM 377) or until December
31, 2010. In the second cohort study, the ON cohort and the
corresponding comparison cohort, was also selected from
2002 to 2010 and followed up until December 31, 2010, or
individuals were withdrawn from the LHID or OSA
occurrence. The corresponding comparison (non-ON sub-
jects) was also matched by age, sex, and onset age of ON at
1:10 ratios. We excluded the subjects who had the OSA
diagnosed before the study.

These two subcohort studies selected the same comor-
bidities, which included hypertension (ICD-9-CM 401-405),
DM (ICD-9-CM 250), atherosclerosis (ICD-9-CM 440),
coronary artery disease (CAD, ICD-9-CM 410-414), hyper-
lipidemia (ICD-9-CM 272), and migraine (ICD-9-CM 346).
For OSA cohort, we also evaluated the effect of OSA man-
agement and divided into four groups: without management,
treatment with continuous positive airway pressure (CPAP)
only, treatment with surgery (laryngeal surgery or nasal
surgery) only, and treatment with both CPAP and surgery.

Statistical analysis

To demonstrate the distribution between different cohorts,
we counted the number and percentage of patients in each
categories, such as sex and comorbidity, and calculated the
mean and corresponding standard deviation (SD) for age.
To test the distribution difference, t test was used for age

Table 1 Demographic status and comorbidities compared between
OSA cohort and comparison cohort

Variable Comparison cohort,
N= 51,290 (%)

OSA cohort,
N= 5129 (%)

p value

Age, years (SD)a 48.2 (15.2) 48.2 (15.1) 0.94

Sex >0.99

Female 17,630 (34.4) 1763 (34.4)

Male 33,660 (65.6) 3366 (65.6)

Comorbidity

Hypertension 13,246 (25.8) 2079 (40.5) <0.0001

DM 4890 (9.5) 660 (12.9) <0.0001

Atherosclerosis 502 (1.0) 97 (1.9) <0.0001

CAD 6923 (13.5) 1310 (25.5) <0.0001

Hyperlipidemia 10,424 (20.3) 1813 (35.3) <0.0001

Migraine 1568 (3.1) 330 (6.4) <0.0001

at test

DM diabetes mellitus, CAD coronary artery disease, OSA obstructive
sleep apnea
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and χ2 test for sex and comorbidities. The incidence density
was calculated for the number of event as the numerator and
sum of follow-up years as the denominator (per 10,000
person-years). To measure the risk of ON in OSA patients
or risk of OSA in ON patients, the hazard ratios (HRs) and
corresponding 95% confidence intervals (CIs) were esti-
mated by using single variable and multivariable Cox pro-
portional hazard models. All the data management and
analysis were performed by SAS 9.4 software (SAS Insti-
tute, Cary, NC, USA). The significant level was set at <0.05
for two-side testing.

Results

Table 1 showed the character for the first subcohort study
populations: OSA cohort and non-OSA cohort. The OSA
cohort contained 5129 OSA patients and with 10-fold cor-
responding matched non-OSA comparisons. The mean age
of two cohorts was 48 years and the percentage of the male
was 65%. The listed comorbidities were more prevalent in
OSA cohort than non-OSA cohort (p < 0.0001).

Table 2 demonstrated the risk of ON in the OSA patients.
After adjusted for age, sex, hypertension, DM, athero-
sclerosis, CAD, hyperlipidemia, and migraine, the OSA
patients had a nearly 1.95-fold significantly higher risk of ON
than non-OSA individuals (HR= 1.95, 95% CI=
1.30–2.92). In the individuals with age <45 years, the risk of
ON was nearly 4.21-fold greater for OSA patients than non-
OSA group (HR= 4.21, 95% CI= 1.93–9.18). The male
OSA patients also was significantly associated with higher
risk of ON compared with male non-OSA individuals (HR=

1.93, 95% CI= 1.17–3.18). Compared with non-OSA
cohort, the HRs of the ON risk were 2.85 (95% CI=
1.28–6.34) and 1.84 (95% CI= 1.16–2.91) for OSA patients
without any comorbidity and with at least one comorbidity.

Table 3 showed the risk of ON among the non-OSA
cohort and OSA patients with different management. After
adjusting for potential confounding factors, the HRs of the

Table 2 HR of the ON for the OSA patients compared with comparison individuals and the risk stratified by age, sex, and comorbidity

Variable Comparison cohort OSA cohort Adjusted HR
(95% CI)

Event PYs Rate Event PYs Rate

Overall 132 233,839 5.64 30 23,532 12.8 1.95 (1.30–2.92)

Age group (years)

<45 21 107,966 1.95 10 10,874 9.20 4.21 (1.93–9.18)

45–64 59 94,802 6.22 8 9577 8.35 1.01 (0.48–2.14)

≥65 52 31,072 16.7 12 3081 39.0 2.08 (1.10–3.94)

Sex

Female 49 82,308 5.95 10 8193 12.2 1.86 (0.94–3.72)

Male 83 151,531 5.48 20 15,339 13.0 1.93 (1.17–3.18)

Comorbiditya,b

No 43 149,794 2.87 7 10,253 6.83 2.85 (1.28–6.34)

Yes 89 84,045 10.6 23 13,278 17.3 1.84 (1.16–2.91)

Model was adjusted for age, sex, hypertension, DM, atherosclerosis, CAD, hyperlipidemia, and migraine
a“No” meant the individuals without any comorbidity; “Yes” indicated the individuals with at least one comorbidity
bModel adjusted for age and sex

OSA obstructive sleep apnea, HR hazard ratio, ON optic neuropathy, PYs person-years, DM diabetes mellitus, CAD coronary artery disease

Table 3 HR of the ON for the OSA patients with different
management

OSA status N Event PYs Rate Adjusted HR
(95% CI)

Comparison cohort 51,290 132 233,839 5.64 Ref.

OSA without
management

3286 19 14,950 12.7 1.82
(1.12–2.97)

OSA treated with
CPAP only

829 7 3535 19.8 2.31
(1.07–4.99)

OSA treated with
surgery only

922 4 4569 8.76 2.42
(0.88–6.62)

OSA treated with
CPAP+ surgery

92 0 478 0 —

Model was adjusted for age, sex, hypertension, DM, atherosclerosis,
CAD, hyperlipidemia, and migraine

ON optic neuropathy, HR hazard ratio, DM diabetes mellitus, CAD
coronary artery disease, OSA obstructive sleep apnea, CPAP
continuous positive airway pressure, UPPP uvulopalatopharyngo-
plasty, CO2 carbon dioxide

Surgery included (1) oropharyngeal surgery: resection of palatine
tonsil, adenoid tonsillectomy, UPPP; (2) nasal surgery: unilateral or
bilateral electric cauterization of nasal turbinate, submucous resection
of septum, total or partial turbinectomy, unilateral or bilateral
septomeatal plasty, unilateral or bilateral submucous turbinectomy,
inferior turbinoplasty, septal reconstruction/septoplasty, CO2 laser for
allergic rhinitis, submucosal diathermy
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ON risk were 1.82 (95% CI= 1.12–2.97), 2.31 (95% CI=
1.07–4.99), and 2.42 (95% CI= 0.88–6.62) for OSA
patients without management, treated with CPAP only, and
treated with surgery only, respectively, compared with non-
OAS cohorts.

Table 4 showed the distribution of age, sex and
comorbidities for the second subcohort populations, ON
cohort and non-ON cohort. We enrolled 4143 ON
patients, age (mean= 58 years) and sex-matched (male=
51.6%) 41,430 non-ON individuals. The percentage of
comorbidities for ON cohort was higher than non-ON
cohort (p < 0.0001).

Table 5 displayed the risk of OSA in ON patients com-
pared with non-ON cohort. After controlling for age, sex,
hypertension, DM, atherosclerosis, CAD, hyperlipidemia,
and migraine, ON cohort had an overall 1.45-fold higher risk
of OSA than non-ON cohort (HR= 1.45, 95% CI=
1.02–2.07). Compared with non-ON individuals, the ON
patients were significantly associated with higher OSA risk
only in those aged 45–64 years (HR= 1.76, 95% CI=
1.08–2.86). The male ON patients had a 1.55-fold higher risk
of OSA than male non-ON individuals (HR= 1.55, 95% CI
= 1.01–2.39). The HR of the OSA risk was 1.74 (95% CI=
1.17–2.58) for ON patients compared with non-ON indivi-
duals who had at least one comorbidity, but the risk of OSA
was not statistically significant between two cohorts without
any comorbidity (HR= 0.97, 95% CI= 0.42–2.22).

Discussion

Our study confirm previous studies and showed that OSA
patients had a 1.95-fold higher risk of ON compared with

non-OSA patients in all age groups. In particular, the risk
was significantly higher (HR: 4.21) in the individuals at age
<45 years and in male individuals (HR: 1.93). Meanwhile,
sleep apnea was associated with ON regardless of the
existence of comorbidity or not. Interestingly, Liguori and
their associates performed electroretinogram (ERG) and
visual-evoked potential (VEP) on severe OSA
(apnea–hypopnea events/time in bed ≥30/h) patients with-
out medical comorbidities and found that these OSA
patients had an alteration of VEP with unaffected ERG as
demonstrated by lower amplitude and longer latency of
P100 component than healthy controls; they hypothesized
that this subclinical optic nerve dysfunction could be caused
by hypoxia, acidosis, and hypercarbia due to repetitive
airway obstruction; they therefore reinforced the important
role of OSA on optic nerve dysfunction [15]. In our study,
we also looked at the hazard of developing OSA in ON
patients and found that ON patients had a 1.45-fold higher
risk of OSA compared with non-ON patients, and those
aged between 45 and 64 years (HR: 1.76) and male indi-
viduals (HR: 1.55) had highest risk.

Recently, a meta-analysis study showed the pooled odds
ratio of developing NAION in the subjects with OSA was
6.18 (95% CI=2.00–19.11) vs. non-OSA controls [16].
However, the association of OSA and glaucoma was still
inconclusive [17], because of different criteria for diagnosis
of OSA (apnea–hypopnea index (AHI) >5, >15, or >20) and
different methods for assessment of glaucoma.

OSA was considered an important risk factor for the
development of NAION [3, 18]. The prevalence of OSA in
NAION patients varied according to different diagnosis
methods. Li et al. [19] found that 30% of NAION patients
had OSA by using Sleep Apnea Scale of Disorders Ques-
tionnaire for diagnosis of OSA. Mojon et al. [20] reported
71% of patients with NAION had OSA using respiratory
disturbance index >10, and the prevalence of OSA was
55.6%, 85%, and 89% in NAION patients using AHI ≥20,
>5, or >15, respectively [18, 21, 22].

Several mechanisms including direct OSA-induced
hypoxia, OSA-related vascular dysregulation, and OSA-
associated increased intracranial pressure and vasoactive
substances (vascular endothelial growth factor and endo-
thelin-1) have been proposed to be the pathophysiology of
NAION [3].

The current standard treatment of OSA was CPAP, our
study found OSA patients treated with CPAP had an
adjusted 2.31-fold higher hazard of developing ON com-
pared to controls, and those without any treatment had an
adjusted 1.82-fold higher hazard of developing ON com-
pared to controls. We do not know whether the OSA
patients treated with CPAP had more severe OSA than
those without treatment. In a large retrospective cohort
study using billing records, individuals with OSA not

Table 4 Demographic status and comorbidity compared between ON
cohort and comparison cohort

Variable Comparison cohort,
N= 41,430 (%)

ON cohort,
N= 4143 (%)

p value

Age, years (SD)a 58.0 (17.0) 58.1 (17.0) 0.68

Sex >0.99

Female 20,040 (48.4) 2004 (48.4)

Male 21,390 (51.6) 2139 (51.6)

Comorbidity

Hypertension 17,288 (41.7) 2051 (49.5) <0.0001

DM 5790 (14.0) 790 (19.1) <0.0001

Atherosclerosis 818 (2.0) 112 (2.7) 0.002

CAD 9988 (24.1) 1321 (31.9) <0.0001

Hyperlipidemia 11,254 (27.2) 1463 (35.3) <0.0001

Migraine 1469 (3.5) 294 (7.1) <0.0001

at test

ON optic neuropathy, DM diabetes mellitus, CAD coronary artery
disease

1356 M.-H. Sun et al.



receiving treatment of CPAP had a 1.41-fold higher risk of
NAION relative to controls, and those with OSA treated
with CPAP had a 1.96-fold higher risk of NAION relative
to controls. However, this study showed that individuals
diagnosed with OSA not receiving treatment with
CPAP had a 16% increased hazard of developing NAION
after controlling for confounding factors. Furthermore, there
was no difference in hazard of experiencing NAION
between individuals with OSA treated with CPAP and
controls [14]. However, Behbehani et al. [23] found that
some individuals treated with CPAP still did not prevent the
development of NAION [23]. In our study, it is interesting
that some OSA patients treated with surgery including
oropharyngeal or nasal surgery had a 2.42-fold higher risk
of ON compared to controls, but those treated with both
surgery and CPAP had no difference in developing ON
compared to controls.

Limitation of this study was that we cannot confirm the
diagnosis of OSA and severity of OSA without access to
medical records. Also, the diagnosis of NAION was made
mostly by the neuro-ophthalmologists, and the incidence of
NAION was usually underestimated. Given the low inci-
dence of NAION, we used the diagnostic code (377: ON) to
cover the two main ON including glaucomatous ON and
ischemic ON, but the other ON could also be included.
Moreover, OSA patients treated with CPAP did not have
lower HR of developing ON compared to those without
any treatment. Further large population study accessing to
medical records about the severity of OSA and treatment for
OSA are needed to clarify the efficacy of treatment for OSA
in reducing the risk of ON.

Summary

What was known before

● OSA was known for one of most important risk factors
for ON including glaucoma and non-arteritic anterior
ischemic ON.

What this study adds

● This is the first study in Asia to investigate the
association between sleep apnea and ON using
National-wide population database.
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