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INTRODUCTION

There has been conflicting evidence in the literature as to whether an association exists
between sleep apnea and glaucomatous or other forms of optic neuropathy. Several studies
have demonstrated a link between sleep apnea and open-angle glaucoma (OAG)Y-6, normal-
tension glaucoma (NTG)1-3.7-9 nonarteritic ischemic optic neuropathy (NAION)10-12,
papilledemal314, and idiopathic intracranial hypertension (I1H)1>-17. However, other studies
show no relationship between glaucoma and sleep apnea.18-22 Use of continuous positive
airway pressure as a treatment for sleep apnea has also been implicated as a cause of
elevated intraocular pressure23 and questioned as an effective means of preventing optic
neuropathy24while others studies recommend using continuous positive airway pressure to
prevent glaucomatous or ischemic optic neuropathy.21:25

Should such an association exist between sleep apnea and glaucoma or other optic
neuropathies, it may provide clues to the pathophysiologic mechanisms by which the optic
nerve can become damaged from hypoxia associated with episodes of apnea. Furthermore, if
sleep apnea (or its treatment with continuous positive airway pressure) is associated with
any of these sight-threatening conditions, this knowledge could help to inform guidelines for
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monitoring the health of the optic nerves among patients with sleep apnea, or screening for
sleep apnea among patients with disease of the optic nerves.

This study uses a large, national cohort to compare the incidence of glaucomatous and other
forms of optic neuropathy among individuals with and without sleep apnea, and to assess
whether the hazard for these conditions is associated with sleep apnea or its treatment,
continuous positive airway pressure.

The i3 InVision Data Mart database (Ingenix, Eden Prairie, MN) contains detailed fully de-
identified records of all beneficiaries in a large managed care network in the United States.
We had access to data for beneficiaries in the Data Mart database who had any form of eye
care from January 1, 2001 through December 31, 2007. This subset consisted of
beneficiaries who had one or more International Classification of Diseases?® (ICD-9CM)
code for any eye-related diagnosis (360-379.9), or Current Procedural Terminology?’
(CPT-4) code for any eye-related visits, diagnostic or therapeutic procedures (65091-68399
or 92002-92499), or any other ICD-9 or CPT codes adjudicated by an ophthalmologist or
optometrist during their time in the medical plan. We had access to all beneficiaries’ medical
claims (inpatient, outpatient, skilled nursing facility) for ocular and nonocular medical
conditions. The database also contains detailed records of demographic (age, sex, race, race/
ethnicity) and socioeconomic information (education, household net worth) for each
beneficiary.

We identified all persons aged 40 or older in the i3 InVision Data Mart database for more
than one consecutive year and with at least one visit to an eye-care provider during their
time in the medical plan (Figure 1).

Patients were identified as having sleep apnea if they received >1 of these International
Classification of Diseases 9 Clinical Modification (ICD-9CM) diagnostic codes: 327.2,
327.20, 327.21, 327.23, 327.27, 327.29, 780.53, 780.57, 780.51 at any point during their
time in the medical plan. These codes reflect forms of obstructive and central sleep apnea,
distinguished further by etiology (e.g., organic, primary, or secondary) or accompanying
symptoms, such as hypersomnia or insomnia. Obstructive sleep apnea due to repeated
closure or near closure of the upper airway during sleep, affects at least 3% of adult
Americans and is much more common than central sleep apnea, in which decreased drive to
breathe causes pauses in breathing.28:2% Treatment with continuous positive airway pressure
was identified by one or more records of CPT code 94660. (Supplemental Table #1 at
AJO.com) shows the ICD-9CM codes used to identify persons with each of these ocular
conditions: OAG, NTG, NAION, papilledema, I1H. A patient who received a diagnosis of
suspected glaucoma but did not progress to OAG or NTG was not counted as experiencing
either of these glaucoma types. The database does not contain information to determine
whether persons diagnosed with two different ocular conuditions listed above had them in
the same eye. Therefore, individuals could be diagnosed with more than one of these ocular
conditions. Sensitivity analyses were performed to assess whether the findings differed
significantly by requiring a second, confirmatory diagnosis of the ocular condition of
interest to address concerns about misclassification of enrollees.

Incidence rates of ocular conditions were calculated by dividing the number of newly
diagnosed beneficiaries with the ocular condition of interest by their time in the plan at risk.
Diagnoses were considered incident cases if the enrollee did not have any record of the
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ocular condition of interest during their first year in the medical plan. A test of rate ratios
was performed to compare the incidence rates of each condition among beneficiaries who
did and did not have sleep apnea, and among those with sleep apnea who were receiving and
did not receive continuous positive airway pressure.

All analyses were performed by using SAS 9.2 (Cary, NC). Participant characteristics were
summarized for the entire sample by using means and standard deviations for continuous
variables and frequencies and percentages for categorical variables. Incidence estimates,
stratified according to sleep apnea status, were generated for the following ocular
conditions: OAG, NTG, NAION, papilledema, and I1H.

Next, Cox regression models were developed to determine the hazard of developing each
ocular condition of interest.39 For the model, we used the first year each beneficiary was
enrolled in the medical plan as a look back period. The purpose of the look back period is to
identify and exclude non-incident cases of each ocular condition of interest from the models.
The models are capturing incident cases since individuals diagnosed with the ocular
condition during the look back period were excluded from the analysis. To avoid selection
bias, follow-up of all enrollees started at one year after enrollment in the medical plan.
Persons were followed until they developed the event (OAG, NTG, NAION, papilledema,
I1H) or were censored (either when they left the medical plan or the last day for which we
had data, December 31, 2007). For each beneficiary the age to event or the age to censoring
was determined. The model is structured in a manner so that individuals must have received
their sleep apnea diagnosis prior to experiencing the event (ex: an OAG diagnosis), since
they are censored from the model at the time they experience the event. Using age as the
time axis and sleep apnea status as the key predictor of interest, the Cox model was left-
truncated at the age of index (one year after entry into the medical plan). Adjustments were
made for age (the time axis), sex, race, region of residence within the US, education level,
household net worth, and the following medical and ocular conditions: diabetes mellitus,
systemic arterial hypertension, hyperlipidemia, obesity, systemic hypotension, migraine
headache, cataract, pseudophakia or aphakia, diabetic retinopathy, macular degeneration, or
Charlson Comorbidity Index, an overall measure of health.(Supplemental Table #1 at
AJO.com) A p-value of < 0.05 was considered statistically significant. The University of
Michigan Institutional Review Board determined this study was exempt from requiring IRB
approval.

Of the 2,259,061 individuals in the medical plan who met the inclusion criteria, 156,336
individuals (6.9%) had received at least one diagnosis of sleep apnea during the study
period. The mean age at entry into the plan for those without sleep apnea was 54.8 (£10.5)
years; among those with sleep apnea, the mean age at plan entry was 54.2 (£9.2) years.
(p<0.0001) There were more males with sleep apnea and fewer Asian Americans with sleep
apnea relative to other races. (Table 1). (p<0.0001 for both comparisons).

To help validate whether the enrollees who had been diagnosed with sleep apnea indeed had
this condition, we reviewed the records to determine the types of medical providers who
provided care to these enrollees. Medical providers who frequently care for patients with
sleep apnea include pulmonologists, neurologists, sleep specialists, and otolaryngologists.
During their time in the plan, 82% of the enrollees who had been diagnosed with sleep apnea
had at least one visit to one of these medical providers and among those with sleep apnea
who received treatment with continuous positive airway pressure, 92% had seen one of these
medical providers. Furthermore, 60% had at least one CPT code for a polysomnogram or
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some other formal sleep study (CPT codes 95800, 95801, 95806-10). Likewise, among those
enrollees who were diagnosed with one of the five ocular conditions of interest for this
analysis, greater than 99% of these individuals had records indicating they were under the
care of an ophthalmologist or optometrist. Among those who were diagnosed with OAG,
81% had undergone at least one visual field test during their time in the plan and 57% had at
least one record of receiving ocular imaging (optical coherence tomography, confocal
scanning laser ophthalmoscopy, or scanning laser polarimetry). Of note, not all of the
providers caring for these patients may have had access to equipment to be able to perform
some of these tests and some patients may have been unable to take these tests because of
ocular or systemic comorbidities.

Differences in Incidence of Optic Neuropathies in Persons with and without Sleep Apnea

A total of 55,090 individuals developed OAG over the course of 5,935,107 person-years of
follow-up (while at risk) for an OAG incidence rate of 0.93%. There were no significant
differences in the incidence of OAG among those with sleep apnea not receiving continuous
positive airway pressure (0.94%), those with sleep apnea on continuous positive airway
pressure (0.83%), and those without sleep apnea (0.93%). The overall incidence of NTG
among those in the plan was 0.08%. Those without sleep apnea had an incidence rate of
developing NTG of 0.08% which was higher than those with sleep apnea who were not
receiving continuous positive airway pressure (0.07%). Individuals with sleep apnea not
treated with continuous positive airway pressure had higher incidence of NAION (0.07% vs
0.05%), papilledema (0.05% vs 0.03%), and 11H (0.04% vs 0.01%) relative to those without
sleep apnea. Similarly, persons with sleep apnea receiving treatment with continuous
positive airway pressure had higher incidence rates of NAION (0.09% vs 0.05%), and
papilledema (0.07% vs 0.03%), compared to those without sleep apnea. The incidence of
each ocular condition for sleep apnea patients with and without continuous positive airway
pressure treatment did not differ significantly (Table 2). It is important to note that these
incidence rates are not adjusted for potential confounding factors.

Univariable and Multivariable Analyses

Open Angle Glaucoma—-Before adjustment for confounding factors, persons diagnosed
with sleep apnea who were not receiving treatment with continuous positive airway pressure
had a 7% increased hazard of developing OAG (unadjusted HR=1.07 [95% CI 1.03-1.10]).
By comparison, in the unadjusted model, those with sleep apnea treated with continuous
positive airway pressure (unadjusted HR=1.01 [CI=0.86-1.18]) did not differ in their hazard
of developing OAG relative to individuals without sleep apnea. After adjustment for
confounding factors, neither sleep apnea patients with continuous positive airway pressure
therapy (adjusted HR=0.99 [CI=0.82-1.18]) nor those without it (adjusted HR=1.01
[CI=0.98-1.05]) had increased hazards of developing OAG relative to persons without sleep
apnea. (Table 3)

Normal-Tension Glaucoma—Unadjusted and adjusted models showed no differences in
hazard ratios of developing NTG for sleep apnea patients untreated with continuous positive
airway pressure (adjusted HR=0.98 [CI=0.86-1.12]) relative to persons without sleep apnea.
Furthermore, the unadjusted and adjusted models demonstrated no differences in the hazard
of developing NTG between continuous positive airway pressure-treated sleep apnea
patients (adjusted HR=0.79 [CI=0.38-1.67]) and persons without sleep apnea. (Table 3)

Nonarteritic Ischemic Optic Neuropathy—In the unadjusted models, persons with
sleep apnea not receiving treatment with continuous positive airway pressure had a 41%
increased hazard of experiencing NAION (unadjusted HR=1.41 [C1=1.26-1.58]) relative to
individuals without sleep apnea. Those with sleep apnea on continuous positive airway

Am J Ophthalmol. Author manuscript; available in PMC 2012 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Stein et al.

Page 5

pressure had a 96% increased hazard of developing NAION (unadjusted HR=1.96
[CI=1.20-3.21]) relative to persons without sleep apnea. After adjustment for confounding
influences, individuals with sleep apnea not treated with continuous positive airway pressure
had a 16% increased hazard of experiencing NAION (adjusted HR=1.16 [C1=1.01-1.33]) as
compared with individuals without sleep apnea. By comparison, the adjusted hazard of
experiencing NAION was no different between individuals with sleep apnea on continuous
positive airway pressure and those without sleep apnea (adjusted HR=1.38 [C1=0.76-2.50]).
(Table 3)

Papilledema—In the unadjusted models, individuals with sleep apnea not treated with
continuous positive airway pressure had a 70% increased hazard of developing papilledema
(unadjusted HR=1.70 [C1=1.49-1.93) relative to individuals without sleep apnea. Those with
sleep apnea who were treated with continuous positive airway pressure had a 132%
increased unadjusted hazard of developing papilledema (unadjusted HR=2.32
[CI=1.37-3.92]). After adjustment for confounding factors, persons with sleep apnea not
receiving continuous positive airway pressure had a 29% increased hazard of papilledema as
compared to individuals without sleep apnea (adjusted HR=1.29 [CI=1.10-1.50]). Those
with sleep apnea on continuous positive airway pressure therapy had a 105% increased
hazard of experiencing papilledema (adjusted HR=2.05 [CI=1.19-3.56]) relative to
individuals without sleep apnea. (Table 3)

Idiopathic Intracranial Hypertension—In the unadjusted models, sleep apnea patients
not on continuous positive airway pressure had a 225% increased hazard of developing II1H
(unadjusted HR=3.25 [C1=2.74-3.86]) relative to persons without sleep apnea. For sleep
apnea patients on continuous positive airway pressure, the unadjusted hazard of
experiencing I1H was similar to that of persons without sleep apnea (unadjusted HR=1.95
[CI=0.73-5.22). After adjustment for confounders, sleep apnea patients not receiving
continuous positive airway pressure had a 103% increased hazard of 1I1H (adjusted HR=2.03
[C1=1.65-2.49]) as compared to individuals without sleep apnea. In the adjusted model, no
differences were noted in the hazard of developing II1H for persons with sleep apnea on
continuous positive airway pressure and individuals without sleep apnea (adjusted HR=1.50
[C1=0.56-4.03]). (Table 3)

In sensitivity analysis, the findings from each of the Cox regression models did not change
significantly when requiring a confirmatory diagnosis of each ocular condition. (results not
shown)

DISCUSSION

There has long been a debate in the literature as to whether a relationship exists between
sleep apnea and glaucomatous and other forms of optic neuropathy. (Table 4) In the present
analysis, we followed a large cohort of beneficiaries enrolled in a national managed care
network longitudinally over time to better understand the relationship between these
conditions. After adjustment for a number of important confounding factors, we found no
significant relationship between sleep apnea (either treated or untreated with continuous
positive airway pressure) and the development of OAG or NTG. We did find a significantly
increased hazard of experiencing NAION, papilledema and I1H among individuals with
sleep apnea who were not receiving continuous positive airway pressure therapy relative to
persons without sleep apnea. By comparison, only the hazard of developing papilledema
was increased among sleep apnea patients with continuous positive airway pressure as
compared to persons without sleep apnea.
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Comparison with Other Studies

Glaucoma—A number of studies in the literature have looked at whether an association
exists between sleep apnea and OAG or NTG.1-9.18-20 The |argest published study, to date,
was a case-control study by Girkin and colleagues of 667 glaucoma patients and 6,667
controls.20 After adjustment for confounding influences, they found no association between
glaucoma and sleep apnea. Studies by Geyer and coworkers and Roberts and colleagues also
demonstrated no association between sleep apnea and glaucoma, findings similar to those
demonstrated in the present analysis.1922 Among the several studies which report an
association between glaucoma and sleep apnea, many of them had small sample sizes
(ranging from 16 to 430 participants). Furthermore, since a number of these studies relied on
patient symptoms or trend oximetry results to identify patients with sleep apnea, some of the
patients may have been misclassified with this condition. Selection bias (recruitment from
referral centers) and observer bias may have also affected the findings of some of these
studies. Most importantly, many of the existing studies that assessed a relationship between
sleep apnea status and glaucoma did not adjust for covariates. Given that we note a positive
association between OAG and sleep apnea in our univariable analysis but no association
between these conditions in the multivariable analysis, these findings suggest that without
adjusting for confounding factors, one may conclude erroneously that a positive association
between sleep apnea and glaucoma exists.

Some investigators have suggested that sleep apnea patients might benefit from continuous
positive airway pressure because during periods of apnea, blood flow to the optic nerve may
diminish and thereby promote glaucomatous or ischemic optic neuropathy.3! Others have
expressed concern that use of continuous positive airway pressure can actually cause a rise
in intraocular pressure and increase the risk of glaucoma.23 32 Based on our study findings,
we think that the decision to initiate therapy with continuous positive airway pressure in
patients with sleep apnea can be based on diagnosis of clinically significant sleep apnea,
without concern about increased risk due to continuous positive airway pressure for
developing glaucomatous optic neuropathy.

Papilledema / Idiopathic intracranial hypertension—Several small case series and
observational studies have reported an association between IIH and sleep apnea.1>-17 Marcus
and coworkers reviewed the medical records of 53 persons with I1H and found that 70% had
evidence of a sleep disturbance.1® Of the 14 patients who underwent polysomnography, 13
were found to have sleep apnea or upper airway resistance syndrome. Bruce and colleagues
reviewed the records of 721 patients who had been diagnosed with 11H.1° In their series,
they found that 25 of 655 women with I1H (4%) had sleep apnea whereas 16 of 66 men with
I1H (24%) did. Given that the males in their study were considerably more likely to
experience severe visual loss from 11H, these authors concluded that more research should
be undertaken to ascertain whether the worse visual prognosis in the males in this study may
be attributable to sleep apnea. In the present analysis, we found no significant differences in
the hazard of 1IH among females and males with untreated or treated sleep apnea. (results
not shown).

The possible mechanism by which sleep apnea is related to I1H is not clearly known. It has
been proposed that patients with sleep apnea experience nocturnal episodes of hypercapnea
that can lead to increased intracranial pressure and secondary papilledema. The termination
of each individual obstructive apnea during sleep is generally associated with a marked
though transient spike in intracranial pressure, possibly in association with increased
systemic blood pressure, heart rate, and sympathetic tone.1” Episodes that are repeated
hundreds of times each night, as often happens in sleep apnea, could conceivably contribute
to, or exacerbate I1H. As untreated papilledema or I1H can lead to irreversible vision loss,
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and remain otherwise asymptomatic, a complete ophthalmologic examination that includes
careful assessment of the optic nerve should be considered in patients diagnosed with sleep
apnea.

Study Strengths and Weaknesses—There are several strengths of using large
administrative databases to study whether an association exists between sleep apnea and
ocular conditions which affect the optic nerve. Given the very large sample size of the
database, the number of individuals with sleep apnea and each ocular condition of interest
are orders of magnitude larger than the sample sizes reported in each of the other studies in
the literature. Furthermore, our sample includes ample numbers of enrollees with less
common conditions such as NTG or 1IH, enabling the performance of multivariable analyses
to adjust for important confounding influences. Second, the i3 Data Mart database contains a
geographically diverse group of individuals. Unlike studies that recruit patients from a
specific city or region of the country which may be limited due to an over- or under-
representation of individuals with certain socio-demographic characteristics in that
geographic locale, this dataset captures data on a wide array of individuals of different
socio-demographic profiles. Third, such an analysis using claims data is less affected by
selection bias (recruitment of subjects from referral centers) or observer bias (the status of
whether a patient has or does not have sleep apnea is known and may affect classification of
ocular conditions). Finally, identifying sleep apnea, use of continuous positive airway
pressure, and each of the ocular conditions of interest by using billing codes may be more
accurate than studies that rely on patient self-report to determine whether individuals have
these conditions.

Several limitations need to be recognized. First, since the data for this analysis were
generated from billing records and not from actual medical records, for an enrollee to
receive any of the diagnoses included in this analysis, the provider had to accurately
diagnose the enrollee with this condition and properly complete the billing records. Some
patients may have been misdiagnosed or misclassified with the condition of interest. Second,
a number of variables are not included in administrative databases. Our dataset did not
capture information on visual acuity, visual field loss, refractive error, axial length, corneal
thickness, gonioscopy findings, findings from lumbar punctures, and other important clinical
and laboratory measures that ideally would be considered when classifying the presence or
absence of the conditions of interest. Third, without access to medical records, we are unable
to quantify the severity of sleep apnea, whether differences exist in sleep apnea severity for
those using continuous positive airway pressure and those not using continuous positive
airway pressure, or the level of patient adherence with continuous positive airway pressure.
Fourth, we did not consider other treatments of sleep apnea besides continuous positive
airway pressure. Finally, all of the beneficiaries in this dataset had some form of health
insurance. Thus, the findings from this analysis may not apply to uninsured individuals or
those with other forms of insurance.

Implications—Based on the findings of this analysis, no significant association appears to
exist between glaucomatous optic neuropathy and sleep apnea. However, other conditions
that can result in damage to the optic nerve -- including NAION, II1H, and papilledema --
appear to be associated with sleep apnea. If additional studies confirm these findings, it may
be worthwhile to recommend that newly diagnosed sleep apnea patients undergo an
ophthalmologic examination with careful evaluation of the optic nerve to assess for these
vision threatening disorders.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Total Beneficiaries Who Received Any Form of
Eye Care from 2001 - 2007

N =8, 296, 514

Excluded Beneficiaries

Non-continuous enrollment in medical plan
n=1,352,335

Enroliment in medical plan up to one year
n=1,303,419

Individuals with duplicate or erroneous data (ex:
negative age) n =408

Enrollees without one or more CPT codes indicating a
visit to an ophthalmologist or optometrist
n=1,636,298

Enrollees less than 40 yearsold n = 1,744,993

Enrollees eligible for analysis

n=2,259,061
Excluded because of Excluded because of Excluded because of Excluded because of Excluded because of
receiving a diagnosis receiving a diagnosis receiving a diagnosis receiving a diagnosis receiving a diagnosis
of OAG during the of NTG during the look of NAION during the of papilledema during of IIH during the look
look back period back period look back period the look back period back period
n=76,746 n=3,198 n=1,898 n=1,051 n=718
TOTAL ELIGIBLE for TOTAL ELIGIBLE for TOTAL ELIGIBLE for TOTAL ELIGIBLE for TOTAL ELIGIBLE for IIH
OAG analysis NTG analysis NAION analysis papilledema analysis analysis
n=2,182,315 n=2,255,863 n=2,257,163 n=2,258,010 n=2,258,343

CPT = Current Procedural Terminology; OAG = open-angle glaucoma; IIH = idiopathic intracranial hypertension; NTG = normal tension glaucoma;

NAION = nonarteritic ischemic optic neuropathy

Figure 1.
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Sample Selection of Enrollees Eligible for Study Inclusion to Determine the Relationship
Between Sleep Apnea and Glaucomatous and Other Forms of Optic Neuropathy
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