
The Relationship Between Statin Use and Open-Angle Glaucoma

Joshua D. Stein, MD, MS1, Paula Anne Newman-Casey, MD1, Nidhi Talwar, MA1, Bin Nan,
PhD2, Julia E. Richards, PhD1,3, and David C. Musch, PhD, MPH1,3

1Department of Ophthalmology and Visual Sciences, University of Michigan Medical School
2Department of Biostatistics, University of Michigan School of Public Health
3Department of Epidemiology, University of Michigan School of Public Health

Abstract
Purpose—To determine whether 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors
(statins) affect the risk of developing open-angle glaucoma (OAG) in persons with hyperlipidemia.

Design—Retrospective longitudinal cohort analysis.

Participants—Individuals age ≥60 with hyperlipidemia enrolled in a national United States
managed care network between 2001 and 2009.

Methods—Multivariable Cox regression analyses were performed to assess the relationship
between statin use and the development of OAG (from no prior OAG diagnosis), progression from
a prior diagnosis of suspected glaucoma to a diagnosis of OAG, and need for medical or surgical
interventions for OAG. Regression models were adjusted for sociodemographic factors, medical
and ocular comorbidities.

Main Outcome Measures—Hazard ratios (HR) with 95% confidence intervals (CI).

Results—Of the 524,109 individuals with hyperlipidemia, 316,182 (60%) had at least 1
outpatient prescription for statins. The hazard of developing OAG decreased 0.3% (adjusted HR =
0.997, CI (0.994–0.999)) for every additional month of statin consumption. Individuals with
hyperlipidemia who took statins continuously for 2 years had an 8% (adjusted HR = 0.922, CI
(0.870–0.976) decreased OAG risk relative to those who received no statin therapy. The hazard of
progressing from a diagnosis of suspected glaucoma to OAG decreased 0.4% (adjusted HR =
0.996, CI (0.993–0.999)) for every additional month of statin exposure. Individuals who took
statins continuously for 2 years had a 9% (adjusted HR = 0.907, CI (0.846–0.973) decreased risk
of progressing from suspected glaucoma to OAG relative to those who received no statin therapy.
The hazard of requiring medical treatment for OAG decreased 0.4% (adjusted HR = 0.996, CI
(0.993–0.998)) for every additional month of statin exposure. No significant differences in need
for glaucoma surgery were noted among those with OAG who were and were not taking statins
(adjusted HR = 1.002, CI (0.994–1.010)).
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Conclusion—Statin use was associated with a significant reduction in the risk of OAG in
persons with hyperlipidemia. Given the mounting evidence of statin protection against OAG
including both basic science and observational clinical studies, an interventional prospective study
might provide additional insights into the role of statins in the prevention of early OAG.

Introduction
3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors (statins) are a class of
medications that are widely used to lower cholesterol in patients with hyperlipidemia.
Recent evidence suggests that statins are capable of reducing the risk of cerebrovascular and
cardiovascular events, independent of their effect on cholesterol levels, which has resulted in
an expansion of the indications for their usage.1,2 There has been growing evidence in the
basic science and clinical literature supporting the notion that statins may also be useful in
patients with several diseases of the central nervous system including ischemic stroke,
Alzheimer disease, and multiple sclerosis.3 Since the optic nerve and retinal nerve fiber
layer are the primary structures which are damaged in patients with open-angle glaucoma
(OAG), evidence that statins play a protective role in patients with other diseases of the
central nervous system leads us to hypothesize that these agents may also be beneficial in
preventing the development of OAG in persons who are at high risk for this visually
disabling condition.

There are conflicting findings in the literature as to whether statins may be beneficial in
patients with OAG. Some studies suggest that statins may be protective against OAG 4–6

while other studies do not support this effect.7,8 In a recent study assessing the relationship
between components of metabolic syndrome and OAG, we found that while adults with
diabetes mellitus or hypertension demonstrated an increased risk of developing OAG,
enrollees with hyperlipidemia actually had a 5% decreased risk of developing OAG.9 Our
earlier work also demonstrated that comorbid hyperlipidemia attenuated the increased risk of
OAG associated with diabetes or hypertension. In the present study, we seek to determine
whether it is the hyperlipidemia or the medications used to treat hyperlipidemia (statins)
which may be responsible for the reduced risk of OAG that was observed in the earlier
study.

Using a large national health care claims database containing detailed medical records for
over 500,000 older Americans with hyperlipidemia, we sought to determine whether an
association exists between statin use and the development of OAG, the conversion from
suspected glaucoma to OAG, or the need for medical or surgical therapy for OAG. Should
statins be found to be protective against OAG, this may lead to novel prevention strategies
for this visually disabling condition.

Methods
Data Source

The i3 InVision Data Mart database (Ingenix, Eden Prairie, MN) contains detailed records of
all beneficiaries in a managed care network with members throughout the United States. The
dataset contains all individuals with one or more International Classification of Diseases,
Ninth Revision (ICD-9-CM)10 codes for eye-related diagnoses (360–379.9), one or more
Current Procedural Terminology (CPT)11 codes for any eye-related visits, diagnostic, or
therapeutic procedures (65091–68899 or 92002–92499), or any other claim submitted by an
ophthalmologist or optometrist from January 1, 2001 through December 31, 2009. For each
enrollee, we had access to all medical claims for ocular and non-ocular conditions and
sociodemographic information including age, sex, race, education level and household net
worth. The database also contained records of all outpatient pharmacy prescriptions that
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were filled. During the time period when a beneficiary was enrolled in the medical plan,
they were also fully enrolled in the pharmacy plan. This database has been used in the past
to study patients with OAG.9,12,13

Since all the data were de-identified, the University of Michigan’s Institutional Review
Board determined that this study was exempt from requiring their approval.

Participants and Sample Selection
Individuals were included in the analysis if they met the following criteria: age ≥ 60 years,
continuous enrollment in the medical plan for at least two years, two or more visits to an eye
care provider (ophthalmologist or optometrist) and at least one diagnosis of hyperlipidemia
(ICD-9-CM codes 272.0–272.9).

Statin Use
Individuals were classified as receiving statins if they had ≥ 1 outpatient pharmacy
prescription for any of the following medications: Altocor, Altoprev, Baycol, Cauduet,
Crestor, Lescol, Lescol XL, Lipitor, Lovastatin, Mevacor, Pravachol, Simvastatin,
Pravastatin Sodium, Pravigard PAC, Zocor, Advicor, or Vytorin. The database contains
information on the number of days for which an enrollee was supplied a given medication
and this information was included in the regression model (see below). In addition to
identifying and quantifying statin use, we also assessed exposure to the following non-statin
cholesterol lowering medications: Advicor, Antara, Atromid-s, Cholestyramine,
Cholestyramine light, Cholestyramine resin, Clofibrate, Colestid, Colestipol HCL,
Fenofibrate, Fenoglide, Fibricor, Gemfibrozil, Lipofen, Locholest, Locholest light, Lofibra,
Lopid, Niacin, Niacor, Niaspan, Prevalite, Questran, Questran light, Simcor, Slo-niacin,
Tricor, Triglide, Trilipix, Vytorin, Welchol, and Zetia. Individuals who were prescribed
Advicor or Vytorin were counted in the statin and other cholesterol-lowering medication
groups, since these products contain both statin and a non-statin cholesterol lowering
medications.

Dependent Variables
The dependent variables for these analyses included the development of OAG (from no prior
OAG diagnosis), the progression from a diagnosis of suspected glaucoma to one of OAG,
the need for medical therapy for OAG, and the need for laser or incisional surgery for OAG.
Beneficiaries were identified as having OAG if they had one or more of the following
ICD-9-CM codes: 365.1, 365.10, 365.11, 365.12, and 365.15 during their time in the plan.
Those coded with suspected glaucoma only (ICD-9-CM codes 365.0, 365.00, 365.01,
365.04) who never received a diagnosis of OAG were considered to have suspected
glaucoma only, not OAG. (Table 1, available at http://aaojournal.org).

Analyses
Statistical analyses were performed by using SAS software, version 9.2 (SAS Institute,
Cary, NC). Participant characteristics were summarized for the entire sample using means
and standard deviations for continuous variables and frequencies and percentages for
categorical variables.

Cox regression with delayed entry was used to estimate the hazard of developing OAG
(going from no record of ICD-9-CM codes 365.1, 365.10, 365.11, 365.12, and 365.15 to a
diagnosis of one of these codes) associated with statin use. We used the first two years each
beneficiary was enrolled in the medical plan as a look back period. Individuals who received
one or more OAG diagnoses during this look back period were excluded from the analysis
since we were unable to determine with any certainty whether they had the condition before
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enrollment in the medical plan or whether they were first diagnosed with this condition
during the look back period. To be even more certain that enrollees did not have the
outcome of interest (ex: OAG), we also required one or more visits to an eye care provider
during the look back period with no record of this condition. All beneficiaries were followed
in the model from the index date (two years after entry into the plan) until they either
developed the outcome of interest, or were censored. Censoring occurred at the time of a
participant’s last visit to an eye care provider during the follow-up period as this was their
last opportunity to receive the event of interest.

Our key predictor variable was the use of statins which was treated as a time dependent
covariate in the models. The number of days each beneficiary had covered by a prescription
for statins was totaled over a 24 month period for every day they were followed in the plan
prior to the event or censoring. This amount of use, in days, was then converted to months
for ease of interpretation. In addition, we also estimated the change in hazard for each
outcome if statins were taken for a year in the last two years or for the entire two year
period. Multivariable models were adjusted for age (the time axis), sex, race, education
level, household net worth, region of residence at the time of medical plan enrollment, time-
dependent use of non-statin cholesterol-lowering medications, the following ocular
comorbidities (cataract, pseudophakia or aphakia, macular degeneration, diabetic
retinopathy), the following medical comorbidities (diabetes mellitus, systemic hypertension,
obesity, systemic hypotension, sleep apnea, migraine headache), and the Charlson
comorbidity index (a measure of overall health).14

Additional Cox regression models were performed to assess whether statin use was
associated with progression from suspected glaucoma to OAG (going from an ICD-9-CM
diagnosis of glaucoma suspect [365.00, 365.01, or 365.04] to and the receipt of an ICD-9-
CM code of OAG [365.1, 365.10, 365.11, 365.12, and 365.15]), the need for a topical
glaucoma medication (prostaglandin analogues, beta-adrenergic receptor blockers, alpha-2
adrenergic agonists, carbonic anhydrase inhibitors, sympathomimetics, and
parasympathomimetics), and among individuals who were known to have OAG, the need
for laser or incisional glaucoma surgery.

Finally, a sensitivity analysis was performed to determine whether the association between
the main predictor variables and OAG was affected if we changed our definition of OAG
from requiring at least one ICD-9-CM code for OAG to requiring at least two codes for
OAG. We also tested an interaction between age and statin use on risk of developing OAG.
For all analyses, p-values of < 0.05 were considered statistically significant.

RESULTS
There were 524,109 persons with hyperlipidemia who met the study inclusion criteria.
(Figure 1). The cohort of beneficiaries who met inclusion criteria were enrolled in the plan
for a mean (± standard deviation [SD]) of 4.3 (±1.8) years. Among those enrolled in the
study, the mean (± SD) age was 68.1 (± 6.7) years. There were 280,543 females (53.5%) and
the racial distribution included 413,066 whites (87.4%), 28,004 blacks (5.9%), 19,651
Latinos (4.2%), 8,644 Asian Americans (1.8%), and 3,497 individuals of other races (0.7%)
(Table 2).

A total of 316,182 out of the 524,109 enrollees with hyperlipidemia (60.3%) had at least one
prescription for a statin during their time in the plan, 20,776 (4%) enrollees were prescribed
only non-statin cholesterol lowering medications, and 187,151 (35.7%) beneficiaries were
not prescribed any cholesterol lowering medication during the follow-up period. Among the
316,182 statin users, 92,955 (29.4%) also filled at least one prescription for a non-statin
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cholesterol lowering medication. For those who were receiving statins, the mean length of
time they were taking these medications was 800 days ± 621 days (range 1–3266 days) and
96% used these medications for at least 30 days duration. The most commonly prescribed
statins were Lipitor, Zocor and Simvastatin. The median number of visits to eye care
providers for users and non-users of statins was 3.0.

Development of OAG
Overall, 10,266 individuals (4.3%) received at least one incident OAG diagnosis during their
time in the medical plan, out of the 241,711 that met the eligibility criteria. The mean age of
those who developed incident OAG was 69.7 (±6.7) years compared with 68.9 (±6.7) years
for those who did not develop OAG. Relative to whites, blacks, Latinos, and Asian
Americans had an increased hazard of developing OAG (p<0.05).

After adjustment for confounding factors, the hazard of developing OAG decreased 0.3%
(adjusted hazard ratio (HR) 0.997, 95% confidence interval (CI) 0.994–0.999) (p=0.0056)
for every additional month of statin consumption. Persons with hyperlipidemia who took
statins for 1 year duration over the prior two years had a 4% (adjusted HR = 0.960, 95% CI
0.933–0.988) decreased hazard of OAG relative to individuals with hyperlipidemia who
never received statins in the last 2 years, assuming all other characteristics being the same.
Likewise, persons who took statins continuously for 2 years had an 8% (adjusted HR =
0.922, 95% CI 0.870–0.976) decreased hazard of OAG relative to those who did not receive
any statins in the last 2 years. (Table 3) There was no significant association between
consumption of non-statin cholesterol lowering medications and development of OAG
(p=0.12).

Conversion from Suspected Glaucoma to OAG
After excluding individuals who were diagnosed with OAG during their first two years in
the health plan, there were 6,934 (14.0%) beneficiaries who developed OAG among the
49,628 who had been diagnosed in the look back period with suspected glaucoma. After
adjustment for confounding factors, the hazard of progressing from suspected glaucoma to
OAG decreased 0.4% (adjusted HR = 0.996 (0.993–0.999), p= 0.0062) for every additional
month of statin exposure. Persons who took statins for 1 year over the past 2 years had a 5%
(adjusted HR = 0.952, 95% CI 0.920–0.986) decreased hazard of progressing from
suspected glaucoma to OAG relative to glaucoma suspects who never received statins in the
last 2 years. Those who took statins continuously for 2 years had a 9% (adjusted HR =
0.907, 95% CI0.846–0.973) decreased hazard of OAG relative to the group who did not
receive any statins in the last 2 years. (Table 3) There was no statistically significant
difference in the hazard of progressing from suspected glaucoma to OAG for those who
used non-statin cholesterol lowering medications (p=0.077).

Need for Medical Therapy for OAG
There were 47,511 enrollees (17.0%) who were prescribed one or more glaucoma
medications during their time in the plan. After excluding any beneficiary who was treated
with glaucoma medications during their first two years in the plan, there were 11,420
enrollees who were newly prescribed a glaucoma medication. After adjustment for
confounders, the hazard for being prescribed a glaucoma medication decreased 0.4%
(adjusted HR = 0.996 [0.993–0.998], p= 0.0002) for every additional month of statin
exposure. Plan participants who took statins for 1 year over the past 2 years had a 5%
(adjusted HR = 0.950, 95% CI 0.924–0.976) decreased hazard of requiring an intraocular
pressure lowering medication relative to those who never received statins in the last 2 years.
Taking statins continuously for 2 years resulted in a 10% (adjusted HR = 0.902, 95% CI
0.854–0.953) decreased hazard of requiring a pressure-lowering medication relative to never
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taking any statins in the last 2 years. (Table 3) The hazard for being prescribed a glaucoma
medication decreased 0.6% (adjusted HR = 0.994 [0.990–0.998], p=0.0017) per month for
those individuals treated with non-statin cholesterol lowering medications. Persons who took
non-statin cholesterol lowering medications for one year over the past 2 years had a 7%
(adjusted HR = 0.928, 95% CI 0.886–0.972) decreased risk of being prescribed glaucoma
medications and if a person took a non-statin cholesterol lowering medication for two years,
they had a 14% (adjusted HR = 0.862, 95% CI 0.785–0.946) decreased risk of being
prescribed a glaucoma medication.

Need for Surgical Interventions for OAG
Among the 8,236 persons with incident OAG who had no glaucoma surgical intervention
coded prior to their incident diagnosis of OAG, 1,009 (12.3%) went on to require laser or
incisional glaucoma surgery during their time in the plan. The average length of time from
first diagnosis of OAG to laser or incisional glaucoma surgery was 268 ± 387 days. After
adjustment for confounders, the hazard of an individual with OAG later requiring laser or
incisional glaucoma surgery was not significantly different (adjusted HR = 1.002 (0.994–
1.010) with each additional month of statin exposure. (p=0.68). (Table 3) We found a
similar result for non-statin cholesterol lowering medications (adjusted HR = 0.992 [0.978–
1.006], p=0.27).

Sensitivity Analyses
Sensitivity analyses were performed to determine whether the results changed if we required
a confirmatory diagnosis of OAG, and the findings did not materially change from those
presented above (results not shown). In addition, we performed descriptive analyses (Table
4, available at http://aaojournal.org) and tested an interaction between age and statin use in
the multivariable regression model to determine whether statin use by older individuals
(individuals > 67 years old) affects the risk of developing OAG differently from statin use
among younger individuals (those ≤67 years old). This interaction was not significant.
(p=0.43)

Discussion
In this longitudinal analysis of a large group of older Americans with hyperlipidemia, after
adjustment for a number of important confounding factors, we found that those who were
prescribed statins experienced a decreased risk of developing OAG from no prior OAG
diagnosis, a decreased risk of converting from a diagnosis of suspected glaucoma to one of
OAG, and a decreased risk of receiving one or more prescriptions for intraocular pressure
lowering medications. Furthermore, a dose response effect was observed, whereby the
greater the number of months of exposure to statins over the past 2 year duration, the greater
the reduction in risk of developing OAG or requiring medical treatment for glaucoma.
Individuals who were prescribed statins for 1 year had a 5% decreased hazard of developing
OAG while those who were prescribed statins for 2 years had a 9% decreased hazard of
OAG relative to those who were not taking statins. For those taking non-statin cholesterol-
lowering medications, we found a reduction in the use of medical therapy for glaucoma, but
we did not find that these medications conferred a significant reduction in risk of receiving a
diagnosis of OAG, of converting from a glaucoma suspect to OAG or requiring glaucoma
surgery. While one of the mechanisms through which statins and non-statin cholesterol
lowering medications may exert their protective effect is through lowering cholesterol, the
fact that statins significantly attenuated the hazard of developing OAG and of converting
from suspected OAG to OAG while other cholesterol-lowering medications did not suggests
that statins may have an effect on the development of glaucoma that is independent of their
cholesterol-lowering properties.
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Several other population-based studies and studies using administrative claims data have
investigated the relationship between statin use and glaucoma. In a case-control study of
male patients at a Veterans Administration Medical Center (VAMC), McGwin and
coworkers found that individuals prescribed statins for at least 24 months had a 40%
reduced odds of developing OAG. This group also showed a protective effect against OAG
among those prescribed other cholesterol-lowering agents.4 A prospective study by Leung
and colleagues demonstrated that statin use was associated with visual field stabilization
over three years in patients with normal tension glaucoma.5 DeCastro and coworkers
showed that statin use slowed glaucomatous changes to the optic nerve and nerve fiber layer
on confocal scanning laser ophthalmoscopy.6 While these studies, like ours, suggest that
statins may be protective against OAG, not all do. A large case-control study by Owen and
colleagues using information from a primary care database in the United Kingdom found no
relationship between statin use and OAG.7 Using administrative data from Canada, Iskedjain
and colleagues showed no difference in the need for additional pressure lowering
medications among persons taking prostaglandin analogs with or without statins.8 Direct
comparisons of these studies with one another and with the findings of the present analysis
are challenging due to differences in study design, differences in the extent to which
potential confounding factors were accounted for, and differences in the sociodemographic
profiles of the study patients. Since hyperlipidemia is associated with other components of
metabolic syndrome, including hypertension and diabetes mellitus, both of which have been
found to be associated with OAG,15–27 when studying the relationship between statin use
and OAG, it is important to adjust for these medical co-morbidities. Some of the prior
studies did not consider these potential confounders unlike the current study which did.

There are several proposed mechanisms that could explain why individuals who are taking
statins have a reduced risk of OAG. Statins have been shown to upregulate endothelial nitric
oxide synthase. Nitric oxide synthase causes vasodilation and an increase in retinal and
choroidal blood flow.28 Improved retinal and choroidal perfusion may be important in
maintenance of the health of the optic nerve and retinal nerve fiber layer. Additionally,
statins are known to exert a neuro-protective effect in the setting of ischemia and may
protect retinal ganglion cells in a similar way, as was demonstrated in an ischemia-
reperfusion model of the rat retina.29 Proposed mechanisms for the neuro-protective effect
of statins include decreasing gluatamate-mediated cytotoxicity30,31 and protecting against
apoptosis in the central nervous system.3 There is some evidence that increased plasma
nitric oxide lowers intraocular pressure.32,33 Statins may lower intraocular pressure via other
mechanisms as well; research has shown that statins affect various molecular intermediaries
in the aqueous outflow pathways, including Rho kinase activity and Myosin II ATPase
activity, which all increase aqueous outflow facility through the trabecular meshwork and
result in a reduction of intraocular pressure, a known risk factor for glaucoma34,35

A secondary aim of this analysis was to identify, to the best of our abilities and within the
limitations of a retrospective review of claims data, whether statins are protective against
OAG early or later in the disease course. We found that statins conferred a protective effect
against the development of OAG from no prior OAG diagnosis, the conversion from a
diagnosis of suspected glaucoma to OAG, and the need for a medical therapy for OAG
suggesting these medications may be beneficial early in the disease process. In order to
evaluate whether statins are beneficial in more advanced glaucoma, we also assessed
differences in the need for glaucoma surgery among persons with OAG who were and were
not taking statins and found no significant reduction in the need for surgery among statin
users. (p=0.68).
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Study Strengths and Limitations
The strengths of this study include its large sample size and the ability for us to follow
patients over time to assess the relationship between cholesterol lowering medication
exposure and subsequent development of OAG. Unlike other studies on this subject that
were conducted at specific medical centers, the patients in this study come from
communities throughout the United States. In addition, instead of relying on patient self-
report to identify medical conditions and exposure to medications, the data from this study
were obtained from providers and pharmacy records, and thus may be more accurate. (Patty
LE, Wu S, Torres M, Varma R. LALES Group, Doheny Eye Institute/Keck- USC School of
Medicine. Validity of self-reported diagnosis and treatment among Latinos in the Los
Angeles Latino Eye Study. Poster session 516. Correlates and Outcomes of Eye Diseases.
Association of Research and Vision in Ophthalmology, May 6, 2010, Fort Lauderdale,
Florida.) Finally, in this analysis we were able to adjust for a variety of potential
confounding factors, including other components of metabolic syndrome, which have
previously been documented to be associated with OAG.

There are several limitations that need to be acknowledged. The data source used in this
analysis does not contain clinical information such as intraocular pressure, central corneal
thickness, and findings from visual field and optic nerve evaluations. Therefore, we cannot
tell with certainty whether all of the beneficiaries who were diagnosed with OAG indeed
had this condition, nor could we fully capture disease severity to incorporate into our
analyses. Second, our analysis did not consider results of laboratory testing such as levels of
different types of cholesterol and triglycerides. Third, since all of the enrollees in this plan
had insurance, one must be cautious in generalizing our study findings to other populations
such as uninsured individuals and those residing outside the United States. The fact that our
study findings are consistent with findings from the research done by McGwin and
colleagues4, which was conducted at a VAMC in the United States, and the study by Leung
and colleagues5, which was conducted in China, suggest that the relationship between statin
use and OAG may be applicable to other groups. Fourth, it is possible that enrollees who
take statins are more health conscious than others with hyperlipidemia who are not
prescribed these medications and this may impact their use of eye care services. If these
individuals have greater use of eye care services, we would expect this to increase, not
decrease, their risk of receiving an OAG diagnosis. On the other hand, those who have
untreated hyperlipidemia may have more severe ocular co-morbidities, such as diabetic
retinopathy, which would necessitate more eye care services, and increase their chance of
being diagnosed with OAG. In our analysis we attempted to deal with this issue by
controlling for other ocular co-morbidities, though there may be additional confounders not
adequately captured in claims data. Fifth, we have no way of knowing with certainty
whether enrollees actually consumed all of the prescribed medications. The presumption in
this type of analysis is that a patient will not keep filling prescriptions if they are not taking
the drug. Thus while these data cannot provide assurance that a specific patient took a
prescribed statin drug on a specific date, the expectation is that those who repeatedly filled
prescriptions were actually taking the prescribed statin medication as opposed to those who
were never prescribed the statin medication, and that a tally of the number of days for which
prescriptions were filled is a reasonable surrogate measure of drug consumption. In addition,
poor adherence with medications, if anything, should bias our findings to the null, and yet
we are finding statins to be protective against OAG.

Finally, it is important to also acknowledge that our findings may not be generalizable to
individuals who do not have hyperlipidemia. Statins may not exert a protective effect against
developing OAG if the person does not have a derangement in their lipid metabolism.
However, in McGwin’s study of glaucoma patients at a VAMC, statins had a protective
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effect against developing OAG in patients with hyperlipidemia as well as for the subset of
persons who were taking statins for other reasons besides treatment of hyperlipidemia.4

The findings of the present analysis support earlier studies demonstrating that treating
hyperlipidemia with a statin plays a protective role in patients with OAG, especially in early
stages of the disease. After adjustment for important confounding influences, we found that
enrollees taking statins had a decreased hazard of developing OAG, of progressing from
suspected glaucoma to OAG, and of requiring pressure-lowering medications. Moreover,
our study shows a dose-response effect of statin exposure whereby the longer an enrollee
was prescribed these medications, the greater the protective effect. Given the mounting
evidence of statin protection against OAG including both basic science and observational
clinical studies, an interventional prospective study might provide additional insights into
the role of statins in the prevention of early OAG.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Selection of Beneficiaries for Analysis.
OAG=open-angle glaucoma; IOP=intraocular pressure
* Excluded due to a non-incident case of the outcome, no visit to an eye care provider either
in the look-back period or in the follow-up period, (for glaucoma suspect converting to OAG
analysis) no evidence of glaucoma suspect and (for glaucoma surgery analysis) no evidence
of incident OAG to begin with.
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Table 1

International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) Codes Used in the
Analysis

Condition ICD-9-CM Codes

Age-related macular degeneration 362.50, 362.51, 362.52, 362.57

Cataract 366, 366.0, 366.00, 366.01, 366.02, 366.03, 366.04, 366.09, 366.1, 366.10, 366.12, 366.13, 366.14,
366.15, 366.16, 366.17, 366.18, 366.19, 366.41, 366.45

Diabetes mellitus 250.0, 250.00, 250.01, 250.02, 250.03, 250.1, 250.10, 250.11, 250.12, 250.13, 250.2, 250.20, 250.21,
250.22, 250.23, 250.3, 250.30, 250.31, 250.32, 250.33, 250.4, 250.40, 250.41, 250.42, 250.43, 250.5,
250.50, 250.51, 250.52, 250.53, 250.5, 250.50, 250.51, 250.52, 250.53, 250.6, 250.60, 250.61, 250.62,
250.63, 250.7, 250.70, 250.71, 250.72, 250.73, 250.8, 250.80, 250.81, 250.82, 250.83, 250.9, 250.90,
250.91, 250.92, 250.93, 362.01, 362.02, 362.03, 362.04, 362.05, 362.06, 362.07

Diabetic retinopathy 362.01, 362.02, 362.03, 362.04, 362.05, 362.06, 362.07

Glaucoma Suspect 365.00, 365.01, 365.04

Hyperlipidemia 272, 272.0, 272.1, 272.2, 272.3, 272.4, 272.5, 272.6, 272.7, 272.8, 272.9

Hypertension 401, 401.0, 401.1, 401.9, 405, 405.0, 405.1, 405.01, 405.09, 405.11, 405.19, 405.9, 405.91, 405.99,
362.11, 402, 402.0, 402.00, 402.01, 402.1, 402.10, 402.11, 402.9, 402.90, 402.91, 403, 403.0, 403.00,
403.01, 403.1, 403.10, 403.11, 403.9, 403.90, 403.91, 404.0, 404.00, 404.01, 404.02, 404.03, 404.1,
404.10, 404.11, 404.12, 404.13, 404.9, 404.90, 404.91, 404.92, 404.93

Migraine 346, 346.0, 346.00, 346.01, 346.1, 346.10, 346.11, 346.2, 346.20, 346.21, 346.8, 346.80, 346.81, 346.9,
346.90, 346.91

Hypotension 458, 458.0, 458.1, 458.2, 458.21, 458.29, 458.8, 458.9

Obesity 278.0, 278.00, 278.01, 278.02

Open-angle glaucoma 365.1, 365.10, 365.11, 365.12, 365.15

Pseudophakia or aphakia V43.1, 379.3, 379.31

Sleep apnea syndrome 327.2, 327.20, 327.21, 327.23, 327.27, 327.29, 780.51, 780.53, 780.57
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