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Abstract
Purpose—To determine whether an association exists between various components of metabolic
syndrome (diabetes mellitus (DM), systemic arterial hypertension (HTN), hyperlipidemia, and
obesity) and open-angle glaucoma (OAG) in a large, diverse group of individuals throughout the
United States.

Design—Longitudinal cohort study.

Participants—All beneficiaries age ≥40 years continuously enrolled in a managed care network
who had ≥1 visit to an eye care provider were identified from 2001–2007.

Methods—Billing codes were used to identify individuals with OAG and those with components
of metabolic syndrome. Cox regression was used to determine the hazard of developing OAG in
enrollees with individual components or combinations of components of metabolic syndrome,
with adjustment for sociodemographic factors, systemic medical conditions, and other ocular
diseases.

Main Outcome Measures—Hazard of developing OAG.

Results—Of the 2,182,315 enrollees who met inclusion criteria, 54,558 (2.5%) had OAG. After
adjustment for confounding factors, those with DM (hazard ratio (HR)=1.35 [95% confidence
interval (CI): 1.21–1.50]) or HTN (HR=1.17 [95% CI: 1.13–1.22]) alone, or in combination,
(HR=1.48 [95% CI: 1.39–1.58]) had an increased hazard of developing OAG relative to persons
with neither of these conditions. By contrast, persons with hyperlipidemia alone had a 5%
decreased hazard of OAG (HR=0.95 [95% CI: 0.91–0.98]). Comorbid hyperlipidemia attenuated
the increased hazard between HTN (HR=1.09 [95% CI 1.05–1.12]) or DM (HR=1.13 [95% CI
1.05–1.21]) and OAG.
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Conclusion—Given the increasing prevalence of metabolic disorders in the United States, this
study furthers our understanding of risk factors associated with OAG and helps identify persons
who may be at risk for this condition.

Introduction
Open angle glaucoma (OAG) is a leading cause of irreversible blindness worldwide.1 In the
United States (US) alone, there are over 2.2 million individuals with this disease. Given the
aging of the US population, estimates of glaucoma are expected to rise in the coming
decades.1 Since OAG is often an asymptomatic disease until late in the course,
understanding the risk factors associated with OAG development or progression will help
clinicians identify which patients would most benefit from screening and careful monitoring
for the disease.

Known risk factors for OAG include elevated intraocular pressure (IOP), positive family
history of OAG, increased age, and non-white race. There is conflicting evidence in the
literature as to whether components of metabolic syndrome, including obesity, hypertension
(HTN), diabetes mellitus (DM), and hyperlipidemia, increase or decrease the risk of OAG.
Several large population-based studies have demonstrated that HTN2–8 and DM7–14 are
each independently associated with OAG. Other studies have shown no association between
DM and OAG15–20 or between HTN and OAG.16,17,19,20 Oh and colleagues demonstrated
an association between hyperlipidemia and elevated IOP,21 and Jaen-Diaz and colleagues
have demonstrated an association between hyperlipidemia and OAG.22 Many Americans
have multiple components of metabolic syndrome.23 Thus, interpreting the relationship
between metabolic syndrome and OAG from the majority of existing studies in the literature
can be challenging because many do not adequately adjust for how one metabolic syndrome
component may be affecting the contribution of other components to the risk of developing
OAG.

Data from the 1988–2000 National Health and Nutrition Examination Survey (NHANES), a
cross-sectional health survey, showed that approximately 22% of Americans over the age of
18 met criteria for metabolic syndrome.23 Given the significant rise in HTN, DM,
hyperlipidemia, and obesity in recent years in the US, and the fact that even children and
adolescents are affected by the obesity epidemic,24 it is essential for eye care providers to
obtain a better understanding of the relationship between metabolic syndrome and chronic
eye diseases including OAG.

The purpose of this study is to assess the relationship between the various components of the
metabolic syndrome and OAG in a large, diverse sample of individuals enrolled in a
managed care network throughout the United States. This study seeks to understand whether
certain components, singly, or in combination, impact the likelihood of developing OAG,
after adjustment for sociodemographic factors, ocular and other systemic medical
conditions.

Methods
Data Source

The i3 InVision Data Mart database (Ingenix, Eden Prairie, MN) contains detailed records of
all beneficiaries in a national managed care network throughout the United States. The
dataset contains all individuals with one or more International Classification of Diseases,
Ninth Revision (ICD-9CM)25 codes for eye-related diagnoses (360–379.9), one or more
Current Procedural Terminology (CPT)26 codes for any eye-related visits, diagnostic, or
therapeutic procedures (65091–68899 or 92002–92499), or any other claim adjudicated by
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an ophthalmologist or optometrist from January 1, 2001 through December 31, 2007. 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.

Participants and Sample Selection
Individuals were included in the analysis if they met the following criteria: continuous
enrollment in the medical plan for at least one year, one or more visits to an eye care
provider (ophthalmologist or optometrist) and age ≥ 40 years. (Figure 1) Individuals were
excluded if they received an OAG diagnosis during the first year they were enrolled in the
plan, in order to exclude non-incident cases. Beneficiaries were identified as having OAG if
they had one or more of the following ICD-9CM codes: 365.1, 365.10, 365.11, 365.12, and
365.15. Those coded with only suspected glaucoma who never received a diagnosis of OAG
were not included. ICD-9CM diagnosis codes were used to identify individuals with the
following components of metabolic syndrome: HTN, DM, hyperlipidemia, and obesity
(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 associated with each of the metabolic syndrome components. We used the
first year 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 enrollment in the medical plan or whether they were first
diagnosed with this condition during the look back period. All beneficiaries were followed
in the model from the index date (one year after entry into the plan) until they either
developed the outcome of interest (OAG), or were censored. Censoring occurred at age of
disenrollment or end of study period (December 31, 2007). Initially, single-variable models
were run to test potential predictors individually. 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, cataract, pseudophakia or aphakia, macular degeneration,
diabetic retinopathy, systemic hypotension, sleep apnea syndrome, migraine headache, and
the Charlson comorbidity index (a measure of overall health)27. Additional Cox regression
models were performed to assess whether the severity of DM and HTN affected the
association between each of these conditions and OAG, adjusting for the above-mentioned
covariates. Individuals with DM and HTN were each stratified into two groups, those with
and without complications, based on ICD-9 billing codes. For all analyses, p-values of <
0.05 were considered statistically significant. Finally, a sensitivity analysis was performed to
determine whether the association between the main predictor variables and OAG were
affected if we changed our definition of OAG from requiring at least one ICD-9 code for
OAG to requiring at least two codes for OAG.

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

Results
A total of 2,182,315 beneficiaries met the study inclusion criteria (Figure 1). Among those
in the study, the mean (± standard deviation [SD]) age was 54.5 (± 10.3) years. There were
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1,238,266 females (57%) and the racial distribution included 1,485,866 whites (86.7%),
73,084 blacks (4.3%), 96,293 Latinos (5.6%), 42,650 Asian Americans (2.5%), and 15,488
individuals of other races (0.9%) (Table 2). Overall, 55,090 individuals (2.5%) received at
least one OAG diagnosis during their time in the medical plan. A total of 605,322 enrollees
(27.7%) had no HTN, DM or hyperlipidemia and 1,576,993 enrollees (72.3%) had at least
one of these conditions. There were 22,500 individuals (1.0%) with DM alone, 198,398
enrollees with HTN alone (9.1%), and 378,771 individuals (17.4%) with hyperlipidemia
alone. Two of these conditions were present in 633,709 individuals (29.0%) and 343,615
beneficiaries (15.8%) had all 3 conditions. 202,816 beneficiaries (9.3%) were considered
obese (Table 3).

Association Between Components of Metabolic Syndrome and OAG
Table 3 shows the frequency of OAG among persons with HTN, DM, hyperlipidemia, as
well as different combinations of these conditions. Before adjustment for covariates, those
with DM or HTN were found to have a significantly increased hazard of developing OAG
while those with hyperlipidemia had a significantly decreased hazard of developing OAG.
After adjustment for sociodemographic factors, other ocular and systemic conditions,
obesity, and general health status, individuals with DM alone demonstrated a 35% increased
hazard of developing OAG (adjusted hazard ratio [HR]=1.35 [95% confidence interval (CI)
1.21–1.50]), and those with HTN alone had a 17% increased hazard of developing OAG
(adjusted HR=1.17 [95% CI 1.13–1.22]). For persons with HTN along with DM, the hazard
was greater than the hazard of each of these conditions individually (adjusted HR=1.48
[95%CI 1.39–1.58]). Individuals with DM, whether alone or in combination with any other
component of metabolic syndrome, had an increased hazard of developing OAG relative to
those who had any other combination of metabolic syndrome components. In contrast, those
with hyperlipidemia alone showed a 5% decreased hazard of developing OAG (adjusted
HR=0.95 [95% CI 0.91–0.98]), and hyperlipidemia attenuated the effect of DM by 17%
(adjusted HR=0.83 [95% CI 0.74–0.94]) and of HTN by 7% (adjusted HR=0.93 [95% CI
0.89–0.96]) on the hazard of developing OAG. Persons with all 3 of these conditions had a
26% increased hazard of developing OAG (adjusted HR=1.26 [95% CI 1.22–1.31]) relative
to those with none of these conditions. (Table 4 and Figure 2)

Severity of Hypertension or Diabetes Mellitus on Hazard of Developing OAG
Next, we created a separate Cox regression model to assess the relationship between severity
of HTN or DM on the hazard of developing OAG, with adjustment for confounding factors.
Compared with those who do not have HTN, individuals with uncomplicated HTN had a
15% (adjusted HR=1.15 [95% CI 1.12–1.18]) increased hazard of developing OAG and
those with complications caused by HTN (hypertensive heart disease, nephropathy,
retinopathy) had a 19% (adjusted HR=1.19 [95% CI 1.15–1.24]) increased hazard of
developing OAG. When comparing persons with HTN without complications to those who
have complications from HTN, those with complicated HTN had a 4% (adjusted HR=1.04
[95% CI 1.01–1.07]) increased hazard of developing OAG. Relative to individuals without
DM, persons with DM without complications had an 18% (adjusted HR=1.18 [95% CI
1.15–1.22]) increased hazard of developing OAG and those with complications caused by
DM (retinopathy, neuropathy, nephropathy) had a 17% (adjusted HR=1.17 [95% CI 1.12–
1.23]) increased hazard of developing OAG. No significant difference was found in the
hazard of developing OAG when comparing those with DM who had or did not have
complications with one another (HR=0.99 [95% CI 0.95–1.04]) (Table 5, available at
http://aaojournal.org).
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Association Between Obesity and OAG
The frequency of OAG among obese individuals (3.1%) was significantly higher than that
among non-obese individuals (2.5%) (p<0.0001). In the univariable model, obese
individuals had a 14% increased hazard of OAG (unadjusted HR=1.14, [95% CI 1.11–1.17])
relative to non-obese individuals. In the multivariable Cox regression model, when assessing
the relationship between obesity and OAG, an interaction with sex was observed. After
adjustment for other covariates, compared to non-obese females, obese females had a 6%
increased hazard of developing OAG (adjusted HR=1.06 [95% CI 1.02–1.10]). Compared
with non-obese males, males who were obese had no significant increased hazard of
developing OAG (adjusted HR=0.98 [95% CI 0.94–1.03]) (Table 4).

Impact of Demographic and Socioeconomic Factors on the Relationship Between
Metabolic Syndrome and OAG

All racial minorities had an increased hazard of developing OAG compared with whites.
Blacks had a 119%% increased hazard (adjusted HR= 2.19 [95% CI 2.11–2.27], Latinos had
a 38% increased hazard (adjusted HR= 1.38 [95% CI 1.33–1.44], and Asian-Americans had
a 51% increased hazard (adjusted HR=1.51 [95% CI 1.42–1.60] of developing OAG relative
to whites. (Table 6)

Since the development of metabolic syndrome is closely related to lifestyle, we wanted to
assess the relationship between measures of socioeconomic status (household net worth,
education level) on the hazard of developing OAG after adjustment for metabolic syndrome
components and other possible confounders. Multivariable analysis revealed a decreased
hazard of developing OAG with increasing levels of education and with increasing levels of
household net worth. Compared to those without a high school diploma, those with a high
school diploma had a 15% decreased hazard of developing OAG (adjusted HR=0.85 [95%
CI 0.79–0.91]). Compared to beneficiaries with a household net worth <$25,000, those with
a net worth of $75,000 to $100,000 had a 4% (adjusted HR=0.96 [95% CI 0.86–0.96])
decreased hazard of developing OAG and those with a net worth $500,000 to $749,999 had
a 19% (HR=0.81 [95% CI 0.72–0.85] P<0.0001) decreased hazard of developing OAG.
(Table 6)

Sensitivity Analyses
Changing our definition of OAG from requiring only one OAG diagnosis to requiring at
least two OAG diagnoses to classify an enrollee with OAG did not significantly change the
observed relationships between OAG and metabolic syndrome components.

Furthermore, since beta blocker use can affect the lipid profile, we re-analyzed the data
including oral beta blocker use as a covariate in the models and the results did not materially
change. (data not shown).

Discussion
By following a large national cohort of beneficiaries longitudinally, and adjusting for
important confounding variables, this study demonstrated that both DM and HTN are
independently associated with development of OAG. In this study, those with DM alone had
a 35% increased hazard of developing OAG and persons with HTN alone had 17%
increased hazard of developing OAG. Individuals with both DM and HTN had an even
higher hazard (48%) of developing OAG than each condition individually. By comparison,
individuals with hyperlipidemia alone had a 5% reduced hazard of developing OAG and the
increased hazard of OAG associated with DM and HTN were attenuated by the presence of
hyperlipidemia.
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The only other study that we are aware of that has examined combinations of components of
metabolic syndrome is the Singapore Malay Eye Study, which looked at combinations of
components of metabolic syndrome in a population of 3,280 adults in Singapore.18 These
authors controlled for age, sex, education level, smoking status, central corneal thickness
and diabetes treatment and found no association between any component alone or in
combination with OAG. However, these investigators did not control for the possibility of
confounding by one metabolic syndrome component on other components. There are
numerous studies (discussed below) that have looked at the association between individual
components of metabolic syndrome and OAG. When comparing the findings from the
present analysis to those studies, it is important to keep in mind that in addition to
differences in the extent to which these studies controlled for potential confounding factors
(including other components of metabolic syndrome), many of these studies employed a
cross-sectional study design. In the current analysis, individuals are followed longitudinally
over time to assess for incident diagnoses of OAG and each of the components of metabolic
syndrome, making direct comparisons with the existing literature challenging.

Diabetes
Our results confirm the findings of a recent meta-analysis by Bonovas and colleagues which
revealed a 27–50% increase in the risk of developing OAG in persons with DM14. The
following population-based studies also showed that DM confers an increased risk of
developing OAG: the Blue Mountain Eye Study,10 the Beaver Dam Eye Study,9 the
Framingham Eye Study7, the Los Angeles Latino Eye Study11 and a longitudinal
population-based study of women in the Nurses’ Health Study.13 Several other studies have
demonstrated conflicting results,15–20 which may be attributed to differences in
sociodemographic characteristics of the study populations, the extent to which other
components of metabolic syndrome were adjusted for in the analyses, and the methods used
to identify the presence or absence of DM and OAG. It is certainly possible that individuals
who have DM are more likely to have an eye exam than the general population and are
therefore more likely to be diagnosed with OAG.

There are several theories about possible mechanisms by which DM increases one’s risk of
developing OAG. DM is a systemic disease which is known to cause widespread vascular,
autonomic, and endothelial dysfunction. Vascular dysfunction of the small blood vessels
feeding the optic nerve may result in glaucomatous damage to the optic nerve and retinal
nerve fiber layer; oxidative damage from diabetes may lead to a similar end result.28 In
addition, we do not know if any of the medications used to treat DM may play a role in the
increased hazard of OAG.

Hypertension
Our results support the findings of many studies in the literature that have demonstrated that
HTN is a risk factor for OAG.2–8 In our multivariable models, individuals with HTN alone,
HTN and DM, HTN and hyperlipidemia, or all 3 of these conditions all had an increased
hazard of developing OAG relative to individuals with no components of metabolic
syndrome. Moreover, individuals with more severe HTN had a slightly higher hazard of
experiencing OAG relative to those with less severe disease.

There are several proposed mechanisms explaining the relationship between HTN and OAG.
One theory suggests that elevated blood pressure results in increased ciliary artery perfusion,
resulting in increased aqueous production, which, in turn, increases the risk of developing
OAG.2,29 Another theory contends that many persons with HTN have arteriolosclerotic
damage and stiffening of the small end vessels feeding the optic nerve, which may
predispose them to experiencing glaucomatous optic neuropathy.30 A third possibility
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includes damage to the optic nerve from decreased perfusion pressure caused during periods
of episodic systemic hypotension related to blood pressure-lowering medication usage.

Hyperlipidemia
We found that individuals with hyperlipidemia had a reduced hazard of developing OAG
relative to those with no components of metabolic syndrome. It is unclear whether it is the
condition itself, the medications used to treat hyperlipidemia, or both, which reduce the
hazard of developing OAG. However, there is some evidence, suggesting that treatments for
hyperlipidemia may reduce the risk of developing OAG.31–33 A case-control study by
McGwin and colleagues found that among individuals taking statins or other cholesterol-
lowering medications for at least 23 months, there was a reduced risk of OAG as compared
with age-matched controls.32 Basic science research in a trabecular meshwork cell culture
model revealed that statins can increase aqueous outflow facility.34 Statins have also been
shown to have neuroprotective effects in the setting of ischemia in the brain35 and in an
ischemia-reperfusion rat model of the retina.36 Additional studies are warranted to better
understand the relationship between hyperlipidemia, cholesterol-lowering medications, and
OAG.

Obesity
Several studies have demonstrated a relationship between obesity and elevated IOP,37–41 yet
few have looked at the relationship between obesity and OAG. Among studies specifically
assessing the relationship between obesity and OAG, one study found an association42 while
others have not.16,43 In the present analysis, the relationship between OAG and obesity had
significant interplay with sex. Compared with non-obese women, obese women had a 6%
increased hazard of developing OAG while there was no significant effect observed when
comparing obese to non-obese men. These findings are similar to those from a small
observational study by Zang and Wynder of 396 hospitalized patients (80 women and 316
men) in which the diagnosis of OAG was twice as likely in women with a BMI >27.5, but
BMI level in men had no impact on the likelihood of an OAG diagnosis.42 Comparing the
findings from these various studies with those from the current analysis are difficult due to
differences in study design, differences in the study populations, and differences in the
definitions of obesity and OAG used.

There are several theories as to why obesity may be associated with OAG. One hypothesis is
that increased orbital fat and increased blood viscosity increases the episcleral venous
pressure and reduces the outflow facility of aqueous, which results in increased IOP. This
hypothesis has been confirmed clinically with several studies finding that obesity correlates
with increased IOP.37–41 However, this theory, alone, does not explain why only obese
women would have an increased hazard of OAG. A second hypothesis relating obesity to
OAG is that the hyperleptinemia, which accompanies obesity45 may lead to increased
oxidative stress.45 Studies have shown that patients with OAG have higher levels of
oxidative damage in their trabecular meshwork than controls.46,47 Of interest, is the fact that
women have higher circulating leptin levels than men.48 Additional investigation is needed
to better understand the relationship between obesity, sex, and OAG.

Socioeconomic Status, Metabolic Syndrome and OAG
Despite the fact that everyone in this analysis had some form of medical insurance, after
adjustment for possible confounders we found that increasing household net worth and
higher educational status significantly decreased the hazard of developing OAG. While
others have noted a link between lower socioeconomic status and metabolic syndrome,49 the
relationship between these factors and development of OAG is unclear. Differences in health
behaviors, environmental exposures, and psychological stressors such as community and
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interpersonal violence, all of which are more common among individuals who are
socioeconomically disadvantaged, have been found to play a role in the development of a
number of other chronic diseases. Future work is required to better understand the complex
relationship between socioeconomic status and OAG.

Study Strengths and Limitations
There are several strengths to using claims data to study the association between
components of metabolic syndrome and OAG. Our sample size is considerably larger than
other studies in the literature and subjects come from diverse communities throughout the
United States. The large sample size enables adjustment for numerous potential confounding
variables. Diagnoses are made by medical professionals instead of relying on patient self-
report, which some have shown to be inaccurate. (Patty LE, et al. Validity of self-reported
diagnosis and treatment among Latinos in the Los Angeles Latino Eye Study. Poster
presented at Association of Research and Vision in Ophthalmology meeting, May 6, 2010,
Fort Lauderdale, Florida.)

There are several limitations to using claims data for this analysis. Due to fact that our data
source was completely de-identified, we were unable to verify in enrollees’ medical records
whether each beneficiary did indeed have each medical and ocular conditions of interest.
Claims data do not include information on relevant clinical parameters such as smoking
status, systolic and diastolic blood pressure, BMI, or laboratory values, which, ideally, we
would have liked to include in the models. Our study identified obesity based on billing
codes. Most other studies use BMI to determine obesity, and so a direct comparison is
difficult. The prevalence of obesity may be underestimated as medical providers may be
diagnosing obesity using billing codes among only those who are morbidly obese. It was
beyond the scope of the current analysis to study the influence of medications used to treat
HTN, DM, and hyperlipidemia on OAG or whether bariatric surgery for obesity may affect
the study findings. Finally, it is important to recognize that all of the enrollees in this study
had some form of commercial insurance. Therefore, the findings from our study may not
apply to other groups including patients who are uninsured or underinsured.

In conclusion, given that approximately one-fifth of the US population has metabolic
syndrome and both metabolic syndrome23 and OAG increase in prevalence with age, our
data suggest that as the US population ages, the disease burden of OAG may increase in the
coming years. Given the increasing prevalence of metabolic disorders in the US, this study
furthers our understanding of risk factors associated with OAG and helps identify persons
who may be at risk for this condition.
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Figure 1.
Selection of Eligible Enrollees for the Analysis
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Figure 2.
The hazard of developing open-angle glaucoma, comparing various components of
metabolic syndrome. Comparisons of different components of metabolic syndrome with one
another. In the table, a given cell reports the percentage increased or decreased hazard of
developing OAG in persons with the metabolic syndrome component(s) listed on the left as
compared with individuals who have the metabolic syndrome component(s) listed above.
For example, individuals with hypertension only have a 29% increased hazard of developing
OAG relative to those with hyperlipidemia only.
Gray highlighting depicts increased hazard; Black highlighting depicts decreased hazard.
HTN = Hypertension; DM = Diabetes Mellitus; Lipid = Hyperlipidemia; NS = non-
significant.
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Table 1

International Classification of Disease Codes

Condition ICD-9CM 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, 362.92, 362.03, 362.04, 362.05, 362.06, 362.07

Diabetic retinopathy 362.01, 362.92, 362.03, 362.04, 362.05, 362.06, 362.07

Diabetic Complications 250.4, 250.40, 250.41, 250.42, 250.43, 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

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

Hypertensive Complications 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

Hypotension 458, 458.0, 458.1, 485.2, 485.21, 458.29, 458.8, 458.9

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

Narrow-angle glaucoma 365.02, 365.2, 365.21, 365.22, 365.23, 365.61, 365.73

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

ICD-9CM-International Classification of Diseases, Ninth Revision, Clinical Modification
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Table 2

Demographic Characteristics of Study Population

Demographic Characteristics With OAG Without OAG

Study Population (N) 55,090 2,127,225

Age

 Mean (SD) 59.7(11.2) 54.3 (10.2)

 Range 40–87 40–87

Sex

 Male, N (%) 25,644 (46.6%) 918,185 (43.2%)

 Female, N (%) 29,442 (53.4%) 1,208,824 (56.8%)

Race

 White, N (%) 36,705 (79.8%) 1,449,461 (86.9%)

 Black, N (%) 4,319 (9.4%) 68,765 (4.1%)

 Latino, N (%) 3,142 (6.8%) 93,151 (5.6%)

 Asian-American, N (%) 1,422 (3.1%) 41,228 (2.5%)

 Other, N (%) 417 (0.9%) 15,071 (0.9%)

OAG, Open-Angle Glaucoma; N, Number; %, Percent; SD, Standard Deviation
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Table 3

Prevalence of Open-Angle Glaucoma Stratified by Metabolic Syndrome Component

Metabolic Syndrome Component
Beneficiaries with

OAG N (%)
Beneficiaries without

OAG N (%)

Total Beneficiaries
with Each
Metabolic
Syndrome

Component, N

Proportion of Total
Beneficiaries with
Each Metabolic

Syndrome
Component, %

None of the three conditions 8538 (1.4%) 596.784 (98.6%) 605,322 27.7%

HTN Only 5,330 (2.7%) 193,068 (97.3%) 198,398 9.1%

DM Only 506 (2.2%) 21,994 (97.8%) 22,500 1.0%

Hyperlipidemia Only 7,023 (1.9%) 371,748 (98.1%) 378,771 17.4%

DM + HTN 1,699 (3.8%) 42,523 (96.2%) 44,222 2.0%

DM + Hyperlipidemia 1,320 (2.4%) 53,070 (97.6%) 54,390 2.5%

HTN + Hyperlipidemia 16,651 (3.1%) 518,446 (96.9%) 535,097 24.5%

DM + HTN + Hyperlipidemia 14,023 (4.1%) 329,592 (95.9%) 343,615 15.8%

Total beneficiaries with ≥ 1 component of
metabolic syndrome

46,552 (3.0%) 1,530,441 (97.0%) 1,576,993 72.3%

Obesity 6,283 (3.1%) 196,533 (96.9%) 202,816 9.3%

OAG = Open-Angle Glaucoma; HTN = Hypertension; DM = Diabetes Mellitus.
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Table 4

Unadjusted and Adjusted Hazard Ratios of Developing Open-Angle Glaucoma

Metabolic Syndrome Components

Unadjusted Hazard Ratio of
developing OAG [95% Confidence

Interval] P-value
Adjusted Hazard Ratio of developing

OAG [95% Confidence Interval] P-value

HTN only 1.26 [1.22–1.31] <0.0001 1.17 [1.13–1.22] <0.0001

DM only 1.47 [1.34–1.61] <0.0001 1.35 [1.21–1.50] <0.0001

Hyperlipidemia only 0.94 [0.91–0.98] 0.0005 0.95 [0.91–0.98] 0.0038

Obesity 1.14 [1.11–1.17] <0.0001

Obesity/Sex Interaction

 Female & Obesea 1.06 [1.02–1.10] 0.0107

 Male & Obeseb 0.98 [0.94–1.03] 0.5080

DM + HTN 1.79 [1.69–1.89] <0.0001 1.48 [1.39–1.58] <0.0001

DM + Hyperlipidemia 1.28 [1.21–1.36] <0.0001 1.13 [1.05–1.21] 0.0008

HTN + Hyperlipidemia 1.15 [1.12–1.18] <0.0001 1.09 [1.05–1.12] <0.0001

DM + HTN + Hyperlipidemia 1.52 [1.48–1.57] <0.0001 1.26 [1.22–1.31] <0.0001

Multivariable analysis adjusted for age, sex, race, education level, household net worth, region of residence at the time of enrollment in the medical
plan, cataract, pseudophakia or aphakia, macular degeneration, diabetic retinopathy, systemic hypotension, sleep apnea, migraine headache, the
Charlson comorbidity index, and each of the other metabolic syndrome variables.

a
Reference group, non-obese females

b
Reference group, non-obese males

OAG = Open-Angle Glaucoma; HTN = Hypertension; DM = Diabetes Mellitus.

HTN = Hypertension; DM = Diabetes Mellitus; OAG = Open-Angle Glaucoma; ICD-9 CM, International Classification of Disease Codes, Ninth
Edition, Clinical Modification
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Table 5

Severity of Metabolic Syndrome Components on the Hazard of Developing Open-Angle Glaucoma

Severity of DM or HTN Adjusted Hazard Ratio of Developing OAG P-Value

[95% Confidence Interval]

HTN

Complicated HTNa 1.19 [1.15–1.24] <0.0001

Uncomplicated HTNa 1.15 [1.12–1.18] <0.0001

Complicated HTNb 1.04 [1.01–1.07] 0.009

DM

Complicated DMc 1.17[1.12–1.23] <0.0001

Uncomplicated DMc 1.18 [1.12–1.23] <0.0001

Complicated DMd 0.99 [0.95–1.04] 0.700

Multivariable analysis adjusted for age, sex, race, education level, household net worth, region of residence at the time of enrollment in the medical
plan, cataract, pseudophakia or aphakia, macular degeneration, diabetic retinopathy, systemic hypotension, sleep apnea, migraine headache, the
Charlson comorbidity index, and each of the other metabolic syndrome variables

a
Reference group, beneficiaries without hypertension

b
Reference group, beneficiaries with uncomplicated hypertension

c
Reference group, beneficiaries without diabetes mellitus

d
Reference group, beneficiaries with uncomplicated diabetes mellitus

Complicated hypertension was defined by ICD-9 CM codes for such diseases such as hypertensive nephropathy, retinopathy, and heart disease

Complicated diabetes was defined by ICD-9 CM codes for such diseases as diabetic retinopathy, neuropathy and nephropathy

HTN = Hypertension; DM = Diabetes Mellitus; OAG = Open-Angle Glaucoma; ICD-9 CM, International Classification of Disease Codes, Ninth
Edition, Clinical Modification

Ophthalmology. Author manuscript; available in PMC 2012 July 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Newman-Casey et al. Page 19

Table 6

Impact of Race, Education Level and Household Net Worth on Hazard of Developing Open-Angle Glaucoma

N Hazard Ratio 95% CI

Race

White 1,485,866 Reference

Black 73,084 2.19 2.11–2.27

Latino 96,293 1.38 1.33–1.44

Asian American 42,650 1.51 1.42–1.60

Other 15,488 1.24 1.12–1.37

Net Worth

≤$25,000 130,220 Reference

$25,000–49,000 55,286 0.97 0.92–1.04

$50,000–74,000 53,226 0.94 0.88–1.00

$75,000–99,000 71,496 0.91 0.86–0.97

$100,000–124,000 144,433 0.88 0.84–0.92

$125,000–249,000 285,307 0.85 0.82–0.89

$250,000–499,000 523,825 0.82 0.79–0.85

$500,000–749,000 247,628 0.78 0.75–0.82

$750,000–999,000 96,307 0.80 0.76–0.85

≥$1,000,000 139,963 0.81 0.77–0.86

Education

Less than high school 23,589 Reference

High School diploma 605,810 0.85 0.79–0.91

Some college 699,410 0.83 0.78–0.89

College diploma 485,790 0.82 0.76–0.88

Advanced degree 5083 0.68 0.54–0.85

Multivariable analysis adjusted for each of the components of metabolic syndrome, age, sex, race, education level, household net worth, region of
residence at the time of enrollment in the medical plan, cataract, pseudophakia or aphakia, macular degeneration, diabetic retinopathy, systemic
hypotension, sleep apnea, migraine headache, the Charlson comorbidity index.

CI = Confidence Interval
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