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Background: Patients with various retinal diseases and patients who have undergone retinal
procedures and surgeries have an increased risk of developing ocular hypertension and glaucoma.
Little is known about the epidemiology of comorbid retinal diseases in glaucoma patients. This
study evaluated the prevalence of retinal comorbidities in a population of patients with five
types of glaucoma.
Methods: A longitudinal, retrospective study was conducted using International Classification
of Disease (ICD-9) billing records from 2003 to 2010 at an academic medical center. Patients
were classified as having primary open-angle glaucoma (POAG), low tension open-angle glaucoma (NTG), pigmentary open-angle glaucoma, chronic-angle closure glaucoma (CACG), or
pseudoexfoliation glaucoma (PXG) if they had at least three clinic visits with the same ICD-9
code. Patients were classified as having a retinal comorbidity if they had two visits with the
same code. Variables were analyzed with the independent t-test, χ2 test, analysis of variance,
or Fisher’s exact test.
Results: A total of 5,154 patients had glaucoma, and 14.8% of these had a retinal comorbidity.
The prevalence of comorbid retinal disease was higher in patients with POAG (15.7%) than in
those with NTG (10.7%), PXG (10.1%), or pigmentary open-angle glaucoma (3.7%; P,0.05).
Two hundred and two patients had diabetic retinopathy, with POAG patients (4.5%) having a
higher prevalence than those with CACG (1.4%) or PXG (0.6%; P,0.001). There were 297
patients who had macular degeneration and both POAG (2.0%) and PXG patients (2.9%) had a
higher prevalence of nonexudative macular degeneration than those with CACG (0%; P,0.01).
Patients with comorbid retinal disease had a higher prevalence of blindness and low vision than
those without comorbid retinal disease (1.97% versus 1.02%, P=0.02).
Conclusion: The high prevalence of comorbid retinal disease and the nearly twofold increase
in blindness and low vision in this population demonstrate the need for ophthalmologists to
determine if patients have multiple etiologies for their vision loss. The higher prevalence of
certain retinal diseases in POAG patients may reflect common pathophysiological processes
that warrant further investigation.
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Glaucoma and various retinal diseases are leading causes of vision loss worldwide.
Numerous retinal diseases are associated with and lead to various types of glaucoma.
Ischemic conditions such as central retinal vein occlusion (CRVO) or branch retinal vein occlusion (BRVO), central or branch retinal artery occlusion, malignancy,
and proliferative diabetic retinopathy are associated with neovascular glaucoma. 1
Various types of uveitis,2–5 including Behçet’s disease,6 sarcoidosis,4 syphilis,4 Fuchs’
iridocyclitis,4 and juvenile rheumatoid arthritis4 are causes of secondary glaucoma.
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Retinitis pigmentosa is associated with primary open-angle
and primary-angle closure glaucoma.7 Patients with retinal
detachments have higher rates of both ocular hypertension
and glaucoma than people in the general public.8
Patients undergoing retinal procedures and retinal surgeries are at increased risk for elevated intraocular pressure
(IOP). Intravitreal steroid injections, especially intravitreal
triamcinolone acetonide, are associated with elevations in
IOP in approximately 50% of patients, which can require
treatment with topical medications and, occasionally, glaucoma surgery.9,10 Panretinal photocoagulation is associated
with elevated IOP11 and acute-angle closure glaucoma.12,13
Studies on intravitreal anti-vascular endothelial growth factor
injections show an association with sustained IOP elevation14
requiring topical medications and, occasionally, glaucoma
surgery.15 Vitreoretinal surgeries16 including both simple
vitrectomy17 (eg, vitrectomy without gas, scleral buckle, or
silicon oil) and complex vitrectomy,17,18 are associated with
IOP elevation during the first 24 hours after the operation.
In addition, vitrectomy with silicon oil19 and vitrectomy
without silicon oil20,21 are both associated with the development of glaucoma.
Studies have documented the risk of elevated IOP and
glaucoma in patients with certain retinal diseases and in
certain postoperative or post-procedure retina patients. Little
is known about the prevalence of comorbid retinal disease in
patients with glaucoma. The prevalence of comorbid retinal
diseases may help clinicians consider whether a patient’s
vision loss is due to glaucoma or whether it is multifactorial
with other disease processes involved. This study examines
the prevalence of various types of retinal disease in a group
of patients with five different types of glaucoma at a single
academic medical center.

Materials and methods
A longitudinal, retrospective study was conducted at a single
academic medical center using International Classification of
Disease (ICD-9) and Current Procedure Terminology billing
records from June 1, 2003 to November 30, 2010. All patients
were aged 40 years or older at the time of their last clinical
examination and were classified using ICD-9 billing records
as having primary open-angle glaucoma (POAG [365.11]),
low tension open-angle glaucoma (NTG [365.12]), pigmentary open-angle glaucoma (365.13), chronic-angle closure
glaucoma (CACG [365.23]), or pseudoexfoliation glaucoma
(PXG [365.52]). This study did not include patients who
were glaucoma suspects (365.0–365.04) in order to focus
on patients with known glaucomatous damage. Patients
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with neovascular glaucoma (365.63) were excluded because
there are well-established associations between neovascular
glaucoma and diabetic retinopathy, CRVO, various ocular
malignancies, and ocular ischemic syndrome.22 Patients
were similarly classified as having a retinal comorbidity
based on ICD-9 codes for retinal detachments and defects
(361.0–361.9), other retinal disorders (362.0–362.9), or
chorioretinal inflammation, scars, and other disorders of the
choroid (363.0–363.9). The Human Subject Research Office
of University of Miami Institutional Review Boards approved
this study. The study was conducted in accordance with the
Declaration of Helsinki.
Patients were included in the study if they had had at
least three clinical examinations with the same glaucoma
diagnosis ICD-9 code, and had received follow-up care in
ophthalmology clinics over at least 2 years. Each patient
was categorized as having one type of glaucoma to ensure
that each glaucoma subset was composed of unique patients.
Patients were excluded if they met the criteria for more than
one glaucoma diagnosis (at least three clinical examinations
over 2 years for each glaucoma diagnosis).
Patients were categorized as having a retinal comorbidity if they had at least two visits on different dates with the
same retinal ICD-9 code. We did not differentiate the type
of visit (clinical visit, ophthalmology emergency room visit,
surgery visit, or procedure visit). Patients were categorized
as having blindness and low vision (ICD-9 369) if they had
two visits with ICD-9 code 369. Unlike with the comorbid
retina population, we did not require patients to have two
visits associated with the same specific (two decimal place)
ICD-9 code for blindness and low vision.
Some vitreoretinal ICD-9 codes were excluded because a
preliminary analysis revealed that there were no patients with
any of the following diagnoses: vitreous abscess (360.04),
pan uveitis (360.12), or papilledema (377.00–377.04). Four
patients with optic neuritis (377.3), eleven patients with optic
atrophy (377.1), and eleven patients with other disorders of
the optic nerve (377.4) were similarly excluded.
Statistical analysis was performed using JMP version 10
(SAS Institute Inc, Cary, NC, USA). Categorical variables
were analyzed with the χ2 test or Fisher’s exact test. Continuous variables were analyzed with the independent t-test,
analysis of variance (ANOVA), or least significant difference
post hoc t-test.

Results
A total of 5,154 patients met the criteria for having glaucoma,
with the majority of these patients having POAG (n=4,171,
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80.9%) and 2,142 (41.6%) seen for at least 5 years. Seven
hundred and sixty of these glaucoma patients had a retinal
diagnosis, and 35 of these had multiple categories of retinal
diagnoses (eg, both a diagnosis within retinal detachments
and also within other retinal disorders). Overall, the prevalence of comorbid retinal disease in our glaucoma patient
population was 14.8% (760/5,154). The prevalence of retinal
detachment was 0.99% (ICD-9 361.xx, 51/5,154), the prevalence of other retinal disorder was 13.3% (ICD-9 362.xx,
684/5,154), the prevalence of other disorders of the choroid
was 0.33% (ICD-9 363.xx, 17/5,154), and the prevalence of
disorders of the vitreous body was 0.83% (ICD-9 379.2x,
43/5,154).
Characteristics of glaucoma patients with and without
retinal comorbidities are listed in Table 1. Overall, there
were more females (2,906, 56.3%) than males in this study
(2,248, 43.7%). There was no difference in rates of comorbid retinal disease between males and females (P=0.29,
χ2 test). Glaucoma patients with a comorbid retinal disease
were older than glaucoma patients without a retinal disease
(mean age 75.4 years versus 73.1 years, P,0.0001, independent t-test). Of patients with retinal comorbidities, PXG
patients were older than those with POAG, NTG, or CACG
(mean age 83.1 years versus 73.7–75.2 years, P,0.05,
ANOVA and least significant difference post hoc t-tests).
There was no difference in mean age between patients with
PXG and those with pigmentary open-angle glaucoma (83.1
years versus 73.8 years, P.0.05, Fisher’s exact test). There
were no differences in mean age between POAG, NTG,
pigmentary open-angle glaucoma, and CACG patients with
regard to retinal comorbidities (P.0.05, ANOVA).
We next asked what types of glaucoma patients are most
likely to have comorbid retinal disease. Table 2 and Figure 1
Table 1 Age and sex of patients with and without comorbid
retinal disease

Age, years (%)*
40–49
50–59
60–69
70–79
80–89
$90
Mean
Sex, n (%)
Female
Male

Glaucoma patients
with RC (n=760)

Glaucoma patients
without RC (n=4,394)

16 (2.1)
65 (8.6)
161 (21.2)
221 (29.1)
229 (30.1)
68 (8.9)
75.4±11.5

160 (3.6)
481 (10.9)
1,013 (23.1)
1,334 (30.4)
1,127 (25.6)
279 (6.3)
73.1±11.8

419 (55.1)
341 (44.9)

2,487 (56.6)
1,907 (43.4)

Note: *Age as of last visit.
Abbreviation: RC, retinal comorbidity.
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list the proportions of patients with comorbid retinal disease
by glaucoma type. There was a larger proportion of POAG
patients with comorbid retinal disease (15.7%) than NTG
patients (10.7%, P=0.014, χ2 test), PXG patients (10.1%,
P=0.008, χ2 test), and pigmentary open-angle glaucoma
patients (3.7%, P=0.013, Fisher’s exact test). There were
no other differences in the proportions of comorbid retinal
disease between type of glaucoma patients (P.0.05, χ2 test
and Fisher’s exact test).
We next examined what types of retinal disease are most
common in glaucoma patients. Tables 3–6 list the numbers
of patients with each type of diagnosis. The most common
diagnoses included cystoid macular degeneration (125),
nonexudative senile macular degeneration (94), unspecified senile macular degeneration (89), background diabetic
retinopathy (82), and proliferative diabetic retinopathy (78),
as shown in Figure 2.
We then asked whether there is a relationship between
glaucoma subtype and diabetic retinopathy, age-related
macular degeneration (AMD), and retinal vascular occlusions, which are three of the most common retinal comorbid
diagnoses. Two hundred and thirty-one glaucoma patients
had diabetes mellitus with ophthalmic manifestations
(ICD-9 250.5–250.53, 362.01–362.07), of which 202 had
diabetes-related retinal disease (ICD-9 362.01–362.07). The
prevalence of diabetes-related retinal disease among glaucoma patients in this study was 3.92% (202/5,154). Fifty-six
patients had visits for just proliferative diabetic retinopathy
and 139 patients had visits for nonproliferative or background
diabetic retinopathy. Twenty-two had visits for both of
these categories. POAG patients had a higher prevalence of
comorbid diabetic retinopathy (4.5%) than CACG patients
(1.4%, P=0.013, Fisher’s exact test) or PXG patients (0.6%,
P,0.001, Fisher’s exact test). There was no difference in
mean age between POAG, CACG, and PXG patients with
diabetic retinopathy (P.0.05, ANOVA).
One hundred and twenty-eight glaucoma patients were
diagnosed with a retinal vascular occlusion, with four patients
having a central or branch artery occlusion, 124 patients
having a CRVO or BRVO, and two patients having both an
arterial and venous occlusion. There was no difference in
the prevalence of retinal vascular occlusions according to
type of glaucoma (0%–2.9%, P.0.05, Fisher’s exact test).
Similarly, there was no difference in prevalence of retinal
vein occlusion according to type of glaucoma (0%–2.9%,
P.0.05, Fisher’s exact test).
A total of 297 glaucoma patients were diagnosed with
macular degeneration (exudative, nonexudative, unspecified,
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Table 2 Comorbid retina prevalence by glaucoma type
Patients with RC
Patients without RC

POAG (n=4,171)

NTG (n=336)

PG (n=54)

CACG (n=277)

PXG (n=316)

656 (15.7%)
3,515 (84.3%)

36 (10.7%)
300 (89.3%)

2 (3.7%)
52 (96.3%)

34 (12.3%)
243 (87.7%)

32 (10.1%)
284 (89.9%)

or cystoid macular degeneration), with 84 patients having just
nonexudative AMD, 37 patients having just exudative AMD,
and ten patients having both exudative and nonexudative
AMD. The prevalence of just nonexudative AMD was 1.6%
(84/5,154) and the prevalence of exudative AMD was 0.91%
(47/5,154). Patients with both exudative and nonexudative
AMD were included in the prevalence calculations for exudative AMD because having both diagnoses may represent
progression from nonexudative AMD to exudative AMD.
POAG patients and PXG patients had a higher prevalence of
nonexudative AMD than CACG patients (2.0% versus 0%,
P=0.009 and 2.9% versus 0%, P=0.004, Fisher’s exact test).
There was no difference in mean age between POAG and
PXG patients with nonexudative AMD (84.9 versus 86.3,
P.0.05, t-test). There were no differences in the prevalence
of exudative AMD according to type of glaucoma (0%–1.5%,
P.0.05, Fisher’s exact test).
Lastly, we examined blindness and low vision to determine if glaucoma patients with comorbid retinal disease have
a higher prevalence of severe vision loss. Glaucoma patients
with comorbid retinal disease had a higher prevalence of
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Note: Proportion of POAG patients with RC exceeds those with NTG, PG, and PXG (P,0.05, Fisher’s exact test and χ2 test).
Abbreviations: POAG, primary open-angle glaucoma; NTG, low tension open-angle glaucoma; PG, pigmentary open-angle glaucoma; CACG, chronic angle-closure
glaucoma; PXG, pseudoexfoliation glaucoma; RC, retinal comorbidity.
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Figure 1 Prevalence of comorbid retinal disease by glaucoma type. POAG patients
(15.7%) had a higher prevalence of comorbid retinal disease than NTG (10.7%), PXG
(10.1%), and PG (3.7%) patients.
Note: P,0.05, χ2 test.
Abbreviations: POAG, primary open-angle glaucoma; NTG, low tension openangle glaucoma; PG, pigmentary open-angle glaucoma; CACG, chronic angle-closure
glaucoma; PXG, pseudoexfoliation glaucoma.
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severe vision loss than those without retinal disease (1.97%
versus 1.02%, P=0.02, χ2 test, Figure 3).

Discussion
The purpose of this study was to estimate the prevalence
of retinal disease in a population of long-term glaucoma
patients at a single academic medical center in the USA
and to determine if there are associations between specific
types of glaucoma and the most common comorbid retinal
diseases. This was a billing-based study and not a chart
review, so clinical and laboratory data such as IOP, refraction, body mass index, and glycated hemoglobin were not
available. The strengths of the current study include the
large number of glaucoma patients who all had long-term
follow-up. We required a minimum of 2 years of follow-up
to be included in the study, and 41.6% of patients were
seen for at least 5 years. We utilized a dataset from a single,
tertiary care medical center in order to capture patients who
visited the same center for both retinal and glaucoma care
although prevalence rates may reflect referral bias. Weaknesses of the current study include the retrospective design,
reliance on ICD-9 codes without a chart review to confirm
patient diagnoses, lack of a control group, and inclusion
of patients with only five types of glaucoma. Patients who
were seen for glaucoma at this institution and saw an outside doctor for any retinal disease were not captured in our
analysis. Patients with CACG and narrow-angle glaucoma
may be at higher risk for complications from dilation, and
fundus examinations in these patients may be suboptimal.
It is possible that the risk of dilation may have decreased
the diagnosis of comorbid retinal disease in this glaucoma
population. Further studies are needed to evaluate national
prevalence rates among subtypes of glaucoma patients and
to evaluate associations between POAG and specific retinal
diseases compared with age-matched and sex-matched
controls. Detailed chart reviews can be utilized to confirm
the results of billing database studies and can also include
clinical data such as IOP.
We selected POAG, NTG, CACG, pigmentary openangle glaucoma, and PXG because these were the adult
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Table 3 Patients with ICD-9 361 diagnoses: retinal detachments and defects (n=51)
361.0
361
361.01–0.04
361.05
361.06
361.07
361.1
361.1
361.11
361.12
361.13
361.14
361.19
361.2
361.3
361.3
361.31
361.32
361.33
361.8
361.81
361.89
361.9

Retinal detachment with retinal defect
Retinal detachment with retinal defect, unspecified
Recent retinal detachment, partial
Recent retinal detachment, total or subtotal
Old retinal detachment, partial
Old retinal detachment, total or subtotal
Retinoschisis and retinal cysts
Retinoschisis, unspecified
Flat retinoschisis
Bullous retinoschisis
Primary retinal cysts
Secondary retinal cysts
Other retinoschisis and retinal cysts
Serous retinal detachment
Retinal defects without detachment
Retinal defect, unspecified
Round hole of retina without detachment
Horseshoe tear of retina without detachment
Multiple defects of retina without detachment
Other forms of retinal detachment
Traction detachment of retina
Other forms of retinal detachment
Unspecified retinal detachment
Total number of diagnoses

35
2
0
32
1
0
3
3
0
0
0
0
0
0
7
3
1
3
0
9
8
1
0
54

Abbreviation: ICD-9, International Classification of Disease.

Table 4 Patients with ICD-9 362 diagnoses: other retinal disorders (n=684)
362.0
362.01
362.02
362.03
362.04
362.05
362.06
362.07
362.1
362.10
362.11
362.12
362.13
362.14
362.15
362.16
362.17
362.18
362.2
362.20
362.21
362.22–362.27
362.29
362.3
362.30
362.31
362.32
362.33
362.34
362.35

Diabetic retinopathy
Background diabetic retinopathy
Proliferative diabetic retinopathy
Nonproliferative diabetic retinopathy, NOS
Mild nonproliferative diabetic retinopathy
Moderate nonproliferative diabetic retinopathy
Severe nonproliferative diabetic retinopathy
Diabetic macular edema
Other background retinopathy and retinal vascular changes
Background retinopathy, unspecified
Hypertensive retinopathy
Exudative retinopathy
Changes in vascular appearance of retina
Retinal microaneurysms, NOS
Retinal telangiectasia
Retinal neovascularization, NOS
Other intraretinal microvascular abnormalities
Retinal vasculitis
Other proliferative retinopathy
Retinopathy of prematurity, unspecified
Retrolental fibroplasia
Retinopathy of prematurity, stage 0–5
Other nondiabetic proliferative retinopathy
Retinal vascular occlusion
Retinal vascular occlusion, unspecified
Central retinal artery occlusion
Retinal arterial branch occlusion
Partial retinal arterial occlusion
Transient retinal arterial occlusion
Central retinal vein occlusion

277
82
78
70
9
2
5
31
16
1
1
1
1
1
0
11
0
0
3
0
1
0
2
140
1
3
4
0
0
67

(Continued)
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Table 4 (Continued)
362.36
362.37
362.4
362.40
362.41
362.42
362.43
362.5
362.50
362.51
362.52
362.53
362.54
362.55
362.56
362.57
362.6
362.60
362.61
362.62
362.63
362.64
362.65
362.66
362.7
362.70
362.71
362.72
362.73
362.74
362.75
362.76
362.77
362.8
362.81
362.82
362.83
362.84
362.85
362.89
362.9

Venous tributary (branch) occlusion
Venous engorgement
Separation of retinal layers
Retinal layer separation, unspecified
Central serous retinopathy
Serous detachment of retinal pigment epithelium
Hemorrhagic detachment of retinal pigment epithelium
Degeneration of macula and posterior pole of retina
Macular degeneration (senile), unspecified
Nonexudative senile macular degeneration
Exudative senile macular degeneration
Cystoid macular degeneration
Macular cyst, hole, or pseudohole
Toxic maculopathy
Macular puckering
Drusen (degenerative)
Peripheral retinal degenerations
Peripheral retinal degeneration, unspecified
Paving stone degeneration
Microcystoid degeneration
Lattice degeneration
Senile reticular degeneration
Secondary pigmentary degeneration
Secondary vitreoretinal degeneration
Hereditary retinal dystrophies
Hereditary retinal dystrophy, unspecified
Retinal dystrophy in systemic or cerebroretinal lipidoses
Retinal dystrophy in other systemic disorders and syndromes
Vitreoretinal dystrophies
Pigmentary retinal dystrophy
Other dystrophies primarily involving the sensory retina
Dystrophies primarily involving the retinal pigment epithelium
Dystrophies primarily involving Bruch’s membrane
Other retinal disorders
Retinal hemorrhage
Retinal exudates and deposits
Retinal edema
Retinal ischemia
Retinal nerve fiber bundle defects
Other retinal disorders
Unspecified retinal disorder
Total number of diagnoses

65
0
10
0
5
5
0
456
89
94
47
125
26
1
69
5
5
1
0
0
4
0
0
0
12
1
0
0
0
6
3
2
0
17
0
0
12
2
0
3
0
936

Abbreviations: ICD-9, International Classification of Disease; NOS, not otherwise specified.

Table 5 Patients with ICD-9 363 diagnoses: chorioretinal inflammation, scars and other disorders of the choroid (n=171)
363.0
363.00–0.08
363.1
363.10
363.11
363.12
363.13
363.14
363.15
362.2
363.20
363.21

Focal chorioretinitis and focal retinochoroiditis
Focal retinitis, chorioretinitis, and retinochoroiditis
Disseminated chorioretinitis and disseminated retinochoroiditis
Disseminated chorioretinitis, unspecified
Disseminated choroiditis and chorioretinitis, posterior pole
Disseminated choroiditis and chorioretinitis, peripheral
Disseminated choroiditis and chorioretinitis, generalized
Disseminated retinitis and retinochoroiditis, metastatic
Disseminated retinitis and retinochoroiditis, pigment epitheliopathy
Other and unspecified forms of chorioretinitis and retinochoroiditis
Chorioretinitis, unspecified
Pars planitis

0
0
1
0
0
0
1
0
0
1
0
0

(Continued)
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363.22
363.3
363.30
363.31
363.32
363.33
363.34
363.35
363.4
363.40
363.41
363.42
363.43
363.5
363.50–57
363.6
363.61–63
363.7
363.70
363.71
363.72
363.8
363.9

Harada’s disease
Chorioretinal scars
Chorioretinal scar, unspecified
Solar retinopathy
Other macular scars
Other scars of posterior pole
Peripheral scars
Disseminated scars
Choroidal degenerations
Choroidal degeneration, unspecified
Senile atrophy of choroid
Diffuse secondary atrophy of choroid
Angioid streaks of choroid
Hereditary choroidal dystrophies
Hereditary choroidal dystrophy or atrophy
Choroidal hemorrhage and rupture
Choroidal hemorrhage
Choroidal detachment
Choroidal detachment, unspecified
Serous choroidal detachment
Hemorrhagic choroidal detachment
Other disorders of choroid
Unspecified disorder of choroid
Total number of diagnoses

1
11
4
0
7
0
0
0
1
0
0
0
1
0
0
0
0
2
2
0
0
1
0
17

Abbreviation: ICD-9, International Classification of Disease.

glaucoma patients most commonly seen at our academic
medical center. We excluded neovascular glaucoma because
of the well-established associations with proliferative
diabetic retinopathy and ocular ischemic syndrome.22 We
identified patients who had at least three clinical examinations over the course of 2 years with the same glaucoma
diagnosis. We chose these inclusion criteria in order to
maximize the accuracy of glaucoma diagnosis, to identify
a glaucoma population with multiple years of follow-up
care, and to minimize the inclusion of glaucoma patients
who were seen at this academic medical center for just
a second opinion. Retina patients were required to have
the same diagnosis associated with two visits of any type
(clinic, procedure, or emergency room). The requirement
Table 6 Patients with ICD-9 379.2 diagnoses: disorders of the
vitreous body (n=43)
379.2
379.21
379.22
379.23
379.24
379.25
379.26
379.27
379.29

Disorders of the vitreous body
Vitreous degeneration
Crystalline deposits in vitreous
Vitreous hemorrhage
Other vitreous opacities
Vitreous membranes and strands
Vitreous prolapse
Vitreomacular adhesion
Other disorders of the vitreous
Total number of diagnoses

Abbreviation: ICD-9, International Classification of Disease.

Clinical Ophthalmology 2015:9

0
19
1
12
0
0
10
0
1
43

for at least two visits with the same retinal diagnosis may
be expected to reduce false positive (inclusion) diagnostic
inaccuracy arising from single coding errors or from evaluation visits found to be negative for a referral question. In
addition, glaucoma diagnoses tend to be more consistent
over time because patients with retinal disease may have
disease progression and therefore have a change in diagnosis
(eg, from nonproliferative diabetic retinopathy to proliferative diabetic retinopathy). We selected less stringent criteria
for blindness and low vision (two visits with any ICD-9 code
369) because this diagnosis is relatively rare, and we were
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Table 5 (Continued)
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Figure 2 Most common comorbid retinal diagnoses. Of patients with glaucoma,
the five most common retinal diagnoses were cystoid MD, nonexudative MD,
unspecified MD, background DR, and proliferative DR.
Abbreviations: DR, diabetic retinopathy; MD, macular degeneration.
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Figure 3 Prevalence of blindness and low vision. Glaucoma patients with comorbid
retinal disease have higher rates of blindness and low vision than glaucoma patients
without comorbid retinal disease (1.97% versus 1.02%).
Note: P=0.02, χ2 test.
Abbreviation: CRD, comorbid retinal disease.

concerned in this study with whether a patient develops
severe vision loss and not the specific level of severe vision
loss (eg, total, near-total, profound).
Previous studies have determined that patients with specific retinal diseases, retinal surgeries, and retinal procedures
have an increased incidence of ocular hypertension and
glaucoma; however, there are no publications to our knowledge that estimate the prevalence of retinal comorbidities
in a population of glaucoma patients. We found significant
rates of comorbid retinal disease (14.8%) in this glaucoma
population. Glaucoma patients with comorbid disease have a
higher mean age than those without comorbid retinal disease.
The higher mean age may be because increasing age is a risk
factor for many retinal diseases. There was no association
between sex and rates of comorbid retinal disease.
There are no previous studies on the rates of comorbid retinal disease in patients with glaucoma. Epidemiology studies,
however, can provide information on rates of certain diseases
in the general population. These studies are drawn from different populations and have different designs, so comparisons
are limited. Rates of diabetic retinopathy in this study are
consistent with epidemiologic studies in the ophthalmology
literature. The results indicating that 3.4% of glaucoma patients
have diabetic retinopathy and 3.9% of patients have either diabetic retinopathy or diabetes with ophthalmic manifestations
are consistent with previous studies which estimated that the
prevalence of diabetic retinopathy is 3.4% among Americans
over 40 years of age.23 Thus, using historical controls derived
from epidemiological studies, the prevalence of diabetic
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retinopathy appears to be no different in glaucoma patients
than in community-based screening samples.
In contrast, rates of vascular occlusions in this study are
higher than other prevalence estimates. We combined BRVO
and CRVO for a combined prevalence of 2.4%. Globally, the
prevalence is estimated to be 3.77 per 1,000 for BRVO and
0.65 per 1,000 for CRVO.24 Our higher prevalence rates may
reflect referral bias or may demonstrate that glaucoma patients
have a higher prevalence than the general public. Open-angle
glaucoma has long been a recognized risk factor for both
BRVO and CRVO.25,26 Ischemic CRVO can lead to neovascular glaucoma and CACG, but this study did not include neovascular glaucoma, and there were no statistically significant
differences in rates of vein occlusions or vascular occlusions
between the glaucoma types studied here. It is possible that
CACG was underdiagnosed in our study if patients did not
undergo gonioscopy. The small numbers of patients with a
vascular occlusion also limited the statistical power of this
study. Of all study patients, only three PXG, five NTG, eight
CACG, and 112 POAG patients had a vascular occlusion.
On the other end of the spectrum, our results for the
prevalence of macular degeneration in glaucoma patients are
lower than prevalence rates from previous studies. A 2004
meta-analysis estimated the prevalence of AMD to be 6.12%
for early AMD and 1.02% for neovascular AMD,27 which
is higher than our estimates of 2.5% for either exudative or
nonexudative AMD, 1.6% for just nonexudative AMD, and
0.91% for exudative AMD. In a 2008 study of Finnish patients
with POAG and PXG, the prevalence of AMD was 4.0%.28
The definition of AMD is a key determinant of how prevalence
rates are calculated, and the 2004 meta-analysis defined early
AMD as having at least one drusen of 125 µm or larger.27 The
lower rates of AMD in this study may reflect the limitation
of using ICD-9 codes without a chart review. For instance,
the proportion of nonexudative AMD patients to exudative
AMD patients in this study is 2.5% to 0.91%, which differs
from well-established estimates that nonexudative AMD represents 85%–90% of all AMD patients. Together these data
may reflect an ascertainment bias where, in the absence of
formal prospective study, drusen reflecting early AMD may
not have been detected or recorded, or may not have led to
referral to retina specialists more likely to code these diseases.
Another explanation for the low rates of AMD is that this
study population may not be generalizable to a communitybased epidemiological study. While we do not have race or
ethnicity information on study participants, this academic
medical center is located in a county that is 64.3% Hispanic or
Latino according to the US Census Bureau.29 It has long been
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established that Caucasians have higher rates of AMD than
African Americans, and a recent study suggests that Hispanics have lower rates of AMD than Caucasians.30 Finally, the
lower rates of AMD could suggest a hypothesis that glaucoma
may be a protective factor against the development of AMD,
although this hypothesis would need considerable additional
study as well as a plausible biological mechanism.
When examining the differences in prevalence of comorbid retinal disease between types of glaucoma, we also evaluated differences in mean age between glaucoma types, as age
could be a confounder given that it is a known risk factor
for both glaucoma and many retinal diseases such as AMD,
atherosclerosis and retinal artery occlusive disease, retinal
venous occlusive disease, and epiretinal membrane.31 Of
all the patients with comorbid retinal disease, PXG patients
were older than those with POAG, NTG, and CACG, and
there were no other differences between glaucoma types. For
instance, POAG patients with comorbid retinal disease were
not older than patients with other types of glaucoma.
The nearly twofold increased risk of severe vision loss
in patients with comorbid retinal disease highlights the need
for physicians to include a careful retinal examination, and
to consider multiple etiologies if visual field results or optic
nerve assessments do not correlate with the level of vision
loss. A multidisciplinary, team-based approach to patient care
with more frequent monitoring is clearly indicated for patients
at increased risk for vision loss. Understanding the prevalence
of comorbid retinal disease in patients with certain types of
glaucoma may lead to increased awareness among eye care
professionals. Further studies are needed to evaluate the care
of glaucoma patients with comorbid retinal disease.
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