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Abstract: Objective: To investigate whether age-related macular degeneration (AMD) is associated with the development
of ischemic and hemorrhagic stroke among elderly Americans

Design: Population-based cohort study.

Participants: The five percent random sample of 2000-2003 Medicare enrollees was obtained. The cohort (n=1,519,086)
consisted of enrollees who were aged 65 or older at the first two-year (January 1, 2000 to December 31, 2001).

Methods: Baseline demographic variables and chronic conditions (AMD and type, history of myocardial infarction (MI),
stroke, hypertension, and diabetes) were defined based on the occurrence of relevant ICD-9 codes in relevant diagnosis
fields of the baseline Medicare Data. We excluded 215,900 persons who had a diagnosis of MI or stroke during baseline
period to form a cohort of 1,303,186 individuals who were free of major cardio-cerebral vascular disease (CVD) at base-
line.

Main Outcome Measures: In two years of follow-up (January 1, 2002 to December 31, 2003), a total of 89,501 incident
stroke cases were identified, including 80,018 ischemic, 7048 hemorrhagic, and 2,435 stroke cases of both types.

Results: Baseline mean age was 75 years (Standard Divination=7.7), with 60% women and 88% whites. The prevalence of
AMD was 10.6%, with 19.7% being neovascular AMD and 80.3% being non-neovascular AMD. Baseline age, gender,
race, hypertension, and diabetes adjusted 2-year incident odds ratios and 95% confidence internal of stroke associated
with AMD were 1.31 (1.26, 1.36) for neovascular AMD, 1.18 (1.15, 1.21) for non-neovascular AMD, and 1.21 (1.18,
1.23) for either neovascular or non-neovascular AMD.

Conclusion: The findings are suggestive of an association between AMD, especially neovascular AMD, and incident
stroke, independent of demographic factors and co-morbidity. These findings, if confirmed by other studies that control
for smoking and other lifestyle covariables not measured in this study, suggest the possibility of shared common antece-

dents between stroke and AMD.

Keywords: Age-related macular degeneration, stroke, Medicare medical claims, follow-up study.

Age-related macular degeneration (AMD) is the leading
cause of severe vision loss among elderly persons. However,
the etiology of AMD is poorly understood. Genetic factors
[1-3], smoking [4,5], and less consistently oxidative stress,
long-term exposure to sunlight, or low levels of antioxidants
[6,7], nutritional factors [8], obesity [9,10], and lipid levels
[11,12] have been implicated as possible risk factors for the
development of AMD. Many of these factors are also tradi-
tional risk factors for cardiovascular and cerebral vascular
diseases, the leading cause of death and disability in the
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United States and other developed countries. The objective
of this study is to investigate whether AMD, especially
neovascular AMD, is related to the occurrence of incident
stroke among elderly Americans.

POPULATION AND METHODS
Study Population

A 5% random sample of Medicare beneficiaries’ data and
their medical reimbursement claims data were obtained from
the Center for Medicare and Medicaid Services (CMS) after
the CMS Privacy Board review and approval of the data re-
quest. We included all enrollees from this random sample dur-
ing the first two years (January 1, 2000 to December 31, 2001)
to form a cohort of persons aged >65 years (n=1,519,086),
after excluding persons enrolled in Medicare before 65 years
of age and persons with conflicting demographic information
(date of birth, race, or gender) in the CMS demographic data-
bases from different years. The research identifiable Carrier
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files, inpatient and outpatient files, and enrollment demo-
graphic files for the entire study period (2000-2003) were ob-
tained from CMS and used for this study.

Definitions of Key Variables

Baseline demographic variables and chronic conditions
(AMD, history of myocardial infarction (MI), stroke, hyper-
tension, and diabetes) were extracted from the Medicare
Claims database during the 2-year baseline period, based on
any occurrence of relevant ICD-9 codes in either the “Claim
Diagnosis Code” or the “Line Diagnosis Code” field of the
Medicare claim form. The definitions and their correspond-
ing ICD-9 codes of AMD, MI, stroke, hypertension, and
diabetes are summarized in Table 1. The following algo-
rithms and the ICD-9 codes were used to define stroke [13]:

a. Any occurrence of 430, 431, 432.0-432.9, 433.01,
433.21, 433.31, 433.81 or 43391, 434.00-434.91, or
436, on Medicare claim’s Diagnosis Code fields; or

b. Any co-occurrences of V57 together with 342.00-
342.92, 430, 431, 432.0-432.9, 433.00-433.91, 434.00-
43491, 435.0-435.9, 436, 437.0-437.9, 438.0-438.9, or
438.10-438.89 on Medicare claims’ diagnosis code
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c. Any co-occurrences of 433.00-433.91 or 435.0-435.9
together with 342.00-342.92, 430, 431, 432.0-432.9,
434.00-434.91, or 436 on Medicare claims’ diagnosis
code fields.

A person was identified as having history of stroke if
he/she met any of the above criteria during the baseline pe-
riod. A person was identified as having a history of MI if
there was any occurrence of ICD-9 codes 410.00 - 410.92.
To derive a baseline cardio-cerebral vascular disease (CVD)
free follow-up cohort, we excluded 215,900 individuals who
had a diagnosis of stroke or MI during the baseline period.
Thus, the sample for the prospective study of AMD and in-
cident stroke included 1,303,186 individuals aged 65 years
or older and free of CVD at baseline.

We used the Medicare claim’s data of the follow-up period
(January 1, 2002 to December 31, 2003) to identify the first
occurrence of incident stroke among the baseline CVD-free
cohort members. A person was identified as having incident
stroke if he/she met any of the above stroke criteria during the
follow-up period. Hemorrhagic stroke is defined as the occur-
rence of ICD-9 codes 430 - 432 or 342, and ischemic stroke is
defined as the occurrence of ICD-9 codes (433 - 438). We
only analyzed the first occurrence of stroke in this study.

fields; or
Table 1. Definition of Key Variables and their Corresponding ICD-9 Codes

Condition ICD-9 Code Definition

Stroke [13] 342 Hemiplegia and hemiparesis
430 Subarachnoid hemorrhage
431 Intracerebral hemorrhage
432 Other and unspecific intracranial hemorrhage
433 Occlusion and stenosis of precerebral arteries
434 Occlusion of cerebral arteries
435 Transient cerebral ischemia
436 Acute, but ill-defined cerebovascular disease
437 Other ill-defined cerebrovascular disease
438 Late effects of cerebrovascular disease
V57 Care involving use of rehabilitation procedures

Neovascular AMD [16,35] 362.42-362.43

Serous or hemorrhagic detachment of retinal pigment epithelium

362.52 Exudative senile macular degeneration of retina
362.53 Cystoid macular degeneration of retina
Non-neovascular [16, 35] 362.5 Degeneration of macula and posterior pole
362.50 Unspecified macular degeneration (senile) of retina
362.51 Nonexudative senile macular degeneration of retina
362.57 Drusen (degenerative) of retina
Hypertension 401.0-401.9 Essential hypertension

402.00 - 402.91 Hypertensive heart disease

403.00 - 403.91 Hypertensive renal disease

404.00-404.93 Hypertensive heart and renal disease

Diabetes 250.00-250.93 Diabetes
357.2 Polyneuropathy in diabetes
362.01 Background diabetic retinopathy
362.02 Proliferative diabetic retinopathy
366.41 Diabetic cataract
MI 410.00 - 410.92 Acute myocardial infarction

AMD: Age-related Macular Degeneration; MI: Myocardial Infarction.
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Analysis Methods

The mean and standard deviation (SD) or proportion of
demographic variables and co-morbidity were calculated.
Logistic regression models were used to estimate the multi-
variable adjusted, as well as age group stratified, incident
odds ratios and 95% confidence interval (CI) of stroke asso-
ciated with baseline AMD. All analyses were performed
using SAS software v9.13 (The SAS Institute, Cary, NC).

RESULTS

In the 5% random sample of Medicare Beneficiaries, we
identified 1,519,086 individuals, aged 65 or older at baseline,
as our potential study population. After excluding 215,900
individuals who were identified as having history of stroke
or MI during the two-year baseline period (January 1, 2000
to December 31, 2001), we included 1,303,186 individuals
as our cohort members for the prospective study of the rela-
tionship between baseline AMD and incident stroke. During
the two-year follow-up period (January 1, 2002 to December
31, 2003), we identified 89,501 individuals as having inci-
dent stroke, with a two-year cumulative incidence of 6.9%.
Among them, 80,018 (89.4%) were classified as ischemic
stroke, 7048 (7.9%) as hemorrhagic stroke, and 2,435 (2.7%)
as having stroke diagnostic codes for both types of stroke. In
this cohort, 10.6% individual had AMD at baseline. 19.7%
of these persons had neovascular AMD and 80.3% had non-
neovascular AMD. The descriptive characteristics of the
study population, stratified by baseline AMD type, are sum-
marized in Table 2. Briefly, in the cohort, the average age
was 75 years (SD=7.7), with 60% women and 88% whites.
Among persons without AMD (non-AMD group), the aver-
age age was 75 (SD=7.5) years, with 59% women and 87%
whites, and the prevalence of hypertension and diabetes was
61% and 23%, respectively. At the baseline, the AMD group
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was older with higher proportions of women and whites, and
had higher prevalence of hypertension and diabetes than the
non-AMD group (all p<0.01). As presented in Table 2, in the
univariate analysis without adjusting for any potential con-
founders, the incidence of stroke, both ischemic and hemor-
rhagic forms, was higher among persons with AMD than
among persons without AMD. Table 3 shows the age, race,
gender, hypertension, and diabetes adjusted two-year cumu-
lative incidences (95% CI) of stroke according to baseline
AMD status and age group. Consistently across all age
strata, the incidence of stroke was higher among persons
with baseline AMD for both neovascular and non-
neovascular AMD, and the incidence of stroke was the high-
est in persons with neovascular AMD and older age group.
Table 4 presents the age, gender, race, hypertension, and
diabetes adjusted two-year incident odds ratios and 95% CI
of all stroke, ischemic stroke, and hemorrhagic stroke asso-
ciated with AMD, in the entire cohort and stratified by age
group. Similar to the patterns observed in Table 3, persons
with AMD were more likely to develop stroke when com-
pared with persons without AMD at baseline (referent
group). For example, in the all-age group, persons with
neovascular AMD at baseline had a 31% higher risk of de-
veloping stroke within two years than persons without AMD
at baseline. When stratified by stroke types, persons with
AMD at baseline, either neovascular or non-neovascular
AMD, had approximately 15-30% higher risk of developing
ischemic or hemorrhagic stroke within two years of follow-
up, and the association was not different by stroke types.
Overall, the data on Table 4 are indicative of slightly higher
risk of stroke associated with neovascular AMD than non-
neovascular AMD, and the AMD and stroke association was
similar in magnitude for both types of stroke.

It should be noted that in the results presented in Table 4,
we included all first incident stroke cases (n=89,501) for the

Table2. Characteristics (Mean, SD, or Proportion) of Study Population by Baseline AMD Status
Non-AMD (N=1,165,348) Neovascular AMD (N=27,193) Non-neovascular AMD (N=110,645)
Age (years) 75 (7.5) 80 (7.2) 80 (7.5)
Female (%) 59 65 68
White (%) 87 94 94
Hypertension* 61 74 71
Diabetes* 23 29 24
Incident Stroke (%) 6.6 10.3 9.2

*Diagnostic codes submitted during the 2-year baseline period.
AMD: Age-related Macular Degeneration; SD: Standard Deviation.

Table3. Multivariable Adjusted* 2-Year Incidence (%) and 95% CI of Stroke, Stratified by AMD and Age Group
Age Group (Year)
All Age Group N=1,303,186
65-69 (N=345,309) | 70-74 (N=315,770) | 75-79 (N=272,825) > 80 (N=369,282)
Non-AMD 6.35 (6.30, 6.40) 4.05(3.98,4.12) 5.29 (5.20, 5.37) 7.03 (6.92,7.13) 9.26 (9.16,9.37)

Non-neovascular AMD

7.41(7.27,7.56)

425 (3.89, 4.64)

5.94 (5.62, 6.28)

8.12 (7.80, 8.45)

10.78 (10.52,11.04)

Neovascular AMD

8.15(7.85, 8.45)

5.77 (4.98, 6.68)

6.25(5.61,6.95)

8.44 (7.81,9.11)

11.73 (11.21,12.28)

*Adjusted for age within each age group, gender, race, hypertension, and diabetes.

CI: Confidence Interval; AMD: Age-related Macular Degeneration.
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Table4. Multivariable Adjusted* 2-Year Incident Odds Ratios and 95% CI of Stroke, Stratified by AMD-Type and Age Group
Age Group
All Age Group
65-69 70-74 75-79 >80
Combined Stroke (n=89,501)
Non-AMD 1.00 1.00 1.00 1.00 1.00
All AMD 1.21(1.18,1.23) 1.15 (1.06, 1.24) 1.16 (1.10, 1.22) 1.20 (1.15, 1.25) 1.20(1.17, 1.24)

Non-neovascular AMD

1.18 (1.15,1.21)

1.06 (0.96, 1.16)

1.14 (1.08, 1.22)

1.19 (1.13, 1.24)

1.18 (1.15, 1.22)

Neovascular AMD

1.31(1.26, 1.36)

1.50 (1.28, 1.75)

1.22 (1.09, 1.36)

1.24 (1.14,1.35)

1.30(1.23,1.37)

Ischemic Stroke (n=80,018)

All AMD

1.20 (1.18,1.23)

1.14 (1.05,1.24)

1.15 (1.09, 1.22)

1.21 (1.16, 1.26)

1.20 (1.16,1.23)

Non-neovascular AMD

1.18 (1.15,1.20)

1.05(0.95,1.16)

1.14 (1.07, 1.21)

1.20(1.14, 1.26)

1.17 (1.14, 1.21)

Neovascular AMD

1.31 (1.26,1.37)

1.49 (1.26, 1.75)

1.22 (1.08,1.38)

1.25(1.14,1.37)

1.29(1.22,1.37)

Hemorrhagic Stroke (n=7,048)

All AMD

123 (1.15,1.32)

1.26 (0.94, 1.63)

1.20 (0.99, 1.44)

1.17 (1.01, 1.35)

1.23 (1.13,1.35)

Non-neovascular AMD

1.22(1.14,1.32)

1.19 (0.86, 1.60)

1.15(0.93,1.42)

1.17 (1.00, 1.37)

1.24 (1.12, 1.36)

Neovascular AMD

1.26 (1.10, 1.45)

1.53 (0.84, 2.54)

1.38 (0.92,1.98)

1.16 (0.85, 1.55)

1.21 (1.00, 1.45)

*Adjusted for age within each age group, gender, race, hypertension, and diabetes. Persons without AMD during the baseline period comprised the referent group.

CI: Confidence Interval; AMD: Age-related Macular Degeneration.

analysis of all stroke. However, when stratified by stroke
types, we only included solid ischemic stroke (n=80,018)
and solid hemorrhagic stroke (n=7,048), by excluding 2,435
stroke cases who had stroke diagnostic codes for both types
of stroke in their first stroke claim forms. We performed
additional sensitivity analysis by classifying these “mixed”
cases either as ischemic or hemorrhagic stroke, and the pat-
tern of associations (data not shown) did not change mean-
ingfully from that presented in Table 4.

DISCUSSION

Age-related macular degeneration is highly prevalent
among elderly individuals in developed countries. An earlier
study (1980) estimated that 6% of the US population aged
65-74 years, and 20% of those older than 75 years, are af-
fected by AMD [14], which causes 54% of legal blindness in
persons 65 years of age or older [14]. It was recently esti-
mated that 1.56 million US citizens 65 years of age and older
are affected by neovascular AMD, and this number is esti-
mated to increase to almost 3 million by 2020 [15]. Data
from one study suggested that the S5-year incidence of
neovascular AMD, which has been reported to be responsi-
ble for 90% of severe vision loss associated with AMD, in
Medicare Beneficiaries was 18.7 per 1000 [16].

Several epidemiological studies have provided data con-
cerning risk factors associated with AMD. The most promi-
nent risk factors are older age, genetic factors [1-3], cigarette
smoking [4, 5], and less consistently oxidative stress, long-
term exposure to light, low levels of antioxidants [6,7], and
other nutritional factors [8], obesity [9, 10], and serum lipid
levels [11, 12]. However, the pathological processes through
which these factors may contribute to AMD remain poorly
understood. Others have reported that women and whites are
at higher risk of AMD [14, 16]. The associations between

AMD and hypertension and diabetes mellitus have been
found to be inconsistent [17-29].

In a previous study using the same data as this study, we
found that AMD was associated with older age, female gen-
der, and white race. Furthermore, AMD, especially neovas-
cular AMD, was cross-sectionally associated with the pres-
ence of hypertension, diabetes mellitus, and MI, independent
of age, gender, and race[30]. In the prospective analysis, we
reported that baseline AMD was significantly associated
with the development of incident MI [30].

In the current study, the results stratified by AMD-type
and stroke-type, show that both neovascular AMD and non-
neovascular AMD are associated with incident ischemic and
hemorrhagic stroke. However, neovascular AMD is a
stronger predictor than non-neovascular AMD, and the AMD
is a stronger predictor for ischemic than for hemorragic
stroke. For example, compared to non-AMD group, baseline
neovascular AMD was associated with a 31% increased risk
of incident ischemic stroke, vs 18% for non-neovascular
AMD. Similarly, baseline neovascular AMD was associated
with a 26% increased risk of incident hemorrhagic stroke, vs
22% for non-neovascular AMD. To our knowledge, this is
the largest population-based study to demonstrate a signifi-
cant prospective association between AMD and stroke. The
results from this study are similar to that reported by Wong
and colleagues [31] in the population-based Arthrosclerosis
Risk in Communities (ARIC) study - after adjusting for age,
sex, ethnicity, and site, blood pressure, diabetes, cigarette
smoking, and use of antihypertensive medications, the pres-
ence of early-stage AMD was associated with a 85% in-
creased risk of incident stroke as compared to persons with-
out AMD. These data suggest that AMD and stroke may
share some common antecedents. We speculate that the pres-
ence of AMD is a risk indicator of higher levels of various
exposures not measured in the current study, e.g., cigarette
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smoking, inflammation [32] and subclinical artherosclerosis
[22, 33]. Although not adjusted for these “not measured”
confounding factors, these weak associations (all odds ratios
less then 2.00) suggest that AMD is a “minor” predictor of
incident stroke under an etiological model. However, a pub-
lic health perspective argues that estimates of the magnitude
observed in this study would suggest that the population
burden of stroke associated with AMD is still high due to
high prevalence of AMD among elderly Americans.

Medicare claims data from Medicare beneficiaries have
been used for various research projects. The enrollment rate
in the Medicare system among the elderly American popula-
tion remains extremely high. For example, there are cur-
rently about 40 million Americans aged 65 years or older
enrolled in Medicare, which accounts for approximately 98%
of elderly Americans. Thus, medical claims data from these
Medicare beneficiaries provide a very large sample size,
which would be unmatchable by any other population-based
studies. Additionally, Medicare data provide the greatest
representative sample of the US population aged 65 years or
older.

There are limitations of using Medicare claims data.
First, the claims based data vary in terms of sensitivity and
specificity for the diagnosis of chronic conditions. For ex-
ample, in a study comparing the Medicare claim-based ICD-
9 codes with hospital chart review, it was shown that the
sensitivity and specificity for the claim-based diagnosis of
hypertension were 0.61 and 0.95, respectively [34]. In the
same study, the sensitivity and specificity for the claim-
based diagnosis were 0.75 and 0.99 for diabetes, 0.57 and
0.96 for coronary heart diseases, and 0.35 and 0.99 for stroke
[34]. In another similar study, the sensitivity and specificity
were 0.69 and 0.83 for hypertension, 0.90 and 0.93 for dia-
betes, 0.58 and 0.93 for heart failure, and 0.68 and 0.95 for
glaucoma [35]. Similarly, our classifications of AMD and
incident stroke, the key predictor and outcome variables,
were solely based on the claims diagnostic codes, without
the ability to obtain results from medical charts pertaining to
eye examinations, retinal photographs, cerebral CAT scan or
MRI, or any other neurological tests. Therefore, we cannot
confirm the diagnosis of these conditions in this study, nor
can we provide direct assessment of the sensitivity and
specificity of the major variables analyzed in this study.
However, our findings would have been biased toward the
null if the misclassification due to limited sensitivity, and to
a less degree limited specificity, were non-differential, that
is, there was no difference in misclassifying incident stroke
due to AMD status. In addition, in this report, ICD-9 code
362.53 was used in the algorithm to identify persons as
neovascular AMD (to be consistent with the report by Lee
and co-workers [36]). In practice, this code is used to code
other non-AMD conditions also. We performed two addi-
tional sensitivity analyses by either classifying ICD-9 code
362.53 as non-neovascular, or as non-AMD, and the pattern
of association did not change meaningfully (data not shown).
Second, because the data are claim based, we did not have
the ability to ascertain the chronic conditions prior to the
study period. Therefore, we can only analyze the chronic
conditions within the study period and assume that the ab-
sence of a condition during the baseline period represents a
negative history of such condition. For example, when we
excluded persons with stroke at baseline period to derive a
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cohort of baseline stroke-free cohort, we may have misclas-
sified some individuals as “stroke-free” because we assumed
they did not have a history of stroke prior to the year 2000.
However, it is possible that some individuals in this cohort
had a stroke prior to year 2000 but did not seek medical serv-
ices for their past stroke during the two-year baseline period.
As a result, he/she would be classified as a stroke-free indi-
vidual at baseline. Thirdly, we cannot ascertain that a claim
for stroke diagnosis during the follow-up period truly repre-
sents an incident stroke during that period. It is possible that
the Medicare service was provided for a stroke that occurred
prior to the follow-up or even before year 2000. Another
major limitation of this study is the unavailability of estab-
lished stroke risk factors from the claims databases. For ex-
ample, data on cigarette smoking (both history and inten-
sity), obesity, physical activity, and alcohol consumption
cannot be derived from the CMS database. Therefore, we
cannot control for the potential confounding by these risk
factors, nor can we assess the direct impact of such potential
confounding on our findings. However, based on the popula-
tion based Atherosclerosis Risk in Communities (ARIC)
study data [31], which reported a significant association be-
tween AMD and incident stroke after statistically controlling
for smoking status and other lifestyle factors, it is not likely
that the associations observed in our study can be fully at-
tributable to the lack of control of these lifestyle factors.

Despite the inherent limitations of using Medicare claims
data as outlined above, the validity of these data is supported
by the fact that our findings of AMD being associated with
older age, female gender, white race, hypertension, and dia-
betes are consistent with the findings in several other studies
using different populations and methods. Our prospective
findings indicate that baseline AMD, especially neovascular
AMD, is associated with higher risks of ischemic and hemor-
rhagic incident strokes, independent of baseline demographic
factors and co-morbidity. These findings, if confirmed by
other studies that control for smoking and other lifestyle co-
variables not measured in this study, are suggestive of the
possibility of shared common antecedents between AMD
and stroke.

ACKNOWLEDGEMENTS

This study is partially funded by a research grant from
Pfizer Inc, New York, NY, USA, and two co-authors, Drs.
Mo and Huang, are employees of Pfizer Inc.

REFERENCES

[1 Heiba IM, Elston RC, Klein BE, Klein R. Sibling correlations and
segregation analysis of age-related maculopathy: the Beaver Dam
Eye Study. Genet Epidemiol 1994; 11: 51-67.

[2] Allikmets R, Shroyer NF, Singh N, ef al. Mutation of the Stargardt
disease gene (ABCR) in age-related macular degeneration. Science
1997, 277: 1805- 1807.

[3] Klaver CC, Kliffen M, van Duijn CM, et al. Genetic association of
apolipoprotein E with age-related macular degeneration. Am J
Hum Genet 1998; 63: 200- 206.

[4] Klein R, Klein BE, Moss SE. Relation of smoking to the incidence
of age-related maculopathy. The Beaver Dam Eye Study. Am J
Epidemiol 1998; 147: 103-10.

[5] The Eye Disease Case Control Study Group: Risk factors for
neovascular age-related macular degeneration. Arch Ophthalmol
1992; 110: 1701-8.

[6] Cruickshanks KJ, Klein R, Klein BE. Sunlight and age-related
macular degeneration. The Beaver Dam Eye Study. Arch Ophthal-
mol 1993; 111: 514-8.



42 The Open Ophthalmology Journal, 2008, Volume 2

(7]

(8]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Darzins P, Mitchell P, Heller RF. Sun exposure and agerelated
macular degeneration. An Australian case-control study. Ophthal-
mology 1997; 104: 770-6.

Seddon JM, Ajani UA, Sperduto RD, et al. Dietary carotenoids,
vitamins A, C, and E, and advanced agerelated macular degenera-
tion: Eye Disease Case- Control Study Group. JAMA 1994; 272:
1413-1420.

Schaumberg DA, Christen WG, Hankinson SE, Glynn RJ. Body
mass index and the incidence of visually significant age-related
maculopathy in men. Arch Ophthalmol 2001; 119: 1259-65.

Smith W, Mitchell P, Leeder SR, Wang JJ. Plasma fibrinogen
levels, other cardiovascular risk factors, and age-related maculopa-
thy: the Blue Mountains Eye Study. Arch Ophthalmol 1998; 116:
583-7.

Mares-Perlman JA, Brady WE, Klein R, VandenLangenberg GM,
Klein BE, Palta M. Dietary fat and age-related maculopathy. Arch
Ophthalmol 1995; 113: 743-8.

Smith W, Mitchell P, Leeder SR. Dietary fat and fish intake and
age-related maculopathy. Arch Ophthalmol 2000; 118: 401- 4.
Reker DM, Rosen AK, Heong H, ef al. The hazards of stroke cases
selection using administrative data. Med Care 2002; 40: 96-104.
Leibowitz HM, Krueger DE, Maunder LR, ef al. The Framingham
Eye Study monograph: an ophthalmological and epidemiological
study of cataract, glaucoma, diabetic retinopathy, macular degen-
eration, and visual acuity in a general population of 2,631 adults,
1973-1975. Surv Ophthalmol 1980; 24 (suppl): 335-610.

The Eye Diseases Prevalence Research Group: Prevalence of Age-
Related Macular Degeneration in the United States. Arch Ophthal-
mol 2004; 122: 564-572.

Jonathan CJ, Zhiyuan Z, Maureen GM, Stuart LF, Richard JW.
Incidence of exudative age-related macular degeneration among
elderly Americans. Ophthalmology 2003; 110: 1534-1539.

Hyman L, Schachat AP, He Q, Leske MC. Hypertension, cardio-
vascular disease, and age-related macular degeneration. Age-
Related Macular Degeneration Risk Factors Study Group. Arch
Ophthalmol 2000; 118: 351-8.

Kahn HA, Leibowitz HM, Ganley JP, et al. The Framingham Eye
Study. II. Association of ophthalmic pathology with single vari-
ables previously measured in the Framingham Heart Study. Am J
Epidemiol 1977; 106: 33-41.

Sperduto RD, Hiller R. Systemic hypertension and age-related
maculopathy in the Framingham Study. Arch Ophthalmol 1986;
104:216-19.

Goldberg J, Flowerdew G, Smith E, Brody JA, Tso MO. Factors
associated with age-related macular degeneration. An analysis of
data from the first National Health and Nutrition Examination Sur-
vey. Am J Epidemiol 1988; 128: 700-10.

Age-Related Eye Disease Study Research Group: Risk factors
associated with age-related macular degeneration. A case-control

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Liao et al.

study in the age-related eye disease study: Age-Related Eye Dis-
ease Study Report Number 3, Ophthalmology 2000; 107: 2224-32.
van Leeuwen R, Ikram MK, Vingerling JR, Witteman JC, Hofman
A, de Jong PT. Blood pressure, atherosclerosis, and the incidence
of age-related maculopathy: the Rotterdam Study. Invest Ophthal-
mol Vis Sci 2003; 44: 3771-7.

Cai J, Boulton M. The pathogenesis of diabetic retinopathy: Old
concepts and new questions. Eye 2002; 16: 242-260.

Vinding T, Appleyard M, Nyboe J, Jensen G. Risk factor analysis
for atrophic and exudative age-related macular degeneration. An
epidemiological study of 1000 aged individuals. Acta Ophthal-
mologica Scanda 1992; 70: 66-72.

Klein R, Klein BE, Marino EK, et al. Early age-related maculopa-
thy in the Cardiovascular Health Study. Ophthalmology 2003; 110:
25-33.

Hyman LG, Lilienfeld AM, Ferris FL 3rd, Fine SL. Senile macular
degeneration: A case-control study. Am J Epidemiol 1983; 118:
213-227.

The Eye Disease Case-Control Study Group: Risk factors for
neovascular age-related macular degeneration. Arch Ophthalmol
1992; 110: 1701-1708.

Klein R, Klein BE, Jensen SC. The relation of cardiovascular dis-
ease and its risk factors to the S-year incidence of age-related
maculopathy: The Beaver Dam Eye Study. Ophthalmology 1997,
104: 1804-1812.

Klein R, Clegg L, Cooper LS, et al. Prevalence of age-related
maculopathy in the Atherosclerosis Risk in Communities Study.
Arch Ophthalmol 1999; 117: 1203-1210.

Duan Y, Mo J, Klein R, et al. Age related macular degeneration is
associated with incident myocardial infarction. Ophthalmology
2007; 114: 732-737.

Tien Yin, Wong TY, Klein R, ef al. Age-Related Macular Degen-
eration and Risk for Stroke. Ann Intern Med 2006: 145: 98-106.
Vine AK, Stader J, Branham K, Musch DC, Swaroop A. Biomark-
ers of cardiovascular disease as risk factors for age-related macular
degeneration. Ophthalmology 2005; 112: 2076-80.

Vingerling JR, Dielemans I, Bots ML, Hofman A, Grobbee DE, de
Jong PT. Age-related macular degeneration is associated with athe-
rosclerosis. The Rotterdam Study. Am J Epidemiol 1995; 142(4):
pp- 404-9.

Birman-Deych E, Waterman AD, Yan Y, Nilasena DS, Radford
MIJ, Gage BF. Accuracy of ICD-9-CM codes for identifying car-
diovascular and stroke risk factors. Med Care 2005; 43(5): 480-5.
Rector TS, Wickstrom SL, Shah M, et al. Specificity and sensitiv-
ity of claims-based algorithms for identifying members of Medi-
care+Choice health plans that have chronic medical conditions.
Health Serv Res 2004; 39(6 Pt 1): 1839-57.

Lee PP, Feldman ZW, Ostermann J, Brown DS, Sloan FA. Longi-
tudinal prevalence of major eye diseases. Arch Ophthalmol 2003;
121: 11303-1310.

Received: December 23, 2007

Revised: February 20, 2008

Accepted: February 21, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


