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Abstract

Objective—To describe the relationship of systemic inflammatory disease, complement factor H
(CFH) Y402H (1277T—C) genotype status and age-related macular degeneration (AMD) prevalence
in a multiethnic population of whites, blacks, Hispanics, and Chinese.

Design—Population-based, cross-sectional study.
Participants—We included 5887 persons aged 45 to 84 years with gradable AMD.

Methods—Digital fundus photographs were used to measure AMD. Two years earlier, biomarkers
of inflammation were measured and history of inflammatory disease and use of antiinflammatory
agents obtained.

Main Outcome Measure—Prevalence of AMD.

Results—While controlling for age, gender, race/ethnicity, and study site, there were no
associations between systemic inflammatory factors and AMD severity. Higher levels of high-
sensitivity C-reactive protein (odds ratio [OR] per standard deviation [SD] increase in natural log
[In] units, 2.34; 95% confidence interval [Cl], 1.33-4.13) and interleukin-6 (OR per SD in In, 2.06;
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95% Cl, 1.21-3.49) were associated with geographic atrophy but not other AMD end points. History
of periodontal disease (OR, 1.68; 95% CI, 1.14-2.47) was related to increased retinal pigment. A
history of arthritis was associated with soft distinct drusen (OR, 1.24; 95% CI, 1.06-1.46). A history
of oral steroid use was related to large drusen (OR, 2.13; 95% Cl, 1.14-3.97) and soft distinct drusen
(OR, 1.76; 95% ClI, 1.00-3.10) and history of cyclooxygenase 2 inhibitor use were associated with
large drusen (OR, 1.50; 95% ClI, 1.10-2.04), soft indistinct drusen (OR, 1.84; 95% CI, 1.09-3.10),
and large drusen area (OR, 1.66; 95% ClI, 1.02-2.71). Whites, blacks, and Hispanics with CFH
Y402H CC variant genotype had the highest frequency of early AMD compared with those with wild
TT genotype. The frequency of CFH did explain some of the difference in AMD prevalence between
Chinese and Hispanics compared with whites, but did not explain the difference in prevalence
between whites and blacks.

Conclusions—This study confirmed associations of the Y402H CFH gene variant with AMD in
nonwhite populations, but neither explained the lack of association between inflammatory factors
and AMD in the cohort nor the basis for the observed differences in AMD prevalence across ethnic
groups.

Inflammation has been hypothesized to have a role in the pathogenesis of age-related macular
degeneration (AMD).1~° Drusen have been shown to contain proteins associated with immune-
mediated processes and inflammation,® and chronic inflammatory cells have been found on
the outer surface of Bruch’s membrane in eyes with neovascular AMD.” These inflammatory
cells are thought to cause microvascular injury by direct release of long-acting oxidants, toxic
oxygen compounds, and proteolytic enzymes that damage Bruch’s membrane.8:9 However,
data from clinical and epidemiologic studies to date regarding the relation of systemic
inflammation, use of antiinflammatory drugs, presence of blood inflammatory biomarkers, or
exposure to pathogens and AMD have been inconsistent.10-31

More recent studies have also shown that a Y402H polymorphism in the complement factor
H (CFH) gene on chromosome 1q is strongly associated with AMD, suggesting a role of innate
immunity and inflammation in its pathogenesis.32734 Furthermore, in 1 study, markers of
inflammation, such as serum C-reactive protein (CRP), were found to be related to AMD only
in carriers of CFH Y402H variants.3®> However, although a considerable body of information
has been developed regarding the CFH gene and inflammatory factors in whites, less is known
regarding the distribution of these genes and their relation to AMD in other racial/ethnic groups
in the general population.36

Endothelial dysfunction and hemostatic factors, possibly related to inflammation, cigarette
smoking, and other processes, have also been thought to be involved in the pathogenesis of
AMD,?" possibly via effects on choroidal blood flow.38:39 However, epidemiologic studies
have failed to show a consistent relation of systemic markers of endothelial dysfunction23—
26 or hemostatic or fibrinolytic biomarkers to AMD.12717:19.25,.26 Again, most of the previous
studies have been in whites.

In this report, we examine the relationship of diseases associated with systemic inflammation,
use of antiinflammatory drugs, and specific markers of inflammation, for example, high-
sensitivity CRP (hsCRP), interleukin (IL)-6, and CFH Y402H (1277T—C) genotype status
with AMD in a multiethnic sample of whites, blacks, Hispanics, and Chinese in the United
States. We hypothesized that systemic inflammation and this CFH variant and abnormalities
in endothelial function and hemostasis are associated with higher risk of AMD and that these
factors would explain, in part, differences in the prevalence of AMD among different racial/
ethnic groups.
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Methods

Study Sample

The Multi-Ethnic Study of Atherosclerosis (MESA) is a prospective cohort study of men and
women aged 45-85 years without a history of clinical cardiovascular disease (CVD) living in
6 United States communities.?? The study objectives of the MESA are to identify risk factors
for subclinical CVD, progression of subclinical CVD, and transition from subclinical to clinical
CVD. Selection of the study population has been reported in detail elsewhere.40 At the first
examination, carried out between July 17, 2000, and August 29, 2002, there were 6814
participants: 1086 from Baltimore, Maryland, 1164 from Chicago, lllinois, 1077 from Forsyth
County, North Carolina, 1319 from Los Angeles County, California, 1102 from New York,
New York, and 1066 from St. Paul, Minnesota. Tenets of the Declaration of Helsinki were
followed, and institutional review board approval was granted at each study site. Written
informed consent was obtained from each participant.

Retinal Photography and Measurement of Age-Related Macular Degeneration

Fundus photography using a 45-degree 6.3-mega pixel digital nonmydriatic camera was
performed at the second examination immediately after the baseline examination, which was
conducted between September 9, 2002, and February 7, 2004, at each site using a standardized
protocol.*142 Two photographic fields were taken of each eye; the first centered on the optic
disc (Early Treatment Diabetic Retinopathy Study field 1) and the second centered on the fovea
(Early Treatment Diabetic Retinopathy Study field 2).43 Images were obtained from 6176
participants.

Fundus Image Grading—Capture and grading of digital images and quality control have
been described in detail elsewhere.*445 Each image was graded twice (a preliminary and a
detail grade) on-line using a modification of the Wisconsin Age-related Maculopathy Grading
scheme.# For the purposes of this report, 5887 (98.9%) of those photographed, those with >1
eye that could be evaluated for AMD (right eye [n = 211], left eye [n = 200], and both eyes [n
= 5476]) are included in the analyses. There were no statistically significant differences for
gradability for AMD among the 4 racial/ethnic groups in the study (data not shown).

Definitions of Variables—Among the AMD features evaluated were drusen size, type, and
area, increased retinal pigment, retinal pigment epithelial (RPE) depigmentation, pure
geographic atrophy, and signs of exudative macular degeneration (subretinal hemorrhage,
subretinal fibrous scar, RPE detachment, and/or serous detachment of the sensory retina or
laser or photodynamic treatment for neovascular AMD). Soft distinct drusen were defined by
size (between 63 and 300 um in diameter) and appearance (sharp margins and a round nodular
appearance with a uniform density [color] from center to periphery). Soft indistinct drusen
were the same size as the soft distinct, but have indistinct margins and a softer, less solid
appearance. Increased retinal pigment appears as a deposition of granules or clumps of grey
or black pigment in or beneath the retina. Depigmentation of the RPE is characterized by faint
grayish-yellow or pinkish-yellow areas of varying density and configuration without sharply
defined borders. Early AMD was defined by either the presence of any soft drusen (distinct or
indistinct) and pigmentary abnormalities (either increased retinal pigment or RPE
depigmentation) or the presence of a large soft drusen 125 um in diameter with a large drusen
area (>500 um in diameter circle) or large (>125 um in diameter) soft instinct drusen in the
absence of signs of late AMD. Late AMD was defined by the presence of any of the following:
geographic atrophy or pigment epithelial detachment, subretinal hemorrhage or visible
subretinal new vessels, subretinal fibrous scar or laser treatment scar for AMD.
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When 2 eyes of a participant were discrepant for the severity of a lesion, the grade assigned
for the participant was that of the more severely involved eye. For example, in assigning the
prevalence of soft drusen, if soft drusen were present in 1 eye but not in the other eye, the
participant was considered to have soft drusen. When drusen or signs of AMD could not be
graded in an eye, the participant was assigned a score equivalent to that in the other eye.

Assessment of Risk Factors

Participants underwent an interview and assessment of cardiovascular risk factors during the
course of the study.49:46 Variables for this analysis were based on data collected at the first
examination when most of the systemic hematological tests were conducted. Resting blood
pressure was measured 3 times with participants in the seated position (Dinamap model Pro
100 automated oscillometric sphygmomanometer; Critikon, Tampa, FL). The average of the
last 2 measurements was used in analysis. Hypertension was defined as systolic blood pressure
>140 mmHg, diastolic blood pressure >90 mmHg, or current use of antihypertensive
medications. Height and weight were measured with participants wearing light clothing and
no shoes; body mass index (BMI) was calculated as kg/m?2. Presence of diabetes was based on
self-reported physician diagnosis, use of insulin and/or oral hypoglycemic agent, or a fasting
blood glucose value >126 mg/dL at the MESA baseline examination.

A detailed questionnaire was used to obtain information about past medical history, such as
hypertension, diabetes, asthma, arthritis, cancer, liver disease, emphysema, gum disease,
hepatitis, cigarette smoking, alcohol consumption (defined as current or past/never), and
medication use including antihypertensive and antidiabetic medications, lipid-lowering agents,
diuretics, oral contraceptives, hormone replacement therapy, oral steroids, aspirin and
nonsteroidal antiinflammatory agents, cyclooxygenase (COX) 2 inhibitors.

Assessment of Blood Factors

Fasting (>8 hours) venous blood samples were drawn from participants, and aliquots were
prepared for central analysis and for storage at the University of Vermont and the University
of Minnesota.*0 Standardized protocols were used to measure markers of systemic
inflammation, hemostasis and fibrinolysis, endothelial cell function, and antibodies to various
pathogens.*6

In the total cohort, the following were analyzed in this study: serum high sensitivity hsCRP,
plasma fibrinogen, IL-6, plasmin-antiplasmin complex, D-dimer, factor VIII, total
homocysteine, and 1gG antibody to Chlamydia pneumoniae. In a smaller, randomly selected
subsample of 1000 MESA participants with CT scans, the following factors were also assayed:
plasma plasminogen activator inhibitor-1 (PAI-1), plasma von Willebrand factor, serum
soluble E-selectin, serum IL-2 soluble receptor o chain, serum matrix metalloproteinase-3 and
-9, serum tumor necrosis factor-a, plasma-soluble tissue factor, plasma thrombin activatable
fibrinolysis inhibitor, plasma tissue factor pathway inhibitor, plasma soluble thrombomodulin,
serum antihuman heat shock protein 60, and antibodies for Cytomegalovirus, Helicobacter
pylori, Herpes simplex, and hepatitis A virus. Plasma-soluble intercellular adhesion molecule-1
was run on the first 2400 participants examined and on the 1000 randomly selected participants
not included in the first 2400 participants. Of persons with retinal images available (n = 6176),
2309 had data available for plasma-soluble intercellular adhesion molecule-1 and gradable
photographs for AMD.

A subcohort of 2880 MESA subjects were selected for genetic studies from subjects who (1)
gave informed consent for DNA extraction and genetic substudy and (2) had samples in the
study DNA laboratory with sufficient DNA. Priority was given to subjects who participated
in the MESA third examination, supplemented by random selection from remaining cohort to
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fulfill balanced ethnic group representation (720 black, 720 Hispanic, 720 Chinese, and 720
Caucasian) and equality by gender. Of these, there were 2456 participants with AMD gradings
with CFH gene polymorphism Y402H (1277T—C) measured.

Statistical Analysis

Results

Logistic regression was used to estimate the odds ratio (OR) and its 95% confidence intervals
(CI) for early and late AMD and specific AMD lesions associated with different risk factors.
Each risk factor was entered into a separate model while adjusting for age (in 4 groups: 44—
54, 55-64, 65-74, 75-84 years), gender, racial/ethnic group, and study site. Odds ratios for
continuous variables are presented per standard deviation (SD) increase. Several of the
variables (e.g., hsCRP, IL-6) were transformed to natural log to minimize skewness in the data.
Tests of trend were done for categorical variables with several levels by considering the variable
asacontinuous ordered factor in logistic regression models. Interactions between race/ethnicity
and inflammatory markers were tested by including an interaction term in the logistic
regression models. Other interactions tested were between CFH and factors measured in the
whole population. Models where a significant relation was found were additionally adjusted
for education level, smoking status, alcohol use, and BMI to examine if the risk factor was
independent of these other potentially confounding variables. Version 9.1 of SAS (Cary, NC)
was used for all analyses.

Selected characteristics and risk factors for the full cohort and each of the 4 racial/ethnic groups
among participants who had gradable images for AMD (n = 5887) are shown in Table 1. There
were 2321 (39.4%) whites, 699 (11.9%) Chinese, 1589 (27%) blacks, and 1278 (21.7%)
Hispanics in the cohort. There were significant differences in the frequency and distribution
of most risk factors among the racial/ethnic groups. For example, Hispanics and Chinese were
more likely to have less than a high school education and blacks were more likely to have
hypertension and to be current cigarette smokers. Blacks and Hispanics had higher levels of
serum (hs)CRP, plasma fibrinogen, and plasma IL-6 than whites and Chinese; whites had
higher levels of serum IL-2 than blacks and Hispanics. Other differences among biomarkers
and racial/ethnic groups are found in Table 1. For the total cohort, early AMD was present in
4%, late AMD in 0.5%, large drusen in 9%, soft drusen in 15%, increased pigment in 2%, RPE
depigmentation in 0.9%, exudative AMD in 0.3%, and geographic atrophy in 0.3%.

Distributions for the CFH Y402H (1277T—C) genotype varied among the different racial/
ethnic groups, with whites and blacks having the highest frequency for homozygosity (CC
genotype) and heterozygosity (CT genotype) of the variant and Hispanics and Chinese the
lowest (Table 1).

Associations

Table 2 shows the association of biomarkers of inflammation with early and late AMD. There
was not 1 statistically significant association of factors studied with early or late AMD (Table
2). There were no relationships of endothelial dysfunction and hemostasis and antibodies to
Helicobacter pylori and Herpes simplex to early or late AMD (data not shown).

Relationships of inflammatory factors to specific AMD lesions were examined. Increasing
levels of natural log serum hsCRP (OR, 2.34; 95% Cl, 1.33-4.13; P = 0.003) and plasma IL-6
(OR, 2.06; 95% ClI, 1.21-3.49; P = 0.007) were associated with geographic atrophy, history
of arthritis with soft distinct drusen (OR, 1.24; 95% ClI, 1.06-1.46; P = 0.007), history of gum
disease with increased retinal pigment (OR, 1.68; 95% Cl, 1.14-2.47; P = 0.009), history of
use of oral steroids with large (OR, 2.13; 95% Cl, 1.14-3.97; P = 0.02) and soft drusen (OR,
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1.76; 95% ClI, 1.00-3.10; P = 0.05), and history of use of COX 2 inhibitors with large drusen
(OR, 1.50; 95% ClI, 1.10-2.04; P = 0.01), soft distinct drusen (OR, 1.43; 95% Cl, 1.10-1.87;
P =0.008), soft indistinct drusen (OR, 1.84; 95% Cl, 1.09-3.10; P = 0.02), and large drusen
area (OR, 1.66; 95% Cl, 1.02-2.71; P = 0.04). As hypothesized, all significant associations
were in a positive direction. None of the risk factors were associated with RPE depigmentation
or neovascular AMD (data not shown). While controlling for age, gender, and other
confounders, smoking status, BMI, education level, and history of alcohol consumption in
multivariate models, the risk factors found to be associated with specific AMD lesions
remained statistically significantly associated (data not shown) except for COX 2 inhibitors
and large drusen area association, which were no longer statistically significant (OR, 1.58;
95% Cl, 0.95-2.61; P = 0.08).

There were no statistically significant interaction effects for systemic inflammation factors in
Table 1 and race/ethnicity with early AMD except for one with plasma fibrinogen (P for
interaction = 0.04). Greater mean plasma fibrinogen level was directly associated with early
AMD in blacks (OR per SD, 1.39; 95% CI, 1.02-1.89) and not associated in other racial/ethnic
groups.

In a subset of the population with data available for the CFH Y402H (1277T—C)
polymorphism and gradable AMD, whites, blacks, and Hispanics with CFH Y402H CC variant
genotype had the highest frequency of early AMD compared with those with wild TT genotype
(Table 3). The CFH Y402H SNP met Hardy—-Weinberg equilibrium in each racial/ethnic group
(all P>0.01; data not shown). One statistically significant interaction was found between this
polymorphism and plasma fibrinogen in models for early AMD. Persons homozygous for the
variant (CC) CFH Y402H SNP with higher levels of fibrinogen had increased odds of early
AMD (OR per SD, 2.12; 95% ClI, 1.16-3.89) whereas those heterozygous (CT; OR, 0.87; 95%
Cl, 0.61-1.26) and those with 2 wild copies (TT; OR, 0.81; 95% CI, 0.56-1.17) had
nonsignificant effects for fibrinogen (P-interaction = 0.005). No other interactions with CFH
polymorphism status were detected for other AMD lesions or other systemic inflammatory
biomarkers (data not shown).

Finally, we examined the difference in the prevalence of early AMD among racial/ethnic
groups (Table 4) in models that adjusted for potential explanatory risk factors that were
measured in the whole cohort. After controlling for age, gender, and center, whites had
significantly higher frequency of early AMD than other racial/ethnic groups. For example,
compared with whites, blacks had a 61% lower odds of early AMD (OR, 0.39 for blacks vs.
whites; P = 0.005). Adjustment for serum hsCRP, plasma fibrinogen, I1L-6, plasmin-
antiplasmin complex, total homocysteine, and 1gG antibody to C. pneumoniae did not
substantially alter these racial/ethnic differences between blacks and whites (OR 0.37 for
blacks vs. whites; P = 0.005). While controlling for age, gender, and study site, adding CFH
Y402H (1277T—C) genotype status also did not result in a change in the relationship of early
AMD in whites and blacks (OR 0.39 for blacks vs. whites; P = 0.005).

Discussion

This study provided a unique opportunity to examine the relationship of a wide range of
biomarkers of inflammation and related processes, systemic inflammatory diseases, and
antiinflammatory medication use and CFH Y402H genotype status to AMD in a large,
multiethnic cohort free from clinical CVD. After controlling for age, gender, race/ethnicity,
and study site, we found few consistent associations between the factors studied and prevalent
early or late AMD. These factors also did not explain differences in the prevalence of early
AMD in whites and blacks. As in other studies, CFH Y402H genotype status was related to
AMD end points.
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We did find some associations between different inflammatory biomarkers and specific AMD
signs. For example, both serum hsCRP and plasma IL-6 were associated with the prevalence
of geographic atrophy although not with neovascular AMD or early AMD signs in the MESA
cohort. Relationships between serum hsCRP and incident AMD or progression of AMD have
been reported in case-control and cohort studies, but none have shown a specific association
with geographic atrophy.22:23:25 The findings of no association of serum hsCRP and serum
tumor necrosis factor-a, plasma IL-6, and serum IL-2 with early AMD in MESA are consistent
with data from the large, population-based Beaver Dam Eye and Blue Mountains Eye studies
and the Cardiovascular Health Study, but not with data from the Rotterdam Study.17:24,26:47
The reason for the differences among studies is not known. In some cases, such as the Age-
Related Eye Disease Study, it may reflect a higher proportion of more advanced disease than
in the population-based studies. In others, it may reflect a higher proportion of genetically
susceptible (e.g., higher proportion of persons with CFH gene variants) and environmental
exposures, such as smoking, than in other populations. It is possible that inflammation may
play a larger role in the pathogenesis of progression to late rather than initiating the earlier
stages of AMD. It is also possible that inflammation occurring earlier in life initiates processes
involved in the pathogenesis of early AMD and this relationship is not detected in the cross-
sectional examination of persons studied later in life.

It has been hypothesized that infectious agent activation of an aberrantly regulated alternative
complement pathway might contribute to the development of AMD.*8 Earlier data from a
sample of a cohort study showed an association of C. pneumoniae antibody titers with the 7-
year progression of AMD.4° Data from 2 small case control studies also showed an association
with C. pneumoniae, but not other pathogens with AMD.>%:51 |t was speculated that
macrophages infected with C. pneumoniae may enter the circulatory system and spread to the
choroid resulting in production of inflammatory cytokines such as tumor necrosis factor-a. It
is possible that pathogen exposure is involved in advanced stages of AMD involving
neovascularization of the choroid.>® However, in MESA, there were no relationships of 5
biomarkers of previous pathogen exposure, including C. pneumoniae, and prevalent early or
late AMD and there was no apparent interaction with CFH status. This is consistent with
findings from the Beaver Dam and Blue Mountains Eye studies.24:°2

We had previously reported racial/ethnic differences in the frequency of early AMD with
decreasing overall frequencies found in whites (5.4%), Chinese (4.6%), Hispanics (4.2%), and
blacks (2.4%) in MESA.#2 The reasons for these racial/ethnic differences, especially between
whites and blacks, were not explained by known risk factors such as cigarette smoking, history
of alcohol drinking, BMI, hypertension, diabetes status, and markers of subclinical CVD.53 In
the current analysis, we showed that a history of inflammatory diseases or use of
antiinflammatory agents, or biomarkers of inflammation and related processes also did not
explain racial/ethnic differences in prevalence of early AMD among the different racial/ethnic
groups. Whites, blacks, and Hispanics who were all homozygous for the CFH Y402H CC
variant genotype had the highest frequencies of early AMD compared with those with the
CFH Y402H TT wild genotype. The CFH Y402H CC variant genotype distributions varied
among the racial/ethnic groups and did explain some of the difference in early AMD prevalence
for Chinese (after adjusting for CFH genotypes, P values changed from 0.02 to 0.19) and for
Hispanics (after adjusting for CFH genotypes, P values changed from 0.05 to 0.12) but did not
explain the difference in AMD prevalence between whites and blacks. It is possible that
differences in distributions of other protective (CFH-related 1/3 deletions, C2/BF haplotype)
and deleterious genotypes (e.g., LOC387715) not examined here and their interactions with
environmental/host factors among the different racial/ethnic groups explain these differences
in whites and blacks,32-34:36,54
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Although our study has many strengths (objective grading of AMD and a large multiethnic
cohort), caution must be exercised when interpreting the findings for several reasons. First, we
examined many variables, some of which identified in previous studies as associated with
AMD. This may have led to chance findings or type | error, particularly for associations that
have not previously been reported, as is the case with COX 2 inhibitors. Second, the power to
detect some associations may have been limited by the infrequency of AMD and its specific
lesions and also some of the risk factors under study (e.g., emphysema, 1.3% prevalence).
Many of the factors were also only measured in a sample of the population, further reducing
the study power. Third, the period cross-sectional nature of the study (retinal examination 2
years after risk factors were measured) may have also limited our ability to detect associations
with factors that may manifest subsequently as pathologic changes over time. Fourth, it is
possible AMD may be misclassified because of the use of minified 45-degree nonstereoscopic
fundus images as compared with 30-degree stereoscopic images. However, we have no reason
to believe that this results in systemic biases. Finally, we cannot determine whether there were
biases caused by nonparticipation or selective mortality that affected the relationships.

In summary, our study confirms the importance of CFH Y402H genotype status and AMD in
different racial groups. However, we found few associations between systemic inflammatory
disease, use of antiinflammatory agents, biomarkers of inflammatory disease, and related
processes with AMD at a given point in time within the whole cohort. Overall, our data are
consistent with other population-based studies and suggest that these factors are not strongly
related to AMD in the general population. Additional investigations will be required to explain
the ethnic differences in prevalence of AMD lesions.

Acknowledgments

Supported by contracts N01-HC-95159 through N01-HC-95165 and NO1-HC-95169 from the National Heart, Lung,
and Blood Institute. Additional support was provided by NIH grant HL69979-03 (Klein R and Wong TY).

References

1. Sarks, SH.; Penfold, PL.; Killingsworth, MC.; van Driel, D. Patterns in macular degeneration. In: Ryan,
SJ.; Dawson, AK.; Little, HL., editors. Retinal Diseases. Orlando, FL: Grune & Stratton; 1985. p.
87-93.

2. Penfold PL, Killingsworth MC, Sarks SH. Senile macular degeneration: the involvement of giant cells
in atrophy of the retinal pigment epithelium. Invest Ophthalmol Vis Sci 1986;27:364—71. [PubMed:
3949464]

3. Ambati J, Ambati BK, Yoo SH, et al. Age-related macular degeneration: etiology, pathogenesis, and
therapeutic strategies. Surv Ophthalmol 2003;48:257-93. [PubMed: 12745003]

4.Donoso LA, Kim D, Frost A, et al. The role of inflammation in the pathogenesis of age-related macular
degeneration. Surv Ophthalmol 2006;51:137-52. [PubMed: 16500214]

5. Anderson DH, Mullins RF, Hageman GS, Johnson LV. A role for local inflammation in the formation
of drusen in the aging eye. Am J Ophthalmol 2002;134:411-31. [PubMed: 12208254]

6. Hageman GS, Luthert PJ, Victor Chong NH, et al. An integrated hypothesis that considers drusen as
biomarkers of immune-mediated processes at the RPE-Bruch’s membrane interface in aging and age-
related macular degeneration. Prog Retin Eye Res 2001;20:705-32. [PubMed: 11587915]

7. Penfold PL, Madigan MC, Gillies MC, Provis JM. Immunological and aetiological aspects of macular
degeneration. Prog Retin Eye Res 2001;20:385-414. [PubMed: 11286898]

8. Ernst E, Hammerschmidt DE, Bagge U, et al. Leukocytes and the risk of ischemic diseases. JAMA
1987;257:2318-24. [PubMed: 3553628]

9. Kannel WB, Anderson K, Wilson PW. White blood cell count and cardiovascular disease: insights
from the Framingham Study. JAMA 1992;267:1253-6. [PubMed: 1538564]

10. Eye Disease Case-Control Study Group. Risk factors for neo-vascular age-related macular

degeneration. Arch Ophthalmol 1992;110:1701-8. [PubMed: 1281403]

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Klein et al.

Page 9

11. Klein R, Klein BE, Franke T. The relationship of cardiovascular disease and its risk factors to age-
related maculopathy: the Beaver Dam Eye Study. Ophthalmology 1993;100:406-14. [PubMed:
8460013]

12. Smith W, Mitchell P, Leeder SR, Wang JJ. Plasma fibrinogen levels, other cardiovascular risk factors,
and age-related maculopathy: the Blue Mountains Eye Study. Arch Ophthalmol 1998;116:583-7.
[PubMed: 9596493]

13. Klein, R. Epidemiology. In: Berger, JW.; Fine, SL.; Maguire, MG., editors. Age-Related Macular
Degeneration. St Louis: Moshy; 1999. p. 31-55.

14. Klein R, Clegg L, Cooper LS, et al. Atherosclerosis Risk in Communities Study Investigators.
Prevalence of age-related maculopathy in the Atherosclerosis Risk in Communities Study. Arch
Ophthalmol 1999;117:1203-10. [PubMed: 10496392]

15. Age-Related Eye Disease Study Research Group. Risk factors associated with age-related macular
degeneration: a case-control study in the Age-Related Eye Disease Study. Age-Related Eye Disease
Study report number 3. Ophthalmology 2000;107:2224-32. [PubMed: 11097601]

16. Klein R, Klein BE, Jensen SC, et al. Age-related maculopathy in a multiracial United States
population: the National Health and Nutrition Examination Survey Il11. Ophthalmology
1999;106:1056—-65. [PubMed: 10366071]

17. Klein R, Klein BE, Marino EK, et al. Early age-related maculopathy in the Cardiovascular Health
Study. Ophthalmology 2003;110:25-33. [PubMed: 12511342]

18. Klein R, Klein BE, Jensen SC. The relation of cardiovascular disease and its risk factors to the 5-year
incidence of age-related maculopathy: the Beaver Dam Eye Study. Ophthalmology 1997;104:1804—
12. [PubMed: 9373110]

19. Snow KK, Seddon JM. Do age-related macular degeneration and cardiovascular disease share
common antecedents? Ophthalmic Epidemiol 1999;6:125-43. [PubMed: 10420212]

20. Blumenkranz MS, Russell SR, Robey MG, et al. Risk factors in age-related maculopathy complicated
by choroidal neovascularization. Ophthalmology 1986;93:552—8. [PubMed: 2425325]

21. Klein R, Klein BE, Tomany SC, Cruickshanks KJ. Association of emphysema, gout, and
inflammatory markers with long-term incidence of age-related maculopathy. Arch Ophthalmol
2003;121:674-8. [PubMed: 12742845]

22. Seddon JM, Gensler G, Milton RC, et al. Association between C-reactive protein and age-related
macular degeneration. JAMA 2004;291:704-10. [PubMed: 14871913]

23. Seddon JM, George S, Rosner B, Rifai N. Progression of age-related macular degeneration:
prospective assessment of C-reactive protein, interleukin 6, and other cardiovascular biomarkers.
Arch Ophthalmol 2005;123:774-82. [PubMed: 15955978]

24. Klein R, Klein BE, Knudtson MD, et al. Systemic markers of inflammation, endothelial dysfunction,
and age-related maculopathy. Am J Ophthalmol 2005;140:35-44. [PubMed: 15939388]

25. Schaumberg DA, Christen WG, Buring JE, et al. High-sensitivity C-reactive protein, other markers
of inflammation, and the incidence of macular degeneration in women. Arch Ophthalmol
2007;125:300-5. [PubMed: 17353399]

26. Wu KH, Tan AG, Rochtchina E, et al. Circulating inflammatory markers and hemostatic factors in
age-related maculopathy: a population-based case-control study. Invest Ophthalmol Vis Sci
2007;48:1983-8. [PubMed: 17460250]

27. Klein R, Klein BE, Jensen SC, et al. Medication use and the 5-year incidence of early age-related
maculopathy: the Beaver Dam Eye Study. Arch Ophthalmol 2001;119:1354-9. [PubMed: 11545642]

28. Christen WG, Glynn RJ, Ajani UA, et al. Age-related maculopathy in a randomized trial of low-dose
aspirin among US physicians. Arch Ophthalmol 2001;119:1143-9. [PubMed: 11483080]

29. Douglas 1J, Cook C, Chakravarthy U, et al. A case-control study of drug risk factors for age-related
macular degeneration. Ophthalmology 2007;114:1164-9. [PubMed: 17544775]

30. Age-Related Eye Disease Study Research Group. Risk factors for the incidence of advanced age-
related macular degeneration in the Age-Related Eye Disease Study (AREDS). AREDS report no.
19. Ophthalmology 2005;112:533-9. [PubMed: 15808240]

31. van Leeuwen R, Tomany SC, Wang JJ, et al. Is medication use associated with the incidence of early
age-related maculopathy? Pooled findings from 3 continents. Ophthalmology 2004;111:1169-75.
[PubMed: 15177967]

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Klein et al.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 10

Haddad S, Chen CA, Santangelo SL, Seddon JM. The genetics of age-related macular degeneration:
a review of progress to date. Surv Ophthalmol 2006;51:316-63. [PubMed: 16818082]

Scholl HP, Fleckenstein M, Charbel Issa P, et al. An update on the genetics of age-related macular
degeneration. Mol Vis 2007;13:196-205. [PubMed: 17327825]

Moshfeghi DM, Blumenkranz MS. Role of genetic factors and inflammation in age-related macular
degeneration. Retina 2007;27:269-75. [PubMed: 17460581]

Despriet DD, Klaver CC, Witteman JC, et al. Complement factor H polymorphism, complement
activators, and risk of age-related macular degeneration. JAMA 2006;296:301-9. [PubMed:
16849663]

Hageman GS, Hancox LS, Taiber AJ, et al. AMD Clinical Study Group. Extended haplotypes in the
complement factor H (CFH) and CFH-related (CFHR) family of genes protect against age-related
macular degeneration: characterization, ethnic distribution and evolutionary implications. Ann Med
2006;38:592-604. [PubMed: 17438673]

LipPL, Blann AD, Hope-Ross M, et al. Age-related macular degeneration is associated with increased
vascular endothelial growth factor, hemorheology and endothelial dysfunction. Ophthalmology
2001;108:705-10. [PubMed: 11297487]

Grunwald JE, Hariprasad SM, DuPont J, et al. Foveolar choroidal blood flow in age-related macular
degeneration. Invest Ophthalmol Vis Sci 1998;39:385-90. [PubMed: 9477998]

Gabay C, Kushner I. Acute-phase proteins and other systemic responses to inflammation. N Engl J
Med 1999;340:448-54. [PubMed: 9971870]

Bild DE, Bluemke DA, Burke GL, et al. Multi-Ethnic Study of Atherosclerosis: objectives and design.
Am J Epidemiol 2002;156:871-81. [PubMed: 12397006]

Wong TY, Klein R, Islam FM, et al. Diabetic retinopathy in a multi-ethnic cohort in the United States.
Am J Ophthalmol 2006;141:446-55. [PubMed: 16490489]

Klein R, Klein BE, Knudtson MD, et al. Prevalence of age-related macular degeneration in 4 racial/
ethnic groups in the Multi-Ethnic Study of Atherosclerosis. Ophthalmology 2006;113:373-80.
[PubMed: 16513455]

Early Treatment Diabetic Retinopathy Study Research Group. Grading diabetic retinopathy from
stereoscopic color fundus photographs—an extension of the modified Airlie House classification.
ETDRS report number 10. Ophthalmology 1991;98:786-806. [PubMed: 2062513]

Klein R, Meuer SM, Moss SE, et al. Detection of age-related macular degeneration using a
nonmydriatic digital camera and a standard film fundus camera. Arch Ophthalmol 2004;122:1642—
6. [PubMed: 15534124]

Klein R, Davis MD, Magli YL, et al. The Wisconsin Age-Related Maculopathy Grading System.
Ophthalmology 1991;98:1128-34. [PubMed: 1843453]

Multi-Ethnic Study of Atherosclerosis. Field Center Procedures. Manual of Operations. Seattle:
University of Washington; 2007.

Boekhoorn SS, Vingerling JR, Witteman JC, et al. C-reactive protein level and risk of aging macula
disorder: the Rotterdam Study. Arch Ophthalmol 2007;125:1396-401. [PubMed: 17923549]

Hageman GS, Anderson DH, Johnson LV, et al. A common haplotype in the complement regulatory
gene factor H (HF1/CFH) predisposes individuals to age-related macular degeneration. Proc Natl
Acad Sci U S A 2005;102:7227-32. [PubMed: 15870199]

Robman L, Mahdi O, McCarty C, et al. Exposure to Chlamydia pneumoniae infection and progression
of age-related macular degeneration. Am J Epidemiol 2005;161:1013-9. [PubMed: 15901621]
Kalayoglu MV, Galvan C, Mahdi OS, et al. Serological association between Chlamydia
pneumoniae infection and age-related macular degeneration. Arch Ophthalmol 2003;121:478-82.
[PubMed: 12695244]

Ishida O, Oku H, Ikeda T, et al. Is Chlamydia pneumoniae infection a risk factor for age related
macular degeneration? Br J Ophthalmol 2003;87:523-4. [PubMed: 12714382]

Robman L, Mahdi OS, Wang JJ, et al. Exposure to Chlamydia pneumoniae infection and age-related
macular degeneration: the Blue Mountains Eye Study. Invest Ophthalmol Vis Sci 2007;48:4007-11.
[PubMed: 17724180]

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Klein et al.

Page 11

53. Klein R, Klein BE, Knudtson MD, et al. Subclinical atherosclerotic cardiovascular disease and early
age-related macular degeneration in a multiracial cohort: the MultiEthnic Study of Atherosclerosis.
Arch Ophthalmol 2007;125:534-43. [PubMed: 17420374]

54. Gold B, Merriam JE, Zernant J, et al. AMD Genetics Clinical Study Group. Variation in factor B
(BF) and complement component 2 (C2) genes is associated with age-related macular degeneration.
Nat Genet 2006;38:458-62. [PubMed: 16518403]

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



Page 12

Klein et al.

*10J0B} SIS0103U JOWN] = 4N 1 ‘UOIRIASp
plepuels = @S sbBnip Alorewweljuliue [eplosalsuou = QSN ‘upnajaiul = | ‘uiaoid aARoeal-D = 449 aseuabAxo0joAd = X0 ‘H J01ae) Juswajdwod = H4D ‘uolelauabap Jejnoew pajejal-abe = QINV

€20 8L¢T G¢0 8897 0T 669 90 6TEC S0 7885 ANV 3.7
(4 cLet (x4 1897 9¢ 169 8V €0€C 8'¢ L¥8S ANV Ajre3

[ x4} S0 €el z8 adfoush 0D

Tee 0'Sv L'6 'Sy TEe adfouab D
669 €69 0€9 €9 9Sve (0L 242T) HZOYA HA4D
€1 8L¢T ST ¢8ST €0 669 7T 0¢ee €1 6,89 asn ploJsls [el0
€9 8L¢T 69 ¢8ST L'y 669 0L 0¢ee L9 6289 asn 10jiqiyul ¢ XO2
§'Gl 8L¢T 0'GT ¢8ST 144 669 v'ee 0cee L'9T 6189 8sn AIVSN
LCT TeCT 0T 0€sT 6°€T 689 v'lc L17¢C L'6T 1299 JvysAep €< unidsy
0 LLeT 0T 1897 44 669 81 LTEC €1 0889 Kiojsiy ewssAydw
€e TLeT X4 1897 T8 €69 L'C 90€C €e 1589 Kioysiy smyedap
81 T.2T 8'0¢ 9/S9T7 Vv 29 §'Ge 06¢¢ cle 6085 Kioisiy asessip wng
€ve L9¢T LTy 6.9T 6°¢c 189 9'€e ¥6¢¢ L'vE 1285 Aoys1y snuyuy
Syl LleT 008 1897 818 669 ¢'69 12514 TsL 2/85  anmsod ‘eluownaud eipAwelyo
14 LI2T 6'0S ¢LST (x4 §69 6'CL €0€e 0'LS L¥8S J8Yuup [0Yoo[e Juslng
9€T S.¢T 08T 9/9T 09 869 80T L0€C 8¢l 9589 J3YOoWs Juainy
oor 8L¢T A 689T 6°GE 669 6'9€ 0cee 0'Er 9889 uoisuapadAH
8¢y 8.LCT 80T 08ST T¢e 869 (594 14494 S91 085 Jooyas ybiy > uoneanp3
0'8v 8L¢T 9'Gy 689T 9'6v 669 98y Teee 8Ly 1889 sJew ‘Jepus
6'C+68 LleT r¥96 1897 9'C¥88 869 0r¥€6 91€C L'EFTH6 ¢L89 /10w ‘3utR)sAoowWoH
¥ ¥ 95€ cLet 8L +89€ 69GT 65 + 8¢€ 669 69 + €€€ (1) 2574 CLFYVE 0585 p/Bw ‘usouqiy
820F9¢T €0¢ GE0FCCT ¥8T 8C0F90T /8 LEOFVET CTIv GE0+ /T 988 TwyBd ‘v-4NL
S7'0+86'0 €0¢ ¢€0+6L0 ¥8T TC0+¥690 /8 ¥w0+¢0T <V Cr0OF€E6'0 988 w/6d ‘-1
TT+971 et CT+LT 8147 0T+2T 069 CT+VT 08¢¢ CT+9T 62,9 Twy6d ‘9-T11
TS*TY €LeT 99F9Y 8997 SEFLT 169 gr¥€ee 80€¢C VG¥9¢€ 9¥89 p/Bw ‘44D Auamisuss ybiH
TOT+909 8T L6+¥T9 6851 TOT+9T19 669 TOT+0¢C9 Tcec O0O0T+ST9 /88S sieak ‘aby
asFuesN N asFuesy N asFuesN N asFuesy N asFuesy N ansLI9IRIRYD

sojuedsiH soe|g EENTe) SSHUM suosiad |1V

MoyoD sIS0J3]95018UY JO ApNiIS J1UyIT-NINIA 8Y} JO SINSLISIeIRYD

T 3lqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



Page 13

Klein et al.

'$8W09IN0 INY a4 4o Aue Joy sydelBboloyd snpuny ajgepesd yaim 110yod Jo ajdwes Wopuel € Ul 8WOS pue 110Y0od 3JoyM Ul painsesw Buiag swos 03 Buimo Area saiAjeur |ealwayoolq 1oj azis ajdwes
%

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



Page 14

*10)08} SIS013U JOWNy =
4N ‘01el Sppo = YO ‘sBnip Alojewiwejuinue [epiossisuou = @SN 60| [einieu = uj ‘unapiaiul = | ‘uislold 8A1RaI-D = dYD 8seusbAX00j9Ad = XD ‘81ewiiss 10uued = JND ‘[eAI8IUI 80UBPIUOD = |

Klein et al.

NIH-PA Author Manuscript

E[\o] 600 ¥1'6-06'0 ST'¢C (uasge sA Juasaid) asn p1oJals [eIO
0€0 657600 GE0 800  €€TG60 6YT (3uasqe sA juasaid) ssn JongIyul g X0
120  [€G690 26T 660  2LT-T180 8TT (3uasqe s jussaid) 8sn QIVSN
980 LE€-S90 YT 860  2ST-6L0 OTT (GivysAep > saspmyshep €<) unidsy
60 T6'8-€V'0  G6'T G680 08'Z-€v'0 60T (yuasqe sn juasaud) Alosy ewasAydwz

El\e) 620 28TvL0 YT (yuasqe sa juasaud) Alosiy sniyedaH
960 09€-€90 6¥T .00  6.T-860 €T (wuasqe sA uesaid) AI0isIy asessip wino
9,0  86T6E0 880 860  E€ST-G80 ¥IT (yuesqe sA juasaid) AIoIsIy snLYLY
T€0  2Z8T-€80 €T  8T0  [2T-960 OTT sHun uj g'p/oureisAoowoH
LT0 667680 €€T 850  0C2T-060 +OT p/Bui g /usbouniqiy
€10 €2T-120 150 020 9/7-680 SZ'T  (anmebau sA samsod) euownsud eipAure|yd
0 092-TT0 ¥S0 S0  Z9T-LL0 TITT SHuN uj 92°0/2-4NL
€60  TOv-820 90T  ¢60  9¥T-TL0 20T suun uj g0/
900 827660 0ST 060  LTT-/80 70T suun uj 99°0/9-11
600  lZZ¥60 9¥T 880  ST'T-G80 660 SHun U] 0Z'T/dd0 Auanisuss ybiH

NEA-d  10%S6 HO  9NEAd  1D%S6  HO Si3{ae|N Alorewwepu|
AINV 9187 JO 80uasald ANV Alde3 Jo adussald

c?9lqel

NIH-PA Author Manuscript

NS Apnis pue ‘Aoluyg/s0ey ‘1apuas ‘aby 1oy

Buijjonuo) (QNY) uoneiauabaq Jejnaen parejay-aby a1e] pue AjJe3 01 14040D SIS0J3]9S0IaYIY JO ApMIS J1UYIT-11NIA JO Sa1ISLIB1oRIBYD SNOLIBA JO UOIR|oY

NIH-PA Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



Page 15

Klein et al.

"NV Alrea yim juadiad = o4 fwisiydiowAjod ayr yim Jaquinu = N

9000 06°0 iZA0] 500 anjeA-d
0L €& €v 1. 00 ¢ 98 18 20
99 86T ST [9¢ €€ 19 €L 88¢ 10
0¢c 8S€ 8¢ vS¢ 6€ 095 8¢ ¢9¢ 11

% N % N % N % N wsiydiowAjod HZOvA HAD

oluedsiH  ~ >oelg 3BUIYD aNUM

dnolg a1y eioey pue wsiydiowAjod Hzov A (H4D) H J1o1oe4 uswsjdwo) Ag (QINY) uoneisusbaq Jejnoejy palejay-aby AjJe3 Jo aouajensid
€9|qelL

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



Page 16

Klein et al.

“eluownaud eipAwe|yd pue ‘autgisAoowoy ‘xajdwod ulwsejdiue—uiwsed ‘usabourigy ‘9-unajaul ‘utslold aAnoeal-o AlAnIsuas ybiy spnjoul eosmu;

‘adA1ousb H4D pue ANV Alles Joy ajqejreAe erep yiim siuedionted Gz 01 paiolisal sisAjeuy

¥

*dno4B 9ouaIa)RI = Ja1 ‘01l SPPO = HO ‘[eAJSIUI BUBPIIU0D = [ ‘H 10108 Juswa|dwod = H4D

¥0'0 2r0  (PT'T-2€0) 090 S000 (92°0-T20)6€0 6T0 (L2'T-TE0) 290 (e 00T adAjouab 2oy A H4O pue '13)usd ‘1apuab ‘aby

100 100 (S0T-62°0)S50 000 (rL0-6T'0)L€0 T00 (280-0z0)Tw'0  (o1) 00T 410N AlorewLieljul pue uaiusd “uapuab ‘aby

100 600 (00T-82°0) €50 G000 (GL0-020)6€0 200 (06'0-42°0) 9¥°0 (e 00T 13)ud pue ‘19puah ‘o

d d (10 %56) HO d (10 %56) HO d (10 %%6) 40 (1D %S6) HO Joy paysnlpy
douataylg Auy JluedsiH Yoe|g asaulyD 3UUM

,Slo10e4
1810 Joy Buljjonuo) ajiypn ‘sdnolo aluyig/eioey 1810 yum saiysa burredwo) (QNY) uoneisusbaq Jejnaein parejay-aby Aj1e3 Jo aousjenald

v alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Ophthalmology. Author manuscript; available in PMC 2010 September 9.



