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Abstract

Objective—To describe the incidence of age-related macular degeneration (AMD) and 

associated risk factors in four racial/ethnic groups (white, black, Hispanic and Chinese) residing in 

the United States (U.S.).

Design—Prospective cohort study.

Participants—3811 participants, aged 46–86 years old, from the Multi-Ethnic Study of 

Atherosclerosis (MESA) cohort, with retinal data collected twice, on average, eight years apart.

Methods—Fundus images, taken using a digital camera through dark-adapted pupils using a 

standard protocol and the same equipment at both study visits, were graded centrally for early and 

late AMD based on drusen size, type and area, increased retinal pigment, retinal pigment epithelial 

depigmentation, neovascular lesions, and geographic atrophy using the modified Wisconsin Age-
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Related Maculopathy Grading System. Demographic, clinical, and laboratory measures were 

included in multivariable regression models to determine their impact on the variation in AMD 

incidence among racial/ethnic groups.

Main outcome measures—Incident early and late AMD.

Results—The overall 8-year age- and sex-standardized incidence of early and late AMD was 

4.1% and 2.3%, respectively, with incidence of early and late AMD highest in whites (5.3% and 

4.1%), intermediate in Chinese (4.5% and 2.2%) and Hispanics (3.3% and 0.8%), and lowest in 

blacks (1.6% and 0.4%). Adjusting for age and sex, blacks had 70% lower risk of developing early 

AMD than whites and this decreased only slightly to 67% lower risk after multivariable 

adjustment. Adjusting for age, sex and race/ethnicity, hyperopia was associated with early AMD 

[Odds Ratio (OR)=1.51; 95% Confidence Interval (CI): 1.04–2.20], as was astigmatism [OR=1.47; 

95% CI: 1.00–2.16], but not myopia (p=0.29). Age, race/ethnicity, current smoking, hyperopia, 

and AMD-susceptibility genotypes CFH RS1061170 and ARMS2 RS3793917 were independently 

associated with incident early AMD in multivariable models for the combined sample. However, 

the only statistically significant factor consistently associated with incident early AMD across the 

four racial/ethnic groups was increasing age. Risk factors for late AMD were not assessed due to 

its low incidence, particularly across racial/ethnic groups.

Conclusion—Variation in the incidence of early AMD exists among racial/ethnic groups in the 

U.S. and is not explained by the clinical, genetic, and environmental factors included in this study.
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Age-related macular degeneration (AMD) is an important cause of vision loss in older 

adults.1 Previous population-based epidemiological studies, mostly involving a single race 

or ethnicity, have provided estimates of the prevalence and incidence of AMD in whites, 

blacks and other racial/ethnic groups,2–13 with significant variability reported and confirmed 

in a meta-analysis.1 Few studies have directly compared either the prevalence or incidence 

of AMD among racial/ethnic groups. An earlier analysis2 from the Multi-Ethnic Study of 

Atherosclerosis (MESA) cohort showed that prevalent early AMD was highest in whites 

(5.4%) and lowest in blacks (2.4%), while controlling for age and sex. The highest 

prevalence of any AMD occurred in individuals aged 75 to 84 years old, varying from 7.4% 

in blacks to 15.8% in whites and Chinese Americans. Similar variation in prevalence of 

AMD for whites, blacks, and Mexican Americans was reported in a National Health and 

Nutrition Examination Survey (NHANES) study.3 Yet, most intra-study racial/ethnic 

comparisons of AMD have been based on cross-sectional prevalence data,2–7 and few had 

longitudinal data to report on incident AMD.11, 14–16

The reasons for racial/ethnic variations are unclear. Differences in the prevalence of AMD 

among the racial/ethnic groups have been attributed to differences in the frequency and 

impact of genetic markers (e.g. AMD candidate genes17–18 such as Age Related 
Maculopathy Susceptibility 2 [ARMS2 RS10490924] and Complement Factor H [CFH 
Y402H]) and clinical/environmental factors (e.g. smoking status).19–20 However, in cross-

sectional analyses in the MESA cohort, the distribution of these AMD candidate genes 
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explained only a small proportion of the variability and age, sex, pupil size, body mass 

index, smoking history, alcohol use, diabetes, hypertension, and measures of inflammation 

did not explain the differences in prevalence among the four racial/ethnic groups.2,21 This 

suggests the need to better understand putative risk factors underlying racial/ethnic 

differences, which might be more readily discerned in an analysis of AMD incidence.

The MESA cohort is a well-characterized sample of adults from four racial/ethnic groups 

living in the U.S.22 with longitudinal data providing an opportunity to investigate incident 

AMD and its associated risk factors. The current study examines the incidence of AMD 

lesions and the associations between relevant risk factors and AMD outcomes, overall and 

within the different racial/ethnic groups in the cohort.

Methods

Subjects and Study Design

MESA is a prospective cohort study of adults, aged 45 to 84 years sampled from six 

communities in the U.S., who were free of clinical cardiovascular disease at enrollment 

between July 2000 and July 2002. Briefly, the MESA cohort was composed of 6814 men 

and women who were recruited at six field centers in Baltimore, Maryland; Chicago, 

Illinois; Forsyth County, North Carolina; Los Angeles, California; New York, New York; 

and St. Paul, Minnesota using locally available resources, such as lists of residences, 

dwellings, and telephone exchanges. Supplemental sources were utilized to ensure adequate 

samples of minorities and elders during the final recruitment period. The details of the 

MESA study design and methodology have been described elsewhere.22

Fundus photography was included in the second (2002–2004) and fifth (2010–2012) 

examinations of the study. Of the 6814 participants examined at baseline, 6176 participants 

returned for a second examination when retinal images were first acquired, of whom 5867 

(95.0%) had sufficient retinal imaging data to determine baseline AMD status. Among the 

5867 with AMD status at baseline, 3811 individuals participated in the fifth study visit (first 

follow-up retinal examination) about 8 years later, were not aphakic, and had gradable 

retinal photographs at both baseline and follow-up visits to determine incident AMD status.

The Tenets of the Declaration of Helsinki were adhered to and all necessary institutional 

review board approvals were granted. Written informed consent was obtained from all 

participants.

Fundus Photography and Image Grading

A standardized study protocol was followed at baseline and follow up examinations. Fundus 

photography has been described in detail previously.23 In brief, participants were seated in a 

darkened room where a 45-degree, 6.3-megapixel digital nonmydriatic camera (Canon, Lake 

Success, NY) was used to capture two photographic fields of each eye, the first centered on 

the optic disc and the second centered on the fovea. Images were sent to the University of 

Wisconsin-Madison Ocular Epidemiology Reading Center. The images were evaluated twice 

(preliminary and detailed) using EyeQ Lite software (an image-processing database for 

storage, retrieval, and manipulation of digital images)23 by trained graders who followed a 
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modification of the Wisconsin Age-Related Maculopathy Grading scheme24–25 and were 

masked to the health status of the participant.

Participants were evaluated for early AMD lesions, including soft distinct drusen (defined by 

size between 63 and 300μm in diameter with sharp margins and a round nodular appearance 

with a uniform density from center to periphery), soft indistinct drusen (defined by same 

size as soft distinct drusen but having indistinct margins and a softer, less solid appearance), 

increased retinal pigment (deposition of granules or clumps of gray or black pigment in or 

beneath the retina), and retinal pigment epithelium (RPE) depigmentation (faint grayish-

yellow or pinkish-yellow areas of varying density and configuration without sharply defined 

borders), and advanced features of maculopathy, including pure geographic atrophy and 

signs of exudative macular degeneration (e.g. subretinal hemorrhage, subretinal fibrous scar, 

retinal pigment epithelial detachment, and/or serous detachment of the sensory retina or 

laser or photodynamic treatment for neovascular AMD). Early AMD was defined by the 

presence of any soft drusen and pigmentary abnormalities (increased or decreased retinal 

pigment) or the presence of large soft drusen ≥125μm in diameter with a large drusen area 

>500μm in diameter or large ≥125μm indistinct soft drusen in the absence of signs of late 

AMD. Late AMD was defined by the presence of either geographic atrophy (GA) or 

exudative macular degeneration or both.

Covariates

Detailed questionnaires and clinical examinations were administered to all participants. 

Demographic and lifestyle characteristics in this analysis included age at baseline retinal 

examination, sex, race/ethnicity (white, black, Hispanic, Chinese), birth place (U.S. or 

foreign-born), education (less than high school, completed high school/graduate record 

examination equivalent, completed some college, college graduate), marital status (single, 

married, divorced, widowed), occupation (employed, unemployed, not seeking 

employment), annual family income (< $20,000, $20,000–39,999, $40,000–74,999, 

$75,000+), cigarette smoking status (never, past, current smoker), pack-years of cigarette 

smoking, exposure to second-hand smoke (hours per week), alcohol use (current use and 

drinks per week), and physical activity measured in metabolic equivalent-minutes per week.

Individual health risk factors, including seated systolic and diastolic blood pressure 

(mmHg), hip and waist circumference (centimeters), hypertension, body mass index (BMI), 

body surface area, weight at age 20 years, weight at age 40 years, diabetes, 

microalbuminuria, periodontitis or gum disease, refractive error status, self-reported health 

conditions, and medication use (e.g. aspirin use, anti-hypertensives, lipid-lowering agents, 

etc.) were assessed. BMI was calculated as measured weight (kilograms) divided by height 

(meters) squared. Hypertension (yes or no) was defined as systolic blood pressure ≥ 140 

mmHg or diastolic blood pressure ≥ 90 mmHg or self-reported hypertension with use of 

anti-hypertensive medication. Diabetes status (yes/no) was defined as fasting glucose ≥ 7.0 

mmol/L (≥ 126 mg/dl) and/or use of insulin or oral hypoglycemic medicine. 

Microalbuminuria was defined as a urine albumin: creatinine ratio (UACR) ≥ 30 mg/g. 

Refractive error status was determined based on the spherical equivalent in the eye with the 

largest absolute value where myopia was defined as a spherical equivalent of −1.0 diopter or 
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less, hyperopia as a spherical equivalent of 1.0 diopter or more, or emmetropia (no myopia 

or hyperopia), as previously reported.26 Subsequently, myopia was dichotomized as yes 

(myopia) or no (emmetropia or hyperopia) and hyperopia was dichotomized as yes 

(hyperopia) or no (emmetropia or myopia). Astigmatism, defined as more than 1.0 diopter of 

cylinder value in the worse eye, was also assessed. Cardiovascular disease measures and 

history, including ankle-brachial index, calcium volumes, major Q-wave abnormalities, 

pulse wave large and small vessel compliance, ultrasound measure of carotid distensibility, 

increased intimal-medial thickness, carotid stenosis, and history of myocardial infarction 

(MI) and stroke, were also collected. Total cholesterol (mg/dl), high-density lipoprotein 

(HDL) cholesterol (mg/dl), low-density lipoprotein (LDL) cholesterol (mg/dl), triglycerides 

(mg/dl), fasting glucose (mg/dl), oxidized LDL cholesterol (mg/dl), homocysteine (μmol/l), 

von Willebrand factor (%), soluble intercellular adhesion molecule-1 (sICAM-1) (ng/ml), 

plasminogen activator inhibitor type 1 (PAI-1) (ng/ml), factor VIIIc (%), C-reactive protein 

(mg/l), fibrinogen antigen (mg/dl), and interleukin-6 (pg/ml) were measured centrally using 

standard methods. Data were available for Age-Related Maculopathy Susceptibility 2 

(ARMS2 RS3793917) from CardioMetaboChip genotyping and Complement Factor H 

(CFH RS1061170) from candidate gene genotyping as previously described.27–28

Statistical Methods

Participant characteristics at baseline were compared using analysis of covariance and 

logistic regression models, controlling for age and sex, between individuals who completed 

both retinal examinations (visits 2 and 5) and individuals who did not return for the follow 

up examination. Individuals without any AMD at baseline were considered at risk for 

incident early and late AMD; individuals at risk of incident late AMD could have had either 

no AMD or early AMD at baseline. Incidence of AMD (early and late) in the worse eye 

were calculated overall, and for each racial/ethnic group, in all participants and in men and 

women separately. Incidence of specific AMD lesions were also determined overall and for 

each racial/ethnic group. Incidence estimates for all participants were age- and sex-

standardized and those by sex were age-standardized to the 2010 U.S. Census population.

Multivariable logistic regression of incident early AMD, adjusting for age, sex, and race/

ethnicity, was completed for each baseline characteristic separately in order to determine 

which variables should be included in subsequent models; a p-value < 0.10 was necessary 

for inclusion in final models. Final multivariable logistic regressions models included the 

variables: age, sex, race/ethnicity (for analyses using all participants), cigarette smoking, 

diastolic blood pressure, body mass index, weight at age 40 years, medication use (diuretics, 

lipid-lowering agents), total serum cholesterol, triglycerides, internal carotid intimal-medial 

thickness, Z score maximum IMT, hyperopia, astigmatism, and a SNP in each of ARMS2 
and CFH genes in order to assess the impact of different risk factors on incident early AMD 

overall. The joint impact of ARMS2 and CFH genotype on AMD incidence in each ethnic 

group was estimated and depicted graphically, with p-values calculated using Cochran-

Armitage tests for trend across genotypes within each racial/ethnic group. Multivariable 

regression analyses were not completed for incident late AMD due to its low incidence in 

the cohort. Odds ratios (OR) and 95% confidence intervals (CI) were reported. Analyses 
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were two-sided with a 5% significance level and conducted using SAS version 9.3 (SAS 

Institute, Cary, NC, USA).

Results

Of the 5867 individuals whose initial AMD status at baseline and race/ethnicity were 

collected, 3811 (65.0%) participated in the follow-up retinal examination. Supplemental 

Table 1 describes a detailed list of baseline characteristics for these 3811 MESA participants 

alongside those for the 585 individuals who returned for MESA exam five but did not 

contribute AMD data, the 868 individuals who refused participation in exam five, and the 

603 individuals who died prior to exam five, with bolded values indicating significant 

differences between the respective group and the 3811 participants included in subsequent 

analyses. Participants who returned for exam 5 and had AMD data collected were younger; 

less likely to smoke cigarettes; less likely to have astigmatism; and had greater large artery 

elasticity indices. To summarize, returning participants appeared to be younger and healthier 

than their counterparts.

Among those at risk for incident AMD, Table 1 shows, for the total group and by race/

ethnicity, the baseline characteristics included as covariates in subsequent multivariable 

analyses. After adjusting for age and sex, virtually all characteristics differed significantly 

across racial/ethnic groups, including the genetic profiles of ARMS2 (RS3793917) and CFH 

Y402H (RS1061170). The prevalence of smoking, the most consistent risk factor for AMD 

besides increasing age, was highest in White and lowest in Chinese individuals.

The overall incidence of early AMD was 4.1% (N=129) in the 3685 individuals without any 

AMD at baseline and late AMD was 2.3% (N=34) in the 3802 individuals without late AMD 

at baseline (Table 2). Among the 34 participants with incident late AMD, 5 exhibited no 

signs of AMD and 29 exhibited signs of early AMD at the baseline examination. Overall, 

white participants had the highest percentage of incident AMD (early or late) followed by 

Chinese, Hispanic, and black participants, although Chinese men were more likely (but not 

significantly) to have incident AMD compared to white men. Women were slightly (but not 

significantly) more likely to have early but not late AMD compared to men.

The overall incidence of large drusen was 7.4% (n=240), any soft drusen was 11.6% 

(n=360), large area of drusen was 2.8% (n=90), pigmentary abnormalities was 3.3% 

(n=105), exudative AMD was 0.7% (n=21) and geographic atrophy was 0.9% (n=25, 12 of 

whom also had exudative AMD). There were significant differences in incidence of early 

AMD lesions and geographic atrophy by racial/ethnic group, after age and sex adjustment 

(Figure 1). The number of participants with exudative macular degeneration was too small to 

detect significant differences among racial/ethnic groups. White or Chinese participants 

exhibited the highest incidences for all of the specific AMD lesions.

Factors determined to be significant for incident early AMD, after adjustment for age, sex, 

and race/ethnicity, and deemed eligible for subsequent multivariable analyses (p < 0.10) 

included smoking [OR (current vs. never smoked): 1.99 (95% CI: 1.06, 3.73); p=0.03], 

greater BMI [OR (per 1.0 kg/m2): 1.21 (95% CI: 1.00, 1.21); p=0.05], greater weight at age 
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40 years [OR (per 1.0 lb): 1.22 (95% CI: 0.97, 1.54); p=0.09], history of diuretics use [OR 

(vs. not using diuretics): 1.56 (95% CI: 0.98, 2.48); p=0.06], history of lipid lowering agents 

use [OR (vs. not using lipid lowering agent): 0.65 (95% CI: 0.41,1.03); p=0.07], serum total 

cholesterol [OR (per SD): 0.85 (95% CI: 0.70,1.03); p=0.10], serum triglycerides [OR (per 

SD): 0.79 (95% CI: 0.61, 1.00); p=0.05], internal carotid intimal medial thickness (IMT) 

[OR (per SD): 1.14 (95% CI: 0.98, 1.32); p=0.09], Z-score maximum IMT [OR (per SD): 

1.18 (95% CI: 1.00, 1.41); p=0.05], large artery elasticity index [OR (per SD): 0.79 (95% 

CI: 0.62, 1.01); p=0.06], hyperopia [OR (vs. no hyperopia): 1.51 (95% CI: 1.04, 2.20); 

p=0.03], and astigmatism [OR (vs. no astigmatism): 1.47 (95% CI: 1.00, 2.16); p=0.05]. 

Additionally, participants homozygous or heterozygous for the variant risk allele were at 

increased risk of incident early AMD compared to participants homozygous for the wild 

type allele for the ARMS2 RS3793917 gene [OR: 2.48 (95% CI: 1.25, 4.92); p=0.01 and 

OR: 1.83 (95% CI: 1.23, 2.73); p<0.01, respectively], and this was also true for the CFH 
RS106170 gene [OR: 5.68 (95% CI: 2.15, 15.01) and OR: 2.83 (95% CI: 1.38, 5.80); 

p=0.01; p<0.01, respectively].

Since differences in refractive errors among the racial/ethnic groups were known to exist, 

additional analyses examining the association between specific refractive errors and incident 

AMD were completed in the entire cohort and by racial/ethnic group (Table 3). After 

adjustment for age, sex, and race/ethnicity, no significant associations were found between 

myopia and incident early or late AMD when myopia was compared against emmetropia or 

compared against no myopia (emmetropia or hyperopia). There was, after adjustment for 

age, sex, and race/ethnicity, a statistically significant association between hyperopia and 

early (but not late) AMD when compared to those with emmetropia and it remained 

significantly associated with early (but not late) AMD when comparing hyperopia versus no 

hyperopia (emmetropia or myopia). Interactions between age and refractive error (either 

myopia or hyperopia) were not statistically significant. In analyses controlling for age and 

sex and stratified by race/ethnicity, hyperopia was significantly associated with incident 

early AMD only in Chinese, although the data in white and Hispanic participants were 

consistent with a non-statististically significant increase in AMD among those with 

hyperopia. Astigmatism narrowly missed reaching statistical significance (p=0.05) in the 

overall group. In sex-specific analyses of data from all racial ethnic groups combined, 

hyperopia was significantly associated with early AMD in men (p<0.05) and was elevated, 

but not statistically significantly higher, in women (data not shown). In contrast, astigmatism 

was significantly associated with early AMD in women (p=0.03) but not in men (data not 

shown).

Results from the subsequent multivariable models indicate that increasing age, racial/ethnic 

group, current cigarette smoking, hyperopia, and AMD susceptibility genotype were 

independently associated with incident early AMD in the cohort (Table 4). These risk 

factors, with the exception of current cigarette smoking and hyperopia, were also 

significantly associated with incident large drusen (data not shown). In addition, lower 

diastolic blood pressure and not using lipid lowering agents were also associated with 

incidence of large drusen in multivariable analyses (data not shown). Black individuals were 

at significantly lower odds of incident early AMD and incident large drusen, in particular 

(data not shown), compared to white individuals. After considering CFH genotype, blacks 
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continued to have significantly lower odds of early AMD, but the association attenuated 

from an OR of 0.60 to 0.65 for large drusen (data not shown). There was no significant 

difference in early AMD incidence between Chinese and White individuals, but Chinese 

participants were significantly more likely to have incident large drusen than whites even 

after adjustment in multivariable models (data not shown). The ARMS2 genotype was 

significantly associated with incident early AMD when CFH genotype was not included in 

the models, but, while odds of incident AMD remained higher for those homozygous for 

ARMS2 it was not significant when CFH genotype was simultaneously included in the 

model.

To investigate further the joint impact of both ARMS2 and CFH genotypes, the incidence of 

AMD was depicted graphically (Figure 2) for each racial/ethnic group separately, with the 

lowest genetic risk conferred by two homozygous genes represented in the first bar, the risk 

associated with putative ARMS2 allele and low risk CFH allele in the second bar, the 

putative CFH allele and low risk ARMS2 allele in the third bar, and high risk alleles for both 

ARMS2 and CFH in the final bar. The joint presence of the high risk alleles was strongly 

associated with AMD incidence in whites and Chinese but not in Hispanics.

Discussion

MESA provided a unique opportunity to examine the 8-year overall incidence of AMD in 

four major racial/ethnic groups (white, black, Hispanic and Chinese) living in six U.S. 

communities. Furthermore, it allowed us to examine clinical, genetic and environmental 

factors related to incident AMD and to assess the potential impact of these factors on racial/

ethnic variation in AMD incidence. The overall incidence of early and late AMD was 4.1% 

and 2.3%, respectively, and after adjustment for age and sex, was highest in whites, 

intermediate in Chinese and Hispanics, and lowest in blacks. Age, current smoking status, 

hyperopia, and AMD-susceptibility genotypes CFH RS1061170 and ARMS2 RS3793917 

were associated with incident early AMD when considering the whole cohort. However, 

none of these risk factors, besides age, were consistently associated with incident early 

AMD among all four racial/ethnic groups. In other words, the clinical, genetic and 

environmental factors measured in MESA and considered for this analysis did not explain 

the observed racial/ethnic variation in AMD incidence.

The incidence of early and late AMD in this study is lower than reports from other 

studies.8–9, 11–13, 15–16, 29–31 Some of the discrepancy may be due to different definitions of 

AMD used across studies, as well as the lack of age and sex standardization in most 

previous reports. It is important to note that MESA participants were enrolled into a 

cardiovascular cohort study, in which they were assessed to be free from clinical 

cardiovascular disease at baseline. MESA incorporated an eye component, as opposed to 

being a dedicated eye study (e.g., Beaver Dam Eye Study), and issues of selection bias may 

also play a role. Nevertheless, the lower incidence observed in MESA is consistent with the 

lower prevalence observed at the baseline MESA retinal examination2 and in the 2005–2008 

National Health and Nutrition Examination Survey.3 Finally, since most previous reports of 

incidence were based on studies carried out a decade or longer before MESA was initiated, 
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this lends credence to the concept of an age-period-cohort effect observed in the Beaver 

Dam Eye Study, which reported a lower incidence of AMD in later birth cohorts.32

In MESA, while adjusting for age, sex, smoking status, hyperopia and CFH RS1061170, the 

odds of developing incident early AMD at the 8 year follow-up was 67% lower in blacks 

compared to whites. The 8-year overall incidences of exudative AMD and geographic 

atrophy were also lower in blacks compared to whites (0.0% vs. 1.1% and 0.2% vs. 1.6%, 

respectively). These findings are consistent with lower prevalences of early AMD (2.4% vs 

5.4%), exudative AMD (0.19% vs. 0.22%) and geographic atrophy (0.1% vs. 0.4%) in 

blacks compared to whites seen in MESA and in most population-based cross-sectional 

studies in which whites and blacks have been compared.2–3, 33–37

There are few population-based studies in which the incidence of AMD in blacks and whites 

have been compared.14–16 In the Salisbury Eye Evaluation (SEE) project, while adjusting for 

age and sex, the two-year overall incidences of large retinal drusen, increased retinal 

pigment, and geographic atrophy were found to be lower in blacks compared to whites 

although these differences were not statistically significant, in part, due to the lack of power. 

The Barbados Eye study also examined the incidence of AMD in blacks at 4 and 9 year 

follow-up; the 9-year overall incidence of early AMD was 12.6% and for late AMD was 

0.7% (geographic atrophy and exudative AMD were each 0.5%). The estimate of 9-year 

incident late AMD in blacks in the Barbados Eye Study was considerably less than that 

found in whites in the Beaver Dam Eye Study over its 10 year duration of follow-up.

The lower incidence of AMD in blacks compared to whites has been attributed to racial 

variations in melanin pigmentation in the choroid and retinal pigment epithelium.38 Melanin 

is thought to decrease the risk of developing AMD by protecting the retina against the 

damaging effects of free radicals associated with photo-oxidation and light absorption.39 

The lower incidence of early AMD in blacks compared to whites has also been attributed to 

differences in the distributions of protective genes such as CFH-related 1/3 deletions, C2/BF 

haplotype and deleterious CFH and other gene SNPs between the races.18, 40–42 Known risk 

factors such as cigarette smoking, history of alcohol drinking, body mass index, 

hypertension status, diabetes status, measures of subclinical CVD, markers of inflammation 

or use of anti-inflammatory agents did not explain the differences in the incidence of AMD 

between blacks and whites in MESA. This was also consistent with the lack of an effect of 

these variables on white and black differences in the prevalence of any AMD in the baseline 

MESA examination.40, 43

In MESA, while adjusting for other factors, the odds of developing early AMD were not 

significantly different between whites and Hispanics. In the population-based Los Angeles 

Latino Eye Study (LALES),11 the 4-year incidence of early AMD was 7.5% and late AMD 

was 0.2%, lower than that found in non-Hispanic whites in the Beaver Dam Eye Study or the 

Blue Mountains Eye Study.44–45 In the LALES, the lower prevalence and incidence of late 

AMD was attributed to a lower frequency of persons homozygous for the CFH Tyr402His 
polymorphism variant, which was present in only 3% of the Mexican-American population 

compared to 9% to 21% of whites in the Beaver Dam Eye Study. In MESA, the distributions 

of CFH RS1061170 were similar in Hispanics and whites.
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Despite the infrequency of CFH RS1061170 in Chinese Americans in MESA, the incidence 

of early AMD was similar to that found in whites. Similar incidence of AMD in Chinese 

Americans and whites was also reported in another study using data from an administrative 

database,46 and a meta-analysis using pooled data suggested that whites and Asians have 

similar prevalence of early and late AMD.47 Furthermore, studies have shown differences in 

the frequency of major genes and the impact of known AMD-susceptibility genes on Asians 

and whites.48 Similary, in MESA, the prevalence and incidence of early AMD in Chinese 

Americans may be partly explained by differences between Chinese Americans and whites 

in the distributions of genes associated with early AMD. In earlier analyses,21 we identified 

six SNPs of five genes, ARMS2 RS10490924, PLEKHA1 RS4311997 and RS2421018, 
MRPL10 RS3209, ABCA4 RS548122, and SOD3 RS2284659 to be associated with the 

prevalence of early AMD. In all six of these SNPs, the risk allele was more frequent in 

Chinese Americans than in whites. The higher frequency of these risk alleles in Chinese 

Americans may have explained a similar incidence of early AMD as whites despite having a 

low frequency of CFH RS1061170.

In MESA, we examined factors associated with pathways such as atherosclerosis, lipids, 

inflammation, oxidative stress that were hypothesized to play a role in the pathogenesis of 

AMD. While adjusting for age, sex, and race/ethnicity, we found few associations that were 

statistically significant. These included relationships between current smoking and 

hyperopia, both of which were previously reported as important factors associated with 

AMD.19, 49 The non-statistically significant but elevated odds ratio associated with 

astigmatism in the multivariable model deserves further consideration in subsequent studies, 

particularly since participants in this study were significantly less likely to have astigmatism 

compared to those at baseline who did not contribute follow-up data. There were also a 

number of borderline associations including a 35% lowering of the odds of incident early 

AMD in those with a positive history of using lipid lowering agents compared to those not 

taking these medications and a 56% increase in the odds of those with a history of taking 

diuretics. Greater IMT thickness of the internal carotid artery was weakly and directly and 

large artery elasticity was weakly and inversely associated with incident early AMD. These 

results were consistent with findings from the Beaver Dam Eye Study, where internal carotid 

IMT and pulse pressure were directly related to the incidence of AMD.50 Elastin loss 

associated with atherosclerotic peripheral vascular disease has been reported to be associated 

with the presence of AMD.51 Our study was underpowered to examine associations of many 

factors with the incidence of early AMD within the racial/ethnic groups because of their 

infrequency and/or because of the low incidence of early AMD in the study.

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. 

Chance, bias and unadjusted confounding may have affected the interpretation of our 

findings. Due to the lower sensitivity of color digital images used in MESA for detecting 

subretinal vessels or pseudodrusen in the macular area compared to more recent studies 

using spectral domain optical coherence tomography (SD-OCT), their presence would likely 

be underestimated in MESA. The power to detect some associations may have been limited 

by the low incidence of AMD and its specific lesions and also some of the risk factors under 

study, particularly in analyses stratified by race/ethnicity. Not all factors were measured in 
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the entire sample, further reducing the study power. Finally, biases that affected the 

relationships may have been caused by nonparticipation or selective mortality as those who 

participated in the follow-up were younger and generally healthier.

In summary, we report 8-year incidence of AMD in four racial/ethnic groups in the U.S. 

Results from this study on incident AMD are consistent with the prevalence data showing 

unexplained lower prevalence and incidence in blacks compared to whites. Age, race/

ethnicity, smoking status, hyperopia, and AMD-susceptibility genotypes CFH RS1061170 

and ARMS2 RS3793917 were associated with the incidence of early AMD when examining 

the whole cohort. However, no risk factors besides age were consistently associated with 

incident early AMD among the four racial/ethnic groups. The genetic, clinical and 

environmental measures assessed in the study did not explain racial/ethnic differences in 

AMD incidence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Incidence of age-related macular degeneration (AMD) lesions by racial/ethnic group in the 

Multi-Ethnic Study of Atherosclerosis (2010–2012). Incidence estimates were age- and sex-

standardized to the 2010 U.S. Census population. P-values represent the results of logistic 

regression testing for equality among racial/ethnic groups, controlling for age and sex. As a 

caution, the ranges for incidence (along the vertical axis) were not consistent across 

individual lesion plots due to some lesions having significantly fewer incident cases than 

other lesions.
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Figure 2. 
Incidence of early age-related macular degeneration (AMD) by ARMS2 RS3793917 and 

CFH Y402H RS1061170 genotypes for each racial/ethnic group in the Multi-Ethnic Study 

of Atherosclerosis (2010–2012). P-values represent the results of Cochran-Armitage tests for 

trend across genotypes for each racial/ethnic group.
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Table 2

Incidence of Early and Late Age-Related Macular Degeneration in the Worse Eye by Sex and Race/Ethnicity 

in the Multi-Ethnic Study of Atherosclerosis (2010–2012)

Early AMD* Late AMD**

No. at Risk % (N) No. at Risk % (N)

Overall 3685 4.1% (129) 3802 2.3% (34)†

 White 1486 5.3% (72) 1549 4.1% (23)

 Black 938 1.6% (15) 949 0.4% (1)

 Hispanic 808 3.3% (24) 841 0.8% (4)

 Chinese 453 4.5% (18) 463 2.2% (6)

Men 1727 3.7% (56) 1783 2.8% (18)

 White 706 3.7% (27) 737 1.6% (12)

 Black 417 1.6% (6) 420 1.1% (1)

 Hispanic 379 3.9% (13) 395 0.2% (1)

 Chinese 225 4.7% (10) 231 3.7% (4)

Women 1958 4.3% (73) 2019 2.1% (16)

 White 780 6.4% (45) 812 4.0% (11)

 Black 521 1.6% (9) 529 0.0% (0)

 Hispanic 429 2.6% (11) 446 1.1% (3)

 Chinese 228 4.3% (8) 232 1.1% (2)

Incidence estimates overall (all participants and by race/ethnicity) were age- and sex-standardized to the 2010 U.S. Census population; incidence 
estimates stratified by sex (all men or women and by race/ethnicity) were age-standardized to the 2010 U.S. Census population.

*
Early AMD was defined as no AMD at baseline examination (visit 2) but the presence of early AMD at follow-up examination (visit 5).

**
Late AMD was defined as either no AMD or early AMD at baseline examination (visit 2) but the presence of late AMD at follow-up 

examination (visit 5).

†
Among participants with late AMD at follow-up examination (visit 5) (n=34), five participants exhibited no AMD and 29 participants presented 

with early AMD at baseline examination (visit 2).
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Table 4

Multivariable Associations between Putative Risk Factors and Incident Early Age-Related Macular 

Degeneration in the Multi-Ethnic Study of Atherosclerosis

Characteristic*

Incident Early Age-Related Macular Degeneration

Model 1 (N=2916) Model 2 (N=1331)

Odds Ratio (95% CI) p-value† Odds Ratio (95% CI) p-value†

Age, per year 1.07 (1.04, 1.10) < 0.001 1.09 (1.03, 1.14) < 0.001

Sex, Women vs. Men 0.76 (0.41, 1.40) 0.376 0.85 (0.31, 2.35) 0.756

Race/Ethnicity

 Black vs. White 0.27 (0.13, 0.56) < 0.001 0.32 (0.10, 0.99) 0.049

 Hispanic vs. White 0.54 (0.30, 0.97) 0.038 0.68 (0.25, 1.85) 0.452

 Chinese vs. White 0.95 (0.48, 1.89) 0.883 2.05 (0.67, 6.30) 0.210

Cigarette Smoking

 Past vs. Never 1.22 (0.76, 1.96) 0.402 0.77 (0.33, 1.78) 0.536

 Current vs. Never 1.83 (0.89, 3.80) 0.103 3.35 (1.21, 9.26) 0.020

Diastolic Blood Pressure, Seated (mmHg), per SD 0.79 (0.63, 1.00) 0.054 0.70 (0.48, 1.02) 0.062

Body Mass Index (kg/m2), per SD 1.23 (0.93, 1.64) 0.151 1.29 (0.82, 2.01) 0.272

Weight at Age 40 years (lbs), per SD 1.01 (0.72, 1.41) 0.976 1.02 (0.58, 1.82) 0.937

Medication Use

 Diuretics, Yes vs. No 1.25 (0.71, 2.23) 0.439 2.34 (0.95, 5.78) 0.066

 Lipid-Lowering Agents, Yes vs. No 0.57 (0.33, 0.99) 0.045 0.65 (0.27, 1.59) 0.347

Total Cholesterol (mg/dl), per SD 0.92 (0.72, 1.17) 0.478 0.87 (0.59, 1.29) 0.479

Triglycerides (mg/dl), per SD 0.75 (0.56, 1.03) 0.073 0.55 (0.31, 1.00) 0.050

Large Artery Elasticity Index (ml/mmHg × 10), per SD 0.76 (0.57, 1.01) 0.056 0.80 (0.48, 1.31) 0.370

Internal Carotid Intimal-Medial Thickness (mm), per SD 1.06 (0.77, 1.47) 0.708 0.96 (0.56, 1.65) 0.874

Z Score Maximum Intimal-Medial Thickness, per SD 1.05 (0.72, 1.52) 0.809 1.01 (0.57, 1.81) 0.969

Hyperopia, Yes vs. No 1.73 (1.12, 2.66) 0.013 2.39 (1.18, 4.85) 0.015

Astigmatism, Yes vs. No 1.28 (0.82, 1.99) 0.285 1.39 (0.67, 2.88) 0.378

Genotypes

 ARMS2 RS3793917

  CC vs. GG 2.91 (1.39, 6.09) 0.005 2.04 (0.62, 6.69) 0.238

  CG vs. GG 2.02 (1.29, 3.16) 0.002 1.38 (0.66, 2.89) 0.392

 CFH Y402H RS1061170

  AG vs. AA -- -- 2.55 (1.13, 5.74) 0.024

  GG vs. AA -- -- 4.14 (1.25, 13.76) 0.020

-- = not calculated; CI=confidence interval.

*
Measured at baseline examination (collected prior to visit 5 when follow-up eye examination occurred).

†
Multivariable models adjusted for characteristics simultaneously. Model 1 includes age, sex, race/ethnicity, cigarette smoking, diastolic blood 

pressure, body mass index, weight at age 40 years, medication use (diuretics, lipid-lowering agents), total serum cholesterol, triglycerides, internal 
carotid intimal-medial thickness, Z score maximum IMT, hyperopia, astigmatism, and ARMS2 RS3793917, and model 2 includes all variables in 
model 1 plus CFH Y402H RS1061170. The analytic sample for model 1 is N=2999 (99 cases of incident early AMD) and for model 2 is N=1375 
(39 cases of incident early AMD). Variables were selected for inclusion in multivariable models if they had a p<0.10 in preliminary analyses in 
which each variable was considered separately, controlling for age, sex, and race/ethnicity.
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