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Abstract

Purpose—To assess the association of cardiovascular risk factors, ocular perfusion pressure with
early and advanced age-related macular degeneration (AMD) in Latinos.

Design—~Population-based, cross-sectional study.

Methods—Data were collected from a population-based sample of self-identified adult Latinos
using standardized protocols for assessing blood pressure and intraocular pressure (I0P)
measurement and stereoscopic macular photography. Hypertension was defined as either a history
of hypertension or systolic blood pressure (SBP) >140mmHg +/— diastolic blood pressure (DBP)
>85mmHg. Ocular perfusion pressure (OPP) was defined as the difference between mean arterial
blood pressure and IOP. AMD was diagnosed from photographic grading by masked trained graders.
Logistic regression was used to assess associations.

Results—Gradable retinal photographs were available in 5875 participants. After adjusting for age,
sex, and cigarette smoking, higher DBP and uncontrolled diastolic hypertension were associated with
exudative AMD (Odds ratio [OR], 1.8; 95% confidence interval [CI], 1.1-2.8; and OR, 3.3; CI, 1.2
—9.3, respectively). Higher OPP was associated with a decreased risk of GA (OR, 0.4 per 100mmHg;
Cl, 0.3-0.5). Low pulse pressure was associated with a lower risk of exudative AMD (OR, 0.2; Cl,
0.1-0.6). Obesity was associated with increased retinal pigment (OR, 1.6; CI, 1.0-2.3).
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Conclusion—These data suggest that in Latinos cardiovascular risk factors may play a role in
advanced AMD. Given that Latinos have a high prevalence of cardiovascular risk factors, an
intervention aimed at reducing these risk factors may also have a beneficial impact on the risk of
having early and advanced AMD.

Introduction

Methods

Age-related macular degeneration (AMD) is the leading cause of irreversible visual impairment
and blindness in individuals aged 60 years and older in the US. (1-3) Despite the magnitude
of this problem, the pathogenesis of AMD remains poorly understood. The prevalence of both
AMD and cardiovascular disease are strongly age-dependent, but there are conflicting reports
about the independent associations of cardiovascular disease, its risk factors and AMD. Factors
such as hypertension, (4-10) previous vascular events, (9,11-15) obesity, (4,11,16-19) and
diabetes (11,20,21) have been significantly associated with early and advanced AMD in several
studies. Hypertension and atherosclerosis have been hypothesized by Friedman (22) to increase
the risk of AMD through the reduction of blood flow through the choroidal vasculature and
lipid deposition in Bruch's membrane with a reduction of permeability leading to the
upregulation of vascular endothelial derived growth factor. Inflammation has been postulated
to be important in the pathogenesis of atherosclerosis and may be also be important in AMD.
C-reactive protein has been associated with AMD (23,24) and also cardiovascular disease.
(25) Genes for complement factor H which is involved with inflammation has also been
associated with AMD. (26)

Most data on the association between various cardiovascular risk factors and AMD have been
derived from studies among non-Hispanic Whites. (4-8,11,13,15-21) To date, there have been
few published risk factor analyses of AMD and cardiovascular disease and cardiovascular risk
factors among Latinos. (9,10,12,14) The Latino population is the largest minority group in the
United States (US) and the fastest growing segment of the US population. (27)

This paper aims to explore the relationship of self-reported cardiovascular disease (including
angina, congestive cardiac failure, acute myocardial infarction, stroke), various cardiovascular
disease risk factors (including history of hypertension, measured systolic and diastolic blood
pressures, diabetes), and both early and advanced AMD.

The Los Angeles Latino Eye Study (LALES) is a population-based prevalence study of eye
disease. Data was collected from 2000—2003. The study cohort consisted of self-identified
Latinos, aged 40 years and older, living in six census tracts in the city of La Puente, California.
The survey design and methods have been reported in detail elsewhere. (28,29) The study
protocol was approved by the Institutional Review Board (IRB)/Ethics Committee at the
University of Southern California and all study procedures adhered to the recommendations
of the Declaration of Helsinki. Written consent was obtained from all participants.

Interview and Examination Procedures

Eligible residents were informed of the study and invited to participate in an at-home
interviewer-administered questionnair and an in-clinic examination. Demographic factors,
various risk factors, ocular and medical histories, and access to medical and ocular care was
assessed by the questionnaire. Trained ophthalmologists and technicians used standardized
protocols in performing a comprehensive ocular examination, which included 30° stereoscopic
color retinal photographs of Diabetic Retinopathy Study fields (30) one, two and a modified
field three on all participants.
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Cardiovascular Risk Factors

History of cardiovascular events, hypertension and diabetes was obtained during the interview.
Blood pressure was measured twice during the clinic examination by trained technicians in
accordance with standardized study protocol using the random zero sphygmomanometer. Cuff
of the appropriate size for the participant's arm was chosen by ensuring that the rubber bladder
encircled at least two-thirds of the arm and the inflatable inner bladder centered over the
brachial artery. Participants were seated and were allowed to rest for at least 5 minutes prior
to the first measurement, and at least 2 minutes in between the first and second measurements.
Quality control was performed through periodic repeated measurements taken by a second
technician. All technicians received standard training for BP measurement at the start of the
study and were retrained annually. The average systolic (SBP) and diastolic blood pressures
(DBP) were used in the analyses. Hypertension was defined as either a history of hypertension,
use of ant-hypertensive medications, or SBP >140mmHg +/— DBP >85mmHg.

Body mass index (BMI), computed as weight (kg) divided by height squared (meters?), was
used to assess level of obesity. Low/normal weight was defined as BMI <25 kg/m?, overweight
BMI 25-30 kg/mZ2, and obese BMI >30 kg/mZ.

Presence of diabetes was defined by self-reported history of diabetes, and/or Hemoglobin Alc
(HbA1c) greater than 7.0% and/or random glucose greater than 200mg%. HbAlc and random
blood glucose was measured using the DCA 2000+, the Bayer glucometer and the Hemocue
B-Glucose analyzer from a finger-prick blood sample.

Ocular perfusion pressure (OPP) was defined as two thirds of the mean arterial blood pressure
(MAP) minus the intraocular pressure (I0OP), that is OPP = 2/3 MAP-IOP. IOP was measured
by Goldmann tonometry and the median of 3 measurements was used in the analyses. The
MAP was calculated by DBP plus one third of the pulse pressure, that is DBP+1/3 pulse
pressure. Pulse pressure was defined as SBP-DBP.

Age-related Macular Degeneration (AMD) Grading

A modification of the Wisconsin Age-related Maculopathy Grading System (30) was used to
grade individual AMD lesions by masked graders at the Wisconsin Ocular Epidemiology
Grading Center. A more detailed description about all grading procedures and definitions has
been presented elsewhere. (28,29) Early AMD was defined as the absence of signs of advanced
AMD and the presence of 1) soft indistinct or reticular drusen or 2) hard distinct or soft distinct
drusen with pigmentary abnormalities (retinal pigment epithelial (RPE) depigmentation or
increased retinal pigment). Advanced AMD was defined as the presence of 1) geographic
atrophy or 2) exudative AMD. Signs of exudative AMD were RPE detachment or serous
detachment of the sensory retina, subretinal or sub-RPE hemorrhages, and subretinal fibrous
scars. Geographic atrophy was defined as a circular discrete area (of at least 350 um in diameter)
of retinal depigmentation with visible choroidal vessels, in the absence of exudative AMD.

Data and Statistical Analyses

Data were entered into an automated database using Microsoft Access-98, with internal
automated quality control checks. The Statistical Analysis System (version 8; SAS Institute
Inc, Cary, NC) was used for tabulations and statistical analyses. All odds ratios were adjusted
for age, sex and smoking, and all confidence interval presented were 95%. Inter-grader and
intra-grader agreement was assessed using the quadratic weighted kappa statistic on a random
subset of 30 eyes. There was moderate to excellent inter- and intra-observer agreement (k=0.8
—1.0 for early AMD, exudative AMD and geographic atrophy and k=0.4—0.9 for individual
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early AMD lesions). Logistic regression was performed using each AMD lesion as a dependent
variable.

Of the 7789 eligible self-identified Latinos, 6870 individuals (88%) completed an in-home
interview and 6357 (82%) participated in a clinical examination. Comparison of the
demographic, socioeconomic and clinical characteristics of participants included and excluded
from LALES has been previously described. (33,34) In brief, the mean age of participants was
54.6 years, 58% were female, and 95% had Mexican-American ancestry. A total of 5875
participants with complete clinical examination, gradable retinal photographs and medical
history were included in these analyses (Figure 1).

Hypertension was present in 43.2% of participants. Men and women were equally likely to be
hypertensive (43.9% vs. 42.6%, respectively; p=0.32). Those with advanced AMD were more
likely to have a history of hypertension (52%) compared to those with no AMD (29%)
(p=0.004) (Table 1). After adjustment for age, sex and smoking, there was no association of
history of hypertension with any AMD lesions (Table 2). However, individuals with diastolic
hypertension were significantly more likely to have exudative AMD (OR, 3.3; p=0.02). The
association remained if age and age squared were included in the model. Further, this
association was maintained when analyzing DBP per 10mmHg increase (OR, 1.8; p=0.01).
The relationship between diastolic blood pressure and the risk of having exudative age-related
macular degeneration (AMD) is nonlinear and increases sharply with diastolic blood pressures
that range from 75mmHg and higher (Figure 2). Diastolic hypertension was also independently
associated with soft indistinct drusen (OR, 1.4; p=0.02). There was a trend towards a significant
association between diastolic hypertension and RPE depigmentation (OR, 1.5; p=0.05). There
was no significant association between systolic hypertension and any AMD lesions. Individuals
with pulse pressure higher than 90 mmHg had over a three-fold risk for RPE depigmentation
(OR, 3.37), while individuals with lower pulse pressures (40—90 mmHg) had a reduced risk
for exudative AMD (OR, 0.2).

Ocular perfusion pressure per 10mmHg increase was found to be protective for geographic
atrophy (OR, 0.4; p<0.0001). No significant association was demonstrated between OPP and
exudative AMD, nor with any early AMD lesions.

The presence of diabetes among LALES participants by maculopathy status is presented in
Table 1. Definite diabetes was present in 19.5% of the overall LALES population. Table 3
shows the odds ratios of AMD lesions by presence/absence of diabetes. There was no
significant association between diabetes or hyperglycemia and any AMD lesions after
adjustment for age, sex and smoking status. No significant relationship was found between
AMD and BMI (Table 4); however being either overweight or obese was independently
associated with an increased risk of increased retinal pigment (OR, 1.6; p=0.03).

History of cardiovascular diseases by AMD is shown in Table 1. After adjustment for age, sex,
and smoking in the multivariate model, only history of stroke or transient ischemic attacks
(T1As) have significant association with geographic atrophy (OR, 6.4; p=0.01) (Table 5).

Discussion

The LALES, a cross-sectional population-based survey of prevalence and risk factors for eye
disease in Latinos, provided a unique opportunity to assess the relationship of cardiovascular
disease and AMD in what is the largest minority group and fastest growing segment of the US
population. (27) Strengths include use of standardized protocols for data collection including
interviews, blood pressure, height and weight measurements, and grading of fundus
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photographs (28), as well as having a large number of participants with gradable stereoscopic
macular photographs. The procedure for the grading of AMD lesions was similar to that used
in the Beaver Dam Eye Study (31), the Blue Mountains Eye Study (32) and the Rotterdam
Study (33). The limitations of our study include the small number of cases of advanced AMD
which only allows us to identify strong relationships and limits our ability to study moderate
or weaker relationships. Furthermore, our study is a prevalence study and thus we are unable
to discuss any temporal relationships between these risk factors and the development of AMD.
Such an assessment would be possible with incident data which is currently being collected.

In previous LALES publications, we found that older age, male sex, having ever smoked, and
heavy consumption of alcohol were independently associated with AMD. (38,39) However,
there were too few cases of heavy alcohol consumption associated with cardiovascular risk
factors in our population. Thus, only age, sex and smoking were included in the multivariate
model for the current analysis.

Hypertension

It has been proposed that exudative AMD is caused by the deposition of lipid in the sclera and
Bruch's membrane, which leads to increased choriocapillary pressure, decreased choroidal
blood flow, and calcification and fragmentation of Bruch's membrane. (22) This deposition of
lipid is enhanced by high choroidal arterial and venous hydrostatic pressures (22) thus
contributing to the development of exudative AMD.

Diastolic hypertension was associated with a three-fold increased risk of exudative AMD
(p=0.02), after controlling for age, sex and smoking. Moreover, each 10mmHg increment of
DBP imparted an almost two-fold increased risk of exudative AMD (p=0.01). This finding was
further strengthened by the significant association of diastolic hypertension with soft indistinct
drusen (OR, 1.3; p=0.02), awell-recognized risk factor for the development of exudative AMD.
(22,34)

The association between blood pressure and AMD has been well documented in various
population-based studies. (6-10,12) In the Framingham Heart and Eye Studies systemic
hypertension was significantly associated with AMD. (7) In the Beaver Dam Eye Study
(BDES), individuals with uncontrolled hypertension had over a three-fold risk of developing
exudative AMD. (8) Higher SBP and pulse pressure at baseline were associated with higher
risk of exudative AMD (8) and RPE depigmentation (6,8), while higher pulse pressure was
also associated with increased retinal pigment. (8) BDES did not find any significant
associations between hypertension and exudative AMD at baseline. (36) However, the
prevalence of hypertension at baseline in the BDES population was lower than that of the
LALES population (36.7% and 43.2%, respectively) while the prevalence of exudative AMD
was much higher in BDES compared to LALES (1.2% and 0.3%, respectively). Therefore
despite the small number of cases of exudative AMD, the significant relationship that we found
in our study between hypertension and exudative AMD further emphasizes the role that
hypertension may play in exudative AMD.

Data from case-control studies have suggested that different underlying pathogenesis for
neovascular and non-neovascular AMD may be at work. (5) A large case-control study by
Hyman et al found that neovascular AMD cases were more likely to have elevated DBP than
controls, and the strength of association increased with more severe hypertension. Similarly,
they too found no association between hypertension and geographic atrophy. (5) Similarly, the
Age Related Eye Disease Study (AREDS) reported a significant association between
hypertension and exudative AMD as well as large drusen, but not geographic atrophy. (4) In
our study we did not find any association between hypertension and geographic atrophy,
although our small sample size limits our ability to examine these relationships.
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Ocular perfusion pressure

It has been hypothesized that decreased OPP is associated with an accumulation of lipofucsin
in the RPE cells. (37) Increase in RPE lipofucsin levels preceded the development of new GA
lesions and the enlargement of existing lesions. (37) Higher OPP was found to be protective
for geographic atrophy (OR, 0.4; p<0.0001) in our study. No association was demonstrated
between OPP and exudative AMD, nor with any early AMD lesions. To the best of our
knowledge, no other population-based studies have found a relationship between OPP and
geographic atrophy. Thus, our finding supports the hypothesis that greater ocular perfusion
may be protective and hence reduced choroidal blood flow may be particularly relevant in the
development of geographic atrophy (GA).

Body mass index and markers of obesity

In our data, only increased retinal pigment was noted to have a significant association with
overweight/obese persons compared to those with low/normal BMI. Early AMD was
associated with overweight/obese BMI, but this relationship was only of borderline
significance. Although there was an increased risk of all early AMD lesions in individuals
outside the normal BMI range, these results were not significant.

The relationship between BMI and AMD has been previously studied (4,11,16-19). The Beaver
Dam Eye Study (BDES) showed a significant relationship between higher BMI, higher waist-
to-hip ratio and early AMD in women, (16) while the Blue Mountains Eye Study (BMES)
reported an increased risk of early AMD associated with BMI outside the normal range. (17)
No significant associations for BMI were seen with advanced AMD in both BDES and BMES.
Nevertheless, both studies did not examine the relation of BMI to individual AMD lesions,
and thus the significant association between higher BMI and early AMD may in part be due
an underlying association between BMI and increased retinal pigment, which in part defines
early AMD. Meanwhile, the Pathologies Oculaires Liees a I'Age (POLA) study in France
demonstrated an increased risk of advanced AMD and pigmentary abnormalities in obese
participants. (18) In the AREDS study significant associations between greater BMI,
neovascular AMD and geographic atrophy were observed. (4,19)

In sum these findings contribute to the body of evidence that overweight/obesity and markers
of obesity are associated with AMD, possibly through an increase in oxidative damage and
inflammation in overweight/obese persons (11). Obesity is also associated with an increase in
C-reactive protein, a marker for systemic inflammation which in turn is also significantly
associated with AMD. (23)

Diabetes mellitus

Our study was unable to detect any association between diabetes mellitus or hyperglycemia
and any AMD lesion. Other population-based studies that have examined the relationship of
diabetes to AMD did not detect any association. (10,12,18,35) Only few studies showed any
association. (11,19-21)

While the lack of a positive finding in our study could be due to numerous reasons including
a survivor effect and systematic grading errors, it is also possible that diabetes mellitus may
have a different impact on AMD in different populations. Our lack of an association is
particularly important among Latinos who have a significantly high prevalence and incidence
of diabetes mellitus.

History of cardiovascular disease

In our study population we found that only history of stroke or transient ischemic attacks (TI1A)
showed a significant association with AMD; individuals who reported ever having an episode
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of stroke or TIA were at an increased risk for geographic atrophy. No other association between
cardiovascular disease (CVD) and AMD type or lesion was seen. Although statistically
significant, the association between stroke or TI1A and geographic atrophy may be due to chance
finding, particularly with the low number of individuals with both conditions in this baseline
cohort. Conversely, the lack of association seen between other CVD factors and AMD may be
due to limited statistical power.

Many studies that examined the relationship between CVD and AMD did not find significant
or consistent associations. (5,6,8,17,35,36) In the Blue Mountains Eye Study (BMES),
association between CVD and AMD was only observed after 10 years of follow-up and not at
baseline or 5-year examinations. (15) The Age-Related Eye Disease Study (AREDS) found at
baseline that individuals with intermediate drusen, extensive small drusen, or pigment
abnormalities were less likely to have history of angina (4), but that this association was not
present in the follow-up study. (19)

The first National Health and Nutrition Examination Survey (NHANES-I) showed an
association between history of cerebrovascular disease and higher prevalence of AMD. (9) In
the subsequent national survey (NHANES-I1I), the authors found an association between
history of angina and increased retinal pigment, and demonstrated that this finding holds true
only for Mexican-Americans. (12) Interestingly we did not find this association in our
population of Latinos where the majority was also of Mexican-American ancestry. This
disparity in findings may have been due to different sample size (only 1,925 Mexican-
Americans had gradable fundus photographs in NHANES-I11) and different examination
protocol (NHANES-I11 captured non-mydriatic photographs and only one eye per participant
was graded for AMD).

Unlike most association studies which examined CVD as risk factor for AMD, investigators
of the Atherosclerosis Risk in Communities (ARIC) Study postulated that AMD could in turn
be a risk factor for stroke, and found that presence of early AMD at baseline predicted the 10-
year cumulative incidence of stroke. (40) The authors proposed 3 possible explanations for this
association, which included the shared mechanism for atherosclerosis, inflammation and other
pathogenic pathways such as Alzheimer disease in both AMD and stroke. (40) Due to
differences in study design and analytical strategy it is difficult to draw conclusions by direct
comparisons of the results from ARIC and LALES. Nonetheless, the findings from ARIC
demonstrated the relationship between AMD and CVD events, and thus highlighted the
importance of conducting longitudinal follow-up for LALES for a more robust assessment of
risk factor associations.

While many have examined the association of AMD with classic clinical manifestations of
CVD (such as myocardial infarction and stroke), more studies are beginning to assess its
association with subclinical CVD and direct measures of atherosclerosis instead. In the
Rotterdam Study, presence of plaques in the carotid artery and carotid bifurcation increased
the risk of AMD. (13) More recently, Klein et al presented findings from the Multiethnic Study
of Atherosclerosis (MESA) which showed that certain signs of subclinical CVD were
associated with early AMD, and that these associations varied by race/ethnicity. (14) The
reason for these ethnicity-specific associations remains unclear, but may suggest that different
pathogenic pathways for AMD could exist for different ethnic groups. Further investigations
are therefore needed in order to understand the pathogenesis of AMD and its association with
cardiovascular factors specific to populations of similar genetic admixtures. This may in turn
impact the clinical management, treatment and prevention of AMD.

In summary, our findings suggest that advanced AMD lesions may share some pathogenic
mechanisms associated with cardiovascular disease in the Latino population. Any intervention
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to reduce the prevalence of these risk factors may reduce the burden of AMD in this population.
However, longitudinal data to confirm these findings would be useful to further determine the
potential value of any intervention to reduce these cardiovascular risk factors.
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|

Had In-Home Examination,
No photographs
(n=215)

(n=6142)

Had In-Clinic Examination

!

Missing/Ungradable*
photographs of both eyes
(n=267)

least one eye
(n=5875)

Gradable photographs of at

Figure 1.

Participation Flowchart for the Assessment of Various Cardiovascular Factors with Age-
related Macular Degeneration (AMD) in the Los Angeles Latino Eye Study. *Photographs
were ungradable due to media opacities, poor camera focus, or maculopathies believed to be

secondary to other conditions.
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Figure 2.
Estimated Prevalence of Exudative Age-Related Macular Degeneration (AMD) by Diastolic
Blood Pressure with Locally Weighted Regression Line in the Los Angeles Latino Eye Study
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