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We evaluated the prevalence and risk factors for early age-related macular degeneration
(AMD) in Koreans 50 yr of age or older who were examined at a single health promotion
center. We retrospectively reviewed the records of 10,449 subjects who visited the center
over a 6-month period. Fundus photography was performed on all subjects, and systematic
risk factor analysis was conducted using a structured questionnaire. All patients (n = 322)
were initially diagnosed with drusen or early AMD using fundoscopy; the control group

(n = 10,127) were those yielding normal fundoscopy findings. The age- and gender-
adjusted prevalence of early AMD was 3.08%. Advanced age, male gender, smoking
status, hyperlipidemia, working outdoors, and residence in rural areas were all significantly
associated with an increased risk for development of early AMD. Higher-level ingestion of
fruit or herbal medication and an increased amount of exercise were associated with a lower
risk of early AMD development. In our Korean cohort, consisting principally of relatively
healthy, middle-class urban adults, the prevalence of early AMD was 3.08% that is similar
to that reported in earlier epidemiological studies. Several modifiable risk factors such as
smoking and hyperlipidemia are associated with the prevalence of early AMD in our cohort.
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INTRODUCTION

Age-related macular degeneration (AMD) is the main cause of
blindness in elderly patients in the USA and Asia (1, 2). Numer-
ous large-scale population-based studies have described the
prevalence of and possible risk factors for AMD, but the results
have not been in full agreement (3, 4). Several such studies found
that the prevalence of late-stage AMD was lower in Asians than
in Caucasians (5), but that the frequency of polypoidal choroi-
dal vasculopathy (PCV) was higher in Asians (6-8). Western pop-
ulation-based studies of the age distribution of AMD patients
have estimated the disease prevalence as 4%-12%, depending
on age (9-11). Asian population-based studies have yielded dif-
fering results; the Beijing Eye Study (5) and the Hisayama study
(6) reported a lower prevalence of AMD in Asians. The Shiphai
study (12), which detected early AMD in 9.2% of subjects and
late-stage disease in 1.9%, found that disease prevalence was
similar in Asians and Westerners. In India, the prevalence of
AMD has been estimated as 2%-4.6% (7, 8). An earlier Korean
population-based study found that the prevalence of early AMD
was 5% and that of late-stage disease 0.34% (13).

Many previous reports have identified cardiovascular, genetic,
and environmental risk factors for development of AMD (3, 4).
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Numerous studies have reported that smoking is an environmen-
tal risk factor for disease development (14-17). However, Asian
population-based studies have found that the relationship be-
tween smoking status and AMD was equivocal. The Beijing Eye
Study and the Screened Korean population-based study reported
that smoking status was not associated with development of
AMD (5, 13). Some reports have found relationships between
AMD development and cardiovascular risk factors including
hypertension, obesity, and hyperlipidemia, but other studies
reported no such relationships. Additional environmental risk
factors have been identified in different populations (18, 19).

A recent study reported the prevalence of and risk factors for
AMD in Korea; the results were somewhat different from other
Asian research data (13). In the present work, we determined
the prevalence of and risk factors for development of early AMD
in Koreans 50 yr of age or older who were examined at a single
health promotion center.

MATERIALS AND METHODS
Subjects

The present work was a population-based cross-sectional study
of Korean subjects 50 yr of age or older who were examined at
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the health promotion facility of the Asan Medical Center (Uni-
versity of Ulsan College of Medicine, Seoul, Korea). About 40,000
subjects present for health screening in any given year. Between
January and June 2010, 20,112 examinees attended, and 10,449
of those who were at least 50 yr of age were initially enrolled in
the present study.

Ophthalmic examinations and grading of early AMD
Several fundus photographs, including images taken at 45-de-
gree angles, were obtained using a nonmydriatic digital fundus
camera (CR6-45NM; Canon Inc., Tokyo, Japan). All images were
stored in an archiving communication system (PACS PiView-
STAR; INFINITT, Seoul, Korea) and were interpreted by three
screening ophthalmologists. All diagnoses were confirmed by a
retinal specialist. Patients in whom early AMD was suspected
were classified using the criteria of the International Age-Relat-
ed Maculopathy (ARM) Epidemiological Study Group (20).

Drusen were classified based on size and the degree of edge
sharpness. Drusen of diameter greater than 63 pm were consid-
ered to be “soft drusen” and were further graded as “distinct” or
“indistinct”. Hypo- or hyper-pigmentation of the retinal pigment
epithelium (RPE) was considered to be an RPE abnormality.
Early AMD was diagnosed based on the presence of: 1) soft dis-
tinct drusen; or 2) soft indistinct drusen; or 3) RPE abnormali-
ties (atrophy, or hypo- or hyper-pigmentation); or 4) when both
drusen and an RPE abnormality were present. Patients with late
AMD, featuring neovascular disease or geographic atrophy, were
excluded from the study.

Definition of cardiovascular and other systemic risk factors
All participants completed a questionnaire and laboratory tests
were used to identify cardiovascular risk factors. The confiden-
tial questionnaire collected relevant socio-demographic and
medical information.

Questions on diet assessed the daily intake of vegetables, ani-
mal cholesterol, fatty foods, and fruit. Participants were classi-
fied as current smokers, past smokers, or never- smokers. Pack-
years of smoking could not be calculated because the reported
data were variable. Heavy smoking was defined as the smoking
of one or more packs of cigarettes daily. The level of alcohol con-
sumption per week was assessed. The frequency and amount
of exercise taken were also recorded. Occupation was classified
asindoors or outdoors in nature and residence as urban or rural.
Present and past medical conditions including hypertension
(HTN), angina, diabetes mellitus, and any history of myocardial
infarction (MI) or stroke, were recorded. A medication history,
including the use of blood pressure (BP)-lowering agents, anti-
diabetic drugs, female hormones, calcium and/or vitamin sup-
plements, aspirin, warfarin, and any herbal medication, was
recorded for each subject. Any family history of cardiovascular
disease was noted.
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Systolic and diastolic BP, body mass index (BMI), and waist
circumference were measured. Laboratory tests assessed the
levels of fasting blood glucose (FBG); hemoglobin Alc (HbAlc);
and lipids (total cholesterol, triglycerides [TG], high-density lipo-
protein [HDL] cholesterol, and low-density lipoprotein [LDL]
cholesterol).

Statistical analysis

SPSS version 17.0 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses. Categorical variables were examined via
calculation of odds ratios (ORs) with 95% confidence intervals
(CIs) using binary logistic regression analysis (crude, and age-
and gender-adjusted). After univariate logistic analysis was com-
plete, multivariable logistic regression analysis was performed
to identify independent risk factors. A P value less than 0.05 was
considered significant.

Ethics statement

All study participants provided written informed consent. The
study was approved by the institutional review board of the Asan
Medical Center (approval number 2010-0529) and adhered to
the tenets of the Declaration of Helsinki.

RESULTS

Our study population consisted of 10,449 subjects, 332 (3.08%)
of whom were diagnosed with early AMD. Table 1 summarizes
the characteristics of the fundus lesions of patients with early
AMD. A total of 240 patients (74.5%) had soft distinct drusen;
40 (12.4%) soft indistinct drusen; 33 (10.2%) an RPE abnormali-
ty (atrophy, or hypo- or hyper-pigmentation); and 9 (2.8%) AMD
of the mixed type. A total of 229 patients (71.2%) showed ab-
normalities in an extramacular area or in the peripheral retina,
whereas 93 (28.8%) had abnormalities in the macular or para-
macular area. A total of 230 patients (71.4%) had bilateral AMD
and 92 (28.6%) unilateral disease. Bilateral extramacular AMD
with soft distinct drusen was the most common disease mani-
festation. A total of 23 patients (7.1%) had previously undergone
ocular surgery.

Table 1. The prevalence and other characteristics of the fundus lesions of patients
with early AMD (n = 322)

Factors Ocular findings No. (%) of patients
Type Soft distinct drusen 240 (74.5)
Soft indistinct drusen 40 (12.4)
RPE atrophy or 33(10.2)
hypo- or hyper-pigmentation of the RPE
Mixed type 9(2.8)
Location Macular or paramacular 93 (28.8)
Extramacular 229 (71.2)
Laterality Unilateral 92 (28.6)
Bilateral 230 (71.4)

RPE, retinal pigment epithelium.
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The mean uncorrected distant visual acuity (LogMAR value)
was 0.19 * 0.23/0.19 * 0.24 (right/left eye) in the early AMD group
and 0.15 + 0.22/0.16 * 0.21 in the control group. Average intra-
ocular pressure, as determined by noncontact tonometry, was
12.34 +3.07/12.20 + 2.4 mmHg in the early AMD group and
12.50 + 3.01/12.30 * 2.62 mmHg in the control group.

Table 2 lists the risk factors for development of early AMD.
Age- and gender-adjusted binary logistic regression analysis
indicated that disease status was positively associated with ad-
vanced age, male gender, smoking status, level of smoking, hy-
perlipidemia, working outdoors, and rural residence. Elevated

Table 2. Risk factors predisposing to development of early AMD

fruit intake, frequent exercise, and use of herbal medications
were negatively associated with development of earty AMD.

Some initially identified factors were found to yield insignifi-
cant correlations with disease status when the data were adjust-
ed in terms of age and gender (Table 2). Multiple logistic regres-
sion analysis employing a backward elimination method indi-
cated that advanced age, male gender, smoking status, level of
smoking, the amount of exercise taken, hyperlipidemia, and
rural residence, were all independently associated with devel-
opment of early AMD in our study population.

Univariate analysis

Multivariate analysis

Risk factors Conditions
OR 95% Cl P value OR 95% Cl P value
Age 1-yr increment in age 1.07 1.05 1.09 <0.01 1.08 1.05 1.1 <0.01
Gender Male/Female 1.66 1.29 2.13 <0.01 1.05 1.02 1.07 <0.01
Vegetables > 2 times/week 0.91 0.70 117 0.45
Animal cholesterol > 3 times/week 1.35 0.87 2.09 0.19
Fatty food > 3 times/week 1.31 0.81 212 0.28
Fruit > 3 times/week 0.74 0.58 0.96 0.02
Drinking alcohol > 2 times/week 1.15 0.88 1.51 0.30
Smoking Current or ex-smoker 1.95 1.35 2.49 0.02 1.53 1.37 1.94 0.02
Extent of smoking > 1 pack/day 1.46 1.04 1.93 0.031 1.52 1.37 1.86 0.03
Exercise > 3 times/week 0.85 0.66 1.10 0.21
Amount of exercise > 20 min/time 0.31 0.22 0.43 < 0.01 0.37 0.25 0.55 < 0.01
Menopause No 0.46 0.21 1.01 0.05 0.52 0.24 117 0.11
HTN Yes 1.23 0.94 1.63 0.14
Angina or M Yes 1.57 0.90 2.74 0.1
Fatty liver Yes 0.87 0.62 1.24 0.44
DM Yes 1.41 0.94 212 0.10
Hyperlipidemia Yes 1.51 1.08 2.12 0.02 1.55 1.03 2.34 0.04
Thyroid function abnormality Yes 1.24 0.76 2.05 0.39
Med. HTN Yes 1.19 0.90 1.57 0.23
Med. DM Yes 1.31 0.82 2.11 0.26
Female hormonal agent use Yes 0.79 0.42 1.49 0.46
Calcium supplement use Yes 0.95 0.66 1.37 0.77
Use of vitamin supplements Yes 0.82 0.63 1.05 0.12
Aspirin or warfarin use Yes 1.22 0.86 1.73 0.27
Herbal medication use Yes 0.64 0.45 0.91 0.01
FHx. HTN Yes 0.92 0.70 1.20 0.52
FHx. MI Yes 0.86 0.56 1.31 0.48
FHx. Stroke Yes 117 0.82 1.68 0.38
FHx. DM Yes 1.15 0.84 1.57 0.38
Occupation Outdoor job 3.76 2.36 6.03 < 0.01
Residence Rural area 1.96 1.36 2.82 <0.01 1.91 1.22 2.98 <0.01
SBP 1.01 1.00 1.02 0.19
DBP 1.01 1.00 1.02 0.27
BMI 1.04 0.99 1.08 0.11
Waist circumference 1.01 1.00 1.03 0.12
Fasting blood glucose level 1.00 1.00 1.01 0.27
HbA1c level 1.14 0.95 1.37 0.15
Total triglyceride level 1.00 1.00 1.00 0.36
HDL cholesterol level 1.00 0.99 1.01 0.64
LDL cholesterol level 1.00 0.99 1.00 0.14
Total cholesterol level 1.00 0.99 1.00 0.14

OR, Odds ratio; Cl, Confidence interval; FHx., Family history; SBP, Systolic blood pressure; DBP, Diastolic blood pressure.
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DISCUSSION

In the present retrospective population-based study, we evalu-
ated the prevalence and type of, and risk factors for, develop-
ment of early AMD in a relatively healthy, middle-aged, middle-
class urban population of Koreans. In Korea, large numbers of
the general population visited health promotion centers for reg-
ular screening examinations. The health promotion center of
the Asan Medical Center services about 40,000 clients each year
and evaluated 10,449 subjects 50 yr of age or older between Jan-
uary and June 2010. About 60% of all subjects lived in the city of
Seoul, about 25% in other urban areas, and about 15% in rural
areas. Occupational analysis indicated that only 3%-4% of par-
ticipants had outdoor jobs (as farmers, fishermen, mine work-
ers, or laborers). About 80% of subjects had graduated from high
school and some were university-educated. Analysis of family
income levels indicated that 95% of men and 72% of women were
middle-class. Thus, we would classify our study population as
middle-aged, middle-class, relatively healthy, urban Koreans.

The age- and gender-adjusted prevalence of early AMD in the
present study was 3.08%, similar to that reported in other Asian
populations. Western population-based studies have found that
the prevalence of AMD was 4%-12%. And work with Asian pop-
ulations, the prevalence of AMD was variable about 2%-12%.
An earlier Korean population-based study reported that the prev-
alence of early AMD was 5% and that of late-stage disease was
0.34% (13). The lower prevalence of early AMD in our subjects
relative to that in Western populations (11) may be attributable
to genetic and/or environmental factors.

Bilateral, soft, distinct extramacular or peripheral drusen were
the most common feature of early AMD in our study population.
Both the mean uncorrected visual acuity and intraocular pres-
sure were within normal ranges in all of our subjects, and did
not significantly differ between those with early AMD and con-
trols. Also, a prior history of ocular surgery was not significantly
associated with development of early AMD. In the risk factor
analysis, advanced age was significantly associated with early
AMD; the odds ratio for each incremental year of age was 1.06.
Previous work also indicated that age was the most important
risk factor for development of AMD (13). Subjects 70 yr of age
or older are less likely to proactively visit health promotion cen-
ters; we thus recommend that all older subjects be encouraged,
by family members or doctors, to undergo regular fundoscopic
examinations.

Many studies have found that cigarette smoking is a major
risk factor for development of AMD and increases both preva-
lence and rate of progression of the disease by elevating the level
of oxidative stress in the retina and choroid, decreasing the ex-
tent of luteal pigment in the retina, activating the immune sys-
tem, reducing choroidal blood flow, and causing micro-infarc-
tions (14-17). In the present study, we also found a strong posi-
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tive relationship between cigarette smoking and AMD develop-
ment, in line with data from prior epidemiological work.

On multivariable analysis, a history of hyperlipidemia was as-
sociated with development of early AMD. However, serum lipid
data, including the levels of HDL and LDL cholesterol, and TG
concentration, were not significantly associated with develop-
ment of early AMD. It is nonetheless possible that a prior histo-
ry of lipidemia may have contributed to development of disease,
even though all of our patients yielded good lipid profiles at the
time of testing for the present study.

Some reports have indicated that outdoor activity and expo-
sure to ultraviolet radiation were associated with the develop-
ment of drusen and other types of AMD (19, 21). In the present
study, working outdoors and residence in a rural area, which
presumably result in greater exposure to ultraviolet radiation,
were positively associated with development of early AMD, in
agreement with the data of previous studies.

Surprisingly, the level of fruit intake was inversely related to
development of early AMD in our study population. The Age-
Related Eye Disease Study (AREDS) recommended that vita-
mins A, C, and E should be prescribed for prevention of AMD
(22). Such vitamins, present in fruit, presumably stabilize the
RPE via protection against oxidative stress.

No previous study has examined a possible association be-
tween the level of physical activity and AMD. In our present work,
age- and gender-adjusted multivariable regression analysis in-
dicated that the amount and duration of exercise were inversely
associated with early AMD. The mechanism underlying this as-
sociation remains unclear. Further work is needed to identify
the types of exercise that protect against development AMD and
the reasons why this is so.

We also found that use of herbal medications was inversely
associated with early AMD. This finding cannot be readily ex-
plained. It is possible that the observed association is spurious,
because many different risk factors were explored. However, we
suggest that further study of a possible association between use
of herbal medications and inhibition of development of early
AMD is warranted.

Several previous works found that obesity and cardiovascular
disease were both risk factors for AMD, especially late-stage dis-
ease (23). In the present study, we found no significant associa-
tion between cardiovascular risk factors (diabetes mellitus, HTN,
angina, or stroke) and early AMD.

Our study had several limitations. First, the work was retro-
spective in nature, and sample selection bias was thus possible.
Second, patients with late AMD, such as those with geographic
atrophy, or patients with exudative (wet) AMD, were less likely
included in our study. As individuals visiting our health promo-
tion center were relatively-healthy, middle-aged, urban Koreans,
visual acuity of our study population was mostly within normal
range. Thus, we cannot calculate the overall prevalence of AMD;

http://dx.doi.org/10.3346/jkms.2012.27.5.537



Moon BG, et al. * Risk Factors for Age-Related Macular Degeneration

JKMS

this is a limitation of our risk factor analysis. Further studies are
needed to identify the prevalence of and risk factors for devel-
opment of both early- and late-stage disease. Third, patients for
whom fundus photographs were of poor quality were excluded,
possibly biasing our estimate of the prevalence of early AMD.
Finally, cataract status and refractive error data were not avail-
able for all subjects. The conduct of a prospective, population-
based study that collects complete ophthalmologic data from
Asians would overcome most of these limitations.

In conclusion, our study of relatively healthy, middle-aged,
middle-class urban Koreans who were normal in terms of both
visual acuity and intraocular pressure indicated that the preva-
lence of early AMD (3.08%) was comparable to that found in
other studies of Asian populations. Our results indicate that age,
male gender, smoking status, a low level of exercise, any history
of hyperlipidemia, working outdoors, and rural residence, are
all (positively) associated with the development of early AMD.
Control of the risk factors can reduce the prevalence of early
AMD. Risk factors that are identified in our study are similar to
those of general age-related health problem. Therefore, general
health care and regular eye examination are needed especially
in middle-age and elderly persons.
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