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Objective: To investigate the prevalence and risk factors of age-related macular degeneration (AMD) in the
Korean population.

Design: A cross-sectional study using a complex, stratified, multistage, probability-cluster survey, which can
produce nationally representative estimates.

Participants: Using the database of Korean National Health and Nutrition Examination Survey from 2008
through 2011, 14 352 participants 40 years of age or older with gradable fundus photographs were included.

Methods: Age-related macular degeneration was determined by fundus photograph. Prevalences of AMDs
were estimated. Risk factor analyses were conducted using logistic regression analyses (LRAS).

Main Outcome Measures: Prevalence and risk factors of AMD.

Results: The prevalence of AMD was 6.62% (95% confidence interval [CI], 6.15%—7.09%) in the Korean
population: 6.02% (95% ClI, 5.56%—6.48%) were early AMD and 0.60% (95% ClI, 0.45%—0.75%) were late
AMD. The prevalence of early AMD in women (6.73%; 95% ClI, 6.11%—7.35%) was higher than that in men
(5.25%; 95% Cl, 4.61%—5.89%; P<0.001), and the prevalence of late AMD in women (0.37%; 95% Cl, 0.22%—
0.52%) was lower than that in men (0.85%; 95% CI, 0.59%—1.12%; P<0.001). However, in multiple LRAs both
early and late AMD had no association with gender, house income, residence, sun exposure, or systemic
comorbidities, including hypertension, diabetes mellitus, and cardiovascular diseases. Early AMD had positive
associations with older age groups (P<0.001), lower education (P = 0.027), occupation (P<0.001), anemia (P =
0.027), hepatitis B surface antigen carrier status (P<0.001), not being overweight (body mass index [BMI], P =
0.032; waist circumference, P = 0.041, in separate analyses), and higher serum high-density lipoprotein (HDL)
level (P = 0.046), but not with smoking status. Late AMD had positive associations with age groups (P<0.001),
current smokers (P = 0.022), and lower BMI (P = 0.037).

Conclusions: The results suggest that there are 1.21 million individuals with early AMD and 121 000 in-
dividuals with late AMD in Korea. Nonoverweight status and higher HDL levels, generally assumed as positive
health indicators, as well as anemia and hepatitis B infection had harmful associations with AMD in our study,
implying a possible different pathophysiologic process of AMD in Asians compared with that of white
persons. Ophthalmology 2014;m:1—10 © 2014 by the American Academy of Ophthalmology.

El‘. Supplemental material is available at www.aaojournal.org.

Age-related macular degeneration (AMD) is the leading
cause of blindness in industrialized countries and is
responsible for more than 3 million blind people in the
world." As a consequence of population aging, the
prevalence and absolute number of persons with AMD are
likely to increase, and the health expenditure for AMD
has sharply increased already.” Numerous studies have
investigated the epidemiologic factors of AMD over the
past 30 years largely in white persons, and recently in
Asians. It generally has been assumed that AMD is less
frequent in Asians than in white patients; however, recent
studies have shown conflicting results.” A recent meta-
analysis reported that early AMD signs were less common
in Asians compared with white persons, whereas the
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prevalence of late AMD was comparable.” On the contrary,
in other studies, late AMD prevalence was lower in Asians
than that in white persons, whereas early AMD prevalence
was comparable.” In addition, proportions of late AMD
subtypes may be different between Asians and white
persons as well as overall AMD prevalence; polypoidal
choroidal vasculopathy (PCV), a distinct subtype of
wet AMD, accounts for 50% of wet AMD in Asian
populations, whereas it accounts for only 8% to 13% in
the white population.® Hence, a reliable, large, population-
based study is needed to investigate the difference in
prevalence and risk factors for AMD between East Asians
and white persons. However, despite the socioeconomic
importance and burden of AMD, epidemiologic studies
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representing a nationwide population have been scarce.
There have been prevalence studies only from the United
States, based on the National Health and Nutrition Exami-
nation Survey, and to date, no study has been conducted in
the Asian population.’

Korea is one of the newly industrialized countries in Asia
and one of the most populous countries in the world. As
the issue of an aging population has emerged in Korea, as
in other industrialized countries, several nationwide,
government-led surveys have been conducted. The Korea
National Health and Nutrition Examination Survey
(KNHANES) is one of these national surveys initiated in
1998 and represents the entire Korean population of
approximately 50 million. Using the data of the KNHANES
from 2008 to 2011, we estimated the prevalence and risk
factors of AMD and investigated racial or ethnic differences
in AMD epidemiologic factors.

Methods

Study Design and Population

The KNHANES is an ongoing, population-based, cross-sectional
survey in South Korea conducted by the Korea Centers for Disease
Control and Prevention and the Korean Ministry of Health and
Welfare. The present study analyzed the data of the 2008 through
2011 KNHANES. The detailed design of the KNHANES has been
described elsewhere.® In brief, the 2008 through 2011 KNHANES
annually selected 4600 households in 200 enumeration districts
(2008—2009, KNHANES IV) and 3840 households in 192
enumeration districts (2010—2011, KNHANES V), which
represented the civilian, noninstitutionalized Korean population
using rolling sampling designs involving a complex, stratified,
multistage, probability-cluster survey. The quoted design, not a
simple random sample, is used widely in health surveys to sample a
fraction of a large finite population while accounting for its size and
characteristics. In this design, sampling is always multistage, using
strata (separate sampling from population subgroups), cluster
(considering possibility of group of observations), and weight
(considering oversampling or undersampling).” In KNHANES,
both the 1-year data surveys and the integrated data of the 2008
through 2011 surveys represent the entire population of Korea.
Response rates were 77.8%, 82.8%, 81.9%, and 80.4% in 2008,
2009, 2010, and 2011, respectively. A total of 16 108 eligible
subjects (6952 men and 9157 women) 40 years of age or older
participated during the 4-year study period. The participants having
a gradable fundus photograph from at least 1 eye were included in
the present study. The Institutional Review Board of the Seoul
National Bundang Hospital approved the present study, which was
conducted in accordance with the Declaration of Helsinki.

Data Collection

The KNHANES consisted of 3 components: the health interview
survey, the health examination survey, and the nutrition survey.
The details of data collection have been published elsewhere.®'”
We used the data from the first 2 surveys: data regarding medi-
cal histories, socioeconomic status using a set of structured ques-
tionnaires, anthropometry investigations, blood tests, and
ophthalmic surveys. Fundus photographs were obtained with a
nonmydriatic fundus camera (TRC-NW6S, Topcon, Tokyo,
Japan). Patients were defined as having early AMD if the fundus
photograph met 1 of the 2 criteria: (1) the presence of soft indistinct
drusen or reticular drusen, or (2) the presence of hard or soft
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distinct drusen with pigmentary abnormalities (increased pigmen-
tation or hypopigmentation of the retinal pigment epithelium) in
the absence of signs of late AMD. Late AMD included the pres-
ence of signs of wet AMD or geographic atrophy (GA). Wet AMD
was defined as retinal pigment epithelial detachment or serous
detachment of the sensory retina, subretinal or sub-RPE hemor-
rhages, and subretinal fibrous scars. Geographic atrophy was
defined as a circular discrete area (175 pm in diameter) of retinal
depigmentation with visible choroidal vessels, in the absence of
signs of wet AMD. Each fundus photograph was graded twice (a
preliminary grade and a detailed grade) using the grading protocol
of the International Age-Related Maculopathy Epidemiological
Study Group.'' Detailed grading was performed later by 9 retina
specialists who (including J.P.S., S.J.S., SSW.K., and K.H.P.)
were masked to the patients’ characteristics and entrusted by the
Korean Ophthalmologic Society. Final grading was based on the
detailed grading, and any discrepancies between the preliminary
and detailed grading were resolved by 1 reading specialist
(J.P.S.)."" The interrater reliability for AMD grading was 90.2%
and 90.7% in 2008, 92.4% and 93.3% in 2009, 94.1% and
95.0% in 2010, and 96.2% and 96.6% (right eye and left eye,
respectively) in 2011, respectively (available at: https://
knhanes.cdc.go.kr/knhanes/sub04/sub04_03_02.do?classType=8;
accessed January 6, 2014). The quality of the ophthalmic survey and
fundus photograph readings was verified by the Epidemiologic
Survey Committee of the Korean Ophthalmologic Society.®

Variable Definitions and Statistical Analysis

The variables analyzed in this study were defined and categorized
as follows. The first category among the categories of each variable
defined below was selected as a reference in logistic regression
analysis (LRA). Participants were divided into 4 age groups: 40 to
49 years, 50 to 59 years, 60 to 69 years, and 70 years or older.
Smoking status was defined as never smoker, former smoker, or
current smoker. House income status was divided into 2 groups:
participants with more than 50% household income and those with
50% or less household income according to the equivalent gross
household income in each year. Education status was divided into
2 groups: participants with at least a high school degree and those
who had graduated from middle school or less. Occupation was
categorized as white collar (managers, professionals, clerks, service
or sales workers), blue collar (agriculture, forestry, fishery workers,
craft and related trade workers, plant and machine operators and
assemblers, and simple labor), and no occupation (unemployed,
retired, student, and homemaker). Residence was categorized into
urban and rural areas based on the address of participants. Sun
exposure status was divided into 2 groups: participants with an
average of fewer than 5 hours/day and those with 5 hours/day or
more. Comorbidities were categorized into participants without
history of comorbidities and those with history of comorbidities.
Participants were categorized into 2 groups by body mass index
(BMI), the ratio of weight (in kilograms) to height (in square
meters): those with BMI of less than 25 kg/m” and those with BMI
of 25 kg/m2 or more. Waist circumference (WC) was measured to
nearest 0.1 cm at the narrowest point between the lower borders of
the rib cage and the iliac crest after normal expiration. Participants
were divided into 2 groups: those with a WC of less than 90 cm in
men or less than 80 cm in women and those with a WC of 90 cm or
more in men or 80 cm or more in women. Hemoglobin, hematocrit,
and red blood cells were measured by XE-2100D (Sysmex, Kobe,
Japan), and participants with hemoglobin level of less than 13 g/dl
in men and less than 12 g/dl in women were designated as anemic.
Mean corpuscular volume (MCV) was calculated by dividing the
hematocrit (in percent) by the number of red blood cells (millions
per microliter), and then multiplying it by 10. Using calculated
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Table 2. Weighted Prevalences and Frequencies of Age-Related Macular Degeneration in the Korean Population during the
Study Period (2008—2011)

All Age-Related

Early Age-Related

Late Age-Related Macular Degeneration
All Late Age-Related Wet Age-Related

Macular Degeneration Macular Degeneration ~ Macular Degeneration  Macular Degeneration  Geographic Atrophy
Age, weighted mean (SE) 64.73 (0.43) 64.71 (0.43) 64.99 (1.69) 63.6 (1.9) 70.5 (3.1)
Overall, weighted % (95% CI) 6.62 (6.15—=17.09) 6.02 (5.56—6.48) 0.60 (0.45—0.75) 0.48 (0.34—0.62) 0.12 (0.06—0.18)
Frequency 1129 1034 95 72 23
Age groups (yrs)
40—49, weighted % (95% CI) 1.62 (1.18—2.06) 1.44 (1.03—1.86) 0.18 (0.03—0.33) 0.18 (0.03—0.33) 0
Frequency 64 57 7 7 0
50—59, weighted % (95% CI) 5.16 (4.38—5.95) 4.75 (4.00—5.51) 0.41 (0.14—0.69) 0.37 (0.11-0.63) 0.05 (0.00—0.14)
Frequency 205 192 13 12 1
60—69, weighted % (95% CI)  11.68 (10.33—13.04) 10.65 (9.36—11.94) 1.03 (0.55—1.52) 0.83 (0.39—1.28) 0.20 (0.00—0.40)
Frequency 386 358 28 22 6
>70, weighted % (95% CI) 17.96 (16.12—19.80) 16.26 (14.46—18.07) 1.70 (1.17—-2.23) 1.15 (0.69—1.60) 0.55 (0.25—0.86)
Frequency 474 427 47 31 16

CI = confidence interval; SE = standard error.

MCV, participants diagnosed as anemic were subcategorized as
having microcytic anemia (MCV < 80), normocytic anemia (80 <
MCV< 100), or macrocytic anemia (MCV > 100). Methods of
other blood tests were as follows: hepatitis B surface antigen
(HBsAg; electrochemiluminescence immunoassay E-170, Roche,
Mannheim, Germany), lipoproteins (total cholesterol, triglyceride,
and high-density lipoprotein [HDL]; enzymatic cholesterol assay
Automatic Analyzer 7600, Hitachi, Tokyo, Japan), blood urea ni-
trogen (kinetic ultraviolet assay), creatinine (colorimetric method),
and vitamin D (radioimmunoassay; 1470 Wizard gamma-counter,
Perkin-Elmer, Turku, Finland). Data regarding HDL collected in
2011 has not yet been released on the grounds of quality control
because the measuring method of HDL was changed in 2011.
The data were analyzed with SAS software version 9.2 (SAS Inc,
Cary, NC) using proc survey procedures, which can analyze the
presented data properly using the variable of strata, cluster, and
weight; we used the KNHANES sample weight adjusted for over-
sampling, nonresponse, and the Korean population from 2008
through 2011.'? The standard errors of estimates were calculated. P
values less than 0.050 were considered statistically significant. The
comparison of participants included and excluded from the study
was conducted. The prevalence of AMD and AMD subgroups
were estimated. Simple LRAs were conducted to investigate the
associations between AMD prevalence and a set of variables.
After that, the LRAs adjusted for age group, gender, and smoking
status were performed. Covariates that had a P value of less than
0.100 in each LRA adjusted for age group, gender, and smoking
status were chosen for multiple LRAs of each subtype of AMD.
Age group, gender, and smoking status were always included in
multiple LRAs regardless of P values. Variables that significantly
correlated with each other (e.g., dyslipidemia and lipoproteins,
BMI, and WC) were not included simultaneously in multiple
LRAs; we chose the most significant covariate among correlated
variables for multivariable models, or if significances of correlated
variables were similar to each other, we conducted multiple LRAs
in separate ways using each variable. When HDL, collected only
from 2008 through 2010, had a P value of less than 0.100 in the
LRA adjusted for age group, gender, and smoking status and was
included in multiple LRAs, the multiple LRA was conducted
separately based on the analyses from 2008 through 2010 data
using the proper sample weight for 3-year analyses. Finally, a
multiple LRA was reconducted using the variable of subcategorized
anemia instead of the anemia variable when anemia had a significant

association in that multiple LRA. We calculated odds ratio and 95%
confidence interval (CI) values in all LRAs.

Results

Of the 16 109 participants, 14 352 subjects had a gradable fundus
photograph from at least 1 eye (right eye in 13 842 and left eye in
13778). Comparisons between participants with and without
gradable fundus photographs for AMD are demonstrated in Table 1
(available at www.aaojournal.org).

Prevalence of Age-Related Macular Degeneration

The prevalence of overall AMD was 6.62% (95% CI, 6.15%—
7.09%): 6.02% (95% CI, 5.56%—6.48%) were early AMD and
0.60% (95% CI, 0.45%—0.75%) were late AMD (0.48% [95% CI,
0.34%—0.62%] for wet AMD and 0.12% [95% CI, 0.06%—0.18%]
for GA). The prevalence of early AMD in women (6.73%; 95% CI,
6.11%—7.35%) was higher than that in men (5.25%; 95% CI,
4.61%—5.89%; P<0.001), whereas the prevalence of late AMD in
women (0.37%; 95% CI, 0.22%—0.52%) was lower than that in
men (0.85%; 95% CI, 0.59%—1.12%; P<0.001). Similarly, the
prevalence of wet AMD and GA, subtypes of late AMD, are higher
in men than in women (wet AMD, 0.67% [95% CI, 0.42%—
0.91%] in men and 0.31% [95% CI, 0.16%—0.45%] in women,
P<0.001; GA, 0.19% [95% CI, 0.08%—0.30%] in men and 0.06%
[0.01%—0.12%] P<0.001; Table 2 and Fig 1). However, the LRAs
revealed that the prevalence of early and late AMD did not differ
by gender.

Risk Factors of Age-Related Macular Degeneration

Results of adjusted LRAs for age group, gender, and smoking
status are provided in Table 3 (early AMD), Table 4 (early AMD
using the 2008—2010 data; available at www.aaojournal.org),
Table 5 (late AMD), Table 6 (wet AMD; available at
www.aaojournal.org), and Table 7 (GA; available at
www.aaojournal.org). Online-only tables also provide results of
simple LRAs for each subgroup of AMD, and the results of simple
LRAs for early AMD and late AMD are provided separately in
Table 8 (available at www.aaojournal.org).
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Figure 1. Bar graph showing age- and gender-specific weighted prevalence of early and late age-related macular degeneration in Korea during the 4-year

study period (2008—2011).

Multiple Logistic Regression Analyses for Early Age-
Related Macular Degeneration

The variables with a P value less than 0.100 in LRAs adjusted
for age group, gender, and smoking status for early AMD were
age group, household income, education, occupation, diabetes
mellitus, dyslipidemia, BMI, WC, anemia, HBsAg carrier, tri-
glyceride, HDL, and creatinine. Multiple LRAs were conducted
in 3 ways: model 1 (using BMI instead of WC), model 2 (using
WC instead of BMI), and model 3 (using HDL and analyzing
the 2008—2010 data). Early AMD had similar results in models
1 and 2 and had positive associations with older age groups
(P<0.001), lower education (P = 0.027), occupation (P<0.001),
anemia (P = 0.027), HBsAg carrier (P<0.001), lower BMI (P =
0.032), and smaller WC (P = 0.041; Table 3). In model 3,
results of the 3-year data, early AMD also had similar results:
positive associations with older age groups (P<0.001), lower
education (P = 0.007), occupation (P = 0.024), anemia
(P = 0.035), HBsAg carrier (P<0.001), and higher HDL level
(P = 0.046; Table 4, available at www.aaojournal.org). In
multiple LRAs using the variable of subcategorized anemia
instead of anemia, early AMD had a positive association with
normocytic anemia (P = 0.008), but no association with either
microcytic or macrocytic anemia (Table 9, available at www.
aaojournal.org).

Multiple Logistic Regression Analyses for Late
Age-Related Macular Degeneration

The variables with a P value less than 0.100 in LRAs adjusted for
age group, gender, and smoking status for late AMD were age
group, smoking status, and BMI. In multiple LRAs, late AMD had
positive associations with older age groups (P<0.001), current
smokers (P = 0.022), and lower BMI (P = 0.037; Table 5). Multiple
LRAs in subgroups of late AMD were provided in supplemental
tables (Tables 6 and 7, available at www.aaojournal.org).

Discussion

The present study provided detailed data on the prevalence
and risk factors of AMD based on the nationwide repre-
senting population that included 14 352 participants 40
years of age or older. The prevalences of early and late
AMD in Korea were similar to those for Asian populations
from a meta-analysis.* As with previous studies in Asian
populations,™® and not in white populations,”'* men had
a higher prevalence of late AMD than women in the Korean
population, which in part has been explained by the domi-
nance of PCV in Asian men.*'” Some authors have
explained that the higher frequency of PCV cases in Asian
populations brings about the higher ratio of wet AMD-to-
GA in Asian populations than that in white populations.”
The 4-times-higher prevalence of wet AMD to GA in our
study was similar to that in Asian populations and higher
than that in white populations. Another explanation is that it
may be related to higher smoking rates in Asian men
compared with that in Asian women,”'? which was even
observed in our study; more than 90% of women had never
smoked, whereas approximately 85% of men had smoked
previously or were smoking currently (Table 10), and
smoking had a positive association with late AMD.
Smoking, although a well-defined risk factor of both early
and late AMD,“) was not associated with early AMD in the
Korean population. These findings also were observed in the
data from the Seoul National Bundang Hospital AMD
Cohort Study, a hospital-based cohort study that included
463 AMD patients and 395 normal controls; smoking had a
positive association with wet AMD (n = 314; P = 0.003),
but an inverse association with early AMD (n = 112;
P<0.001) in multiple LRAs that included age, gender,
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Table 3. Characteristics of Normal and Early Age-Related Macular Degeneration Participants and Associations between Early Age-
Related Macular Degeneration and Potential Risk Factors Using Logistic Regression Analysis

Adjusted (Age Group,

Multivariate Model (Using All Variables
with P<0.100 in Adjusted Analysis)*

Gender, and
No Age-Related Early Age-Related Smoking Status) Model 1 Model 2
Macular Macular Odds Ratio Odds Ratio Odds Ratio
Degeneration, Degeneration, (95% Confidence (95% Confidence (95% Confidence
No. (%) No. (%) Interval) P Value Interval) P Value Interval) P Value
Age group (yrs) P trend <0.001 P trend <0.001 P trend <0.001
40—49 4168 (41.17) 57 (9.36) 1 (reference) 1 (reference) 1 (reference)
50—59 3758 (30.71) 192 (23.88) 3.42 (2.43—4.82) <0.001 2.99 (2.02—4.12) <0.001 3.02 (2.04—4.47) <0.001
60—69 3038 (16.36) 358 (30.61) 8.29 (5.99—11.48) <0.001 6.34 (4.33—9.30) <0.001 6.43 (4.37-9.45) <0.001
>70 2259 (11.75) 427 (36.16) 13.52 (9.88—18.50) <0.001 9.59 (6.57—14.00) <0.001 9.86 (6.73—14.44) <0.001
Female gender 7553 (51.70) 606 (58.11) 1.05 (0.81—1.37) 0.718 0.88 (0.63—1.22) 0.431 0.93 (0.66—1.30) 0.662
Smoking P trend 0.670 P trend 0.623 P trend 0.668
Former (to never) 2833 (22.29) 224 (22.37) 0.88 (0.66—1.17) 0.378 0.88 (0.65—1.18) 0.387 0.88 (0.65—1.19) 0.409
Current (to never) 2487 (23.23) 162 (17.56) 0.94 (0.69—1.28) 0.684 0.87 (0.62—1.22) 0.428 0.87 (0.62—1.22) 0.432
Household income 6342 (45.42) 685 (63.90) 1.25 (1.05—1.50) 0.015 1.10 (0.91—1.33) 0.344 1.11 (0.91—1.34) 0.310
(<50%)
Education (<middle 6733 (45.48) 768 (74.26) 1.49 (1.19—1.86) 0.001 1.33 (1.03—1.70) 0.027 1.32 (1.03—1.69) 0.027
school)
Occupation P trend <0.001 P trend <0.001 P trend <0.001
White collar 3589 (32.21) 101 (11.04) 1 (reference) 1 (reference) 1 (reference)
Blue collar 4338 (34.33) 386 (39.66) 2.00 (1.54—2.58) <0.001 1.82 (1.37—2.41) <0.001 1.82 (1.37—2.42) <0.001
No occupation 5117 (32.75) 530 (49.30) 1.62 (1.24—2.12) 0.001 1.58 (1.19—2.10) 0.002 1.60 (1.20—2.13) 0.001
Residence (rural) 3635 (24.06) 260 (31.65) 1.12 (0.95—1.34) 0.182 N/A N/A
Sun exposure (>5 3313 (22.37) 314 (27.71) 1.07 (0.89—1.28) 0.485 N/A N/A
hours/day)
Hypertension 3838 (25.59) 421 (41.38) 1.07 (0.91—-1.27) 0.410 N/A N/A
DM 1479 (9.89) 130 (12.40) 0.78 (0.62—0.99) 0.039 0.82 (0.63—1.07) 0.144 0.83 (0.64—1.08) 0.161
Dyslipidemia 1784 (12.33) 134 (12.23) 0.77 (0.59—0.99) 0.043 0.85 (0.64—1.13) 0.254 0.85 (0.64—1.13) 0.256
Stroke 354 (2.09) 40 (3.71) 0.99 (0.64—1.52) 0.949 N/A N/A
MI or IHD 453 (2.77) 54 (5.12) 1.11 (0.76—1.62) 0.593 N/A N/A
OA or RA 2939 (18.63) 340 (32.64) 1.14 (0.94—1.39) 0.191 N/A N/A
Pulmonary Tb 956 (7.01) 81 (7.74) 0.92 (0.68—1.25) 0.580 N/A N/A
Asthma 651 (4.53) 65 (5.74) 0.85 (0.62—1.16) 0.296 N/A N/A
Thyroid disease 631 (4.36) 50 (3.88) 0.81 (0.58—1.15) 0.235 N/A N/A
BMI (>25 kg/m?) 4625 (35.52) 307 (30.36) 0.79 (0.66—0.95) 0.013 0.81 (0.67—0.98) 0.032 N/A
WC (>90 cm [men], 5614 (40.23) 442 (43.20) 0.82 (0.69—0.98) 0.033 N/A 0.82 (0.68—0.99) 0.040
>80 cm [women])
Anemia 1197 (8.70) 126 (13.31) 1.39 (1.04—1.86) 0.025 1.39 (1.04—1.87) 0.027 1.39 (1.04—1.86) 0.028
HBsAg carrier 446 (3.82) 52 (5.79) 1.91 (1.33—2.75) 0.001 1.98 (1.38—2.85) <0.001 1.96 (1.36—2.83) <0.001
Serum levels
Total cholesterol (mg/dl) 12667 (193.40)" 958 (192.57)"  1.00 (1.00—1.00)"  0.538 N/A N/A
TG (mg/dl) 12667 (148.18)" 958 (137.78)" 1.00 (1.00—1.00)*  0.078 N/A N/A
HDL (mg/dl) 9189 (51.28)" 626 (51.16)' 1.01 (1.00-1.02)"  0.057 N/A N/A
BUN (mg/dl) 12667 (14.9) 958 (15.68)" 0.99 (0.98—1.01)*  0.277 N/A N/A
Cr (mg/dl) 12665 (0.84)° 958 (0.83)! 0.61 (0.38—0.98)*  0.042 0.77 (0.50—1.19)*  0.243 0.77 (0.49—1.21)*  0.255
Vitamin D (ng/ml) 12667 (19.0)' 959 (19.90)' 1.01 (1.00-1.02)"  0.130 N/A N/A

BMI =

lipoprotein; IHD = ischemic heart disease; LDL =

low-density lipoprotein; MI =

rheumatoid arthritis; Th = tuberculosis; TG = triglyceride; WC = waist circumference.
*Variables that were significantly related to each other were not included simultaneously in a multiple logistic regression analysis (LRA); multiple LRA in
this table were conducted in 2 ways: model 1 (including BMI [instead of WC] and dyslipidemia [instead of lipoproteins] as a covariate) and model 2
(including included WC [instead of BMI] and dyslipidemia [instead of lipoproteins] as a covariate). Adjusted for age group, gender, and smoking status.

"No. (mean).
Per 1 unit.

body mass index; BUN = blood urea nitrogen; Cr = creatinine; DM = diabetes mellitus; HBsAg = hepatitis B surface antigen; HDL = high-density
myocardial infarction; N/A = not applicable; OA = osteoarthritis; RA =

education, diabetes mellitus, hypertension, cardiovascular
disease, and dyslipidemia as covariates (Park KH, et al.

IOVS 2012;53:ARVO E-Abstract 3304).

In our study, increased age was associated strongly
with both early and late AMD, but gender did not have

any association. Interestingly, higher serum HDL level
was associated positively with early AMD. Some studies

have reported positive associations between serum HDL

inverse assocmtlons

level and AMD,'"'”'® whereas no association'’
" also have been reported. Likewise,

or
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Table 5. Characteristics of Normal and Late Age-Related Macular Degeneration Participants and Associations between Late Age-Related
Macular Degeneration and Potential Risk Factors Using Logistic Regression Analysis

Multivariate Model
(Using All Variables with
P<0.100 in Adjusted Analysis)

Adjusted (Age Group,
Gender, and Smoking Status)

No Age-Related Late Age-Related Odds Ratio Odds Ratio
Macular Degeneration, Macular Degeneration, (95% Confidence (95% Confidence
No. (%) No. (%) Interval) P Value Interval) P Value
Age group (yrs) P trend <0.001 P trend <0.001
40—49 4168 (41.17) 7 (11.79) 1 (reference) 1 (reference)
50—59 3758 (30.71) 13 (20.75) 3.31 (1.10—9.93) 0.033 3.25 (1.08—9.77) 0.035
60—69 3038 (16.36) 28 (29.67) 9.46 (3.51—25.47) <0.001 9.37 (3.48—25.23) <0.001
>70 2259 (11.75) 47 (37.78) 18.34 (7.44—45.22)  <0.001 16.71 (6.75—41.33) <0.001
Female gender 7553 (51.70) 37 (32.04) 0.62 (0.35—1.10) 0.100 0.63 (0.35—1.13) 0.123
Smoking P trend 0.050 P trend 0.072
Former (to never) 2833 (22.29) 32 (32.97) 1.55 (0.79—3.04) 0.208 1.54 (0.77—-3.06) 0.219
Current (to never) 2487 (23.23) 25 (33.67) 2.28 (1.18—4.40) 0.015 2.20 (1.12—4.31) 0.022
Household income (<50%) 6342 (45.42) 63 (59.79) 0.92 (0.51—1.66) 0.778 N/A
Education (<middle school) 6733 (45.48) 60 (56.80) 0.65 (0.36—1‘17) 0.152 N/A
Occupation P trend 0.663 N/A
White collar 3589 (32.21) 10 (14.15) 1 (reference)
Blue collar 4338 (34.33) 29 (34.71) .18 (0.46—3.03) 0.733
No occupation 5117 (32.75) 54 (51.14) 43 (0.58—3.50) 0.437
Residence (rural) 3635 (24.06) 33 (28.94) .85 (0.52—1.41) 0.535 N/A
Sun exposure (>5 hours/day) 1283 (11.91) 11 (15.52) .83 (0.37—1.86) 0.655 N/A
Hypertension 3838 (25.59) 45 (38.44) .97 (0.59—1.57) 0.886 N/A
DM 1479 (9.89) 7 (8.46) .48 (0.18—1.31) 0.153 N/A
Dyslipidemia 1784 (12.33) 11 (11.69) .85 (0.38—1.90) 0.699 N/A
Stroke 354 (2.09) 4 (3.86) .89 (0.31—2.56) 0.833 N/A
MI or IHD 453 (2.77) 4 (6.22) .23 (0.40-3.72) 0.720 N/A
OA or RA 2939 (18.63) 24 (19.01) .71 (0.41—1.22) 0.210 N/A
Pulmonary Th 956 (7.01) 14 (12.96) 43 (0.73—2.79) 0.295 N/A
Asthma 651 (4.53) 7 (4.90) .70 (0.32—1.54) 0.375 N/A
Thyroid disease 631 (4.36) 2 (1.03) .32 (0.06—1.75) 0.189 N/A
BMI (>25) 4625 (35.52) 26 (20.71) .54 (0.31-0.96) 0.037 0.54 (0.31—0.96) 0.037
WC (>90 cm [male], 5614 (40.23) 39 (33.28) .76 (0.44—1.32) 0.332 N/A
>80 cm [female])
Anemia 1197 (8.70) 9 (10.01) 3 (0.50—2.60) 0.766 N/A
HBsAg carrier 446 (3.82) 5(4.37) 1.49 (0.51—4.32) 0.467 N/A
Serum levels
Total cholesterol (mg/dL) 12667 (193.40)* 88 (197.01 1.01 (1.00—1.01)" 0.216 N/A
TG (mg/dL) 12667 (148.18)* 88 (150.32)* 1.00 (1.00—1.00)' 0.874 N/A
HDL (mg/dL) 9189 (51.28)* 58 (48.57)* 1.00 (0.97—1.02)" 0.837 N/A
BUN (mg/dL) 12667 (14.9)* 88 (15.80)* 0.99 (0.94—1.04)' 0.581 N/A
Cr (mg/dL) 12665 (0.84)* 88 (0.89)* 1.07 (0.54—2.11)" 0.858 N/A
Vitamin D (ng/mL) 12667 (19.0)* 88 (19.49) 0.99 (0.95—1.03)! 0.552 N/A

BMI = body mass index; BUN = blood urea nitrogen; Cr = creatinine; DM = diabetes mellitus; HBsAg = hepatitis B surface antigen; HDL = high-density

lipoprotein; IHD = ischemic heart disease; LDL =

low-density lipoprotein; MI =

myocardial infarction; N/A = not applicable; OA = osteoarthritis; RA =

rheumatoid arthritis; Th = tuberculosis; TG = triglyceride; WC = waist circumference.

Adjusted for age group, gender, and smoking status.
*No. (mean).
Per 1 unit.

2 genome-wide association studies implied that some al-
leles associated with increased serum HDL level increase
the risk of AMD,”! whereas other alleles with inverse
association also were reported.”>”” Deposition of choles-
terol and lipids underneath the retinal pigment epithelium
is one of the defining features of drusen that characterizes
early AMD,”*** and our study shows that HDL may in-
crease the risk of early AMD. Further investigation
regarding ethnic differences and genuine associations of
HDL-related AMD pathophysiologic features is needed.

6

Obesity has been regarded as a risk factor of AMD.***’

However, a study from the white population reported that
the association between obesity and AMD may differ by
gender,”® and some studies were unable to reveal the
association even in Asian population, although the study
by Chen et al’’ had a relatively small sample size (n =
1105). Interestingly, in our study, early AMD was
associated inversely with obesity indices in model 1 and
2, and late AMD was also associated inversely with BMI.
These inverse associations with obesity, the obesity
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Table 10. Smoking Status among the Korean Population from
2008 through 2011

Total Men Women
Age Group
(yrs) Smoking Status Frequency (Weighted Percent [%])
40—49 Never smoker 2432 (52.01) 278 (14.77) 2154 (90.53)
Former smoker 739 (19.74) 653 (35.22) 6 (3.73)
Current smoker 1020 (28.25) 897 (50.01) 123 (5.73)
50—59 Never smoker 2410 (54 77) 273 (15.72) 2137 (93.07)
Former smoker 747 (21.50) 696 (40.96) 1 (2.40)
Current smoker 769 (23.74) 683 (43.31) 86 (4.53)
60—69 Never smoker 2008 (56.88) 242 (15.30) 1766 (93.78)
Former smoker 848 (26.40) 790 (52.56) 8 (3.18)
Current smoker 528 (16.73) 466 (32.14) 2 (3.05)
70+ Never smoker 1560 (59.67) 177 (14.84) 1383 (87.69)
Former smoker 755 (26.78) 653 (58.87) 102 (7.17)
Current smoker 357 (13.55) 274 (26.29) 3 (5.76)
All ages Never smoker 8410 (54 70) 970 (15.17) 7440 (91.31)
Former smoker 3089 (22.35) 2792 (42.41) 297 (3.78)
Current smoker 2674 (22 95) 2320 (42.43) 354 (4.91)

. . 30
paradox, also have been observed in other diseases.”” There

are several plausible explanations for these inverse
associations. First, old age brings about selected
populations of nonobese individuals because obese

individuals have higher mortality rates than nonobese
individuals.”' Second, ethnic differences may influence the
association between obesny and AMD as with different
associations reported in other diseases.’”*® In addition,
participants 50 years of age or older, born in 1958 or earlier,
grew up in a destitute country enduring the Korean War.
Because overall diet quality and micronutrient intake are
associated with AMD,”* such impoverished states may
affect these associations. The overweight among those
aged Koreans may suggest a better general health status
with an increased metabolic reservoir.

One of the most distinct variables associated with early
AMD was HBsAg. Only 1 epidemiologic study has been
published regarding the association between hepatitis B and
AMD, which was also conducted in Korea and revealed a
positive association.”® Unlike white persons, hepatitis B
infection is still highly prevalent in Asian populations; the
prevalence of HBsAg carrier was 3.9% in our study.
Hepatitis B virus was detected in subretinal fluids as well
as in tears and the aqueous humor,”’ " and it may in-
crease the risk of uveoretinal pathologic features and may
associate cross-reactivity with retmal S-antigen, which can
cause inflammatory processes.’®***! It may partially
explain ethnic differences and the role of chronic inflam-
mation in the pathogenesis of AMD.

Anemia also was associated with early AMD. There has
been no study regarding the association between anemia and
AMD to date, whereas a study in white persons reported that
hematocrit level had no association with early AMD.'” The
prevalence of anemia in our study was 9.0%, higher than
that in developed countries. The proinflammatory state of
aglng, 1£1dependent of disease, may be a cause for
anemia.”~ Moreover, inflammation is the second most
frequent cause of anemia and accounts for one-third of
cases of anemia in older persons.”** Because

Prevalence and Risk Factors of AMD in Korea

inflammation plays an important role in the pathogenesis of
AMD, it partially explains the association between anemia
and AMD. In addition, genetic susceptibility, namely the
complement factor H polymorphism, activates the alterna-
tive complement pathway and is known to have associations
with several chronic conditions, including hemolytic uremic
syndrome, microangiopathic hemolytic anemia, and
AMD." These inflammatory pathways and their relation to
AMD parallel our detailed analysis of the subtypes of
anemia, where normocytic anemia was associated with
early AMD. Common causes of normocytic anemia
include anemia of chronic diseases, chronic inflammation,
and hemolytic anemia (e.g., microangiopathic anemia).
However, the concurrence of iron and vitamin B, or
folate deficiencies could result in normocytic anemia,
which has a usual association with mlcrocytlc anemia
and macrocytic anemia, respectively.”® Recent studies
suggested that deficiencies in vitamin B,, folate, or both,
which are one of the causes of anemia, may increase the
risk of AMD incidence."’** Because the KNHANES lacks
the information regarding the blood level of vitamin B, or
folate, we could not conduct further anemia differentiation.
Further investigation is warranted to reveal not only the
pathophysiologic features of the association between early
AMD and anemia, but also its differences between Asians
and white persons.

Education and occupation were associated with early
AMD. Although several studies have reported no associa-
tion between education and AMD," other studies have
showed inverse associations between education and AMD
as in our study,”® suggesting that AMD is affected by
behaviors and lifestyles as well as risk factors that cannot
be amended.

Before conducting multiple LRAs, several systemic risk
factors were associated with AMDs. But, systemic risk
factors—hypertension, diabetes mellitus, and cardiovascular
diseases—were not associated with both early and late
AMD in multiple LRAs. The relationships between these
systemic risk factors and AMD remain unclear, although
they have been investigated in numerous studies. In addi-
tion, vitamin D was not associated with AMD, although
several studies have reported otherwise.”’ Furthermore, we
were unable to reveal the association between sun
exposure and AMD, a conflicting issue in the
literature.”'°* Further investigation with thorough evalua-
tion of sun exposure is needed because its measurement in
our study depended on only a single question regarding
average hours of daily sun exposure.

This study has several limitations. First, KNHANES
did not include institutionalized individuals, and we
excluded participants without any gradable fundus pho-
tographs. It not only may cause underestimation of AMD
prevalence and may affect risk factor analyses, but also
may cause selection bias in analyzing risk factors of
AMD. The results should be interpreted under the
consideration of these limitations. Second, although the
response rates for the KNHANES during the study period
were relatively high, ranging from 77.8% to 82.8%,
and the KNHANES sample weight was adjusted for
the responding participants to provide nationally

7
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representative estimates, approximately 20% of the pop-
ulation did not complete the KNHANES through the study
period, which may result in the selection bias. This limi-
tation, an inherent bias of the survey, also should be
considered when interpreting the results. Third, AMD was
graded using only fundus photographs; we could not
identify PCV, which is more prevalent in Asians.'> Third,
although the largest population-based study including
14 352 participants, the frequencies and prevalence of late
AMD and its subtypes were too low to achieve a sufficient
statistical power. The KNHANES, a government-led sur-
vey for nationally representative estimates, is not solely
designated for evaluating the prevalence and risk factors
of late AMD, resulting in low statistical power for eval-
uating late AMD. This is an inherent limitation for the
study using pre-existing surveys. Despite lacking suffi-
cient statistical power, these analyses implied that the
pathophysiologic and risk factors of wet AMD and GA
are somewhat different from each other.

Recently, Cho et al'’ also reported the prevalence
and risk factors of AMD in Korea using the 2-year
KNHANES database. However, compared with the recent
study by Cho et al, our study analyzed all available data-
bases in the KNHANES—the 4-year data of KNHA-
NES—resulting in the larger sample size. In addition, we
investigated the prevalences and risk factors with more
detailed stratification of AMD and conducted a rigorous
study by providing all possible information (e.g., fre-
quencies for each covariate), handling the missing values
(e.g., HDL), and in-depth analysis of the risk factors (e.g.,
subtype analysis of anemia).

In conclusion, the prevalence of AMD was 6.62% in
the Korean population 40 years of age or older: 6.02%
were early AMD and 0.60% were late AMD, suggesting
that there are 1.21 million individuals with early AMD
and 121 000 individuals with late AMD in Korea. In
addition, we revealed novel risk factors for AMD: not
being overweight and having higher levels of HDL,
generally assumed to be positive health indicators, as well
as anemia and hepatitis B infection. Maintaining good
health indicators, such as not being overweight or having
higher HDL levels, may not be enough to prevent the
occurrence of AMD. Correction of possible low-grade
inflammatory conditions may be recommended, taking
into account the harmful associations of anemia and
hepatitis B infection with AMD. This also implies a
possible different pathophysiologic course of AMD in
Asians compared with that in white persons.
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