translational vision science & technology

tvst

Association Between Fatty Acid Intakes and Age-Related
Macular Degeneration in a Japanese Population: JPHC-NEXT

Eye Study

Tomoyo Yasukawa'~", Mariko Sasaki'~3"", Kaoru Motomura’, Kenya Yuki',
Toshihide Kurihara', Yohei Tomita', Kiwako Mori!, Nobuhiro Ozawa’, Yoko Ozawa’,
Kazumasa Yamagishi*>, Akiko Hanyuda', Norie Sawada®, Kazuo Tsubota’,

Shoichiro Tsugane®’, and Hiroyasu Iso

4,8,9

! Department of Ophthalmology, Keio University School of Medicine, Tokyo, Japan

2 Tachikawa Hospital, Tokyo, Japan

3 National Hospital Organization Tokyo Medical Center, Tokyo, Japan
4 Department of Public Health Medicine, Faculty of Medicine, and Health Services Research and Development Center, University of

Tsukuba, Ibaraki, Japan

> Ibaraki Western Medical Center, Ibaraki, Japan

6 Epidemiology and Prevention Group, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan

7 National Institute of Health and Nutrition, National Institutes of Biomedical Innovation, Health and Nutrition, Tokyo, Japan

8 Public Health, Department of Social Medicine, Osaka University Graduate School of Medicine, Osaka, Japan

9 Institute for Global Health Policy Research, Bureau of International Health Cooperation, National Center for Global Health and Medicine,

Tokyo, Japan

Correspondence: Mariko Sasaki,
Department of Ophthalmology, Keio
University School of Medicine, 35
Shinanomachi, Shinjuku-ku, Tokyo
160-8582, Japan. e-mail:
mariko.sasaki@a2.keio.jp

Kazumasa Yamagishi, Department of
Public Health Medicine, Faculty of
Medicine, University of Tsukuba,
1-1-1 Tennodai, Tsukuba, Ibaraki
305-8575, Japan. e-mail:

yamagishi.kazumas.ge@u.tsukuba.ac.jp

Received: April 29, 2022
Accepted: November 9, 2022
Published: January 3, 2023

Keywords: epidemiology; retina;
age-related macular degeneration;
fatty acids; dietary intake

Citation: Yasukawa T, Sasaki M,
Motomura K, Yuki K, Kurihara T,
Tomita Y, Mori K, Ozawa N, Ozawa Y,
Yamagishi K, Hanyuda A, Sawada N,
Tsubota K, Tsugane S, Iso H.
Association between fatty acid
intakes and age-related macular
degeneration in a Japanese
population: JPHC-NEXT Eye Study.
Transl Vis Sci Technol. 2023;12(1):3,
https://doi.org/10.1167/tvst.12.1.3

Copyright 2023 The Authors
tvst.arvojournals.org | ISSN: 2164-2591

Purpose: To determine the associations between fatty acid intakes and the prevalence
of age-related macular degeneration (AMD) under a population-based cross-sectional
study.

Methods: Residents of Chikusei City aged >40 years underwent systemic and eye
screening. AMD was graded according to a modified version of the Age-Related
Eye Disease Study classification. Dietary intake was assessed using a food frequency
questionnaire and was adjusted for total energy intake.

Results: Altogether, 10,788 eyes of 5394 participants, 2116 men (mean [standard devia-
tion (SD)] age, 62.4 [9.4] years) and 3278 women (60.6 [9.5] years), were included. The
mean daily total fat intakes were 52.8 g and 59.0 g in men and women, respectively. After
adjustments for potential confounders, saturated fatty acid (SFA) intake was inversely
associated with the prevalence of any AMD in men (for each energy-adjusted 1-SD
increase: odds ratio [OR], 0.86; 95% confidence interval [Cl], 0.74-1.00). Significant trends
were found for decreasing odds ratios of AMD with increasing SFA, monounsaturated
fatty acid (MUFA), and polyunsaturated fatty acid (PUFA) intake (P for trend = 0.02, 0.04,
and 0.04, respectively). In women, only a significant association was observed between
the second quartile of linolenic acid intake and the prevalence of any AMD (OR, 0.78;
95% Cl, 0.62-0.99).

Conclusions: We found an inverse association of SFA intake and a weak inverse associ-
ation of MUFA and PUFA intakes with the prevalence of any AMD in a Japanese popula-
tion.

Translational Relevance: Adequate fatty acid intake may be necessary to prevent or
decelerate AMD.
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Introduction

Age-related macular degeneration (AMD) is a
leading cause of vision loss among elderly people
worldwide,! including Asians.? Asians currently consti-
tute 60% of the world’s population and are likely to
be the greatest contributors to the global prevalence
of AMD by 2040.% Therefore, AMD is becoming an
increasingly important health care problem in Asia.
Understanding the pathogenesis of AMD, including
the influence of genetics and lifestyle, is essential for
preventing the development of late AMD and the
consequent visual disturbance.

Epidemiologic studies and meta-analyses have
suggested that n—3 polyunsaturated fatty acid (PUFA)
intake and fish intake can reduce the risks of early
and late AMD.* The Age-Related Eye Disease Study
(AREDS), a large multicenter clinical trial, found that
participants with the highest n—3 PUFA intake were
30% less likely to develop advanced AMD than those
with the lowest intake.' However, in AREDS?2, the
addition of n—3 PUFAs to the AREDS supplement did
not further reduce the risk of progression to advanced
AMD.!'! The Mediterranean diet, which is high in
plant-based foods, such as fruit, grain, nuts, seeds, and
olive oil, and low in red meat and dairy products,'? has
been shown to be inversely associated with AMD.!3
Olive oil contains substantial amounts of monoun-
saturated fatty acids (MUFAs), and nuts additionally
contain n-6 PUFAs.'* However, studies examining
the association of AMD with MUFA>-%15-17 or n—6
PUFA®%!7-18 intake have been limited and conflicting.
Similarly, studies examining the association between
saturated fatty acid (SFA) intake and AMD have
been limited, with inconsistent results.*>-8:1%:20 In
short, associations of fatty acid intakes and AMD
risks have not yet been comprehensively investigated,
and the results of previous studies are not always
consistent.*~%-15-20

Racial and ethnic differences in AMD have been
recognized between Western and Asian popula-
tions.”!»>> For example, polypoidal choroidal vascu-
lopathy is more common in Asians than in white
populations,?! whereas geographic atrophy is more
frequent in white populations than in Asians.?? In
addition, genotypes and dietary patterns also differ
between Western and Asian populations.’®>* These
differences may partly explain the discrepancies among
studies investigating the associations between fatty acid
intakes and AMD. Although the associations between
dietary fatty acid intakes and AMD have been exten-
sively studied in Western populations, few such studies
have been conducted among Asians.”> Therefore, we
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aimed to comprehensively examine the cross-sectional
associations of dietary fatty acid intakes with the
prevalence of AMD in a large Japanese cohort from
the Japan Public Health Center-based Prospective
Study for the Next Generation (JPHC-NEXT) Eye
Study.

Study Population

The JPHC-NEXT Eye Study is an ancillary study
conducted under the protocol of the JPHC-NEXT
Study.? In Chikusei City, Ibaraki Prefecture, residents
aged >40 years underwent a systemic and ophthalmo-
logic survey. The present study involved 7090 individ-
uals who had participated in the survey between 2013
and 2015, and 5691 (80.3%) had completed the food
frequency questionnaire (FFQ). After excluding 14
participants owing to missing fundus images or subop-
timal fundus image quality (i.e., poor focus, eyelash
artifacts, or uneven illumination) and 110 men and 173
women at the extreme high and low 2.5% of energy
intake by sex, the remaining 5394 participants (10,788
eyes) were included in the analysis (2116 men and 3278
women).

This study was conducted in accordance with the
Ethical Guidelines for Medical and Health Research
Involving Human Subjects, Japan, and approved by
the Medical Ethics Committees of the School of
Medicine, Keio University, Tokyo; the University of
Tsukuba, Ibaraki; the University of Osaka, Osaka; and
the National Cancer Center, Tokyo. Written informed
consent was obtained from all participants.

Data and Sample Collection

Nonmydriatic fundus photographs of both eyes
were obtained using a 45° nonmydriatic fundus camera
(Canon CR-1; Canon Inc., Tokyo, Japan) as part of the
ocular examinations. The images were centered on the
optic disc and macula.

Blood pressure (BP) was measured twice on the
right upper arm while the participant was seated.
The mean value was used for analysis. The body
mass index (BMI) was calculated as weight (kg)
divided by height squared (m?). Blood samples were
collected to measure serum glucose (fasting or nonfast-
ing), glycated hemoglobin (HbAlc) (%), total choles-
terol (TC) (mmol/L), high-density lipoprotein choles-
terol (HDL-C) (mmol/L), low-density lipoprotein
cholesterol (LDL-C) (mmol/L), and triglyceride (TG)
(mmol/L) levels. The nonfasting state was <8 hours
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after the last meal. Hypertension was defined as the
use of an antihypertensive medication, or a systolic
BP >140 mm Hg or diastolic BP >90 mm Hg.”’
Diabetes was defined as the use of an antidiabetic
medication, or a fasting serum glucose >7.0 mmol/L
or nonfasting serum glucose >11.1 mmol/L, or HbAlc
>6.5% (National Glycohemoglobin Standardization
Program).”® Dyslipidemia was defined as the use of
a lipid-lowering medication, LDL-C >3.6 mmol/L or
HDL-C <1.0 mmol/L, or TG >1.7 mmol/L.?

Grading of Fundus Photographs for AMD

Nonmydriatic fundus photographs of both eyes of
each participant were evaluated to determine whether
their quality was sufficient for the grading of AMD
lesions. The prevalence of AMD was determined by
two blinded ophthalmologists each year (TK, HT, EY,
YK, KM, and HK); disagreements regarding diagno-
sis were resolved through diagnosis by a third ophthal-
mologist (YT or NO). Photograph grading for the
severity of AMD classification was performed accord-
ing to a modified version of the protocol used in
the AREDS,* which was based on fundus lesions
assessed within two disc diameters of the fovea and
was defined as follows: grade 1 (normal), two or fewer
hard drusen (diameter <63 um); grade 2 (early AMD),
three or more hard drusen and/or two or fewer soft
drusen (diameter >63 but <125 um) and/or a retinal
pigment epithelium abnormality; grade 3 (interme-
diate AMD), any large drusen (diameter >125 um)
and/or three or more soft drusen and/or geographic
atrophy within the grid but none at the center of the
macula; and grade 4 (late AMD), neovascular AMD
and/or geographic atrophy in the central subfield.
Neovascular AMD was defined as the presence of
fibrovascular/serous pigment epithelial detachment,
serous (or hemorrhagic) sensory retinal detachment,
subretinal/subretinal pigment epithelial hemorrhage,
subretinal fibrous tissue (or fibrin), or photocoagula-
tion for AMD.*® Geographic atrophy was defined as a
sharply demarcated, usually circular, zone of partial or
complete depigmentation of the retinal pigment epithe-
lium, typically with exposure of the underlying large
choroidal blood vessels.*

Dietary Assessment

Diectary intake was assessed using a long-form FFQ
for the JPHC-NEXT study.?! The long-form FFQ
comprises 172 food and beverage items and nine
frequency categories, ranging from almost never to
seven or more times per day, or to >10 glasses per
day for beverages. The questionnaire involves questions
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concerning the usual consumption of the listed foods
and beverages during the previous year.’! The nutri-
ents including fatty acids that each item contained were
estimated by the Japan Food Table Fifth version.*
Then, the fatty acid intakes were calculated by multi-
plying the frequency scores and estimated SFA for each
food and summing across all items. All dietary variables
were adjusted for energy intake using the nutrient resid-
ual model.?* The validity of the FFQ in the assessment
of the fatty acid intakes was confirmed using 12-day
weighed food records (12d-WFR). Spearman’s corre-
lation coefficients between the energy-adjusted intake
of the fatty acids calculated from the FFQ and from
dietary records ranged from 0.38 (for n—-3 PUFA) to
0.55 (for MUFA) for men and from 0.21 (for MUFA)
to 0.46 (for SFA) for women, respectively,’! indicating
moderate validity for the fatty acids. Percentage differ-
ences in the fatty acid intakes with the 12d-WFR varied
from —11% (for n—3 PUFA) to +5% (for n—6 PUFA) in
men and +16% (for n—3 PUFA) to +26% (for SFA) in
women.

Statistical Analysis

All analyses were performed separately for men
and women. Dietary intakes of fatty acids and other
nutrients were adjusted for total energy intake using
the residual method.’> Then, energy-adjusted fatty
acid intakes, intakes of SFA and PUFA, were catego-
rized into quartiles and calculated with the lowest
quartile as the reference group. Baseline participant
characteristics were summarized and stratified accord-
ing to quartiles of intakes of SFAs and PUFAs
(Table 1) and the severity of AMD classification
(Supplementary Table S1). Differences between the
lowest quartile and other quartiles were tested using
the Wilcoxon rank-sum test for continuous variables
and the x? test for categorical variables. The associ-
ations between energy-adjusted fatty acid intakes (as
continuous variables and quartiles) and the preva-
lence of any AMD were assessed using generalized
estimating equations (GEEs) with PROC GENMOD
in SAS software (SAS Institute Inc., Cary, NC, USA),
considering the nested structure of the data such
as both eyes of a participant, and are expressed as
odds ratios (ORs) with 95% confidence intervals (CIs)
(Table 2). The associations between energy-adjusted
fatty acid intakes (as continuous variables) and sever-
ity of AMD classification were assessed by using
GEEs and are expressed as ORs with 95% Cls per
l-standard deviation (SD) increase (Supplementary
Table S2). The first model was adjusted for age. The
second model was further adjusted for BMI, smoking
status (current or noncurrent smokers), hyperten-
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Association Between Fatty Acid Intakes and AMD

sion, dyslipidemia, diabetes, alcohol intake (current or
noncurrent drinkers), total calorie intake, and energy-
adjusted intakes (continuous variables) of protein,
carbohydrate, vitamin C, vitamin E, and B-carotene.
The third model was further adjusted in women for
menopausal status (nonmenopausal or menopausal)
and hormone replacement therapy (never or ever user).
P values <0.05 were considered statistically significant.
All statistical analyses were performed with SAS for
Windows, version 9.4 (SAS Institute Inc.).

Among 10,788 eyes of 5394 participants, 1421 eyes
(13.2%) of 863 participants (16.0%) had early AMD,
906 eyes (8.4%) of 633 participants (11.7%) had inter-
mediate AMD, and 29 eyes (0.46%) of 25 participants
(0.3%) had late AMD. Baseline characteristics strati-
fied by the quartiles of intakes of SFAs and PUFAs
are presented in Table 1. Concerning the risk factors, in
men, significant differences were found in hypertension
and levels of TC and LDL-C across the quartiles of
SFA intake, whereas significant differences were found
in age and smoking status across the quartiles of PUFA
intake. In women, significant differences were found in
age, BMI, hypertension, menopausal status, and levels
of HDL-C and TG across the quartiles of SFA intake,
whereas significant differences were found in age,
smoking status, hypertension, menopausal status, and
level of TG across the quartiles of PUFA intake. Most
dietary factors were correlated with energy-adjusted
SFA and PUFA intakes in men and women (Table 1). In
women, SFA intake was negatively correlated with -
carotene and vitamin C intake, whereas PUFA intake
was positively correlated. A high positive correlation
was found between SFA and MUFA intakes (Pearson’s
r = 0.79 for men and 0.64 for women, respectively). In
addition, there were positive correlations between the
intakes of n—6 PUFAs and n—3 PUFAs, MUFAs and
PUFAs, MUFAs and n—-3 PUFAs, and MUFAs and n—
6 PUFAs in both men and women.

Associations Between Fatty Acid Intakes and
the Prevalence of Any AMD

The associations between energy-adjusted fatty acid
intakes (as continuous variables and quartiles) and the
prevalence of any AMD were assessed using GEEs
(Table 2). In men, an inverse association was observed
between total fat and SFA intake and the prevalence
of any AMD (for each energy-adjusted 1-SD increase:
OR, 0.81; 95% CI, 0.68-0.97 for total fat; OR, 0.86;
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95% CI, 0.74-1.00 for SFAs) (Table 2, model 2). When
fatty acid intake was categorized into quartiles, the
third and fourth quartiles of total fat intake were
inversely associated with the prevalence of any AMD
compared with that of the first quartile (third quartile:
OR, 0.69; 95% CI, 0.49-0.98; fourth quartile: OR,
0.64; 95% CI, 0.42-0.98). We found a significant trend
of decreasing odds ratios of AMD with increasing
total fat intake (P for trend = 0.02). Moreover, the
third quartiles of SFA and PUFA intake were inversely
associated with the prevalence of any AMD compared
with that of the first quartile (SFAs: OR, 0.64; 95% CI,
0.47-0.88; PUFAs: OR, 0.66; 95% CI, 0.47-0.92), and
similar significant trends were found with increasing
SFA, MUFA, and PUFA intakes (P for trend = 0.02,
0.04, and 0.04, respectively). Meanwhile, a significant
association was observed in women only between the
second quartile of linolenic acid intake and the preva-
lence of any AMD compared with that of the first
quartile (OR, 0.78; 95% CI, 0.62-0.99).

Associations Between Fatty Acid Intakes and
Severity of AMD Classification

Baseline characteristics stratified by severity of
AMD classification are presented in Supplementary
Table S1. Among 4232 eyes of 2116 men, 516 (12.2%),
375 (8.9%), and 12 (0.3%) had early, intermediate,
and late AMD, respectively. There were significant
differences in age, hypertension, dyslipidemia, levels of
HDL-C and TG, and intakes of total fat, SFA, MUFA,
PUFA, n-6 PUFA, protein, B-carotene, and vitamin
C among the severities of AMD. Among 6556 eyes in
women, 905 (13.8%), 531 (8.1%), and 17 (0.3%) had
early, intermediate, and late AMD, respectively. There
were significant differences in age, smoking status,
hypertension, menopausal status, levels of HDL-C
and TG, and intakes of PUFA, n—3 PUFA, linolenic
acid, eicosapentaenoic acid, docosahexaenoic acid, n—
6 PUFA, protein, 8-carotene, vitamin C, and vitamin
E among the severities of AMD.

The associations between energy-adjusted fatty acid
intakes (as continuous variables) and severity of AMD
classification were assessed using GEE (Supplementary
Table S2). In men, increasing intakes of total fat, SFAs,
and MUFAs were associated with reduced prevalence
of intermediate AMD (grade 3) (for each energy-
adjusted 1-SD increase: OR, 0.63; 95% CI, 0.47-0.85
for total fat; OR, 0.71; 95% CI, 0.55-0.92 for SFAs; and
OR, 0.71;95% CI, 0.54-0.94 for MUFAs) (Supplemen-
tary Table S2, model 2). In contrast, no associations
were found between any fatty acid intake and the preva-
lence of early AMD (grade 2) or late AMD (grade 4).
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In women, there were no associations between any fatty
acid intake and the prevalence of any grades of AMD.

We examined the cross-sectional associations of
dietary fatty acid intakes with the prevalence of AMD
by sex in a Japanese population with 5394 partici-
pants. A significant inverse association of SFA intake
and a weak inverse association of MUFA and PUFA
intakes with the prevalence of any AMD in men were
noted. Regarding severity of AMD classification, SFA
and MUFA intakes were inversely associated with the
prevalence of intermediate AMD, whereas any fatty
acid intake was not associated with that of early or late
AMD in men. In women, only a marginal association
was observed between the second quartile of linolenic
acid intake and the prevalence of any AMD.

Studies on the association between SFA intake and
the risk of AMD have been limited, and the results
have been inconsistent. Several cohort studies reported
that high SFA intake was associated with increased
risk of any stage of AMD? or early AMD,'” whereas
others found no significant associations with early or
late AMD.*>-3 Recently, the Tsuruoka Metabolomics
Cohort Study reported that increased SFA intake was
associated with reduced risk of early AMD, which used
a nearly equal definition of the intermediate AMD
in the AREDS classification.”” Our finding supports
their results in a larger population and with different
methods—namely, a validated FFQ for quantitatively
assessing fatty acid intakes and another AMD classifi-
cation system.

Asians are known to consume less SFA-containing
foods compared to that of Western populations.®*3*
According to the 2017 to 2018 National Health and
Nutrition Examination Survey, the mean SFA intake
was 33.0 g/d and 24.7 g/d for American men and
women aged >20 years, respectively.> According to
the 2018 National Health and Nutrition Survey, Japan,
the mean SFA intake was 19.0 g/d and 16.4 g/d for
Japanese men and women aged >20 years, respec-
tively.*® In the present study, the mean SFA intake was
17.6 g/d and 20.2 g/d for men and women, respectively.
We should be careful in comparing these SFA intakes
between surveys using different assessing methods of
nutritional intakes. However, the SFA intakes among
our study participants, especially men, were very low
compared with those among Westerners, which may
partly explain these disparate results. These findings
suggest that SFA intake might be below the optimal
level in the Japanese population and that the associ-
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ations of fatty acid intakes with AMD could differ
among populations with different genetic backgrounds
or dietary patterns. Therefore, the optimal fatty acid
intake amounts should be analyzed in the population
of interest, with consideration of their source.

Yamagishi et al.’’ found that there was an inverse
association between SFA intake and the risk of
stroke, mainly deep intraparenchymal hemorrhage and
lacunar infarction, in Japanese populations. The high
incidence of both intraparenchymal hemorrhage and
lacunar infarction among low SFA consumers could
be caused by arteriolosclerosis,** which was associated
with very low blood total cholesterol levels,*® primar-
ily owing to low SFA intake.*® Meanwhile, increas-
ing evidence supports the hypothesis that localized
choroidal dysfunction and abnormal hemodynamics
could be part of the pathogenesis of AMD.*’ Degen-
eration and functional disorders in the choriocapil-
laris result in outer retinal hypoxia, which may lead
to the development of AMD.*! In the choroid, arteri-
oles/venules are found in the middle Sattler’s layer.
Similar to that of the cerebral small vessels, very low
SFA intake may lead to arteriolosclerosis and, eventu-
ally, dysfunction of choroidal perfusion.

In addition, we found an inverse association of the
prevalence of intermediate AMD with MUFA intake
and a weak inverse association of the prevalence of any
AMD with MUFA and PUFA intakes. Similarly, in a
case-control study in the United States and Portugal,
Roh et al.!” reported inverse associations of the intakes
of MUFAs and PUFAs, predominantly n—6 PUFAs
with the prevalence of AMD, and a marginal associ-
ation of SFA intake with it.

MUFAs exert anti-inflammatory effects through
various biological pathways, including inhibition of
nuclear factor—kappa B (NF-«B) via peroxisome
proliferator—activated receptor (PPAR).*> However,
studies examining the association of MUFA intake and
AMD have been conflicting. A few studies have demon-
strated a positive effect of MUFAs on AMD,!>1
whereas others found the opposite.’-® Interestingly,
Roh et al.'” showed an association of MUFA with
AMD in Portuguese participants but not in American
participants. The main source of MUFAs in the United
States is meat and dairy products.** However, Portugal
is known for the predominantly plant-based Mediter-
ranean diet, which has high proportions of fruit, grain,
seeds, nuts (high in MUFAs and n—6 PUFAs), and olive
oil (high in MUFAs).''* AMD has been inversely
associated with a higher intake of olive oil,'®-!® adher-
ence to the Mediterranean diet,'3 and nut consump-
tion.* Thus, the source of MUFAs could be impor-
tant, which may explain this discrepancy. In Japan, the
sources of MUFAs are similar to those of SFAs,* and
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there was a high correlation between the intakes of
SFAs and MUFAs in the present study (Pearson’s r
= 0.79). Additionally, in the present study, there were
sex differences in associations between the intakes of
SFAs and MUFAs and the prevalence of AMD. It may
be partly attributed to the fact that a small number
of women had very low intakes of SFAs and MUFAs,
which were associated with the observed higher odds
of AMD in men.

PUFAs are one of the ligands responsible for the
activation of PPAR-«,***¢ which exerts a potent anti-
inflammatory effect through NF-«B suppression.?’
Epidemiologic studies and meta-analyses have demon-
strated that intake of n—-3 PUFA and its main source
(fish) could reduce the risks of early and late AMD.*°
We speculated that the lack of an association between
n-3 PUFA intake and the prevalence of AMD in our
results might be partly attributed to the high consump-
tion of marine n-3 PUFA and a threshold effect.?
However, an inverse association between n—-3 PUFA
intake and risk of neovascular AMD was reported in a
case-control study in Japan.*® As the present study did
not include many individuals with late AMD, there may
not have been enough participants to analyze associ-
ations with late AMD. Additionally, few studies that
examined the association between n—6 PUFA intake
and AMD have obtained inconsistent results.%!7-!8
Further studies are needed to clarify the associations
between MUFA and PUFA intakes and AMD risk.

The strengths of this study include its large sample
size; the use of standardized grading protocols to
define the severity of AMD assessed by ophthalmol-
ogists, including retinal specialists; and the use of
validated questionnaires to gather lifestyle and medical
history information, which allowed us to perform a
detailed analysis stratified by sex and AMD classifica-
tion. The validated FFQ permitted the calculation of
specific intakes of fatty acids.

We also recognize some limitations. First, the study
had a cross-sectional observational design, without
temporal information regarding associations. Second,
as it did not include many participants with late AMD,
the number of participants may have been low to
analyze associations with late AMD. Third, we could
not include AMD-related supplementary intake as a
variable owing to the lack of data. However, accord-
ing to the Council for Responsible Nutrition Consumer
Survey, the prevalence of dietary supplement use is 74%
and 79% among American men and women, respec-
tively.*” In contrast, according to the National Health
and Nutrition Survey, the prevalence of dietary supple-
ment use is 30.2% and 38.2% among Japanese men
and women, respectively,”® which is less than half that
of the Westerners. Moreover, Sasaki et al.’! reported
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that 34.5% of patients diagnosed as having AMD
received AREDS-related supplements properly, which
was lower than the corresponding proportion reported
in the United States (67%).>> Therefore, we speculate
that supplement intake may have less of an impact on
the association between fatty acid intake and AMD in
a Japanese population compared with that in Western
populations.

In summary, we found a significant inverse associ-
ation of SFA intake and a weak inverse association
of MUFA and PUFA intakes with the prevalence of
any AMD in men. Additionally, intakes of SFAs and
MUFAs were inversely associated with the prevalence
of intermediate AMD in men. Although prospective
longitudinal studies are needed to confirm this obser-
vation, these findings would help us better understand
the pathogenesis of AMD and reveal interventional
options to prevent or decelerate disease incidence or
progression.

Acknowledgments

The authors thank the medical staff for their techni-
cal assistance and all staff members in Chikusei City
for their extensive efforts to conduct the survey. We
also thank Hidemasa Torii, Yusaku Katada, Erisa
Yotsukura, Hiromitsu Kunimi, and Mari Ibuki, Keio
University School of Medicine for their cooperation in
the diagnosis on retinal fundus images.

Supported in part by a Grant-in-Aid for Scientific
Research from the Japan Society for the Promotion
of Science, Japan (JSPS KAKENHI, 20K10490) to
MS. The cohort study was originally supported by the
National Cancer Center Research and Development
Fund.

Disclosure: T. Yasukawa, None; M. Sasaki, None;
K. Motomura, None; K. Yuki, None; T. Kurihara,
None; Y. Tomita, None; K. Mori, None; N. Ozawa,
None; Y. Ozawa, None; K. Yamagishi, None; A.
Hanyuda, None; N. Sawada, None; K. Tsubota, None;
S. Tsugane, None; H. Iso, None

* TY and MS contributed equally to this work as
first authors.

References

1. Lim LS, Mitchell P, Seddon JM, Holz FG, Wong
TY. Age-related macular degeneration. Lancet.
2012;379(9827):1728-1738.



translational vision science & technology

Association Between Fatty Acid Intakes and AMD

2.

10.

11.

12.

13.

Kawasaki R, Yasuda M, Song SJ, et al. The
prevalence of age-related macular degeneration
in Asians: a systematic review and meta-analysis.
Ophthalmology. 2010;117(5):921-927.

. Wong WL, Su X, Li X, et al. Global prevalence

of age-related macular degeneration and disease
burden projection for 2020 and 2040: a system-
atic review and meta-analysis. Lancet Glob Health.
2014;2(2):e106-¢116.

TanJS, Wang JJ, Flood V, Mitchell P. Dietary fatty
acids and the 10-year incidence of age-related mac-
ular degeneration: the Blue Mountains Eye Study.
Arch Ophthalmol. 2009;127(5):656-665.

Smith W, Mitchell P, Leeder SR. Dietary fat and
fish intake and age-related maculopathy. Arch Oph-
thalmol. 2000;118(3):401-404.

SanGiovanni JP, Chew EY, Clemons TE, et al.
The relationship of dietary lipid intake and age-
related macular degeneration in a case-control
study: AREDS Report No. 20. Arch Ophthalmol.
2007;125(5):671-679.

. Chong EW, Kreis AJ, Wong TY, Simpson JA,

Guymer RH. Dietary omega-3 fatty acid and fish
intake in the primary prevention of age-related
macular degeneration: a systematic review and
meta-analysis. Arch Ophthalmol. 2008;126(6):826—
833.

Seddon JM, Cote J, Rosner B. Progression
of age-related macular degeneration: association
with dietary fat, transunsaturated fat, nuts, and
fish intake. Arch Ophthalmol. 2003;121(12):1728-
1737.

Chiu CJ, Milton RC, Klein R, Gensler G, Taylor
A. Dietary compound score and risk of age-related
macular degeneration in the age-related eye disease
study. Ophthalmology. 2009;116(5):939-946.
Sangiovanni JP, Agron E, Meleth AD, et al. w-3
Long-chain polyunsaturated fatty acid intake and
12-y incidence of neovascular age-related macu-
lar degeneration and central geographic atrophy:
AREDS report 30, a prospective cohort study from
the Age-Related Eye Disease Study. Am J Clin
Nutr. 2009;90(6):1601-1607.

Age-Related Eye Disease Study 2 Research Group.
Lutein + zeaxanthin and omega-3 fatty acids for
age-related macular degeneration: the Age-Related
Eye Disease Study 2 (AREDS2) randomized clini-
cal trial. JAMA. 2013;309(19):2005-2015.

Gerber M, Hoffman R. The Mediterranean
diet: health, science and society. Br J Nutr.
2015;113(suppl 2):S4-S10.

Merle BMJ, Colijn JM, Cougnard-Gregoire
A, et al. Mediterranean diet and incidence of
advanced age-related macular degeneration:

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

TVST | January 2023 | Vol. 12 | No. 1 | Article3 | 12

the EYE-RISK Consortium. Ophthalmology.
2019;126(3):381-390.

Flood VM, Webb KL, Rochtchina E, Kelly B,
Mitchell P. Fatty acid intakes and food sources in
a population of older Australians. Asia Pac J Clin
Nutr. 2007;16(2):322-330.

Parekh N, Voland RP, Moeller SM, et al. Asso-
ciation between dietary fat intake and age-related
macular degeneration in the Carotenoids in Age-
Related Eye Disease Study (CAREDS): an ancil-
lary study of the Women’s Health Initiative. Arch
Ophthalmol. 2009;127(11):1483-1493.

Chong EW, Robman LD, Simpson JA, et al
Fat consumption and its association with age-
related macular degeneration. Arch Ophthalmol.
2009;127(5):674-680.

Roh M, Shin HJ, Lains I, et al. Higher intake of
polyunsaturated fatty acid and monounsaturated
fatty acid is inversely associated with AMD. Invest
Ophthalmol Vis Sci. 2020;61(2):20.
Cougnard-Grégoire A, Merle BM, Korobelnik JF,
et al. Olive oil consumption and age-related mac-
ular degeneration: the Alienor study. PLoS One.
2016;11(7):e0160240.

Mares-Perlman JA, Brady WE, Klein R, Vanden-
Langenberg GM, Klein BE, Palta M. Dietary fat
and age-related maculopathy. Arch Ophthalmol.
1995;113(6):743-748.

Cho E, Hung S, Willett WC, et al. Prospective
study of dietary fat and the risk of age-related mac-
ular degeneration. Am J Clin Nutr. 2001;73(2):209—
218.

Maruko I, Iida T, Saito M, Nagayama D, Saito
K. Clinical characteristics of exudative age-related
macular degeneration in Japanese patients. Am J
Ophthalmol. 2007;144(1):15-22.

Rim TH, Kawasaki R, Tham YC, et al. Preva-
lence and pattern of geographic atrophy in Asia:
the Asian Eye Epidemiology Consortium. Oph-
thalmology. 2020;127(10):1371-1381.

Gotoh N, Yamada R, Hiratani H, et al. No associ-
ation between complement factor H gene polymor-
phism and exudative age-related macular degen-
eration in Japanese. Hum Genet. 2006;120(1):139-
143.

Zhou BF, Stamler J, Dennis B, et al. Nutrient
intakes of middle-aged men and women in China,
Japan, United Kingdom, and United States in the
late 1990s: the INTERMAP study. J Hum Hyper-
tens. 2003;17(9):623-630.

Sasaki M, Harada S, Tsubota K, et al. Dietary sat-
urated fatty acid intake and early age-related mac-
ular degeneration in a Japanese population. Invest
Ophthalmol Vis Sci. 2020;61(3):23.



translational vision science & technology

Association Between Fatty Acid Intakes and AMD

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Sawada N, Iwasaki M, Yamaji T, et al. The Japan
Public Health Center-based Prospective Study
for the Next Generation (JPHC-NEXT): study
design and participants. J Epidemiol. 2020;30(1):
46-54.

Whitworth JA; World Health Organization,
International Society of Hypertension Writ-
ing Group. 2003 World Health Organization
(WHO)/International Society of Hypertension
(ISH) statement on management of hypertension.
J Hypertens. 2003;21(11):1983-1992.

Committee of the Japan Diabetes Society on the
Diagnostic Criteria of Diabetes Mellitus,Seino Y,
Nanjo K, et al. Report of the committee on
the classification and diagnostic criteria of dia-
betes mellitus. J Diabetes Investig. 2010;1(5):212—
228.

Teramoto T, Sasaki J, Ueshima H, et al. Diagnos-
tic criteria for dyslipidemia. Executive summary
of Japan Atherosclerosis Society (JAS) guideline
for diagnosis and prevention of atherosclerotic car-
diovascular diseases for Japanese. J Atheroscler
Thromb. 2007;14(4):155-158.

Age-Related Eye Disease Study Research Group.
The Age-Related Eye Disease Study system for
classifying age-related macular degeneration from
stereoscopic color fundus photographs: the Age-
Related Eye Disease Study Report Number 6. Am
J Ophthalmol. 2001;13(5):668-681.

Yokoyama Y, Takachi R, Ishihara J, et al. Valid-
ity of short and long self-administered food fre-
quency questionnaires in ranking dietary intake in
middle-aged and elderly Japanese in the Japan Pub-
lic Health Center-Based Prospective Study for the
Next Generation (JPHC-NEXT) protocol area. J
Epidemiol. 2016;26(8):420-432.

Science and Technology Agency. Standard Tables
of Food Composition in Japan [in Japanese]. 5th
rev ed. Tokyo, Japan: Printing Bureau, Ministry of
Finance; 2000.

Willett WC, Howe GR, Kushi LH. Adjustment for
total energy intake in epidemiologic studies. Am J
Clin Nutr. 1997;65(4):1220S—-1228S.

Iso H, Sato S, Kitamura A, Naito Y, Shimamoto
T, Komachi Y. Fat and protein intakes and risk of
intraparenchymal hemorrhage among middle-aged
Japanese. Am J Epidemiol. 2003;157(1):32-39.

US Department of Agriculture, Agricultural
Research Service. Nutrient Intakes from Food
and  Beverages: Mean Amounts Consumed
per Individual, by Gender and Age, What
We Eat in America, NHANES 2017-2018.
2020,  https://www.ars.usda.gov/ARSUserFiles/
80400530/pdf/1718/Table_1_NIN_GEN_17.pdf.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

TVST | January 2023 | Vol. 12 | No. 1 | Article 3 | 13

Ministry of Health, Labour and Welfare,
Japan. The National Health and Nutrition Sur-
vey. 2018, https://www.nibiohn.go.jp/eiken/
kenkounippon21/download_files/eiyouchousa/
2018.pdf.

Yamagishi K, Iso H, Kokubo Y, et al. Dietary
intake of saturated fatty acids and incident
stroke and coronary heart disease in Japanese
communities: the JPHC Study. Eur Heart J.
2013;34(16):1225-1232.

Konishi M, Iso H, Komachi Y, et al. Associations
of serum total cholesterol, different types of stroke,
and stenosis distribution of cerebral arteries. The
Akita Pathology Study. Stroke. 1993;24(7):954—
964.

Iso H. Lifestyle and cardiovascular disease in
Japan. J Atheroscler Thromb. 2011;18(2):83-88.
Gelfand BD, Ambati J. A Revised hemody-
namic theory of age-related macular degeneration.
Trends Mol Med. 2016;22(8):656-670.

Lipecz A, Miller L, Kovacs I, et al. Microvas-
cular contributions to age-related macular degen-
eration (AMD): from mechanisms of choriocap-
illaris aging to novel interventions. Geroscience.
2019;41(6):813-845.

Ravaut G, Légiot A, Bergeron KF, Mounier C.
Monounsaturated fatty acids in obesity-related
inflammation. Int J Mol Sci. 2020;22(1):330.
Nicklas TA, Hampl JS, Taylor CA, Thompson V],
Heird WC. Monounsaturated fatty acid intake by
children and adults: temporal trends and demo-
graphic differences. Nutr Rev. 2004;62(4):132—
141.

Tokudome Y, Imaeda N, Ikeda M, Kitagawa I,
Fujiwara N, Tokudome S. Foods contributing to
absolute intake and variance in intake of fat, fatty
acids and cholesterol in middle-aged Japanese. J
Epidemiol. 1999;9(2):78-90.

Krey G, Braissant O, L’Horset F, et al. Fatty acids,
eicosanoids, and hypolipidemic agents identified
as ligands of peroxisome proliferator-activated

receptors by coactivator-dependent receptor
ligand assay. Mol Endocrinol. 1997;11(6):779—
791.

Xu HE, Lambert MH, Montana VG, et al.
Molecular recognition of fatty acids by perox-
isome proliferator-activated receptors. Mol Cell.
1999;3(3):397-403.

Delerive P, De Bosscher K, Besnard S, et al. Per-
oxisome proliferator-activated receptor alpha neg-
atively regulates the vascular inflammatory gene
response by negative cross-talk with transcrip-
tion factors NF-kappaB and AP-1. J Biol Chem.
1999;274(45):32048-32054.


https://www.ars.usda.gov/ARSUserFiles/80400530/pdf/1718/Table_1_NIN_GEN_17.pdf
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2018.pdf

translational vision science & technology

Association Between Fatty Acid Intakes and AMD

48.

49.

50.

Aoki A, Inoue M, Nguyen E, et al. Dietary n-
3 fatty acid, a-tocopherol, zinc, vitamin D, vita-
min C, and B-carotene are associated with age-
related macular degeneration in Japan. Sci Rep.
2016;6:20723.

Council for Responsible Nutrition Con-
sumer Survey on Dietary Supplements. 2019,
https://www.crnusa.org/resources/2019-crn-
consumer-survey-dietary-supplements.

Ministry of Health, Labour and Welfare,
Japan. The National Health and Nutrition Sur-
vey. 2019, https://www.nibiohn.go.jp/eiken/
kenkounippon21/download_files/eiyouchousa/
2019.pdf.

51.

52.

TVST | January 2023 | Vol. 12 | No. 1 | Article 3 | 14

Sasaki M, Shinoda H, Koto T, Uchida A, Tsubota
K, Ozawa Y. Use of micronutrient supplement for
preventing advanced age-related macular degener-
ation in Japan. Arch Ophthalmol. 2012;130(2):254—
255.

Charkoudian LD, Gower EW, Solomon SD,
Schachat AP, Bressler NM, Bressler SB. Vita-
min usage patterns in the prevention of advanced
age-related macular degeneration. Ophthalmology.
2008;115(6):1032-1038.


https://www.crnusa.org/resources/2019-crn-consumer-survey-dietary-supplements
https://www.nibiohn.go.jp/eiken/kenkounippon21/download_files/eiyouchousa/2019.pdf

