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Abstract

Purpose: to evaluate the protective effect of omega-3 long-chain unsaturated fatty acids on the progression of wet age-related macular dege-
neration (WAMD).

Methods: this meta-analysis was designed, implemented, and analyzed in accordance with the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) protocol and is reported following PRISMA guidelines.

Results: in this study we included 5 observational trials, including 2 cross-sectional studies, 2 case-control studies, and 1 confrontation study.
These tests are conducted in the U.S., Europe and Japan, and are of high quality. In general, people with high dietary long-chain omega-3
polyunsaturated fatty acids (omega-3 LCPUFAS) have a lower risk of progression to advanced age-related macular degeneration (AMD) (effect
size, ES: 0.51, 95 % C1[0.34, 0.75], IP= 70 %, p = 0.01). When assessing docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) intake
and wAMD risk a total of the three above studies were included, which also produced similar results.

Conclusions: the highest DHA consumption reduced the risk of disease by 39 % (effect size: 0.61, 95 % CI [0.50, 0.74], °=14 %, p = 0.31);
compared with the lowest EPA consumption, the highest EPA consumption reduced the risk of wAMD by 32 % (ES: 0.68, 95 % CI [0.57, 0.82],
[2=139 %, p = 0.20).
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Resumen

Propaésito: evaluar el efecto protector de los AGPICL omega-3 sobre la degeneracion macular himeda asociada a la edad (DMAE).

Métodos: este metaandlisis fue disefiado, implementado y analizado de acuerdo con el protocolo de Metaandlisis de Estudios Observacionales
en Epidemiologia (MOOSE) y se informa siguiendo las directrices de PRISMA.

Resultados: en este estudio se incluyeron 5 ensayos observacionales, entre ellos 2 estudios transversales, 2 estudios de casos y controles
y 1 estudio de confrontacion. Estos ensayos se realizan en Estados Unidos, Europa y Japdn y son de alta calidad. En general, las personas con
una dieta alta en acidos grasos poliinsaturados de cadena larga (AGPICL omega-3) tienen un menor riesgo de progresion hacia la degeneracion
macular avanzada relacionada con la edad (DMAE) (tamafio del efecto, ES: 0,51,1C 95 % [0,34, 0,75],12 =70 %, p = 0,01). Al evaluar la ingesta
de acido docosahexaenoico (DHA) y acido eicosapentaenoico (EPA) y el riesgo de DMAE se incluyeron en total tres de los estudios anteriores,
que también arrojaron resultados similares.

Conclusiones: el mayor consumo de DHA redujo el riesgo de enfermedad en un 39 % (tamafio del efecto: 0,61, IC del 95 % [0,50, 0,74],
2 =14 %, p = 0,31); en comparacion con el menor consumo de EPA, el mayor consumo de EPA redujo el riesgo de wAMD en un 32 % (ES:
0,68, IC del 95 % [0,57, 0,82], 12 = 39 %, p = 0,20).

INTRODUCTION

METHODS

Age-related macular degeneration (AMD) is the most common
cause of irreversible vision loss in the elderly (1). AMD is a com-
plex progressive disease, manifested in two different forms: wet
(exudative neovascular) and dry (geographical atrophy). Exudative
AMD is characterized by abnormal growth of new blood vessels,
producing a central choroidal neovascular membrane (CNV),
which in turn leads to retinal hemorrhage and exudation, and
severe vision loss. With the increase in neovascular AMD patients
worldwide, the burden of treatment is also getting heavier (2-
4). Current studies have proved that nutritional factors, including
antioxidants, carotenoids, lutein and zeaxanthin, and omega-3
polyunsaturated fatty acids, may have a protective effect on AMD
(5-8). Long-chain omega-3 polyunsaturated fatty acids (omega-3
LLCPUFASs) have anti-angiogenesis, anti-vascular proliferation, and
neuroprotective effects on the factors and processes involved in
the pathogenesis of proliferative and degenerative retinal diseas-
es (9). In addition, they also have the ability to influence patho-
genic factors and processes related to retinal neovascularization.

Omega-3 fatty acids include a-linolenic acid (ALA), docosa-
hexaenoic acid (DHA) and eicosapentaenoic acid (EPA), of which
the latter two belong to the omega-3 LCPUFA group. ALA is an
essential fatty acid that cannot be synthesized de novo and can
be converted into omega-3 LCPUFAs (DHA and EPA). Importantly,
long-chain omega-3 fatty acids also protect against oxygen toxici-
ty, inflammation and age-related retinal damage, a key pathogenic
process in retinal disease (9). The intake of long-chain omega-3
fatty acids is mainly provided by fatty fish. Several epidemiological
studies have shown that the risk of AMD is negatively related to
dietary omega-3 LCPUFAs and fish intake (5,10-15). But in the
NET?2 trial, the timing and incidence of CNV did not differ signifi-
cantly between the DHA and EPA supplement groups and placebo
groups (16). Similarly, in the AREDS?2 study, the addition of DHA and
EPA did not appear to have a protective effect on the progression of
AMD (17). However, to our knowledge, there have been no system-
atic reviews and meta-analyses evaluating the association between
omega-3 long-chain unsaturated fatty acids and exudative AMD.
Therefore, we conducted an observational, experimental systemat-
ic meta-analysis to evaluate the protective effect of omega-3 long-
chain unsaturated fatty acids on the progression of exudative AMD.
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This meta-analysis was designed, implemented, and analyzed
in accordance with the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) protocol and is reported following PRIS-
MA guidelines.

LITERATURE SEARCH

Relevant literature was obtained by searching the Cochrane Li-
brary, PubMed, EMBASE and other databases, and relevant reg-
istered clinical trials were searched on Clinical Trials.gov. Search
time ranged from the establishment of the database to August
31, 2021. Omega-3 Fatty Acid, Docosahexaenoic Acids, Eicos-
apentaenoic Acid and Age-Related Macular Degeneration were
selected as subject terms, and then the respective free words
were searched without study type, language, or national bounda-
ry limitations. Two researchers (XTM and YYS) participated in the
whole process, and a third party participated in the discussion if
there was any disagreement.

SELECTION CRITERIA

Our meta-analysis included selection studies that met the fol-
lowing criteria: 1) all observational studies, including prospec-
tive cohort studies, case-control studies, and cross-sectional
studies; 2) for the exposure to dietary omega-3 long-chain fatty
acid intake, the result is the incidence of neovascular AMD, pro-
viding an effect size (ES, including odds ratio [OR], hazard ratio
[HR], relative risk [RR]) estimates and 95 % confidence inter-
vals (Cl), which compares the highest quartile or quintile of in-
take with the lowest quartile or quintile; 3) appropriate statistical
techniques for adjusting key confounding factors such as age
and smoking; 4) if the same data is used in multiple publications,
the most recent complete study is included in our analysis. Exclu-
sion criteria: reviews, meta-analyses, case reports, non-human
studies, studies lacking adequate data, and other non-relevant
publications.
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DATA EXTRACTION

Two reviewers (XTM and YYS) were selected to independent-
ly search 4 databases, including grey literature databases (un-
published work, such as conference abstracts). The reference
list of retrieved related publications and recent review articles
was checked to supplement our search. The title and abstract
were initially screened. Complete manuscripts were obtained for
all potentially relevant studies, and then the full text of qualified
studies was evaluated. Any differences were resolved through
group discussion. The following information was extracted from
each included publication: first author, year of publication, study
location, study name, gender and age of participants, sample
size (cases and number of participants), method for assessing
dietary fatty acid intake, dietary fatty acid category, and ES esti-
mates for 95 % Cls. If multiple multivariate adjustment models
were used in the study to report risk estimates, the model with
the most adjustment was extracted.

DATA SYNTHESIS

We used the RevMan software for the meta-analysis. Fully
adjusted ES (OR, HR, RR) was used for each study. The stand-
ard error of the natural logarithm (In) of ES was calculated from
the 95 % confidence interval (Cl) using the following formula:
In[upper limit of CI] — Inflower limit of Cl]) / 3.92. Heterogeneity
between studies was tested using I? statistics. When there was
no significant heterogeneity, fixed-effects models were used to
summarize the results. When substantial heterogeneity was de-
tected (> > 40 %), random effects models were used and possi-
ble causes were explored; otherwise, mixed effects models were
used.

RESULTS

STUDY EVALUATION

The search returned a total of 531 publications. Of
these, 485 publications were excluded because they did not
meet the predefined inclusion criteria. A total of 46 studies were
evaluated for potentially eligible articles, and after reading the full
text, 41 studies were excluded because of reviews, duplication
of research data, and unavailability of research data. It is worth
noting that in the Elvira Agrén 2020 study (7), two experimental
data were included: AREDS and AREDS?, but due to the design of
the study, half of the AREDS?2 participants received DHA and EPA
supplements, which caused confounding factors for the results,
s0 they were excluded. Two researchers participated in the whole
process, and a third party participated in the discussion if there
was any disagreement. Ultimately, 5 studies reporting dietary
FA intake were included in our meta-analysis. See detailed flow
chart 1 below (Fig. 1).
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531 relevant studies in in initial search:
PubMed (n = 181), Embase (n = 313), the Cochrane
Library (n = 36) and ClinicalTrials.gov (n = 1)

485 of studies excluded
by screening titles and
abstracts

A 4

46 of full-text articles
assessed for eligibility

41 studies were excluded for
following reason:
1) 12 for data duplication
2) 25 for no usable data
3) 4 for reviews

~

h 4

11 trials of 5 studies were included in meta-analysis:
Total omega-3 LCPUFAS (n = 5)
DHA (n=3)
EPA (n=13)

Figure 1.
Flowchart depicting the literature search and selection strategy.

STUDY CHARACTERISTICS

Table | summarizes the descriptive characteristics of the in-
cluded studies. We included a total of 5 studies with a total
of 12,068 participants. Three of the studies were conducted in the
United States, one in Europe, and one in Japan. Five studies pro-
vided data on dietary FA and wAMD, including two cross-sectional
studies, two case-control studies, and one cohort study (Table ).

QUALITY OF OBSERVATIONAL STUDIES

The Newcastle-Ottawa Scale (NOS) was used as the standard
to evaluate cohort studies and case-control studies. Cross-sec-
tional studies were evaluated using criteria recommended by
the Agency for Healthcare Research and Quality (AHRQ). The in-
cluded studies were of high quality (Table I). The food frequency
questionnaires (FFQs) and brief-type diet history questionnaires
(BDHQs) used in these studies to assess dietary fatty acid lev-
els are applicable to large cohorts and provide information on
a variety of foods. However, these tools have many limitations,
including dietary misreports, which can lead to misclassification
of dietary intake and/or portion size.

DATA ANALYSIS
Five of the included studies analyzed total omega-3 LCPUFA

intake and WAMD risk (ES). Compared with the lowest category,
patients in the highest category had a 49 % reduction in the risk

[Nutr Hosp 2022;39(4):910-915]
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Table I. Characteristics of the included studies

Author, year Region :::;‘:‘ Aget Gender assl.):tsa::;nt ev:II:J ':I:zn o
John Paul SanGiovanni, 2007 (9) USA Cross-sectional | 658/4519 60-80 NG FFQ High quality
Elvira Agron, 2020 (AREDS) (7) USA Clinical cohorts 55-80 NG FFQ High quality
Cristina Augood, 2008 (13) EUR Cross-sectional | 105/2172 >65 45% M FFQ High quality
Johanna M. Seddon, 2001 (12) USA | Case-control study | 349/504 55-80 58 % F FFQ High quality
Aya Aok, 2016 (18) JAP | Case-control study | 161/369 7733;?1 275.16/ 6671'?50{)2'\&/ BDHQ High quality

NG: not given. *Case (sample): cohort size or control. TAge: mean (= SD) or range. * The Newcastle-Ottawa Scale (NOS) was used as the standard to evaluate cohort
studies and case-control studies. Cross-sectional studies were evaluated using criteria recommended by the Agency for Healthcare Research and Quality (AHRQ).

of wAMD associated with dietary total omega-3 LCPUFA intake
(ES: 0.51,95 % Cl [0.34, 0.75], > = 70 %, p = 0.01) (Fig. 2A).

Three studies were included to assess DHA and EPA intake
and wAMD risk (ES) separately. Compared with the lowest DHA
consumption, the highest DHA consumption was associated with
a 39 % lower risk of disease (ES: 0.61, 95 % CI [0.50, 0.74],
=14 %, p = 0.31) (Fig. 2B). Compared with the lowest EPA
consumption, the highest EPA consumption reduced the risk of
WAMD by 32 % (ES: 0.68, 95 % Cl [0.57,0.82], 1> =39 %, p =
0.20) (Fig. 2C).

In the correlation between total dietary omega-3 LCPUFA in-
take and wAMD, all 5 studies reported a negative correlation.
However, there was significant heterogeneity in the results
(> =70 %, p < 0.001) (Fig. 1). For studies of the association
between DHA and EPA intakes alone and wAMD, the highest
and lowest point estimates of intake of this fatty acid are shown
in figure 2A. One cohort study and two cross-sectional studies
were included in the pooled analysis, all of which reported neg-
ative associations. The results were consistent across all studies
(?=14 %, p < 0.00001; Fig. 2B. I> = 39 %, p < 0.0001; Fig.
20).

ASSESSMENT OF REPORTING BIASES

There were insufficient numbers of studies to carry out a fun-
nel plot analysis to investigate the relationship between treat-
ment effect and study size.

HETEROGENEITY ANALYSIS

For the wAMD risk associated with the intake of total omega-3
LCPUFAs (ES: 0.51, 95 % CI [0.34, 0.75], = 70 %, p = 0.01)
(Fig. 2A), there was high heterogeneity. This heterogeneity mainly
comes from the research of Aya Aoki et al. (18). Excluding this
study, the risk of WAMD associated with total omega-3 LCPUFA in-
take was ES: 0.65, and the remaining four studies were consistent
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(95 % Cl [0.54,0.77], P = 0 %, p = 0.43) (Fig. 3). Compared with
other studies, the demographic characteristics of Aya Aoki et al. are
significantly different. The population studied is Japanese. And be-
cause of Japan’s special dietary habits —fish intake is higher than
that of other developed countries— cohort studies have shown
large geographic differences in total fish intake, fish subpopula-
tions, and number of fish species (19). As a result, their intake
of omega-3 LCPUFAs is much higher than that of other studies.
In addition, the brief Type Diet History Questionnaire (BDHQ) was
used to evaluate dietary fatty acid intake in their study, unlike the
Food Frequency Questionnaires (FFQ) used in other studies. The
above reasons may be the important factors for its heterogeneity.

There was no significant heterogeneity in the studies regarding
the risk correlation between DHA and EPA and wAMD.

DISCUSSION

The main results overview provided evidence of a protective
association between dietary omega-3 LCPUFA intake and inci-
dence of wWAMD. Two case-control trials, two cross-sectional tri-
als and one cohort study were included in this meta-analysis. The
trial divided 12,068 AMD patients into 4 or 5 groups based on
their fatty acid intake, compared the highest intake group and the
lowest intake group, and recorded the ES value (including OR and
HR) and its 95 % confidence interval. A protective association
was observed between dietary total omega-3 LCPUFA intake,
DHA intake, EPA intake, and the incidence of wAMD.

Despite the heterogeneity introduced by the study by Aya Aoki
etal. (18), all five studies showed a negative association between
total omega-3 LCPUFA intake, DHA intake, EPA intake and wAMD
incidence. It may mean that omega-3 long-chain fatty acid intake
can have a protective effect on wAMD in different groups of peo-
ple (including different races and dietary habits).

Although studies have shown a protective association between
dietary omega-3 FA and early AMD, some studies have also shown
that circulating omega-3 fatty acids are associated with a low risk
of neovascular age-related macular degeneration (20-22).
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Effcet Size Effcet Size
study log[Effcet Size] SE Weight TV,Random,95%CI IV,Random,95%CI
Aya Aok, 2016 -1.6094 03537 158%  0.20[0.10,0.40] ——
Ctistina Augood, 2008 11712 04842 11.0% 0.31[0.12, 0.80]
Elvira Agrons 2020(AREDS) -0.4005 01101 292%  0.67 [0.54,0.83] -
Johanna M. Seddon, 2001 -0.2877 02721 200%  0.75[0.44,1.28] =
John Paul SanGiovanni» 2007 -0.4943 02027 24.0% 0.61[0.41,0.91] -
Total (95% CI) 100.0%  0.51[0.34, 0.75] <
Heterogeneity: Tau®= 0.12; Chi*= 13.18, df= 4 (P = 0.01); F= 70% 2 fm n=1 1’0 550

Testfor overall effect. Z=3.41 (P = 0.0006) Favours [experimental] Favours [control]

2-a
Effcet Size Effcet Size

study log[Effcet Size] SE Weight IV,Fix,95%CI IV,Fix,95%CI
Cristina Augood, 2008 -1.1394 05004 3.8% 0.32[0.12 0.89]
Elvira Agrén, 2020(AREDS) -0.4308 01139 73.8% 0.65[0.52 0.81] |
John Paul SanGiovanni, 2007 -0.6162 02069 22.4% 0.54[0.36,0.81] S
Total (95% Cl) 100.0% 0.61[0.50, 0.74] L J

ity: Chi*= = = e I t } |
Heterageneity: Chi*=2.32, df=2 (P=0.31); F=14% 001 o 10 100

Test for overall effect Z= 5.10 (P < 0.00001) Favours [experimental] Favours [control]

2-b

Effcet Size Effcet Size

study log[Effcet Size] SE Weight IV,Fix,95%CI IV,Fix,95%CI

Ctistina Augood, 2008 -1.2379 0.4946 3.4% 0.29[0.11,0.76] -

Elvira Agrdn. 2020(AREDS) -0.3711 01065 72.9% 0.69[0.56, 0.85] [ ]

John Paul SanGiovannis 2007 -0.2877 0.1869 23.7% 0.75[0.52, 1.08] —&

Total (95% CI) 100.0% 0.68[0.57,0.82] ’

Heterogeneity: Chi*= 3.26, df= 2 (P = 0.20); F= 39% ; t t J

oot ool ® £ num)) ' R41 pit 1 140
" . ’ ¢ Favours [experimental] Favours [control]

Figure 2. Forest plot of the effect size (ES) of wWAMD comparing the highest with the lowest dietary intake categories. A. Total omega-3 LCPUFAs. B. Docosahexaenoic
acid. C. eicosapentaenoic acid.

Effcet Size
log[Effcet Size] SE Weight IV,Random,95%CI
-1.6094 03537 0.0% 0.20[0.10,0.40]
11712 04842 3.4% 0.31[0.12,0.80]

Effcet Size

study IV,Random,95%CI

Aya Aok, 2016
Cristina Augood, 2008

Elvira Agrén, 2020(AREDS) -0.4005 01101 66.2%  0.67 [0.54,0.83] B
Johanna M. Seddon, 2001 02877 02721 10.8%  0.75[0.44,1.29] —T
John Paul SanGiovannis 2007 -0.4943 02027 19.5%  061[0.41,091] =
Total (95% Cl) 100.0%  0.65[0.54,0.77] +

Heterogeneity: Tau®= 0.00; Chi*= 2.79, df= 3 (P = 0.43); F= 0%

Test for overall effect Z= 4.83 (P < 0.00001) 002 0 i =00

Favours [experimental] Favours [control]

Figure 3.
Excluding the research of Aya Aoki et al., forest plot of the effect size (ES) of WAMD comparing the highest with the lowest dietary intake of total omega-3 LCPUFAS.

However, the research by Zhong et al. (23) found that high-
er dietary omega-3 polyunsaturated fatty acids did not reduce
the risk of advanced AMD, which is consistent with a previous
randomized controlled trial report that omega-3 FA supplemen-
tation did not affect the risk of neovascular AMD. However, these
findings are inconsistent with our meta-analysis of observational
studies of neovascular AMD, which may be due to the fact that
only a small proportion of early AMD cases are likely to progress
to advanced AMD during the 5-year follow-up period (24). There-

fore, the relatively low incidence and short follow-up period of ad-
vanced AMD may bias the results of randomized controlled trials.

Exudative AMD seriously affects patients’ quality of life and re-
duces social productivity. Dietary adjustments to reduce the risk
of AMD or slow its progress are of great significance for future
research. This meta-analysis provides evidence for the protec-
tive effect of dietary omega-3 LCPUFAs on neovascular AMD in
observational trials. Randomized controlled trials with a longer
follow-up period may be needed in the future.

[Nutr Hosp 2022;39(4):910-915]
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