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Dietary antioxidants and primary prevention of age related
macular degeneration: systematic review and meta-analysis

Elaine W-T Chong," Tien Y Wong,' Andreas J Kreis," Julie A Simpson,2 Robyn H Guymer’

ABSTRACT

Objective To evaluate the effectiveness of dietary
antioxidants in the primary prevention of age related
macular degeneration (AMD).

Design Systematic review and meta-analysis.

Data sources Search of seven databases without limits on
year or language of publication, and retrieval of
references in pertinent reviews and articles.

Methods Two reviewers independently searched the
databases and selected the studies, using standardised
criteria. Randomised clinical trials and prospective cohort
studies were included. Of the 4192 abstracts initially
identified, 12 studies (nine prospective cohort studies
and three randomised clinical trials) met the selection
criteria and were included. Data extraction and study
quality evaluation were independently reviewed, using
standardised criteria. Results were pooled quantitatively
using meta-analytic methods.

Results The nine prospective cohort studies included
149203 people, with 1878 incident cases of early AMD.
The antioxidants investigated differed across studies,
and not all studies contributed to the meta-analysis of
each antioxidant. Pooled results from prospective cohort
studies indicated that vitamin A, vitamin C, vitamin E,
zinc, lutein, zeaxanthin, a carotene, B carotene,

B cryptoxanthin, and lycopene have little or no effect in
the primary prevention of early AMD. The three
randomised clinical trials did not show that antioxidant
supplements prevented early AMD.

Conclusions There is insufficient evidence to support the
role of dietary antioxidants, including the use of dietary
antioxidant supplements, for the primary prevention of
early AMD.

INTRODUCTION

Early age related macular degeneration (AMD) is
characterised clinically by yellow deposits known as
drusen and changes in pigmentation of the retina.
Late AMD develops when there is an ingrowth of
new blood vessels that bleed into the subretinal space
or when the macula atrophies. Both conditions usually
lead to severe loss of central vision. The pathogenesis
of AMD is unclear'?; older age, genetic markers,’* and
cigarette smoking are the only risk factors consistently
reported.”® Although new treatments have emerged,
they are suitable only for a small proportion of people
with “wet” type late AMD.*"

Dietary antioxidants have long been suggested as
useful for preventing the development and progression
of AMD." The retina, with its high oxygen content and
constant exposure to light, is particularly susceptible to
oxidative damage.'* A large randomised clinical trial
showed that patients with intermediate AMD treated
with high dose antioxidant supplements had a 28%
reduction in the risk of progression to advanced
AMD compared with placebo."

Evidence of the role of dietary antioxidants as a
primary preventive measure for AMD remains
unclear. Some studies,'® *! but not others,*?** indicate
that diets rich in antioxidants may protect against the
development of signs of early AMD.'* We performed a
systematic review and meta-analysis of the role of a
range of dietary antioxidants in the primary prevention
of AMD.

METHODS
Data sources
We conducted a systematic review of seven databases
—PubMed, Web of Science, Embase, Medline,
Cochrane library, abstracts from the Association for
Research in Vision and Ophthalmology, and the
National Institutes of Health clinical trial databases.'”
Systematic search of these databases included the
terms diet, nutrition, supplement, carotenoids,
antioxidants, vitamin, zinc, selenium, iron, copper,
lutein, zeaxanthin, beta carotene, and lycopene, with
age related macular degeneration, retinal degenera-
tion, drusen, and geographic atrophy. No limits were
placed on the year or language of publication.
References identified from pertinent articles or books
were retrieved.

Studies and participants

Randomised controlled trials and prospective cohort
studies evaluating dietary antioxidants or antioxidant
supplements in the primary prevention of AMD were
considered for inclusion. We excluded studies in which
all participants had early AMD.

For a study to be included it required a clear
definition of exposure (dietary intake of vitamin A,
vitamin C, vitamin E, zinc, lutein and zeaxanthin,
o carotene, B carotene, B cryptoxanthin, lycopene);
participant follow-up for one year or longer; and statis-
tical techniques to adjust for potential confounders.
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Outcome measures

The primary study outcome was early AMD (defined
as soft drusen with or without retinal pigmentation
changes), and late AMD was the secondary study
outcome.

Selection of studies

Two reviewers independently searched the seven
databases, finding 4192 abstracts.

Data extraction and synthesis

Data extraction and evaluation of each study’s quality
were done independently by two reviewers. Data were
extracted using a standardised extraction form, and we
assessed the methodological quality by using the
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Fig 1| Pooled odds ratio for early AMD (highest v lowest dietary intake categories of vitamins

and zinc)
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Downs and Black instrument for cohort studies,'®2°

The QUOROM statement checklist was used for
randomised control trials.?!

We used fully adjusted odds ratio or relative risk in
the meta-analyses, and tested heterogeneity between
studies.” Sensitivity analyses were performed where
possible. We evaluated publication bias by plotting a
funnel plot.****

RESULTS

Of the 4192 abstracts screened, 89 were from
potentially relevant studies, of which 77 were excluded
because they did not meet the inclusion criteria. The
remaining 12 studies comprised nine prospective
cohort studies”’® and three randomised control
trials"'**'* (see bmj.com).

Prospective cohort studies
The nine prospective cohort studies selected
comprised seven independent studies including
149203 people and 1878 incident cases of early
AMD. All of the cohort studies recruited participants
between 1980 and 1994 and were conducted in the
United States or other Western countries. In
most studies, participants were 49 years or older.
Follow-up was 5-18 years (mean 9 years). Most
studies had initial participation rates of >80% and
follow-up rates of >75%. All but one study used
validated food frequency questionnaires to evaluate
intake of antioxidants.

The assessment and definition of AMD varied
between studies (see bmj.com). All studies adjusted
for age and smoking in their analyses.

Randomised controlled trials

Three randomised control trials evaluated
antioxidant supplementation in the primary
prevention of AMD.*'**'2 The vitamin E, cataract,
and age related maculopathy trial (VECAT)
evaluated vitamin E versus placebo supplementation
in an Australian population, while the alpha
tocopherol and beta carotene (ATBC) trial evaluated
vitamin E or B carotene supplementation, or both,
versus placebo in Finland. Neither of these trials
found that antioxidant supplements were effective
for primary prevention of AMD.

Dietary antioxidants and early AMD

The figures show the point estimates for vitamin A,
vitamin C, vitamin E, zinc, lutein and zeaxanthin,
o carotene, P carotene, P cryptoxanthin, and
lycopene in the different studies comparing the
highest versus the lowest fifth or fourth of intake for
early AMD.

For vitamin A, all three cohort studies that
contributed to the pooled analysis reported null
associations, and the pooled odds ratio of early
AMD, in a comparison of the highest to the lowest
vitamin A intake category, was 0.98 (95% confidence
interval 0.81 to 1.18). For vitamin C, three of the four
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studies reported positive associations and one
reported an inverse association. The pooled odds
ratio was 1.11 (0.84 to 1.46). For vitamin E, of the
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Fig 2| Pooled odds ratio for early AMD (highest v lowest dietary intake categories of
carotenoids)
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three published cohort studies that contributed to
the pooled results, two reported an inverse
association and one a null association (pooled odds
ratio 0.83 (0.69 to 1.01). The Rotterdam eye study,"™'
which reported a statistically significant finding,
contributed 60% weight to the pooled result. When
we pooled results from the two high quality
studies*!™® the odds ratio of vitamin E was 0.75
(0.59 to 0.94).

For zinc, two of the four studies reported positive
associations, one reported a null association, and one
an inverse association. The pooled odds ratio of zinc
for early AMD was 0.91 (0.74 to 1.11).

Six cohort studies contributed to the meta-analysis
of lutein and zeaxanthin. Of these, four reported null
associations, one a positive association, and one an
inverse association. None of the findings in these
studies was statistically significant, with little
heterogeneity between studies (P=0.80, I>=0%). The
pooled odds ratio for participants in the highest
relative to the lowest lutein and zeaxanthin intake
category was 0.98 (0.86 to 1.13). The symmetrical
shape of the funnel plot indicates that publication
bias is unlikely (see bmj.com).?***

Four published cohort studies evaluated the
associations between a carotene, B carotene,
B cryptoxanthin, and lycopene and early AMD
(fig 2). For a carotene, pooled results yielded an
odds ratio of 1.05 (0.87 to 1.26). For B carotene, two
of four studies reported null associations, one a
positive association, and one an inverse association;
none was significant. For p cryptoxanthin, the pooled
odds ratio of four studies was 1.01 (0.85 to 1.22), and
for lycopene it was 1.07 (0.90 to 1.28).

DISCUSSION

Our analysis examined the role of dietary
antioxidants and supplements in primary prevention
of AMD and found that a range of dietary
antioxidants, including vitamin A, C, and E, zinc,
lutein and zeaxanthin, a carotene, B carotene,
B cryptoxanthin, and lycopene, have little or no
effect.

Comparison with other studies

We found few randomised clinical trials, none of
which found that vitamin E and B carotene
supplements prevented early AMD .

For vitamin E, the borderline significant pooled
odds ratio suggests that vitamin E may be associated
with a reduced risk of early AMD. Results from
the two randomised control trials do not support a
protective effect of vitamin E supplementation,
given in doses 2.5-15 times greater than the
highest dietary range estimated from these cohort
studies.

Results from the alpha tocopherol and beta
carotene trial and the physicians’ health study are
consistent with data from prospective cohort studies.
The pooled odds ratio of dietary B carotene intake for
early AMD was 1.04 (0.85 to 1.27), comparing
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WHAT IS ALREADY KNOWN ABOUT THIS TOPIC

Age related macular degeneration (AMD) is the leading
cause of visual loss in older people

Antioxidants have been hypothesised to reduce oxidative
damage to the retina, but the effectiveness of dietary
antioxidants in the primary prevention of AMD is unclear

WHAT THIS STUDY ADDS

Dietary antioxidants had little or no effect in the primary
prevention of early AMD in well nourished Western
populations

Cigarette smoking remains the only widely accepted
modifiable risk factor for the primary prevention of AMD

the highest to the lowest category of dietary
B carotene.

Carotenoids have been shown to be good filters of
harmful blue light, and their antioxidant properties
have been demonstrated in vitro.?> However, results
from our review suggest that high antioxidant levels
in the healthy retina do little to prevent the
development of early AMD. A Cochrane review
showed that antioxidant supplements may have a
role in delaying the progression of early to late
AMD.*® These contrasting results could imply that
uncontrolled oxidative chain reactions of reactive
oxygen species may have begun in eyes with AMD
at early or intermediate stage, and thus high
antioxidant levels at this stage of the disease
process may be effective in slowing progression of
AMD.

Strengths and weaknesses of the study

We performed an extensive search through seven
databases and did not limit our searches by language
or time.?”*® The funnel plot shows that publication
bias was unlikely.?*** We had specified the inclusion
criteria for the studies. Studies that were included had
adequate follow-up, had sound methods, and were of
good quality. All studies had risk estimates adjusted
for age, cigarette smoking, and energy intake. There
was little heterogeneity between studies.

Limitations in published studies

Our review identified important limitations in the
current literature. We found few randomised
controlled trials. Of the primary prevention trials,
the two published randomised controlled trials
evaluated only two potential antioxidants.
Hence, prospective cohort studies currently provide
the best available evidence regarding dietary
antioxidants in the primary prevention of AMD.
Meta-analysis of observational data is known to
have more biases than meta-analysis of randomised
controlled trials.?’

Participants in some of the studies (healthcare
professionals, for example) may not be representa-
tive of the wider community. Moreover, all studies
were conducted in relatively well nourished

populations in developed Western countries, and
results may not be generalisable to other countries.

The assessment and definition of AMD varied
between studies. Definitions ranged from those
based on photographs to those that included visual
acuity criteria.

Finally, most studies used food frequency
questionnaires to assess dietary intakes of anti-
oxidants, and these questionnaires were adminis-
tered only once at study baseline.

Conclusion

Dietary intake of nine antioxidants evaluated in this
systematic review had little or no effect in the
primary prevention of early AMD in well nourished
Western populations. There is insufficient evidence
that antioxidants or supplements prevent the onset of
AMD.
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ABSTRACT

Objective To verify or refute the value of hospital episode
statistics (HES) in determining 30 day mortality after open
congenital cardiac surgery in infants nationally in
comparison with central cardiac audit database (CCAD)
information.

Design External review of paediatric cardiac surgical
outcomes in England (HES) and all UK units (CCAD), as
derived from each database.

Setting Congenital heart surgery centres in the United
Kingdom.

Data sources HES for congenital heart surgery and
corresponding information from CCAD for the period

1 April 2000 to 31 March 2002. HES was restricted
tothe 11 English centres; CCAD covered all 13 UK centres.
Main outcome measure Mortality within 30 days of open
heart surgery in infants aged under 12 months.

Results In a direct comparison for the years when data
from the 11 English centres were available from both
databases, HES omitted between 5% and 38% of
infants operated on in each centre. A median 40%
(range 0-73%) shortfall occurred in identification of
deaths by HES. As a result, mean 30 day mortality was
underestimated at 4% by HES as compared with 8% for
CCAD. In CCAD, between 1% and 23% of outcomes were
missing in nine of 11 English centres used in the
comparison (predominantly those for overseas
patients). Accordingly, CCAD mortality could also be
underestimated. Oxford provided the most complete
dataset to HES, including all deaths recorded by CCAD.
From three years of CCAD, Oxford’s infant mortality from
open cardiac surgery (10%) was not statistically

different from the mean for all 13 UK centres (8%, in
marked contrast to the conclusions drawn from HES for
two of those years.

Conclusions Hospital episode statistics are
unsatisfactory for the assessment of activity and
outcomes in congenital heart surgery. The central cardiac
audit database is more accurate and complete, but
furtherwork is needed to achieve fully comprehensive risk
stratified mortality data. Given unresolved limitations in
data quality, commercial organisations should reconsider
placing centre specific or surgeon specific mortality data
in the public domain.

INTRODUCTION

The inquiry into congenital heart surgery deaths in Bris-
tol was widely publicised, became a political issue, and
has had a profound effect on surgical practice in the Uni-
ted Kingdom." Irrespective of the intense controversy
generated by public reporting of mortality statistics in
the American healthcare system, the Department of
Health has insisted on a similar policy for cardiac surgi-
cal outcomes in the UK.**

The Bristol inquiry used hospital episode statistics
(HES) to compare outcomes with those of other
congenital cardiac surgical units in the UK.! In 2004
the BM]J published a paper from the “Dr Foster” Unit
at Imperial College, London, which described HES for
mortality in congenital heart surgery.* The paper sug-
gested that one unit, Oxford, had significantly higher
mortality than the national average for open opera-
tions in infants.
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