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Objective: To describe the relationship between alco-
hol consumption and the incidence of age-related macu-
lar degeneration (AMD).

Methods: We conducted a prospective study among fe-
male nurses between 1980 and 1994 and among male
health professionals between 1986 and 1994. We in-
cluded 32 764 women and 29 488 men who were 50 years
or older, without a diagnosis of AMD or cancer at base-
line, and added additional subjects to the analysis as they
reached 50 years of age. Their alcohol intake was as-
sessed at baseline and updated during follow-up evalua-
tions using a validated semiquantitative food-frequency
questionnaire. After separate analyses for women and men,
pooled estimates of the relationship of alcohol to the risk
of AMD were calculated.

Results: Age-related macular degeneration associated
with a visual acuity loss of 20/30 or worse, including the
early and dry and wet types, was diagnosed in 298 women

(from 697 498 person-years of follow-up) and 153 men
(229 180 person-years) by 1994, the end of follow-up.
After controlling for age, smoking, and other risk fac-
tors, the pooled relative risks (RRs) and 95% confi-
dence intervals (CIs) for AMD compared with nondrink-
ers were 1.0 (0.7-1.2) for drinkers who consumed 0.1 to
4.9 g/d of alcohol; 0.9 (0.6-1.4) for 5 to 14.9 g/d; 1.1 (0.7-
1.7) for 15 to 29.9 g/d; and 1.3 (0.9-1.8) for 30 g/d or
more. Among women, there was a suggestion of a mod-
est increased risk of the disease in drinkers who con-
sumed 30 g/d or more (RR, 1.5; 95% CI, 1.0-2.4); this
was limited to an increased risk of the early and dry form
(RR, 2.0; 95% CI, 1.2-3.4). No specific type of alcohol
provided protection against AMD.

Conclusion: This prospective study does not support an
inverse relationship between moderate alcohol consump-
tion and risk of AMD.
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A GE-RELATED macular de-
generation (AMD) is the
leading cause of blind-
ness among elderly indi-
viduals in Western coun-

tries.1,2 Preventing development of the
disease is vital, since, in most cases, no ef-
fective treatment is available.3 Although
several risk factors or protective factors for
AMD have been suggested, few data, with
the exception of the link between smok-
ing and AMD, have been accumulated to
confirm these possible associations.4-6 Vas-
cular disease may affect the circulation to
the retina and may thus be related to the
development of AMD.7,8 The narrowing of
the choriocapillaris caused by atheroscle-
rosis may result in a decreased supply of
nutrients and oxygen to the retina and may
contribute to the development of ische-
mia in that region.9

Mild to moderate alcohol consump-
tion is a modifiable lifestyle factor known
to decrease the risk of coronary heart dis-

ease.10 Therefore, moderate alcohol con-
sumption may protect against AMD
through its beneficial effect on cardiovas-
cular disease. This hypothesis was sup-
ported by a recent cross-sectional study in
which an inverse association was ob-
served between alcohol consumption (par-
ticularly wine) and AMD,11 but, until now,
no prospective data have been available.
We therefore examined total and specific
types of alcohol consumption in relation
to the risk of AMD in 2 large prospective
follow-up studies of women and men.

RESULTS

During 697 498 person-years of fol-
low-up in women and 229 180 person-
years of follow-up in men, we ascer-
tained 451 cases of AMD (298 in women
and 153 in men; 271 early and dry AMD
and 180 wet AMD).

Among the 32 764 women and 29 488
men eligible for analysis at baseline, 33% of
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women and 23% of men reported consuming alcohol never
or less than once per month (Table 1). The majority in
both cohorts reported consuming a low to moderate amount
of alcohol (0.1-14.9 g/d). Few reported drinking 50 g or
more per day: 1.0% of women and 3.4% of men. Alcohol
drinking, especially consumption of 30 g/d or more, was
associated with smoking. Heavy drinkers also tended to have
more hypertension than any other group. The other char-
acteristics were distributed similarly according to alcohol
intake in both women and men.

Compared with nondrinkers, women who drank 30
g/d or more of alcohol had an increased risk of the dis-

ease in age-adjusted analyses (Table 2) (RR, 1.90; 95%
CI, 1.24-2.92; test for trend, P,.001). However, after con-
trolling for smoking, the RR was reduced to 1.54 (95%
CI, 0.99-2.39) (test for trend, P = .03). Additional ad-
justment for other factors did not affect the RR. The same
comparison among men showed a positive but weaker
association in age-adjusted analyses. This association also
was attenuated substantially by control for smoking. None
of the pooled multivariate RRs for alcohol drinkers com-
pared with nondrinkers was significant. Additional analy-
ses using either the average alcohol intake during fol-
low-up evaluation or the most recent alcohol intake as

SUBJECTS AND METHODS

STUDY POPULATION

The Nurses’ Health Study (NHS) started in 1976 among
121 701 female registered nurses aged 30 to 55 years who
completed a mailed questionnaire regarding medical his-
tory and health-related information. The Health Profes-
sionals Follow-up Study (HPFS) enrolled 51 529 male health
professionals 40 to 75 years of age residing in the United
States in 1986. The cohort consisted of dentists (57.6%),
veterinarians (19.6%), pharmacists (8.1%), optometrists
(7.3%), osteopathic physicians (4.3%), and podiatrists
(3.1%). For both cohorts, follow-up questionnaires have
been sent biennially to update exposure information and
to ascertain new disease diagnoses, including AMD.

ASCERTAINMENT OF DIET
AND ALCOHOL INTAKE

In 1980, we sent a semiquantitative food frequency ques-
tionnaire (FFQ) with 61 food items, including alcohol, to
measure dietary intake in the past year in women. Dietary
and alcohol intakes were measured with a similar FFQ
with approximately 120 food items in 1984, 1986, and
1990. Intake information was provided on a similar ques-
tionnaire by men in 1986 and 1990. Participants were
asked how often, on average, they had consumed each
type of food or beverage (beer, wine, and liquor) during
the past year. Separate questions for red and white wine
were asked of men and, from 1984 on, of women. There
were 9 possible responses, ranging from never or less than
once per month to 6 or more times per day. At baseline in
both cohorts, we also asked whether their alcohol use had
changed during the past 10 years. The alcohol content
was estimated to be 12.8 g per 12-oz (355-mL) can or
bottle of beer, 11.0 g per 4-oz (120-mL) glass of wine, and
14.0 g per shot of liquor. Total alcohol intake per indi-
vidual was calculated as the sum of the contribution from
each of these beverages.

The reproducibility and validity of food and alcohol
intake as assessed by the FFQs have been docu-
mented.12-14 The Spearman correlation coefficients be-
tween total alcohol consumption as assessed by the FFQ
and by the diet records were 0.90 for women and 0.86 for
men. The correlations for specific beverage types varied from
0.80 to 0.83 in women and from 0.70 to 0.86 in men. In
addition, the correlations with serum high-density lipo-
protein cholesterol levels, which are sensitive to alcohol in-
take, were 0.40 for women and 0.35 for men (P,.001).

POPULATION FOR ANALYSIS

The baseline population for this study included women who
were 50 years or older in 1980 and men who were in the same
age range in 1986 (47 806 women and 33 357 men). Partici-
pants were included in our analyses only if they had plau-
sible energy intakes (2510-14 640 kJ/d in women and 3350-
17 570 kJ/d in men), left fewer than 10 of 61 food items blank
on the FFQ (women) or fewer than 70 of 131 items blank
(men), and provided information on alcohol intake (36 117
women and 31 978 men). We excluded subjects who re-
ported a diagnosis of AMD or cancer (except nonmelanoma
skin cancer) at baseline (2136 women and 1744 men); these
exclusions were updated every 2 years. Finally, subjects who
did not answer any of the follow-up questionnaires regard-
ing a diagnosis of AMD (1986-1994 in the NHS and 1988-
1994 in the HPFS) were also excluded (1217 women and 746
men). A total of 32 764 women and 29 488 men were in-
cluded at baseline, and others were added as they reached
50 years of age at every 2-year follow-up evaluation. By 1992,
73 849 women and 37 389 men contributed to the analyses.
As of 1994, follow-up rates, calculated as total person-years
of follow-up divided by potential person-years of follow-up,
were 99% in the NHS and 97% in the HPFS.

IDENTIFICATION OF CASES

Questions regarding the diagnosis of AMD were first asked
of women in 1986 and of men in 1988. When the cohort
member reported a diagnosis of AMD, we requested per-
mission to review medical records. We then asked his or
her ophthalmologist to complete a standardized question-
naire regarding best-corrected visual acuity, signs of AMD
(including drusen, retinal pigment epithelial hypopigmen-
tation/hyperpigmentation, geographic atrophy, retinal pig-
ment epithelial detachment, subretinal neovascular mem-
brane, or disciform scar), and date of initial diagnosis, or
to send us copies of ocular records to confirm the diagno-
sis. Cases were defined as participants with AMD that was
associated with a visual acuity loss of 20/30 or worse in at
least one eye and who were first diagnosed after complet-
ing baseline FFQs and before June 1, 1994, in the NHS and
January 1, 1994, in the HPFS. In addition, the AMD had to
be judged by the ophthalmologist to be sufficient alone to
cause visual acuity loss of 20/30 or worse. We used the sub-
ject as the unit of analysis, with disease status defined by
the more severely affected eye.

In addition to the analyses that included all cases, sepa-
rate analyses were based on subgroups of AMD. Cases were
divided into 2 main types: early and dry and wet (exudative)
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the exposure provided qualitatively similar results. Among
never-smokers, the RRs for alcohol intake were similar
to the overall multivariate estimates. Relative risks were
also similar in analyses conducted among subjects who
reported unchanged alcohol intake in the 10 years prior
to baseline, who reported having 1 or more eye exami-
nations during follow-up, or who did not have cardio-
vascular disease.

We explored the association of total alcohol intake
with early and dry and wet AMD separately, because these
types may have different etiologic mechanisms (Table3).
In each cohort, approximately 60% of the cases had the

early and dry form. After controlling for age, smoking,
and other risk factors, alcohol intake of 30 g/d or more
was associated with an increased risk of early and dry AMD
in women (RR, 2.04; 95% CI, 1.22-3.42; test for trend,
P = .003). However, among men, the relationship was
much weaker (RR, 1.18; 95% CI, 0.62-2.23). The pooled
multivariate RR for this category was 1.60 (95% CI, 0.94-
2.73; test for trend, P = .02; for heterogeneity, P = .19).
There was no clear association between alcohol intake
and wet AMD in either women or men.

We also examined the effect of specific alcoholic
beverages in relation to total AMD (Table 4). Beer

AMD. The early and dry form of AMD was defined as the
presence of drusen, retinal pigment epithelial changes, or
geographic atrophy. The wet form of AMD, usually asso-
ciated with greater visual impairment, included the pres-
ence of retinal pigment epithelial detachment, choroidal
neovascular membrane, or disciform scar. If the case had
different types of AMD in each eye, we chose the more se-
vere type. Our case definition of AMD has been validated
by 2 retinal specialists who conducted a standardized re-
view of fundus slides in a subset of cases (those ascer-
tained from the 1990 follow-up in the NHS).5 Among 42
cases with photographs of sufficient quality to grade, 39
(93%) were judged to have AMD by both reviewers.

Two thousand eighty-seven women and 929 men re-
ported a diagnosis of AMD during follow-up evaluations; 761
women (36%) and 359 men (39%) were confirmed to have
AMD by their ophthalmologist. For 199 women (10%) and
79 men (9%), we were not able to contact either the sub-
jects or their ophthalmologists. The remainder of subjects
reporting AMD did not grant permission to contact their oph-
thalmologist (8%, NHS; 12%, HPFS), indicated that the ini-
tial report was in error (21%, NHS; 18%, HPFS), or did not
have the diagnosis confirmed by their ophthalmologist (25%,
NHS; 23%, HPFS). In the last case, the ophthalmologist fre-
quently implicated other maculopathies (eg, macular hole)
or other eye diseases (eg, diabetic retinopathy). After ex-
cluding women and men who did not have visual acuity loss
of 20/30 or worse (358 subjects in NHS and 125 in the HPFS)
or whose visual acuity loss was not attributable to AMD (90
subjects in the NHS and 32 in the HPFS), 313 women and
202 men met our case definition. Among them, after ex-
cluding subjects without dietary information, with a previ-
ous diagnosis of cancer, or a diagnosis of AMD either be-
fore completing the baseline FFQ or after the end of follow-
up, 298 women and 153 men were eligible for the analysis.

DATA ANALYSIS

We grouped total alcohol intake into 5 categories (non-
drinking, 0.1-4.9 g/d, 5.0-14.9 g/d, 15.0-29.9 g/d, and $30.0
g/d). Intake of each alcoholic beverage was categorized by
frequency (never or ,1 drink per month, 1-3 per month,
1-4 per week, 5 per week to 1 per day, and $2 per day).

Study participants contributed person-time (months)
in each 2-year interval from the time the baseline FFQ
was returned or from 50 years of age until a diagnosis of
AMD or cancer, death, the time of last questionnaire
return, or the end of the follow-up period (June 1, 1994,
for women and January 1, 1994, for men), whichever
came first.

Age-adjusted rates were calculated with age as a 5-year
categorical variable. Analyses to control for other potential
confounders employed pooled multivariate logistic regres-
sion.15 The models included potential risk factors for AMD,
such as age, smoking, body mass index (calculated as weight
in kilograms divided by the square of height in meters), his-
tory of hypertension, energy and lutein/zeaxanthin intake,
physical activity (metabolic equivalents per week by quin-
tile in men and vigorous activity once or more per week in
women), postmenopausal hormone use (women), and oc-
cupation(men).Tocontrol for smoking,pack-yearsof smok-
ing (number of years smoked3average number of packs of
cigarettes per day) were used, since this measure best reflects
the cumulative impact of smoking and is more strongly re-
lated to AMD than current smoking status.5 Among these
covariates, nondietary factors, including age, pack-years of
smoking,bodymass index,historyofhypertension,andpost-
menopausal hormone use, were updated every 2 years, as
recent exposure status may be more relevant to the disease.
For dietary covariates, we used baseline values for baseline
analyses and updated or averaged values in further analy-
ses.Forall relativerisks(RRs),95%confidence intervals(CIs)
were calculated. Tests for trend across categories of alcohol
intakewereconductedbyusing themedianswithineachcat-
egoryasacontinuousvariable.Log-likelihoodratio testswere
used to compare models with or without interaction terms
betweenalcohol intakeandsmoking.AllPvaluesare2-sided.

We conducted separate analyses for each cohort and
then pooled analyses of the 2 study groups. Tests for het-
erogeneity between the 2 cohorts were performed.16 Meta-
analytic methods using a random-effects model were em-
ployed to pool the RRs from the 2 cohorts.16

The primary analyses used alcohol intake as reported
on the baseline FFQs, but in alternative analyses, we up-
dated alcohol intake with each new assessment to exam-
ine the effect of the most recent intake on risk of AMD. In
addition, an updated average intake over the follow-up pe-
riod was examined (eg, in women, 1980 intake for the 1980-
1984 follow-up and an average of the 1980 and 1984 in-
take for the 1984-1986 follow-up).

To confirm the results from the primary analyses,
we also performed several restricted analyses in the fol-
lowing groups: (1) never-smokers, (2) subjects who
reported unchanged drinking habits in the previous 10
years, (3) subjects without cardiovascular disease (an-
gina, myocardial infarction, stroke, and coronary bypass
or angioplasty in men and angina and myocardial infarc-
tion in women), and (4) subjects who had eye examina-
tions, either for screening or for symptoms, during
follow-up.
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Table 1. Age-Standardized Baseline Characteristics of Cohorts According to Alcohol Intake Among Participants Who Reported
Alcohol Values and Were 50 Years or Older at Baseline (1980 for Women and 1986 for Men)*

Characteristic

Alcohol Intake, g/d

0 0.1-4.9 5-14.9 15-29.9 $30

Women
No. of subjects 10 822 10 141 7465 2361 1975
Mean age, y 54 54 54 54 54
Currently smoking, % 22 25 32 34 54
Mean body mass index, kg/m2 26 25 24 24 24
Vigorous activity once or more per week, % 39 43 47 48 40
Postmenopausal hormone use, % 11 12 13 14 14
High blood pressure, % 27 23 22 22 30
High blood cholesterol level, % 10 9 8 9 8
Eye examination in 1988-1994, % 95 96 96 96 94
Energy-adjusted daily mean lutein/zeaxanthin intake, µg 4870 5409 5630 6129 5224

Men
No. of subjects 6849 6796 8117 3829 3897
Mean age, y 61 60 60 60 61
Currently smoking, % 7 8 9 9 20
Mean body mass index, kg/m2 26 26 26 25 26
Physical activity, METs/wk 24 22 24 24 23
High blood pressure, % 27 25 26 28 33
High blood cholesterol level, % 14 15 15 15 15
Eye examination in 1990-1994, % 88 90 91 91 88
Energy-adjusted daily mean lutein/zeaxanthin intake, µg 3849 4009 4018 4077 3613

*Except for the mean age data, all data shown are standardized to the age distributions of the cohorts at baseline. METs indicates metabolic equivalents.

Table 2. Relative Risk (RR) of Total Age-Related Macular Degeneration by Alcohol Intake*

Alcohol Intake, g/d
P

0 0.1-4.9 5-14.9 15-29.9 30+
For

Trend†
For

Heterogeneity‡

Women
Median intake, g/d 0 1.8 10.8 19.5 36.5
No. of cases 85 85 72 28 28
Person-years 224 360 223 080 159 691 51 446 38 921
Age-adjusted RR (95% CI) 1.00 1.05 (0.78-1.42) 1.22 (0.89-1.67) 1.48 (0.97-2.27) 1.90 (1.24-2.92) ,.001
Age- and smoking-adjusted RR (95% CI) 1.00 1.04 (0.77-1.40) 1.14 (0.83-1.57) 1.35 (0.88-2.08) 1.54 (0.99-2.39) .03
Multivariate RR (95% CI)§ 1.00 1.03 (0.76-1.39) 1.12 (0.81-1.55) 1.31 (0.85-2.04) 1.51 (0.97-2.37) .04

Men
Median intake, g/d 0 1.9 9.6 18.9 40.5
No. of cases 39 31 35 19 29
Person-years 52 275 53 816 63 279 30 426 29 384
Age-adjusted RR (95% CI) 1.00 0.81 (0.51-1.30) 0.80 (0.51-1.27) 0.96 (0.55-1.66) 1.33 (0.82-2.16) .08
Age- and smoking-adjusted RR (95% CI) 1.00 0.80 (0.50-1.28) 0.75 (0.47-1.19) 0.85 (0.49-1.49) 1.10 (0.67-1.80) .38
Multivariate RR (95% CI)\ 1.00 0.80 (0.50-1.28) 0.74 (0.46-1.17) 0.81 (0.46-1.41) 1.04 (0.63-1.72) .54

Pooled Multivariate RR (95% CI)
Baseline intake (n = 451) 1.00 0.96 (0.74-1.23) 0.94 (0.63-1.41) 1.06 (0.66-1.71) 1.28 (0.89-1.84) .05 .33
Most recent intake (n = 451) 1.00 0.98 (0.75-1.28) 1.01 (0.74-1.37) 1.03 (0.58-1.85) 1.41 (1.01-1.98) .02 .73
Average intake during follow-up (n = 451) 1.00 1.04 (0.80-1.35) 0.89 (0.66-1.19) 1.06 (0.75-1.49) 1.48 (0.96-2.30) .03 .40
In never-smokers (n = 146) 1.00 0.86 (0.58-1.28) 0.73 (0.45-1.19) 1.07 (0.54-2.10) 1.42 (0.68-2.95) .48 .82
Without change in alcohol intake (n = 322) 1.00 0.99 (0.58-1.71) 1.11 (0.80-1.53) 1.20 (0.80-1.91) 1.32 (0.84-2.08) .07 .63
With eye examination (n = 437) 1.00 0.95 (0.71-1.26) 0.92 (0.57-1.49) 0.99 (0.62-1.59) 1.26 (0.87-1.85) .08 .41
Without cardiovascular disease (n = 388) 1.00 0.92 (0.63-1.35) 0.94 (0.61-1.45) 1.10 (0.75-1.59) 1.32 (0.85-2.02) .05 .44

*A 2-year period is adjusted in every analysis. CI indicates confidence interval.
†The test for trend was calculated using median intake of alcohol in each category as a continuous variable.
‡The test for between-study heterogeneity was calculated using the test for trend.
§The multivariate model controlled for age (50-54, 55-59, 60-64, 65-69, and 70-74 years), smoking (never, 1-9, 10-24, 25-44, 45-64, and 65+ pack-years),

high blood pressure (yes or no), total energy intake (quintiles), lutein/zeaxanthin intake (quintiles), body mass index (,21, 21.0-22.9, 23.0-24,9, 25.0-28.9, and
29.0+ kg/m 2), postmenopausal hormone use (premenopausal and never, current, and past users), and vigorous exercise (yes or no).

\The multivariate model controlled for age (50-59, 60-64, 65-69, 70-74, and 75+ years), smoking (never, 1-9, 10-24, 25-44, 45-64, and 65+ pack-years), high
blood pressure (yes or no), total energy intake (quintiles), lutein/zeaxanthin intake (quintiles), body mass index (,21, 21.0-22.9, 23.0-24.9, 25.0-28.9, and
29.0+ kg/m 2), profession (dentist, pharmacist, optometrist, podiatrist, or veterinarian), and physical activity (metabolic equivalent quintiles).
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consumption was not appreciably related to AMD in ei-
ther women or men. However, a high intake of wine was
positively related to AMD in each cohort. Compared with
nondrinkers, women in the highest category of wine in-
take ($2 drinks per day) had an age-adjusted RR of 2.20
(95% CI, 1.29-3.76), which was only modestly attenuated
after adjustment for smoking and other risk factors (RR,
2.07; 95% CI, 1.20-3.58; test for trend, P = .02). Men had
a 40% increased risk in the same category of wine intake
(RR, 1.40; 95% CI, 0.55-3.53). The pooled multivariate RR
for this comparison was 1.87 (95% CI, 1.17-3.00). In an
analysis among never-smokers only, the pooled RR was at-
tenuated to 1.37 (95% CI, 0.42-4.46), suggesting possible
residual confounding in the overall association.

At baseline, the results for red and white wine sepa-
rately were only available for men and suggested that the
positive association was stronger (although not signifi-
cant) for white wine. The multivariate RR for men who
had 2 or more drinks of white wine per day was 2.16 (95%
CI, 0.77-6.11; test for trend, P = .09). The limited num-
ber of cases precluded a separate analysis of high red wine
intake. To further explore this issue in women, we used
data on alcohol intake collected in 1984, the first year
we collected information on red and white wine sepa-
rately. As in men, women who consumed 2 or more drinks
per day of white wine had a 2-fold increased risk (RR,
1.98; 95% CI, 0.99-3.98).

The relationship of wine drinking with AMD risk
seemed limited to the early and dry form of the disease,
although the number of cases in these analyses was small.
For early and dry AMD, the pooled multivariate RR for
2 or more drinks of wine per day was 2.36 (95% CI, 1.31-
4.27); the multivariate RRs for that category were 2.79
(95% CI, 1.50-5.21) in women and 1.37 (95% CI, 0.41-
4.53) in men (data not shown).

A high liquor intake ($2 drinks per day) was asso-
ciated with a significantly increased risk in age-adjusted

analyses in both women and men (RR, 2.03; 95% CI, 1.24-
3.30, and RR, 1.76; 95% CI, 1.09-2.83, respectively). How-
ever, the association was attenuated in multivariate analy-
ses, primarily because of controlling for smoking (RR,
1.51; 95% CI, 1.05-2.17; test for trend, P = .009). Fur-
ther analyses restricted to never-smokers provided a
pooled RR of 1.43 for the same comparison (data not
shown). No clear association was observed at lower lev-
els of alcohol intake.

Since smoking is an important risk factor for AMD
and usually related to alcohol consumption, we exam-
ined the interaction between alcohol and smoking. We
found no significant interactions between smoking and
either overall alcohol intake or wine consumption spe-
cifically.

COMMENT

These prospective data from 111 238 women and men
do not support a protective effect of moderate alcohol
consumption on the risk of AMD. In our primary analy-
ses, we found no substantial association between total
alcohol intake and incidence of AMD. Among women,
we observed a moderate adverse effect of alcohol con-
sumption of 30 g/d or more that seemed to be limited to
early and dry AMD, the early stage of the disease. The
apparent increased risk associated with alcohol was prin-
cipally caused by wine, particularly white wine. Most of
the observed results across the 2 large cohorts of men
and women were consistent; we conducted tests for be-
tween-study heterogeneity for all effect estimates, and
none was significant.

Several studies have provided support for the hy-
pothesis that relates AMD to a predisposition for cardio-
vascular disease.7 History of cardiovascular disease has
been associated with AMD in some reports,17,18 but not
in others.19,20 In one cross-sectional study, subjects with

Table 3. Relative Risk (RR) of Early and Dry and Wet Age-Related Macular Degeneration (AMD) by Alcohol Intake*

Alcohol Intake, g/d
P

0 0.1-4.9 5-14.9 15-29.9 30+
For

Trend†
For

Heterogeneity‡

Early and Dry AMD
Women

No. of cases 54 49 38 18 23
Multivariate RR (95% CI) 1.00 0.94 (0.64-1.39) 0.95 (0.62-1.45) 1.36 (0.79-2.36) 2.04 (1.22-3.42) .003

Men
No. of cases 23 17 19 11 19
Multivariate RR (95% CI) 1.00 0.75 (0.40-1.42) 0.70 (0.38-1.30) 0.80 (0.38-1.66) 1.18 (0.62-2.23) .31

Pooled multivariate RR (95% CI) 1.00 0.88 (0.63-1.23) 0.86 (0.61-1.22) 1.10 (0.66-1.84) 1.60 (0.94-2.73) .02 .23

Wet AMD
Women

No. of cases 31 36 34 10 5
Multivariate RR (95% CI) 1.00 1.19 (0.73-1.93) 1.41 (0.85-2.32) 1.25 (0.60-2.58) 0.69 (0.26-1.83) .73

Men
No. of cases 16 14 16 8 10
Multivariate RR (95% CI) 1.00 0.86 (0.42-1.78) 0.79 (0.39-1.61) 0.83 (0.35-1.98) 0.86 (0.38-1.95) .82

Pooled multivariate RR (95% CI) 1.00 1.07 (0.72-1.61) 1.12 (0.65-1.94) 1.05 (0.60-1.84) 0.78 (0.42-1.47) .69 .92

*The multivariate models use the same covariates for women and men as in Table 2. CI indicates confidence interval.
†The test for trend was calculated using median intake of alcohol in each category as a continuous variable.
‡The test for between-study heterogeneity was calculated using the test for trend.
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plaques in carotid arteries had a 4.5-fold (95% CI, 1.9-
10.7) increased risk of AMD.21 Several cardiovascular risk
factors, such as smoking, hypertension, and elevated blood
cholesterol levels, were directly related to AMD in some
studies,5,18,19,22-24 but not in others.20,25 Antioxidant nu-
trients and postmenopausal hormone use, protective fac-
tors for cardiovascular disease, may also provide some
protection against AMD.19,26 However, these studies do
not distinguish whether the predisposition to cardiovas-
cular disease directly affects the development of AMD (eg,
caused by atherosclerosis of retinal vessels) or whether
these 2 diseases just share some common risk factors or
protective factors that work through different mecha-
nisms. Our results do not support the former idea, since
moderate alcohol consumption is an important protec-
tive factor in cardiovascular disease,10 and, if cardiovas-
cular disease promoted AMD, we would expect a pro-
tective effect of alcohol on AMD.

There have been few previous studies of alcohol
intake and risk of AMD. The Beaver Dam Eye Study
reported that beer consumption was positively related to
increased retinal pigment and wet AMD.27 The Blue
Mountain Eye Study observed an adverse effect of liquor

intake.28 On the other hand, the study based on the first
National Health and Nutrition Examination Survey
reported a protective effect of wine.11 However, these
studies were limited by their cross-sectional design and
had limited control of possible confounders.

Alcohol consumption may have different associa-
tions with early and dry AMD and wet AMD; it may be
more strongly related to the wet type. We had limited
power to detect such an association. Most studies that
have found associations with cardiovascular risk factors
and AMD were based on wet AMD cases.19,21,24,26 In the
preliminary report from the Eye Disease Case-Control
Study, higher alcohol intake was related to a reduced risk
of wet AMD.29 Alternatively, the proposed protective ef-
fect of alcohol may be canceled out by other adverse ef-
fects of alcohol on AMD. In one recent study, ethanol
exposure caused a decrease in docosahexaenoic acid lev-
els (the most abundant fatty acids in the human retina)
in feline retinas.30 Alcohol also may influence antioxi-
dant vitamin levels, which in turn may increase the risk
of AMD. Several studies have shown that alcohol con-
sumption is inversely associated with serum or tissue an-
tioxidant nutrients, such as b-carotene and lutein/

Table 4. Relative Risk (RR) of Total Age-Related Macular Degeneration (AMD) by Intake of Each Alcoholic Beverage*

Alcohol Intake, No. of Drinks P

Never
or ,1/mo 1-3/mo 1-4/wk 5/wk to 1/d $2/d

For
Trend†

For
Heterogeneity‡

Beer
Women

No. of cases 243 19 18 15
Multivariate RR (95% CI) 1.00 0.68 (0.42-1.09) 0.74 (0.45-1.21) 1.09 (0.64-1.85) .85

Men
No. of cases 80 26 30 13
Multivariate RR (95% CI) 1.00 0.83 (0.52-1.34) 0.84 (0.53-1.33) 0.80 (0.44-1.48) .49

Pooled multivariate RR (95% CI) 1.00 0.75 (0.53-1.05) 0.79 (0.56-1.11) 0.95 (0.64-1.43) .73 .52

Wine
Women

No. of cases 132 68 51 30 15
Multivariate RR (95% CI) 1.00 1.16 (0.85-1.57) 0.95 (0.67-1.34) 1.23 (0.81-1.87) 2.07 (1.20-3.58) .02

Men
No. of cases 72 16 41 18 5
Multivariate RR (95% CI) 1.00 0.78 (0.45-1.37) 0.93 (0.61-1.41) 0.86 (0.49-1.49) 1.40 (0.55-3.53) .65

Red wine§
No. of cases 98 34 14 4
Multivariate RR (95% CI) 1.00 1.26 (0.78-2.03) 0.78 (0.41-1.51) 0.79 (0.28-2.24) .59

White wine§
No. of cases 78 36 21 8 4
Multivariate RR (95% CI) 1.00 0.83 (0.51-1.35) 0.68 (0.38-1.21) 1.16 (0.54-2.51) 2.16 (0.77-6.11) .09

Pooled multivariate RR (95% CI) 1.00 1.02 (0.71-1.46) 0.94 (0.72-1.23) 1.07 (0.76-1.52) 1.87 (1.17-3.00) .02 .43

Liquor
Women

No. of cases 157 44 45 30 18
Multivariate RR (95% CI) 1.00 0.90 (0.63-1.27) 0.96 (0.68-1.37) 1.10 (0.73-1.65) 1.49 (0.89-2.49) .10

Men
No. of cases 61 17 22 27 24
Multivariate RR (95% CI) 1.00 0.99 (0.56-1.74) 0.82 (0.48-1.38) 1.43 (0.87-2.33) 1.53 (0.92-2.56) .04

Pooled multivariate RR (95% CI) 1.00 0.92 (0.68-1.24) 0.92 (0.68-1.23) 1.22 (0.89-1.67) 1.51 (1.05-2.17) .009 .78

*The multivariate models use the same covariates for women and men as in Table 2, as well as the other alcoholic beverages in this table, simultaneously.
CI indicates confidence interval.

†The test for trend was calculated using median intake of alcohol in each category as a continuous variable.
‡The test for between-study heterogeneity was calculated using the test for trend.
§The effects of red and white wine were examined only for men.
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zeaxanthin, even after control for dietary antioxidant
intake.31,32

We have no good explanation for why the highest
consumption of wine was associated with increased risk.
Although the association may well have been caused by
chance, the finding was consistent in both cohorts. The
apparent adverse effect of wine seemed to be limited to
the early and dry form of AMD and was pronounced only
at high intake. However, since we had only a limited num-
ber of wet AMD cases in both cohorts, the results for wet
AMD are inconclusive and should be examined further
in other studies and in our own study after additional fol-
low-up evaluation.

The positive association of wine with AMD seemed
to be limited to white wine drinkers who consumed 2
drinks or more per day. In our study, it was not possible
to determine whether only white wine had this adverse
effect, since there were few red wine drinkers and a lim-
ited number of cases in the high red wine intake group.
Some component in wine other than alcohol may have
an adverse effect on AMD. Alternatively, wine consump-
tion may serve as a surrogate for other lifestyle risk fac-
tors. Contrary to our results, previous studies that ex-
amined the effect of different types of alcohol did not find
any adverse effect of wine on early and dry AMD.7,28 How-
ever, in the Beaver Dam Eye Study, the results were in-
conclusive because of the limited number of wine drink-
ers.27 The Blue Mountain Eye Study also had inconclusive
findings, as other potential risk factors were not ac-
counted for in the analysis.28 In addition, none of these
studies examined red and white wine separately.

Since we took advantage of 2 prospective cohorts
in which alcohol intake was measured before the diag-
nosis of disease, the possibility of recall bias was elimi-
nated. Additionally, loss to follow-up, a potential source
of bias in cohort studies, has been low. To minimize the
possibility that people who drank alcohol may have had
a different pattern of routine eye examinations, and thus
of being diagnosed with AMD, we included only cases
with visual acuity loss of 20/30 or worse. We also con-
ducted secondary analyses limited to participants who
had an eye examination during follow-up and observed
essentially the same results. Although we had a strict case
definition of visual acuity loss of 20/30 or worse, some
cases may still be included among our noncases. How-
ever, as long as the threshold for diagnosis is unrelated
to alcohol intake and specificity is close to 100%, our RRs
will have minimal bias.33,34 Based on our case validation
study, the positive predictive value was 93% (39/42).5 This
high predictive value ensures a high specificity ($99%).35

In subgroup analyses employing a stricter case defini-
tion of visual acuity loss of 20/50 or worse, the overall
RR was 0.81 for subjects who consumed 30 g/d or more
of alcohol (data not shown). However, this RR may be
lower because cases with visual acuity loss of 20/50 in-
clude primarily wet AMD cases. Further analyses of early
and dry AMD cases with visual acuity loss of 20/50 (74
cases) provided a pooled RR of 1.24 (0.52-2.96) for the
highest category of alcohol intake.

Some degree of random misclassification in alco-
hol consumption is unavoidable and may bias the re-
sults toward the null. However, alcohol consumption has

been strongly protective for coronary heart disease in these
cohorts.36,37 We conducted a restricted analysis exclud-
ing people who had cardiovascular disease, since they may
change their dietary habits because of the disease and their
dietary information may not reflect long-term intake; we
also evaluated these associations among participants re-
porting no substantial increase or decrease in alcohol in-
take in the 10 years prior to baseline. These analyses also
did not materially change the overall results.

We had good information for most potentially im-
portant known confounders, including smoking, dietary
intake (eg, zinc, vitamin E, carotenoids), and other life-
style factors. Except for age and smoking, none of the other
potential risk factors had a substantial influence on the as-
sociations. Of course, we cannot rule out with certainty a
bias caused by other, unmeasured risk factors (eg, sun
exposure). Since smoking is an important risk factor for
AMD and highly correlated with drinking (especially heavy
drinking), some degree of the positive association we ob-
served in women might have been attributable to re-
sidual confounding caused by smoking (although wine
drinking specifically is not strongly associated with
smoking). To address this possibility, we conducted an
analysis in never-smokers only (146 cases): the RR essen-
tially did not change for total alcohol and decreased some-
what for wine. However, because of the small number of
cases remaining in this analysis, the effect estimates were
unstable, with wide CIs. With additional follow-up, we will
be able to address this issue more thoroughly.

These prospective results suggest that moderate al-
cohol intake has no beneficial effect on the risk of AMD
overall. Further studies are needed to address these pos-
sible relationships with specific types of AMD.
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