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Associations of Mortality With Ocular Disorders
and an Intervention of High-Dose Antioxidants
and Zinc in the Age-Related Eye Disease Study
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Objective: To assess the association of ocular disor-
ders and high doses of antioxidants or zinc with mortal-
ity in the Age-Related Eye Disease Study (AREDS).

Methods: Baseline fundus and lens photographs were
used to grade the macular and lens status of AREDS par-
ticipants. Participants were randomly assigned to re-
ceive oral supplements of high-dose antioxidants, zinc,
antioxidants plus zinc, or placebo. Risk of all-cause and
cause-specific mortality was assessed using adjusted Cox
proportional hazards models.

Results: During median follow-up of 6.5 years, 534 (11%)
of 4753 AREDS participants died. In fully adjusted mod-
els, participants with advanced age-related macular de-
generation (AMD) compared with participants with few,
ifany, drusen had increased mortality (relative risk [RR],
1.41; 95% confidence interval [CI], 1.08-1.86). Ad-

vanced AMD was associated with cardiovascular deaths.
Compared with participants having good acuity in both
eyes, those with visual acuity worse than 20/40 in 1 eye
had increased mortality (RR, 1.36; 95% CI, 1.12-1.65).
Nuclear opacity (RR, 1.40;95% CI, 1.12-1.75) and cata-
ract surgery (RR, 1.55; 95% CI, 1.18-2.05) were associ-
ated with increased all-cause mortality and with cancer
deaths. Participants randomly assigned to receive zinc had
lower mortality than those not taking zinc (RR, 0.73; 95%
CI, 0.61-0.89).

Conclusions: The decreased survival of AREDS partici-
pants with AMD and cataract suggests that these condi-
tions may reflect systemic rather than only local pro-
cesses. The improved survival in individuals randomly
assigned to receive zinc requires further study.
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ARIOUS OCULAR DISORDERS
(eg, visual impairment
and cataract and those in
persons with diabetes
mellitus, severe retinopa-
thy, or visual impairment) have been
reported'!” to be significant predictors of
a decreased life span, often even after
extensive adjustment for potential con-
founders. Cataract surgery has been
associated with decreased survival in
many’” but not all®® studies. A common
finding is the association between
nuclear opacities, in particular, and
decreased survival.®"?'! Age-related
macular degeneration (AMD), on the
other hand, has not been found to be
related to decreased survival in the few
studies®®® that have examined the rela-
tionship, although the ability to find an
association is limited because few partici-
pants in these studies had advanced dis-
ease (neovascular AMD or geographic
atrophy).
Why ocular factors should be asso-
ciated with decreased survival is unclear.

Inadequate adjustment for factors such as
age or underlying disease related to the
ocular conditions and mortality could ex-
plain the findings. The loss of vision could
have a direct effect on mortality if it re-
sults in a susceptibility to accidents such
as fatal falls or in depression, which has
been reported to increase mortality.'$!

CME course available at
www.archophthalmol.com

Also, ocular disorders, in particular cata-
ract, may be markers of systemic pro-
cesses that are associated with acceler-
ated physiologic aging and earlier death.”?
For example, generalized oxidative dam-
age might play a role in the development
of cataract and the aging process.

We undertook this study to deter-
mine whether visual impairment, type of
lens opacity, cataract surgery, and ad-
vanced AMD are associated with overall
or cause-specific mortality in partici-
pants in the Age-Related Eye Disease Study
(AREDS), a long-term study of the clini-
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cal course of age-related cataract and AMD. Because
AREDS included a randomized controlled trial of high-
dose antioxidants and zinc used for a median of 6.5 years,
we also examined the relationship between high-dose di-
etary supplements and mortality.

B VETHODS

Details of the AREDS design have been published previ-
ously.?! AREDS is an ongoing, multicenter study of the clini-
cal course of cataract and AMD. The study included a random-
ized clinical trial that evaluated the effect of high daily doses
of selected oral supplements (vitamin C, 500 mg; vitamin E,
400 1U; beta carotene, 15 mg; and zinc, 80 mg as zinc oxide
with 2 mg of cupric oxide) on the incidence and progression
of the 2 conditions. A total of 4757 persons aged 55 to 81 years
at enrollment were entered into the study at 11 clinical cen-
ters between November 13, 1992, and January 15, 1998.

The ocular eligibility requirements were largely deter-
mined by the AMD component of AREDS. Stereoscopic color
fundus photographs taken at baseline were used to assess macu-
lar status for this study. Photographs were assessed using the
AREDS system for classifying AMD?* by trained and certified
readers at a reading center, who classified each participant into
1 of 4 AMD categories: Category 1, few if any small drusen;
Category 2, extensive small drusen or nonextensive intermediate-
sized drusen; Category 3, extensive intermediate-sized dru-
sen, at least 1 large druse, or noncentral geographic atrophy;
and Category 4, unilateral advanced AMD or unilateral vision
loss to worse than 20/32 attributable to AMD.

Except for the requirement that all participants have at least
1 eye with visual acuity of 20/32 or better and that the media
be sufficiently clear for reasonable-quality fundus photogra-
phy, lens opacity status was not otherwise considered in se-
lecting participants. The large sample size requirements for the
AMD component of the study and the expected high preva-
lence of lens opacities in the targeted age group made it likely
that a diverse array of age-related lens opacities would be pres-
ent in the cohort.

The AREDS system for classifying cataracts® was used to as-
sess the presence and severity of nuclear, cortical, and posterior
subcapsular (PSC) lens opacities at baseline. Lens photographs
were evaluated at a reading center by trained and certified exam-
iners masked to the participants’ vision status. Nuclear opacities
were graded on a decimal scale using cutoff points set by a series
of standard slitlamp photographs with increasingly severe nuclear
sclerosis. Nuclear opacity grades ranged from 0.9 (severity less
than the lowest lens standard photograph) to 6.1 (severity ex-
ceeding the highest lens standard photograph). Each participant
was classified into 1 of 2 nuclear opacity groups, irrespective of
the presence of cortical or PSC opacities: less than grade 4 in both
eyes or in the phakic eye if there is a history of unilateral cataract
surgery vs grade 4 or higher in at least 1 eye.

The extent of cortical and PSC opacities was graded by es-
timating the area of lens involvement as seen on retroillumi-
nation photographs. Each participant was classified into 1 of 2
cortical opacity groups, irrespective of the presence of nuclear
or PSC opacities: 5% or less of the central 5-mm area in both
eyes or in the phakic eye if there is a history of unilateral cata-
ract surgery vs greater than 5% of the central 5-mm area in at
least 1 eye.

Similarly, each participant was classified into 1 of 2 PSC opac-
ity groups, irrespective of the presence of nuclear or cortical opaci-
ties: 5% or less of the central 5-mm area in both eyes or in the
phakic eye if there is a history of unilateral cataract surgery vs
greater than 5% of the central 5-mm area in at least 1 eye.

Participants were also classified (yes or no) according to
whether they had a history of cataract surgery.

Baseline best-corrected visual acuity was measured in each
eye according to the ETDRS protocol as the number of letters
read correctly, with scores ranging from 0 (<20/800) to 100
(20/10). Each participant was classified into 1 of 2 visual acu-
ity groups: 20/40 or better in both eyes (equivalent to >69 let-
ters) vs worse than 20/40 in 1 eye.

At enrollment, AREDS participants had to be free of any
illness or condition that would, in the opinion of the enrolling
physician, make long-term follow-up or compliance with use
of the study interventions unlikely or difficult. Persons with a
history of cancer with a poor prognosis for 7-year survival or a
major cardiovascular or cerebrovascular event within the year
before enrollment were ineligible for AREDS. Also excluded were
persons with more than minimal diabetic retinopathy, previ-
ous ocular surgery (except cataract surgery and unilateral pho-
tocoagulation for AMD), and the presence of any other eye dis-
ease that could complicate assessment of the progression of lens
opacities or AMD or that could affect visual acuity (eg, optic
atrophy and acute uveitis).

Simple randomization, stratified by AREDS clinical cen-
ter and AMD category, was used to enroll participants in the
2 X 2 factorial design of antioxidants and zinc. Participants in
AMD categories 2 through 4 were assigned with a probability
of 0.25 to receive placebo, antioxidants, zinc, or antioxidants
and zinc. Participants in AMD Category 1 were assigned with
a probability of 0.50 to receive placebo or antioxidants. The
potential risks of high-dose zinc supplements** if given to Cat-
egory 1 participants were unlikely to be balanced by any pos-
sible benefits. This group was at low risk of developing vision
loss due to AMD during the planned 5- to 8-year follow-up phase
of the clinical trial, and there is no published evidence that tak-
ing zinc might reduce the risk of lens opacities.

Data on age, sex, race (white, other), education level (high
school or less, more than high school), and smoking status (never,
former, current) were available from an interviewer-admin-
istered baseline questionnaire. Data on diabetes mellitus, ar-
thritis, angina, and cancer were based on solicited self-report.
As part of the clinical trial component of AREDS, participants
were given the option of taking a daily multivitamin supple-
ment containing the recommended daily allowance of nutri-
ents (Centrum; Wyeth Consumer Health Care International Inc,
Madison, NJ). At the baseline examination, trained observers
measured each participant’s height and weight, which were used
to calculate body mass index. Hypertension was defined as sys-
tolic blood pressure greater than 160 mm Hg or diastolic blood
pressure greater than 90 mm Hg or current use of antihyper-
tensive medications. Data on the use of cholesterol-lowering
medications, aspirin, or anti-inflammatory medications were
also collected.

The primary outcome variable for this study is all-cause
mortality. When mortality was reported, death was confirmed
and the cause of death was abstracted from hospital records and
from death certificates. Cause-specific mortality was based on
International Classification of Diseases, Ninth Revision (ICD-9)
codes, and analyses were performed for the major, broadly
grouped causes of death. Codes were assigned by a certified
ICD-9 diagnostic coder and reviewed by a physician medical
monitor. A Morbidity and Mortality Committee consisting of
2 physicians and a diagnostic coder reviewed the assigned codes,
and discrepancies were resolved by the medical monitor. Hos-
pital discharge summaries were provided when available to as-
sist in the review. The underlying cause of death was usually
selected as the primary cause. In the absence of an underlying
cause, immediate cause was selected as the primary cause. Cause
of death was unknown for 37 deaths without a death certifi-
cate or an informative hospitalization history.

Age- and sex-adjusted Cox proportional hazards models
predicting mortality were created with AMD category, visual
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Table 1. All-Cause Mortality by Selected Nonocular Baseline Characteristics
Characteristic Participants, No. (%) Deaths, No. (%) Mortality, %* RR (95% CI)t
Age, y

55-64 1012 44 (4.4) 4.2 1.00

65-69 1586 145 (9.1) 7.6 2.02 (1.44-2.83)

70-74 1419 195 (13.7) 12.5 3.16 (2.27-4.38)

75-81 736 150 (20.4) 19.0 5.14 (3.67-7.19)
Sex

F 2654 240 (9.0) 7.3 1.00

M 2099 294 (14.0) 1.7 1.61 (1.35-1.91)
Race

White 4546 509 (11.2) 8.9 1.00

Other 207 25 (12.1) 11.6 1.69 (1.13-2.52)
Educationf

High school or less 1705 240 (14.1) 12.3 1.00

More than high school 3045 294 (9.7) 7.3 0.64 (0.53-0.75)
Smoking status

Never 2105 166 (7.9) 6.2 1.00

Former 2273 292 (12.9) 10.1 1.53 (1.25-1.86)

Current 375 76 (20.3) 18.4 3.22 (2.45-4.23)
Body mass index§

Bottom 20% 941 128 (13.6) 11.0 1.32 (1.07-1.62)

Middle 60% 2861 294 (10.3) 8.4 1.00

Top 20% 948 111 (11.7) 8.8 1.28 (1.03-1.59)
Diabetes mellitus

No 4466 467 (10.5) 8.3 1.00

Yes 287 67 (23.3) 20.3 2.21 (1.70-2.87)
Cancer

No 3910 412 (10.5) 8.5 1.00

Yes 843 122 (14.5) 11.3 1.32 (1.08-1.62)
Angina

No 4264 449 (10.5) 8.4 1.00

Yes 489 85 (17.4) 14.8 1.45 (1.15-1.83)
Hypertension

No 2869 251 (8.8) 6.7 1.00

Yes 1884 283 (15.0) 12.9 1.73 (1.46-2.05)
Arthritis

No 2578 285 (11.1) 8.9 1.00

Yes 2175 249 (11.5) 9.1 1.02 (0.86-1.21)
Centrum use||

No 1613 193 (12.0) 9.2 1.00

Yes 3140 341 (10.9) 8.9 0.95 (0.80-1.14)
Aspirin or anti-inflammatory drug use

No 2932 316 (10.8) 8.7 1.00

Yes 1821 218 (12.0) 9.4 1.00 (0.84-1.19)
Cholesterol-lowering medication use

No 4337 487 (11.2) 8.9 1.00

Yes 416 47 (11.3) 10.4 1.06 (0.78-1.42)

Abbreviations: CI, confidence interval; RR, relative risk.

*Age- and sex-adjusted mortality for median follow-up (6.5 years).
tAge- and sex-adjusted risk ratios.

fThree participants refused to answer.

§Not measured for 3 participants.

|Wyeth Consumer Health Care International Inc, Madison, NJ.

acuity status, nuclear opacity status, cortical opacity status, PSC
opacity status, history of cataract surgery, and assigned AREDS
treatment at baseline as independent variables. We also con-
structed age- and sex-adjusted models predicting mortality with
the following health status indicators: race, education, smok-
ing status, and body mass index; use of Centrum, aspirin/anti-
inflammatory drugs, or cholesterol-lowering medications; and
the presence of angina, cancer, diabetes mellitus, hyperten-
sion, and arthritis. If a health status indicator adjusted for age
and sex was not related to mortality, it was not considered fur-
ther (P>.05). Significant health status indicators (P<<.05) were

added to models that examined the effect of each of the ocular
characteristics on mortality. In addition, models that included
statistically significant covariates and AMD and opacity char-
acteristics simultaneously were assessed. Last, AMD and mor-
tality analyses were conducted on the subset of AREDS par-
ticipants who did not receive any zinc to evaluate whether the
association between AMD and mortality is independent of an
association between zinc supplements and mortality. Statisti-
cal significance was determined using P=.05, without adjust-
ment for multiple comparisons. All analyses were carried out
using SAS version 8.0 (SAS Institute Inc, Cary, NC).
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Table 2. Association of All-Cause Mortality With Baseline Ocular and Treatment Characteristics
Characteristic Participants, No. (%) Deaths, No. (%) Mortality, %* RR (95% CI)t RR (95% Cl)$
AMD Category
1 1116 86 (7.7) 6.2 1.00 1.00
2 1060 96 (9.1) 7.3 1.11 (0.83-1.49) 1.09 (0.81-1.46)
3 1620 176 (10.9) 9.3 1.22 (0.94-1.58) 1.10 (0.85-1.43)
4 957 176 (18.4) 14.7 1.80 (1.38-2.34) 1.41 (1.08-1.86)
Visual acuity
=20/40 OU 3940 376 (9.5) 7.9 1.00 1.00
<20/40in 1 eye 813 158 (19.4) 15.6 1.65 (1.36-2.00) 1.36 (1.12-1.65)
Nuclear opacity§
Grade <4 in available eye(s) 4001 403 (10.1) 8.0 1.00 1.00
Grade =4 in at least 1 eye 617 107 (17.3) 15.2 1.45 (1.16-1.81) 1.40 (1.12-1.75)
Cortical opacity§
=5% in available eye(s) 4090 431 (10.5) 8.3 1.00 1.00
>5% in at least 1 eye 524 78 (14.9) 13.6 1.26 (0.98-1.61) 1.18 (0.92-1.51)
PSC opacity§
=5% in available eye(s) 4503 490 (10.9) 8.6 1.00 1.00
>5% in at least 1 eye 111 19 (17.1) 16.9 1.40 (0.86-2.27) 1.33 (0.82-2.18)
Cataract surgery
No 4465 475 (10.6) 8.5 1.00 1.00
Yes 288 59 (20.5) 195 1.66 (1.26-2.19) 1.55 (1.18-2.05)
AREDS treatment]|
Antioxidant main effect
No antioxidants 1806 211 (11.7) 9.8 1.00 1.00
Antioxidants 1831 237 (12.9) 101 1.15 (0.96-1.39) 1.17 (0.97-1.41)
Zinc main effect
No zinc 1847 257 (13.9) 10.9 1.00 1.00
Zinc 1790 191 (10.7) 8.9 0.76 (0.63-0.92) 0.73 (0.61-0.89)
Individual treatment groups
Placebo 903 117 (13.0) 10.9 1.00 1.00
Antioxidants alone 944 140 (14.8) 10.8 1.19 (0.93-1.52) 1.15 (0.90-1.48)
Zinc alone 903 94 (10.4) 8.5 0.79 (0.60-1.03) 0.72 (0.55-0.95)
Antioxidants plus zinc 887 97 (10.9) 9.2 0.88 (0.67-1.15) 0.86 (0.65-1.12)

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; Cl, confidence interval; PSC, posterior subcapsular;

RR, relative risk.
*Age- and sex-adjusted mortality for median follow-up (6.5 years).
tAge- and sex-adjusted risk ratios.

tAdjusted for statistically significant covariates: age, sex, race, education, smoking status, body mass index, diabetes mellitus, angina, cancer, and

hypertension.

§There were 135 participants without slitlamp photographs and 139 participants without retroillumination photographs.

[lIncludes 3637 AMD Category 2, 3, and 4 participants only.

— T

At baseline, the median age of the 4757 AREDS partici-
pants was 69 years. Between November 13,1992, and Oc-
tober 12,2001, 534 (11%) of the 4753 participants with
follow-up data for mortality died. Mortality rates, after
adjustment for age and sex, for the median follow-up (6.5
years), are given in Table 1. Adjusted rates are higher
for older persons, men, “other” races, those with less for-
mal education, current and former smokers, partici-
pants with diabetes mellitus, participants with a lean body
mass index, and those diagnosed as having comorbid con-
ditions, such as cancer, hypertension, and angina.
All-cause mortality rates increased with increasing
severity of macular disease (Table 2). After adjust-
ment for age and sex, participants with advanced AMD
in 1 eye (AMD Category 4) compared with participants
with few, if any, drusen (AMD Category 1) had a signifi-
cantly increased risk of mortality, and this association re-
mained statistically significant after adjustment for demo-
graphic, lifestyle, and comorbid conditions (relative risk
[RR], 1.41; 95% confidence interval [CI], 1.08-1.86).

In analyses adjusted for age, sex, and statistically sig-
nificant covariates, the presence of nuclear opacity in at
least 1 eye was associated with a statistically significant
increased risk in all-cause mortality (RR, 1.40; 95% CI,
1.12-1.75). A possible increased risk was also found for
cortical (RR, 1.18;95% CI, 0.92-1.51) and PSC (RR, 1.33;
95% CI, 0.82-2.18) opacities, but these increases were
not statistically significant. Cataract surgery was statis-
tically significantly associated with an increased risk of
all-cause mortality (RR, 1.55; 95% CI, 1.18-2.05).

Among AREDS participants eligible to be ran-
domly assigned to receive zinc (AMD Categories 2, 3, and
4), age- and sex-adjusted all-cause mortality, as given in
Table 2, was statistically significantly reduced in the main
effects analyses for participants randomly assigned to re-
ceive any zinc (zinc alone group and antioxidants plus
zinc group) compared with participants not randomly as-
signed to receive zinc (placebo group and antioxidants
alone group) (RR, 0.76; 95% CI, 0.63-0.92). The rela-
tionship persisted after adjustment for statistically sig-
nificant covariates (RR, 0.73;95% CI, 0.61-0.89). No sta-
tistical association was found with randomization to
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Covariate-adjusted estimates of the probability of all-cause mortality by age-related macular degeneration (AMD) Category (A), visual acuity (VA) (B), cataract
surgery (C), nuclear opacity grade (D), zinc treatment (E), and Age-Related Eye Disease Study treatment (F).

receive high-dose antioxidants and mortality whether as-
sessing the antioxidants main effect or the antioxidants
alone effect. Covariate-adjusted survival curves for AREDS
treatment and statistically significant ocular character-
istics are shown in the Figure. The comparison of indi-
viduals randomly assigned to receive zinc alone vs those
assigned to receive placebo is statistically significant only
after adjustment for all covariates (RR, 0.72; 95% CI,
0.55-0.95).

The AREDS clinical trial results reported® that in-
dividuals randomly assigned to receive antioxidants and
zinc reduced their risk of progression to AMD and loss
of visual acuity. To examine whether the association be-
tween AMD and mortality was independent of the asso-
ciation found for zinc and mortality, an analysis was con-
ducted assessing AMD and mortality in the subgroup of
AREDS participants in AMD Categories 2 through 4 not
randomly assigned to receive any zinc-containing supple-
ment along with participants in AMD Category 1. In this
subgroup of participants, advanced AMD remained a sta-
tistically significant risk factor for mortality in a covariate-
adjusted model (RR, 1.53; 95% CI, 1.13-2.07).

Compared with participants having better than 20/40
visual acuity in both eyes, those with visual acuity worse
than 20/40 in 1 eye had a statistically significantly in-
creased risk of all-cause mortality (RR, 1.36; 95% CI,
1.12-1.65). Ninety-one percent of participants who had
reduced vision at baseline (visual acuity <20/401in 1 eye)

were in AMD Category 4. Thus, the association between
visual impairment and mortality cannot be distinguished
from the association between AMD and mortality.

When AMD category and “any” lens opacity (de-
fined as nuclear, cortical, or PSC opacity or cataract sur-
gery) are included in a covariate-adjusted model (model
1), AMD Category 4 and “any” opacity are statistically
significantly associated with all-cause mortality (Table 3).
Two additional models were developed to determine
whether advanced AMD along with specific lens opaci-
ties are particularly associated with mortality. In model
2, nuclear opacity replaces any lens opacity from model
1 and, along with AMD Category 4, remains statistically
significant. Finally, in model 3, cataract surgery re-
places any lens opacity from model 1 and, along with AMD
Category 4, remains statistically significantly associated
with mortality in a multivariate model.

The ICD-9 codes for cause of death were available
for 497 of the deaths (93%). Most of these deaths were
from diseases of the circulatory system (40%) and neo-
plasms (34%). We grouped all other causes of death, ex-
cept “unknown” (n=37), into an “other” category (27%).
The specific causes of death for each of these broad cat-
egories are given in Table 4.

In covariate-adjusted analyses of cause-specific mor-
tality, AMD Category 4 was statistically significantly as-
sociated with cardiovascular deaths (RR, 1.92; 95% CI,
1.18-3.12) (Table 5). Nuclear opacity (RR, 1.56; 95%
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Table 3. Multivariate Adjusted Models Assessing
All Ocular Variables
Characteristic RR (95% Cl)*
Full model 11
AMD Category 2 1.11 (0.83-1.49)
AMD Category 3 1.09 (0.84-1.42)
AMD Category 4 1.38 (1.05-1.82)
Any opacityf 1.34 (1.12-1.61)
Full model 2§
AMD Category 2 1.09 (0.82-1.47)
AMD Category 3 1.11 (0.85-1.45)
AMD Category 4 1.38 (1.04-1.81)
Nuclear grade =4 in at least 1 eye 1.39 (1.11-1.73)
Full model 3|
AMD Category 2 1.08 (0.81-1.45)
AMD Category 3 1.07 (0.82-1.39)
AMD Category 4 1.35(1.03-1.78)
Cataract surgery 1.49 (1.12-1.97)

Abbreviations: AMD, age-related macular degeneration; Cl, confidence
interval; RR, relative risk.

*Adjusted for statistically significant covariates: age, sex, race, education,
smoking status, body mass index, diabetes mellitus, angina, cancer, and
hypertension.

tCovariate-adjusted Cox proportional hazards model including AMD
category and any opacity.

fIncludes nuclear, cortical, and posterior subcapsular opacity types and
cataract surgery.

§Covariate-adjusted Cox proportional hazards model including AMD
category and nuclear opacity.

|[Covariate-adjusted Cox proportional hazards model including AMD
category and cataract surgery.

CI, 1.05-2.31) and cataract surgery (RR, 2.29; 95% ClI,
1.45-3.60) were statistically significantly associated with
cancer deaths. Nuclear opacity was also statistically sig-
nificantly associated with “other” deaths (RR, 1.64; 95%
CI, 1.07-2.51).

Given the suggestion of a mortality benefit for par-
ticipants supplementing with zinc, analysis of cause-
specific mortality in AMD Category 2 through 4 partici-
pants was performed. Zinc supplementation did not show
a protective association with circulatory or neoplasm
causes of death. A protective effect was found for “other”
causes (RR, 0.64; 95% CI, 0.43-0.96). Further analysis
of this group found a nonsignificant protective effect for
respiratory causes, the largest subgroup of the other causes
(RR, 0.78; 95% CI, 0.41-1.47). No cause-specific asso-
ciations of antioxidants with mortality were found.

B COMMENT

All-cause mortality was 11% during a median of 6.5 years
of follow-up and was increased in AREDS participants
in AMD Category 4 and in those with nuclear lens opaci-
ties or a history of cataract surgery when potentially con-
founding covariates were taken into account. No statis-
tically significant associations with all-cause mortality were
noted for persons with less severe age-related macular
changes (AMD Categories 2 and 3), cortical lens opaci-
ties, or PSC lens opacities.

In an analysis of cause-specific mortality, AMD Cat-
egory 4 was associated with an increased risk of death
caused by diseases of the circulatory system. Persons with
nuclear opacities or a history of cataract surgery had in-

Table 4. Cause-Specific Mortality

Cause of Death Deaths, No. (n = 534)

Circulatory system
Ischemic heart disease 77
Other forms of heart disease 48
Cerebrovascular disease 30
Heart failure 24
Disease of arteries 8
Pulmonary circulation 7
Other circulatory diseases 2
Hypertensive disease 1
Subtotal 197

Neoplasms
Lung 43
Colorectal 17
Pancreatic 13
Prostate 11
Leukemia 11
Lymphoma 8
Brain 7
Breast 6
Bladder 5
Kidney 5
Ovarian 5
Esophagus &
Liver 3
Skin 3
Stomach 3
Other neoplasms 24
Subtotal 167

Other
Respiratory system 50
Infectious and parasitic diseases 16
Injury 15
Genitourinary system 13
lll-defined conditions 12
Digestive system 11
Nervous system 10
Endocrine diseases &
Mental disorders 2
Blood and blood-forming organs 1
Subtotal 133

Unknown 37

creased mortality from neoplasms and “other” causes com-
pared with persons without these lens-related charac-
teristics.

A statistically significant predictor of mortality in
AREDS was AMD Category 4. Three population-based
studies®®® have reported no association between mor-
tality and AMD, but each had few participants with ad-
vanced AMD. With eligibility criteria that permitted vi-
sual impairment only in 1 eye (all AREDS participants
had at least 1 eye with 20/32 or better visual acuity at
baseline), we noted an association between impaired vi-
sion and increased mortality. However, the AREDS mor-
tality findings for visual acuity and AMD were not inde-
pendent. Ninety-one percent of participants in AREDS
who had visual acuity less than 20/40 at baseline in 1 eye
were in AMD Category 4. This explains the similarity of
findings for AMD and visual impairment and mortality.

Large population-based studies have reported asso-
ciations between impaired vision and increased mortal-
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Table 5. Associations of Cause-Specific Mortality With Baseline Ocular and Treatment Characteristics

RR (95% Cl)*
I 1

Characteristic Circulatory System Neoplasms Other Causes
AMD category

1 1.00 1.00 1.00

2 1.41 (0.83-2.39) 1.09 (0.65-1.84) 0.60 (0.34-1.07)

3 1.45 (0.90-2.33) 1.16 (0.73-1.85) 0.75 (0.47-1.21)

4 1.92 (1.18-3.12) 1.50 (0.92-2.44) 0.97 (0.59-1.60)
Nuclear opacity

Grade <4 in available eye(s)
Grade =4 in at least 1 eye
Cortical opacity
=5% In available eye(s)
>5% In at least 1 eye
PSC opacity
=5% In available eye(s)
>5% In at least 1 eye

1.00
1.19(0.82-1.73)

1.00
1.26 (0.86-1.86)

1.00
1.78 (0.91-3.50)

Cataract surgery
No 1.00
Yes 1.21 (0.75-1.93)
AREDS treatmentt
Antioxidant main effect
No antioxidants 1.00
Antioxidants 1.35 (0.99-1.84)
Zinc main effect
No zinc 1.00
Zinc 0.77 (0.57-1.05)

1.00
1.56 (1.05-2.31)

1.00
1.41 (0.92-2.17)

1.00
0.91 (0.31-2.70)

1.00
2.29 (1.45-3.60)

1.00
1.64 (1.07-2.51)

1,00
0.82 (0.47-1.45)

1.00
1.63 (0.66-4.05)

1.00
1.18 (0.63-2.21)

1.00 1.00
1.18 (0.84-1.66) 0.83 (0.56-1.24)

1.00 1.00
0.78 (0.56-1.09) 0.64 (0.43-0.96)

Abbreviations: AMD, age-related macular degeneration; AREDS, Age-Related Eye Disease Study; Cl, confidence interval; PSC, posterior subcapsular;

RR, relative risk.

*Adjusted for statistically significant covariates: age, sex, race, education, smoking status, body mass index, diabetes mellitus, angina, cancer, and

hypertension.
tincludes AMD Category 2, 3, and 4 participants only.

ity. In 2 of these studies,®® vision impairment was de-
fined as corrected acuity of 20/40 or worse in the better
eye. In age- and sex-adjusted analyses, the Beaver Dam Eye
Study® noted a statistically significant 57% increase in mor-
tality for persons with impaired vision, but the finding was
not significant after adjustment for various systemic char-
acteristics. The 70% increased mortality risk for persons
with visual impairment in the Blue Mountains Eye Study®
was statistically significant, even after adjustment for po-
tentially important covariates. Data from that study sug-
gested that the visual impairment finding was indepen-
dent of the presence of cataract. The Melbourne Visual
Impairment Project® noted a significant increase in mor-
tality among persons with mild visual impairment, de-
fined as best-corrected acuity less than 6/12. Data from the
National Health Interview Survey,'” which uses self-
reports of visual impairment and ocular disease, suggest
that after adjustment for various covariates, including the
presence of cataract, glaucoma, and retinopathy (but not
AMD), women who reported bilateral severe visual im-
pairment (bilateral “blindness”) and lesser degrees of vi-
sual impairment, compared with women who reported no
impairment, had significantly higher all-cause and car-
diovascular disease-related mortality. Since data on AMD
were not collected in the National Health Interview Sur-
vey, it was not possible to examine whether the presence
of AMD was related to the visual impairment findings.
We found that nuclear opacities and a history of cata-
ract surgery were associated with decreased survival. Un-

like the case for AMD, the cataract variables were less
closely linked with visual impairment (visual acuity
<<20/40 in the worse eye) in the AREDS population. Only
20% of the visually impaired individuals had nuclear
opacities, and 24% of those with nuclear opacities had
visual impairment

Our findings for nuclear cataract are largely consis-
tent with those from earlier studies. Five population-
based studies®"*!! have reported that nuclear opacities
are important predictors of mortality independent of co-
variate adjustment. The fact that the association be-
tween nuclear cataract and mortality has been noted across
studies of different racial groups in different geographi-
cal areas and using different cataract classification sys-
tems strengthens the validity of the observation that cata-
racts, in particular nuclear cataracts, are associated with
decreased survival. Our finding that survival might be
decreased for persons with a history of cataract surgery,
however, is not consistently supported by earlier stud-
ies. Higher mortality has been reported' for persons un-
dergoing cataract surgery compared with those in the gen-
eral population or those undergoing other elective surgical
procedures. On the other hand, several population-
based studies®® that reported relationships between cata-
ract and decreased survival found no relationship be-
tween mortality and history of cataract surgery at baseline.
The many selective factors, including the presence of co-
morbid conditions, that determine whether a person un-
dergoes an elective procedure such as cataract surgery
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make it difficult to interpret cataract surgery and mor-
tality data.

As in several other studies”'** that have examined
cause-specific mortality, we found that persons with
nuclear opacities were at higher risk of death from neo-
plasms. In the Salisbury Eye Evaluation Project,” mixed
cataracts that included a nuclear component were asso-
ciated with a more than 2-fold increase in risk of death
from cancer. Similarly, the Barbados Eye Studies™ re-

ported that compared with persons without cataract, per-
sons with mixed and “any” nuclear opacities tended to
have a higher risk of death from neoplasms. In a fol-
low-up study of persons who had participated in the Ital-
ian-American Case-Control Study of Age-related Cata-
ract,”® persons with mixed cataract had a significantly
increased RR of mortality from malignancies. None of
these published studies, including ours, found a statis-
tically significant association between lens opacities and
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death caused by circulatory diseases, although such an ers suggest a link between nuclear cataract and can-

association has been suggested in a study” of persons with
cataract extraction.

It is not clear how ocular disorders might be re-
lated to decreased survival. One possibility is that ad-
justment for important comorbid conditions may have
been incomplete. A hypothesis suggested by this study,
and supported at least in part by other studies, is that
nuclear cataract and AMD might each be associated with
amajor cause of death, that is, cancer and diseases of the
circulatory system, respectively. This study and oth-

cer mortality. Even when history of cancer at the base-
line examination was included as a covariate in the full
model, nuclear cataract was significantly associated with
increased mortality. However, adjustment for cancer was
probably incomplete because limited life expectancy from
diseases such as cancer was an exclusion criterion for the
study, and, therefore, most life-threatening cancers prob-
ably became manifest subsequent to the baseline exami-
nation. It is possible that similarities in the developmen-
tal processes of the 2 conditions or the development of
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cataract as a by-product of cancer therapy (an explana-
tion suggested by West et al”) could explain the link. The
association we noted between AMD and all-cause mor-
tality and death from circulatory diseases may be ex-
plained by an underlying vascular basis for AMD, a hy-
pothesis suggested by some epidemiologic studies.?’°
Even with adjustment for some risk factors possibly as-
sociated with cardiovascular death and AMD (ie, age,
smoking, and hypertension), the relationship persisted,
but, as for cataract, adjustment may have been incom-
plete.

Other investigators®’ have raised the possibility of
amore direct effect of vision disorders on mortality, per-
haps from the depression and dependency that can ac-
company vision loss. Depression has been associated with
earlier death.'®!° The AREDS eligibility requirement that
participants have at least 1 eye with 20/32 or better vi-
sion may have decreased the possibility of ocular-
related depression. Also, an increased risk of falls and au-
tomobile accidents in the visually impaired might result
in excess mortality. There were few deaths from acci-
dents in our cohort, and our cause-specific analyses
showed no evidence that the excess mortality we noted
for persons with the ocular conditions was due to death
from accidents.

Persons randomly assigned to receive zinc either
alone or in combination with antioxidants compared with
persons not randomly assigned to receive zinc (placebo
or antioxidants alone) had significantly improved sur-
vival from all causes. The positive association of zinc with
decreased all-cause mortality did not seem to be due to
reduction in deaths involving cardiovascular/
circulatory disease or cancer (Table 5). Other research-
ers’ have reported a beneficial effect of moderate doses
of zinc and selenium in improving immunity and resis-
tance to infections in an elderly institutionalized popu-
lation. It is possible that the beneficial effects of zinc on
mortality in this study may be related to an improved im-
mune response, which is known to decrease with aging.
A separate cause-specific analysis found that the zinc effect
was in the protective direction for respiratory-specific mor-
tality compared with no zinc, but this finding was not
statistically significant (RR, 0.78;95% CI, 0.41-1.47). We
know that in the AREDS population, an intake of 80 mg
of zinc oxide and 2 mg of cupric oxide, with or without
antioxidant vitamins, for 5 years resulted in a median in-
crease in serum zinc levels of 17% compared with 2% for
participants not assigned to receive zinc. Whether zinc
supplementation has an effect on mortality cannot be de-
termined from this study alone. Additional studies are
necessary before any conclusions can be made regard-
ing the health benefits of zinc supplementation.

Strengths of this study include the large number of
participants with the ocular disorders of interest (in par-
ticular advanced AMD), the use of standardized tech-
niques for diagnosing the eye conditions, the relatively
long follow-up, the near complete collection of mortal-
ity data, the ability to perform cause-specific analyses be-
cause of the large number of deaths, and the availability
of data on potentially important covariates. A concern
in interpreting the findings, as in all clinic-based stud-
ies, was the potential for bias, in particular selection bias.

The control group for AMD (Category 1) and persons
with intermediate-sized drusen or extensive small dru-
sen (Category 2) were substantially more likely to have
been volunteers from nonmedical sources. It has been
shown that volunteers for prevention studies have more
formal education, are more health conscious, and are more
often employed in professional and skilled positions. In-
deed, persons with no drusen to intermediate-sized dru-
sen at enrollment had greater educational achievement
and smoked less than persons in AMD Categories 3 and
4. There is less concern that selection bias might ex-
plain the cataract findings because the cataract cases were
more evenly distributed across the AMD categories, mak-
ing the distribution of volunteers more comparable among
those with and without cataract. Inclusion of AMD cat-
egory in the cataract analyses should also have compen-
sated for residual imbalances in the distribution of vol-
unteers among those with and without cataract.

This is the first large randomized trial to report a
potential benefit of the use of high doses of zinc on sur-
vival. Other randomized studies of zinc supplementa-
tion and mortality are needed to confirm these findings.
The ocular results of this study are consistent with those
of other studies showing a potential link between vari-
ous ocular disorders and survival. Cumulative evidence
from clinic- and population-based studies suggests that
cataract and AMD may reflect systemic rather than only
local processes.

Submitted for publication April 7, 2003; final revision re-
ceived September 25, 2003; accepted October 14, 2003.

The Writing Team is from The EMMES Corp, Rock-
ville, Md (Dr Clemons); the National Eye Institute, Bethesda,
Md (Drs Kurinij and Sperduto); and the Johns Hopkins Medi-
cal Institutions, Baltimore (Dr Bressler).

This study was supported by contracts from the Na-
tional Eye Institute, National Institutes of Health, Depart-
ment of Health and Human Services, with additional sup-
port from Bausch & Lomb Inc, Rochester, NY.

Corresponding author and reprints: AREDS Coordi-
nating Center, The EMMES Corp, 401 N Washington St,
Suite 700, Rockville, MD 20850-1707 (e-mail:
aredspub@emmes.com).

BN REFERENCES  py

1. Street DA, Javitt JC. National five-year mortality after inpatient cataract extrac-
tion. Am J Ophthalmol. 1992;113:263-268.

2. Benson WH, Farber ME, Caplan RJ. Increased mortality rates after cataract sur-
gery: a statistical analysis. Ophthalmology. 1988;95:1288-1292.

3. Hirsch RP, Schwartz B. Increased mortality among elderly patients undergoing
cataract extraction. Arch Ophthalmol. 1983;101:1034-1037.

4. Ninn-Pedersen K, Stenevi U. Cataract patients in a defined Swedish population
1986-90, VII: inpatient and outpatient standardized mortality ratios. Br J Oph-
thalmol. 1995;79:1115-1119.

5. Hu FB, Hankinson SE, Stampfer MJ, et al. Prospective study of cataract extrac-
tion and risk of coronary heart disease in women. Am J Epidemiol. 2001;153:
875-881.

6. Wang JJ, Mitchell P, Simpson JM, Cumming RG, Smith W. Visual impairment,
age-related cataract, and mortality. Arch Ophthalmol. 2001;119:1186-1190.

7. West SK, Munoz B, Istre J, et al. Mixed lens opacities and subsequent mortality.
Arch Ophthalmol. 2000;118:393-397.

8. Taylor HR, McCarty CA, Nanjan MB. Vision impairment predicts five-year mor-
tality. Trans Am Ophthalmol Soc. 2000;98:91-99.

(REPRINTED) ARCH OPHTHALMOL/VOL 122, MAY 2004

725

WWW.ARCHOPHTHALMOL.COM

©2004 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 08/21/2022



9

—

0

—_

1

—

2

—

3

—

4

—

5

—

6

—_

7

—

8

Downloaded From

. Klein R, Klein BEK, Moss SE. Age-related eye disease and survival: the Beaver
Dam Eye Study. Arch Ophthalmol. 1995;113:333-339.

. Hennis A, Wu SY, Li X, Nemesure B, Leske MC, the Barbados Eye Studies Group.
Lens opacities and mortality: the Barbados Eye Studies. Ophthalmology. 2001;
108:498-504.

. Thompson JR, Sparrow JM, Gibson JM, Rosenthal AR. Cataract and survival in
an elderly nondiabetic population. Arch Ophthalmol. 1993;111:675-679.

. Minassian D, Mehra V, Johnson G. Mortality and cataract: findings from a popu-
lation-based longitudinal study. Bull World Health Organ. 1992;70:219-223.

. Podgor MJ, Cassel GH, Kannel WB. Lens changes and survival in a population-
based study. N Engl J Med. 1985;313:1438-1444.

. Cohen DL, Neil HA, Sparrow J, Thorogood M, Mann JI. Lens opacity and mor-
tality in diabetes. Diabet Med. 1990;7:615-617.

. Klein R, Moss S, Klein B, DeMets D. Relation of ocular and systemic factors to
survival in diabetes. Arch Intern Med. 1989;149:266-272.

. Klein R, Klein BEK, Moss SE, Cruickshanks K. Associations of ocular disease and
mortality in a diabetic population. Arch Ophthalmol. 1999;117:1487-1495.

. Lee DJ, Gobmez-Marin O, Lam BL, Zheng DD. Visual acuity impairment and mor-
tality in US adults. Arch Ophthalmol. 2002;120:1544-1550.

. Whooley MA, Browner WS. Association between depressive symptoms and mor-
tality in older women: Study of Osteoporotic Fractures Research Group. Arch
Intern Med. 1998;158:2129-2135.

. Ariyo AA, Haan T, Tangen CM, et al. Depressive symptoms and risks of coronary
heart disease and mortality in elderly Americans: Cardiovascular Health Study
Collaborative Research Group. Circulation. 2000;102:1773-1779.

. Varma SD. Scientific basis for the medical therapy of cataracts by antioxidants.
Am J Clin Nutr. 1991;53:335S-345S.

. The Age-Related Eye Disease Study Research Group. The Age-Related Eye Dis-
ease Study (AREDS): design implications: AREDS Report No. 1. Control Clin Trials.
1999;20:573-600.

. The Age-Related Eye Disease Study Research Group. The Age-Related Eye Dis-

23.

24.

25.

26.

27.

29.

30.

31.

ease Study (AREDS) system for classifying age-related macular degeneration from
stereoscopic color fundus photographs: AREDS Report No. 6. Am J Ophthal-
mol. 2001;132:668-681.

The Age-Related Eye Disease Study Research Group. The Age-Related Eye Dis-
ease Study (AREDS) system for classifying cataracts from photographs: AREDS
Report No. 4. Am J Ophthalmol. 2001;131:167-175.

Food and Nutrition Board, National Academy of Sciences. Zinc. In: Dietary Ref-
erence Intakes for Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper, lo-
dine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. Wash-
ington, DC: National Academy Press; 2002.

Age-Related Eye Disease Study Research Group. A randomized, placebo-
controlled, clinical trial of high-dose supplementation with vitamins C and E and
beta carotene for age-related macular degeneration and vision loss: AREDS Re-
port No. 8. Arch Ophthalmol. 2001;119:1417-1436.

Williams SL, Ferrigno L, Mora P, Rosmini F, Maraini G. Baseline cataract type
and 10-year mortality in the Italian-American Case-Control Study of Age-related
Cataract. Am J Epidemiol. 2002;156:127-131.

Vingerling JR, Dielemans |, Bots ML, Hofman A, Grobbee DE, de Jong PTVM.
Age-related macular degeneration is associated with atherosclerosis: the Rot-
terdam Study. Am J Epidemiol. 1995;142:404-409.

. Hyman L, Schachat AP, He Q, Leske MC. Hypertension, cardiovascular disease,

and age-related macular degeneration. Arch Ophthalmol. 2000;118:351-358.
Sperduto RD, Hiller R. Systemic hypertension and age-related maculopathy in
the Framingham Study. Arch Ophthalmol. 1986;104:216-219.

Snow KK, Seddon JM. Do age-related macular degeneration and cardiovascu-
lar disease share common antecedents? Ophthalmic Epidemiol. 1999;6:125-
143.

Girodon F, Galan P, Monget AL, et al, and the MIN.VIT.AOX geriatric network.
Impact of trace elements and vitamin supplementation on immunity and infec-
tions in institutionalized elderly patients: a randomized controlled trial. Arch In-
tern Med. 1999;159:748-754.

Floating Fundus Flower. Created by Patrick J. Saine, MEd, CRA, Dartmouth-Hitchcock Medical Center,
Lebanon, NH.

(REPRINTED) ARCH OPHTHALMOL/VOL 122, MAY 2004

726

WWW.ARCHOPHTHALMOL.COM

©2004 American Medical Association. All rights reserved.

. https://jamanetwor k.com/ on 08/21/2022



