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Abstract

Purpose—To test whether long-term multivitamin supplementation affects the incidence of
cataract and/or age-related macular degeneration (AMD) in a large cohort of men.

Design—Randomized, double-blind, placebo-controlled trial.

Participants—Fourteen-thousand six hundred forty one United States male physicians aged =50
years.

Intervention—Daily multivitamin or placebo.
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Main Outcome Measures—Incident cataract and visually-significant AMD responsible for a
reduction in best-corrected visual acuity to 20/30 or worse based on self-reports confirmed by
medical record review.

Results—During an average of 11.2 years of treatment and follow-up, a total of 1,817 cases of
cataract and 281 cases of visually-significant AMD were confirmed. There were 872 cataracts in
the multivitamin group and 945 in the placebo group (hazard ratio [HR], 0.91; 95% confidence
interval [Cl], 0.83 to 0.99; p=0.04). For visually-significant AMD, there were 152 cases in the
multivitamin group and 129 in the placebo group (HR, 1.19; 95% CI, 0.94 to 1.50; p=0.15).

Conclusions—These randomized trial data from a large cohort of middle-aged and older US
male physicians indicate that long-term daily multivitamin use modestly and significantly
decreased the risk of cataract, but had no significant effect on visually-significant AMD.

Trial registration—clinicaltrials.gov Identifier: NCT00270647

Nutritional factors are postulated to play a causal role in the development of cataract and
age-related macular degeneration (AMD), two leading causes of visual impairment in older
Americans.? Considerable observational evidence suggests that persons with higher dietary
intake or blood levels of nutrients with antioxidant capabilities have lower rates of cataract
and AMD.2-" Moreover, animal studies show that supplementation with antioxidants and
other micronutrients can prevent or delay the formation of lens opacities, 389 and can reduce
the damaging effects of reactive oxygen species on the retina.1%-12 However, results of
nutritional supplementation trials in humans have been inconsistent.

For cataract, randomized trials conducted among older, generally well-nourished
populations indicate that high-dose supplements of selected nutrients (most commonly
vitamin E, vitamin C, and beta carotene), alone or in combination, for up to 10 years have
little material impact on cataract occurrence.13-21 Conversely, two trials testing a
multivitamin supplement, one in a nutritionally-deficient population in China?2 and the other
in a well-nourished population in Italy,23 reported significantly lower rates of cataract in the
multivitamin group. For AMD, the Age-related Eye Disease Study (AREDS) demonstrated
that daily supplementation with zinc and high-dose antioxidants vitamin E, vitamin C, and
beta carotene could reduce the risk of advanced AMD by 25% in persons with intermediate
AMD or advanced AMD in one eye.24 A second trial, in a population at high risk of
cardiovascular disease (CVD), showed that daily folic acid, vitamin Bg, and vitamin By,
reduced AMD incidence by 35%-40%.25 Five other trials testing high-dose vitamin E,
vitamin C, and beta carotene, alone or in combination, reported no benefit on AMD.26-30

Herein, we present the final results for cataract and AMD from the multivitamin component
of Physicians’ Health Study 11 (PHS 11).31

Methods
Study Design

The Physicians’ Health Study (PHS I1) was a randomized, double-blind, placebo-controlled,
factorial trial evaluating a daily multivitamin (Centrum Silver), alternate day vitamin E (400
IU synthetic a-tocopherol), and daily vitamin C (500 mg synthetic ascorbic acid) in the
prevention of cancer and CVD among 14,641 male physicians aged 50 years and older.31 A
fourth randomized component, alternate day beta-carotene (50 mg Lurotin), was terminated
in March, 2003. The vitamin E and vitamin C components of the trial ended as scheduled on
August 31, 2007.18:30.32.33 Cataract and AMD were pre-specified secondary endpoints of
PHS II.
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The study design for PHS 11 has been described previously.3! Briefly, recruitment,
enrollment, and randomization of men into PHS 11 occurred in two phases (Figure 1). Phase
1 began in 1997 and included 7,641 willing and eligible participants from PHS 120.29.34.35
who retained their original beta-carotene treatment assignment and were newly randomized
to a multivitamin, vitamin C, and vitamin E. Phase 2 began in 1999 and consisted of 7,000
new physician participants who were independently randomized to each of a multivitamin,
beta-carotene, vitamin C, and vitamin E, or their matching placebos. All participants
provided written informed consent, and PHS 11 was approved by the institutional review
board of the Brigham and Women’s Hospital, Boston, Massachusetts.

Participants completed annual questionnaires providing information on compliance with pill
taking, potential adverse events, updated risk factors, and the occurrence of any new
endpoints including cataract and AMD. Treatment and follow-up continued in blinded
fashion through June 1, 2011, the scheduled end of the multivitamin component. Morbidity
and mortality follow-up were 98.2% and 99.9%, respectively.

Compliance with pill taking was based on self-report and defined as taking at least two
thirds of the study agents. Adherence at 6 years was 73.6% for active multivitamin and
73.3% for placebo (P=0.68).

Ascertainment and Confirmation of Study Endpoints

Cataract

Participants who reported cataract (n= 3,144) or AMD (n= 408) at baseline were excluded
from analyses of the respective endpoint. For new reports of cataract or AMD, participants
were asked to provide written consent to obtain medical records. Ophthalmologists/
optometrists were contacted by mail and asked to provide information about the reported
endpoint by completing a questionnaire or, alternatively, supplying copies of relevant
medical records.

The cataract questionnaire asked about the presence of lens opacities, diagnosis date, best-
corrected visual acuity, cataract extraction, other ocular abnormalities, and cataract type and
etiology.

The co-primary vision endpoint was incident cataract, defined as a confirmed lens opacity,
diagnosed after randomization, but before June 1, 2011, age-related in etiology, and
responsible for reduced best-corrected visual acuity to 20/30 or worse. Cataract extraction
was a pre-specified secondary endpoint and was defined as the surgical removal of an
incident cataract. A total of 11,497 participants did not report cataract at baseline and are
included in this analysis. Of these, 5,736 men were in the multivitamin group and 5,761 in
the placebo group (Figure 1).

Age-related Macular Degeneration

The AMD questionnaire requested information about diagnosis date, best-corrected visual
acuity at diagnosis, and date when best-corrected visual acuity reached 20/30 or worse.
Information was also requested about signs of AMD observed (drusen, retinal pigment
epithelium [RPE] hypo/hyperpigmentation, geographic atrophy, RPE detachment, subretinal
neovascular membrane, or disciform scar) when visual acuity was first noted to be 20/30 or
worse, and the date exudative neovascular disease (defined by presence of RPE detachment,
subretinal neovascular membrane, or disciform scar) was first noted. The questionnaire also
asked whether there were other ocular abnormalities and, if so, whether the AMD, by itself,
was significant enough to reduce best-corrected visual acuity to 20/30 or worse.

Ophthalmology. Author manuscript; available in PMC 2015 February 01.
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The co-primary vision endpoint was visually-significant AMD defined as confirmed AMD
diagnosed after randomization, but before June 1, 2011, and best-corrected visual acuity loss
to 20/30 or worse attributable to AMD. Two secondary endpoints were total AMD,
comprised of all incident cases with or without vision loss, and advanced AMD, comprised
of cases of exudative neovascular AMD plus geographic atrophy.

A total of 14,233 participants did not report AMD at baseline and are included in this
analysis. Of these, 7,111 men were in the multivitamin group and 7,122 in the placebo group
(Figure 1).

Statistical Analysis

Results

In separate analyses of cataract and AMD, participants were classified according to
randomized multivitamin treatment assignment and followed until the occurrence of that
endpoint, death, or the end of the multivitamin component of PHS |1, whichever came first.
Estimated power for the primary study endpoints of incident cataract and visually-significant
AMD was based on event rates observed in PHS |, and was estimated to be greater than 80%
to detect a 10% reduction in cataract, and a 20% reduction in visually-significant AMD.

The distributions of baseline characteristics in the multivitamin and placebo groups were
compared using 2-sample t-tests, chi-square tests for proportions, and tests for trend for
ordinal categories. Kaplan-Meier curves estimated cumulative incidence over time by
randomized group, and were compared using a crude log-rank test. Cox proportional-
hazards models were used to estimate the hazard ratio (HR) of cataract and AMD among
those in the multivitamin group compared to placebo after adjustment for age (years) at
baseline, PHS cohort (original PHS | participant, new PHS Il participant), and randomized
beta carotene, vitamin E and vitamin C assignments. Models were also fit separately within
three baseline age groups: 50-59, 60-69, =70 years. Tests of trend for the effect of age on
the association between multivitamins and cataract or AMD were calculated by including a
term for the interaction of multivitamins and age (with values 1 to 3 corresponding to the
three age groups) in a proportional hazards model. The proportionality assumption was not
violated for any cataract (diagnosis, p=0.99; extraction, p=0.75) or AMD endpoint (visually-
significant AMD, p=0.40; total AMD, p=0.86; advanced AMD, p=0.98). Ninety-five percent
confidence intervals (CI) and two-sided P value were calculated.

We analyzed subgroup data by categories of baseline variables, and by the other randomized
treatment assignments. We explored possible effect modification by using interaction terms
between subgroup indicators and multivitamin assignment.

We also considered the possibility that the apparent effect of multivitamins on one endpoint
(e.g., cataract) reflected, at least in part, the effect of the intervention on the second endpoint
(e.g., AMD). To address this, two separate proportional hazards models were fitted to
estimate the effect of the intervention on one endpoint while adjusting for a diagnosis of the
other as a time-varying covariate. Models were also fitted to estimate the effect of the
intervention on one endpoint prior to, and after, diagnosis of the second endpoint.

Individuals were considered the unit of analysis because eyes were not examined
independently, and were classified according to the status of the worse eye as defined by
disease severity.36:37

As expected in this large randomized trial, baseline characteristics had comparable
distributions between the multivitamin and placebo groups (Table 1).

Ophthalmology. Author manuscript; available in PMC 2015 February 01.
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During a mean follow-up of 11.2 years (median [interquartile range], 11.2 [10.7-13.3] years;
maximum, 13.8 years), 1,817 cataracts and 1,337 cataract extractions were confirmed. We
also confirmed 538 cases of AMD, including 281 cases of visually-significant AMD and
144 cases of advanced AMD.

Overall, there was a significant 9% lower risk of cataract in the multivitamin group
compared to placebo (872 versus 945 cases; HR, 0.91; 95% ClI, 0.83-0.99; p=0.04) (Table
2). For subtypes, there was a significant 13% reduced risk of nuclear sclerosis (NS) in the
multivitamin group (800 versus 900 cases; HR, 0.87; 95% ClI, 0.79-0.96; p=0.005). There
was a non-significant reduction in cortical cataract (356 versus 387 cases; HR, 0.90; 95%
Cl, 0.78-1.04; p=0.17). There were similar numbers of posterior subcapsular (PSC)
cataracts in the multivitamin and placebo groups (247 versus 248 cases; HR, 0.98; 95% ClI,
0.82-1.17; p=0.85). The findings were similar for extraction of cataract and subtypes.

The benefits of daily multivitamin use were greater in older men, although no test of trend
attained statistical significance for either cataract diagnosis or extraction (Table 2). For both
endpoints, a beneficial effect of multivitamins began to emerge midway through follow-up
and persisted throughout the remainder of the trial (crude log-rank P=0.05 for both
endpoints) (Figure 2).

The effect of multivitamins on cataract did not differ markedly within categories of baseline
characteristics (Table 3). However, the effect did appear to vary according to vitamin C
treatment assignment (p interaction=0.04) with a significant benefit observed only among
men in the vitamin C placebo group.

Age-related Macular Degeneration

Men in the multivitamin group had a 19% increased risk of visually-significant AMD that
was not statistically significant (152 versus 129 cases; HR, 1.19; 95% ClI, 0.94 to 1.50;
p=0.15) (Table 4). There was also a significant 22% increased risk of total AMD (with or
without vision loss) (294 versus 244 cases; HR, 1.22; 95% ClI, 1.03 to 1.44; p=0.02), and a
non-significant 22% increased risk of advanced AMD (79 versus 65 cases; HR, 1.22; 95%
Cl, 0.88 to 1.70; p=0.23) in the multivitamin group.

Hazard ratios for all AMD endpoints tended to be highest in the oldest age group, although
no test of trend attained statistical significance. For the primary endpoint of visually-
significant AMD, the curves appeared to diverge midway through follow-up but never
attained statistical significance (crude log-rank P=0.18) (Figure 3). Curves for total AMD
began to diverge earlier in the trial, and persisted throughout the trial (log-rank P=0.03). For
advanced AMD, there was no apparent effect of a daily multivitamin at any point during the
trial (crude log-rank P=0.25).

The effect of multivitamins on visually-significant AMD did not differ appreciably within
categories of baseline characteristics (Table 3).

For both cataract and AMD, HR estimates for multivitamin treatment were not materially
altered in analyses that accounted for diagnosis of the second endpoint. For example, the HR
for cataract changed little (0.90; 95% CI, 0.82—0.99; P=0.03) after adjustment for a
diagnosis of visually-significant AMD as a time-varying covariate. Similarly, the HR for
visually-significant AMD changed little (1.18; 95% CI, 0.94-1.50; P=0.16) after adjustment
for diagnosed cataract. We also compared HRs prior to and after diagnosis of the second
endpoint. The HR for cataract was 0.92 (95% Cl, 0.84-1.01) with no prior diagnosis of
visually-significant AMD, and 0.69 (95% CI, 0.41-1.17) after a diagnosis of visually-
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significant AMD. For visually-significant AMD, the HR was 1.31 (95% CI, 0.92-1.87) with
no prior diagnosis of cataract, and 1.08 (95% CI, 0.79-1.48) after a diagnosis of cataract.

Discussion

In this large-scale randomized trial of middle-aged and older men, long-term daily
multivitamin use modestly and significantly reduced the co-primary vision endpoint of
cataract after more than ten years of treatment and follow-up. There was no significant
benefit or risk of daily multivitamin use on visually-significant AMD, the second co-primary
vision endpoint, although the HRs tended to be modestly elevated.

Our findings for cataract are consistent with results of two prior trials of multivitamin use in
cataract prevention. In the Linxian Cataract Study, conducted in a nutritionally-deficient
population in China, persons aged 65 to 74 years randomized to a daily supplement of 14
vitamins and 12 minerals at 2 to 3 times the United States (U.S) recommended dietary
allowance (RDA), compared to placebo, had a significant 36% lower prevalence of nuclear
cataract after 6 years of treatment.22 There was no difference in the prevalence of cortical or
PSC cataract in those aged 65 to 74 years, nor was there any difference in the prevalence of
any cataract type in those aged 5464 years. In the Italian American Clinical Trial of
Nutritional Supplements and Age-related Cataract (CTNS), persons aged 5575 years
randomized to a daily multivitamin (Centrum), compared to placebo, had a significant 18%
reduction in cataract development or progression after 9-years of treatment and follow-up.23
Analyses of subtypes indicated a significant 34% reduction in nuclear (HR, 0.66; 95% ClI,
0.50-0.88), a non-significant 22% reduction in cortical (HR, 0.78; 95% CI, 0.60-1.02), and
a significant two-fold increased risk of PSC cataract (HR, 2.00; 95% CI, 1.35-2.98) in the
multivitamin group. Neither the Linxian nor the CTNS study examined the effect of the
intervention on AMD.

Taken together, our findings in PHS 11 and two prior trials indicate that long-term daily
multivitamin use may have a small to moderate beneficial effect on risk of cataract, and
particularly nuclear cataract. Given that an estimated 10 million adults in the U.S. have
impaired vision due to cataract,38:39 even a modest reduction in risk of cataract would have a
large public health impact. It should also be noted that while the main trial results in AREDS
indicated no benefit on lens opacity progression for daily treatment with high dose vitamin E
(400 1U), vitamin C (500 mg), and beta carotene (15 mg), a propensity score analysis
showed that self-selection for Centrum use (provided by AREDS) by approximately two-
thirds of AREDS participants was associated with a significant reduction in lens opacity
progression, particularly for nuclear opacities.4?

PHS 11 is the first large-scale randomized trial to test a multivitamin supplement in AMD
prevention. Our finding of no significant benefit appears to contrast with the benefits for
other vitamin/mineral combinations in prior trials of AMD. For example, AREDS
demonstrated that daily zinc (80 mg) and a high-dose antioxidant combination of vitamin E
(400 1U), vitamin C (500 mg), and beta carotene (15 mg) significantly slowed the
progression of AMD.24 The multivitamin in PHS 11 included these nutrients at RDA levels
(zinc [15 mg], vitamin E [45 U], vitamin C [60 mg], beta-carotene [5000 U vitamin A,
20% as beta carotene]), rather than the high-dose formulation tested in AREDS. In addition,
AREDS tested a higher-risk population than PHS 11 (no reported diagnosis of AMD at
baseline), and their primary endpoint was advanced AMD whereas in PHS 11, the primary
endpoint was visually-significant AMD, most commonly characterized by some
combination of drusen and RPE changes. Thus, our endpoint represented an earlier stage of
disease development than the advanced AMD endpoint in AREDS. It is worth noting that
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AREDS reported no benefit of the zinc and antioxidant combination in participants with
early stage AMD at baseline.24

Our findings also appear to contrast with the findings in the Women’s Antioxidant and Folic
Acid Cardiovascular Study (WAFACS), where combined treatment with folic acid, vitamin
Bg, and vitamin B, for 7.3 years reduced the risk of a diagnosis of AMD by 35% to 40%.2°
Both WAFACS and PHS Il employed the same method of case ascertainment and the same
diagnostic criteria for AMD, but differed in other important respects. WAFACS tested
pharmacologic doses of folic acid (2.5 mg/d), vitamin Bg (50 mg/d), and vitamin B4, (1 mg/
d), whereas the multivitamin in PHS Il contained RDA levels of these nutrients (folic acid
[400 pg], vitamin Bg [3 mg], vitamin By, [25 pg]). In addition, WAFACS was comprised of
women with preexisting CVD or 3 or more CVD risk factors, whereas PHS Il was
comprised primarily of apparently healthy men. It therefore seems possible that our finding
of no benefit (and possible harm) may reflect, at least in part, the lower dosage of the PHS 11
multivitamin plus the generally lower risk profile of the PHS 11 population.

Several possible limitations of our study need to be considered. At the initiation of PHS 11 in
1997, we selected a commonly used multivitamin, Centrum Silver, to increase the potential
generalizability of study findings. The same formulation was used throughout PHS 1.
However, after the inception of PHS 11, the doses of several nutrients in Centrum Silver
were changed and several nutrients were added including lutein (250 pg). Lutein has been
shown to be of possible benefit against cataract and AMD in observational studies,*1-49 and
in several small randomized trials,>0-55 although the recently completed Age-Related Eye
Disease Study 2 reported no overall benefit on either endpoint.56:57 However, the effect of
adding lutein to the Centrum Silver formulation could not be addressed in our study.
Compliance with study medication is a concern in any long-term randomized trial; however,
compliance with the daily multivitamin remained high throughout follow-up. Finally, the
PHS 11 population is comprised of generally well-nourished male physicians and our
findings may not apply to women or to less well-nourished populations.

Several aspects of our methodology also deserve consideration. Case identification was
based on participant reports, and thus some underascertainment of cataract and AMD is
plausible. Such underascertainment would likely reduce study power, but is not associated
with bias in randomized comparisons. Random misclassification was reduced by the use of
medical records to confirm the participant reports. Non-random misclassification was
unlikely since medical records were reviewed by an investigator (WGC) masked to
treatment assignment, and study participants and treating ophthalmologists and optometrists
were similarly unaware of treatment assignment. Finally, the equal distribution of baseline
characteristics between the multivitamin and placebo groups indicates that confounding by
measured factors is unlikely, and that other potential confounders, which were either
unmeasured or unknown, were also likely to be evenly distributed between the two
treatment groups.

In summary, the finding in this large-scale randomized trial of middle-aged and older men
that long-term daily multivitamin use is associated with a modest but significant reduction in
cataract, and in particular nuclear cataract, is consistent with results of previous trials of
multivitamin use in cataract prevention. The finding of no significant benefit or harm for
multivitamin use in prevention of visually-significant AMD needs to be confirmed in other
populations of men and women.
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Flow diagram of the multivitamin component of the Physicians’ Health Study II. A total of
3,144 participants who reported a diagnosis of cataract at baseline, and 408 participants who
reported a diagnosis of age-related macular degeneration at baseline, were excluded.
Abbreviation: AMD, age-related macular degeneration.
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Cumulative incidence rates of cataract in the multivitamin and placebo groups in the

Physicians’ Health Study I1.
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