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Background: Observational epidemiologic studies indi-
cateadirect association between homocysteine concentra-
tionin the blood and the risk of age-related macular degen-
eration (AMD), but randomized trial data to examine the
effect of therapy to lower homocysteine levels in AMD are
lacking. Our objective was to examine the incidence of AMD
in a trial of combined folic acid, pyridoxine hydrochloride
(vitamin By), and cyanocobalamin (vitamin B;,) therapy.

Methods: We conducted a randomized, double-blind,
placebo-controlled trial including 5442 female health care
professionals 40 years or older with preexisting cardio-
vascular disease or 3 or more cardiovascular disease risk
factors. A total of 5205 of these women did not have a
diagnosis of AMD at baseline and were included in this
analysis. Participants were randomly assigned to re-
ceive a combination of folic acid (2.5 mg/d), pyridoxine
hydrochloride (50 mg/d), and cyanocobalamin (1 mg/d)
or placebo. Our main outcome measures included total
AMD, defined as a self-report documented by medical rec-
ord evidence of an initial diagnosis after randomization,

and visually significant AMD, defined as confirmed in-
cident AMD with visual acuity of 20/30 or worse attrib-
utable to this condition.

Results: After an average of 7.3 years of treatment and follow-
up, there were 55 cases of AMD in the combination treat-
ment group and 82 in the placebo group (relative risk, 0.66;
95% confidence interval, 0.47-0.93 [P=.02]). For visually
significant AMD, there were 26 cases in the combination
treatment group and 44 in the placebo group (relative risk,
0.59; 95% confidence interval, 0.36-0.95 [P=.03]).

Conclusions: These randomized trial data from a large
cohort of women at high risk of cardiovascular disease
indicate that daily supplementation with folic acid, pyri-
doxine, and cyanocobalamin may reduce the risk of AMD.
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GE-RELATED MACULAR DE-
generation (AMD) is the
leading cause of severe ir-
reversible vision loss in
older Americans.! An esti-
mated 1.75 million individuals in the United
States have advanced AMD (ie, geo-
graphic atrophy and neovascular AMD),
which accounts for most cases of severe vi-
sion loss.! An additional 7.3 million per-
sons have early AMD,' which is usually as-
sociated with little or no vision loss,>* but
increases the risk of developing advanced

CME available online at
www.jamaarchivescme.com
and questions on page 329

AMD.*> Current treatment options are lim-
ited to patients with late-stage, neovascu-
lar AMD*"? or intermediate AMD."! For the
large population with early or no AMD,
there is no method of disease prevention
other than avoidance of cigarette smok-

ing.!*** Accordingly, the National Eye In-
stitute has designated the development of
new treatments for AMD as an important
program goal for vision research.®
Recent cross-sectional’**® and case-
control'* studies indicate a direct asso-
ciation between homocysteine concentra-
tion in the blood and the risk of AMD,
suggesting that homocysteine may be a
modifiable risk factor for AMD. Homocys-
teine is an intermediary amino acid formed
during the metabolism of methionine, an es-
sential amino acid derived from protein.**
Hyperhomocysteinemia, defined as a plasma
homocysteine concentration of more than
2.0 mg/L (to convert to micromoles per li-
ter, multiply by 7.397),>%° induces vascu-
lar endothelial dysfunction** and is con-
sidered to be an independent risk factor for
atherosclerosis and cardiovascular disease
(CVD) 23! Treatment with folic acid, pyri-
doxine hydrochloride (vitamin Bg), and cya-
nocobalamin (vitamin B,,) has been shown
to reduce homocysteine levels in interven-
tion studies® and to reverse endothelial dys-
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Questionnaires mailed
(n=53788)

Willing and eligible
(Enrolled in run-in)

(n=11280)
Randomized
(n=8171)
[
Active vitamin E
(600 U every other day) Vitamin E placebo
(n=4083) (n=4088)
T 1 T 1
Active beta carotene Beta carotene Active beta carotene Beta carotene
(50 mg every other day) placebo (50 mg every other day) placebo
(n=2041) (n=2042) (n=2043) (n=2045)

Active ascorbic acid Ascorbic acid Active ascorbic acid Ascorbic acid Active ascorbic acid Ascorbic acid Active ascorbic acid Ascorbic acid
500 mg/d placebo 500 mg/d placebo 500 mg/d placebo 500 mg/d placebo
(n=1020) (n=1021) (n=1021) (n=1021) (n=1023) (n=1020) (n=1023) (n=1022)

[ ! [ ! [ ! [ ! [ ! [ ! [ !

Combination Placebo Combination Placebo Combination Placebo Combination Placebo Combination Placebo Combination Placebo Combination Placebo Combination Placebo
treatment (n=338) treatment (n=338) treatment (n=330) treatment (n=350) treatment (n=341) treatment (n=332) treatment (n=347) treatment (n=345)

(n=339) (n=345) (n=331) (n=349) (n=338) (n=336) (n=341) (n=342)
No. excluded No. excluded
I | I |
10 12 14 14 13 13 16 22 12 16 19 13 18 16 12 17
No. included in analysis No. included in analysis
I | I |
329 326 331 324 318 317 333 328 326 325 317 319 323 331 330 328

Figure 1. Enroliment and randomization scheme for the folic acid, pyridoxine, and cyanocobalamin component of the Women’s Antioxidant and Folic Acid Cardiovascular
Study. Combination treatment indicates folic acid (2.5 mg/d), pyridoxine hydrochloride (vitamin Bg) (50 mg/d), and cyanocobalamin (vitamin By,) (1 mg/d). Of the 8171
women who were randomized, 5442 were willing and eligible to participate in the arm that tested combination treatment vs placebo.

function independent of the effect of lowering homocys- women with preexisting CVD or with 3 or more coronary risk
teine levels.>>3* However, trials of therapy to lower factors.** The WAFACSbegan in 1998, when the treatmentarm
homocysteine levels among persons with preexisting vas- consisting offolicacid, pyridoxine, and cyanocobalamin was added
cular disease provide little support for a benefit of supple- to the ongoing Women’s Antioxidant Cardiovascular Study

(WACS), a2 X2 X2 factorial trial of 8171 women at high risk of
CVD who were randomized from June 1995 through October 1996
to receive vitamin E, ascorbic acid (vitamin C), beta carotene, or
placebos (Figure 1). From August 1997 through January 1998,
all 8171 women participating in the WACS were sent invitations
and consent forms for participation in the folic acid/pyridoxine/
cyanocobalamin (combination treatment) arm of the trial. Of the

mental folic acid and B vitamins in reducing cardiovascu-
lar events.’” Nonetheless, given the recent evidence
supporting a link between homocysteine and AMD and
other data suggesting an etiologic role for atherosclerosis
and endothelial dysfunction in AMD,*** it is reasonable
to propose that lowering homocysteine levels with folic acid

and B vitamin supplements may help to decrease the risk total cohort, 5442 women were willing and eligible to participate
of AMD. At present, no previous data exist from large ran- in this arm of the trial and were willing to forego the use of vita-
domized trials to examine this hypothesis. min B supplements or multivitamins with greater than the rec-

In this report, we present the results for AMD from ommended daily allowance of folic acid, vitamin By, and vitamin
the Women’s Antioxidant and Folic Acid Cardiovascu- By,. In April 1998, these women were randomized in a retained
lar Study (WAFACS), a randomized trial that evaluated factorial design to a daily combination of folic acid (2.5 mg/d),
whether combined treatment with folic acid, pyridox- pyridoxine hydrochloride (50 mg/d), and cyanocobalamin (1 mg/
ine, and cyanocobalamin could prevent cardiovascular d). Of these women, 5205 did not have a diagnosis of AMD at base-

line and underwent these analyses, including 2607 in the com-
bination treatment group and 2598 in the placebo group. Informed

consent was obtained from all participants, and the research pro-
m tocol was reviewed and approved by the institutional review board

at Brigham and Women’s Hospital.

events among women at high risk of CVD.

STUDY DESIGN Annual questionnaires were sent to all participants to moni-

tor their adherence to the pill regimen and the occurrence of

WAFACS was arandomized, double-blind, placebo-controlled trial any relevant events including AMD. The pill regimen was com-
that evaluated whether a combination of folic acid, pyridoxine, pleted on July 31, 2005, at which point morbidity and mortal-
and cyanocobalamin could reduce cardiovascular events among ity follow-up was 92.6% complete. End point ascertainment for
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AMD ended in November 2005. Overall, approximately 84.0%
of women reported taking at least two-thirds of their study pills
during the course of the study, with no significant difference
between the active and placebo groups.

ASCERTAINMENT AND DEFINITION
OF END POINTS

Women who reported a diagnosis of AMD on the baseline ques-
tionnaire were excluded. Information on new diagnoses of AMD
was requested on annual questionnaires. Participants were asked,
“Since your last questionnaire, have you had any of the follow-
ing?” with response options including “macular degeneration right
eye” and “macular degeneration left eye.” If yes, participants were
requested to provide the month and year of the diagnosis and to
complete a consent form granting permission to examine medi-
cal records pertaining to the diagnosis. Ophthalmologists and
optometrists were contacted by mail and requested to complete
an AMD questionnaire that asked about the date of the initial
diagnosis, the best-corrected visual acuity at the time of diagno-
sis, and the date when best-corrected visual acuity reached 20/30
or worse (if different from the date of initial diagnosis). Infor-
mation was also requested about the signs of AMD observed (ie,
drusen, retinal pigment epithelium [RPE] hypopigmentation or
hyperpigmentation, geographic atrophy, RPE detachment, sub-
retinal neovascular membrane, or disciform scar) when visual
acuity was first noted to be 20/30 or worse, and the date when
exudative neovascular disease, if present, was first noted (de-
fined by the presence of RPE detachment, subretinal neovascu-
lar membrane, or disciform scar). Ophthalmologists and optom-
etrists were also asked whether there were other ocular
abnormalities that could explain or contribute to the vision loss
and, if so, whether the AMD by itself was significant enough to
cause the best-corrected visual acuity to be reduced to 20/30 or
worse. As an alternative, they could provide the requested in-
formation by supplying photocopies of the relevant medical rec-
ords. Medical records were obtained for 94.0% of participants
reporting AMD.

The following 2 end points were defined: (1) total AMD,
defined as a self-report confirmed by medical record evidence
of an initial diagnosis after randomization but before July 31,
2005, and (2) visually significant AMD, with the same defini-
tion as total AMD but with best-corrected visual acuity loss to
20/30 or worse attributable to AMD.

DATA ANALYSIS

Cox proportional hazards regression was used to estimate the
relative risk (RR) of AMD among those assigned to receive the
combination treatment compared with those assigned to re-
ceive placebo after adjustment for age (in years) at baseline and
randomized assignments to ascorbic acid, vitamin E, and beta
carotene treatment.*”> Models were also fit separately within the
prespecified age groups of 40 to 54 years, 55 to 64 years, and
65 years or older. The proportionality assumption throughout
the follow-up period was tested by including an interaction term
of folic acid/pyridoxine/cyanocobalamin with the logarithm of
time in the Cox models. For each RR, we also calculated the
95% confidence interval (CI) and 2-sided P value.

We also analyzed the subgroup data by categories of base-
line variables that are possible risk factors for AMD. We ex-
plored possible modification of any effect of the combination
treatment by using interaction terms between the subgroup in-
dicators and folic acid/pyridoxine/cyanocobalamin, with test-
ing for trend when subgroup categories were ordinal.

Individuals rather than eyes were the unit of analysis be-
cause eyes were not examined independently, and participants

Table 1. Baseline Characteristics in Randomized
Combination and Placebo Treatment Groups

Treatment Group,
% of Participants

I 1
Combination? Placebo

Characteristic (n=2607) (n=2598)
Mean age, y 62.6 62.6
40-54 22.0 22.1
55-64 3741 36.3
=65 40.9 M7
Cigarette smoking
Current 11.4 12.2
Past only 43.6 45.0
Never 45.0 42.7
Alcohol use
Daily 33.2 32.7
Weekly 12.2 12.4
Rarely/never 54.6 54.9
BMI, mean (SD) 30.6 (6.7)  30.7 (6.7)
<25.0, % 225 20.3
25.0-29.9, % 279 29.5
=30.0, % 49.6 50.2
Hypertension® 86.6 85.7
Elevated cholesterol level® 77.6 78.8
Diabetes mellitus 213 21.6
Prior cardiovascular disease 64.4 62.6
Menopausal status
Premenopausal 6.3 6.5
Postmenopausal/current HT 489 49.3
Postmenopausal/no HT 423 42.2
Dubious/unclear 2.5 2.0
Current use of multivitamin supplements ¢ 22.5 23.1
Aspirin use in past mo® 62.4 62.1

Abbreviations: BMI, body mass index (calculated as weight in kilograms
divided by height in meters squared); HT, hormone therapy.

2Indicates folic acid (2.5 mg/d), pyridoxine hydrochloride (vitamin Bg)

(50 mg/d), and cyanocobalamin (vitamin By,) (1 mg/d).

b Indicates self-reported systolic blood pressure of at least 140 mm Hg,
diastolic blood pressure of at least 90 mm Hg, self-reported
physician-diagnosed hypertension, or reported treatment with medication for
hypertension.

CIndicates self-reported high cholesterol levels, cholesterol level of at least
240 mg/dL (to convert to millimoles per liter, multiply by 0.0259),
self-reported physician-diagnosed high cholesterol levels, or reported
treatment with medication to lower cholesterol levels.

dIndicates any multivitamin use in the past month.

€|ndicates aspirin use at least 4 times per month.

were classified according to the status of the worse eye as de-
fined by disease severity.** When the worse eye was excluded
because of visual acuity loss attributed to other ocular abnor-
malities, the fellow eye was considered for classification.

BN RESULTS B

The baseline characteristics of participants in the com-
bination treatment and placebo groups are shown in
Table 1. As expected, characteristics were equally dis-
tributed between the 2 treatment groups.

During an average of 7.3 years of treatment and follow-
up, a total of 137 cases of AMD were documented, in-
cluding 70 cases of visually significant AMD. Most of the
visually significant cases were characterized by some com-
bination of drusen and RPE changes at the time vision
was first noted to be 20/30 or worse, reflecting an early
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Figure 2. Cumulative incidence rates of confirmed age-related macular degeneration (AMD) (A) and visually significant AMD (B). Combination treatment indicates
folic acid (2.5 mg/d), pyridoxine hydrochloride (vitamin Bg) (50 mg/d), and cyanocobalamin (vitamin By,) (1 mg/d).

stage of AMD development, as shown in the following
tabulation:

Signs of AMD No. (%) of Participants
Drusen only 13 (19)

RPE changes only 18 (26)

Drusen and RPE changes 19 (27)
Geographic atrophy 2(3)
Exudative changes? 17 (24)
Information missing 1(1)

Total 70 (100)

Includes RPE detachment, subretinal neovascular membrane, and disci-
form scar.

For the end point of total AMD, there were 55 cases in
the combination treatment group and 82 in the placebo
group (RR [adjusted for age and ascorbic acid (vitamin C),
vitamin E, and beta carotene treatment assignment]|, 0.66;
95% CI, 0.47-0.93 [P=.02]). For visually significant AMD,
there were 26 cases in the combination treatment group
and 44 in the placebo group (RR, 0.59; 95% CI, 0.36-0.95
[P=.03]). Relative risks did not vary significantly over the
3 age groups for either end point (P interaction, each >.2).

Cumulative incidence rates of total AMD and visu-
ally significant AMD according to the year of follow-up
are shown in Figure 2. A beneficial effect of the com-
bination treatment on total AMD began to emerge at ap-
proximately 2 years of treatment and follow-up and per-
sisted throughout the trial (Figure 2A). For visually
significant AMD, the curves appeared to diverge later in
the trial, at approximately 4 years (Figure 2B). For both
end points, the rate differences appeared to increase with
longer follow-up. During the first 3 years of follow-up,
the RRs were 0.87 (95% CI, 0.54-1.42 [P=.59]) for total
AMD and 0.84 (95% CI, 0.39-1.78 [P=.65]) for visually
significant AMD. During the remaining 4.3 years of follow-
up, the RRs were 0.72 (95% CI, 0.44-1.18 [P=.19]) for
total AMD and 0.52 (95% CI, 0.27-0.98 [P=.04]) for vi-
sually significant AMD. Tests of proportionality through-
out the follow-up period, however, indicated that the pro-
portionality assumption for treatment was not violated

for either end point (total AMD, P=.47; visually signifi-
cant AMD, P=.42).

There was no evidence that the effect of combination
treatment on either AMD end point was modified by any
AMD risk factor considered. The results for visually sig-
nificant AMD are shown in Table 2.

B COMMENT Sy

To our knowledge, this is the first randomized trial to
investigate supplemental use of folic acid and B vita-
mins in the prevention of AMD. The results, based on
an average of 7.3 years of treatment and follow-up of
women at increased risk of CVD, indicate that those as-
signed to active treatment had a statistically significant
35% to 40% decreased risk of AMD. The beneficial effect
of treatment began to emerge at approximately 2 years
of follow-up and persisted throughout the trial.
Support for the hypothesis that therapy consisting of
folic acid and B vitamin supplements could lower the risk
of AMD has derived largely from observational evidence
of a direct association between the homocysteine level in
the blood and risk of AMD'** and from the demonstra-
tion in intervention studies that treatment with folic acid
and B vitamin supplements could lower homocysteine lev-
els.>* Further support has been provided by laboratory evi-
dence that the damaging sequelae of elevated homocys-
teine levels (eg, endothelial dysfunction,?***® impaired
vascular reactivity,”®** and promotion of inflammatory
processes leading to atherosclerosis*!) thought to un-
derlie the increased risk of vascular disease may also con-
tribute to the pathophysiological features of AMD.?**° The
trial findings reported herein are the strongest evidence
to date in support of a possible beneficial effect of folic acid
and B vitamin supplements in AMD prevention. More-
over, because these findings apply to the early stages of
AMD development (most cases were characterized by a
combination of drusen and RPE changes) in persons with-
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Table 2. Risk for Diagnosis of Visually Significant AMD According to Combination Treatment Assignment,
as Modified by Other Risk Factors
No. With AMD/No. of Participants
I(:nmhinatiun Treatment? Placebo I
Characteristic (n=2607) (n=2598) RRP (95% Cl) P Value®
Age, y .24
40-54 0/574 2/573 NA
55-64 4/968 9/942 0.42 (0.13-1.38)
=65 22/1065 33/1083 0.67 (0.39-1.15)
Cigarette smoking A7
Current 2/296 7/318 0.32 (0.07-1.55)
Past only 12/1137 19/1170 0.61 (0.30-1.26)
Never 121174 18/1110 0.66 (0.32-1.37)
Alcohol use .54
Daily 8/866 17/850 0.45 (0.20-1.05)
Weekly 7/318 5/321 1.33 (0.42-4.21)
Rarely/never 11/1423 22/1427 0.50 (0.24-1.04)
BMI, % .76
<25.0 8/586 11/528 0.63 (0.25-1.58)
25.0-29.9 9/727 16/767 0.62 (0.27-1.40)
=30.0 9/1294 17/1303 0.53 (0.24-1.19)
Hypertension 16
Yes 20/2258 39/2227 0.50 (0.29-0.86)
No 6/349 5/371 1.21 (0.37-3.99)
Hyperlipidemia 97
Yes 20/2023 34/2046 0.59 (0.34-1.02)
No 6/584 10/552 0.70 (0.25-1.97)
Diabetes mellitus 19
Yes 1/554 7/560 0.14 (0.02-1.12)
No 25/2053 37/2038 0.65 (0.39-1.09)
Prior CVD .57
Yes 21/1678 33/1627 0.64 (0.37-1.09)
No 5/929 11/971 0.45 (0.16-1.30)
Current HT used 92
Yes 121274 21/1280 0.60 (0.29-1.22)
No 14/1102 23/1096 0.57 (0.29-1.11)
Current use of multivitamin supplements® .92
Yes 6/587 9/599 0.72 (0.26-2.03)
No 20/2020 35/1997 0.56 (0.32-0.97)
Aspirin use in past mof .30
Yes 18/1626 36/1614 0.51 (0.29-0.90)
No 8/980 8/984 0.91 (0.34-2.44)

Abbreviations: AMD, age-related macular degeneration; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared);
Cl, confidence interval; CVD, cardiovascular disease; HT, hormone therapy; NA, not applicable; RR, replacement risk.

2|ndicates folic acid (2.5 mg/d), pyridoxine hydrochloride (vitamin Bg) (50 mg/d), and cyanocobalamin (vitamin By,) (1 mg/d).

b Adjusted for age and vitamin C, vitamin E, and beta carotene treatment assignment.

CCalculated by means of a test of interaction.
d Analysis was restricted to postmenopausal women.

€Information on current use of multivitamins was missing for 2 participants in the placebo group.
fInformation on aspirin use in the past month was missing for 1 participant in the combination treatment group.

outa prior diagnosis of AMD, they appear to represent the
first identified means, other than avoidance of cigarette
smoking, of reducing risks of AMD in persons at usual risk.
From a public health perspective, this is particularly im-
portant because persons with early AMD are at increased
risk of developing advanced AMD, the leading cause of se-
vere, irreversible vision loss in older Americans.
Whether the reduced risk of AMD observed in WAFACS
is due to lowering of homocysteine levels by the combi-
nation treatment or is independent of lowered homocys-
teine levels is an important question to be investigated. We
examined the impact of the intervention on homocyste-
ine levels in a substudy of 300 WAFACS participants (150
in each treatment group) who had blood samples col-

lected at study entry in 1993 through 1995, and again at
study completion in 2005. Details of the substudy are pre-
sented elsewhere.* In short, the geometric mean plasma
homocysteine level was decreased by 18.5% (95% CI,
12.5%-24.1% [P<<.001]) in the active arm compared with
the placebo arm, a difference of 0.31 mg/L (95% CI, 0.21-
0.40 mg/L). These substudy findings indicate that the re-
duced risk of AMD we observed in the combination treat-
ment group may have been due, at least in part, to lowering
of homocysteine levels. However, a treatment benefit in-
dependent of lowering homocysteine levels is also pos-
sible. Plausible mechanisms include a direct antioxidant
effect of folic acid and B vitamin supplements and en-
hancement of endothelial nitric oxide levels in the cho-
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roidal vasculature, with an associated increase in vascu-
lar reactivity.”>>* Further study is required to distinguish
between these and other possibilities.

Our findings for AMD are in sharp contrast to the null
findings for CVD observed in the WAFACS* and other com-
pleted trials to lower homocysteine levels in persons with
preexisting vascular disease, despite substantial lowering
of homocysteine concentrations by study treatment in those
trials.”>® Although our findings could be due to chance
and need to be confirmed in other populations, it may be
worthwhile to consider whether the discordant findings for
AMD and CVD reflect important differences between the
choroidal and systemic vasculature with respect to respon-
siveness to the lowering of homocysteine levels. Age-
related macular degeneration is a disease that likely in-
volves damage to the small vessels of the choroid,**®” and
some evidence suggests that homocysteine may be a more
potent risk factor for small-vessel disease than for large ves-
sel disease.® " If so, small-vessel diseases such as AMD and
perhaps some subtypes of stroke (eg, lacunar brain in-
farcts and cerebral white matter lesions) may be more ame-
nable to benefit from lowering homocysteine concentra-
tions. A recent meta-analysis of completed trials of therapy
to lower homocysteine levels indicated that folic acid supple-
mentation had little effect on CVD (pooled RR, 0.95;95%
CI, 0.88-1.03) or coronary heart disease (1.04; 0.92-1.17),
but was associated with a nonsignificant 14% reduced risk
for total stroke (0.86; 0.71-1.04).* Further detailed analy-
ses of etiologic subtypes of stroke in these trials may sug-
gest a beneficial effect of folic acid supplementation that is
observable primarily in diseases of the small vessels.

In summary, daily supplementation with folic acid,
pyridoxine, and cyanocobalamin during an average of 7.3
years of follow-up reduced the risk of AMD in women
at increased risk of vascular disease. Because there are
currently no recognized means to prevent the early stages
of AMD development other than avoidance of cigarette
smoking, these findings could have important clinical and
public health implications and need to be confirmed in
other populations of men and women.
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