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ABSTRACT

Background: Vitamin C, vitamin E, and f-carotene are major anti-
oxidants and as such may protect against the development of type 2
diabetes via reduction of oxidative stress.

Objective: The purpose of this study was to investigate the long-
term effects of supplementation with vitamin C, vitamin E, and
p-carotene for primary prevention of type 2 diabetes.

Design: In the Women’s Antioxidant Cardiovascular Study, a ran-
domized trial that occurred between 1995 and 2005, 8171 female
health professionals aged >40 y with either a history of cardiovas-
cular disease (CVD) or >3 CVD risk factors were randomly as-
signed to receive vitamin C (ascorbic acid, 500 mg every day),
vitamin E (RRR-a-tocopherol acetate, 600 IU every other day),
p-carotene (50 mg every other day), or their respective placebos.
Results: During a median follow-up of 9.2 y, a total of 895 incident
cases occurred among 6574 women who were free of diabetes at
baseline. There was a trend toward a modest reduction in diabetes
risk in women assigned to receive vitamin C compared with those
assigned to receive placebo [relative risk (RR): 0.89; 95% CI: 0.78,
1.02; P = 0.09], whereas a trend for a slight elevation in diabetes
risk was observed for vitamin E treatment (RR: 1.13; 95% CI: 0.99,
1.29; P = 0.07). However, neither of these effects reached statistical
significance. No significant effect was observed for f-carotene treat-
ment (RR: 0.97; 95% CI: 0.85, 1.11; P = 0.68).

Conclusion: Our randomized trial data showed no significant over-
all effects of vitamin C, vitamin E, and f-carotene on risk of de-
veloping type 2 diabetes in women at high risk of CVD. This trial
was registered at clinicaltrials.gov as NCT00000541. Am J Clin
Nutr 2009;90:429-37.

INTRODUCTION

Oxidative stress, which is characterized by excessive pro-
duction of reactive oxygen species and reduction of antioxidant
defense capacity, has been implicated in the pathogenesis of type
2 diabetes and its complications (1-4). Evidence from basic
research and observational studies has suggested that oxidative
stress elicits systemic inflammation (3), promotes endothelial
dysfunction (5), impairs pancreatic f§ cell insulin secretion (2, 6),
and interferes with glucose disposal in peripheral tissues (2, 3),
thereby accelerating the development and progression of type 2
diabetes.

Vitamin C (ascorbic acid), vitamin E (a-tocopherol), and
p-carotene are considered important antioxidants in humans. In

vitro studies suggest that they protect against free radical-mediated
damage by reducing free oxygen radicals and replenishing an-
tioxidant reserves (7-9). In experimental animal models, anti-
oxidant administration has been shown to delay the onset of
diabetes (10, 11). It has thus been hypothesized that supple-
mentation with antioxidants may help prevent the development
of type 2 diabetes in humans.

Observational epidemiologic studies have shown significant
inverse correlations between antioxidant concentrations and
several biomarkers of insulin resistance or glucose intolerance in
healthy individuals (12). Concentrations of antioxidants in the
blood, such as vitamins C (12-14) and E (15, 16) and f-carotene
(15-17), were also significantly lower in individuals with type 2
diabetes than in nondiabetic control subjects. Evidence from
most previous prospective cohort studies generally supports an
inverse association between incidence of type 2 diabetes and
dietary, serum, or plasma concentrations of vitamins C (18) and
E (19-21) and f-carotene (21, 22) in nondiabetic individuals.
Some (23-25), but not all (26-28), of the short-term randomized
trials in patients with type 2 diabetes also showed the beneficial
effects of oral supplementation of vitamin C or E at high doses
on risk factors linked to insulin resistance and diabetes, in-
cluding oxidative stress, blood pressure (23), lipid metabolism
(24), endothelial function (25), and insulin-mediated glucose
disposal (24). However, few large trials with long treatment
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duration have addressed the primary prevention of type 2 di-
abetes. Two previous randomized clinical trials provided no
evidence for significant effects of vitamin E or f-carotene sup-
plementation on the incidence of type 2 diabetes in apparently
healthy women (29) and men (30), respectively. To our knowl-
edge, there are no previous trials examining the efficacy of
vitamin C in preventing type 2 diabetes. It thus remains un-
answered whether vitamins E and C and f-carotene, indepen-
dently or in combination, protect against the development of
type 2 diabetes.

To address this question, we investigated whether long-term
supplementation of vitamins C and E and ff-carotene reduces the
incidence of type 2 diabetes in the Women’s Antioxidant Car-
diovascular Study (WACS), a randomized, double-blind, placebo-
controlled trial conducted over a duration of ~9.4 y.

SUBJECTS AND METHODS

Study design

The WACS is a randomized, double-blind, placebo-controlled
trial evaluating the effects of vitamin C [500 mg/d synthetic
vitamin C (ascorbic acid); provided by BASF Corporation
(Mount Olive, NJ], vitamin E [600 IU vitamin E (RRR-o-
tocopherol acetate) every other day; provided by Cognis Cor-
poration (La Grange, IL)], and f-carotene (50 mg Lurotin every
other day; provided by BASF Corporation) in the secondary
prevention of important vascular events in a 2 X 2 X 2 factorial
design among women at high risk (either a history of vascular
disease or >3 cardiovascular risk factors). Details of the design
have been reported previously (31, 32). Briefly, a total of 8171
female health professionals, who were willing, eligible, and
compliant during a 12-wk run-in period, were entered into the
trial from June 1995 through October 1996. They were >40 y
old, postmenopausal or had no intention of becoming pregnant,
and had either a self-reported history of cardiovascular disease
(CVD), ie, a history of myocardial infarction, stroke, re-
vascularization procedure, angina pectoris, or transient cerebral
ischemia, or >3 cardiac risk factors. These cardiac risk factors
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were self-reported diagnosis of hypertension, high cholesterol
concentration, or diabetes mellitus; parental history of pre-
mature myocardial infarction (MI) before age 60 y; obesity
[body mass index (BMI; in kg/rnz) >30]; and current cigarette
smoking. Women were excluded if they had a self-reported
history of cancer (excluding nonmelanoma skin cancer) within
the past 10 y, had any serious non-CVD illness, or were cur-
rently using warfarin or other anticoagulants. Potential partic-
ipants also had to be willing to forgo individual supplements of
vitamins A, C, and E and f-carotene at amounts beyond the US
Recommended Dietary Allowance during the trial. The trial was
approved by the institutional review board of the Brigham and
Women’s Hospital (Boston, MA) and was monitored by an ex-
ternal data and safety monitoring board. From the 8171 women
enrolled in the WACS trial, we excluded those with prevalent
diabetes at baseline (n = 1597), leaving 6574 nondiabetic
women who were randomly assigned to 8 groups for the present
analyses (Figure 1).

Study treatment and follow-up

After being randomly assigned to a study group, for every 6 mo
for the first year and then annually the women were sent monthly
calendar packs containing active agents or placebos along with
questionnaires on compliance, adverse effects, and medical events.
A semiquantitative food-frequency questionnaire at baseline was
used to assess dietary nutrient intake (31, 32). Compliance was
assessed through self-report and was defined as taking at least
two-thirds of study pills. As previously reported (32), mean
compliance over follow-up was ~73% for all active and placebo
agents. In 1999 blood samples were obtained from 30 local
participants to evaluate biomarkers for compliance. Blood con-
centrations were elevated in each active group compared with
the placebo group [ascorbic acid: 1.9 compared with 1.3 mg/dL
(P = 0.007); vitamin E: 20.2 compared with 12.2 ug/mL (P =
0.007); and f-carotene: 54.4 compared with 19.5 ug/mL (P =
0.003)]. Information was also obtained on outside supplements
of study medications for >4 d/mo (“drop-ins”). Outside use of
vitamin C and vitamin E supplements was <15% and outside
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FIGURE 1. Flow diagram illustrating diabetes outcomes in the randomly assigned treatment components of the Women’s Antioxidant Cardiovascular
Study (WACS). A total of 1597 participants who had a diagnosis of type 2 diabetes at baseline were excluded in the analysis.
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use of f-carotene or vitamin A was <5% at both 4 and 8 y and
did not differ by f-carotene assignment. When multivitamins
containing >100% of the Recommended Dietary Allowance
were included in the definition of outside use, rates were 3—5%
higher for ascorbic acid, 4-8% higher for vitamin E, and 1-3%
higher for f-carotene but, again, did not differ by randomized
assignment.

As previously reported (31, 32), there were no significant
differences between any of the randomized antioxidant groups in
reports of adverse effects, such as bleeding (including gastro-
intestinal bleeds, hematuria, easy bruising, and epistaxis), gas-
trointestinal symptoms (including peptic ulcer, gastric upset,
nausea, constipation, and diarrhea), or fatigue or drowsiness.

Ascertainment of incident type 2 diabetes

The status of type 2 diabetes was evaluated at baseline, and all
of the participants were asked annually whether and when they
had been diagnosed with diabetes after randomization. Using the
American Diabetes Association diagnostic criteria (33), the self-
reported diagnosis of diabetes also was confirmed by using
a supplementary diabetes questionnaire on diabetes symptoms,
screening test, and hypoglycemic medication. Women who self-
reported diabetes during the follow-up (n = 1513) were mailed
supplementary questionnaires, and 97% of them responded to
the supplementary questionnaires. Among them, the screening
rate of WACS health professionals was relatively high (85-90%
for blood glucose screening). Self-reported diagnoses of incident
diabetes were confirmed in 340 of 354 women (96%) who were
free of diabetes at baseline and had a diagnosis of type 2 di-
abetes during the follow-up. Finally, a total of 895 incident di-
abetes cases were identified in the WACS on the basis of the
combined information from the supplementary questionnaire
and annual questionnaires. As previously reported (29), a vali-
dation study in a similar cohort of female health professionals
has shown that self-reported diabetes has excellent predictive
use for identifying true diabetes diagnoses in cohorts of US
female health professionals. All of the participants in this study
were also health professionals, who are likely to have more
robust and valid self-reported diagnostic information. Thus, we
believe that self-reported type 2 diabetes is valid in the WACS.

Statistical analysis

Primary analyses were performed on an intention-to-treat basis
and included all of the randomly assigned women without self-
reported diabetes at baseline. Baseline characteristics were
compared by randomized groups by using 2-sample ¢ tests for
continuous variables and chi-square tests for categorical varia-
bles. Kaplan-Meier survival curves were used to estimate the
overall cumulative incidence over time for each active vitamin
group and its corresponding placebo group. The log-rank test
was computed to compare the curves. We used Cox proportional
hazards models to calculate the estimates of relative risks (RRs)
and 95% Cls for each antioxidant treatment, after adjustment for
age and other randomized treatments. To test the proportionality
assumption (ie, that of nonchanging hazards ratios over time),
we included an interaction term for treatment with the logarithm
of time in the Cox models. The tests showed that the pro-
portional hazard assumption was not violated for any of the

models. To examine the effect of actual as opposed to assigned
antioxidant use, we carried out a sensitivity analysis according
to compliance. Women were censored if and when they stopped
taking at least two-thirds of their study pills, reported taking
outside supplements containing study agents, or were missing
compliance information.

Prespecified subgroup analyses were conducted to examine the
effect of vitamins on risk of type 2 diabetes according to major
risk factors for type 2 diabetes at baseline, including age groups
(45-54, 55-64, and >65 y), BMI (continuous), smoking (cur-
rent, past, or never), alcohol use (never/rarely or >1 drink/mo),
family history of diabetes (yes or no), physical activity (esti-
mated energy expenditure from leisure activities of <1000 or
>1000 kcal/wk), menopausal status and hormone therapy (un-
certain menopausal status, premenopausal, or postmenopausal
including current, past, or never users of hormone therapy),
history of hypertension (yes or no), history of hypercholester-
olemia (yes or no), and baseline dietary intakes of vitamin C,
vitamin E, or total carotenes (tertiles for each). We assessed
effect modification by using interaction terms between subgroup
indicators and randomized assignment, testing for trend when
subgroup categories were ordinal. We also tested interactions of
the 3 antioxidant agents by using all of the 2-way and 3-way
interaction terms in the Cox model. All of the analyses were
conducted by using SAS version 9 (SAS Institute, Cary, NC),
and a 2-sided test with a significance level of o = 0.05 (P <
0.05) was used.

RESULTS

Among 8171 participants randomly assigned to a study group,
~20% of the women (n = 1597) reported prevalent diabetes.
After we excluded these 1597 participants, the baseline char-
acteristics remained evenly distributed in the randomized groups
without significant statistical differences (Table 1). During
a median follow-up period of 9.2 y (mean: 8.45 y), 895 women
were diagnosed with type 2 diabetes.

Overall, there were trends toward a modest reduction in di-
abetes risk in the vitamin C group and a slightly increased risk in
the vitamin E group, as compared with their respective placebo
groups; the RRs were 0.89 for vitamin C (95% CI: 0.78, 1.02; P =
0.09) and 1.13 for vitamin E (95% CI: 0.99, 1.29; P = 0.07).
There was no significant effect of ff-carotene on the risk of type
2 diabetes (RR: 0.97; 95% CI: 0.85, 1.11; P = 0.68). When we
subdivided the period of risk into years 1 and 2, years 3 to 5, and
years >5 combined (Table 2), it appeared that the effects of
both vitamin C and vitamin E became somewhat stronger after 5
y of follow-up, although we did not observe a statistically sig-
nificant effect of f-carotene in any time period (Table 2). In
sensitivity analyses to minimize misclassification due to un-
diagnosed diabetes at baseline and address the possibility of
a latency effect, vitamin C treatment was associated with a sig-
nificant 14% reduction in the risk of type 2 diabetes when ex-
cluding those cases that occurred in the first 2 y (RR: 0.86; 95%
CI: 0.75, 1.00; P = 0.04). A nonsignificant 17% increase in di-
abetes risk associated with vitamin E was observed among
women who took at least two-thirds of the study pills and did not
use outside antioxidant supplements containing study agents
(RR: 1.17; 95% CI: 0.97, 1.40; P = 0.10). Neither vitamin C
treatment nor ff-carotene had significant associations with type 2
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TABLE 1
Baseline characteristics of 6574 nondiabetic women according to randomly assigned groups in the Women’s Antioxidant Cardiovascular Study’
Vitamin C Vitamin E f-Carotene
Active Placebo Active Placebo Active Placebo
Characteristic Total n (n = 3278) (n = 3296) (n =3297) (n =3277) (n = 3284) (n = 3290)
Age (y) 6574 60.8 + 8.9° 60.7 + 8.9 60.7 + 9.0 60.7 = 8.9 60.8 = 9.0 60.7 + 8.9
45-54 y 1909 29.0 29.1 29.1 29.0 28.9 29.2
55-64 y 2414 36.4 37.0 36.8 36.7 36.7 36.8
>65y 2251 34.6 33.9 34.1 344 344 34.0
BMI (kg/m?) 6570 29.6 = 6.5 29.6 * 6.4 29.6 £ 6.3 29.6 = 6.5 29.5 £ 6.5 29.7 = 6.4
<25 kg/m? 1757 26.5 27.0 26.2 27.3 27.5 26.0
25-<30 kg/m? 1953 29.8 29.6 30.0 29.5 29.4 30.0
>30 kg/m? 2860 43.6 434 43.8 433 43.1 44.0
Smoking status (%)
Current 1043 16.0 15.8 16.0 15.8 15.7 16.1
Past 2703 41.7 40.5 41.5 40.7 40.8 41.5
Never 2828 42.3 43.7 42.6 43.5 43.5 42.5
Alcohol use (%)
Never/rarely 3330 51.4 49.9 50.0 51.5 51.3 50.1
>1 drink/mo 841 12.9 12.7 13.0 12.6 12.6 13.0
1-6 drinks/wk 1761 26.8 26.8 27.6 26.0 26.3 27.3
>1 drink/d 642 8.94 10.6 9.58 9.95 9.81 9.73
Physical activity® (kcal/wk) 6570 855 = 1158 870 = 1175 851 = 1145 873 = 1188 860 * 1205 865 *+ 1128
<1000 kcal/wk 4640 71.3 69.9 70.8 70.4 71.1 70.2
>1000 kcal/wk 1930 28.7 30.1 29.2 29.6 28.9 29.8
Menopause and HT use (%)
Premenopausal 527 8.04 8.22 8.15 8.11 7.97 8.29
Uncertain 928 13.9 14.7 14.6 14.0 14.0 14.7
Postmenopausal, current HT use 2606 40.6 39.8 40.3 40.1 40.2 40.2
Postmenopausal, no HT use 2421 37.5 37.2 37.0 37.8 379 36.8
History of hypertension (%)
Yes 4750 72.9 71.6 71.6 73.0 72.5 72.0
No 1824 27.1 28.4 28.5 27.0 27.5 28.0
History of hypercholesterolemia’ (%)
Yes 4808 72.8 73.5 73.2 73.1 71.5 74.8
No 1766 27.2 26.5 26.8 26.9 28.5 25.2
Parental history of diabetes (%)
Yes 2282 35.9 37.0 35.8 37.2 37.0 36.0
No 3975 64.1 63.0 64.2 62.8 63.0 64.0
Parental history of early MI (%)
Yes 2445 37.9 36.6 37.1 37.4 37.0 37.5
No 4116 62.1 63.4 62.9 62.6 63.0 62.5
CVD risk® (%)
Prior CVD 4373 66.3 66.4 67.1 65.6 66.0 66.7
>3 Risk factors 2219 33.7 33.6 329 34.4 34.0 333
Current multivitamin use (%)
Yes 1813 27.0 28.5 27.9 27.6 27.5 27.9
No 4727 73.0 71.5 72.1 72.5 72.5 72.1
Total energy intake’ (kcal/d) 6236 1733 = 561 1724 + 545 1730 = 551 1728 * 555 1730 = 554 1727 *= 551
Dietary vitamin C intake” (mg/d) 6236 232 * 228 234 + 227 238 *= 240 227 = 214 233 *+ 224 232 + 230
Dietary vitamin E intake” (IU/d) 6236 127 = 200 130 £ 203 130 = 205 127 = 198 130 = 202 128 + 201
Dietary intake of total carotene” (IU/d) 6236 10,771 + 8442 10,585 + 8474 10,740 + 8321 10,616 * 8593 10,675 *+ 8122 10,680 + 8778

! HT, hormone therapy; MI, myocardial infarction; CVD, cardiovascular disease.

2 Mean * SD (all such values).

7 Total energy expended during physical activity (kcal/wk).

4 Hypertension was defined as a self-reported systolic blood pressure >140 mm Hg, a diastolic blood pressure >90 mm Hg, physician-diagnosed

hypertension, or current antihypertensive treatment.

° Hypercholesterolemia was defined as a self-reported total cholesterol >240 mg/dL, physician-diagnosed high cholesterol, or current cholesterol-

lowering treatment.

% All of the participants were at high risk of CVD; they had either a self-reported history of CVD (a history of MI, stroke, revascularization procedure,
angina pectoris, or transient cerebral ischemia) or >3 cardiac risk factors. These cardiac risk factors were self-reported diagnosis of hypertension, high
cholesterol concentration, or diabetes mellitus; parental history of premature MI (before age 60 y); obesity (BMI >30); and current cigarette smoking.

7 Baseline dietary information was collected by using a semiquantitative food-frequency questionnaire.
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Relative risks (RRs) and 95% CIs of type 2 diabetes by randomized antioxidant intervention group in the Women’s Antioxidant Cardiovascular Study

Vitamin C

Vitamin E f-Carotene

No. of events’

No. of events’

No. of events’

Active  Placebo Active  Placebo Active  Placebo
(n= (n= RR (n= (n= RR (n= (n= RR
3278) 3296) (95% CI) p 3297) 3277) (95% CI) p 3284) 3290) (95% CI) P
Follow-up interval
12y 74 71 1.05 0.77 77 68 1.12 0.48 66 79 0.84 0.29
(0.76, 1.45) (0.81, 1.56) (0.61, 1.16)
3-5y 156 176 0.90 0.33 169 163 1.03 0.76 168 164 1.02 0.84
0.72, 1.12) (0.83, 1.28) (0.83, 1.27)
0-5y 230 247 0.94 0.52 246 231 1.06 0.52 234 243 0.96 0.68
(0.79, 1.13) (0.89, 1.27) (0.81, 1.15)
>S5y 190 228 0.84 0.07 228 190 1.21 0.05 207 211 0.98 0.87
0.69, 1.01) (1.00, 1.47) (0.81, 1.19)
Total follow-up period 420 475 0.89 0.09 474 421 1.13 0.07 441 454 0.97 0.68
(0.78, 1.02) (0.99, 1.29) (0.85, 1.11)
Sensitivity analyses 346 404 0.86 0.04 397 353 1.13 0.10 375 375 1.00 0.98
excluding first 2 y? (0.75, 1.00) (0.98, 1.30) (0.87, 1.16)
Compliance analyses® 240 247 0.94 0.49 243 221 1.17 0.10 264 261 1.01 0.92
0.79, 1.12) (0.97, 1.40) (0.85, 1.20)

’ The number of cases of type 2 diabetes.
2 Excluding those cases occurring in the first 2 y of follow-up.

 Analyses restricted to those who reported taking at least two-thirds of the study pills and did not use outside antioxidant supplements containing study

agents.

diabetes in our sensitivity analyses taking compliance into ac-
count.

The cumulative incidence of type 2 diabetes events among
women in the vitamin C and placebo groups by year of follow-up
is shown in Figure 2A. A lower risk of type 2 diabetes in the
vitamin C group appeared to emerge after year 5, but the log-
rank test for the overall difference did not reach statistical sig-
nificance (P for log-rank test = 0.09). For vitamin E (Figure 2B),
there was a trend toward an elevated diabetes risk in year 6 and
beyond, but the excess risk was of small magnitude and did
not attain statistical significance (P for log-rank test = 0.07).
However, none of the tests for interactions between time and
treatment was significant. In contrast, the curves were almost
identical in the f-carotene and placebo groups (P for log-rank
test = 0.70; Figure 2C).

To determine whether certain subgroups of women were at
particularly high or low risk of type 2 diabetes from these
interventions, we conducted multiple subgroup analyses stratified
by diabetes risk factors. History of high cholesterol concen-
trations significantly modified the effect of vitamin C on type 2
diabetes (P = 0.01); there was a significant reduction in diabetes
risk in women who had no history of high cholesterol concen-
trations (RR: 0.64, 95% CI: 0.48, 0.87) but a null association
among those with a history of high cholesterol concentrations
(RR: 0.97, 95% CI: 0.84, 1.13; see Figure 1 under “Supple-
mental data” in the online supplement). Otherwise, no other
significant effect modifications were observed for vitamin C
treatment. This subgroup finding may have emerged by chance
due to multiple comparison and needs to be confirmed in future
investigations. Overall, none of these prespecified diabetes risk
factors, including smoking, modified the effects of vitamin E
and ff-carotene on type 2 diabetes (see Figure 1 under “Sup-
plemental data” in the online supplement).

In a separate analysis in which the effects of each of the
combinations of active agents were compared with the group
receiving all 3 placebos, we found no significant differences in
diabetes risk (Figure 3). Women who received any antioxidant
alone or in any combination of 2 or 3 had rates of diabetes
similar to those of the women receiving all placebos, although
there was a trend for a nonsignificant elevation in risk of type 2
diabetes in the group taking vitamin E alone. In addition, there
were no significant 2- or 3-way interactions among the agents
for diabetes risk.

DISCUSSION

In this large, randomized, double-blind, placebo-controlled
trial, we found no significant overall effects of vitamins C and E
and f-carotene on risk of type 2 diabetes in women at high risk
of CVD with >9 y of follow up. In secondary analyses, a pro-
tective effect of vitamin C on type 2 diabetes was suggested
after longer treatment duration (>5 y) or after minimizing bias
due to misclassification of undiagnosed diabetes in our sensi-
tivity analyses. There was also a trend toward elevated risk
associated with vitamin E treatment after 6 y of follow-up, but
this was not statistically significant. However, these significant
findings may have been due to chance and need to be confirmed
in future investigations.

The present study was a secondary analysis for primary
prevention of type 2 diabetes within the WACS trial, which was
designed primarily to evaluate the efficacy of 3 antioxidant
supplements in CVD prevention. To our knowledge, our study
provides the first trial data regarding the long-term effect of
vitamin C supplementation on risk of type 2 diabetes. Our
subgroup analyses showed a significant reduction in diabetes risk
with active vitamin C among the prespecified subgroup of women
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— Vitamin C

Placebo

Log rank P=0.09

2 4 6 8 10

Years of Follow-up

Group 3278 3159 2994 2832 2654 1335
3197 3208 3042 2842 2674 1347

Cumulative incidence of type 2 diabetes

— Vitamin E
Placebo

Log rank P=0.07

2 4 6 8 10
Years of Follow-up

Vitamin E Active Group 3297 3182 3023 2831 2647 1302
3277 3174 3013 2843 2681 1380

Placebo Group
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Beta-Carotene
Placebo

Log rank P=0.70

2 4 6 8 10

Years of Follow-up

B-Carotene Active Group 3284 3178 3018 2822 2661 1316
3290 3178 3018 2852 2667 1366

Placebo Group

FIGURE 2. Cumulative incidence of type 2 diabetes by randomized antioxidant intervention. (A) Active vitamin C compared with placebo; (B) active
vitamin E compared with placebo; and (C) active f-carotene compared with placebo in the Women’s Antioxidant Cardiovascular Study. Kaplan-Meier
survival curves were used to estimate the overall cumulative incidence over time for each active vitamin group and its corresponding placebo group. The log-
rank test was performed to compute the P values for the differences.
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FIGURE 3. Relative risks (95% ClIs) of type 2 diabetes by 8 combinations of all 3 active antioxidant assignments relative to the all placebo group in the
Women’s Antioxidant Cardiovascular Study. We used Cox proportional hazards models to calculate the estimates of relative risks and 95% Cls for each
antioxidant treatment alone, after adjustment for age and other randomized treatments. We also tested interactions of the 3 antioxidant agents by using all of
the 2-way and 3-way interaction terms in the Cox model and found no significant results. VC, vitamin C; VE, vitamin E; BC, f-carotene.

with hypercholesterolemia. Despite the possibility that these
results could be explained by chance alone due to low statistical
power or multiple comparisons, the potential protective effect on
diabetes risk by vitamin C supplementation may be biologically
plausible. A large body of evidence has suggested that vitamin C,
as a potent water-soluble antioxidant, possesses the ability to
scavenge several reactive species and regenerate tocopherols and
tocotrenols from their respective radical species (7). Vitamin C
may also have a role in the energy-dependent release of insulin
from pancreatic islets (34). Although vitamin C is essential for
humans, dietary vitamin C intake may be suboptimal in the US
general population, especially in the elderly (7). However, there
remains much controversy about the optimal vitamin C dose to be
administered. High-dose vitamin C (1000-2000 mg/d), widely
used in previous short-term trials studying different endpoints,
has been shown to improve several lipid and glycemic parameters
in some small clinical trials of diabetic patients (23-25); how-
ever, the long-term safety of vitamin C with such large doses in
the general population has been questioned. The dose of vitamin
C supplementation in our trial (500 mg/d) was a relatively high
and safe dose. This dose is sufficient to elicit steady state plasma
saturation of vitamin C concentrations in healthy people (35) but
far below the tolerable upper intake amount of vitamin C in-
gestion (2000 mg/d) in adults that is associated with adverse
effects (36). At present, this finding should serve as a stimulus for
further investigation rather than supporting a recommendation for
vitamin C supplementation to prevent type 2 diabetes.

For vitamin E, we found a nonsignificant elevation in risk. This
finding was unexpected and must be viewed in the context of all
of the available evidence of the risks and benefits of vitamin E.
Available trial data from another large randomized trial, the
Women’s Health Study, did not support either a detrimental or
beneficial effect of vitamin E (600 IU every other day for 10 y) on
the primary prevention of type 2 diabetes in apparently healthy
women (29). Although the 2 trials used identical doses and the
same natural source of a-tocopherol or a-tocopherol acetate, the
present population is a group of women at high risk of CVD.

Differences in the study populations could at least partially
explain the difference in results between the 2 trials. It is
plausible, but unproved, that vitamin E is harmful in special
subgroups with high oxidative stress. These populations (in-
cluding our study population) manifest a high prevalence of
metabolic disorders, and vitamin E might exert some prooxidant
rather than antioxidant effects. Exogenous vitamin E could
interfere with the physiologic progression of oxidative stress
owing to its nonantioxidant pleiotropic effects (37). However,
we did not find any strong effect modification by categories of
CVD risk factors, such as history of hypertension, high cho-
lesterol concentrations, or the number of CVD risk factors that
are associated with increased production of reactive oxygen
species and lipid peroxidation. Also, there is evidence to show
that a-tocopherol supplementation decreases plasma concen-
trations of y-tocopherol and could have attenuated the beneficial
effects of y-tocopherol, which is the major dietary form of vi-
tamin E (38). However, due to scant data, it remains contro-
versial whether y-tocopherol is a more potent antioxidant than
a-tocopherol. a-Tocopherol, the most common form used in
vitamin supplements (39) in the United States, also has been
shown to have effective antioxidant and antiinflammatory ac-
tivities (40, 41). In addition, concerns have been raised re-
garding potential adverse effect of high-dose vitamin E
supplementation in apparently healthy people. There is evidence
that high doses of a-tocopherol may have potential prooxidant
effects (37) and that vitamin E supplementation at dosages
>400 IU/d may increase all-cause mortality (42). However,
there were no differences in either total mortality or CVD events
from the dose of 600 IU vitamin E every other day used in our
WACS trial (32). Thus, the dose of vitamin E in our trial cannot
explain the possible increase in diabetes risk. Given the incon-
sistencies with other studies, these results may be due to chance
and should be interpreted with caution.

Our null finding for the effect of f-carotene supplementation
on type 2 diabetes appears congruent with previous null findings
in men from the Physicians’ Health Study (30). The same dose



436

and formulation were used in both trials, although our study
population is different from the Physicians’ Health Study in its
inclusion of initially healthy men. f-Carotene supplementation
at 50 mg on alternate days elevated plasma f-carotene con-
centrations by ~4-fold; thus, inadequate dose or duration of
treatment was not likely to explain the observed null results in
the present study. Taken together, our trial results provide further
evidence for the lack of benefit from fS-carotene supplementa-
tion on type 2 diabetes and on other oxidative stress-related
chronic diseases, such as CVD (31). Its routine use in the gen-
eral population should be discouraged.

Some limitations of our trial deserve consideration. First,
declining compliance over time in the WACS may have diluted
the findings. However, in sensitivity analyses, although taking
into account compliance, the overall null effects and trends were
unchanged. Second, case misclassification due to the under-
diagnosis of type 2 diabetes is a concern, because the study
population was not screened for glucose tolerance, and diagnosis
was self-reported. However, all of the participants in this study
are health professionals who have been shown to provide reliable
self-reported diagnostic information and have a relatively high
screening rate for diabetes. The proportions of underdiagnosed
cases are likely to be nondifferential between the treatment group
and placebo group due to effective randomization and double-
blinding strategies but nondifferential misclassification may have
attenuated the findings, especially in the earlier follow-up years.
Third, we made no direct measures of oxidative stress to assess
the effect of antioxidant supplementation. Fourth, vitamins C and
E and f-carotene from diet or other sources is an unlikely ex-
planation for our null findings, because dietary intake should
have been comparable in the active treatment and placebo
groups, and accounting for outside use of vitamins C and E and
p-carotene did not make a difference. We also found no evi-
dence of effect modification by dietary intake of these anti-
oxidants at baseline. Finally, our results based on a population at
high risk of CVD may not be generalizable to healthy and low-
risk populations.

In conclusion, our randomized trial did not find any statisti-
cally significant benefit or harm of vitamins C and E and
p-carotene supplementation on the primary prevention of type 2
diabetes. Although our sensitivity analyses suggested a modest
protective effect of vitamin C, this result could be a chance
finding and needs to be confirmed in future investigations. Al-
though additional research is needed, our findings do not support
recommending antioxidant supplements for the primary pre-
vention of type 2 diabetes.
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